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The fungal metabolites vinaxanthone and xanthofulvin possess the remarkable
ability to restore motor function in animal models of complete spinal cord transection
making them the most promising small molecules for the development of spinal cord
injury (SCI) therapeutics. A concise nine-step total synthesis of vinaxanthone was
accomplished utilizing a biomimetic dimerization of the putative precursor 5,6-
dehydropolivione and the first reported synthesis of xanthofulvin was achieved in 15-
steps highlighted by an unprecedented enaminone O-to-C carboxyl transfer to forge key
carbon-carbon bonds. Both natural products were also identified as positive allosteric
modulators of the G-protein coupled receptor (GPCR), GPRI91, thus elucidating their
modes of action accounting for their regenerative capabilities. Furthermore, a unique
ynone coupling reaction was developed in order to access various vinaxanthone analogs
for structure activity relationship (SAR) studies. This resulted in the preparation of a
small molecule library of 25 vinaxanthone analogs that demonstrated pronounced
neuronal regeneration within laser axotomy assays performed in vivo on C. elegans.
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The plant derived natural product eupalinilide E has been found to promote the ex
vivo expansion of hematopoietic stem and progenitor cells (HSPCs) which have the
potential to improve the success of medical procedures such as bone marrow transplants.
In light of its promising applications, unknown mechanism of action, and scarcity in
nature the total synthesis of eupalinilide E was undertaken. Efforts culminated in the first
enantioselective total synthesis of the natural product in 20-steps, which showcases a
Favorskii rearrangement, borylative enyne cyclization, aldehyde-ene ring closure, and a

dual allylic oxidation.
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Chapter 1: Total Syntheses and Biological Evaluation of Vinaxanthone,
Xanthofulvin, and Analogs Thereof

Spinal cord injury (SCI) is a debilitation that nearly a quarter of a million people
around the world suffer each year. Such injuries are persistent and lack practical means of
treatment due to the limited inherent ability of vital axons in the central nervous system
(CNS) to regenerate after sustaining trauma.” Previous studies have proposed that the
minimal capacity for neuronal regeneration is influenced by both the accumulation of
extrinsic inhibitory components as well as the insufficient performance of intrinsic
growth factors.”® Myelin-associated proteins (Nogo, MAG, OMgp)”" and extracellular

6,16-18 and

matrix molecules such as chondroitin sulphate proteoglycans (CSPGs)
semaphorin 3A (Sema3A)'”** are among some of the noteworthy inhibitors of axonal
growth investigated thus far. Research has also suggested that the suppression of these
inhibiting growth factors may lead to the ability of axons to regenerate.'*****

Popular approaches to promote CNS regeneration involve gene therapy, growth
factors, and stem cells, whereas the use of low-molecular-weight compounds has
received considerably less attention.”> However, the use of small molecules in the context
of SCI holds significant potential for the rapid advancement of new therapeutics. The
delivery of drugs through direct spinal injection may benefit from the minimal
metabolizing enzymes and neutral environment associated with the forgiving
pharmacokinetics of cerebrospinal fluid. In addition, recent progress in hydrogel and
polymer technology for continuous drug delivery specifically designed for spinal cord
therapy would provide a unique and promising platform for therapeutic development
when coupled with a validated small molecule.’*”’

The natural products vinaxanthone (1, also named SM-345431) and xanthofulvin

(2, also named SM-216289) represent two of the most promising small molecule leads for
1



the future development of SCI treatment (Figure 1.1). Both small molecules exhibit
remarkable regenerative effects in animal models of complete spinal cord transection
highlighted by the enhanced recovery of motor function.’**' Additionally, vinaxanthone
(1) has been observed to promote nerve growth following corneal transplant.*” The
natural products were co-isolated from fungal extracts of Penicillium sp. SPF-3059 and
were discovered through an extensive screen to identify inhibitors of Sema3A-mediated
growth cone collapse. Vinaxanthone (1) and xanthofulvin (2) displayed potent in vitro
inhibitory activity toward Sema3A with ICso values of 0.1 and 0.09 pg/mL, respectively.
Furthermore, cytotoxicity and alterations in the cellular morphology were not observed at

concentrations >1,000 times the effective dose providing a sizable window of opportunity

32-34

for preclinical assessments.

HO,C O OH O COy,H
HO O N O OH
HO O (0] Me O OH
Me”™ ~O
vinaxanthone (1) xanthofulvin (2)

Figure 1.1. Structures of vinaxanthone (1) and xanthofulvin (2).

Nikolov and co-workers structurally elucidated Sema3A as a soluble 65 kDa
extracellular matrix protein that accumulates in the resultant scar tissue surrounding the
site. of SCL"** Sema3A-mediated growth cone collapse operates through the
modulation of the actin cytoskeleton and microtubules resulting in the failure of injured
neurons to regenerate.'”*>**" Typically, Sema3A binds with the transmembrane
glycoprotein neuropilin-1 (NP-1) before interacting with its plexin receptor to signal
downstream biological cues for neurite growth cone collapse. Vinaxanthone (1) and

xanthofulvin (2) unhinge the binding between Sema3A and NP-1 by altering the steric



environment associated with the two proteins resulting in a disruption of the normal
plexin interaction responsible for inhibition of neuronal outgrowth.*"**

While the regenerative effects of vinaxanthone (1) and xanthofulvin (2) have been
attributed to their ability to strongly inhibit Sema3A following traumatic SCI, it is
interesting that the same regenerative profile was not observed in an independent study
that genetically eliminated Sema3A function altogether.” This result suggests that the
inhibitory effects of the compounds against Sema3A are not solely responsible for the
pronounced regeneration and that a more complex mode of action likely exists.
Nevertheless, sustained administration of either natural product through continual
infusion or the use of a solid matrix drug delivery system in adult rats following complete
spinal cord transection generated regenerative responses. These small molecule
treatments profoundly increased the regeneration and survival of injured neurons, led to
robust myelination, reduction of the number of apoptotic cells, and significantly
enhanced angiogenesis all contributing to a notable recovery.™' In addition, treatment
with vinaxanthone (1) in combination with treadmill training to promote proper axonal
rewiring resulted in an even greater restoration of hindlimb motor function.”

The fermentation of Penicillium vinacaeum, the strain from which vinaxanthone
(1) was originally isolated in 1991 by Yokose and Seto in a screen for phospholipase C
inhibitors provided 30 mg/L of the natural product.”’ Vinaxanthone (1) had also been
isolated from other strains of penicillium and had been identified as an effective CD4-
binder and Fabl inhibitor as well.”>>* The fermentation of Penicillium sp. SPF-3059 most
notably yielded 11 mg/L of vinaxanthone (1) and 21 mg/L of xanthofulvin (2) as co-
isolates.” Thus far, no significant advances toward an efficient fermentation process have

been realized.



Structural elucidation of vinaxanthone (1) and xanthofulvin (2) was accomplished
using mass spectroscopy and 'H-, *C-, and 2D-NMR experiments. Both natural products
possess a xanthone and chromone core as well as a characteristic pattern of polyacidic
functionality.”*'** Despite containing a biaryl linkage, computational chiroptical
calculations performed by Rezanka and co-workers on the structurally similar compound
chaetocyclinone C (3) revealed that vinaxanthone (1) does not exhibit axial chirality
(Figure 1.2). Chaetocyclinone C (3) was calculated to possess a barrier of rotation of 20
kcal/mol about the aryl-chromone bond under ambient conditions.>*> This conclusion is
in accord with the lack of optical rotation and inconclusive CD spectrum associated with

chaetocyclinone C (3).*

20 kcal/mol

chaetocyclinone C (3)
Figure 1.2. Barrier of rotation for chaetocyclinone C (3).

Xanthofulvin (2) on the other hand does not contain a biaryl linkage but does
possess an enol that exists as a 4:1 ratio with its keto form 4 in ds-DMSO (Figure 1.3).
Interestingly, the hemiketal natural product 411J (5) also exists as a 4:1 ratio with its keto
tautomer 6.> Careful analysis revealed that xanthofulvin (2) and 411J (5) possessed
identical spectral properties. Since both xanthofulvin (2) and 411J (5) were reported as
co-isolated products with vinaxanthone (1) it is likely that they are the same. Total
synthesis of xanthofulvin (2), the more likely structure would easily resolve this

inconsistency.
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xanthofulvin (2) 4
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Figure 1.3. Equilibria of xanthofulvin (2) and 4 and 411J (5) and 6.

Biosynthetic studies regarding vinaxanthone (1) and xanthofulvin (2) have yet to
be reported, however research into the biosynthesis of the structurally similar polyketide
metabolite, chaetocyclinone C (3) was performed by Zeeck (Figure 1.4).%°
Chaetocyclinone A (7), B (8), and C (3) were produced by the fermentation of

Chaetomium sp. (strain G6 100/2), which was isolated from marine algae.

OH

chaetocyclinone A (7) (R = OMe) chaetocycline C (3)
chaetocyclinone B (8) (R = H)

Figure 1.4. Structures of chaetocyclinone A (7), B (8), and C (3).

Through a series of *C-labelled acetate feeding experiments Zeeck suggested that
a single chain heptaketide undergoes a typical fungal polyketide-folding event to
establish the core of the Ci4 polyketides (Scheme 1.1). The biosynthetic pathway involves
an initial condensation of the single chain heptaketide 11 and oxygenation to form
hydroxynaphthoquinone 12. Hydroxylation and oxidative ring cleavage follows to give
benzoic acid derivative 13. Condensation then affords chromone intermediate 14 whose

terminal polyketide carboxyl group is subsequently reduced to aldehyde 15. At this point



aldehyde 15 may cyclize and undergo methylation to provide chaetocyclinone A (7) or
experience further reduction prior to methylation to generate chaetocyclinone B (8).

0 [o]

)k O o \ OH O
Me SCoA PKS COQH CO%*
—_—
acetyl-CoA 9 o o o . O‘
o o HO \ Me
(e} Me 0
HO SCoA [o]
6x malonyl-CoA 10 1" 12
HO,C HO,C

HO:&LC /@\)i/t M — D

HO COO;{C — (8)
13

Scheme 1.1. Putative biosynthetic pathway for chaetocyclinone A (7) and B (8).

Zeeck’s conclusions are consistent with previous biosynthetic studies performed
on related fulvate-type natural products 16-19 (Figure 1.5).°”** It is important to note the
structural similarity between these compounds and that of the chaetocyclinones,
moreover their oxidation patterns also resemble that of vinaxanthone (1) and
xanthofulvin (2).

MeO,C O R

HO,C H02C
MeO 0" > Me Me
HO
OH

chaetocyclinone A (7) (R = OMe) SB238569 (16) (R = OMe) fulvic acid ( citromycetin (19)
chaetocyclinone B (8) (R = H) anhydrofulvic acid (17) (R = H)

Figure 1.5. Structures of fulvate-type natural products.

Zeeck also developed a biosynthetic proposal for the dimer species
chaetocyclinone C (3) (Scheme 1.2). Originating from common intermediate 13 involved
in the biosynthesis of chaetocyclinone A (7) and B (8), reactive precursors 21 and 22
could be obtained. A dual aldol condensation would consequently forge the xanthone

core of chaetocyclinone C (3). Similar feeding experiments were conducted and

6



significant enrichment at the carbon atoms of the central rings was present, however
diminishing and inconsistent yields of enriched chaetocyclinone C (3) failed to provide a
complete labeling assignment. Although Zeeck had inconclusive data he asserts that
chaetocyclinone C (3) arises from the dimerization of two highly reactive Cis polyketides,

a hypothesis also put forth by Wrigley in his initial isolation work on vinaxanthone (1).*

HO,C O O O HO,C O O O

Me Me

Ho or oM CHO

23
chaetocyclinone C (3)

Scheme 1.2. Putative biosynthetic pathway for chaetocyclinone C (3).

It is noteworthy to mention that Staunton’s experiments with the metabolite
polivione (24) which has the same oxygenation pattern as vinaxanthone (1) and
xanthofulvin (2) revealed that polivione (24) could easily be transformed into
citromycetin (19) (Scheme 1.3).”*® This highlights the correlation between previously

proposed intermediate structures and known natural products.

Me
HO,C O OH O

Ho « HCI HO,C 07X
Me HO x
MeOH (e}
HO O
HO O
polivione (24) citromycetin (19)

Scheme 1.3. Transformation of polivione (24) into citromycetin (19).



Interestingly, an unsaturated version of the polivione scaffold with an aromatic
oxygenation pattern consistent with the chaetocyclinones, lapidosin (25) is also a known
isolated natural product (Figure 1.6).”* Although it seems likely that vinaxanthone (1),
xanthofulvin (2), and chaetocyclinone C (3) arise from non-enzymatic processes further

studies are warranted to support such claims.

HO,C O OH O

HO XN Me ‘ Me

HO (0]
OH

polivione (24) lapidosin (25)
Figure 1.6. Structures of polivione (24) and lapidosin (25).

In 2007, Tatsuta disclosed the first total synthesis of vinaxanthone (1).%
Interested in the biogenesis of the natural product an intermolecular Diels-Alder
cycloaddition between two molecules of unsaturated ketone 26 was hypothesized to

afford the vinaxanthone core following oxidative aromatization (Scheme 1.4).

MeO,C O Me

MEOWO
MeO o
26 Me O  CO,Me
Z OMe
© |
(0] OMe
26 27 vinaxanthone (1)

Scheme 1.4. Tatsuta’s Diels-Alder cycloaddition.

Tatsuta’s total synthesis of vinaxanthone (1) began with the regioselective
bromination and O-methylation of readily available wvanillin 28 to afford 3-
bromobenzaldehyde 29 (Scheme 1.5).* Dakin reaction proceeded to convert
benzaldehyde 29 directly to phenol 30.” Michael addition of phenol 30 into acrylonitrile
gave nitrile 31 that was subsequently hydrolyzed and cyclized via an intramolecular
Friedel-Crafts type reaction with aluminum trichloride to produce chromanone 32.%

Protection of the resultant ketone 32 as its ethylene ketal 33 was necessary to avoid
8



complications in downstream chemistry. Lithium-halogen exchange followed by trapping
of the metallated species with methyl chloroformate furnished, after hydrolysis of the
ketal, elaborated chromanone 34. Vinyl iodide 35 was obtained by treating chromanone
34 with molecular iodine at elevated temperature in dimethyl sulfoxide. Palladium (II)
acetate mediated Heck cross-coupling between vinyl iodide 35 and methyl vinyl ketone
gave key dimerization precursor 26.”” Dimerization of vinyl ketone 26 via a Diels-Alder
cycloaddition/oxidative aromatization process proceeded in toluene in a sealed tube at
200 °C in the presence of air to afford permethylated vinaxanthone 36. Tatsuta believed
that such a dimerization accounts for the biosynthetic pathway that leads to vinaxanthone
(1) in nature. A final deprotection of all oxygen bond methyl groups was realized with

aluminum trichloride in refluxing toluene to afford vinaxanthone (1).%

o 1.Brp Br 1. m-CPBA Br
H o o
]@\ AcOH, 23 °C MeO CH,Cl,, 40 °C MeO DBU
MeO CHO 2. Me,SOy4 2. Ef3N acrylonitrile, 75 °C
K,CO3 MeO CHO MeOH, 23 °C MeO OH 74%
28 Me,CO, 50 °C 29 81% 2-steps 30
89% 2-steps
1. n-BulLi,
Br Br O ethylene glycol, gr / \ CICO,Me
MeO cN 1 Hydroylsis MeO TsOH, CH(OMe); MeO (O THF, =78 °C
2. AICl3 PhMe, 80 °C 2.5% dry HCI
MeO o MeNO,, 60 °C MeO o 84% MeO (¢} MeOH, 23 °C
31 80% 2-steps 32 33 44% 2-steps
MeO,C O MeO,C O MVK MeO,C O o]
MeO I MeO | Pd(OAc), EtsN 1 Ay BHT, O,
DMSO, 110 °C ‘ MeCN, 50 °C ‘ PhMe, 200 °C
MeO (0] 65% MeO (0] 88% MeO (0] 40%
34 35 26

PhMe, 110 °C
74%

vinaxanthone (1)

Scheme 1.5. Tatsuta’s synthesis of vinaxanthone (1).



Although Tatsuta’s synthesis is concise and utilizes a unique dimerization
strategy, it lacks the scalability needed to produce large quantities of vinaxanthone (1) or
structurally similar pharmaceutical agents for subsequent analyses for potential SCI
therapeutics. The likelihood of a biomimetic Diels-Alder cycloaddition being the
operative pathway in nature is also unlikely.*””

In light of their ability to promote axonal regeneration and scarcity in nature
vinaxanthone (1) and xanthofulvin (2) are attractive targets for total synthesis. Wrigley
hypothesized that a homodimerization of a Ci4 polyketide related to polivione (24) would
afford vinaxanthone (1) and 411J (5) in nature.” In concert with this notion Zeeck
proposed that a structurally similar intermediate to polivione (24) might undergo a
heterodimerization with another reactive Cis polyketide to produce chaetocyclinone C
(3), a molecule that exhibits the same carbon framework as vinaxanthone (1) (Scheme
1.6). Zeeck also noted that the formation of xanthofulvin (2) may arise from the

difference in regiochemistry between Knovenagel intermediates 39 and 40 precluding

aldol condensation.>

Aldol
H Condensation

Knovenagel
Condensation

vinaxanthone (1)
-H,0
HO,C O
HO CHO HO,C O O O
| L Ho Me
HO (o) |
HO (0]
Me o
37 5,6-dehydropolivione (38) Knovenagel Aldol
Condensation Condensation

xanthofulvin (2)
-H,0
then reduction

Scheme 1.6. Zeeck’s insight into vinaxanthone (1) and xanthofulvin (2) formation.
The putative natural product 5,6-dehydropolivione (38) seemed like a viable Cis

polyketide precursor that could generate both vinaxanthone and xanthofulvin scaffolds
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(Scheme 1.7). Further analysis revealed that the other reactive Cis polyketide
intermediate set forth by Zeeck is simply the addition of water into 5,6-dehydropolivione
(38). Presumably water can add in a conjugate fashion resulting in the expulsion of a free
phenol. Unhindered bond rotation then allows for rearrangement prior to condensation to

afford reactive keto-aldehyde 37.”

HO,C O O
HO,C O O 2 HOZC

[0}
H,0 HO
HO 2
Me —— —_—
‘ —~
HO [ORN©)
HO (0] !
H
5,6-dehyropolvione (38)

HOzC H02C
=0
OH -H,0

Scheme 1.7. Relationship between 5,6-dehydropolivione (38) and keto-aldehyde 37.
Interestingly, 5,6-dehydropolivione (38) possesses dual reactivity as both a
Michael donor and Michael acceptor (Figure 1.7). Therefore the rearrangement to another
reactive coupling partner is not necessary for dimerization to occur and it may be possible
that 5,6-dehydropolivione (38) is the only precursor needed to furnish vinaxanthone (1)

and xanthofulvin (2) directly by way of a non-enzymatic pathway.

HO,C O OH O

HO X
S QNy
HO o \ \ Michael Donor

Michael Acceptor
5,6-dehydropolivione (38)

Figure 1.7. Dual reactivity of 5,6-dehydropolivione (38).
Michael addition of 5,6-dehydropolivione (38) into the chromone of a second
molecule of 5,6-dehydropolivione (38) provides adduct 44 (Scheme 1.8). B-elimination

leads to the formation of enediones 45 and 46 that are in equilibrium due to the

11



delocalized carbonyl system.” Chromone condensation of 45 and 46 results in the
formation of chromones 47 and 48.”* These intermediates are also in equilibrium due to
the highly delocalized tetracarbonyl system 49. At this point previous hypotheses would
suggest that an aldol condensation would take place. However, it appears strange that an
anion would attack a carbonyl that is responsible for its delocalized nature and stability.
Since the pKa’s of 47 and 48 are probably quite low it is likely that they exist in their
trienol forms 50 and 51 at biological pH. In this orientation a 6z electrocyclization may
be responsible for the formation of the final ring closure to give 52 and 53.”>7°

Elimination of water from 53 would furnish vinaxanthone (1) directly whereas 52 would

require the elimination of water followed by reduction to afford xanthofulvin (2).

12
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HO OH
L L IO

Me
HO O OH (0] OH
Me o

52

1. -H,0
2. reduction

HO,C O OH O CO.H
BoSsaGoH
HO O Me O OH

Me o

xanthofulvin (2) vinaxanthone (1)

Scheme 1.8. Proposed non-enzymatic formation of vinaxanthone (1) and xanthofulvin

(2).

In order to examine the validity of our non-enzymatic hypothesis for the
formation of vinaxanthone (1) and xanthofulvin (2) in nature, a concise synthesis of the
putative precursor, 5,6-dehydropolivione (38) was developed. One of the retrosynthetic
challenges in deconstructing this substrate included the ability to generate the
polyoxygenated arene ring. A Diels-Alder cycloaddition between an appropriately

functionalized furan 54 and an alkynyl ester 55 was envisioned to provide bicycle 56

13



(Scheme 1.9). Upon acid-mediated ring opening/aromatization the desired arene 57 was

believed to be accessible.”’

CO,R" o © "
rRo__ ¢ RO COR" oyt Hgozc o}
o M g LA S
RO g .
RO Me X0 Ve R'O OR
54 55 56 57

Scheme 1.9. Diels-Alder cycloaddition strategy.

Initial studies regarding functionalized 2-siloxyfurans revealed that furans
possessing strong electron donating groups at their 4-position lead to rapid decomposition
and poor results in experiments probing Diels-Alder reactivity. A pivaloyl group was
utilized to help attenuate the electronics of the furan and eliminate such weaknesses. A
reliable two-step sequence allowed the preparation of furan 60 in large quantities without
the need for purification (Scheme 1.10). Acylation of tetronic acid 58 with pivaloyl
chloride in the presence of catalytic 4-dimethylaminopyridine afforded pivaloyl tetronate
59 which was subsequently treated with triethylamine and freshly prepared fert-

butyldimethylsilyl triflate” to furnish furan 60 as a viscous amber oil.”

PivCI

go DMAP, i-Pr,NEt o O TBSOTf, Et3N \O/ OTBS
P —_—
CH,Cly, 23°C .. CH,Clp, 23°C  _.
89% PivO 78% PivO
59 60 gram scale 60

Scheme 1.10. Synthesis of furan 60.

Keto-ester 63 was also synthesized in as few as two steps (Scheme 1.11). The
silver acetylide of fert-butyl propiolate 61 was discretely generated before being trapped
with acetyl chloride.***' Despite delivering moderate yields this reaction sequence was far
from ideal. Attempts to perform this sequence on a larger scale were unsuccessful due to
diminishing yields. Significant quenching of silver acetylide 62 resulted in the presence

of starting material that needed to be removed via column chromatography. The work-up
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of silver acetylide 62 also required carbon tetrachloride to extract product from the
aqueous layer, which became costly on scale. The use of chloroform or methylene

chloride as substitutes or co-solvents was far less effective.

AgNO; AcCl 0
tBuUO.C— ——— > tBuO,C—Ag —— > pBuOﬁ%{
H,O/MeOH, 23 °C CH,Cl,, 23 °C Me
9 =
61 62 49% 2-steps 63

Scheme 1.11. Synthesis of keto-ester 63.

To circumvent these drawbacks an alternative synthesis of keto-ester 63 was
adopted (Scheme 1.12). Commercially available 3-butyn-2-ol 64 was treated with ethyl
vinyl ether in the presence of catalytic pyridinium p-toluenesulfonate prior to
deprotonation with n-butyllithium and trapping with di-tert-butyl dicarbonate to afford
ester 65. Removal of the ethoxyethyl ether group in refluxing ethanol followed by Jones
oxidation once again furnish keto-ester 63.* Although this sequence required an
additional two steps, each transformation can be performed on >100 gram scale, does not

require purification, and provides excellent yields.

1. EVE, PPTS 1. PPTS
OH  CH,Cl,, 23 °C OEE  EtOH, 78 °C 0
= t-BuO,C—— t—BuO&%«
Me 2. n-Buli, Boc,O Me 2. CrOg H,SO, Me
THF, -78 °C Me,CO, 0 °C
64 95% 2-steps 65 71% 2-steps 63

120 gram scale
Scheme 1.12. Alternative synthesis of keto-ester 63.

With a suitable diene and dienophile in hand the Diels-Alder cycloaddition
between furan 60 and keto-ester 63 was investigated (Scheme 1.13). The Diels-Alder
between a siloxy furan and symmetrical alkynoates such as dimethyl
acetylenedicaboxylate are well documented in the literature,””* however the use of
unsymmetrical alkynoates has garnered much less attention.**** In this scenario the
cycloaddition may generate two possible regioisomeric bicyclic adducts.
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Scheme 1.13. Diels-Alder regioisomers 66 and 67.

The desired cycloadduct 66 arises from the engagement of the most nucleophilic
carbon of the furan at the B-position in respect to the ketone functionality of the keto-
ester 63 (Scheme 1.14). This outcome was anticipated to be the most favorable because a
ketone typically possesses more of an electron withdrawing effect than does an ester and
would therefore impart a greater directing ability on the system. The undesired
cycloadduct 67 would consequently arise from the influence of the ester functionality in

directing the reaction.

o)
. wvo ©. t-BuO,C o
+Bu0,C—@=—X PivO, CO,tBu 2
63 Y Me _ Me
y 0N -0TBS TBSO @
M Mé © PivO OTBS
PivO
60 Desired 66

Me Me O
o}

o)
CO,tB
>_E o Pivo, &
Me ' o ' - CO,t-Bu
' /' oTBS @
TBSO .
3—7/ COtBU b0 oTBS
PivO

60 Undesired 67
Scheme 1.14. Diels-Alder regioselectivity.

It seemed reasonable that the stronger electron withdrawing character of the
ketone compared to that of the ester would work in concert with the polarization of the
furan to influence the regioselective outcome in our favor. Despite being aided by an
intramolecular tether similar transformations have been reported in the literature.*

However, the use of an unsymmetrical aldehyde-ester alkyne has also been reported to
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primarily afford the regioisomer governed by the ester and not the aldehyde.®” Therefore
the regioselective outcome of our intended furan, keto-ester Diels-Alder reaction
appeared less predictable than first assumed.

A solution of furan 60 and keto-ester 63 in tetrahydrofuran at 23 °C resulted in a
viscous amber oil that upon concentration gave a single regioisomeric product by 'H- and
C-NMR analysis (Scheme 1.15). Both spectra revealed the presence of an enol ether and
bridgehead methine, characteristic of the desired product 66. Bicycle 66 was then treated
under acidic conditions to initiate ring opening/aromatization to afford phenol 68.
Initially, 0.1 N hydrochloric acid was used for this transformation. However, it became
evident that the use of dry hydrochloric acid eliminated the need for an aqueous work-up
resulting in superior yields. Comparison of spectral data for phenol 68 to an earlier
variant of the substrate, which contained a methyl carbonate instead of the pivaloyl ester
and its structure unambiguously assigned by x-ray crystallography revealed the desired

regioselectivity as well as concomitant migration of the pivaloyl group.

o]

t-BuO,C—=—=—
o ? e FBUOC O tBuO,C O
9 OTBS 63 HCI PiVO
Me Me
PiVO THF, 23 °C @ THF, 23 °C
>20:1 PivO OTBS  75% 2-steps HO OTBS
60 66 110 gram scale 68

Scheme 1.15. Synthesis of phenol 68.

With ample quantities of phenol 68 at our disposal the next synthetic challenge
was to obtain the acetoacetylated chromone scaffold of 5,6-dehydropolivione (38)
(Scheme 1.16). Protection of the free phenol as its methoxymethyl ether 69 was
necessary to avoid complications arising from the incompatibility of the phenol with

subsequent chemistry.*
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72 5,6-dehydropolivione (38)

Scheme 1.16. Synthesis of 5,6-dehydropolivione (38).

At this point the implementation of a vinylogous amide arose as a viable option
for providing a synthetic handle for chromone formation (Scheme 1.17). In 1979,
Gammill disclosed the homologation of 2’-hydroxyacetophenones 73 to enaminones 74
followed by cyclization and concomitant trapping of an electrophile to form 3-substituted
chromones 75.* In the context of this report halogens and acylating species were used as
the electrophiles. Gratifyingly, when heated in toluene with excess N,N-
dimethylformamide dimethyl acetal acetophenone 69 furnished enaminone 70 in a
moderate 42% yield. More importantly was the simultaneous cleavage of the fert-butyl
dimethylsilyl protecting group to set the stage for chromone formation. Despite being the
most utilized solvent for such transformations, toluene often gave inconsistent results. It
seemed reasonable that a more polar solvent would have the ability to stabilize the
ionization of N,N-dimethylformamide dimethyl acetal and lower the energy of the
reactive intermediates. Consequently, by switching the solvent to dimethoxyethane a

more consistent and higher yielding reaction was obtained.

o o . o
Me,NCH(OMe), P E £
Me ——————> NMe,
R PhMe, 90°C R R ‘
OH OH o
73 74 75
E = Hal, Acyl

Scheme 1.17. Gammill’s 3-substituted chromone synthesis.
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Although Gammill produced acylated chromones our objective was to invoke
acetoacetylation (Scheme 1.16). Various reagents including diketene were used to
generate acyl ketene before identifying acyl-Meldrum’s acid 71 as the best option for
acetoacetylation.” Upon heating acyl-Meldrum’s acid 71 to reflux in toluene a
retrocyclization provided acyl ketene 77, which engaged enaminone 70 in the desired
fashion to afford protected 5,6-dehydropolivione 72. Subsequent global deprotection with
boron trichloride was uneventful providing a near quantitative yield of 5,6-
dehydropolivione (38).”'

Unfortunately, extensive attempts to optimize the acetoacetylation failed to
exceed 42% yield. Problems arise within the reaction itself as well as in the purification
of the product (Scheme 1.18). At high temperatures, enaminone 70 has the potential to
cyclize in the absence of an electrophile to produce unsubstituted chromone 76. Another
transformation taking place in the reaction vessel is the cycloaddition between two
molecules of acyl ketene 77 to give dehydroacetic acid 78. Silica gel column
chromatography was minimally successful in purification. However, analysis of the
original isolation paper of polivione (24) revealed that the use of phosphoric acid
impregnated silica gel for purification was beneficial.””* Implementing this strategy
made a significant improvement in our purification efforts. Despite trying a multitude of
solvent systems, separation of the desired product from unwanted chromone 76 and
dehydroacetic acid 78 was difficult due to similar Ry values and moderate solubility in the

eluent of choice.
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Scheme 1.18. Byproduct formation from acetoacetylation.

Finally, the penultimate biomimetic dimerization of the putative 5,6-
dehydropolivione (38) precursor could now be investigated (Scheme 1.19). To our
delight, simply warming an aqueous solution of 5,6-dehydropolivione (38) to 55 °C
furnished vinaxanthone (1) in a respectable 61% yield.” Interestingly, neither
xanthofulvin (2) nor any other species was detected from the reaction. This result lends

credence to the hypothesized non-enzymatic formation of vinaxanthone (1) in nature.

HO,C O OH O

HO
x Me
‘ H,0, 55 °C
HO O 61%
5,6-dehydropolivione (38) vinaxanthone (1)

Scheme 1.19. Putative biomimetic dimerization of 5,6-dehydropolivione (38) to
vinaxanthone (1).

Further examination of our mechanistic proposal suggests a couple of reasons for
the exclusive formation of vinaxanthone (1) (Scheme 1.20). Following the 6mn
electrocyclization of trienol S0 to give intermediate 52 it is possible for a reversible
intramolecular conjugate addition to occur giving species 79. Such a pathway may

suppress the dehydration needed to form the xanthofulvin core.
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Scheme 1.20. Possible intramolecular conjugate addition.

A second possible account for the exclusive formation of vinaxanthone (1) over
xanthofulvin (2) may be the steric encumbrance associated with the aromaticity-assisted
hydrogen bonding found in intermediates 50 and 51 (Scheme 1.21).”* By way of
resonance the chromone moiety has the ability to aromatize and stabilize the transition
state for the 6m electrocyclization leading toward vinaxanthone (1). However, the
orientation leading toward xanthofulvin (2) possesses a significant amount of steric

hindrance thus making this pathway unfavorable.
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Scheme 1.21. Aromaticity-assisted hydrogen bonding.

Following the completion of our concise 9-step synthesis of vinaxanthone (1)
efforts were concentrated on the amendment of our biomimetic strategy to access
xanthofulvin (2) (Scheme 1.22). It was hypothesized that a heterodimerization between
polivione (24) and 5,6-dehydropolivione (38) would mechanistically be devoid of the
reversible intramolecular Michael addition and aromaticity-assisted hydrogen bonding
thought to negatively impact our previous proposal for xanthofulvin (2) formation. With
polivione (24) functioning as a discrete Michael donor, conjugate addition into 5,6-
dehydropolivione (38) followed by B-elimination would provide phenols 84 and 8S.
Subsequent chromone condensation and tautomerization to trienols 89 and 90 once again
sets the stage for 6m electrocyclization. Due to the inherent saturation in polivione (24)
loss of water would directly afford xanthofulvin (2) and 411J (5) without the need for

terminal reduction steps following the cascade of bond forming events.
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Scheme 1.22. Proposed heterodimerization between polivione (24) and 5,6-
dehydropolivione (38).

Polivione (24) was accessed from protected 5,6-dehydropolivione 72 following a
conjugate reduction with sodium cyanoborohydride and global deprotection (Scheme
1.23).°"%%7 Unfortunately, despite several efforts the desired heterodimerization was
never obtained. Reactions either yielded exclusive vinaxanthone (1) in poor yields or

provided reaction mixtures that were inseparable and too difficult to analyze. It should be
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noted that although our crude synthetic polivione (24) matched known spectral data,

conditions for its explicit purification were never realized.”

1. NaBH3CN
At—BuOZC O OH O MeOH, 03°C HO,C O OH O 5,6-DHP (38)
PivO ‘ X Me ————> HO X Me ------------- > xanthofulvin (2)
2.BCl3
MOMO O CH,Cl,, 23 °C HO O
72 50% 2-steps polivione (24)

Scheme 1.23. Synthesis of polivione (24).

In order to overcome the inability to access xanthofulvin (2) through a similar
biomimetic approach to that utilized for vinaxanthone (1) an ynone surrogate 93 was
envisioned to attenuate the reactivity associated with the acetoacetyl moiety of protected
5,6-dehydropolivione 72 (Figure 1.8). An ynone precursor was postulated to function
solely as a Michael acceptor and would also benefit from possessing the proper oxidation

state thus eliminating the need for further manipulation.

O
MOMO 72) MOMO 92

Figure 1.8. Ynone 93 as a surrogate for protected 5,6-dehydropolivione 72.

Analogous to our biomimetic proposal, the mechanistic pathway may begin with
the addition of protected polivione or protected 5,6-dehydropolivione (represented as 94)
in a Michael fashion to the chromone of ynone 93 (Scheme 1.24). B-elimination would
liberate free phenols 96 or 97 that could then participate in intramolecular Michael
additions with the requisite alkynone functionalities. At this point the mechanism mirrors
our original proposal where isomerism leads to trienols 101 or 102, the intermediates
geared toward 6m electrocyclization. Final elimination of water would generate the core

structures of both vinaxanthone (1) and xanthofulvin (2).

24



Michael addition ‘ Michael
H addition

R =tBu
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R" = MOM

101
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Scheme 1.24. Proposed coupling between ynone 93 and protected polivione/5,6-
dehydropolivione 94.

The synthesis of ynone 93 was easily realized through Gammill’s chemistry to
provide iodochromone 107 as an excellent handle for cross-coupling transformations
(Scheme 1.25).* Upon concentration of a dimethoxyethane solution of acetophenone 69
and N’N’-dimethylformamide dimethyl acetal the resultant enaminone 70 was directly

taken up in chloroform and treated with molecular iodine at 23 °C to afford
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iodochromone 107. Sonogashira cross-coupling mediated by bis(triphenylphosphine)
palladium(II) dichloride of 3-butyn-2-o0l 64 (the same starting material used for keto-ester
63) to vinyl iodide 107 provided propargyl alcohol 108.”® It was extremely important to
vigorously deoxygenate the tetrahydrofuran used in the Sonogashira reaction by way of
iterative freeze-pump thawing. Failure to do so resulted in severely diminished yields.
Subsequent pyridinium dichromate oxidation furnished gram quantities of the desired

ynone 93 as a white solid.”

t-BuO,C O Mo,NCH(OMe) tBuO,C O | t-BuO,C O
i €2 €)2 i 2 i
PivO Me PivO = NMe, PivO |
DME, 85 °C CHCIj3, 23 °C ‘
MOMO OTBS MOMO OH 60% 2-steps MOMO o)
69 70 15 gram scale 107
OH
o 64 Me
Pd(PPh;),Cl OH Q
Cul, i-Pr,NH t-BuO,C O PDC t-BuO,C O
) M M
— > PWO =7 e PivO =Z e
THF, 23 °C ‘ CH,Cl,, 23 °C ‘
73% 68%
8 gram scale  MOMO o 6 gram scale  MOMO o
108 93

Scheme 1.25. Synthesis of ynone 93.

It is worthy to note that direct coupling of 3-butyn-2-one was unsuccessful and
lead to complete decomposition. This result was not surprising having reviewed
Neigishi’s work that stated such a transformation is difficult and remains a synthetic

challenge.'*'"!

Attempts to optimize the oxidation step via Swern, Dess-Martin
periodinane, tetrapropylammonium perruthenate, manganese dioxide, and other
chromium based oxidant conditions all failed to produce a superior yield. The propargyl
alcohol/ynone moiety simply could not withstand the aforementioned reaction conditions.

To our disappointment extensive efforts to acquire the xanthofulvin core once

again only gave exclusive formation of the vinaxanthone connectivity or an indeterminate
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reaction mixture. At this juncture it was decided to focus on a stepwise approach in which
a more simplistic xanthone would be synthesized en route toward xanthofulvin (2)
(Scheme 1.26). Based on our previous mechanistic proposals we believed that the
addition of methyl acetoacetate 109 to ynone 93 would provide the correct
regioselectivity inherent to xanthofulvin (2). Furthermore, the resultant ester could
function as a key synthetic handle to append the chromone core. Several reports by Hu
and co-workers describing similar outcomes from the addition of 1,3-dicarbonyl species
to 3-alkynyl chromones was encouraging.'”'* Exploitation of 3-alkynyl chromone
reactivity is a useful extension of known reactivity displayed by 3-formyl and 3-ketonic
chromones.”'”” Despite having an arene where an acetyl group was desired, Hu’s
substrates demonstrated the ability to forge the correct connectivity present in the

xanthone core of xanthofulvin (2).
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115
Scheme 1.26. Coupling of ynone 93 and methyl acetoacetate 109.

The in situ generation of the sodium anion of methyl acetoacetate with sodium
hydride at 23 °C led to a poor yielding mixture of the desired xanthone 115 and its
deacetylated variant 116 (Scheme 1.27). The use of freshly prepared sodium enolate of
methyl acetoacetate 109 rather than in situ generation was favorable. Furthermore, by
running this reaction at colder temperatures the ratio of desired xanthone 115 to its
deacetylated byproduct 116 could be amplified. By performing this reaction at =78 °C in
tetrahydrofuran a 5:1 ratio could be obtained with a respectable 83% isolated yield of

xanthone 115.
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Scheme 1.27. Synthesis of xanthone 115.

Selective saponification of methyl ester 115 was achieved with sodium hydroxide
in a 3:1 tetrahydrofuran/water solution to yield carboxylic acid 117 (Scheme 1.28).
Despite being extremely sluggish (3-4 days) this reaction was clean, high yielding, and
didn’t require purification. The next challenge was to couple carboxylic acid 117 to
enaminone 70 in order to promote an O-to-C carboxyl transfer to forge the xanthofulvin
core. Previous methods for coupling ortho-hydroxy aryl enaminones with carboxylic
acids to initiate O-to-C carboxyl transfers utilized anhydrides and other activated
carboxylic acid derivatives.'"'” The formation of the corresponding acid chloride prior
to coupling with enaminone 70 in the presence of triethylamine was indeed successful,
however it was low yielding. Direct coupling using standard peptide coupling reagents
such as N’N’-dicyclohexylcarbodiimide (DCC), 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC), and (benzotriazol-1-yloxy)tripyrrolidinophosphonium
hexafluorophosphate (PyBOP) provided better yields but were plagued by difficulties in
purification. N,N,N’,N’-tetramethyl-O-(1H-benzotriazol-1-yl)uronium
hexafluorophosphate (HBTU) on the other hand smoothly promoted the coupling of
carboxylic acid 117 to enaminone 70 in the presence of Hunig’s base to generate aminal
119 in a gratifying 88% yield. The use of coupling reagents was more direct and tolerant

109

of sensitive functionality.” Unfortunately, dimethylamine would not eliminate under
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various O-to-C transfer conditions and required an independent step for removal. The
dimethylamine was eliminated by heating an acetonitrile solution of aminal 119 in the
presence of pyridinium hydrochloride. It was important to conduct this reaction under
anhydrous conditions, as cleavage of the xanthone followed by chromone formation was
a competing pathway. Finally, conjugate reduction with sodium cyanoborohydride was
straightforward and as before the six oxygen-bound protecting groups were removed
simultaneously with boron trichloride in methylene chloride at 23 °C to provide material
that was in accord with the spectral values reported for xanthofulvin (2) and 411J (5)
19997 Therefore, we were able to appropriately reassign the hemiketal structure of 411J]
(5) to that of xanthofulvin (2).%**** With adequate quantities of synthetic vinaxanthone
(1) and xanthofulvin (2) in hand we were poised to study their biological profiles in the

context of neuronal regeneration.

30



+Bu0,C O

PivO
iv = NMe,
MOMO OH B MOMO OPiv
tBuO,C O 70
; t-BuO,C
PivO O O COR HBTU, i-Pr,NEt o 2 COt-Bu
ivO
—_—
MOMO (0] Me DMF, 23 °C O O
88% MOMO Me
Me o
- Me;,N
NaOH Rove
THF/H,0, 23 °C L ]
91%
—R=H
117
+-Bu0,C CO,t-Bu +-Bu0,C CO,t-Bu
PivO l l l OPiv pyr Hel PivO l l l OPiv
MOMO Me| O OMOM MeCN 65 °C MOMO Me (6] OMOM
NMe; 68%
119
H02C CO,H
1. NaBH,CN
MeOH, 23 °C O O O
—_—
2. BCly Me ~O
CH,Cl,, 23 °C

89% 2-steps
xanthofulvin (2)

Scheme 1.28. Synthesis of xanthofulvin (2).

The neuroregenerative effects of vinaxanthone (1) and xanthofulvin (2) have
previously been attributed to their abilities to prevent Sema3A-mediated growth cone
collapse.”® However, genetic removal of Sema3A function does not lead to the same
regeneration following injury.® This result suggests that the inhibitory action of the
compounds against Sema3A is not solely responsible for the pronounced regeneration
and that other growth promoting pathways also exist. The potential polypharmacology of
these natural products to block regrowth inhibition and actively promote growth provide
a pharmacological solution that has thus far eluded SCI treatment.'"’ In light of these
observations mode of action studies were pursued using synthetic vinaxanthone (1) and
xanthofulvin (2) regarding G-protein-coupled receptors.

G-protein-coupled receptors (GPCRs) also referred to as seven transmembrane

receptors (7TMRs), constitute over 800 of the most versatile and ubiquitous chemical
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sensors found in nature. They are responsible for the regulation of nearly all known
physiological processes in the human body including the senses of sight, smell, and taste.
It is noteworthy that greater than half of all prescription drug sales worldwide can be
attributed to pharmaceuticals targeting GPCRs. Furthermore, the 2012 Nobel Prize in
chemistry awarded to Robert Lefkowtiz and Brian Kobilka highlights the importance of
GPCRs in modern medicine and science.'"

Cells throughout the body communicate with each other using chemical
messengers such as hormones and neurotransmitters. GPCRs facilitate these
communications by allowing cells to process information encoded in various chemical
messengers such as photons, protons, small organic molecules, peptides, and
glycoproteins among other chemical entities.'”> Therefore the optimization of the ligand
efficacy of GPCRs may lead to biological responses that can be fine-tuned to elicit
desired therapeutic outcomes.

Vinaxanthone (1) and xanthofulvin (2) were subjected to EMD Millipore’s Full
GPCRProfiler® Panel, a screen of various GPCRs with the objective of identifying
agonist and antagonist activity. Fluorescent imaging plate reader (FLIPR) assays were
conducted to measure the receptor-induced mobilization of intracellular calcium. By
monitoring the [Ca*"] flux generated by the addition of test compounds, fluorescent data
can be interpreted as biological activity.'”’ Neither natural product displayed agonist nor
antagonist activity however both were identified as strong positive allosteric modulators
of succinate receptor 1 (SUCNRI), also referred to as GPRI1.

Succinate, an intermediate in the energy producing Krebs cycle is the endogenous
ligand of SUCNRI and has a half-maximal response concentration (ECso) of 28-56 uM.
Interestingly, other intermediates of the Krebs cycle, 800 pharmacologically active

compounds and known GPCR ligands, and 200 carboxylic acids/succinate looking
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molecules failed to increase agonist activity at the orthosteric site beyond that of the
native succinate.'* Vinaxanthone (1) and xanthofulvin (2) on the other hand presumably
bind to a topographically distinct allosteric site and in this case potentiate the signaling of
the endogenous succinate ligand.

Both natural products markedly enhanced the affinity and efficacy of GPR91
towards succinate (Figure 1.9). At 0.2 uM concentrations, identical concentrations to
those used in the original Sema3A-mediated growth cone collapse assays, vinaxanthone
(1) and xanthofulvin (2) displayed dose ratios of 0.33 and 0.32 with efficacy values of

230% and 222%, respectively, when compared to the reference agonist sodium succinate

alone.”
-3 0.2 yM vinaxanthone = 0.2 pM xanthofulvin
E 300+ ﬂ 300+
c c
) )
2 5 20 S 5 2001
[ D=
>
E 13 1004 E -E 100+
E 0+ g 0
S 7 6 5 -4 3 2 S 7 6 5 4 3 2
Log [succinate], M Log [succinate], M
. Predicted ECso | Predicted Dose
Agonist(s) Potency (uM) Ratio Efficacy
Sodium succinate 230 1 100%
Sodium succinate + 0
0.2 uM vinaxanthone (1) 76 0.33 230%
Sodium succinate + o
0.2 uM xanthofulvin (2) 73 0.32 222%

Figure 1.9. Efficacy of vinaxanthone (1) and xanthofulvin (2) compared to the lone
reference agonist, sodium succinate in activating GPR91.
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Therefore in the presence of these positive allosteric modulators only about 1/3 of

the concentration of succinate is required to elicit the same response in their absence.

Furthermore, the modulators also increase the efficacy of succinate more than two-fold.

Concentration dependent data with respect to vinaxanthone (1) also demonstrates the

ability of the compound to continually and effectively act as a positive allosteric

modulator at concentrations as low as 1 nM (Figure 1.10).
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Figure 1.10. Concentration dependent efficacy of vinaxanthone (1) (green) versus the
lone reference agonist, sodium succinate (red) in activating GPR91.
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Succinate accumulates under hypoxic conditions and functions through GPR91 to
promote vessel growth. Following increased succinate levels, GPR91 leads to the
production of numerous angiogenic factors, notably vascular endothelial growth factor
(VEGF).">""* GPR91 indirectly opposes the action of Sema3A by stimulating increased
vascular proliferation and angiogenesis.'”'"® By identifying vinaxanthone (1) and
xanthofulvin (2) as positive allosteric modulators of GPR91 a mode of action has been
discovered that accounts for the observed regenerative effects in the absence of Sema3A.
The fact that allosteric ligands have already advanced to market, with many others in
clinical trials and late preclinical development lends credence to the sound and tractable
advantage of targeting allosteric modulators.'"

Having identified a viable mode of action for the regenerative properties of
vinaxanthone (1) and xanthofulvin (2), efforts were concentrated on the further
elucidation of their biological profiles. Initial in vivo neuronal outgrowth assays in C.
elegans revealed that vinaxanthone (1) and xanthofulvin (2) enhanced neuronal
outgrowth by 31% and 32% at 2 uM, respectively (Figure 1.11).”” Comparable activity
was demonstrated for the known neurotrophic compound dibutyryl cAMP, which
promoted branching in 36% of animals at 2 uM.'" Encouraged by these results, plans
were devised to study neuronal regeneration upon transected neurons in C. elegans. The
synthesis of analogs for structure activity relationship (SAR) studies and the eventual

biological optimization was also a priority.
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Figure 1.11. Outgrowth of GFP-labelled cholinergic neurons in vivo in C. elegans after
treatment with dibutyryl cAMP, vinaxanthone (1), and xanthofulvin (2). Control: 0.2%
DMSO in M9 buffer.

While performing neuronal outgrowth assays it became evident that there was a
disparity between vinaxanthone (1) and xanthofulvin (2) in respect to their stability. As
evidenced by '"H-NMR analysis xanthofulvin (2) showed significant decomposition when
exposed to air as a solution in ds-DMSO. Vinaxanthone (1) on the other hand revealed no
discernable decomposition following a six month period under similar conditions.
Furthermore, vinaxanthone (1) exhibited the same stability when subjected to 60 °C heat
in ds-DMSO for two weeks. Vinaxanthone (1) appeared to be the superior molecule to
proceed with biological testing due to its thermal and oxidative stability.

At this point the polypharmacology of vinaxanthone (1) was investigated for the
purpose of SAR studies and biological optimization. The goal was to synthesize analogs
of vinaxanthone that differed from the parent natural product by the omission of various
carboxyl and hydroxyl functionality. In the previous two syntheses of vinaxanthone (1) a
homodimerization of some sort was utilized to forge the vinaxanthone core.”®* These
methods would be applicable in the synthesis of vinaxanthone analogs that contained
symmetrical functionality on both the xanthone and chromone cores of the molecule.

However, if two different monomers were combined under either condition a statistical
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mixture of products would be expected. These dimerizations lack electronic or steric
information that could differentiate the two fragments and select for their positioning.

In Tatsuta’s case, the unsaturated ketone monomer 26 possesses dual reactivity as
either a diene or dienophile and in our initial report the putative 5,6-dehydropolivione
(38) precursor may function as both a Michael acceptor and Michael donor (Scheme
1.29).%% The inability to efficiently produce edited analogs with distinct xanthone and
chromone cores would significantly hinder the procurement of 56 of the 64 possible

serially deleted analogs (Figure 1.12).

MeO,C

MeO,C O o MeO

MeO “ BHT, O,
Me ————
‘ PhMe, 200 °Cc  MeO
MeO o 40%
26 36

Tatsuta 2007

HO,C O
HO

HO O

5,6-dehydropolivione (38) vinaxanthone (1)
Siegel 2013

Scheme 1.29. Previous approaches to the vinaxanthone core.
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Figure 1.12. 64 vinaxanthone derivatives containing serially deleted carboxyl and hydroxyl functionality.
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Serendipitously a solution to this challenge presented itself upon analysis of
earlier investigations into the use of ynone 93 as a surrogate for protected 5,6-
dehydropolivione 72 (Scheme 1.30). When combined in a one-to-one ratio in acetonitrile
with triethylamine at ambient temperature ynone 93 and protected 5,6-dehydropolivione
72 furnished protected vinaxanthone 184. Previous experiments revealed that under these
reaction conditions protected 5,6-dehydropolivione 72 could not produce the desired
compound on its own. Therefore the control experiment in which ynone 93 was treated
with triethylamine in acetonitrile by itself was conducted. Surprisingly, protected
vinaxanthone 184 was generated and it was discovered that ynone 93 could generate the
xanthone core of the natural product on its own. Further control experiments revealed that
triethylamine was necessary and that when ran under scrupulously anhydrous conditions

neither product nor conversion of starting material in any fashion was observed.

o
£BuO,C O 72, Et;N
PivO = o

‘ MeCN, 23 °Cc  MOMO
MOMO o 44%

t-BuO,C O OH O
PivO X

MOMO (0]

+BuO,C O
PivO
\
MOMO o

93
Scheme 1.30. Synthesis of protected vinaxanthone 184.
With the knowledge that both water and base were required for this

transformation and the fact that a small impurity in the '"H-NMR of the crude reaction
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mixture of the ynone dimerization revealed an aldehydic species the following
mechanism was proposed (Scheme 1.31). Water can add in a conjugate fashion to the
chromone of ynone 93 resulting in the expulsion of free phenol 185. Michael addition of
the free phenol into the alkynone would generate 3-formyl chromone 186. Upon
tautomerization diene 187 would be geared for a cycloaddition with the alkyne of another
molecule of ynone 93 to afford the core of the natural product 188. Finally, elimination of

water would forge the central aromatic ring of protected vinaxanthone 184.

o t-BuO,C o OH tBuO,C O t-BuO,C O OH Me o
tBUO,C O o VO Z PivO CHO PivO. P
PivO =z Me 27 - \ - I
‘ MOMO o MOMO 0 MOMO oY
MOMO o} ) AP
Me o 0~ 'Me
Me”™ ~O (0] CO,t-Bu
93 185 186 187
OPiv
OMOM
93
t-BuO,C O Me t-BuO,C O OH Me

PivO.
v cycloaddition

" ~
OPiv. —H,0 MOMO

Scheme 1.31. Proposed ynone dimerization mechanism.

In hopes of discerning more information about the ynone dimerization ynone 93
was treated with a large excess of water in the presence of triethylamine (Scheme 1.32).
Gratifyingly, aldehyde 186 was isolated in near quantitative yield further supporting our
proposed mechanism. More importantly was the realization that starting from a single
ynone precursor a simple transformation was available in which we could potentially
control which starting ynone would reside as the xanthone and chromone portions of the
vinaxanthone scaffold in a coupling reaction. To this end ynone 93 was transformed into
aldehyde 186 prior to the addition of ynone 189 (prepared in 4-steps). Consequently, our

hypothesis held true and upon deprotection vinaxanthone analog 127 was synthesized in a
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terrific 70% overall yield starting from ynone 93. To our delight transforming ynone 189
into aldehyde 190 prior to the addition of ynone 93 had the analogous affect providing
vinaxanthone analog 176 in 50% overall yield.

t- BUOZC HOZC (0] Me

1.189,Et,N  Ho
-BuO,C O  HOEN PiVO MeCN, 23°C_
PivO
MeCN 23°C MOMO 2. BCI3 HO
CH,CI, 0 °C
MOMO 70% 3-steps O
93 127

% 1.93, Et;N
O e H20 EtsN MeCN 23°C
=z
‘ MeCN 23°C B BCl,
o CH,Cl, 0 °C

50% 3-steps

189 190

Scheme 1.32. Synthesis of non-symmetric vinaxanthone analogs.
With this new strategy for the facile synthesis of vinaxanthone derivatives in
which 7 ynones allows access to n* derivatives we sought to begin our preparation of a
small chemical library. We envisioned that the serial deletion of the carboxyl and
hydroxyl functional groups of vinaxanthone (1) would provide key information regarding
the natural product’s active pharmacophore. Consequently, 64 possible vinaxanthone
analogs exist of which can be accessed through the synthesis of only eight ynone

precursors (Figure 1.13).

(0] O
W tBuoc o M o N
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Figure 1.13. Ynone precursors.
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Thus far five ynone precursors were synthesized in order to provide a 25
vinaxanthone analog library for biological evaluation. Ynone 93 from the parent natural
product synthesis was accompanied by four others exhibiting deletion of various acidic
functionalities. The carboxylic acid moiety was removed from ynone 193. Similarly the
carboxyl and a single hydroxyl group were deleted to afford ynones 195 and 196. Lastly,
ynone 189 was constructed without acidic functionality to provide the most basic
precursor scaffold. The syntheses of ynones 193, 195, 196, and 189 were quite
straightforward and paralleled that of ynone 93.

The synthesis of ynone 93 demonstrated that a 2’-hydroxyacetophenone could be
transformed into its corresponding 3-ynone chromone via a robust 4-step sequence
(Scheme 1.33). Use of Gammill’s two-step preparation of iodochromones followed by
Sonogashira cross-coupling with 3-butyn-2-ol 64 and subsequent pyridinium dichromate

989 Therefore if various 2’-

oxidation can furnish the desired ynone.
hydroxyacetophenones can be accessed the ability to acquire the corresponding ynone

precursors should follow.

OH
64 Me
1. Pd(PPhy),Cl, o
+BuO,C O 1. Me;NCH(OMe), tBuO,C O Cul, i-Pr,NH
PivO DME, 85 °C PVO | THF 23°C tBUOC O A\
Me —~ ——— PO Z
2.1 | 2.PDC ‘
MOMO OTBS  CHCl;, 23°C  MOMO o CH,Cly, 23 °C
60% 2-steps 50% 2-steps MOMO o

69 107 93

15 gram scale 8 gram scale
Scheme 1.33. Synthesis of ynone 93.

Ynone 193 was synthesized starting from readily available 3,4-
dimethoxybenzaldehyde 197 (Scheme 1.34). Hydrogen peroxide mediated Baeyer-

Villiger oxidation followed by hydrolysis of the resulting formate otherwise known as the

Dakin reaction generated the corresponding phenol 198. Subsequent Fries
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rearrangement promoted by boron trifluoride diethyl etherate at 90 °C in neat acetic
anhydride provided pure dimethoxyacetophenone 199 as white needles following
recrystallization from hot ethanol.'” Recrystallization of this intermediate was crucial for
the success of iodochromone formation. Although crude dimethoxyacetophenone 199
could undergo enaminone formation, the formation of iodochromone was inoperable.
Presumably, lingering boron species coordinate to the molecule and shut down its ability
to cyclize. Recrystallized dimethoxyacetophenone 199 was then treated with N’N’-
dimethylformamide dimethyl acetal followed by molecular iodine to afford
dimethoxyiodochromone 200.*

At this point the methoxy groups were transposed with methoxymethyl ether
protecting groups. Dimethoxyiodochromone 200 was treated with boron tribromide prior
to its protection with Hunig’s base and methoxymethyl chloride to provide
dimethoxymethyl ether iodochromone 201.*** It is important to note that the methoxy
variant proceeds through the intended sequence to give the appropriate vinaxanthone
analogs, however after extensive investigations a clean deprotection procedure to reveal
the free phenols was never realized in any appreciable yield or purity. Interestingly, early
introduction of the methoxymethyl ethers lead to failure of the Fries rearrangement and
attempts to swap out the protecting groups in the presence of a free phenol were fraught
with solubility problems. With dimethoxymethyl iodochromone 201 in hand the
Sonogashira cross-coupling with 3-butyn-2-ol 64 and subsequent oxidation with
pyridinium dichromate generated ynone 193 as a white solid.”””® Once again it was
imperative to use freshly freeze-pump thawed tetrahydrofuran devoid of oxygen to obtain

good yields.
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Scheme 1.34. Synthesis of ynone 193.

Commercially available 2’,5’-dihydroxyacetophenone 202, 2’4
dihydroxyacetophenone 204, and 2’-hydroxyacetophenone 205 provided easy entry into
the syntheses of ynones 195, 196, and 189 respectively (Scheme 1.35). For both of the
dihydroxyacetophenone starting materials the appropriate auxiliary hydroxyl group was
initially protected as its methoxymethyl ether.*® These reactions were straightforward and
there was no evidence of methoxymethylation at the undesired hydroxyl sites. It makes
sense that the hydroxyl group adjacent to the acetyl group is less reactive because it is
involved in a hydrogen bond with the carbonyl, which is evident in the downfield 'H-
NMR shift of the hydroxyl hydrogen. Following our reliable 4-step sequence toward
ynones, precursors 195, 196, and 189 were obtained as white solids in good yields.
Interestingly, the Sonogashira reaction for these three substrates did not require
thoroughly deoxygenated solvent, as tetrahydrofuran acquired directly from the solvent

purifier was sufficient to provide excellent yields.
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Scheme 1.35. Syntheses of ynones 195, 196, and 189.

With significant quantities of five unique ynones containing functional group
subsets of the parent natural product 25 vinaxanthone analogs were synthesized. Since
five of the 25 derivatives contain symmetric functionality on both the xanthone and
chromone core the dimerization could be performed in a single operation. Treatment of
an acetonitrile solution of the intended ynone with stoichiometric water and triethylamine
at 23 °C provided the five symmetric vinaxanthone analogs in protected form. Further
investigations pertaining to the number of equivalents of water used in this reaction lead
to the optimization of the ynone 93 dimerization to protected vinaxanthone 184 (Figure
1.14). It was discovered that the implementation of 0.5 equivalents of water proceeds to
give a satisfying 87% yield. Furthermore, this efficient transformation lead to the
preparation of over a gram of vinaxanthone (1) in a single synthetic sequence.

Presumably, the use of greater amounts of water would promote the formation of
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aldehyde 186 at a rate faster than the dimerization could occur thus leading to a mismatch
in coupling partners and diminishing yields. On the other hand, even though the reaction

proceeds with catalytic amounts of water the reaction may be too slow to reach an

optimal yield.
o tBuO,C O
Pi\t/—guozc 0 _we MO EWN PivO ‘ CHO 93, Et;N
| MeCN, 23 °C  MOMO (0] MeCN, 23 °C
MOMO 0 99% e o S1%
93 186
‘ H,0, Base
Solvent, Temp.
Yield
Temperature | Time | ,, .
Entry H20 Base | Solvent °C) (hrs) % Yield

Bench Top 0
1 MeCN N/A | MeCN 23 16 0%

Bench Top 0
2 MeCN EtsN | MeCN 23 16 56%
3 0 eq. EtsN [ MeCN 23 16 0%
4 0.1 eq. EtsN | MeCN 23 16 65%
5 0.5 eq. EtsN [ MeCN 23 16 87%
6 1.0 eq. EtsN [ MeCN 23 16 67%
7 2.0 eq. EtsN | MeCN 23 16 59%

Figure 1.14. Optimization of ynone 93 dimerization to protected vinaxanthone 184.
Moving forward the remaining analogs were synthesized utilizing our proposed

! The ynone intended to represent the xanthone core was

coupling strategy (Figure 1.15).
treated with triethylamine in the presence of excess water to promote full conversion to
the desired 3-formyl chromone. The aldehyde was then subjected to the desired ynone

intended to represent the chromone core with additional triethylamine. The 25 protected

46



vinaxanthone analogs were alas generated in yields spanning 21% to 87% with a majority
of reactions providing modest yields in the vicinity of 50%. Despite several low yields
practically all reactions retained very good mass balance. In a majority of reactions both
of the ynone homodimers were co-isolated (see supporting information for isolated
yields). Therefore bonus material was obtained for subsequent deprotections and
biological testing. It is noteworthy that the undesired heterodimer was never present
within the reaction mixture. Although a general procedure has been developed to
efficiently synthesize various vinaxanthone analogs significant optimization would be
needed to acquire superior yields for each individual analog. The disparity between
reaction yields was hypothesized to be due to the solubility differences amongst the
different ynones, intermediates, and vinaxanthone derivatives.

Final liberation of oxygen bearing functionalities of protecting groups was done
in one of two ways. Simple treatment of a given protected vinaxanthone analog with
boron trichloride in methylene chloride rapidly removed all protecting groups.”’ The only
downside to this procedure was the need to remove boron impurities. This was
accomplished by trituration with mixtures of methanol and pentane. Alternatively, a
protected vinaxanthone analog could be taken up in methanol and treated with dry
hydrochloric acid. This solution was heated to 65 °C and upon complete conversion
(monitored by aliquot '"H-NMR) the reaction mixture was purged with nitrogen gas to
remove gaseous HCI and concentrated to reveal pure vinaxanthone analogs. This method
unfortunately was unsuccessful on analogs bearing carboxylic acids because under these
conditions transesterification to the methyl ester was prominent. With the preparation of
our small library of 25 vinaxanthone analogs we were equipped with adequate material to

study their regenerative capabilities within an animal model.
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Figure 1.15. Vinaxanthone analogs (Yields represent total transformation from ynone precursors). Colors are provided for
SAR comparison
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The nematode Caenorhabditis elegans (C. elegans) has emerged as an ideal animal
model for the investigation of regenerative responses in the context of medicinal chemistry.
Application of the C. elegans axotomy model can generate single compound results within hours
and entire library screens within days compared to the substantial time required to produce such
results using murine models. It is important to point out that the worm has played significant
roles in the discovery of various human health related biological processes including apoptosis'®
and RNAi.">"'* Its manageable size, well-documented neurobiology, and translucent nature
allow monitoring of neurons in living organisms via fluorescent labeling and therefore make the
worm very useful for chemical-neurobiological investigations. The striking similarity of
numerous genes related to neuronal survival and axonal regeneration between vertebrates and C.
elegans lends further credence to its use as a biologically relevant model organism.'*® In addition,
the utilization of C. elegans in high throughput organism-based screens has already proven
effective in the identification of small molecules with phenotypic effects.'?”'**

Axonal injury can be induced in C. elegans using highly precise laser microsurgery to
severe individual green fluorescent protein (GFP) labeled axons in live animals.'* Following the
surgical transection, neuronal survival and growth are monitored. Numerous genetic
determinants of neuronal regeneration have been identified in large part due to laser axotomy in
C. elegans.”*"** Despite the fact that a majority of axonal regeneration studies in C. elegans have
primarily focused on native promoters and suppressors, the worm offers a unique opportunity for
small molecule development. The development of high throughput screens to identify
compounds that can promote regeneration following laser axotomy have already been
implemented to this end.'”

Laser axotomy was utilized to transect the posterior lateral microtubule (PLM) cells of C.
elegans. The PLM cells consist of two mechanosensory neurons that are responsible for the
worm’s reaction to light posterior touch. They are located in the tail and extend longitudinally
toward the midbody with one along each side of the worm. Moreover, each of these neurons

builds an individual synaptic branch with the ventral nerve cord.”*"* Due to their relatively large
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size and distinct axonal morphology the mechanosensory neurons have been used extensively for

%% Neurodegenerative diseases in humans have also been studied

laser axotomy experiments.
using mechanosensory neurons, establishing a relevant connection to the worm model."””"**

The synaptic branch of mechanosensory neurons has been implicated as a juncture in
innate regenerative ability where PLM neurons only regrow when severed proximal to the
synaptic branch and not when severed distally."* Severing the axon beyond the branch point and
limiting the intrinsic regrowth following injury established a standard location to initiate our
microsurgeries. Furthermore, a model encompassing an inhibitory branching environment may
parallel the collateral branches of spinal cord neurons that have been noted to influence growth
potential."**!'*

Laser axotomy was performed to sever a point approximately 15 um distal to the synaptic
branch point on the PLM of late L4-stage C. elegans (zdls5) (Figure 1.16A). There was a slight
variance between worms in respect to the distance of the synaptic branch point from the cell
body. It is noteworthy that regeneration was less likely to occur as the distance between the
injury and cell body increased.””® Nematodes possessing a synaptic branch with a maximum
distance of 100 um between the cell body and the branch point were selected as having the

desired PLM morphology. This provided a standardized location of axotomy to conduct

experiments employing the vinaxanthone analog library.
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Figure 1.16. Representative images of in vivo laser axotomy.

A) Laser axotomy is performed on the PLM about 15 um distal to the synaptic branch point
when the branch is < 100 um from the cell body. B) The injured neuron immediately following
axotomy. C) No regrowth from the severed proximal axon of control worms at 24 hours post-
axotomy. The distal fragment has begun to degenerate as seen by the faint, beaded appearance.
D) Regrowth of the severed proximal axon at 24 hours post-axotomy. Arrows indicate the site of
axotomy and arrowheads indicate the synaptic branch.

Following axotomy a characteristic series of events begins to unfold. As the laser
ruptures the neuron plasma formation and the generation of cavitation bubbles at the injury site
lead to a small break in the axon (Figure 1.16B).""" Within a few hours the ends of the severed
axon retract, resulting in an increased distance between the fragments. A stump begins to from as
the distal fragment begins to degenerate and the proximal axon no longer exhibits regrowth

(Figure 1.16C). The beading and disappearance of GFP associated with distal fragment
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degeneration is well documented and is comparable to Wallerian degeneration.'** In the event
that a regenerative process is initiated, a growth cone forms on the proximal fragment and the
axon will begin to extend as it regrows (Figure 1.16D). The regrowing axon occasionally finds
its distal fragment leading to a fusion that consequently prevents distal degeneration.'*’

A small number of control worms (27%) displayed the ability to regrow after their axon
was severed distal to the synaptic branch. Interestingly, the potential for regrowth was enhanced
in worms treated with vinaxanthone (1) (Figure 1.17). Laser surgery was performed and
nematodes were exposed to an analog from the vinaxanthone library. Regeneration of the
severed proximal axon was quantified by measuring the distance between the start of the new
growth at the axonal injury site to the end of the longest regrowing process 24 hours following
axotomy. The regrowing processes exhibited a wide variety of morphologies. Some extended in
a virtually linear fashion across the injury site while others displayed arching around the
axotomy scar. Branching in search of axon distal fragments was also noted with some growths
reaching the ventral cord on occasion. A positive regrowth event was characterized by the
regrowth and reconnection to the distal portion. However, if growth was not observed from the

proximal portion of the cut axon it was labeled as negative for regrowth.

