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Two pairs of side-chain epimeric 3-methoxycarbonyl-dihydrofuran-4-ones with structures purported for
thiocarboxylics C;,, and gregatins G ,, isolated from Penicillium sp. Sb62, were synthesised for the first time in
five steps and 17-25% yield. Key steps were a Suzuki cross-coupling, a Yamaguchi esterification, and a base-
induced Knoevenagel-type condensation. The optimum protecting group for the 10-OH group in the dienyl side-
chain, orthogonal to necessary protecting groups on O-10 of the furanone, was found to be t-butyldiphenylsilyl
(TBDPS). The specific rotations of our synthetic products deviated markedly from those reported for the natural
isolates. In contrast to the isolates, the synthetic products were not active against Escherichia coli and
Staphylococcus aureus bacteria.
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Introduction 2
The 3-methoxycarbonyl-dihydrofuran-4-one motif is 0~
rare in natural products with gregatins A-E!'~4 Thiocarboxylic A (1) THiocsrboIoE (2 X
aspertetronins A and B,*®! graminins A and B! and s |
COLH
o

huspenones A and B having been studied in more

detail. In 2020 seven known and ten novel (1-6) M
methyl 4-oxo-dihydrofuran-3-carboxylates, including
four pairs of epimers, were isolated by Ruan et al.®®
from the fungus Penicillium sp. Sb62. They comprise

gregatin F (5) and G (6), and the thiophenyl
substituted thiocarboxylics A—D (1-4) (Figure 1).
Eight of the new natural products 3-6 feature a

10-hydroxylated side-chain giving rise to four pairs of /S\/\/
epimers since C-5 is R-configured throughout. The fR“’ P
(5a)

[
i

?

10R, Thiocarboxylic C1 (3a) 10R, Thiocarboxylic D1 (4a)
10S, Th|ocarboxyllc C, (3b) 10S, Thiocarboxylic D, (4b)

?

side-chains carry either one (4 and 5) or two alkenes

10R, Gregatin G, (6
(1-3 and 6). All new compounds 1-6 showed 10R, Gregatin Fy regain G (%)

108, Gregatin F, (5b) 108, Gregatin G, (6b)

Figure 1. Structures of the thiocarboxylics A-D (1-4) and

Supporting information for this article is available on the ~ 9regatins F (5) and G (6).

WWW under https://doi.org/10.1002/cbdv.202300181

Chem. Biodiversity 2023, 20, 202300181  © 2023 The Authors. Chemistry & Biodiversity published by Wiley-VHCA AG


http://orcid.org/0000-0002-8413-4342
https://doi.org/10.1002/cbdv.202300181
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcbdv.202300181&domain=pdf&date_stamp=2023-03-22

Chem. Biodiversity 2023, 20, €202300181

Previous work:!'4
(0] (0]

1
1)+ R\/\X' Pd(PPh3)s, Ko,CO3, H,O

( CHEMISTRY &
BIODIVERSITY

10 steps 2) TBAF, AcOH
HO — N~ oM 2
iy € 3)+ R2CO,H, EtsN, 2,4,6-Cl3CgH,COCI
oTBS

DMAP
7 8

4) piperidine

RWE@%

1:R'=Et, PL—%‘"‘\\ &

This work:  opg

)\/\B/o

9 O
OPG (0] o

3) + RCO,H; 11a: R=Pr

11b: R = 2-methylthiophen-3-yl /g\N
Et;N, 2,4,6-ClsCgH,COCI, DMAP

g 1) Pd(PPhy), KoCO;
2) TBAF, AcOH = VVK/OH OMe ) piperidine

5) deprotect

3a/ 3b: R = 2-methylthiophen-3-yl
6a/6b: R=Pr

Scheme 1. Previous work: synthesis of methyl 4-oxo-dihydrofuran-3-carboxylates such as thiocarboxylic A (1) with flexibility as to
the 2-aryl and 5-alkadieny! residues."® This work: extension to analogs thiocarboxylic C (3) and gregatin G (6), carrying additional

stereogenic alcohols, using suitable protecting groups.

antimicrobial activity against Escherichia coli, Staph-
ylococcus aureus, and Candida albicans with MIC values
ranging from 0.9 to 7.0 pg/mL.

