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Abstract

Development of Iridium Catalyzed Enantioselective C-C Bond Coupling

Reactions

Nicholas P. Stafford, M.A.

The University of Texas at Austin, 2023

Supervisor: Michael J. Krische

Developing new methods to construct enantiomerically enriched higher alcohols
via direct C-C bond formation is still a challenge worth pursing in modern synthetic organic
chemistry. Enantiomerically enriched alcohols are important due to the abundance of these
motifs found in polyketide natural products, a class of molecules widely explored for their
bioactive properties. This thesis focuses on the development of iridium catalyzed reductive
coupling reactions of allylic acetates with ethanol and symmetric ketones.

Chapter 1 describes the utilization of ethanol, the world’s most abundant renewable
C-2 feedstock, and its first use as coupling partner in the enantioselective synthesis of
higher secondary alcohols. Chapter 2 explains the first systematic study of utilizing
symmetric ketones as coupling partners in the synthesis of a-stereogenic tertiary alcohols.
Demonstration of the use of these methodologies for the synthesis of pharmacologically
inspired molecules is shown through the functional group tolerance of all the top 10 N-

heterocycles most commonly found in FDA approve drugs.
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Chapter 1: Exploiting Ethanol as a Renewable C-2 Feedstock in
Catalytic Enantioselective C-C Bond Formation™

1.1 INTRODUCTION

Nonrenewable resources serve as societies leading source for all energy needs, as
well as, the primary source of carbon feedstock chemicals utilized in the chemical industry.
It was reported in 2017, that of the 20.8 million tons of feedstock chemicals used in organic
chemical manufacturing, only 13% were derived from renewable sources. While the
remaining 87% originated from nonrenewable sources: crude oil, natural gas, and coal.?
With societies increasing demands for energy and chemical manufacturing, using
nonrenewable sources has become an issue due to the dwindling supplies of these
resources, in addition to, the environmental impacts that comes from the increased carbon
emissions associated with burning fossil fuels. Ethanol has gained popularity as a
renewable replacement to alleviate the need for non-renewable resources. Ethanol is
produced at >85 million tons per year, making it the largest volume renewable C-2
feedstock.?® Majority of the worlds production of ethanol is used as a fuel, but its use as a
chemical feedstock is widely unexplored. Examples for the potential of ethanol’s use in
largescale chemical manufacturing have been demonstrated with the Lebedev ethanol to
butadiene process, and the process of using ethanol to produce propylene.*® But ethanol’s
use in the synthesis of fine and commaodity chemicals has been limited to synthesis of ethyl
halides, ethyl esters, and other achiral compounds.®® There are few examples of ethanol’s
use in catalytic carbon-carbon bond forming reactions, but these methods only produce

achiral or racemic products. 1! The use of ethanol in catalytic asymmetric carbon-carbon

*This work is based of previously published work: Meyer, C. C., Stafford, N. P., Cheng, M. J., Krische, M. J. Ethanol:
Unlocking an Abundant Renewable C2-Feedstock for Catalytic Enantioselective C—C Coupling. Angew. Chem. Int. Ed.
2021, 60, 10542-10546. Contributions: C.C.M (50%), N. P. S. (30%), and M. J. C. (20%)
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bond forming reaction remains absent from the literature.!? Based off prior developed
asymmetric catalytic methods of alcohol mediated carbonyl addition,*® We report the first

catalytic asymmetric conversion of ethanol to higher branched alcohols.

1.2 Reaction Development

i
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Figure 1.1: Proposed general mechanism of the enantioselective n-allyliridium-C,O-

benzoate-catalyzed coupling of ethanol with substituted allylic acetate.
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Prior work from the Krische group has pioneered the use of an iridium catalyst used
for alcohol meditated asymmetric carbonyl additions of allylic acetate pro-nucleophiles.®
Based off previous work a mechanism can be proposed for the enantioselective coupling
of ethanol with substituted allyl acetates. First the pre-catalyst can be alleviated fof its =-
allyl ligand by reacting with ethanol, to give off propene gas, and our reactive iridium-
alkoxide. Beta-hydride elimination and ligand dissociation result in an iridium-hydride
complex and acetaldehyde. The iridium hydride can then be deprotonated to give a square
planar anionic iridium(l) species, that can then do an oxidative addition into the allylic
acetate to for an allyliridium complex, which exists in equilibrium with its - and =-
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haptomeric forms. The c-allyliridium complex can then react with acetaldehyde to undergo
carbonyl addition via a Zimmerman-Traxler like transition state. The resulting carbonyl
addition product can be removed from the metal by alkoxide exchange with another
molecule of ethanol. This gives off the resulting coupling product and regenerates the

catalytic cycle. (Figure 1.1).

NO,

Me OH (0]
OAc (S)-Ir-cat (5 mol%) @CN

= K>CO3 (100 mol%) = O\
EtOH (500 mol%) H <P7|rl'/
Br THF (0.2 M), 60 °C Br P
1a (100mol%) 2a
Entry  (S)-Ligand Solvent Results

BINAP THF (0.2M 13% Yield, 53% ee
DM-SEGPHOS  THF (0.2M 44% Yield, 76% ee
SEGPHOS THF (0.2M 51% Yield, 82% ee

1

2 (

3 (

4 OMe-BIPHEP THF (0.2M 55%Yield, 76% ee
5 (

6

7

oo

Cl,OMe-BIPHEP  THF (0.2M) 61% Yield, 86% ee
Cl,OMe-BIPHEP MTBE (0.2M)  60% Yield, 90% ee
Cl,OMe-BIPHEP MTBE (0.4M)  75% Yield, 92% ee

‘ PPh, g ‘ PAr,
O Pth OO PAI'Z

o) X

.9 ®

o PAr, MeO PPh,
o]

o
PAr, MeO PPh, Co
¢ J

o X
S)

(S)-SEGPHOS, Ar = Ph (S)-OMe-BIPHEP, X=H (S)-C3-Tunephos (S)-BINAP, Ar = Ph
(S)-DM-DEGPHOS (S)-Cl,OMe-BIPHEP, X=CI (S)-tol-BINAP
Ar = 3,5-Me,Ph Ar = 4-MePh

Table 1.1: Selected optimization experiments in the enantioselective w-allyliridium-C,O-
benzoate-catalyzed coupling of ethanol with allylic acetate.?

2Yields are of material isolated by silica gel chromatography. Enantioselectivities were determined by chiral stationary
phase HPLC analysis. See Supporting Information for further experimental details. Contributions: Equal contributions
by all authors.

From prior work with the “Krische catalyst,” one ubiquitous factor of these reactions is the
use of the alcohol pro-electrophile as the limiting reagent. This is an obstacle encountered
from the onset of reaction development. We were striving to find conditions where the

abundant starting material, ethanol, could be used in excess in comparison to the more

13



valuable allylic acetate. To implement these ideal reaction conditions, we would need to
find a way to inhibit competing degradation side reaction of the allylic acetates, which can
occur from protonolysis of the resulting = -allyliridium intermediate.**

By first screening different chiral bidentate phosphine ligands modifying the
iridium catalyst, in the reaction of ethanol with allylic acetate 1a (table 1.1. entries 1-5)
The greatest yields of 2a were obtained using the = -allyliridium-C,O-benzoate catalyst
with (S)-Cl,MeO-BIPHEP as its ligand (entry 5). (S)-Cl,MeO-BIPHEP being the most
electron-deficient ligand may slow down the rate of = -allyl protonolysis, enabling higher
conversion to 2a. Reactions catalyzed by this ligand also displayed significantly higher
enantioselectivity, which due to its electronic properties allows for a more Lewis acidic
iridium, which potentially leads to shortened Ir-O and Ir-C bonds. Which in the transition
state could enhance asymmetric induction. Further improvements were made by switching
solvents to MTBE (entry 6) this increased the enantioselectivity of the reaction with a
negligible loss in yield. The optimal reaction conditions were found by increasing

concentration of the reaction, resulting in an increased isolated yield of 2a (entry 7).

1.3 Results and Discussion

To further explore this methodology, the optimized conditions were then applied to the
coupling of ethanol with a number of structurally diverse allylic acetates (Table 1.2). It was
shown in a survey of U.S. FDA approved drugs, 59% of small molecule drugs incorporate
N-heterocycles.!* To demonstrate the potential utility of this method in the synthesis of
small molecules for drug discovery, allylic acetates la-1ly incorporated the 10 most
frequently encountered N-heterocycles in FDA approved drugs (beyond B-lactams).
Products of ethanol-mediated C-C coupling 2a-2y were formed in good yield with
excellent levels of anti-diastereoselectivity and enantioselectivity. This includes allylic
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acetates substituted by aryl and hetroaryl group, (2a-2d, 2f-20)as well as alkyl (2s-2y) and

cycloalkyl groups (2p-2r).

R
N s
N s N - AN
J Q) oo Qo B O CrD
N N” N Q N N) N QN' \N) N
R R R R R R R
EtOH (500 mol%) Me_ _OH Me._OH e Me_ _OH
(S)-[Ir] (5 mol%) N _ g _ . _
- 5 >< - H c— [ H Br //N H

Allylic Acetate (100 mol%)
K,CO3 (100 mol%)
MTBE (0.4 M), 60-80 °C

Me OH

=
H

Br
2a, 75% Yield
>20:1 dr, 92% ee
Me_ _OH
F;C =
H

CF3
2j, 65% Yield
>20:1dr, 91% ee

e
Cl
=
=~
N Me

20, 71% Yield®4
>20:1 dr, 93% ee

Me__OH

an/\/\li/

H

2t, 63% Yield®>®
7:1dr, 98% ee

2b, 82% Yield
>20:1 dr, 93% ee

(84% Yield, 1 mmol scale)

\@L

2f, 85% Yield
>20:1dr, 90% ee

Br.
OMe

OMe
2k, 68% Yield'
>20:1 dr, 88% ee

BOCOJ‘,\/

2p, 66% Yield®
>20:1 dr, 96% ee

Me_ _OH
PMBO/\L
H

2u, 80% Yield
6:1dr, 95% ee

\

Me
. Me_ OH
o7

Me H

2v, 80% Yield®®
5:1dr

Me
o)"'« Me. _OH
Me— ’L
Me H

is0-2v, 71% Yield®®
(R)-[Ir], 8:1 dr

Table 1.2: Diastereo-

Zc 75% Yield
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(75% Yield, 1 mmol scale)

Me

[)
==

o o
)
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Zg 79% Yield
>20:1dr, 92% ee

Me. . _OH

21, 79% Yield
>20:1dr, 91% ee

Me_ _OH

Y,
%

N
_N

2q, 68% Yield®d
>20:1dr, 99% ee

OH

MeO N
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Cl
From Indomethacin
2w, 58% Yield®>*®
>20:1 dr, 96% ee

2d, 71% Yield
>20:1dr, 92% ee

o
T

Me

oo
i
é\

2h, 80% Yield
>20:1dr, 91% ee

Me.__OH
=

N

A M

~

N

2m, 68% Yield®d®

>20:1 dr, 93% ee
Me. _OH

&

&

S

@‘N

2r, 65% Yield®

>20:1dr, 97% ee

From Losartan
2x, 62% Yield®d®
9:1 dr, 99% ee

(74% Yield, 1 mmol scale)

Me 2e, 70% Yield®®
5:1dr, 95% ee
(68% Yield, 1 mmol scale)

Me. _OH

%\

F3C
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>20:1 dr, 92% ee

Me___OH

\

|| H
N
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2n, 86% Yield?
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[=)
=

Me

e

S
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2y, 68% Yield®®
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and enantioselective m-allyliridium-C,0O-benzoate-catalyzed

coupling of ethanol with allylic acetates 1a-1y to form homoallylic alcohols 2a-2y.?

?Yields are of material isolated by silica gel chromatography. Enantioselectivities were determined by chiral stationary
phase HPLC analysis. See Supporting Information for further experimental details. ®Acetone (1.0 M), %(S)-Ir-IV, ¢EtOH
(300 mol%), °K2CO3 (50 mol%), 'K2CO3 (200 mol%). Contributions:Nicholas P. Stafford synthesized all highlighted

examples
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Of particular significance, due to the high functional group tolerance of the catalyst, direct
asymmetric coupling of ethanal and allylic acetates derived from the FDA-approved drugs
indomethacin (2w), losartan (2x) and seroquel (2y) could be achieved showing potential
for this methods utilization for late-stage functionalization of clinical drug candidates.®
The conversion of chiral allylic acetate 1v, which is derived from (+)-a-pinene, to form
products 2v and iso-2v demonstrates how this method proceeds with high levels of catalyst-

directed diastereoselectivity.

(S)-[Ir] (5 mol%)
K3PO4 (5 mol%) Me OH

Me EtOH (100 mol%)
(0]
N > HO\\\\\ /

THF (0.5 M) Me
3a 45°C, 24 h 4a, 96% Yield
(300 mol%) 8:1dr, 96% ee

(S)-Ir-H8-BINAP (10 mol%)
KH,PO,4 (100 mol%) Me. .OH

EtOH (100 mol%) j"\/
- =
PhthN PhthN
x .
3b

MTBE (0.2 M)
100 °C, 48h 4b, 65% Yield
(100 mol%) 10:1 dr, 93% ee

Figure 1.2: Exploring allyl pronucleophiles beyond allylic acetates. *

2Yields are of material isolated by silica gel chromatography. Enantioselectivities were determined by chiral stationary
phase HPLC analysis. See Supporting Information for further experimental details. Contributions: Nicholas P. Stafford
synthesis of 4a (highlighted), Cole C. Meyer synthesis of 4b.

Further explorations of this method show how aside from allylic acetates, the vinyl epoxide
3al’ and allenamide 3b® are capable pronucleophiles, as illustrated by the formation of
products 4a and 4b.

Another demonstration of this methods potential in drug discovery synthesis was
shown, with selected products 2b, 2c, 2e, 2n and 20 being converted into N-Boc-a-

methylamines 5a-5f, (Table 1.3). a-Methylphenethylamines, are bioactive molecules, and
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their substructure appears in a number of clinical drug candidates.*® For example, the FDA-
approved drug tamulosin and the clinical candidates talampanel, taranabant and cipargamin
all incorporate a-methylphenethylamine substructures, but they are all use to treat different
diseases.?’ This functionalization proceeded in two steps. First, under Mitsunobu
conditions 2b, 2c, 2e, 2n and 20 were exposed to diphenylphosphoryl azide furnishing the
corresponding azides with inversion of stereochemistry.?* A one pot Staudinger reduction

and amine protection gave the N-Boc a-methylamines 5a-5f. (Table 1.3)

1) PPh; (210 mol%)
DIAD (500 mol%)
DPPA (250 mol%)

Me. LOH THF (0.1 M), 0 °C to rt Me._ .NHBoc
r’A‘L 2) PPh; (110 mol%) r’A\WJ\%

.} H H,0 (1000 mol%) ., H
g dioxane (0.2 M), 90 °C hag
2b, 2c, 2e, 2n, 20 then NaHCOj3; (aq) 5a-5f

Boc,0 (110 mol%), rt

5a 5b

Step 1, 77% Yield Step 1, 46% Yield Step 1, 62% Yield

Step 2, 84% Yield Step 2, 73% Yield Step 2, 92% Yield
Me._ .NHBoc Me._ .NHBoc

A\ CI A
“"N P
B O
r Me N Me

5d 5f

Step 1, 93% Yield Step 1, 97% Yield Step 1, 75% Yield

Step 2, 92% Yield Step 2, 91% Yield Step 2, 72% Yield

Table 1.3: Representative phenethyl amines and conversion of ethanol adducts to
phenethylamines Sa-5f.?

2Yields are of material isolated by silica gel chromatography. Enantioselectivities were determined by chiral stationary
phase HPLC analysis. See Supporting Information for further experimental details. Contributions: Synthesis of 5a-5f
was conducted by Cole C. Meyer. Nicholas P. Stafford and Melinda J. Cheng helped synthesize intermediates and
startingmaterialss
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1.4 CONCLUSION

In conclusion, we report the first catalytic enantioselective C-C couplings of
ethanol. The broad scope of this method is demonstrated by couplings with structurally
complex, nitrogen-rich allylic acetates that incorporate the top 10 N-heterocycles found
in FDA-approved drugs. Conversion of selected products to a-methylphenethylamines
is described, further highlighting applicability of this method to drug discovery. This
method requires no premetalated reagents and generates acetic acid as the sole
stoichiometric byproduct. Given the increasing importance of iridium-catalyzed
dehydrogenation in process R&D,?® this work could potentially inspire other “green”
catalytic methods for the atom-efficient conversion of renewable feedstocks to value-

added products.
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Chapter 2: Synthesis of Chiral Oxetanes and Azetidines via Iridium-
Catalyzed 2-Propanol-Mediated Reductive Coupling of Allylic Acetates?”

2.1 INTRODUCTION

The development of catalytic methods for the enantioselective additions of carbon
nucleophiles to ketones is still a challenge worth exploring in chemical synthesis.?*?* The
main challenges with these types of methods are due to the enhance stability of ketones
when compared to aldehyde electrophiles, and the potential for reversible additions which
can diminish Kinetic selectivity of the reaction. Traditionally these issues are overcome by
the use of premetalated reagents, that give a non-stabilized carbon nucleophile. When it
comes to catalytic enantioselective ketone allylations allylmetal reagents incorporating
boron, silicon, and tin have most commonly been employed.?>?” The development of
catalytic reductive coupling methods has allowed for the elimination of sacrificial
premetalated reagents. Most notably being the Nozaki-Hiyama-Kishi ketone allylation, but
even this reaction required the use of stoichiometric amounts of a zero-valent metal
reductant.?® The Buchwald group has developed enantioselective copper-catalyzed ketone
allylations using allenes and dienes as pro-nucleophiles, this advancement still requires the
use of stoichiometric amounts of a silane reductant.?” A more ideal improvement to the
prior art would be the use of inexpensive feedstock reductants such as hydrogen gas and
isopropanol.?® Unfortunately, applications of such reactions remain limited.?® The second
challenge with these types of reactions is the steric or electronic bias of the groups attached
to the ketone leading to the enantioselectivity of these reactions.?* This

enantiodiscrimination is not applicable to symmetric ketones; therefore, requiring the -

*This work is based of previously published work: Stafford, N. P., Cheng, M. J., Nguyen, D. D., Verboom, K.L.,
Krische, M. J. Chiral a-Stereogenic Oxetanols and Azetidinols via Alcohol-Mediated Reductive Coupling of Allylic
Acetates: Enantiotopic n-Facial Selection in Symmetric Ketone Addition. ACS Catal. 2022, 12, 6172-6179.
Contributions: N. P. S. (50%), M. J. C. (20%), D. D. N. (15%), and K. L. V. (15%)
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facial discrimination of the allylmetal nucleophile to solely drive enantioselectivity in these
systems.?® Due to these issues systematic studies of catalytic asymmetric additions to
symmetric ketones remain unexplored, with only isolated examples of allylations and aldol
additions having been reported.?426:30

In this study we report the first systematic investigation of catalytic enantioselective
additions to symmetric ketones, by utilizing the commercially available oxetanone 1a and
N-benzhydryl azetidinone 1b. This method allows for a simple synthesis of chiral oxetanes
and azetidines, which are functional groups commonly employed in pharmaceutical and

agrochemical molecules, since these functional groups can serve as bioisosteres.323°

2.2  Reaction Development

T
Me/kMe
NO, NO,
[o] NO, o
NO, o NO, NO,
NO, Basee Q
P el p=irlt NO
[N ||| - 2

P P Ir P

J < o 1’©

Base-H I

\-Me PP

s wd %

Me Me
NO, AcO_~
° IS
ZMe NO,
i
<P Ir AcOe
Me Me NO, NO, NO,

0 o 0
g N Ir"' 2 NO P R~ P> R
)d\/\ e~ o oe— ,’/< LA <P~ M

R )O\H <P lr'{/\/R

Me x F O\K\-\- 2&

X

Figure 2.1: Proposed general mechanism of the enantioselective m-allyliridium-C,O-
benzoate-catalyzed coupling of symmetric ketones with substituted allylic acetates

Me

Based off prior work in the Krische group, the use of an iridium “Krische” catalyst
capable of ketone allylations had been shown, so we believe we could further expand this

chemistry into our method.?® Based off previous work a mechanism can be proposed for
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the enantioselective coupling of symmetric ketones with substituted allyl acetates. First the
precatalyst can be alleviated for its w-allyl ligand by reacting with isopropanol, to give off
propene gas, and our reactive iridium-alkoxide. Beta-hydride elimination and ligand
dissociation result in an iridium-hydride complex and acetone. The iridium hydride can
then be deprotonated to give a square planar anionic iridium(l) species, that can then do an
oxidative addition into the allylic acetate to form an allyliridium complex, which exists in
equilibrium with its 6- and n-haptomeric forms. The c-allyliridium complex can then react
with the symmetric ketone to undergo carbonyl addition via a Zimmerman-Traxler like
transition state. The resulting carbonyl addition product can be removed from the metal by
alkoxide exchange with another molecule of isopropanol. This gives off the resulting

coupling product and regenerates the catalytic cycle. (Figure 2.1).

NO,
o ACO (S)-I_r-_cat (5 mol%) OH (o]
ég N Additive (5 mol%) d\/\ X
4-BrPh _— TN
o Base O=4&rph <R N 'f'"}
1a 2a 2-PrOH (200 mol%) 3a
(100 mol%) (150 mol%) THF (0.5 M), 100 °C
Entry Bas (S)-Ligand X Additive Results
1 Cs,CO0s (20 mol%) SEGPHOS CN 44% Yield, 98% ee
2 CspCO5 (20 mol%)  DM-SEGPHOS CN 37% Yield, 98% ee
3 Cs,C03 (20 mol%)  OMe-BIPHEP ~ CN 42% Yield, 99% ee
4 Cs,C03 (20 mol%)  CI,OMe-BIPHEP ~ CN 44%Yield, 99% ee
5 Cs,C03 (20 mol%)  C3-TUNEPHOS CN 40% Yield, 97% ee
6 Cs,CO3 (20 mol%) BINAP CN 46% Yield, 99% ee
7 Cs,C03 (20 mol%) Tol-BINAP CN 61% Yield, 99% ee
8 Cs,C03 (20 mol%) Tol-BINAP OMe 20% Yield, 98% ee
9 Cs,C03 (20 mol%) Tol-BINAP NO, 64% Yield, 98% ee
10 Cs,CO03 (100 mol%) Tol-BINAP NO, 23% Yield, 98% ee
" K2CO3 (20 mol%) Tol-BINAP NO, 30% Yield, 99% ee
12 K,COj3 (100 mol%) Tol-BINAP NO, 79% Yield, 99% ee
13 K,COj3 (100 mol%) Tol-BINAP NO,  3,4-(NO,),BzOH _ 96% Yield, 99% ee
4 ® 0
PAr, MeO PPh, 0 PPh, PAr,
PAr, MeO PPh, Co PPh, PAr,
“ J 99
(S)-SEGPHOS, Ar = Ph S)-OMe-BIPHEP, X=H (S)-Cs-Tunephos (S)-BINAP, Ar = Ph
(S)-DM-DEGPHOS CI OMe-BIPHEP, X=Cl (S)-tol-BINAP
Ar = 3,5-Me,Ph Ar = 4-MePh

Table 2.1: Selected Optimization Experiments for the enantioselective m-allyliridium-C,O-
benzoate-catalyzed coupling of symmetric ketones with substituted allylic acetates

*Yields of material isolated by silica gel chromatography. Enantioselectivities were determined by chiral stationary phase HPLC
analysis. See Supporting Information for further details. Contribution: this work was performed by Nicholas P. Stafford.
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We first set out to explore the axially chiral chelating phosphine ligands modifying the
iridium catalyst in the reaction of oxetanone 1a with allylic acetate 2a (Table 2.1, entries
1-7). The best result for this ligand screening was obtained using the cyclometalated n-
allyliridium-C,0-benzoate complex derived from 4-cyano-3-nitrobenzoic acid and (S)-tol-
BINAP, (S)-Ir-VI1I, which produced the oxetanol 3a in 61% yield and 99% ee (Table 2.1,
entry 7). By tuning the electronic properties of the C,O-benzoate moiety (Table 2.1, entries
7-9), an improved isolated yield of 3a was observed using the more electron-deficient 3,4-
dinitrobenzoate (Table 2.1, entry 9). The next improvement came from the screening of
different bases, which revealed that the reaction using K2CO3s (100 mol%) had and improve
isolated yield of 3a, 79% (Table 2.1, entry 12). Finally, with a catalyst decomposition
pathway known to occur via loss of the C,O- benzoate ligand, we used 3,4-dinitrobenzoic
acid as an additive to potentially extend the lifetime of the catalyst. This proved to be
beneficial improving the production of 3a to 96% yield, while maintaining the 99% ee,

giving us our optimized conditions.

2.3 Results and Discussion

With conditions working well for oxetanone 1a, we set forth to see if the related ketones
azetidinone 1b and cyclobutanone 1c (Figure 2.2) were competent coupling partners in this
reaction. Azetidinone 1b was subjected to the same conditions and furnished azetidinol 4a
in 65% yield and 98% ee, and with longer reaction times of 36 hours, yield could be
improved to a 82% yield. When exploring cyclobutanone 1c, we found it did not react
under any conditions to give cyclobutene 5a. Intrigued by the lack of reactivity we looked
to find a rational for our results. We found that it had been determined by electron
transmission spectroscopy, that there is a 10 Kcal/mol difference in LUMO energies

between oxetanone 1a (14 Kcal/mol) and cyclobutanone 1c (24 Kcal/mol).%

22



OH OH OH

- - HZC -
4-BrPh 4-BrPh 4-BrPh
3a 4a Sa
96% Yield 65% Yield (18 hr) Not Formed
99% ee 82% Yield (36 hr)
98% ee
0O K & &
A\ © gzh ﬁz
a X=0 X=NBzh X = CH,
b) (c a=88.9° a=90.8° a=93.2°
b =89.1° b = 88.4° b = 88.0°
B/ X c=93.7° c=91.7° ¢ =90.8°
A=153A A=153A A=151A
B=146A B=150A B=154A

Figure 2.2: Enantioselective iridium-catalyzed reductive coupling of allylic acetate 2a
with oxetanone 1a, azetidinone 1b and cyclobutanone 1c, and selected single crystal X-ray
diffraction data®

2Yields of material isolated by silica gel chromatography. Enantioselectivities were determined by chiral stationary phase HPLC
analysis. See Supporting Information for further details. Contributions: All experiments for 3a, 4a, and 5a where conducted by Nicholas
P. Stafford

Further evidence was corroborated by the findings in crystallographic data, the shorter
carbon-heteroatom bond lengths of oxetanone 1a (1.46 A) and azetidinone 1b (1.50 A)
compared to cyclobutanone 1c (1.54 A) appear to compress the angle between the C-C
bonds: 88.9° vs 90.8° vs 93.2°, for 1a, 1b and 1c.3” We rationalize the change in reactivity
towards reductive coupling being due to the increased angle strain and c-inductive effects
associated with heteroatom substitution.

After evaluating potential ketone coupling partners, the scope of allylic acetate
coupling partners was explored. Our best conditions identified for the iridium catalyzed
reductive coupling of allylic acetate 2a with oxetanone 1a or azetidinone 1b were applied
to diversly funcationalized allylic acetates 2a-2v, these allylic acetates contained the 10
most frequently encountered N-heterocycles in FDA-approved drugs (beyond B-lactams)
(Table 2.2).%8
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o Aco (S)-Ir-tol-BINAP (5 mol%) oH o (S)-Ir-tol-BINAP (5 mol%) oH
3,4-(NO,),BzOH (5 mol%) AcO 3,4-(NO,),BzOH (5 mol%)
) K,CO3 (100 mol%) o=z N R K;CO3 (100 mol%) P"\(N R
1a 2a-2v 2-PrOH (200 mol%) P 2a-2v 2-PrOH (200 mol%) Ph
(100 mol%) (150 mol%) THF (0.5 M), 100 °C 3a-3v Ph7yp PR (150 mol%) THF (0.5 M), 100 °C 4a-4v
(100 mol%)

e

[e]
%&’
/

D

OH
s
BzhN: H

Q8

BzhN

OMe OMe
CF. OMe B o CF. om
F : ’ F)f‘ : °
I3
3a, 96% Yield 3b, 97% Yield 3c, 69% Yield® 3d, 99% Yield 4a, 82% Yield 4b, 88% Yield 4c, 82% Yield® 4d, 77% Yield
99% ee 99% ee 99% ee 97% ee 98% ee 94% ce 90% ee 93% ee
OH OH OH OH OH OH OH OH
o— = o : o : o= = BzhN o Bth BzhN BooN—
= “ = = / / “ “
i ] o ] ] ] ﬂ ]
N N Ny N N N N Ny N N
M~ 1 I Y
cl Br  BocN  N4-=R cl Br  BocN N =R
/
3e, 92% Yield 3f, 98% Yield 3g, 65% Yield® 3h, 84% Yield 4e, 82% Yield 4f,90% Yield 4g, 72% Yield® 4h, 72% Yield
99% ee 96% ee 98% ee 96% ee 98% ee 95% ee 96% ee 96% ee
OH OH OH OH OH OH
o : o- | BzhN BaN— = BzhN BzhN
s s N e o @
= )N = )N N-N
B(pin) Br B(pin) Br
F
3i, 69% Yield 3},73% Yield® 3k, 99% Yield 31, 71% Yield 4i, 65% Yield 4j, 76% Yield® 4k, 70% Yield 41,74% Yield
98% ee 99% ee 97% ee 99% ee 98% ee 98% ee 92% ee 98% ee
OH OH OH OH OH OH ‘
OMe
N N N N N A
o : o : BzhN— : BzhN— : BzhN BzhN
N
O \O‘IBOC O \ \Odaoc
N § N= Me N% N ; N=  Me N)/._
R=- > 4-CIPh R=- } 4-CIPh
<\N / o <\N Y o

3m, 68% Yield 3n, 90% Yield 30, 91% Yield

3p, 72% Yield

98% ee 88% ee 98% ee 91% ee 90% ee 88% ee 99% ee 97% ee
OH OH OH OH OH OH OH OH
s Oys s s | e AN S D
o H o H (o} B BzhN H BzhN H BzhN: H BzhN
e A < P e <&
z g e =z - e
i Ly Bes co Me i N Eoc Co,Me
N N
B(pin) Me' B(pin)
R R
3q, 98% Yield 3r, 73% Yield®® 3s, 87% Yield 3t, 63% Yield 4q, 65% Yield**® 4r, 77% Yield®® 4s, 72% Yield 4t, 53% Yield
99% ee 98% ee 98% ee 93% ee 90% ee 90% ee 90% ee 98% ee
Boc
N

4m, 67% Yield®? 4n, 79% Yield 40, 68% Yield 4p, 89% Yield

3u, 72% Yield (S)-Catalyst  Me (R)-Catalyst ~ Me 4u, 67% Yield (S)-Catalyst ~ Me (R)-Catalyst ~ Me
99% ee 3w, 73% Yield iso-3w, 97% Yield 90% ee 4w, 97% Yield iso-4w, 96% Yield
6:1dr 6.6:1dr 5.5:1 dr 6:1dr
oH O
s ':im
o = BzhN:
o N7 NCPhy N/ NCPh;
N N=N
/]
\ J/\LM 3v, 64% Yield®d Y\L 4v, 68% Yield®d
cl e 88% ee 89% ee

Table 2.2: Enantioselective iridium-catalyzed reductive couplings of allylic acetate 2a-2v
with oxetanone 1a, and azetidinone 1b.

2Yields of material isolated by silica gel chromatography. Enantioselectivities were determined by chiral stationary phase HPLC
analysis. Standard conditions: 0.2 mmol scale, 18 h for 1a, 36 h for 1b. See Supporting Information for further experimental details. 24
h 48 h 9(S)-Ir-tol BINAP (7.5 mol %), ¥(S)-Ir-SEGPHOS (5.0 mol%). ‘Derivatizatized as the 3,5-dinitrobenzoate for ee% determination.
Contributions: Nicholas P. Stafford synthesized all highlighted examples
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This reaction proved to have a wide array of functional group compatibility, the coupling
of oxetanone la and azetidinone 1b to allylic acetates with substituted aryl (2a-2d) and
heteroaryl (2e-2l) groups, as well as alkyl (2n-2r, 2u, 2v) and cycloalkyl (2m, 2s, 2t)
groups, produced oxetanols 3a-3v and azetidinols 4a-4v with high yields and superb levels
of enantioselectivity. The synthesis of adducts derived from the FDA approved drugs
indomethacin (3n, 4n) and losartan (3v, 4v) demonstrate promising potential for the use of
this method in late-stage functionalization of drug discovery canidates.®® The absolute
stereochemistry of 3a-3v and 4a-4v was assigned in analogy to compound 3a and 4a which
were determined via single-crystal X-ray diffraction. This reaction has also showed its
compatibility to work from the alcohol oxidation state, for oxetanol dihydro-la and
azetidinol dihydro-1b, ketone allylation can be performed via hydrogen auto-transfer to
furnish products 3a and 4a, but this reaction proved to be less efficient then from the ketone
oxidation state (Figure 2.3, eq. 1 & 2).

o._N__o o._N_o o._N_o o
B (eq.3) B
KH,PO, (100 mol%) KH,PO, (100 mol%)
2-PrOH (200 mol%) 2-PrOH (200 mol%)
THF (0.2 M), 100 °C THF (0.2 M), 100 °C

99% ee 95% ee

2x (150 mol%) 3x, 93% Yield 2x (150 mol%) 4x, 75% Yield

OH OH
oy (S)-Ir-tol-BINAP (5 mol%) d\/\ oH (S)-Ir-tol-BINAP (5 mol%) d\/\
3,4-(NO,),BzOH (5 mol%) o : 3,4-(NO,),BzOH (5 mol%)  BzhN— :
_ (eq. 1) —_— (eq.2)
(o) 2a (150 mol%) N 2a (150 mol%)
K,CO; (100 mol%) Bzh K,CO; (100 mol%)
THF (1 M), 100 °C Br THF (0.5 M), 100 °C Br
dihydro-1a 3a, 67% Yield dihydro-1b 4a, 59% Yield
(100 mol%) 99% ee (100 mol%) 99% ee
OH OH
(S)-Ir-Hg-BINAP (7.5 mol%) d\/\ / (S)-Ir-Hg-BINAP (7.5 mol%) d\/\
1a (100 mol%) o - 1b (100 mol%) BzhN o
o N
(eq. 4)

Figure 2.3: Exploring Reactions from the alcohol oxidations state and utilizing
alleneamide pro-nucleophiles.

*Yields of material isolated by silica gel chromatography. Enantioselectivities were determined by chiral stationary phase HPLC

analysis. Contributions: Nicholas P. Stafford eq. 1 and 2 (highlighted); Duong Nguyen Dinh eq 3 and 4.
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When exploring carbon nucleophiles aside from allylic acetates, phthalimidoallene 2x was
found to be a competent pronucleophile, as demonstrated by the enantioselective synthesis
of 3x and 4x (Figure 2.3, eq. 3 & 4).

2.4 CONCLUSION

In summary, we report the first systematic studies on enantioselective additions to
symmetric ketones, as illustrated in iridium catalyzed reductive couplings of allylic
acetates with oxetanone 1a and N-benzhydryl azetidinone 1b. This method provides access
to chiral oxetanols and azetidinols containing a wide array of functional groups, especially
those rich in nitrogen. Given the importance of oxetanes and azetidines as metabolically
stable bioisosteres,***® we believe this method has potential of access pharmacologically

relevant motifs useful in drug discovery.*
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Chapter 3 Supplementary Information

3.1 Chapter 1 Supplementary Information
3.1a General Information

All reactions were carried out under inert gas atmosphere (nitrogen or argon) unless otherwise
indicated. Resealable pressure tubes (13x100 mm) were purchased from Fischer Scientific (catalog
number 14-959-35C) and were oven dried followed by cooling in a desiccator or under a stream of
inert gas prior to use. All commercial reagents and anhydrous solvents were used as received from
vendors (Fischer Scientific, Sigma Aldrich, and Combi Blocks) without further purification.
Preparative column chromatography employing Silicycle silica gel (40-63 pm) was performed
according to the method of Still* or on a Teledyne Isco Combiflash Rf utilizing Silicycle HP column
using a mobile phase composed of either hexanes/ethyl acetate, hexanes/acetone,
dichloromethane/methanol, or another suitable solvent system.. Reactions were monitored by
analytical thin-layer chromatography (TLC) using 0.25 mm commercial silica gel plates
(Dyna.//mic Absorbents F). Visualization was accomplished with UV light followed by dipping in
CAM, p- Anisaldehyde (PAA), Ninhydrin, or KMnOQ; stain solution followed by heating.

3.1b Spectroscopy, Spectrometry and Data Collection
Infrared spectra were recorded on a Perkin-Elmer 1600 spectrometer using a diamond ATR unit.
High-resolution mass spectra (HRMS) were obtained on a Agilent Technologies 6530 Accurate-
Mass Q-TOF spectrometer (ESI) or on a Waters Micromass AutoSpec Ultima spectrometer (ClI)
and are reported as m/z (relative intensity). Accurate masses are reported for the molecular ion (M*,
M+H*, M+Na*, M+Ag"), or a suitable fragment ion. Nuclear magnetic resonance (*H, C, *°F, 31p
NMR) spectra were recorded with a Bruker BioSpin GmbG, Varian Gemini (400 MHz) or Varian
INOVA (500 MHz) spectrometer equipped with a Bruker cryoprobe. The chemical shifts are given
as parts per million (ppm) and were referenced to the residual solvent signal (CDCls: 64 = 7.26
ppm, d¢c = 77.16 ppm). Specific optical rotations were recorded on an Azzota Corp AP45 (589 nm)
in CHCls. Solution concentrations are given in the units of 102 g mL-t. Uncorrected melting
points were measured on a Thomas Hoover Capillary Melting Point Apparatus. Absolute and
relative configurations of products 2a-2y were assigned in analogy to the single crystal diffraction

data for 2p.
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3.1c Detailed Procedure for Preparation of Iridium Complexes

K\Ir
o~ | T~P
° O X

&

General Procedure A

To a sealed tube equipped with a magnetic stir bar was added Cs>COs (200 mol%), disubstituted
benzoic acid (200 mol%), bisphosphine ligand (100 mol%) and [Ir(cod)Cl]. (50 mol%). The
reaction vessel was purged with argon and THF (0.1 M) was added followed by allyl acetate (250
mol%). The resulting mixture was stirred at room temperature for 30 min, then at 80 °C for 90
minutes. After cooling to ambient temperature, the mixture was filtered through celite with the aid
of dichloromethane. The combined filtrate was concentrated in vacuo and subjected to flash column
chromatography (DCM:THF). The resulting gum-like residue was dissolved in THF (2.0 mL).
Addition of HPLC grade hexanes (20 mL) led to formation of a precipitate. The product was filtered
and washed with HPLC grade hexanes, followed by removal of trace amount of solvent in vacuo,

to provide a light yellow powder.
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Complex (S)-Ir-1V

NO,

MeO Q PF:[:‘,Z,,,E CN
MeO P~
ZZ Jph, |
Procedure

Cs2C0O3 (401 mg, 1.23 mmol, 200 mol%), 3-cyano-4-nitrobenzoic acid (236 mg, 1.23 mmol, 200
mol%), (S)- MeO-BIPHEP (397 mg, 0.610 mmol, 100 mol%), [Ir(cod)CI]. (206 mg, 0.310 mmol,
50 mol%), THF (6.1 mL), and allyl acetate (0.166 mL, 1.53 mmol, 250 mol%) were subjected to
general procedure A (FCC: DCM:THF = 20:1) to provide (S)-Ir-1V as a light yellow powder (442
mg, 0.439 mmol) in 72% yield.

3P NMR (202 MHz, CDCl3) 6 = 27.6, -5.9 (d, J = 18.6 Hz), -6.8 (d, J = 21.9 Hz), -12.3 (d, J =
18.6 Hz), -12.8 (d, J = 23.6 Hz), -15.3, -16.3 (d, J = 21.9 Hz), -17.1 (d, J = 23.6 Hz).

HRMS (ESI): Calculated for CagHzolrN2OgP2 [M+Na*] = 1029.1808, Found 1029.1800.
[a]2%=-51.7 (c 0.14, CHCI,).

MP: 225-230 °C (decomposes).
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Complex (S)-Ir-V

cl NO,
Ph
; S
MeO P |
Ph
cl 20 5

Procedure

Cs2C03 (978 mg, 3.00 mmol, 200 mol%), 3-cyano-4-nitrobenzoic acid (576 mg, 3.00 mmol, 200
mol%), (S)-Cl,MeO-BIPHEP (977 mg, 1.50 mmol, 100 mol%), [Ir(cod)Cl]. (504 mg, 0.750 mmol,
50 mol%), THF (15.0 mL), and allyl acetate (0.405 mL, 3.75 mmol, 250 mol%) were subjected to
general procedure A (FCC: DCM:THF = 20:1) to provide (S)-1r-V as light yellow powder (1.21 g,
1.13 mmol) in 75% yield.

