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Development of an N-sulfinyl prolinamide for the asymmetric aldol reaction
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A new class of organocatalysts is reported that incorporates an N-sulfinyl amide in place of the carboxylic
acid of proline to serve as a hydrogen bond donor, chiral directing group, and solubilizing element. The
successful application of this type of catalyst to the asymmetric aldol reaction of acetone and aryl
aldehydes, for which proline performs poorly, is also described.

� 2011 Elsevier Ltd. All rights reserved.
Fig. 1. Selected proline derivatives used as organocatalysts for the aldol reaction.
1. Introduction

The proline-catalyzed enantioselective intermolecular aldol re-
actionwasfirst reportedbyList andco-workers in2000, andsince that
time proline (1) has been utilized to efficiently catalyze many aldol
reactions (Eq.1).1e4 This reaction, a prototypical example of enamine-
based organocatalysis, proceeds via reversible condensation of the
catalytic amine with a ketone to provide a nucleophilic enamine in-
termediate. In this reaction, the carboxylic acid functionality on pro-
linewas found to be important and is postulated to activate and orient
the aldehyde acceptor via a hydrogen-bonding interaction.
However, proline is not an effective catalyst for all aldol coupling
partners. For example, high proline catalyst loading is required and
moderate enantioselectivities are observed for acetone and aryl
aldehyde substrate combinations (Eq. 2). Many researchers have
therefore investigated the replacement of the carboxylic acid of
proline (1) with other H-bond donors with the goal of improving
catalyst solubility, activity, stability, and level of asymmetric in-
duction (Fig. 1),2,3 including achiral acid replacements, such as
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tetrazole (4)5e15 or sulfonyl amides (5).4,9,16e20 The prolinamide
scaffold (6) has also been explored, and while it is less acidic, also
provides opportunity for incorporation of additional chiral centers
as well as additional tethered hydrogen bond donors or
amines.21e40 Worch and Bolm recently detailed replacement of the
carboxylic acid with a chiral sulfonimidamide (7), which represents
the first example of a carboxylic acid derivative, that is, both chiral
and acidic.41 In their study of the aldol condensation of cyclohex-
anone with aromatic aldehydes, evaluation of each diastereomer of
the catalyst revealed that for most substrates, the configuration of
the stereogenic sulfur in the catalyst had only a minor impact on
the enantiomeric purity of the products obtained.
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Theutilityof theN-sulfinyl group42e45 as botha chiral directinggroup
and acidifying element in hydrogen-bonding organocatalysts has
been demonstrated by the successful application of N-sulfinyl ureas,
initially in the addition of nitroalkanes to imines (the aza-Henry re-
action),46 and more recently the addition of thioacetic acid to nitro-
alkenes.47 In these reactions, the sulfinylNeH ispostulated to activate
the substrates by the formationof keyhydrogenbonding interactions.
The inductive electron-withdrawing effect of the sulfinyl group
acidifies thisNeHbond,which serves tomodulate hydrogenbonding
interactions. Additionally, close proximity of the stereogenic sulfur to
theactive siteof thecatalyst contributes tohigh levelsof stereocontrol
in these reactions (vide infra). Finally, the sulfinyl group enhances the
solubility of the catalyst in organic solvents.

On the basis of the success of N-sulfinyl ureas in hydrogen-
bonding organocatalysis, we sought to extend this concept to en-
amine-based organocatalysis. Specifically, we postulated that the
incorporation of an N-sulfinyl amide in place of the carboxylic acid
of proline would maintain the level of acidity required to act as an
efficient hydrogen bond donor, while at the same time the chiral
nature of the sulfinamide substituent could contribute to the
achievement of high levels of stereocontrol in the aldol reaction.

2. Results and discussion

In order to test this hypothesis, N-prolyl sulfinamide 9 was first
synthesized (Eq. 3). A simple procedure was developed whereby
deprotonation of enantiomerically pure tert-butanesulfinamide 8
with KH followed by addition of inexpensive (S)-proline methyl
ester provides catalyst 9 in 82% yield. A preliminary survey of sol-
vents for the addition of acetone to 4-nitrobenzyaldehyde as cat-
alyzed by 9 revealed that the highest enantioselectivities were
obtained in DMSO. Therefore, optimization of the reaction param-
eters was undertaken with catalyst 9 in DMSO-d6 (Table 1). Sig-
nificantly, it was discovered that addition of a small amount of
water to the reaction mixture was important both for reaction rate
and selectivity (entries 1e5), while larger amounts of water were
detrimental (entry 6). The effects of water on reaction rate observed
in our studies are consistent with the complex role of water in the
proline-mediated aldol reaction as described by Blackmond and
Table 1
Optimization of reaction conditions

l

Entry Equiv 9 [2a] in DMSO (M) Equiv water Timea (h) Conva (%) eeb (%)