Briickner et al®='" and Kato et al'>" published
five different syntheses of related dihydrofuranones,
e.g. of gregatins Al[10] B’[9—12] C,“O] Dl[10] E’[11,12]
aspertetronin A" and graminin A.'"¥! Previously, our
group reported a new approach to the natural product
class of 3-methoxycarbonyl-dihydrofuran-4-ones which
allows a more flexible introduction of both residues at
C-2 and C-5 of the furanones at a late stage, rendering
the majority of the natural products of this class easily
accessible (Scheme 1, previous work)."™ R' of the
alkenyl side-chain was introduced via a Suzuki cross-
coupling of vinyl bromide 8, synthesized in 10 steps
from 2-methylallyl alcohol 7, and R? via a Yamaguchi
esterification of the deprotected coupling product
alcohol and a subsequent ring-closing Knoevenagel-
type condensation. In this way, we synthesised
thiocarboxylic A (1) for the first time and three
derivatives of it with variance in R' and R%!"

Herein we report an extension of this synthetic
route, accommodating OH-groups in the side-chain at
C-10 by identifying protecting groups that are compat-
ible with the OTBS group in precursor 8. The resulting
product epimers gregatin G, (6a) and G, (6b), and
thiocarboxylic C; (3a) and C, (3b) were also evaluated
for their antibiotic activities in comparison to the
natural isolates.

Results and Discussion

We intended to synthesise thiocarboxylic C (3) and
gregatin G (6) by first reacting vinyl bromide 8" with
boronate 9, carrying an aptly protected hydroxy group
at a stereogenic center, in a Suzuki cross-coupling
(Scheme 1, this work). After cleavage of the TBS group,
tertiary alcohol 10 should be converted to the
corresponding [-ketoacyl esters by a Yamaguchi
esterification with carboxylic acids 11, introducing R.
The five-membered ring was to be closed by a base-
induced Knoevenagel-type condensation to afford the
respective O-protected dihydrofuranones. Deprotec-
tion of the secondary alcohol would eventually furnish
thiocarboxylics C; (3a) and C, (3b), or gregatins G;
(6a) and G, (6b).

Due to the TBS group in vinyl bromide 8 and the
functionalities of the natural products, the choice of
protecting groups for boronates 9 is limited. Kato et al.
described that the fluoride-mediated desilylation of a
TBS group at the same position in racemic gregatin E
only led to a maximum yield of 25% because of the
instability of the product under these conditions.!'?
Since we were not sure whether the natural products
would be more stable under basic or acidic depro-
tection conditions, we tried two different orthogonal
protecting group strategies, employing TBDPS and
2-methoxyethoxymethyl (MEM) as protecting groups
for the secondary alcohol. We started with the R-
configured boronates 9a' and 9b' to get gregatin G,

'The synthesis of the boronates 9a-c can be found in
detail in the Supporting Information.
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(6a) and thiocarboxylic C; (3a) before synthesising
their epimers 3b and 6b.

The Suzuki cross-couplings of vinyl bromide 8 and
the boronates 9a or 9b were run under the conditions
already elaborated in our earlier work, using 8 mol%
Pd(PPh;), in the presence of K,CO; (Scheme 2).' (E,E)-
Dienes 12a and 12b were obtained with good yields
and void of (2)-isomers. Cleavage of the TBS group of
12a or 12b with tetra-n-butylammonium fluoride
(TBAF) and AcOH afforded [3-keto-y-hydroxyesters 10a
or 10b in moderate vyields, irrespective of the second
protecting group.