HRMS (ESI): Calculated for CagHs7Cl2IrN2OsP2 [M+H*] = 1075.1179, Found 1075.1195.
[a]28=-4.2 (c 0.24, CHCIs).

MP: 187-192 °C (decomposes).

The spectral data recorded for the compound was in complete agreement with the literature.*®

Complex (S)-Ir-Hs-BINAP

‘Q Ph,

P///u,

‘@’ P|712 o)

The preformed catalyst (S)-Ir-Hg-BINAP was prepared following our previously reported
literature procedure (75% yield).® The spectral data recorded for the compound was in complete

agreement with the literature.

31



3.1d. Procedures and Spectral Data for Synthesis of Allylic Alcohols S1a-S1y

Allylic alcohol precursors Sla,*” S1g,*® S1h,*” S1j,*° S1I, S1n,*® S1p,%* S1t,% and S1u*’ were
synthesized in the manner previously reported. The obtained products were identical in all respects
to the compounds reported the literature.

General Procedure B

o) Vinyl MgBr (150 mol%) OH

RJ ~ R)\/

THF, 0°Ctort

(100 mol%)

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with aldehyde
(100 mol%). The flask was purged with argon and anhydrous THF (0.1 M) was added. A solution
of vinyl magnesium bromide (1.0 M in THF, 150 mol%) was added at 0 °C via syringe. Following
addition, the reaction was allowed to warm to ambient temperature and was monitored by TLC
until the starting material was fully consumed. Upon completion of the reaction, the solution was
diluted with diethyl ether and was quenched with aqueous saturated NH4Cl solution. The biphasic
mixture was poured into a separatory funnel and mixed thoroughly. The organic layer was
separated, and the aqueous layer was extracted three times with diethyl ether. The organics were
combined and subjected to sequential washes with water and saturated aqueous brine solution. The
organic layer was separated and treated with anhydrous sodium sulfate. The organic solution was
passed through a fritted filter into a round-bottom flask and was concentrated in vacuo. The residue

was directly subjected to flash column chromatography to afford allylic alcohols.
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1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)prop-2-en-1-ol (S1b)

OH

F><0:©)\/
F o
Procedure

2,2-Difluorobenzo[d][1,3]dioxole-5-carbaldehyde (930 mg, 5.00 mmol, 100 mol%) was subjected
to general procedure B. The title compound was obtained in 64% yield (682 mg, 3.18 mmol) as a
pale-yellow oil after isolation by flash column chromatography (SiO;, hexanes: ethyl acetate =
20:1-10:1).

TLC (SiOy) Rf =0.41 (hexanes: ethyl acetate = 4:1).

'H NMR (400 MHz, CDCl3) 6 = 7.13 (d, J = 1.7 Hz, 1H), 7.08 (dd, J = 8.2, 1.7 Hz, 1H), 7.02 (d,
J=8.2 Hz, 1H), 5.99 (ddd, J = 17.1, 10.3, 6.1 Hz, 1H), 5.36 (dt, J = 17.1, 1.3 Hz, 1H), 5.23 (dt, J
=10.3, 1.3 Hz, 1H), 5.21 - 5.17 (m, 1H), 2.00 (d, J = 3.4 Hz, 1H).

13C NMR (101 MHz, CDCl3) & = 144.1, 143.3, 139.9, 139.0, 131.8 (t, J = 256.5 Hz), 121.7,
116.0, 109.3, 108.0, 74.9.

F NMR (376 MHz, CDCls) & = -50.0.

HRMS (Cl): Calculated for C1oHsF203 [M+Na*] = 214.0442, Found 214.0440.
FTIR (neat): 3374, 2981, 1466, 1375, 1275, 1125, 1169, 994, 892, 708, 697, 682 cm™.
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1-(6-(trifluoromethyl)pyridin-3-yl)prop-2-en-1-ol (S1c)

OH

N =

/

F,C N
Procedure
6-(Trifluoromethyl)nicotinaldehyde (1.00 g, 5.71 mmol, 100 mol%) was subjected to general
procedure B. The title compound was obtained in 54% yield (621 mg, 3.06 mmol) as a pale-yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-5:1).
TLC (SiOy) R =0.30 (hexanes: ethyl acetate = 2:1).
'H NMR (500 MHz, CDCl3) 6 = 8.71 (d, J = 2.3 Hz, 1H), 7.91 (dd, J = 8.2, 2.1 Hz, 1H), 7.68 (d,
J=8.1Hz, 1H), 6.01 (ddd, J = 16.8, 10.2, 6.5 Hz, 1H), 5.43 (dd, J = 17.1, 1.5 Hz, 1H), 5.35 (dd,
J=6.9,3.1 Hz, 1H), 5.31 (dd, J = 10.2, 1.2 Hz, 1H), 2.27 (d, J = 3.6 Hz, 1H).
13C NMR (126 MHz, CDCl3) 6 = 148.6, 147.4, 141.1, 139.0, 135.3, 122.8, 120.5, 120.5, 120.4,
120.4, 117.5, 73.0.
9F NMR (471 MHz, CDCls) & -67.8.

HRMS (ESI): Calculated for CoHgFsNO [M+H*] = 204.0631, Found 204.0633.
ETIR (neat): 3313, 2359, 1584, 1397, 1334, 1247, 1176, 1132, 1084, 1026, 989, 930, 859, 833,
783,706 cm,
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1-(5-chlorothiophen-2-yl)prop-2-en-1-ol (S1d)

OH

CI\/

Procedure

5-Chlorothiophene-2-carbaldehyde (1.00 g, 6.82 mmol, 100 mol%) was subjected to general
procedure B. The title compound was obtained in 76% yield (904 mg, 5.17 mmol) as a yellow oil
after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-10:1).

TLC (SiOy) Rt = 0.54 (hexanes: ethyl acetate = 2:1).

IH NMR (500 MHz, CDCl3) § = 6.78 (d, J = 3.6 Hz, 1H), 6.74 (d, J = 3.8 Hz, 1H), 6.06 (ddd, J =
16.7,10.3, 6.0 Hz, 1H), 5.41 (d, J = 17.1 Hz, 1H), 5.32 (t, J = 5.4 Hz, 1H), 5.29 — 5.23 (m, 1H),
2.15 (t, J = 4.1 Hz, 1H).

3C NMR (126 MHz, CDCl3) 6 = 145.4, 138.8, 130.1, 126.0, 123.9, 116.6, 71.4.

HRMS (EI): Calculated for C;H,CIOS [M+] = 173.9906, Found 173.9901.
FTIR (neat): 3321, 2861, 1643, 1449, 1420, 1260, 1212, 1161, 1106, 1060, 1027, 988, 930, 794,
716 cm™.
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5-(4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)pent-1-en-3-ol (S1e)
Me OH
Br—_~ NW
=N
Me

Procedure

3-(4-Bromo-3,5-dimethyl-1H-pyrazol-1-yl)propanal (2.63 g, 11.4 mmol, 100 mol%) was subjected
to general procedure B. The title compound was obtained in 34% yield (1.01 g, 3.88 mmol) as a
colorless gel after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 10:1—
2:1).

TLC (SiOy) Rs =0.27 (hexanes: ethyl acetate = 1:1).

'H NMR (400 MHz, CDCls) § = 5.86 (ddd, J = 17.3, 10.5, 5.5 Hz, 1H), 5.26 (dt, J = 17.2, 1.5 Hz,
1H), 5.12 (dt, J = 10.5, 1.4 Hz, 1H), 4.21 (ddd, J = 14.4, 8.6, 5.9 Hz, 1H), 4.14 — 4.10 (m, 1H),
4.07 (td, J = 6.6, 2.3 Hz, 1H), 3.03 (5, 1H), 2.24 (s, 3H), 2.19 (s, 3H), 2.04 (dddd, J = 14.2, 8.7,
6.3, 3.7 Hz, 1H), 1.93 - 1.79 (m, 1H).

13C NMR (101 MHz, CDCls) & = 146.3, 140.3, 137.4, 115.0, 94.1, 70.0, 46.4, 36.9, 12.4, 10.4.
HRMS (ESI): Calculated for C1oH1sBrN,O [M+H*] = 259.0441, Found 259.0439.

FTIR (neat): 3242, 2922, 2355, 2343, 1720, 1645, 1579, 1546, 1475, 1424, 1386, 1305, 1070, 994,
925, cm™.
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1-(2-fluoro-4-(trifluoromethyl)phenyl)prop-2-en-1-ol (S1i)

OH

/@\)\/
FsC F

2-Fluoro-4-(trifluoromethyl)benzaldehyde (960 mg, 4.99 mmol, 100 mol%) was subjected to

Procedure

general procedure B. The title compound was obtained in 66% yield (791 mg, 3.59 mmol) as a
pale-yellow oil after isolation by flash column chromatography (SiO;, hexanes: ethyl acetate =
20:1-15:1).

TLC (SiOy) R =0.40 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCl3) 6 = 7.64 (t, J = 7.6 Hz, 1H), 7.44 (dd, J = 8.1, 1.7 Hz, 1H), 7.31 (dd,
J=10.1, 1.7 Hz, 1H), 6.04 (dddd, J = 17.0, 10.3, 5.8, 0.8 Hz, 1H), 5.57 (d, J = 5.8 Hz, 1H), 5.39
(dg, J=17.0, 1.2 Hz, 1H), 5.25 (dt, J = 10.3, 1.2 Hz, 1H), 2.06 (s, 1H).

13C NMR (126 MHz, CDCl3) & = 160.6, 158.6, 138.3, 133.9 (d, J = 13.3 Hz), 131.8 (dd, J = 33.3,
8.1 Hz), 128.4 (d, J = 4.5 Hz), 121.5 (p, J = 3.8 Hz), 116.4, 113.1 (dq, J = 25.2, 3.8 Hz), 69.1 (d,
J=2.7Hz).

F NMR (471 MHz, CDCl3) § -62.7, -116.7 — -116.7 (m).

HRMS (ESI): Calculated for C1oHsF,O [M+Ag*] = 326.9557, Found 326.9556.
FTIR (neat): 3309, 1588, 1510, 1427, 1328, 1215, 1168, 1125, 1065, 1038, 988, 931, 904, 879,
839, 815, 746 cm™.
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1-(5-bromo-2,3-dimethoxyphenyl)prop-2-en-1-ol (S1k)
OH
Br =

OMe
OMe

Procedure

5-Bromo-2,3-dimethoxybenzaldehyde (1.23 g, 5.00 mmol, 100 mol%) was subjected to general
procedure B. The title compound was obtained in 68% yield (927 mg, 3.39 mmol) as a pale-yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-15:1).
TLC (SiOy) Rf =0.30 (hexanes: ethyl acetate = 4:1).

'H NMR (400 MHz, CDCl3) § = 7.09 (d, J = 2.3 Hz, 1H), 6.96 (d, J = 2.4 Hz, 1H), 6.03 (ddd, J =
17.1,10.4, 5.3 Hz, 1H), 5.41 (tt, J=5.4, 1.7 Hz, 1H), 5.33 (dt, J = 17.2, 1.5 Hz, 1H), 5.19 (dt, J =
10.4, 1.5 Hz, 1H), 3.84 (s, 3H), 3.83 (s, 3H), 2.62 (d, J = 5.4 Hz, 1H).

¥C NMR (101 MHz, CDCl3) 6 = 153.4, 145.7, 139.7, 138.0, 122.2, 116.8, 115.4, 115.3, 70.5,
61.1, 56.2.

HRMS (ESI): Calculated for C11H13BrOs [M+Na*] = 294.9940, Found 294.9938.

ETIR (neat): 3415, 3084, 2938, 2832, 1577, 1478, 1428, 1410, 1291, 1265, 1220, 1169, 1069,
1030, 997, 961, 925, 890, 846, 769, 696 cm ..
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1-(2-(pyrrolidin-1-yl)pyrimidin-5-yl)prop-2-en-1-ol (S1m)

Procedure

2-(Pyrrolidin-1-yl)pyrimidine-5-carbaldehyde (660 mg, 3.73 mmol, 100 mol%) was subjected to
general procedure B. The title compound was obtained in 78% yield (594 mg, 2.89 mmol) as a
pale-yellow oil after isolation by flash column chromatography (SiO., hexanes: ethyl acetate = 2:1—
1:1).

TLC (SiOy) Rs =0.12 (hexanes: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCls) & = 8.26 (s, 2H), 6.01 (ddd, J = 16.6, 10.3, 5.7 Hz, 1H), 5.34 (dd, J
=17.1, 1.5 Hz, 1H), 5.22 (dd, J = 10.4, 1.5 Hz, 1H), 5.06 (d, J = 5.6 Hz, 1H), 3.58 — 3.51 (m,
4H), 2.58 (d, J = 3.7 Hz, 1H), 2.20 — 1.73 (m, 4H).

13C NMR (101 MHz, CDCls) 6 = 160.3, 157.0, 139.5, 122.5, 115.8, 71.7, 46.9, 25.7.

HRMS (ESI): Calculated for C11H1sNsO [M+H*] = 206.1288, Found 206.1287.
FTIR (neat): 3356, 2973, 2870, 1602, 1521, 1485, 1461, 1393, 1336, 1284, 1222, 1177, 1117,
1038, 991, 924, 799 cm.
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1-(2-chloro-10H-phenothiazin-10-yl)but-3-en-2-ol (S1s)
OH

Procedure

A flame-dried pressure tube was charged with 2-chlorophenothiazine (1.17 g, 5.00 mmol, 100 mol%) and
was fit with a rubber septum. The vessel was purged with argon gas. DMF (10 mL, 0.5 M) was added to the
tube and the resultant mixture was stirred at room temperature for several minutes. Sodium hydride (60% in
mineral oil, 521 mg, 7.50 mmol, 150 mol%) was added in one portion at room temperature. The resulting red
solution was allowed to stir at room temperature for 1 hour under an argon balloon. Butadiene monoxide
(0.61 mL, 7.5 mmol, 150 mol%) was added in one portion. The septum was replaced with a Teflon pressure
cap and the vessel was heated to 90 °C for 16 hours. After the allotted time, the vessel was allowed to cool
to room temperature. The reaction mixture was quenched with saturated aqueous NH4Cl solution and diluted
with diethyl ether. The biphasic mixture was poured into a separatory funnel and mixed thoroughly. The
organic layer was separated, and the aqueous layer was extracted three times with diethyl ether. The organics
were combined and subjected to sequential washes with water and saturated aqueous NaCl solution. The
organic layer was separated and treated with anhydrous sodium sulfate. The organic solution was passed
through a fritted filter into a round-bottom flask and was concentrated in vacuo. The residue was subjected
directly to flash column chromatography (SiO, hexanes: ethyl acetate = 20:1-10:1) to afford the title
compound in 36% yield (540 mg, 1.78 mmol) as a pale-yellow oil.

TLC (SiO2) Rf = 0.45 (hexanes: ethyl acetate = 4:1).

'H NMR (400 MHz, CDCl3) § = 7.23 — 7.20 (m, 1H), 7.20 — 7.17 (m, 1H), 7.10 (d, J = 8.1 Hz, 1H), 7.00
(td, J=7.5,1.2 Hz, 1H), 6.97 (t, J = 1.7 Hz, 1H), 6.95 — 6.94 (m, 1H), 6.93 (d, J = 2.0 Hz, 1H), 5.94 (ddd, J
=17.2,10.5, 5.8 Hz, 1H), 5.40 (dt, J = 17.2, 1.4 Hz, 1H), 5.26 (dt, J = 10.6, 1.3 Hz, 1H), 4.53 (dddt, J =
8.6, 5.4,3.9, 1.4 Hz, 1H), 4.02 (dd, J = 13.7, 4.0 Hz, 1H), 3.87 (dd, J = 13.8, 8.7 Hz, 1H), 1.28 (s, 1H).

13C NMR (101 MHz, CDCls) § = 146.8, 144.6, 137.2, 133.7, 128.5, 128.1, 127.8, 126.6, 125.3, 123.8,
123.3,117.2, 116.9, 116.7, 68.8, 54.0.

HRMS (ESI): Calculated for C16H14CINOS [M+Na*] = 326.0377, Found 326.0374.
FTIR (neat): 3402, 2870, 2360, 2343, 1591, 1567, 1457, 1407, 1323, 1281, 1244, 1217, 1128, 1097, 1038,
992, 906, 855, 801, 752 cmL.
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1-((1R,3R)-3-(2-hydroxybut-3-en-1-yl)-2,2-dimethylcyclobutyl)ethan-1-one (S1v)

Me
o=,

/ OH
et |, 1

’
e

Procedure

2-((1R,3R)-3-acetyl-2,2-dimethylcyclobutyl)acetaldehyde (472 mg, 2.8 mmol, 100 mol%) was
subjected to a modified version of general procedure B using vinyl magnesium bromide (1.0 M in
THF, 2.8 mmol, 100 mol%) in THF (0.1 M). The title compound was obtained in 40% yield (218
mg, 1.11 mmol) as a colorless oil after isolation by flash column chromatography (SiO2, hexanes:
ethyl acetate = 10:1-5:1).

TLC (SiO;) Rs =0.32 (hexanes: ethyl acetate = 2:1).

'H NMR (500 MHz, CDCl3) § =5.91 —5.78 (m, 1H), 5.21 (ddt, J = 17.2, 7.9, 1.4 Hz, 1H), 5.10
(dt, J=10.4, 1.3 Hz, 1H), 4.09 — 3.99 (m, 1H), 2.83 (ddd, J =9.9, 7.4, 2.3 Hz, 1H), 2.04 (d, J =
2.0 Hz, 3H), 2.01 - 1.91 (m, 1H), 1.88 (ddd, J = 13.3, 7.4, 3.6 Hz, 1H), 1.60 — 1.52 (m, 1H), 1.51
—1.43 (m, 2H), 1.40 (ddd, J = 13.7, 9.6, 5.5 Hz, 1H), 1.30 (d, J = 2.1 Hz, 3H), 0.86 (d, J = 1.8

Hz, 3H).

13C NMR (126 MHz, CDCl3) 6 = 208.1, 141.3, 115.0, 71.8, 54.5, 43.5, 38.5, 37.4, 30.4, 30.3,
23.5, 17.6.

HRMS (ESI): Calculated for C12H200, [M+Na*] = 219.1356, Found 219.1354.
FTIR (neat): 3413, 2953, 1695, 1463, 1424, 1384, 1368, 1224, 1182, 1145, 991, 918 cm ™.
[a]2%=-32.9 (c 0.15, CHCI,).
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(4-chlorophenyl)(3-(2-hydroxybut-3-en-1-yl)-5-methoxy-2-methyl-1H-indol-1-yl)methanone
(S1iw)

MeO

Cl

Procedure

2-(1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetaldehyde (1.00 g, 2.9 mmol, 100
mol%) was subjected to a modified version of general procedure B using vinyl magnesium bromide
(2.0 M in THF, 2.9 mmol, 100 mol%) in THF (0.1 M). The title compound was obtained in 37%
yield (398 mg, 1.07mmol) as a pale-yellow oil after isolation by flash column chromatography
(SiOy, hexanes: ethyl acetate = 25:1-10:1).

TLC (SiO7) Rt = 0.4 (hexanes: ethyl acetate = 2:1).

IH NMR (500 MHz, CDCls) & = 7.60 — 7.56 (m, 2H), 7.41 — 7.38 (m, 2H), 6.90 (d, J = 2.5 Hz,
1H), 6.82 (d, J = 9.0 Hz, 1H), 6.60 (dd, J = 9.0, 2.6 Hz, 1H), 5.91 (ddd, J = 16.8, 10.4, 5.9 Hz,
1H), 5.22 (dt, J = 17.2, 1.5 Hz, 1H), 5.08 (dt, J = 10.5, 1.4 Hz, 1H), 4.37 (q, J = 6.4 Hz, 1H), 3.77
(s, 3H), 2.84 (d, J = 6.5 Hz, 2H), 2.29 (s, 3H), 1.64 (s, 1H).

3C NMR (126 MHz, CDCls) § = 168.3, 156.0, 140.3, 139.2, 135.9, 134.1, 131.3, 131.2, 131.0,
129.1, 1155, 115.2, 115.0, 111.3, 101.7, 72.7, 55.8, 32.4, 13.7.

HRMS (ESI): Calculated for C21H20CINO3 [M+Na*] = 392.1024, Found 392.1020.
ETIR (neat): 3445, 2927,1675, 1591, 1476, 1358, 1218, 1089, 1038, 1015, 924, 834, 750, 667 cm~
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1-((2-butyl-4-chloro-1-((2'-(1-trityl-1H-tetrazol-5-yl)-[1,1'-biphenyl]-4-yl)methyl)-1H-
imidazol-5-yl)methoxy)but-3-en-2-ol (S1x)

.

Procedure

A flame-dried pressure tube was charged with losartan (1.32 g, 1.98 mmol, 100 mol%) and was fit
with a rubber septum. The vessel was purged with argon and DMF (3.3 mL, 0.6 M) was added.
The vessel was cooled to 0 °C and sodium hydride (60% in mineral oil, 119 mg, 2.98 mmol, 150
mol%) was added in one portion. The resulting solution was allowed to warm to room temperature
and was stirred for 20 minutes under an argon balloon. Butadiene monoxide (0.240 mL, 2.98 mmol,
150 mol%) was added in one portion. The septum was quickly replaced with a Teflon pressure cap
and the vessel was heated to 60 °C for 16 hours. After the allotted time, the vessel was allowed to
cool to room temperature. The reaction solution was quenched with water and diluted with ethyl
acetate. The biphasic mixture was poured into a separatory funnel, wherein the pH of the aqueous
layer was adjusted to 6 using a saturated aqueous NH4CI solution. The layers were mixed
vigorously and the organics were separated. The aqueous was extracted three times by ethyl acetate.
The combined organics were washed sequentially with water and aqueous saturated brine solution.
The organics were dried over anhydrous sodium sulfate, passed through a fritted filter, and
concentrated in vacuo. The residue was subjected directly to flash column chromatography (SiO,
hexanes: ethyl acetate = 20:1-10:1) to afford the title compound in 24% yield (345 mg, 0.470
mmol) as a pale-yellow foam.

TLC (SiOy) Rf = 0.44 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCl3): 6 =7.93 (dd, J = 7.5, 1.3 Hz, 1H), 7.50 (td, J = 7.5, 1.6 Hz, 1H),
7.46 (td, J=7.5, 1.6 Hz, 1H), 7.37 — 7.35 (m, 1H), 7.35 - 7.32 (m, 3H), 7.31 - 7.24 (m, 6H), 7.14
—7.09 (m, 2H), 6.97 — 6.90 (m, 6H), 6.75 (d, J = 7.9 Hz, 2H), 5.74 (ddd, J = 17.2, 10.6, 5.5 Hz,
1H), 5.28 (dt, J = 17.1, 1.5 Hz, 1H), 5.15 (dt, J = 10.6, 1.5 Hz, 1H), 5.05 (s, 2H), 4.25 (s, 2H),
4.17 (s, 1H), 3.37 (dd, J = 9.8, 3.4 Hz, 1H), 3.22 (dd, J = 9.8, 7.8 Hz, 1H), 2.53 — 2.45 (m, 2H),

66



2.07 (d, J = 3.7 Hz, 1H), 1.66 (p, J = 7.7 Hz, 2H), 1.29 (dg, J = 14.7, 7.3 Hz, 2H), 0.86 (t, J = 7.4
Hz, 3H).

BC NMR (126 MHz, CDCls): 6 = 164.1, 149.0, 141.4, 141.1, 136.6, 134.6, 130.9, 130.5, 130.3,
130.2, 130.0, 129.4, 12856, 127.9, 127.8, 126.4, 125.3, 121.9, 116.7, 83.0, 73.3, 71.5, 61.1, 47.3,
29.8, 26.9, 22.6, 13.9.

HRMS (ESI): Calculated for C47H47CIN60O2 [M+H+] = 753.3209, Found 735.3204.
FTIR (neat): 3312, 3060, 2955, 2929, 2869, 2362, 1493, 1460, 1446, 1426, 1357, 1252, 1189,
1155, 1082, 1029, 1004, 929, 880, 758, 748, 698 cm™.
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1-(4-(dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl)but-3-en-2-ol (S1y)

)

s

A flame-dried round-bottom flask was charged with 11-(piperazin-1-yl)dibenzo[b,f][1,4]thiazepine (1.0 g,

Procedure

3.39 mmol, 100 mol%) and was fit with a rubber septum. The vessel was purged with argon gas. Anhydrous
methanol (22.5 mL, 0.15 M), 1,8-diazabicyclo[5.4.0Jundec-7-ene (0.57 mL, 3.73 mmol, 110 mol%), and
butadiene monoxide (0.63 mL, 7.79 mmol, 230 mol%) were added to the flask at ambient temperature. The
resultant mixture was stirred at room temperature for 16 hours. After the allotted time, the solution was
concentrated in vacuo. The residue was subjected directly to flash column chromatography (SiO,
dichloromethane: methanol: triethylamine = 1000:100:1-100:100:1) to afford the title compound in 30%
yield (375 mg, 1.03 mmol) as a pale-yellow oil.

TLC (SiO2) R =0.43 (dichloromethane: methanol = 9:1).

!H NMR (400 MHz, CDCl3) 8 = 7.51 (dt, J = 7.6, 1.1 Hz, 1H), 7.39 (dd, J = 7.7, 1.5 Hz, 1H), 7.36 — 7.32
(m, 1H), 7.32 - 7.27 (m, 2H), 7.18 (ddd, J = 8.8, 7.3, 1.5 Hz, 1H), 7.07 (dd, J = 8.0, 1.5 Hz, 1H), 6.89 (td, J
=75, 1.5 Hz, 1H), 5.79 (ddd, J = 17.3, 10.5, 5.8 Hz, 1H), 5.34 (dq, J = 17.2, 1.6 Hz, 1H), 5.21 — 5.13 (m,
1H), 4.21 (tq, J = 5.7, 4.1 Hz, 1H), 3.55 (s, 4H), 2.81 (s, 1H), 2.71 (ddd, J = 10.6, 6.9, 3.3 Hz, 1H), 2.57 (s,
1H), 2.50 — 2.47 (m, 1H), 2.46 — 2.43 (m, 1H), 2.42 — 2.36 (m, 1H), 1.26 (d, J = 1.8 Hz, 1H).

3C NMR (101 MHz, CDCls) § = 160.9, 149.0, 140.2, 138.3, 134.3, 132.4, 131.0, 129.3, 129.1, 128.5,
128.2,125.5,123.1, 116.3, 116.2, 67.9, 67.9, 64.0, 53.1.

HRMS (ESI): Calculated for C21H23sNsOS [M+H*] = 366.1635, Found 366.1642.
ETIR (neat): 3345, 2924, 2863, 1646, 1596, 1574, 1556, 1454, 1406, 1305, 1245, 1146, 1002, 925, 762, 744,
669 cmL.,
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1-(benzo[d]thiazol-2-yl)piperidine-4-carbaldehyde

Procedure:

(1-(benzo[d]thiazol-2-yl)piperidin-4-yl)methanol (1.29 g, 5.18 mmol, 100 mol%) was added to a flame-
dried round-bottom flask containing a stir bar. The vessel was purged with argon gas and anhydrous
dichloromethane (50 mL, 0.1 M) was added. The mixture was stirred at room temperature for several
minutes. Sodium bicarbonate (1.74 g, 20 mmol, 400 mol%) was added. Dess-Martin periodinane (2.64 g,
6.22 mmol, 120 mol%) was added in one portion and the reaction was stirred at room temperature until the
starting material was consumed. The suspension was diluted with dichloromethane and passed through
celite with the aid of dichloromethane. The solution was added to a separatory funnel. The organics were
washed sequentially with aqueous saturated solution of sodium carbonate and brine. The organic layer was
dried over anhydrous sodium sulfate. The liquid was passed through a fritted filter into a round-bottom
flask and was concentrated in vacuo. The residue was directly subjected to flash column chromatography
(hexanes: ethyl acetate, 5:1-3:1) to afford the aldehyde as a white solid in 47% yield (601 mg, 2.44 mmol).
TLC (SiO2) Rf = 0.28 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCl3) § =9.71 (s, 1H), 7.60 (dd, J = 7.9, 1.3 Hz, 1H), 7.55 (dd, J = 8.0, 1.1 Hz, 1H),
7.30 (td, J=7.7, 1.3 Hz, 1H), 7.08 (td, J = 7.6, 1.2 Hz, 1H), 4.10 (t, J = 4.3 Hz, 1H), 4.07 (t, J = 4.3 Hz,
1H), 3.36 — 3.32 (m, 1H), 3.32 — 3.27 (m, 1H), 2.55 (td, J = 10.3, 5.2 Hz, 1H), 2.09 (q, J = 4.9, 4.4 Hz, 1H),
2.07—2.05 (m, 1H), 1.81 (dd, J = 10.5, 4.1 Hz, 1H), 1.79 — 1.74 (m, 1H).

13C NMR (126 MHz, CDCls) § = 202.5, 168.7, 152.7, 130.9, 126.3, 121.7, 120.9, 119.3, 48.0, 47.9, 24.9.

HRMS (ESI): Calculated for C13H14N2OS [M+H*] = 247.0900, Found 247.0904.

ETIR (neat): 2924, 2852, 2714, 1723, 1595, 1564, 1534, 1445, 1385, 1340, 1290, 1211, 1184, 1122, 1070,
1017, 958, 754, 726 cm™L.

MP: 93-95 °C
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3.1e. Procedures and Spectral Data for Synthesis of Allyl Acetates 1la-1y
Allyl acetates 1a,*” 1h,*" 11,4” 1n,” 1t,%2 and 1u*" were synthesized in the manner previously
reported. The obtained products were identical in all respects to the compounds reported the

literature.

General Procedure C

Ac,0 (150 mol%)
Et3N (200 mol%)
OH DMAP (10 mol%) OAc

R)\/ DCM, rt ] R)\/

(100 mol%)

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with allylic
alcohol (100 mol%), triethylamine (200 mol%), acetic anhydride (150 mol%), 4-
dimethylaminopyridine (10 mol%), and anhydrous dichloromethane (0.1 M). The reaction was
stirred at ambient temperature until starting material was consumed. The reaction solution was
diluted with dichloromethane and was washed sequentially with aqueous saturated solutions of
ammonium chloride, sodium bicarbonate, distilled water, and brine. The organic layer was
separated and dried over anhydrous sodium sulfate. The liquid was passed through a fritted filter
into a round-bottom flask and was concentrated in vacuo. The residue was directly subjected to

flash column chromatography to afford allyl acetates l1a-1y.
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1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)allyl acetate (1b)
OAc
F><0:©)\/
F o

Allylic alcohol S1b (640 mg, 3.18 mmol, 100 mol%) was subjected to general procedure C. The

Procedure

title compound was obtained in 86% yield (703 mg, 2.74 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO,, hexanes: ethyl acetate = 20:1-10:1).

TLC (SiOy) R =0.49 (hexanes: ethyl acetate = 4:1).

'H NMR (400 MHz, CDCl3) 6 = 7.10 — 7.06 (m, 2H), 7.02 (d, J = 8.6 Hz, 1H), 6.22 (dt, J = 5.7,
1.5 Hz, 1H), 5.96 (ddd, J=17.1, 10.5, 5.7 Hz, 1H), 5.30 (dt, J = 11.7, 1.2 Hz, 1H), 5.27 (dt, J =
5.0, 1.2 Hz, 1H), 2.11 (s, 3H).

13C NMR (101 MHz, CDCls) § = 169.9, 144.1, 143.6, 135.9, 135.4, 131.8 (t, J = 255.5 Hz),
122.9,117.5,109.4, 108.8, 75.6, 21.3.

F NMR (376 MHz, CDCls) 6 = -50.0.

HRMS (ESI): Calculated for Ci2H10F204 [M+Ag*] = 362.9593, Found 362.9591.
FTIR (neat): 1742, 1644, 1498, 1448, 1372, 1220, 1150, 1035, 985, 930, 810, 706 cm*.
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1-(6-(trifluoromethyl)pyridin-3-yl)allyl acetate (1c)

OAc

\

F;C~ N

Procedure

Allylic alcohol Slc (717 mg, 3.53 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 94% yield (814 mg, 3.32 mmol) as a colorless oil after isolation by
flash column chromatography (SiO., hexanes: ethyl acetate = 15:1).

TLC (SiOy) R =0.38 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCl3) 6 =8.72 (d, J = 2.2 Hz, 1H), 7.87 — 7.82 (m, 1H), 7.68 (d, J = 8.0
Hz, 1H), 6.33 (d, J = 6.0 Hz, 1H), 5.99 (ddd, J = 16.7, 10.3, 6.0 Hz, 1H), 5.39 — 5.36 (m, 1H),
5.34 (d, J = 4.2 Hz, 1H), 2.14 (s, 3H).

13C NMR (126 MHz, CDCl3) & = 169.8, 149.2, 148.1 (q, J = 34.9 Hz), 137.9, 136.3, 134.8, 122.7,
120.48 (g, J = 2.8 Hz), 119.0, 73.6, 21.2.

9F NMR (471 MHz, CDCl5) & = -68.0.

HRMS (ESI): Calculated for Cy1HoFsNO, [M+H*] = 246.0736, Found 246.0735.

FTIR (neat): 1743, 1372, 1337, 1225, 1174, 1132, 1085, 1021, 985, 938, 841, 772, 702 cm™L.
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1-(5-chlorothiophen-2-yl)allyl acetate (1d)

CI\’

Procedure

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with allylic
alcohol S1d (1.71 g, 9.79 mmol, 100 mol%), triethylamine (2.05 mL, 14.7 mmol, 150 mol%), acetic
anhydride (1.02 mL, 10.8 mmol, 110 mol%), 4-dimethylaminopyridine (120 mg, 0.98 mmol, 10
mol%), and anhydrous dichloromethane (0.5 M). The reaction was stirred at ambient temperature
until starting material was consumed. The reaction solution was quenched with methanol (1.12 mL,
29.4 mmol, 300 mol%) and was diluted with dichloromethane. The organics were washed with an
aqueous saturated solution of sodium bicarbonate. The aqueous was extracted three times by
dichloromethane. The organics were combined and washed with brine. The organic layer was
separated and dried over anhydrous sodium sulfate. The organics were passed through a fritted
filter into a round bottom flask and were concentrated in vacuo. The title compound was obtained
in 71% vyield (1.51 g, 6.97 mmol) as a pale-yellow oil after isolation by flash column
chromatography (SiO-, hexanes: ethyl acetate: triethylamine 94:5:1). Warning: product is prone to
decomposition when exposed to mild acid.

TLC (SiOy) Rs =0.75 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCls) 6 = 6.83 (dd, J = 3.8, 0.9 Hz, 1 H), 6.78 (d, J = 3.8 Hz, 1H), 6.38 (dq,
J=5.8, 1.2 Hz, 1H), 6.02 (ddd, J = 17.1, 10.4, 5.9 Hz, 1H), 5.40 (dt, J = 17.1, 1.2 Hz, 1H), 5.32
(dt, J = 10.5, 1.2 Hz, 1H), 2.10 (s, 3H).

13C NMR (126 MHz, CDCl3) 6 = 158.7, 157.8, 103.1, 92.2, 55.2, 30.7, 20.8, 14.1.

HRMS (ESI): Calculated for CoHoCIO2S [M+Na*] = 238.9904, Found 238.9907.
FTIR (neat): 1738, 1448, 1369, 1222, 1094, 1062, 1017, 998, 993, 796, 769, 715 cm™.
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5-(4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)pent-1-en-3-yl acetate (1e)

Me OAc
Br 72 NW
=N
Me

Procedure

Allylic alcohol Sle (1.000 g, 3.86 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 82% yield (954 mg, 3.16 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 20:1-10:1).

TLC (SiOy) Rs =0.61 (hexanes: ethyl acetate = 1:1).

IH NMR (400 MHz, CDCls) & = 5.77 (ddd, J = 17.0, 10.6, 6.0 Hz, 1H), 5.27 (dd, J = 10.6, 1.2
Hz, 1H), 5.24 (s, 1H), 5.22 — 5.17 (m, 1H), 4.07 — 3.96 (m, 2H), 2.20 (s, 3H), 2.19 (s, 3H), 2.16 —
2.09 (m, 2H), 2.06 (s, 3H).

BC NMR (101 MHz, CDCls) § = 170.2, 146.3, 136.9, 135.6, 117.5, 94.1, 72.2, 46.0, 34.4, 21.3,
12.4,10.4.

HRMS (ESI): Calculated for C12H17BrN2O, [M+H*] = 301.0546, Found 301.0548.
FTIR (neat): 2928, 1736, 1647, 1548, 1475, 1425, 1371, 1231, 1066, 1021, 991, 932 cm ™.
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1-(3-cyanophenyl)allyl acetate (1f)
OAc

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with 3-

Procedure

cyanobenzaldehyde (262 mg, 2.0 mmol, 100 mol%). The vessel was purged with argon and
anhydrous THF (6.5 mL, 0.3 M) was added. A solution of vinyl magnesium bromide (4.0 mL, 1.0
M in THF, 200 mol%) was added at 0 °C. Following addition, the reaction was allowed to reach
ambient temperature and was stirred until starting material was consumed. Triethylamine (0.56 mL,
4.0 mmol, 200 mol%) and acetic anhydride (0.28 mL, 3.0 mmol, 150 mol%) were added to the
reaction solution via syringe. The reaction was stirred at ambient temperature for one hour. The
reaction solution was diluted with dichloromethane and was washed sequentially with aqueous
saturated solutions of sodium chloride, sodium bicarbonate, distilled water, and brine. The organic
layer was separated and dried over anhydrous sodium sulfate. The organics were passed through a
fritted filter into a round bottom flask and concentrated in vacuo. The title compound was obtained
in 37% vyield (147.3 mg, 0.732 mmol) as a pale-yellow oil after isolation by flash column
chromatography (SiO,, hexanes: ethyl acetate = 20:1-15:1).

TLC (SiO;) Rt = 0.44 (hexanes: ethyl acetate = 4:1).

'H NMR (400 MHz, CDCl3) 6 = 7.83 (s, 1H), 7.80 (s, 2H), 6.34 (d, J = 6.1 Hz, 1H), 5.97 (dddd,
J=17.4,10.4, 6.1, 0.9 Hz, 1H), 5.39 (dq, J = 7.6, 1.0 Hz, 1H), 5.36 — 5.29 (m, 1H), 2.16 (d, J =
0.9 Hz, 3H).

53C NMR (126 MHz, CDCl3) 6 = 169.9, 140.7, 135.4, 131.9, 131.7, 130.8, 129.6, 118.4, 113.0,
75.2,41.4,21.3.

HRMS (ESI): Calculated for C12H11NO2 [M+Na*] = 224.0682, Found 224.0684.
FTIR (neat): 2932, 2231, 1740, 1483, 1434, 1371, 1224, 1023, 984, 933, 802, 754, 694 cm .
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1-(3,4-dichlorophenyl)allyl acetate (1g)

OAc
(o

Allylic alcohol S1g (656 mg, 3.23 mmol, 100 mol%) was subjected to general procedure C. The

Procedure

title compound was obtained in 68% yield (538 mg, 2.19 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 20:1-15:1).

TLC (SiOy) Rf =0.55 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCl3) 6 = 7.44 (d, J = 2.1 Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.18 (dd, J =
8.3, 2.1 Hz, 1H), 6.19 (dd, J = 5.9, 1.4 Hz, 1H), 5.94 (ddd, J = 16.7, 10.4, 5.9 Hz, 1H), 5.33 -
5.29 (m, 1H), 5.29 (dd, J = 6.3, 1.6 Hz, 1H), 2.12 (s, 3H).

B3C NMR (126 MHz, CDCls) 6 = 169.9, 139.3, 135.5, 132.9, 132.4, 130.7, 129.3, 126.7, 118.1,
74.8, 21.3.

HRMS (ESI): Calculated for C11H10Cl.02 [M+Na*] = 266.9950, Found 266.9954.
FTIR (neat): 3089, 2930, 1740, 1644, 1565, 1471, 1410, 1396, 1370, 1226, 1200, 1132, 1099,
1029, 984, 936, 893, 821, 759, 708 cm.
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1-(2-fluoro-4-(trifluoromethyl)phenyl)allyl acetate (1i)

OAc

/@\)\/
F1C F

Allylic alcohol S1i (500 mg, 2.27 mmol, 100 mol%) was subjected to general procedure C. The

Procedure

title compound was obtained in 82% yield (488 mg, 1.86 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 20:1-10:1).