Xanthone Core Chromone Core
167 167
175 175
183 183
26 126
127 127
17 17
14 144
151 151
125 125
176 176
166 166
173 173
149 149
_l 171 171
147 147
— 168 — 08
150 —— 150
—— 13) —— 18)
s——— 131 essss——— 181
e vinaxanthone (1) ir I (1)
— 174 — 174
160 —— 160
m— 113 123
163 163
165 — 165  —
-50% 0% 50% 100% 150% -50% 0% 50% 100% 150%
Worms with Regrowth (% change frem control) Worms with Regrowth (% change frem control)

Figure 1.17. Worms exposed to vinaxanthone analogs exhibiting varying levels of neuronal
regrowth, represented as a percent change relative to controls. Colors are provided for SAR
comparisons.
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When exposed to the vinaxanthone analogs worms displayed varying degrees of
regeneration in respect to the number of worms exhibiting regrowth relative to controls as well

as the lengths of the regrown neurons. "'

Analog 167 which has a monohydroxylated xanthone
core and a bare chromone core had the highest rate of regrowth, with a 130% increase from
controls in the number of worms displaying regrowth morphologies (Figure 1.18). The parent
compound vinaxanthone (1) comparatively only showed a 21% increase in regrowth rate.
Interestingly, exposure to analog 163 resulted in virtually no change in regrowth potential and
analog 165 even showed a 15% decrease in regrowth rate. A cursory examination of the SAR
data reveals a striking correlation amongst the analogs (167, 175, 183, 126, and 127) exhibiting

high levels of regrowth (over 75% increase). Four of the five compounds possess the same

abridged structure for their chromone core.

Figure 1.18. Regrowth of PLM neurons 24 hours after laser axotomy.

A) Branching regrowth following treatment with 2 uM vinaxanthone (1). B) Arching regrowth
following treatment with 2 uM analog 167. C) Regrowth with branching to the ventral nerve
cord. D) Branching regrowth following treatment with 2 uM analog 167. E) Linear regrowth
following treatment with 2 pM analog 167. F) Regrowth with reconnection to the distal
fragment. Arrows indicate the beginning of regrowth and arrowheads indicate the synaptic
branch.

In the interest of investigating neuroregenerative natural products the concise total

syntheses of vinaxanthone (1) and xanthofulvin (2) were accomplished.” Subsequently, both
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compounds were discovered to act as strong positive allosteric modulators of the G-protein-
coupled receptor GPRI1. This effectively provided a mode of action for the regenerative abilities
observed within animal models associated with these natural products. A new ynone coupling
reaction was also developed to provide a rapid method for the exponential syntheses of
chemically edited analogs of vinaxanthone (1). Utilization of this method resulted in a 25
compound library of vinaxanthone analogs that demonstrated regrowth-inducing potentials in
laser axotomy experiments in C. elegans."' Based on structure activity relationship analysis that
followed it was determined that the functional group free chromone core is an important
chromophore for in vivo regrowth. Future directions of this work will entail the use of the ynone
coupling reaction to prepare additional analogs of vinaxanthone (1) and subsequent additional

optimization using C. elegans to transition regenerative compounds into higher organisms.
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EXPERIMENTAL SECTION
General Information

All reactions were performed in flame dried round bottom or modified Schlenk (Kjedahl
shape) flasks fitted with rubber septa under a positive pressure of argon or nitrogen, unless
otherwise indicated. Air- and moisture-sensitive liquids and solutions were transferred via
syringe or cannula. Organic solutions were concentrated by rotary evaporation at 20 torr in a
water bath heated to 40 °C unless otherwise noted. Diethyl ether (Et20), methylene chloride
(CH2Cl), tetrahydrofuran (THF) and toluene (PhMe) were purified using a Pure-Solv MD-5
Solvent Purification System (Innovative Technology). Acetonitrile (MeCN) was purified using a
Vac 103991 Solvent Purification System (Vacuum Atmospheres). Dimethoxyethane (DME) was
purchased from Acros (99+%, stabilized with BHT), N,N,-Dimethylformamide (DMF) was
purchased from Acros (99.8%, anhydrous), ethanol (EtOH) was purchased from Pharmco-Aaper
(200 proof, absolute), and methanol (MeOH) was purchased from Sigma-Aldrich (99.8%,
anhydrous). Where necessary, solvents were deoxygenated by iterative freeze-pump thaw using
liquid nitrogen three times. The molarity of n-butyllithium was determined by titration against
diphenylacetic acid. All other reagents were used directly from the supplier without further
purification unless otherwise noted. Analytical thin-layer chromatography (TLC) was carried out
using 0.2 mm commercial silica gel plates (silica gel 60, F254, EMD chemical) and visualized
using a UV lamp and/or aqueous ceric ammonium molybdate (CAM) or aqueous potassium
permanganate (KMnO4) stain, or ethanolic vanillin. Infrared spectra were recorded on a Nicolet
380 FTIR using neat thin film or KBr pellet technique. High-resolution mass spectra (HRMS)
were recorded on a Karatos MS9 and are reported as m/z (relative intensity). Accurate masses
are reported for the molecular ion [M+Na]’, [M+H]’, [M] or [M—H]". Nuclear magnetic
resonance spectra ('H-NMR and “C-NMR) were recorded with a Varian Gemini [(400 MHz, 'H
at 400 MHz, “C at 100 MHz), (500 MHz, 'H at 500 MHz, °C at 125 MHz), (600 MHz, 'H at
600 MHz, “C at 150 MHz)]. For CDCl; solutions the chemical shifts are reported as parts per

million (ppm) referenced to residual protium or carbon of the solvent; CHCIs 6 H (7.26 ppm) and

55



CDCls 6 D (77.0 ppm). For (CD3)SO solutions the chemical shifts are reported as parts per
million (ppm) referenced to residual protium or carbon of the solvents; (CD3)(CHD2)SO 6 H
(2.50 ppm) or (CD3)2S0 & C (39.5 ppm). For (CD3)2CO solutions the chemical shifts are reported
as parts per million (ppm) referenced to residual protium or carbon of the solvents;
(CDs)(CHD2)CO 6 H (2.50 ppm) or (CD3)2CO & C (29.8 ppm). For CsDs solutions the chemical
shifts are reported as parts per million (ppm) referenced to residual protium or carbon of the
solvents; CsHDs 6 H (7.16 ppm) or CsDs § C (128 ppm). For CDsOD solutions the chemical
shifts are reported as parts per million (ppm) referenced to residual protium or carbon of the
solvents; CHD0OD 6 H (3.31 ppm) or CDsOD & C (49.0 ppm). For CD:Cl> solutions the
chemical shifts are reported as parts per million (ppm) referenced to residual protium or carbon
of the solvents; CHDCl. 6 H (5.32 ppm) or CD:Cl2 § C (53.5 ppm). Coupling constants are
reported in Hertz (Hz). Data for '"H-NMR spectra are reported as follows: chemical shift (ppm,
referenced to protium; s = singlet, d = doublet, t = triplet, = quartet, dd = doublet of doublets, td
= triplet of doublets, ddd = doublet of doublet of doublets, ddq = doublet of doublet of quartets,
bs = broad singlet, bd = broad doublet, m = multiplet, coupling constant (Hz), and integration).

Melting points were measured on a MEL-TEMP device without corrections.
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5-0x0-2,5-dihydrofuran-3yl pivalate (59)

To a stirred solution of tetronic acid 58 (25.0 g, 250 mmol, 1.0 equiv.), 4-
dimethylaminopyridine (1.53 g, 12.5 mmol, 0.05 equiv.) and N,N-diisopropylethylamine (45.8
mL, 262 mmol, 1.05 equiv.) in CH2CL (500 mL, 0.5 M) at 0 °C was added neat pivaloyl chloride
(25.9 mL, 262 mmol, 1.05 equiv.) dropwise over 40 minutes. Upon complete addition the
reaction mixture was allowed to warm to 23 °C. After 16 hours, the reaction mixture was
concentrated in vacuo to give an amber oil. The oil was dissolved in Et2O (500 mL) and washed
with H20 (500 mL). The aqueous layer was extracted with Et2O (5 x 500 mL) and the combined

organic layers were dried over MgSOs and concentrated in vacuo to give tetronate 59 (41.0 g,

223 mmol, 89%) as clear amber crystals (m.p. 46-47 °C).
Ry = 0.60 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCL): § 6.00 (t, J = 1.4 Hz,

1H), 4.91 (d, J = 1.4 Hz, 2H), 1.32 (s, 9H); *C-NMR (100 MHz, CDCl:): & 173.2, 172.2, 169.1,
100.2, 68.2, 38.3, 26.4; IR (film, cm™): 1779, 1746, 1072.
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5-((tert-butyldimethylsilyl)oxy)furan-3-yl pivalate (60)

To a stirred solution of tetronate 59 (30.0 g, 163 mmol, 1.0 equiv.) and triethylamine
(29.8 mL, 212 mmol, 1.3 equiv.) in CH2CL: (230 mL, 0.72 M) at 0 °C was added neat tert-
butyldimethylsilyl triflate (37.8 mL, 165 mmol, 1.01 equiv.) dropwise over 10 minutes. Upon
complete addition the reaction mixture was allowed to warm to 23 °C. After 1 hour, the reaction
mixture was concentrated in vacuo to give an amber oil. The oil was suspended in pentane (200
mL) and stirred for 1 hour at 23 °C. The organic layer was decanted and washed with sat. aq.

NaHCOs (3 x 100 mL), H20 (100 mL), and brine (100 mL). The organic layer was dried over

Na>SOs and concentrated in vacuo to give furan 60 (37.9 g, 127 mmol, 78%) as an amber oil.

Ry = 0.55 (silica gel, 20:1 hexanes:EtOAc); '"H-NMR (300 MHz, CDCls): § 7.10 (d, J = 1.2 Hz,
1H), 5.15 (d, J = 1.2 Hz, 1H), 1.29 (s, 9H), 0.96 (s, 9H), 0.24 (s, 6H); "C-NMR (100 MHz,
CDCl): & 175.3, 154.3, 139.4, 120.6, 80.1, 39.0, 27.1, 25.4, 18.0, -4.85; IR (film, cm™): 3202,
3141, 1753, 1627; HRMS (ESI) calc. for CisH2704Si [M+H]": 299.20000, obs. 299.20000.
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Me CHCly, 23°C Me
99%
64 208

3-(1-ethoxyethoxy)but-1-yne (208)

To a stirred solution of 3-butyn-2-ol 64 (100 g, 1.43 mol, 1.0 equiv.) and ethyl vinyl ether
(151 mL, 1.57 mol, 1.1 equiv.) in CH2CL (3 L, 0.48 M) at 23 °C was added solid pyridinium p-
toluenesulfonate (35.9 g, 143 mmol, 0.1 equiv.). After 1 hour, the reaction mixture was diluted
with Et2O (1 L) and washed with brine (2 L). The organic layer was dried over Na.SO4 and
concentrated in vacuo to give a mixture of diastereomeric alkynes 208 (201 g, 1.41 mol, 99%) as

a clear amber oil.

Ry = 0.40 (silica gel, 1:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCls): § 4.96 (q, J = 5.5 Hz,
1H), 4.85 (q, J = 5.5 Hz, 1H), 4.50 (q, J = 6.7 Hz, 1H), 4.35 (q, J = 6.7 Hz, 1H), 3.75 (m, 1H),
3.62 (m, 1H), 3.53 (m, 2H), 2.40 (s, 1H), 2.39 (s, 1H), 1.46 (d, J = 3.1 Hz, 3H), 1.44 (d, J = 3.1
Hz, 3H), 1.35 (d, J = 2.7 Hz, 3H), 1.34 (d, J = 2.7 Hz, 3H), 1.21 (t, J = 7.0 Hz, 6H); "C-NMR
(100 MHz, CDCls): & 98.5, 97.5, 84.5, 83.6, 72.4, 72.0, 61.1, 60.5, 60.0, 59.9, 22.3, 21.9, 20.0,
19.9, 15.2, 14.9; HRMS (EC-CI) calc. for CsHi:02 [M+H]": 141.0916, obs. 141.0918.
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tert-butyl 4-(1-ethoxyethoxy)pent-2-ynoate (65)

To a stirred solution of diastereomeric alkynes 208 (110 g, 774 mmol, 1.0 equiv.) in THF
(45L,0.17 M) at =78 °C was added a 2.0 M solution of n-butyllithium in hexanes (404 mL, 808
mmol, 1.05 equiv.). After 15 minutes, neat di-fert-butyl dicarbonate (186 mL, 808 mmol, 1.05
equiv.) was added over 10 minutes. Upon complete addition the reaction mixture was allowed to
warm to 23 °C. The reaction mixture was diluted with Et20 (1.5 L) and washed with H2O (3 L)
and brine (3 L). The organic layer was dried over MgSOs and concentrated in vacuo to give a

mixture of diastereomeric esters 65 (180 g, 743 mmol, 96%) as an amber oil.

Ry = 0.21 (silica gel, 20:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCls): § 4.91 (q, J = 5.1 Hz,
1H), 4.82 (q, J = 5.1 Hz, 1H), 4.56 (q, J = 6.8 Hz, 1H), 4.40 (q, J = 6.8 Hz, 1H), 3.73 (m, 1H),
3.62 (m, 1H), 3.56 (m, 1H), 3.50 (m, 1H), 1.49 (s, 18 H), 1.46 (d, J = 1.7 Hz, 6H), 1.34 (d, J =
1.4 Hz, 6H) 1.12 (t, J = 8.5 Hz, 6H); "C-NMR (100 MHz, C¢Ds): § 152.6, 152.5, 99.3, 98.3,
86.1, 85.2, 82.9, 82.7, 78.3, 77.9, 61.0, 60.4, 60.3, 60.2, 27.8 (2 signals), 21.8, 21.5, 20.1, 20.0,
15.5, 15.3; IR (film, cm™): 1710, 1274, 1160; HRMS (ESI) calc. for Ci:H2NaOs [M+Na]":
265.14103, obs. 265.14100.
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tert-butyl 4-hydroxypent-2-ynoate (209)

To a stirred solution of diastereomeric esters 65 (117 g, 483 mmol, 1.0 equiv.) in EtOH
(4.8 L, 0.1 M) at 23 °C was added solid pyridinium p-toluenesulfonate (12.1 g, 48.3 mmol, 0.1
equiv.). The reaction mixture was stirred at 78 °C for 2 hours before being allowed to cool to 23
°C. The reaction mixture was diluted with Et2O (2.4 L) and washed with brine (4 L). The organic
layer was dried over MgSOs and concentrated in vacuo to give alcohol 209 (73.1 g, 429 mmol,

89%) as an amber oil.
Ry = 0.30 (silica gel, 3:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl3): § 4.62 (m, 1H), 2.13 (s,

1H), 1.51 (m, 12H); *C-NMR (100 MHz, CDCL): § 152.8, 86.8, 82.9, 77.5, 57.8, 27.8, 23.1; IR
(film, cm™): 3400, 1709; HRMS (EC-CI) calc. for CsH1s03 [M+H]": 171.1021, obs. 171.1019.
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tert-butyl 4-oxopent-2-ynoate (63)

To a stirred solution of alcohol 209 (73.0 g, 429 mmol, 1.0 equiv.) in Me2CO (1.2 L, 0.43
M) at 0 °C was slowly added ice-cold 1.53 M (67.0 g CrOs, 58.0 mL conc. H2SO4 and 160 mL
H20) Jones reagent (280 mL, 429 mmol, 1.0 equiv.) over 15 minutes. After 30 minutes, i-PrOH
(40 mL) was added to neutralize any excess Jones reagent and the reaction mixture was diluted
with CH2CL (1 L). The organic layer was decanted and washed with H2O (1 L), sat. aq. NaHCO:s
(1 L), and brine (1 L). The organic layer was dried over Na.SO4 and concentrated in vacuo to

give keto-ester 63 (57.5 g, 342 mmol, 80%) as a clear amber oil.
Ry = 0.40 (silica gel, 10:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCL:): § 2.41 (s, 3H), 1.52 (s,

9H); “C-NMR (100 MHz, CDCls): § 182.8, 151.0, 85.4, 79.2, 79.0, 32.3, 27.9; IR (film, cm™):
1716, 1689; HRMS (EC-CI) calc. for CoHi30s [M+H]": 169.0865, obs. 169.0866.
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tert-butyl 3-acetyl-4-((tert-butyldimethlsilyl)oxy)-6-(pivaloyloxy)-7-oxabicyclo[2.2.1]hepta-
2,5-diene-2-carboxylate (66)

To a stirred solution of furan 60 (70.4 g, 236 mmol, 1.0 equiv.) in THF (210 mL, 1.1 M)
at 0 °C was added keto-ester 63 (39.7 g, 236 mmol, 1.0 equiv.). Upon complete addition the
reaction mixture was allowed to warm to 23 °C. After 1 hour, the reaction mixture was
concentrated in vacuo to give bicycle 66 (110 g, 236 mmol, yield taken after subsequent step) in

> 20:1 regioselectivity as a viscous burgundy oil.

Rr= 0.35 (silica gel, 10:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCL:): § 6.38 (s, 1H), 5.24 (s,
1H), 2.43 (s, 3H), 1.47 (s, 9H), 1.25 (s, 9H), 0.90 (s, 9H), 0.20 (s, 3H), 0.18 (s, 3H); "C-NMR
(100 MHz, CDCl3): 6 199.3, 174.3, 167.7, 163.7, 161.2, 146.3, 118.5, 113.9, 82.3, 78.2, 39.2,
30.7, 27.9, 26.8, 25.4, 17.7, -3.5, -3.7; IR (film, cm™): 1769, 1712; HRMS (EC-CI) calc. for
C24H3307Si [M+Na]": 489.22790, obs. 489.22801.
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66 68
tert-butyl 2-acetyl-3-((tert-butyldimethlsilyl)oxy)-5-hydroxy-6-(pivaloyloxy)benzoate (68)

To a stirred solution of bicycle 66 (110 g, 236 mmol, 1.0 equiv.) in THF (470 mL, 0.5 M)
at 0 °C was slowly added a 4.0 M solution of hydrochloric acid in dioxane (47.1 mL, 47.1 mmol,
0.2 equiv.) over 5 minutes. Upon complete addition the reaction mixture was allowed to warm to
23 °C. After 2 hours, the reaction mixture was concentrated in vacuo to give an amber oil. The
crude material was purified via silica gel column chromatography (20:1 hexanes:EtOAc) to give

pure phenol 68 (82.9 g, 178 mmol, 75% over 2-steps) as a clear light-yellow oil.

Ry = 0.38 (silica gel, 10:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 10.91 (s, 1H), 6.71
(s, 1H), 2.48 (s, 3H), 1.54 (s, 9H), 1.38 (s, 9H), 0.94 (s, 9H), 0.18 (s, 9H); “C-NMR (100 MHz,
CDCl): & 202.3, 176.3, 168.4, 148.7, 142.5, 139.7, 131.9, 119.9, 111.0, 85.7, 39.2, 32.5, 27.8,
27.2,25.5, 18.0, -4.4; IR (film, cm™): 1763, 1716, 1673; HRMS (EC-CI) calc. for C24H3307Si
[M+Na]": 489.22790, obs. 489.22813.
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tert-butyl 2-acetyl-3-((zert-butyldimethlsilyl)oxy)-5-(methoxymethoxy)-6-
(pivaloyloxy)benzoate (69)

To a stirred solution of phenol 68 (82.9 g, 178 mmol, 1.0 equiv.) in CH2Cl2 (1.7 L, 0.1 M)
at 0 °C was added neat N,N-diisopropylethylamine (63.4 mL, 355 mmol, 1.5 equiv.). A 2.1 M
solution of chloromethyl methyl ether in PhMe/MeOAc (127 mL, 267 mmol, 1.5 equiv.) was
then added slowly over 20 minutes. Upon complete addition the solution was allowed to warm to
23 °C. After 1 hour, the reaction mixture was diluted with 0.1 N HCI (500 mL) and extracted
with CH2ClLz (3 x 500 mL). The organic layer was dried over Na:SOs and concentrated in vacuo
to give an amber oil. The crude material was purified via silica gel column chromatography (10:1
hexanes:EtOAc) to give acetophenone 69 (65.0 g, 127 mmol, 72%) as a white solid (m.p. 60-62
°C).

Rr= 0.61 (silica gel, 3:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCL): § 6.76 (s, 1H), 5.10 (s,
2H), 3.42 (s, 3H), 2.54 (s, 3H), 1.49 (s, 9H), 1.34 (s, 9H), 0.97 (s, 9H), 0.21 (s, 9H); "C-NMR
(100 MHz, CDCls): 6 200.9, 175.7, 163.5, 150.9, 150.4, 132.8, 128.1, 125.7, 108.6, 94.6, 82.5,
55.9, 38.9, 31.7, 27.7, 27.1, 25.6, 18.1, -4.4; IR (film, cm™): 1761, 1733, 1703; HRMS (ESI)
calc. for C26H+#2NaOsSi [M+Na]": 533.25412, obs. 533.25387.
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tert-butyl (E)-2-(3-(dimethylamino)acryloyl)-3-hydroxy-5-(methoxymethoxy)-6-
(pivaloyloxy)benzoate (70)

To a stirred solution of acetophenone 69 (15.4 g, 30.2 mmol, 1.0 equiv.) in DME (300
mL, 0.1 M) at 85 °C was added N,N-dimethylformamide dimethyl acetal (16.1 mL, 121 mmol,
4.0 equiv.) in one portion. After 3 hours, the reaction mixture was cooled to 23 °C and
concentrated in vacuo to give a dark amber oil. The crude material was purified via silica gel
column chromatography (1:1 hexanes:EtOAc) to give pure enaminone 70 (8.59 g, 19.0 mmol,

63%) as an orange solid (m.p. 118-119 °C).

Rr = 0.26 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCL:): § 12.43 (bs, 1H), 7.77
(d, J=12 Hz, 1H), 6.70 (s, 1H), 5.49 (d, J =12 Hz, 1H), 5.13 (s, 2H), 3.41 (s, 3H), 3.15 (s, 3H),
2.84 (s, 3H), 1.47 (s, 9H), 1.34 (s, 9H); "C-NMR (100 MHz, CDClL:): § 189.4, 175.8, 165.6,
159.3, 154.4, 151.6, 130.1, 128.5, 113.7, 104.0, 95.2, 94.0, 82.4, 56.0, 45.1, 38.7, 37.1, 27.6,
27.0; IR (film, cm™): 1751, 1716, 1632, 1111; HRMS (ESI) calc. for C2sH3:NNaOs [M+Na]':
474.20984, obs. 474.21058.
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To a stirred solution of enaminone 70 (1.44 g, 3.19 mmol, 1.0 equiv.) in PhMe (32 mL,
0.1 M) was added freshly ground acyl Meldrum’s acid 71 (1.78 g, 9.57 mmol, 3.0 equiv.). The
reaction mixture was stirred at 110 °C for 45 minutes before being cooled to 23 °C and
concentrated in vacuo to give a brown solid. The crude material was purified via acidified silica
gel* column chromatography (7:1 hexanes:EtOAc) to give pure protected 5,6-dehydropolivione

72 (650 mg, 1.33 mmol, 42%) as a yellow solid (m.p. 181-182 °C).

*To a vigorously stirred slurry of silica gel (400 g) and deionized water (2.5) was added 85%

phosphoric acid (6.50 mL) to give a pH of 2. After 20 minutes, the silica gel was filtered, washed

with EtOAc (500 mL), and dried in an oven at 120 °C overnight.
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tert-butyl (Z)-3-(1-hydroxy-3-oxobut-1-en-1-yl)-7-(methoxymethoxy)-4-oxo-6-(pivaloyloxy)-
4H-chromene-5-carboxylate (72)

Ry= 0.24 (silica gel, 3:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCls): § 15.87 (s, 1H), 8.66 (s,
1H), 7.23 (s, 1H), 7.05 (s, 1H), 5.24 (s, 2H), 3.45 (s, 3H), 2.22 (s, 3H), 1.65 (s, 9H), 1.38 (s, 9H);
BC-NMR (100 MHz, CDCls, The highly concentrated *C sample produced a mixture of keto
and enol tautomers): § 202.5, 197.6, 192.1, 174.3, 172.6, 163.6, 161.7, 159.4, 154.5, 154.2,
153.4, 136.7, 128.6, 120.9, 118.0, 116.3, 115.8, 103.9, 103.8, 101.7, 94.7, 83.1, 57.7, 56.7, 56.6,
39.2, 30.7, 28.2, 27.2, 26.9; IR (film, cm™): 1762, 1734, 1663, 1621; HRMS (ESI) calc. for
CasH30NaO10 [M+Na]":513.17312, obs. 513.17341.

tert-butyl 7-(methoxymethoxy)-4-0x0-6-(pivaloyloxy)-4 H-chromene-5-carboxylate (76)

Rr= 0.52 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCls): § 7.75 (d, J = 5.5 Hz,
1H), 6.25 (d, J = 5.5 Hz, 1H), 5.23 (s, 2H), 3.45 (s, 3H), 1.63 (s, 9H), 1.38 (s, 9H); "C-NMR
(100 MHz, CDCls): 6 192.1, 175.3, 163.6, 155.1, 154.5, 153.0, 135.8, 127.8, 115.9, 112.7, 103.7,
82.9, 56.5, 39.1, 28.0, 27.2; IR (film, cm™): 1657, 1460, 1280, 1155, 1095; HRMS (ESI) calc.
for C21H26NaOs [M+Na]":429.15199, obs. 429.15240; m.p. 156-158 °C.
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(£)-6,7-dihydroxy-3-(1-hydroxy-3-oxobut-1-en-1-yl)-4-0x0-4 H-chromene-5-carboxylic acid
(38)

To a stirred solution of protected 5,6-dehydropolivione 72 (50.0 mg, 0.102 mmol, 1.0
equiv.) in CH2Cl2 (10 mL, 0.1 M) at 0 °C was added a 1.0 M solution of boron trichloride in
CH:Cl2 (1.22 mL, 1.22 mmol, 12 equiv.). Upon complete addition the reaction mixture was
allowed to warm to 23 °C. After 1 hour, the reaction mixture was cooled to 0 °C and quenched
with 2.0 N HCI (2 mL) and stirred at 0 °C for 5 minutes. The solution was diluted with EtOAc
(30 mL) and the pH of the aqueous layer was adjusted to pH 7 using a 0.2 M phosphate pH = 10
buffer (40 mL). The organic layer was then extracted with 0.2 M phosphate pH = 7.0 buffer (3 x
30 mL). The combined aqueous extractions were re-acidified to a pH of 2 using 2.0 N HCI and
extracted with EtOAc (3 x 30 mL). The combined organic layers were washed with brine (50
mL), dried over MgSOs4, and concentrated in vacuo to yield 5,6-dehydropolivione (38) (20.1 mg,
0.098 mmol, 96% yield) as a yellow solid (m.p. 231-232 °C).

Ry = 0.54 (silica gel. 9:1 EtOAc:AcOH); '"H-NMR (400 MHz, (CDs)2SO): & [enol] 16.10 (bs,
1H), 12.71 (bs, 1H), 11.55 (bs, 1H), 9.50 (bs, 1H), 8.84 (s, 1H), 6.98 (s, 1H), 6.96 (s, 1H), 2.19
(s, 3H). [keto] 12.71 (bs, 1H), 11.55 (bs, 1H), 9.50 (bs, 1H), 8.73 (s, 1H), 6.96 (s, 1H), 4.09 (s,
2H), 2.20 (s, 3H); "C-NMR (100 MHz, (CD3):SO): & [enol] 196.7, 176.0, 172.3, 167.4, 160.2,
152.6, 149.8, 142.0, 120.2, 116.2, 113.2, 102.4, 100.8, 26.3 [keto] 203.0, 192.7, 173.0, 161.7,
152.6, 150.1, 120.4, 120.2, 113.6, 102.5, 57.4, 30.6; IR (film, cm™): 3280, 1617, 1473; HRMS
(ESI) calc. for CisHoOs [M—H] ~:305.03029, obs. 305.03013.
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5,6-dehydropolivione (38) vinaxanthone (1)
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A solution of 5,6-dehydropolivione (38) (10.0 mg, 0.033 mmol, 1.00 eq) in H20 (0.33
mL, 0.1 M) was stirred at 55 °C for 4 days. The reaction mixture was quenched with conc.
ammonium hydroxide (2 mL). The solution was washed with EtOAc (2 x 20 mL) and then re-
acidified to a pH of 1 using conc. HCI at 0 °C. The residue was extracted with EtOAc (3 x 20
mL), washed with aq. 0.2 M pH = 2.0 phosphate buffer (20 mL) and brine (30 mL), and dried
over MgSOs to give a brown solid. The crude material was purified by trituration with MeOH (3
x 1 mL) to give pure vinaxanthone (1) (5.7 mg, 0.0099 mmol, 61%) as a yellow solid (m.p. >280
°C).

Ry= 0.05 (silica gel, 95:5 EtOAc:AcOH); '"H-NMR (400 MHz, (CDs)SO): § 12.89 (bs, 1H),
12.72 (bs, 1H), 11.69 (bs, 1H), 11.44 (bs, 1H), 9.42 (bs 2H), 9.42 (bs, 2H), 8.53 (s, 1H), 8.18 (s,
1H), 6.96 (s, 1H), 6.94 (s, 1H), 2.55 (s, 3H), 2.53 (s, 3H); "C-NMR (125 MHz, (CDs):SO): &
201.1, 199.1, 172.9, 172.6, 167.4, 167.4, 154.1, 152.7, 152.5, 152.1, 150.7, 150.3, 141.7, 141.0,
136.2, 133.4, 132.6, 126.3, 120.8, 120.5, 119.8, 119.6, 112.4, 110.0, 102.4, 102.3, 32.1, 29.1; IR
(KBr, cm): 3236, 1683, 1653, 1472, 1288; HRMS (ESI) calc. for CxsHisOu [M-H]
575.04673, obs. 575.04679.

70



tBuO,C O tBuO,C O
PivO = 2 PivO !

NMe, ——— |
CHCl3, 23 °C
MOMO OH 60% 2-steps  MOMO o

70 107

tert-butyl 3-iodo-7-(methoxymethoxy)-4-0x0-6-(pivaloyloxy)-4 H-chromene-5-carboxylate
(107)

To a stirred solution of crude enaminone 70 (13.6 g, 30.2 mmol, 1.0 equiv.) in CHCI;
(300 mL, 0.1 M) at 23 °C was added solid iodine (15.3 g, 60.4 mmol, 2.0 equiv.) in one portion.
After 40 minutes, the solution was diluted with sat. aq. Na2S:03 (300 mL) and extracted with
CH:Cl2 (300 mL). The organic layer was dried over Na:SOs and concentrated in vacuo to give a
tan solid. The crude material was purified via silica gel column chromatography (1:1
hexanes:EtOAc) to give pure iodochromone 107 (9.65 g, 18.1 mmol, 60% over 2-steps) as a
white solid (m.p. 189-190 °C).

Rr= 0.32 (silica gel, 3:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCL): & 8.19 (s, 1H), 7.17 (s,
1H), 5.23, (s, 2H), 3.25 (s, 3H), 1.64 (s, 9H), 1.37 (s, 9H); "C-NMR (100 MHz, CDCL): §
175.4, 170.9, 163.2, 156.8, 154.9, 153.3, 136.5, 128.3, 112.8, 103.5, 94.7, 86.7, 83.3, 56.6, 39.2,
28.2, 27.2; IR (film, cm™): 1764, 1731, 1650; HRMS (ESI) calc. for C2iH2sINaOs [M+Na]":
555.04863, obs. 555.04881.
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tert-butyl 3-(3-hydroxybut-1-yn-1-yl)-7-(methoxymethoxy)-4-oxo-6-(pivaloyloxy)-4 H-
chromene-5-carboxylate (108)

To a stirred solution of iodochromone 107 (8.08 g, 15.2 mmol, 1.0 equiv.),
bis(triphenylphosphine) palladium (IT) dichloride (213 mg, 0.30 mmol, 0.02 equiv.) and copper
iodide (289 mg, 1.54 mmol, 0.1 equiv.) in degassed THF (51 mL, 0.3 M) at 23 °C was added 3-
butyn-2-ol 64 (4.8 mL, 60.7 mmol, 4.0 equiv.) followed by neat diisopropylamine (6.5 mL, 45.5
mmol, 3.0 equiv.). After 1 hour, the reaction mixture was diluted with aq. 0.2 M pH = 7.0
phosphate buffer (100 mL) and extracted with CH2Cl> (100 mL). The organic layer was dried
over Na>SOs and concentrated in vacuo to give an amber oil. The crude material was purified
via silica gel column chromatography (1:1 hexanes:EtOAc) to give pure propargyl alcohol 108

(5.23 g, 11.0 mmol, 73%) as a tan solid (m.p. 132-134 °C).

Ry = 0.21 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.03 (s, 1H), 7.14 (s,
1H), 5.21 (s, 2H), 4.75 (m, 1H), 3.43 (s, 3H), 3.20 (bs, 1H), 1.63 (s, 9H), 1.51 (d, J = 6.7 Hz,
3H); "C-NMR (100 MHz, CDCl): § 175.5, 173.3, 163.3, 157.5, 154.6, 153.2, 136.3, 128.1,
114.5, 110.5, 103.8, 97.5, 94.6, 83.2, 73.8, 58.6, 56.6, 39.2, 28.2, 27.2, 23.8; IR (film, cm™):
3435, 1763, 1735, 1731, 1461; HRMS (ESI) calc. for C2sH3NaOs [M+Na]": 497.1782, obs.
497.1785.
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tert-butyl 3-(3-hydroxybut-1-yn-1-yl)-7-(methoxymethoxy)-4-0xo0-6-(pivaloyloxy)-4 H-
chromene-5-carboxylate (93)

To a stirred solution of propargyl alcohol 108 (5.23 g, 11.0 mmol, 1.0 equiv.) and
activated 4.0 A molecular sieves (2.6 g, 50% by weight) in CH2Cl> (110 mL, 0.1 M) at 23 °C was
added solid pyridinium dichromate (19.9 g, 55.1 mmol, 5.0 equiv.) in one portion. After 2 hours
the black solution was filtered through a pad of Celite and concentrated in vacuo to give an
amber oil. The crude material was purified via silica gel column chromatography (1:1
hexanes:EtOAc) to give pure ynone 93 (3.54 g, 7.50 mmol, 68%) as a white solid (m.p. 178-179
°C).

Ry = 0.41 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl): § 8.20 (s, 1H), 7.21 (s,
1H), 5.24 (s, 2H), 3.44 (s, 3H), 2.46 (s, 3H), 1.64 (s, 9H), 1.37 (s, 9H); “C-NMR (100 MHz,
CDClL): 6 184.2, 175.4, 172.1, 163.1, 160.4, 154.6, 153.7, 136.8, 128.3, 114.6, 108.7, 104.0,
94.7,93.5, 83.5, 81.0, 56.7, 39.2, 32.7, 28.2, 27.2; IR (film, cm™): 1762, 1734, 1672, 1620, 1459,
1264, 1246, 1155, 1091; HRMS (ESI) calc. for C2sH2sNaOs [M+Na]': 495.1626, obs. 495.1632.
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To a stirred suspension of 60% sodium hydride (556 mg, 13.9 mmol, 1.0 equiv.) in THF
(55.7 mL, 0.25 M) was added methyl acetoacetate (1.50 mL, 13.9 mmol, 1.0 equiv.) dropwise
over 5 minutes to furnish a 0.25 M stock solution of the sodium enolate of methyl acetoacetate
109 (stored in a Schlenk flask under argon). To a stirred solution of ynone 93 (500 mg, 1.06
mmol, 1.0 equiv.) in THF (88 mL, 0.01 M) at -78 °C was added a 0.25 M solution of the sodium
enolate of methyl acetoacetate in THF (8.50 mL, 2.12 mmol, 2.0 equiv.) dropwise down the side
of the flask over 10 minutes. Upon complete addition the red-amber solution was stirred at -78
°C. After 5 hours, the excess sodium enolate of methyl acetoacetate was quenched with 1.0 N
HCI (1.5 mL). The resulting yellow solution was diluted with EtOAc (150 mL), washed with
H20 (3 x 50 mL) and brine (50 mL), dried over Na>SOs, and concentrated in vacuo to give a
yellow residue. The crude material was purified via silica gel column chromatography (3:1
hexanes:EtOAc) to give pure methyl ester 115 (502 mg, 0.88 mmol, 83%) as a tan solid (m.p.
199-201 °C) and deacetylated byproduct 116 (95 mg, 0.18 mmol, 17%) as a white solid (m.p.
186-187 °C).

74



1-(tert-butyl) 7-methyl 5-acetyl-3-(methoxymethoxy)-6-methyl-9-o0xo0-2-(pivaloyloxy)-9H-
xanthene-1,7-dicarboxylate (115)

Ry = 0.40 (silica gel, 2:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.84 (s, 1H), 7.17 (s,
1H), 5.27 (s, 2H), 3.93 (s, 3H), 3.47 (s, 3H), 2.67 (s, 3H), 2.62 (s, 3H), 1.67 (s, 9H), 1.39 (s, 9H);
BC-NMR (100 MHz, CD:CL): § 202.4, 175.9, 173.6, 166.6, 163.8, 154.8, 154.7, 153.4, 142.8,
135.8, 133.2, 129.9, 129.0, 127.6, 119.3, 112.7, 103.9, 95.1, 83.5, 56.9, 52.6, 39.5, 32.9, 28.3,
27.4, 18.2; IR (film, cm™): 1760, 1735, 1663, 1599; HRMS (ESI) calc. for CsoH:aNaOu
[M+Na]": 593.19933, obs. 593.19976.

1-(tert-butyl) 7-methyl 3-(methoxymethoxy)-6-methyl-9-oxo-2-(pivaloyloxy)-9H-xanthene-
1,7-dicarboxylate (116)

R = 0.54 (silica gel, 2:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCL): & 8.88 (s, 1H), 7.29 (s,
1H), 7.23 (s, 1H), 5.27 (s, 2H), 3.91 (s, 3H), 3.47 (s, 3H), 2.75 (s, 3H), 1.68 (s, 9H), 1.39 (s, 9H);
BC-NMR (100 MHz, CD:CL): § 176.1, 147.3, 166.8, 164.1, 157.5, 155.2, 154.5, 148.3, 135.5,
130.2, 129.0, 126.6, 120.4, 119.4, 113.0, 104.0, 95.1, 83.4, 56.9, 52.3, 39.5, 28.3, 27.4, 22.4; IR
(film, cm™): 1727, 1460, 1095; HRMS (ESI) calc. for C2:H32NaOio [M+Na]": 551.18877, obs.
551.18915.
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4-acetyl-8-(tert-butoxycarbonyl)-6-(methoxymethoxy)-3-methyl-9-oxo-7-(pivaloyloxy)-9H-
xanthene-2-carboxylic acid (117)

To a stirred solution of methyl ester 115 (920 mg, 1.61 mmol, 1.0 equiv.) in THF (65 mL,
0.025 M) at 0 °C was added 0.1 N NaOH (19.4 mL, 1.94 mmol, 1.2 equiv.) dropwise over 2
minutes. Upon complete addition the gold-orange solution was allowed to warm to 23 °C. After
36 hours, the reaction mixture was diluted with H-O (100 mL) and washed with Et2O (3 x 50
mL). The aqueous layer was acidified using 0.1 N HCI (20 mL), extracted with EtOAc (3 x 250
mL), dried over Na:SO4, and concentrated in vacuo to give pure carboxylic acid 117 (816 mg,

1.43 mmol, 91%) as a white solid (m.p. 203-204 °C).

"H-NMR (400 MHz, CDCL:): § 8.98 (s, 1H), 7.17 (s, 1H), 5.27 (s, 2H), 3.47 (s, 3H), 2.69 (s,
3H), 2.65 (s, 3H), 1.67 (s, 9H), 1.39 (s, 9H); “"C-NMR (150 MHz, CDCl): § 202.3, 175.6,
173.2, 168.9, 163.5, 154.5, 154.4, 153.6, 143.1, 135.8, 133.0, 131.4, 129.0, 125.7, 119.2, 112.8,
103.7, 94.8, 83.4, 56.7, 39.2, 32.8, 28.2, 27.3, 18.3; IR (film, cm™): 1760, 1688, 1666, 1619,
1596; HRMS (ESI) calc. for C2oH3:NaO1i [M+Na]": 579.18368, obs. 579.18373.
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tert-butyl 5-acetyl-7-(5-(tert-butoxycarbonyl)-2-(dimethylamino)-7-(methoxymethoxy)-4-0x0-6-
(pivaloyloxy)chromane-3-carbonyl)-3-(methoxymethoxy)-6-methyl-9-oxo-2-(pivaloyloxy)-9H-xanthene-1-
carboxylate (119)

To a stirred solution of carboxylic acid 117 (373 mg, 0.67 mmol, 1.1 equiv.) in DMF (3.0
mL, 0.2 M) at 23 °C was added solid HBTU (254 mg, 0.67 mmol, 1.1 equiv.) in one portion
followed by neat N,N-diisopropylethylamine (0.27 mL, 1.52 mmol, 2.5 equiv.). The dark amber
solution was stirred for 5 minutes before adding solid enaminone 70 (275 mg, 0.61 mmol, 1.1
equiv.) in one portion. After 6 hours, the reaction mixture was diluted with 1:1 hexanes/EtOAc
(100 mL) and washed with sat. aq. LiCI (8 x 30 mL). The organic layer was dried over Na>SOu
and concentrated in vacuo to give a dark yellow solid. The crude material was purified via silica

gel column chromatography (1:2 hexanes:EtOAc, 2% Et:N) to give pure aminal 119 (528 mg,
5.33 mmol, 88%) as a dark yellow solid (m.p. 124-126 °C).

Ry = 0.25 (silica gel, 1:1 hexanes:EtOAc, 2% Et:N); "H-NMR (400 MHz, (CD3)CO): & 8.87 (s,
1H), 7.42 (s, 1H), 7.30 (s, 1H), 5.46 (s, 2H), 5.28 (s, 2H), 5.23 (d, J = 13.3 Hz, 1H), 3.47 (s, 3H),
3.44 (s, 3H), 3.07 (s, 3H), 2.86 (d, J=13.3 Hz, 1H), 2.74 (s, 3H), 2.72 (s, 3H), 2.59 (s, 3H), 1.64
(s, 9H), 1.44 (s, 9H), 1.37 (s, 9H), 1.35 (s, 9H); “C-NMR (125 MHz, CDCl:): § 202.2, 175.5,
175.3, 173.0, 163.9, 163.5, 157.5, 154.8, 154.5, 154.4, 153.4, 149.4, 144.9, 143.2, 136.4, 136.3,
135.7, 132.9, 130.9, 128.9, 128.8, 126.1, 120.1, 119.1, 112.7, 111.6, 103.6, 94.8, 94.7, 83.2, 83.1,
82.5, 56.7, 56.3, 44.9, 39.2, 39.0, 36.9, 32.8, 28.1, 27.7, 27.2, 27.1, 18.1; IR (film, cm™): 1766,
1730, 1660, 1610; HRMS (ESI) calc. for Cs2HssNNaO1s [M+Na]": 1012.39374, obs. 1012.39398.
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tert-butyl S-acetyl-7-(5-(tert-butoxycarbonyl)-7-(methoxymethoxy)-4-0x0-6-(pivaloyloxy)-
4H-chromene-3-carbonyl)-3-(methoxymethoxy)-6-methyl-9-oxo-2-(pivaloyloxy)-9H-
xanthene-1-carboxylate (120)

To a stirred solution of aminal 119 (84 mg, 0.084 mmol, 1.0 equiv.) in MeCN (5.6 mL,
0.015 M) at 23 °C was added solid pyridinium hydrochloride (49 mg, 0.42 mmol, 5.0 equiv.) in
one portion. The yellow solution was then stirred to 65 °C. After 18 hours, the reaction mixture
was concentrated to give a yellow residue. The crude material was purified via silica gel column

chromatography (3:1 to 2:1 hexanes:EtOAc) to give pure enedione 120 (54 mg, 0.057 mmol,
68%) as a clear-yellow solid (m.p. 185-188 °C).

Ry = 0.21 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.43 (s, 1H), 8.25 (s,
1H), 7.27 (s, 1H), 7.17 (s, 1H), 5.26 (s, 4H), 3.48 (s, 3H), 3.47 (s, 3H), 2.68 (s, 3H), 2.45 (s, 3H),
1.61 (s, 9H), 1.42 (s, 9H), 1.38 (s, 9H), 1.35 (s, 9H); "C-NMR (125 MHz, CDCl): § 202.2,
192.1, 175.5, 175.3, 173.2, 172.1, 163.5, 162.9, 160.4, 154.6, 154.4, 154.3, 153.7, 152.6, 140.6,
136.8, 136.4, 135.6, 132.3, 128.9, 128.6, 127.3, 123.8, 118.7, 116.5, 112.7, 104.0, 103.6, 94.8,
94.7, 83.2, 83.1, 56.7, 56.6, 39.2, 39.1, 32.7, 28.2, 27.9, 27.3, 27.2, 17.5; IR (film, cm™): 1760,
1732, 1663, 1607, 1591; HRMS (ESI) calc. for CsoHssNaOis [M+Na]": 967.33589, obs.
967.33504.
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tert-butyl (Z)-5-acetyl-7-((5-(tert-butoxycarbonyl)-7-(methoxymethoxy)-4-0xo-6-
(pivaloyloxy)chroman-3-ylidene)(hydroxy)methyl)-3-(methoxymethoxy)-6-methyl-9-oxo-2-
(pivaloyloxy)-9H-xanthene-1-carboxylate (210)

To a stirred solution of endione 120 (30 mg, 0.032 mmol, 1.0 equiv.) in MeOH (0.64 mL,
0.5 M) at 23 °C was added solid NaBH3CN (4.0 mg, 0.063 mmol, 2.0 equiv.) in one portion.
After 20 minutes, the reaction mixture was diluted with aq. 0.2 M pH = 7.0 phosphate buffer
(0.25 mL) before being diluted with EtOAc (10 mL). The aqueous layer was extracted with
EtOAc (2 x 10 mL) and the combined organic layers were washed with brine (10 mL), dried over
Na:S0s, and concentrated in vacuo to give a yellow residue. The crude material was purified via
silica gel column chromatography (2:1 hexanes:EtOAc) to give pure protected xanthofulvin 210

(27 mg, 0.029 mmol, 91 %) as a bright yellow solid (mp: 184-186 °C).

Ry = 0.5 (silica gel, 1:1 hexanes/EtOAc); '"H-NMR (400 MHz, CDCL:): § 15.43 (s, 1H), 8.12 (s,
1H), 7.18 (s, 1H), 6.68 (s, 1H), 5.28 (s, 2H), 5.16 (s, 2H), 4.74 (bs, 2H), 3.48 (s, 3H), 3.42 (s,
3H), 2.71 (s, 3H), 2.41 (s, 3H), 1.66 (s, 9H), 1.62 (s, 9H), 1.39 (s, 9H), 1.37 (s, 9H); "C-NMR
(150 MHz, CDCls): 6 201.9, 183.6, 175.7, 173.3, 173.1, 163.9, 163.6, 160.0, 154.9, 154.5, 152.3,
139.6, 135.7, 133.4, 132.4, 130.3, 129.3, 128.9, 126.9, 119.2, 112.7, 111.9, 103.9, 103.8, 103.5,
94.8, 94.4, 93.4. 83.3, 82.9, 66.7, 56.7, 56.5, 39.2, 39.1, 32.7, 29.7, 28.2, 28.1, 27.3, 27.2, 16.9;
IR (film, cm™): 1765, 1730, 1666, 1602, 1458; HRMS (ESI) calc. for CsoHssNaOis [M+Na]':
969.35154, obs. 969.35120.

79



t BuO2C 002t Bu HOZC COzH

PivO N OPiv BCI3 N
MOMO Me O OMOM CH2C|2 23°C HO Me O
98%
210 xanthofulvin (
xanthofulvin (2)

To a stirred solution of protected xanthofulvin 210 (20 mg, 0.02 mmol, 1.0 equiv.) in CH2Cl2 (2.1
mL, 0.1 M) at 23 °C was added a 1.0 M solution of boron trichloride in CH2Cl2 (0.25 mL, 0.25 mmol, 12
equiv.). After 45 minutes, the reaction mixture was treated with conc. HCI (0.09 mL) and diluted with
EtOAc (10 mL). The bright orange solution was stirred vigorously for 15 minutes and then concentrated
in vacuo to give an organge residue. The orange residue was diluted with MeOH (15 mL) and re-
concentrated in vacuo give a yellow residue. The crude material was purified by trituration with CHCl3

(10 mL) to give pure xanthofulvin (2) (11.8 mg, 0.020 mmol, 98%) as a 3.6:1 ratio of enol:keto tautomers

as a bright yellow solid (m.p. 252-253 °C).

Ry = 0.14 (silica gel, 20:1 EtOAc/AcOH); "H-NMR (500 MHz, (CD3)SO): & [enol] 15.61 (s, 1H), 12.75
(s, 1H), 11.62 (s, 1H), 11.23 (s, 1H), 9.33 (s, 1H), 8.69 (s, 1H), 7.95 (s, 1H), 6.93 (s, 1H), 6.39 (s, 1H),
4.66 (s, 2H), 2.70 (s, 3H), 2.31 (s, 3H) [keto] 11.15 (s, 1H), 8.88 (s, 1H), 8.51 (s, 1H), 6.92 (s, 1H), 6.42
(s, 1H), 5.01 (dd, J = 4.7 Hz, 8.1 Hz, 1H), 4.71 (dd, J = 4.2 Hz, 11.3 Hz, 1H), 4.60 (m, 1H), 2.67 (s, 3H),
2.29 (s, 3H); "C-NMR (125 MHz, (CDs):S0): & [enol] 202.6, 183.7, 172.7, 172.7, 167.5, 167.5, 156.3,
154.5, 153.9, 152.2, 150.2, 140.8, 137.6, 132.4, 129.4, 128.3, 125.9, 120.7, 120.7, 118.7, 110.1, 104.4,
102.4, 102.4, 65.9, 32.4, 16.6 [keto] 202.9, 199.1, 186.3, 172.7, 167.7, 167.7, 156.3, 154.7, 153.9, 152.2,
150.1, 140.9, 139.2, 137.6, 134.9, 132.4, 127.7, 122.2, 120.8, 118.3, 110.1, 108.8, 102.4, 68.0, 56.3, 32.4,
17.1; IR (KBr, cm™): 3419, 2926, 1607, 1468, 1288, 1021; HRMS (ESI) calc. for CasHi7O1s [M—H]

577.06238, obs. 577.06186.
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3,4-dimethoxyphenol (198)

To a stirred solution of 3,4-dimethoxybenzaldehyde 197 (30.0 g, 181 mmol, 1.0 equiv.)
in CH2Cl2 (360 mL, 0.5 M) at 23 °C was added 30% aq. H202 (46.1 mL, 451 mmol, 2.5 equiv.)
and formic acid (27.7 mL, 722 mmol, 4.0 equiv.). The reaction mixture was stirred at 40 °C.
After 42.5 hours, the reaction mixture was cooled to 23 °C and the organic layer was separated.
The aqueous layer was extracted with CH2Clz (3 x 50 mL) and the combined organic layers were
dried over Na>SOs4 and concentrated in vacuo to about 360 mL (0.5 M). 5.0 N NaOH (251 mL,
1.26 mol, 10 equiv.) was then slowly added over 20 minutes and the reaction mixture was stirred
at 23 °C for an additional 20 minutes. The organic layer was separated and the aqueous layer was
washed with CH2Clz (3 x 100 mL). The aqueous layer was acidified to pH = 1.0 with conc. HCI
and extracted with CH2Cl2 (3 x 100 mL). The combined organic layers were dried over Na:SOs4

and concentrated in vacuo to give pure 3,4-dimethoxyphenol 198 (19.1 g, 124 mmol, 68%) as an

amber solid (m.p. 58-60 °C).

Rr= 0.43 (silica gel, 1:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCL): § 6.71 (d, J = 8.4 Hz,
1H), 6.46 (d, J=2.7 Hz, 1H), 6.35 (dd, J = 8.4, 2.7 Hz, 1H), 5.93 (bs, 1H), 3.79 (s, 3H), 3.76 (s,
3H); "C-NMR (100 MHz, CDCls): § 150.2, 149.7, 142.8, 112.5, 105.9, 100.6, 56.5, 55.6; IR
(film, cm™): 3382, 1513, 1223; HRMS (EC-CI) calc. for CsHnOs [M+H]": 155.0708, obs.
155.0700.

81



o

MeO OH BF3-Et,0 MeO
O "
MeO ACZO, 90 °C
© 89% MeO OH
198 199

1-(2-hydroxy-4,5-dimethoxyphenyl)ethan-1-one (199)

To a stirred solution of 3,4-dimethoxyphenol 198 (3.0 g, 19.5 mmol, 1.0 equiv.) in acetic
anhydride (9.75 mL, 103 mmol, 5.3 equiv.) at 0 °C was added neat boron trifluoride diethyl
etherate (4.80 mL, 38.9 mmol, 2.0 equiv.). The reaction mixture was stirred at 90 °C for 1 hour
and then allowed to sit at 23 °C for 16 hours. The precipitate was collected and recrystallized
from EtOH to give pure dimethoxy hydroxyacetophenone 199 (3.38 g, 17.7 mmol, 89%) as
white needles (m.p. 104-105 °C).

Ry= 0.58 (silica gel, 1:1 hexanes:EtOAc); 'H-NMR (400 MHz, CDCL:): § 12.65 (s, 1H), 7.05 (s,
1H), 6.46 (s, 1H), 3.91 (s, 3H), 3.87 (s, 3H), 2.56 (s, 3H); “C-NMR (100 MHz, CDCls): § 202.0,
160.0, 156.7, 141.8, 111.6, 111.5, 100.5, 56.6, 56.1, 26.3; IR (film, cm™): 1632, 1511, 1265,
1160, 1063; HRMS (EC-CI) calc. for CioH1304 [M+H]": 197.0814, obs. 197.0810.
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(E)-3-(dimethylamino)-1-(2-hydroxy-4,5-(dimethoxyphenyl)prop-2-en-1-one (211)

To a stirred solution of dimethoxy hydroxyacetophenone 199 (15.4 g, 30.2 mmol, 1.0
equiv.) in DME (300 mL, 0.1 M) at 85 °C was added N,N-dimethylformamide dimethyl acetal
(16.1 mL, 121 mmol, 4.0 equiv.) in one portion. After 4 hours, the reaction mixture was cooled
to 23 °C and concentrated in vacuo to give a dark amber oil. The crude material was purified via
silica gel column chromatography (1:1 hexanes:EtOAc) to give dimethoxy enaminone 211 (8.59

g, 19.0 mmol, yield taken after subsequent step) as a yellow solid (m.p. 157-158 °C).

Ry = 0.18 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (600 MHz, CDCl:): § 14.25 (bs, 1H), 7.84
(d, J=12 Hz, 1H), 7.10 (s, 1H), 6.44 (s, 1H), 5.60 (d, J = 12 Hz, 1H), 3.88 (s, 3H), 3.85 (s, 3H),
3.16 (bs, 3H), 2.96 (bs, 3H); “C-NMR (150 MHz, CDCl3): § 190.3, 160.1, 155.0, 154.1, 141.2,
111.7, 111.1, 100.8, 89.7, 57.1, 55.9, 45.3, 37.3; IR (film, cm™): 1630, 1543, 1376, 1228, 1113;
HRMS (ESI) calc. for CisHisNO4 [M+H]": 252.12303, obs. 252.12258.
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3-iodo-6,7-dimethoxy-4 H-chromen-4-one (200)

To a stirred solution of crude dimethoxy enaminone 211 (11.8 g, 60.3 mmol, 1.0 equiv.)
in CHCI: (600 mL, 0.1 M) at 23 °C was added solid iodine (30.7 g, 121 mmol, 2.0 equiv.) in one
portion. After 40 minutes, the solution was diluted with sat. aq. Na2S20s3 (300 mL) and extracted
with CH2Cl2 (300 mL). The organic layer was dried over Na:SOs and concentrated in vacuo to
give a tan solid. The crude material was purified via silica gel column chromatography (2:1
hexanes:EtOAc) to give pure dimethoxy iodochromone 200 (7.01 g, 21.1 mmol, 35% over 2-
steps) as a white solid (m.p. 170-172 °C).

Ry = 0.32 (silica gel, 2:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl): § 8.24 (s, 1H), 7.55 (s,
1H), 6.86 (s, 1H), 3.99 (s, 3H), 3.98 (s, 3H); "C-NMR (100 MHz, CDCl): § 172.2, 156.7,
154.5,152.1, 147.9, 115.0, 104.8, 99.3, 86.4, 56.4, 56.3; IR (film, cm™): 1615, 1505, 1471, 1289,
1226; HRMS (ESI) calc. for CiiHoINaO4 [M+Na]": 354.94377, obs. 354.94418.
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6,7-dihydroxy-3-iodo-4H-chromen-4-one (212)

To a stirred solution of dimethoxy iodochromone 200 (500 mg, 1.51 mmol, 1.0 equiv.) in
CH:Cl2 (15 mL, 0.1 M) at 0 °C was slowly added neat boron tribromide (0.86 mL, 9.03 mmol,
6.0 equiv.) over 5 minutes. The solution was allowed to warm to 23 °C. After 1.5 hours, the
reaction mixture was carefully quenched with 1.25 M methanolic HCI (1.20 mL, 2.08 mmol, 1.0
equiv.) at 0 °C over 5 minutes and stirred for an additional 5 minutes. The reaction mixture was
purged with N2 in order to remove residual gaseous HCI and concentrated in vacuo to give pure

catechol 212 (458 mg, 1.51 mmol, 99%) as a grey solid (m.p. 215 °C (decomp.)).

Ry= 0.72 (silica gel, 20:1 EtOAc:AcOH); '"H-NMR (400 MHz, CD;0D): & 8.49 (s, 1H), 7.40 (s,
1H), 6.89 (s, 1H); "C-NMR (100 MHz, CD;0D): § 174.8, 159.6, 154.5, 153.4, 146.6, 115.6,
108.9, 103.5, 85.4; IR (KBr, cm™): 3218, 1616, 1471, 1308; HRMS (EC-CI) calc. for CosHeO4
[M+H]": 304.9311, obs. 304.9308.
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3-iodo-6,7-bis(methoxymethoxy)-4 H-chromen-4-one (201)
To a stirred solution of catechol 200 (454 mg, 1.49 mmol, 1.0 equiv.) in CH2Cl2 (7.5 mL,
0.2 M) at 0 °C was added neat N,N-diisopropylethylamine (0.78 mL, 4.47 mmol, 3.0 equiv.). A
2.1 M solution of chloromethyl methyl ether in PhMe/MeOAc (2.13 mL, 4.47 mmol, 3.0 equiv.)
was then added slowly over 20 minutes. Upon complete addition the solution was allowed to
warm to 23 °C. After 1 hour, the reaction mixture was diluted with 0.1 N HCI (5 mL) and
extracted with CH2Clz (3 x 5 mL). The organic layer was dried over Na2SOs and concentrated in
vacuo to give an amber oil. The crude material was purified via silica gel column
chromatography (2:1 hexanes:EtOAc) to give pure dimethoxymethyl ether iodochromone 201
(417 mg, 1.06 mmol, 71%) as a white solid (m.p. 105-106 °C).

Rf'=0.29 (silica gel, 2:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCl3): § 8.19 (s, 1H), 7.79 (s,
1H), 7.17 (s, 1H), 5.31 (s, 2H), 5.27 (s, 2H), 3.50 (s, 3H), 3.48 (s, 3H); "C-NMR (100 MHz,
CDCh): 6 172.2, 157.0, 152.7, 152.4, 145.5, 116.0, 110.8, 103.5, 95.4, 95.1, 86.3, 56.5, 56.3; IR
(film, cm™): 1617, 1453, 1284, 1152, 1041; HRMS (ESI) calc. for CizHi:INaOs [M+Na]":
414.96490, obs. 414.96555.
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3-(3-hydroxybut-1-yn-1-yl)-6,7-bis(methoxymethoxy)-4 H-chromen-4-one (213)

To a stirred solution of dimethoxymethyl ether iodochromone 201 (1.40 g, 3.58 mmol,
1.0 equiv.), bis(triphenylphosphine) palladium (II) dichloride (50 mg, 0.072 mmol, 0.02 equiv.),
and copper iodide (68 mg, 0.358 mmol, 0.1 equiv.) in degassed THF (36 mL, 0.1 M) at 23 °C
was added 3-butyn-2-ol 64 (1.12 mL, 14.3 mmol, 4.0 equiv.) followed by neat diisopropylamine
(1.52 mL, 10.7 mmol, 3.0 equiv.). After 1 hour, the reaction mixture was diluted with aq. 0.2 M
pH = 7.0 phosphate buffer (30 mL) and extracted with CH2Cl> (30 mL). The organic layer was
dried over Na:SOs and concentrated in vacuo to give an amber oil. The crude material was
purified via silica gel column chromatography (1:1 to 1:2 hexanes:EtOAc) to give pure

dimethoxymethyl ether propargyl alcohol 213 (970 mg, 2.90 mmol, 81%) as an amber oil.

Ry = 0.12 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.06 (s, 1H), 7.82 (s,
1H), 7.20 (s, 1H), 5.33 (s, 2H), 5.30 (s, 2H), 4.79 (q, J = 6.7 Hz, 1H), 3.52 (s, 3H), 3.51 (s, 3H),
3.30 (bs, 1H), 1.54 (d, J = 6.7 Hz, 3H); "C-NMR (100 MHz, CDCl): § 174.7, 157.6, 152.7,
152.3, 145.5, 117.8, 110.4, 109.9, 103.9, 97.2, 95.5, 95.1, 74.2, 58.6, 56.6, 56.5, 24.0; IR (film,
cm™): 3397, 1621, 1494, 1460, 1266, 1227, 986; HRMS (ESI) calc. for Ci7HisNaO7 [M+Na]":
357.09447, obs. 357.09487.

87



OH o)
0o PDC o
// Me . MoMO // Me
‘ CH,Cly, 23 °C ‘
0,
MOMO o 56% MOMO 0

213 193
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6,7-bis(methoxymethoxy)-3-(3-oxbut-1-yn-1-yl)-4 H-chromen-4-one (193)

To a stirred solution of dimethoxymethyl ether propargyl alcohol 213 (973 mg, 2.91
mmol, 1.0 equiv.) and activated 4.0 A molecular sieves (500 mg, 50% by weight) in CH2Cl2 (29
mL, 0.1 M) at 23 °C was added solid pyridinium dichromate (5.47 g, 14.5 mmol, 5.0 equiv.) in
one portion. After 5 hours, the black solution was filtered through a pad of Celite and
concentrated in vacuo to give an amber oil. The crude material was purified via silica gel column
chromatography (5:2:1 CH2Cl2:EtOAc:hexanes) to give pure dimethoxymethyl ether ynone 193
(540 mg, 1.63 mmol, 56%) as a white solid (m.p. 119-120 °C).

Rf = 0.51 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCL): § 8.23 (s,
1H), 7.86 (s, 1H), 7.26 (s, 1H), 5.35 (s, 2H), 5.32 (s, 2H), 3.54 (s, 3H), 3.53 (s, 3H), 2.49 (s, 3H);
BC-NMR (100 MHz, CDCl:): § 184.3, 173.5, 160.7, 153.0, 152.2, 146.0, 117.8, 110.4, 108.1,
104.1, 95.5, 95.2, 93.4, 81.8, 56.7, 56.5, 32.7; IR (film, cm™): 1668, 1640, 1615, 1271, 970;
HRMS (ESI) calc. for Ci7Hi17O7 [M+H]": 333.09688, obs. 333.09704.
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1-(2-hydroxy-5-(methoxymethoxy)phenyl)ethan-1-one (214)
To a stirred solution of 2°,5’-dihydroxyacetophenone 202 (23.9 g, 157 mmol, 1.0 equiv.)
in CH2Clz (780 mL, 0.2 M) at 0 °C was added neat N,N-diisopropylethylamine (41.0 mL, 236
mmol, 1.5 equiv.). A 2.1 M solution of chloromethyl methyl ether in PhMe/MeOAc (112 mL,
236 mmol, 1.5 equiv.) was then added slowly over 20 minutes. Upon complete addition the
solution was allowed to warm to 23 °C. After 1 hour, the reaction mixture was diluted with 0.1 N
HCI (500 mL) and extracted with CH2Cl> (3 x 500 mL). The organic layer was dried over
Na:SOs and concentrated in vacuo to give an amber oil. The crude material was purified via
silica gel column chromatography (10:1 hexanes:EtOAc) to give pure 5’-methoxymethyl ether
214 (19.4 g, 99.0 mmol, 63%) as a clear yellow oil.

Rf'= 0.40 (silica gel, 5:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl3): § 11.92 (s, 1H), 7.40 (d,
J=3.1Hz, 1H), 7.23 (dd, J = 9.2, 3.1 Hz, 1H), 6.93 (d, J = 9.2 Hz, 1H), 5.13 (s, 2H), 3.50 (s,
3H), 2.62 (s, 3H); "C-NMR (100 MHz, CDCls): § 204.1, 157.6, 149.3, 126.5, 119.3, 119.2,
117.1, 95.5, 56.0, 26.8; IR (film, cm™): 1646, 1491, 1150, 994, HRMS (ESI) calc. for
CioHi2NaOs [M+Na]": 219.06278, obs. 219.06255.
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(E)-3-(dimethylamino)-1-(2-hydroxy-5-(methoxymethoxy)phenyl)prop-2-en-1-one (215)

To a stirred solution of 5’-methoxymethyl ether 214 (17.0 g, 86.4 mmol, 1.0 equiv.) in
DME (860 mL, 0.1 M) at 85 °C was added N,N-dimethylformamide dimethyl acetal (45.9 mL,
346 mmol, 4.0 equiv.) in one portion. After 4 hours, the reaction mixture was cooled to 23 °C
and concentrated in vacuo to give a dark amber oil. The crude material was purified via silica gel
column chromatography (1:1 hexanes:EtOAc) to give 5’-methoxymethyl ether enaminone 215

(21.7 g, 86.4 mmol, yield taken after subsequent step) as a yellow solid (m.p. 94-95 °C).

Ry = 0.25 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDClL): § 7.89 (d, J = 12 Hz,
1H), 7.36 (d, J=2.7 Hz, 1H), 7.12 (dd, J = 8.9, 2.7 Hz, 1H), 6.87 (d, J=9.2 Hz, 1H), 5.72 (d, J
= 12 Hz, 1H), 5.12 (s, 2H), 3.50 (s, 3H), 3.20 (bs, 3H), 2.98 (bs, 3H); “C-NMR (100 MHz,
CDCl): 6 191.0, 158.1, 154.9, 148.8, 123.4, 120.2, 118.7, 115.7, 95.7, 90.0, 55.9, 45.4, 37.5; IR
(film, cm™): 3420, 1635, 1538, 1269; HRMS (ESI) calc. for CisHi7NNaOs [M+Na]": 274.10498,
obs. 274.10491.
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3-iodo-6-(methoxymethoxy)-4 H-chromen-4-one (203)

To a stirred solution of crude 5’-methoxymethyl ether enaminone 215 (21.7 g, 86.4
mmol, 1.0 equiv.) in CHCl; (860 mL, 0.1 M) at 23 °C was added solid iodine (43.9 g, 173 mmol,
2.0 equiv.) in one portion. After 40 minutes, the solution was diluted with sat. aq. Na2S203 (500
mL) and extracted with CH2Cl: (500 mL). The organic layer was dried over Na:SOs and
concentrated in vacuo to give a tan solid. The crude material was purified via silica gel column
chromatography (3:1 hexanes:EtOAc) to give pure 5’-methoxymethyl ether iodochromone 203
(24.1 g, 72.6 mmol, 84% over 2-steps) as an off-white solid (m.p. 122-123 °C).