Contrary to our original plan we tried to convert
alcohol 10a in one step into furanone 14a with butyryl
chloride and Et;N according to the procedure of
Burghart-Stoll and Briickne''® (Scheme 3, left). The

Pd(PPh3),
OR K,CO3, H,O
1,4-dioxane OR (0] OMe

8+)%B/o 50 °C, 18 h
(') ” g N N o)
0TBS

9a: R = MEM 12a: R=MEM (77%)
9b: R = TBDPS 12b: R = TBDPS (80%)

TBAF, AcOH OR (0} (e}

THF,0°C,4-45h
12ab ——— = e y OMe
OH

10a: R=MEM (61%)
10b: R = TBDPS (63%)

Scheme 2. Synthesis of tertiary alcohols 10 with MEM (10a) or
TBDPS (10b) protected secondary alcohols.

10a 10b
i butyric acid (11a)
butyryl chloride
Et;N, CH,Cl, 2,4,6-ClCeH,COCI |gao,
50°C. 17 h Et;N, DMAP, toluene
’ m1h
OMEM O  OMe OTBDPS O OMe
i o) N 0
(0] (0] le) 0
13a (17%) 13b
NaHCO;
MeOH
¥ i, 23h |84%
OMEM o OTBDPS o
= ///I" O W”’r. O
o Y o) /
14a (39%) OMe 14b OMe

Scheme 3. Left: One-step synthesis of MEM-protected furanone
14a starting from alcohol 10a; right: synthesis of TBDPS-
protected furanone 14b in two condensation steps starting
from alcohol 10b.
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problem was that ester 13a, which formed in situ, did
not react completely to furanone 14a and that the
two compounds could not be separated fully by
column chromatography due to virtually equal polar-
ity, as to TLC. After three purification cycles by column
chromatography, we obtained only 39% of pure
dihydrofuranone 14a and 17% of diester 13a. Next,
we prepared furanone 14b in two steps. Yamaguchi
esterification!" of alcohol 10b with butyric acid (11a)
gave pure ester 13b which was submitted to a
Knoevenagel-type cyclisation with NaHCO; (Scheme 3,
right).l'%">) The 53% yield of 14b over these two steps
was slightly better than that of the single-step
approach. In addition, compounds 13b and 14b could
be easily purified by a single column chromatography.

Based on these results, we decided to stick to the
original plan to synthesise the differently protected
precursors for thiocarboxylic C; 16a and 16b in two
steps (Scheme 4).

Starting from alcohols 10a, or 10b we obtained
16a and 16b with yields of 70% and 77% for the
esterification with  2-methylthiophene-3-carboxylic
acid (11b), and 56 % and 66 % for the ring-closure. The
results of the final cleavage of the MEM and TBDPS
groups, respectively, are shown in Table 1. Gregatin G;
(6a) was obtained by deprotection of 14a under
(Lewis)!"® acidic!'”"® conditions, yet only in yields of
11-32% because of the instability of 6a under these
conditions (entries 1-3). For example, using ZnBr,,"®!
the dihydrofuranone ring of 14a partly opened to give
back the acyclic diester 13a (entry 1).

Deprotection of 16a under the same conditions
failed to give thiocarboxylic C; (3a) because the
electron-rich heteroarene destabilises the furanone
even more (entry 4). With trifluoroacetic acid (TFA),['”

HO = OR o o

1b |— s
10a/b =2 ~ OMe
Et3N, 2,4,6-Cl3CeH,COCI

DMAP, toluene, rt, 1 h 0. 0
15a:R=MEM (70%)

16b: R = TBDPS (77%)

\

OR 1)
piperidine, benzene /k/\///,,, 0]
reflux, 17-20 h 2
— o
16a: R=MEM (56%)
16b: R = TBDPS (66%) ~

\_s

N
S
OMe

Scheme 4. Two-step synthesis of furanones 16a and 16b,
carrying a thiophene moiety, starting from alcohols 10a or 10b.
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Table 1. Cleavage of the MEM and TBDPS groups of com-
pounds 14 and 16 to afford gregatin G, (6a) and thiocarboxylic
C, (3a); conditions and yields.