TLC (SiOy) R =0.60 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCl3) 6 = 7.52 (t, J = 7.4 Hz, 1H), 7.46 — 7.40 (m, 1H), 7.33 (dd, J = 9.8,
1.8 Hz, 1H), 6.52 (d, J = 5.8 Hz, 1H), 6.00 (ddd, J = 16.8, 10.4, 5.9 Hz, 1H), 5.35 - 5.30 (m, 1H),
5.29 (dt, J=7.1, 1.0 Hz, 1H), 2.14 (s, 3H).

13C NMR (126 MHz, CDCl3) & = 169.7, 160.7, 158.7, 134.4, 132.9 — 131.8 (m), 130.7 (d, J =
13.6 Hz), 129.0 (d, J = 4.1 Hz), 121.5 (p, J = 3.8 Hz), 118.3, 113.4 (dg, J = 25.0, 3.9 Hz), 70.1 (d,
J=25Hz),21.2.

F NMR (471 MHz, CDCl3) & = -62.9, -114.9 (dd, J = 9.8, 6.8 Hz).

HRMS (ESI): Calculated for C12H10F402 [M+Ag*] = 368.9662, Found 368.9667.
FTIR (neat): 3086, 1746, 1645, 1590, 1512, 1429, 1373, 1329, 1277, 1229, 1215, 1170, 1127,
1065, 1023, 983, 907, 879, 841, 746 cm,
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1-(3,5-bis(trifluoromethyl)phenyl)allyl acetate (1j)

OAc
Fs;C =

CF;
Procedure
Allylic alcohol S1j (1.87 g, 6.91 mmol, 100 mol%) was subjected to general procedure C. The title
compound was obtained in 77% yield (1.65 g, 5.29 mmol) as a colorless oil after isolation by flash
column chromatography (SiO., hexanes: ethyl acetate = 60:1).
TLC (SiO;) Rs = 0.53 (hexanes: ethyl acetate = 4:1).
'H NMR (500 MHz, CDCls) § = 7.83 (d, J = 2.2 Hz, 1H), 7.80 (d, J = 1.8 Hz, 2H), 6.35 - 6.33
(m, 1H), 5.97 (ddd, J = 16.8, 10.4, 6.1 Hz, 1H), 5.38 (dt, J = 8.7, 1.1 Hz, 1H), 5.35 (p, J = 1.0 Hz,
1H), 2.16 (s, 3H).

13C NMR (126 MHz, CDCls) § = 169.8, 141.8, 135.0, 132.2 (q, J = 33.4 Hz), 127.5, 127.4, 124.4,
122.3 (p, J = 3.6 Hz), 122.3, 119.0, 75.0, 21.3.

F NMR (471 MHz, CDCls) & -62.9.

HRMS (ESI): Calculated for C13H10FsO2 [M+Ag*] = 418.9630, Found 418.9640.
FTIR (neat): 2919, 2849, 2360, 1749, 1380, 1279, 1229, 1174, 1132, 1025, 986, 937, 904, 843,
754, 708, 683 cm.
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1-(5-bromo-2,3-dimethoxyphenyl)allyl acetate (1k)

OAc
Br =

OMe

OMe
Procedure
Allylic alcohol S1k (927 mg, 3.39 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 68% yield (495 mg, 1.57 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 30:1-15:1).
TLC (SiOy) R =0.42 (hexanes: ethyl acetate = 4:1).
IH NMR (400 MHz, CDCl3) § =7.05 (d, J = 2.3 Hz, 1H), 6.97 (d, J = 2.3 Hz, 1H), 6.56 (dt, J =
5.7, 1.5 Hz, 1H), 5.95 (ddd, J = 17.2, 10.4, 5.6 Hz, 1H), 5.25 (dt, J = 17.4, 1.5 Hz, 1H), 5.23 -
5.18 (m, 1H), 3.86 (s, 3H), 3.85 (s, 3H), 2.12 (s, 3H).

BC NMR (126 MHz, CDCls) § = 169.8, 153.5, 145.7, 135.7, 134.7, 122.0, 117.0, 116.6, 115.6,
70.5, 60.9, 56.2, 21.3.

HRMS (ESI): Calculated for C13H1sBrO4 [M+Na*] = 337.0046, Found 337.0051.
FTIR (neat): 2940, 1740, 1578, 1480, 1429, 1412, 1370, 1287, 1261, 1223, 1170, 1102, 1072,
1020, 1001, 983, 930, 850, 784, 697 cm™*.
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1-(6-methoxypyridin-3-yl)allyl acetate (1I)

OAc

\

MeO N

Procedure

Allylic alcohol S1I (819 mg, 4.96 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 50% yield (515 mg, 2.48 mmol) as a colorless oil after isolation by
flash column chromatography (SiO-, hexanes: ethyl acetate = 15:1).

TLC (SiOy) R =0.38 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCl3) 6 = 8.15 (t, J = 2.0 Hz, 1H), 7.55 (dt, J = 8.5, 2.2 Hz, 1H), 6.73 (dd,

J=8.6,1.8Hz, 1H), 6.23 (t, J = 3.7 Hz, 1H), 6.03 — 5.92 (m, 1H), 5.29 (dt, J = 11.2, 1.3 Hz, 1H),
5.26 (dt, J=4.5, 1.4 Hz, 1H), 3.92 (t, J = 1.5 Hz, 3H), 2.13 — 2.04 (m, 3H).

BC NMR (126 MHz, CDCl3) 6 = 170.0, 164.3, 146.4, 138.1, 135.8, 127.5, 117.4, 111.1, 73.9,
53.7,21.3.

HRMS (ESI): Calculated for C1:H13NO3 [M+H*] = 208.0968, Found 208.0968.
ETIR (neat): 2947, 1738, 1644, 1609, 1574, 1493, 1462, 1395, 1370, 1285, 1227, 1126, 1096,
1018, 933, 858, 831, 803, 761, 676 cm™.
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1-(2-(pyrrolidin-1-yl)pyrimidin-5-yl)allyl acetate (1m)

Procedure

Allylic alcohol S1Im (530 mg, 2.58 mmol, 100 mol%) was subjected to a modified version of
general procedure C using triethylamine (522 mg, 5.16 mmol, 200 mol%), acetic anhydride (316
mg, 3.10 mmol, 120 mol%), 4-dimethylaminopyridine (71 mg, 0.26, 10 mol%), and anhydrous
dichloromethane (26 mL, 0.1 M). The reaction was stirred at ambient temperature until starting
material was consumed. The reaction solution was diluted with dichloromethane and was washed
sequentially with water and a saturated aqueous brine solution. The organic layer was separated
and dried over anhydrous sodium sulfate. The organics were passed through a fritted filter into a
round bottom flask and concentrated in vacuo to afford the title compound in 92% yield (587 mg,
2.37 mmol) as a pale-yellow gel. The gel was used without further purification.

TLC (SiOy) R =0.55 (hexanes: ethyl acetate = 1:1).

'H NMR (400 MHz, CDCls) 6 = 8.30 (s, 2H), 6.12 (dt, J = 5.4, 1.6 Hz, 1H), 5.99 (ddd, J = 17.2,
10.5, 5.4 Hz, 1H), 5.31 (dt, J = 12.0, 1.3 Hz, 1H), 5.27 (dt, J = 5.4, 1.3 Hz, 1H), 3.60 — 3.53 (m,
4H), 2.06 (s, 3H), 2.02 — 1.95 (m, 4H).

B3C NMR (101 MHz, CDCls) 6 = 170.0, 160.1, 157.7, 135.3, 119.1, 117.2, 72.5, 46.7, 25.5, 21.2.

HRMS (ESI): Calculated for C13H17N3O. [M+H*] = 248.1394, Found 248.1392.
FTIR (neat): 2968, 2872, 1732, 1599, 1521, 1482, 1460, 1337, 1285, 1224, 927, 800, 773, 698,
652 cm™.
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1-(5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)allyl acetate (10)

Cl OAc

=
~I
N

Me

Procedure

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with 5-chloro-3-methyl-1-
phenyl-1H-pyrazole-4-carbaldehyde (1.00 g, 4.53 mmol, 100 mol%). The vessel was purged with argon and
anhydrous THF (23 mL, 0.2 M) was added. A solution of vinyl magnesium bromide (5.44 mL, 1.0 M in THF,
120 mol%) was added at 0 °C. Following addition, the reaction was allowed to reach ambient temperature
and was stirred until starting material was consumed. Triethylamine (1.3 mL, 9.1 mmol, 200 mol%) and
acetic anhydride (0.64 mL, 6.8 mmol, 150 mol%) were added to the reaction solution via syringe. The
reaction was stirred at ambient temperature for one hour. The reaction solution was diluted with diethyl ether
and water. The biphasic mixture was poured into a separatory funnel and mixed vigorously. The organics
were separated and the aqueous was extracted three times with diethyl ether. The organic layers were
combined and washed sequentially with saturated aqueous solutions of sodium bicarbonate and brine. The
organics were separated and dried over anhydrous sodium sulfate. The liquid was passed through a fritted
filter into a round-bottom flask and was concentrated in vacuo. The title compound was obtained in 25%
yield (330 mg, 1.13 mmol) as a pale-yellow oil after isolation by flash column chromatography (SiOa,
hexanes: ethyl acetate = 100:1-50:1).

TLC (SiO2) Rf = 0.59 (hexanes: ethyl acetate = 3:1).

'H NMR (500 MHz, CDCls) § = 7.55 — 7.51 (m, 2H), 7.47 (t, J = 7.8 Hz, 2H), 7.42 — 7.35 (m, 1H), 6.34
(dt, J=5.4, 1.7 Hz, 1H), 6.07 (ddd, J = 17.1, 10.4, 5.4 Hz, 1H), 5.31 (dt, J = 14.2, 1.3 Hz, 1H), 5.29 - 5.26
(m, 1H), 2.35 (s, 3H), 2.12 (s, 3H).

13C NMR (126 MHz, CDCl3) § = 170.1, 149.0, 138.3, 134.4, 129.2, 128.4, 126.5, 125.2, 117.1, 115.1, 68.6,
21.2,135.

HRMS (ESI): Calculated for C15H15CIN2O, [M+H*] = 291.0895, Found 291.0899.
ETIR (neat): 2918, 2849, 2050, 1652, 1558, 1463 cm™.
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tert-butyl 4-(1-acetoxyallyl)piperidine-1-carboxylate (1p)

OAc

=
BocN

Allylic alcohol S1p (1.12 g, 4.62 mmol, 100 mol%) was subjected to general procedure C. The title

Procedure

compound was obtained in 48% yield (628.6 mg, 2.22 mmol) as a colorless oil after isolation by
flash column chromatography (SiO-, hexanes: ethyl acetate = 15:1-10:1).

TLC (SiOy) R = 0.45 (hexanes: ethyl acetate = 2:1).

'H NMR (400 MHz, CDCl3) 6 = 5.78 —5.65 (m, 1H), 5.24 (dg, J = 7.6, 1.5 Hz, 1H), 5.20 (t, J =
1.3 Hz, 1H), 5.07 (ddt, J = 7.3, 6.2, 1.1 Hz, 1H), 4.12 (d, J = 13.2 Hz, 2H), 2.64 (t, J = 12.8 Hz,
2H), 2.05 (s, 3H), 1.73 - 1.57 (m, 3H), 1.44 (d, J = 1.9 Hz, 9H), 1.29 — 1.12 (m, 2H).

13C NMR (101 MHz, CDCls) 8 = 170.4, 154.9, 134.5, 118.4, 79.6, 78.0, 43.8, 40.1, 28.6, 27.9,
21.3.

HRMS (ESI): Calculated for C1sH2sNO4 [M+Na*] = 306.1676, Found 306.1676.
ETIR (neat): 2975, 2936, 2857, 2364, 1739, 1689, 1422, 1366, 1279, 1231, 1158, 1019, 975, 942,
867, 769 cm.
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1-(1-(pyrimidin-2-yl)piperidin-4-yl)allyl acetate (1q)

OAc

o

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with 1-(pyrimidin-2-

Procedure

ylpiperidine-4-carbaldehyde (1.91 g, 10.0 mmol, 100 mol%). The vessel was purged with argon and
anhydrous THF (100 mL, 0.1 M) was added. A solution of vinyl magnesium bromide (15.0 mL, 1.0 M in
THF, 150 mol%) was added at 0 °C. Following addition, the reaction was allowed to reach ambient
temperature and was stirred until starting material was consumed. Triethylamine (2.78 mL, 20.0 mmol, 200
mol%) and acetic anhydride (1.42 mL, 15.0 mmol, 150 mol%) were added to the reaction solution via syringe.
The reaction was stirred at ambient temperature for one hour. The reaction solution was diluted with diethyl
ether and water. The organics were separated and the aqueous was extracted twice with diethyl ether. The
organics were combined and washed with an aqueous solution of hydrochloric acid (1.0 M). The organic
layer was separated and dried over anhydrous sodium sulfate. The liquid was passed through a fritted filter
into a round-bottom flask and was concentrated in vacuo. The title compound was obtained in 29% vyield
(750 mg, 2.87 mmol) as a white solid after isolation by flash column chromatography (SiO», hexanes: ethyl
acetate = 15:1-3:1).

TLC (SiO2) Rf = 0.25 (hexanes: ethyl acetate = 2:1).

!H NMR (500 MHz, CDCl3) & = 8.28 (d, J = 4.7 Hz, 2H), 6.44 (t, J = 4.7 Hz, 1H), 5.75 (ddd, J = 17.3,
10.5, 6.9 Hz, 1H), 5.24 (dt, J = 11.7, 1.3 Hz, 1H), 5.22 (dt, J = 5.0, 1.3 Hz, 1H), 5.10 (t, J = 6.7 Hz, 1H),
4.80 (dq, J = 13.5, 2.4 Hz, 2H), 2.81 (it, J = 12.8, 2.9 Hz, 3H), 2.07 (s, 3H), 1.81 — 1.77 (m, 1H), 1.73 (dq, J
=13.3,2.8 Hz, 1H), 1.33 — 1.28 (m, 1H), 1.26 (dt, J = 12.2, 4.1 Hz, 2H).

13C NMR (126 MHz, CDCls) 6 = 170.4, 161.7, 157.9, 134.6, 118.3, 109.6, 78.2, 43.8, 40.5, 27.7, 21.3.

HRMS (ESI): Calculated for C14H19N30, [M+H*] = 262.1550, Found 262.1548.

ETIR (neat): 2993, 2939, 2853, 1737, 1584, 1545, 1504, 1448, 1393, 1305, 1231, 1083, 1020, 995, 973, 946,
797,781 cm™.

MP: 104-106 °C
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1-(1-(benzo[d]thiazol-2-yl)piperidin-4-yl)allyl acetate (1r)

Procedure

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with 1-(benzo[d]thiazol-2-
yl)piperidine-4-carbaldehyde (197 mg, 0.80 mmol, 100 mol%). The vessel was purged with argon and
anhydrous THF (8 mL, 0.1 M) was added. A solution of vinyl magnesium bromide (1.2 mL, 1.0 M in THF,
150 mol%) was added at 0 °C. Following addition, the reaction was allowed to reach ambient temperature
and was stirred until starting material was consumed. Triethylamine (0.22 mL, 1.6 mmol, 200 mol%) and
acetic anhydride (0.11 mL, 1.2 mmol, 150 mol%) were added to the reaction solution via syringe. The
reaction was stirred at ambient temperature for one hour. The reaction solution was diluted with diethyl ether
and water. The organics were separated and the aqueous was extracted twice with diethyl ether. The organics
were combined and washed with an aqueous solution of hydrochloric acid (1.0 M). The organic layer was
separated and dried over anhydrous sodium sulfate. The liquid was passed through a fritted filter into a round-
bottom flask and was concentrated in vacuo. The title compound was obtained in 82% yield (210 mg, 0.66
mmol) as a white solid after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 10:1—
1:1).

TLC (SiO2) Rf = 0.60 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCl3) 6 = 7.58 (dd, J = 7.9, 1.3 Hz, 1H), 7.54 (dd, J = 8.2, 1.3 Hz, 1H), 7.28 (ddd, J
=8.2,7.2,1.3Hz, 1H), 7.06 (td, J = 7.6, 1.2 Hz, 1H), 5.75 (ddd, J = 17.3, 10.6, 6.9 Hz, 1H), 5.31 - 5.21
(m, 2H), 5.13 (t, J = 6.5 Hz, 1H), 4.23 — 4.15 (m, 2H), 3.08 (td, J = 12.9, 12.5, 2.9 Hz, 2H), 2.08 (s, 3H),
1.81 (dddt, J = 30.2, 16.0, 5.7, 3.0 Hz, 3H), 1.44 (dddd, J = 17.5, 12.6, 6.9, 4.0 Hz, 2H).

13C NMR (126 MHz, CDCls) § = 170.3, 168.7, 153.0, 134.2, 130.9, 126.1, 121.4, 120.8, 119.1, 118.6, 48.8,
39.9,27.4,27.1,21.2.

HRMS (ESI): Calculated for C17H20N20.S [M+H*] = 317.1318, Found 317.1317.
ETIR (neat): 2945, 2855, 1737, 1595, 1531, 1445, 1369, 1289, 1233, 1123, 1018, 980, 926, 753, 726 cm.
MP: 104-106 °C
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1-(2-chloro-10H-phenothiazin-10-yl)but-3-en-2-yl acetate (1)

Procedure

Allylic alcohol S1s (540 mg, 1.77 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 80% yield (489 mg, 1.41 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 20:1).

TLC (SiO;) Rt = 0.7 (hexanes: ethyl acetate = 4:1).

'H NMR (400 MHz, CDCl3) § = 7.21 — 7.16 (m, 1H), 7.14 (dd, J = 7.9, 1.5 Hz, 1H), 7.04 (d, J =
8.1 Hz, 1H), 6.98 — 6.97 (m, 1H), 6.96 (dd, J = 2.6, 1.1 Hz, 1H), 6.94 (d, J = 2.0 Hz, 1H), 6.92
(dd, J=8.1, 2.0 Hz, 1H), 5.88 (ddd, J = 17.0, 10.6, 6.1 Hz, 1H), 5.64 (dtt, J = 7.4, 6.3, 1.3 Hz,
1H), 5.31 (dt, J = 17.3, 1.3 Hz, 1H), 5.24 (dt, J = 10.6, 1.2 Hz, 1H), 4.10 (dd, J = 13.8, 7.0 Hz,
1H), 3.96 (dd, J = 13.8, 6.3 Hz, 1H), 2.04 (s, 3H).

13C NMR (101 MHz, CDCl3) 8 = 170.3, 146.6, 144.4, 133.6, 133.5, 128.3, 127.9, 127.7, 126.1,
124.8, 123.6, 123.0, 118.6, 116.7, 116.5, 71.2, 50.9, 21.2.

HRMS (ESI): Calculated for C1sH16CINO,S [M+Na*] = 368.0482, Found 368.0496.

ETIR (neat): 3059, 2361, 2171, 1739, 1591, 1567, 1457, 1408, 1370, 1325, 1282, 1230, 1128,
1098, 1037, 932, 910, 853, 803, 752 cm,
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1-((1R,3R)-3-acetyl-2,2-dimethylcyclobutyl)but-3-en-2-yl acetate (1v)

Me
04/'" OA
’ (o3
wet 1, L
Me

Procedure

Allylic alcohol S1v (214 mg, 1.09 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 85% yield (222 mg, 0.931 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 15:1-7:1).

TLC (SiOy) R =0.53 (hexanes: ethyl acetate = 2:1).

'H NMR (500 MHz, CDCl3) 6 = 5.74 (ddt, J = 17.1, 10.5, 6.7 Hz, 1H), 5.25 - 5.19 (m, 1H), 5.19
—5.16 (m, 1H), 5.16 — 5.12 (m, 1H), 2.85 - 2.78 (m, 1H), 2.05 (d, J = 2.3 Hz, 3H), 2.03 (s, 3H),
2.00-1.95(m, 1H), 1.91 - 1.79 (m, 1H), 1.71 - 1.60 (m, 1H), 1.60 — 1.55 (m, 1H), 1.55 - 1.44
(m, 1H), 1.27 (d, J = 3.8 Hz, 3H), 0.86 (d, J = 6.5 Hz, 3H).

B3C NMR (126 MHz, CDCls) § = 208.0, 170.4, 136.8, 117.1, 74.1, 54.7, 43.5, 30.4, 30.3, 23.9,
21.5,17.5.

HRMS (ESI): Calculated for C14H2,03 [M+Na*] = 261.1461, Found 261.1465.
FTIR (neat): 2953, 1736, 1704, 1426, 1369, 1235, 1180, 1099, 1020, 991, 971, 929 cm*.
[a]28=-21.4 (c 0.14, CHCI5).
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1-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)but-3-en-2-yl acetate (1w)

MeO

Cl

Procedure

Allylic alcohol S1w (298 mg, 0.80 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 76% yield (280 mg, 0.68 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 20:1-3:1).

TLC (SiOy) R =0.34 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCl3) 6 = 7.70 — 7.55 (m, 2H), 7.51 — 7.37 (m, 2H), 7.06 (d, J = 2.5 Hz,
1H), 6.87 (d, J = 9.0 Hz, 1H), 6.66 (dd, J = 9.0, 2.5 Hz, 1H), 5.86 (ddd, J = 17.1, 10.5, 6.4 Hz,
1H), 5.53 — 5.40 (m, 1H), 5.24 (dt, J = 17.2, 1.3 Hz, 1H), 5.18 (dt, J = 10.6, 1.2 Hz, 1H), 3.85 (s,
3H), 3.05 (dd, J = 14.2, 6.5 Hz, 1H), 2.90 (dd, J = 14.2, 7.0 Hz, 1H), 2.34 (s, 3H), 2.04 (s, 3H).

B3C NMR (126 MHz, CDCl3) § = 170.3, 168.5, 156.2, 139.3, 136.0, 135.8, 134.3, 131.4, 131.3,
131.0, 129.3, 117.2, 115.1, 115.0, 111.6, 101.8, 74.5, 55.9, 29.8, 21.5, 13.8.

HRMS (ESI): Calculated for Ca3H2,CINO4 [M+Na*] = 434.1130, Found 434.1130.
FTIR (neat): 2949, 2930, 2831, 1720, 1674, 1613, 1599, 1480, 1368, 1245, 1229, 1057, 803, 753

cm.
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1-((2-butyl-4-chloro-1-((2'-(1-trityl-1H-tetrazol-5-yl)-[1,1'-biphenyl]-4-yl)methyl)-1H-
imidazol-5-yl)methoxy)but-3-en-2-yl acetate (1x)

Procedure

Allylic alcohol S1x (345 mg, 0.47 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 65% yield (237 mg, 0.30 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 10:1-3:1).

TLC (SiOy) Rs =0.60 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCl3): 6 =7.94 (t, J = 7.3 Hz, 1H), 7.48 (dq, J = 14.2, 7.1 Hz, 2H), 7.34 (t,
J=7.4Hz, 4H), 7.26 (t, J=7.6 Hz, 7H), 7.11 (d, J = 7.8 Hz, 2H), 6.93 (d, J = 7.6 Hz, 6H), 6.74
(d, J=7.8 Hz, 2H), 5.72 (ddd, J = 17.0, 10.6, 6.0 Hz, 1H), 5.36 (d, J = 4.9 Hz, 1H), 5.30 - 5.18
(m, 2H), 5.04 (s, 2H), 4.22 (s, 2H), 3.43 (h, J = 6.7 Hz, 1H), 2.49 (t, J = 7.8 Hz, 2H), 2.06 (s, 3H),
1.65 (p, J = 7.7 Hz, 3H), 1.35 — 1.27 (m, 3H), 0.86 (t, J = 7.3 Hz, 3H).

3C NMR (126 MHz, CDCls): § = 170.1, 164.0, 148.9, 141.3, 141.0, 134.4, 133.1, 130.8, 130.3,
130.0, 129.9, 129.3, 128.3, 127.8, 127.7, 126.2, 125.2, 121.6, 118.1, 82.9, 73.0, 70.4, 60.9, 47.0,
29.7,26.8,22.4,21.2, 20.6, 13.8.

HRMS (ESI): Calculated for C47H47CIN60O2 [M+H+] = 777.3314, Found 777.3315.
FTIR (neat): 2960, 1737, 1584, 1493, 1446, 1372, 1265, 1249, 1028, 993, 881, 733, 699 cm.
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1-(4-(dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl)but-3-en-2-yl acetate (1y)

NHOQ;
)

C:ﬁ@

S

Procedure

Allylic alcohol S1y (375 mg, 1.03 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 89% yield (375 mg, 0.92 mmol) as a pale-yellow oil after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 5:1-3:2).

TLC (SiO;) Rs = 0.50 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCls) 8 =7.50 (d, J = 7.5 Hz, 1H), 7.38 (dd, J = 7.8, 1.6 Hz, 1H), 7.35 —
7.27 (m, 3H), 7.17 (td, J = 7.6, 1.6 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 6.88 (td, J = 7.5, 1.5 Hz,
1H), 5.85 (ddd, J = 16.9, 10.6, 5.9 Hz, 1H), 5.48 (g, J = 6.1 Hz, 1H), 5.29 (d, J = 17.3 Hz, 1H),
5.21 (d, J = 10.6 Hz, 1H), 3.51 (s, 4H), 2.80 — 2.54 (m, 4H), 2.51 (ddt, J = 13.0, 9.4, 4.1 Hz, 2H),
2.09 (d, J = 2.6 Hz, 3H).

3C NMR (126 MHz, CDCls) 6 = 170.3, 161.0, 149.0, 140.1, 135.2, 134.3, 132.3, 132.3, 130.9,
129.2,129.1, 128.4, 128.1, 125.5, 122.9, 117.2, 71.6, 61.8, 53.4, 31.1, 21 4.

HRMS (ESI): Calculated for Ca3H2sN302S [M+H*] = 408.1740, Found 408.1740.
FTIR (neat): 2934, 2812, 1736, 1596, 1574, 1556, 1453, 1410, 1369, 1305, 1235, 1147, 1005, 915,
773,762, 740 cm™.
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3.1f. Procedures and Spectral Data for Synthesis of Secondary Alcohols 2a-2y

General Procedure D

0,
EtOH (500 mol%) .\ H
OH [Ir] (5 mol%) L
= g =
R)\/ K,COs3 (100 mol%) R
(100 mol%) MTBE (0.4 M)

An oven-dried pressure tube equipped with a magnetic stir bar was charged with allyl acetate (0.200
mmol, 100 mol%), (S)-1r-V (10.7 mg, 0.0100 mmol, 5 mol%), and potassium carbonate (27.6 mg,
0.200 mmol, 100 mol%). The tube was purged with argon and ethanol (58 pL, 1.0 mmol, 500
mol%) was added by syringe, followed by tert-butyl methyl ether (0.50 mL, 0.40 M). The septum
was removed and the tube was sealed with a polytetrafluoroethylene-lined screwcap. The tube was
placed in an oil bath at 60 °C and stirred for 24 hours. The vessel was allowed to cool to ambient
temperature and the reaction mixture was filtered through celite with the aid of dichloromethane.

The filtrate was concentrated in vacuo and the residue was directly subjected to flash column
chromatography.
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(2R,3R)-3-(4-bromophenyl)pent-4-en-2-ol (2a)

(= =
o
I

Me

\

Br

Procedure

Allyl acetate 1a (51.0 mg, 0.200 mmol, 100 mol%) was subjected to general procedure D (60 °C,
24 hr). The title compound was obtained in 75% yield (36.2 mg, 0.150 mmol, >20:1 dr) as a pale-
yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-
10:1).

TLC (SiOy) Rf =0.32 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCls) § = 7.44 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.3 Hz, 2H), 6.06 (ddd, J =
17.1,10.3, 8.9 Hz, 1H), 5.25 (dd, J = 10.2, 1.6 Hz, 1H), 5.21 (dt, J = 17.1, 1.2 Hz, 1H), 4.01 -
3.87 (m, 1H), 3.14 (t, J = 8.2 Hz, 1H), 1.84 (s, 1H), 1.07 (d, J = 6.2 Hz, 3H).

13C NMR (126 MHz, CDCls) & = 140.7, 138.0, 131.9, 129.9, 120.7, 118.5, 70.2, 58.5, 20.9.

HRMS (ESI): Calculated for C11H13BrO [M+Ag*] = 346.9195, Found 346.9205.

ETIR (neat): 3394, 3077, 2970, 2928, 1637, 1589, 1488, 1455, 1403, 1374, 1262, 1105, 1073,
1010, 920, 869, 816, 718 cm™.

[a]2%=-67.7 (c 0.30, CHCI,).

HPLC (Chiralcel OD-H column in series with a Chiralcel AD-H column, hexanes:i-PrOH = 95:5,
1.00 mL/min, 230 nm), ee = 92%.

142



(wdd) T

L4 e CE oy b s gg ] go 0L oL e o8 e ce

e

T

0T

g0

0o

g0

204

2073

too-|

103
102

102

1oz

n.g?—I

3.1d4=x

143

745
w743

709
]

6.10
6.08
6.08
6.07
6.06
605
6.04
6.03
5.26
5.26
5.24
5.24
5.23
5.23
523
5.20
5.20
5.19

347
3.96
345
3.494
3083
3.92

3.16
3.14
3.13

—1.84

108
106



(wdd) 1y

0z i3 lih4 0s 09 0L 08 06 oot 01t 0zt 0ET 0¥T 0sT 09t 04T 08T 06T 00g 01z
[ [

ot

01-

! !

|

144

—140.70
—138.00

—131.90
—129 .88

—120.68
——118 .54

—70.20

—58.51

—20.86



DAD1 C, Sig=210,8 Ref=3560,100 (COLE\COLE ETHANOL 2020-12-20 00-36-5H#033-0301.D)

maAL

i

A00 =
0. G g
=

200 -

100

0 -

T T LI
13.8 14 14.2 14.4 1486 14.8 15 152  miny

FPeak RetTime Type Width Area Height Area
# [min] [min] [mAT*s5 ] [mAT] %

1 14.078 VW D.2163 3903.37476 273_.89548 51.0942
2 1l4.852 WV 0.2236 3736.18457 256.95441 48.3038

DAD1 C, Sig=210,8 Ref=360,100 (COLE_OLD\COLE_ETHANOL 2019-11-19 00-10-13\032-0301.D)

mAU
&
1 2
800 -
600
400
200 0
] @
0- :
I D P L Y P e Y e
13.2 134 136 138 14 14.2 14.4 14.6 14.8
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*=s] [mAl] %

1 13.625 BB 0.1947 477.03635 37.94899 4.2171
2 14.366 BV 0.2051 1.0834%e4 814.88196 95.7829
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(2R,3R)-3-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)pent-4-en-2-ol (2b)

= =

Me OH

Procedures

(0.200 mmol scale) Allyl acetate 1b (51.2 mg, 0.200 mmol, 100 mol%) was subjected to general
procedure D (60 °C, 24 hr). The title compound was obtained in 82% vyield (39.7 mg, 0.164 mmol,
>20:1 dr) as a pale-yellow oil after isolation by flash column chromatography (SiO-, hexanes: ethyl
acetate = 20:1-5:1).

(1.00 mmol scale) Allyl acetate 1b (256.2 mg, 1.00 mmol, 100 mol%) was subjected to general
procedure D (60 °C, 24 hr). The title compound was obtained in 84% vyield (204 mg, 0.842 mmol,
>20:1 dr) as a pale-yellow oil after isolation by flash column chromatography (SiO-, hexanes: ethyl
acetate = 20:1-5:1).

TLC (SiOy) R =0.23 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCl3) 6 = 7.00 (d, J = 8.2 Hz, 1H), 6.95 (d, J = 1.7 Hz, 1H), 6.91 (dd, J =
8.2, 1.7 Hz, 1H), 6.05 (ddd, J = 17.0, 10.2, 8.8 Hz, 1H), 5.27 (dd, J = 10.3, 1.5 Hz, 1H), 5.22 (dt,
J=17.0,1.2 Hz, 1H), 3.94 (dt, J = 7.3, 6.1 Hz, 1H), 3.17 (t, J = 8.1 Hz, 1H), 1.79 (s, 1H), 1.09 (d,
J=6.2 Hz, 3H).

13C NMR (126 MHz, CDCls): & = 144.1, 142.6, 138.0, 137.8, 131.8 (t, J = 253.8 Hz, 1H), 123.2,
118.7, 109.6, 109.3, 70.3, 58.6, 20.9.

F NMR (471 MHz, CDCls) & -50.0.

HRMS (ESI): Calculated for C12H12F203 [M+Ag*] = 348.9800, Found 348.9788.

ETIR (neat): 3406, 2976, 1639, 1498, 1446, 1238, 1153, 1034, 952, 924, 901, 873, 811, 705 cm™™.
[a]3°=-67.8 (c 0.39, CHCls).

HPLC (Chiralcel OJ-H column, hexanes:i-PrOH = 98:2, 1.00 mL/min, 210 nm), ee = 93%.
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DAD1 C, Sig=210,8 Ref=360,100 (COLE\COLE ETHANOL 2020-03-07 09-09-21\017-0301.D)

mAU
] 3
600 -
: o
500—_ 'IB
] o
400
300 ]
200
100
0 '
: T . T T T T T T T T T T T T T T T T T
12 13 14 15 16
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAl] %
=== | === [ === [=====—— | ======—= |
1 13.136 BE D.2625 9473.17480 556.82104 49.4154

2 15.676 BB 0.3407 9697.29785 434.00620 50.58486

DAD1 C, Sig=210,8 Ref=360,100 (COLE\COLE ETHANOL 2020-03-07 10-39-46\016-0201.D)

mAU
600
500
| :
400
300
200
i00- 2
] e
:__—____,____-'"_""-1...__
0] . -
1 T T T T T T T T T T T
12 13 14 15 16
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mAU*=s] [mAlT] %

1 13.188 BB 0.2436 304.27011 18.92569 3.4703
2 15.666 BB 0.3311 8463.65137 393.17297 96.5297
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(2R,3R)-3-(6-(trifluoromethyl)pyridin-3-yl)pent-4-en-2-ol (2c)

Procedures

(0.200 mmol scale) Allyl acetate 1c (49.0 mg, 0.200 mmol, 100 mol%) was subjected to general
procedure D (60 °C, 24 hr). The title compound was obtained in 75% vyield (34.7 mg, 0.150 mmol,
>20:1 dr) as a colorless oil after isolation by flash column chromatography (SiO-, hexanes: ethyl
acetate = 20:1-5:1).

(1.00 mmol scale) Allyl acetate 1c (245.2 mg, 1.0 mmol, 100 mol%) was subjected to general
procedure D (60 °C, 24 hr). The title compound was obtained in 75% vyield (173 mg, 0.748 mmol,
>20:1 dr) as a colorless oil after isolation by flash column chromatography (SiO», hexanes: ethyl
acetate = 20:1-5:1).

TLC (SiO7) R = 0.3 (hexanes: ethyl acetate = 3:1).

IH NMR (400 MHz, CDCls) & = 8.59 (d, J = 2.0 Hz, 1H), 7.76 (dd, J = 8.1, 2.1 Hz, 1H), 7.63 (d,
J=8.1Hz, 1H), 6.11 (ddd, J=17.1, 10.3, 8.7 Hz, 1H), 5.32 (dd, J = 10.3, 1.3 Hz, 1H), 5.27 -
5.18 (m, 1H), 4.05 (p, J = 6.3 Hz, 1H), 3.34 (dd, J = 8.7, 6.4 Hz, 1H), 2.00 (s, 1H), 1.13 (d, J =
6.3 Hz, 3H).

13C NMR (101 MHz, CDCl3) & = 150.2, 146.7 (q, J = 34.7 Hz), 140.9, 137.0, 136.1, 123.1, 120.4
(dt, J=4.5, 2.3 Hz), 119.8, 70.0, 55.7, 21.3.

F NMR (376 MHz, CDCls) & -67.8.

HRMS (ESI): Calculated for C11H1,FsNO [M+H*] = 232.0944, Found 232.0945.

ETIR (neat): 3390, 2970, 1398, 1336, 1241, 1175, 1130, 1085, 1027, 924, 851, 815, 775 cm™.
[a]28=-76.9 (c 0.18, CHCI5).

HPLC (Chiralcel AD-H column in series with a Chiracel OD-H column, hexanes:i-PrOH = 90:10,
1.00 mL/min, 210 nm), ee = 92%.
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DAD1 C, Sig=210,8 Ref=360,100 (COLE\COLE OPTIMIZE 2021-01-13 07-36-45058-0501.D)

155

mAU
200+
150
100 4
3 8
z S
) /\
. .
10.5 10?75 1‘1 11|,25 1ﬂ|,5 11‘?5 1I2 12‘,25 12| 5 12l75 mir]
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAaU*s] [mAU] %
=== === | === ======= | =========- [========== [=====——-
1 11.104 VB 0.1649 510.50958 47.67224 48.9933
2 12.156 BB 0.1902 531.48926 42.99371 51.0087
DAD1 C, Sig=210,8 Ref=360,100 (COLE\COLE OPTIMIZE 2021-01-13 09-07-11\056-0401.D)
mAU
400+
300+ =
2004
100 | A
uh
g &
=
o
10.5 10!75 1‘1 11‘.25 11‘.5 11‘75 1I2 12!25 12|.5 12‘?5 miry
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s] [mAll] %
- | —===|======= | ===——————= | ===——————- [ =======- I
1 11,123 MM 0.1749 133.42749 12.71474 4.1284
2 12.177 BB 0.1895 3098.52148 251.89319 95.8716



(2R,3S)-3-(5-chlorothiophen-2-yl)pent-4-en-2-ol (2d)

Procedures

(0.200 mmol scale) Allyl acetate 1d (43.3 mg, 0.200 mmol, 100 mol%) was subjected to general
procedure D (60 °C, 48 hr). The title compound was obtained in 71% yield (28.8 mg, 0.142 mmol,
>20:1 dr) as a yellow oil after isolation by flash column chromatography (SiO., hexanes: ethyl
acetate = 25:1-10:1).

(1.00 mmol scale) Allyl acetate 1d (216.7 mg, 1.0 mmol, 100 mol%) was subjected to general
procedure D (60 °C, 16 hr). The title compound was obtained in 74% yield (150 mg, 0.740 mmol,
>20:1 dr) as a yellow oil after isolation by flash column chromatography (SiO., hexanes: ethyl
acetate = 25:1-10:1).

TLC (SiO;) Rs = 0.49 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCl3) § = 6.77 (d, J = 3.7 Hz, 1H), 6.64 (dd, J = 3.7, 0.8 Hz, 1H), 5.98
(ddd, J=17.0, 10.2, 8.8 Hz, 1H), 5.28 (ddd, J = 10.2, 1.5, 0.6 Hz, 1H), 5.24 (ddd, J = 17.0, 1.5,
0.9 Hz, 1H), 3.96 (p, J = 6.2 Hz, 1H), 3.47 — 3.38 (m, 1H), 1.83 (s, 1H), 1.18 (d, J = 6.2 Hz, 3H).
13C NMR (126 MHz, CDCl3) & = 143.2, 136.6, 128.5, 125.9, 124.1, 119.1, 70.6, 53.9, 20.7.
HRMS (ESI): Calculated for CoH1:CIOS [M+Ag*] = 308.9265, Found 308.9270.

ETIR (neat): 3382, 2976, 1638, 1539, 1450, 1374, 1259, 1215, 1111, 1059, 1015, 989, 922, 792
cm,

[a]28=-18.4 (c 0.27, CHCI5).

HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 254 nm), ee = 92%.
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DAD1 C, Sig=210,8 Ref=360,100 (COLE\COLE ETHANOL 2020-03-03 06-03-36\037-2701.D)

mAU 1
600 ©
] &
500 §«s‘$
] r-\sa
400—: @
1 2 @g
300 ‘g‘é@é.
200
100
0
A -~ - - r T - - T - 1 - T T 1 T T T T 1 T T T
8 9 10 11 12 13 14 min
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*=s] [mAU] %
=== | === | === |======= [========== [========== | ======== |
1 7.806 MM 0.1838 4886.16406 443.02209 49.9566
2 13.078 MM 0.3375 4894.65820 241.69791 50.0434
DAD1 C, Sig=210,8 Ref=360,100 (NICK\10-03-2020 AG-II-104 2020-10-06 12-32-121052-0301.D)
mAU ]
smé
500 - N
] T
400 % @§§
5 e
300
2mé
] &
100—j w _fﬁ'q’.
| &
04 —_ —
! T T T T T T T T T
8 9 10 11 12 13 14 miry
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s ] [mAU] %
=== | === |=—=—=]======= | ====—=—==- [========== | ========
1 8.365 MM 0.2686 292.95981 18.17530 3.5322
2 13.549 MM 0.3791 8001.00928 351.72815 96.4678
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(2R,3S)-3-(2-(4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)ethyl) pent-4-en-2-ol (2e)

H
Me._ - _OH

Me
Br z N =
_N' H
Me

Procedures

(0.200 mmol scale) Allyl acetate 1e (60.2 mg, 0.200 mmol, 100 mol%) was subjected to a modified
version of general procedure D using (S)-Ir-1V (10.0 mg, 0.0100 mmol) and acetone as solvent
(0.2 mL, 1.0M, 60 °C, 24 hr). The title compound was obtained in 70% yield (40.2 mg, 0.142 mmol,
5:1 dr) as a white solid after isolation by flash column chromatography (SiO,, hexanes: ethyl acetate
=10:1-1:1).