Ry = 0.19 (silica gel, 5:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.27 (s, 1H), 7.79 (d,
J =24 Hz, 1H), 7.42 (d, J = 8.9 Hz, 1H), 7.38 (dd, J = 9.2, 2.7 Hz, 1H), 5.25 (s, 2H), 3.49 (s,
3H); "C-NMR (100 MHz, CDCls): § 172.6, 161.7, 157.6, 157.3, 128.1, 116.4, 116.2, 102.9,
94.3, 87.0, 56.5; IR (film, cm™): 1641, 1480, 1141; HRMS (ESI) calc. for C1iHoJINaOs [M+Na]":
354.94377, obs. 354.94380.
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3-(3-hydroxybut-1-yn-1-yl)-6-(methoxymethoxy)-4 H-chromen-4-one (216)

To a stirred solution of 5’-methoxymethyl ether iodochromone 203 (1.01 g, 3.04 mmol,
1.0 equiv.), bis(triphenylphosphine) palladium (II) dichloride (43 mg, 0.061 mmol, 0.02 equiv.),
and copper iodide (58 mg, 0.304 mmol, 0.1 equiv.) in THF (30 mL, 0.1 M) at 23 °C was added
3-butyn-2-ol 64 (0.95 mL, 12.2 mmol, 4.0 equiv.) followed by neat diisopropylamine (1.29 mL,
9.12 mmol, 3.0 equiv.). After 1 hour, the reaction mixture was diluted with aq. 0.2 M pH = 7.0
phosphate buffer (30 mL) and extracted with CH2Cl> (30 mL). The organic layer was dried over
Na:SOs and concentrated in vacuo to give an amber oil. The crude material was purified via
silica gel column chromatography (1:1 hexanes:EtOAc) to give pure 5’-methoxymethyl ether

propargyl alcohol 216 (826 mg, 3.01 mmol, 99%) as an amber oil.

Ry = 0.30 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.11 (s, 1H), 7.77 (d,
J=2.7Hz, 1H), 7.41 (d, J= 8.6 Hz, 1H), 7.36 (dd, J=9.0, 2.7 Hz, 1H), 5.24 (s, 2H), 4.79 (q, J =
6.7 Hz, 1H), 3.48 (s, 3H), 2.77 (bs, 1H), 1.56 (d, J = 6.7 Hz, 3H); “"C-NMR (100 MHz, CDCl;):
8 175.5,157.9, 154.6, 151.2, 124.4, 124.0, 119.5, 109.7, 109.7, 97.6, 94.6, 73.9, 58.4, 56.2, 23.9;
IR (film, cm™): 3412, 1646, 1485, 1147, HRMS (ESI) calc. for CisHisNaOs [M+Na]":
298.07674, obs. 298.07670.
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6-(methoxymethoxy)-3-(3-oxbut-1-yn-1-yl)-4 H-chromen-4-one (195)

To a stirred solution of 5’-methoxymethyl ether propargyl alcohol 216 (650 mg, 2.37
mmol, 1.0 equiv.) and activated 4.0 A molecular sieves (325 mg, 50% by weight) in CH2Cl2 (24
mL, 0.1 M) at 23 °C was added solid pyridinium dichromate (4.46 g, 11.9 mmol, 5.0 equiv.) in
one portion. After 5 hours, the black solution was filtered through a pad of Celite and
concentrated in vacuo to give an amber oil. The crude material was purified via silica gel column
chromatography (3:1 to 2:1 hexanes:EtOAc) to give pure 5’-methoxymethyl ether ynone 195
(330 mg, 1.21 mmol, 51%) as a white solid (m.p. 145-146 °C).

Ry = 0.65 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.29 (s, 1H), 7.81 (d,
J=3.1 Hz, 1H), 7.46 (d, J = 9.2 Hz, 1H), 7.41 (dd, J = 9.2, 3.1 Hz, 1H), 5.26 (s, 2H), 3.49 (s,
3H), 2.50 (s, 3H); "C-NMR (100 MHz, CDCls): § 184.2, 174.2, 160.9, 155.1, 151.0, 124.7,
124.2,119.7, 109.9, 107.8, 94.6, 93.4, 81.5, 56.3, 32.7; IR (film, cm™): 1668, 1485, 1285, 1233;
HRMS (ESI) calc. for CisHi2NaOs [M+Na]'": 295.05769, obs. 295.05759.
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1-(2-hydroxy-4-(methoxymethoxy)phenyl)ethan-1-one (217)
To a stirred solution of 2°,4’-dihydroxyacetophenone 204 (9.95 g, 65.4 mmol, 1.0 equiv.)
in CH2CL (330 mL, 0.2 M) at 0 °C was added neat N,N-diisopropylethylamine (17.1 mL, 98.0
mmol, 1.5 equiv.). A 2.1 M solution of chloromethyl methyl ether in PhMe/MeOAc (46.7 mL,
98.0 mmol, 1.5 equiv.) was then added slowly over 20 minutes. Upon complete addition the
solution was allowed to warm to 23 °C. After 1 hour, the reaction mixture was diluted with 0.1 N
HCI1 (300 mL) and extracted with CH2Cl> (3 x 300 mL). The organic layer was dried over
Na:SOs and concentrated in vacuo to give an amber oil. The crude material was purified via
silica gel column chromatography (10:1 hexanes:EtOAc) to give pure 4’-methoxymethyl ether

217 (8.84 g, 45.1 mmol, 69%) as a clear oil.

Ry= 0.45 (silica gel, 5:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl): § 12.62 (s, 1H), 7.66 (d,
J=8.9 Hz, 1H), 6.60 (d, J = 2.4 Hz, 1H), 6.55 (dd, J = 8.9, 2.4 Hz, 1H), 5.21 (s, 2H), 3.48 (s,
3H), 2.57 (s, 3H); "C-NMR (100 MHz, CDCls): § 202.7, 164.7, 163.5, 132.4, 114.6, 108.1,
103.6, 93.9, 56.3, 26.1; IR (film, cm™): 3406, 1635, 1244, 991, HRMS (EC-CI) calc. for
CioH1304 [M+H]": 197.0814, obs. 197.0814.
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(E)-3-(dimethylamino)-1-(2-hydroxy-4-(methoxymethoxy)phenyl)prop-2-en-1-one (218)
To a stirred solution of 4’-methoxymethyl ether 217 (8.85 g, 45.1 mmol, 1.0 equiv.) in
DME (450 mL, 0.1 M) at 85 °C was added N,N-dimethylformamide dimethyl acetal (24.0 mL,
180 mmol, 4.0 equiv.) in one portion. After 4 hours, the reaction mixture was cooled to 23 °C
and concentrated in vacuo to give a dark amber oil. The crude material was purified via silica gel
column chromatography (1:1 hexanes:EtOAc) to give 4’-methoxymethyl ether enaminone 218

(11.3 g, 45.1 mmol, yield taken after subsequent step) as a yellow solid (m.p. 95-96 °C).

Ry = 0.25 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 7.85 (d, J = 12 Hz,
1H), 7.62 (d, J= 8.9 Hz, 1H), 6.58 (d, /= 2.4 Hz, 1H), 6.48 (dd, /= 8.9, 2.4 Hz, 1H), 5.69 (d, J
= 12 Hz, 1H), 5.19 (s, 2H), 3.47 (s, 3H), 3.18 (bs, 3H), 2.96 (bs, 3H); “C-NMR (100 MHz,
CDCl): 6 190.4, 165.0, 161.6, 154.1, 129.6, 114.8, 106.9, 103.8, 93.9, 89.6, 56.1, 45.2, 37.2; IR
(film, cm™): 1627, 1535, 1235, 1108; HRMS (ESI) calc. for CisHi7NNaOs [M+Na]": 274.10498,
obs. 274.10491.
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3-iodo-7-(methoxymethoxy)-4 H-chromen-4-one (205)

To a stirred solution of crude 4’-methoxymethyl ether enaminone 218 (11.3 g, 45.1
mmol, 1.0 equiv.) in CHCl; (450 mL, 0.1 M) at 23 °C was added solid iodine (22.9 g, 90.0
mmol, 2.0 equiv.) in one portion. After 40 minutes, the solution was diluted with sat. aq. Na>S20s
(300 mL) and extracted with CH2Clz (300 mL). The organic layer was dried over Na>SO4 and
concentrated in vacuo to give a tan solid. The crude material was purified via silica gel column
chromatography (3:1 hexanes:EtOAc) to give pure 4’-methoxymethyl ether iodochromone 205

(11.69 g, 35.2 mmol, 78% over 2-steps) as a white solid (m.p. 101-102 °C).

R/ = 0.28 (silica gel, 5:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCL): § 8.23 (s, 1H), 8.17 (d,
J=28.6 Hz, 1H), 7.10 (dd, J = 8.9, 2.4 Hz, 1H), 7.08 (d, J = 2.1 Hz, 1H), 5.27 (s, 2H), 3.50 (s,
3H); "C-NMR (100 MHz, CDCL): § 172.4, 161.6, 157.4, 157.2, 127.8, 116.2, 116.1, 102.8,
94.2, 86.9, 56.4; IR (film, cm™): 1646, 1624, 1149; HRMS (ESI) calc. for C1i1HoINaOs [M+Na]":
354.94377, obs. 354.94436.
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3-(3-hydroxybut-1-yn-1-yl)-7-(methoxymethoxy)-4 H-chromen-4-one (219)

To a stirred solution of 4’-methoxymethyl ether iodochromone 205 (1.00 g, 3.02 mmol,
1.0 equiv.), bis(triphenylphosphine) palladium (II) dichloride (42 mg, 0.060 mmol, 0.02 equiv.),
and copper iodide (58 mg, 0.302 mmol, 0.1 equiv.) in THF (30 mL, 0.1 M) at 23 °C was added
3-butyn-2-ol 64 (0.95 mL, 12.1 mmol, 4.0 equiv.) followed by neat diisopropylamine (1.28 mL,
9.06 mmol, 3.0 equiv.). After 1 hour, the reaction mixture was diluted with aq. 0.2 M pH = 7.0
phosphate buffer (30 mL) and extracted with CH2Cl> (30 mL). The organic layer was dried over
Na:SOs and concentrated in vacuo to give an amber oil. The crude material was purified via
silica gel column chromatography (1:1 hexanes:EtOAc) to give pure 4’-methoxymethyl ether

propargyl alcohol 219 (696 mg, 2.54 mmol, 84%) as an amber oil.

Ry = 0.28 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCL:): § 8.16 (dd, J= 7.9, 1.0
Hz, 1H), 8.09 (s, 1H), 7.10 (d, /= 2.4 Hz, 1H), 7.09 (d, J = 1.0 Hz, 1H), 5.27 (s, 2H), 4.79 (q, J =
6.8 Hz, 1H), 3.50 (s, 3H), 2.43 (bs, 1H), 1.56 (d, J = 6.8 Hz, 3H); “"C-NMR (100 MHz, CDCl;):
5 175.0,161.7, 157.8, 157.3, 127.5, 117.8, 115.9, 110.6, 103.1, 97.6, 94.3, 73.9, 58.4, 56.4, 23.9;
IR (film, cm™): 3392, 1624, 1249, 1077, HRMS (ESI) calc. for CisHisNaOs [M+Na]":
297.07334, obs. 297.07349.
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219 196
7-(methoxymethoxy)-3-(3-oxbut-1-yn-1-yl)-4 H-chromen-4-one (196)

To a stirred solution of 4’-methoxymethyl ether propargyl alcohol 219 (647 mg, 2.36
mmol, 1.0 equiv.) and activated 4.0 A molecular sieves (325 mg, 50% by weight) in CH2Cl> (24
mL, 0.1 M) at 23 °C was added solid pyridinium dichromate (4.44 g, 11.8 mmol, 5.0 equiv.) in
one portion. After 5 hours, the black solution was filtered through a pad of Celite and
concentrated in vacuo to give an amber oil. The crude material was purified via silica gel column
chromatography (3:1 to 2:1 hexanes:EtOAc) to give pure 4’-methoxymethyl ether ynone 196
(410 mg, 1.51 mmol, 64%) as a white solid (m.p. 139-141 °C).

R/ = 0.65 (silica gel, 1:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCLs): § 8.24 (s, 1H), 8.17 (d,
J=28.6 Hz, 1H), 7.13 (dd, J = 8.6, 2.4 Hz, 1H), 7.11 (d, J = 2.1 Hz, 1H), 5.28 (s, 2H), 3.50 (s,
3H), 2.49 (s, 3H); "C-NMR (100 MHz, CDCls): § 183.9, 173.5, 162.0, 160.9, 157.1, 127.3,
117.6,116.3, 108.3, 103.3, 94.2, 93.2, 81.4, 56.3, 32.5; IR (film, cm™): 1669, 1632, 1255, 1158;
HRMS (ESI) calc. for CisHi2NaOs [M+Na]": 295.05769, obs. 295.05778.
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(E)-3-(dimethylamino)-1-(2-hydroxyphenyl)prop-2-en-1-one (220)
To a stirred solution of 2’-hydroxyacetophenone 206 (2.26 g, 16.6 mmol, 1.0 equiv.) in

DME (170 mL, 0.1 M) at 85 °C was added N,N-dimethylformamide dimethyl acetal (8.82 mL,
66.4 mmol, 4.0 equiv.) in one portion. After 4 hours, the reaction mixture was cooled to 23 °C
and concentrated in vacuo to give a dark amber oil. The crude material was purified via silica gel
column chromatography (1:1 hexanes:EtOAc) to give 2’-hydroxy enaminone 220 (3.17 g, 16.6

mmol, yield taken after subsequent step) as a yellow solid (m.p. 128-129 °C).

Ry = 0.24 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 7.89 (d, J = 12.0 Hz,
1H), 7.70 (dd, J= 8.2, 1.7 Hz, 1H), 7.35 (ddd, J = 8.6, 6.8, 1.7 Hz, 1H), 6.93 (dd, /= 8.2, 1.0 Hz,
1H), 6.82 (ddd, J = 8.2, 6.8, 1.0 Hz, 1H), 5.79 (d, J = 12.3 Hz, 1H), 3.20 (s, 3H), 2.98 (s, 3H);
BC-NMR (100 MHz, CDCl:): § 191.3, 162.8, 154.7, 133.8, 128.2, 120.2, 118.0, 117.9, 89.8,
45.3, 37.3; IR (film, cm™): 3425, 1633, 1544, 1489, 1289; HRMS (ESI) calc. for CiiH14NO2
[M+H]": 192.10191, obs. 192.10219.
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3-iodo-4H-chromen-4one (207)

To a stirred solution of crude 2’-hydroxy enaminone 220 (3.17 g, 16.6 mmol, 1.0 equiv.)
in CHCL: (170 mL, 0.1 M) at 23 °C was added solid iodine (8.43 g, 33.2 mmol, 2.0 equiv.) in one
portion. After 40 minutes, the solution was diluted with sat. aq. Na2S20s3 (150 mL) and extracted
with CH2Cl2 (150 mL). The organic layer was dried over Na.SO4 and concentrated in vacuo to
give a tan solid. The crude material was purified via silica gel column chromatography (3:1
hexanes:EtOAc) to give pure unsubstituted iodochromone 207 (3.61 g, 13.3 mmol, 85% over 2-

steps) as a white solid (m.p. 89-90 °C).

Ry= 0.63 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.30 (s, 1H), 8.25 (dd,
J=28.4,1.6 Hz, 1H), 7.71 (ddd, J= 8.4, 6.8, 1.6 Hz, 1H), 7.47 (d, /= 8.4 Hz, 1H), 7.46 (ddd, J =
8.4, 7.2, 1.2 Hz, 1H); "C-NMR (100 MHz, CDCl3): § 173.2, 157.6, 156.0, 134.0, 126.4, 125.8,
121.6, 117.9, 86.7; IR (film, cm™): 1610, 1462, 1311, 1067, 760; HRMS (CI) calc. for CoHsOxI
[M+H]": 272.9413, obs. 272.9411.
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3-(3-hydroxybut-1-yn-1-yl)-4 H-chromen-4-one (221)

To a stirred solution of unsubstituted iodochromone 207 (503 mg, 1.85 mmol, 1.0
equiv.), bis(triphenylphosphine) palladium (II) dichloride (26 mg, 0.037 mmol, 0.02 equiv.), and
copper iodide (35 mg, 0.185 mmol, 0.1 equiv.) in THF (19 mL, 0.1 M) at 23 °C was added 3-
butyn-2-ol 64 (0.58 mL, 7.40 mmol, 4.0 equiv.) followed by neat diisopropylamine (0.78 mL,
5.55 mmol, 3.0 equiv.). After 1 hour, the reaction mixture was diluted with aq. 0.2 M pH = 7.0
phosphate buffer (20 mL) and extracted with CH2Cl> (20 mL). The organic layer was dried over
Na:SOs and concentrated in vacuo to give an amber oil. The crude material was purified via
silica gel column chromatography (1:1 hexanes:EtOAc) to give pure unsubstituted propargyl

alcohol 221 (387 mg, 1.81 mmol, 98%) as an amber solid (m.p. 72-73 °C).

Ry = 0.20 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.22 (dd, J = 8.0, 1.6
Hz, 1H), 8.14 (s, 1H), 7.67 (ddd, J = 8.4, 7.2, 1.6 Hz, 1H), 7.44 (dd, J = 8.0, 1.2 Hz, 1H), 7.41
(ddd, /= 8.0, 7.2, 1.6 Hz, 1H), 4.81 (q, /= 7.2 Hz, 1H), 3.45 (bs, 1H), 1.56 (d, J = 6.4 Hz, 3H);
BC-NMR (100 MHz, CDCl:): § 175.7, 158.1, 155.9, 134.1, 126.1, 125.8, 123.3, 118.2, 110.6,
97.6, 73.9, 58.6, 24.0; IR (film, cm™): 3393, 1648, 1615, 1466; HRMS (ESI) calc. for
CisHi10NaOs [M+Na]": 237.05222, obs. 237.05219.
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3-(3-oxobut-1-yn-1-yl)-4 H-chromen-4-one (198)

To a stirred solution of unsubstituted propargyl alcohol 221 (855 mg, 3.99 mmol, 1.0
equiv.) and activated 4.0 A molecular sieves (425 mg, 50% by weight) in CH2Cl: (40 mL, 0.1 M)
at 23 °C was added solid pyridinium dichromate (7.51 g, 20.0 mmol, 5.0 equiv.) in one portion.
After 5 hours, the black solution was filtered through a pad of Celite and concentrated in vacuo
to give an amber oil. The crude material was purified via silica gel column chromatography (3:1
to 2:1 hexanes:EtOAc) to give pure unsubstituted ynone 189 (610 mg, 2.87 mmol, 72%) as a
white solid (m.p. 122-124 °C).

Ry= 0.43 (silica gel, 1:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 8.31 (s, 1H), 8.26 (dd,
J=28.0, 1.6 Hz, 1H), 7.74 (ddd, J= 8.4, 7.2, 1.6 Hz, 1H), 7.51 (d, J= 8.4 Hz, 1H), 7.49 (ddd, J =
8.0, 7.2, 1.2 Hz, 1H), 2.50 (s, 3H); "C-NMR (100 MHz, CDCl:): § 184.1, 174.4, 161.2, 155.8,
134.6, 126.4, 126.1, 123.4, 118.3, 108.7, 93.5, 81.2, 32.7; IR (film, cm™): 1683, 1651; HRMS
(ESI) calc. for CisHoO3 [M+H]": 213.05462, obs. 213.05462.
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tert-butyl 3-formyl-7-(methoxymethoxy)-4-o0xo0-2-(2-oxopropyl)-6-(pivaloyloxy)-4 H-
chromene-5-carboxylate (186)

To a stirred solution of ynone 93 (100 mg, 0.212 mmol, 1.0 equiv.) and H20 (3.81 mL,
212 mmol, 1000 equiv.) in MeCN (21 mL, 0.01 M) at 23 °C was added triethylamine (0.30 mL,
2.12 mmol, 10 equiv.). After 1 hour, the reaction mixture was diluted with EtOAc (20 mL), dried
over Na:SOs and concentrated in vacuo to give aldehyde 186 (104 mg, 0.212 mmol, 99%) as an
amber solid (m.p. 178-179 °C (decomp.)).

Rr= 0.23 (silica gel, 1:1 hexanes:EtOAc); "H-NMR (400 MHz, CDClL): § 10.42 (s, 1H), 7.20 (s,
1H), 5.23 (s, 2H), 4.26 (bs, 2H), 3.45 (s, 3H), 2.38 (s, 3H), 1.64 (s, 9H), 1.39 (s, 9H); "C-NMR
(125 MHz, CDCl): 6 200.0, 190.7, 175.4, 175.0, 168.5, 163.3, 154.5, 153.9, 136.7, 128.2, 117.4,
115.5, 104.1, 94.8, 83.4, 56.6, 47.5, 39.2, 30.4, 28.2, 27.2; IR (film, cm™): 3420, 1762, 1730,
1653, 1595, 1458, 1265, 1157, 1095; HRMS (ESI) calc. for C2sH3oNaOio [M+Na]": 513.17312,
obs. 513.17312.
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General Procedure A for Ynone Coupling

To a stirred solution of ynone XXX (100 mg, 1.0 equiv.) (Intended xanthone core) and
H20 (1000 equiv.) in MeCN (0.01 M) at 23 °C was added triethylamine (10 equiv.). After 1
hour, the reaction mixture was diluted with EtOAc (20 mL), dried twice over Na:SOs4, and
concentrated in vacuo to give crude aldehyde as an amber oil. The crude aldehyde was taken up
in MeCN (0.1 M) before adding ynone XXX (1.0 equiv.) (Intended chromone core) and
triethylamine (2 equiv.) at 23 °C. After 16 hours, the reaction mixture was concentrated in vacuo
to give a dark amber oil. The crude material was purified via silica gel column chromatography

(5:2:1 CH2ClL2:EtOAc:hexanes) to give pure protected vinaxanthone analog XXX.

General Procedure B for Ynone Coupling

To a stirred solution of ynone XXX (100 mg, 1.0 equiv.) in MeCN (0.1 M) at 23 °C was
added a 1.0 M solution of H20 in MeCN (0.5 equiv.) and triethylamine (10 equiv.). After 16
hours, the reaction mixture was concentrated in vacuo to give a dark amber residue. The crude
material was purified via silica gel column chromatography (5:2:1 CH2Cl2:EtOAc:hexanes) to

give pure protected vinaxanthone analog XXX.
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93

tert-butyl 5,7-diacetyl-6-(5-(tert-butoxycarbonyl)-7-(methoxymethoxy)-4-0x0-6-
(pivaloyloxy)-4 H-chromen-3-yl)-3-(methoxymethoxy)-9-oxo0-2-(pivaloyloxy)-9H-xanthene-
1-carboxylate (184)

Following general procedure B for ynone coupling, ynone 93 (100 mg, 0.212 mmol, 1.0
equiv.) gave pure protected vinaxanthone 184 (87 mg, 0.092 mmol, 87%) as a white-tan solid

(m.p. 224-225 °C).

Ry = 0.68 (silica gel, 5:2:1 CH2ClL:EtOAc:hexanes); "H-NMR (400 MHz, CDCl:): § 8.62 (bs,
1H), 7.84 (bs, 1H), 7.22 (s, 1H), 7.18 (s, 1H), 5.27 (s, 2H), 5.26 (s, 2H), 3.47 (s, 3H), 3.46 (s,
3H), 2.65 (bs, 3H), 2.41 (bs, 3H), 1.68 (s, 9H), 1.58 (s, 9H), 1.39 (s, 9H), 1.37 (s, 9H); "*C-NMR
(125 MHz, CDCls): § 201.3, 198.8, 175.4 (2 signals), 173.3 (2 signals), 163.4, 163.3, 155.1,
154.6, 154.5, 154.0, 153.5, 152.6, 136.4 (2 signals), 135.9, 133.9, 132.3, 128.9, 128.2, 126.8,
121.2, 120.7, 115.0, 112.7, 103.9, 103.6, 94.7, 94.6, 83.3, 82.8, 56.7, 56.5, 39.2, 39.1, 32.5, 29.6,
28.1, 28.0, 27.2, 27.1; IR (film, cm™): 1763, 1735 1460, 1264, 1157; HRMS (ESI) calc. for
CsoHssNaO1s [M+Na]": 967.33589, obs. 967.33632.

105



AN

0 1. Ho0, Et;N
+BuO,C O MeCN, 23 °C
. Me
PivO _—
| 2.193, Et;N
HOMO o MeCN, 23 °C

23%

93

tert-butyl 5,7-diacetyl-6-(6,7-bis(methoxymethoxy)-4-o0xo0-4 H-chromen-3-yl)-3-
(methoxymethoxy)-9-oxo-2-(pivaloyloxy)-9H-xanthene-1-carboxylate (222)

Following general procedure A for ynone coupling, ynone 93 (100 mg, 0.212 mmol, 1.0
equiv.) and ynone 193 (70 mg, 0.212 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
222 (39 mg, 0.049 mmol, 23%) as a yellow solid (m.p. 116-118 °C). Protected vinaxanthone
analogs 227 (48 mg, 0.051 mmol, 46%) and 184 (65 mg, 0.097 mmol, 24%) were also isolated.

Ry = 0.51 (silica gel, 5:2:1 CH2ClL:EtOAc:hexanes); "H-NMR (400 MHz, CDCl:): § 8.67 (bs,
1H), 7.98 (s, 1H), 7.84 (bs, 1H), 7.26 (s, 1H), 7.22 (s, 1H), 5.39 (s, 2H), 5.35 (s, 2H), 5.26 (s,
2H), 3.57 (s, 3H), 3.56 (s, 3H), 3.47 (s, 3H), 2.67 (bs, 3H), 2.42 (bs, 3H), 1.58 (s, 9H), 1.37 (s,
9H); “C-NMR (125 MHz, CDCL): & 201.8, 199.0, 175.5, 174.5, 173.5, 163.4, 155.2, 154.2,
153.9, 153.6, 153.1, 152.3, 145.1, 136.4, 134.1, 131.8, 128.2, 126.9, 121.4, 120.6, 115.8, 115.1,
111.4, 110.5, 103.9, 103.8, 95.7, 95.2, 94.7, 82.8, 56.7, 56.6, 56.5, 39.2, 32.5, 28.9, 28.2, 27.3;
IR (film, cm™): 1654, 1459, 1268, 1156, 1092; HRMS (ESI) calc. for Cx2H4NaO1s [M+Na]':
827.25220, obs. 827.25320.
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93

tert-butyl 5,7-diacetyl-3-(methoxymethoxy)-6-(6-(methoxymethoxy)-4-oxo-4 H-chromen-3-
yl)-9-ox0-2-(pivaloyloxy)-9H-xanthene-1-carboxylate (223)

Following general procedure A for ynone coupling, ynone 93 (100 mg, 0.212 mmol, 1.0
equiv.) and ynone 195 (58 mg, 0.212 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
223 (93 mg, 0.069 mmol, 44%) as a yellow solid (m.p. 144-145 °C). Protected vinaxanthone
analogs 233 (23 mg, 0.042 mmol, 20%) and 184 (24 mg, 0.025 mmol, 12%) were also isolated.

Ry = 0.64 (silica gel, 5:2:1 CH2ClL:EtOAc:hexanes); "H-NMR (400 MHz, CDCl:): § 8.68 (bs,
1H), 7.92 (d, J = 2.4 Hz, 1H), 7.85 (bs, 1H), 7.46 (d, J = 2.4 Hz, 1H), 7.45 (s, 1H), 7.23 (s, 1H),
5.29 (s, 2H), 5.26 (s, 2H), 3.53 (s, 3H), 3.47 (s, 3H), 2.65 (bs, 3H), 2.42 (bs, 3H), 1.58 (s, 9H),
1.37 (s, 9H); "C-NMR (150 MHz, CDCl): § 201.7, 198.8, 175.5, 174.8, 173.4, 163.4, 163.2,
157.3, 155.2, 154.0, 153.5, 153.2, 136.4, 136.2, 134.1, 132.1, 128.4, 128.2, 127.0, 121.4, 121.1,
116.2, 115.3, 115.0, 103.9, 103.2, 94.7, 94.4, 82.8, 56.6, 56.5, 39.2, 32.5, 28.8, 28.1, 27.2; IR
(film, cm™): 1651,1485, 1455, 1263, 1156, 1094; HRMS (ESI) calc. for CsHsoNaO1ws [M+Na]':
767.23103, obs. 767.23051.
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93

tert-butyl 5,7-diacetyl-3-(methoxymethoxy)-6-(7-(methoxymethoxy)-4-oxo-4 H-chromen-3-
yl)-9-0x0-2-(pivaloyloxy)-9H-xanthene-1-carboxylate (224)

Following general procedure A for ynone coupling, ynone 93 (100 mg, 0.212 mmol, 1.0
equiv.) and ynone 196 (58 mg, 0.212 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
224 (88 mg, 0.119 mmol, 56%) as a pale off-white solid (m.p. 138-139 °C). Protected
vinaxanthone analogs 239 (45 mg, 0.083 mmol, 39%) and 184 (20 mg, 0.021 mmol, 10%) were

also isolated.

Ry = 0.65 (silica gel, 5:2:1 CHClL:EtOAc:hexanes); "H-NMR (500 MHz, CDCl:): § 8.64 (bs,
1H), 8.24 (d, J = 8.8 Hz, 1H), 7.84 (bs, 1H), 7.21 (s, 1H), 7.09 (d, /= 2.3 Hz, 1H), 7.06 (dd, J =
8.8, 2.3 Hz, 1H), 5.28 (s, 2H), 5.24 (s, 2H), 3.50 (s, 3H), 3.45 (s, 3H), 2.65 (bs, 3H), 2.41 (bs,
3H), 1.56 (s, 9H), 1.36 (s, 9H); "C-NMR (125 MHz, CDCls): § 201.6, 198.8, 175.4, 174.7,
173.4, 163.3, 163.1, 157.3, 155.1, 153.9, 153.5, 153.1, 136.4, 136.0, 134.1, 132.1, 128.4, 128.1,
126.9, 121.3, 121.0, 116.2, 115.3, 115.0, 103.9, 103.1, 94.7, 94.4, 82.7, 56.5 (2 signals), 39.1,
32.4, 28.8, 28.1, 27.2; IR (film, cm™): 1620, 1460, 1262, 1158, 1096; HRMS (ESI) calc. for
Ca0H«NaO14 [M+Na]": 767.23103, obs. 767.23148.

108



0 1. H,0, Et;N

tBuO,C O MeCN, 23 °C
" ,
PiVO z Me
| 2.189, Et;N
MOMO o MeCN, 23 °C

79%

93

tert-butyl 5,7-diacetyl-3-(methoxymethoxy)-9-0x0-6-(4-0x0-4 H-chromen-3-yl)-2-
(pivaloyloxy)-9H-xanthene-1-carboxylate (225)

Following general procedure A for ynone coupling, ynone 93 (100 mg, 0.212 mmol, 1.0
equiv.) and ynone 189 (45 mg, 0.212 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
225 (114 mg, 0.167 mmol, 79%) as a pale off-white solid (m.p. 160-162 °C). Protected
vinaxanthone analogs 183 (18 mg, 0.042 mmol, 20%) and 184 (6 mg, 6.35 pmol, 3%) were also

isolated.

Rr = 0.73 (silica gel, 5:2:1 CH2Cl:EtOAc:hexanes); "H-NMR (400 MHz, CDClL): § 8.69 (bs,
1H), 8.36 (dd, /=7.9, 1.7 Hz, 1H), 7.86 (bs, 1H), 7.79 (ddd, /= 8.9, 7.9, 1.7 Hz, 1H), 7.49 (dd, J
=79, 1.7 Hz, 1H), 7.47 (ddd, J = 8.9, 7.9, 1.7 Hz, 1H), 7.23 (s, 1H), 5.26 (s, 2H), 3.47 (s, 3H),
2.68 (bs, 3H), 2.43 (bs, 3H), 1.58 (s, 9H), 1.37 (s, 9H); "C-NMR (125 MHz, CDClL): &§ 201.5,
198.8, 175.7, 175.5, 173.4, 163.4, 155.7, 155.2, 154.0, 153.6, 153.2, 136.4, 136.1, 135.6, 134.3,
132.6, 128.2,127.0, 126.9, 125.1, 121.7, 121.3, 121.0, 118.1, 115.0, 103.9, 94.7, 82.8, 56.6, 39.2,
32.4,28.9, 28.1, 27.2; IR (film, cm™): 1654, 1460, 1262, 1157, 1093; HRMS (ESI) calc. for
C3sH3sNaOi2 [M+Na]": 707.20990, obs. 707.20993.
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193
tert-butyl 3-(2,4-diacetyl-6,7-bis(methoxymethoxy)-9-o0x0-9H-xanthen-3-yl)-7-
(methoxymethoxy)-4-0x0-6-(pivaloyloxy)-4 H-chromene-5-carboxylate (226)

Following general procedure A for ynone coupling, ynone 193 (100 mg, 0.301 mmol, 1.0
equiv.) and ynone 93 (142 mg, 0.301 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
226 (90 mg, 0.166 mmol, 55%) as a yellow solid (m.p. 152-154 °C). Protected vinaxanthone 184
(68 mg, 0.072 mmol, 24%) was also isolated.

Rr = 0.49 (silica gel, 5:2:1 CH2ClL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCL): § 8.68 (s,
1H), 7.83 (s, 1H), 7.82 (s, 1H), 7.26 (s, 1H), 7.19 (s, 1H), 5.37 (s, 2H), 5.32 (d, /=11 Hz, 1H),
530 (d,J=11Hz, 1H), 5.28 (d, J =11 Hz, 1H), 5.26 (d, J = 11 Hz, 1H), 3.54 (s, 3H), 3.53 (s,
3H), 3.47 (s, 3H), 2.64 (s, 3H), 2.45 (s, 3H), 1.69 (s, 9H), 1.39 (s, 9H); "C-NMR (150 MHz,
CDCl): & 201.3, 199.3, 175.5, 174.6, 173.4, 163.5, 154.7, 154.6, 153.9, 152.9, 152.7, 145.6,
136.3, 135.9, 133.9, 133.3, 129.0, 127.4, 122.1, 120.7, 118.1, 112.8, 110.6, 104.1, 103.9, 103.8,
103.7, 95.6, 95.1, 94.8, 83.3, 56.7, 56.5, 39.2, 32.4, 28.9, 28.2, 27.3; IR (film, cm™): 1458, 1155,
1090; HRMS (ESI) calc. for C2HsNaOis [M+Na]'": 827.25220, obs. 827.25350.
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1,1'-(3-(6,7-bis(methoxymethoxy)-4-0x0-4 H-chromen-3-yl)-6,7-bis(methoxymethoxy)-9-oxo-
9H-xanthene-2,4-diyl)bis(ethan-1-one) (227)

Following general procedure B for ynone coupling, ynone 193 (100 mg, 0.301 mmol, 1.0

equiv.) gave pure protected vinaxanthone analog 227 (52 mg, 0.078 mmol, 52%) as a yellow

solid (m.p. 144-146 °C).

Rr = 0.24 (silica gel, 5:2:1 CH2Cl:EtOAc:hexanes); '"H-NMR (400 MHz, CDCL): § 8.72 (s,
1H), 7.98 (s, 1H), 7.83 (s, 1H), 7.81 (s, 1H), 7.26 (s, 1H), 7.23 (s, 1H), 5.38 (s, 2H), 5.37 (s, 2H),
5.35 (s, 2H), 5.32 (d, J = 11 Hz, 2H), 5.31 (d, J = 11 Hz, 2H), 3.56 (s, 3H), 3.54 (s, 3H), 3.54 (s,
3H), 2.66 (s, 3H), 2.46 (s, 3H); "C-NMR (125 MHz, CDCL): § 201.6, 199.2, 174.7, 174.5,
154.2, 153.8, 153.1, 152.9 (2 signals), 152.3, 145.6, 145.1, 135.8, 134.1, 132.8, 127.4, 121.2,
120.6, 118.1, 115.8, 111.4, 110.6, 104.1, 103.8, 95.7, 95.6, 95.2, 95.1, 56.7, 56.5, (3 signals),
32.4, 28.9; IR (film, cm™): 1618, 1497, 1458, 1269, 1154; HRMS (ESI) calc. for C3H::NaO14
[M+Na]": 687.16840, obs. 687.16970.
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1,1'-(6,7-bis(methoxymethoxy)-3-(6-(methoxymethoxy)-4-oxo-4 H-chromen-3-yl)-9-oxo0-9 H-
xanthene-2,4-diyl)bis(ethan-1-one) (228)

Following general procedure A for ynone coupling, ynone 193 (100 mg, 0.301 mmol, 1.0
equiv.) and ynone 195 (82 mg, 0.301 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
228 (64 mg, 0.105 mmol, 35%) as a yellow solid (m.p. 134-135 °C). Protected vinaxanthone
analog 233 (43 mg, 0.078 mmol, 26%) was also isolated.

Rr = 0.39 (silica gel, 5:2:1 CH2Cl:EtOAc:hexanes); '"H-NMR (400 MHz, CDCL): § 8.73 (s,
1H), 7.93 (d, J=2.7 Hz, 1H), 7.83 (s, 1H), 7.82 (s, 1H), 7.46 (d, J=2.7 Hz, 1H), 7.45 (d, J=0.7
Hz, 1H), 7.27 (s, 1H), 5.37 (s, 2H), 5.33 (d, /=11 Hz, 1H), 5.31 (d, /=11 Hz, 1H), 5.29 (s, 2H),
3.55 (s, 3H), 3.54 (s, 3H), 3.53 (s, 3H), 2.66 (s, 3H), 2.46 (s, 3H); "C-NMR (125 MHz, CDCl):
6 201.5, 199.2, 175.5, 174.6, 154.3, 153.9, 153.2, 152.9 (2 signals), 151.0, 145.6, 135.9, 134.3,
133.4,127.5,125.9, 122.3, 121.1, 120.3, 119.5, 118.2, 110.8, 110.6, 104.1, 95.6, 95.2, 94.9, 56.6
(2 signals), 56.3, 32.3, 28.9; IR (film, cm™): 1485, 1456, 1267, 1154; HRMS (ESI) calc. for
C32H2sNaO12 [M+Na]": 627.14730, obs. 627.14810.
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1,1'-(6,7-bis(methoxymethoxy)-3-(7-(methoxymethoxy)-4-oxo-4 H-chromen-3-yl)-9-oxo0-9 H-
xanthene-2,4-diyl)bis(ethan-1-one) (229)

Following general procedure A for ynone coupling, ynone 193 (100 mg, 0.301 mmol, 1.0
equiv.) and ynone 196 (82 mg, 0.301 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
229 (84 mg, 0.138 mmol, 46%) as a yellow solid (m.p. 210-212 °C). Protected vinaxanthone

analog 239 (44 mg, 0.081 mmol, 27%) was also isolated.

Rr = 0.35 (silica gel, 5:2:1 CH2ClL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCL:): § 8.72 (s,
1H), 8.28 (d, J = 8.9 Hz, 1H), 7.82 (s, 1H), 7.81 (s, 1H), 7.26 (s, 1H), 7.11 (s, 1H), 7.08 (d, J =
1.7 Hz, 1H), 5.37 (s, 2H), 5.32 (d, /=11 Hz, 1H), 5.31 (d, /= 11 Hz, 1H), 5.30 (s, 2H), 3.54 (s,
3H), 3.53 (s, 3H), 3.52 (s, 3H), 2.65 (s, 3H), 2.46 (s, 3H); "C-NMR (125 MHz, CDCL:): § 201.5,
199.2, 174.8, 174.6, 163.2, 157.4, 153.9, 153.3, 152.9 (2 signals), 145.6, 136.0, 134.1, 133.1,
128.5,127.4, 121.1 (2 signals), 118.2, 116.3, 115.3, 110.6, 104.1, 103.2, 95.6, 95.1, 94.4, 56.5 (3
signals), 32.4, 28.9; IR (film, cm™): 1642, 1621, 1456, 1262, 1155; HRMS (ESI) calc. for

C32H2sNaO12 [M+Na]": 627.14730, obs. 627.14770.
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1,1'-(6,7-bis(methoxymethoxy)-9-0x0-3-(4-0x0-4 H-chromen-3-yl)-9H-xanthene-2,4-
diyl)bis(ethan-1-one) (230)

Following general procedure A for ynone coupling, ynone 193 (100 mg, 0.301 mmol, 1.0
equiv.) and ynone 189 (64 mg, 0.301 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
230 (82 mg, 0.150 mmol, 50%) as a yellow solid (m.p. 230-232 °C). Vinaxanthone analog 183
(33 mg, 0.078 mmol, 26%) was also isolated.

Ry = 0.41 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.73 (s,
1H), 8.37 (dd, J = 8.6, 1.7 Hz, 1H), 7.83 (s, 1H), 7.82 (s, 1H), 7.79 (ddd, J = 8.6, 7.2, 1.7 Hz,
1H), 7.50 (d, J= 6.5 Hz, 1H), 7.46 (ddd, /= 8.6, 7.2, 1.7 Hz, 1H), 7.27 (s, 1H), 5.37 (s, 2H), 5.33
(d, /=11 Hz, 1H), 5.31 (d, J= 11 Hz, 1H), 3.54 (s, 3H), 3.53 (s, 3H), 2.66 (s, 3H), 2.47 (s, 3H);
“C-NMR (125 MHz, CDCL): § 201.4, 199.1, 175.7, 174.6, 155.7, 153.9, 153.2, 152.9 (2
signals), 145.6, 136.1, 135.6, 134.3, 133.6, 127.4, 126.9, 125.1, 121.7, 121.1, 121.0, 118.1 (2
signals), 110.6, 104.1, 95.6, 95.1, 56.5 (2 signals), 32.3, 28.9; IR (film, cm™): 1642, 1605, 1461,
1266, 1154; HRMS (ESI) calc. for C30H24NaO1 [M+Na]": 567.12620, obs. 567.12720.
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1. H201 Et3N MOMO
o MeCN, 23 °C
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‘ 2.93, Et;N
MeCN, 23 °C

67%

195

tert-butyl 3-(2,4-diacetyl-7-(methoxymethoxy)-9-o0xo0-9 H-xanthen-3-yl)-7-
(methoxymethoxy)-4-oxo0-6-(pivaloyloxy)-4 H-chromene-5-carboxylate (231)

Following general procedure A for ynone coupling, ynone 195 (100 mg, 0.367 mmol, 1.0
equiv.) and ynone 93 (174 mg, 0.367 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
231 (183 mg, 0.246 mmol, 67%) as a yellow solid (m.p. 120-122 °C). Protected vinaxanthone
analogs 184 (42 mg, 0.044 mmol, 12%) and 233 (30 mg, 0.055 mmol, 15%) were also isolated.

Ry = 0.67 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.69 (s,
1H), 7.87 (s, 1H), 7.77 (d, J = 2.7 Hz, 1H), 7.46 (d, J = 9.2 Hz, 1H), 7.42 (dd, J=9.2, 2.7 Hz,
1H), 7.20 (s, 1H), 5.27 (bs, 2H), 5.26 (d, J =12 Hz, 1H), 5.24 (d, J = 12 Hz, 1H), 3.50 (s, 3H),
3.47 (s, 3H), 2.65 (s, 3H), 2.45 (s, 3H), 1.69 (s, 9H), 1.40 (s, 9H); *C-NMR (150 MHz, CDCl:):
§ 201.3, 199.2, 175.5, 175.3, 173.3, 163.5, 154.7, 154.6, 154.5, 154.3, 152.7, 151.8, 136.1,
135.9, 134.0, 133.1, 128.9, 127.5, 124.8, 124.4, 120.9, 120.7, 119.7, 112.7, 109.9,. 103.7, 94.8,
94.7, 83.4,56.7, 56.3,39.2,32.4,28.9,28.2, 27.3; IR (film, cm™): 1483, 1369, 1267, 1155, 1098;
HRMS (ESI) calc. for C4H4NaO14 [M+Na]": 767.00000, obs. 767.00000.
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MeCN, 23 °C
32%

MOMO

O
195

1,1'-(3-(6,7-bis(methoxymethoxy)-4-0x0-4 H-chromen-3-yl)-7-(methoxymethoxy)-9-oxo-9 H-
xanthene-2,4-diyl)bis(ethan-1-one) (232)

Following general procedure A for ynone coupling, ynone 195 (100 mg, 0.367 mmol, 1.0
equiv.) and ynone 193 (122 mg, 0.367 mmol, 1.0 equiv.) gave pure protected vinaxanthone
analog 232 (71 mg, 0.118 mmol, 32%) as a yellow solid (m.p. 180-181 °C). Protected
vinaxanthone analogs 227 (93 mg, 0.140 mmol, 38%) and 233 (52 mg, 0.095 mmol, 26%) were

also isolated.

Ry = 0.41 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCLs): § 8.74 (s,
1H), 7.99 (s, 1H), 7.87 (s, 1H), 7.77 (d, J = 2.7 Hz, 1H), 7.45 (d, J = 2.7 Hz, 1H), 7.40 (dd, J =
8.9,2.7 Hz, 1H), 7.23 (s, 1H), 5.39 (s, 2H), 5.36 (s, 2H), 5.26 (d, /=12 Hz, 1H), 5.24 (d, J= 13
Hz, 1H), 3.57 (s, 3H), 3.56 (s, 3H), 3.51 (s, 3H), 2.66 (s, 3H), 2.46 (s, 3H); "C-NMR (125 MHz,
CDCl): 6 201.6, 199.2, 175.4, 174.5, 154.6, 154.2, 153.2, 152.3, 151.8, 145.1, 135.7, 134.2,
132.7, 127.5, 124.7, 124.4, 121.0, 120.6, 119.7, 119.4, 115.9, 111.4, 109.9, 103.8, 95.7, 95.2,
94.7,56.7, 56.5, 56.3, 32.4, 28.9; IR (film, cm™): 1483, 1461, 1272, 1153; HRMS (ESI) calc. for
Cx»H2sNaOi2 [M+Na]": 627.14730, obs. 627.14630.
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MOMO
MOMO

195

1,1'-(7-(methoxymethoxy)-3-(6-(methoxymethoxy)-4-o0xo0-4 H-chromen-3-yl)-9-0x0-9H-
xanthene-2,4-diyl)bis(ethan-1-one) (233)

Following general procedure B for ynone coupling, ynone 195 (100 mg, 0.367 mmol, 1.0

equiv.) gave pure protected vinaxanthone analog 233 (56 mg, 0.103 mmol, 56%) as a pale

yellow solid (m.p. 168-169 °C).

Ry = 0.53 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.75 (s,
1H), 7.94 (d, J = 2.4 Hz, 1H), 7.88 (s, 1H), 7.77 (d, J = 2.7 Hz, 1H), 7.48 (dd, J = 8.9, 2.4 Hz,
1H), 7.47 (dd, J = 8.9, 2.7 Hz, 1H), 7.41 (d, J = 2.4 Hz, 1H), 7.39 (d, J = 2.7 Hz, 1H), 5.29 (s,
2H), 5.26 (d, J = 12 Hz, 1H), 5.24 (d, J = 12 Hz, 1H), 3.53 (s, 3H), 3.50 (s, 3H), 2.67 (s, 3H),
2.47 (s, 3H); "C-NMR (100 MHz, CDCl:): § 201.5, 199.1, 175.5, 175.4, 154.6, 154.2 (2
signals), 153.2, 151.8, 150.9, 135.7, 134.3, 133.2, 127.6, 125.9, 124.8, 124.4, 122.2, 120.9,
120.3, 119.7, 119.5, 110.7, 109.8, 94.8, 94.7, 56.3 (2 signals), 32.3, 28.9; IR (film, cm™): 1652,
1620, 1439, 1254, 1155; HRMS (ESI) calc. for Cs2HasNaOi2 [M+Na]: 627.14730, obs.
627.14630.
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AN

MOMO

195

234

1,1'-(7-(methoxymethoxy)-3-(7-(methoxymethoxy)-4-o0x0-4 H-chromen-3-yl)-9-0x0-9H-
xanthene-2,4-diyl)bis(ethan-1-one) (234)

Following general procedure A for ynone coupling, ynone 195 (100 mg, 0.367 mmol, 1.0
equiv.) and ynone 196 (100 mg, 0.367 mmol, 1.0 equiv.) gave pure protected vinaxanthone
analog 234 (90 mg, 0.165 mmol, 45%) as a yellow solid (m.p. 190-192 °C). Protected
vinaxanthone analogs 239 (8 mg, 0.015 mmol, 4%) and 233 (8 mg, 0.015 mmol, 4%) were also

isolated.

Rr = 0.53 (silica gel, 5:2:1 CH2Cl:EtOAc:hexanes); '"H-NMR (400 MHz, CDCL): § 8.74 (s,
1H), 8.29 (d, J= 8.6 Hz, 1H), 7.87 (s, 1H), 7.77 (d, J= 2.7 Hz, 1H), 7.45 (s, 1H), 7.40 (d, J= 2.7
Hz, 1H), 7.10 (d, J= 8.6 Hz, 1H), 7.09 (s, 1H), 5.30 (s, 2H), 5.26 (d, /= 12 Hz, 1H), 5.24 (d, J =
13 Hz, 1H), 3.52 (s, 3H), 3.50 (s, 3H), 2.66 (s, 3H), 2.47 (s, 3H); *C-NMR (100 MHz, CDC):
6 201.5, 199.1, 175.4, 174.7, 163.2, 157.3, 154.6, 154.2, 153.3, 151.7, 135.8, 134.2, 133.0,
128.4,127.5,124.7,124.4,121.1, 120.9, 119.7, 116.2, 115.4, 109.8, 103.2, 94.6, 94.4, 56.5, 56.3,
32.4,28.9; IR (film, cm™): 16.53, 1643, 1619, 1483, 1153; HRMS (ESI) calc. for C3H2sNaOo
[M+Na]": 567.12617, obs. 567.12662.
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MeCN, 23 °C
40%

195

1,1'-(7-(methoxymethoxy)-9-0x0-3-(4-0x0-4 H-chromen-3-yl)-9H-xanthene-2,4-
diyl)bis(ethan-1-one) (235)

Following general procedure A for ynone coupling, ynone 195 (100 mg, 0.367 mmol, 1.0
equiv.) and ynone 189 (78 mg, 0.367 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
235 (71 mg, 0.147 mmol, 40%) as a yellow solid (m.p. 269-270 °C). Protected vinaxanthone
analogs 183 (31 mg, 0.073 mmol, 20%) and 233 (36 mg, 0.066 mmol, 18%) were also isolated.

Rr = 0.54 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCL): § 8.76 (s,
1H), 8.38 (dd, J=9.6, 1.7 Hz, 1H), 7.88 (s, 1H), 7.79 (s, 1H), 7.77 (d, J = 1.7 Hz, 1H), 7.50 (d, J
=8.6 Hz, 1H), 7.43 (d, /=9.2 Hz, 1H), 7.42 (d, /= 2.4 Hz, 1H), 7.39 (d, /= 2.4 Hz, 1H), 5.26 (,
J=12Hz, 1H), 5.24 (d, J = 12 Hz, 1H), 3.50 (s, 3H), 2.66 (s, 3H), 2.48 (s, 3H); "C-NMR (125
MHz, CDCL): 6 201.4, 199.1, 175.7, 175.4, 155.7, 154.7, 154.3, 153.3, 151.8, 136.0, 135.7,
134.4, 133.5, 127.6, 126.9, 125.2, 124.8, 124.4, 121.7, 121.0, 120.9, 119.7, 118.1, 109.9, 94.7,
56.3,32.3,28.9; IR (film, cm™): 1638, 1485, 1465; HRMS (ESI) calc. for C2sH20NaOs [M+Na]":
508.10840, obs. 508.10840.
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MeCN, 23 °C
MOMO o) 6%

196

tert-butyl 3-(2,4-diacetyl-6-(methoxymethoxy)-9-oxo0-9 H-xanthen-3-yl)-7-
(methoxymethoxy)-4-ox0-6-(pivaloyloxy)-4 H-chromene-5-carboxylate (236)

Following general procedure A for ynone coupling, ynone 196 (100 mg, 0.367 mmol, 1.0
equiv.) and ynone 93 (174 mg, 0.367 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
236 (82 mg, 0.169 mmol, 46%) as a pale yellow solid (m.p. 148-149 °C). Protected vinaxanthone
analogs 184 (153 mg, 0.162 mmol, 44%) and 239 (50 mg, 0.092 mmol, 25%) were also isolated.

Ry = 0.51 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.68 (s,
1H), 8.13 (d, J = 8.7 Hz, 1H), 7.82 (s, 1H), 7.19 (s, 1H), 7.11 (d, J = 2.4 Hz, 1H), 7.08 (dd, J =
8.7,2.4 Hz, 1H), 5.29 (s, 2H), 5.25 (d, J =12 Hz, 1H), 5.26 (d, J= 12 Hz, 1H), 3.51 (s, 3H), 3.47
(s, 3H), 2.64 (s, 3H), 2.45 (s, 3H), 1.69 (s, 9H), 1.39 (s, 9H); “C-NMR (125 MHz, CDCL): §
201.2, 199.1, 175.5, 174.9, 173.3, 163.5, 161.9, 157.9, 154.7, 154.6, 154.1, 152.7, 136.3, 135.9,
133.9, 133.1, 129.0, 127.7, 127.4, 121.6, 120.7, 118.3, 115.9, 112.7, 103.7, 103.4, 94.8, 94.3,
83.3, 56.7, 56.4, 39.2, 32.4, 28.9, 28.2, 27.3; IR (film, cm™): 1615, 1463, 1252, 1156, 1091;
HRMS (ESI) calc. for C4H4NaO14 [M+Na]": 767.23103, obs. 767.23034.
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196

1,1'-(3-(6,7-bis(methoxymethoxy)-4-0x0-4 H-chromen-3-yl)-6-(methoxymethoxy)-9-oxo-9 H-
xanthene-2,4-diyl)bis(ethan-1-one) (237)

Following general procedure A for ynone coupling, ynone 196 (100 mg, 0.367 mmol, 1.0
equiv.) and ynone 193 (122 mg, 0.367 mmol, 1.0 equiv.) gave pure protected vinaxanthone
analog 237 (80 mg, 0.165 mmol, 45%) as a yellow solid (m.p. 84-85 °C). Protected vinaxanthone
analogs 227 (127 mg, 0.191 mmol, 52%) and 239 (6 mg, 0.011 mmol, 3%) were also isolated.

Ry = 0.33 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.73 (s,
1H), 8.13 (d, J = 8.9 Hz, 1H), 7.99 (s, 1H), 7.81 (s, 1H), 7.23 (s, 1H), 7.11 (d, J = 2.4 Hz, 1H),
7.08 (dd, J = 8.9, 2.4, 1H), 5.38 (s, 2H), 5.35 (s, 2H), 5.28 (s, 2H), 3.56 (s, 3H), 3.57 (s, 3H),
3.51 (s, 3H), 2.66 (s, 3H), 2.46 (s, 3H); “C-NMR (125 MHz, CDCLs): & 201.6, 199.1, 175.1,
174.5, 161.9. 158.0, 154.2, 154.0, 153.2, 152.3, 145.1, 135.8, 134.1, 132.6, 127.8, 127.4, 121.7,
120.6, 118.4, 115.9 (2 signals), 111.4, 103.8, 103.4, 95.7, 95.2, 94.3, 56.7, 56.5, 56.5, 32.4, 28.9;
IR (film, cm™): 1619, 1440, 1270, 1254, 1155; HRMS (ESI) calc. for C32H2NaO12 [M+Na]:

627.14730, obs. 627.14850.
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MOMO O 44%

196

1,1'-(6-(methoxymethoxy)-3-(6-(methoxymethoxy)-4-0x0-4 H-chromen-3-yl)-9-0x0-9H-
xanthene-2,4-diyl)bis(ethan-1-one) (238)

Following general procedure A for ynone coupling, ynone 196 (100 mg, 0.367 mmol, 1.0
equiv.) and ynone 195 (100 mg, 0.367 mmol, 1.0 equiv.) gave pure protected vinaxanthone
analog 238 (88 mg, 0.162 mmol, 44%) as a yellow solid (m.p. 107-109 °C). Protected
vinaxanthone analogs 233 (12 mg, 0.022 mmol, 6%) and 239 (8 mg, 0.015 mmol, 4%) were also

isolated.

Rr = 0.42 (silica gel, 5:2:1 CH2ClL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCL): § 8.74 (s,
1H), 8.13 (d, J = 8.9 Hz, 1H), 7.93 (d, J = 2.1 Hz, 1H), 7.83 (s, 1H), 7.46 (d, J = 8.9 Hz, 1H),
7.45 (s, 1H), 7.12 (s, 1H), 7.09 (dd, J = 8.9, 2.1 Hz, 1H), 5.29 (s, 2H) (2 signals), 3.53 (s, 3H),
2.46 (s, 3H), 2.66 (s, 3H), 2.46 (s, 3H); "C-NMR (100 MHz, CDCl:): § 201.4, 199.1, 175.5,
175.0, 161.9, 157.9, 154.2, 154.0, 153.1, 150.9, 135.8, 134.2, 133.2, 127.7, 127.5, 125.9, 122.2,
121.6,120.3,119.4,118.3, 115.9, 110.7, 103.4, 94.8, 94.3, 56.4, 56.3, 32.3, 28.9; IR (film, cm™):
1647, 1620, 1441, 1254, 1155; HRMS (ESI) calc. for C30H24NaO1wn [M+Na]": 568.12620, obs.
568.12660.
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196

1,1’-(6-(methoxymethoxy)-3-(7-(methoxymethoxy)-4-0xo0-4 H-chromen-3-yl)-9-oxo0-9 H-
xanthene-2,4-diyl)bis(ethan-1-one) (239)

Following general procedure B for ynone coupling, ynone 196 (100 mg, 0.367 mmol, 1.0
equiv.) gave pure protected vinaxanthone analog 239 (24 mg, 0.44 mmol, 24%) as a pale yellow

solid (m.p. 215-216 °C).

Ry = 0.50 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.73 (s,
1H), 8.29 (d, J = 9.2 Hz, 1H), 8.13 (d, J = 8.9 Hz, 1H), 7.82 (s, 1H), 7.12 (d, J = 2.1 Hz, 1H),
7.11 (dd, J = 9.2, 2.1 Hz, 1H), 7.10 (d, J = 2.4 Hz, 1H), 7.09 (dd, J = 8.9, 2.4 Hz, 1H), 5.31 (s,
2H), 5.29 (s, 2H), 3.52 (s, 3H), 3.51 (s, 3H), 2.66 (s, 3H), 2.47 (s, 3H); "C-NMR (100 MHz,
CDCl): 6 210.5, 199.1, 175.0, 174.7, 163.1, 161.9, 157.9, 157.3, 154.0, 153.2, 135.8, 134.1,
132.9, 128.4, 127.7, 127.4, 121.6, 121.0, 118.3, 116.2, 115.8, 115.3, 103.3, 103.2, 94.4, 94.3,
56.5, 56.4, 32.4, 28.9; IR (film, cm™): 1684, 1636, 1483, 1153; HRMS (ESI) calc. for
CsoH24NaO1w [M+Na]™: 567.12617, obs. 567.12611.
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196

1,1'-(6-(methoxymethoxy)-9-0x0-3-(4-0x0-4 H-chromen-3-yl)-9H-xanthene-2,4-
diyl)bis(ethan-1-one) (240)

Following general procedure A for ynone coupling, ynone 196 (100 mg, 0.367 mmol, 1.0
equiv.) and ynone 189 (78 mg, 0.367 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
240 (77 mg, 0.158 mmol, 43%) as a white solid (m.p. 269-270 °C). Protected vinaxanthone
analogs 183 (64 mg, 0.151 mmol, 41%) and 239 (44 mg, 0.081 mmol, 22%) were also isolated.

Ry = 0.50 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.75 (s,
1H), 8.39 (d, J = 8.9 Hz, 1H), 8.14 (d, J = 8.9 Hz, 1H), 7.83 (s, 1H), 7.79 (t, J = 7.2 Hz, 1H),
7.50 (d, J = 8.9 Hz, 1H), 7.48 (t, J = 7.2 Hz, 1H), 7.12 (s, 1H), 7.10 (dd, J = 8.9, 2.4 Hz, 1H),
5.29 (s, 2H), 3.52 (s, 3H), 2.66 (s, 3H), 2.48 (s, 3H); "C-NMR (100 MHz, CDCl): § 201.5,
199.1, 175.7, 175.4, 155.7, 154.6, 154.3, 153.3, 151.8, 135.9, 135.7, 134.4, 133.5, 127.6, 126.9,
125.2, 124.8, 124.4, 121.7, 121.0, 120.9, 119.7, 118.1, 109.8, 94.7, 56.3, 32.3, 28.9; IR (film,
cm™): 1670, 1640, 1484, 1466, 1272, 1152; HRMS (ESI) calc. for C2H2NaOs [M+Na]':
507.10504, obs. 507.10564.
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189

tert-butyl 3-(2,4-diacetyl-9-oxo-9 H-xanthen-3-yl)-7-(methoxymethoxy)-4-0x0-6-
(pivaloyloxy)-4H-chromene-5-carboxylate (241)

Following general procedure A for ynone coupling, ynone 189 (100 mg, 0.471 mmol, 1.0
equiv.) and ynone 93 (223 mg, 0.471 mmol, 1.0 equiv.) gave pure protected vinaxanthone analog
241 (177 mg, 0.259 mmol, 55%) as a pale yellow solid (m.p. 191-192 °C). Protected
vinaxanthone analogs 184 (134 mg, 0.141 mmol, 30%) and 183 (66 mg, 0.156 mmol, 33%) were

also isolated.

Ry = 0.64 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.70 (s,
1H), 8.22 (dd, J= 8.4, 1.6 Hz, 1H), 7.90 (s, 1H), 7.73 (ddd, /= 8.4, 6.8, 1.6 Hz, 1H), 7.52 (d, J =
8.4 Hz, 1H), 7.45 (ddd, J = 8.4, 6.8, 1.6 Hz, 1H), 7.20 (s, 1H), 5.28 (s, 2H), 3.47 (s, 3H), 2.66 (s,
3H), 2.46 (s, 3H), 1.69 (s, 9H), 1.39 (s, 9H); "C-NMR (125 MHz, CDCls): § 201.2, 199.0,
175.6, 175.5, 173.3, 163.5, 156.4, 154.7, 154.6, 154.5, 152.8, 136.1, 135.9, 134.2, 134.0, 133.0,
129.0, 127.5, 126.3, 125.6, 123.7, 121.7, 120.8, 118.3, 112.8, 103.7, 94.8, 83.4, 56.7, 39.2, 32.4,
28.8, 28.2, 27.3; IR (film, cm™): 1652, 1464, 1266, 1157, 1091; HRMS (ESI) calc. for
CssH3sNaO12 [M+Na]": 707.20990, obs. 707.20928.
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1,1'-(3-(6,7-bis(methoxymethoxy)-4-0x0-4 H-chromen-3-yl)-9-o0x0-9H-xanthene-2,4-
diyl)bis(ethan-1-one) (242)

Following general procedure A for ynone coupling, ynone 189 (100 mg, 0.471 mmol, 1.0
equiv.) and ynone 193 (157 mg, 0.471 mmol, 1.0 equiv.) gave pure protected vinaxanthone
analog 242 (54 mg, 0.099 mmol, 21%) as a yellow solid (m.p. 184-185 °C). Protected
vinaxanthone analogs 227 (147 mg, 0.221 mmol, 47%) and 183 (88 mg, 0.207 mmol, 44%) were

also isolated.

Ry = 0.43 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (500 MHz, CDCls): § 8.77 (s,
1H), 8.25 (dd, J = 7.9, 1.7 Hz, 1H), 8.02 (s, 1H), 7.93 (s, 1H), 7.75 (ddd, J = 8.9, 7.9, 1.7 Hz,
1H), 7.54 (d, J = 8.9 Hz, 1H), 7.47 (ddd, J = 8.9, 7.9, 1.7 Hz, 1H), 7.30 (s, 1H), 5.42 (d, /= 8.8
Hz, 1H), 5.41 (d, J = 9.0 Hz, 1H), 5.39 (s, 2H), 3.60 (s, 3H), 3.59 (s, 3H), 2.70 (s, 3H), 2.50 (s,
3H); "C-NMR (125 MHz, CDCLs): § 201.5, 199.0, 175.7, 174.4, 156.4, 154.3, 154.2, 153.2,
152.2, 145.1, 135.6, 134.2, 132.5, 127.5, 126.3, 125.5, 123.7, 121.8, 120.6, 118.3 (2 signals),
115.8, 111.4, 103.8, 95.6, 95.2, 56.7, 56.5, 32.4, 28.8; IR (film, cm™): 1651, 1617, 1462, 1154;
HRMS (ESI) calc. for C30H24NaO1 [M+Na]": 567.12620, obs. 567.12560.
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1,1'-(3-(6-(methoxymethoxy)-4-0x0-4 H-chromen-3-yl)-9-o0x0-9H-xanthene-2,4-
diyl)bis(ethan-1-one) (243)

Following general procedure A for ynone coupling, ynone 189 (100 mg, 0.471 mmol, 1.0
equiv.) and ynone 195 (128 mg, 0.471 mmol, 1.0 equiv.) gave pure protected vinaxanthone

analog 243 (123 mg, 0.254 mmol, 54%) as a pale yellow solid (m.p. 228-229 °C).

Ry = 0.55 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.76 (s,
1H), 8.23 (dd, J=7.9, 1.7 Hz, 1H), 7.94 (d, J = 2.4 Hz, 1H), 7.90 (s, 1H), 7.73 (ddd, J = 8.9, 7.9,
1.7 Hz, 1H), 7.52 (d, /= 8.9 Hz, 1H), 7.47 (d, J = 3.1 Hz, 1H), 7.46 (d, J = 8.9 Hz, 1H), 7.44 (dd,
J =3.1,2.4 Hz, 1H), 5.29 (s, 2H), 3.53 (s, 3H), 2.67 (s, 3H), 2.47 (s, 3H); “C-NMR (100 MHz,
CDCl): 6 201.5, 199.1, 175.7, 175.5, 156.4, 154.4, 154.3, 153.2, 150.9, 135.6, 134.3, 134.2,
133.1, 127.7, 126.3, 126.0, 125.6, 123.7, 122.2, 121.8, 120.4, 119.4, 118.4, 110.7, 94.8, 56.3,
32.3, 28.9; IR (film, cm™): 1652, 1616, 1483, 1464, 1354, 1270; HRMS (ESI) calc. for

C2sH20NaOs [M+Na]": 507.10504, obs. 507.10527.
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189

1,1'-(3-(7-(methoxymethoxy)-4-0x0-4 H-chromen-3-yl)-9-0x0-9H-xanthene-2,4-
diyl)bis(ethan-1-one) (244)

Following general procedure A for ynone coupling, ynone 189 (100 mg, 0.471 mmol, 1.0
equiv.) and ynone 196 (123 mg, 0.471 mmol, 1.0 equiv.) gave pure protected vinaxanthone

analog 244 (48 mg, 0.099 mmol, 21%) as a pale yellow solid (m.p. 198-199 °C).

Ry = 0.52 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.75 (s,
1H), 8.29 (d, /= 8.9 Hz, 1H), 8.23 (dd, J=7.2, 1.7 Hz, 1H), 7.90 (s, 1H), 7.73 (ddd, J = 8.9, 7.2,
1.7 Hz, 1H), 7.52 (d, J = 8.9 Hz, 1H), 7.45 (ddd, J = 8.9, 7.2, 1.7 Hz, 1H), 7.13 (d, J = 2.4 Hz,
1H), 7.10 (dd, J = 8.9, 2.4 Hz, 1H), 5.31 (s, 2H), 3.53 (s, 3H), 2.67 (s, 3H), 2.48 (s, 3H); “C-
NMR (100 MHz, CDCls): 6 201.5, 199.0, 175.7, 174.7, 163.2, 157.3, 156.4, 154.3, 153.3, 135.7,
134.2 (2 signals), 132.8, 128.4, 127.6, 126.3, 125.5, 123.6, 121.7, 121.1, 118.3, 116.2, 115.4,
103.1, 94.3, 56.5, 32.4, 28.8; IR (film, cm™): 1653, 1618, 1466, 1253; HRMS (ESI) calc. for
C2sH20NaOs [M+Na]": 507.10504, obs. 507.10510.
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1,1’-(9-0x0-3-(4-0x0-4 H-chromen-3-yl)-9 H-xanthene-2,4-diyl)bis(ethan-1-one) (183)
Following general procedure B for ynone coupling, ynone 189 (100 mg, 0.471 mmol, 1.0
equiv.) gave pure protected vinaxanthone analog 183 (40 mg, 0.094 mmol, 40%) as a white solid

(m.p. 264 °C (decomp.)).

Ry = 0.58 (silica gel, 5:2:1 CH2CL:EtOAc:hexanes); '"H-NMR (400 MHz, CDCls): § 8.76 (s,
1H), 8.37 (dd, J= 7.8, 1.6 Hz, 1H), 8.22 (dd, J = 7.8, 1.6 Hz, 1H), 7.90 (s, 1H), 7.79 (ddd, J =
8.6, 7.1, 1.6 Hz, 1H), 7.73 (ddd, J = 8.6, 7.0, 1.6 Hz, 1H), 7.42-7.53 (m, 4H), 2.67 (s, 3H), 2.49
(s, 3H); "C-NMR (100 MHz, CDCl:): § 201.4, 199.0, 175.7 (2 signals), 156.4, 155.7, 154.4,
153.3, 135.8, 135.7, 134.4, 134.2, 133.3, 127.6, 126.9, 126.3, 125.6, 125.2, 123.7, 121.7, 121.6,
121.0, 118.3, 118.1, 32.3, 28.9; IR (film, cm™): 1709, 1684, 1639, 1464; HRMS (ESI) calc. for
C26Hi1sNaOs [M+Na]": 447.08391, obs. 447.08391.
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General Procedure A for Deprotection

To a stirred solution of protected vinaxanthone analog XXX (20 mg, 1.0 equiv.) in
CH:CIL2 (0.1 M) at 0 °C was added a 1.0 M solution of boron trichloride in CH2CL (2.0 equiv. per
protecting group). After 1 hour, the reaction mixture was diluted with EtOAc and washed with
brine (5x). The organic layer was dried over Na:SOs and concentrated in vacuo to give a
brown/black solid. The crude material was purified by trituration with pentane:MeOH (ratio

varies depending on substrate solubility) to give pure vinaxanthone analog XXX.