OR’ o
/k/\/// 14a: R' = MEM; = (CH,),CHs
2 © bR - TBDPS; RZ— (CH,),CH;
0 16a: R'=MEM; R?= (C4H,S)Me
16b: R' = TBDPS; R? = (C4H,S)Me
entry 1-9 SR’ 0
/‘\N O  6a:R'=H; R?= (CH,),CHs
j://?% 3a: R' = H; R2= (C4H,S)Me
OMe
entry educt conditions product yield [%]
10l 14a (A) 6a 23
20171 14a (B) 6a 11
30l 14a © 6a 32
406l 16a (A) 3a -
5019 16a (D) 3a -
6! 16a © 3a 22
71200 14b (E) 6a 64
820! 16b (E) 3a -
of21] 16b (F) 3a 9%

Conditions: (A) ZnBr,, CH,Cl,, r.t., 22; (B) PPTS, tBuOH, refl., 24;
(C) conc. HCl, MeOH, r.t., 24; (D) TFA, CH,Cl,, r.t,, 1; (E) TBAF,
THF, 45°C, 7; (F) HF - py, THF, r.t., 23.

16a was even completely decomposed (entry 5), while
when treated with conc. HCI"® gave product 3a with
22% yield (entry 6). Desilylation of TBDPS ether 14b
with TBAF2% at 45°C afforded gregatin G, (6a) with a
yield of 64% (entry 7), which was acceptable, given
the low yields of the attempts to cleave off the MEM
group. Though we had already suspected that the
desilylation of 16b with TBAF might proceed less well
than that of 14b due to the thiophene moiety, the
complete decomposition occurring under these con-
ditions came as a surprise (entry 8). However, thiocar-
boxylic C; (3a) was obtained with an excellent yield of
96 % upon treating silyl ether 16b with 80 equivalents
of HF-pyridine (entry 9).2" Related to starting vinyl
bromide 8, thiocarboxylic C; (3a) was obtained with
an overall yield of 25% when using a TBDPS protect-
ing group, and with a mere 4% yield when using a
MEM group. Gregatin G, (6a) was synthesised with a
total yield of 6% (MEM) and 17 % (TBDPS).

Since for both natural products the yields of all
steps, and especially those of the final deprotection,
were better when using TBDPS as the protecting
group of the secondary alcohol, we decided to prepare
gregatin G, (6b) and thiocarboxylic C, (3b) also with
this protecting group strategy (Scheme 5). Hence, we

( CHEMISTRY &

BIODIVERSITY
Pd(PPhs),
OTBDPS K,CO3, H,0
z 1,4-dioxane OTBDPS (0] OMe
" +/\/\B/O 50°C,22h :
& 72% Ay o
OR
9c TBAF, AcOH 12c: R=TBS
THF,0°C,3.5h [
70% 10c:R=H
OTBDPS 0 0
+11a or 11b, 2,4,6-Cl;CsH,COCI =
q0c EtsN.DMAP, toluene, it 1h N~ Oe

13c: R = (CH,),CHj (91%) O\fo
15¢: R = (C4H,S)Me (72%) g

13c: NaHCO3; 15c: piperidine
MeOH benzene

i, 22 h if, 17 h W 0
o/

14c: R? = (CH,),CH3; R' = TBDPS 63%)

16c: R? = (C4H,S)Me; R' = TBDPS (61%)
HFxpy, THF
n,23-25h 6b: R? = (CH,),CHa; R!=H (82%)

3b: R? = (C4H,S)Me; R" = H (92%)

Scheme 5. Synthesis of thiocarboxylic C, (3b) and gregatin G,
(6b) in five steps starting from vinyl bromide 8.

performed the Suzuki cross-coupling of vinyl bromide
8 with the TBDPS protected, S-configured boronate
9c¢' and obtained the coupling product 12c with 72%
yield. The latter was desilylated with TBAF and AcOH
to give alcohol 10c, which was esterified with butyric
acid (11a) or 2-methylthiophene-3-carboxylic acid
(11b) to give the esters 13c or 15¢ with 91% and 72%
yield, respectively. The Knoevenagel-type reaction of
13c was induced by NaHCO; and that of 15c¢ by
piperidine, and afforded the dihydrofuranones 14c
and 16c with yields slightly above 60%. The final
cleavage of the TBDPS group using HF-pyridine gave
thiocarboxylic C, (3b) and gregatin G, (6b) in good
yields. Related to 8, the overall yields amounted to
24% (6b) and 20% (3b).