(1.00 mmol scale) Allyl acetate 1e (301.2 mg, 1.00 mmol, 100 mol%) was subjected to a modified
version of general procedure D using (S)-Ir-1V (10.0 mg, 0.0100 mmol) and acetone as solvent
(2.0 mL, 1.0M, 60 °C, 24 hr). The title compound was obtained in 68% yield (195 mg, 0.679 mmol,
5:1 dr) as a white solid after isolation by flash column chromatography (SiO,, hexanes: ethyl acetate
=10:1-1:1).

TLC (SiO;) Rs =0.22 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCl3) § = 5.67 (ddd, J = 17.2, 10.4, 9.1 Hz, 1H), 5.26 (dd, J = 10.3, 1.8
Hz, 1H), 5.15 (dd, J = 17.3, 1.8 Hz, 1H), 4.01 (ddd, J = 14.3, 9.1, 5.3 Hz, 1H), 3.91 (ddd, J =
14.0, 8.9, 6.8 Hz, 1H), 3.69 (h, J = 6.1 Hz, 1H), 2.20 (s, 3H), 2.19 (s, 3H), 2.10 — 2.04 (m, 1H),
2.00 (dg, J=9.4, 4.5 Hz, 1H), 1.80 (s, 1H), 1.78 — 1.68 (m, 1H), 1.16 (d, J = 6.3 Hz, 3H).

13C NMR (126 MHz, CDCls) 6 = 146.0, 137.8, 136.9, 119.3, 93.9, 69.8, 49.4, 48.2, 31.0, 20.6,
12.4,10.5.
HRMS (ESI): Calculated for C12H19BrN.O [M+H*] = 287.0754, Found 287.0754.
ETIR (neat): 3361, 2969, 2925, 2975, 1740, 1639, 1546, 1475, 1422, 1377, 1315, 1261, 1207,
1130, 1071, 1000, 918, 887, 865, 814, 768, 669 cm .
[a]28=-8.8 (c 0.17, CHCls).
HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 99:1, 1.00 mL/min, 230 nm), ee = 95%.
MP: 64-66 °C
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DAD1 D, Sig=230,16 Ref=360,100 (COLE2\COLE ETHANOL 2020-08-03 09-13-36018-0601.0)
mAU ]
8
& 8
20 R
150
100+
50
o
21 275 28 285 2 »s B 05 ]
Feak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mau] &
- | —— - [—————————- |—— |- I
1 27.850 BV 0.7037 9085.23340 204.93B28 4EB.4645
2 28.268 VB 0.7824 9671.54355 186.08044 51.5355
_ DAD1 D, Sig=230,16 Ref=360,100 (COLE2\COLE ETHANOL 2020-08-03 09-13-36'036-0301.0)
mAl
IED—:
140
] g
120 8
100+
001
40+
20 g
] &
0] —
25 % 75 28 25 P 285 il
Peak RetTime Type Width Area Height Area
# [min] [min] [mEU*s] [mAU] &
e | === === [ —==—=————- | ———————— |- I
1 26.945 BV 0.5130 131.&47259 3.66655 2.3500
2 2B.424 VB 0.7464 5471.37158 115.54547 57.65300
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3-((3R,4R)-4-hydroxypent-1-en-3-yl)benzonitrile (2f)

K= =

Me. - _OH

NC =

Procedure

Allyl acetate 1f (40.2 mg, 0.200 mmol, 100 mol%) was subjected to general procedure D (60 °C,
36 hr). The title compound was obtained in 85% yield (31.8 mg, 0.142 mmol, >20:1 dr) as a pale-
yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-
5:1).

TLC (SiOy) R =0.30 (hexanes: ethyl acetate = 3:1).

'H NMR (500 MHz, CDCl3) 6 = 7.54 (d, J = 7.0 Hz, 1H), 7.52 (s, 1H), 7.47 (dt, J = 7.9, 1.6 Hz,
1H), 7.45 — 7.40 (m, 1H), 6.08 (ddd, J = 17.0, 10.3, 8.8 Hz, 1H), 5.30 (dd, J = 10.2, 1.5 Hz, 1H),
5.23 (dt, J=17.1, 1.3 Hz, 1H), 4.00 (p, J = 6.4 Hz, 1H), 3.28 — 3.18 (m, 1H), 1.84 (s, 1H), 1.10
(d, J=6.2 Hz, 3H).

13C NMR (126 MHz, CDCl3) 6 = 143.4, 137.1, 132.9, 131.9, 130.6, 129.6, 119.3, 119.0, 112.9,
70.1,58.3, 21.1.

HRMS (ESI): Calculated for C12H:sNO [M+Na*] = 210.0889, Found 210.0884.

ETIR (neat): 3423, 3078, 2973, 2926, 2229, 2017, 1638, 1599, 1581, 1482, 1454, 1432, 1516,
1375, 1263, 1111, 1073, 998, 972, 921, 797, 752, 737, 697, 673 cm™.

[a]2%=-47.4 (c 0.36, CHCI,).

HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 98:2, 1.00 mL/min, 230 nm), ee = 90%.

164



(wdd) 14

s gg 09 g9 0L oL o8 o8 0o o6

-

=gl 0T oT e oL e CE

00

c'o-

094
oag
108
105

1.nn—1

087~
1014

0.98 ]

0987

1.DE~‘

308

-

165

754
754
753
::? 52
-7 48
-7 .48
-7 .47
-7 47
7 46
L7 .46
7 44
17 44
7 .43
743
L7.41
L7 41
6.11
6.09
6.09
6.08
6.07
6.06
6.06
6.04
531
531
5.29

Z5.29
525
5.25
5.25
5.22
521
521

|:? 55

4.03
4.02
4.00
3.99
3.498

3.25
3.24
3.23
3.23
3.22

—1.84

110
1.09



gy Ly

09l ndl L
I 1

a1
1

(114

166

7D

— AR5

— i



DAD1 D, Sig=230,16 Ref=360,100 (COLE\COLE ETHANOL 2020-03-03 06-03-36\033-1201.D)

mAU
400
300
200} 2
i 5 .
4 E g
100
0 ) i T
T T T T T T T T T T T T T T T T T T T T
34 36 38 40 42 44 miry
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*=s] [mAU] 3
=== | = e s [========== | ======== |
1 35.721 BB 1.0024 1.0344%e4 142 .25600 50.2116
2 42.885 BB 1.0031 1.02577e4 152.04002 49,7884
DAD1 D, Sig=230,16 Ref=360,100 (COLE\COLE ETHANOL 2020-03-03 22-43-391006-0301.D)
mAU ]
300
] 2
200 o 8 &
4 rb% oy éb'.
100 § éﬂk id
0 : I :gi . L
] T T T T T T T
36 38 40 42 44 46 mir|
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAlU] 3

1 36.824 MF 1.4279 407.39820 4.75518 5.1742
2 43,352 MM 1.4685 T466.19434 84.73927 94.8258
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(2R,3R)-3-(3,4-dichlorophenyl)pent-4-en-2-ol (29)

(=

Me OH

Cl =

Cl
Procedure
Allyl acetate 1g (48.8 mg, 0.200 mmol, 100 mol%) was subjected to general procedure D (60 °C,
18 hr). The title compound was obtained in 79% yield (36.3 mg, 0.158 mmol, >20:1 dr) as a yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-10:1).
TLC (SiOy) R =0.33 (hexanes: ethyl acetate = 4:1).
'H NMR (500 MHz, CDCl3) 6 = 7.39 (d, J = 8.3 Hz, 1H), 7.31 (d, J = 2.1 Hz, 1H), 7.06 (dd, J =
8.3, 2.1 Hz, 1H), 6.04 (ddd, J = 17.0, 10.2, 8.9 Hz, 1H), 5.28 (dd, J = 10.2, 1.5 Hz, 1H), 5.22 (dt,
J=17.1,1.2 Hz, 1H), 3.96 (p, J = 6.4 Hz, 1H), 3.15 (dd, J = 8.9, 7.2 Hz, 1H), 1.79 (s, 1H), 1.09
(d, J=6.3 Hz, 3H).
13C NMR (126 MHz, CDCl3) 6 = 142.1, 137.4, 132.8, 130.9, 130.7, 130.2, 127.6, 119.1, 70.1,
58.1, 21.0.

HRMS (ESI): Calculated for C1;H1.Cl.0 [M+Ag*] = 336.9311, Found 336.9304.

ETIR (neat): 3414, 2972, 2923, 1637, 1560, 1470, 1392, 1261, 1197, 1133, 1075, 1030, 993, 969,
922, 894, 876, 817, 747, 707 cm ™™,

[a]2%=-59.3 (c 0.27, CHClI,).

HPLC (Two Chiralcel OD-H columns in series, hexanes:i-PrOH = 95:5, 1.00 mL/min, 254 nm),

ee = 92%.
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DAD1 A, Sig=254,4 Ref=360,100 (NICK\NICK-ETHANOL-031620 2020-03-15 22-46-58\055-0901.D)

mAU
35
30
25
20
15
104 2 g a,s,@'
] ] ,
5_/\ =
04 ',
5
-10 ] T T T
134 13.6 138 14 14.2 14.4 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAlU] %
=== ||| | [========== | ======—= |
1 13.508 vv 0.2125 69.88653 5.01749 50.6632
2 14,146 MF 0.2449 68.05678 4.63163 49,3368
DAD1 A, Sig=254,4 Ref=360,100 (NICKINICK-ETHANOL-031620 2020-03-15 22-46-58\056-1501.D)
mAU
35
30
] 3
25 g
20
15—f
1o—f
5
04 8
] o
54 -
-10 " " T T T T T T T T T T T T T
132 134 136 138 14 14.2 144 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== | - | —===————= | ======—= |
1 13.458 BB 0.1813 17.31525 1.26805 4.1096

2 14.085 BB 0.2315 404.01782 27.16272 95.89%04
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(2R,3R)-3-(benzo[d][1,3]dioxol-5-yl)pent-4-en-2-ol (2h)

= =

Me OH

Procedure

Allyl acetate 1h (44.0 mg, 0.200 mmol, 100 mol%) was subjected to general procedure D (60 °C,
24 hr). The title compound was obtained in 80% yield (33.0 mg, 0.160 mmol, >20:1 dr) as a yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 25:1-10:1).
TLC (SiOy) R =0.33 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCl3) § = 6.76 (d, J = 8.0 Hz, 1H), 6.70 (d, J = 1.7 Hz, 1H), 6.65 (dd, J =
8.0, 1.7 Hz, 1H), 6.05 (ddd, J = 16.9, 10.4, 9.0 Hz, 1H), 5.93 (s, 2H), 5.23 (dd, J = 3.5, 1.3 Hz,
1H), 5.21 — 5.18 (m, 1H), 3.91 (dqg, J = 7.7, 6.2 Hz, 1H), 3.09 (t, J = 8.3 Hz, 1H), 1.87 (s, 1H),
1.08 (d, J = 6.2 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 = 148.0, 146.4, 138.7, 135.5, 121.2, 118.0, 108.6, 108.4, 101.1,
70.4, 58.8, 20.8.

HRMS (ESI): Calculated for C11H1:NO [M+Na*] = 312.9988, Found 312.9982.

FTIR (neat): 3395, 2972, 2893, 1503, 1485, 1440, 1242, 1152, 1096, 1073, 1037, 929, 806 cm™.
[a]2%=-39.5 (c 0.27, CHClI,).

HPLC (Chiralcel AD-H column in series with a Chiralcel OD-H column, hexanes:i-PrOH = 95:5,
1.00 mL/min, 254 nm), ee = 91%.
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DAD1 B, Sig=254,16 Ref=360,100 (DUONG\COLE OPTIMIZE 2021-01-11 14-56-02051-0301.D)

22,002

-20 T T T T T T
22 24 26 28 30 32 mir|

Peak RetTime Type Width Area Height Lrea
# [min] [min] [maU*s] [mAl] %
=== === | —===|======= | === [ === [ =======-
1 22.002 BB 0.3653 955.88153 39.92601 51.8735
2 31.586 MM 0.5687 886.83362 25.98886 4B.1265

DAD1 B, Sig=254,16 Ref=360,100 (COLE\COLE OPTIMIZE 2021-01-13 07-36-45\057-0201.0)
mAU
30 -
70
m -
50 —
40 N
g o
30 5‘»&0‘3‘
20 -
104 -
2
8
04 |
-10 T T T T T T
22 24 26 28 30 32 miry
Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAaU*s] [mAU] %
=== === |==========- [=======—=- [ === [ =======- I
1 22.041 BB 0.2787 47.78994 1.90776 4.4704

2 31.600 MM 0.5723 914.40088  26.63142 95.5296
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(2R,3R)-3-(2-fluoro-4-(trifluoromethyl)phenyl)pent-4-en-2-ol (2i)

= =
(@]
I

Me

\

Fs;C

-n

Procedure

Allyl acetate 1i (52.4 mg, 0.200 mmol, 100 mol%) was subjected to general procedure D (60 °C,
16 hr). The title compound was obtained in 71% yield (35.4 mg, 0.142 mmol, >20:1 dr) as a yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-5:1).
TLC (SiOy) R =0.24 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCls) § = 7.43 — 7.36 (m, 2H), 7.36 — 7.28 (m, 1H), 6.13 (dddd, J = 17.1,
10.3, 8.9, 1.4 Hz, 1H), 5.30 (dd, J = 10.2, 1.5 Hz, 1H), 5.27 (dt, J = 17.1, 1.0 Hz, 1H), 4.07 (p, J =
6.4 Hz, 1H), 3.57 (t, J = 8.2 Hz, 1H), 1.84 (s, 1H), 1.12 (d, J = 6.2 Hz, 3H).

¥C NMR (126 MHz, CDCl3) 6 = 161.2, 159.2, 136.2, 133.1 (d, J = 14.8 Hz), 130.8 (dd, J = 33.4,
8.3 Hz), 130.4 (d, J = 5.3 Hz), 121.4 (p, J = 3.8 Hz), 119.8, 113.4 (dg, J = 26.5, 3.9 Hz), 69.4 (d,
J=2.1Hz),52.2,21.1.

F NMR (471 MHz, CDCls) 6 -62.7, -114.8 (dd, J = 10.5, 4.8 Hz).

HRMS (ESI): Calculated for C,H1oFsO [M+Ag*] = 354.9870, Found 354.9866.
FTIR (neat): 3387, 2978, 1584, 1510, 1429, 1329, 1277, 1217, 1168, 1124, 1067, 994, 970, 923,
904, 879, 830, 744 cm'L,

[a]2%=-47 (c 0.15, CHCls).
HPLC (Two Chiralcel OD-H columns in series, hexanes:i-PrOH = 99:1, 1.00 mL/min, 280 nm),
ee = 92%.
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DAD1 E, Sig=280,16 Ref=360,100 (COLE\COLE ETHANOL 2020-03-06 13-09-301045-0201.D)

mAU ]
w]
304
20
10 4 2
1 s ]
0—- /\ ,
24 245 %5 285 2% 25 37 275 min
Peak RetTime Type Width Area Height Lrea
# [min] [min] [maU*s] [mAl] %
=== === | ====|======- [=======—=- [ === [ =======- I
1 24.74Z2 BB 0.3743 178.67825 7.08254 46,7284
2 26.306 BB 0.3996 203.69766 7.48190 53.2716
DADT E, Sig=280,16 Ref=360,100 (COLE\COLE ETHANOL 2020-03-06 13-09-301046-0501 D)
mAU ]
40
1 w
] 5
] &
30—
20
10
: P
1 &
0 .
% 955 % 265 27 275 28 285 min
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mAU*=s] [mAlU] %
=== |==—==]======= | === | ========== [=====—==- I
1 25.737 BB 0.2855 34 .95705 1.50226 4.014z2

2 27.415 BB 0.3797 835.86987 32.32330 95.9858
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(2R,3R)-3-(3,5-bis(trifluoromethyl)phenyl)pent-4-en-2-ol (2j)

= =

Me OH

F,C >

CF;
Procedure
Allyl acetate 1j (62.4 mg, 0.200 mmol, 100 mol%) was subjected to general procedure D (60 °C,
18 hr). The title compound was obtained in 65% vyield (39.0 mg, 0.126 mmol, >20:1 dr) as a
colorless oil after isolation by flash column chromatography (SiO,, hexanes: ethyl acetate = 25:1—
10:1).
TLC (SiOy) Rs =0.31 (hexanes: ethyl acetate = 4:1).
'H NMR (500 MHz, CDCl3) 6 = 7.76 (s, 1H), 7.69 (s, 2H), 6.11 (ddd, J = 17.1, 10.3, 8.8 Hz, 1H),
5.34 (dd, J=10.2, 1.4 Hz, 1H), 5.26 (dt, J = 17.0, 1.2 Hz, 1H), 4.06 (ddt, J = 9.5, 6.5, 3.2 Hz,
1H), 3.36 (dd, J = 8.8, 6.5 Hz, 1H), 1.76 (d, J = 3.6 Hz, 1H), 1.14 (d, J = 6.2 Hz, 3H).
13C NMR (126 MHz, CDCls) & = 144.5, 136.4, 132.0 (q, J = 33.2 Hz), 128.5 (g, J = 3.8 Hz),
124.6,120.9 (dt, J =7.9, 3.9 Hz), 119.9, 70.0, 58.1, 21.3.
F NMR (471 MHz, CDCls) & -62.8.
HRMS (ESI): Calculated for C13H12FsO [M+Ag*] = 404.9838, Found 404.9849.
FETIR (neat): 3374, 2981, 1466, 1375, 1275, 1169, 1125, 994, 927, 892, 840, 708, 697, 682 cm™™.
[a]28= -57 (c 0.31, CHCls).
HPLC (Two Chiralcel OD-H columns in series, hexanes:i-PrOH = 99:1, 1.00 mL/min, 210 nm),
ee = 91%.
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DAD1 C, Sig=210,8 Ref=360,100 (COLE_OLD\COLE_ETHANOL 2019-12-07 22-12-47\073-0601.D)

mAU
1750
wmé
1250—2
1000—5
750
500
250 3 g
] @ =]
0 . 1
T — . T T T T — T T T T
8 8.5 9 9.5 10 10.5 min
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mal*s] [mAlT] %
=== e e [ === [ =======-
1 9.484 vV 0.2854 1510.92017 82.62135 59.4689
2 10.26% WV 0.3030 1029.77014 52.92517 40.5311
DAD1 C, Sig=210,8 Ref=350,100 (COLE_OLD\COLE_ETHANOL 2019-12-13 23-59-08\006-0801.D)
mAU o
] )
1?50—_ (=]
wmé
1250—2
1000—2
750-]
500-]
] «©
250—: 2
4 &
0
T T T T T T T T T T T T T T T T T
8 8.5 9 9.5 10 10.5 min
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mAU*s] [mAl] %

1 9.012 wv 0.2799 3.0446%9=4 1708.50161 95.59%01
2 9.808 VB 0.3126 1404.61169 69.85947 4.4099
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(2R,3R)-3-(5-bromo-2,3-dimethoxyphenyl)pent-4-en-2-ol (2k)

Br P

Procedure

Allyl acetate 1k (63.0 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general
procedure D (60 °C, 20 hr) using an extra equivalent of potassium carbonate (55.3 mg, 0.40 mmol,
200 mol%). The title compound was obtained in 68% yield (41.1 mg, 0.127 mmol, >20:1 dr) as a
colorless oil after isolation by flash column chromatography (SiO, hexanes: ethyl acetate = 20:1-
10:1).

TLC (SiOy) Rf =0.29 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCl3) & = 6.95 — 6.88 (m, 2H), 6.12 — 5.98 (m, 1H), 5.26 — 5.23 (m, 1H),
5.23 —5.19 (m, 1H), 3.95 (ddt, J = 12.4, 7.7, 3.8 Hz, 1H), 3.84 (d, J = 1.3 Hz, 3H), 3.78 (d, J =
1.2 Hz, 3H), 3.67 — 3.58 (m, 1H), 2.05 (s, 1H), 1.07 (dd, J = 6.2, 1.2 Hz, 3H).

B3C NMR (126 MHz, CDCls): & = 153.6, 145.9, 138.0, 137.2, 123.0, 118.6, 116.6, 114.1, 69.8,
60.8, 56.0, 55.9, 51.7, 20.7.

HRMS (ESI): Calculated for C13H17BrOs [M+Na*] = 323.0253, Found 323.0246.

ETIR (neat): 3405, 3081, 2966, 2934, 2832, 2360, 1634, 1573, 1477, 1429, 1410, 1372, 1283,
1216, 1168, 1107, 1064, 1005, 919, 900, 852, 832, 777, 691 cm ™.

[a]2%=-38 (c 0.25, CHCls).

HPLC (Two Chiralcel OD-H columns in series, hexanes:i-PrOH = 97:3, 1.00 mL/min, 280 nm),
ee = 88%.
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DAD1 E, Sig=280,16 Ref=360,100 (COLE_OLD\COLE_ETHANOL 2019-12-06 17-38-18\074-0301.D)

mAU ]
80
| :
™ > B
=
m_
20_
0 . .
19 195 20 205 2 25 22 mi
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mAU*s] [mAU] %
=== | === === | —===—==—=- | —======—= | ======== |
1 19.486 VB 0.3587 1172.57959 50.54509 49.7430
2 21.570 BB 0.4033 1184.69470 45.57491 50.2570
DAD1 E, Sig=280,16 Ref=360,100 (COLE\COLE ETHANOL 2020-12-21 06-31-231018-0301.D)
mAU ']
%]
30 &
] g &
] @ &
20 N
10]
] o
: @
0 &
20 205 21 215 2 225 23 235 24 min
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s [mAU] %
=== | === |=—===]======= | —===—==—=- | =========- | ======== |
1 20.832 BB 0.3012 4463925 1.80077 66,1997
2 22,978 MM 0.4938 675.38098 22.79760 93,8003
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(2R,3R)-3-(6-methoxypyridin-3-yl)pent-4-en-2-ol (2I)

Procedure

Allyl acetate 1l (41.4 mg, 0.200 mmol, 100 mol%) was subjected to general procedure D (60 °C,
24 hr). The title compound was obtained in 79% yield (30.5 mg, 0.158 mmol, >20:1 dr) as a brown
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1—5:1).
TLC (SiO7) Rt =0.20 (hexanes: ethyl acetate = 3:1).

'H NMR (500 MHz, CDCl3) § = 8.00 (d, J = 2.5 Hz, 1H), 7.43 (dd, J = 8.5, 2.5 Hz, 1H), 6.72 (d,
J =8.5Hz, 1H), 6.06 (ddd, J = 17.0, 10.3, 8.7 Hz, 1H), 5.25 (dd, J = 10.3, 1.6 Hz, 1H), 5.21 (dt, J
=17.1, 1.3 Hz, 1H), 3.99 - 3.91 (m, 1H), 3.92 (s, 3H), 3.15 (t, J = 8.1 Hz, 1H), 1.82 (s, 1H), 1.09
(d, J=6.2 Hz, 3H).

13C NMR (126 MHz, CDCl3) 6 = 163.3, 146.3, 138.4, 137.9, 129.8, 118.5, 111.0, 70.3, 55.5,
53.6, 20.9.

HRMS (ESI): Calculated for C11H1sNO2 [M+H*]=194.1176, Found 194.1175.

ETIR (neat): 3395, 2973, 2923, 1638, 1605, 1572, 1491, 1462, 1390, 1293, 1275, 1117, 1077,
1027, 919, 873, 829, 759, 699, 664 cm.

[a]28= -85 (c 0.20, CHCls).

HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 230 nm), ee = 91%.
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DAD1 D, Sig=230,16 Ref=360,100 (COLE\COLE ETHANOL 2020-03-03 06-03-36\044-1801.D)

mAU
- g
1000 ©
600
400
200}
0 . . .
| e T — 1 ' T T T T T 1 T — T T
15 16 17 18 19 20 21 22 min
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mal*s] [mAlT] %
=== | === ====——- [ === [======== [ =====——- I
1 16.231 BB 0.4732 2.83847e4 932.21063 50.2769
2 21.089 BB 0.5629 2.80721e4 770.70575 49.7231
DAD1 D, Sig=230,16 Ref=360,100 (COLE2\COLE ETHANOL 2020-10-11 05-03-40\009-0301.D)
mAU ]
120+
100
| e
1 =
@
80 @
Eﬂ;
40
20
] 3
| 3
O*—__J.__-{,—\‘_ .
1 I 1 1 | |
13 14 15 16 17 18 19 20 min
Peak RetTime Type Width Area Height Lrea
= [min] [min] [maU*s] [mAl] %
=== | —===|======- [=======—=- [ =======——- | =======- I
1 14.544 EB 0.4372 134.21104 4.58987 4.6305
2 18.710 BB 0.5329 2764.22461 79.25741 95.3695

193



(2R,3R)-3-(2-(pyrrolidin-1-yl)pyrimidin-5-yl)pent-4-en-2-ol (2m)

= =

OH

>:

Procedure

Allyl acetate 1m (24.7 mg, 0.100 mmol, 100 mol%) was subjected to a modified version of general
procedure D using reduced loading of potassium carbonate (6.9 mg, 0.050 mmol, 50 mol%),
ethanol (17 puL, 0.30 mmol, 300 mol%), and acetone as solvent (0.10 mL, 1.0 M, 60 °C, 24 hr). The
title compound was obtained in 68% yield (15.9 mg, 0.068 mmol, >20:1 dr) as a yellow oil after
isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 10:1-2:1).

TLC (SiOy) R =0.15 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCls): 6 = 8.18 (s, 1H), 6.04 (ddd, J = 17.2, 10.3, 8.6 Hz, 1H), 5.25 (dd, J
=10.2, 1.4 Hz, 1H), 5.20 (dt, J = 17.1, 1.3 Hz, 1H), 3.92 (p, J = 6.4 Hz, 1H), 3.59 — 3.52 (m, 4H),
3.04 (t, J = 7.9 Hz, 1H), 1.99 (p, J = 3.6 Hz, 4H), 1.13 (d, J = 6.2 Hz, 3H).

3C NMR (101 MHz, CDCls): 8 = 159.7, 157.6, 137.5, 121.3, 118.4, 70.1, 53.2, 46.8, 25.7, 20.9.

HRMS (ESI): Calculated for C13H19N3O [M+H*] = 234.1601, Found 234.1607.

ETIR (neat): 3403, 2959, 2927, 2857, 1735, 1567, 1493, 1447, 1250, 1084, 1028, 880, 785, 698
cm™.

[a]28=-30.8 (c 0.13, CHCI5).

HPLC (Chiralcel OJ-H column, hexanes:i-PrOH = 93:7, 1.00 mL/min, 230 nm), ee = 93%.

194



(wdd) 1y

oo ] 0T oI 0z L4 0Ue CE o+ oy os cg 09 co oL [ o8 ce e <6

co-

114 —

to0—

091
0.4z

093]

4056

088

4131

278

=

195

—B.18

6.08
6.06
6.06
6.05
6.04
6.04
6.02
G.01
6.00
5.99
5.26
5.26
5.24
5.23
5.22
5.22
5.22
5.18
5.18
5.17
3.85
3.94
3.82
391
3.89
3.57
3.56
3.56
3.55
3.54
3.06
3.04
3.02

2.01
2.00
1.99
198
1.97



(wdd) 13

0g i}3 or oS 09 0L 08 06 oot 0Tt 0ZT 0ET 0FT 0sT 09t 0LT 08T 06T 00g 01e

0T

o1-

196

——159 68
——157 55

—137 45

—12131
—118 .39

—70.13

53.20

—46.78

—25.69

—20.85



DAD1 D, Sig=230,16 Ref=360,100 (COLE\COLE OPTIMIZE 2020-12-10 23-34-06\014-0401.D)

mAU ]
100 &
e
1 ©
80 s
60
404
204
0- 1
T T T T T 1 1 1 I T
10 11 12 13 14 15 16 miry
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU] %
e Bl el B | ========== | ======== |
1 12.137 BB 0.2994 1828.87280 93.80918 49.5619
2 14.864 VB 0.3800 1861.20239 75.92507 50.4381
DAD1 D, Sig=230,16 Ref=360,100 (COLE\COLE OPTIMIZE 2020-12-10 23-34-06\015-0701 D)
mAU ]
100
] o
80 .
] 2 R
] 3‘?52?'
Eﬂ_
40
20— E
] S
0] s
T T T T T 1 1 1 I T
10 11 12 13 14 15 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAlU] %
|- | |
1 12.147 BB 0.2273 54 .28868 2.94145 3.5723
2 14.805 MM 0.4129 1465.43213 59.14585 96.4277
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tert-butyl 3-((3R,4R)-4-hydroxypent-1-en-3-yl)-1H-indole-1-carboxylate (2n)

Procedure

Allyl acetate 1n (63.1 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general
procedure D (60 °C, 48 hr) using reduced loading of ethanol (35 pL, 0.60 mmol, 300 mol%). The
title compound was obtained in 86% yield (51.8 mg, 0.172 mmol, >20:1 dr) as a yellow oil after
isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-10:1).

TLC (SiOy) R = 0.45 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCl3) 6 = 8.14 (s, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.46 (s, 1H), 7.32 (ddd, J
=8.4,7.2,1.3 Hz, 1H), 7.25 - 7.20 (m, 1H), 6.21 - 6.10 (m, 1H), 5.29 — 5.27 (m, 1H), 5.26 (s,
1H), 4.15 (p, J = 6.4 Hz, 1H), 3.50 (dd, J = 8.9, 6.6 Hz, 1H), 1.85 (s, 1H), 1.68 (s, 9H), 1.21 (d, J
= 6.2 Hz, 3H).

13C NMR (126 MHz, CDCls): 6 = 149.8, 136.8, 129.8, 129.1, 124.6, 122.9, 122.5, 120.6, 119.4,
118.3, 115.4, 83.7, 69.3, 49.6, 28.2, 21.0.

HRMS (ESI): Calculated for C1gH2sNO3; [M+Na*] = 324.1570, Found 324.1573.
FTIR (neat): 3401, 2977, 2931, 1729, 1608, 1476, 1451, 1368, 1308, 1253, 1216, 1154, 1120,
1073, 1013, 918, 859, 841, 765, 745 cm 1,

[a]2%=-37.5 (c 0.27, CHClI,).
HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 280 nm), ee = 91%.
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DAD1 E, Sig=280,16 Ref=360,100 (COLE\COLE ETHANOL 2020-08-18 05-18-50\093-0501.D)

mAU
400
300
200}
100} : 3
o
04— : .
! ' I ! T T T T T T T T T T T T
7 75 8 85 9 9.5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=s] [mAU] %
- | ———=|——====—= [ === | —===————= | ======—= |
1 7.320 BV 0.1926 924.40375 72.58103 49.2373
2 8.642 VB 0.2434 953.04260 58.71280 50.7627
DADT E, Sig=280,16 Ref=360,100 (COLE\COLE ETHANOL 2020-08-18 05-18-50\081-0301 D)
mAU ]
400
%00 8
[=2]
200—:
100
1 <
] 2
1 ~
O 1 L
- - - 1 - - - - r - - T 1 - - r T T T T T " 1T
7 75 8 8.5 9 9.5 min
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s ] [mAU] %
=== | === | === | —===—=—=- | —===—==—=- | ======—= |
1 7.764 VB 0.1935 186.48053 14.94863 4.4005

2 9.329 BB 0.2415 4051.22778 260.42032 95.5985
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(2R,3R)-3-(5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)pent-4-en-2-ol (20)

Procedure

Allyl acetate 1o (58.2 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general
procedure D using reduced loading of ethanol (35 pL, 0.30 mmol, 300 mol%) and acetone as
solvent (0.200 mL, 1.0 M, 80 °C, 16 hr). The title compound was obtained in 71% yield (39.5 mg,
0.143 mmol, >20:1 dr) as a yellow oil after isolation by flash column chromatography (SiO-,
hexanes: ethyl acetate = 15:1 — 4:1).

TLC (SiOy) Rf =0.12 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCl3): & = 7.54 — 7.50 (m, 2H), 7.46 (t, J = 7.9 Hz, 2H), 7.41 — 7.36 (m,
1H), 6.22 (ddd, J = 16.7, 10.4, 8.7 Hz, 1H), 5.28 (s, 1H), 5.27 — 5.23 (m, 1H), 4.17 (dq, J = 9.0,
6.2 Hz, 1H), 3.25 (t, J = 8.9 Hz, 1H), 2.32 (s, 3H), 1.89 (s, 1H), 1.16 (d, J = 6.2 Hz, 3H).

3C NMR (126 MHz, CDCls): & = 148.2, 138.5, 136.2, 129.1, 128.1, 125.1, 125.0, 118.6, 116.8,
68.4,49.7, 21.0, 13.9.

HRMS (ESI): Calculated for C1sH17CIN2O [M+H*] = 277.1102, Found 277.1106.
ETIR (neat): 3393, 2965, 2925, 1598, 1550, 1502, 1457, 1411, 1364, 1118, 1076, 1008, 986, 919,
763, 694 cm,

[a]28=-62.9 (c 0.58, CHCI5).
HPLC (Two Chiralcel AD-H columns in series, hexanes:i-PrOH = 98:2, 1.00 mL/min, 230 nm),
ee = 93%.

202



(wdd) 1y

] oL oL (] o8 e g'a

]

T]’

] g T oT e gz 0e G'E ] S¥

c'o-

2.11
323 F
1105

Loo—

107
106

106

101

307 —=

1.14{

327-=x

—

B (S S

203

753
t7.53
H7.53
752
7 52
7 52
751
7 .48
7 .47
-7 46
-7 46
-7 45
-7 .45
-7 .40
-7 .40
-7 40
-7 39
b-7 .38
7.38
737
737
737
6.25
624
6.23
6.22
622
6.20
6.20
6.18

PrTe

5.28
5.26
5.26
5.25
5.24
5.24

4.19
4.18
4.18
4.17
4.16
4.16
4.15
4,14

3.27
3.25
3.23

N NS TS T

—2.32

—1 89

117
1.16



(wdd) 13

0z (i} 0 0s 09 0L og 06 0ot otT 0ZT 0ET 0¥T 0sT 091 0LT 081 06T 0o0g ote

0T

204

—148.23

——138.50
—136.23

129.09
—-128.13

125.11
124.98

—118.56
11681

—68.37

—49.72

—21.00

—13.89



DADT D, Sig=230,16 Ref=360,100 (COLE2COLE ETHANOL 2020-10-16 01-40-49017-0901.0)
B0 =
A©
5
60 %@ﬁ’
&
a8
40
20
0
-20 T T T T T T T
M5 a5 35.5 36 365 a7 375 imiir}
Feak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maO] E
- === | === [-————— | —————— | ===
1 35.276 BV 0.7089 2576.75635 54 17E6T 49,4245
2 36.906 MF 0.7158 2636.76392 61.39B55 50.5755
DAD1 D, Sig=230,16 Ref=380,100 (COLE2\COLE ETHANOL 2020-10-16 01-40-49\036-1201.0)
B0~
o] .
& ag':"
B
40
20+
&
“
0 g?‘q?’@'
-20 T T T T T T T
345 35 355 36 365 ar 375 mir}
Feak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mA] E
- | = |- |- |- | ===
1 35.122 MM 0.6962 92 .5B85Z 2_.2165E 3.6712
2 36.720 MM 0.7260 2429 . 42822 535.77256 S6.32E8
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tert-butyl 4-((3R,4R)-4-hydroxypent-1-en-3-yl)piperidine-1-carboxylate (2p)

= =

Me OH

BocN

Procedure

Allyl acetate 1p (56.7 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general
procedure D using acetone as solvent (0.200 mL, 1.0 M, 60 °C, 48 hr). The title compound was
obtained in 66% yield (35.6 mg, 0.132 mmol, >20:1 dr) as a white crystalline solid after isolation
by flash column chromatography (SiO., hexanes: ethyl acetate = 10:1-3:1).

TLC (SiOy) Rf =0.26 (hexanes: ethyl acetate = 2:1).

'H NMR (500 MHz, CDCl3) 6 = 5.68 (dt, J = 17.1, 10.1 Hz, 1H), 5.25 (dd, J = 10.2, 2.1 Hz, 1H),
5.07 (dd, J=17.3, 2.1 Hz, 1H), 4.12 (d, J = 11.4 Hz, 2H), 3.97 — 3.89 (m, 1H), 2.66 (dtd, J =
34.4,12.9, 2.5 Hz, 2H), 1.75 - 1.60 (m, 4H), 1.52 (s, 1H), 1.45 (s, 9H), 1.27 — 1.20 (m, 1H), 1.19
(d, J=6.3 Hz, 3H), 1.16 — 1.06 (m, 1H).

13C NMR (126 MHz, CDCl3) 8 = 155.0, 136.0, 119.7, 79.4, 66.6, 57.2, 44.3, 36.6, 30.8, 29.3,
28.7,21.8.

HRMS (ESI): Calculated for C15H2;NO3; [M+Na*] = 292.1883, Found 292.1885.
FTIR (neat): 3439, 2974, 2920, 2885, 2851, 2359, 2343, 1695, 1670, 1426, 1366, 1321, 1280,
1250, 1215, 1172, 1155, 1100, 1005, 974, 910, 869, 767 cm™.

[a]28=-7.6 (c 0.20, CHCls).
HPLC (Chiralcel AD-H column, hexanes:i-PrOH = 98:2, 1.00 mL/min, 230 nm), ee = 96%.
MP: 99-101 °C
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DAD1 C, Sig=210,8 Ref=360,100 (NICKINICK-ETHANOL-031620 2020-05-11 23-10-30\047-0301.D)

mAU
30 -
25
20 &
* LY
15 § 6'@% 2 ’p'\-
& S &
10 &
5 -
0 -
-5+
10
-15 T T T T T
26 27 28 29 30 min
Peak RetTime Type Width Area Height LArea
# [min] [min] [mAU*=s] [mAU] %

———= |- e | == | === mmm - | === |
1 26.832 MM 0.6278 698.06165 18.53064 49.8718
2 29.099 MM 0.7027 701.65125 16.64250 50.1282

DAD1 C, Sig=210,8 Ref=360,100 (SNAPSHOT.D)

maU ]
175 ]
1504 %
125 ] ~
1[)072
75
o]
2] L&
] 2
0 -
2 27 28 29 30 min
Feak FetTime Type Width Lrea Height Area
# [min] [min] [mAU*s ] [mATT] %
- -l |- | ———————— |-——————— |
1 25.995% VB 0.6656 5751.09%229 128.63985 98.1755
2 28.514 MM 0.8760 106.87740 2.03335 1.8245
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(2R,3R)-3-(1-(pyrimidin-2-yl)piperidin-4-yl)pent-4-en-2-ol (2q)

Procedure

Allyl acetate 1qg (52.3 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general
procedure D using reduced loading of ethanol (35 pL, 0.60 mmol, 300 mol%) and acetone as
solvent (0.200 mL, 1.0 M, 80 °C, 24 hr). The title compound was obtained in 68% yield (33.8 mg,
0.137 mmol, >20:1 dr) as a white solid after isolation by flash column chromatography (SiO,
hexanes: ethyl acetate = 7:1-2:1).

TLC (SiO;) Rf = 0.16 (hexanes: ethyl acetate = 2:1).

IH NMR (500 MHz, CDCl3) 8 =8.28 (d, J = 4.7 Hz, 2H), 6.43 (t, J = 4.7 Hz, 1H), 5.70 (dt, J =
17.1, 9.9 Hz, 1H), 5.24 (dd, J = 10.3, 2.1 Hz, 1H), 5.08 (dd, J = 17.2, 2.1 Hz, 1H), 4.78 (dddd, J =
16.3, 9.3, 4.0, 1.9 Hz, 2H), 3.95 (d, J = 7.2 Hz, 1H), 2.83 (dtd, J = 33.8, 12.8, 2.4 Hz, 2H), 1.86 —
1.69 (m, 4H), 1.59 (s, 1H), 1.38 (d, J = 3.9 Hz, 1H), 1.35 — 1.25 (m, 1H), 1.21 (d, J = 6.2 Hz, 3H).

13C NMR (126 MHz, CDCl3) 8 = 157.9, 136.1, 119.7, 109.4, 66.7, 57.3, 44.4, 36.9, 30.8, 29.2,
21.8.

HRMS (ESI): Calculated for C14H N3O [M+H*]=248.1757, Found 248.1760.
FTIR (neat): 3384, 2904, 1588, 1547, 1517, 1455, 1394, 1363, 1311, 1271, 1214, 1183, 1135,
1054, 1014, 973, 950, 918, 832, 793, 706 cm.