General Procedure B for Deprotection

A solution of protected vinaxanthone analog XXX (20 mg, 1.0 equiv.) in 1.25 M
methanolic HCI (10 equiv. per protected group) was stirred at 65 °C. The reaction was followed
by aliquot 'H-NMR. After 8 hours, the reaction mixture was purged with N2 in order to remove
residual gaseous HCIl and concentrated in vacuo to give a white/magenta solid. The crude
material was purified by trituration with pentane:MeOH (ratio varies depending on substrate

solubility) to give pure vinaxanthone analog XXX.
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BCls

98%

vinaxanthone (1)

vinaxanthone (1)

Following general procedure A for deprotection, protected vinaxanthone 184 (20 mg,
0.021 mmol, 1.0 equiv.) was treated with 1.0 M boron trichloride (0.25 mL, 0.254 mmol, 12
equiv.) to give pure vinaxanthone (1) (12 mg, 0.021 mmol, 98%) as a yellow solid (m.p. 280 °C
(decomp.)).

Ry = 0.05 (silica gel, 20:1 EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 12.89 (bs, 1H),
12.72 (bs, 1H), 11.69 (bs, 1H), 11.44 (bs, 1H), 9.42 (bs, 2H), 8.53 (s, 1H), 8.18 (s, 1H), 6.96 (s,
1H), 6.94 (s, 1H), 2.55 (s, 3H), 2.53 (s, 3H); "C-NMR (125 MHz, (CDs).SO): § 201.1, 199.1,
172.9, 172.6, 167.4, 167.4, 154.1, 152.7, 152.5, 152.1, 150.7, 150.3, 141.7, 141.0, 136.2, 133.4,
132.6, 126.3, 120.8, 120.5, 119.8, 119.6, 112.4, 110.0, 102.4, 102.3, 32.1, 29.1; IR (KBr, cm™):
3236, 1683, 1653, 1472, 1288; HRMS (ESI) calc. for CxsHisOu [M-H]: 575.04673, obs.
575.04679.
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5,7-diacetyl-6-(6,7-dihydroxy-4-o0x0-4 H-chromen-3-yl)-2,3-dihydroxy-9-oxo-9H-xanthene-
1-carboxylic acid (123)

Following general procedure A for deprotection, protected vinaxanthone analog 222 (20
mg, 0.025 mmol, 1.0 equiv.) was treated with 1.0 M boron trichloride (0.25 mL, 0.249 mmol, 10
equiv.) to give pure vinaxanthone analog 123 (13 mg, 0.024 mmol, 97%) as a tan solid (m.p.

248-250 °C (decomp.)).

Ry = 0.14 (silica gel, 20:1 EtOAc:AcOH); "H-NMR (400 MHz, (CD3):SO): § 12.73 (bs, 1H),
11.47 (bs, 1H), 10.87 (bs, 1H), 9.98 (bs, 1H), 9.44 (bs, 1), 8.57 (s, 1H), 8.17 (s, 1H), 7.48 (s, 1H),
6.96 (s, 1H), 6.95 (s, 1H), 2.54 (s, 3H), 2.50 (s, 3H); *C-NMR (125 MHz, (CD:):SO): & 201.2,
199.2, 173.4, 172.9, 167.4, 154.4, 152.7, 152.6, 152.5, 150.8, 150.7, 144.5, 144.7, 136.1, 133.6,
132.4, 126.3, 120.9, 119.8, 119.6, 113.5, 112.5, 108.7, 103.1, 102.3, 32.1, 29.1; IR (KBr, cm™):
3219, 1470, 1196, 803; HRMS (ESI) calc. for C27His012 [M—H]: 531.05690, obs. 531.05700.
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5,7-diacetyl-2,3-dihydroxy-6-(6-hydroxy-4-oxo-4 H-chromen-3-yl)-9-o0x0-9 H-xanthene-1-
carboxylic acid (125)

Following general procedure A for deprotection, protected vinaxanthone analog 223 (20
mg, 0.027 mmol, 1.0 equiv.) was treated with 1.0 M boron trichloride (0.22 mL, 0.215 mmol, 8
equiv.) to give pure vinaxanthone analog 125 (14 mg, 0.027 mmol, 99%) as a light brown solid

(m.p. 258-260 °C (decomp.)).

Ry = 0.24 (silica gel, 20:1 EtOAc:AcOH); "H-NMR (400 MHz, (CD3):SO): § 12.69 (bs, 1H),
11.42 (s, 1H), 10.13 (s, 1H), 9.42 (s, 1H), 8.60 (s, 1H), 8.17 (s, 1H), 7.62 (d, J = 8.9 Hz, 1H),
7.51 (d, J= 3.1 Hz, 1H), 7.36 (dd, J = 8.9, 3.1 Hz, 1H), 6.96 (s, 1H), 2.57 (s, 3H), 2.55 (s, 3H);
BC-NMR (125 MHz, (CDs):80): § 201.1, 199.1, 174.9, 172.8, 167.3, 154.6, 152.8, 152.6, 152.5,
150.7, 148.9, 141.7, 136.3, 133.8, 133.2, 126.4, 124.9, 121.7, 120.8, 119.8, 199.6, 199.5, 112.4,
108.6, 102.3, 32.1, 29.1; IR (KBr, cm’): 3403, 1653, 1464, 1230; HRMS (ESI) calc. for
CxHisOn [M—H]": 515.06200, obs. 515.06180.
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BCls

96%

5,7-diacetyl-2,3-dihydroxy-6-(7-hydroxy-4-oxo-4 H-chromen-3-yl)-9-o0x0-9 H-xanthene-1-
carboxylic acid (126)

Following general procedure A for deprotection, protected vinaxanthone analog 224 (20
mg, 0.027 mmol, 1.0 equiv.) was treated with 1.0 M boron trichloride (0.22 mL, 0.215 mmol, 8

equiv.) to give pure vinaxanthone analog 126 (13 mg, 0.026 mmol, 96%) as a tan solid (m.p.

254-255 °C (decomp.)).

Ry = 0.31 (silica gel, 20:1 EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 12.70 (bs, 1H),
11.42 (bs, 1H), 11.15 (bs, 1H), 9.42 (bs, 1H), 8.57 (s, 1H), 8.17 (s, 1H), 8.10 (d, J= 8.9 Hz, 1H),
6.98 (d, J = 8.9 Hz, 1H), 6.96 (s, 1H), 6.92 (s, 1H), 2.56 (s, 3H), 2.54 (s, 3H); "C-NMR (125
MHz, (CDs):SO): § 201.1, 199.2, 173.6, 172.8, 167.3, 164.6, 157.2, 152.7, 152.6, 152.5, 150.7,
141.7, 136.5, 133.6, 132.8, 128.1, 126.2, 120.8, 120.3, 119.6, 114.9, 113.8, 112.4, 102.5, 102.3,
32.1, 29.2; IR (KBr, cm™): 3381, 1618, 1466, 1274; HRMS (ESI) calc. for C27HisOn [M-H]™:
515.06198, obs. 515.06245.
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CH,Cly, 23°C HO
89%

5,7-diacetyl-2,3-dihydroxy-9-0x0-6-(4-oxo-4 H-chromen-3-yl)-9H-xanthene-1-carboxylic
acid (127)

Following general procedure A for deprotection, protected vinaxanthone analog 225 (20
mg, 0.029 mmol, 1.0 equiv.) was treated with 1.0 M boron trichloride (0.18 mL, 0.175 mmol, 6
equiv.) to give pure vinaxanthone analog 127 (13 mg, 0.026 mmol, 89%) as a tan solid (m.p.

263-265 °C (decomp.)).

Ry = 0.45 (silica gel, 20:1 EtOAc:AcOH); '"H-NMR (400 MHz, (CDs).S0): § 8.61 (s, 1H), 8.24
(d, J=17.2 Hz, 1H), 8.19 (s, 1H), 7.93 (t, J= 7.2 Hz, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.56 (t, J =
8.2 Hz, 1H), 6.96 (s, 1H), 2.59 (s, 3H), 2.56 (s, 3H); "C-NMR (125 MHz, (CD3):SO): & 201.0,
199.2, 175.1, 172.8, 167.3, 155.3, 152.8, 152.7, 152.6, 150.7, 151.7, 136.7, 136.1, 133.8, 133.5,
126.3, 126.0, 125.3, 121.1, 120.7, 120.2, 119.6, 118.5, 112.4, 102.3, 32.1, 29.2; IR (KBr, cm™):
3395, 1668, 1464, 1279, 1101; HRMS (ESI) calc. for C7HisOw [M—-H]: 499.06710, obs.
499.06690.

135



HO
BCl,

CH,Cl,, 23°C HO
89%

3-(2,4-diacetyl-6,7-dihydroxy-9-oxo-9H-xanthen-3-yl)-6,7-dihydroxy-4-oxo-4 H-chromene-
S-carboxylic acid (144)

Following general procedure A for deprotection, protected vinaxanthone analog 226 (20
mg, 0.025 mmol, 1.0 equiv.) was treated with 1.0 M boron trichloride (0.25 mL, 0.249 mmol, 10

equiv.) to give pure vinaxanthone analog 144 (12 mg, 0.022 mmol, 89%) as a tan solid (m.p.

225-226 °C (decomp.)).

Ry = 0.13 (silica gel, 20:1 EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 11.71 (bs, 1H),
10.59 (bs, 1), 9.92 (bs, 1H), 9.44 (bs, 1H), 8.55 (s, 1H), 8.15 (s, 1H), 7.28 (s, 1H), 6.96 (s, 1H),
6.94 (s, 1H), 2.55 (s, 3H), 2.53 (s, 3H); "C-NMR (125 MHz, (CDs):S0): § 201.0, 199.0, 173.5,
172.6, 167.3, 154.0, 152.9, 152.8, 152.1, 151.0, 150.2, 144.9, 140.9, 135.9, 133.2, 132.9, 126.4,
120.6, 120.5, 119.7, 115.7, 110.0, 107.9, 102.9, 102.4, 32.2, 29.1; IR (KBr, cm™): 3393, 1624,
1577, 1466, 1290; HRMS (ESI) calc. for C27His012 [M—H]™: 531.05690, obs. 531.05690.
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1,1'-(3-(6,7-dihydroxy-4-oxo0-4 H-chromen-3-yl)-6,7-dihydroxy-9-oxo0-9H-xanthene-2,4-
diyl)bis(ethan-1-one) (147)

Following general procedure B for deprotection, protected vinaxanthone analog 227 (20
mg, 0.030 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI1 (0.96 mL, 1.20 mmol, 40
equiv.) to give pure vinaxanthone analog 147 (14 mg, 0.029 mmol, 97%) as a magenta solid

(m.p. 290 °C (decomp.)).

Ry = 0.24 (silica gel, 20:1 EtOAc:AcOH); '"H-NMR (400 MHz, (CDs).SO): § 10.83 (bs, 1H),
10.55 (bs, 1H), 9.93 (bs, 2H), 8.58 (s, 1H), 8.12 (s, 1H), 7.49 (s, 1H), 7.28 (s, 1H), 6.94 (s, 1H),
6.93 (s, 1H), 2.55 (s, 3H), 2.53 (s, 3H); "C-NMR (125 MHz, (CDs):S0): § 201.1, 199.0, 173.6,
173.3, 154.3, 152.8 (2 signals), 152.4, 151.0, 150.6, 144.9, 144.5, 139.8, 135.8, 133.5, 132.7,
162.3, 120.7, 119.7, 115.7, 113.4, 108.6, 107.9, 102.9, 32.2, 29.1; IR (KBr, cm™): 3382, 1617,
1473, 1292; HRMS (ES]J) calc. for C26Hi1s010 [M—H]™: 487.06707, obs. 487.06709.
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1,1'-(6,7-dihydroxy-3-(6-hydroxy-4-oxo-4 H-chromen-3-yl)-9-ox0-9 H-xanthene-2,4-
diyl)bis(ethan-1-one) (149)

Following general procedure B for deprotection, protected vinaxanthone analog 228 (20
mg, 0.033 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.79 mL, 0.992 mmol, 30
equiv.) to give pure vinaxanthone analog 149 (15 mg, 0.032 mmol, 98%) as a magenta solid

(m.p. 208-210 °C (decomp.)).

Ry = 0.07 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); '"H-NMR (400 MHz, (CD5)2S0): § 10.56
(bs, 1H), 10.12 (bs, 1H), 9.89 (bs, 1H), 8.61 (s, 1H), 8.14 (s, 1H), 7.60 (d, /= 9.2 Hz, 1H), 7.50
(d, J=3.1 Hz, 1H), 7.35 (dd, J = 9.2, 3.1 Hz, 1H), 7.29 (s, 1H), 6.94 (s, 1H), 2.56 (s, 3H), 2.55
(s, 3H); "C-NMR (150 MHz, (CD:):SO): § 201.1, 199.1, 174.9, 173.6, 154.7, 153.0, 152.9,
152.7, 151.2, 148.9, 145.0, 136.0, 133.8, 133.6, 126.6, 124.9, 121.7, 120.7, 119.9, 119.5, 115.8,
108.6, 107.9, 102.9, 32.3, 29.2; IR (KBr, cm™): 3403, 1627, 1567, 1257, 1231; HRMS (ESI)
calc. for C2sHisNaOo [M+Na]": 495.06865, obs. 495.06958.
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1,1'-(6,7-dihydroxy-3-(7-hydroxy-4-oxo-4 H-chromen-3-yl)-9-oxo0-9 H-xanthene-2,4-
diyl)bis(ethan-1-one) (150)

Following general procedure B for deprotection, protected vinaxanthone analog 229 (20
mg, 0.033 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.79 mL, 0.992 mmol, 30
equiv.) to give pure vinaxanthone analog 150 (14 mg, 0.030 mmol, 91%) as a magenta solid

(m.p. 218-220 °C (decomp.)).

Ry = 0.09 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); "H-NMR (400 MHz, (CD3)2S0): § 11.17
(bs, 1H), 10.59 (bs, 1H), 9.91 (bs, 1H), 8.58 (s, 1H), 8.14 (s, 1H), 8.09 (d, J = 8.6 Hz, 1H), 7.29
(s, 1H), 6.98 (d, J = 8.6 Hz, 1H), 6.94 (s, 1H), 6.91 (s, 1H), 2.55 (s, 3H), 2.54 (s, 3H); "C-NMR
(125 MHz, (CDs5):S0): 6 201.0, 199.0, 173.5, 164.5, 157.2, 152.9, 152.8, 152.6, 151.1, 144.9,
136.2, 133.5, 133.2, 128.0, 126.3, 120.6, 120.3, 115.7, 114.9, 113.8, 107.9, 102.9, 102.5, 100.0,
32.2, 29.1; IR (KBr, cm™): 3406, 1617, 1560, 1466, 1273; HRMS (ESI) calc. for C2HisOv
[M-H]: 471.07216, obs. 471.07279.
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1,1'-(6,7-dihydroxy-9-o0x0-3-(4-0x0-4 H-chromen-3-yl)-9H-xanthene-2,4-diyl)bis(ethan-1-
one) (151)

Following general procedure B for deprotection, protected vinaxanthone analog 230 (20
mg, 0.037 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.59 mL, 0.735 mmol, 20
equiv.) to give pure vinaxanthone analog 151 (15 mg, 0.033 mmol, 91%) as a magenta solid

(m.p. 204 °C (decomp.)).

Ry = 0.09 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 10.58
(bs, 1H), 9.90 (bs, 1H), 8.63 (s, 1H), 8.25 (d, J = 7.9 Hz, 1H), 8.16 (s, 1H), 7.93 (t, / = 8.2 Hz,
1H), 7.74 (d, J = 8.2 Hz, 1H), 7.56 (t, J = 7.9 Hz, 1H), 7.29 (s, 1H), 6.94 (s, 1H), 2.58 (s, 3H),
2.57 (s, 3H); "C-NMR (150 MHz, (CD5).SO): § 201.0, 199.1, 175.1, 173.6, 155.3, 153.0, 152.9,
152.8, 151.1, 145.0, 136.5, 136.1, 133.9, 133.8, 126.4, 126.0, 125.3, 121.1, 120.6, 120.2, 118.5,
115.7, 107.9, 102.9, 32.3, 29.2; IR (KBr, cm™): 3371, 1654, 1617, 1467, 1288, 1221; HRMS
(ESI) calc. for C26H1s0s [M—H] ~: 455.07724, obs. 455.07791.
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BCl,

CH,Cly, 23 °C
96%

3-(2,4-diacetyl-7-hydroxy-9-oxo-9 H-xanthen-3-yl)-6,7-dihydroxy-4-oxo-4 H-chromene-5-
carboxylic acid (160)

Following general procedure A for deprotection, protected vinaxanthone analog 231 (20
mg, 0.027 mmol, 1.0 equiv.) was treated with 1.0 M boron trichloride (0.22 mL, 0.215 mmol, 8
equiv.) to give pure vinaxanthone analog 160 (13 mg, 0.026 mmol, 96%) as a brick red solid

(m.p. 278-280 °C (decomp.)).

Ry = 0.08 (silica gel, 20:1 EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 12.85 (bs, 1H),
11.68 (bs, 1H), 10.10 (bs, 1H), 9.42 (bs, 1H), 8.60 (s, 1H), 8.28 (s, 1H), 7.59 (d, J= 8.9 Hz, 1H),
7.32 (s, 1H), 7.29 (dd, J = 8.9, 2.4 Hz, 1H), 6.95 (s, 1H), 2.57 (s, 3H), 2.55 (s, 3H); "C-NMR
(125 MHz, (CDs5):S0): 6 201.1, 199.0, 174.6, 172.6, 167.4, 155.1, 154.1, 153.8, 152.3, 150.3,
149.6, 141.0, 135.6, 133.5, 132.7, 126.9, 123.8, 123.7, 120.9, 120.6, 120.0, 119.9, 110.1, 107.8,
102.4, 32.3, 29.1; IR (KBr, cm™): 3221, 1634, 1505, 1471; HRMS (ESI) calc. for C27His0n
[M-H]: 515.06198, obs. 515.06275.
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1,1'-(3-(6,7-dihydroxy-4-oxo0-4 H-chromen-3-yl)-7-hydroxy-9-oxo-9 H-xanthene-2,4-
diyl)bis(ethan-1-one) (163)

Following general procedure B for deprotection, protected vinaxanthone analog 232 (20
mg, 0.033 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.79 mL, 0.992 mmol, 30
equiv.) to give pure vinaxanthone analog 163 (15 mg, 0.032 mmol, 98%) as a brown solid (m.p.

189-190 °C (decomp.)).

Ry = 0.32 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 10.88
(bs 1H), 10.14 (bs, 1H), 9.98 (bs, 1H), 8.63 (s, 1H), 8.28 (s, 1H), 7.59 (d, J = 8.6 Hz, 1H), 7.49
(s, 1H), 7.31 (s, 1H), 7.30 (d, J = 9.2 Hz, 1H), 6.96 (s, 1H), 2.58 (s, 3H), 2.55 (s, 3H); "C-NMR
(125 MHz, (CDs)SO): & 201.2, 198.8, 175.6, 173.3, 155.1, 154.4, 153.7, 152.6, 150.7, 149.6,
144.6, 135.5, 133.7, 132.5, 126.8, 125.0, 123.8, 123.6, 120.9, 119.9, 113.5, 108.7, 107.8, 103.1,
32.3,29.1; IR (KBr, cm™): 3415, 1684, 1618, 1472; HRMS (ESI) calc. for C2sHis09 [M—H]™:
471.07216, obs. 471.07236.
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HCI

99%

1,1'-(7-hydroxy-3-(6-hydroxy-4-oxo-4 H-chromen-3-yl)-9-ox0-9 H-xanthene-2,4-
diyl)bis(ethan-1-one) (165)

Following general procedure B for deprotection, protected vinaxanthone analog 233 (20
mg, 0.037 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.59 mL, 0.735 mmol, 20
equiv.) to give pure vinaxanthone analog 165 (17 mg, 0.036 mmol, 99%) as a yellow solid (m.p.

286 °C (decomp.)).

Ry= 0.13 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); '"H-NMR (400 MHz, (CD:).SO): § 11.15
(s, 1H), 10.94 (s, 1H), 8.62 (s, 1H), 8.19 (s, 1H), 8.10 (d, J = 8.9 Hz, 1H), 7.91 (d, J = 8.9 Hz,
1H), 6.97 (dt, J = 9.6, 2.1 Hz, 2H), 6.91 (t, J = 3.1 Hz, 2H), 2.58 (s, 3H), 2.57 (s, 3H); "C-NMR
(150 MHz, (CDs5):S0): 6 201.1, 198.9, 174.9, 174.5, 155.1, 154.6, 153.7, 152.8, 149.5, 148.9,
135.6, 133.9, 133.3, 126.9, 124.9, 123.8, 123.6, 121.7, 120.8, 119.9, 119.8, 119.6, 108.6, 107.8,
32.3, 29.1; IR (KBr, cm™): 3419, 1622, 1267, HRMS (ESI) calc. for C2HisNaOs [M+Na]":
479.07374, obs. 479.07401.
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HCI

MeOH, 65 °C
90%

1,1'-(7-hydroxy-3-(7-hydroxy-4-oxo-4 H-chromen-3-yl)-9-ox0-9 H-xanthene-2,4-
diyl)bis(ethan-1-one) (166)

Following general procedure B for deprotection, protected vinaxanthone analog 234 (20
mg, 0.037 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.59 mL, 0.735 mmol, 20
equiv.) to give pure vinaxanthone analog 166 (15 mg, 0.033 mmol, 90%) as a golden yellow

solid (m.p. 262-264 °C (decomp.)).

Ry = 0.16 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); "H-NMR (400 MHz, (CD3)2S0): § 11.19
(s, 1H), 10.14 (s, 1H), 8.63 (s, 1H), 8.30 (s, 1H), 8.10 (d, J = 8.9 Hz, 1H), 7.60 (d, J = 8.2 Hz,
1H), 7.32 (s, 1H), 7.30 (d, J = 8.2 Hz, 1H), 6.99 (d, J = 8.9 Hz, 1H), 6.93 (s, 1H), 2.59 (s, 3H),
2.57 (s, 3H); "C-NMR (125 MHz, (CD5)2S0): § 201.1, 199.1, 174.6, 173.6, 164.6, 157.3, 155.1,
153.8, 152.8, 149.6, 135.9, 133.7, 133.0, 128.1, 126.8, 123.9, 123.7, 120.9, 120.5, 119.9, 115.0,
113.9, 107.8, 102.6, 32.3, 29.2; IR (KBr, cm™): 3393, 1617, 1469, 1270; HRMS (ESI) calc. for
C2Hi50s [M—H]™: 455.07720, obs. 455.07670.
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HCI

MeOH, 65 °C
95%

1,1'-(7-hydroxy-9-0xo0-3-(4-0x0-4 H-chromen-3-yl)-9H-xanthene-2,4-diyl)bis(ethan-1-one)
(167)

Following general procedure B for deprotection, protected vinaxanthone analog 235 (20
mg, 0.041 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.33 mL, 0.413 mmol, 10
equiv.) to give pure vinaxanthone analog 167 (17 mg, 0.039 mmol, 95%) as a brick red solid

(m.p. 180 °C (decomp.)).

Ry = 0.42 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 10.11
(s, 1H), 8.68 (s, 1H), 8.31 (s, 1H), 8.26 (dd, /= 7.9, 1.4 Hz, 1H), 7.94 (dt, J = 8.6, 1.7 Hz, 1H),
7.75 (d, J= 8.6 Hz, 1H), 7.59 (t, J= 7.9 Hz, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.32 (s, 1H), 7.29 (d,
J = 1.4 Hz, 1H), 2.60 (s, 3H) (2 signals); "*C-NMR (125 MHz, (CDs):SO): § 201.0, 199.0, 175.0,
174.5, 155.3, 155.1, 153.8, 152.9, 149.5, 136.1 (2 signals), 133.9, 133.6, 126.8, 126.0, 125.3,
123.8, 123.7, 121.1, 120.7, 120.4, 119.9, 118.5, 107.8, 32.3, 29.1; IR (KBr, cm™): 3393, 1685,
1654, 1617, 1466; HRMS (ESI) calc. for C2sHisO7 [M—H]: 439.08233, obs. 439.08235.
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BCl,

CH,Cl,, 23°C HO
96%

3-(2,4-diacetyl-6-hydroxy-9-oxo-9H-xanthen-3-yl)-6,7-dihydroxy-4-oxo-4 H-chromene-5-
carboxylic acid (168)

Following general procedure A for deprotection, protected vinaxanthone analog 236 (20
mg, 0.027 mmol, 1.0 equiv.) was treated with 1.0 M boron trichloride (0.22 mL, 0.215 mmol, 8

equiv.) to give pure vinaxanthone analog 168 (13 mg, 0.026 mmol, 96%) as a yellow solid (m.p.

208-210 °C (decomp.)).

Ry = 0.09 (silica gel, 20:1 EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 11.72 (bs, 1H),
10.96 (bs, 1H), 9.42 (bs, 1H), 8.58 (s, 1H), 8.19 (s, 1H), 7.91 (d, J = 8.9 Hz, 1H), 6.96 (dd, J =
8.9, 2.4 Hz, 1H), 6.93 (s, 1H), 6.91 (d, J = 2.4 Hz, 1H), 2.57 (s, 3H), 2.55 (s, 3H); "C-NMR
(125 MHz, (CDs5):S0): 6 201.0, 198.9, 173.8, 172.5, 167.3, 163.0, 157.6, 154.0, 153.2, 152.2,
150.2, 140.9, 135.6, 133.3, 132.6, 127.2, 126.6, 121.6, 120.5, 119.8, 115.7, 115.4, 110.0, 102.4,
102.2, 32.2, 29.0; IR (KBr, cm™): 3385, 1624, 1459, 1290, 1101; HRMS (ESI) calc. for
C27His011 [M—H]™: 515.061989, obs. 515.06236.
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HCI

MeOH, 65 °C  HO
98%

1,1'-(3-(6,7-dihydroxy-4-oxo0-4 H-chromen-3-yl)-6-hydroxy-9-oxo-9 H-xanthene-2,4-
diyl)bis(ethan-1-one) (171)

Following general procedure B for deprotection, protected vinaxanthone analog 237 (20
mg, 0.033 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.79 mL, 0.992 mmol, 30
equiv.) to give pure vinaxanthone analog 171 (15 mg, 0.032 mmol, 98%) as a magenta solid

(m.p. 208-210 °C (decomp.)).

Ry = 0.06 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); "H-NMR (400 MHz, (CD3)2S0): § 10.97
bs, 1H), 10.86 (bs, 1H), 9.98 (bs, 1H), 8.62 (s, 1H), 8.19 (s, 1H), 7.91 (d, J = 8.9 Hz, 1H), 7.48
(s, 1H), 6.96 (d, J = 9.2 Hz, 1H), 6.95 (s, 1H), 6.91 (s, 1H), 2.57 (s, 3H), 2.55 (s, 3H); "C-NMR
(125 MHz, (CDs)SO): & 201.2, 199.0, 173.9, 173.3, 163.1, 157.7, 154.4, 153.2, 152.5, 150.7,
144.5, 135.6, 133.6, 132.4, 127.3, 126.6, 121.7, 119.9, 115.8, 115.4, 113.5, 108.7, 103.1, 102.3,
32.3,29.1; IR (KBr, cm™): 3299, 1624, 1470, 1295; HRMS (ESI) calc. for C2sHis09 [M—H]™:
471.07216, obs. 471.07231.
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1,1'-(6-hydroxy-3-(6-hydroxy-4-oxo-4 H-chromen-3-yl)-9-ox0-9 H-xanthene-2,4-
diyl)bis(ethan-1-one) (173)

Following general procedure B for deprotection, protected vinaxanthone analog 238 (20
mg, 0.037 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.59 mL, 0.735 mmol, 20
equiv.) to give pure vinaxanthone analog 173 (16 mg, 0.036 mmol, 97%) as a golden yellow

solid (m.p. 318-320 °C (decomp.)).

Ry = 0.15 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 10.98
(bs, 1H), 10.16 (bs, 1H), 8.64 (s, 1H), 8.20 (s, 1H), 7.91 (d, /= 8.9 Hz, 1H), 7.62 (d, J = 8.9 Hz,
1H), 7.50 (d, /= 3.1 Hz, 1H), 7.35 (dd, J = 8.9, 3.1 Hz, 1H), 6.96 (dd, /= 8.9, 2.1 Hz, 1H), 6.91
(d, J =2.1 Hz, 1H), 2.59 (s, 3H), 2.57 (s, 3H); "C-NMR (125 MHz, (CD5).SO): & 201.1, 198.9,
174.9, 173.9, 163.1, 157.7, 154.7, 153.3, 152.8, 148.9, 135.7, 133.8, 133.2, 127.3, 126.8, 124.9,
121.7, 121.6, 119.8, 119.6, 115.8, 115.5, 108.6, 102.3, 32.3, 29.1; IR (KBr, cm™): 3382, 1630,
1595, 1465, 1266, 1238; HRMS (ESI) calc. for C26HisOs [M—H]™: 455.07724, obs. 455.07768.
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HCI

MeOH, 65 °C  HO
99%

1,1’-(6-hydroxy-3-(7-hydroxy-4-o0x0-4 H-chromen-3-yl)-9-0x0-9H-xanthene-2,4-
diyl)bis(ethan-1-one) (174)

Following general procedure B for deprotection, protected vinaxanthone analog 239 (20
mg, 0.037 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.59 mL, 0.735 mmol, 20
equiv.) to give pure vinaxanthone analog 174 (17 mg, 0.036 mmol, 99%) as a tan solid (m.p. 340
°C (decomp.)).

Ry = 0.16 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); '"H-NMR (500 MHz, (CD3)2S0): § 11.14
(s, 1H), 10.93 (s, 1H), 8.61 (s, 1H), 8.19 (s, 1H), 8.10 (d, J = 7.2 Hz, 1H), 7.91 (d, J = 7.2 Hz,
1H), 6.91 (s, 1H), 6.91 (s, 1H), 6.98 (ddd, J = 11, 7.2, 2.0 Hz, 2H), 2.57 (s, 3H), 2.57 (s, 3H);
BC-NMR (125 MHz, (CD;):S0): § 201.0, 199.0, 173.9, 173.6, 164.5, 163.1, 157.7, 157.2, 153.3,
152.8, 136.0, 133.6, 132.9, 128.1, 127.3, 126.6, 121.6, 120.5, 115.8, 115.5, 114.9, 113.8, 102.5,
102.3, 32.3, 29.1; IR (KBr, cm™): 3351, 1619, 1468, 1002; HRMS (ESI) calc. for C2sHisNaOs
[M+Na]": 479.07374, obs. 479.07433.
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HCI

MeOH, 65 °C  HO
96%

1,1'-(6-hydroxy-9-o0x0-3-(4-0x0-4 H-chromen-3-yl)-9H-xanthene-2,4-diyl)bis(ethan-1-one)
(175)

Following general procedure B for deprotection, protected vinaxanthone analog 240 (20
mg, 0.041 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.33 mL, 0.413 mmol, 10

equiv.) to give pure vinaxanthone analog 175 (17 mg, 0.040 mmol, 96%) as a golden yellow

solid (m.p. 180-182 °C (decomp.)).

Ry = 0.35 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); '"H-NMR (400 MHz, (CD3)2S0): § 10.97
(bs, 1H), 8.67 (s, 1H), 8.26 (d, J=7.9 Hz, 1H), 8.22 (s, 1H), 7.94 (t, /= 8.9 Hz, 1H), 7.92 (d, J =
8.9 Hz, 1H), 7.75 (d, J = 8.9 Hz, 1H), 7.57 (t, J = 8.9 Hz, 1H), 6.97 (d, J = 7.9 Hz, 1H), 6.92 (s,
1H), 2.60 (s, 3H) (2 signals); "C-NMR (125 MHz, (CD:):SO): § 201.0, 199.0, 175.0, 173.9,
163.1, 157.7, 155.3, 153.4, 152.8, 136.2, 136.1, 133.8, 133.5, 127.3, 126.7, 126.0, 125.3, 121.5,
121.1, 120.4, 118.5, 115.8, 115.5, 102.3, 32.3, 29.2; IR (KBr, cm™): 3438, 1617, 1466, 1097,
HRMS (ESI) calc. for C26H1s07 [M—H]™: 439.08233, obs. 439.08252.
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BCl,

CH,Cly, 23 °C
90%

3-(2,4-diacetyl-9-0x0-9 H-xanthen-3-yl)-6,7-dihydroxy-4-oxo-4 H-chromene-5-carboxylic
acid (176)

Following general procedure A for deprotection, protected vinaxanthone analog 241 (20
mg, 0.029 mmol, 1.0 equiv.) was treated with 1.0 M boron trichloride (0.18 mL, 0.175 mmol, 6

equiv.) to give pure vinaxanthone analog 176 (13 mg, 0.026 mmol, 90%) as a brick red solid
(m.p. 260 °C (decomp.)).

Ry = 0.16 (silica gel, 20:1 EtOAc:AcOH); "H-NMR (400 MHz, (CD:).SO): § 12.88 (bs, 1H),
11.69 (bs, 1H), 9.42 (bs, 1H), 8.63 (s, 1H), 8.36 (s, 1H), 8.09 (d, J = 6.8 Hz, 1H), 7.89 (t, J = 6.8
Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.55 (t, J = 8.2 Hz, 1H), 6.96 (s, 1H), 2.59 (s, 3H), 2.57 (s,
3H); "C-NMR (125 MHz, (CDs):SO): & 201.1, 198.8, 174.8, 172.6, 167.4, 155.8, 154.1, 153.9,
152.4, 150.2, 141.0, 135.3, 134.7, 133.5, 132.4, 127.1, 125.8, 125.4, 122.9, 122.2, 120.6, 120.1,
118.5, 110.1, 102.4, 32.3, 29.0; IR (KBr, cm™): 3415, 1617, 1577, 1560, 1465, 1290, HRMS
(ESI) calc. for C27HisNaO1 [M—H]™: 499.06707, obs. 499.06808.
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HCI

OMOM  cp.cly, 23 °C
89%
OMOM

1,1'-(3-(6,7-dihydroxy-4-o0xo0-4 H-chromen-3-yl)-9-0x0-9H-xanthene-2,4-diyl)bis(ethan-1-
one) (179)

Following general procedure B for deprotection, protected vinaxanthone analog 242 (20
mg, 0.037 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.59 mL, 0.735 mmol, 20
equiv.) to give pure vinaxanthone analog 179 (15 mg, 0.033 mmol, 89%) as a magenta solid

(m.p. 184-185 °C (decomp.)).

Ry = 0.13 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); '"H-NMR (400 MHz, (CDs)2S0): § 10.85
(bs, 1H), 9.97 (bs, 1H), 8.66 (s, 1H), 8.35 (s, 1H), 8.08 (d, /= 7.0 Hz, 1H), 7.89 (t, /= 7.4 Hz,
1H), 7.73 (d, J = 8.6 Hz, 1H), 7.55 (t, J = 7.4 Hz, 1H), 7.49 (s, 1H), 6.96 (s, 1H), 2.60 (s, 3H),
2.57 (s, 3H); "C-NMR (125 MHz, (CD5)2SO): § 201.2, 198.9, 174.8, 173.3, 155.8, 154.4, 153.9,
152.7, 150.7, 144.6, 135.2, 134.7, 133.7, 132.2, 127.0, 125.8, 125.4, 122.9, 122.2, 120.0, 118.5,
113.5, 108.7, 103.1, 32.3, 29.1; IR (KBr, cm™): 3159, 1618, 1467, 1294; HRMS (ESI) calc. for
C2Hi50s [M—H]: 455.07724, obs. 455.07746.
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HCI

OMOM  cp.cly, 23 °C
90%

1,1'-(3-(6-hydroxy-4-ox0-4 H-chromen-3-yl)-9-0x0-9H-xanthene-2,4-diyl)bis(ethan-1-one)
(181)

Following general procedure B for deprotection, protected vinaxanthone analog 243 (20
mg, 0.041 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.33 mL, 0.413 mmol, 10

equiv.) to give pure vinaxanthone analog 181 (17 mg, 0.037 mmol, 90%) as a tan solid (m.p.

317-318 °C (decomp.)).

Ry = 0.17 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); "H-NMR (400 MHz, (CD5)2S0): § 10.14
(s, 1H), 8.70 (s, 1H), 8.37 (s, 1H), 8.09 (d, /= 6.7 Hz, 1H), 7.89 (t, J= 6.7 Hz, 1H), 7.73 (d, J =
7.9 Hz, 1H), 7.64 (d, J=9.0 Hz, 1H), 7.55 (t, /= 6.7 Hz, 1H), 7.52 (d, /= 3.1 Hz, 1H), 7.37 (dd,
J=9.0,3.1 Hz, 1H), 2.61 (s, 3H), 2.59 (s, 3H); "C-NMR (125 MHz, (CDs).SO): § 201.1, 198.9,
174.9, 174.7, 155.8, 154.7, 153.9, 152.9, 148.9, 135.4, 134.8, 133.9, 133.0, 127.2, 125.9, 125 .4,
124.9, 122.9, 122.1, 121.7, 119.9, 119.7, 118.5, 108.6, 32.3, 29.1; IR (KBr, cm™): 3204, 1626,
1599, 1464; HRMS (ESI) calc. for C2sHisNaO7 [M+Na]': 463.07882, obs. 463.07889.
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HCI

CH,Cly, 23 °C
99%

1,1'-(3-(7-hydroxy-4-ox0-4 H-chromen-3-yl)-9-0x0-9H-xanthene-2,4-diyl)bis(ethan-1-one)
(182)

Following general procedure B for deprotection, protected vinaxanthone analog 244 (20
mg, 0.041 mmol, 1.0 equiv.) was treated with 1.25 M methanolic HCI (0.33 mL, 0.413 mmol, 10
equiv.) to give pure vinaxanthone analog 182 (19 mg, 0.041 mmol, 99%) as a tan solid (m.p. 270
°C (decomp.)).

Ry = 0.38 (silica gel, 10:10:1 hexanes:EtOAc:AcOH); "H-NMR (500 MHz, (CD:).SO): § 11.18
(bs, 1H), 8.67 (s, 1H), 8.37 (s, 1H), 8.11 (d, J= 8.6 Hz, 1H), 8.08 (d, /= 1.6 Hz, 1H), 7.89 (t, J =
8.6 Hz, 1H), 7.74 (d, J = 8.6 Hz, 1H), 7.55 (t, J = 8.6 Hz, 1H), 7.00 (dd, J = 8.6, 2.4 Hz, 1H),
6.93 (d, J = 2.4 Hz, 1H), 2.60 (s, 3H), 2.59 (s, 3H); "C-NMR (125 MHz, (CDs):SO): § 201.1,
198.9, 174.7, 173.6, 164.6, 157.3, 155.8, 153.9, 152.9, 135.6, 134.8, 133.7, 132.7, 128.1, 127.0,
125.9, 125.4, 122.9, 122.1, 120.6, 118.5, 115.0, 113.8, 102.6, 32.3, 29.1; IR (KBr, cm™): 3391,
1385, 1093; HRMS (ESI) calc. for C2sHisNaO7 [M+Na]': 463.07882, obs. 463.07865.
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Chapter 2: Total Synthesis of Eupalinilide E

Within the field of regenerative medicine strategies to chemically control stem cell fate
and developmental potential have emerged as promising treatments for a variety of human
diseases.'*'* Stem cells are adaptable precursors with the capacity for self-renewal and
differentiation toward various cell types in response to instructive cues.'*”'* Pluripotent
embryonic stem cells possess the ability to generate any of the more than 200 different cell types
responsible for the make-up of an adult organism.'*'"*' Tissue-specific stem cells on the other
hand are multipotent, giving rise to all cell types limited to a given lineage and are referred to as
adult or somatic stem cells. Adult stem cells are also persistent throughout the lifetime of an
organism and play a critical role in maintaining homeostasis by providing a physiological
mechanism for tissue repair.'*""**"

Significant therapeutic research in this area hinges on the development of embryonic
stem cell transplantation-based treatments.””’ However, despite the reported efficacies of such
therapies, the ability to manipulate embryonic stem cells ex vivo is plagued by issues of
mutation, immune rejection, and ethical controversy.”*'®" An alternative approach to circumvent
such disadvantages is the utilization of small drug-like molecules to directly modulate
endogenous adult stem cells in vivo or to expand somatic stem cell populations ex vivo for
transplantation.

Since the success rate of bone marrow transplants is directly correlated to the number of
available hematopoietic stem cells (HSCs), the ability to control HSC expansion and
differentiation in this manner would be extremely beneficial. Due to a shortage of clinically
available HSCs nearly 50% of allogeneic bone marrow transplant candidates fail to find a
matched donor.'>'® HSCs are the only stem cells used routinely in cell-based therapies and are
the most well characterized class of somatic stem cells.””” Residing in the bone marrow HSCs

can self-renew and are responsible for the production of all blood lineages.'**'* Therefore the
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ability to manipulate HSC fate has great potential in the development of therapies for various
blood-related diseases such as leukemia and autoimmune diseases.

To this end several small molecules possessing the ability to promote HSC self-renewal
in vitro have been identified (Figure 2.1). The histone deacetylase (HDAC) inhibitors
chlamydocin 245 and trichostatin A 246 as well as 5-azacytidine 247, a DNA methyltransferase
inhibitor are capable of expanding HSCs, however their clinical use is limited due to narrow
concentration ranges devoid of cytotoxicity.'®®'” A more promising approach using the Cu*’
chelator tetra-ethylene-pentamine (TEPA, 248) is already being tested in a Phase II/III clinical
trial involving blood transplantation for hematological malignancies.'®®'® Furthermore, the
monoamine neurotransmitter, serotonin 249 has shown the ability to expand HSCs at near

170

physiological concentration (200 nM). ™ Despite their encouraging results, the modes of action
by which chelated copper and serotonin 249 operate remain unclear. Schultz and co-workers
have also identified the synthetic adenine derivative stremregeninl (SR1) 250 as a promoter of
HSC expansion and discovered that it functions through antagonism of the aryl hydrocarbon
receptor (AhR)."”" More recently, the pyrimidoindole derivative UM 171 251 has shown similar
HSC self-renewal capabilities by upregulating the genes associated with human LT-HSC self-

renewal.'”
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Figure 2.1. Small-molecule modulators of HSC self-renewal.

In regards to HSC differentiation, a class of naphthyridinones 252 have demonstrated the

ability to dose-dependently increase megakaryocyte differentiation (Figure 2.2).'"

This may help

alleviate some of the problems associated with intensive high-dose chemotherapy by

replenishing low platelet counts. The plant-derived natural product euphohelioscopin A (253) has

also been reported to selectively differentiate CD34" cells down the granulocyte/monocytic

lineage by activating protein kinase C (PKC).'” These insights may facilitate the application of

stem cell therapies aimed at various myeloid dysfunctions. The ability to chemically control stem

cell fate with small molecules is still in its infancy but seminal research has set the stage for the

advancement of regenerative science and promising therapeutic endeavors.
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naphthyridinones 252 euphohelioscopin A (253)

Figure 2.2. Small-molecule modulators of HSC differentiation.
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Despite the widespread use of natural products in medicinal research their impact on stem
cells has been relatively unexplored (Figure 2.3). The induction of macrophage differentiation by
phorbol esters 254, the aforementioned use of euphohelioscopin A (253) to induce granulocyte
differentiation, and the recent report describing the ex vivo expansion of HSCs with the histone
acetyltransferase inhibitor, garcinol (255) lend credence to the usefulness of natural products as

tools for stem cell biology.'"*'7

phorbol esters 254 garcinol (255)

Figure 2.3. Natural product modulators of HSCs.

PRI and  small  drug-like

Although limited success involving secreted factors
molecules'”"'”” have been reported, the in vitro expansion of HSCs remains a long standing
problem in regenerative medicine. In an attempt to find a solution to this exhaustion
phenomenon Schultz and co-workers conducted an unbiased imaged-based screen using primary
human CD34" cells to identify leads that could maintain or selectively differentiate HSCs. After
an extensive screen of a Novartis library containing 704 pure natural products from microbial

and plant origin the compound eupalinilide E (256) was identified as a promising lead (Figure

2.4).1%0

eupalinilide E (256)

Figure 2.4. Structure of eupalinilide E (256).
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The plant-derived natural product was discovered to promote the ex vivo expansion of
hematopoietic stem and progenitor cells (HSPCs) as well as hinder the in vitro development of
erythrocytes. Furthermore, this activity was additive in the presence of AhR antagonists, which
have previously been shown to expand HSCs and are currently in clinical development.'”"'®
Therefore the utilization of eupalinilide E (256) may be a valid tool for probing the mechanisms
of hematopoiesis and improving the ex vivo production of progenitors for therapeutic use.

These results were obtained from the flow cytometric analyses of various assays in which
the resultant mixture of CD34" and differentiated cells were quantified in terms of the numbers
and percentages of HSCs, HSPCs, and lineage-committed cells based on their
immunophenotypes. Long-term cultures incubated with 600 nM eupalinilide E (256) (ECso =210
nM) revealed significant growth and higher maintained percentages of CD34" cells, especially in
cord blood experiments which demonstrated a 45-fold increase over the course of 45 days. In
addition, eupalinilide E (256) (600 nM) treated cells also showed slower proliferation in the
presence of differentiation-inducing medium that contained erythropoietin (EPO), granulocyte-
macrophage colony stimulating factor (GMCSF), granulocyte colony stimulating factor (GCSF),
and interleukin-3 (IL3). Based on their observations Schultz and co-workers concluded that
eupalinilide E (256) may promote the expansion of an early hematopoietic progenitor and also
inhibits differentiation down the erythrocyte lineage.

Schultz realized that the inhibition of NF-kB signaling by cysteine residue alkylation in
the NF-kB DNA-binding domain by several sesquiterpenes was well documented and may
explain the beneficial effects caused by eupalinilide E (256) (Figure 2.5).'*>'* Unfortunately, the
four other sesquiterpene lactones included in the Novartis library, some of which were
previously characterized as NF-kB inhibitors did not yield similar results. This suggests that the

activity of eupalinilide E (256) on HSPC differentiation is mediated by an alternative pathway.
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hyrcanin (259) chlorojanerin (260)

Figure 2.5. Sesquiterpene lactones included in imaged-based screen.

Since AhR antagonism also promotes HSPC expansion, eupalinide E (256) was subjected
to an AhR antagonism assay but failed to give a positive response.'”"'®" Interestingly, the
combined treatment of eupalinilide E (256) and the AhR antagonist SR1 250 had an additive
effect on CD34" cell expansion. Thus supporting the notion that eupalinilide E (256) affects
HSPC differentiation by a new distinct mechanism.'®’

Although the mode of action and biological target of eupalinilide E (256) remains
unknown, this work highlights the ability of natural products to modulate stem cell biology.
Importantly, Schultz comments that, “the lack of synthetic routes to eupalinilide E hinders the
generation of affinity probes for target identification.” Thus making eupalinilide E (256) an
attractive target for total synthesis, a new chemical entity that possesses potential in regenerative
medicine.

Eupalinilide E (256) was isolated from the plant Eupatorium lindleyanum DC. and
identified as a potent cytotoxic compound against A-549 tumor cell lines."** Following
conventional NMR analysis, the natural product was characterized as a guaianolide sesquiterpene
structurally highlighted by the inclusion of an allylic alcohol on the cyclopentane ring, a
chlorohydrin functionality, and a C8 tigloyl ester. Guaianolides encompass a large subset of
naturally occurring sesquiterpene lactones that are easily recognized by their 5,7,5-tricyclic
framework and y-butyrolactone moiety. The core structure and etymology of guaianolides is

derived from the cis-fused 5,7-bicyclic hydroazulene natural product guaiane (261) (Figure 2.6).
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The hydroazulene core for the most part is always cis-fused in the guaianolide skeleton 262,
whereas approximately 85% of all known guaianolides contain a trans annulated y-butyrolactone

ring.'®’

Me
: o
: ' H
me H — Me (0] Me

Me o

guaiane (261) guaianolide skeleton 262
Figure 2.6. Guaianolide framework.

The guaianolide class of natural products displays an array of biological activity, which is
often attributed to their interaction with biological nucleophiles such as cysteine or thiol-
containing enzymes (Scheme 2.1). This is especially the case in the numerous guaianolides that
possess an a-methylene y-butyrolactone. The auxiliary substitution pattern of the guaianolide is

consequently believed to determine the specificity of the resulting biological activity.'*

Me Me
E-SH
_—
Michael addition
Me o) Me fo)
S-E
(0]
263 264

Scheme 2.1. Guaianolide participation in Michael additions.

Guaianolide biosynthesis has been well documented and begins with the common terpene
mevalonate (MVA) pathway to generate the quintessential isoprene building blocks isopentenyl
pyrophosphate (IPP, 269) and y,y-dimethylallyl pyrophosphate (DMAPP, 270; Scheme 2.2)."*"
" The assembly of three acetyl-CoA 9 molecules takes place within the cytosol through a
Claisen condensation and aldol reaction sequence to provide B-hydroxy-p-methylglutaryl-CoA
(HMG-CoA, 266). Subsequent NADPH+H" reduction releases mevalonic acid (MVA, 267) for
ATP activation to afford pyrophosphomevalonic acid 268. Decarboxylation and elimination

leads to IPP 269, with further olefin isomerization giving rise to DMAPP 270.
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Scheme 2.2. MV A pathway for the biosynthesis of IPP 269 and DMAPP 270.

Construction of the terpene backbone proceeds upon prenyl transferase mediated head-to-
tail connection of IPP 269 and its isomer DMAPP 270 (Scheme 2.3). Initial ionization of
DMAPP 270 provides allylic cation 271, to which regioselective olefin addition of IPP 269 can
occur to form tertiary cation 272. Stereoselective loss of a proton installs a new frans olefin to
furnish geranyl pyrophosphate (GPP, 273). A single iteration of the IPP 269 electrophilic

addition provides farnesyl pyrophosphate (FPP, 275), the Cis guaianolide precursor.

electrophilic stereospecific

Me Me Me addition Me Mé loss of proton
N —_— = . X —_—
Dz )\(\ pp M )\W PP
Me)\/\OPP Me)\v/ N ° © N
Hr Hs HrR Hs
DMAPP 270 271 IPP 269 272
1. electrophilic
Me ”
Me Me Me Me W addition Me Me Me
VY —_— B —————
PPN s~ X opp X X N
Me OPP Me X S HR‘: He 2. stereospecific Me OPP
GPP 273 274 IPP 269 loss of proton FPP 275

Scheme 2.3. Biosynthesis of FPP 275.

Cyclization of FPP 275 produces (+)-germacrene A (276), a 10-membered ring consisting
of two internal (E)-alkenes that originate from the olefin configuration inherent to FPP 275
(Scheme 2.4). (+)-Germacrene A-hydroxylase oxidizes the isopropenyl side chain to primary
alcohol 277 prior to further oxidation by NAD(P)-dependent dehydrogenases to give
germacrene acid (279). Subsequent C6 hydroxylation and lactonization provides (+)-costunolide

(281).191_]94
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PO 2 2 NAD(P)*  NAD(P)H
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278 germacrene acid (279) (+)-costunolide (281)

Scheme 2.4. Biosynthesis of (+)-costunolide (281).

Enzymatic epoxidation affords parthenolide (282), a germacranolide geared by ring strain
toward trams-annular cyclization to generate the guaianolide framework (Scheme 2.5).
Alternatively, the enzymatic C3 hydroxylation of (+)-costunolide (281) and subsequent
dehydration/cyclization sequence to give the guaianolide core has also been proposed.'”
Additional oxidative manipulation to the 5,7,5-membered ring system ultimately leads to the

various functionality patterns observed amongst the diverse guaianolide natural product class.

enzymatic
epoxidation
—_—
(+)-costunolide (281)
loxidation
+H*
—_—
-H,0
285 286 guaianolides 284

Scheme 2.5. Biosynthesis of guaianolides 284.

Despite the existence of several synthetic strategies toward monocyclic y-butyrolactone
natural products there are considerably fewer approaches towards the contruction of bi- and
tricyclic y-butryolactone frameworks such as the guaianolides (Figure 2.7). Therefore it is

important to highlight some of the synthetic achievements and strategies in guaianolide natural
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product total synthesis. Although eupalinilide E (256) has not been previously synthesized it is

included for structural comparison.

compressanolide (287) (+)-cladanthiolide (288)

thapsigargin (289) (+)-absinthin (290) (-)-8-epigrosheimin (291)
Figure 2.7. Representative guaianolide natural products achieved in total synthesis.

Racemic total syntheses of guaianolide natural products began to surface in the 1980s and
were focused on the elaboration of 7-membered rings (Scheme 2.6). En route to (£)-
compressanolide (287) and (£)-estafiatin (302). Vandewalle developed a novel approach toward
the 5,7-hydroazulene core through the oxidative diol cleavage of 5,4,5-tricycle (£)-295."°""" An
efficient protocol starting with the photochemical [2+2] cycloaddition between 1,2-
bis[trimethylsiloxy]cyclopentene 293 and cyclopentenone 292 generated 5.,4,5-tricycle (+)-294
as a single diastereomer. Subsequent Wittig reaction and TMS removal primed diol (+)-295 for
ring expansion by lead(I'V) acetate mediated oxidative cleavage to give key intermediate (£)-296.
Shea was also capable of synthesizing the important 5,7-hydroazulene intermediate (+)-296
using a bridged-to-fused-ring-interconversion strategy.”” An intramolecular Diels-Alder reaction
of triene 297 gave rise to bridged ring (£)-298. After carbonyl reduction and alcohol protection
ozonolysis disconnected the bridgehead to give (£)-299, which set the stage for an intramolecular
aldol condensation to afford Vandewalle’s intermediate (£+)-296 following deprotection and

oxidation.
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Scheme 2.6. Synthesis of key intermediate (+)-296.
The racemic total syntheses of (+)-compressanolide (287) and (+)-estafiatin (302) were
completed upon further functional group manipulation of 5,7-hydroazulene (£)-296 (Scheme
2.7). It is of interest to note the strategy to use the addition of a prenyl group as a latent surrogate

for the lactone by way of ozonolysis, Jones oxidation, and intramolecular esterification.

0 Y
4-steps HO
R % —_—
Me Me
27% /
Me & me O 3
o o
(£)-296 (£)-301 (x)-compressanolide (287) (z)-estafiatin (302)

Scheme 2.7. Synthesis of (+)-compressanolide (287) and (£)-estafiatin (302).

Adopting Vandewalle’s approach toward guaianolides through the initial construction of
the hydroazulene core Rigby and co-workers took advantage of the 7-membered ring already
present in commercially available 2,4,6-cycloheptatrienone (tropone, 303) (Scheme 2.8).%°'*
Utilizing the appropriate nucleophiles 1,8-addition afforded alkylated species (£)-304 and (+)-
306, which were further elaborated to reactive aldehyde (£)-305 and diazoketone (+)-307,

respectively.
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Scheme 2.8. Functionalization of tropone 303.

Lewis acid promoted cyclization of (£)-305 followed by reductive opening of the oxo
bridge generated 5,7-hydroazulene precursor (£)-309 from which (£)-dehydrocostus lactone
(310) and (*)-estafiatin (302) could be accessed (Scheme 2.9). Alternatively, intramolecular
cyclopropanation of (+)-307 generated tricycle (+)-311, which was opened by a Lewis acid

mediated homoconjugate addition to give intermediate (+)-312 for the synthesis of (¥)-

grosshemin (313).
OMe y OMe H OMe
BF3e0Et, ] 1. Li, MeNH, 2
R 1 - —
—_—
CHO 92% 2. MEMCI -
i 80% MEME H
(4)-305 (+)-308 ()-309 (*)lfggﬁ‘;r?gf;)‘us (+)-estafiatin (302)
OPiv
OPiv OPiv Ac,0 H
O  Cu/CusO, H BF;00Et, :
— % c ——> AcO p——
~ 75% . 93% 8
Nz <\ H :
AcO
(£)-307 (£)-311 (£)-312 (+)-grosshemin (313)

Scheme 2.9. Synthesis of (£)-dehydrocostus lactone (310), (+)-estafiatin (302), and (%)-
grosshemin (313).

In a similar strategy, Deprés took advantage of the readily available tropylium cation 314
(Scheme 2.10).*”® Methylation and regioselective [2+2] cycloaddition provided dichloro
intermediate (£)-315 which underwent ring expansion to form hydroazulene intermediate (+)-

316. Subsequent 1,6-conjugate addition of an (E)-ketene acetal provided a handle for trans
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lactone formation. Further manipulation provided guaianolide intermediate (+)-318 and

eventually the 6,12-guaianolide natural product (+)-geigerin (319).

OTBS
Me Me. _~
Me H OMe
1. MeLi o H CH,N, 1. LiClO,
B ——— —> 0 B ————
2. Cl3CCOcCI cl 43% 3-steps 2. DMDO
Cl H cl
314 (£)-315 (£)-316
Me
H
4-steps 2-steps H
R —— R —— 0 o o)
28% 53% Me Hé H Y (0]
MeO,C Me
(£)-317 (t)-geigerin (319)

Scheme 2.10. Synthesis of (£)-geigerin (319).

Semi-synthetic and biosynthetic efforts have led to a few guaianolide enantioselective
total syntheses. It was discovered that photoirradiation of the eudesmanolide (—)-a-santonin
(320) in acetic acid provided 5,7,5-tricycle 321 (Scheme 2.11).****® With an expedient entry into
the guaianolide core estafiatin (302) was synthesized once again.””**”® Zhang and Lei took
advantage of this reactivity en route to their biomimetic dimerizations to synthesize (+)-absinthin
(290) and (+)-ainsliadimer A (326), respectively.*”?'" Although analogous photoreactions
involving derivatives and (—)-a-santonin like compounds have been reported they are quite

limited in scope and utility.*'""
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Scheme 2.11. Rearrangement of (—)-a-santonin (320) towards (+)-absinthin (290) and (+)-
ainsliadimer A (326).

Biomimetic syntheses of the guaianolide scaffold have also been accomplished from
germacranolide natural products such as the proposed biosynthetic precursor parthenolide (282)
(Scheme 2.12). Zhang and Chen were able to achieve a p-toluenesulfonic acid induced
rearrangement of parthenolide (282) to an advanced intermediate that required only two
additional steps to complete the total synthesis of arglabin (328).*"* Similar to the eudesmanolide
rearrangements modified and germacrolide oriented scaffold rearrangements have been reported
but are prone to complex product mixtures and poor yields.”"**** Despite offering advanced
intermediates in as little as one step the use of complex natural product starting materials limit
the opportunity for diversity oriented synthesis and renders these strategies useful to only a small

subset of guaianolide oxidation patterns.

168



1. m-CPBA

i
2. Martin's
Sulfurane

50% 2-steps
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Scheme 2.12. Synthesis of arglabin (328) from parthenolide (282).

As guaianolides became popular targets for total synthesis innovative strategies arose for
their enantioselective syntheses from simple starting materials. Reiser utilized basic furan
derivatives to construct two important synthons for the total synthesis of (+)-arglabin (326)
(Scheme 2.13).*7*** Cul-catalyzed asymmetric cyclopropanation of methyl-2-furoate 330
followed by ozonolysis provided cyclopropylcarbaldehyde 332. Furfuryl alcohol 329 on the
other hand generated allylsilane 331 prior to enzymatic resolution and straightforward functional
group manipulations. These two building blocks were combined with high stereocontrol dictated
by the Felkin-Ahn paradigm. Base promoted saponification of the more labile oxalic ester in 333
and subsequent retroaldol-lactonization afforded lactone 334. Hosomi-Sakurai allylation and
acetylation provided ring closing metathesis (RCM) precursor 335. Grubbs II catalyst efficiently

provided the guaianolide core, which was eventually transformed into (+)-arglabin (328).
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Scheme 2.13. Synthesis of (+)-arglabin (328).
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Lee and co-workers developed a concise four-step synthesis of key cyclopentane
intermediate 339 from (R)-carvone 337 (Scheme 2.14).** This was an attractive approach
because the stereochemical information contained by the carvone precursor could provide
substrate control for subsequent stereoselective reactions. Chlorohydrin 328 was synthesized in
three steps from (R)-carvone 337 setting the stage for a stercoselective Favoskii reaarangement
to furnish highly substituted cyclopentanecarboxylate 339. This approach was adopted by several

research groups and led to several guaianolide total syntheses.

u Me  1.H,0, NaOH y Me (Me
X\ 2. TMSCI, H,S0, THPO,, P NaOMe o
e T Mens ———_ = THPO"
Me 3. DHP, TsOH o 80% NGO, Me
[} _ g 2
o 73% 3-steps o me H

(R)-carvone 337 338 339
Scheme 2.14. Synthesis of cyclopentanecarboxylate 339.

Lee successfully elaborated cyclopentane 339 to bromoacetal 340 which underwent a
smooth radical cyclization intiated by azobisisobutyronitrile and tributyltin hydride to provide
protected lactone 341 in quantitative yield and perfect diastereoselectivity (Scheme 2.15). The
synthesis of (+)-clandantholide (288) was subsequently obtained.”’ In a parallel manner Lee
synthesized (—)-estafiatin (302) from a-chloro species 342 using oxidative radical conditions.
Hall was able to use Lee’s work combined with a unique tandem allyboration/lactonization
reaction sequence to give RCM precursor 347 which resulted in the total synthesis of (+)-

chinensiolide B (348).”"
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Scheme 2.15. Synthesis of (+)-clandantholide (288), (—)-estafiatin (302), and (+)-chinensiolide B
(347).

Utilizing Lee’s strategy Ley and co-workers began with (S)-carvone 337 in their
synthesis of several members of the thapsigargin family (Scheme 2.16). Upon optimization of
several stereoselective addition reactions advanced intermediate 349 was obtained and subjected
to ring closing metathesis to forge hydroazulene core 350. Following an array of synthetic
manipulations Ley was able to arrive at five stereochemically complex and heavily oxygenated

thapsigargin natural products.”***

b Me HMe_OMOM |_I|VIQOMOM
S 14-steps / Grubb's Il J 27-steps
» TBDPSO —— > TBDPSO -
0,
Me 28% H OEt oo H oet %
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(S)-carvone 337 349 350

thapsigargin (289)

Scheme 2.16. Synthesis of thapsigargin (289).
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Interestingly, in Xu’s synthesis of (—)-8-epigrosheimin (291) the closure of the 7-
membered ring was a diastereoselective event that not only delivered the exocyclic olefin but
also the C8 hydroxylated functionality (Scheme 2.17). The strategy involved the initial
construction of the butyrolactone prior to ring closure. In the first synthetic route carvone derived
cyclopentane aldehyde 351 was subjected to a Mukaiyama aldol addition to install the latent
butyrolactone. An aldehyde-ene reaction promoted by dichlorotitanium diisopropoxide smoothly
provided the tricyclic core 355 in excellent yield.” In a second-generation synthesis a Barbier
reaction was cleverly devised to install the latent butyrolactone in less steps. Subsequent

functional group manipulations provided the natural product.””’
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Scheme 2.17. Synthesis of (—)-8-epigrosheimin (291).
In an effort to devise a synthetic strategy for the construction of eupalinilide E (256) we
realized that retrosynthetic analysis could trace the natural product back to previously

synthesized (+)-8-epigrosheimin (291) (Scheme 2.18).”%*" Besides chlorohydrin formation from
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the requisite exocyclic olefin and tigloyl ester formation at the C8 hydroxyl group the key
transformation would entail the conversion of the cyclopentanone to the allylic alcohol present in
eupalinilide E (256). Fortunately, there was already precedence for such a transformation in the

guaianolide natural product literature.

eupalinilide E (256)

Scheme 2.18. Retrosynthetic analysis of eupalinilide E (256).

One method relied on a Rubottom oxidation to install the C4 hydroxyl group followed by
a Shapiro reaction to transform the ketone into the desired trisubstituted olefin.”*’ According to
this report the undesired diastereomer in our case may arise; however, if this event is
unavoidable a simple inversion protocol could easily rectify the problem. Alternatively,
elimination of the oxygenated functionality at C3 could afford the trisubstituted olefin 361 prior
to allylic oxidation setting the stage for a diastereoselective reduction to furnish the allylic
alcohol.*****

Although synthetic reports detail the synthesis of biologically active (—)-8-epigrosheimin
(291) the authors comment that they also synthesized the natural enantiomer from (R)-carvone
337 (Scheme 2.19).”" This is a convenient route that sets the stereocenters associated with the cis
hydroazulene core, trans bicyclic butyrolactone junction, and C8 hydroxyl group of eupalinilide
E (256). Starting from (R)-carvone 337 a hydrogen peroxide mediated epoxidation followed by
lithium chloride induced ring opening and tetrahydropyran protection generated precursor 338. A

stereoeselective Favorskii rearrangement would ensue to afford cyclopentane 339 that contains
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the stereochemical information necessary for the cis hydroazulene assembly. Subsequent
protecting group and oxidation state manipulations provided key aldehyde 356 primed for a
stereo- and regioselective allylation addition. Zinc promoted Barbier coupling provided o-
methylene y-butyrolactone 358 that underwent a base induced intramolecular translactonization
to furnish primary alcohol 362. Finally, a Dess-Martin oxidation and aldehyde-ene cyclization
encouraged by boron trifluoride diethyl etherate provided (+)-8-epigrosheimin (291).
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\
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o — E—— - .
s 3 CHO
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BF3eOEt,
—_—
363 (+)-8-epigrosheimin (291)

Scheme 2.19. Synthesis of (+)-8-epigrosheimin (291).

Initial synthetic studies quickly revealed that the late-stage manipulation of (+)-8-
epigrosheimin (291) would be difficult and tedious so it was decided that the early construction
of the allylic alcohol bearing cyclopentane would be more prudent. Unfortunately, attempts to
transform Favorskii product 339 into the desired allylic alcohol were plagued with complications
surrounding poor yields and scalability as well as problems associated with epimerization and
isomerization.

While investigating alternative carvone derived rearrangements a solution presented itself
in the form of a cascade sequence capable of transforming tribomide 364 into bicyclic lactone

368 (Scheme 2.20). This underutilized transformation was discovered by Wallach in 1899 and
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was briefly studied by Wolinsky some 60 years later.”*®>** The reaction presumably occurs
through an initial Favorskii reaction in which the resulting carbanion 365 proceeds to eliminate
bromide providing olefin intermediate 366. Subsequent engagement of the tertiary bromide by
the amide gives bicyclic imidate 367 that upon hydrolysis affords bicyclic lactone 368, an
attractive intermediate that retains the stereochemical information required moving forward and

possesses the trisubstituted olefin that had previously been a synthetic challenge.

€ Me
‘Br H Newme H Meme
g \ H30+ - \
3 =\ Z
HN, me M N-g Me H o
R
366 367 368

Scheme 2.20. Tribromide 364 Favorskii rearrangement.

Consequently (R)-carvone 337 was treated with dry hydrobromic acid to selectively
hydrobrominate the terminal olefin prior to its reaction with molecular bromine to furnish
tribromide 364 (Scheme 2.21). The Favorskii precursor 364 was then exposed to isopropyl amine
and allowed to stir overnight to provide bicyclic imidate 366 that gave bicyclic lactone 368
following acetic acid assisted hydrolysis. Due to the constant shifting between acidic and basic
media in highly volatile solvents such as diethyl ether and isopropyl amine these reactions were
conducted slowly and with extreme caution in order to avoid violent exothermic reactions.
Nonetheless this convenient four-step sequence was routinely run on 100 gram scale to provide
pure bicyclic lactone 368 following recrystallization from hexanes as a light-amber crystalline

solid in a satisfying 50% overall yield.

Me,
H Me
1. HBr = ¢ H Meme
AcOH 0°C /PrNH2 o) AcOH =X
- -_— O
T Br, Br. EtZO 3°c /A ,\q Me  THF, 50 °C :
AcOH, 23°C  Mé ~ 50% 4-steps  wd H O
Me 100 gram scale
(R)-carvone 337 364 369 368

Scheme 2.21. Synthesis of bicyclic lactone 368.
The rigid and durable structure of bicyclic lactone 368 seemed like a good candidate for

allylic oxidation and indeed Mori had already shown the validity of this reaction (Scheme
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2.22).*?* In the presence of a large excess of chromium trioxide and 3,5-dimethylpyrazole in
methylene chloride at ambient temperature bicyclic lactone 368 was converted to enone 370.
Despite the low yield and painstaking effort to purify enone 370 by multiple iterations of column
chromatography the product could still be produced as a clear crystalline solid on multigram
scale.