The NMR data of our synthetic thiocarboxylic C,
(3a), C, (3b), gregatin G, (6a) and G, (6b) agreed well
with those reported in the literature!® for the isolates
(cf. Supporting Information). Not so the specific
rotations. While synthetic thiocarboxylic C; (3a)
showed an [a]3’ =—99 (c=0.25, CHCl;) and synthetic
compound 3b an [a])’ =—108 (c=1.0, CHCl3), a value
of [a]® =—44 (c=0.1, CHCI;)"® was reported for isolate
3a and [a]®=—40 (c=0.1, CHCI3)[8] for isolate 3b. The
values for gregatin G, (6a) and G, (6b) also differed
from those of the isolate. The values of the isolates
with [a]® = +177 (c=0.1, CHCl,)® for 6a and [a]X =
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+171 (c=0.1, CHCI,)® for 6b are higher than the
values of our synthetic compounds with [a]? = +96
(c=0.50, CHCl;) for 6a and [a]®=+104 (c=1.00,
CHCl;) for 6b. These deviations might be due to
impurities of the isolated compounds as visible in their
TH-NMR spectra.®

As Ruan et al. had reported antimicrobial activity of
their isolated thiocarboxylic C,;, (3a,b) with MIC of
10.5 and 21 uM and of gregatin G/, (6a,b) with MIC of
8.7 UM against E. coli and S. aureus,® we also tested
our synthetic products 3a, 3b, 6a and 6b for their
activities against these bacteria (cf. Supporting Informa-
tion). However, they were all virtually inactive with 1Cs,
values beyond the highest tested concentration of
100 uM. They proved also not cytotoxic in concen-
trations up to 100 uM against cell lines A549 (human
lung carcinoma), L929 (mouse fibroblasts) and Huh7
(human hepatocellular carcinoma). A plausible as-
sumption for the activities of the natural isolates
observed by Ruan etal. would be the presence of
other, unidentified active metabolites.

Conclusions

Based on our recently established synthetic approach
to natural products with 3-methoxycarbonyl-dihydro-
furan-4-one structures," we now synthesised two
pairs of epimers of more complex furanones, bearing
an additional stereogenic center in the 5-alkadienyl
side-chain. Compounds supposed to have these
structures were isolated by Ruan et al. in 2020.® We
tested two different orthogonal protecting group
strategies, and identified TBDPS as the protecting
group of choice for the secondary alcohol of the side-
chain. Starting from a TBS-protected vinyl bromide
with B-ketoester functionality, we built up gregatin G,
and G, as well as thiocarboxylic C; and C, by a
sequence of Suzuki cross-coupling, Yamaguchi ester-
ification, base-induced Knoevenagel-type condensa-
tion, and two desilylation steps. The total yields over
these five steps ranged from 17% to 25%. As was the
case with thiocarboxylic A" our synthetic gregatins
G,,, and thiocarboxylics C;,, exhibited specific rota-
tions and antibiotic activities strikingly at variance with
those reported of the natural isolates. In contrast to
the isolates, our synthetic products showed no anti-
biotic activity against Escherichia coli and Staphylococ-
cus aureus. Given the matching NMR spectra, an
erroneous structure assignment of the natural isolates
appears rather unlikely, whereas the entrainment of

( CHEMISTRY &
BIODIVERSITY

trace amounts of other active Penicillium metabolites
remains conceivable.