[a]2%=-27.5 (c 0.11, CHCl5).
HPLC (Chiralcel AD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 254 nm), ee = 99%.
MP: 132-134 °C
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DAD1 B, Sig=254,16 Ref=360,100 (BRIAN\COLE ETHANOL 2020-10-30 18-11-55\007-0601.0)

2
1
9.236

10655

T T T T
9 9.5 10 10.5 11

miry

Peak RetTime Type Width Area Height Lrea
= [min] [min] [mAU*=s] [mAlT] %

1 9.236 BB 0.2041 661.39594 49.,43079 51.1494
2 10.655 BB 0.2361 631.67151 40.91267 4B8.8506

DAD1 B, Sig=254,16 Ref=360,100 (BRIAN\COLE ETHANOL 2020-10-30 18-11-55\006-0301.D)

T T T T T
9 95 10 10.5 1"

miry

Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [mAl] 3

1 9.056 VB 0.2065 1509.00195 111.03948 99.6622
2 10.669 MM 0.3380 5.11425 2.5221%e-1 0.3378
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(2R,3R)-3-(1-(benzo[d]thiazol-2-yl)piperidin-4-yl)pent-4-en-2-ol (2r)

Procedure

Allyl acetate 1r (63.3 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general
procedure D using reduced loading of ethanol (35 pL, 0.60 mmol, 300 mol%), acetone as solvent
(0.200 mL, 1.0 M, 80 °C, 24 hr). The title compound was obtained in 65% yield (39.3 mg, 0.130
mmol, >20:1 dr) as a pale-yellow powder after isolation by flash column chromatography (SiOz,
hexanes: ethyl acetate = 10:1-3:1).

TLC (SiO;) Rs = 0.28 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCl3) 6 =7.58 (d, J = 7.7 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.28 (t, J =
7.7 Hz, 1H), 7.05 (t, J = 7.5 Hz, 1H), 5.70 (dt, J = 17.0, 9.9 Hz, 1H), 5.26 (dd, J = 10.3, 2.1 Hz,
1H), 5.09 (dd, J = 17.2, 2.2 Hz, 1H), 4.16 (dddd, J = 19.5, 15.0, 4.5, 2.2 Hz, 2H), 3.97 (9, J = 5.9
Hz, 1H), 3.13 (td, J = 12.8, 3.0 Hz, 1H), 3.07 (td, J = 12.8, 2.7 Hz, 1H), 1.90 — 1.80 (m, 2H), 1.77
(ddt, J = 16.4, 11.2, 5.0 Hz, 2H), 1.48 — 1.39 (m, 1H), 1.38 — 1.32 (m, 1H), 1.21 (d, J = 6.3 Hz,
3H).

13C NMR (126 MHz, CDCls): 6 = 168.8, 153.1, 135.7, 130.9, 126.1, 121.3, 120.8, 119.9, 119.0,
66.6, 56.9, 49.2, 36.4, 30.2, 29.0, 22.0.

HRMS (ESI): Calculated for C17H22N.0S [M+H"] = 303.1526, Found 303.1530.
ETIR (neat): 3299, 2953, 2939, 2911, 2847, 2362, 2336, 1592, 1566, 1535, 1451, 1389, 1344,
1314, 1291, 1270, 1248, 1204, 1124, 1052, 1005, 974, 921, 855, 937, 819, 754, 728, 709 cm ™.

[a]28=+20.8 (c 0.1, CHCls).
HPLC (Chiralcel AD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 210 nm), ee = 97%.
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DAD1 D, Sig=230,16 Ref=360,100 (COLE2\COLE ETHANOL 2020-10-31 22-50-31\008-0401.D)

mAU
200
150-
100
o
g e o
& @ g
50_
o
104 106 10.8 11 112 114 116 118 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAaU*s] [mAU] %

1 10.735 FM 0.2884 972.25031 56.19202 50.9241
2 11.819 MF 0.3068 936.96429 50.89541 49.0759

DAD1 D, Sig=230,16 Ref=360,100 (ELNCOLE ETHANOL 2020-11-02 16-04-16\009-0401.D)
mAU |
200+
™
g &
=
150
100
50
2
, g
104 16.5 16.3 1‘1 11|.2 11‘.4 11I 6 11‘.3 1‘2 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAaU*s] [mAU] %
=== | - | —======—= | ========
1 10.744 BB 0.2451 47 .,41357 2.95609 1.5776

2 11.785 MF 0.3123 2957.92603 157.83408 98.4224
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(2R,3R)-3-((2-chloro-10H-phenothiazin-10-yl)methyl)pent-4-en-2-ol (2s)

N

Me

L0

Allyl acetate 1s (69.2 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general

OH

;%\_<

Procedure

procedure D using (S)-Ir-1V (10.0 mg, 0.01 mmol), reduced loading of ethanol (35 pL, 0.60 mmol,
300 mol%), and acetone as solvent (0.2 mL, 1.0M, 80 °C, 36 hr). The title compound was obtained
in 70% vyield (46.4 mg, 0.140 mmol, 12:1 dr) as a pale-yellow oil after isolation by flash column
chromatography (SiO., hexanes: ethyl acetate = 20:1-5:1).

TLC (SiOy) R = 0.4 (hexanes: ethyl acetate = 4:1).

'H NMR (400 MHz, CDCl3) 6 = 7.16 (td, J = 7.5, 1.5 Hz, 2H), 7.05 (d, J = 8.1 Hz, 1H), 6.96 (td,
J=7.5,1.1Hz 2H), 6.93 - 6.92 (m, 1H), 6.91 — 6.87 (m, 1H), 5.78 (ddd, J = 17.3, 10.4, 8.9 Hz,
1H), 5.26 (dd, J = 10.4, 1.8 Hz, 1H), 5.14 (ddd, J = 17.2, 1.7, 0.9 Hz, 1H), 4.10 (dd, J = 13.7, 8.3
Hz, 1H), 4.02 (qd, J = 6.4, 3.4 Hz, 1H), 3.82 (dd, J = 13.6, 6.2 Hz, 1H), 2.67 — 2.58 (m, 1H), 1.17
(d, J=6.5 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 = 147.0, 144.9, 134.9, 133.5, 128.3, 128.0, 127.7, 125.9, 124.6,
123.3,122.8, 119.5, 116.5, 116.4, 67.3, 48.2, 47.8, 21.4.

HRMS (ESI): Calculated for C1sH1sCINOS [M+H*] = 332.0870, Found 332.0868.

ETIR (neat): 3396, 3050, 2967, 2922, 1738, 1591, 1567, 1456, 1408, 1379, 1319, 1282, 1244,
1218, 1127, 1096, 1039, 907, 851, 802, 752 cm™™,

[a]3°=-8.2 (¢ 0.37, CHCls).

HPLC (Phenomenex Amylose-1 column, hexanes:i-PrOH = 99:1, 1.00 mL/min, 230 nm), ee =
91%.
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DAD1 D, Sig=230,16 Ref=360,100 (COLE\COLE ETHANOL 2020-12-11 17-16-591016-0601.D)

mAU
175
150 ]
msé
100
] ®
75 7%
5 g 7 5 &
50+ g}?@ ;%;Sz'@
= k
oé ' T !
L T T T T T T T T T T T T T T T T T T T T T T
26 28 30 32 34 36 38 min
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mAU*s] [mAl] %
- | ====|======= | === | ===——————- | =======- |
1 29.828 MM 0.9337 2292.98291 40.93120 46.4494
2 35.737 MM 1.3088 2643.53540 33.66444 53.5506
DAD1 D, Sig=230,16 Ref=360,100 (COLE\COLE ETHANOL 2020-12-11 17-16-501017-0301.D)
mAU
175
150—5 &
] b »&'P'
usé §§§
100
75—5
50 .
] °
25 3 _3.'9@
] e
0] : — .
L T T T T T T T T T T T T T T T T T T T T T T
26 28 30 32 34 36 38 min
Peak RetTime Type Width Area Height Lrea
= [min] [min] [maU*s] [mAl] %
=== |==========- [=======—=- [ === [ =======- I
1 29%.051 MM 1.0317 7020.57275 113.41743 95.3069
2 34,308 MM 1.0800 345.70361 5.334092 4.6931
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(2R,3S)-3-(2-(benzylthio)ethyl)pent-4-en-2-ol (2t)

Me EI OH

B"S/\;A(/
Procedure
Allyl acetate 1t (50.1 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general
procedure D using (S)-Ir-1V (10.0 mg, 0.01 mmol) and acetone as solvent (0.2 mL, 1.0M, 60 °C,
72 hr). The title compound was obtained in 63% yield (29.9 mg, 0.126 mmol, 7:1 dr) as a yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 25:1-10:1).
TLC (SiOy) Rf = 0.4 (hexanes: ethyl acetate = 4:1).
'H NMR (500 MHz, CDCl3) 6 = 7.31 (s, 2H), 7.30 (s, 2H), 7.24 (dt, J = 8.8, 4.2 Hz, 1H), 5.55
(ddd, J=17.2,10.3, 9.2 Hz, 1H), 5.19 (dd, J = 10.2, 1.9 Hz, 1H), 5.10 (dd, J = 17.0, 2.0 Hz, 1H),
3.70 (s, 2H), 3.62 (p, J = 6.0 Hz, 1H), 2.48 (ddd, J = 12.9, 8.9, 4.9 Hz, 1H), 2.33 (ddd, J = 12.9,
8.9, 7.3 Hz, 1H), 2.11 - 2.01 (m, 1H), 1.70 (dddd, J = 13.2, 9.0, 7.3, 3.9 Hz, 1H), 1.54 (dddd, J =
13.8,10.4, 8.7, 4.7 Hz, 2H), 1.15 (d, J = 6.2 Hz, 3H).
13C NMR (101 MHz, CDCls) & = 138.7, 138.0, 129.0, 128.7, 127.1, 119.2, 69.7, 51.4, 36.5, 30.3,
29.5, 20.8.
HRMS (ESI): Calculated for C14H200S [M+Na*] = 259.1127, Found 259.1127.
ETIR (neat): 3402, 3027, 2966, 2915, 1639, 1602, 1494, 1453, 1420, 1373, 1259, 1070, 1010, 916,
791 cm™,
[a]2%= +16.1 (c 0.31, CHCls).
HPLC (Chiralcel AD-H column in series with a Chiralcel OD-H column, hexanes:i-PrOH = 97:3,
1.00 mL/min, 210 nm), ee = 98%.
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DAD1 C, Sig=210,8 Ref=360,100 (DUONG\COLE OPTIMIZE 2021-01-12 14-31-091053-0201.D)

Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU] %

1 30.286 MM 0.5031 4116.04639% 136.34325 48.2709
2 32,100 MM 0.5511 4410.9189%5 133.40161 51.7291

DAD1C, Sig=210,8 Ref=360,100 (DUONG\COLE OPTIMIZE 2021-01-12 14-31-091054-0501.D)
mAU ]
E N
50 o
25 b
0]
25 N
50 X
] - e
75 + %
1 &
.1m—j 1 %5 . 1
e O e e e B L I
29 295 30 30.5 31 315 32 32.5 33 min
Peak RetTime Type Width Lrea Height Lrea
= [min] [min] [mal*s] [mAlT] %
=== = e e [ === [ =======-
1 30.411 MM 0.4986 47.56807 1.5%901z2 1.1031

2 32,272 BB 0.5229 4264.45557 125.344Z25 98.8969
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(2R,3S)-3-(2-((4-methoxybenzyl)oxy)ethyl)pent-4-en-2-ol (2u)

H
Me._:- _OH

PMBO/\/\‘(/
H

Allyl acetate 1u (52.5 mg, 0.200 mmol, 100 mol%) was subjected to general procedure D (60 °C,

Procedures

24 hr). The title compound was obtained in 80% yield (40.3 mg, 0.160 mmol, 6:1 dr) as a pale-
yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-
5:1).

TLC (SiOy) R =0.15 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCls): 6 =7.25 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.75 - 5.57
(m, 1H), 5.17 (dd, J = 10.3, 2.0 Hz, 1H), 5.09 (dd, J = 17.1, 2.0 Hz, 1H), 4.47 — 4.38 (m, 2H),
3.80 (s, 3H), 3.69 (t, J = 6.0 Hz, 1H), 3.52 (dt, J = 9.5, 5.7 Hz, 1H), 3.42 (ddd, J=9.2, 8.0, 5.6
Hz, 1H), 2.18 (dqg, J = 9.2, 4.8, 4.4 Hz, 1H), 2.11 (s, 1H), 1.85 (ddt, J = 13.8, 7.9, 5.6 Hz, 1H),
1.59 (ddt, J =14.5,9.2, 5.6 Hz, 1H), 1.16 (d, J = 6.3 Hz, 3H).

3C NMR (126 MHz, CDCls): 8 = 159.3, 138.3, 130.5, 129.5, 118.2, 113.9, 72.9, 69.7, 68.2, 55.4,
49.2,31.2, 20.6.

HRMS (ESI): Calculated for C15H2,03 [M+Na*] = 273.1461, Found 273.1466.
FTIR (neat): 3379, 3072, 2968, 2929, 2868, 1711, 1606, 1513, 1463, 1421, 1367, 1302, 1249,
1170, 1098, 1035, 919, 821, 772, 701 cm,

[a]28= +10.5 (c 0.57, CHCls).
HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 254 nm), ee = 95%.
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726
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_-6.88
687

5.70
5.68
568
567
566
5.65
565
563
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5.11
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4.43
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DAD1 A, Sig=254,4 Ref=360,100 (COLE\COLE ETHANOL 2020-03-04 05-41-571032-0201.D)

17.5-]
15
12.5

10

16.137
17.157

7.5

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAl*s] [mAU] %
- |=========-= | ===——————= | ===——————- | =======- |
1 16.137 BV 0.3714 183.67256 7.11071 49.0452
2 17.157 VB 0.3699 190.82394 6.66753 50.9548

DAD1 A, Sig=254,4 Ref=360,100 (COLE\COLE ETHANOL 2020-03-04 08-23-51\008-0201.D)

_%T.QOZ
®,
e
%,

785
()
RN

%.

s+ G" 17— """ 77—
15 15.5 16 16.5 17 17.5 18 185 min

Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [mall] %
=== |- | === === | === | =======—== | ======== |
1 16.785 MM 0.4572 T.260922 2_.64972e-1 2.6620
2 17.%02 MM 0.5475 265.80673 8.09161 97.33B0
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1-((1R,3S)-3-((S)-2-((R)-1-hydroxyethyl)but-3-en-1-yl)-2,2-dimethylcyclobutyl)ethan-1-one
(2v)

Me

041 Me EI OH

Lo

Allyl acetate 1v (47.7 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general

Procedure

procedure D using (S)-1r-1V (10.0 mg, 0.01 mmol), reduced loading of ethanol (35 pL, 0.60 mmol,
300 mol%), and acetone as solvent (0.2 mL, 1.0M, 80 °C, 16 hr). The title compound was obtained
in 80% vyield (36 mg, 0.16 mmol, 5:1 dr) as a colorless oil after isolation by flash column
chromatography (SiO., hexanes: ethyl acetate = 10:1-5:1).

TLC (SiO;) Rt = 0.3 (hexanes: ethyl acetate = 2:1).

IH NMR (500 MHz, CDCls) & = 5.56 (dt, J = 17.2, 9.8 Hz, 1H), 5.19 (dd, J = 10.3, 2.1 Hz, 1H),
5.08 (dd, J = 17.2, 2.1 Hz, 1H), 3.60 (p, J = 6.2 Hz, 1H), 2.79 (dd, J = 9.7, 7.6 Hz, 1H), 2.03 (s,
3H), 1.94 — 1.78 (m, 4H), 1.31 (dd, J = 9.7, 4.5 Hz, 1H), 1.29 — 1.27 (m, 1H), 1.25 (s, 3H), 1.16
(d, J = 6.2 Hz, 3H), 1.10 (tt, J = 11.8, 5.7 Hz, 1H), 0.84 (s, 3H).

13C NMR (126 MHz, CDCl3) 6 = 208.3, 138.9, 118.5, 70.2, 54.3, 49.7, 43.2, 39.7, 30.7, 30.3,
23.1,20.9, 17.7.

HRMS (ESI): Calculated for C14H240, [M+Na*] = 247.1669, Found 247.1678.

FTIR (neat): 3451, 3069, 2963, 1702, 1639, 1462, 1421, 1385, 1368, 1358, 1287, 1223, 1181,
1153, 1128, 1046, 1002, 941, 911, 704 cm2.

[@]28=-10.7 (c 0.19, CHCI5).
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1-((1R,3S)-3-((R)-2-((S)-1-hydroxyethyl)but-3-en-1-yl)-2,2-dimethylcyclobutyl)ethan-1-one
(iso-2v)

Me H
041 Me_y OH
Me=———o>:, A~
Me H

Procedure

Allyl acetate 1v (47.7 mg, 0.200 mmol, 100 mol%) was subjected to a modified version of general
procedure D using (R)-Ir-1V (10.0 mg, 0.01 mmol), reduced loading of ethanol (35 uL, 0.60 mmol,
300 mol%), and acetone as solvent (0.2 mL, 1.0M, 80 °C, 16 hr). The title compound was obtained
in 71% vyield (31.8 mg, 0.142 mmol, 8:1 dr) as a colorless oil after isolation by flash column
chromatography (SiO., hexanes: ethyl acetate = 10:1-5:1).

TLC (SiO;) Rf = 0.29 (hexanes: ethyl acetate = 2:1).

IH NMR (500 MHz, CDCl3) § = 5.58 (dt, J = 17.1, 9.8 Hz, 1H), 5.20 (dd, J = 10.3, 2.0 Hz, 1H),
5.10 (dd, J = 17.3, 2.0 Hz, 1H), 3.55 (p, J = 6.2 Hz, 1H), 2.77 (dd, J = 10.2, 7.4 Hz, 1H), 2.02 (s,
3H), 2.01 —1.93 (m, 1H), 1.89 (m, J = 10.6 Hz, 2H), 1.82 — 1.74 (m, 1H), 1.53 (ddd, J = 13.7,

7.7, 3.8 Hz, 1H), 1.28 (s, 3H), 1.25 (d, J = 1.8 Hz, 1H), 1.17 (d, J = 6.2 Hz, 3H), 1.17 — 1.06 (m,
1H), 0.86 (s, 3H).

13C NMR (126 MHz, CDCl3) 6 = 208.2, 139.4, 118.8, 69.9, 54.5, 51.8, 43.8, 40.00, 31.7, 30.8,
30.4, 24.3, 20.7, 17.2.

HRMS (ESI): Calculated for C14H240, [M+Na*] = 247.1669, Found 247.1673.
FTIR (neat): 3435, 3076, 2953, 2920, 2358, 1701, 1639, 1453, 1421, 1368, 1357, 1286, 1224,
1181, 1152, 1101, 1034, 1001, 910, 850, 706 cm™.

[a]28=-23.9 (c 0.21, CHCI5).
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(2R,3R)-3-((4-(dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl)methyl)pent-4-en-2-ol (2w)

OMe

Cl

Procedures

Allyl acetate 1w (41.2 mg, 0.10 mmol, 100 mol%) was subjected to a modified version of general procedure
D using (S)-Ir-1V (5.0 mg, 0.005 mmol), reduced loading of potassium carbonate (6.9 mg, 0.050 mmol, 50
mol%), ethanol (17.5 pL, 0.30 mmol, 300 mol%), and acetone as solvent (0.1 mL, 1.0M, 60 °C, 24 hr). The
title compound was obtained in 58% yield (23.3 mg, 0.058 mmol, >20:1 dr) as a yellow oil after isolation by
flash column chromatography (SiO, hexanes: ethyl acetate = 20:1-3:1).

TLC (SiO2) Rf = 0.20 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCly): § = 7.64 — 7.61 (m, 2H), 7.48 — 7.44 (m, 2H), 6.95 (d, J = 2.5 Hz, 1H), 6.92
(d, J=9.0 Hz, 1H), 6.66 (dd, J = 9.0, 2.5 Hz, 1H), 5.82 (ddd, J = 17.1, 10.3, 9.0 Hz, 1H), 5.15 (dd, J =
10.3, 1.9 Hz, 1H), 5.03 (dd, J = 17.2, 1.9 Hz, 1H), 3.84 (s, 3H), 3.79 (s, 1H), 2.94 (dd, J = 14.1, 6.9 Hz,
1H), 2.66 (dd, J = 14.2, 7.9 Hz, 1H), 2.36 (td, J = 7.6, 4.2 Hz, 1H), 2.31 (s, 3H), 1.44 (d, J = 4.7 Hz, 1H),
1.25(d, J = 6.3 Hz, 3H).

13C NMR (126 MHz, CDCls): § = 168.5, 156.0, 139.2, 137.7, 135.0, 134.4, 131.6, 131.2,129.2, 129.2,
118.4,118.1,115.1, 110.9, 102.0, 68.7, 55.9, 51.5, 26.0, 21.6, 13.8.

HRMS (ESI): Calculated for Ca3H24CINO3z [M+Na*] = 420.1337, Found 420.1348.

ETIR (neat): 3470, 3076, 2965, 2929, 1678, 1595, 1477, 1455, 1400, 1371, 1358, 1325, 1288, 1261, 1228,
1179, 1154, 1089, 1065, 1035, 1014, 924, 833, 802, 755 cm ™.

[a]28= +8.3 (c 0.18, CHCls).

HPLC (Two Chiralcel AD-H columns in series, hexanes:i-PrOH = 93:7, 1.00 mL/min, 210 nm), ee = 96%
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DAD1 C, Sig=210,8 Ref=360,100 (COLE2\COLE ETHANOL 2020-11-08 04-10-281010-0401.D)

mAU
45 |
40_
35
30,
3
26 g
&
8
20_
15
10 L A U ) S R L L
40 42.5 45 47.5 50 525 55 57.5 60 miry
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mal*s] [mAlT] %
=== |==——=====-- [=========- [=======—= | ======—- |
1 40.487 BB 0.6786 576.38507 11.08601 52.9607
2 55.294 BB 0.8301 511.84180 T.28290 47.0393
DAD1 C, Sig=210,8 Ref=360,100 (COLE2A\COLE ETHANOL 2020-11-08 04-10-28\020-0801.D)
mAU ]
200~
5 &
g,
150 - B
100
507 ]
o
e ¥
e
ol .
4b 42l 5 4‘5 47‘ 5 5‘0 52‘.5 5‘5 57‘ 5 5‘0 minf
Peak RetTime Type Width Area Height Lrea
¥ [min] [min] [mAU*s] [mAl] %

1 40.81le MM 0.9745 255.02982 4.,36184 2.2080
2 55.994 MM 1.3411 1.12952e4 140.37448 97.7920

239



(2R,3R)-3-(((2-butyl-4-chloro-1-((2'-(1-trityl-1H-tetrazol-5-yl)-[1,1'-biphenyl]-4-yl)methyl)-
1H-imidazol-5-yl)methoxy)methyl)pent-4-en-2-ol (2x)

H
Me_: _OH
O\J[/\/
H
Cl—7 °N
N=
O

AN

N
Me N-NTr

Procedure

Allyl acetate 1x (77.7 mg, 0.10 mmol, 100 mol%) was subjected to a modified version of general procedure
D using reduced loading of potassium carbonate (6.9 mg, 0.050 mmol, 50 mol%), ethanol (17 pL, 0.300
mmol, 300 mol%), and acetone as solvent (0.1 mL, 1.0M, 60 °C, 72 hr). The title compound was obtained in
62% yield (47.2 mg, 0.62 mmol, 9:1 dr) as a colorless gel after isolation by flash column chromatography
(Si02, hexanes: ethyl acetate = 10:1-3:1).

TLC (SiO2) Rf = 0.45 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCls): 6 =7.94 (dd, J = 7.5, 1.7 Hz, 1H), 7.50 (td, J = 7.4, 1.7 Hz, 1H), 7.46 (td, J =
7.5,1.6 Hz, 1H), 7.36 (q, J = 1.4 Hz, 1H), 7.35 - 7.32 (m, 3H), 7.27 (d, J = 1.5 Hz, 2H), 7.25 (d, J = 7.6
Hz, 4H), 7.12 - 7.09 (m, 2H), 6.94 — 6.91 (m, 6H), 6.73 (d, J = 8.1 Hz, 2H), 5.74 (ddd, J = 17.3, 10.4, 8.6
Hz, 1H), 5.18 (dd, J = 10.4, 1.9 Hz, 1H), 5.12 — 5.06 (m, 1H), 5.03 (s, 2H), 4.17 (s, 2H), 3.85 (tq, J = 6.5,
3.1, 2.7 Hz, 1H), 3.52 — 3.40 (m, 2H), 2.53 — 2.45 (m, 2H), 2.27 — 2.20 (m, 1H), 2.11 (d, J = 4.4 Hz, 1H),
1.65 (tt, J = 9.3, 6.9 Hz, 2H), 1.29 (h, J = 7.4 Hz, 2H), 1.11 (d, J = 6.3 Hz, 3H), 0.86 (t, J = 7.3 Hz, 3H).

13C NMR (126 MHz, CDCls): 6 = 164.1, 148.9, 141.4, 141.1, 135.4, 134.6, 130.9, 130.5, 130.3, 130.1,
130.0, 129.4, 128.5, 127.9, 127.8, 126.4, 125.3, 125.3, 121.9, 118.7, 83.0, 71.3, 68.4, 61.1, 50.4, 47.2, 29.9,
26.9, 225, 20.6, 13.9.

HRMS (ESI): Calculated for C47H47CIN602 [M+H+] = 763.3522, Found 763.3511.
FTIR (neat): 3384, 3071, 2966, 2924, 2870, 2356, 1740, 1584, 1545, 1515, 1492, 1462, 1448, 1430, 1410,
1356, 1334, 1285, 1252, 1188, 1159, 1084, 1029, 1005, 924, 880, 822, 798, 784, 758, 748 cm—1.

[a]3®=-44.0 (c 0.50, CHCls).
HPLC (Three Chiralcel AD-H columns in series, hexanes:i-PrOH = 8:2, 1.0 mL/min, 230 nm), ee = 99%.
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DADA C, Sig=210.8 Ref=360,100 {COLEVCOLE ETHANOL 2021-02-01 09-11-06\062-0101.D)

-100 4

-110 4

120 -
130 4
140 <
A7 7 T T T T — T
30 325 38 ars 40 425 45 475 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAlU*s] [m&ALT] %
=== === |====]======= |========== |========== | =======- |
1 32.01z2 MM 1.92082 4534.58447 39.17502 48,3173
2 44.3p4 MM 3.5531 4850.42285 22.75223 51.6B827
DAD1 C, Sig=210,8 Ref=360,100 (COLE\COLE ETHANOL 2021-02-01 11-38-111061-0201.D)
mAU
200+
150+
100+
50 4
&
o
] . o —
ISIDIII.Sis....:;s-'r'a;'.srrrld-lnlIII42;.5 4I5 II47|'.5llllnm
Peak RetTime Type Width Area Height Area
# [min] [min] [mal*=] [mald] %
====|======= | ====|======= | ========== |======—==- | ======== |
1 31.850 MM 1.8658 129.51149 1.15691 0.3138

2 43,727 MF 2.9939 4.11485e=4 229.07104 99.88862
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(2R,3R)-3-((4-(dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl)methyl)pent-4-en-2-ol (2y)

= =

OH

=
)
N
N&

Oy

Allyl acetate 1y (40.8 mg, 0.100 mmol, 100 mol%) was subjected to a modified version of general procedure
D using (S)-Ir-1V (5.0 mg, 0.0050 mmol) and acetone as solvent (0.1 mL, 1.0M, 60 °C, 24 hr). The title

compound was obtained in 68% yield (26.7 mg, 0.068 mmol, >20:1 dr) as a yellow oil after isolation by flash

Procedure

column chromatography (SiOg, dichloromethane: ethyl acetate = 50:1-5:1).

TLC (SiO2) Rf = 0.15 (dichloromethane: ethyl acetate = 2:1).

IH NMR (500 MHz, CDCl3): & = 7.54 — 7.41 (m, 1H), 7.35 (dd, J = 7.7, 1.5 Hz, 1H), 7.30 (td, J = 5.0, 4.3,
3.0 Hz, 1H), 7.27 (s, 1H), 7.25 — 7.21 (m, 1H), 7.13 (td, J = 7.6, 1.5 Hz, 1H), 7.03 (dd, J = 8.0, 1.5 Hz, 1H),
6.85 (td, J = 7.5, 1.5 Hz, 1H), 5.70 — 5.56 (m, 1H), 5.11 — 4.94 (m, 2H), 3.89 (qd, J = 6.4, 3.3 Hz, 1H), 3.83
—2.95 (b, 5H), 2.83 — 2.59 (m, 4H), 2.59 — 2.37 (m, 3H), 1.13 (d, J = 6.4 Hz, 3H).

3C NMR (126 MHz, CDCls): § =159.6, 147.8, 138.9, 136.1, 133.0, 131.2, 131.2, 129.8, 128.1, 127.9,
127.3,127.3,126.9, 124.3, 121.9, 115.8, 69.8, 58.4, 52.5, 43.8, 17.8.

HRMS (ESI): Calculated for C23H27NzOS [M+H*] = 394.1948, Found 394.1954.
ETIR (neat): 3361, 2933, 2898, 2850, 2361, 2353, 2345, 2332, 2320, 1599, 1575, 1558, 1455, 1403, 1305,
1258, 1246, 1142, 1109, 1014, 919, 801, 762, 741, 701 cm,

[]2%=-13.3 (c 0.15, CHCl3).

HPLC (Phenomenex cellulose-2 column in series with a Phenomenex cellulose-5 column, hexanes:i-PrOH
=80:20, 1.00 mL/min, 230 nm), ee = 98%.
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DAD1 D, Sig=230,16 Ref=360,100 (COLE\COLE ETHANOL 2020-12-17 02-46-341010-0401.D)

mAU ]
100
80
60
404
2
0 -
T 1 1 T | T T T 1 T 1 N 1 I T 1 T
15 17.5 20 225 25 275 30 325 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=s] [mAU] %
- | - [======—==| ===
1 18.364 MF 2.5708 5173.58740 33.54079 47.2357
2 23.751 FM 4.4105 5779.12402 21.83851 52.7643
DAD1 E, Sig=280,16 Ref=360,100 (COLE\COLE ETHANOL 2020-12-17 02-46-341009-0201.D)
mAU ]
100
80
60
40-] .
1 S
] o
. . g
] o ¢
] 8 &
0 -
1 T T T 1 T 1 T T T I 1 T T | I T
15 175 20 22.5 25 275 30 325 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=s] [mAU] %
Sl et e e
1 16.656 MM 1.2776 33.35529 4.35115e-1 0.8264
2 24,703 MM 4.1427 4003.07153 16.10495 99,1736
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(2R,3R)-2-methyl-2-vinylbutane-1,3-diol (4a)

Procedure

Isoprene monoxide 3a (80 uL, 0.600 mmol, 300 mol%), (S)-1r-V (10.7 mg, 0.0100 mmol, 5 mol%),
K3POs (2.1 mg, 0.01 mmol, 5 mol%), ethanol (12 pL, 0.200 mmol, 100 mol%) and THF (0.4 mL,
0.5 M) were sealed in an argon-filled pressure tube and stirred at 45 °C for 48 hr. The title compound
was obtained in 96% yield (25.0 mg, 0.192 mmol, 8:1 dr) as a yellow oil after isolation by flash
column chromatography (SiO-, hexanes: ethyl acetate = 15:1-3:1).

TLC (SiOy) Rf =0.20 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCl3) 6 = 5.99 (dd, J = 17.8, 11.1 Hz, 1H), 5.28 (dd, J = 11.0, 1.4 Hz, 1H),
5.17 (dd, J=17.8, 1.4 Hz, 1H), 3.82 (q, J = 6.4 Hz, 1H), 3.67 (d, J = 10.6 Hz, 1H), 3.59 (d, J =
10.7 Hz, 1H), 2.30 (d, J = 5.6 Hz, 2H), 1.14 (d, J = 6.4 Hz, 3H), 0.98 (s, 3H).

13C NMR (101 MHz, CDCls) 6 = 139.8, 116.3, 73.9, 70.4, 45.9, 18.5, 18.1.

HRMS (CI): Calculated for C7H1s0, [M+H*] = 131.1069, Found 131.1072.

ETIR (neat): 3352, 2973, 2927, 2877, 1638, 1562, 1456, 1415, 1377, 1260, 1165, 1076, 1028, 917,
763 cm™,

[a]2%=-11.5 (c 0.1, CHCls).

HPLC Analyzed as the mono-tosylated diol. (Two Chiralcel OJ-H columns in series, hexanes:i-
PrOH = 93:7, 1.00 mL/min, 230 nm), ee = 96%.
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DAD1 D, Sig=230,16 Ref=360,100 (COLE2\COLE ETHANOL 2020-10-13 23-17-141007-0901.D)

19.949

22398

—— T[T
19 19.5 20 20.5 2 215 22 225

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mal*s] [mAl] %

1 19.949 BB 0.3992 1573.06287 60.93098 49.3715
2 22.398 BB 0.4611 1613.11389 54,22101 50.6285

DAD1 D, Sig=230,16 Ref=360,100 (COLE2\COLE ETHANOL 2020-10-13 23-17-141010-1201.D)
mAU
140
120
100 ] 8
80
60 ]
a0
204
'\b:\‘b
2 &
0 g‘?@“"
19 19‘5 2:) 2&,5 2‘1 21‘,5 22 22‘5 2‘3 minj
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== | === | === | —===—==== | =========- | ======== I
1 19.550 MM 0.7892 T0.14780 1.48148 2.2331

2 22.419 BB 0.4598 3071.09644 103.60686 97.7669
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2-(((3S,4R)-4-hydroxypent-1-en-3-yl)amino)-1H-indene-1,3(2H)-dione (4b)

Procedure

Phthalimidoallene 3b (37.4 mg, 0.200 mmol, 100 mol%), (S)-Ir-SI (21.1 mg, 0.0200 mmol, 10
mol%), KH2PO, (27.2 mg, 0.200 mmol, 100 mol%), ethanol (12 pL, 0.200 mmol, 100 mol%) and
MTBE (1.0 mL, 0.2 M) were sealed in an argon-filled pressure tube and stirred at 100 °C for 48 hr.
The title compound was obtained in 65% yield (23.3 mg, 0.101 mmol, 10:1 dr) as a yellow oil after
isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-5:1).

TLC (SiO7) Rs =0.30 (hexanes: ethyl acetate = 3:1).

'H NMR (400 MHz, CDCl3) § = 7.86 (dd, J = 5.4, 3.1 Hz, 2H), 7.74 (dd, J = 5.5, 3.0 Hz, 2H),
6.30 (ddd, J =17.1, 10.3, 7.9 Hz, 1H), 5.34 (dt, J = 10.4, 1.1 Hz, 1H), 5.29 (dt, J = 17.1, 1.2 Hz,
1H), 4.63 (ddt, J = 7.9, 4.3, 1.1 Hz, 1H), 4.30 (qd, J = 6.4, 4.3 Hz, 1H), 3.49 (s, 1H), 1.26 (d, J =
6.4 Hz, 4H).

13C NMR (101 MHz, CDCls) & = 168.8, 134.5, 131.9, 131.2, 123.7, 120.5, 68.5, 60.7, 20.4.
HRMS (ESI): Calculated for C13H1sNOs [M+Na*] = 254.0788, Found 254.0789.

ETIR (neat): 3502, 2920, 2359, 1770, 1711, 1468, 1384, 1334, 1172, 1072, 909, 750, 720 cm™™.
[a]2%= +72.8 (c 0.33, CHCls).

HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 99:1, 1.00 mL/min, 230 nm), ee = 93%.
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DAD1 D, Sig=230,16 Ref=360,100 (COLE2\MING_ARYL_2020_1012S 2020-10-13 03-45-20\048-0901.D)

mAU |
100
BD,
Buﬁ
40*
204
D_
T T T T T T
44 46 48 50 52 54
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mal*s] [mAlT] %
=== [========== [=====—=-
1 45.762 MF 1.4963 8024.66846 89.38510 49.7570
2 49,513 FM 1.8697 8103.05273 72.23315 50.2430
DAD1 D, Sig=230,16 Ref=360,100 (COLE2\MING_ARYL_2020_1012S 2020-10-13 03-45-20048-1201.D)
mAU ]
1004
au_
60 K
z
40_
20+ )
&
g ¥
=
u_
T T T T T T T
44 46 48 50 52 54 56
Peak RetTime Type Width Area Height Area
= [min] [min] [malU*s] [mAlT] %
=== | ====|======= | ======——=- [========—- [ ========
1 46.59%1 MF 1.5463 4051.83618 43.67313 96.5714

2 51.846 FM 1.9996 143.85440 1.19906  3.4286
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3.1g. Procedures and Spectral Data for Synthesis of N-Boc a-Methylamines 5a-5f

H PhsP (210 mol%) H
Me .- _OH DIAD (500 mol%) Me_J N3
DPPA (250 mol%)
/ > /
R R
H THF (0.1 M), 0 °C to r.t. H

(100 mol%)

General Procedure E

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with homoallylic
alcohol (100 mol%) and triphenylphosphine (210 mol%). The vessel was purged with argon and
anhydrous THF (0.1 M) was added. The flask was cooled to 0 °C and diisopropyl azodicarboxylate
(500 mol%) was added dropwise via syringe. The reaction was stirred for 15 minutes at 0 °C.
Diphenylphosphoryl azide (250%) was added to the flask dropwise via syringe. Following addition,
the reaction was allowed to reach ambient temperature and was stirred overnight or until the
homoallylic alcohol was consumed (monitored by TLC). Once complete, the reaction was
concentrated in vacuo and the resultant yellow oils were directly subjected to flash column

chromatography to afford homoallylic azides S5a-S5f.
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PhsP (110 mol%)

H H,0 (1000 mol%) H
Me.J N; dioxane (0.2 M) Me._y _NHBoc
r.t. to 90 °C
RTINS - RINF
H then aqg NaHCO3 H

(100 mol%) Boc,0 (110 mol%), r.t.

General Procedure F

An oven-dried pressure tube equipped with a magnetic stir bar was charged with homoallylic azide
(100 mol%) and triphenylphosphine (110 mol%). The vessel was fit with a rubber septum and was
purged with argon. Dioxane (0.2 M) was added and the reaction was stirred at ambient temperature
for 10 minutes before water (1000 mol%) was added in one portion. The septum was removed and
the tube was sealed with a PTFE lined cap. The vessel was heated to 90 °C for 2 hours or until full
consumption of homoallylic azide (monitored by TLC). The vessel was allowed to cool to ambient
temperature and saturated aqueous sodium bicarbonate was added (0.725 mL/mmol homoallylic
azide starting material) followed by di-tert-butyl carbonate (110 mol%). The vessel was stirred at
room temperature overnight or until full consumption of the amine intermediate (monitored by
TLC). Once complete, the reaction mixture was diluted with ethyl acetate and added to a separatory
funnel. The organics were washed once with water and separated. The aqueous layer was extracted
three times by ethyl acetate. The organics were combined and washed with brine. The organic
solution was dried over anhydrous sodium sulfate, passed through a fritted filter, and concentrated
in vacuo. The crude residue was purified by flash column chromatography to afford N-Boc a-

methylamines 5a-5f.
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5-((3R,4S)-4-azidopent-1-en-3-yl)-2,2-difluorobenzo[d][1,3]dioxole (S5a)

Procedure

Homaoallylic alcohol 2b (48.4 mg, 0.200 mmol, 100 mol%) was subjected to general procedure E.
The title compound was obtained in 77% yield (40.9 mg, 0.153 mmol, >20:1 dr) as a yellow oil
after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 150:1-80:1).
TLC (SiOy) Rt =0.70 (hexanes: ethyl acetate = 3:1).

IH NMR (500 MHz, CDCl3) § =7.01 (d, J = 8.2 Hz, 1H), 6.98 (d, J = 1.8 Hz, 1H), 6.94 (dd, J =
8.2, 1.8 Hz, 1H), 5.97 (ddd, J = 16.9, 10.2, 8.4 Hz, 1H), 5.18 (d, J = 10.2 Hz, 1H), 5.14 (dt, J =
17.0, 1.2 Hz, 1H), 3.79 — 3.69 (m, 1H), 3.28 (t, J = 8.1 Hz, 1H), 1.30 (d, J = 6.6 Hz, 3H).

13C NMR (126 MHz, CDCls): 6 = 144.1, 142.8, 137.6, 136.9, 133.8, 131.8, 129.8, 123.6, 118.0,
109.6, 109.5, 61.2, 55.9, 17.9.

F NMR (471 MHz, CDCls) 5 = -49.9 (d, J = 4.4 Hz).

HRMS (ESI): Calculated for C12H11F2N30, [M+Ag*] = 373.9865, Found 373.9850.