Standard Luche reduction conditions followed by protection using freshly prepared p-
methoxybenzyl 2,2,2-trichloroacetamide afforded PMB alcohol 371 as a single
diastereomer.*****’ Lithium aluminum hydride was then used to open the bicycle followed by
monoacylation to provide tertiary alcohol 372. Subsequent elimination utilizing the Burgess
reagent gave the desired terminal olefin 373 as the only detectable product.**® Unfortunately,
significant decomposition as evidenced by the expulsion of p-methoxybenzyl alcohol lead to
poor yields. Short reaction times (2 minutes) were critical in avoiding the complete deterioration
of material. Nevertheless pushing forward through a deacylation and Dess-Martin oxidation

furnished key aldehyde 374 for the intended Barbier coupling.**

1. CeClze7H,0
H Meme Q H Meme NaBH, PMBQ  Meyo 1. LiAlH,
G\ CrOg3, 3,5-DMP =X MeOH, 0 °C =X Et,0, 23 °C
O _— O _— O _—
= CH,CI,, 0 °C E 2. PMBO(C=NH)CCl3 E 2. Ac,0
Me H © s 45% | Me H © (+)-CSA Me H © EtzN, DMAP
gram scale CH,Cl,, 23 °C CH,CI,, 23 °C
368 370 85% 2-steps 37 80% 2-steps
16 gram scale 20 gram scale
(0]
\\S//
PMBO 4y Meye  MeO™ N7 “NEt, PMBO ; Me 1. LiAIH, PMBO H Me
: o ® = \ Et,0, 23 °C A\
OH —mMmMm™ ™
B THF, 23 °C z 2. DMP, NaHCO3; < T"CHO
Me " oAc " 42% | Me H OAc C7H82/C|22 23°C me H
-st
372 gram scale 373 b 2-steps 374

5 gram scale
Scheme 2.22. Synthesis of key aldehyde 374.

To our dismay the Barbier coupling of key aldehyde 374 with bromolactone 357 did not
proceed as it had before (Scheme 2.23). In fact no level of reactivity could be realized even after
screening various conditions. Since the Barbier coupling was hypothesized to occur through a

six-membered transition state we believed that the steric load of our substrate was the main
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culprit. A series of six aldehydes 276-281 were synthesized with varying degrees of unsaturation
and oxygenation to see if the Barbier coupling could be achieved. None were successful and it
was concluded that an adjacent sp® carbon center or a syn methyl relationship prohibits

reactivity.

379 380 381 Steric Interaction

Scheme 2.23. Failed Barbier coupling.

In order to circumvent the difficulties associated with the Barbier reaction we planned to
elaborate aldehyde 374 in hopes of employing a radical or transition metal catalyzed
transformation to furnish the requisite lactone (Scheme 2.24). To that end allylic alcohol 382 was
prepared by treating aldehyde 374 with vinyl magnesium bromide. The goal was to install a
propargyl ester that upon enyne cyclization would reveal the a-methylene y-butyrolactone
directly. Unfortunately, allylic alcohol 382 possessed very limited reactivity and despite
extensive efforts the only viable reaction that was achieved was its propargylation using
potassium hydride with the assistance of 18-crown-6 to furnish enyne 383. We were confident
that once cyclized the activated methylene position would be poised for allylic oxidation and that
the lactone could be obtained later on in the synthesis.

With enyne 383 in hand we needed a cyclization capable of installing functionality that

could be transformed into the key aldehyde-ene precursor. A suitable transformation was
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realized by adapting a borylative enyne cyclization reported by our group that was originally
developed for the construction of elaborated cyclopentanes.”**' Upon treatment of enyne 383
with palladium(Il) acetate in the presence of bis(pinacolato)diboron and an equivalent of
methanol in toluene at 50 °C the desired cyclization took place in which a five-membered cyclic
ether was constructed as well as a terminal boronate ester which gave alcohol 384 following
oxidative work-up.

Subsequent Swern oxidation provided the key aldehyde that underwent ring closure when
treated with diethylaluminum chloride in methylene chloride at =78 °C to afford 5,7,5-tricycle
385 in 53% overall yield as a single diastereomer.””** In order to test the validity of our
hypothesized lactone formation by way of allylic oxidation the primary alcohol 385 was
protected as an acetate. At first various attempts to obtain the desired allylic oxidation only lead
to decomposition of the starting material. Eventually it was discovered that when oxidized using
Jone’s conditions the lactone was formed with concomitant deprotection of the p-methoxybenzyl

group followed by oxidation to the resultant enone to give guaianolide 386.>”

1. Pd(OAc),

Me
PMBO 4 Me PMBO HMe propargyl bromide PMBQ H \ Bopin,, MeOH
= \ H,C=CHMgBr = KH, 18-crown-6 0 PhMe, 50 °C
B —— B —————
ZTCHO THF, 0°C : THF, 23 °C '_] . / 2. H,0,, NaOH
H 96% H - 31% Me S THF, 0 °C
Me Me = )
1 gram scale HO 1 gram scale O\// 28% 2-steps
374 382 383
1. (CO),Cl, 1. Ac,0
DMSO, Et;N  PMBQ H Et;N, DMAP
CH,Cl,, =78 °C : CHaCly, 23 °C
- s OH - s
2.ELAIC 2.CrO;, H,SO,
CH,Cl,, -78°C  Me Me,CO, 0 °C

53% 2-steps 24% 2-steps

384 385

Scheme 2.24. Synthesis of guaianolide 386.
Although it seemed reasonable that the synthesis of eupalinilide E (256) could be
obtained from guaianolide 386 in due course, the lengthy step count and sequence of poor
yielding reactions influenced our attempt to streamline our synthetic route to provide more
material for end game chemistry (Scheme 2.25). Instead of vinyl addition on discrete aldehyde

374 we believed that the installation of this group directly from a lactol would be much more

178



direct. Therefore PMB bicycle 371 was treated with diisobutylaluminum hydride prior to the
addition of vinyl magnesium bromide at elevated temperature to give diol 387. Propargylation of
this substrate was more facile than before and could be achieved with sodium hydride.
Interestingly, attempts to do the boralytive enyne cyclization on this substrate only returned
starting material. The use of Burgess reagent encountered similar problems as before but gave
similar yields in providing substrate 389.>** Proceeding through the borylative enyne/oxidation
sequence and Swern oxidation/aldehyde-ene transformation resulted in 5,7,5-tricycle 391 as a

single diastereomer that did not match the spectral data for 5,7,5-tricycle 386.77>°"

0 o0
Me Me )L s
PMBO 4 Meye 1. DIBAL PMBO & Me propargyl bromide ~ PMBQ H e MeO” “N”” NEts
= X CH,Clp, -78 °C : ~~OH NaH z ~OH © @
o — ) /
3 2. H,C=CHMgBr : THF/DMSO, 23 °C : THF, 23 °C
H THF, 50 °C H 32% 3-steps Me 37%
Me (0] s Me p: =
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371 387 388
Me 1. Pd(OAc), M 1. (CO),Cl,
PMBQ Bopiny, MeOH PMBO 1§ DMSO, Et;N
: PhMe, 50 °C : CH,Cly, —78 °C
—_— —_—
: / 2. H,0,, NaOH 2. ELAICI
Me o= THF, 0 °C CHaCly, —78 °C

35% 2-steps 76% 2-steps

389

Scheme 2.25. Attempt to streamline synthetic route.
Once again protection of primary alcohol 391 as its acetate prior to Jone’s oxidation gave
an analogous compound 391 possessing a lactone and enone that was also different from

guaianolide 386 procured earlier.””

Acylation of alcohol 391 with 3,5-dinitrobenzoylchloride
provided dinitrobenzoate 394 as a highly crystalline solid. X-ray analysis unambiguously
identified the structure as having the desired atomic connectivity with inverted stereochemistry at
three of the stereocenters. This result suggests that the vinyl addition to the lactol provided the
allylic alcohol resulting from chelation control whereas the addition to discrete aldehyde 374

254-257

followed the Felkin-Anh paradigm.
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Scheme 2.26. Synthesis of incorrect guaianolide diastereomer 394.

With experience concerning allylic oxidation on the guaianolide system in hand it was
hypothesized that a late-stage dual allylic oxidation would significantly improve our synthetic
route. We believed that by combining two inherently poor yielding reactions into a single
transformation performed toward the end of the synthesis we could significantly facilitate the
ability to acquire late-stage material. Furthermore, complications regarding the decomposition of
PMB alcohol substrates would be avoided.

Therefore bicyclic lactone 368 was cleaved with lithium aluminum hydride prior to
acetate pyrolysis to give terminal olefin 397 (Scheme 2.27). The acetate pyrolysis reaction was
initially unpredictable and gave variable mixtures of terminal and tetrasubstituted olefins ranging
from 2:1 to complete conversion to tetrasubstituted olefin 396. The intermediate diaceate 395
was also isolated on occasssion. However, simply adding activated crushed mol sieves to the
reaction lead to a consistent 91% yield with a respectable 2:1 ratio in favor of terminal olefin
397. Separation of these two compounds was extremely difficult but mitigated when the mixture
was deacylated prior to separation. A subsequent Dess-Martin oxidation afforded simplfied
aldehyde 398 devoid of the allylic alcohol.**

In an attempt to improve the propargylation step we decided to install the vinyl group

with vinyl lithium instead of the previously used vinyl magnesium bromide. We thought that we
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could take advantage of the in situ generated nucleophilic lithium alkoxide and achieve
propargylation in a single reaction vessel. The in situ generation of vinyl lithium from
tetravinyltin and n-butyllithium smoothly provided the allylic alkoxide within minutes. At which
point the lithium cation was sequestered with freshly distilled hexamethylphosphoramide prior to
the introduction of propargyl bromide to afford the desired enyne substrate. Following a
quantitative trimethylsilyl protection of the terminal alkyne enyne precursor 400 was obtained in
a gratifying 80% yield over three steps.””® The protected alkyne would immediately pay
dividends as it increased the yield of the enyne cyclization and would also serve to protect the
reactive a-methylene-y-butyrolactone moiety.
H Mepe 1. LiAIH, 1. LiAIH,

X Et20 0°C Et,0,0°C
Me H © Aco 150 °C o A OAc A CH,Cl,, 23 °C
368

M OAc
45% 4-steps

397
|
0:1:2 0:1:2 0:1:2 40 gram scale

1. propargyl bromide Me
H Me  (H,C=CH);Sn HMPA Ho
d N n-BuLi THF, 23 C 5
ZCHO THF, -78°C 2 TMSCI, n-BulLi I:I : / ™S
H THF, -78 °C Me 3
Me =
80% 3-steps O\/

398 23 gram scale 400

Scheme 2.27. Synthesis of enyne precursor 400.

With our new enyne precursor 400 in hand the enyne cyclization proceeded in 62% yield
which was a two-fold increase over previous substrates (Scheme 2.28).”%*' Furthermore, the
product was highly crystalline and x-ray analysis unambiguously confirmed the Felkin-Anh
addition from discrete aldehyde 398 and that the enyne cyclization provided the desired trans
cyclic ether. Even more impressive was the quantitative yield acquired following the Swern
oxidation and diethylaluminum chloride induced aldehyde-ene cyclization to give carbocycle
402,77

At this point we were convinced that we could finish the synthesis of eupalinilide E (256)
and confirm stereochemistry by analysis of the final product. The C8 tigloyl ester was installed

using standard Yamaguchi conditions.*” Exposure of 5,7,5-tricycle 402 to a premixed solution of
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tiglic acid and 2,4,6-trichlorobenzyol chloride in the presence of base afforded tiglic ester 403 in
good yield.

To our delight treatment of carbocycle 403 with excess chromium trioxide and 3,5-
dimethylpyrazole at =20 °C in methylene chloride gave the corresponding enone/butyrolactone
product 404 while leaving the tigloyl group untouched. **?* However, the unoptimized reaction
only gave a 30% isolated yield with nothing else available for recovery. Despite the low yield
this reaction could be performed on gram scale to consistently provide hundreds of miligrams of
the desired guaianolide 404. It is important to note that this yield is on par with other
cyclopentene allylic oxidations on guaianolide scaffolds and in our case we also achieve allylic
oxidation to form the lactone.*® With guaianolide scaffold 404 possessing the protected -
methylene-y-butyrolactone moiety in hand a straightforward Luche reduction furnished allylic
alcohol 405 as a single diastereomer in 92% yield.** In the absence of the trimethylsilyl

protecting group the selective reduction of the enone could not be achieved.
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Scheme 2.28. Synthesis of allylic alcohol 405.
While the fluoride-induced cleavage of Si-Csp, bonds in silyl acetylenes is common

practice in organic synthesis, the analogous cleavage of Si-Cs2 bonds in vinyl silanes is quite
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rare.”®” Consequently, the treatment of vinyl silane 405 with tetrabutylammonium fluoride had no
effect. An alternative way to remove vinyl silanes involves acid promoted protodesilylation. This
reaction proceeds through the initial protonation of the olefin to give a carbocation 3 to the
silicon atom prior to elimination. In the presence of trifluoroacetic acid vinyl silane 405 readily
decomposed. This is not surprising given that under the aforementioned pathway the resultant
carbocation would also be located a to a carbonyl group, which is highly unfavorable.

In order to address these shortcomings Bachi disclosed a strategy for the removal of vinyl
silanes en route to a-methylene-y-butyrolactones (Scheme 2.29).°'*% Initial conjugate addition
of thiophenol leads to a Si-Csps bond that is readily cleaved by a fluoride source to generate a
thioadduct 408. Subsequent oxidation to the sulfoxide 409 facilitates elimination and the desired
a,B-unsaturated lactone 410 is obtained. Upon further investigation Bachi discovered that the
expulsion of thiophenol occurred in some capacity during the desilylation event. In order to
prevent displaced thiophenol from adding back in, an excess of methyl acrylate was added to
sequester the nucleophile and allow for the tandem desilylation/sulfide elimination to take place

in a single operation.
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Scheme 2.29. Bachi’s desilylation strategy.
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Although Bachi’s conditions for the Michael addition of thiophenol did not work on our
system, a modified procedure using sodium hydride afforded thio silane 414 in good yield
(Scheme 2.30). It is noteworthy that this reaction was sluggish and required at least 48 hours to
reach full conversion. Initial attempts to implement the tandem desilylation/sulfide elimination
sequence seemed promising, however despite extensive efforts there was always an appreciable
quantity of thioadduct 416 in the reaction mixture. A respectable 53% yield of the desired a-
methylene-y-butyrolactone 415 in greater than 90% purity could be obtained but the complete
removal of the thioadduct 416 impurity was quite difficult. This was problematic because even
trace amounts of thioadduct 416 significantly hindered the success of the following epoxidation
reaction.

This minor setback was easily navigated by performing the desired sequence of
transformations in a more traditional stepwise fashion. Treatment of thio silane 414 with
tetrabutylammonium fluoride in tetrahydrofuran uneventfully furnished thioadduct 416.
Subsequent oxidation to the corresponding sulfoxide was carried out with sodium periodate prior
to the 1,8-diazabicycloundec-7-ene induced elimination to afford pure o-methylene-y-

butyrolactone 415 in 70% yield over four-steps as a white solid.
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Scheme 2.30. Vinyl TMS deprotection.

All that remained to finish the total synthesis of eupalinilide E (256) was the installation
of the chlorohydrin. Exposure of guaianolide 415 to m-chloroperoxybenzoic acid did not affect
the a-methylene-y-butyrolactone but it was not selective between the exocyclic olefin and allylic
alcohol giving rise to a mixture of products. We hypothesized that the use of a bulky epoxidizing
agent may provide the selectivity needed to selectively oxidize the exocyclic olefin. This was
realized when the Shi catalyst afforded desired epoxide 418.** Subsequent epoxide opening with
lithium chloride in the presence of dry hydrochloric acid cleanly revealed the chlorohydrin thus
completing the first enantioselective total synthesis of eupalinilide E (256). '"H- and "C-NMR
spectral analysis matched that of reported values and 2D-NMR experiments of our own added

credence to the assigned structure.

185



(0}
Me
o
! Mo
o) [6)

we T ©

Me HO o] Me M
Oxone, K,CO3 : W ©
BusNHSO, o Me  LiCl, HCI \ Me
- _—
DMM/MeCN, 0 °C Mé = THF, 23 °C
45% BRSM 99%
O
418 eupalinilide E (256)

Scheme 2.31. Synthesis of eupalinilide E (256).

The first enantioselective total synthesis of eupalinilide E (256) has been achieved in 20-
steps starting from commercially available (R)-carvone 337. Highlighted by a unique Favoskii
rearrangement, boralytive enyne cyclization, aldehyde-ene cyclization, and a late-stage dual
allylic oxidation a convenient route toward C8 oxygenated guaianolides has been established.
Future endeavors will focus on reaction optimization to provide greater quantities of the natural
product for subsequent biological testing. Ultimately, we hope to use this knowledge to
synthesize affinity probes for mode of action studies to gain insight on how more potent analogs

for HSC expansion could be developed.
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EXPERIMENTAL SECTION
General Information

All reactions were performed in flame dried round bottom or modified Schlenk (Kjedahl
shape) flasks fitted with rubber septa under a positive pressure of argon or nitrogen, unless
otherwise indicated. Air- and moisture-sensitive liquids and solutions were transferred via
syringe or cannula. Organic solutions were concentrated by rotary evaporation at 20 torr in a
water bath heated to 40 °C unless otherwise noted. Diethyl ether (Et2O), methylene chloride
(CH2CL), tetrahydrofuran (THF) and toluene (PhMe) were purified using a Pure-Solv MD-5
Solvent Purification System (Innovative Technology). Acetonitrile (MeCN) was purified using a
Vac 103991 Solvent Purification System (Vacuum Atmospheres). Dimethoxyethane (DME) was
purchased from Acros (99+%, stabilized with BHT), N,N,-Dimethylformamide (DMF) was
purchased from Acros (99.8%, anhydrous), ethanol (EtOH) was purchased from Pharmco-Aaper
(200 proof, absolute), and methanol (MeOH) was purchased from Sigma-Aldrich (99.8%,
anhydrous). Where necessary, solvents were deoxygenated by iterative freeze-pump thaw using
liquid nitrogen three times. The molarity of n-butyllithium was determined by titration against
diphenylacetic acid. All other reagents were used directly from the supplier without further
purification unless otherwise noted. Analytical thin-layer chromatography (TLC) was carried out
using 0.2 mm commercial silica gel plates (silica gel 60, F254, EMD chemical) and visualized
using a UV lamp and/or aqueous ceric ammonium molybdate (CAM) or aqueous potassium
permanganate (KMnO4) stain, or ethanolic vanillin. Infrared spectra were recorded on a Nicolet
380 FTIR using neat thin film or KBr pellet technique. High-resolution mass spectra (HRMS)
were recorded on a Karatos MS9 and are reported as m/z (relative intensity). Accurate masses
are reported for the molecular ion [M+Na]’, [M+H]’, [M] or [M—H]". Nuclear magnetic
resonance spectra ('H-NMR and "C-NMR) were recorded with a Varian Gemini [(400 MHz, 'H
at 400 MHz, "C at 100 MHz), (500 MHz, 'H at 500 MHz, "C at 125 MHz), (600 MHz, 'H at
600 MHz, “C at 150 MHz)]. For CDCls solutions the chemical shifts are reported as parts per

million (ppm) referenced to residual protium or carbon of the solvent; CHCIz § H (7.26 ppm) and
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CDCls 6 D (77.0 ppm). For (CD3)SO solutions the chemical shifts are reported as parts per
million (ppm) referenced to residual protium or carbon of the solvents; (CD3)(CHD2)SO 6 H
(2.50 ppm) or (CD3)2SO & C (39.5 ppm). For (CD3)2CO solutions the chemical shifts are reported
as parts per million (ppm) referenced to residual protium or carbon of the solvents;
(CDs)(CHD2)CO 6 H (2.50 ppm) or (CD3)2CO & C (29.8 ppm). For CsDs solutions the chemical
shifts are reported as parts per million (ppm) referenced to residual protium or carbon of the
solvents; CsHDs 6 H (7.16 ppm) or CsDs § C (128 ppm). For CDsOD solutions the chemical
shifts are reported as parts per million (ppm) referenced to residual protium or carbon of the
solvents; CHD0OD 6 H (3.31 ppm) or CDsOD & C (49.0 ppm). For CD:Cl> solutions the
chemical shifts are reported as parts per million (ppm) referenced to residual protium or carbon
of the solvents; CHDCl. 6 H (5.32 ppm) or CD:Cl2 § C (53.5 ppm). Coupling constants are
reported in Hertz (Hz). Data for '"H-NMR spectra are reported as follows: chemical shift (ppm,
referenced to protium; s = singlet, d = doublet, t = triplet, = quartet, dd = doublet of doublets, td
= triplet of doublets, ddd = doublet of doublet of doublets, ddq = doublet of doublet of quartets,
bs = broad singlet, bd = broad doublet, m = multiplet, coupling constant (Hz), and integration).

Melting points were measured on a MEL-TEMP device without corrections.
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(R)-carvone 337 364 369 368
(3aR,6aR)-3,3,6-trimethyl-3,3a,4,6a-tetrahydro-1H-cyclopenta[c]furan-1-one (368)**

To a stirred solution of 33% hydrobromic acid in acetic acid (219 mL, 1.33 mmol, 2.0
equiv.) at 0 °C was slowly added a solution of R-carvone 337 (104 mL, 666 mmol, 1.0 equiv.) in
acetic acid (100 mL) dropwise over 15 minutes. After 45 minutes, the reaction mixture was
poured over ice H2O (600 mL) and extracted with EtOAc (3 x 800 mL). The combined organic
layers were washed with H2O (800 mL), half sat. ag. NaHCOs (800 mL) and brine (800 mL),
dried over Na2SOs4, and concentrated in vacuo to give crude monobromide as an amber oil.

To a stirred solution of crude monobromide (154 g, 666 mmol, 1.0 equiv.) in AcOH (440
mL, 1.5 M) at 23 °C in a water bath was added a solution of bromine (41 mL, 800 mmol, 1.2
equiv.) in AcOH (70 mL) dropwise over 1 hour. After 1.5 hours, the reaction mixture was poured
over ice H-0 (600 mL) and extracted with Et20 (3 x 600 mL). The combined organic layers were
washed with H.0 (600 mL), quarter sat. ag. NaHCOs (5 x 600 mL) and brine (600 mL), dried
over Na2SOs4, and concentrated in vacuo to give crude tribromide 364 as an amber oil.

To a stirred solution of crude tribromide 364 (260 g, 7.32 mol, 1.0 equiv.) in Et20 (2.66
L, 0.25 M) at 0 °C was slowly added isopropyl amine (630 mL, 7.32 mol, 11 equiv.) over 30
minutes. Upon complete addition, the reaction mixture was allowed to warm to 23 °C. After 12
hours, the reaction mixture was cooled to 0 °C before carefully adding 10% aq. H2SO4 (600 mL).
The aqueous layer was separated and the organic layer was extracted with 10% aq. H2SOs4 (3 x
600 mL). The combined aqueous layers were cooled to 0 °C with stirring before being brought to
pH = 8.0 with 10 N NaOH (600 mL). The neutralized solution was extracted with EtOAc (4 x
600 mL), washed with brine (600 mL), dried over NaSOs, and concentrated in vacuo to give

crude imidate as an amber oil.
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A stirred solution of crude imidate (138 g, 666 mol, 1 equiv.) in a 3:1 solution of
THF:10% aq. AcOH (1.33 L, 0.5 M) was heated to 50 °C. After 3 hours, the reaction mixture
was cooled to 23 °C before pouring over ice and sat. ag. NaHCOs (1 L). The reaction mixture
was extracted with EtOAc (4 x 600 mL), washed with brine (600 mL), dried over Na:SOs, and
concentrated in vacuo to give an amber oil. The crude material was purified via silica gel column
chromatography (5:1 hexanes:EtOAc) followed by recrystallization from hexanes to give pure

bicycle 368 (55.3 g, 333 mmol, 50% over 4-steps) as a white solid (m.p. 33-35 °C).

Ry=0.41 (silica gel, 5:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCL:): § 5.23 (bd, J = 2.0 Hz,
1H), 3.39 (d, J=9.0 Hz, 1H), 2.81, (q, J = 6.3 Hz, 1H), 2.30 (t, J = 2.0 Hz, 2H), 2.28 (t, J = 2.0
Hz, 1H), 1.68 (s, 3H), 1.26 (s, 3H), 1.17 (s, 3H); "C-NMR (100 MHz, CDCl:): § 175.2, 135.5,
126.1, 85.2, 56.1, 47.9, 33.1, 30.2, 23.4, 14.1; IR (film, cm™): 1758, 1270, 1119; HRMS (ESI)
calc. for CioH1402 [M+Na]": 189.08860, obs. 189.08940.
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2-((1R,2R)-2-(hydroxymethyl)-3-methylcyclopent-3-en-1-yl)propan-2-ol (419)

To a stirred solution of bicycle 368 (32 g, 193 mmol, 1.0 equiv.) in Et2O (960 mL, 0.2 M)
at 0 °C was slowly added a 4.0 M solution of lithium aluminum hydride in Et2O (48 mL, 193
mmol, 1.0 equiv.) over 20 minutes. After 40 minutes, the reaction mixture was carefully
quenched with H20 (7.3 mL), 15% aq. NaOH (7.3 mL), and H20 (21.9 mL) at 0 °C. The reaction
mixture was dried over Na.SOs and concentrated in vacuo to give pure diol 419 (32.4 g, 191

mmol, 99%) as a white solid (m.p. 73-75 °C).

Ry = 0.23 (silica gel, 2:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCls): § 5.43 (bs, 1H), 4.57
(bs, 1H), 4.36 (bs, 1H), 3.77 (d, J = 12 Hz, 1H), 3.51 (dd, J =11, 5.5 Hz, 1H), 2.5 (bd, J = 2.7
Hz, 1H), 2.31-2.23 (m, 2H), 2.09 (bd, J = 8.6 Hz, 1H), 1.65 (s, 1H), 1.33 (s, 1H), 1.20 (s, 1H);
BC-NMR (100 MHz, CDCl3): § 139.9, 125.8, 71.1, 60.1, 53.6, 51.4, 32.2, 29.8, 29.4, 15.1; IR
(film, cm™): 3282, 1360, 1053, 1004; HRMS (ESI): calc. for CioHisO2 [M+Na]": 193.11930, obs.
193.11990.
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A stirred solution of diol 419 (40 g, 235 mmol, 1 equiv.), activated 4.0 A molecular
sieves (20 g, 50% by weight), and Ac20 (160 mL, 1.5 M) was heated to 150 °C. After 16 hours,
the reaction mixture was cooled to 23 °C and passed through a short silica gel plug (10:1
hexanes:EtOAc) to give an inseparable 2:1 mixture of acetates 397 and 396 (41.5 g, 214 mmol,
91%) as an amber oil.

((1R,5R)-2-methyl-5-(prop-1-en-2-yl)cyclopent-2-en-1-yl)methyl acetate (397)
(5)-(2-methyl-5-(propan-2-ylidene)cyclopent-2-en-1-yl)methyl acetate (396)

Ry = 0.46 (silica gel, 10:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § [397] 5.48 (bs, 1H),
4.86 (s, 1H), 4.80 (s, 1H), 4.07 (dd, J= 11, 5.7 Hz, 1H), 3.83 (dd, /=11, 5.7 Hz, 1H), 3.33 (bs,
1H), 2.88 (bs, 1H), 2.43 (td, /=11, 2.0 Hz, 1H), 2.16 (dd, J =15, 7.7 Hz, 1H), 2.00 (s, 3H), 1.79
(s, 3H), 1.75 (s, 3H), [396] 5.49 (bs, 1H), 4.25 (dd, J =11, 6.6 Hz, 1H), , 3.97 (dd, J =11, 6.6
Hz, 1H), 2.93 (q, J = 8.7 Hz, 1H), 2.88 (bs, 1H), 2.73 (q, J = 6.2 Hz, 1H), 2.03 (s, 3H), 1.77 (s,
3H), 1.73 (s, 3H), 1.63 (s, 3H); "C-NMR (100 MHz, CDCls): § 171.0, 170.9, 144.5, 140.4,
133.4, 126.2, 125.4, 124.9, 110.9, 110.9, 66.2, 63.6, 63.6, 50.2, 49.6, 48.5, 36.3, 33.8, 23.1, 21.0,
20.9, 20.5, 16.0, 15.9; IR (film, cm™): 1741, 1379, 1252, 1038.

2-((1R,2R)-2-(acetoxymethyl)-3-methylcyclopent-3-en-1-yl)propan-2-yl acetate (395)

Ry = 0.30 (silica gel, 10:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 5.47 (bs, 1H), 4.44
(dd, /=11, 5.5 Hz, 1H), 3.94 (dd, J = 11, 7.0 Hz, 1H), 2.68 (q, J = 7.0 Hz, 1H), 2.40-2.30 (m,
2H), 2.15 (dd, J =11, 5.5 Hz, 1H), 2.01 (s, 3H), 1.95 (s, 3H), 1.76 (s, 3H), 1.65 (s, 3H), 1.50 (s,
3H); "C-NMR (100 MHz, CDCls): § 171.0, 170.2, 141.9, 125.8, 125.8, 82.1, 64.6, 55.0, 47.7,
31.2,25.5,22.4,21.1, 16.6; IR (film, cm™): 1732, 1367, 1228, 1023.
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((1R,5R)-2-methyl-5-(prop-1-en-2-yl)cyclopent-2-en-1-yl)methanol (420)

To a stirred solution of acetates 396 and 397 (41.5 g, 214 mmol, 1.0 equiv.) in Et20 (1.1
L, 0.2 M) at 0 °C was slowly added a 4.0 M solution of lithium aluminum hydride in Et2O (26.7
mL, 107 mmol, 0.5 equiv.) over 20 minutes. After 40 minutes, the reaction mixture was carefully
quenched with H20 (4.1 mL), 15% aq. NaOH (4.1 mL), and H20 (12.3 mL) at 0 °C. The reaction
mixture was dried over Na:SO4 and concentrated in vacuo to give a clear oil. The crude material
was purified via silica gel column chromatography (50:1 to 20:1 hexanes:EtOAc) to give pure

alcohol 420 (15.9 g, 105 mmol, 49% over 2-steps) as a clear oil.

Ry = 0.36 (silica gel, 5:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDClL): § 5.51 (s, 1H), 4.94 (s,
1H), 4.91 (s, 1H), 3.56 (dd, J=9.4, 4.7, 2H), 2.96 (q, J = 8.6 Hz, 1H), 2.63 (bs, 1H), 2.45 (dd, J
=12, 6.3 Hz, 1H), 2.17 (dd, J = 12, 6.3 Hz, 1H), 1.83 (s, 3H), 1.73 (s, 3H), 1.59 (bs, 1H); “C-
NMR (100 MHz, CDCls): § 146.4, 139.5, 126.2, 110.8, 61.3, 52.6, 49.3, 34.3, 23.5, 15.5; IR
(film, cm™): 3381, 1447, 1037, 888; HRMS (EC-CI): calc. for CioHisO [M]: 152.1201, obs.
152.1196.
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(1R,5R)-2-methyl-5-(prop-1-en-2-yl)cyclopent-2-ene-1-carbaldehyde (398)
To a stirred solution of alcohol 420 (26.2 g, 172 mmol, 1.0 equiv.) in CH2Clz (860 mL,
0.2 M) at 23 °C was added solid NaHCOs (43.4 g, 517 mmol, 3 equiv.), solid Dess-Martin
periodinane (110 g, 258 mmol, 1.5 equiv.), and H20 (1 mL). After 45 minutes, the reaction
mixture was diluted with sat. aq. NaHCOs (500 mL) and sat. Na2S20O4 and stirred for 10 minutes.
The reaction mixture was extracted with CH2Cl> (3 x 800 mL), washed with brine (800 mL),
dried over Na:SOs, and concentrated in vacuo to give an amber oil. The crude material was

purified via silica gel column chromatography (10:1 hexanes:EtOAc) to give pure aldehyde 398
(22.5 g, 150 mmol, 87%) as a clear oil.

Ry = 0.56 (silica gel, 5:1 hexanes:EtOAc); "H-NMR (600 MHz, CDCls): § 9.35 (d, J = 5.5 Hz,
1H), 5.77 (bs, 1H), 4.90 (s, 1H), 4.87 (s, 1H), 3.22 (q, J = 9.1 Hz, 1H), 3.17 (t, /= 6.3 Hz, 1H),
2.71 (t,J =10 Hz, 1H), 2.43 (dd, J = 16, 8.1 Hz, 1H), 1.75 (s, 3H), 1.67 (s, 3H); "C-NMR (125
MHz, CDCls): § 201.1, 143.2, 135.5, 130.0, 111.7, 63.4, 49.7, 34.6, 22.9, 15.6; IR (film, cm™):
1720, 1446, 892.
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(4R,5R)-1-methyl-4-(prop-1-en-2-yl)-5-((S)-1-(prop-2-yn-1-yloxy)allyl)cyclopent-1-ene (421)

To a stirred solution of tetravinyl tin (11 mL, 59.9 mmol, 0.4 equiv.) in THF (600 mL) at
=78 °C was added a 2.14 M solution of n-butyllithium in hexanes (91 mL, 195 mmol, 1.3
equiv.). The reaction mixture was warmed and stirred at 23 °C for 15 minutes before being
cooled back down to —78 °C and adding a solution of aldehyde 398 (22.5 g, 150 mmol, 1 equiv.)
in THF (150 mL). After 15 minutes, freshly distilled neat hexamethylphosphoramide (52 mL,
299 mmol, 2 equiv.) was added. After an additional 10 minutes an 80% solution of propargyl
bromide in toluene (83 mL, 749 mmol, 5 equiv.) was added. Upon complete addition the reaction
mixture was allowed to warm to 23 °C. After 3 hours, the reaction mixture was diluted with sat.
aq. NH4+Cl (50 mL), extracted with Et2O (3 x 50 mL), washed with 3.0 N LiCl (3 x 50 mL), dried
over Na:SOs, and concentrated in vacuo to give a yellow oil. The crude material was purified via
silica gel column chromatography (straight hexanes to 50:1 to 20:1 hexanes:EtOAc) to give pure

enyne 421 (26.2 g, 121 mmol, 81%) as a clear oil.

Ry = 0.50 (silica gel, 2:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl3): § 5.86 (ddd, J =17, 11,
7.4 Hz, 1H), 5.56 (bs, 1H), 5.19 (d, J = 10 Hz, 1H), 5.15 (d, J = 6.7 Hz, 1H), 4.90 (s, 2H), 4.10
(dd, /=13, 2.4 Hz, 1H), 3.93 (dd, J =13, 2.4 Hz, 1H), 3.88 (dd, J = 8.6, 2.7 Hz, 1H), 2.88 (q, J
= 8.2 Hz, 1H), 2.63 (bd, /= 7.8 Hz, 1H), 2.53 (ddq, J =20, 9.4, 2.4 Hz, 1H), 2.32 (t, J= 2.7 Hz,
1H), 2.12 (dd, J = 11, 7.4 Hz, 1H), 1.80 (s, 3H), 1.79 (s, 3H); "C-NMR (100 MHz, CDCl:): §
145.3, 139.4, 137.7, 127.4, 116.8, 111.7, 80.7, 80.4, 73.5, 55.7, 54.9, 51.1, 34.8, 23.5, 17.8; IR
(film, cm™): 1384, 1074, 404; HRMS (EC-CI): calc. for CisH200 [M]: 216.1514, obs. 216.1515.
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trimethyl(3-(((S)-1-((1R,5R)-2-methyl-5-(prop-1-en-2-yl)cyclopent-2-en-1-yl)allyl)oxy)prop-
1-yn-1-yl)silane (400)

To a stirred solution of enyne 421 (26.2 g, 121 mmol, 1.0 equiv.) in THF (1.2 L, 0.1 M)
at =78 °C was added a 2.14 M solution of n-butyllithium in hexanes (68 mL, 145 mmol, 1.2
equiv.). After 20 minutes, freshly distilled neat trimethylsilyl chloride (31 mL, 242 mmol, 2
equiv.) was added. Upon complte addition the reaction mixture was allowed to warm to 23 °C.
After 30 minutes, the reaction mixture was quenched with sat. aq. NH4Cl (400 mL), extracted
with Et2O (3 x 400 mL), washed with brine (400 mL), dried over Na:SOs, and concentrated in

vacuo to give pure TMS enyne 400 (35 g, 121 mmol, 99%) as a clear oil.

Ry = 0.44 (silica gel, 20:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCl:): § 5.85 (ddd, J = 17,
11, 7.4 Hz, 1H), 5.55 (bs, 1H), 5.28 (d, J = 16 Hz, 1H), 5.14 (d, J = 9.0 Hz, 1H), 4.88 (s, 2H),
4.11 (d, J=16 Hz, 1H), 3.95 (d, J= 16 Hz, 1H), 3.94 (dd, /= 7.8, 2.7 Hz, 1H), 2.87 (q, /= 7.8
Hz, 1H), 2.63 (bd, J= 6.7 Hz, 1H), 2.50 (ddq, /=20, 9.4, 2.4 Hz, 1H), 2.13 (dd, /= 7.8, 2.7 Hz,
1H), 1.81 (s, 3H), 1.79 (s, 3H), 0.16 (s, 9H); “C-NMR (100 MHz, CDCl:): § 145.1, 139.6,
137.6, 127.1, 116.8, 111.7, 102.3, 90.3, 80.2, 56.3, 54.8, 50.9, 34.8, 23.3, 17.7, -0.3; IR (film,
cm™): 1384, 1251, 1076, 843, 403; HRMS (EC-CI): calc. for CisH2s0Si [M]: 288.1909, obs.
288.1901.
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(2R,3R,Z)-2-((1R,5R)-2-methyl-5-(prop-1-en-2-yl)cyclopent-2-en-1-yl)-4-
((trimethylsilyl)methylene)tetrahydrofuran-3-yl)methanol (401)

To a stirred solution of TMS enyne 400 (20.8 g, 72.1 mmol, 1.0 equiv.) in PhMe (720
mL, 0.1 M) at 23 °C was added solid bis(pinacolato)diboron (20.1 g, 79 mmol, 1.1 equiv.),
palladium(II) acetate (809 mg, 3.60 mmol, 0.05 equiv.), and MeOH (2.92 mL, 72.1 mmol, 1.0
equiv.). The reaction mixture was heated to and stirred at 50 °C. After 15 hours, the reaction
mixture was cooled to 23 °C and concentrated in vacuo to give the boronate ester as an amber
oil.

To a stirred solution of crude boronate ester (30 g, 72.0 mmol, 1.0 equiv.) in THF (1.4 L,
0.05 M) at 0 °C was carefully added 3.33 N NaOH (64.9 mL, 216 mmol, 3 equiv.) and 50% agq.
H20: (130 mL, 2.16 mol, 30 equiv.) over 1 hour. The reaction mixture was diluted with brine
(700 mL), extracted with EtOAc (3 x 500 mL), dried over Na2SOs4, and concentrated in vacuo to
give a yellow oil. The crude material was purified via silica gel column chromatography (5:1
hexanes:EtOAc) to give pure alcohol 401 (13.7 g, 44.7 mmol, 62% over 2-steps) as a white solid
(m.p. 62-64 °C).

Rr= 0.41 (silica gel, 5:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCls): § 5.54 (bs, 1H), 5.50 (q,
J=2.4Hz 1H), 4.88 (s, 1H), 4.85 (s, 1H), 4.38 (dd, J =14, 2.4 Hz, 1H), 4.23 (dt, /= 14, 2.4 Hz,
1H), 3.91 (t, J=5.1 Hz, 1H), 3.65 (dt, /=11, 6.3 Hz, 1H), 3.60 (dt, /=11, 6.3 Hz, 1H), 2.93 (q,
J="17.8 Hz, 1H), 2.70-2.66 (bm, 2H), 2.45 (ddq, J = 15, 8.6, 2.4 Hz, 1H), 2.20 (dd, J = 14, 7.8
Hz, 1H), 1.81 (s, 3H), 1.76 (s, 3H), 1.63 (t, J = 5.9 Hz, 1H), 0.07 (s, 9H); “C-NMR (100 MHz,
CDCl): 6 157.9, 145.9, 140.3, 127.2, 119.9, 111.9, 81.2, 70.2, 64.0, 53.5, 51.8, 51.1, 34.7, 22.8,
17.8, -0.7; IR (film, cm™): 3404, 1384, 401; HRMS (ESI): calc. for CisH300:Si [M+Na]:
329.19070, obs. 329.19090.
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(2R,35,2)-2-((1R,5R)-2-methyl-5-(prop-1-en-2-yl)cyclopent-2-en-1-yl)-4-
((trimethylsilyl)methylene)tetrahydrofuran-3-carbaldehyde (422)

To a stirred solution of oxalyl chloride (5.23 mL, 59.8 mmol, 1.5 equiv.) in CH2Cl2 (250
mL) at =78 °C was slowly added a solution of dimethyl sulfoxide (14.2 mL, 199 mmol, 5 equiv.)
in CH2CL2 (100 mL) over 10 minutes. After 30 minutes, a solution of alcohol 401 (12.2g, 39.9
mmol, 1 equiv.) in CH2Clz (50 mL) was added. After 2 hours, neat trimethylamine (28.0 mL, 199
mmol, 5 equiv.) was added in a single portion and the reaction mixture was allowed to warm to
23 °C. The reaction mixture was then diluted with 0.1 N HCI (200 mL). The organic layer was
separated and washed with 0.1 N HCI (2 x 200 mL) and 3.0 N LiCIl (400 mL), dried over
Na:SOs, and concentrated in vacuo to give crude aldehyde 422 (12.1 g, 39.9 mmol, yield taken

after subsequent step) as a clear oil.

Ry = 0.69 (silica gel, 5:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCls): § 9.32 (d, J = 3.9 Hz,
1H), 5.55 (s, 1H), 5.53 (bs, 1H), 4.85 (s, 2H), 4.41 (dd, J= 14, 2.4 Hz, 1H), 4.33 (t, J = 6.3 Hz,
1H), 4.22 (dd, J =14, 2.4 Hz, 1H) 3.40 (bt, J=2.4, 1H), 2.93 (q, /= 7.8 Hz, 1H), 2.71 (t, J=6.3
Hz, 1H), 2.46 (dd, J =15, 7.4 Hz, 1H), 2.21 (dd, J = 15, 7.4 Hz, 1H), 1.82 (s, 3H), 1.73 (s, 3H),
0.08 (s, 9H); "C-NMR (100 MHz, CDCls): § 196.6, 151.9, 144.9, 139.8, 127.4, 124.0, 112.4,
78.7, 70.2, 63.7, 51.7, 50.6, 34.7, 22.9, 17.4, -0.9; IR (film, cm™): 1722, 1249, 840; HRMS
(ESI): calc. for CisH202Si [M+Na]™: 327.17510, obs. 327.17530.
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(3aR4R,6aR,9aR,IbR,Z)-9-methyl-6-methylene-3-((trimethylsilyl)methylene)-
2,3,3a,4,5,6,6a,7,9a,9b-decahydroazuleno[4,5-b]furan-4-ol (402)

To a stirred solution of crude aldehyde 422 (12.1 g, 39.9 mmol, 1.0 equiv.) in CH2Cl:
(400 mL, 0.1 M) at =78 °C was added a 1.0 M solution of diethylaluminum chloride in hexanes
(19.9 mL, 19.9 mmol, 0.5 equiv.) in a single portion. After 10 minutes, the reaction mixture was
quenched with 10% aq. NaOH (20 mL). The reaction mixture was warmed to 23 °C, further
diluted with brine (200 mL), and the aqueous layer was extracted with CH2Cl2 (3 x 200 mL). The
combined organic layers were dried over Na>SO4 and concentrated in vacuo to give a yellow oil.
The crude material was purified via silica gel column chromatography (5:1 hexanes:EtOAc) to
give pure 5,7,5-tricycle 402 (12.1 g, 39.9 mmol, 99% over 2-steps) as a white solid (m.p. 64-66
°C).

R/ = 0.60 (silica gel, 5:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDClL): § 5.47 (s, 1H), 5.45 (d,
J=2.4Hz, 1H),4.97 (s, 1H), 4.88 (s, 1H), 4.48 (d, /= 14 Hz, 1H), 4.22 (dt, /= 8.2, 4.7 Hz, 1H),
4.09 (dt, J =14, 2.4 Hz, 1H), 3.73 (t, /= 9.8 Hz, 1H), 3.16 (q, J = 8.0 Hz, 1H), 2.63 (t, J =9.0
Hz, 1H), 2.54-2.40 (m, 5H), 1.96 (d, J = 4.7 Hz, 1H), 1.84 (s, 3H), 0.10 (s, 9H); "C-NMR (100
MHz, CDCl): 8§ 158.6, 145.2, 142.3, 125.1, 117.3, 115.0, 79.3, 71.1, 66.4, 57.0, 56.1, 49.1, 36.8,
17.3, -0.6; IR (film, cm™): 3413, 1065, 838; HRMS (ESI): calc. for CisH202Si [M+Na]':
327.17510, obs. 327.17510.
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(BaR4R,6aR,9aR,IbR,Z)-9-methyl-6-methylene-3-((trimethylsilyl)methylene)-
2,3,3a,4,5,6,6a,7,9a,9b-decahydroazuleno[4,5-b]furan-4-yl (E)-2-methylbut-2-enoate (403)

To a stirred solution of tiglic acid (13.8 g, 138 mmol, 2.0 equiv.) in PhMe (345 mL) at 23
°C was added neat trimethylamine (38.4 mL, 276 mmol, 4.0 equiv.) and neat 24,6-
trichlorobenzoyl chloride (23.7 mL, 152 mmol, 2.2 equiv.). After 1 hour, a solution of 5,7,5-
tricycle 402 (21.0 g, 69.0 mmol, 1.0 equiv.) in PhMe (345 mL) and solid dimethylaminopyridine
(21.9 g, 179 mmol, 2.6 equiv.) were added. The reaction mixture was then heated to 80 °C. After
45 minutes, the reaction mixture was cooled to 23 °C, diluted with sat. ag. NaHCOs3, extracted
with EtOAc (3 x 500 mL), dried over Na2SOs4, and concentrated in vacuo to give an amber oil.
The crude material was purified via silica gel column chromatography (20:1 hexanes:EtOAc) to

give pure tigloyl ester 403 (24.0 g, 62.1 mmol, 90%) as a clear oil.

Ry = 0.18 (silica gel, 20:1 hexanes:EtOAc); '"H-NMR (400 MHz, CDCls): § 6.75 (q, J = 6.7 Hz,
1H), 5.49 (s, 1H), 5.41 (q, J = 5.5 Hz, 1H), 5.31 (s, 1H), 4.91 (s, 1H), 4.77 (s, 1H), 4.47 (d, J =
14 Hz, 1H), 4.06 (d, J = 14 Hz, 1H), 3.89 (t, J=9.4 Hz, 1H), 3.16 (q, /= 7.8 Hz, 1H), 2.69 (d, J
=9.0 Hz, 1H), 2.68 (t, J = 9.0 Hz, 1H), 2.60 (dd, J = 14, 5.5 Hz, 1H), 2.47 (dd, J = 14, 5.1 Hz,
1H), 2.43 (d, J="7.0 Hz, 1H), 2.42 (d, /= 9.0 Hz, 1H), 1.86 (s, 3H), 1.76 (s, 3H), 1.75 (d, /= 6.7
Hz, 3H), 0.0 (s, 9H); "C-NMR (125 MHz, CDCl:): § 167.5, 156.6, 144.7, 142.1, 136.9, 128.6,
125.3,117.3, 115.1, 80.5, 71.0, 69.8, 56.3, 55.1, 48.7, 39.4, 37.0, 17.3, 14.3, 12.0, -0.7; IR (film,
cm™): 1713, 1250, 1066, 805; HRMS (ESI): calc. for C2H3403Si [M+Na]": 409.21710, obs.
409.21690.
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(3aR,4R,6aR,9aR,9bR,Z)-9-methyl-6-methylene-2,7-dioxo-3-((trimethylsilyl)methylene)-
2,3,3a,4,5,6,6a,7,9a,9b-decahydroazuleno[4,5-b]furan-4-yl (E)-2-methylbut-2-enoate (404)

To a stirred solution of CrOs (20.7 g, 207 mmol, 20 equiv.) in CH2Cl> (100 mL, 0.05 M)
at 0 °C was added solid 3,5-dimethylpyrazole (19.9 g, 207 mmol, 20 equiv.) in a single portion.
A solution of carbocycle 403 (4.0 g, 10.4 mmol, 1.0 equiv.) in CH2CL (20 mL) was then added.
After 45 minutes, the reaction mixture was directly purified via florasil column chromatography

(2:1 hexanes:EtOAc) to give pure guaianolide 404 (1.29 g, 3.10 mmol, 30%) as a clear oil.

Ry = 0.22 (silica gel, 2:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCls): § 6.70 (q, J = 7.0 Hz,
1H), 6.37 (d, J = 3.1 Hz, 1H), 6.15 (s, 1H), 5.53 (td, J = 4.7, 2.7 Hz, 1H), 5.07 (s, 1H), 4.96 (s,
1H), 4.54 (dd, J =11, 9.0 Hz, 1H), 3.32 (d, J = 7.0 Hz, 1H), 3.20 (t, 9.8 Hz, 1H), 3.18 (dt, J =
8.6, 2.7 Hz, 1H), 2.55 (bs, 2H), 2.36 (s, 3H), 1.75 (d, J = 7.8 Hz, 3H), 1.74 (s, 3H), 0.15 (s, 9H);
BC-NMR (125 MHz, CDCl): & 206.1, 177.9, 168.6, 166.9, 145.5, 138.9, 138.5, 138.1, 132.3,
127.9, 120.4, 78.1, 67.1, 56.2, 53.4, 51.2, 41.1, 19.9, 14.3, 11.9, -1.0; IR (film, cm™): 1765,
1707, 1249; HRMS (ESI): calc. for C2sH3005Si [M+Na]": 437.17550, obs. 437.17580.
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CeClze7H,0
NaBH,

MeOH, 0 °C
92%

404 405

(3aR,4R,6aR,7TR,9aR,9bR,Z)-7-hydroxy-9-methyl-6-methylene-2-0xo0-3-
((trimethylsilyl)methylene)-2,3,3a,4,5,6,6a,7,9a,9b-decahydroazuleno[4,5-b]furan-4-yl (E)-
2-methylbut-2-enoate (405)

To a stirred solution of enone 404 (755 mg, 1.82 mmol, 1.0 equiv.) in MeOH (36 mL,
0.05 M) at 0 °C was added solid cerium(IIl) chloride heptahydrate (1.36 g, 3.64 mmol, 2.0
equiv.). After 20 minutes, solid sodium borohydride (138 mg, 3.64 mmol, 2.0 equiv.) was added
in three even portions. After 15 minutes, the reaction mixture was warmed to 23 °C and diluted
with 0.2 M aq. pH = 7.0 phosphate buffer. The organic layer was separated and the aqueous layer
was extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over Na2SOs4
and concentrated in vacuo to give pure allylic alcohol 405 (700 mg, 1.68 mmol, 92%) as a clear

oil.

Rr= 0.24 (silica gel, 3:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCL): § 6.69 (q, J = 5.5 Hz,
1H), 6.24 (d, J= 2.7 Hz, 1H), 5.71 (bs, 1H), 5.43 (td, /= 7.8, 3.9 Hz, 1H), 5.09 (s, 2H), 4.71 (bt,
J=5.1Hz, 1H),4.65 (dd, /=11, 9.0 Hz, 1H), 3.16 (dt, J=6.7, 2.7 Hz, 1H), 3.14 (d, /= 3.9 Hz,
1H), 2.88 (dd, J= 14, 7.4 Hz, 1H), 2.71 (dd, J= 14, 7.4 Hz, 1H), 2.67 (t, /= 9.4 Hz, 1H), 1.99 (s,
3H), 1.74 (d, J = 5.5 Hz, 3H), 1.73 (s, H), 0.13 (s, 9H); "C-NMR (125 MHz, CDCL:): § 169.4,
167.2, 147.8, 144.5, 142.0, 139.9, 137.9, 128.9, 128.0, 119.0, 80.8, 79.0, 68.5, 56.2, 52.6, 49.8,
38.7,17.3, 14.3, 11.9, -1.0; IR (film, cm™): 3485, 1764, 1709, 1259, 1247; HRMS (ESI): calc.
for C23sH3205Si [M+Na]": 439.19110, obs. 439.19110.
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PhSH, NaH

EtOH, 23 °C
71%

(3aR4R,6aR,TR,9aR,9bR)-7-hydroxy-9-methyl-6-methylene-2-o0xo0-3-
((phenylthio)(trimethylsilyl)methyl)-2,3,3a,4,5,6,6a,7,9a,9b-decahydroazuleno[4,5-b]furan-
4-yl (E)-2-methylbut-2-enoate (414)

To a stirred solution of vinyl silane 405 (267 mg, 0.641 mmol, 1.0 equiv.) in EtOH (6.4
mL, 0.1 M) at 23 °C was added neat thiophenol (2.88 mL, 28.2 mmol, 44 equiv.) and 60% NaH
in mineral oil (103 mg, 2.56 mmol, 4.0 equiv.). After 48 hours, the reaction mixture was
concentrated in vacuo and purified directly via silica gel column chromatography (straight
hexanes to 2:1 hexanes:EtOAc) to give pure thio silane 414 (238 mg, 0.452 mmol, 71%) as a

white foam.

HRMS (ESI): calc. for C20H3s0sSSi [M+Na]": 549.21010, obs. 549.21030.
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1. TBAF
THF, 23°C  HO O, Me
2. NalOy z
Me MeOH/H,0 23 °C
—_—

3. basic alumina e
CH,CI,, 23 °C
70% 3-steps e}

414 415

(3aR,4R,6aR,7R,9aR,9bR)-7-hydroxy-9-methyl-3,6-dimethylene-2-o0xo-
2,3,3a,4,5,6,6a,7,9a,9b-decahydroazuleno[4,5-b]furan-4-yl (E)-2-methylbut-2-enoate (415)

To a stirred solution of thio silane 414 (238 mg, 0.452 mmol, 1.0 equiv.) in THF (4.5 mL,
0.1 M) at 23 °C was added a 1.0 M of tetrabutylammonium fluoride in THF (0.90mL, 1.38
mmol, 1.5 equiv.). After 30 minutes, the reaction mixture was passed through a plug of silica gel
(2:1 hexanes:EtOAc) to give crude thio adduct 416 as an amber oil.

To a stirred solution of crude thio adduct 416 (205 mg, 0.452 mmol, 1.0 equiv.) in MeOH
(4.5 mL, 0.1 M) at 0 °C was added a solution of sodium periodate (145 mg, 0.678 mmol, 1.5
equiv.) in H20 (4.5 mL). After 15 hours, the reaction mixture was extracted with EtOAc (3 x 10
mL), dried over Na>SOs, and concentrated in vacuo to give crude sulfone 417 as a white solid.

A solution of crude sulfone 417 (220 mg, 0.452 mmol, 1.0 equiv.), basic alumina (220
mg, 100% by weight), and CH2Cl> (4.5 mL, 0.1 M) was stirred at 23 °C. After 2 hours, the
reaction mixture was passed through a plug of Celite to give a clear oil. The crude material was
purified via silica gel column chromatography (2:1 hexanes:EtOAc) to give pure butyrolactone

415 (109 mg, 0.316 mmol, 70%) as a clear oil.

Rr= 0.54 (silica gel, 1:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCL): § 6.73 (q, J = 5.5 Hz,
1H), 6.29 (d, J = 3.5 Hz, 1H), 5.73 (bs, 1H), 5.52 (dd, J =11, 3.5 Hz, 1H), 5.51 (d, J = 3.5 Hz,
1H), 5.12 (s, 1H), 5.11 (s, 1H), 4.73 (bs, 1H), 4.66 (dd, J =11, 8.6 Hz, 1H), 3.19 (dd, J =12, 2.7
Hz, 1H), 3.17 (d, J = 5.9 Hz, 1H), 2.85 (dd, J = 14, 6.7 Hz, 1H), 2.73 (dd, J = 14, 7.8 Hz, 1H),
2.68 (t,J=9.4 Hz, 1H), 1.99 (s, 3H), 1.76 (d, J = 5.9 Hz, 3H), 1.75 (s, 3H), 1.70 (d, /= 5.1 Hz,
1H); "C-NMR (125 MHz, CDCl): § 169.6, 167.2, 147.3, 141.7, 138.3, 134.2, 129.2, 128.0,
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122.4, 119.2, 80.8, 78.8, 67.8, 56.1, 52.6, 47.8, 39.1, 17.3, 14.4, 12.0; IR (film, cm™): 3413,
1384, 1137; HRMS (ESI): calc. for C20H240s [M+Na]": 367.15160, obs. 367.15200.
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Oxone, K,CO3
Me Buy,NHSO,

DMM/MeCN, 0 °C
45% BRSM

(3aR4R,6R,6aS,7R,9aR,9bR)-7-hydroxy-9-methyl-3-methylene-2-0x0-3,3a,4,5,6a,7,9a,9b-
octahydro-2H-spiro[azuleno[4,5-b]furan-6,2'-oxiran|-4-yl (E)-2-methylbut-2-enoate (418)

To a stirred solution of allylic alcohol 415 (38 mg, 0.110 mmol, 1.0 equiv.) in 2:1
DMM:MeCN (2.2 mL, 0.05 M) at 23 °C was added tetrabutylammonium bisulfate (4 mg, 0.011
mmol, 0.1 equiv.), the Shi catalyst (6 mg, 0.022 mmol, 0.2 equiv.), and pH = 9.3 phosphate
buffer. The reaction mixture was cooled to 0 °C before adding a solution of potassium carbonate
(0.088 mg, 0.640 mmol, 5.8 equiv.) in H20 (0.1 mL) and a solution of Oxone (0.075 mg, 0.121
mmol, 1.1 equiv.) in H20 (0.1 mL) simultaneously over 1 hour. The reaction mixture was diluted
with brine (2 mL), extracted with CH2Cl> (3 x 5 mL), dried over Na2SOs, and concentrated in
vacuo to give a white solid. The crude material was purified via silica gel column
chromatography (2:1 hexanes:EtOAc) to give pure epoxide 418 (18 mg, 0.050 mmol, 45%

BRSM) as a clear oil.

Ry = 0.54 (silica gel, 1:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCl): § 6.70 (q, J = 6.4 Hz,
1H), 6.33 (d, J = 3.2 Hz, 1H), 5.71 (bs, 1H), 5.57 (td, J = 8.6, 4.7 Hz, 1H), 5.55 (d, J = 2.8 Hz,
1H), 4.68 (bs, 1H), 4.67 (t, J = 8.8 Hz, 1H), 3.56 (dd, J = 8.6, 4.7 Hz, 1H), 2.79 (q, J = 7.6 Hz,
1H), 2.77 (t, J= 9.6 Hz, 1H), 2.61 (dd, J = 14, 7.6 Hz, 1H), 2.35 (d, /= 9.2 Hz, 1H), 2.25 (dd, J
=15, 8.4 Hz, 1H), 2.01 (s, 3H), 1.97 (d, J = 7.2 Hz, 1H), 1.77 (s, 3H), 1.73 (s, 3H); "C-NMR
(150 MHz, CDCls): 6 169.6, 167.1, 148.9, 138.3, 133.9, 128.9, 128.0, 123.0, 100.0, 81.0, 66.8,
56.3, 55.8,55.4,52.4,47.9,36.6, 17.5, 14.4, 12.1; IR (film, cm™): 3477, 1768, 1339, 1140, 1037,
HRMS (ESI): calc. for C20H2406 [M+Na]": 383.14650, obs. 383.14680.
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(o)
418 eupalinilide E (256)

eupalinilide E (256)

To a stirred solution of crude epoxide 418 (10 mg, 0.028 mmol, 1.0 equiv.) in THF (1.0
mL, 0.3 M) at 23 °C was added solid lithium chloride (6 mg, 0.139 mmol, 5.0 equiv.) in a single
portion followed by a 1.25 M solution of hydrochloric acid in MeOH (0.02 mL, 0.028 mmol, 1.0
equiv.). After 5 minutes, the reaction mixture was diluted with brine (1.0 mL), extracted with
CH:Cl2 (3 x 2 mL), dried over Na2SOs, and concentrated in vacuo to give a white solid. The
crude material was purified via silica gel column chromatography (2:1 hexanes:EtOAc) to give

pure eupalinilide E (256) (11 mg, 0.028 mmol, 99%) as a white solid (m.p. °C).

Ry = 0.63 (silica gel, 1:1 hexanes:EtOAc); "H-NMR (400 MHz, CDCL): § 6.70 (q, J = 5.5 Hz,
1H), 6.27 (d, J = 3.5 Hz, 1H), 5.75 (bs, 1H), 5.65 (td, J = 8.6, 4.7 Hz, 1H), 5.45 (d, J = 3.5 Hz,
1H), 4.59 (bs, 1H), 4.58 (t, J = 8.6 Hz, 1H), 3.94 (d, J = 11 Hz, 1H), 3.93 (bs, 1H), 3.67 (d, J =
11 Hz, 1H), 2.77 (dd, J = 11, 7.4 Hz, 1H), 2.50-2.44 (m, 4H), 2.04 (s, 3H), 1.74 (d, J = 5.3 Hz,
3H), 1.73 (s, 3H); "C-NMR (150 MHz, CDCls): § 169.7, 167.2, 150.6, 138.1, 134.4, 128.6,
128.1, 122.1, 82.0, 75.1, 73.6, 66.4, 55.2, 55.0, 52.2, 47.4, 36.4, 18.0, 14.4, 12.0; IR (film, cm™):
3409, 1654, 1384, 1129; HRMS (ESI): calc. for C20H2ClOs [M+Na]™: 419.12320, obs.
419.12290.

207



Appendix A: Crystallographic Data for 394
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Table 1. Crystal data and structure refinement for 394.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

C30 H30 N2 09

562.56

140(2) K

0.71073 A

monoclinic

P21

a=25.0443) A o =90°.
b=5.4847(12) A B =97.558(6)°.
c=29.751(4) A v =90°.
4051.1(11) A3

6

1.384 Mg/m3

0.103 mm-!

1776

0.300 x 0.050 x 0.040 mm

1.640 to 24.999°.

-29<=h<=29, -6<=k<=6, -35<=1<=35
53001

14309 [R(int) = 0.1855]

97.3%

Semi-empirical from equivalents

1.00 and 0.854

Full-matrix least-squares on F2
14309/1/1114

0.980

R1=0.0737, wR2 =0.1139
R1=0.1907, wR2 = 0.1502

-0.6(10)

n/a

0.278 and -0.315 e. A3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for 394. U(eq) is defined as one third of the trace of the orthogonalized U’ tensor.

X y z U(eq)
Cl -1326(3) 7658(16) 3274(3) 25(2)
C2 -1166(3) 5296(17) 3086(3) 21(2)
C3 -675(3) 4387(15) 3391(2) 16(2)
C4 -271(3) 2970(16) 3167(2) 18(2)
C5 253(3) 2409(15) 3482(2) 16(2)
C6 566(3) 4643(106) 3649(3) 20(2)
C7 455(3) 5860(16) 4078(3) 21(2)
C8 597(3) 4116(17) 4496(3) 24(2)
C9 58(3) 3235(18) 4593(2) 25(2)
C10 -342(3) 4545(16) 4401(3) 19(2)
Cl1 -151(3) 6487(15) 4098(2) 16(2)
C12 -472(3) 6753(15) 3629(3) 20(2)
C13 -89(3) 3234(19) 2404(3) 21(2)
Cl4 183(3) 4770(16) 2087(2) 15(2)
C15 475(3) 6817(16) 2247(3) 19(2)
C16 759(3) 8050(16) 1950(3) 20(2)
C17 771(3) 7365(16) 1505(3) 21(2)
C18 481(3) 5271(16) 1365(2) 16(2)
C19 198(3) 3955(17) 1643(2) 21(2)
C20 1505(3) 2930(18) 4481(3) 30(2)
C21 1844(3) 1005(17) 4317(3) 23(2)
C22 1865(3) 692(19) 3853(3) 34(3)
C23 2172(3) -1109(17) 3691(3) 28(2)
C24 2476(3) -2622(18) 3982(3) 28(2)
C25 2480(3) -2298(19) 4446(3) 35(3)
C26 2171(3) -532(19) 4607(3) 35(3)
C27 2717(3) -5080(20) 3382(3) 43(3)
C28 -1403(3) 4243(18) 2711(3) 35(3)
C29 942(3) 5548(17) 3419(3) 29(2)
C30 -923(3) 4409(18) 4487(3) 31(2)
C31 4504(3) 3555(18) 86(3) 34(3)
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C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
Cs50
Cs1
Cs2
Cs3
Cs54
Cs5
Cs6
Cs7
Cs8
C59
C60
Cel
Co2
Ce3
Co4
C65
C66
Ce67

4255(3)
3797(3)
3287(3)
2845(3)
2642(3)
2898(3)
2809(3)
3352(3)
3743(3)
3523(3)
3736(3)
3016(3)
2701(3)
2407(3)
2103(3)
2088(3)
2371(3)
2674(3)
1879(3)
1481(3)
1261(3)

928(3)

814(3)
1007(3)
1337(3)

490(3)
4399(3)
2235(3)
4333(3)
7746(3)
7581(3)
7113(3)
6696(3)
6198(3)
5876(3)
6011(3)

1330(17)
542(16)
-302(16)
-904(16)
1288(16)
1955(15)
-126(16)
-1248(16)
31(17)
2245(16)
2725(17)
1034(19)
3002(17)
4736(17)
6420(17)
6444(18)
4653(19)
2921(17)
-1067(17)
-2766(16)
-4718(17)
-6382(17)
-6088(17)
-4097(16)
-2458(17)
-7994(18)
381(18)
2639(17)
-427(19)
12627(16)
10201(16)
9303(15)
7723(16)
7229(15)
9458(17)
10825(16)
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274(3)
-77(3)
88(2)
-291(2)
-572(3)
-990(2)

-1351(3)
-1348(2)
-1115(3)

-898(3)
-403(2)
796(3)
999(3)
734(3)
939(3)
1398(3)
1651(3)
1463(3)

-1433(3)
-1262(3)
-1517(3)
-1345(3)

-903(3)
-649(3)
-829(3)
269(2)

678(3)
-465(3)

-1103(3)

3645(3)
3812(3)
3475(2)
3660(2)
3320(2)
3158(3)
2748(2)

212)
17(2)
212)
18(2)
18(2)
18(2)
22(2)
22(2)
22(2)
22(2)
23(2)
23(2)
18(2)
26(2)
20(2)
26(2)
25(2)
21(2)
26(2)
20(2)
23(2)
26(2)
22(2)
20(2)
26(2)
35(3)
35(3)
26(2)
35(3)
27(2)
20(2)
17(2)
19(2)
19(2)
25(2)
21(2)



C68
C69
C70
C71
c72
C73
C74
C75
C76
C77
C78
C79
C80
81
C82
C83
C84
C85
C86
C87
C88
C89
C90
N1
N2
N3
N4
N5
N6
01
02
03
04
05
06
07

5921(3)
6476(3)
6849(3)
6612(3)
6902(3)
6576(3)
6348(3)
6041(3)
5816(3)
5850(3)
6153(3)
6401(3)
5021(3)
4668(3)
4450(3)
4096(3)
3965(3)
4172(3)
4526(3)
3461(4)
7806(3)
5472(3)
7436(3)
1091(3)

515(3)
1797(3)
2324(3)
5473(3)
6164(3)
-949(2)
-118(2)
251(2)
1085(2)
1348(2)

761(2)

303(2)

9217(17)
8578(16)
9898(16)
11576(16)
11710(15)
7755(18)
9158(16)
11239(16)
12390(17)
11479(18)
9408(19)
8217(17)
7825(18)
5639(18)
4500(19)
2596(19)
1759(18)
2846(19)
4767(19)
-1130(20)
9080(17)
10191(17)
9986(17)
10165(14)
4361(17)
8310(16)
4562(19)
14554(15)
8291(19)
8131(11)
4395(10)
1186(12)
10769(11)
11211(12)
5621(12)
2387(12)
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2304(3)
2220(2)
2455(3)
2773(2)
3254(3)
4445(3)
4800(3)
4699(3)
5039(3)
5471(3)
5562(3)
5237(3)
2222(3)
2232(3)
1830(3)
1836(3)
2248(3)
2645(3)
2633(3)
2623(3)
4187(3)
3367(3)
2389(3)
2121(2)

905(2)

660(3)
2142(2)
4927(3)
6016(3)
3668(2)
2794(2)
2308(2)
2514(2)
1859(2)

657(2)

794(2)

24(2)
212)
18(2)
17(2)
20(2)
23(2)
18(2)
19(2)
23(2)
27(2)
27(2)
22(2)
33(3)
26(2)
30(2)
33(3)
30(3)
33(3)
33(3)
49(3)
27(2)
31(2)
29(2)
24(2)
29(2)
30(2)
41(2)
30(2)
41(2)
24(2)
18(1)
28(2)
32(2)
30(2)
36(2)
30(2)



08

09

010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027

951(2)
2778(2)
4271(2)
3088(2)
3171(2)
1765(2)
1600(2)
2061(3)
2564(3)
2414(2)

498(2)
7376(2)
6518(2)
6778(2)
5401(2)
5297(2)
5981(3)
6367(3)
5584(2)
3607(2)

2162(10)
-4511(12)
3728(11)
1622(10)
-776(12)
8084(12)
9974(12)
6174(14)
2921(16)
-1907(10)
-7897(11)
13203(11)
8977(10)
5764(11)
15205(11)
15604(12)
9452(15)
6249(15)
7163(10)
-186(13)

4420(2)
3857(2)
-378(2)
368(2)
998(2)
247(2)
857(2)
2295(2)
2358(2)

-1273(2)

-752(2)
3249(2)
4050(2)
4508(2)
4529(2)
5239(2)
6307(2)
6073(2)
2320(2)
2208(2)

24(2)
35(2)
28(2)
20(1)
28(2)
36(2)
37(2)
46(2)
59(2)
20(1)
25(2)
24(2)
19(1)
26(2)
31(2)
37(2)
56(2)
48(2)
25(2)
39(2)
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Table 3. Bond lengths [A] and angles [°] for 394.