Experimental Section
General Information

Melting points were determined with a Buichi M-565
melting point apparatus and are uncorrected. Optical
rotations were measured at 589 nm (Na—D line) on a
PerkinElmer 241 Polarimeter using solutions in CHCl;.
IR spectra were recorded with a FT-IR spectrophotom-
eter equipped with an ATR unit. '"H-NMR and '*C-NMR
spectra were obtained using a Bruker Avance Il HD
500 spectrometer. Chemical shifts of NMR signals are
given using the residual solvent peak as an internal
standard, i.e., 7.26 ppm (proton) and 77.16 ppm (car-
bon) for CDCl;. High resolution mass spectra were
obtained with a UPLC/Orbitrap MS system in ESI
mode. Analytical HPLC measurements were carried out
on a Shimadzu Nexera XR with autosampler SIL-20 A
using a Knauer Eurospher Il C-18 column (150X 4 mm),
pore size 100 A, particle size 3 um. Detection was
executed by a diode array detector SPD—M20 A.

Chemicals. All reagents were purchased from
commercial sources and were used without further
purification. All anhydrous solvents were used as
supplied, except tetrahydrofuran (THF), toluene and
1,4-dioxane which were freshly distilled over sodium/
benzophenone, and benzene, MeOH and CH,Cl, which
were dried over molecular sieves (3 A). Moisture or air
sensitive reactions were routinely carried out in oven-
dried glassware under an argon atmosphere using
standard Schlenk technique.

Chromatography. Analytical thin layer chromatog-
raphy (TLC) was carried out using Merck silica gel
60GF s, pre-coated aluminum-backed plates. The com-
pounds were visualized with UV light (254 nm) and/or
ceric ammonium molybdate (CAM). Column chroma-
tography was performed at medium pressure using
dry packed Macherey-Nagel silica gel 60, pore size 40—
63 um with the eluent specified.

General Procedures

Suzuki Cross-Coupling of Vinyl Bromide 8 with Boronates
9a-c' Into (E,E)-Dienes 12a-c

The Suzuki coupling was carried out under an argon
atmosphere using standard Schlenk technique for
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oxygen exclusion. To a stirred solution of vinyl
bromide 8 (1.00 equiv.) in dry 1,4-dioxane was added
Pd(PPh3), (8 mol%) and the reaction mixture was
stirred for 5 min at ambient temperature. Boronic ester
9a, 9b or 9c (1.40-1.50 equiv.) in 1,4-dioxane and
K,CO; (2.00 equiv.) in H,O were added. The reaction
mixture was heated to 50°C and stirred for 18-22 at
this temperature. After cooling to room temperature,
the reaction mixture was diluted with CH,Cl, and the
phases were separated. The organic phase was washed
with sat. aqueous NH,Cl, H,O and brine and was dried
over Na,SO,. The volatiles were evaporated under
reduced pressure. Purification of the residue by
column chromatography (12a: 5% to 10% AcOEt in n-
pentane; 12b and 12c: 2% AcOEt in n-pentane)
afforded coupling product 12.

Desilylation of the Coupling Products 12a-c Into
Alcohols 10a-c

Silyl ether 12 (1.00 equiv.) was dissolved in dry THF
and AcOH (2.0equiv) and TBAF (1m in THF,
2.00 equiv.) were added to the solution at 0°C. After
3.5-4.5 at 0°C sat. aqueous NH,Cl and sat. aqueous
NaHCO; were added and the layers were separated.
The aqueous layer was extracted three times with
CH,Cl,, the combined organic phases were dried over
Na,SO, and the solvent was evaporated. The residue
was purified by column chromatography (10a: 50%
AcOEt in n-pentane; 10b and 10c: 20% AcOEt in n-
pentane) to yield y-hydroxy-p-ketoester 10.