ETIR (neat): 2924, 2851, 2103, 1719, 1498, 1448, 1380, 1238, 1154, 1119, 1103, 1035, 1019, 991,
924, 903, 874, 813, 732, 705 cm™™.

[a]2%=-23.7 (¢ 0.19, CHClI,).
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tert-butyl ((2S,3R)-3-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)pent-4-en-2-yl)carbamate (5a)

H
Me NHBoc

Procedure

Homoallylic azide S5a (20.0 mg, 0.075 mmol, 100 mol%) was subjected to general procedure F.
The title compound was obtained in 84% yield (21.6 mg, 0.063 mmol, >20:1 dr) as a white solid
after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 40:1-10:1).

TLC (SiOy) Rt =0.55 (hexanes: ethyl acetate = 3:1).

IH NMR (500 MHz, CDCl3) § = 7.00 — 6.96 (m, 2H), 6.93 (dd, J = 8.2, 1.7 Hz, 1H), 6.00 (ddd, J

=17.0,10.3, 9.0 Hz, 1H), 5.21 (dd, J = 10.2, 1.5 Hz, 1H), 5.16 (dt, J = 17.0, 1.2 Hz, 1H), 4.32 (s,

1H), 3.97 (s, 1H), 3.38 (t, J = 8.0 Hz, 1H), 1.37 (s, 10H), 1.10 (d, J = 6.7 Hz, 3H).

BC NMR (126 MHz, CDCls) § = 155.2, 144.0, 142.5, 137.8, 136.9, 133.8, 131.8 (t, J = 255.8
Hz), 129.8, 123.4, 118.4, 109.5, 109.3, 79.5, 55.7, 50.0, 28.4, 18.3.

E NMR (471 MHz, CDCls) & = -50.1.

HRMS (ESI): Calculated for C17H21F2NO4 [M+Na*] = 364.1331, Found 364.1333.
FTIR (neat): 3354, 2978, 2930, 2365, 1695, 1498, 1449, 1392, 1367, 1238, 1159, 1034, 922, 903,
857, 804, 705 cm™.

[a]2%=-27.4 (c 0.20, CHCI,).

MP: 82-84 °C
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5-((3R,4S)-4-azidopent-1-en-3-yl)-2-(trifluoromethyl)pyridine (S5b)

Procedure

Homoallylic alcohol 2¢ (46.4 mg, 0.200 mmol, 100 mol%) was subjected to general procedure E.
The title compound was obtained in 46% vyield (23.8 mg, 0.093 mmol, >20:1 dr) as a yellow oil
after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 100:1-50:1).
TLC (SiOy) R =0.55 (hexanes: ethyl acetate = 3:1).

'H NMR (500 MHz, CDCls): 8 = 8.59 (s, 1H), 7.76 (d, J = 7.9 Hz, 1H), 7.66 (d, J = 8.1 Hz, 1H),
6.09 - 5.90 (m, 1H), 5.25 (d, J = 10.2 Hz, 1H), 5.18 (d, J = 17.0 Hz, 1H), 3.84 (p, J = 6.7 Hz,
1H), 3.39 (t, J = 7.9 Hz, 1H), 1.32 (d, J = 6.5 Hz, 3H).

C NMR (126 MHz, CDCls): 8 = 150.4, 147.1 (q, J = 35.3 Hz), 139.5, 137.2, 136.4, 121.7 (q, J
= 274.4 Hz), 120.4 (g, J = 2.5 Hz), 119.1, 60.7, 53.4, 17.9.

F NMR (471 MHz, CDCls) 5 = -67.8.

HRMS (ESI): Calculated for C11H11F3N4 [M+H*] = 257.1009, Found 257.1013.

ETIR (neat): 3104, 2979, 2937, 2170, 2105, 1732, 1639, 1476, 1452, 1371, 1309, 1256, 1217,
1157, 1074, 1016, 922, 859, 766, 746 cm™,

[a]28=-11.3 (c 0.71, CHCI5).
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tert-butyl ((2S,3R)-3-(6-(trifluoromethyl)pyridin-3-yl)pent-4-en-2-yl)carbamate (5b)

H
Me NHBoc

N =

| H
o

F,C~ °N
Procedure
Homoallylic azide S5b (23.8 mg, 0.093 mmol, 100 mol%) was subjected to general procedure F
using additional triphenylphosphine (31.7 mg, 0.121 mmol, 130 mol%). The title compound was
obtained in 73% yield (22.3 mg, 0.066 mmol, >20:1 dr) as a white solid after isolation by flash
column chromatography (SiO., hexanes: ethyl acetate = 40:1-10:1).
TLC (SiOy) R =0.48 (hexanes: ethyl acetate = 3:1).
'H NMR (500 MHz, CDCls): 6 =8.57 (d, J = 2.2 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.62 (d, J =
8.1 Hz, 1H), 6.04 (ddd, J = 17.0, 10.3, 9.0 Hz, 1H), 5.26 (d, J = 10.2 Hz, 1H), 5.20 (dt, J = 16.9,
1.2 Hz, 1H), 4.34 (d, J = 7.8 Hz, 1H), 4.05 (s, 1H), 3.45 (t, J = 8.3 Hz, 1H), 1.57 (s, 1H), 1.31 (s,
9H), 1.16 (d, J = 6.7 Hz, 3H).

B3C NMR (126 MHz, CDCls): 8 = 154.9, 150.1, 146.5 (q, J = 34.0 Hz), 140.4, 136.9, 135.9,
122.7,120.1 (d, J = 2.5 Hz), 120.1, 119.2, 79.6, 53.4, 49.5, 28.2, 18.6.

F NMR (471 MHz, CDCls) & = -67.8.

HRMS (ESI): Calculated for CigH21F3N20, [M+H*] = 331.1628, Found 331.1633.
ETIR (neat): 3353, 2977, 2931, 2019, 1701, 1523, 1455, 1392, 1367, 1339, 1252, 1174, 1142,
1087, 1050, 1028, 926, 848 cm™™.

[a]28=-78.9 (c 0.19, CHCl5).
MP: 87-89 °C
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tert-butyl 3-((3R,4S)-4-azidopent-1-en-3-yl)-1H-indole-1-carboxylate (S5c)

Procedure

Homoallylic alcohol 2n (48.2 mg, 0.160 mmol, 100 mol%) was subjected to general procedure E.
The title compound was obtained in 62% vyield (32.4 mg, 0.099 mmol, >20:1 dr) as a yellow oil
after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 150:1-50:1).
TLC (SiOy) R =0.70 (hexanes: ethyl acetate = 3:1).

'H NMR (500 MHz, CDCl3) 6 = 8.14 (s, 1H), 7.55 (dt, J = 7.8, 0.9 Hz, 1H), 7.49 (s, 1H), 7.32
(ddd, J=8.3,7.1, 1.3 Hz, 1H), 7.24 (td, J = 7.6, 7.2, 1.2 Hz, 1H), 6.08 (ddd, J = 17.0, 10.2, 8.4
Hz, 1H), 5.24 (dt, J = 17.0, 1.3 Hz, 1H), 5.20 (dt, J = 10.1, 1.1 Hz, 1H), 3.93 (p, J = 6.6 Hz, 1H),
3.69 —3.62 (m, 1H), 1.68 (s, 9H), 1.33 (d, J = 6.6 Hz, 3H).

B3C NMR (126 MHz, CDCls) § = 149.9, 136.7, 135.6, 130.1, 124.7, 123.5, 122.6, 119.5, 119.5,
117.9, 115.6, 83.9, 60.5, 47.0, 28.4, 17.4.

HRMS (ESI): Calculated for C1gH2:N4O, [M+Na*] = 349.1635, Found 349.1635.
FTIR (neat): 2978, 2928, 2361, 2266, 2105, 1997, 1733, 1476, 1452, 1371, 1309, 1256, 1217,
1157, 1072, 1019, 923, 859, 766, 746 cm™,

[a]28= +25 (c 0.10, CHCIs).
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tert-butyl 3-((3R,4S)-4-((tert-butoxycarbonyl)amino)pent-1-en-3-yl)-1H-indole-1-
carboxylate (5¢)

H
Me NHBoc

BocN
Procedure
Homoallylic azide S5c (23.0 mg, 0.070 mmol, 100 mol%) was subjected to general procedure F.
The title compound was obtained in 92% vyield (25.9 mg, 0.065 mmol, >20:1 dr) as a pale-yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 40:1-10:1).
TLC (SiOy) Rf =0.55 (hexanes: ethyl acetate = 3:1).
IH NMR (500 MHz, CDCls): & = 8.23 — 8.05 (m, 1H), 7.74 (d, J = 7.7 Hz, 1H), 7.41 (s, 1H), 7.34
—7.28 (m, 1H), 7.24 (t, J = 6.1 Hz, 1H), 6.15 — 6.02 (M, 1H), 5.28 — 5.24 (m, 1H), 5.23 (s, 1H),
4.66 —4.39 (m, 1H), 4.21 (s, 1H), 3.77 (s, 1H), 1.67 (s, 9H), 1.44 (s, 9H), 1.08 (d, J = 6.8 Hz,
3H).

13C NMR (126 MHz, CDCls): 8 = 155.4, 149.9, 135.7, 135.7, 130.1, 124.6, 122.9, 122.7, 120.6,
120.0, 118.3, 115.3, 83.8, 79.3, 48.6, 46.5, 28.6, 28.4, 17.5.

HRMS (ESI): Calculated for C23H3:N204 [M+Na*] = 423.2254, Found 423.2253.

ETIR (neat): 3382, 2977, 2931, 1731, 1708, 1499, 1453, 1368, 1309, 1251, 1219, 1157, 1121,
1074, 1053, 1018, 921, 858, 766, 747 cm™.

[a]2%=-50.0 (c 0.10, CHCl5).
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4-((3R,4S)-4-azidopent-1-en-3-yl)-5-chloro-3-methyl-1-phenyl-1H-pyrazole (S5d)

Procedure

Homoallylic alcohol 20 (33.8 mg, 0.122 mmol, 100 mol%) was subjected to general procedure E.
The title compound was obtained in 76% yield (27.9 mg, 0.092 mmol, >20:1 dr) as a yellow oil
after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 150:1-50:1).
TLC (SiOy) R =0.55 (hexanes: ethyl acetate = 3:1).

'H NMR (500 MHz, CDCls): 7.48 — 7.44 (m, 2H), 7.39 (t, J = 7.9 Hz, 2H), 7.32 (t, J = 7.3 Hz,
1H), 6.08 — 5.94 (m, 1H), 5.12 (dd, J = 13.7, 3.0 Hz, 2H), 3.84 (dt, J = 8.6, 6.4 Hz, 1H), 3.27 (t, J
=8.8 Hz, 1H), 2.27 (s, 3H), 1.29 (d, J = 6.5 Hz, 3H).

13C NMR (126 MHz, CDCls): & = 148.4, 138.3, 135.3, 129.6, 128.9, 128.0, 125.2, 117.8, 116.1,
59.4,47.0, 18.3, 13.7.

HRMS (ESI): Calculated for C1sH16CINs [M+H*] = 302.1167, Found 302.1167.
ETIR (neat): 3077, 2972, 2927, 2170, 2105, 2085, 1724, 1639, 1597, 1549, 1502, 1456, 1412,
1379, 1365, 1261, 1204, 1183, 1161, 1114, 1072, 1025, 1009, 988, 966, 921, 762, 693 cm™™.

[a]38= +20.8 (c 0.12, CHCls).
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tert-butyl ((2S,3R)-3-(5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)pent-4-en-2-
yl)carbamate (5d)

H
Me NHBoc
Cl

v

N= Me
Procedure
Homoallylic azide S5d (22.6 mg, 0.075 mmol, 100 mol%) was subjected to general procedure F.
The title compound was obtained in 72% vyield (20.2 mg, 0.054 mmol, >20:1 dr) as a pale-yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 40:1-10:1).
TLC (SiOy) R =0.35 (hexanes: ethyl acetate = 3:1).
'H NMR (500 MHz, CDCls): 6 = 7.45 (dd, J = 7.6, 1.8 Hz, 2H), 7.38 (t, J = 7.9 Hz, 2H), 7.33 —
7.27 (m, 1H), 6.11 (dt, J = 17.9, 9.2 Hz, 1H), 5.12 (s, 1H), 5.09 (dd, J = 5.4, 1.4 Hz, 1H), 4.26 (s,
1H), 4.00 (s, 1H), 3.27 (t, J = 6.8 Hz, 1H), 2.27 (s, 3H), 1.29 (s, 9H), 1.16 (d, J = 6.7 Hz, 3H).
13C NMR (126 MHz, CDCls): & = 155.1, 148.6, 138.4, 135.8, 128.9, 127.9, 125.4, 125.0, 117.5,
116.5,79.1,47.4,29.7, 28.3, 19.7, 13.9.
HRMS (ESI): Calculated for C20H2sCIN3O, [M+H*] = 376.1786, Found 376.1790.
ETIR (neat): 3333, 2977, 2929, 2854, 2357, 2343, 2088, 1711, 1599, 1503, 1452, 1412, 1365,
1251, 1171, 1105, 1049, 1027, 988, 919, 861, 761, 694 cm™*.
[a]2%=-5.0 (c 0.1, CHCls).
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tert-butyl 4-((3R,4S)-4-azidopent-1-en-3-yl)piperidine-1-carboxylate (S5e)

Procedure

Homoallylic alcohol 2p (62.5 mg, 0.232 mmol, 100 mol%) was subjected to general procedure E.
The title compound was obtained in 97% yield (66.4 mg, 0.226 mmol, >20:1 dr) as a yellow oil
after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 150:1-40:1).
TLC (SiOy) Rt =0.65 (hexanes: ethyl acetate = 3:1).

IH NMR (500 MHz, CDCls): & = 5.48 (dt, J = 17.0, 10.1 Hz, 1H), 5.18 (dd, J = 10.2, 1.9 Hz,
1H), 5.12 — 5.02 (m, 1H), 4.21 — 4.05 (m, 2H), 3.50 (dq, J = 8.4, 6.6 Hz, 1H), 2.66 (dtd, J = 23.1,
12.9, 2.9 Hz, 2H), 2.01 — 1.90 (m, 1H), 1.76 (dddd, J = 12.0, 8.6, 4.9, 2.5 Hz, 1H), 1.62 (dt, J =
13.1, 2.8 Hz, 1H), 1.45 (s, 9H), 1.33 — 1.21 (m, 2H), 1.24 (d, J = 6.5 Hz, 3H), 1.12 (qd, J = 12.5,
4.4 Hz, 1H).

3C NMR (126 MHz, CDCls): & = 155.1, 148.6, 138.5, 135.8, 128.9, 127.9, 125.4, 125.0, 117.5,
116.5,79.1, 47.4,29.7, 28.3, 19.7, 13.9.

HRMS (ESI): Calculated for C15H26N4O, [M+Na*] = 317.1948, Found 317.1949.
FTIR (neat): 2928, 2855, 2087, 1721, 1691, 1449, 1422, 1391, 1365, 1267, 1250, 1234, 1173,
1153, 1103, 1040, 1019, 1001, 921, 867, 769, 732 cm™*.

[a]28= +25.0 (c 0.1, CHCls).
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tert-butyl 4-((3R,4S)-4-((tert-butoxycarbonyl)amino)pent-1-en-3-yl)piperidine-1-
carboxylate (5e)

H
Me NHBoc

BocN

Procedure

Homoallylic azide S5e (63.0 mg, 0.214 mmol, 100 mol%) was subjected to general procedure F.
The title compound was obtained in 91% vyield (71.7 mg, 0.195 mmol, >20:1 dr) as a pale-yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 40:1-10:1).
TLC (SiOy) R = 0.45 (hexanes: ethyl acetate = 3:1).

'H NMR (500 MHz, CDCls): 6 =5.53 (dt, J = 17.0, 10.1 Hz, 1H), 5.18 (dd, J = 10.2, 2.1 Hz, 1H),
5.04 (dd, J=17.1, 2.1 Hz, 1H), 4.46 (d, J = 9.3 Hz, 1H), 4.09 (t, J = 13.6 Hz, 2H), 3.86 (dt, J = 9.3,
6.4 Hz, 1H), 2.73 — 2.54 (m, 2H), 1.92 — 1.82 (m, 1H), 1.73 — 1.61 (m, 2H), 1.44 (s, 9H), 1.43 (s,
9H), 1.34 — 1.15 (m, 2H), 1.07 (dd, J = 12.5, 4.4 Hz, 1H), 1.02 (d, J = 6.8 Hz, 3H).

13C NMR (126 MHz, CDCl3) 8 = 155.1, 154.8, 136.3, 119.3, 79.3, 79.1, 54.8, 45.4, 44.0, 36.5,
30.0, 29.8, 28.5, 28.5.

HRMS (ESI): Calculated for C20HssN204 [M+Na*] = 391.2567, Found 391.2566.

ETIR (neat): 3336, 2976, 2932, 2855, 1693, 1676, 1524, 1449, 1424, 1365, 1277, 1234, 1166
1097, 1045, 1030, 976, 916, 868, 769 cm 1,

[a]2%=-7.6 (c 0.13, CHCls).
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1-((S)-3-((S)-1-azidoethyl)pent-4-en-1-yl)-4-bromo-3,5-dimethyl-1H-pyrazole (S5f)

H
Me
N
\N /
S H
Br
Me

Procedure

Homoallylic alcohol 2e (57.4 mg, 0.200 mmol, 100 mol%) was subjected to general procedure E.
The title compound was obtained in 93% vyield (57.8 mg, 0.185 mmol, >20:1 dr) as a yellow oil
after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 150:1-40:1).
TLC (SiOy) Rf =0.51 (hexanes: ethyl acetate = 3:1).

'H NMR (500 MHz, CDCl3) 6 = 5.61 (ddd, J = 17.1, 10.3, 9.1 Hz, 1H), 5.23 (dd, J = 10.3, 1.6
Hz, 1H), 5.16 (ddd, J = 17.1, 1.6, 0.8 Hz, 1H), 3.99 (ddd, J = 14.3, 9.5, 5.0 Hz, 1H), 3.88 (ddd, J
=13.9,9.2, 7.0 Hz, 1H), 3.38 (p, J = 6.7 Hz, 1H), 2.20 (s, 3H), 2.20 (s, 3H), 2.14 (dtd, J = 9.8,
7.0, 6.5, 3.0 Hz, 1H), 2.06 (tdd, J=9.7, 6.7, 3.1 Hz, 1H), 1.67 (dddd, J = 13.7, 10.6, 9.2, 4.9 Hz,
1H), 1.24 (d, J = 6.7 Hz, 3H).

BC NMR (126 MHz, CDCls) § = 146.1, 137.3, 136.9, 119.0, 94.0, 60.9, 48.0, 47.3, 31.1, 16.9,
12,5, 10.5.

HRMS (ESI): Calculated for C12H1sBrNs [M+H*] = 312.0818, Found 312.0819.

FTIR (neat): 2976, 2927, 2177, 2160, 2104, 2021, 1979, 1733, 1641, 1547, 1475, 1456, 1422,
1382, 1315, 1261, 1068, 998, 926, 842, 683 cm™.

[a]38= +25.0 (c 0.10, CHCls).
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tert-butyl ((2S,3S)-3-(2-(4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)ethyl)pent-4-en-2-
yl)carbamate (5f)

H
Me
N
N =

Br = H
Me

Procedure
Homoallylic azide S5f (50.5 mg, 0.162 mmol, 100 mol%) was subjected to general procedure F.
The title compound was obtained in 92% vyield (57.3 mg, 0.148 mmol, >20:1 dr) as a pale-yellow
oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 40:1-10:1).
TLC (SiOy) R =0.34 (hexanes: ethyl acetate = 3:1).
'H NMR (500 MHz, CDCls): 6 =5.60 (dt, J = 16.7, 9.6 Hz, 1H), 5.21 (d, J = 10.0 Hz, 1H), 5.16 —
5.05 (m, 1H), 4.49 (d, J = 8.6 Hz, 1H), 3.97 (s, 1H), 3.89 (s, 1H), 3.65 (s, 1H), 2.20 (s, 6H), 2.11
(s, 1H), 2.01 (s, 1H), 1.76 — 1.65 (m, 1H), 1.43 (s, 10H), 1.04 (d, J = 6.3 Hz, 3H).
13C NMR (126 MHz, CDCls): & = 155.3, 145.8, 137.3, 136.7, 118.9, 93.7, 79.2, 49.1, 48.0, 47.1,
31.7,28.4,17.3,12.3,10.3, 10.2.
HRMS (ESI): Calculated for C17H2sBrNsO, [M+H*] = 386.1438, Found 386.1438.
ETIR (neat): 3319, 2976, 2926, 1708, 1502, 1454, 1389, 1365, 1248, 1167, 1065, 1000, 920, 859,
779
cm?,

[a]2°=-56.5 (c 0.18, CHCI,).
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3.1h. Single Crystal Diffraction Data for Secondary Alcohol 2p

Empirical formula C15H27 N O3

Formula weight 269.37

Temperature 100.02(12) K

Wavelength 1.54184 A

Crystal system orthorhombic

Space group P212121

Unit cell dimensions a=8.99890(10) A a=90°.

b = 9.46510(10) A B=90°.
c =37.2866(3) A y =90°.

Volume 3175.90(5) A3

4 8

Density (calculated) 1.127 Mg/m3

Absorption coefficient 0.617 mm-1

F(000) 1184

Crystal size 0.28 x 0.21 X 0.17 mm3

Theta range for data collection 2.370 to 73.220°.

Index ranges -11<=h<=11, -11<=k<=11, -45<=|<=45

Reflections collected 54350

Independent reflections 6342 [R(int) = 0.0297]

Completeness to theta = 67.684° 100.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.000 and 0.93770

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 6342 /0/375

Goodness-of-fit on F2 1.080

Final R indices [I>2sigma(l)] R1=0.0297, wR2 = 0.0739

R indices (all data) R1=0.0301, wR2 = 0.0741
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Absolute structure parameter -0.02(4)
Extinction coefficient n/a

Largest diff. peak and hole 0.113 and -0.176 e.A-3
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Figure 3.1: View of 2p showing the atom labeling scheme. Displacement ellipsoids are scaled to
the 50% probability level.

300



3.2 Chapter 2 Supplementary Information

3.2a. General Information

All reactions were carried out under inert gas atmosphere (nitrogen or argon) unless
otherwise indicated. Resealable pressure tubes (13x100 mm) were purchased from Fischer
Scientific (catalog number 14-959-35C) and were oven dried followed by cooling in a
desiccator or under a stream of inert gas prior to use. All commercial reagents and
anhydrous solvents were used as received from vendors (Fischer Scientific, Sigma Aldrich,
Ameed and Combi Blocks) without further purification. Preparative column
chromatography employing Silicycle silica gel (40-63 um) was performed according to the
method of Still! or on a Teledyne Isco Combiflash Rf utilizing Silicycle HP column using
a mobile phase composed of either hexanes/ethyl acetate, hexanes/acetone,
dichloromethane/methanol, or another suitable solvent system.. Reactions were monitored
by analytical thin-layer chromatography (TLC) using 0.25 mm commercial silica gel plates
(Dyna./Imic Absorbents F).

3.2b. Spectroscopy, Spectrometry and Data Collection

Infrared spectra were recorded on a Perkin-Elmer 1600 spectrometer using a diamond ATR
unit. High-resolution mass spectra (HRMS) were obtained on a Karatos MS9 and are
reported as m/z (relative intensity). Accurate masses are reported for the molecular ion
(M*, M+H*, M+Na*, M+Ag"), or a suitable fragment ion. Nuclear magnetic resonance (*H,
3¢, 1°F, 3'P NMR) spectra were recorded with a Bruker BioSpin GmbG, Varian Gemini
(400 MHz) or Varian INOVA (500 MHz) spectrometer equipped with a Bruker cryoprobe.
The chemical shifts are given as parts per million (ppm) and were referenced to the residual
solvent signal (CDCI3: 61 = 7.26 ppm, dc = 77.16 ppm). Specific optical rotations were
recorded on an Azzota Corp AP45 (589 nm) in CDCI3. Solution concentrations are given
in the units of 102 g mL2,
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3.2c. Procedures and Spectral Data for Synthesis of Allylic Alcohols

Allylic alcohol precursors 1a,*” 1b,%3 1¢,% 1k,%* 1m,> 1n,%3 1p,> 15,% 1u,% and 1v,> were
synthesized in the manner previously reported. The obtained products were identical in all

respects to the compounds reported the literature.

General Procedure A

o) Vinyl MgBr (125 mol%) OH
J
=
R THF, 0°C R)\/
(100 mol%)

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with
aldehyde (100 mol%). The flask was purged with argon and freshly distilled THF (0.1 M)
was added. A solution of vinyl magnesium bromide (1.0 M in THF, 125 mol%) was added
at 0 °C. Following addition, the reaction was allowed to stir for 30 minutes. Upon
completion of the reaction, the solution was diluted with diethyl ether and was quenched
with aqueous saturated NH4Cl solution. The biphasic mixture was poured into a separatory
funnel and mixed thoroughly. The organic layer was extracted three times with ethyl
acetate, then washed with brine, and Na.SOj4 (dried). After 15 minutes, the organic solution
was passed through a fritted filter into a round-bottom flask and was concentrated in vacuo.
The residue was directly subjected to flash column chromatography to afford allylic
alcohols.
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(1d) 1-(3-iodo-4,5-dimethoxyphenyl)prop-2-en-1-ol

OH

MeO
OMe

Procedure

3-iodo-4,5-dimethoxybenzaldehyde (2.00g, 6.80 mmol, 100 mol%) was subjected to
general procedure B. The title compound was obtained in 87% yield (1.90g, 5.90 mmol)
as a pale-yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 20:1-5:1).

TLC (SiO2): Rf = 0.29 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCla): & 7.32 (d, J = 1.9 Hz, 1H), 6.91 (d, J = 1.9 Hz, 1H), 5.99
(ddd, J = 16.8, 10.3, 6.0 Hz, 1H), 5.35 (dt, J = 17.0, 1.4 Hz, 1H), 5.21 (dt, J = 10.4, 1.3 Hz,
1H), 5.10 (d, J = 6.1 Hz, 1H), 3.85 (s, 3H), 3.81 (s, 3H).

13C NMR (101 MHz, CDCls): 8 152.8, 148.4, 140.7,139.8, 128.3,115.8,111.0, 92.5, 74.5,
60.5, 56.1.

HRMS (ESI): Calculated for C11H13103 [M+Na+ ] = 342.9802, Found 342.9801.

FTIR (neat): 3417, 3010, 2935, 1738, 1590, 1463, 1409, 1269, 1138 cm™.
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(1e) 1-(2,6-dichloropyridin-3-yl)prop-2-en-1-ol

OH

\

Cl N° CI

Procedure

2,6-dichloronicotinaldehyde (1.76 g, 10.0 mmol, 100 mol%) was subjected to general
procedure A. The title compound was obtained in 62 % yield (1.26 g, 6.16 mmol) as a pale-
yellow oil after isolation by flash column chromatography (SiO., hexanes: ethyl acetate =
20:1-10:1).

TLC (SiO2): Rf = 0.22 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCl3): & 7.89 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 8.1 Hz, 1H), 5.95
(ddd, J = 16.6, 10.3, 5.7 Hz, 1H), 5.54 (d, J = 5.8 Hz, 1H), 5.42 (d, J = 17.1 Hz, 1H), 5.27
(d, J = 10.3 Hz, 1H), 2.28 (s, 1H).

13C NMR (101 MHz, CDCls): 6 149.3, 148.2, 139.1, 137.2, 135.7, 123.7, 117.1, 70.7.
HRMS (ESI): calculated for CsH7;CI2NO [M+H*]=203.9972, Found 203.9977

FTIR (neat): 3359, 2923, 1574, 1552, 1422, 989, 855, 781 cm™.
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(1) 1-(6-bromopyridin-3-yl)prop-2-en-1-ol

OH

\

Br N

Procedure

6-bromonicotinaldehyde (1.67 g, 9.00 mmol, 100 mol%) was subjected to general
procedure B. The title compound was obtained in 67% yield (1.30 g, 6.10 mmol) as a pale-
yellow oil after isolation by flash column chromatography (SiO., hexanes: ethyl acetate =
10:1-4:1).

TLC (SiO2): Rf = 0.15 (hexanes: ethyl acetate = 4:1).

1H NMR (500 MHz, CDCls): 8: 8.34 (d, J = 2.5 Hz, 1H), 7.61 — 7.55 (m, 1H), 7.46 (d, J =
8.1 Hz, 1H), 5.99 (ddd, J = 16.8, 10.3, 6.3 Hz, 1H), 5.38 (dt, J = 17.1, 1.3 Hz, 1H), 5.27
(dd, J = 10.4, 1.2 Hz, 1H), 5.23 (d, J = 6.3 Hz, 1H).

13C NMR (126 MHz, CDCl3): 6: 148.4, 141.1, 138.9, 137.2, 136.7, 127.8, 116.7, 72.4.
HRMS (ESI): Calculated for CsHsBrNO [M+H*] = 213.9862, Found 213.9865

FTIR (neat): 3303, 1579, 1452, 1085, 1049, 928, 848, 740 cm™
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(19) tert-butyl 4-(5-(1-hydroxyallyl)pyrimidin-2-yl)piperazine-1-carboxylate

OH

NN

P

N” N
Boc@
Procedure

tert-butyl 4-(5-formylpyrimidin-2-yl)piperazine-1-carboxylate (1.00 g, 3.42 mmol, 100
mol%) was subjected to general procedure A. The title compound was obtained in 64%
yield (701 mg, 2.19 mmol) as a white solid after isolation by flash column chromatography
(SiOg, dichlormethane: ethyl acetate = 20:1-5:1).

TLC (SiO2): Rf = 0.24 (dichloromethane: ethyl acetate = 4:1).

IH NMR (500 MHz, CDCls): § 8.31 (s, 2H), 6.02 (ddd, J = 17.0, 10.3, 5.8 Hz, 1H), 5.37
(dt, J = 17.1, 1.3 Hz, 1H), 5.26 (dt, J = 10.4, 1.2 Hz, 1H), 5.11 (dd, J = 5.9, 3.8 Hz, 1H),
3.81 (t, J = 5.2 Hz, 4H), 3.49 (t, ] = 5.3 Hz, 4H), 1.49 (s, 9H).

13C NMR (126 MHz, CDCls): § 161.7, 156.9, 155.0, 139.3, 123.8, 116.0, 80.1, 71.5,
43.9, 28.6.

HRMS (ESI): calculated for C16H24N4O3 [M+H*]=321.1921, Found 321.1928.

FTIR (neat): 3424, 2972, 2908, 2861, 1654, 1640, 1543, 1460, 1246, 1166, 1119, 863

cm

MP: 135-137 °C
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(1h) 1-(2-chloroquinolin-3-yl)prop-2-en-1-ol

Cl OH
N

Procedure

2-chloroquinoline-3-carbaldehyde (2.00g, 10.4 mmol, 100 mol%) was subjected to general
procedure B. The title compound was obtained in 75% yield (1.70g, 7.80 mmol) as a pale-
yellow oil after isolation by flash column chromatography (SiO., hexanes: ethyl acetate =
10:1-5:1).

TLC (SiO2): Rf = 0.19 (hexanes: ethyl acetate = 3:1).

IH NMR (500 MHz, CDCl3): & 8.34 (s, 1H), 8.00 (d, J = 8.6 Hz, 1H), 7.84 — 7.80 (m, 1H),
7.71 (ddt, J = 8.5, 6.9, 1.6 Hz, 1H), 7.55 (ddt, J = 8.6, 6.9, 1.7 Hz, 1H), 6.09 (dddd, J =
17.5,10.3, 5.6, 1.8 Hz, 1H), 5.71 (t, J = 4.8 Hz, 1H), 5.47 (dg, J = 17.1, 1.6 Hz, 1H), 5.33
—5.26 (m, 1H), 2.64 (s, 1H).

13C NMR (126 MHz, CDCls): § 149.3, 147.1, 137.9, 136.4, 134.4, 130.6, 128.3, 127.9,
1275, 127.3, 117.0, 71.3.

HRMS (ESI): Calculated for C12H10CINO [M+H+ ] = 220.0524, Found 220.0529.

FTIR (neat): 3336, 3087, 2358, 1587, 1396, 1313, 1262, 1136, 998 cm™.
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(11) 1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophen-2-yl)prop-2-en-1-ol

Me OH
M (o]
T
Me / \
M (o) S
Procedure

4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophene-2-carbaldehyde (1.00 g, 4.20
mmol, 100 mol%) was subjected to a modified version of general procedure A using vinyl
magnesium bromide (1.0 M in THF, 4.62 mmol, 110 mol%) in THF (0.1 M) at -78°C.
Upon completion of the reaction, the solution was diluted with brine and allowed to warm
to room temperature. The biphasic mixture was poured into a separatory funnel and mixed
thoroughly. The organic layer was extracted 3 times with ethyl acetate. And dried
anhydrous sodium sulfate. After 15 minutes, the organic solution was passed through a
fritted filter into a round-bottom flask and was concentrated in vacuo. The title compound
was obtained in 51% yield (570 mg, 2.14 mmol) as a yellow oil after isolation by flash

column chromatography (SiOz, hexanes: diethyl ether = 5:1-2:1).
TLC (SiO2): R =0.35 (hexanes: diethyl ether = 1:1).

IH NMR (400 MHz, CDCls): § 7.85 (s, 1H), 7.27 (s, 1H), 6.13 (dddd, J = 16.7, 10.4, 6.0,
1.7 Hz, 1H), 5.49 — 5.30 (m, 2H), 5.24 (dt, J = 10.3, 1.3 Hz, 1H), 1.54 (s, 1H), 1.32 (s,
12H).

13C NMR (101 MHz, CDCls): § 147.2, 139.5, 136.9, 135.2, 129.5, 115.9, 83.9, 71.1, 25.0.
HRMS (ESI): calculated for C16H24N4O3 [M+Na*]= 289.1043, found= 289.1055.

FTIR (neat): 3439, 2977, 1738, 1671, 1537, 1457, 1371, 1307, 1260, 1139, 965, 703 cm™
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(1)) 1-(2,4-dibromothiazol-5-yl)prop-2-en-1-ol

Procedure

2,4-dibromothiazole-5-carbaldehyde (1.08 g, 4.00 mmol, 100 mol%) was subjected to
general procedure B. The title compound was obtained in 47% yield (562 mg, 1.88 mmol)
as a pale-yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 20:1-5:1).

TLC (SiO2): Rf = 0.22 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCls): & 6.02 — 5.93 (m, 1H), 5.49 (s, 1H), 5.48 (d, J = 12.2 Hz,
1H), 5.31 (dd, J = 10.4, 1.5 Hz, 1H), 2.43 (s, 1H).

13C NMR (101 MHz, CDCls): 6 140.4, 136.8, 136.1, 121.4, 117.5, 69.7.
HRMS (ESI): calculated for CéHsNOS [M+H"]= 297.8531, found= 297.8528

FTIR (neat): 3322, 1393, 1250, 1210, 1021, 983, 932, 846, and 729 cm™
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(a1 1-(1-(3-fluorophenyl)-1H-pyrazol-4-yl)prop-2-en-1-ol

Procedure

1-(3-fluorophenyl)-1H-pyrazole-4-carbaldehyde (2.00 g, 10.5 mmol, 100 mol%) was
subjected to general procedure A. The title compound was obtained in 70% vyield (1.60 g,
7.33 mmol) as a colorless oil after isolation by flash column chromatography (SiO2,

hexanes: ethyl acetate = 15:1-5:1).
TLC (SiO2) R = 0.45 (hexanes: ethyl acetate = 1:1).

IH NMR (400 MHz, CDCls): & 7.84 (s, 1H), 7.64 (s, 1H), 7.45 — 7.31 (m, 3H), 7.00 — 6.91
(m, 1H), 6.09 (ddd, J = 16.7, 10.2, 6.0 Hz, 1H), 5.38 (d, J = 17.1 Hz, 1H), 5.26 (s, 1H),
5.23 (d, J = 11.0 Hz, 1H), 2.54 (s, 1H).

13C NMR (101 MHz, CDCla): & 163.33 (d, J = 246.7 Hz), 141.43 (d, J = 10.2 Hz),
139.98, 139.61, 130.84 (d, J = 9.4 Hz), 126.57, 125.02, 115.65, 114.27 (d, J = 3.3 Hz),
113.34 (d, J = 21.4 Hz), 106.81 (d, J = 26.5 Hz), 67.76.

F NMR (376 MHz, CDCls): 6 -110.82.

HRMS (ESI): Calculated for C12H1:FN2O [M+H"] = 219.0928, Found 219.0934.

FTIR (neat): 3353, 1613, 1601, 1568, 1498, 1477, 1459, 1395, 1257, 1179, 1151, 1019,
864 cm™.
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(10) tert-butyl 4-(2-hydroxybut-3-en-1-yl)piperidine-1-carboxylate

BocN OH
=

tert-butyl 4-(2-oxoethyl)piperidine-1-carboxylate (2.27 g, 10.0 mmol, 100 mol%) was

Procedure

subjected to general procedure B. The title compound was obtained in 71% vyield (1.81 g,
7.10 mmol) as a colorless oil after isolation by flash column chromatography (SiO2,
hexanes: ethyl acetate = 4:1-1:1).

TLC (SiO2): Rs = 0.35 (hexanes: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCls): § 5.80 (ddd, J = 16.9, 10.4, 6.3 Hz, 1H), 5.31 — 5.13 (m, 1H),
5.04 (dd, J = 10.4, 1.4 Hz, 1H), 4.15 (q, J = 6.5 Hz, 1H), 4.00 (s, 4H), 2.63 (s, 4H), 1.74 —
1.51 (m, 4H), 1.38 (s, 9H).

13C NMR (126 MHz, CDCls): 6 155.3, 141.9, 115.1, 79.6, 71.0, 44.1, 32.8, 28.9, 28.9.
HRMS (ESI): calculated for C14H2sNO3 [M+Na']= 278.1727, found= 278.1733.

FTIR (neat): 3456, 2975, 2920, 2849, 1691, 1668, 1477, 1365, 1297, 1163, 1085, 993,
918, 768 cm™.
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(S1q) 3-(6-(pyrrolidin-1-yl)pyridin-3-yl)propanal

Pd(dba); (2 mol%) o
N Br Ligand (6 mol%) |
| Cy,NMe (10 mol%) N
P NG |
DMF (0.5 M), 90 °C C/N N

Procedure

To an oven-dried round bottom flask equipped with a magnetic stir bar was charged with Pd(dba)
(287 mg, 0.26 mmol, 2 mol%), 2-[bis(1,1-dimethylethyl)phosphino]-1-phenyl-1H-indole (267.0
mg, 0.792 mmol, 6 mol%), 5 —bromo — 2 - (pyrrolidin-1-yl)pyridine (3.00 g, 13.2 mmol, 100mol%)
and purged with argon. Then DMF (24 mL), N,N-dicyclohexylmethylamine (3.2 mL, 1.45 mmol,
10 mol%), allyl alcohol (1.0 mL, 14.5 mmol, 110 mol%) were added under argon balloon,
respectively. After stirring for 2 h at 90 °C, the reaction mixture was cooled to room temperature,
and sat. NH4Cl ag. was poured into the reaction mixture and extracted with EtO. The organic layer
was washed with water, Na,SO, (dried), and filtered. The filtrate was concentrated in vacuo and
the residue was subjected to silica gel flash column chromatography. Silica gel was premixed with
dichloromethane : triethylamine = 100:1 then loaded to the column. The products are eluted by
dichloromethane: ethyl acetate = 1:1. The title compound was then obtained in 40% yield (1.1 g,

5.28 mmol) as an orange oil.

TLC (SiO2): Rf = 0.43 (dichloromethane: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCls): 8: 9.80 (s, 1H), 7.99 (d, J = 2.4 Hz, 1H), 7.28 (dd, J = 8.7,
2.5 Hz, 1H), 6.31 (d, J = 8.6 Hz, 1H), 3.48 — 3.39 (m, 4H), 2.81 (t, J = 7.4 Hz, 2H), 2.70
(t, J = 7.5 Hz, 2H), 2.02 — 1.95 (m, 4H).

13C NMR (126 MHz, CDCl3): 8: 202.1, 156.7, 147.9, 137.7, 122.6, 106.8, 47.1, 45.9, 25.9,
25.0.

HRMS (ESI): Calculated for C12H1sN20O [M+H*] = 205.1335, Found 205.1336

FTIR (neat): 2926, 1609, 1506, 1485, 1415, 1162, 804.88 cm™
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(19) 5-(6-(pyrrolidin-1-yl)pyridin-3-yl)pent-1-en-3-ol

Procedure

Aldehyde S1q (545.0 mg, 2.720 mmol, 100 mol%) was subjected to general procedure B.
The title compound was obtained in 40% yield (247.0 mg, 1.080 mmol) as a yellow oil
after isolation by flash column chromatography (SiOz, ethyl acetate: dichloromethane:
triethylamine = 300:100:1).