C1-01 1.428(8) C14-C15 1.389(11)
C1-C2 1.487(11) C14-C19 1.400(10)
Cl-HIA 0.99 C15-C16 1.383(10)
C1-HIB 0.99 C15-H15 0.95
C2-C28 1.325(10) C16-C17 1.378(10)
C2-C3 1.513(10) C16-N1 1.478(10)
C3-C4 1.500(10) C17-C18 1.393(11)
C3-C12 1.532(11) C17-H17 0.95
C3-H3 1.00 C18-C19 1.366(10)
C4-02 1.450(8) C18-N2 1.470(10)
C4-C5 1.539(10) C19-H19 0.95
C4-H4 1.00 C20-08 1.439(9)
C5-C6 1.504(11) C20-C21 1.477(11)
C5-HSA 0.99 C20-H20A 0.99
C5-H5B 0.99 C20-H20B 0.99
C6-C29 1.332(10) C21-C26 1.393(11)
C6-C7 1.498(11) C21-C22 1.400(11)
C7-Cl1 1.565(10) C22-C23 1.377(12)
C7-C8 1.571(10) C22-H22 0.95
C7-H7 1.00 C23-C24 1.359(11)
C8-08 1.427(9) C23-H23 0.95
C8-C9 1.498(11) C24-09 1.362(10)
C8-H8 1.00 C24-C25 1.391(11)
C9-C10 1.302(10) C25-C26 1.365(12)
C9-H9 0.95 C25-H25 0.95
C10-C30 1.512(10) C26-H26 0.95
C10-C11 1.512(11) C27-09 1.435(9)
C11-C12 1.523(9) C27-H27A 0.98
C11-H11 1.00 C27-H27B 0.98
C12-01 1.432(9) C27-H27C 0.98
C12-HI2 1.00 C28-H28A 0.95
C13-03 1.215(10) C28-H28B 0.95
C13-02 1.333(9) C29-H29A 0.95
C13-Cl14 1.494(11) C29-H29B 0.95
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C30-H30A
C30-H30B
C30-H30C
C31-010
C31-C32
C31-H31A
C31-H31B
C32-C58
C32-C33
C33-C34
C33-C42
C33-H33
C34-011
C34-C35
C34-H34
C35-C36
C35-H35A
C35-H35B
C36-C59
C36-C37
C37-C41
C37-C38
C37-H37
C38-017
C38-C39
C38-H38
C39-C40
C39-H39
C40-C60
C40-C41
C41-C42
C41-H41
C42-010
C42-H42
C43-012
C43-011

0.98
0.98

0.98
1.429(8)
1.510(11)
0.99

0.99
1.314(10)
1.509(10)
1.502(10)
1.537(11)
1.00
1.472(9)
1.510(9)
1.00
1.513(11)
0.99

0.99
1.332(11)
1.517(10)
1.561(10)
1.563(10)
1.00
1.429(9)
1.492(11)
1.00
1.324(10)
0.95
1.495(10)
1.513(11)
1.521(10)
1.00
1.443(9)
1.00
1.199(10)
1.346(9)
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C43-C44
C44-C45
C44-C49
C45-C46
C45-H45
C46-C47
C46-N3
C47-C48
C47-H47
C48-C49
C48-N4
C49-H49
C50-017
C50-C51
C50-H50A
C50-H50B
C51-C52
C51-C56
C52-C53
C52-H52
C53-C54
C53-H53
C54-C55
C54-018
C55-C56
C55-H55
C56-H56
C57-018
C57-H57A
C57-H57B
C57-H57C
C58-H58A
C58-H58B
C59-H59A
C59-H59B
C60-H60A

1.509(12)
1.385(11)
1.391(10)
1.389(11)
0.95
1.372(10)
1.477(11)
1.377(11)
0.95
1.379(11)
1.482(10)
0.95
1.439(8)
1.500(11)
0.99

0.99
1.385(11)
1.392(11)
1.379(11)
0.95
1.392(10)
0.95
1.378(11)
1.381(10)
1.376(11)
0.95

0.95
1.438(8)
0.98

0.98

0.98

0.95

0.95

0.95

0.95

0.98



C60-H60B
C60-H60C
C61-019
C61-C62
C61-H61A
C61-H61B
C62-C88
C62-C63
C63-Co4
C63-C72
C63-H63
C64-020
C64-C65
C64-Ho4
C65-C66
C65-H65A
C65-H65B
C66-C89
C66-C67
Ce67-C71
C67-C68
C67-H67
C68-026
C68-C69
C68-H68
C69-C70
C69-H69
C70-C71
C70-C90
C71-C72
C71-H71
C72-019
C72-H72
C73-021
C73-020
C73-C74

0.98
0.98
1.435(8)
1.497(11)
0.99

0.99
1.333(10)
1.520(10)
1.516(10)
1.536(11)
1.00
1.466(8)
1.524(9)
1.00
1.509(11)
0.99

0.99
1.316(10)
1.510(11)
1.555(10)
1.579(10)
1.00
1.413(9)
1.484(10)
1.00
1.309(10)
0.95
1.496(10)
1.510(10)
1.520(9)
1.00
1.444(9)
1.00
1.207(10)
1.345(9)
1.480(11)
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C74-C75
C74-C79
C75-C76
C75-H75
C76-C77
C76-N5
C71-C78
C77-H77
C78-C79
C78-N6
C79-H79
C80-026
C80-C81
C80-H80A
C80-H80B
C81-C86
C81-C82
C82-C83
C82-H82
C83-C84
C83-H83
C84-C85
C84-027
C85-C86
C85-H85
C86-H86
C87-027
C87-H87A
C87-H87B
C87-H87C
C88-HS88A
C88-H88B
C89-H89A
C89-H89B
C90-H90A
C90-H90B

1.387(10)
1.389(10)
1.375(11)
0.95
1.370(11)
1.478(11)
1.372(12)
0.95
1.381(11)
1.479(11)
0.95
1.448(9)
1.492(12)
0.99

0.99
1.376(11)
1.395(11)
1.373(12)
0.95
1.388(11)
0.95
1.363(11)
1.388(10)
1.381(12)
0.95

0.95
1.431(10)
0.98

0.98

0.98

0.95

0.95

0.95

0.95

0.98

0.98



C90-H90C
N1-0O5
NI1-04
N2-0O6
N2-O7
N3-O14
N3-0O13

01-C1-C2
01-C1-HIA
C2-C1-HIA
01-C1-HIB
C2-C1-HIB
HIA-C1-HIB
C28-C2-Cl
C28-C2-C3
C1-C2-C3
C4-C3-C2
C4-C3-C12
C2-C3-C12
C4-C3-H3
C2-C3-H3
C12-C3-H3
02-C4-C3
02-C4-C5
C3-C4-C5
02-C4-H4
C3-C4-H4
C5-C4-H4
C6-C5-C4
C6-C5-H5A
C4-C5-HS5A
C6-C5-H5B
C4-C5-H5B
H5A-C5-HSB
C29-C6-C7

0.98
1.217(8)
1.219(8)
1.232(9)
1.233(9)
1.223(9)
1.227(8)

106.6(7)
110.4
110.4
110.4
110.4
108.6
125.6(8)
126.9(8)
107.4(7)
116.5(6)
116.2(7)
101.0(7)
107.5
107.5
107.5
108.8(7)
106.6(6)
113.8(6)
109.2
109.2
109.2
113.8(7)
108.8
108.8
108.8
108.8
107.7
119.8(8)

N4-016
N4-015
N5-023
N5-022
N6-024
N6-025

C29-C6-C5
C7-C6-C5
Ce6-C7-Cl11
C6-C7-C8
C11-C7-C8
Co6-C7-H7
C11-C7-H7
C8-C7-H7
08-C8-C9
08-C8-C7
C9-C8-C7
08-C8-H8
C9-C8-H8
C7-C8-H8
C10-C9-C8
C10-C9-H9
C8-C9-H9
C9-C10-C30
C9-C10-Cl11
C30-C10-C11
C10-C11-C12
C10-C11-C7
C12-C11-C7
C10-C11-HI11
C12-Cl11-H11
C7-Cl11-H11
01-C12-Cl11
01-C12-C3

1.217(10)
1.225(10)
1.225(8)
1.227(8)
1.213(9)
1.232(10)

120.4(8)
119.8(7)
114.9(6)
110.7(7)
102.9(6)
109.4
109.4
109.4
112.5(8)
114.4(7)
103.4(6)
108.8
108.8
108.8
113.5(8)
123.2
123.2
126.9(8)
111.3(8)
121.5(7)
116.3(7)
104.6(6)
112.5(6)
107.7
107.7
107.7
108.7(6)
104.8(6)



C11-C12-C3
O1-C12-H12
Cl11-C12-H12
C3-C12-H12
03-C13-02
03-C13-C14
02-C13-C14
C15-C14-C19
C15-C14-C13
C19-C14-C13
C16-C15-C14
Cl16-C15-H15
C14-C15-H15
C17-C16-C15
C17-C16-N1
C15-C16-N1
C16-C17-C18
Cl16-C17-H17
C18-C17-H17
C19-C18-C17
C19-C18-N2
C17-C18-N2
C18-C19-C14
C18-C19-H19
C14-C19-H19
08-C20-C21
08-C20-H20A
C21-C20-H20A
08-C20-H20B
C21-C20-H20B
H20A-C20-H20B
C26-C21-C22
C26-C21-C20
C22-C21-C20
C23-C22-C21
C23-C22-H22

116.4(7)
108.9
108.9
108.9
126.2(8)
122.6(8)
111.2(8)
120.2(8)
120.2(7)
119.1(8)
117.9(7)
121.0
121.0
123.9(8)
117.5(8)
118.5(7)
115.9(8)
122.1
122.1
123.1(8)
118.9(8)
117.9(8)
118.9(8)
120.5
120.5
109.6(7)
109.7
109.7
109.7
109.7
108.2
116.2(8)
123.0(8)
120.7(8)
121.9(8)
119.1
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C21-C22-H22
C24-C23-C22
C24-C23-H23
C22-C23-H23
C23-C24-09
C23-C24-C25
09-C24-C25
C26-C25-C24
C26-C25-H25
C24-C25-H25
C25-C26-C21
C25-C26-H26
C21-C26-H26
09-C27-H27A
09-C27-H27B
H27A-C27-H27B
09-C27-H27C
H27A-C27-H27C
H27B-C27-H27C
C2-C28-H28A
C2-C28-H28B
H28A-C28-H28B
C6-C29-H29A
C6-C29-H29B
H29A-C29-H29B
C10-C30-H30A
C10-C30-H30B
H30A-C30-H30B
C10-C30-H30C
H30A-C30-H30C
H30B-C30-H30C
010-C31-C32
010-C31-H31A
C32-C31-H31A
010-C31-H31B
C32-C31-H31B

119.1
120.5(8)
119.7
119.7
125.2(8)
118.9(9)
115.9(8)
120.7(9)
119.7
119.7
121.7(8)
119.1
119.1
109.5
109.5
109.5
109.5
109.5
109.5
120.0
120.0
120.0
120.0
120.0
120.0
109.5
109.5
109.5
109.5
109.5
109.5
106.0(7)
110.5
110.5
110.5
110.5



H31A-C31-H31B
C58-C32-C33
C58-C32-C31
C33-C32-C31
C34-C33-C32
C34-C33-C42
C32-C33-C42
C34-C33-H33
C32-C33-H33
C42-C33-H33
011-C34-C33
011-C34-C35
C33-C34-C35
0O11-C34-H34
C33-C34-H34
C35-C34-H34
C34-C35-C36
C34-C35-H35A
C36-C35-H35A
C34-C35-H35B
C36-C35-H35B
H35A-C35-H35B
C59-C36-C35
C59-C36-C37
C35-C36-C37
C36-C37-C41
C36-C37-C38
C41-C37-C38
C36-C37-H37
C41-C37-H37
C38-C37-H37
017-C38-C39
017-C38-C37
C39-C38-C37
017-C38-H38
C39-C38-H38

108.7
127.6(8)
125.5(8)
106.8(7)
117.6(6)
115.3(7)
102.6(7)
106.9
106.9
106.9
109.3(7)
108.0(6)
113.2(6)
108.7
108.7
108.7
113.5(7)
108.9
108.9
108.9
108.9
107.7
121.5(8)
118.7(8)
119.8(7)
113.7(6)
110.4(7)
104.2(6)
109.5
109.5
109.5
111.5(7)
115.4(6)
104.5(6)
108.4
108.4
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C37-C38-H38
C40-C39-C38
C40-C39-H39
C38-C39-H39
C39-C40-C60
C39-C40-C41
C60-C40-C41
C40-C41-C42
C40-C41-C37
C42-C41-C37
C40-C41-H41
C42-C41-H41
C37-C41-H41
010-C42-C41
010-C42-C33
C41-C42-C33
010-C42-H42
C41-C42-H42
C33-C42-H42
012-C43-011
012-C43-C44
011-C43-C44
C45-C44-C49
C45-C44-C43
C49-C44-C43
C44-C45-C46
C44-C45-H45
C46-C45-H45
C47-C46-C45
C47-C46-N3

C45-C46-N3

C46-C47-C48
C46-C47-H47
C48-C47-H47
C47-C48-C49
C47-C48-N4

108.4
113.3(8)
123.4
123.4
125.7(8)
111.3(7)
122.6(8)
116.8(7)
104.8(7)
113.8(6)
106.9
106.9
106.9
108.8(6)
104.3(6)
118.0(7)
108.4
108.4
108.4
126.8(9)
122.8(8)
110.4(8)
119.7(8)
122.0(7)
118.1(8)
119.2(8)
120.4
120.4
122.1(8)
118.2(8)
119.6(7)
117.3(8)
121.3
121.3
122.7(8)
117.5(8)



C49-C48-N4
C48-C49-C44
C48-C49-H49
C44-C49-H49
017-C50-C51
017-C50-H50A
C51-C50-H50A
017-C50-H50B
C51-C50-H50B
H50A-C50-H50B
C52-C51-C56
C52-C51-C50
C56-C51-C50
C53-C52-C51
C53-C52-H52
C51-C52-H52
C52-C53-C54
C52-C53-H53
C54-C53-H53
C55-C54-018
C55-C54-C53
018-C54-C53
C56-C55-C54
C56-C55-H55
C54-C55-H55
C55-C56-C51
C55-C56-H56
C51-C56-H56
018-C57-H57A
018-C57-H57B
H57A-C57-H57B
018-C57-H57C
H57A-C57-H57C
H57B-C57-H57C
C32-C58-H58A
(C32-C58-H58B

119.8(8)
118.9(8)
120.6
120.6
108.7(7)
109.9
109.9
110.0
110.0
108.3
117.9(8)
121.9(8)
120.2(8)
121.6(8)
119.2
119.2
119.0(8)
120.5
120.5
124.4(8)
120.5(9)
115.0(8)
119.3(8)
120.3
120.3
121.5(8)
119.2
119.2
109.5
109.5
109.5
109.5
109.5
109.5
120.0
120.0
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H58A-C58-H58B
C36-C59-H59A
C36-C59-H59B
H59A-C59-H59B
C40-C60-H60A
C40-C60-H60B
H60A-C60-H60B
C40-C60-H60C
H60A-C60-H60C
H60B-C60-H60C
019-C61-C62
019-C61-H61A
C62-C61-H61A
019-C61-H61B
C62-C61-H61B
H61A-C61-H61B
C88-C62-C61
C88-C62-C63
C61-C62-C63
C64-C63-C62
C64-C63-C72
C62-C63-C72
C64-C63-H63
C62-C63-H63
C72-C63-H63
020-C64-C63
020-C64-C65
C63-C64-C65
020-C64-Ho4
C63-C64-Ho64
C65-C64-Ho64
C66-C65-Co4
C66-C65-H65A
C64-C65-H65A
C66-C65-H65B
C64-C65-H65B

120.0
120.0
120.0
120.0
109.5
109.5
109.5
109.5
109.5
109.5
106.9(7)
110.3
110.3
110.3
110.3
108.6
125.6(8)
127.4(8)
107.0(7)
116.9(6)
115.6(7)
101.2(7)
107.5
107.5
107.5
108.4(6)
107.5(6)
113.7(6)
109.0
109.0
109.0
115.1(7)
108.5
108.5
108.5
108.5



H65A-C65-H65B

C89-C66-C65
C89-C66-C67
C65-C66-C67
C66-C67-C71
C66-C67-C68
C71-C67-C68
C66-C67-H67
C71-C67-H67
C68-C67-H67
026-C68-C69
026-C68-C67
C69-C68-C67
026-C68-H68
C69-C68-H68
C67-C68-H68
C70-C69-C68
C70-C69-H69
C68-C69-H69
C69-C70-C71
C69-C70-C90
C71-C70-C90
C70-C71-C72
C70-C71-C67
C72-C71-C67
C70-C71-H71
C72-C71-H71
C67-C71-H71
019-C72-C71
019-C72-C63
C71-C72-C63
019-C72-H72
C71-C72-H72
C63-C72-H72
021-C73-020
021-C73-C74

107.5
120.6(8)
119.8(9)
119.5(7)
114.3(6)
112.2(7)
102.6(6)
109.2
109.2
109.2
113.2(7)
115.8(7)
103.9(6)
107.9
107.9
107.9
113.4(8)
1233
1233
111.4(7)
125.9(8)
122.4(7)
116.4(7)
105.5(6)
113.5(6)
107.0
107.0
107.0
108.0(6)
104.7(6)
117.1(7)
108.9
108.9
108.9
125.6(8)
123.5(8)
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020-C73-C74
C75-C74-C79
C75-C74-C73
C79-C74-C73
C76-C75-C74
C76-C75-H75
C74-C75-H75
C77-C76-C75
C77-C76-N5
C75-C76-N5
C76-C77-C78
C76-C77-H77
C78-C77-H77
C77-C78-C79
C77-C78-N6
C79-C78-N6
C78-C79-C74
C78-C79-H79
C74-C79-H79
026-C80-C81
026-C80-H80A
C81-C80-H80A
026-C80-H80B
C81-C80-H80B
H80A-C80-H80B
C86-C81-C82
C86-C81-C80
C82-C81-C80
C83-C82-C81
C83-C82-H82
C81-C82-H82
C82-C83-C84
C82-C83-H83
C84-C83-HS83
C85-C84-C83
C85-C84-027

110.9(8)
119.4(8)
121.9(7)
118.4(8)
119.1(8)
120.4
120.4
122.8(9)
117.9(8)
119.0(8)
116.9(8)
121.6
121.6
122.7(8)
117.9(9)
119.1(9)
118.9(9)
120.5
120.5
110.9(7)
109.4
109.5
109.4
109.4
108.0
118.2(9)
121.2(8)
120.6(9)
120.6(9)
119.7
119.7
119.5(9)
120.3
120.3
120.9(9)
125.4(9)



C83-C84-027
C84-C85-C86
C84-C85-H85
C86-C85-H85
C81-C86-C85
C81-C86-H86
C85-C86-H86
027-C87-H87A
027-C87-H87B
H87A-C87-H87B
027-C87-H87C
H87A-C87-H87C
H87B-C87-H87C
C62-C88-H88A
C62-C88-H88B
H88A-C88-H88B
C66-C89-H89A
C66-C89-H89B
H89A-C89-H89B
C70-C90-H90A
C70-C90-H90B
H90A-C90-H90B
C70-C90-H90C
H90A-C90-H90C
H90B-C90-H90C
05-N1-04
0O5-N1-Cl16
04-N1-Cl16

113.7(8)
119.0(9)
120.5
120.5
121.8(9)
119.1
119.1
109.5
109.5
109.5
109.5
109.5
109.5
120.0
120.0
120.0
120.0
120.0
120.0
109.5
109.5
109.5
109.5
109.5
109.5
124.1(8)
118.0(7)
117.9(7)

06-N2-07
06-N2-C18
07-N2-C18
014-N3-013
014-N3-C46
013-N3-C46
016-N4-015
016-N4-C48
015-N4-C48
023-N5-022
023-N5-C76
022-N5-C76
024-N6-025
024-N6-C78
025-N6-C78
C1-01-C12
C13-02-C4
C8-08-C20
C24-09-C27
C31-010-C42
C43-011-C34
C38-017-C50
C54-018-C57
C61-019-C72
C73-020-Co64
C68-026-C80
C84-027-C87
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124.4(8)
117.4(8)
118.2(8)
125.2(8)
117.9(7)
116.9(8)
126.2(8)
116.5(8)
117.3(9)
125.0(8)
117.6(8)
117.4(8)
124.5(9)
118.0(9)
117.5(9)
107.8(6)
117.3(7)
111.6(6)
116.2(7)
106.5(6)
117.4(7)
111.2(6)
115.8(6)
108.0(6)
116.6(6)
111.3(6)
116.1(7)



Table 4. Anisotropic displacement parameters (A2x 10%) for 394. The anisotropic

displacement factor exponent takes the form: -20%[ h? a*?Ul + ... +2 hk a* b* U!? ]

Ull U22 U33 U23 U13 U12
Cl 17(5) 28(6) 28(5) 1(5) 9(4) -1(5)
C2 20(5) 24(6) 20(5) 3(5) 3(4) -3(5)
C3 19(5) 17(5) 15(5) 2(4) 10(4) 2(4)
C4 35(6) 16(5) 6(4) 3(4) 8(4) -8(5)
Cs 18(5) 18(5) 12(4) -3(4) 3(4) 0(4)
c6 19(5) 19(6) 22(5) -1(5) 2(4) -4(5)
c7 20(5) 18(6) 23(5) 2(4) -5(4) -6(5)
cs8 24(5) 22(6) 24(5) -6(5) -4(4) 0(5)
9 32(6) 28(6) 14(5) -4(5) -1(4) 2(5)
C10 22(5) 20(6) 15(5) -1(4) -3(4) 2(5)
Cll 20(5) 13(5) 15(5) -8(4) -6(4) 3(4)
Cl12 15(5) 16(6) 28(5) 2(4) 3(4) 0(4)
Cl13 20(5) 28(6) 15(5) 4(5) -1(4) 8(5)
Cl4 21(5) 18(5) 7(5) 7(4) 0(4) 3(4)
Cl15 14(5) 29(6) 14(5) 0(4) 4(4) 0(5)
Cl6 28(5) 11(5) 19(5) -3(4) 0(4) 6(5)
c17 19(5) 25(6) 18(5) 5(5) 14) -1(5)
C18 17(5) 23(6) 7(5) -4(4) 2(4) 3(4)
Cl19 19(5) 27(6) 18(5) 3(5) 3(4) 4(5)
C20 25(6) 34(7) 28(5) -5(5) -8(4) -3(5)
C21 95) 22(6) 37(6) -11(5) -3(4) 0(5)
C22 36(6) 36(7) 28(6) 95) -5(5) -1(6)
C23 31(6) 27(6) 25(5) 7(5) 4(5) 1(5)
C24 23(6) 34(7) 29(6) 0(5) 5(4) 1(5)
C25 30(6) 45(8) 28(6) -5(5) -9(5) 13(6)
C26 26(6) 52(8) 23(5) -3(6) -10(5) 1(6)
C27 47(6) 60(8) 24(6) -8(5) 7(5) 13(6)
C28 37(6) 40(7) 27(6) -5(5) -1(5) 7(6)
C29 24(5) 29(6) 33(6) 6(5) 4(4) 2(5)
C30 29(5) 40(7) 22(5) 6(5) 5(4) 2(5)
C31 28(6) 44(8) 28(6) -6(5) -5(5) -5(5)
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C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
Cs50
Cs1
Cs2
Cs3
Cs54
Cs5
Cs6
Cs57
Cs8
C59
C60
Cel
Co2
Ce3
Co4
C65
C66
Ce67

15(5)
95)

23(5)
12(5)
15(5)
15(5)
22(5)
30(6)
21(5)
19(5)
18(5)
21(5)
16(5)
31(5)
18(5)
10(5)
20(5)
17(5)
22(5)
17(5)
15(5)
23(6)
20(5)
19(5)
21(5)
40(6)
29(6)
28(6)
33(6)
31(6)
20(5)
22(5)
35(6)
19(5)
24(5)
23(5)

30(6)
22(6)
22(6)
25(6)
19(5)
15(5)
24(6)
18(6)
30(6)
19(6)
29(6)
33(7)
22(6)
29(6)
28(6)
40(7)
39(7)
31(6)
32(6)
16(5)
35(7)
25(6)
27(6)
22(6)
21(6)
45(7)
42(7)
31(6)
48(7)
21(6)
22(6)
12(5)
10(5)
20(5)
25(6)
16(5)

17(5)
20(5)
18(5)
18(5)
19(5)
22(5)
19(5)
22(5)
14(5)
27(5)
19(5)
15(6)
15(5)
19(5)
15(5)
28(6)
15(5)
15(5)
20(5)
22(5)
18(5)
29(6)
21(5)
18(5)
34(6)
22(5)
32(6)
18(5)
25(5)
29(5)
18(5)
17(5)
12(5)
18(5)
26(5)
22(5)

-9(5)
1(4)
-14
3(4)
-6(4)
-2(4)
8(4)
2(4)
5(4)
6(5)
-2(5)
-12(5)
2(5)
-10(5)
-1(5)
-11(5)
-6(5)
0(5)
305
35
0(5)
-13(5)
1(5)
4(5)
-9(5)
12(5)
-2(5)
-2(5)
-5(5)
-3(5)
-6(4)
-5(4)
94
0(4)
-8(5)
-44)
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34
0(4)
34
4(4)
0(4)
-6(4)
1(4)
11(4)
34
5(4)
-5(4)
-14)
1(4)
9(4)
5(4)
1(4)
0(4)
0(4)

-10(4)
-10(4)

34
-14)
5(4)
34
2(4)
13(4)
-2(5)
-14)
12(4)
2(5)
0(4)
2(4)
4(4)
34
1(4)
-6(4)

-6(5)

1(4)

-8(5)
-1(4)
-1(4)
-1(4)
-6(5)

2(5)
4(5)

-1(4)
-6(5)
-15(5)
-4(5)
-17(5)

2(5)
1(5)
1(5)
2(5)
1(5)

-6(4)

305

-4(5)

4(5)
4(5)
305

-7(5)
-10(5)
-7(5)

5(6)

-1(5)
-1(5)
2(4)

3(5)

-6(4)
2(5)

34)



C68
C69
C70
C71
c72
C73
C74
C75
C76
C77
C78
C79
C80
81
C82
C83
C84
C85
C86
C87
C88
C89
C90
N1
N2
N3
N4
N5
N6
01
02
03
04
05
06
07

31(6)
29(6)
23(5)
27(5)
21(5)
22(5)
21(5)
20(5)
22(5)
19(6)
27(6)
19(5)
24(6)
13(5)
17(5)
18(5)
19(6)
34(6)
25(6)
40(7)
20(5)
29(6)
38(6)
30(5)
20(4)
27(5)
32(5)
26(5)
42(6)
26(3)
23(3)
36(4)
41(4)
31(4)
44(4)
38(4)

22(6)
22(6)
21(6)
11(5)
17(6)
15(6)
20(6)
16(5)
21(6)
31(7)
39(7)
27(6)
31(7)
36(7)
47(7)
50(7)
41(7)
50(8)
44(8)
50(8)
29(6)
29(6)
29(6)
22(5)
47(6)
32(6)
66(8)
25(5)
52(7)
23(4)
20(4)
28(4)
30(4)
28(4)
45(5)
23(4)

18(5)
13(5)
9(5)
13(5)
21(5)
31(6)
12(5)
18(5)
25(5)
30(6)
14(5)
17(5)
40(6)
28(6)
27(5)
30(6)
30(6)
14(5)
28(6)
62(7)
31(6)
35(6)
21(5)
19(5)
20(5)
29(5)
25(5)
37(5)
27(5)
22(3)
133)
19(3)
27(4)
33(4)
21(4)
29(4)

-4(5)
-3(4)
2(4)
-2(4)
-4(4)
-1(5)
5(4)
0(4)
-3(5)
-14(5)
95
-6(5)
-8(5)
-12(5)
-2(5)
-8(5)
-2(5)
305
-10(5)
10(6)
-1(5)
7(5)
-4(5)
4(4)
3(5)
3(5)
-21(5)
-7(5)
-1(9)
-6(3)
2(3)
-7(3)
-8(3)
-4(3)
-5(3)
-8(3)
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-5(4)
4(4)
34
-44)
2(4)
0(4)
-2(4)
-2(4)
4(4)
6(4)
-2(4)
-14)

-12(5)

-14)
5(4)
2(4)
6(5)
4(4)
-7(5)
20(6)
-2(4)
2(5)
12(4)
34
4(4)
-14)
34
-14)
2(4)
-2(3)
6(3)
4(3)
10(3)
14(3)
13(3)
6(3)

1(5)
8(5)
-3(5)
-14)
94

-12(5)

-6(5)
1(5)
-2(5)
-3(5)

-13(5)

-2(4)
4(5)
3(5)
35
-6(5)
0(5)
11(6)
10(6)
1(6)
-4(5)
7(5)
-1(5)
34
12(5)

-13(4)

2(5)
-6(4)
-9(5)
8(3)
13)
-5(3)

-13(3)
-10(3)
-14(4)

-5(4)



08

09

010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027

28(4)
39(4)
28(4)
28(3)
41(4)
45(4)
48(4)
56(5)
64(5)
16(3)
22(3)
32(4)
28(3)
40(4)
28(4)
26(4)
78(5)
67(5)
23(4)
34(4)

23(4)
47(5)
35(4)
21(4)
26(4)
45(5)
24(4)
63(6)
88(7)
21(4)
32(4)
18(4)
13(4)
18(4)
23(4)
34(5)
71(6)
48(5)
18(4)
47(5)

193)
20(4)
21(3)
14(3)
20(3)
20(4)
41(4)
21(4)
23(4)
23(3)
22(3)
21(3)
16(3)
22(3)
42(4)
52(4)
25(4)
30(4)
30(3)
37(4)

-13)
-5(3)
13)
-5(3)
5(3)
7(4)
-6(4)
-5(4)
6(4)
4(3)
-13)
-4(3)
703)
203)
203)
-17(4)
1(4)
8(4)
-2(3)
34

-5(3)
4(3)
-13)
9(3)
103)
123)
14(3)
14(3)
-4(4)
-13)
33)
-4(3)
33)
8(3)
3(3)
7(3)

22(4)

8(4)
-8(3)
73)

33)
12(4)

-15(3)

0(3)
2(4)
10(4)
0(4)
18(5)
45(5)
33)
-7(3)
-3(3)
33)
4(3)
5(3)
6(3)
95

-15(5)

1(3)
0(4)

226



Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 %)

for 394.
X y z U(eq)

HI1A -1314 8977 3048 30
H1B -1696 7555 3355 30
H3 -804 3304 3625 19
H4 -437 1405 3047 22
H5A 163 1474 3747 19
H5B 485 1364 3317 19
H7 675 7380 4126 25
H8 766 5099 4760 29
H9 12 1853 4776 30
H11 -165 8087 4257 20
H12 -249 7659 3429 24
H15 479 7354 2551 23
H17 964 8266 1307 25
H19 14 2509 1537 26
H20A 1624 3256 4806 36
H20B 1542 4456 4310 36
H22 1661 1752 3643 41
H23 2170 -1296 3373 33
H25 2699 -3315 4652 42
H26 2180 -346 4925 42
H27A 2860 -3734 3217 65
H27B 2335 -5311 3271 65
H27C 2915 -6576 3335 65
H28A -1703 5006 2538 42
H28B -1273 2726 2616 42
H29A 1138 6961 3526 35
H29B 1014 4781 3147 35
H30A -979 5521 4735 46
H30B -1007 2738 4572 46
H30C -1160 4880 4212 46
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H31A
H31B
H33
H34
H35A
H35B
H37
H38
H39
H41
H42
H45
H47
H49
HS50A
H50B
H52
H53
H55
H56
H57A
H57B
H57C
HS58A
H58B
H59A
H59B
H60A
H60B
H60C
H61A
H61B
He63
Ho64
H65A
H65B

4422
4900
3933
3368
2540
2981
2734
2699
3411
3618
3498
2414
1891
2861
1823
1828
1342

780

913
1469

237

851

375
4205
4697
2065
2115
4492
4388
4505
7731
8119
7268
6866
6313
5961

5033
3372
-853
-1789
-1645
-2130
3500
629
-2731
3699
3961
4774
7648
1695
-1033
606
-4917
-7708
-3858
-1084
-6772
-7654
-9620
-961
1038
2234
4008
870
-2003
-447
13887
12550
8332
6133
6397
6094

256
109
-246
280
-160
-492
-1123
-1655
-1499
-1074
-282
415
1536
1647
-1768
-1321
-1818
-1525
-353
-655
-182
-113
-185
776
870
-208
-646
-1269
-1245
-788
3882
3569
3238
3764
3053
3460
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41
41
21
26
22
22
21
26
27
26
28
31
32
26
31
31
27
31
23
31
53
53
53
42
42
31
31
52
52
52
33
33
20
23
23
23



H67
He68
H69
H71
H72
H75
H77
H79
H80A
H80B
HS82
H&3
H85
H86
H87A
H87B
H87C
H88A
H88B
H89A
H89B
H90A
H90B
H90C

5780
5759
6552
6619
6660
5986
5673
6605
4955
4931
4548
3941
4075
4676
3292
3785
3207
8098
7675
5381
5271
7518
7512
7660

12316
10282
7334
13253
12503
11861
12245
6779
8596
9028
5048
1857
2291
5508
157
-1722
-2484
9824
7536
9313
11596
11577
8697
9743

2702
2049
2016
2642
3452
4398
5696
5311
1919
2448
1549
1561
2925
2910
2783
2813
2557
4374
4267
3621
3262
2265
2179
2682

25
29
25
21
24
22
32
26
40
40
36
39
39
40
74
74
74
33
33
38
38
43
43
43
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Table 6. Torsion angles [°] for 394.

01-C1-C2-C28
01-C1-C2-C3
C28-C2-C3-C4
C1-C2-C3-C4
C28-C2-C3-C12
C1-C2-C3-C12
C2-C3-C4-02
C12-C3-C4-02
C2-C3-C4-Cs
C12-C3-C4-C5
02-C4-C5-C6
C3-C4-Cs5-Co
C4-Cs5-C6-C29
C4-Cs5-Ce-C7
C29-C6-C7-Cl11
C5-C6-C7-Cl1
C29-C6-C7-C8
C5-C6-C7-C8
C6-C7-C8-08
C11-C7-C8-08
C6-C7-C8-C9
C11-C7-C8-C9
08-C8-C9-C10
C7-C8-C9-C10
C8-C9-C10-C30
C8-C9-C10-C11
C9-C10-C11-C12
C30-C10-C11-C12
C9-C10-C11-C7
C30-C10-C11-C7
Ce6-C7-C11-C10
C8-C7-C11-C10
Co6-C7-C11-Cl12
C8-C7-C11-Cl12

-177.8(8)
0.2(8)
30.9(12)
-147.0(7)
157.9(9)
-20.0(8)
53.3(9)
-65.7(8)
172.0(7)
53.0(9)
56.9(8)
-63.0(9)
-90.8(9)
89.2(8)
127.9(8)
-52.1(10)
-116.1(8)
64.0(9)
19.2(9)
142.5(7)
-103.5(8)
19.8(8)
-140.1(7)
-16.2(9)
-169.5(8)
4.8(10)
133.6(8)
-51.7(10)
8.8(9)
-176.5(7)
102.9(8)
-17.6(8)
-24.3(10)
-144.7(7)
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C10-C11-C12-01
C7-C11-C12-01
C10-C11-C12-C3
C7-C11-C12-C3
C4-C3-C12-01
C2-C3-C12-01
C4-C3-C12-Cl11
C2-C3-C12-Cl11
03-C13-C14-C15
02-C13-C14-C15
03-C13-C14-C19
02-C13-C14-C19
C19-C14-C15-C16
C13-C14-C15-C16
C14-C15-C16-C17
C14-C15-Cl16-N1
C15-C16-C17-C18
NI1-C16-C17-C18
C16-C17-C18-C19
C16-C17-C18-N2
C17-C18-C19-C14
N2-C18-C19-C14
C15-C14-C19-C18
C13-C14-C19-C18
08-C20-C21-C26
08-C20-C21-C22
C26-C21-C22-C23
C20-C21-C22-C23
C21-C22-C23-C24
C22-C23-C24-09
C22-C23-C24-C25
C23-C24-C25-C26
09-C24-C25-C26
C24-C25-C26-C21

79.7(8)
-159.7(7)
-38.3(10)
82.4(9)
160.2(6)
33.1(7)
-79.7(9)
153.2(7)
-164.2(8)
15.0(10)
7.7(12)
-173.1(7)
2.4(12)
174.2(7)
-0.1(12)
-177.3(7)
-1.2(12)
176.0(7)
0.3(12)
-175.3(7)
1.9(12)
177.5(7)
-3.2(12)
-175.1(7)
-104.4(9)
77.8(10)
3.0(13)
-179.1(8)
-1.4(14)
177.5(8)
-1.0(13)
1.7(14)
-176.9(8)
-0.1(14)



C22-C21-C26-C25
C20-C21-C26-C25
010-C31-C32-C58
010-C31-C32-C33
C58-C32-C33-C34
C31-C32-C33-C34
C58-C32-C33-C42
C31-C32-C33-C42
C32-C33-C34-011
C42-C33-C34-011
C32-C33-C34-C35
C42-C33-C34-C35
011-C34-C35-C36
C33-C34-C35-C36
C34-C35-C36-C59
C34-C35-C36-C37
C59-C36-C37-C41
C35-C36-C37-C41
C59-C36-C37-C38
C35-C36-C37-C38
C36-C37-C38-017
C41-C37-C38-017
C36-C37-C38-C39
C41-C37-C38-C39
017-C38-C39-C40
C37-C38-C39-C40
C38-C39-C40-C60
C38-C39-C40-C41
C39-C40-C41-C42
C60-C40-C41-C42
C39-C40-C41-C37
C60-C40-C41-C37
C36-C37-C41-C40
C38-C37-C41-C40
C36-C37-C41-C42
C38-C37-C41-C42

2.2(13)
179.9(9)
172.9(8)
-10.5(9)
36.8(13)
-139.7(8)
164.5(9)
-11.9(8)
56.0(9)
-65.3(8)
176.6(7)
55.2(10)
55.4(8)
-65.8(10)
-90.1(9)
91.1(8)
127.6(8)
-53.6(10)
-115.8(8)
63.1(9)
13.9(9)
136.4(7)
-108.8(7)
13.7(8)
-135.7(7)
-10.5(9)
-171.0(8)
2.3(10)
133.8(8)
-52.6(11)
6.9(9)
-179.6(7)
107.8(7)
-12.5(8)
21.1(10)
-141.3(7)
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C40-C41-C42-010
C37-C41-C42-010
C40-C41-C42-C33
C37-C41-C42-C33
C34-C33-C42-010
C32-C33-C42-010
C34-C33-C42-C41
C32-C33-C42-C41
012-C43-C44-C45
011-C43-C44-C45
012-C43-C44-C49
011-C43-C44-C49
C49-C44-C45-C46
C43-C44-C45-C46
C44-C45-C46-C47
C44-C45-C46-N3

C45-C46-C47-C48
N3-C46-C47-C48

C46-C47-C48-C49
C46-C47-C48-N4

C47-C48-C49-C44
N4-C48-C49-C44

C45-C44-C49-C48
C43-C44-C49-C48
017-C50-C51-C52
017-C50-C51-C56
C56-C51-C52-C53
C50-C51-C52-C53
C51-C52-C53-C54
C52-C53-C54-C55
(C52-C53-C54-018
018-C54-C55-C56
(C53-C54-C55-C56
(C54-C55-C56-C51
C52-C51-C56-C55
C50-C51-C56-C55

76.0(9)
-161.6(7)
-42.6(10)
79.9(9)
159.4(6)
30.2(8)
-79.7(9)
151.1(7)
-162.7(8)
16.9(11)
11.9(12)
-168.5(7)
2.0(12)
176.6(8)
0.8(13)
178.7(7)
-2.7(13)
179.4(7)
1.9(13)
-175.6(7)
0.9(13)
178.3(7)
2.9(12)
-177.6(8)
-93.6(9)
84.2(9)
2.9(12)
174.9(7)
-0.3(12)
3.3(12)
-177.1(7)
177.4(7)
-3.2(12)
-0.1(12)
3.1(12)
-174.8(7)



019-C61-C62-C88
019-C61-C62-C63
C88-C62-C63-Co4
C61-C62-C63-Co4
C88-C62-C63-C72
C61-C62-C63-C72
C62-C63-C64-020
C72-C63-C64-020
C62-C63-C64-C65
C72-C63-C64-C65
020-C64-C65-C66
C63-C64-C65-C66
C64-C65-C66-C89
C64-C65-C66-C67
C89-C66-C67-C71
C65-C66-C67-C71
C89-C66-C67-C68
C65-C66-C67-C68
C66-C67-C68-026
C71-C67-C68-026
C66-C67-C68-C69
C71-C67-C68-C69
026-C68-C69-C70
C67-C68-C69-C70
C68-C69-C70-C71
C68-C69-C70-C90
C69-C70-C71-C72
C90-C70-C71-C72
C69-C70-C71-C67
C90-C70-C71-Cé67
C66-C67-C71-C70
C68-C67-C71-C70
C66-C67-C71-C72
C68-C67-C71-C72
C70-C71-C72-019
C67-C71-C72-019

-176.3(8)
3.4(8)
30.9(12)
-148.9(7)
157.4(8)
22.4(8)
51.4(9)
-67.6(8)
170.9(7)
51.9(9)
57.7(9)
-62.3(9)
-92.1(10)
89.2(9)
128.4(8)
-52.9(10)
-115.3(9)
63.3(9)
19.2(10)
142.3(7)
-105.6(8)
17.5(8)
-140.8(7)
-14.3(10)
4.3(10)
-169.1(8)
134.8(8)
-51.6(11)
7.9(9)
-178.5(7)
106.2(7)
-15.5(8)
-22.5(10)
-144.1(7)
77.1(9)
-160.0(7)
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C70-C71-C72-C63
C67-C71-C72-C63
C64-C63-C72-019
C62-C63-C72-019
C64-C63-C72-C71
C62-C63-C72-C71
021-C73-C74-C75
020-C73-C74-C75
021-C73-C74-C79
020-C73-C74-C79
C79-C74-C75-C76
C73-C74-C75-C76
C74-C75-C76-C77
C74-C75-C76-N5
C75-C76-C77-C78
N5-C76-C77-C78
C76-C77-C78-C79
C76-C77-C78-N6
C77-C78-C79-C74
N6-C78-C79-C74
C75-C74-C79-C78
C73-C74-C79-C78
026-C80-C81-C86
026-C80-C81-C82
C86-C81-C82-C83
C80-C81-C82-C83
C81-C82-C83-C84
C82-C83-C84-C85
C82-C83-C84-027
C83-C84-C85-C86
027-C84-C85-C86
C82-C81-C86-C85
C80-C81-C86-C85
C84-C85-C86-C81
C17-C16-N1-05
C15-C16-N1-05

-40.7(10)
82.1(9)
161.0(6)
33.6(8)
-79.4(9)
153.2(7)

-169.0(8)
9.9(11)
4.7(12)

-176.4(7)
3.0(12)
176.6(8)
-4.7(13)

-177.8(7)
4.1(13)
177.3(7)
-2.0(13)

-175.7(7)
0.6(13)
174.2(7)
-1.0(12)

-174.9(7)
83.4(10)

-100.1(9)
1.3(13)

-175.4(8)
-1.7(13)
1.9(14)

-179.4(8)
-1.5(13)
179.8(8)
-1.0(13)
175.7(8)
1.1(14)
1.3(11)
178.6(7)



C17-C16-N1-04
C15-C16-N1-04
C19-C18-N2-06
C17-C18-N2-06
C19-C18-N2-07
C17-C18-N2-07
C47-C46-N3-014
C45-C46-N3-014
C47-C46-N3-013
C45-C46-N3-013
C47-C48-N4-016
C49-C48-N4-016
C47-C48-N4-015
C49-C48-N4-015
C77-C76-N5-023
C75-C76-N5-023
C77-C76-N5-022
C75-C76-N5-022
C77-C78-N6-024
C79-C78-N6-024
C77-C78-N6-025
C79-C78-N6-025
C2-C1-01-C12
C11-C12-01-Cl
C3-C12-01-C1
03-C13-02-C4
C14-C13-02-C4
C3-C4-02-C13
C5-C4-02-C13

-179.5(7)
2.1(11)
178.1(7)
-6.1(11)
2.6(11)
173.2(7)
8.6(11)

-169.3(8)

-171.7(8)
10.4(11)
177.8(8)
0.3(12)
-4.2(12)
178.3(8)
9.5(11)

-177.0(8)

-172.7(7)
0.8(11)

-11.6(12)
174.4(8)
169.2(8)
-4.7(12)
21.9(8)

-160.2(7)
-35.1(8)
11.4(12)

-167.8(6)

-135.9(7)
101.0(7)
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C9-C8-08-C20
C7-C8-08-C20
C21-C20-08-C8
C23-C24-09-C27
C25-C24-09-C27
C32-C31-010-C42
C41-C42-010-C31
C33-C42-010-C31
012-C43-011-C34
C44-C43-011-C34
C33-C34-011-C43
C35-C34-011-C43
C39-C38-017-C50
C37-C38-017-C50
C51-C50-017-C38
C55-C54-018-C57
C53-C54-018-C57
C62-C61-019-C72
C71-C72-019-C61
C63-C72-019-C61
021-C73-020-C64
C74-C73-020-C64
C63-C64-020-C73
C65-C64-020-C73
C69-C68-026-C80
C67-C68-026-C80
C81-C80-026-C68
C85-C84-027-C87
C83-C84-027-C87

-160.3(6)
82.1(8)
-169.5(7)
-7.1(12)
171.4(8)
30.7(9)
-165.3(7)
-38.5(8)
11.9(12)
-167.7(6)
-122.9(7)
113.5(7)
-159.2(6)
81.9(8)
-168.9(6)
-16.1(11)
164.4(7)
18.9(8)
-159.0(6)
-33.5(8)
2.6(12)
-176.2(6)
-123.0(7)
113.7(7)
-157.2(6)
83.0(8)
179.0(7)
-1.7(12)
179.6(8)



Appendix B: Crystallographic Data for 401
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Table 1. Crystal data and structure refinement for 401.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

C18 H30 02 Si

306.51

133(2) K

0.71073 A

monoclinic

P21

a=10.9429(18) A o =90°.
b=16.4395(12) A B =102.480(6)°.
c=13.0703) A v =90°.
899.2(3) A3

2

1.132 Mg/m3

0.134 mm!

336

0.39x0.15x0.10 mm

3.544 to0 25.464°.

-13<=h<=9, -7<=k<=7, -15<=I<=15
5362

3151 [R(int) = 0.0478]

98.6 %

Semi-empirical from equivalents

1.00 and 0.923

Full-matrix least-squares on F2
3151/1/199

1.062

R1=0.0606, wR2 =0.1078
R1=0.0926, wR2 =0.1184

0.02(16)

n/a

0.395 and -0.235 e. A3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for 401. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
Cl 5035(5) 6449(7) 2871(4) 16(1)
C2 5046(4) 8692(8) 2499(4) 13(1)
C3 4088(5) 9811(8) 2976(4) 14(1)
C4 3341(4) 8073(7) 3380(4) 12(1)
C5 1921(4) 8183(8) 2992(4) 15(1)
Co 1135(5) 6748(7) 3579(4) 17(1)
C7 917(5) 4763(8) 2903(4) 24(1)
C8 939(5) 5602(9) 1831(5) 24(1)
Cc9 1482(5) 7454(8) 1866(4) 21(1)
C10 5753(4) 9550(8) 1899(4) 18(1)
Cl11 7376(6) 5758(8) 1539(5) 35(2)
C12 6430(5) 8968(9) -189(5) 34(2)
C13 8431(5) 10151(9) 1705(5) 28(2)
Cl4 4774(5) 11226(8) 3853(4) 18(1)
C15 1615(5) 6523(8) 4739(4) 20(1)
C16 1716(5) 8541(10) 5356(4) 29(1)
C17 1880(5) 4720(9) 5225(5) 28(2)
C18 1693(5) 8661(10) 934(4) 30(1)
01 3809(3) 6122(5) 3058(3) 20(1)
02 3913(4) 12361(6) 4328(3) 26(1)
Sil 6991(1) 8566(2) 1248(1) 18(1)
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Table 3. Bond lengths [A] and angles [°] for 401.

C1-01
Cl-C2
CI-HI1A
CI-HIB
C2-C10
C2-C3
C3-Cl14
C3-C4
C3-H3
C4-01
C4-Cs
C4-H4
Cs5-C9
Cs-Coé
C5-H5
Ce6-C15
Ce-C7
C6-H6
C7-C8
C7-H7A
C7-H7B
C8-C9
C8-H8
C9-C18
C10-Si1
C10-H10

01-C1-C2
O1-CI-HIA
C2-C1-H1A
O1-CI-HIB
C2-C1-H1B
HIA-C1-HI1B
C10-C2-C3

1.430(5)
1.525(7)
0.99
0.99
1.335(6)
1.513(7)
1.528(7)
1.544(6)
1.00
1.453(6)
1.528(6)
1.00
1.521(7)
1.571(7)
1.00
1.500(7)
1.543(7)
1.00
1.507(8)
0.99
0.99
1.329(7)
0.95
1.505(7)
1.860(5)
0.95

105.5(4)
110.6
110.6
110.6
110.6
108.8
125.9(5)
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Cl11-Sil
Cl1-H11A
Cl11-H11B
Cl1-H11C
C12-Sil
CI12-H12A
C12-H12B
Cl12-H12C
C13-Sil
CI13-H13A
C13-H13B
C13-H13C
C14-02
Cl14-H14A
Cl14-H14B
C15-C17
C15-Cl16
Cl6-H16A
Cl6-H16B
Cl16-H16C
C17-H17A
C17-H17B
C18-H18A
C18-H18B
C18-H18C
02-H20

C10-C2-C1
C3-C2-Cl
C2-C3-C14
C2-C3-C4
C14-C3-C4
C2-C3-H3
C14-C3-H3

1.877(6)
0.98
0.98
0.98
1.864(6)
0.98
0.98
0.98
1.864(6)
0.98
0.98
0.98
1.435(6)
0.99
0.99
1.325(7)
1.521(8)
0.98
0.98
0.98
0.95
0.95
0.98
0.98
0.98
0.83(6)

128.7(4)
105.4(4)
108.7(4)
105.1(4)
112.7(4)
110.0

110.0



C4-C3-H3
01-C4-C5
01-C4-C3
C5-C4-C3
01-C4-H4
C5-C4-H4
C3-C4-H4
C9-Cs5-C4
C9-Cs5-Co6
C4-Cs5-Co
C9-Cs5-H5
C4-Cs5-H5
C6-C5-H5
C15-C6-C7
C15-C6-C5
C7-C6-C5
C15-C6-Hé6
C7-C6-H6
C5-C6-H6
C8-C7-Co6
C8-C7-H7A
Co6-C7-H7A
C8-C7-H7B
Ce6-C7-H7B
H7A-C7-H7B
C9-C8-C7
C9-C8-H8
C7-C8-H8
C8-C9-C18
C8-C9-Cs
C18-C9-C5
C2-C10-Sil
C2-C10-H10
Si1-C10-H10
Sil-CI11-H11A
Sil-C11-H11B

110.0
109.9(4)
106.4(4)
115.4(4)
108.3
108.3
108.3
113.1(4)
101.5(4)
115.8(4)
108.7
108.7
108.7
118.4(4)
116.2(4)
103.9(4)
105.8
105.8
105.8
101.8(4)
111.4
111.4
111.4
111.4
109.3
112.7(5)
123.6
123.6
125.5(6)
110.9(5)
123.5(5)
134.4(4)
112.8
112.8
109.5
109.5
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HI1A-C11-HI11B
Sil-C11-H11C
HI1A-C11-H11C
HI11B-CI11-H11C
Sil-C12-H12A
Si1-C12-H12B
HI2A-C12-H12B
Si1-C12-H12C
HI2A-C12-H12C
HI12B-C12-H12C
Si1-C13-H13A
Si1-C13-H13B
HI3A-C13-HI13B
Si1-C13-H13C
HI3A-C13-H13C
HI13B-C13-H13C
02-C14-C3
02-C14-H14A
C3-C14-H14A
02-C14-H14B
C3-C14-H14B
HI14A-C14-H14B
C17-C15-Cé6
C17-C15-C16
C6-C15-C16
C15-Cl16-H16A
C15-Cl6-H16B
HI16A-C16-H16B
C15-Cl6-H16C
HI16A-C16-H16C
H16B-C16-H16C
C15-C17-H17A
C15-C17-H17B
H17A-C17-H17B
C9-C18-HI8A
C9-C18-H18B

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
111.4(4)
109.3
109.3
109.3
109.3
108.0
124.2(5)
120.7(5)
115.0(5)
109.5
109.5
109.5
109.5
109.5
109.5
120.0
120.0
120.0
109.5
109.5



HI8A-C18-H18B
C9-C18-H18C
H18A-C18-H18C
H18B-C18-H18C
Cl1-01-C4
C14-02-H20

109.5
109.5
109.5
109.5
109.0(3)
102(4)

C10-Si1-C13
C10-Si1-C12
C13-Si1-C12
C10-Si1-C11
C13-Si1-Cl11
Cl12-Sil-Cl11
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108.4(2)
107.4(3)
108.6(3)
112.92)
109.0(3)
110.4(3)



Table 4. Anisotropic displacement parameters (A2x 103) for 401. The anisotropic

displacement factor exponent takes the form: -20%[ h? a*?Ul + ... +2 hk a* b* U!? ]

Ull U22 U33 U23 U13 U12
Cl 173) 123) 18(3) 0(2) 502) 3(2)
C2 14(2) 10(3) 15(3) 5(3) 2(2) -13)
C3 18(3) 123) 133) 3(2) 3(3) 12)
C4 14(2) 10(3) 14(3) 1(2) 6(2) 3(2)
Cs 16(3) 14(3) 16(3) 12) 4(2) 3(2)
C6 123) 18(3) 21(4) 3(2) 4(3) 2(2)
c7 22(3) 23(3) 24(4) 203) 0(3) -6(3)
cs8 21(3) 32(4) 17(4) -6(3) 303) -4(3)
9 13(3) 25(3) 21(4) 2(3) -13) 2(2)
C10 21(3) 9(3) 21(4) 2(2) 0(3) 3(2)
Cl1 44(4) 17(3) 49(5) -13) 24(4) 53)
Cl12 35(3) 32(4) 37(4) -13) 17(3) -5(3)
Cl13 27(3) 26(3) 31(4) 5(3) 7(3) 6(3)
Cl4 173) 133) 27(4) 1(3) 73) 2(2)
Cl15 173) 26(3) 20(4) -13) 10(3) 0(3)
Cl16 33(3) 30(3) 25(3) -6(3) 12(3) 3(3)
C17 27(3) 34(4) 24(4) 8(3) 9(3) 2(3)
C18 30(3) 34(3) 22(3) 2(3) 0(3) 3(3)
0ol 132) 122) 36(3) 2(2) 112) 3(2)
02 37(3) 15(2) 3103) 0(2) 152) 3(2)
Sil 21(1) 16(1) 20(1) 2(1) 9(1) 2(1)
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Table 5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 %)

for 401.

X y z U(eq)
HI1A 5199 5481 2327 19
H1B 5679 6234 3521 19
H3 3519 10652 2429 17
H4 3536 8124 4163 14
H5 1647 9654 3043 18
H6 296 7427 3491 21
H7A 1593 3735 3136 28
H7B 100 4116 2918 28
H8 600 4884 1198 29
H10 5586 10987 1776 21
H11A 8083 5356 1232 52
H11B 6647 4901 1238 52
H11C 7599 5549 2300 52
H12A 6193 10426 -326 50
H12B 5702 8080 -448 50
H12C 7099 8611 -549 50
H13A 8245 11613 1529 41
H13B 9090 9667 1361 41
H13C 8714 10007 2466 41
H14A 5328 10376 4394 22
H14B 5305 12215 3565 22
H16A 2006 8244 6105 43
H16B 893 9211 5237 43
H16C 2313 9469 5125 43
H17A 1767 3463 4835 33
H17B 2182 4684 5963 33
H18A 2587 8660 929 44
H18B 1406 10094 976 44
H18C 1223 8015 289 44
H20 3720(50) 13360(100) 3920(50) 40(20)
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Table 6. Torsion angles [°] for 401.

01-C1-C2-C10
01-C1-C2-C3
C10-C2-C3-C14
C1-C2-C3-C14
C10-C2-C3-C4
C1-C2-C3-C4
C2-C3-C4-01
C14-C3-C4-01
C2-C3-C4-Cs
C14-C3-C4-C5
01-C4-C5-C9
C3-C4-C5-C9
01-C4-C5-C6
C3-C4-Cs5-Co
C9-Cs5-C6-C15
C4-Cs5-Co-C15
C9-Cs5-C6-C7
C4-Cs5-Ce-C7
C15-C6-C7-C8
C5-C6-C7-C8
C6-C7-C8-C9

-154.5(5)
26.7(5)
-71.2(6)
107.7(5)
167.9(5)
-13.3(5)
-4.3(5)

-122.6(4)

-126.5(4)
115.2(5)
-43.9(5)
76.4(6)
72.7(5)

-167.0(4)
160.4(4)
37.5(6)
28.6(5)
-94.4(5)

-159.1(4)
-28.6(5)
18.8(6)
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C7-C8-C9-C18
C7-C8-C9-C5
C4-C5-C9-C8
C6-C5-C9-C8
C4-C5-C9-C18
C6-C5-C9-C18
C3-C2-C10-Sil
C1-C2-C10-Sil
C2-C3-C14-02
C4-C3-C14-02
C7-C6-C15-C17
C5-C6-C15-C17
C7-C6-C15-Cl16
C5-C6-C15-Cl16
C2-C1-01-C4
C5-C4-01-C1
C3-C4-01-C1

C2-C10-Si1-C13
C2-C10-Si1-C12

C2-C10-Si1-C11

177.5(5)
-0.2(6)
106.6(5)
-18.2(5)
-71.1(6)
164.1(5)
178.7(4)
0.1(9)
179.0(4)
-64.8(5)
0.7(8)
-124.1(6)
-175.8(5)
59.4(6)
-30.4(5)
147.5(4)
21.9(5)
-123.5(5)
119.3(5)
-2.6(6)



Table 7. Hydrogen bonds for 401 [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

02-H20...01#1 0.83(6) 2.12(6) 2.924(6) 163(5)

Symmetry transformations used to generate equivalent atoms:

#1 x,y+1,z

243



Appendix C: Catalog of Spectra

pivtetronate O
Pulse Sequence: s2pul O
Solvent: £0C13
Anbfent temperature —
i

Preitatss
s e PivO

Relax. delay
PUIsE 15.4_de

OBSERVE  HL, 400.2663783 WHZ
DATA PROCESSING

L ning 0.1 Kz
FT size 32768

Total time 1 min, 52 sec

pivtetronate

Pulte Sequénce: szpul

Solvent:
Aspient tem ure
MErcury-a00B8  "nerc"

Relax. delay 2.000 sec

tions
€13, 100.6472338 Mz
DECOUPLE 1, 400.Z683855 MHZ
er 38 dB
cont InuousTy on

TZ-16 modulated
ORTA PROCESSING
Line broadening 1.0 kz
FT size 65536
Total tims 2 br, 2 in, 10 sec
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%Transmittance

100

981

92-

88

86

1779.49

2000
‘Wavenumbers (cm-1)

1000

500
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ae_in_07k1
Pulse Sequence: s2pul
Solvent: C

Aubient temperaturs
UNITYplus-306  “narzh

Relax. delay 1.000 sec
Pulse 15.0 degrees
cq. tiné 3.813 sec

L Wz

ns
VE gy, S00- 1900318 iz
Line broadening 0.1 Wz

FT 5ize 32766
Total time 1 min, 17 sec

PivO

0/ oTBS

60

ae_ix_07

archive director
Sample dirsctory;

Pulse Sequence: szpul
Solvent; cac13

Ambiznt Lemgeraturs
usors 1-11-87

File: ae_ix_07_szpul 513
NOVA-507  “nmrs o™

Relax. dslay 1.000 sec
Pulse 30.0 degrees

.5309743 WHZ
~B0§7105 Wz

Total time 13 min, 42 sec

246
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ae_vili_ee OEE
Archive directory: shomesstaff3l vnmrsys data
Sample girsctory: as_vill_es 20120125 01 —

Pulse Sequence: szpul -

solvant: cacis

Tomp: 35.0°C 7 2881 K Me
FITeY phaion ot

JE

208

Relax. delay 2.000 sec
Pulss 30.0 degrees
Acq. time 2,558 sec
widih 64103 Hz
32 repstition:
CBSERVE W1,
DATA PROCESSIMI
FT size 32766
time Z min, 26 sec

i
399.6763783 HHZ
o

13C OBSERVE

Pulse Sequence: szpul
Solvent: COC13
Anbient temperature
Mercury-40088 “nars"
Relax. delay 2.000 sec
Pu .5 degrees
Acq. time 1.2

ons
OBSERVE C13, 100.6472207 NHz
DECOUPLE H1, 4002689355 NHz
Power 38 db

cont 1nuously on

WALTZ-16 modulated
DATA PROCESSING

ine broadening 1.0 Kz
FT size 65531
Total time 15 min, 38 sec

1

248
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ae_wiii_s7p

Pulse Smquence:
Solvent: COC13
Anbient temperature

Mercury-10088  “nmrg"

s2pul

Relax. gelay 2.000 sec
Pulse 16.4 degrees
Acg. time

OBSER) Hi, 400.2669763 WHZ
DATA PROCESS

Line broadening 0.1 Hz

FT size 327

68
Total time 1 min, 52 sec

OEE

tBuO,C

65

11

ae_viii_a7

Archive directo
Sample directory

Pulse Sequence: s2pul
Solvent: chdf
Ambient temperature
UsEr: 1-10-8
ae_vii1_97_s2pul_C13
INOVA-508  “nmraitre”
Relax. delay

1,000 sec
Fulse 30.0 degiees

DBSERVE €13, 100.5303451 MHz
DECOUPLE Wi, 393 BUG7TAGS WAz

ne broadening 2.

65536
Total time 19 min, 42 sec

» S i

a0
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ae_viti_100p

Pulse Sequence: s2pul
solvent: COC1E

Aabient temperature
Hercury-400B8  “nars

Relax. delay 2.000 sec
Pulse 1 aes

Total

time 3 min, 14 sec

OH
+BuO,C——

Me
209

ae_viii_toop

Archive directory
Sample directory:

Pulse Sequence: sZpul

Solvent: chds

Bmbient temperature
1-19-87

ae_vii
INOVA-50T

il ray

Relax. delay 1.000 sac
Pulie 30.0 degrees

DBSERVE C13, 1005308419
DECOUPLE H1. 399 8067865
Power 44 dB
cont i nuous 1y on
UALTZ-16 moduiated

DATA PROCESSING

Line broadening 2.0 Hz
T Size 635

Total time 19 min, 42 sec

i_100p_s2pul_£13

HHz
nHz

120 100 an
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ae_viii_ketosster
Pulse Sequance: sZpul
Solvant: COC13

Anbignt temperature
Mercury-a0088  “nmré®

Relax. delay 2.000 sac
Puise 16.4 degiees
Acq. tine 2.858 sec
Widih 5602.2 Hz

ions
OBSERVE K1, A00.2663783 Nz
DATA PROCESS TG

Line broadening 0.1 Hz

FT size 3

Total tine @ min, 0 sec

tBuO,C

63

ae_wiii_ketoeste

Archive directorys /home/staffal wnmrsys data
ple directory: ae_vili_ketoes 0120117 01

Pulse Sequence: s2pul

Solvent: cdcld
Temp. 25.0 € ; 2981 K
: 1-14-87

81
INDVA-E00 “fmrfred”
Relax. delay 2.000 e

Pulsa 30.0 degrees

Acq. time 1.285 sec

widih 25510.2 Hz

512 repetitions

OBSERVE 013, 100.4387085 Mz
DECOUPLE H1, 333 673771 WHz

FT 5ize 6553
2B min, § sec

180 160 140

253
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ae_1x_11

Pulse Sequence: szpul
salvent: coc1s

Ambient teaperature
Marcury-100B8  “nmrg "

Relax. delay 2.000 sec
Pulse 16.4 degrees
Acy. tise 3 856 sec
Width 5602.2 Hz

7 rapstitions
OBSER! H1, A00.2668786 NHz
DATA PROCESSING
ine broadening 9.1 Hz
FT 51z 32768
tal time 0 min, 0 sec

+BuO,C

PivO

66

Me

OTBS

ae_ix_11

31 vnarsys /data

Archive girectory: /homs/st
ap_ix_11_20120208_01

Sample directary

Pulse Sequence: s2pul

File: CARBON
INOVA-500  “fimr fred®

delay 2.000 sec

30.0 dagress
time 1.285 sec
width 25510.2 Hz

ans.
€13, 1004987061 NHz

E K1, 33906783771 WHZ
cant inuous 1y on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65538

Total time 28 min, 6 sec

255
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ae_ix_10p2

Pulse Sequence: szpul
Solvent: Ci

Anblent temperature
Mercury-ap0Bs  “nmrg"

Relax. delay 2.000 sec
Pulse 16.4 degrees
co. time 2.856 sec

i Wz

ions
O el 00 2669783 Mz
Line broadening 0.1 Hz

i

FT size 3276
Total time | min, 52 sec

tBuO,C O
PivO
v Me
HO OTBS
68

(VTR

11 10

ae_ix_1o

Archive dirsctory:
Sample directe

Pulse Sequences s2pul
Solvent: cdcld
fmbient temperature
user: 1-19-87
Flle: ag_ix_10_szpul |
IHOVA-50T  Frmrelroy!

OBSERVE C13, 100.5308756 WHz
DECOUPLE W1, 399 8067105 MHz
a4 a8

5538
Total time 19 min, 42 sec

257
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%Transmittance
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ae_viii_tos tBuO,C O

Futse Sequences szul PIvO

Solvent: COCI3 iv

Nereueyabime e Me

eta. gerey 200 sec

o MOMO OTBS
.