Yamaguchi Esterification of y-hydroxy-f3-ketoesters
10a-c Into -ketoacyl Esters 13b-c and 15a-c

A stirred solution of alcohol 10 (1.15 equiv.) and
2-methylthiophene-3-carboxylic acid (11b, 1.00 equiv.)
or butyric acid (11a, 1.00 equiv.) in dry toluene was
treated with Et;N (3.00 equiv.), 2,4,6-trichlorobenzoyl
chloride (1.58 equiv.) and DMAP (1.50 equiv.). The
reaction mixture was stirred at room temperature for
1 before being quenched with sat. aqueous NaHCOs;.
After phase separation the aqueous phase was
extracted three times with CH,Cl,. The combined
organic phases were dried over Na,SO, and volatiles
were evaporated under reduced pressure. Purification
of the residue by column chromatography (13b, 13c,
15b and 15c¢: 10% AcOEt in n-pentane; 15a: 20%
AcOEt in n-pentane) afforded esters 13b-c or 15.

( CHEMISTRY &
BIODIVERSITY

Knoevenagel-Type  Condensation of 15a-c Into

3-furanones 16a-c

Ester 15 (1.00 equiv.) was dissolved in dry benzene
and piperidine (5.00 equiv.) was added to the solution
at room temperature. The reaction mixture was heated
at reflux for 17-20 before it was allowed to cool to
room temperature. The volatiles were removed in
vacuo and the remainder was purified by column
chromatography (16a: 20% AcOEt in n-pentane, 16b:
10% AcOEt in n-pentane; 16c: 10% to 20% AcOEt in
n-pentane) to obtain product 16.

Knoevenagel-Type Condensation of 13b-c Into

3-furanone 14b-c

Compound 13b or 13c (1.00 equiv.) was dissolved in
dry MeOH and NaHCO; (2.50 equiv.) was added to the
solution at room temperature. The reaction mixture
was stirred for 22-23 at this temperature before
being quenched with H,O. After phase separation the
aqueous phase was extracted three times with CH,Cl,.
The combined organic phases were dried over Na,SO,
and volatiles were evaporated under reduced pressure.
Purification of the residue by column chromatography
(10% AcOEt in n-pentane) afforded product 14b-c.

Conversion of Alcohol 10a Into Ester 13a and
3-furanone 14a

A stirred solution of alcohol 10a (1.00 equiv.) in dry
CH,Cl, was treated with butyryl chloride (3.00 equiv.)
and Et;N (6.00 equiv.). The reaction mixture was
heated at reflux for 17 before being quenched with
H,O. The phases were separated and the aqueous
phase was extracted three times with Et,0. The
combined organic phases were dried over Na,SO, and
volatiles were evaporated under reduced pressure.
Purification of the residue by three column chroma-
tography runs (20% AcOEt in n-pentane) afforded
product 14a together with ester 13a.

Synthesis of Gregatin G; (6a)

%Silyl ether 14b (1.00 equiv.) was dissolved in dry THF
and TBAF (1m in THF, 4.00 equiv.) was added to the
solution at 0°C. After 6.5 h at 0°C sat. aqueous NH,CI
was added and the layers were separated. The

2Only the TBDPS deprotection is mentioned. The MEM
deprotection can be found in the Supporting Information.
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aqueous layer was extracted three times with CH,Cl,,
the combined organic phases were dried over Na,SO,
and the solvent was evaporated. The residue was
purified by column chromatography (30% to 40%
AcOEt in n-pentane) to yield gregatin G, (6a).

Desilylation of the TBDPS-Group to Obtain Thiocarbox-
ylic C; , (3a,°b) and Gregatin G, (6b)

Silyl ether 14¢, 16b or 16¢ (1.00 equiv.) was dissolved
in dry THF and 70% HF-pyridine (80.0 equiv.) was
added to the solution at 0°C. After 23-25 at room
temperature sat. aqueous K,CO; and H,0 were added
and the layers were separated. The aqueous layer was
extracted three times with Et,0, the combined organic
phases were washed with sat aqueous CuSO, and
were dried over Na,SO,. The solvent was evaporated
and the residue was purified by column chromatog-
raphy (3a and 6b: 30% to 50% AcOEt in n-pentane;
3b: 30% to 40% AcOEt in n-pentane) to yield the
natural products 3a, 3b or 6b.
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