TLC (SiO2): Rs = 0.4 (ethyl acetate: dichloromethane: triethylamine = 400:100:1).

IH NMR (500 MHz, CDCl3): 8: 8.00 (d, J = 2.3 Hz, 1H), 7.30 (dd, J = 8.6, 2.4 Hz, 1H),
6.32 (d, J = 8.6 Hz, 1H), 5.89 (ddd, J = 16.9, 10.4, 6.2 Hz, 1H), 5.28 — 5.17 (m, 1H), 5.13
(d, J = 10.4 Hz, 1H), 4.12 (g, J = 6.4 Hz, 1H), 3.50 — 3.38 (m, 4H), 2.64 — 2.50 (M, 2H),
2.05— 1.94 (m, 4H), 1.85 — 1.71 (m, 2H).

13C NMR (126 MHz, CDCls): 6: 156.0, 147.4, 140.9, 137.3, 123.6, 114.8, 106.2, 72.2,
46.6, 38.5, 27.7, 25.4.

HRMS (ESI): Calculated for C14H20N20 [M+H"] = 233.1648, Found 233.1655

FTIR (neat): 3250, 2926, 2852, 1605, 1484, 1418, 1013, 806, 750 cm™
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(S1r) 3-(3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-
yl)propanal

o

e Me ZF Me Me o

Me;tq /~NH (150 mol%) Me;to\ y NA)
B B

Me o’ /NI DiOXane, 40 OC, 16 hrs Me o/ /NI

Me Me

Me M
Procedure

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with 5-
dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (5.0 g, 22.5 mmol,
100 mol%). The flask was then purged with argon. Anhydrous dioxane (15. mL) and
freshly distilled acrolein (2.5 mL, 150 mol%) were added subsequently. The reaction
mixture was then heated at 40 °C for 16 hrs. The reaction mixture was then diluted by
dichloromethane and passed through a plug of silica gel. The solution was then
concentrated in vacuo at 70°C to obtain in 80% yield (5.0 g, 18 mmol) as a pale yellow oil
which is used for next step without any further purification.

TLC (SiO2): Rf = 0.50 (dichloromethane: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCl3): 5: 9.80 (s, 1H), 4.25 (t, J = 6.7 Hz, 2H), 3.03 (t, J = 6.7 Hz,
2H), 2.42 (s, 3H), 2.31 (s, 3H), 1.28 (s, 12H).

13C NMR (126 MHz, CDCls): 6: 199.5, 154.9, 147.2, 82.4, 43.5, 41.0, 24.8, 13.8, 11.0.
HRMS (ESI): Calculated for C14H23BN203 [M+H"] = 279.1877, found 279.1885

FTIR (neat): 2976, 1547, 1435, 1275, 1147, 1136, 1081, 751, 717 cm™*
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(1r) 5-(3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-
yl)pent-1-en-3-ol

Me OH
Me 0\ =
B— N
Me o /f‘ll
Me
Me

Procedure

Aldehyde S1r (3.130 g, 10.200 mmol, 100 mol%) was subjected to general procedure B.
The title compound was obtained in 50% yield (0.860 g, 5.100 mmol) as a white solid after
isolation by flash column chromatography (SiO>, dichloromethane: ethyl acetate = 1:1).

TLC (SiO2): Rf = 0.40 (dichloromethane: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCls): &: 5.87 (ddd, J = 17.1, 10.5, 5.4 Hz, 1H), 5.26 (dt, J = 17.2,
1.5 Hz, 1H), 5.10 (dt, J = 10.5, 1.5 Hz, 1H), 4.28 — 4.15 (m, 1H), 4.07 (dt, J = 14.2, 5.7 Hz,
2H), 3.69 (s, 1H), 2.39 (s, 3H), 2.32 (s, 3H), 2.02 (dddd, J = 14.4, 9.2, 5.8, 3.5 Hz, 1H),
1.84 (ddt, J = 14.4, 9.0, 5.4 Hz, 1H), 1.29 (s, 12H).

13C NMR (126 MHz, CDCla): 8: 154.7, 147.0, 140.2, 114.3, 82.4, 69.8, 44.7, 36.6, 24.8,
24.8,13.8, 11.0.

HRMS (ESI): Calculated for C16H27BN2O3 [M+H"] = 306.2224, found 306.2231
FTIR (neat): 3201, 2978, 1543, 1478, 1283, 1144, 1081, 920, 859, 718 cm'.

MP: 124-130 °C
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(1t) methyl 3-(1-hydroxyallyl)bicyclo[1.1.1]pentane-1-carboxylate

OH

MeO

Procedure

methyl 3-formylbicyclo[1.1.1]pentane-1-carboxylate (304.0 mg, 1.97 mmol, 100 mol%)
was subjected to general procedure B. The title compound was obtained in 68% yield
(245.0 mg, 1.34 mmol) as a pale-yellow oil after isolation by flash column chromatography
(SiO2, hexanes: ethyl acetate = 5:1-1:1).

TLC (SiO2): Rf = 0.26 (hexanes: ethyl acetate = 1:1).

IH NMR (400 MHz, CDCls): § 5.77 — 5.64 (m, 1H), 5.19 (dd, J = 17.2, 1.4 Hz, 1H), 5.11
(dd, J = 10.4, 1.4 Hz, 1H), 4.10 — 4.04 (m, 1H), 3.61 (s, 3H), 1.95 (s, 1H), 1.90 (q, J = 8.9,
8.1 Hz, 6H).

13C NMR (101 MHz, CDCls): § 170.7, 137.3, 116.1, 72.1, 51.8, 49.5, 42.0, 38.2.
HRMS (ESI): Calculated for C10H1403 [M+Na*]= 205.0835, found= 205.0837

FTIR (neat): 3465, 2970, 2919, 2882, 2360, 1736, 1437, 1366, 1351, 1203, 1066, 990,
925, 752 cmt
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3.2d. Procedures and Spectral Data for Synthesis of Allylic Acetates 2a-
2V

Allylic acetates 2a,*® 2b,% 2¢,%® 2m,> 2n,% 2p, 2s,% 2u,%® and 2v,> were synthesized in
the manner previously reported. The obtained products were identical in all respects to the

compounds reported the literature.

General Procedure B

Ac,0 (150 mol%)
Et3N (200 mol%)
OH DMAP (10 mol%) OAc

R)\/ DCM, rt i R)\/

(100 mol%)

An oven-dried round bottom flask equipped with a magnetic stir bar was charged with
allylic alcohol (100 mol%), triethylamine (200 mol%), acetic anhydride (150 mol%), 4-
dimethylaminopyridine (10 mol%), and anhydrous dichloromethane (0.1 M). The reaction
was stirred at ambient temperature for 30 minutes. The reaction solution was diluted with
dichloromethane and was washed with aqueous saturated solutions of ammonium chloride,
then brine. The organic layer was then separated, Na,SO4 (dried), and filtered. The liquid
was passed through a fritted filter into a round-bottom flask and was concentrated in vacuo.
The residue was directly subjected to flash column chromatography to afford allyl acetates
2a-2v.
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(2d) 1-(3-iodo-4,5-dimethoxyphenyl)allyl acetate

OAc

MeO
OMe

Procedure

Alcohol 1d (1.91g, 5.90 mmol, 100 mol%) was subjected to general procedure B. The title
compound was obtained in 90% yield (1.91 g, 5.34 mmol) as a colorless oil after isolation

by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-10:1).
TLC (SiO2): Rf = 0.50 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCls): 6 7.33 (d, J = 1.9 Hz, 1H), 6.85 (d, J = 2.0 Hz, 1H), 6.15 (dt,
J=5.8, 1.5 Hz, 1H), 6.00 — 5.90 (m, 1H), 5.33 — 5.24 (m, 2H), 3.86 (s, 3H), 3.82 (s, 3H),
2.12 (s, 3H).

13C NMR (126 MHz, CDCls): § 170.0, 152.7, 149.0, 136.9, 135.8, 129.2, 117.4, 112.1,
92.6, 75.2, 60.5, 56.2, 21.3.

HRMS (ESI): Calculated for C13H15104 [M+Na+ ] = 384.9907, Found 384.9911

FTIR (neat): 3001.85, 2935.00, 1738.10, 1563.55, 1462.96, 1369.5, 1226.47, 1140.62,
1000 cm™?
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(2e) 1-(2,6-dichloropyridin-3-yl)allyl acetate

OAc
=

\

Cl N~ CI

Procedure

Alcohol 1e (1.26 g, 6.16 mmol, 100 mol%) was subjected to general procedure B. The title
compound was obtained in 86% yield (1.35 g, 5.28 mmol) as a colorless oil after isolation
by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-10:1).

TLC (SiO2): Rs = 0.45 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCl3): 5 7.73 (d, J = 8.1 Hz, 1H), 7.30 (d, J = 8.1 Hz, 1H), 6.51 (dd,
J=5.8, 1.5 Hz, 1H), 5.93 (ddd, J = 17.4, 10.2, 5.7 Hz, 1H), 5.33 (d, J = 1.3 Hz, 1H), 5.30
(dd, J=5.9, 1.2 Hz, 1H), 2.14 (s, 3H).

13C NMR (101 MHz, CDCls): & 169.7, 150.2, 149.2, 139.6, 133.8, 132.9, 123.9, 119.1,
72.2,21.4.

HRMS (ESI): Calculated for C10H1403 [M+H*]= 246.0083, found= 246.0088

FTIR (neat): 2960, 1737, 1419, 1229, 1217, 1098, 929, 857 cm™
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(2f) 1-(6-bromopyridin-3-yl)allyl acetate

OAc

\

Br N

Procedure

Alcohol 1f (438 mg, 2.04 mmol, 100 mol%) was subjected to general procedure B. The
title compound was obtained in 76% yield (398 mg, 1.55 mmol) as a pale-yellow oil after
isolation by flash column chromatography (SiO», hexane: ethyl acetate = 10:1-5:1).

TLC (SiO2): Rs = 0.40 (hexanes: ethyl acetate = 4:1).

!H NMR (500 MHz, CDCls): &: 8.36 (d, J = 2.4 Hz, 1H), 7.52 (dd, J = 8.3, 2.4 Hz, 1H),
7.47 (d, J = 8.2 Hz, 1H), 6.23 (d, J = 5.8 Hz, 1H), 5.95 (ddd, J = 16.7, 10.3, 5.9 Hz, 1H),
5.33 (g, J = 1.2 Hz, 1H), 5.30 (dd, J = 4.9, 1.3 Hz, 1H), 2.11 (s, 3H).

13C NMR (126 MHz, CDCls): 6: 170.0, 149.6, 142.2, 137.9, 135.2, 134.3, 128.4, 118.78,
73.6,21.4.

HRMS (ESI): Calculated for C10H10BrNO, [M+H*] =255.9968, Found 255.9971

FTIR (neat): 1739, 1224, 1085, 1018, 935, 850, 739 cm™
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(29) tert-butyl 4-(5-(1-acetoxyallyl)pyrimidin-2-yl)piperazine-1-carboxylate

OAc

N =

A
I
ﬁN)\N/
BocNJ
Procedure

Alcohol 1g (400 mg, 1.25 mmol, 100 mol%) was subjected to general procedure B. The
title compound was obtained in 75% yield (339.2 mg, 0.936 mmol) as a pale-yellow solid
after isolation by flash column chromatography (Basic Alumina, hexanes: ethyl acetate =
5:1-1:1).

TLC (SiO2): Rf = 0.61 (hexanes: ethyl acetate = 1:1).

IH NMR (400 MHz, CDCls):  8.30 (s, 2H), 6.12 (dt, J = 5.4, 1.6 Hz, 1H), 5.98 (ddd, J =
17.4,10.5, 5.4 Hz, 1H), 5.32 (d, J = 10.6 Hz, 1H), 5.29 (d, J = 4.0 Hz, 1H), 3.81 (dd, J =
6.5, 4.0 Hz, 4H), 3.48 (dd, J = 6.3, 4.1 Hz, 4H), 2.07 (s, 3H), 1.48 (s, 9H).

13C NMR (101 MHz, CDCls): § 170.0, 161.5, 157.8, 155.0, 135.2, 120.6, 117.6, 80.2, 72.4,
43.8, 28.6, 21.3.

HRMS (ESI): Calculated for C1gH26N404 [M+Na*]= 385.1846, found= 385.1847

FTIR (neat): 2971, 2922, 2860, 2361, 1739, 1695, 1604, 1542, 1508, 1414, 1243, 1018,
and 799 cm™

MP 140-142°C
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(2h) 1-(2-chloroquinolin-3-yl)allyl acetate

Cl OAc
e
L

Procedure

Alcohol 1h (1.70 g, 7.80 mmol, 100 mol%) was subjected to general procedure B. The title
compound was obtained in 93% vyield (1.90 g, 7.25 mmol) as a pale-yellow oil after

isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-10:1).
TLC (SiO2): Rf = 0.54 (hexanes: ethyl acetate = 4:1).

!H NMR (500 MHz, CDCls): 6 8.21 (s, 1H), 8.01 (d, J = 8.5 Hz, 1H), 7.83 (d, J = 8.1 Hz,
1H), 7.73 (dd, J = 8.6, 6.8 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H), 6.70 (d, J = 5.7 Hz, 1H), 6.07
(ddd, J=16.7, 10.4, 5.8 Hz, 1H), 5.45 — 5.30 (m, 2H), 2.18 (s, 3H).

13C NMR (126 MHz, CDCls): 6 169.5, 149.4, 147.3, 136.9, 134.1, 131.1, 130.9, 128.4,
127.8, 127.4,127.2, 118.7.

HRMS (ESI): Calculated for C14H12CINO, [M+Na* ] = 284.0449, Found 284.0456

FTIR (neat): 3061, 2362, 1740, 1618, 1565, 1490, 1369, 1222, 1099, 1019 cm™
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(2i) 1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophen-2-yl)allyl acetate

Me OAc
Me (o)
Joor
Me / \
Me o S

Alcohol 1i (200 mg, 0.750 mmol, 100 mol%) was subjected to general procedure B. The

Procedure

title compound was obtained in 75% vyield (177 g, 0.563 mmol) as a yellow oil after
isolation by flash column chromatography (SiO2, hexanes: ethyl acetate: triethylamine =
89:10:1- 79:20:1).

TLC (SiO2): Rf = 0.20 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCls): 3 7.86 (s, 1H), 7.34 (s, 1H), 6.51 (dd, J = 6.3, 1.5 Hz, 1H),
6.08 (ddd, J = 16.7, 10.4, 6.0 Hz, 1H), 5.38 (dd, J = 17.1, 1.3 Hz, 1H), 5.29 (dd, J = 10.5,
1.2 Hz, 1H), 2.09 (s, 3H), 1.32 (s, 12H).

13C NMR (101 MHz, CDCls): 6 170.0, 142.3,137.4,135.5,131.4,127.4,117.6,83.9, 71.5,
24.7,21.3.

HRMS (ESI): Calculated for C1sH21BO4S [M+Na']= 331.1149, found= 331.1156

FTIR (neat): 2973, 2929, 2854, 2362, 2326, 2166,1739, 1538, 1452, 1371, 1309, 1228,
858, 688 cm™
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(2)) 1-(2,4-dibromothiazol-5-yl)allyl acetate

Br OAc
=
N S
\fs
Br

Procedure

Alcohol 1j (410 mg, 1.37 mmol, 100 mol%) was subjected to general procedure B. The
title compound was obtained in 92% yield (429 mg, 1.26 mmol) as a pale-yellow oil after

isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 20:1-10:1).
TLC (SiO2): Rf = 0.55 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCl3): § 6.50 (dt, J = 5.8, 1.5 Hz, 1H), 5.93 (ddd, J = 17.3, 10.4, 5.7
Hz, 1H), 5.44 — 5.36 (m, 1H), 5.34 (d, J = 10.5 Hz, 1H), 2.12 (s, 3H).

13C NMR (101 MHz, CDCls): 6 169.5, 136.9, 136.4, 133.9, 123.8, 119.3, 70.3, 21.3.
HRMS (ESI): Calculated For CgH7Br2NO.S [M+H"]= 341.8616, found= 341.8618

FTIR (neat): 1737, 1419, 1229, 1217, 1098, 929, 857, 835 cm*
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(2k) 1-(benzofuran-2-yl)allyl acetate

OAc

Procedure

Alcohol 1k (360 mg, 2.06 mmol, 100 mol%) was subjected to general procedure B. The
title compound was obtained in 81% yield (360 mg, 1.66 mmol) as a pale-yellow oil after

isolation by flash column chromatography (SiO», hexanes: ethyl acetate = 20:1-10:1).
TLC (SiO2): Rf = 0.61 (hexanes: ethyl acetate = 4:1).

IH NMR (500 MHz, CDCl3): & 7.56 (d, J = 7.7 Hz, 1H), 7.49 (d, J = 8.2 Hz, 1H), 7.32 —
7.28 (m, 1H), 7.23 (t, J = 7.5 Hz, 1H), 6.73 (s, 1H), 6.47 (d, J = 6.3 Hz, 1H), 6.16 (ddd, J
=16.9, 10.4, 6.3 Hz, 1H), 5.49 (dt, J = 17.2, 1.1 Hz, 1H), 5.40 (d, J = 10.4 Hz, 1H), 2.14
(s, 3H)

13C NMR (101 MHz, CDCls): 8 169.8, 155.1, 153.9, 132.6, 127.8, 124.8, 123.0, 121.3,
119.1, 111.5, 105.6, 69.6, 21.1.

HRMS (ESI): Calculated for C13H1203 [M+Na* ] = 239.0679, Found 239.0683

FTIR (neat): 3011, 2954, 1741, 1453, 1370, 1223, 1017, 980, 751cm™
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(21) 1-(1-(3-fluorophenyl)-1H-pyrazol-4-yl)allyl acetate

Procedure

Alcohol 11 (1.50 g, 6.87 mmol, 100 mol%) was subjected to general procedure B. The title
compound was obtained in 82% yield (1.47 g, 5.63 mmol) as a colorless oil after isolation

by flash column chromatography (SiO2, hexanes: ethyl acetate = 30:1-20:1).
TLC (SiO2): Rf = 0.24 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCls): & 7.91 (s, 1H), 7.69 (s, 1H), 7.45 (dt, J = 7.8, 2.2 Hz, 1H),
7.44 —7.42 (m, 1H), 7.42 — 7.38 (m, 1H), 6.98 (tdd, J = 8.1, 2.5, 1.4 Hz, 1H), 6.34 (dt, J =
5.9, 1.5 Hz, 1H), 6.09 (ddd, J = 17.3, 10.5, 5.9 Hz, 1H), 5.40 (dt, J = 17.2, 1.3 Hz, 1H),
5.32 (dt, J = 10.3, 1.3 Hz, 1H), 2.10 (s, 3H).

13C NMR (101 MHz, CDCl3) & 170.1, 163.2 (d, J = 246.8 Hz), 141.3 (d, J = 10.1 Hz),
140.5, 135.0, 130.8 (d, J = 9.2 Hz), 126.2, 122.4, 117.4, 114.3 (d, J = 3.2 Hz), 113.4 (d, J
=21.3 Hz), 106.9 (d, J = 26.4 Hz), 68.4, 21.3..

19F NMR (376 MHz, CDCls): § -110.79.

HRMS (ESI): Calculated for C14H13FN202 [M+H"] = 261.1034, Found 261.1043.

FTIR (neat): 3092, 1732, 1613, 1602, 1568, 1499, 1478, 1460, 1398, 1369, 1229, 1182,
1151, 1095, 1016, 968, 935, 864, 776 cm ™.
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(20) tert-butyl 4-(2-acetoxybut-3-en-1-yl)piperidine-1-carboxylate

BocN OAc
=

Procedure

Alcohol 1o (750 mg, 2.94 mmol, 100 mol%) was subjected to general procedure B. The
title compound was obtained in 69% yield (600 mg, 2.02 mmol) as a colorless oil after
isolation by flash column chromatography (SiO», hexanes: ethyl acetate = 5:1-2:1).

TLC (SiO2): Rf = 0.64 (hexanes: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCls): § 5.76 (ddd, J = 17.1, 10.5, 6.4 Hz, 1H), 5.34 (d, ] = 6.4 Hz,
1H), 5.24 (dt, J = 17.2, 1.2 Hz, 1H), 5.20 — 5.14 (m, 1H), 4.06 (s, 2H), 2.66 (d, J = 10.3 Hz,
2H), 2.06 (s, 2H), 1.76 — 1.68 (m, 1H), 1.67 — 1.60 (m, 3H), 1.45 (s, 9H), 1.21 — 1.02 (m,
3H).

13C NMR (126 MHz, CDCls): 6 170.7, 155.2, 137.0, 117.2, 79.7, 72.8, 41.4, 32.8, 32.3,
28.9,21.7.

HRMS (ESI): Calculated for C16H27NO4 [M+Na*]= 320.1832, found= 320.1838

FTIR (neat): 3015, 2970, 1738, 1424, 1365, 1229, 1216, 899 cm™
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(29) 5-(6-(pyrrolidin-1-yl)pyridin-3-yl)pent-1-en-3-yl acetate

Procedure

Alcohol 1g (791 mg, 2.58 mmol, 100 mol%) was subjected to a modified version of general
procedure B. The reaction was stirred at ambient temperature for 2 hours. The reaction
solution was then diluted with dichloromethane and was washed with aqueous saturated
sodium bicarbonate, followed by distilled water, and brine. The organic layer was then
separated and dried over anhydrous potassium carbonate. The title compound was obtained
in 40% yield (359 mg, 1.03 mmol) as a yellow oil after isolation by flash column
chromatography (SiO., hexane: ethyl acetate: triethylamine = 400:100:1).

TLC (SiO2): Rs = 0.45 (hexanes: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCls): 8: 7.96 (d, J = 2.4 Hz, 1H), 7.29 — 7.24 (m, 1H), 6.32 (d, J =
8.6 Hz, 1H), 5.79 (ddd, J = 17.1, 10.5, 6.4 Hz, 1H), 5.31 — 5.21 (m, 2H), 5.21 — 5.16 (m,
1H), 3.46 — 3.38 (m, 4H), 2.57 — 2.43 (m, 2H), 2.07 (s, 3H), 2.02 — 1.96 (m, 4H), 1.91 (ddt,
J=135,9.1, 6.8 Hz, 1H), 1.82 (ddt, J = 13.3, 9.1, 6.2 Hz, 1H).

13C NMR (126 MHz, CDCls): 8: 170.2, 155.9, 147.0, 137.3, 136.1, 123.1, 116.9, 106.4,
74.1,46.7,35.8, 27.5, 25.4, 21.1.

HRMS (ESI): Calculated for C16H22N20, [M+H*] =275.1754, Found 275.1759

FTIR (neat): 2946, 2854, 1734, 1608, 1484, 1414, 1232, 1017, 805 cm™
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(2r) 5-(3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-
yl)pent-1-en-3-yl acetate

Me OAc
Me (o] —
\B / N
Me o /l‘ll
Me
Me

Procedure

Alcohol 1r (791 mg, 2.58 mmol, 100 mol%) was subjected to general procedure C. The
title compound was obtained in 60% yield (539 mg, 1.55 mmol) as a colorless oil after

isolation by flash column chromatography (SiO., hexane: ethyl acetate = 4:1).
TLC (SiO2): Rf = 0.20 (hexanes: ethyl acetate = 4:1).

IH NMR (500 MHz, CDCls): §: 5.83 — 5.71 (m, 1H), 5.30 — 5.22 (m, 2H), 5.19 (dt, J =
10.6, 1.6 Hz, 1H), 3.99 (td, J = 7.6, 2.1 Hz, 2H), 2.35 (s, 3H), 2.32 (s, 3H), 2.17 — 2.09
(m, 2H), 2.06 (s, 3H), 1.28 (s, 12H).

13C NMR (126 MHz, CDCls): 8: 170.5, 155.1, 147.1, 136.0, 117.6, 82.8, 72.6, 44.7, 34.7,
25.3,215,14.3,115.

HRMS (ESI): Calculated for C1gH20BN204 [M+H*] =348.2329, Found 348.2337

FTIR (neat): 2977, 1738, 1546, 1232, 1078, 862, 727 cm™
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(2t) methyl 3-(1-acetoxyallyl)bicyclo[1.1.1]pentane-1-carboxylate

OAc
=
MeO

Procedure

Alcohol 1t (250 mg, 1.37 mmol, 100 mol%) was subjected to general procedure B. The
title compound was obtained in 82% yield (237 mg, 1.12 mmol) as a pale-yellow oil after

isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 10:1-2:1).
TLC (SiO2): Rf = 0.54 (hexanes: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCls): § 5.69 (ddd, J = 17.3, 10.5, 6.7 Hz, 1H), 5.27 (dd, J = 4.4,
2.6 Hz, 2H), 5.22 (dd, J = 10.9, 1.3 Hz, 1H), 3.67 (s, 3H), 2.08 (s, 3H), 1.96 (s, 6H).

13C NMR 13C NMR (126 MHz, CDCls): § 170.7, 170.5, 133.3, 118.3, 73.5, 52.1, 50.4,
40.6, 38.7, 21.4.

HRMS (ESI): Calculated for C12H1604 [M+Na*]= 247.0941, found= 247.0946

FTIR (neat): 2988, 2920, 2882, 1735, 1426, 1370, 1335, 1232, 1202, 1181, 1067, 1021,
790 cmt
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3.2e Procedures and Spectral Data for Synthesis of Oxetanols 3a-3v

General Procedure C

(0]
AcO K,CO3 (100 mol%) OH
& Yk 2-PrOH (200 mol%) ,j\/\
o R (S) Ir-tol-BINAP (5 mol%) 0 - N
3,4-Dinitrobenzoic acid (5 mol%) R
(100 mol%) (150 mol%) THF (0.5 M)

100°C, 18-48 hrs

An oven-dried pressure tube equipped with a magnetic stir bar was charged allylic acetate
(0.300 mmol, 150 mol%), (S)-Ir-tol-BINAP (11.2 mg, 0.010mmol, 5 mol%), 3,4-
dinitrobenzoic acid (2.12 mg, 0.010 mmol, 5 mol%) and potassium carbonate (27.6 mg,
0.200 mmol, 100 mol%). The tube was purged with argon and 3-oxetanone (14.8 mg 0.200
mmol, 100 mol%) was added by syringe, followed by 2-propanol (30 pL, 0.400 mmol, 200
mol%), and THF (0.40 mL, 0.50 M). The septum was removed, and the tube was sealed
with a polytetrafluoroethylene-lined screwcap. The tube was placed in an oil bath at 100
°C and stirred for 18-48 hours. The vessel was allowed to cool to ambient temperature.
Upon cooling, the reaction mixture was concentrated onto silica gel and purified by flash

chromatography to furnish products 3a-3v.
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(3a) (R)-3-(1-(4-bromophenyl)allyl)oxetan-3-ol

OH

{

@..

Br

Procedure

Allyl acetate 2a (76.5 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C (100 °C,
18 hr). The title compound was obtained in 96% yield (51.6 mg, 0.192 mmol) as a pale-yellow

solid after isolation by flash column chromatography (SiO;, hexanes: ethyl acetate = 20:1-4:1).
TLC (SiOy): Rs =0.20 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCls): & 7.39 (d, J = 8.5 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 6.11 — 5.98 (m,
1H), 5.22 (d, J = 10.3 Hz, 1H), 5.12 (d, J = 17.1 Hz, 1H), 4.63 (d, J = 6.9 Hz, 1H), 4.51 (d, J = 6.9
Hz, 1H), 4.47 (d, J = 7.1 Hz, 1H), 4.38 (d, J = 7.1 Hz, 1H), 3.75 (d, J = 8.0 Hz, 1H), 2.25 (s, 1H).
13C NMR 126 MHz, CDCls): § 137.9, 135.4, 132.1, 130.9, 121.7, 119.5, 83.4, 82.8, 76.30, 55.8.

HRMS (ESI): calculated for C12H13BrO,; [M+Na*]=290.9991, found=290.9991
FTIR (neat): 3361, 2946, 2876, 1635, 1413, 966, 944, 813, 777 cm’
[a]2%=-20.0 (c 0.10, CHClI5).

MP: 155-157°C

HPLC (Chiralcel OD-H hexanes:i-PrOH =98:2, 1.00 mL/min, 210 nm): ee = 99%.
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(3b) (R)-3-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)allyl)oxetan-3-ol

Procedure

Allyl acetate 2b (76.8 mg, 0.300 mmol, 150 mol%) was subjected to general procedure D (100 °C,
18 hr). The title compound was obtained in 97% yield (52.4 mg, 0.194 mmol) as a pale-yellow oil
after isolation by flash column chromatography (SiO,, hexanes: ethyl acetate = 20:1-4:1).

TLC (SiOy): Rs =0.31 (hexanes: ethyl acetate = 4:1).

IH NMR (500 MHz, CDCI3) § 7.12 (s, 1H), 7.00 (d, J = 1.8 Hz, 2H), 6.09 (ddd, J = 17.8, 10.3, 8.0
Hz, 1H), 5.28 (d, J = 10.3 Hz, 1H), 5.19 (d, J = 17.2 Hz, 1H), 4.69 (d, J = 6.8 Hz, 1H), 4.57 (d, J =
7.0 Hz, 1H), 453 (d, J = 7.1 Hz, 1H), 4.44 (d, J = 7.0 Hz, 1H), 3.83 (d, J = 8.0 Hz, 1H), 2.62 (s,
1H).

B3C NMR (126 MHz, CDCls) & 144.3, 143.2, 135.6, 135.2, 132.0 (t, J = 255.2 Hz), 124.4, 119.4,
110.4, 109.7, 83.6, 82.8, 76.4, 56.1.

F NMR (471 MHz, CDCls): & -49.95.

HRMS (CI): Calculated for C13H12F,04 [M+H*]= 271.0766, found= 271.0772.

FTIR (neat): 3368, 2960, 2890, 1642, 1498, 1486, 1421, 1134, 990 , 934, 871, 791, 717, 700 cm*
[a]3=-15.0 (c 0.10, CHCl5).

HPLC (Chiralcel OD-H hexanes:i-PrOH = 97:2, 1.00 mL/min, 210 nm): ee = 99%
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(3c) (R)-3-(1-(2-fluoro-4-(trifluoromethyl)phenyl)allyl)oxetan-3-ol

OH

§

CF;

Procedure

Allyl acetate 2c (78.6 mg, 0.300 mmol, 150 mol%) was subjected to general procedure D (100 °C, 24 hr).
The title compound was obtained in 69% yield (38.1 mg, 0.138 mmol) as a pale-yellow oil after isolation by
flash column chromatography (SiO, hexanes: ethyl acetate = 20:1-4:1).

TLC (SiO2): Rf = 0.34 (hexanes: ethyl acetate = 4:1).

IH NMR (500 MHz, CDCls): § 7.61 (t, J = 7.6 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 7.34 (dd, ] = 9.9, 1.8 Hz,
2H), 6.12 (ddd, J = 17.7, 10.2, 7.9 Hz, 2H), 5.33 (d, J = 10.2 Hz, 2H), 5.22 (d, J = 17.1 Hz, 2H), 4.74 (d, J =
7.1 Hz, 2H), 4.60 (d, J = 7.0 Hz, 2H), 4.53 (d, J = 7.2 Hz, 2H), 4.48 (d, J = 7.1 Hz, 2H), 4.33 (d, J = 8.1 Hz,
2H), 2.38 (s, 2H).

13C NMR (126 MHz, CDCls): § 160.3 (d, J = 247.6 Hz), 146.9, 133.7, 131.1 (d, ] = 4.2 Hz), 130.1 (d, J =
14.3 Hz), 127.4, 127.3, 121.1 — 120.9 (m), 119.9, 113.3 — 112.9 (m), 83.2, 82.4, 76.1, 47.9.

F NMR (471 MHz, CDCls): § -62.80, -108.98 — -119.56 (m).

HRMS (ESI): Calculated for Ci3H12F403 [M+H*]= 277.0773, found= 277.0777

ETIR (neat): 3368, 2960, 2890, 1642, 1498, 1486, 1445, 1421, 1226, 1134, 990, 934, 927, 717, 700 cm™*
[a]2%=-12.1 (c 0.10, CHCl3)

HPLC (Chiralcel OD-H hexanes:i-PrOH = 97:3, 1.00 mL/min, 210nm): ee = 99%
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(3d) (R)-3-(1-(3-iodo-4,5-dimethoxyphenyl)allyl)oxetan-3-ol

OH

MeO

o

OMe

Procedure

Allyl acetate 2d (108.0 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C
(100 °C, 18 hr). The title compound was obtained in 99% vyield (74.5mg, 0.190 mmol) as
a pale-yellow solid after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 20:1-4:1).

TLC (SiO2): Rs = 0.23 (hexanes: ethyl acetate = 2:1).

IH NMR (400 MHz, CDCls): 6 7.34 (d, J = 1.9 Hz, 1H), 6.85 (d, J = 1.9 Hz, 1H), 6.18 —
6.11 (m, 1H), 5.95 (ddd, J = 16.6, 10.4, 5.8 Hz, 1H), 5.35 - 5.23 (m, 2H), 3.86 (s, 3H), 3.82
(s, 3H), 2.12 (s, 4H).

13C NMR (101 MHz, CDCls): 6 170.0, 152.7, 148.96, 136.9, 135.8, 129.3, 117.4, 112.1,
92.6, 75.2, 60.5, 56.2, 21.4.

HRMS (ESI): Calculated for C14H17104 [M+Na" ] = 399.0064, Found 399.0058

FTIR (neat): 3409, 2969, 2947, 2872, 1738, 1558, 1365., 1272, 1229, 1042cm!
[a]2°=-19.0 (c 0.1, CHCls)

HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 210 nm): ee =97%
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(3e) (R)-3-(1-(2,6-dichloropyridin-3-yl)allyl)oxetan-3-ol

Procedure

Allyl acetate 2e (73.8 mg, 0.300 mmol, 150 mol%) was subjected to general procedure D (100 °C,
18 hr). The title compound was obtained in 92% vyield (47.8 mg, 0.184 mmol) as a pale-yellow oil
after isolation by flash column chromatography (SiOz, hexanes: ethyl acetate = 20:1-4:1).

TLC (SiOy): Rs = 0.25 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCls): 6 7.95 (d, J = 8.2 Hz, 1H), 7.24 (d, ] = 8.2 Hz, 1H), 5.99 (ddd, ] =
17.6,10.3, 7.6 Hz, 1H), 5.33 (d, J = 10.3 Hz, 1H), 5.18 (dd, J = 17.1, 1.6 Hz, 1H), 4.74 (d,J=7.1
Hz, 1H), 4.59 (d, J=7.1 Hz, 1H), 4.51 (d, J=7.3 Hz, 1H), 4.48 (d, J = 3.6 Hz, 1H), 4.46 (d, J = 3.7
Hz, 1H), 2.39 (s, 1H).

B3C NMR (126 MHz, CDCls): § 150.34, 148.73, 141.18, 133.22, 132.06, 122.99, 120.11, 83.77,
82.25, 76.05, 50.40.

HRMS (ESI): Calculated for C1:H1:Cl2NOs [M+H*]= 260.0240, found= 260.0247.

ETIR (neat): 3293, 3058, 2969, 2881, 2360, 1634, 1570, 1545. 1420, 1098, 990, 928, 857, 842 cm"

1
[a]28=-68.1 (c 0.10, CHClI;)

HPLC (Chiralcel OD-H hexanes:i-PrOH = 97:3, 1.00 mL/min, 210 nm): ee = 98%
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(3f) (R)-3-(1-(6-bromopyridin-3-yl)allyl)oxetan-3-ol

Procedure

Allyl acetate 2f (76.8 mg, 0.300 mmol, 150 mol%) was subjected to general procedure D (100 °C,
18 hr). The title compound was obtained in 98% vyield (52.9 mg, 0.196 mmol) as a pale-yellow oil

after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 3:1-2:1).
TLC (SiOy): Rs =0.36 (hexanes: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCls): &: 8.31 (d, J = 2.5 Hz, 1H), 7.59 (dd, J = 8.2, 2.6 Hz, 1H), 7.42 (d,
J=8.2 Hz, 1H), 6.09 (ddd, J = 17.2, 10.3, 8.1 Hz, 1H), 5.30 (d, J = 10.3 Hz, 1H), 5.20 (dd, J =
17.1, 1.4 Hz, 1H), 4.68 (d, J = 7.0 Hz, 1H), 4.58 (d, J = 7.1 Hz, 1H), 4.45 (q, J = 36.0 Hz, 2H),
3.83 (d, J = 8.1 Hz, 1H), 3.12 (s, 1H).

13C NMR (126 MHz, CDCls): 8: 150.5, 140.9, 139.4, 134.5, 134.1, 128.0, 119.8, 83.4, 82.6, 75.8,
53.1.

HRMS (ESI): Calculated for C11H12BrNO, [M+H*] =270.0124, Found 270.0126
FTIR (neat): 3345, 1452, 1087, 969, 926, 854, 765 cm'*
[a]38=-93.3° (c = 1.07, CHCls)

HPLC (Phenomenex Cellulose Column , Hexane:i-PrOH = 95:05, 1.0 mL/min, 210 nm): ee=
99%
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(39) tert-butyl (R)-4-(5-(1-(3-hydroxyoxetan-3-yl)allyl)pyrimidin-2-yl)piperazine-1-

carboxylate

OH

£ Yo
3

4

/

Boc

Procedure

Allyl acetate 2g (108.7 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C (100 °C, 24 hr).
The title compound was obtained in 65% yield (48.9 mg, 0.130 mmol) as a pale-yellow solid after isolation

by flash column chromatography (SiO,, hexanes: ethyl acetate = 10:1-4:1).
TLC (SiO2): Rf = 0.15 (hexanes: ethyl acetate = 2:1).

IH NMR (400 MHz, CDCls): § 8.30 (s, 2H), 6.08 (ddd, J = 17.6, 10.3, 7.8 Hz, 1H), 5.27 (d, J = 10.3 Hz,
1H), 5.19 (d, J = 17.1 Hz, 1H), 4.67 (d, J = 7.0 Hz, 1H), 4.57 (d, J = 7.0 Hz, 1H), 4.50 — 4.41 (m, 2H), 3.77
(dd, J = 6.5, 4.1 Hz, 4H), 3.67 (d, J = 7.8 Hz, 1H), 3.48 (dd, J = 6.5, 4.0 Hz, 4H), 2.84 (s, 1H), 1.48 (s, 9H).

13C NMR (101 MHz, CDCls): § 161.1, 158.2, 155.0, 134.9, 120.2, 119.1, 83.3, 82.7, 80.2, 76.0, 51.1, 43.8,
28.6.

HRMS (ESI): Calculated for C1gH2sN4O4 [M+Na*]= 399.2003, found= 399.2012

ETIR (neat): 3374, 2929, 2870. 2362, 1696, 1671, 1600, 1538, 1450, 1422, 1363, 1245, 1167, 1130, 998,
951, 798, 770, 667cmL.

[a]28=-22.0 (c 0.10, CHCl3)

HPLC (Chiralcel OD-H hexanes:i-PrOH = 97:3, 1.00 mL/min, 210 nm), ee = 98%
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(3h) (R)-3-(1-(2-chloroquinolin-3-yl)allyl)oxetan-3-ol

Procedure

Allyl acetate 2h (79.0 mg, 0.300 mmol, 150 mol%) was subjected to general procedure D
(100 °C, 18 hr). The title compound was obtained in 84% yield (46.3 mg, .0170 mmol) as
a pale-yellow solid after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 20:1-4:1).

TLC (SiO2): Rf = 0.20 (hexanes: ethyl acetate = 2:1).

IH NMR (400 MHz, CDCls): & 8.42 (s, 1H), 8.01 (d, J = 8.5 Hz, 1H), 7.81 (dd, J = 8.2,
1.4 Hz, 1H), 7.72 (ddd, J = 8.4, 6.9, 1.4 Hz, 1H), 7.56 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 6.13
(ddd, J=17.4,10.3, 7.4 Hz, 1H), 5.36 (dt, J = 10.3, 1.0 Hz, 1H), 5.19 (dt, J = 17.2, 1.2 Hz,
1H), 4.81 (d, J = 7.0 Hz, 1H), 4.67 (dd, J = 12.5, 7.2 Hz, 2H), 4.58 (s, 2H), 2.51 (s, 1H).
13C NMR (101 MHz, CDCls): § 151.6, 146.8, 138.5, 134.2, 130.7, 130.6, 128.4, 127.8,
127.4,127.3,120.3, 84.2, 82.4, 76.3, 51.3.