5
OBSERVE M1, A00.266%779 NHZ
DATA PROCESSING 69
Line broadening 0.1 Hz

FT size 32768

Total Line 1 min, 52 sec

13C 0BSERVE

Pulse Sequence: szpul
Solvent: £DC13

Ambient temperature
Hercury-400B8  “nmre"

100.6472127 WHz
M1l 400.2683955 MHz

Total time 7 min, 43 sec

259
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enamenane

Pulse Sequanc
Solvent: COC13

Anbiant temperature
Kercury-40088  “nars”

s2pul

Relax. delay 2.000 5
Fulse 16.4 degrees
cq . time 2 805 ec
wicth 10000.0 Kz
12 repetitions

aBSERVE W1, 400.2669782 Wiz

DATA PROCESSING

Total time 2 min, 15 see

tBuO,C O

PivO

MOMO

OH
70

NMe,

s

15C OBSERVE

Pulse Sequenc
Solvent: 1%
Ambient temparature
Mercury-4008B  “rmret

szpul

Rélax. delay 2.000 sec

rees
OBSERVE' C13, 100.8472307 WHz
DBECOUPS

VALTZ:
DATA PROCESSING

Line broadening 1.0 Hz
FT size 55536

Total time 0 min, 0 sec

120

100

261
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as_vili_te

Pulse Sequence: s2pul

Solvent: COC13
Ambient temperaturs
Mercury-a00B8  “nmrg"

Relax. delay 2000 sec
Pulse

16 repatitions
OBSERVE W1, 400 2669784 WHz
DATA PROCESSING

Line broadening 0.1 Wz

FT tize 65536

Total time 2 min, 22 sec

+BuO,C O OH

PivO
iv Me
MOMO
72 |

ac_viii_s3p

ar

hive directory: hon
# i

Sample girvctory: ag v
squence: 52pu
B RTINS
1-1

File: CARBON

THOVA-500 Frede

Relax. delay 2.000 sec
Puise 30.0 deqrees
cq. Lime 1.285 sac

1004887116 WH2
il 38816783771 Wnz

ine broadening 0.5 Hz
FT size 55536
Total time 28 min, & sec

B

140 a0 60 a0

263
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%Transmittance

100 Fitonsaliieiese-09 202 (GMEOB00) v - e,
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Wil ||M|I
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FAYITN
I fVn M, |
i

4000 3500 3000
| S

Mon Jan 16 14:02:19 2012 (GMT-06:00)
FIND PEAKS

Spectrum: *Mon Jan 16 13:58:09 2012 {(GMT-06:00)
00.00

Region: 4000.00 4
Absolute threshold: 15.889
Sensitivity: 50
Peak list:
No peaks were found.

2500 2000 1500 1000
Wavenumbers (cm-1)
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chromone

expl  PROTON

tBuO,C
PivO

file /home/space/d~ SPECIAL
;:;I;:lrm?; 20130~ temp mot used
MOMO o)
= E L. 76
a1 Z.000 ¥
tor 400.1 wp a007.2
L 58 rfl BO4. 6
DECOUPLER ™ =144.0
o, $ 5 e
| 1
.
‘
| .
T ) | !
o k- Jo's, i,
9 7 [ 5 4 1 ppm
J—
expl  CARBON
LE PRESATURATION
not used
5
—— :
DECOUPLER P -20.4
dof o rfl 4188.8
dn yyy rfp 7746.3
e e s
0w
| i |
. : I |
200 180 160 140 1z0 100 60 40 20 ppm
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OH O

A

a_x_25p o)

HO,C
HO

Anbient temperature

szpul

Me

Hercury-40088  “rmre"

fera. deray 2ons e
Ly A
R LT HO (o)

Width 11185.7 Hz

SR Froceliing 10 5,6-dehydropolivione (38)
FT size 65536 -

Total time 18 min, 56 sec

ag_x_21p2

directory: /nome/staff3lsvnar
a6_x_itpz_20120503_01

renive
Sanple directory

Pulse Sequence: s2pul
Solvent: dmso

Temp. 25.0 C s 298.1 K
user: 1-14-87

File: CARBO

INDVA-500

i

01
e fred®

Relax. delay 1.000 sec
Pulse 30 ar

tions
. 100.4590570 WHz
9.6796291 WHz

continuously on
VALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT &1z 65536
Total time 3 hr, 13 min, 17 sec

200
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scc_B10_051_MeoHEritration HO,C O Me
Sampile Ham: HO

mrc_bl0_051 MeGHtritration

Data Collected on:
wormhole-vrmes 400

Archive dirsctory: HO
/home/stage3l /vnmrays data

Sample directory:

mec_bl0_051_MeOHEritration 20120501 01 M o r
Fidrils: PROTON 01 e
O OH

Pulse Sequence: ERO%OM (s2pud) vinaxanthone (1)

Data collected on: May 1 2012

" gl s

Temp. 25.0 ¢ / 288.1 K
Sample #3, Operator: siegel

Relax, delay 2.000
Pulse 30.0 degress
Acq. time 2.556 sec
Width 6410.3 Ex
64 sopotitions

OBSERVE M1, 399.6776257 MHs

DATA PROCESSING

FT size 32768

Total time 4 min 52 sec

Plotname: PROTON 01 plot0l

500 WHZ nmro

expd  Carbon

|
Vinaxanthone_ds_daso_c13 |
sane spECTAL
date May 32012 temp 2.0
oTvant nso gain v
e b Epin 20
ACQUISITION hat o.008
s 30165.9  pusn 3’500
al 27060 Aifa 182008
p 120664 |
b 17000 11 n {
o in H |
ai 2.000 dp |
nt 15000 ns nn
HEH PROCESSING
TRANSNITTER 2 |
13 not uied
sra 125705 orspLAY
255.4 =
tpwr wp 282805
s.500 rf1 8
DECOUPLER rp asga’s
i e
dor [ -25105
n vy P
e L e 250
dpr 37 sc o
dmf 10582 ws 42822
th i
al ek

P e e S

e AR mat T r
200 180 160 140 1zo 100 80 60 40 20
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ae_viii_17p1

Pulse Sequence: sZpul
Solvent: Cl

Ambient temperature
Mercury-a0088  “nmrs"

x. delay 2.000 sec
Pulse 16.4 degrees
Acg. time 2.656 sec
Width SB0Z.2 Hz
e
DBSERVE  H1, 1002668786 WHz

Line broadening 0.1 Mz
T size 32768
Tetal time 1 min, 52 sec

tBuO,C O
PivO

MOMO (¢}
107

ae_ix T

Archive directory:
Sample dirsctory:

Pulse Sequence: s2pul
Solvent: cdcld

Anbient temperature
User: 1-14-87

File: as_ix_I2_s2pu) 13
INDVA-500 “ntelray™
Relax. delay 2.000 sec
Pulse 30.0 degrees

FT size 65536
Total time 55 min, 9 sec

271
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ynol

expl  PROTON
SanPLE

wate dan 17 201

solw cilcl

Pt
file /mnt/nnbrobo,~

2

PRESATURAT 10N
satnode

23

SPECTAL

tBuO,C O
PivO

OH

AN

Me

e B3 5.8
T At et i |
i
HOAUISITIO 0.3 HRH
" 3 :
" B i
at 2538 - MOMO O
4 Hi. .
o I H
il 2000 op 3 108
i - )
4 Pe—
TRANSHITTER m not used
. orseLll
. '
tof 399.7 wp 3387.2
toer 5w EHr]
1o e |
DECOUPLER rp -17.0
I us
e Piom
dm nnn we 250
decwave WA0_DneNMR~ sC 0
e st
dpar B i
e 2ot a0 cac o
|
9 8 ppm
oo
[
— ‘
sare 7 2012 carees .
o™ 302 o :
Tile /mnt/ahbrobo/~ SPECIAL ]
FN G
HITORT T S 3
e H
ncoutstrion’ * he 0.068
w Bho o 250
at 1.285 alfa 10.000
258 "
" T
i "
] 2.0t
at 0o
t g1z PROCESSING.
S — 5
tn c1s ot bt
sfrq 100.510 DISPLAY
tor 5512 5.
s 1 20034
pw 2.100 rfi 9443.3
oecouree 1 Iy na
i FE5]
dof 1) 6.8
i e puor
Bcneve Y e 250
o . H
dmf 9662 ws 43685 |
3
& e o |
‘ ‘
i | |
‘ ‘
[S——— )
180 80 1) ppm
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ynone fo)

nsrnnion +BuO,C O Vo

AN

solvent cUCl3  wet " .
FTIe ant snoraus~ - spECIAL PivO
AL LRI RS Lemg 2.0
113202 /PRO gain
i H
AT g3 pesa Rt
w 3 e :
at PRI R MOMO (o)
o Sites racs
gh lbgg I| n
% } 4
a1 2.000 dp v 93
nt 16 5 nn
o "™ emocessin
rRansKITTER 0 ot s
DISPLAY
e s10.608 s 13
for ErHE sus’3
tpwr LAl 3708.3
w 2300 Tr AR
DECOUPLER w 28.8
» 1.8
e pLor
im nnn 250
ecvave vao_onenmie S5 3
i v 1o
dpwr 36 1
e 2sadd & e on
| |
M o
7 1
yrve
ez carson
sawpLe specTac
ate 500 Ta 2otz tems T ot used
chels oatn 5
Sxport omas= tp1n H
Tpaco/aatarmbothu bt 0088
hone BeuiESa T Dok 16008

@ aifa 10000
ACQUISITION FLAGS
o 243! 1

5.8 i n
at 1,300 in n
np 83750 ap ¥
b 17000 b n
b5 ] PROCESSING
41 2.000 ) 2.00
nt fopn fn not uged
ot 2000 ISPLAY
TRANSHITTER s 7.6
n €13 we 2015101
sfrq 100,542 1 214107
tof 1038.1 rép 774009
Tpwr s o 178
5.333 1p -13ls
DECOUPLER PLOT
we 250
dor o oic
i yoy vs 267772
mm W ot
apwr a1 a1 cdc ph
unt 3881

T

180 160
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aja_vinaxanthone_ix_012_2

+BuO,C
PivO

Pulse Sequence: s2pul

Ivent: COC

Anbient tesperature

Mercury-40088  “nmr6" |

Relax. delay 2.000 sec
156 16.4 degrees

Acg. 2,856 sec

width 5802.2 Hz

7 repetitions

OBSERVE  HL, 4002669776 Wz

MOMO

Total time 0 min, 0 sec

(0]
CO,Me

Me (6]
115

9 8 7 6 5 a 3 2 1 ppm
aja_tricycle_sster
Archive director shome /staff3l/vnmrsys data
Sample directory: aja_tricycle_ester_20120208_01
Pulse Sequence: zpul
Salvent: cdzel?
Tenp. 25.0C / 288.1 K
sers i-ii-
File: CAREON_ 0t
INOVA-500 "hmrfred
Relax. delay 1.000 sec
Pulze 50.0 degrees
Acq. time 1.285 sec
Widin 25510 7 hz
512 repetitions
CESERVE C13, 100.9858825 KHz
DECOUPLE H1, 399.6791445 WHzZ
r 3 e
cont inuous 1y
WALTZ-16 modulaten
DATA PROCESSING
Line broadening 0.5 Hz
T size 655 [
Total time 1% min, 34 sec |
|
! ‘
| |l
| . | \ :
. |
| | | |
I |
| | |
| “ al Pl L
L el - A 1
T e —— e T . — - e :
200 180 160 140 120 80 60 an zn ppm
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deacetylated tricycl

i

+BuO,C

(0]

axpt stdth i
- DEC. & VT PivO CO,Me
ate May 2 3012 efra 00.259
olvent in i
Tie doar 500 |
| BeautsiTion *H ead ]
X ann
H1 e < MOMO (6] Me
at 2.85 in
e 32000 PROCESSING
u s802.2 b
I ot uaeg wkiile o |
s proc
Towr s not used | 116
i N |
ot 2,050 werr |
tot 169.9 weup |
nt is whbe
ct 16 wnt
alock n
Gain ot used
" n
in n
dp ¥ |
DISPLAY
50 -
w 20054
ve s
ot ]
.3 250
hana 16.03
i #17.60
1 38189 |
rfp 2905.9 |
ins 108,000 |
e
| ‘
| {
| |
|
| I
| | |
| |
|
| |
| |
| [
| |
[ a
it i~
9 8 7 6 5 4 3 z 1 ppm
arc_deatetylatedtricys |s0onz
axpl cARBON
SAMPLE PRESATURATION
date May § 2012 satmcde N
col c ot H
file /mnt/nhbrobo s~ SPECTAL
wrc_dsacstylateatr~ tems 5.0
SeyE1aDCHI 2012050~ gain E
ST /CARBOR 01.F1d Spin b1
ACQUISITION nst 0.008
0000 puto 8300
at 13t Aifa 107000
np 65536 FLAGS
o 7000 i1 o
be G in H
d1 2.000 ap ¥
nt S000 he n
ct so0n PROCESSING 1
TRANSMITTER o 0.5
tn c1a o ot uid
sfrq 100,510 DISPLAY
tof 1530.3 sp &
tpur P 200447
200 i
DECOUPLER rfp |
an "
ot [l
dn ¥y PLOT
dacuave o we |
dpr 35 5o
dnt 0 s |
h
al cic gh i
|
| |
| | | |
| ! ‘ | ‘ I ) x} ‘
160 140 120 80 60 ppm
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aja_vinaxanthone_ix_b41 t-BuO,C (o)
Puise Sequence: s2pul 2
sotvent: coci3 PivO CO,H

Ambient temperatur
Hercury-a00B5  "narc"

Relax. delay 2.000 sec
Pulse 15.4 degrees

fensimg 2 et i MOMO (e} Me

6 repotitions
WY, 400.2689783 Wz

DaTa PROCESSING

Line broadening 0.1 Hz

§7 Eize S2riE Me o

Total time L min, 52 sec

600 MHz nmrox

aja_tricycle_acid

expd Carban

aneL sPecTAL
date Kar 12012 temp 7.0
Solvent i gain ia
1 B spin
ACQUISITION het 008
sw 2.6 pust 7l800
at .00 Rifa 10.000
o 16iz30 FLA
i 17000 § n
bs 16 in n
di 2000 dp y
nt 13000
13000 PROCESSING
TRANSHITTER .00
c1 sed
sfrq 150,821 DISPLAY
tor 5.3 sp 754,
tpur wp 3333109
2600 i1 1518005
DECOUPLER . 11612.2
n o -83.
sar o 5700 |
in vy pLoT
wmm v e 250
dpur 5 6o o
imf 15337 ve 08833
th a
al ede ph
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aja_aninal

Archive directory: shoma/staffil vnnrsys/

Sample directory: aja_amina)_z0120517_01

Pulss Sequence: sipul

jons
OBSERVE Wi, 399.6777362 MHZ
inG

8
otal time O min, 57 sec

500 ¥HZ marL

aja_vinaxanthone_aminal_cid

expd  Carbon

data

t+BuO,C O
PivO

MOMO (6}

o O

Me| O
NMe,

Me o

119

CO,t-Bu
OPiv

OMOM

SPECIAL
7.0
an
20
0038
1550,
102690

[
n
¥

ct 132z PROCESSING
TRANSHITTER i

n - not uied

ifrg 125,554 DIEPLAY
tof 1254.2 <6281
tpr 51 wp 28253.2
P 5182 rf1 115040
DECOUPLER o 366510
i T [
dof B T

t
o as0
dpr sc 0
anf s 13289
n
al cdc pn
200 180
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aja_vinaxanthone_|x_036_b

tBuO,C O
PivO

Pulse Sequence: s2pu)
Solvent: COC13

Ambient temperaturs
Mercury-10088 “rmré

Relax. delay 2.000 sec
Pulse 16.4 degrees

cq. time 2.856 sec

Width 5602.2 Nz

5 repetitions
08SE H1, 400.2669786 NHZ
0ATA PROCESSING

MOMO O

CO,t-Bu
OPiv

OMOM

9 8 7 6 2 ppm
500 Mz nmrd
_enone_c18
expd Carbon
snuPLE spreiaL
date Har 8 2012 temp 27.0
colvent cdcl3 gain
fiie exp spin ot used
ACQUISITION nst 0-008
w 30165.5  pus0 31500
at 1,358 alfa 10800
p 118154 s
7o 17000 11 n
bs B in n
a1 2,000 dp y
nt 15000 hs an
ct 15000 PROCESSING
TRANSKITTER b 1.0
n not uied
sfrg 125,704 isPLAY
tof 1255.4 P -628.7
tpur 55 wp 2828001
v 4.750 rf1 11593.9
DECOUPLER rfp 6782
rp -1025
def o ip -2z
an vy pLOT
rm N wo 250
dpar 37 sc [
ant 10582 vs 3765
h 20
ai  pn
|
|
| | |
‘ ‘
|
l { | ‘\ ! I m L l . !
e L B T R ' . - ' ; T
200 180 160 149 1z0 100 80 60 40 20 ppm
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aja_vinaxanthone_ix_066_a_z
Pulse Sequence: sZpul
Solvent: COC13

Anbient temperature
Hercury-10088  “nar6"

Relax. delay 2,000 sec
PUTss 10.1 degrees
cq. tims 2,846 sec
Vidin 10000 0 Kz

10" repet it ions

MOMO

HL, 100.266%779 WHZ

0BSERVE
DATA PROCESSING

Line broadening 0.1 Kz
FT size 65536

Total time 0 min, 0 sec

+BuO,C

PivO

(e} OH O CO,tBu
X OPiv
O Me ~O OMOM

Me [¢]
210
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] i .
i HN :
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o B ocrssina
— 50
w o ot S0
AT
e e, rea.s
tpwr S8 wp 33931.4
oy W B
e {5
on HL rp 298.2
@ w e
b oy ot
omm Ed e 250
e o
an sl Joar!
i 7
al cdc pn
| - ‘ \
| . | |
, C , l
| I I | L ) ‘ .
B0 a0 20

180
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aja_viraxanthons_x_a11_2_nt HO,C (0] OH O CO,H

Archive directary:

mple directory’ HO OH
Pulse Sequence: s2pul \

Solvent: dmso

Temp. 27.0C 7 300.1 K

116 aja vinaxanthone_x_011_2_hi

INGVA-5007 "rreroy

HO (¢} Me "O OH
Relax. drlay 2.000 sec
:ulsl 15 wq“;ﬁs?"
Y e g
Vidin 70576 Wz Me (e}
1000 repetitions
OBSERVE "1, 938666873 Wz
DATA. PROCEREENG

RN e e xanthofulvin (2)

J | i
J ‘\_/-JJ PO | VI,

aja_xanthofulvin_

archive wiractory:
ple directary

Pulse Sequence: s2pul
Soivent: dmso

Temp. 27.0 € / 300.1 K
yser:  1-id-

File: aja_vanthofulvin_3_cis
INOVA-500" "nare Iroy'

Relax. delay 2.000 sec
Pulse 30.0 deqrees

q. tine 1.958 sec
Widin 301653 Kz

57774 repetitions
OBSERVE €13, 125.5816838 WAz
DECOUPLE_HI, 4358833338 KHz

B

2
Total time 66 hr, 7 min, 1B sec

N 11l

160 14
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expl  PROTON

E PRESATURATION
date Apr 16 2013 satmode
edel

solvent wet n
file exp SPECTAL
ACQUISITION tenp not used
s §410.3 gain a0
at 2.556 spin z0
np 32768 hEt 0.008
b 4000 pw30 6500
s 1oalfa 10.000
d1 z.000 FLAGS
nt 111 0
ct B in n
TRANSWITTER ap v
n HL s
sfra 400,089 PROCESSING
tof a00.1 T sed
tpwr 59 DISPLAY
P 2,167 sp 0.8
DECOUPLER wp 39470
n c1z rfl 2708.3
dof borfp 290476
dm non rp 128.2
decwave WAD_OneNHR~ 1p
w09 PLOT
dpar 35 wo 215
amf 29412 sc 35
vs 63
th 7
al cdc ph
1
9 8 7
expl  CARBON
SAMPLE PRESATURATION
date Apr 16 2013 satmode
solvent cdcl3  wet
file exp SPECIAL
ACQUISITION tenp not used
s 25000.0 gain 30
at 2311 spin 20
np 65536 hst 0.008
b 17000 pws0 ?.400
bs 1 oalfa 10,000
di 2.000 FLAGS
nt 512 11 n
ct a7 in n
TRANSNITTER dp ¥
tn €13 hs an
sfrq 100.613 PROCESSING
tof 1531.9 1b 0.50
towr 58 fn not used
2,467 DISPLAY
DECOUPLER 2.5
dn [ 22128.3
dot 91896
dm 7746
decwave -99.5
dpwr. 3s 0
dnf 10582 PLOT
we 250
sc 0
vs 140
th 56

MeO

MeO
198

OH
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expl  stdin
DEC. & WT
date Apr 15 2013 drra 400,269
salvent €OC1Z  dn i
o sxp dawr a0
ACQUISITION dof 0
sfra 4 nnn

00,269
1

an
cam c
caf 200

PROCESSING
0.10

MeO

MeO

199

WRC_dimethoxy_acetophenons_Ci3

oxpl

CARBON

WLTiTE
proc t
n not used
wexp
whs
wnt
11 10
PRESATURATION
satmode
we. n
SPECIAL
temp not used
gain
spin 2
hst 0.008
pwI0 7.400
alfa 10.000
1
in n
ap y:
5 nn
PROCESSING
0.50
not used
DISPLAY
wp 22128.3
1 9184.3
rfp 7746.3
3 -117.1
w
PLOT
© 250
sc 0
ve 140
th 26
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dimethoxy snaminone O
Sample Mame: MeO

Data Collected cam:
mmrox2-vomrag00

Archive directory: MeO OH

sanple directory: 211

NMe,

FidFile: PROTON

Pulse Sequence: PROTOM (s2pul)
Solvent: edell
bata collscted cm: Apr 22 2013

Temp. 25.0 € / 298.1 K
Cparator: service

Ralax. delay 2.000 see
Pulse 30.0 degrees

Acg. time 4.000 sec

Width 11061.9 Hr

32 repetitions

OBSERVE  E1, 599.7437410 MEz
DATA BROCESSING

Line broadening 0.1 Hz

FT size 524288

Total time 3 min 12 sec

14 13 12 11 10 9 8 7 6

dimethoxy ensminone
Sample Hame:

Data Collected en:
nmrox3-vmmra&00
Archive directory:

sample directory:
FidFile: CARBOM

Pulse Sequence: CARBON (sZpul)
Solvent: cdell
Data collscted oni Apr 23 2013

Temp. 25.0 C / 298.1 K
Operator: service

Relax. delay 3.000 sec
Fulse 30.0 degrees

Aeq. time 2.000 sec

wWidth 37876.8 Rz

1472 repetitions

OBSERVE C13, 150.8071930 Mz

DBCOUPLE Hl, 599.7527350 mmz

Powar &5 a8 |

continuously on

WALTE-16 modulated

DATA FROCESSING | |
Line brosdening 1,0 Hr |
FT size 524288 | |
Total time 2 hr, 13 min ‘

ppm
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ool tidan o
u
MeO [

gate Apr 15 2013 dfr
t cOc13

solven n
file oxp  dpar ki
ACQUISITION dof o
strg 400268 dm non
! P wi |
np 52000 FROCESSING
b L MeO 0
fo not uzéd wirile
bs 1 groc fr
Eper 58 o not used
B 2.0
& 2800 werr 200
tor 13,3 waxp
nt it wos
t 11wt
alack
gain ot used
FLAGS
i n
in n
n ¥
o1seLAY
2.9
wp 400864
ve 151
sc 0
e 250
nznm 16.03
s 837.21
i s518.2
rp 2305 8
h
ins 100.000
o cdo
| ‘
9 8 7 3 z
expl  GARBON
HPL PRESATURATION
ate Apr 16 2013 satmods
solvant © we
e SPECIAL
ACQUISITION tom ot used
s 25000.0 gain 3
at 1311 spin 2
np 86536 nst 0.008
b 17000 g0 7400
o3 1 alfa 10000
a1 2000 Laos
nt 812 i n
<t 178 in n
TRANSHITTER dn Y
€13 ne n
sfrq 100,613 PROCESSTNG
t 15313 1 s
Lr EE not ued
e DIsPLAY
DECOUPLER . |
wo 22128.3 |
ot o orr s18101 |
n vy rfp a3 |
decwave W orp -
Epr s p
cnf 105682 PLOT |
we ] | |
BC | |
ve 148 | |
th 2
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expt  PROTON

SANPLE
date Apr 16 2013

PRESATURATION
satmode

HO

solvent cd3od wet
file oxp SPECIAL |
ACQUISITION tenp not used
sw 6110.3 gain s
at 2.556 spin
np 32768 hst 0.008 Ho o
o 4000 pws0 6.500
bs 17a 102000
1 2.000 FLAGS
nt 3 1 n
ct n n
TRANSWITTER | dp 212
tn H1 o hs
sfrq 400.030 PROCESSING
tof 400.1 ot used
towr 53 DISPLAY
2.167 -0.5
DECOUPLER o 1002.8
€13 rfl 2126,
dof e 13243
an non rp 13802
docuave WAO_OneNMR~ 1p
_waos pLoT
dpwr 35w 215
dnf 29012 sc 35
vs 133
th 7
ai cdc pn
| L \
A ] L €
9 8 5 4 3 2 1 ppm
axpl  CARBON
s BRESATURATION
date Apr 16 2013 satmode
solven cdzod wet
file exp SPECTAL
ACQUISITION temp ot used
sw 25000.0 gain 30
at 1311 fpin 20
e 85536 net 0.008
o 17000 pw30 7400
bs alfa 10000
) £.000 FLAGS
nt oo 11 n
ct 511 in n
TRANSHITTER dp
o c13 ns on
sfrg 100,513 PROCESSIHO
tof 1531.9 1o .50
e 58 fn nat used
2467 DISPLAY
DECOUPLER .
un i 221283
dof 0 ot 6328.5
in yyy rfp 432875
gecwave rp -a5.8
dpuer 35 p
ame 10582 FLOT
we 50
sc 0
vs 53
th v
o cde ph
|
|
|
l
l |
- e it
200 180 160 1ao0 120 100 a0 60 a0 20 ppm
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expl  PROTOM

PRESATURATION
date Apr 17 2013 sateod a
Sotven aels w n
g exn sPECIAL
ACQUISITION temp not used
s 110,35 gatn S0
at 2,555 Snin 20
e Si7es net 0.00
i 1000 asa 51500
b L e 10000
(u 2.000 FLacs
nt 1% 10 n
c 5 in n
TRANSHLTTER i y
n n
sfra 400.089 PROCESSING
tor 60,1 o not weed
tpor 55 oIsPLAY
2167 ip 0.6
DECOUPLER - 33970
n T a70g 3
o rp zanale
on nn e 136.0
dacuave Wao_onohHR- 1 H
“ans PLOT
dar 35 215
dnf 29412 sc 35
v e
h H
it cac pn
ok
9 8 7
expl CAREDN
sanpLE PRESATURATION
sats Apr 17 2013 sataods
Solvent | cagl3 wet
file exp SPECTAL
AcoutsITIon tomp ot used
W 25000.0 gain 30
ar 1.31 3pin 2
b 85555 not 0.008
i 17000 puse 7lan0
o it 107000
i 2,000 FLacs
b s 11 n
o 2 00 0
TRANSHITTER - dp ¥
ta cis ne n
S¥eg 100,615 | PROGESSING
tor 155, 0.5
Epur i fn not used
o 2,067 DISPLAY
bECaUPLER = 1.0
Hi wp 22128.3
dor o i siel
in wy e H e
decuave Y sl
dpat LN H
anr 1050z Pt
w 250
4
b w7
W HH

nnocde gh

MOMO

MOMO

201

120

301

ppm
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OH

WRC_d1MOM_propargyi_alconol_iH

oxnt pRoroN 0o
PRESATURATION = Me
date Apr 18 2013 satnods
ot 0 :  MOMO Z
e exp sercIaL
ACQUISITION emp. not used
at 2 550 20
e az788 1008
% o0 i MOMO (0]
be 1 Kt
a1 2.000
ot F n
i N . 213
TRANSNITTER an y
n eone
sfra 400,089 PROCESS ING
tor ab0.1 o not used
tpwr 58 DISPLAY
2187 sp 0.
DECOUPLER “w s002°9
in ci i s708.7
dof o rfp 290106
“5ala

n nan rp
dacwave WAD_OnehNR~ 1
_wang

FLOT
pur 35 wo
nt 28412 sc

h

sxpl  CARBON

SANPLE PRESATURATION
date Apr 18 2013 satwode
solven €acia wet n
file exp sPECIAL
ACQUISITICN anp not uses
sw 250000 gain a0
at 1.3i1 spin 20
P §5335 hst 0.008
fb 17000 pws0 7400
bs 1 aifa 102000
a1 2.000 LaGs.
nt iomn i1 n
a5 in n
TRANSHITTER n ¥
" 5 ns an
sfra 100,613 PROCESSING
tor 1831,8 b 0.50
tpr n not uied
oW 2.467 o1seLaY
DECOUFLER sp
n Wi wp 22128
dof o orn 18z.7
dm Wy rfp 7263
aecwave W ore ui?
dpar 35
anf 10502 PLOT
we 250
e o
ve 120
15

th
o cdc ph
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expl  stain

sawpLE oEC. 8 VT
sate “har is 2013 areq 400. 269 0
“olvent ©bG13 dn Wi
[ELF 4 Me
coursiTron oF
stra 400.269 dn MOMO
in Wi dam
at 2656 oaf 2
e 32000 PROCESSING
= sz o
ot used weFile
vs sroc it MOMO (©)
twr si o ot used
o 20
41 2.000 warr
Tor FEH R | 193
nt is s |
ot S unt |
atack n
Gain ot used |
FLAGS |
in n 1
dp |
o1spLAY
o 3.2
un 0088
ve 181
s o
we 250
hzam 15203
is 63360
rft a1is
it za0s8
i
ins 100.900
o ocde gh
|
|
|
| il |
L J A

expl  CARBON

SANPLE
date Apr 19 2013
solven cdels
f

e exp

ACQUISITION
sw 25000.0
at 1311
no 65526
o 17000

bs

a1 2.000
nt 1000
40

TRANSNITTER
sfro 100.613
1o 1531.9
tpur 58
2.467

ODECOUPLER
n H1
dof 0
dn ¥yy
decwave -
dpwr a5
dmf 10582

PRESATURATTON
tmode

sa
we
SPECIAL
teap not used
gain 30
pin 20
hst 0.008
pwa0 7.a00
alfa 100000
FLAGS
" n
in n
op ¥
s an
PROCESSING
i 0.50
" not used
DISPLAY
P 1
wp 22124.5
2l 9182.
rfp 7745.3
rp 10625
n 0
pLOT
c 250
sc o
vs 139
th 1
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aja_vinaxanthone_x_100_a

Pulse Ssquence: t2pul
no}ent tanperaturs MOMO
NEfGury-aD08B "oars” Me

Relax. delay 2.000 sac
OH

oo

400.2660778 WAz
214

52 sec

Total time 1 min,

ppm

aja_vinaxanthane_x_106_a
archive directory: shome/staff31/vemrsys data
mp e 61rECLOrY: @1a_vinaxantnone_x 100 a_20120828_01

Pulse Sequence: s2pul
salvent: cocl3
Temp. 25.0 C 7 298.1 K
user: 2-87
File:
INOVR,

1
CARBON_B1
-S00 “imrfredt

Relax. delay 1.000 sec
Pulse 30.0 degrees
5

512 repetitions
QBSERVE  C13, 1004385408 MHz
3886277257 MHz

Total time 18 min, 47 sec

307
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gl statn o

NMe,

i’ "Bl O i MOMO
ACQUISITION dof o
i " .10 OH
4 | 215
di wern |
|
L1
;
:
:
:
i
m cde ph |
i |
| 1
9 & 7 3 5

alia_vinaxanthons_x_099_2

Archive directory: shome/staff3l/vamrsys/data
Sample directary: aja_vinaxantnone s 0302 20120723 01
Pulss Sequence: s2pul

Salvent: cdeld

Temp. 25.0 C / 286.1 K

user: 1-11-87

File: CARBON_O1

INOVA-50D  “hmrfred”

Relax. delay 1.000 sec

OBSERVE CI3, 1004385416 Nz
DECOUPLE HI, 393.6777257 WHZ
Power B

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 5

Total time 13 min, 47 sec
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a 351 naxanthans_x_091_ fo)

Pulse Sequence: s2pul

Sotvent: coc1a MOMO

Ambient temperature
gerd

o
& repetitions
TSR 0.1 wr 203

58
Total time 1 min, 52 sec

aja_vinaxanthone_x_095_2

Archive girectory: /
Sanple directory: aja_vinaranthons x_035.z_ 2012073101

Pulse Sequence: s2pul

Relax. dolay 1.000 soc
Puise 45.0 degrees

ca, time 1.311 sac
Nidih 2500000 iz
512 ropatitions |
OBSERVE €13, 1084365138 KHz |
DECOUPLE HL, 3135777257 Wiz

nome /stat 131 wnmr sys sdata

Line broadening 0.5 Hz
T size 65
Total time 13 min, 47 sec

311
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% Transmittance
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341157,
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ala_vinaxanthons_xi_014_3

Archive directory: shomesstaffal vamrsys /data
mple dircctory: ala_vinaxanthone_xi_019_2_0120821_01

Pulse Sequence: sZpul

RS

Relax, gelay 1.000 sec
Pulse 45.0 degress
2 ec

]
& repstitions
OBSERVE  HI, 3
DATA PROCESSING
FT size 32768

Total time 0 min, 28 sac

95.6757208 HHz

aja_vinazanthone_xi_014_2

Archive direclory: /home/staffsl vomfsys/data
Sample irectory: aja_vinaxanthone_xi_019_3_20120821_01
Pulse Sequence: szpul

solvent; cdcls

Temp. 25,0 C 7 288.1 %

User:  1-14-87

File: CARBON_O1

INOVA-500  “rr fred”

Relax. delay 1.000 sec
&

fons
5 100.9985069 KNz
3886777257 KHz

Uine broadening 0.5 Hz
FT size 655
Total time 18 min, 47 sec |

OH
Me

AN

MOMO

216
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aja_vinaxanthone_x

015_2

Putee seauence: szo

sorvent: coc13 o)
Senient s ature

Pt bemperarure,

MOMO

Pulse 16.4 dagroes
ime 2,806 soe

Me

AN

Acq. time 2

18 apit Lions

DBSERVI H1, 100.2668778 HHz O
BaTh Proce S8 ine.

Ui broasening 0.1 Hz

AR 195
Totai tina 0 min, o sec

aja_vinaxanthone_xi_015_2

© dirsctory: /home/staff3l/vomrsys/oata |
directory: aja_vinaxanthone_xi_015_2_20120823_01 |

Pulse Sequence: sZpul
solvent: cocl

5.0 C 7 288.1 K
User:  1-i4-87
File: CARBON_0L
INOVA-500  “fmrfreo”

Relax. dalay 1.000 sec
"

tians
DBSERVE  C13, 1004385453 WHZ
DECOUPLE W1, 3586777257 MHz

continucus Iy on
VALTZ-16 nodulated

Total tine 18 min, 47 sec
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STANDARD 1M OBSERVE (0]

expl  stdlh

sanpLe oec. 8 v Me
aate dun 8 2013 ufrq 100,259
salvant [CRERT 1
Tie b tpur 0

AGQUISITION ot 9
sirg 00263 dm nnn
i T - - MOMO OH |
at 2,856 dmt 200 | |
m vy " peecessin© | |
s .z
i vt ued wirile 217 |
be 1 Groc 't
towr 5B rot used
P 3]
a1 2.000 werr
tof 1699 wewp
nt in wbe
ct 3 unt
alo n
satn ot used

FLag
i "
in n
ap ¥

DIsPLAY
5p -3
wp 004
w5 1%
P
ve 25
hzmm 16.03
is 53537
o1 asti.
rrp z305,3
th
ins 100,000
m cde ph

|
|
L I L
9 8 7 6 5 4 3 2 1 ppm

aja_vinaxanthons_xi_para_mom_hydroxyacetophenane

Archive director
Sanple “tory:

Jhone /s tal f31 vamrsys /data
aja_vi x| _para_mom, _29120828_01

Pulse Ssquence: szpul
Solvent: cdcld
enp. 5.0

Relax. delay 1.000 sec

o broadening 0.5 Hz

Lin
FT size 85536
Total time 3 min, 53 sec

T T O A e e e

a0 60 40 20 ppm

T T T
200 180 160 140
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aja_winaxanthon

Fulse Sequence: s2pul
Solvent: COCI3

Ambient temperature
MErcury-10088  “nmre”

Relax. delay 2.000 sec
Pulse 16.4 degrees

MOMO

c, timg 2,856 sac
Width 5602.2 HZ
4 repetitions
OBSERVE  H1, 400.2655783 WHz
DATA PROCESSIN
Line broagening 0.1 Hz
size 32768

T
Total time 0 min, 0 sec

218

OH

NMe,

aja_vinaxanthons_x_032_2

Archive directory: shome/st

Sample directory

Pulse Sequence: s2pul
Solvent: cdeld

Temp. 25.0 C /2981 K
1-i1-87
CARBON_01

500 rErads

Relax. delay 1.000 sec
Pulse 45.0 dagrees
Aca. time 1.311 sec
Midth 250000 Hz

aff31 vanrsys /data

L.
raxanthone_x_032_2_20120731_01

n
36
Total time 13 min, 47 sec

100
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aja_vinaxanthone_x_085_2

Pulse Sequence: 52pul
Solvent: COC13

ient temperature
Mercury-40088  “nars"

Relax. delay 2.000 sec
Pulse 16.4 degrees
Acq. time 2.856 sec
Width $602.3 Wz

16 repstitions

OBSERVE M1, 400.2669783 WHz
DATA PROCESSING
Line broadening 0.1 Hz

8
Total time 0 min, 0 sec

205

aja_vinaxanthone_xi_006_c13
Pulse Sequence: szpul
Solvent: COC13

Ambient temperature
Nercury-40088  “nmrs"

Relax. delay 2.000 sec
Pulse 22.5 degree:

cq .280 sec
Width 25188.8 Hz

43 repetitions
OBSERVE Ci3, 100.647226% MHZ
DECOUPLE “HLL 400.2683355 WHz

Line broadening 1.0 Hz
FT size 65536

Total time 2 hr, 2 min, 10 sec

321




Y Transmittance
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aja_vinaxanthone_xi_011_2 OH
Pulse Sequence: szpul
Solvent: COC13 fe)
Anvient temperature
Wercury-40088  "nars”

Me

AN

Relax. delay 2.000 sec
Polge 1854 Yegracs

Ca tine 2,895 rec
Uidin 400252 na

S epatitions

OBSERVE W1, 400.2668778 Wiz

BATA PROCESSING MOMO (0]
Ulne broadaning 0.1 Hz

FT size 768 219
Total tims 0 min, 0 sec

aja_vinaxanthons_xi_011_2

Archive 0irectory: /nome/staff3l/vnarsys/sata
Sample directlory: aja_vinaxanthone_xi_U11_Z_20120821_01

Pulss Sequence: s2pul

User: 1-i4-&
\RBON_01
0 “hmrrraat

File: ca
INOYA-50

Relax. delay 1.000 sec

H
tions

+ 100.4385469 Mz
3836777257 WHz

Total time ¥ min, 55 sec
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aja_vinaxantnone_xi_015_2
Pulse Sequence: s2pul
Solvent: £OCIZ

Ambient temperature
Hercury-4D0B8  Wnmré

Relax. delay 2.000 sec
Pulse 16.4 degiees
Acq. time 2386 sec

@ Wz

5
OBSEAVE M1, A00.2669783 KMz
bATA PROCESSTNG
Line broadening 0.1 Wz
FT size 32758
Total time L min, S

MOMO

(6]
196

AN

Me

aja_vinaxanthene_xi_013_2

Archive directory: shome/staff2lsve
ple directory: aja_vinaxanthone_x

Pulse Sequence: s2pul

H_i
INOVA-500  “farfred”

Relax. delay 1.000 sec
&

Line broadening 0.5 Hz
T size 655386
Total time 3 min, 53 sec

sy /
20

ta
_2_20120822_01

ppm

ol

180 160
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ae_ix_17c O
Putss Sequences s2put
sopvens! coco
e SAaR Sharen NMe,
fetax. delay 2.000 sec
,,
e el
R A OH
P S T
ATh FRoceRing
e e 0.1 e 220

FT 51ze 32758
Total time 1 min, 52 sec

—ﬂ - me e

ae-ix-17e
Archive directary: /home/staf 31 /vomrsys /data
Sample directory: ae_ix_17c_20120211_01
Pulse Sequences sZpul

Solvent: cdcla

Tenp.

25.0 € 2961 K
1-i4-87

vser.
File: CARBON_01
INOVA-500  “hmefredt

Relax. delay 2.000 sec

Pulse 30.0 degrees
A ing 1.265 sec

Lroadening 0.5 Hz
FT size 5536
Total time 28 min, & sec

-
S —
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mose) foscenronone (o}

expl stdlh
. T [
sats Apr 27 £01z ofrg 00259
solvent cocid dn i
file sxn dpar 30
AcqUISTTION dor a
sty 400,268 an ann
tn H1 o dom © O
at 2,856 danf 200
np 32000 PROCESSTNG
i U i o
not used wifile
s i proc " 207
tpr 58 fn not used
v .0
2.000 werr
tar 1893 wexp
" 16 ubs
16 unt |
aloo
ain not used
" "
in n
. ¥
o1sPLAY
s -3.5
wo 40064
vs 151
5o
we 250
hzma 16.0
s za1a;11
i 3518.5
rfp HTIN
h
ins 1.000 |
e

moue) logochronone
expl  CARBOM

PRESATURATION
date Apr 06 2012 satmode
Tve cdeld

solvent we
rile /mnt/bbrobo,/~ SPECIAL
adoC13

I 2~ temp 25.0
0125126_01 /CARBOR_~ gain 30
01713 3pin 20
ACQUISITION nsL 0.008
o 25000,0 pwS0 6300
at 1.3i1 aifa
np 85536 FLAGS |
i 17000 11 |
bs 64 in " |
a1 z.000 dp ¥ |
nt 512 hs n |
ik PROCESSING
TRANSHITTER n 050
n €13 not used
100,530
1530.3

S T

T sl S e S T

180 160 140 120 100 a0 60 40 20 ppm
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model ynol

expl  stain

SANPLE DEC. & VT
date "Apr 27 2012 dfr 400,263
solvent €0C13 dn Hi
file exp dpur a0
ACQUISITION of ]
sfrg ano n nnn
tn HI  dem
at 2,855 gnf
" 32000 PROCESSING
. 5602.2 b (]
i not used wifile
5 1 pro ft
pur 58 fn not used
o 2.0
a1 2.000 werr
tof 169.9 wexp
nt 16 wbs
&t 18 wnt
alock
gain rot used
FLAGS
"
in
i
DISPLAY
e anei. 4
w5 I
se
we
hznm 16.03
5 24865 |
rf1 3519.9 |
rfp 29059
ins 100,000
m cdc

OH
Me

AN

O
221

~ . . aFaa — -
El 8 7 6 H 4 3 H 1 ppm
nodel ynot
expt CARBON
AneLe PRESATURATION
date Apr 26 2012 sateods n
et :
Fil8 Jmat/nbrobos~  SPECIAL
ar modn 1y maIC1S 4n temp 5.0
170420 01 /CARBOR ~ gaih a0
rid snin H
ACOUISITION i 0068
e 25000.0 puin &30
at 1.311 alfa 10000
- H FLags
w Sa0e 1 n
bs 4 in n
i 2000 i v
nt siz m
512 PROCESSING
TRANSHITTER b 0.5
3 ot uied
sfra 100.510 DISPLAY
tor 1550.3 -5.2
tpur 0 21103
L L1060 rf1 4185
OECOUPLER » et
dn w -97.0
¢ R
an vy pLoT
decwave W 250
Gpar 2 3
amf 10000 vs 42021
ai  cdc  phl L
‘ |
| | |
|
| o ——
180 160 60 40
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model ynone
axpl stdin

date Apr 27 012
solvant cocia

H axp
ACQUISITION
ana.z6

sF
tn
at 2.85
e 32000
5w 5602.2
I ot usen
e 58
2.0
2.000
taf 168.5
nt is
€t 15
aloc n
gain ot used
n n
in n
o
DISPLAY
P -3,
we a006 4
vs 1
s
we ]
nzmn 16.03
425,76
1 3514.8
) 28059
th
in 100,000
o cde

model ynons
expl  CARBON

date " Apr 26 Z012
ede13

13
£118 /mnt/nhbrobay~
mrc_mode lynensS1s_~
20170426 _01 /CARBDR~
Zar.ria
ACOUISITION
s 25000.0
at 1.311
np 65538
i 17000
b3
a1 2.000
nt 512
ot siz
TRANSHITTER
tn 3
sfry 100.510
tof 1530.3
Lpur én
e 2.100
DECOUPLER
dn
dof [
dm yy¥
docwave w
dpur 28
anf 10000

8
PRESATURATION
satnode
det H
speciaL
temp 5.0
i 0
foin b
net 0.008
s &30
it 187000
FLacs
i a
& y
n
PROCESSING
0.5
not used
DISPLAY
.
wp 20110.3
T 188’1
rep 713000
i Ty
®
Pyot
we ! 250
s o
Vs 34153
a

AN

189

Me

333
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atdehyde t+BuO,C O
expt stdin . PIvO CHO

sa v
sate TEb s 20z areq 100,263
Solvent " “cC1s an i
file axp pwr 30 |
" ACQUISTTION dof 0 |
stra 00.269 o
it W1 dnm p
at 2,856 dmf 200 MOMO o
np 32000 PROCESSING
& sne 010
nol uted witile
be p " Me o
tpwr 153 o mot used |
P :
1 2,060 werr 186
tor 15900 oy
nt Fri
t 3 it
atoc n
Sain' oot used
5
0 n
in n
v
DISPLAY
w TR
v 151
ot H
e
hina Thet]
IH 1820729
th 30578
rfp 2905.9
W
ine 100,000
e h
| ‘
|
|
|
| I fulk,
. A — N SO R ) VI "
11 10 9 8 7 6 5 4 3 2 1 ppm
500 W4z nero
non_piv_bu_aTdehyde
axpa carbon
PLI SPECIAL
date Feb 20 2012 n
551ve
i
RcoursiTIon
79,7
at 1.958
n 126000
fio 18000 I}
bs. 16 1
a1 2.000 |
e 13000
t 12000
TRANSHITTER
n c13
£Teq 125,708
tof et
tpwr
3.163
o oecourex
dor |
dn vy
inm 4
dpur a7
dmf 10582
! \ | |
' ! | Ll
t I [ J ﬂ. ‘\.
" .i. ) L J \ P

T 7 v T .
200 pE:-1) 160 140 120 100 80 60 a0 20
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protected vinaxanthane

500 WKz rmr0

mom_piv_bu_protected_vinaxanthone_hl

axpd Carvon
€
date fev 13 2012
Zolvent cacl
i £
AcouIsTTION
5 165.9
at 1ata
o 118150
o 7000
bs
a1 2.000
nt 15000
ct 15000
TRANSHITTER
sfra 125,708
tor 1285,4
pr 3
5.500
DECOUPLER
dn Hi
ot o
dm ¥yy
e "
dpur 57
dmf 10582

E— .

sPECIAL
tenp 2.0
sain S0
Hin ot used
het 0008
pusd 1’500
alfa 10.000
FLags
i n
n n
dp y
ne n
FROCESSING
1 To.00
n not uiea
IsPLAY
s 1513
wn 0165 ¢
m 11598
rp w578 2
e EHH
T -z3ss
pLoT
we 250
b o
ve 3382
th
ai en

L

expl stdin
€ oE
date Jdan 18 2012 dfra I
solven €0C13 an |
i xp  dpur |
ACQUISITION dof
8, 268 om |
tn W1 amm
at 2.856
nn 3zpan PROCESSING
v 56022 o
b ot used wErile
bs 1 proc
pwr 58 fn
e 2
a1 2.000 werr
tar 165,89 wexp
ot 1 wbs
52 wnt
aloc n
gain not used
i n
in n
b ¥
1sPLAY
5 10.8
e 4006 4
s 151
s o
we 250
hzme 16.03
is 234795
rr 35143
o 230508
o @
ins 100,000
cdc ph
I
A |
e I T T e oy - T
9 8 7 6 5 4

180

140

1z0 80

-
160
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tBuO,C O Me

sxpl stdln

SAKPLE oEc. &
date Jun 14 2013 d4frg aco . z6¢
so1vant cocia n Hi

500 WMz ner0
protected_real_di_vinawanthone_c13
expd Carbon
sanpLE SPECIAL I
date Way 17 2015 temp - |
Solve Gl gain i
¥ Iin
AcouisITION nst 0. 008
301659 puso 11600
at 1,358 Rira 10000
o 114154 FLA
b 17000 i L]
be 1oin a
di 2000 dp v
nt &d000 o
570 PROCESSING
TRASHITTER
.. 13 fn not uied
afra 125,701 DISPLAY
for 51 sm -528.5
tpr 55w 82736
e S8 rn1 17360 3
DECOUPLER o 16038 0
ML rp -10503
vof 0 g -187.0
in vy pLOT
am v e 250
e 55 e o
iat 11800 vs 21541
th 6
al  pn
|
| | |
| | ‘
| il ‘ |
" b s " I \ L-IH,L " A
Y
T T T T T T T T T T T T
200 180 160 140 1210 100 80 50 40 20 ppm
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STANGARD. 14 OBSERYE t-BuO,C (0] Me

op o
¢
e BN a0
e VR
:
ACQUISTTION
arre i e
e "o
o 2ottt 205
b T —
% seise 1 o0
B i e
i { o "
Erue s B ol
i 3
& 253 worr
e o
" i
£
|
|
‘ ‘
| JI
A b
3 8 7 B 5 4 3 2 1 ppm

protected real top

Dpata collectsd on:
narox2-vamrs§00
Archive directory: | |

Sample ane: ‘
!

Sample directory: |
Fidrile: CARBON |

Pulse Sequence: CARBON (s2pul)
solvent: cdcld
Data collected on: May 3 2013

Temp. 25.0 € / 298.1 K
Operator: sexrvice

Relax. delay 2.000 sec
Pulse 30.0 degress
Acq. time 2.000 sec
width 37678.8 Hz
50000 repetiticns
OBSERVE €13, 150.8071895 Mitz I
DECOUPLE B1, 559.7527350 MHz

Power 45 4B

comtinucusly on

WALTZ-16 modulated |

DATA PROCESSING

Line broadening 10.0 Hz
FT size 362144
Total time 55 hr, 33 min

AREEEEEE

60 40 20 Ppm
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tBuO,C O Me

expl stdih
MPL BEC. & VT
date Jun 10 2013 dfrg a00.268
solve dn i
fite axp  dpr an
ACOUISITION dof 0
srrq A00.269  dm nan
£ dom c
at 2.856  dnf 200
np aiona PROCESSING
£ 5502.2 1 0,10
fa ot used  wifile
b 1 proe e
s 56 fn not used
e 2.0
dt 2,080 werr
tof 16,9 weep
nt is  wbs
ct 16 wnt
alock
gain nat usen
i n
in n |
P
DISPLAY
-3.2
i anos . a
vs
5c a
o 250
hzme 16,03
384,32 |
el 351805
Ty 23050
th |
ins 100.000
m e

500 Wiz nmri

protected_real_bottom_c13

expd  Carbon

st J—
date Apr 26 2003 temp 27.0 |
solvent cdc1d  gain 4 |
Flie “ fein 20 |
ACOUISITION hst 0.008
o 326831 pwil 12.500
at 2.000 alfa 10,000
: AL,
; . .
o i :
b conh 1 ;
i 3o o i
L —
e )
o ! or Lil2
U s e ‘
tar 1882.0 s -528.. i
towr 61w 28253.0
i I ;
DECOUPLER rfp 9669.0 {
T 1967 |
i 5 RS
e o
o - e
ar 33 se |
i w3 . ‘
i
. ‘
|
‘
| ‘
Jil§ | il
zon 180 160 140 120 100 -1 60 a0 20
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expl stdln
SAnpPLE DEC. & WT

date Fab 6 2013 dfrg 400263

solvent €OCI3  dn Hi
o exp  dpur 30
ACOUISITION sof 0

sfra 400.269  dn nnn

tn il c

at 2.855  dmf 200

np 32000 PROCESSING

aw 5602.2 b 010

o not used wifile

bs rox Tt

Epr S8 not used

e 2.0

a1 2,000 werr

tof 169.9  wasp

nt 6 wbs

t 16 wnt

alo

gain net used

i n

In n

0 ¥
DISELAY

5 10,4

wa 0064

e 151

se 0

we 2

nzmn 16.03

A 486,72

i 3514.5

rip 2305.3

ins 100,000

o cde

500 WHz nmro

protected_rea)_moge]_cis

expd  Carbon

SAMPLE SPECIAL
date Feb 22 2013 temp 270
solvent edel H

PROCESSING,
not Uied

DISPLAY

—628.5

(0]

345
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protacted_di_real

expl stdin

salven
e
ACQUISITION

269
H

at 2,856

ap 32000

s 5F02.2

iy not used

s 1

Lowr 58

P 2.0

a1 2.000

tor 169,89

nt is

ot 18

aloc) n

qatn not used

LAGS,

"

in

a8

o1sPLAY

50

we

ve

sc

we

hzmn

it

el

rio

th

ins

om ede ph

500 WHz nerd

protected_di_real_vinaxanthons_c13

exp?  CARBON
SANPLE PRESATURATION
date May 24 2013 salmode
oivent cdeld we
£ile smediaNo_Wan- SPECIAL
E/protected i rea- temp 27.0
I_¥inaxanthdne_cl3~ gain a0
. spin 20

ACQUISTTION hst 0.008
5w 376766 pw3g 7.800
at 2.000 alfa 0.000
np 151516 FLAGS
b 17000 i1 "
bs i i
di 2.000 dp ¥
nt 84000 hs

8070 PROCESSING
TRANSMITTER i 1.00
€13 fn not uied

sfra 150_824 DISPLAY
of 2296.3 & -750.1
tpwr “p, 338514
[ 7.800 e 139615

DECOUPLER e 2.2
an M e 1580
dof [} 13
dm ¥y PLOT
decwave Vo 250
dpt 26
dmf 15337 vs 38055

ai g
N
R 7
200 180 160 140
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99.0
98.8
986
98.4
98.2
.0
97.8
976
g7.4
97.2
97.0 |
96.8
96.6 |
96.4 l
96.2
4

348



STANDARD 1H 08SE
expl stoln
SARPLE DEC. & WT
date Jun B 2013 dfra 400284
selvent G013 on 1
file Exp opwr
ACQUISITION ot
sfrg 400,289
tn HL
at .85  amt
ng 32000
s 5602.7
i ot used
bs 1
gt 58
o 2.0
a1 2.000 werr
165,35 wexp
16 whs
wnt
not used
¥
sp -5
we 4051
ve 15
sc
nzem
is
1
rep
th 3
ins 100,000
meocde ph
|
| |
| |
|
| |
[N
] a8 5
500 WHz nar1

protected_di_di_vinaxanthone_c13

expd  Carbon

SANPLE
date " May 16 2013
cde)

Sotvent
i
AcourstTion
w 1
at .000
np 130612
b 8000
b 1
di 2.000
nt 15000
& 12787
TRANSNITTER
tn
sfrq 125.585
tof 182.0
Lo i1
a.152
DECOUPLER
an i
dor 0
dn wy
dom v
dpwr 33
dat 12200

SPECIAL
temp 27.0
gain 40
spin 20
5t 0.008
w0 12.500
ifa 10000
FLAGS
n
in n
i3 ¥
nn
PROCESSING
1.
not used
DISPLAY
-628.3
28253.0
Al 12214.5
» 9669
) 196.4
1o -217.1
pLOT
250
]
vs 110430
al  ph

160

T
140

120
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protectes_di_top

expl stdin

. vee. & T
sate MG s0is erea™ * Moz
Gt i
e Sia dper i
ACQUISITION dof o
B
i N .
o 2 gth o 205
b LI T scrssnne
» 0 o0
n el Wi
o o r
G o nat. use
s A
2,558 verr
R |
16 wbs |
o
:
not user |
0 .
i :
;
f—
" .
o w3 |
V5 {
i H
i 250
- i |
e dl ‘ |
i HA
o FiH
o0
f, o ‘
cde
} |
| I |
_ | bl L -
] 8 7 6 5 ) 3 2 1 ppm

500 WHz nmro

protected_di_tep_vinaxanthone_ci3
expa  Carbon

SAKPLE sprcTal
date  May 20 2013 temp 27.0
solvent cdcis  gatn ‘o
e exp fpin H]
ACQUISITION neL u.008
sw 50165.8  pwan 11.590
at 1.958 aira 1000

np 115154 FLags
i iroen 11 n
bs 1oin n
i 2.000 dp y
nt 0000 b n

ct 2842 PROCESSING

TRANSHITTER n 1.00
tn n not uied

sfra 125,701 D1sPLAY
tor 1285.4 sp -628.
tpwr 2627908
EXTTaT 1795003
DECOUPLER rip 16088.0
dn o -143.
dor o p -18700

dm vy Lot
o U owe 250
dpwr 58 sc 0
dnt 11800 vs 21165
n 5

al  pn

— . . —
200 180 160 140 120 100 a0 60 40 20
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STANDARD 1H OBSERVE (o] Me

expt
sanpLE
n 13 2013
cocis
S
AcoutstTIon
sirg 400,253
i i
at 2.0%
t 2000
sgoz.2
i ot ueea
tpr 52
E 200
it 2.000
tor 1683
at i
i 15
atoe o |
Gain nat used |
: of |
in n
b v |
DISPLAY ] |
s
w
ve
e
hemn
H a5 |
1 3518 |
e |
h
ing 100,000
n e

500 NHZz nmri

protected_di_bottom_vinaxanthone_cl3

expd  Carbon

SANPLE SPECIAL
date May 20 2013 temp 27.0
s0lvent cdei3 gain a0
file /home/service~ spin
/protected_di_bott~ hst 0.008
on_vinaxanthone_cl~ pwd0 12.500
3.7ld alfa 10,000
ACQUISITION FLAGS
sw 32653.1 11 "
at 000 in n
np 130812 dp ¥y
b 18000 hs n
be PROCESSTNG
a1 2.000 1b 1.00
nt 50000 fn not used
ct 3584 DISPLAY
TRANSHITTER sp -628.3
tn 3 wp 28253°0
sfra 125.585 rf1 12213.8
tof 1882.0 rfp 3669.0
tpwr 81 rp 17907
4.162 p -167.4
DECOUPLER PLOT
n HL we 250
dof 0 sc ]
dm vy s 74806
dman w th 6
dpwr 33 al ph
f 12200

T

ey —
180 160 140 120 100 80
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protected_ai

expl  stain

SANPLE
date May & 2013
solvent coc13

file
ACOUISITION
R a0

288
b
at 2.85
nw 3iona
sw 5802.2
i not used
5
tawr 58
P 2
d1 2.000
tof 163,35
nt is
et 15
atock n
gain not used
FL
i n
in n
n
DISPLAY
-3.5
wp 40084
vz 1
sc o
250
hzmm 16.03
is 395,99
el 35145
e 23059
th
ins 3.000
cde

DEC. & VT
afr 263
an B
dpwr 30
dof o
dm non
o ¢
f 200
PROCESSING
0.10
wirile
proc rt
n not used
werr
wexp
it

! LA
v —— —— T !
6 4 2
500 WHz naro
protected_di_mode]_vinaxanthone_c13
expd  Carbon
SanpLE SPECIAL
date May 21 2013 temp 27.0
solvent €dcia gain H
file exp epin 2
ACQUISITION hst 0.008
sw 30165.9  pu30 110600
at 1.958 alfa 102000
no 118154 FLA
b 17000 11 n
bs. n
a1 2.000 v
nt 15000 an
it 5068 PROCESSING
TRANSNITTER s.
not used
sfrq 125.701 DISPLAY
tof 12854 -628.
tpwr 55 28279.6
3.862 rf1 1153513
DECOUPLER a 3678.0
WL rp -140.2
dot o T a0
in
drm i 250
dowr 38 ]
dnf 11800 vs 31623
th |
ai  pn
| A
|
T T T T T T T
200 180 160 140 120 100 80 60 40
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expl  stain

SAWPLE DEC. & VT

date Feb 26 2013 ofrg 400.269
s0lvant coCI3 dn W1
e exp dpar 30

ACQUISITION dof o
fry a00.268  am nan
5 HL o dnn c
at 2.856 dnf 200
e signg PROCESSTHG
i 58022 0.10
b not used wirile
bs 1 proc i
tpur 55 fn not used
e 2.0

1 2,000 werr
tof 158.9 wexp
nt 8 wbs
t 5 unt
alock
gain nat used

L
" n
in n
¥

DrseLAY
v 4006 4
s 151
sc [
we 250
hime 16.03
is 710078
Il 35153
rip 28055
th i1
Tns 100,000
o cdc ph

me_protacted_top real vinoxanthrens

Sample Hame:

mmrox2
Archive directery:

Sample directory:

FidFile: CARBON

Fulse Sequence: CARSON (adpul)

Solvent: edell
Data collected on: Feb 26 2013

Temp. 25.0 ¢ / 298.1 K
Operator: service

Relax. delay 2.000 ssc
Pulse 45.0 degree:

Acq. kime 2.000 sec

width 37876.6 B

13000 repetitions

OBSERVE €13, 150.8071907 etz
DECOUPLE Hi, $99.7527350 MHx
Fower 46 a3

eontinucusly on

WALTZ-16 modulsted

DATA PROCESSTNG

Line broadening 2.0 Hz
FT size 262144
Total time 14 hr, 26 min

L
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protected_top_ii_vinaxanthone

sxpl  stdlh
ARPLE DEC. 8 VT
date  Jun 14 2013 dfrq 400,269
salvent c dr Hi
File axp dpur T
ACQUISITION dof 0
sfra 400,288 dm ann
tn HL  dma ©
at 2,856 dmf 200
np 3200 PROCESSTNG
s 5502.2 b ]
b usér  wifile
bs 1 opr Tt
tpur 58 et used
e 2.0
a1 2,400 werr
tof 1683 wexp
nt 16 wbs
ct 16 wnt
alos n
gain not used
FLa
i n
in n
ap ¥
DISPLAY
sp 3.2
wp A006 4
ve 151
o ]
e 50
nzmn 16.0%
i 33232
i 813.5
rep
)
ins 100,000
o cde
1
9 -]

500 WHz nmrl
protected_top_di_vinaxanthons_ci3

expa  Carbon

SANPLE SPECIAL
date May 21 2013 temp 27.0
so1vent cdc13  gain 0
file exp spin 20
ACQUISITION nst 0.008
sw 32653.1 w30 12.500
at 2.000 alfa 102000
o 130612 FLAGS
b 18000 11 n
bs n n
a1 2.000 dp ¥
nt 20000 hs
t 19524 PROCESSING
TRANSNITTER i .00
fn not used
sfrq 125.585 DISPLAY
tof 1882.0 sp -628.3
tpwi w 28253.0
4162 rf) 1221315
DECOUPLER e 9683
1orp 179.7
dof 0 1 -167.4
im vy pLOT
dmn W 250
dpwr 33 sc
danf 12200 vs 295158
th 16
al  ph
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expl stdlh

sanPLE nec. & vT
date Dec 7 2012 dfrq 00,269
solvent C€DCI3  an H1
M dpur 50
ACOUISITION ot
289 dn non
W1 oan ]
at 2,85 on 0
np az000 PROCESSTNG
fe s802.2 .
W ot usea wirile
bs 1 proc v
twr 58 fn not used
oo 20
b 2,000 warr
tor 19,5 wexp
it is wos
ot 16 wnt
o n
sain rot used
FLAGS |
i n
in n
»
DISPLAY ’
2.0
e 33308
v 141
ie o
we 250 |
hann 15i48 ‘ |
5 334.08 |
) 35145 | |
rp 2w0s 3 |
100,000

I
N h A
- . . e - r e
8 7 5 4 3
expB  CARBON
SaNPLE PRESATURATION
ate Jan 2 2013 satmode
Sotvent cdeld wat
" exp SPECIAL
ACOUISTTION temp not used
sw 25000.0 gain 30
at 1.311 spin 20
e 85536 het 0.008
o 17000 puso 7.400
bs i 10.000
a1 2.000
nt ioa 11 0
ct 841 in n
TRANSNITTER dp y
tn 5 e
sfra 100613 PROCESSTNG
tof 15313 b 0.50
tpwr 8 fn not uied
2.457 DISPLAY
0ECOUPLER sp 2.5
WL wp 2212300
dof 0 318200
dn vy fp 7795.3
decwave w 711
dpwr 35 p |
dnt 10582 #Lo1
we 250
ic o
vs 138
th B
o cdc ph
I
L LU JJ L
140 120 100 80 60
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top_bottom

sxpl stoin
SAMPLE DEC. B VT
gate Jul 11 2013 dfrg 290,259
soivant o613 dn K1
fie dpur 0
ACOUISITIEN gor o
268 dm ann
Ki g ;
at 2.856 onf 200
np 32000 PROCESSING
sw 5022 0.1
1 rot uséd wifile
proc £
tpur S8 not used
2.
2008 werr
tof 169.3 waxp
nt B s
ct B wnt
aloek n
gain ot used
FLags
0 n
in n
L ¥
DISPLAY
wp 20051
vs 151
sc 0
wo 50
hzma 16.03
15 346,47
Al 13.5
ip ]
th 20
ins 100,000
e ocde ph
|
|
[SESSUEE—— S

nrc_protected_top_bottom
exp3s  CARBON
PRE

date Jul 12 2013 sateo
solvent cde13

ie exp
ACQUISITION tean
v 25000
1

s o gain
at 1 spin
np 65536 hst

200 180

SATURATION
de

SPECIAL
not

i
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STANOARD 1H OBSERVE
expl  staln

SAMPLE DEC. & WT
date Jun 5 2013 drrq 400.285 |
1

soTvent cOC13  dn |
exp dpur 30
ACOUISITION daf 0
sfrg 400.268 am nan
tn HI dmn c
at 2.856  dmf 200
np 33000 PROCESSING
W 5802.2 I 0. |
WEFile |
n [
fr not used
wexp |
wis |
wnt

500 Wiz nmrl
protected_top_madel_vinaxanthone_ci3

exp4  Carbon

e spEcTaL
date May 22 2013 temp z7.0
solve € gain an
e in 20
AcquIsTTION St 1. 008
o 32653.1 pus0 12508
at Z.000 nifa 10500
np 130612 FLAGS
fh 18000 11 n
be 1o n
i i.000 ip Y
at 26000 nb n
ct 14870 PROCESS TG
TRANSMITTER b 2.00
tn n not uied
ifrg 125,585 oISPLAY
for 18320 op -6z8
Tpwr Bl wp 8253.0
oo PRt 122130
DECOUPLER rfp 9669.0
W1 rp 179.7
dor [T 16000
in vy PLar
o W e o
tpuir 35 so o
dmt 12200 yx 162341
th 1

T
zon 180 160 140 120 100

20 ppm
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oxpl  stdih

SAMPLE DEGC.
te Feb 4 2013 ufrg
colvent 13 an
e %D opur
ACQUISITION daf
B dm
dmn c
at 2,858 amr 200
np EFITH] FROCESSING
s 58032 0.10
b not used  wefile
5 1 proc 't
tar 8 fn not. used
e 2.0
ul 2,000 werr
tof 1699 wexp
nt 6 wbs
c 16 wnd
aioe n
aain not used
i "
4 ¥
DISPLAY
-3..
Wi 40084
w5
sc 0
© 25
16.0;
1117182
3519.5
23053
a
3.000

500 WHz nmrl
protected_bottom_real_vinaxanthone_ci3

expd  Carbon

€ SPECTAL
te har 12013 temp
satvent cdo1d gain o
L] P spin 20
ACOUISITION het 0.008
30131.8  pwid 12.500
at 1062 hita 10.000
a» singo
b T n
b in n
di 2.000 up
nt aéngo n
60000 PROCESSING
TRANSHITTER 1
nat uied
stra 125,584 oISPLAY
to i 5 528,
tpur " 8253 2
1182 1153107 |
DECOUPLER "o 386900
Horp 17
aor (R -1
in Yy pLOT
e e 250
apur a3 ic 0
dar 12200 v 83018
i
il cdc ph
| |
| | | |
| A ) Al L
T T T T T T T LI
140 120 100 a0 60 20
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protected_bottom_di_vinaxanthons

expl  stoln
SARPLE

sate Jun 14 2013

salvent abC13

f1ie exp
ACOUISITION
fra ano

. 288
i Al
at 2.5
" siaip
w si0.2
i rot usd
o
Lo s
o 2
i 7060
Lo 1695
ot is
o i
atoc n
Gain  pat used
FLacs
i n
in i
i H
o1sPLAY
aife
¥ 20178
b 151
i 0
e e
e 15,05
i 251 48
T 8182
tto Zags
" i
ine 180,000
mcac