HRMS (ESI): Calculated for C1sH14CINO2 [M+H+ ] = 276.0786, Found 276.0791

FTIR (neat): 3350, 3064, 2952, 2874, 1635, 1488, 1331, 1137, 1034, 968 cm™.
[a]2°=-46.0 (c 0.1, CHCls)

HPLC (Chiralcel AD-H column, hexanes:i-PrOH =98:2, 1.00 mL/min, 210 nm): ee = 96%
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mAU t
700 7
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500 |
400
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0 —
30 35 40 45 50 55 60 65 70 7 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e R |—===]--—--—- e R R [
1 45.766 MM 2.2075 8.10270ed  611.76801 50.3247
2 59.252 MM 2.0787 7.99816e4  641.29346 49.6753
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600 -
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400

300+

200 |

100

0-
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e B e e e |-=-mmm - |-------- |
1 45.844 MM 2.2062 6.80204e4 513.84814 97.6554
2 60.348 MM 1.7756 1633.12781 15.32931 2.3446
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(31) (S)-3-(1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophen-2-
yl)allyl)oxetan-3-ol

Procedure

Allyl acetate 2i (92.5 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C
(100 °C, 18 hr). The title compound was obtained in 69% yield (44.5 mg, 0.138 mmol) as
a pale-yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 20:1-4:1).

TLC (SiO2): Rf = 0.25 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCls): 8 7.74 (d, J = 1.1 Hz, 1H), 7.14 (s, 3H), 6.03 (ddd, J = 16.9,
10.2, 8.3 Hz, 2H), 5.28 — 5.16 (m, 3H), 4.60 (t, J = 6.5 Hz, 3H), 4.53 (d, J = 7.0 Hz, 1H),
4.47 (d, J = 7.0 Hz, 1H), 4.08 (d, J = 8.1 Hz, 1H), 1.50 (s, 1H), 1.26 (s, 12H).

13C NMR (126 MHz, CDCls): 6 140.9, 136.5, 135.1, 131.0, 119.3, 83.9, 82.5, 81.8, 75.9,
52.0, 28.6, 25.0.

HRMS (ESI): Calculated for C16H23BO4S [M+Na*]= 345.1305, found= 345.1311

FTIR (neat): 3417, 2978, 2956, 2876, 1537, 1453, 1372, 1310, 1261, 1143, 1110, 966,
885, 687 cm*

[a]3%=-33.0 (¢ 0.10, CHCls)

HPL C (Chiralcel AS-H hexanes:i-PrOH = 95:5, 1.00 mL/min, 210 nm): ee = 98%
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(3)) (S)-3-(1-(2,4-dibromothiazol-5-yl)allyl)oxetan-3-ol

Procedure

Allyl acetate 2j (102.3 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C
(100 °C, 24 hr). The title compound was obtained in 73% yield (51.8 mg, 0.146 mmol) as
a pale-yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 20:1-4:1).

TLC (SiO2): Rf = 0.31 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCls): § 5.85 (ddd, J = 17.3, 10.2, 7.4 Hz, 1H), 5.32 (d, J = 10.2
Hz, 1H), 5.29 — 5.15 (m, 1H), 4.70 (d, J = 7.5 Hz, 1H), 4.58 (d, J = 7.3 Hz, 1H), 4.48 (d, J
= 7.3 Hz, 1H), 4.44 (d, J = 0.8 Hz, 1H), 4.41 (d, J = 7.5 Hz, 1H), 2.55 — 2.50 (m, 1H).

13C NMR (101 MHz, CDCls): § 134.2, 133.0, 124.9, 120.8, 82.9, 82.8, 51.1, 30.2.
HRMS (ESI): Calculated for C10H1403 [M+Na*]= 355.8773, found= 355.8776

FTIR (neat): 3330, 3017, 2970, 2953, 1635, 1575, 1407, 1365, 1229, 1216, 1109, 1021,
885, 668 cm™

[a]3= -54.2 (c 0.10, CHCl3)

HPL C (Chiralcel OD-H hexanes:i-PrOH = 97:3, 1.00 mL/min, 210 nm): ee = 99%
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1H.5‘EE-I 50154 1618001 | 47.498
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2001}
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E
1l-].|:| 15.5 ' ) I I 15l.III 1'.‘[.5 I 200
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(3K) (S)-3-(1-(benzofuran-2-yl)allyl)oxetan-3-ol

Procedure

Allyl acetate 2k (64.9 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C
(100 °C, 18 hr). The title compound was obtained in 99% vyield (45.6 mg, 0.190 mmol) as
a pale-yellow solid after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 20:1-4:1).

TLC (SiO2): Rf = 0.21 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCls): & 7.54 (dd, J = 7.4, 1.6 Hz, 1H), 7.46 (d, J = 7.9 Hz, 1H),
7.32 - 7.19 (m, 2H), 6.61 (s, 1H), 6.13 (ddd, J = 17.0, 10.3, 8.4 Hz, 1H), 5.43 — 5.32 (m,
2H), 4.77 (d, J = 6.9 Hz, 1H), 4.70 (d, J = 7.0 Hz, 1H), 4.62 (d, J = 7.1 Hz, 2H), 4.09 (d, J
= 8.4 Hz, 1H), 2.97 (s, 1H).

13C NMR (101 MHz, CDCls): § 155.8, 154.9, 132.3, 128.1, 124.2, 123.1, 120.9, 120.3,
111.2,105.2, 82.8, 81.8, 75.6, 50.7.

HRMS (ESI): (ESI): Calculated for C14H1403 [M+Na*] = 253.0835, Found 253.0843

FTIR (neat): 3364, 2951, 2876, 1738, 1582, 1453, 1365, 1254, 1171cm
[a]2°=-34.0 (¢ 0.1, CDCI3)

HPLC (Chiralcel AD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 210 nm): ee =
96%.
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(31 (R)-3-(1-(1-(3-fluorophenyl)-1H-pyrazol-4-yl)allyl)oxetan-3-ol

Procedure

Allyl acetate 21 (78.0 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C (100 °C,
18 hr). The title compound was obtained in 71% yield (38.7 mg, 0.141 mmol) as a brown oil after

isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 3:1—2:1).
TLC (SiOy): Rs =0.35 (hexanes: ethyl acetate = 1:1).

IH NMR (400 MHz, CDCls): § 7.85 (s, 1H), 7.63 (s, 1H), 7.48 — 7.33 (m, 3H), 6.96 (tt, J = 8.5, 1.9
Hz, 1H), 6.05 (ddd, J = 17.6, 10.2, 7.9 Hz, 1H), 5.29 (d, J = 10.1 Hz, 1H), 5.24 (d, J = 17.1 Hz,
1H), 4.69 — 4.57 (m, 2H), 4.57 — 4.51 (m, 2H), 3.90 (d, J = 7.9 Hz, 1H), 2.82 (s, 1H).

13C NMR (101 MHz, CDCls): § 163.4 (d, J = 246.6 Hz), 141.4, 135.1, 130.9 (d, J=9.1 Hz), 125.9,
120.7, 119.0, 114.2 (d, J = 3.0 Hz), 113.3 (d, J = 21.3 Hz), 106.7 (d, J = 26.3 Hz), 82.7, 82.6, 75.8,
47.1.

F NMR (376 MHz, CDCls): § -110.82.

HRMS (ESI): Calculated for CisHisFN,O2 [M+H*] = 275.1190, Found 275.1193

FTIR (neat): 3380, 2952, 2877, 1614, 1601, 1567, 1500, 1395, 1258, 1184, 1152, 969, 866, 662

cm?
[a]38= -45.0(c 0.10, CHCls).

HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 210 nm): ee = 99%
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DADT A, Sig=254 4 Ref=350,100 (COLENVCOLE VINYLATION 2021-06-01 20-18-15037-0501.0)
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(3m) (R)-3-(1-(1-(pyrimidin-2-yl)piperidin-4-yl)allyl)oxetan-3-ol

o
ZD..../

\>_

4
4

Procedure

Allyl acetate 2m (78.4 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C (100
°C, 18 hr). The title compound was obtained in 68% yield (37.5 mg, 0.136 mmol) as a brown oil

after isolation by flash column chromatography (SiOz, hexanes: ethyl acetate = 2:1—1:1).
TLC (SiOy): Rs =0.13 (hexanes: ethyl acetate = 1:1).

IH NMR (400 MHz, CDCls): § 8.27 (d, J = 4.7 Hz, 2H), 6.42 (t, J = 4.7 Hz, 1H), 5.63 (dt, J =
17.1, 10.0 Hz, 1H), 5.19 (dd, J = 10.3, 1.9 Hz, 1H), 5.11 (dd, J = 17.2, 1.9 Hz, 1H), 4.80 — 4.73
(m, 2H), 4.69 (dd, J = 20.3, 7.3 Hz, 2H), 4.44 (dd, J = 68.5, 7.3 Hz, 2H), 3.03 (s, 1H), 2.86 — 2.69
(m, 2H), 2.24 (dd, J = 9.8, 7.9 Hz, 1H), 1.82 (dt, J = 13.8, 3.5 Hz, 2H), 1.53 (dt, J = 12.6, 3.0 Hz,
1H), 1.27 — 1.14 (m, 2H).

13C NMR (101 MHz, CDCls): § 161.6, 157.9, 135.3, 119.3, 109.4, 84.9, 84.4, 77.0, 56.4, 4.3,
44.2, 36.6, 30.4, 30.2.

HRMS (ESI): Calculated for CisHzNsO, [M+H*] = 276.1707, Found 276.1712

FTIR (neat): 3369, 2942, 2871, 1586, 1545, 1509, 1458, 1394, 1363, 1306, 1269, 1245, 1224,
1083, 976, 949,, 921, 840, 796 cm™!

[a]28=-25.0 (c 0.20, CHCl;)

HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 95:5, 1.00 mL/min, 210 nm): ee = 98%
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(3n)  (S)-(4-chlorophenyl)(3-(2-(3-hydroxyoxetan-3-yl)but-3-en-1-yl)-5-methoxy-2-
methyl-1H-indol-1-yl)methanone

OMe

(o]

Procedure

Allyl acetate 2n (123.6 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C (100
°C, 18 hr). The title compound was obtained in 95% yield (81.3 mg, 0.191 mmol) as a yellow oil

after isolation by flash column chromatography (SiOz, hexanes: ethyl acetate = 5:1—3:1).
TLC (SiOy): Rs =0.36 (hexanes: ethyl acetate = 1:1).

'H NMR (400 MHz, CDCls): & 7.62 (d, J = 8.4 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 2.5
Hz, 1H), 6.89 (d, J = 9.0 Hz, 1H), 6.67 (dd, J = 9.0, 2.5 Hz, 1H), 5.82 (ddd, J = 17.3, 10.3, 8.2 Hz,
1H), 5.15 (dd, J = 10.3, 1.6 Hz, 1H), 5.08 (dd, J = 17.2, 1.6 Hz, 1H), 4.58 (dd, J = 63.8, 7.2 Hz,
2H), 4.49 — 4.38 (m, 2H), 3.85 (s, 3H), 2.99 — 2.89 (m, 2H), 2.76 (dd, J = 16.1, 10.1 Hz, 1H), 2.35
(s, 1H), 2.32 (s, 3H).

13C NMR (101 MHz, CDCls): & 168.4, 156.0, 139.3, 136.1, 135.0, 134.3, 131.2, 131.2, 131.2,
129.2, 118.8, 117.3, 115.1, 111.0, 102.0, 83.5, 83.2, 76.6, 55.9, 50.3, 23.7, 13.8.

HRMS (APCI): Calculated for CosH24CINO4 [M+H*] = 426.1467, Found 426.1477.

ETIR (neat): 3415, 3073, 2950, 2873, 2364, 1678, 1591, 1288, 1262, 1217, 1179, 1157, 691 cm*
[a]38=-5.0 (c 0.10, CHCls)

HPLC (Chiralcel AD-H column, hexanes:i-PrOH = 95:5, 1.00 mL/min, 210 nm): ee = 88%
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(30) tert-butyl (S)-4-(2-(3-hydroxyoxetan-3-yl)but-3-en-1-yl)piperidine-1-

carboxylate

OH

3

NBoc

Procedure

Allyl acetate 20 (89.2 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C (100 °C,
18 hr). The title compound was obtained in 91% vyield (56.7 mg, 0.182 mmol) as a pale-yellow oil
after isolation by flash column chromatography (SiOz, hexanes: ethyl acetate = 10:1-4:1).

TLC (SiOy): Rs = 0.35 (hexanes: ethyl acetate = 2:1).

IH NMR (500 MHz, CDCls): § 5.65 (ddd, J = 17.1, 10.3, 9.2 Hz, 1H), 5.24 (dd, J = 10.3, 1.7 Hz,
1H), 5.19 (dd, J = 16.9, 1.8 Hz, 1H), 4.56 (d, J = 7.0 Hz, 1H), 4.52 (s, 2H), 4.49 (d, J = 7.0 Hz, 1H),
4.07 (t, J = 13.5 Hz, 2H), 2.73 — 2.60 (m, 2H), 2.56 (ddd, J = 11.6, 9.2, 2.7 Hz, 1H), 2.04 (s, 1H),
1.74 (d, J = 12.6 Hz, 1H), 1.56 (q, J = 15.8, 15.0 Hz, 4H), 1.45 (s, 10H), 1.29 — 1.23 (m, 1H), 1.17
(qd, J = 12.5, 4.4 Hz, 1H), 1.01 (qd, J = 12.5, 4.3 Hz, 1H).

C NMR (101 MHz, CDCls): 8 154.8, 136.3, 119.1, 82.5, 79.3, 77.2, 76.3, 47.6, 34.3, 33.3, 28.5.
HRMS (ESI): Calculated for C17H20NO4 [M+H*] = 311.2097, found= 311.2101

FTIR (neat): 33387, 2970, 2934, 2868, 1737, 1690, 1663, 1047, 1003, 972, 923, 854, 827, and 768

cm?
[a]38=-17.3 (c 0.1 CHCls)

HPLC (Chiralcel AD-H column in series with a Chiralcel OD-H column, hexanes:i-PrOH = 97:3,
1.00 mL/min, 210 nm): ee = 98%
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(3p) (R)-3-(1-(2-chloro-10H-phenothiazin-10-yl)but-3-en-2-yl)oxetan-3-ol

&

Procedure

Allyl acetate 2p (93.3 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C (100 °C,
18 hr). The title compound was obtained in 72% yield (51.7 mg, 0.114 mmol) as a white solid after
isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 6:1-4:1).

TLC (SiOy): Rf = 0.50 (hexanes: ethyl acetate = 1:1).

'H NMR (500 MHz, CDCls): &: 7.25 — 7.16 (m, 2H), 7.09 (d, J = 8.2 Hz, 1H), 7.02 — 6.97 (m,
1H), 6.97 — 6.93 (m, 2H), 6.90 (d, J = 2.1 Hz, 1H), 5.78 (ddd, J = 16.9, 10.3, 8.9 Hz, 1H), 5.31 —
5.23 (m, 2H), 4.66 (d, J = 7.5 Hz, 1H), 4.60 (d, J = 7.3 Hz, 1H), 4.56 (d, J = 7.5 Hz, 1H), 4.43 (d,
J=7.3Hz, 1H), 4.18 (dd, J = 13.8, 8.6 Hz, 1H), 3.80 (dd, J = 13.8, 5.3 Hz, 1H), 3.21 (td, J = 8.7,
5.3 Hz, 1H).

B3C NMR (126 MHz, CDCls): 6: 147.0, 144.8, 134.0, 133.9, 128.7, 128.4, 128.0, 126.3, 125.0,
123.9, 123.3, 120.2, 116.6, 116.4, 83.7, 83.4, 76.0, 47.2, 46.7.

HRMS (ESI): Calculated for C19H1sCINO,S [M+H*] =360.0820, Found 360.0820
ETIR (neat): 3349, 1454, 1225, 931, 799, 743 cm'*

[a]38=-8.8° (c = 0.68, CHCl5)

MP: 121-128 °C

HPLC (Phenomenex column Cellulose 5, hexane:i-PrOH = 98:02, 1.0 mL/min, 210 nm): ee= 95%
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(39) (S)-3-(5-(6-(pyrrolidin-1-yl)pyridin-3-yl)pent-1-en-3-yl)oxetan-3-ol

OH

o
/

7 N\
S

[ =

Procedure

Allyl acetate 2q (82.3 mg, 0.300 mmol, 150 mol%) was subjected to a modified version of general
procedure C using (S)-Ir-SEGPHOS (11.8 mg, 0.01 mmol, 5 mol%, 100 °C, 48 hr). The title
compound was obtained in 98% yield (56.5 mg, 0.196 mmol) as a pale-yellow oil after isolation by

flash column chromatography (SiO-, dichloromethane: acetone = 10:1-2:1).
TLC (SiOy): Rf =0.20 (dichloromethane: acetone: = 2:1).

IH NMR (500 MHz, CDCly): 8: 7.95 (d, J = 2.3 Hz, 1H), 7.28 — 7.25 (m, 1H), 6.32 (d, J = 8.5 Hz,
1H), 5.69 (dt, J = 17.0, 9.7 Hz, 1H), 5.29 (dd, J = 10.2, 1.8 Hz, 1H), 5.22 (dd, J = 17.1, 1.8 Hz,
1H), 4.59 — 4.38 (m, 4H), 3.53 — 3.33 (m, 4H), 2.61 (dt, J = 13.8, 6.6 Hz, 1H), 2.44 — 2.32 (m, 2H),
2.03 - 1.96 (M, 4H), 1.69 (qd, J = 8.2, 7.5, 3.5 Hz, 2H).

13C NMR (126 MHz, CDCls): 8:156.5, 147.9, 137.7, 136.4, 124.0, 119.9, 106.9, 83.0, 82.9, 76.6,
50.0, 47.2, 29.9, 29.8, 26.0.

HRMS (ESI): Calculated for C17H24N20, [M+H*] =289.1911, Found 289.1914
FTIR (neat): 3400, 2946, 2866, 1507, 1416, 974, 917, 808cm™*
[a]38=-37.7° (c = 0.27, CHCls)

Enantiomeric excess was determined from derivative 5.
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(3r) (S)-3-(5-(3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)pent-1-en-3-yl)oxetan-3-ol

Procedure

Allyl acetate 2r (104.5 mg, 0.300 mmol, 150 mol%) was subjected to modified version of general procedure C using (S)-
Ir-SEGPHOS (11.8 mg, 0.01 mmol, 5 mol%, 100 °C, 48 hr).The title compound was obtained in 73% yield (52.3 mg,

0.146 mmol) as a pale-yellow solid after isolation by flash column chromatography (SiOz, hexanes: ethyl acetate = 1:1).
TLC (SiO»): Rf = 0.12 (hexanes: ethyl acetate = 1:1).

IH NMR (500 MHz, CDCls) 8: 5.80 (dt, J = 17.1, 9.8 Hz, 1H), 5.27 (dd, J = 10.4, 1.7 Hz, 1H), 5.21 (dd, J = 17.1, 1.7
Hz, 1H), 4.53 (d, J = 7.0 Hz, 1H), 451 — 4.44 (m, 3H), 4.00 (ddd, J = 12.9, 7.3, 5.2 Hz, 1H), 3.89 (ddd, J = 14.3, 8.4, 7.0
Hz, 1H), 3.4 (s, 1H), 2.43 (dt, J = 9.4, 4.8 Hz, 1H), 2.35 (s, 3H), 2.32 (s, 3H), 2.23 — 2.13 (m, 1H), 1.83 (dddd, J = 14.3,
9.5,6.9, 5.1 Hz, 1H), 1.29 (s, 12H).

13C NMR (126 MHz, CDCls): 8: 155.1, 147.5, 136.5, 119.7, 83.1, 82.9, 82.5, 76.3, 48.3, 46.2, 28.7, 25.3, 25.3, 14.3,
11.5.

HRMS (ESI): Calculated for C19H31BN204 [M+H*] =362.2486, Found 362.2492
FTIR (neat) 3352, 2976, 1545, 1146, 1082, 963, 855, 727 cm

[a]38=-5.39 (c = 0.94, CHCl5)

MP: 111-117 °C

HPLC (Phenomenex Cellulose Column, hexane:i-PrOH = 95:05, 0.5 mL/min, 210 nm): ee =98%
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(3s) tert-butyl (R)-3-(1-(3-hydroxyoxetan-3-yl)allyl)azetidine-1-carboxylate

OH

s 4
o
(3]

Procedure

Allyl acetate 2s (76.6 mg, 0.300 mmol, 150 mol%) was subjected to general procedure D
(100 °C, 18 hr). The title compound was obtained in 87% vyield (47.0 mg, 0.174mmol) as
a pale-yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 5:1-2:1).

TLC (SiO2): Rf = 0.31 (hexanes: ethyl acetate = 2:1).

IH NMR (400 MHz, CDCl3): § 5.71 (dt, J = 17.1, 9.8 Hz, 1H), 4.59 (dd, J = 11.5, 7.1 Hz,
2H), 4.47 (dd, J = 15.6, 7.1 Hz, 2H), 3.97 (t, J = 8.5 Hz, 1H), 3.88 (t, J = 8.7 Hz, 1H), 3.74
(dt, = 8.9, 6.5 Hz, 2H), 2.80 (ddd, J = 15.0, 7.5, 1.9 Hz, 1H), 2.64 (t, J = 2.0 Hz, 2H), 1.43
(s, 9H).

13C NMR (101 MHz, CDCls): & 156.8, 133.4, 121.0, 83.4, 83.3, 79.9, 76.9, 53.4, 28.9,
28.6.

HRMS (ESI): Calculated for C1aH23NO4 [M+Na']= 292.1519, found= 292.1526

FTIR (neat): 3416, 2953, 2870, 1663, 1457, 1480, 1414, 1362, 1130, 996, 971, 942, 853,
770, 707 cm?

[a]2°=-44.0 (¢ 0.1, CHCls)

HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 210 nm): ee = 98%
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(3t) methyl (R)-3-(1-(3-hydroxyoxetan-3-yl)allyl)bicyclo[1.1.1]pentane-1-carboxylate

OH

1

o

MeO

Procedure

Allyl acetate 2t (67.3mg, 0.300 mmol, 150 mol%) was subjected to general procedure C
(100 °C, 18 hr). The title compound was obtained in 60% yield (28.6 mg, 0.120 mmol) as
a pale-yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 10:1-4:1).

TLC (SiO2): Rf = 0.15 (hexanes: ethyl acetate = 4:1).

IH NMR (500 MHz, CDCla): § 5.69 (dt, J = 17.1, 9.8 Hz, 1H), 5.22 (dd, J = 10.3, 1.7 Hz,
1H), 5.16 (dd, J = 17.1, 1.7 Hz, 1H), 4.63 (d, J = 6.9 Hz, 1H), 4.57 (d, J = 7.2 Hz, 1H), 4.54
(d, J=6.9 Hz, 1H), 4.45 (d, J = 7.1 Hz, 1H), 3.65 (s, 3H), 2.66 (d, J = 9.4 Hz, 1H), 2.31 (s,
1H), 2.34 — 1.96 (m, 6H).

13C NMR (126 MHz, CDCl3): § 169.2, 132.1, 118.3, 82.5, 82.4, 76.3, 76.0, 75.8, 75.6,
50.9, 50.6, 49.9, 38.5, 37.9.

HRMS (ESI): Calculated for C13H1804 [M+H"]=239.1205, found= 239.1205

FTIR (neat): 3427, 2932, 1691, 1500, 1452, 1367, 1342, 1307, 1254, 1227, 1137, 1010,
748, 666 cm™

[a]3=-23.0 (c 0.10, CHCls)

Enantiomeric excess determined from derivative 5t.
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(3u) tert-butyl (S)-7-(3-(3-hydroxyoxetan-3-yl)pent-4-en-1-yl)-3,4-dihydroquinoline-
1(2H)-carboxylate

)

T [T )
N

Boc

Procedure

Allyl acetate 2u (107.8 mg, 0.300 mmol, 150 mol%) was subjected to general procedure C (100
°C, 18 hr). The title compound was obtained in 72% yield (53.8 mg, 0.144 mmol) as a pale-yellow

oil after isolation by flash column chromatography (SiO2, hexanes: ethyl acetate = 10:1-2:1).
TLC (SiOy): Rs = 0.32 (hexanes: ethyl acetate = 2:1).

IH NMR (500 MHz, CDCls): § 7.56 (d, J = 8.4 Hz, 1H), 6.93 (dd, J = 8.5, 2.2 Hz, 1H), 5.76 — 5.65
(m, 1H), 5.30 (dd, J = 10.3, 1.8 Hz, 1H), 5.22 (dd, J = 17.1, 1.8 Hz, 1H), 4.53 (dd, J = 15.1, 6.2 Hz,
3H), 4.47 (d, J = 6.9 Hz, 1H), 3.69 (dd, J = 6.8, 5.3 Hz, 2H), 2.73 (t, J = 6.6 Hz, 2H), 2.68 (ddd, J
=14.3,9.5, 5.0 Hz, 1H), 2.48 — 2.36 (M, 2H), 1.91 (p, J = 6.5 Hz, 2H), 1.52 (s, 9H).

13C NMR (126 MHz, CDCls): 6 154.1, 136.7, 136.3, 129.9, 128.4, 125.9, 124.3, 119.6, 82.8, 82.6,
80.8 76.4, 50.1, 44.8, 32.9, 29.6, 28.6, 27.7, 23.7.

FTIR (neat): 3461, 2970, 2945, 1738, 1537, 1500, 1455, 1366, 1228, 1216, 1163, 824, 766, and
686 cm™

[a]2®=-55.0 (c 0.10, CHClI5)
HRMS (ESI): Calculated for Co2HsNO, [M+Na*]= 396.2145, found= 396.2152

HPLC (Chiralcel AD-H column, hexanes:i-PrOH = 97:3, 1.00 mL/min, 254 nm): ee = 99%
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(3v) (R)-3-(1-((2-butyl-4-chloro-1-((2'-(1-trityl-1H-tetrazol-5-yl)-[1,1'-biphenyl]-4-
yl)methyl)-1H-imidazol-5-yl)methoxy)but-3-en-2-yl)oxetan-3-ol

OH
S
o) :
~N
(of] o
e .
NN
N~ NcPh,
N:N
Me

Procedure

Allyl acetate 2v (233.1 mg, 0.300 mmol, 150 mol%) was subjected to modified version of general procedure C using 7.5
mol% (S)-Ir-tol-BINAP (100 °C, 24hr). The title compound was obtained in 64% yield (101.1 mg, 0.128 mmol) as a
pale-yellow solid after isolation by flash column chromatography (SiOz, hexanes: ethyl acetate = 4:1-1:1).

TLC (SiO2): Rf =0.12 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCls): § 7.95 (dd, ] = 7.2, 1.9 Hz, 1H), 7.49 (pd, ] = 7.5, 1.7 Hz, 2H), 7.39 — 7.31 (m, 4H), 7.29
—7.23 (m, 7H), 7.12 (d, J = 8.0 Hz, 2H), 6.98 — 6.90 (m, 6H), 6.71 (d, J = 7.9 Hz, 2H), 5.78 (ddd, J = 17.2, 10.5, 8.6 Hz,
1H), 5.36 — 5.14 (m, 2H), 5.00 (s, 2H), 4.61 — 4.47 (m, 4H), 4.15 (s, 2H), 3.56 (dd, J = 9.6, 4.5 Hz, 1H), 3.49 (dd, J = 9.6,
6.1 Hz, 1H), 3.43 (s, 1H), 2.71 (dt, J = 9.8, 5.4 Hz, 1H), 2.55 — 2.47 (m, 2H), 1.66 (dq, J = 16.4, 8.7, 8.1 Hz, 4H), 1.34 —
1.24 (m, 3H), 0.87 (t, J = 7.3 Hz, 3H).

13C NMR (101 MHz, CDCl3): § 164.1,149.2, 141.4, 141.3,134.3, 133.6, 130.9, 130.5, 130.3, 130.2, 130.1, 129.9, 128.5,
128.1, 128.0, 127.8, 126.3, 125.2, 121.3, 119.5, 83.2, 83.0, 82.2, 76.3, 69.7, 61.3, 49.1, 47.2, 29.9, 26.9, 22.5, 13.9.

ETIR (neat): 3384, 3071, 2966, 2924, 2870, 2356, 1740, 1430, 1410, 1356,1159, 798, 784, 758, 748 cm™
[a]3®= -20.0(c 0.10, CDCI3)
HRMS (ESI): Calculated for CasHa7CINsO3 [M+H*]= 791.3471, found= 791.3478

Enantiomeric excess determined from derivative 6v.
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(3w) 1-((1R,3S)-3-((S)-2-(3-hydroxyoxetan-3-yl)but-3-en-1-yl)-2,2-
dimethylcyclobutyl)ethan-1-one

Procedure

Allyl acetate 2w (71.5 mg, 0.300 mmol, 150 mol%) was subjected to a modified version
of general procedure C using (S)-Ir-Cl, OMe-BIPHEP (10.1 mg, 0.010 mmol, 5 mol%, 100
°C, 18 hr). The title compound was obtained in 73% yield (36.9 mg, 0.146 mmol, 6:1 dr)
as a pale-yellow oil after isolation by flash column chromatography (SiO2, hexanes: ethyl
acetate = 3:1—1:1).

TLC (SiO2): Rf = 0.31 (hexanes: ethyl acetate = 1:1).

'H NMR (400 MHz, CDCl3): § 5.62 (dt, J = 17.0, 9.9 Hz, 1H), 5.19 (dd, J = 10.3, 1.8 Hz,
1H), 5.14 (dd, J = 17.2, 1.8 Hz, 1H), 4.52 (q, J = 7.4, 6.8 Hz, 3H), 4.45 (d, J = 7.0 Hz, 1H),
2.78 (dd, J = 9.7, 7.4 Hz, 1H), 2.69 (s, 1H), 2.33 (ddd, J = 11.9, 9.4, 3.0 Hz, 1H), 2.02 (d,
J=3.4Hz, 3H), 1.99 — 1.85 (m, 2H), 1.85 — 1.73 (m, 1H), 1.52 (ddd, J = 14.0, 7.5, 3.0 Hz,
1H), 1.40 — 1.31 (m, 1H), 1.29 (s, 3H), 0.87 (s, 3H).

13C NMR (101 MHz, CDCls): § 208.2, 136.8, 119.2, 82.7, 82.6, 76.2, 54.4, 50.1, 43.8,
40.0, 30.8, 30.3, 28.8, 24.2, 17.2.

HRMS (APCI): Calculated for C15H2403 [M+H*] = 253.1798, Found 253.1802

FTIR (neat): 3399, 3074, 2952, 2873, 2363, 1701, 1638, 1463, 1421, 1386, 1368, 1357,
1268, 1242, 1223, 1182, 1153, 1070, 1001, 974, 918, 845, 750 cm™*

[a]2°= -14.0(c 0.10, CHCls)
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(iso-3w) 1-((1R,3S)-3-((R)-2-(3-hydroxyoxetan-3-yl)but-3-en-1-yl)-2,2-
dimethylcyclobutyl)ethan-1-one

Procedure

Allyl acetate 2w (71.5 mg, 0.300 mmol, 150 mol%) was subjected to a modified version
of general procedure C using (R)-Ir-Cl, OMe-BIPHEP (10.1 mg, 0.010 mmol, 5 mol%,
100 °C, 18 hr). The title compound was obtained in 97% yield (49.1 mg, 0.195 mmol,
6.6:1 dr) as a pale-yellow oil after isolation by flash column chromatography (SiOz,

hexanes: ethyl acetate = 3:1—1:1).
TLC (SiO2): Rf = 0.31 (hexanes: ethyl acetate = 1:1).

IH NMR (400 MHz, CDCls):  5.60 (dt, J = 17.0, 9.8 Hz, 1H), 5.18 (dd, J = 10.3, 1.9 Hz,
1H), 5.11 (dd, J =17.1, 1.9 Hz, 1H), 4.57 — 4.48 (m, 3H), 4.44 (d, J = 6.9 Hz, 1H), 2.92 (s,
1H), 2.78 (q, J = 8.9 Hz, 1H), 2.27 (ddd, J = 11.6, 9.3, 2.6 Hz, 1H), 2.01 (s, 3H), 1.90 (dtt,
J=17.6,7.1,3.5 Hz, 1H), 1.82 (t, J = 8.3 Hz, 2H), 1.38 (ddd, J = 14.6, 11.2, 3.6 Hz, 1H),
1.24 (s, 3H), 0.81 (s, 3H).

13C NMR (101 MHz, CDCls): § 208.32, 136.46, 118.88, 82.96, 82.59, 76.18, 54.07, 48.10,
43.06, 39.39, 30.27, 30.18, 27.51, 22.79, 17.62.

HRMS (ESI): Calculated for C1sH2403 [M+H™] = 253.1798, found 253.1800

FTIR (neat): 3396, 2951, 2872, 1702, 1638, 1461, 1385, 1280, 1225, , 1097, 1001, 969,
918, 872, cm™

[a]2°= +19.6 (c 0.20, CHCls)
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General Procedure D

0 K,CO; (100 mol%) OH
AcO 2-PrOH (200 mol%) ,j\/\
% Y\ (S) Ir-tol-BINAP (5 mol%) BzhN 7N
R o s 0 z =
N 3,4-Dinitrobenzoic acid (5 mol%) R
Bzh -
(100 mol%) (150 mol%) THF (0.5 M)

100°C, 36-48 hrs
An oven-dried pressure tube equipped with a magnetic stir bar was charged allylic acetate
(0.30 mmol, 150 mol%), (S)-Ir-tol-BINAP (11.2 mg, 0.01 mmol, 5 mol%), 3,4-
dinitrobenzoic acid (2.12 mg, 0.010 mmol, 5 mol%) 1-diphenymethyl-3-azetidinone (47.6
mg 0.20 mmol, 100 mol%), and potassium carbonate (27.6 mg, 0.20 mmol, 100 mol%).
The tube was purged with argon and i-propanol (30 pL, 0.400 mmol, 200 mol%) was added
by syringe, followed by THF (0.40 mL, 0.50 M). The septum was removed, and the tube
was sealed with a polytetrafluoroethylene-lined screwcap. The tube was placed in an oil
bath at 100 °C and stirred for 36-48 hours. The vessel was allowed to cool to ambient
temperature. Upon cooling, the reaction mixture was concentrated onto silica gel and

purified by flash chromatography to furnish products 4a-4w.
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(4a) (R)-1-benzhydryl-3-(1-(4-bromophenyl)allyl)azetidin-3-ol

s
BzhN z

Y

Br

Procedure

Allyl acetate 2a (76.5 mg, 0.300 mmol, 150 mol%) was subjected to general procedure D (100 °C,
36 hr). The title compound was obtained in 82% yield (71.2 mg, 1.64 mmol) as a pale yellow solid
after isolation by flash column chromatography (SiO,, hexanes: ethyl acetate = 20:1-4:1).

TLC (SiOy): Rs =0.35 (hexanes: ethyl acetate = 4:1).

'H NMR (500 MHz, CDCls): 5 7.41 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 7.6 Hz, 3H), 7.25 (s, 2H), 7.23
(d, J=2.3 Hz, OH), 7.20 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 3.0 Hz, OH), 6.15 (ddd, J = 17.8, 10.4, 8.0
Hz, 1H), 5.23 (d, J = 10.3 Hz, 1H), 5.13 (d, J = 17.2 Hz, 1H), 4.37 (5, 1H), 3.67 (d, J = 8.0 Hz, 1H),
3.39 (d, J = 8.2 Hz, 1H), 3.22 (d, J = 8.3 Hz, 1H), 3.02 (d, J = 8.2 Hz, 1H), 2.89 (d, J = 8.3 Hz, 1H),
2.07 (s, 1H).

BC NMR (126 MHz, CDCls): 8 142.12, 138.7, 131.6, 130.9, 128.6, 127.5, 121.0, 118.7, 77.9, 72.0,
65.4, 64.8, 56.6.

HRMS (ESI): Calculated for C3HoN203 [M+H"]= 477.3112, found= 477.3118
ETIR (neat): 3556, 3060, 3027, 2935, 2850, 1489, 1171, 1073, 993, 794, 701 cm*
[a]2%=-10.0 (c 0.10, CHClI5)

P: 160-163°C

HPL C (Chiralcel OD-H hexanes:i-PrOH = 98:2, 1.00 mL/min, 210 nm): ee = 98%
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(4b) (R)-1-benzhydryl-3-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)allyl)azetidin-3-ol

Procedure

Allyl acetate 2b (76.8 mg, 0.300 mmol, 150 mol%) was subjected to general procedure D (100 °C, 36 hr).
The title compound was obtained in 88% yield (76.1 mg, 0.176 mmol) as a pale-yellow oil after isolation by
flash column chromatography (SiO., hexanes: ethyl acetate = 20:1-4:1).

TLC (SiO2): Rf = 0.31 (hexanes: ethyl acetate = 4:1).

IH NMR (500 MHz, CDCls): 8 7.36 (d, J = 7.6 Hz, 4H), 7.26 — 7.19 (m, 5H), 7.17 (dt, J = 7.3, 3.7 Hz, 2H),
7.11 (d, J = 1.7 Hz, 1H), 7.01 (dd, J = 8.2, 1.7 Hz, 1H), 6.95 (d, J = 8.2 Hz, 1H), 6.12 (ddd, J = 17.6, 10.3,
7.9 Hz, 1H), 5.23 (d, J = 10.3 Hz, 1H), 5.12 (d, J = 17.2 Hz, 1H), 4.37 (s, 1H), 3.69 (d, J = 7.9 Hz, 1H), 3.38
(d, J = 8.2 Hz, 1H), 3.20 (d, J = 8.4 Hz, 1H), 3.02 (d, J = 8.2 Hz, 1H), 2.89 (d, J = 8.3 Hz, 1H), 2.10 (s, 1H).

13C NMR (126 MHz, CDCls): § 142.3, 138.7, 136.1, 131.9, 131.6, 130.9, 129.0, 128.6, 127.5, 127.3, 121.0,
118.7,77.9,72.1, 65.4, 64.8, 56.6.

F NMR (471 MHz, CDCls): § -50.03

HRMS (ESI): Calculated for CsHzsF2NO3 [M+H*]= 436.1719, found= 436.1725

ETIR (neat): 3371, 3021, 2969, 1494, 1470, 1451, 1370, 1238, 1153, 1074, 1035, 812, 703, 668 cm™*
[a]2%=-32.1 (c 0.10, CHCl3)

HPLC (Chiralcel AD-H hexanes:i-PrOH =98:2, 1.00 mL/min, 230 nm): ee = 94%
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(4¢) (R)-1-benzhydryl-3-(1-(2-fluoro-4-(trifluoromethyl)phenyl)allyl)azetidin-3-ol

CF,
Procedure

Allyl acetate 2¢ (78.6 mg, 0.300 mmol, 150 mol%) was subjected to general procedure D (100 °C,
48 hr). The title compound was obtained in 82% yield (72.5 mg, 0.164 mmol) as a pale-yellow oil
after isolation by flash column chromatography (SiOz, hexanes: ethyl acetate = 20:1-4:1).

TLC (SiOy): Rf =0.41 (hexanes: ethyl acetate = 4:1).

IH NMR (400 MHz, CDCls): § 7.62 (t, J = 7.6 Hz, 1H), 7.31 (dt, ] = 10.9, 5.8 Hz, 5H), 7.21 (t, J =
7.3 Hz, 5H), 7.14 (d, J = 7.3 Hz, 2H), 6.12 (ddd, J = 17.6, 10.2, 7.9 Hz, 1H), 5.22 (d, J = 10.4 Hz,
1H), 5.12 (d, J = 17.1 Hz, 1H), 4.34 (s, 1H), 3.37 (d, J = 8.1 Hz, 1H), 3.15 (d, J = 8.3 Hz, 1H), 3.01
(d, J=8.1 Hz, 1H), 2.87 (d, J = 8.3 Hz, 1H), 2.54 (s, 1H).

13C NMR (101 MHz, CDCls): § 160.5 (d, J = 247.1 Hz), 142.1 (d, J = 3.3 Hz), 134.7, 131.4 (d,J =
4.4 Hz),128.6,127.8,127.5,127.5, 127.3,120.9 (t, J = 3.7 Hz), 119.3, 112.9 (dd, J = 27.0, 4.0 Hz),
109.7 (d, J=121.9 Hz), 77.9, 72.1, 65.8, 64.8, 48.9 (d, J = 1.9 Hz).

F NMR (376 MHz, CDCls): & -62.66, -114.67 (t, J = 8.4 Hz).
HRMS (ESI): Calculated for CosHzsFsNO [M+H*]= 422.1789, found= 422.1798

ETIR (neat): 3350, 2962, 2893, 1635, 1501, 1445, 1413, 1211, 1171, 994, 945, 931, 751, 711 cm"

1

[a]28=-32.1 (c 0.10, CHCl;)

HPLC (Chiralcel OD-H column in series with a Chiralcel AJ-H column, hexanes:i-PrOH = 97:3,
1.00 mL/min, 210 nm), ee = 90%
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(wdd)