OMOM

OMOM

- T — - T
3 8 7 5 3 H 1 ppm
500 W1z rmrt
Brotectss_botton_d1_vinaxanthons_ci3
expé  Carbon
saneie specIaL
date or'Sy 2013 temp 2.0
Sorvent™™ Ucicl3 gath i
HiH s Din 3
Roqurstrron " 2L 000
W 32653.1  pwdl 12.500
w Taib A it
ng 130612 FLAGS
b HHI. ..
o i H
o 2000 un ;
" Zanan o
ct S0000 PROCESSING
TRANSHITTER b 100
tn s ot hies
e 125 642 DrspLAY
tof 1882.0 =p -628.
ther R P
4162 rfl 12213.5
DECOUPLER s 9669.0
on o aa
e B Bt
dm Y¥Y PLOT
dmn W W 250
ipar e H
i Lz szst
i |
ai ph
|
\ || ||
|| |
|
| | . |
| | |
| | . | [
il |
| | | | I
| | 4| I ul |
o L L L e 4 Aot i " L L
i h hnnad — som
200 130 160 140 120 100 a0 60 a0 20 ppm
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STANDARD 1H OBSERVE

expl  stdin

SanpLE DEc. & T
date dul 1z 2018 dfra 00,283
Sotunnt coCiz dn i

H exp  dpur 0

ACOUISITION ot o
srra 00268 o nnn
tn c
at 7.858 dnr 20
o 33000 PROCESSING
B s602.2 b 0.
o not usEd wtfile
be 1 prac "
tar 55 fn ot used
P 2.0
1 2,000 werr
tor 189.8 wexp
nt i6 wbs
x 15 wnt
alack n
Gain ot used

as |

n " |
in " |
@ ¥

viseiay
e 40064
v 10z
S ]
e 250 |
hzem 16.03 |
B 235 30
51 35158 |
rfa 29053 |
ins 100,000

S e
7 6 5 4 3 2 1 ppm
Graient Shimming
exp3s  CARBON
anp E
date dul 1% 2013
salvant cie13 |
iz
ACQUISITION
w 25000,0
at 1.1 |
np 65536 i
o 17000
us
a1 2,000
nt 2000
ct 518
TRANSHITTER
tn c1a an
sfra 100,613 PROCESSTNG
ot 15310 b 0.5
tpur i fn not uied
2067 DISPLAY
DECOUPLER sp
1w 221150 |
ot iore 1837
in vy rfn 463 |
dacsavn “ te |
dpwr 35 ip
dnt 10582 s
we 50
ic o
vs 110
tn 1
m cic ph
P
|1
" - L
: .
60 an H ppm
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expl stdih

SANPLE DEC. & WT
date  Dec 4 2012 ufrg 400.26%
salvant £c13 H1
file Exp dpwr 30
ACOUISITION dof ]
sfry 400.268  dm ann
n HI o amn
at 2.856  dmf
ap 33000 PROCESSIHG
G 5802.2 b 010
o not used  wifile
b 1 £t
tpwr 58 fn ot used
P 2.0
z.000 werr
tof 168.3 wexp
nt 6 wbs
ct 16 wnt
aloch
gain not used
" n
in n
dp ¥
DISPLAY
sp 4.3
wp 40003
vs 7
sc 0
9 250
hzme 16.00
662,31
el 3514.5
rfp 23083
th |
tns 100,000
nn h

Eexp?  CARBON

PRESATURATION
tmode

SANPLE
date Dec 4 2012 sa

solvent cdcl3 we
file /nome/space/dv SPECTAL
ata/mrc_20121204_0~ tenp not used
n_01.f7d gain 30
ACOUISITION spin 20
25000.0 hst 0.008
at 1311 pwd 7.400
op 63536 alfa 102000
b 17600 F
bs " n
a1 2.000 in n
at 512 dp y
s |
TRANSHITTER |
tn
sfrq 100.613 i
tof 5313
tpwr »
o 2.467 wp
DECOUPLER f
dn M rfp
dof 0 rp
dm vy 1
decwave w PLOT
dpwr 35 we 250
dnf 10582 sc 0
vs 63265
th 17

al cdc ph

200 180 160 140 120 100 80 60 40 20 ppm
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STANDARD 1H 0BSEAVE

wxpl  stdlh

Sam 0ec. 8 v
date dum iz 2015 dfra 100,269
Solven €0c13  an H
e b dpar
ACQUISITION ot i
stra 400,269 on onn
n o ©
at 2,8 ¢ 200
o 32000 PROCESSING
s Eon a.
s not usdd Te
be .
tpur 56 ot used
2.0
a1 2,060 werr
tor 189.9 wexp
ot is v |
ot ot
aloc i
ain ot used
s
i n
in n
an v |
DISPLAY
s -3
wp 005, 4
v 151
ic o
< 250
fizmn 16703
H 724063
i 3518
o 71059
b i
ins 100.000
h
|
|
L \ \
(RPN, e e J -
3 ) 7 5 3 2 ppm
expl CARBON
SAMPLE PRESATURATION
date Jan 23 2013 satmode
solvent cdcl3  wet
file /home/space/d~ SPECIAL
ata/bottom_mode)_2~ temp not used
0130123_01/CARBON_~ ga i a0
01713 spin 20
ACOUISITION hst 0.008
sw 25000.0 pwS0 7.400
at 1.311 alfa 10.000
np 65536 FLAGS
fo 17000 1 n
bs in n
d1 2.000 dp
nt i000 he
1000 PROCESSING
TRANSNITTER o
not wsed
sfrg 100,613 DISPLAY
tof 1531.3 -13.
tpwr S 22138.2
o~ 2.487 11 31812
DECOUPLER P 7746
n p 15802
dof
in Yy pLoT
decvave v we 250
dpar 35 sc ]
dnf 10582 vs 72265
th
ai cdc ph
e v T . - : —~
140 120 100 80 60 40 ppm
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mixed protected vinaxanthons

sxpl stolh
SANPLE EC. 8 VT
date Apr i6 2012 dfrgq 00,289
solvent €OCIZ  dn KL
e exp  dpwr 20
ACQUISITION ot o
sfrg 100.269 am ann
tn W1 dam ©
at 2,856 dmf 200
ne 32000 PROCESSING
W 5502.2 0.10
b not used wifile
5 proc £t
g 8t not used
2,900 werr
tof 183.8 wexp
nt 3z wos
3z wnt
alock
aain nat used
G5
i n
in n
3
DISPLAY
-18.3
we a0za.7
v
¢ ]
we 25
nzmn 16.11
is 38633
el 3515.9
e 29059

! in
ins 106,000
ol ph

500 Mz et

mixed_protected_vinaxantho

expé  Carbon
SANPLE SPECIAL
date Apr 27 2012 temp 7.0
s0lvent edcl3  gain Ao
11 p spin 20
ACOUISITION hst 0.008
8 pui0 15.500
at o@D alfa 10000
oy 120528 FLAGS.
s [EETT I n
b n n
a1 2,000 op
nt 0000
13682 PROCESSING
TRANSITTER .
c13 fn not used
sfrg 125584 DISPLAY
® E1.2 sp 621
tpwr 51 wp 282532
15.500 rfl 115804
DECOUPLER rfp 36580
P TNt
dof e -257.0
dm wy PLO
dmn w we 250
dpwr 33 sc
dmf 12600 s 15840
th
al  ph

200 180 160
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Protectn_mogel_gi_vinaxanthong

expl  stdln

salvent
Te
ACOUTSITION
rra 400.258
th H
at 2.858
np 33000
s 550!
o net used
3
tpwr sk
P 2.0
a1 .00
toF 1698
nt is
et is
alo n
gatn not used
s
v n
in n
da v
DISELAY
“10.4
W 0125
v
o
we 2
nznm 1605
i 294,31
I5a 35185
rip 2059
160.000

e

dpr

dof
dm
dmm

g 20
PROCESSING
0.1

wtf
o

ite

roc

n

a1
400,263
Hi

30

0

©

0

£+
not uzed

OMOM

OMOM

9 8 7 5 4 3 2 1 ppm
500 WHz nmro
protected_nodel_di_c13
expd  Carbon
sanpLE SPECTAL
date May 6 2013 temp 3§
solvent cdcl3
tile oxp
ACQUISITION
sw 301659
at 1.958
np 118154
] 17000
bs
a1 2.000
nt 15000
14608
TRANSHITTER
€13
sfrq 125.701
tof 1255.4
tpwr 5
o 1.933
DECOUPLER »
w»
dof 0
dm Yy
dun v
dpwr 38 sc |
dnf 11800 vs | |
th |
ai
| |
|
J [
|
|
I}
H. " J n bl
e I T - ' e ey R T S -
200 180 160 140 120 100 80 60 a0 20 ppm
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expl  stdin

ool p——
B T
st 0
e exp dpwr i
[— :
L S,
o .
L 5
L R
.
WP
§ o "
tre BB el
s .8
m LG e
tof 169.5 e
5 i
o o
e :
et el
el
" .
i :
b ’
srsatn
.
]
u
“
b
P
i
5
i
i
D sl
L \
\ |\ ’
Iy ] L
E] 8 5 3 2 1 ppm
wxptcanson
swore spesaTIATION
e e iy 4
solvent cdcl3d  we
file SPECIAL |
ACQUISITION temp not used 1
S e
“ 5t o
o iy vt
fb 17000 pwS0 7.400
o L
a1 2.000 LA
a 8 G .
5 e 41 .
TRANSMITTER dp 2 £
m Y
L R
A ! hone
e oS
s : oisetl
becALER 4
o il
dof 0 rfl 9182.0
& s L
e 4 o
e -
o resit oot
. ”
sc 0
. it
L
L.
180 160 140 120 100 80 60 40 20 ppm
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sxpl stdin

SANPLE oEC. B VT
date Jun 13 2013 dfrg 00263
solvant c0C13  dn L
£ exp dpr 30

ACQUISITION dof 0
sfrq a00.268  dm nan
tn 1 dmn c
at 2.855 ant 200
na 32000 PROCESSING
5w 5602.2 b a.10
i not used  wifile
b i e "t
tpur net used
o
a1
tof
nt
et
alock
gain

L
i
dp
DISPLAY
-10
“ 40140
e 1
sc ]
nzmn 16,06
43020

il 35192
o 29059
i i
ins 180000
o cde ph

expl CARBON
SAMPLE PRESATURATION
date Jan 24 2013 satmode
solvent cdci3 wet
file oxp SPECIAL
ACQUISITION teap not used
e 25000.0 gain 30
2 20
0.008
7.400
10.000
FL
n
n
¥
an
PROCESSTNG
0.5
ot used
DISPLAY
-17.
22157.3
5184.3
7746.3
1746
PLOT
we 250
sc 0
ve 138
1
nm cdc ph

383



%Transmittance

975

97.0

965

96.0

85.5

850

94.0|

93.5

J“u

I\\n

l' i i

”J
il

‘ 1

4000

3500

3000

2500 2000

Wavenumbers (em-1)

384

1000




500 WHz nmro
ae_vili_hosodimer_h1

expl  Proton

solve; cac1a
ACQUISITION
o 7.5
at 4001
o 61000
o 000
b 1
s 2
o1 2.000
nt 1
ot
TRANSHITTER
t
sfra 495885
taf 439.8
tpur
9 1.833
DECOUPLER
an
dof
dm nnn
dmn c
dpwr a
dmf 14285

SPECIAL
"

500 NHZ nar0

ae_vi11_homodimer,

_c13
sample Contains some insoluble material

expd  Carbon

SAMPLE
date “Feb 2 2012
solvent cdel3
e
ACQUISITION
e 165.9
at 2.000
np 120664
13 17000
bs
a1 2.000
nt a0
TRANSHITTER
sfrg 125.704
tof 1255.4
tpwr 53
oW 3.163
DECOUPLER
dn
dof 0
dm ¥yy
dmn w
dpwr 37
dmf 10582

SPECIAL
temp 27.0
gain S0
spin 2,
st 0.008
P 3.500
1fa 10000
FL

" n
in n
dp %
hs nn

PROCESSING
1,00
not used

DISPLAY
-628.7
i 282801
o1 11595.8
g 9673
» -112.3
» -2081
PLOT

250
sc ]
vs 7360
th 7
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%Ti

anc_cyclization_ketone_ghebc

expi Ghabc

sAMPLE
date dam 28 2012

a H
10 ACQUISITION
sl 381631
ol i
e saruarion ‘1
satnon. n L it A |/
it s
o e CppmE
strg 857 3
i g ‘
e 11,808 203 o
DECOUPLER N 3
Gar 12854 a0 . :
=, 10285 3 N
Ee st '
e
1 g ¥
" th an
al cac ar E
100 |
120-
- 3 - .
1 140 . -
. . B
E N .
160
180
200-
220 |
T T 7 T
] 7 8 5 H
0]
28
26
94
92
20
88
86
% |
82
80
78
76
74
70
“4
66
64
62
4000 3500 3000 2500 2000 1500 1000 500
(em-1)
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acc b10_051 MeoRtritration HO,C O Me
Sample ame: HO

mrc_b10_0S1 MeOHtritration

Data Callected on:
woEnhole-vnmr 2400

Archive diractory:

" gl s

/home/stagEaL /vomcays/data HO OH
Sample dicectory:

mre_b10_051 MeOHtritration 20120501_01 M (
Fidfile: PROTON 01 e

(o) OH s

Pulse Sequence: PROTON (s2pul)
Sotvens- dmro .
Data collected oa: May 1 2012 vinaxanthone (1)

Temp. 25.0 ¢ / 288.1 K
Sample #3, Operator: siegel

Relax, delay 2.000
Pulse 30.0 degress
Acq. time 2.556 sec
Width 6410.3 Ex
64 sopotitions

OBSERVE M1, 399.6776257 MHs

DATA PROCESSING

FT size 32768

Total time 4 min 52 sec

Plotname: PROTON 01 plot0l

500 WHZ nmro

expd  Carbon

|
Vinaxanthone_ds_daso_c13 |
sane spECTAL
date May 32012 temp 2.0
oTvant nso gain v
e b Epin 20
ACQUISITION hat o.008
s 30165.9  pusn 3’500
al 27060 Aifa 182008
p 120664 |
b 17000 11 n {
o in H |
ai 2.000 dp |
nt 15000 ns nn
HEH PROCESSING
TRANSNITTER 2 |
13 not uied
sra 125705 orspLAY
255.4 =
tpwr wp 282805
s.500 rf1 8
DECOUPLER rp asga’s
i e
dor [ -25105
n vy P
e L e 250
dpr 37 sc o
dmf 10582 ws 42822
th i
al ek

P e e S

e AR mat T r
200 180 160 140 1zo 100 80 60 40 20
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STANDARD 1H OBSERVE

sxpl stdih

HPLE
date  Aug 12 2013
solvent DMsD

i
ACQUISITION

rq 408271

H1

at 2.856

np 33000

sw 5802.2

fh not uzed

wnt

2
ins 100,000
ah

500 MHZ nmr0

deprotected_real_di_vinaxanthone_c13

expd  Carbon

SANPLE SPECTAL

date Aug 1z 2013 temp 27.0

solvant mso  gain S0

File exp spin 20

ACOUISITION hst 0.008

W 30165.9  pud 111800
358

e

180 160
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1_top_vinaxants

deprotected_

expl  stdih

L
date Jun 18 2013
50w ousD
file ex
ACQUISITION
sfrg
tn
at |
P 3
W 5602.2
b ot used
5 i i
tor 58 fa ot used
I 2.0
a1 2.000 wers
tof 169,35 waxp
nt i6 whs |
ct 16 wnt Il
alo I

e n
gain not used I
FLAGS

0 n
in A
a ¥
orspLAY

3.5
e 7832
v 307
4 o
e 250
hzmm 18.17 fl
| 242157
1 i6ain |
ria 10007
th i
ins 100080
m n

|
il
| |
| | | I | N
11 10 9 a 7 8 5 4 3 H 1 ppm

deprotected_real_top_vinaxanthone_cl3

axpt  Carban

SAPLE SPECIAL
date Jun 14 2013 temp
solvent dmso  gain
file exp spin
ACOUISITION nst
32653.1 puid
2.000 alfa
130612 FLAGS
18000 11 n
1in n
2.000 dp
o000 n
000 PROCESSING
TRANSHITTER
13 et us
stra 125.586 DISPLAY
tof 62,0
tpur 61 276
. 4,162 rf1
DECOUPLER i
n WL rp
dof 0 p
in vy PLOT
dpur 33 sc
dnf 12200 vs
th

ai cde ph
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expl statn

sanrLE [
date “dum 13 2013 arra 0.2
oS0 dn Wi
S dper 38
1Tion ot o
400271 om ann
L dnn ©
2,856 dnt 201
adoon PROCESSING
5103.4 b 0.1
ot usid wtrile
prac it
s o ot used
2.0
£.000 were
69,3 woxp
32 whs
v 2 wnt
aloc n
gain not used
FLacs
) n
in n
b
DISPLAY N
-o.
w 5010
v i1
e i
o 250
hzam 2241
B 51137
rh 0073
rep o
th 23
fns 100,000
13 12 11 10
500 NHZ nmr0
deprotected realsbottom vinoxanthone
oxpd Carbon
sanpLE spcIAL
date “dun 12 2013 temp 22,0
50

120

393
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deprotected_real_nade)_vinaxanthone

axpl stath
DEC. 8 T
te “Jun 13 2013 urrg 00,271
s0iven ons0  dn [
1 exp g
ACOUISITION dot
sF 0271
tn H1 o dmn
at 2856 dnf 208
np 33000 PROGESSING
w 5802.2 0.10
o not uiéd wtfila
: 1 pros t
58 fn not used
2.0
2,008 werr
165.9 wexp
i wus
16 wnt
ot used
" n
in n
L v
o1seLAY
sp E
we 4600,
s 151
sc o
e 250
hanm 13.20
15 217273
Il 1607..
rep 1000
th io
ins 100,000
= vh
11 10 9

500 WHz nmro

deprotectad realmadel vinoxanthone

expd  Carbon

SAMPLE SPECTAL
date Jun 13 2013 tem 0
saivent sain 50
= exp smin 20
ACOUISITION het 0.008
s 32673.7 pwb 11600
at gia alfa 10.000
np 130716 FLAGS
I 8000 1) n
bs 16 in n
a1 2,000 op y
nt 15000 hs an
¢ 3000 PROCESSING
TRANSHITTER 1 1.
tn c13 fn not uged
sfrg 125.702 DISPLAY
to 1883.3 sp 5287
tpwr o 26279.6
pr il 5740
OECOUPLER rip 4864’7
dn o -126.2
dof » @266
da ¥y pLOT
dam W we 250
dpwr 56 £c ]
dnf 11800 vs 14596
th
aloen

200

180

1z0 100 a0 40
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STANDARD 1H QBSERVE

expl  stdih

o vt
ate 301 18 2013 dirg an0.271
Solvent S0 an
T dowr 50

ACQUISITION ot
271 dm
W o
at 2855 dnf
p 32000 PROCESSING
s S0,z 1 0.10
ot used wirile
b 1 e " (0] OH
tpr sifn rot used
bu L3
a1 060 werr
tor fins e 144
ot 81 ubs
ot 3 unt
atock
aatn oot used
s
" "
in H
i v
DrspLAY
v -3.
o 180708
v 51
s o
e 2
p= 19.23
H 507,87
i 1607 .1
o 1008
I
ins 100008
- cde ph

deprotected_di_real_vinaxanthons_c13

expd  Carbon

sawpLe seectAL
date “dun 16 2013 temp
Sotvent o garn 0
i ep fpin 20
coutsrrzon = G0 0.008
- 32053.1  pudo 127300
at “060 Aia 102000
e et
i 18000 11 »
s in n
a1 2008 4
nt 20000 % "
18517 PROCESSING
TRanswIrTER .. |
not uied |
125.585 arsnay ‘
» 27532
4.162 rf1 572.3
ECOUPLER o a060 1
rP “igaia
s i Rt
vy PLoT
b e 250
<
12200 vs s7018 |
i 2

397
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STANDARD 1H OBSERVE

wxpl  stdin

L X
ate “Jul 8 2013 afrg 400,271
solvent o n

e dpr 3

ACQUISITION dof
s 21 dn non

HI o dem
at 2.856 dm
ne sioin PRDCESSING
5w 5502.2
b ot used wifile
bs 1 aroc e
tpur 58 o not used
aw 2.0
a1 2.000 werr
Lo 1658 wexp
nt i wbs
ct 15 wnt
aloe
qain ot used
9

1 n
in n
ip

D1sPLAY
sp
wp
ve
6o
nznm 1
i 2558
i
rip
h
ins
- ph

11 9
deprotected_di_di_vinaxanthone_c13
expl  Carbon

SANPI SPECIAL
date Jun 15 2013 temp 27.0
solvent jain a0

13 exp spin 20
ACQUISITION hst 0.008
sw A2653.1  pwin 12,500
at 000 alfa 10000
np 130612 FLAGS
fb 18000 1
bs 1 1n n
di 2.000 dp y
nt 20000 hs an
16760 PROCESSING
TRANSHITTER 1 1.00
t0n €13 fn ot used
£frg 125.588 DISPLAY
tof 1882.0 5p 3.
towr §1 wp 27632 2
4182 rfl 75723
DECOUPLER rp 2360.1
H1 1 -161.7
dof 0o 2351
dm ¥¥Y PLOT
dma W oW 250
dpwr 33 5c
amf 12200 vs 103731
ai cdc ph

399
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STANDARD 11 OBSERVE

oxpl  stdin

SANPLE DEC. & VT
date Jul 8 2013 dfrg a00.271
colvent [ZET H1
exp dpwr 30
ACQUISITION daf o
sfrq 400,271 de o
tn Hi
at 2.856  aaf 200
np 32000 PROCESSING
2 0.10

sioz:

i not uceq witile

e 1 brec " O

thwr st o
20

a1 2.000 werr

fae B oo 149
is v

16 wnt

sain not used
FLAGS

z

[
{

deprotected dittop vinazanthome

Sample Name:

Data Collscted on:
DmroxZ-vomra600

Archive directory:

sampla directorys

dFile: CARBON

Pulsa Sequence: CARBOM (s2pul)
Solvent: dmso
Data collected cm: Jul 10 2013

Temp, 27.0 € / 300.1 K
Operator: service

Acq. time 2.000 sec
width 37878.8 Hz

13000 repetitions

OBSERVE €13, 150.8075738 »ux
DECOUPLE HL, 599.7555838 MHz
Power 46 am

continuously on

WALTZ-16 modulated

DATA PROCESSTNG

Line broadening 0.5 Hz |
FT mize 26214
Totsl time 14 hr, 26 min

200 180 160 140 120 100 80

401
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axp3s  PROTON

SANPLE PRESATURATION

9 2013 satmode n

dmso e

file /home/space,/dv E
atasare_deprotecte~ Lemp

d_di_br
43_0T/PROTOR_01.Fi~ spin

a nst
ACQUISTTTON paso
o 6110, alfa
at 2.55
np 32788 11 n
h 2000 in n
bs Loap b
at Z.000 e an
st 16 PROCESSTHG |
ot used
TRANSNITTER DISPLAY
P 0.2
sfra 400,080 wp 802 6
tat ats.o £l 1797.4 |
tpur 55 rrp 10002 |
2,187 rp Y
DECOUPLER i
an c13 pLOT |
dof 0 we 250
™ o 0
decuava WAD_CneNNR~ ve 175
Jwoos th H
apur 35 al cac ph
amt 29212 |

deprotected_di_bottom_vinaxanthons_cl3
exp2 Carbon

SPECIAL
date Jun 17 2013 temp 27.0
solvent dmso  gain g
file exa spin @0
ACQUISITION hst 0.008
5w 32653.1 pwdn 12508
at 2000 alfa 18008
g 130612 FLAGS
13 18000 i1
b 1oin n
a1 z.000 dp y
nt 20000 hs nn
et 10310 PROGESSING
TRANSHITTER ib 1.0
tn m not usen
sfra 125,586 DISPLAY
tof 1882.0 sp -18.8
tpwr Bl wp 2766101
1182 1 7570.3
DECOUPLER rfp 485001
o 1orp -158l8
daf e -235.1
in oy PLOT
wam - v 250
apwr 33 sc "
daf 12200 v 97143
th 8

200 180 160 140 120 100 a0 60 40 H) ppm
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deprotected_di_model

expl  stdln
DEC. & VT
late Jul 9 2013 dfrg 400,271
solvent DHSD  dn [
exp  dpur 30
ACOUISITION dof o
71 dn non
WL onm [
at 2.85 3 200
ne 32000 PROCESSING
£ 5602.2 a.
b not used wifile
bs 1 groc it
tawr 58 fn not used
P 2.0
81 2.000 werr
tor 169.8  wexp
nt 16 whs
16 wnt
aio
sain not used
s
i n
in n
dp
DISPLAY
5P -
wp A807.1
vs a7
s [
we 50
hzam 13.23
305,59
il 1607.8
rfp 1000, 7
ins 100,010
cdc ph
11 9

deprotacted ditmodel winaxanthone
Sample Name:
pata Collected oni
nmrcud -vamrs 600

Archive directory:

Sample directory:

aril

CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: dmsc
Data collected om: Jul 11 2013

Temp. 27.0 € / 300.1 K
Cparator: service

Relax. delay 1.000 sec
Pulse 30.0 degrees

Acq. time 2.000 sec

Width 37878.8 Hz

13000 repetitions
OBSERVE €13, 150.8079764 MEz
DECOUFLE H1, 599.7555838 MHz
Power 46 4B

continucusly on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Mz
FT size 262144
Total tims 14 hr, 26 min

140

7 3

] ]
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iy Ij;l
RARRE,
120 100
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STANDARD 1H OBSERVE

el stdin
vEc. B v1
date Jun 23 2013 dfrg 100,271
s01ve in I3
1 apar 5
Acovrstrion T abr
271 dn nan
. e
at i85 anf 200
np 32000 PROCESSING
W 5602.2 0.10
fo not used wifile
b 1 Broc "
tpwr S8 fn not used
po 20
o1 2,000 werr
for 15008 wep
nt 32 wbs
t 3 unt
alack ]
Bain not used
S
n n
in n
P
pspLAY
-3.2
wp 4807.9
o 3
o H
e 250
hzmm 19.23
f 601043
w1 o
o 10007
tn 0
ins 100,000
n
) I \
e —
10 :
S00 Wiz naro
dnprotected topsreal vinoxanthone
axpa Garbon
€ specraL
date oun 10 7013 temp 7.0
501V 50
M 20
Acaurstrion 0.008
s 11le00
af 102000
o Fia
i N
bz H
b ¥
p fid
ot PROCESSING
TRANSHITTER .o
3 in not used
sfrg 125.702 DISPLAY
Zor ‘s -ges.7
g S5 wp 28278.6
[l 862 rfl 7571.1
DECOUPLER te 354
w -121.0
aor i R
in P
- v 250
fret 55 So
dmf 11800 vs 10568
W H
A n

zo0 180

407
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60
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cxpt stain
saneLe orc. & v

aate o1 18 2313 afrg 200,271
Satven fnso fn i
e xp dpar 5

Acoussrrion | dor i
srrg i0.271 nan
o L e p
at P 200
" Sinap T PROCESSING
i 5602.7 19 010
i not uged wifile
o proc "
tor st not usid
F 2.0
it 2,050 werr
tor 1639 wexp
o is o

15wt
aToc ;
Gain  not used
1n n
H

orsPLAY
e ag07:9
v 253
o i
e 20
Nama 133
iz 705
T T
rre 10007
i 3
ine 108,000
L

J X N ) e
1 10 3 5 5 a 3 H 1 ppm

500 MHZ naro

deprotected_top_di_vinaxanthons_c1d

expd  Carbon

SANPLE spEcTAL
ate Jul 17 2013 temp 27,0
salvent dmso gain 50
flie wp apin 20
RACOUISITION nst 0.008
s 165.9 puso 11600
at 1,858 aifa 10080
np 11disa FLAGS.
h 17000 11 n
bs 1oin n
at 2.000 dp y
nt 000 ho
ct 14330 PROCESSING
TRANSHITTER 1o
tn n not
sfra 125,702 DISPLAY
tof 12854 sp -828.8
towr 85w 2527808
1833 1 69425
DECOUPLER e 43647
ML rp -1z
ot 0 “ariz
on vy Lot
dem v e o
dpur 38 sc
onf 11600 vs 11302
ih 5
al pn

409
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deprotect

expl stdlh

deprotected top top vinaxanthona
Sample Name:
Data Collected omi
nmrosed -vemrs§00
Archive directory:
Sample directory:

carson

Fiaril

Pulse Sequence: CARBON (s2pul)
Solvent: duso
Data collected on: Jun 25 2013
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60 40 20 ppm
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deprotected_top_botton

expl  stdlh
san DEC. & VT |
date Jul 15 2013 dfrq a00.271
solvent oMSD  dn Hi
fite exp  dgwr
ACQUISTTION dof 0
sfra 400271 dn nnn
H1 dem ©
at 2,856 dnf 2
o 32000 PROCESSING
sw 56022 Ib .
fo not used wifile
be 1 proc "
tawr 58 f ot used
P 2.0
1 2,060 werr
tof 165,59 wexp
nt 16 wbs
et 16wt
alock n
gain not used
G f
i n
in n |
n ¥
P '
wp 4807.9
vs 202
sc (]
we 250
hzme 19.23 |
S05.88 |
il 16067
e 10007
th
M oede

500 MHz nmro

doprotected_top_botton_vinaxanthene_cl3
axpa Carson
SANPLE sPecIaL
dsate “Jul 16 zu13  Lems 7.0
salvent sso  gain 50
e exp Epin 20
RACQUISITION hat 2.008
s 30165, puao 11500
at .958 alfa 10 000
w 128154 FLags
™ 170an 11 "
bs ioin n
41 z.000 dp v
nt 15000 he
<t 13702 PROCESSING
TRANSHITTER n 0o
n 3 fn not used
sfrg 125,702 bISPLAY
ol 12854 s -gz8.
£pur 55 wp 282786
5882 11 6940
BECOUPLER e 486407
» -13103
dar 5 -208.a
dm vy PLOT
e W o
dpur bt 9
dnf 11800 vs 10038
th 10
ai  pn
I
| | |
" J.l . J) Jl i " " L
" y
- R — . e P e - e T
180 160 140 120 100 80 60 a0 20 ppm
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STANDARD 1H OBSERVE

expl stain
MPL %%
date Jun 25 2013 dfrq a00.271
solvent i
e dpr a0
ACOUISTTION iof o
271 dm nnn
[
at 2.85
np azonn PROCESSING
sw 5602.2 1b
o not used  wirile
' 1oproc "
tpwr 58 not used
P 2.0
1 2.000 werr
tof 1635 wexp
nt 128 whs
ct 8wt
alock n
wain not used
FL
I n
in n
P
DISPLAY
» -2.5
wp 48078
vi 585
sc ]
we 250
hzma 19.23
' 309.65
1 1606.7
rp 1000 7
inz 100,000
ol U& -'
f N (5
10 9 & (] 1 ppm
GEProLected_top_model_vinaxanthone_ci3
expd  Carbon
SPECIAL
date Jun IS 2013 tamp -0
salvent dnso gain 0
fiie axp Epin 20
ACOUISITION hst 0.008
5w 376531 pud 12500
at 2.000 alfa 10.000
ap 150512 FLAGS
i 18000 1 n
bs in n
di 2.000 up y
at 20000 he n
Gt 5682 PROCESSTNG
TRANSMITTER 1.00
n not uged
£frq 125585 DISPLAY
tof 1882.0 sp
tpur 1w 27632.2
4.162 11 756
DECOUPLER fp 8801
dn P -158.7
gof e -235.1
dm yuy FLOT
dom v owe 250
dpr 53 ¢
dmf 12280 vs 58137
ai coc g
20 ppm
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STANDARD 1H OBSERVE

oxpl stain
o vr

date Jun 28 2013 dfrq 200,271 |
solve in ¥

16 exp  dpur s

ACQUISTTION ¥ n
srrg 271 om ann
tn W1 dmm c
at 2855 dmf 200
o 32000 PROGESSING
v s602.z 1 0.10
b ot used  wilile
bs 1 proc t
tpwr 56 o not used
49 2.0
il 2.000 werr
taf 1633 wexp
t 61 wos
ct 61 wnt

|

th
ins 106,000
om o cde ph

deprotected_botton_real_vinaxanthone_c13

expz  Carban

|
pLE spectal |
te Jun 17 2013 temp 0
solvent imso  gain a0
f P spin 20 |
ACQUISITION hst .0 |
32653.1 pudd 12 500
i 5 Dk 30 |
np 130612 FLAGS |
il 18000 11 n |
be 1oin n
a1 2.000 dp v
nt 20000 he an |
ct 375 PROCESSTNG |
TRANSHITTER 1 1.00
tn cis fn nat uged |
sfra 125.588 o1SPLAY
tof 1882.0  sp 53.9
Lpwr wn 2758403 |
o |
DECOUPLER rip a0 1 |
HL o -158.3 |
dof 0 g -235.1 I
- ot ® e i
dam W WG 50 |
dpur 33 e
onf 12200 vs 71188
th H

sk 8 . . !
200 180 160 140 1zo0 100 &0 60 40 20 ppm
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STANDRRD 1H DBSERVE

expl stain
sanpLE DEC. & ¥T

sate “Jul 18 2013 arrg 00,271 |
Salvent NSO dn W
e e dpur

ACOUISTTION bt o
reg a80.271 am nn
n @ I |
at 2,856 dnf 20,
mw 3000 PROCESSING
e sEig.z ) f
o ot usid wifile
b5 1 proc "
tor 55 fn not used
oo 2.0
11 2.000 werr
tor 163.3 wexp
nt i o
ot 32 unt
alock n |
sain not used |

FLAGS ‘
in N
3 ¥

oLsPLAY
wp 4807 8
s 30z
sc 0
e 250
heam 19723
< 65114
rh §oi
rrp
i 5
Tns 100,000
o cic ph

11 10 9 8 7 6 4 3 2 1 ppm

500 Wiz nmrl

deprotected bottom + di vinaxanthone

expd  Carbon

SPECIAL
date Jul 23 2015 teme 7.0
solvant ain
ie wxp spin 20
ACQUISITION hst 0.008
e 326531 pwI0 12.500 |
at 2.000 alfa 107000 |
e 130812 FLAGS |
i 18000 {1 n |
[ 32 in n
di z.000 dp y
nt 13000 hs nn
t 13000 PROCESSING
TRANSHITTER 1b 100
n 3 n not uses
£frg 12558 DISPLAY
tof 18621 sp -2805.3
tpur 61w 32652 6
P 4182 rf) 7565
DECOUPLER rre 436071
HL rp 2821 |
dor 0 1 -13309 |
dn ¥vy PLOT |
dmn W we 250 |
dpar 33 sc 0
dnf 12200 s 127331
th &8

220 200 180 160 140 120 100 80
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deprotected_bettom_top

axpl  stdin
SAKPLE DEC. & NT
date Jul 15 2013 ofra ane.z71
so1vent om0 dn H1
exp  dpur 30
dof o
am nnn
ama
mf 200
PROCESSING
0.10
virile
proc rt
i not used
werr
wexp
whrs
wit

- b W
- e : r . . R r
11 B 5 2 1
500 Wiz naro
deprotected_bottom_top_vinaxanthane_ci3
wxpd Carbon
sanPLE sPecIAL
gate Jul 15 2013 temp 7.0
salven i
file exp 20
ACQUISTTION 0.008
s 30165,9 11500
at 1,838 10 a0
np 11815 FLADS
h 17000 11
b3 in n
a1 2000 dp ¥
nt 15000 ho an
et 14398 PROCESSING
TRANSNITTER 100
tn c13 not uied
sfra 125,702
1of 12554
tpur 5 wp
k9 3.583 (11
DECOUPLER rep
N W orp
dor "
an vy
dma w
dpsar 58 sc o
it 11800 vs 6632
th 1
ai cde ph
| | |
‘ | | |
i il
1 ‘ .
Il | | I
1. Il
| F ol
I L_ L I .1 4
[ - ) -t ; . e . e ey
200 180 160 140 120 100 a0 B0 20 ppm
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500 mHz nnro

deprotectsd_bottom_bottom_hi

expl Proton

sa SPECIAL
date ‘Apr 24 2013 temp 27,0
solvent gain o
o exp spin
ACQUISITION het 108
P 7317.5  puin 1100
at a.001 aifa 51800
np BapaD FL
¥h a0a0 n
bs n
a1 2.000 dp ¥
ot 3
€t 64 PROCESSING
TRANSHITTER 16 .10
tn 1 fn 55536
cfrq avs 857 DISPLAY
tof 4938 sp -250.0
tpwr 55 wp 62481 |
1.833 rf1 2253.0 {
DECOUPLER rep 124106
n €13 rp =118.1
dor [ ]
an nnn pLOT
ann ©owe 250
dpwr 43 se o
dmf 22200 vs 1111
th s
al  ph
/ e i
|
|
10 [ 5

500 WHz nmr0

deprotected_botton_botton_c13
expd  Carbon

€ sPECIAL
ate Apr 24 2013 tem o
saivent dmso gain
i o 3pin
ACQUISITION het 0.008
52678,7 pud 11680
at 1.955 4ita 10 080
e 1260va FLags
ki 16000 1 n
bs n n
a1 2.000 dp y
nt 10000 ns nn
0000 PROCESSTNG
TRANSHITTER b 1.00
€13 fn nat used
sfra 125.702 DIsPLAY
taf 18838 sp -625.7
tpur 5 wp 28275.%
3852 1 757400
DECOUPLER e 23847
1o 131.%
dot LR -23503
am vy PLOT
dmn oW %0
dpwr 58 sc
anf 11800 s 21635
th 1
ai o

ey e
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STANDARD 1H OBSERVE (0] Me

expL st |
SAMPLE DEC. & VT
date “Jun 87 2013 drrq Han.271
SoTvent wso
oy pe |
Acquisrron ©7 g8F 5
srra 400271 oa o
i (- |
ab 2,85 imt |
o 32000 PROCESSING i
e F )
o not uced witite
hroc |
fhur s I not usen
P
i 2,800 verr
tof 169.9 wexp i
i 1 b |
' i
alock A |
gain not used |
. . H
i n
B |
DISPLAY ]
s -3.2 |
“ 8078 |
v 12i0
=
e
hamn 175
B odi; 53
rfl 1607.1 1 |
Mo a I
ins 100,080 I
m cae |
| I

| ‘ .
'Lill |L“ JJJJJ"..WJV‘A! LJ A

9 ? 6 5 ) 3 2 1 ppm
500 MHZ nmrl .T
|
deprotected_bottom_podel_vinaxanthons_ci
3
expd Carbon
sPECIAL
te  Jun 21 2013 teap
solve dns in in |
exp spin 20
ACQUISITION 0.008 |
01518 pud0 121500
at 2000 aifa 10.000 |
o 12452 FLAGS |
b i7ou0 11 n |
bs i "
M 2.000 dp y |
at 50000 hs an
et 60008 PROCESSING |
TRANSNITTER n 1.00 |
n 5 40 not uied
sfrq 125,584 DISPLAY
tof 626.3 sp 724
tpr 6w 282536
4182 rr1 75620
DECOUPLER r 430 1
WL orp 171.9
tar o -13507 |
dm vy Lot
im= v ouc 250
apwr sc .
dnt 12200 vs 82747 |
th |
al cde ph

. S : . . :
160 140 120 100 80 60 a0 20 pom
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deprotected_mode]_rea)_vinaxanthone

axpl st |
E 0EC, & VT |
date Jun 11 2013 dfrg a00.271 |
ot S0 dn W |
it P dpur S ]
Acourstrion *F 57 1 |
i |
n Hi  dnm |
at 2,85 oar
o 55000 " processIuG
W saog.z 1 ).
"‘» not used wWiflle
0 f
thur t not usen
ke
i vere
for e
b oy
o at !
dtock a |
Gain oot used
L
i n I
in n
i v
o1sPLAY | |
-11.1 |
o it |
vs 7a1 |
4 " |
< 250 |
Nema 18726
i Frie
1601 1
1060.7 |
i |
100,060
cac
| | L I |
A A A B PR EH AL
11 10 9 8 7 6 5 1 3 2 1 pom

500 WHz rmr0

deprotected modelereal vinoxanthone

axpd  carbon

SPECIAL
temy o
gain S0
spin 20
&t 0.008
w30 111680
aifa 102000
" n
in n
dp. v
e
PROCESSING
1.00
not uged
DISPLA]
-628.7
B 28273.6
i 7574,
rfp 2384’7
e -129.9
1 ~276.8
pLOT
e 250
i ]
vs 18547
th
al pn

120 100 80 60 a0 21 ppm
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mrc_deprotected_mdoel_di
exp35  PROTON

PRESATURAT1ON
o

ate sataod .
Setvent b :
serciaL
Arasre rorarecte tem oMot used
4o 1~a1 7013470~ gain 5
bt ¢ e 70 |
AContSITION " REL 0008
w Pt 4:500
at 10:000
i
4 "
ks 5 i
a o v [
" 4 ;
t 16 PROCESSING |
TRANSNITTER  fn oot usad [
tn Wi DIspLAY [
irra 100,090 sp -0.2
tor 150.0 wp a8z
towr T 17974
2187 ity 1o0.2
oEcoupLEr p b
14 o
dor i pLot
n pony w0 250
decuave Wa0_OnenNR~ ¢ )
"Wo03 185
apur 55 th i |
int 29als ai o i‘
I
I
I
j ‘
{ 1
| | |
\ 1 L‘ | \e ‘
N s o N N A
11 10 g 8 7 3 5 4 3 2 1 ppm

500 MHz ner0
deprotected_mode]_di_vinaxanthone_c13

expa Ccarbon

SAMPLE SPECIAL
date Jul 10 2013 temp 27.0
selver gain S0
e exp  tpin 20
ACOUISITION nst 0.008
s 301650 puiD 111600
at 1.958 alfa 10000

g 118154 FLAGS.
13 17600 11 n
bs 1o n
a1 2.000 dp v
nt 10000 ns an

Gt 16000 PROCESSING

TRANSMITTER i 1.00
tn ciz not used

sfrg 125.702 DISPLAY
tof 1255.4 sp -628.8
Lpwr 55 wp 262736
1,833 11 6944.5
DECOUPLER rp 28647
I rp -135.3
dof 0 1p -217.8

dm vy PLOT
anm v uc 250
dpur 38 ic 0
dnf 11800 s 25840
th 22

ai pn
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deprotectsd_made1_top_vinasanthone |
o1 stesn
e oc. & T
date SS0REL 2013 aeea Ton.ar |
Soteent inso i i
it T e %
Acquistrion ©F GBY f
cre ST oo
i Wi
a g.0% ot ab
15 " erocessmuc
5w §301.2 b o i
b ot ey wirie
IS T e "
werr
veu
e
-
i 4
100,007
" cde s
il
| |
| 4l
o et | 14 e
11 10 9 8 7 3 5 4 3 z 1 ppm

500 WHz nmro

deprotected_model_top_vinaxanthone_cls

expld  Carbon

£ SPECIAL

te " Aug 20 2013 temp 27.0

salvent dmsa gain &
file exp Epin
st

al cic pn
| |
| |
" " " L
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wxpl

date
01w
File
atas

PROTON
SANPLE PRESATURATION
Jan 25 2013 satmode

ent dnso wet n

/home /space id~ SPECIAL

deprotécted_mo~ Lemp not used
30128_0~ gain 54

1/PRITON_01.77d spin 20
ACQUTSITTON st 0008
w 410.3 Wit 5.500
2.558 alfa 100080
32768 FL
000 i1 n
in n
2.000 dp v
16 ns nn
ct 16 FROCESSING
TRANSHITTER n ot used
n Wi DISPLAY
sirq 400,080 sp 1
tof 4000 wp 18010
tpwr 58 e 17878
g 2.187 rep 10002
DECOUPLER p 17507
an c13 1
dof FLOT
an e 250
docwave WAD_OneNNR- sc o
w03 210
dpur 35 th z
an 20812 al ede ph
T T T
11 10 9
500 WHz nmrd
deprotected_model_top_c13
expa carbon
SAMPLE SPECTAL
date HMay 31 2013 temp 27,0
solvent w50 gain 50
e exp spin
ACQUISITION + 0.008
v 30165.9  pesn 11800
at 1.9%8 aifa 101000
np 118154
i 17800 11 n
bs in n
41 2.000 dp y
nt 50000 n
572 PROCESSING
TRANSHITTER 1.00
c1 nat uied
sfrg 125,707 orseLAY
o 1285.1 -625..
tpur n 282795
3.862 11 63453
DECOUPLER rfp 8847
Horp -198.2
cor [ 21702
in vy pLOT
Em W e i50
dpwr 38 sc [
int 1800 ve 78101
th i6
aloen

|
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nicyele

sample Wame:

W
S
0
=
©

Archive girectory: O
/home/space/data
sample dirsctary:
iy de 2h1a0507_o1
FidFile: PROTON_0L
Me

PROTON (52pul)

I
O

Pulse Sequenc
Solvent: cdcld
Data collected an: Aug 7 2014 368

Operator: sisgel

Relax. delay 2.000 sec
Pulsa 30.0 degrees

s
OBSERVE 1, 400.0661305 Wiz
DATA PROCESSING

FT size 3276

Tatal time 1 min 13 sec

STANDARD CARBON PARANETERS

Sample Hame:

bicycle
Data Collccted on:
Al 0=yrm

ectar
bicycle_20140807_02

F1dFile: CARBON_01

Pulse Sequence: CARBON (sZpul)

Solvent: cacia

Data collected on: Aug 7 2014

Operator: siegel

Relax. delay 1.000 sec

cq. Lime 1.311 see
Widtn 25000.0 Hz
52 repetiti

itions
QUSERVE C13, 100.6017755 WHz
DECOUPLE H1, 400.0881313 Wiz
Power 35

Line broadening 0.5 Hz
FT 5ize §5536
Total time § min 52 sec
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diol

Sample Name:
P
Data Callected on:

Pulse Sequence: PROTON (szpul)
Solvent: cdcl
Data collected on: Aug 7 2014

Operator: siegel

Relax. delay 2.000 sec
Pulse 0.0 degrees
Acg. ti 2.556 sec
Width 6410.2 Nz

16 repstitions
OBSERVE 41, 100.0B61300 MHz
DATA PROCESSTNG

FT size 32768

Total time 1 min 13 sec

STANDARD CARGOM PARAHETERS

Sanple Name:
diol

Data Collscted on:

diol_20140807

FidFile: CARBONO

0z
1

Pulse Sequence: CARBON (sZpul)
Solvent: cdcls
Oata coilectsa on: Aug 7 2014

Operator: siegel

Relax. dalay 1.000 sec
Pulss 45.0 degrees
Acg. time 1.311 sec

petitions

QBSERVE €13, 100.6017503 NHz

DECOUPLE H1, 400.088131% Wiz
s o

Ine broadening 0.5 Hz
FT size 65536
Total tima ¥ min 52 sec

& T
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Parameter

value

1 Data File Name C:f Usersf mchin3 L8/ Desktop! NMR FIDS/ mre_eupaliniide 19/ fid
z Tie 1D 1H with 300 pulse
5 mmCP-TCI, 296K
UCSD_PROTON

3 Origin Eruker BioSpin GmbH

4 Owner slegel

5 Sokent coc

6 Puke Sequence 2930

7 Acquisition Date 2015-01-17TLE: 14:08

8 Modification Date

9 Tenperature 298.0

10 Nurmber of Scans 8

11 Spectrometer Frequency 600,11

12 Spectral width 72115

13 Lowest Frequency 622.9

14 Nuckeus H

15 Acqured Size 8192

16 Spectral Ske 16384

(o —
r T T T T T T T T T T T T T T T T T T 1
100 85 2.0 a5 80 75 70 65 60 55 50 45 40 35 3.0 25 zo 15 10 05
1 {ppm)
r T T T T T T T T T T T T T T T T T 1
0 190 180 170 160 150 140 130 120 110 100 = L il &0 50 an = = 10
1 {ppm)
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Parameter

Value

1 Data Fie Name C:f Users/ mchin3 18/ Desktop/ 39/ fid
2 Title 1D IH with 300 pulse
5 mm CP-TCI, 298K
UCSD_PROTON
3 Origin Bruker BioSpin GmbH
4 Qwner siegel 395
5 Solvent cocB
6 Pulse Sequence 2930
7 Acquisition Date 2015-01-27T20:11:41
& Madification Date
9 Temperature 298.0
10 Number of Scans 8
11 Spectrometer Frequency 600.11
12 Spectral Width 72115
13 Lowest Frequency -622.3
14 Nuckeus H
15 Acquired Size 8192
16 Spectral Size 16384
T T T T T T T T T T T T T T T T T T T T 1
100 95 a0 85 8.0 75 7.0 65 60 55 5.0 45 40 3s 30 25 20 15 10 05 0.0
f1(ppm)
R } ””
i !
T T T T T T T T T T T T T T T 1
220 210 200 130 180 170 160 150 140 130 120 110 100 EY 30 ] 10 0
f1(ppm)
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STANDARD PROTON PARAMETERS

Sample Wame:
terminal_olefin

/home /space/data
sample directory
Teri

terminal_olefin_20140808_01

FidFile: PROTON_OT

Pulse Sequence: PROTON (sZpul)
3

solvent: cdcl
Data collected an: Aug & 2011

opsrator: siegel

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 2.556 sec

width 5410.3 Hz

16 repettions

OBSERVE 1L, 400.0861308 MHZ
WG

Total tima 0 min 28 sec

terminal_olefin

sample Name:
terminal_olefin

nhb A0 D=y 54
Archive dirsctory:
shome /space /data

Sample directory:
erminal_olefin_20140508_02
FidFile: CARBON_DT

Pulse Sequence: GARBON (s2pul)
Solvent: cdcld
Data collected on: Aug & 2014

Operators siegel

Relax. dalay 2.000 sec
Pulse 50.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz

128 repstitions

OBSERVE CL3, 100.6017450 WHz
DECOUPLE HL, 100.0881313 WHZ

Total time 28 min
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Parameter

-

Data File Name
Title

~

Origin
Owner

Solvent

pulse Sequence
Acquisition Date
Modification Date

e @ N o N s W

Temperature
10 Number of Scans

11 Spectrometer Frequency 600.11

Value

C:f Users/ mchin318/ Desktopy 97 fid

1D 1H with 300 pulse
5 mm CP-TCI, 298K

UCSD_PROTON
Bruker BioSpin GmbH
siegel

cock

2030
2015-02-24T21:11:51

298.0
8

12 Spectral Width 7211.5
13 Lowest Frequency 621.7
14 Nucleus 1H
15 Acquired Size 8192
16 Spectral Size 16384
Man e
L S s e e e L e e e S s S S S B S S |
10.0 95 9.0 85 80 7.5 7.0 65 60 55 5.0 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)
Parameter Value
1 Data Fie Name C:f Users/ mchin318/ Desktop/ 10/ fid
2 Tite 1D IH with 300 pulse
5 mmCP-TCI, 298K
UCSD_PROTON
3 Origin Bruker BioSpin GiibH
4 Owner siegel
5 Solvent coci
6 Pulse Sequence 2gpg30
7 Acquisition Date 2015-02-24T21:20:44
8 Modification Date
9 Temperature 298.0
10 Nurmber of Scans 257
11 Spectrometer Frequency 150,90
12 Spectral Width 37878.8
13 Lowest Frequency -3853.7
14 Nucleus 13C
15 Acquired Size 32768
16 Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 f %ulﬂ ) 100 S0 80 70 60 50 40 30 20 10 o
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STANDARD PROTON PARAMETERS

Sample Name:
enyne
Data Collected on:

or:
anyne_2014080%_02

FidFites PROTON_31
Pulse Ssquence: PROTON (s2pul)
Solvent: cdcls
Data collected on: Aug 3 2014

Dperator: siegel

Relax. delay 1.000 sec
o

Total tima 0 min 28 sec

STANDARD CARBON PARAMETERS

Agilent Technologies
Sample Name:

enyne
Data Collected on:
nhb400-vamrsd00
Archive directory:
/homs/space/data
Sample directory:
enyne_20140805_02
Fidrile: CARBON_01

Pulse Sequence: CARBON (spul)
Selvent: edell
Data collected ca: Aug § 2014

Operator: siegel

Relax. delay 1.000
Pulse 45.0 degrees
Acq. time 1.311 sec

wWideh 25000.0 Mz

56 repstitions

OBSERVE C13, 100.6017396 MHs
DBCOUPLE K1, 400.0881319 MEz
Power 35 dB

continuously on

WALTZ-16 medulated
TATA PROCESSTNG

Line broadening 0.5 Ez
FT size 65536
Total tims § min 52 sec
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STANDARD PROTON PARANETERS

Sample Name:
me_enyne
Data Collected on:

tms_enyne_20140508_03
FiaFile: PROTON_O1

Pulse Sequenc
Solvent: cdci3
Data collected on: Aug & 2014

PROTON (s2pul)

Operator: siegel

Relax. delay 1.000 sec
Pulse 45,0 degrees

Acq. time 2.558 sec

width §410.3 Hz

16 repettions

OBSERVE W1, 400.0B61313 WHz
DATA PROCESSING

FT size 32768

Total time 0 min 28 sec

STANDARD CARBON PARAMETERS

Sample Name:
tma_enyns

Data Collected om:
nhBa00-vamrsd00

Archive dirsctory:

Sa=ple diractory:
FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: edeld
Data collscted on: Aug 8 2014

Opsrator: slegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1,311 sec

Width 25000.0 Hz

24 repetitions

OBSERVE C13, 100.6017457 MEx
DECOUPLE K1, 400.0881319 btz
Power 35 dB

continuocusly en

WALTZ-16 modulated

FT size 65536
Total time 19 min

Agilent Technologies
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anyne_product

Sample Mame:

Sample directory

product_20140808_01
PROTON 01

Pulse Sequence: PROTON (s2pul)
Solvent: cdcid
Data collected on: Aug & 2014

Temp. 5.0 C / 298.1 K
Operatar: siegel

Relax. delay 2.000 sec

Pulse 30.0 degrest

Acg. time 2.556 sec

Widin 5410.3 Hz

i6 repetitions

OBSERVE H1, 399.7714877 MMz
DATA PROCESSING

FT size 52768

Total time 1 min 13 sec

STANDARD CARBON PARAMETERS

sample Name
¥nE_pro

a
weld
Arcnive directory:

sample dirsctor:

Fidfile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: €dc13
pata collected on: Aug & 2014

Temp. 25.0 C / 298.1 K
operator: siegel

Relax. delay 1.000 sac
Pulss 45.0 degrees
sec

18 repetitions
3, 100.5226237 Nz
1 33907738871 MHz

Line broadening 0.5 Hz
FT size 65536
Total time 19 min
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STANDARD PROTON PARANETERS

Sanple Name:
a1dehyd
Data Collected on:
nhbAGD-vrms 400
Archive directory:
/home /space /data
sasple directory:
aldehyde_20140808_01
FidFile: PROTON_DL
Pulse Sequence: PROTON (5Zpul)
salvent: cocls
Data collected on: Aug B 2014

operatal

siegel

Relax. delay 1.000 séc
Pulse 45.0 degreas

16 repetitions
OBIER H1, 400.0861321 WHz
DATA PROCESSIN
FT size 32768
Total time 0 min 28 sec

AN

aldenyde

Sample Wame:
aldehyde
Data Collected on:

/home/space/data
Sampls directory:

aldehyda_20100808_01
FigFile: CARBON

Pulse Ssquence: CARBON (sZpul)
Salvents cdcld
Data collected on: Aug B 2014

Temp
operas

25.0 C 7 298.1 K
or: siznl

Relax. delay 2.000 sec

OBSERVE €13, 100.5226283 WHZ
DECOUPLE H1, 338.7734871 MHz
Power 37 dB
cantinuous 1y on

TZ=16 modulated

Total time 28 min

s S

T
200 180 160 140 120 100 80 60 a0 20 o ppm
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578
sample Name:
5.7

Data Gollected on:
we1300-vrm s 400

575 201
FigFiTeT PROTON_TL
Pulse Sequence: PROTON (s52pul)

Soluent: cdel3
Data collected on: Aug 9 2014

Temp. 25.0 C / 295.1 K
operatar: siegel

Relax. delay 2.000 sec
Pulse rees

16 repstitions
OBSERVE  HL, 3
DATA PROCESSING
FT size 32768
Total time 1 min 13 sec

55.7711881 MHz

STANDARD CARBON PARAMETERS

Sample Name:
578

Data Collected on:
anba!

/home/space/data
Sample dirsctory:

5_7_5_20140808_03
FidFile: CARBON

Pulse Sequence: CARBOM (aZpull
Golvent: cdelld
Data collected on: Aug 8 2014

Operator: sieg
Relax. delay 1.000 sec

Pulse 45.0 degress

Acg. time 1.311 sec

width 25000.0 Hz

39 repetitions

OBSERVE €13, 100.6017435 Mz
DECOUPLE M1, 400.0B81319 Mz
Pawer 35 4B

continucusly on

WALTZ-16 modulated

DATA PROCESSING

Line broademing 0.5 Hz

FT size 65536

Total time 18 mia

3

3

Agilent Technologies

s
A
60

455

T

60

T
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tig
expd  PROTON

PRESATURATION
date satnode
solvent v
file SPECIAL
19.20140708_02/PR0~ temp ot used |
Ta gain
ADQUISITION spin 20
5w 8410.3 het 0.008
at 2.558 pusD 8500
np 3:768 alra 10000
i angn FLAGS
b 10 n
41 2000 in n
nt 16 oo y
ct an
TRANSHITTER PROCESSING
n n use
sfra 400089 DISPLAY
tof 00,1 sp
tpur we
Pt 287 rf1
DECOUPLER rp |
in c13 rp |
dof i
an nnn Lot
decwave WAD_DneNNR~ we 230
V008 e a |
dpur 55 vs e |
dmf 28412 th 1
ai cdc ph |
il | da
— 1.V SR S - —A WL
T T T - ™ T T .
9 8 6 5 3 ppm
mre_tis
expz Carbon
sanpLE spEcTaL
dste dul 9 2012 temp 27,0
solven cdci3  gain in
e Spin
ACQUISITION nat 0008
326531 3o 12.500
at P00 aita 10,000
np. 136512
o 18000
ug n
a1 000 dp ¥
nt 000 e
ct 5000 PROCESSING
TRANSHITTER i 1.00
tn cis nat uied
sfen 105,585 bIseLAY
tof 1882.0 sp —236.8
Lot i :
o 1182 rr1
DECOUPLER rip
an WL re
dof i
dm vy
i w
dpr 3
mf 12200 ws
ai cde oh
| | ‘ J i ‘ J I
. " v N i
e ' i - vy - T
180 120 100 80 60 a0 20 ppm
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mre_guaianolide
axp3  PROTON

SAMPLE
date gul 8 2014
solvent. cdeld
£ile /home/space/d-
ata/mrc_guaiaselid-
©_20140709_01/PROT-

oN_01.fid
rcauisiTion
L 6410.3
- 2,558
- 22768
e 4000
e 1
a1 2.000
at 1
et 16
RS
@ HL
aexg 400,083
tof 400.1
typer 5
b 2.167
oEcoue
a caa
ot o
an non
decwave Wio_onelnem-
_Woos
aper 35
amf 29412
) ) 1 o P |
10 9 8 s 4
arc_guatanalids
expz Carbon
o specTaL
sate SFAT0 2018 tems 70
soveans " cacis oarh i
Toin H
honurstrron L8 v.008
sw 653.1 an 12.500
a hn e FERH
H iz Fun
i HT A B
bs in "
b o000 ’
" T
B2 " eavcessie
TRANSHITTER - 1o 100
n c1s o ot Sied
g 125584 DrspLAY
tof 2.0 sp -264.1
per [ 278408
o T P
DecouPLER Thn i
in I o
o 4 ]
i wy pLoT
F e 259
e 5 N 3
Fitg wzis v 25788
o cac en
|
| |
| |
| -
| b " " 1) "
- S .
200 180 150 140 120 100 80 50
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74
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2500 2000 1500 1000 500
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mre_allylic_alcohol

exp3  PROTON

AMPLE
date Jul 9 2014
solvent cdel3
file /home/space/d-
ata/mrc_allylic_al-
eehol_20140709_01/~

PROTON_O1. £id

ACQUISTTION
sw §410.3
at 2,558
op 32768
@ 4000
be 1
a1 2.000
ot 16
ot 16

TRANSMITTER
tn A
afrq 400.089
tof 400.1

59

2.167

DECOUPLER

aa e13

dof o

am nnn
decwave WAD_CneNMR-

_Wo0s

apner 35

ame 29412

mre_allylic_alconol

expz  Carbon
SANPLE SPECTAL
dats  Jul 10 2014 temp
solvent cdcl3
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STANDARD PROTON PARAMETERS

Agilent Technologies

Sample Name:
lactone

pata collscted on:
BRBA00-vnRrad00

Archive directory:

Sample directory:
TidFile: PROTON
Pulse Sequence: PROTON (s2pul)

Solvent: cdell
Data collacted on: hug 13 2014

operatos: siegel 415

Relax. delay 1.000
Pulse 45.0 degrees
Acqg. time 2.556 sec
Width 6410.3 Hx
64 repetitions

OBSERVE  Hl, 400.0861309 s

DATA PROCESSING

FT size 32768

Total time 3 min 48

500 MHZ narl
lactane_c13

expd  Carbon

SAREL SPECIAL
date Aug 12 2011 temp 21.0
solvent cicl3  gain a
file exp zpin 21
ACQUISITION hst 0.008
e 326531 pwdo 12500
at 2,000 alfa 10,000
np 130612 FLAGS
i 18000 11 n
b B in n
a1 2.000 dp ¥
nt 13000 hs nn
ct 13000 PROCESSING
TRANSMITTER o 1.00
tn c13 o 282iad
sfrg 125,585 DISPLAY
tof 15820 sp -528.0
tpwr 61 wp 25741.9
4.162  ri1 122125
DECOUPLER p 86690
I HL rp 281.7
dof @ -20473
dn yyy PLoT
dnm W 250
dpur 33 sc ]
dnf 12200 vs 108082
th (1]

Tt T e B i o o EE SRR U

120 100 80 60 40 20 ppm
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100 Wed Feb 25 18:35:52 2015 (GMT-06:00)

%Transmittance

70
| 66 ]
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)
Wed Feb 25 18:37:49 2015 (GMT-06:00)
FIND PEAKS:
Spectrum: *Wed Feb 25 18:35:52 2015 (GMT-06:00}
Region: 4000.00 400.00
Absolute threshold: 89.790
Sensitivity:
Peak list:
Position:  1010.56  Intensity:  86.155
Position:  1037.44  Intensity:  88.985
Position:  1077.95  Intensity:  87.602
Position:  1139.56  Intensity:  81.436
Position:  1263.46  Intensity:  80.731
Position:  1305.06  Intensity:  89.193
Position:  1339.36  Intensity:  89.017
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STANDARD PROTON PARAMETERS

Agilent Technologies

Sample Name:
lactone

pata collscted on:
BRBA00-vnRrad00

Archive directory:

Sample directory:
TidFile: PROTON
Pulse Sequence: PROTON (s2pul)

Solvent: cdell
Data collacted on: hug 13 2014

Operator: siegel eupalinilide E (256)

Relax. delay 1.000
Pulse 45.0 degrees
Acqg. time 2.556 sec
Width 6410.3 Hx
64 repetitions
OBSERVE  Hl, 400.0861309 s
DATA PROCESSING
FT size 32768

Total time 3 min 48

500 MHZ narl

lactane_c13

expd  Carbon

SANPL. SPECIAL
date Aug 12 2019 temp 7.0
solvent cicls gain a
file exp  spin 20
ACQUISITION hst 0.008
o 52653.1 pwao 12500
at 2.000 aifa 10,300
np 130612 FLAGS
i 16000 11 n
bs B in "
dr 2,000 dp v
nt 13000 ks an
ct 12000 PROCESSING
TRANSMITTER 1] 00
tn €13 144
sfry 125,585 DISPLAY
tof 1sdz.0 p -528.0
tpur i1 wp 25741.2
4.6z 11 1221215
DECOUPLER o 3663.0
dn HL e 281.7
dof a 1p =204.3
dm Yy PLOT
e W owe 250
dpr 33 sc o
dnf 12200 vs 103082
th 68

Tt T e B i o o EE SRR U

120 100 80 60 40 20 ppm
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supalinilide_e
exps Geosy

nt 8
20 ACOUISITION
swl 40302

SAHPLE FLAGS
date Aug 13 2014 hs an
saTvent cdcls  sspul n
sample hsalv) 4694
ACQUISITION SPECIAL
aw 40802 teap 27,0
at .15 gain 30
g 021 fpin 0
b 2000 FZ PROGESSING
ss 5 s -0.063
a1 2.000 sbs not used |
nt 2 fn 4095
20 ACQUISITION F1 PROCESSING
swil 4080.2 sbl ~0.128 |
i iz sbsi not used |
PRESATURATION procl n |
satmode Tl ey 0
satdly ] L I
satfra 4358 sp 38.0 . . —
satpwr - wp 4088.2
TRANSHITTER sl 388 F1
wnl 10882 Cppmi
sfra el 358300
taf i 3628.3 L
Epr 4 35323
'Y Frpl 362619 1- B
Epwr_ct . - .
BRADIENTS we 116.9
azlvil 4684  £C 10.0 L4
ati 0.001000 wez 11600 - o
gstab  0.000500 scz ] a
DECOUPLER vE arz - -
n c13 tn 2
im e Al cdr av - 1 . . . &
= ] . LI .
3
— oo
— a . - - o0
- . o s e .
5 N
— o -
= o - - .
6
< . "
7
&
— . " ey
& 7 [ 5 4 3 2
F2 (ppm})
supalinitide_e
expd  Nassy
SARPLE FLADS
date Aug 19 2014 n n
coivent cdcl3  sspul ¥
campie FFGTIg ¥
RCQUISITION nsgivi 591
I a030.2 spECTAL
at 6.135  temp 7.0 |
np 1024 gain a0 |
Th 2000 spin 1 |
b 32 UF2 PROCESSING |
ar z.000 gr 0.058 |
|
{
{

ni
1y TRANSHITTER

l Ll |

sirq 489851
tor hesta
towr sa
11000
sv
mix 0800
PRESATURATION
satnode na
Satpr )
sataly 1 . o o
satfry 1935
bicoupLer e - R
o3 e
in n ez
ves g
ve
th . . ..
ai cdc ph e
- . o -
3
J— = . - .
— ] ° .
5- .
= o7
6
8~
A ————— :

8 7 §
FZ (ppm)
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eupalinilide_e
Exp6  GhEqe

SANPLE ACOUISITION ARRAYS
date nug 19 2014 hase

arra
solvent cdel3 arraydim 51
sanp
ACOUISITION 1 phase
2080, 2 1 1
at 0158 H H
e isa0
b 2000
s5
d1 Z.000
nt
20 ACOUTSITION
sl 1367.5 |
nt 256 |
phase arrayed
PRESATURATION I | %
satmod nn \
satdly i . P .
satfrq 499.8
satpur - F1 -
TRANSITTER
tn (ppm}
sfra 493851
tor -5, 0
tpur § .
11.000 .
DECOUPLER 20- .
dof 2515.2
dn nny E
5mf 22223 3
pur -
P w1 5 B a0~
e 10.500
oc .
Jixn 1a0.0 3
pulifig y E— .
v 2 P . N
60—
B a0 -
100
— 1z0 R
ek 3 .
140+ .
T T T T g )
a 7 3 5 4 3 2 1
F2 (ppm)
aupaliniiide_s
exp?  Ghmbe
SAMPLE FLAGS
cate Aug 19 2014  hs n
Saivent cdcls sspu n
sample PFGT1g ¥
‘Aeturstiion hsaivi 4694
s 0s0.2 sPECIAL
at 0.128  temp 0
m 1048 gain |
b 2000 spin 0 |
a5 32 ‘cranrenTs | .
at 2.000 gzivil 4694 |
nt 16 gtl 0.001000 ‘
20 ACOUISITION  gz1v13 234
sul 30165.3 gts 0.001000 ‘
ni 25 stab 0.000500
phase 0 "Fz PROCESSING |
PRESATURATION b 0084 | I {
satmode ann sbs ot used
satdly 0 fn 2048 | A 1 P —h
satfra 459,86  F1 PROCESSING
satpwr =13 sbl 0.008 Fi 3
Fransnrrren sos1 ot user
tn H1 proct P (ppm}|
sfrq 499.854  Fni 2048 ) ‘
tor -ais.0 DIsPLAY E o |
Corar 5 5 E * B
11.000 wp u86.2 20 s
DECOUPLER spl -1880.5%
wpl 301365 E
daf 1255.4 rf1 BgE.2 o . .
dm o rfp 10187 1
nr 22200 et 22431.5
dpwr 43 rfpl 21011.1 o B - - -
pexivi 5 : - T .
P 10,500 we 115.0 |
e ic 10’0 .
foxn g0 wez 1609 —— 3 :
i oo ! —— a0 . wer
th z e - ..
al cdc av
100
120
3 . 4
- 140 .
- 3 . s
160
180
200
220
e T e
8 7 6 5 a 3 z 1
Fz (ppm)
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