1 0.2 0.125 0 >1.5c 45 89
2 0.2 0.125 1 0.5 89 92
3 0.2 0.125 2 0.5 88 94
4 0.2 0.125 5 0.5 86 96
5 0.2 0.125 10 0.5 83 96
6 0.2 0.125 30 >1.5d 66 93
7 0.1 0.125 5 4 88 95
8 0.05 0.125 5 48 87 96
9 0.025 0.125 5 >96e 77 94
10 0.05 0.25 5 48 92 95
11 0.05 0.5 5 48 91 94
12f 0.05 0.25 5 96 94 95

a Time required for >97% consumption of 2a and conversion to 3a with the time
determined by 1H NMR using trimethoxybenzene as an internal standard.

b Enantioselectivity was determined by chiral HPLC.
c Compound 2a (29%) remains after 1.5 h.
d Compound 2a (14%) remains after 1.5 h.
e Compound 2a (18%) remains after 96 h.
f Acetone (15 equiv) used.
co-workers.48 The catalyst loading could be decreased at the
expense of reaction rate (entries 7e9). The reaction was relatively
independent of the amount of DMSO used, allowing the reaction to
be conducted at higher concentrations (entries 8, 10, and 11). A
direct correlation was observed between the reaction rate and the
amount of acetone added (entries 10 vs 12).
With optimal reaction conditions established, the performance
of several different N-aminoacyl sulfinamide catalysts was evalu-
ated (Scheme 1). For each sulfinamide input both diastereomers of
the N-prolyl sulfinamide were prepared in order to systematically
evaluate the effect of the sulfinyl substituent and stereocenter on
the selectivity of the aldol reaction (see Experimental section for
catalyst synthesis and analytical characterization). While a dra-
matic difference in enantioselectivity was observed for the tert-
butanesulfinamide diastereomers 9 and 12, very little effect of the
sulfur stereocenter was observed for trisylsulfinamides 11 and 14.
Additionally, the reaction was significantly slower in the presence
of the arenesulfinamide derivatives 10, 13, and 14. Catalysts 15 and
16, which incorporate achiral secondary amino acids, clearly
demonstrate the importance of the proline scaffold for good re-
action efficiency. This is consistent with the report by List and co-
workers,1 in which N-methyl valine provided poor conversion for
this aldol reaction. Overall, catalyst 9 is superior to the other
N-aminoacyl sulfinamide catalysts surveyed, providing the highest
enantioselectivity with high conversion.
Scheme 1. Catalyst evaluation for enantioselective aldol reaction.
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Next, the scope of the reaction was evaluated (Scheme 2). The
aldol reaction of acetone with a variety of aryl aldehydes proceeded
smoothly, providing the products with 90e96% ee. For aldehydes
with electron-withdrawing substituents the reaction proceeded in
high conversionwithin 3 days, and the aldol products were isolated
in high yields (3aec). However, in the case of the less reactive al-
dehydes much longer reaction times were necessary (1 week) to
achieve reasonable conversion (3def).
Scheme 2. Substrate scope.
3. Conclusions

We have demonstrated the utility of the N-sulfinyl amide as
a chiral carboxylic acid replacement in the proline scaffold for the
highly enantioselective intermolecular aldol reaction. The dramatic
difference in stereoselectivity between the diastereomeric N-tert-
butanesulfinyl amides demonstrates that the chirality of the sul-
finyl substituent in addition to its acidifying nature is important for
reactivity.
4. Experimental

4.1. General methods

All reagents were obtained from commercial suppliers and used
without further purification unless otherwise noted. Flash column
chromatography was carried out either with Merck 60
230e240 mesh silica gel, or using a Biotage SP Flash Purification
System (Biotage No. SP1-B1A) with Flashþcartridges (Biotage No.
FPK0-1107-16046). 1H and 13C NMR chemical shifts are reported in
parts per million relative to either the residual solvent peak (1H,
13C) or TMS (1H) as an internal standard. IR spectra were recorded
as thin films on a Nicolet Avatar 360 FTIR spectrometer equipped
with an attenuated total reflectance accessory or as KBr pellets on
a Nicolet MAGNA-IR 850 spectrometer, and only partial data are
listed. Mass spectrometry (HRMS) was carried out by the University
of California at Berkeley Mass Spectrometry Facility.
The syntheses of catalysts 9e14were carried out under nitrogen
in flame-dried glassware, using dry tetrahydrofuran (THF) that was
passed through columns of activated alumina under nitrogen
pressure immediately prior to use. Enantiomerically pure proline
methyl esters were purchased as the corresponding hydrochloride
salts and were isolated as the free bases by extraction with CH2Cl2
and aqueous K2CO3. The proline methyl esters contained up to
1 equiv of residual CH2Cl2 after concentration (as determined by 1H
NMR) and the mass of material used was adjusted in each case to
account for the presence of the CH2Cl2. The aldol reactions were
carried out using commercial solvents and reagentswithout further
drying, and were set up in vials without any precautions to exclude
air.

4.2. Catalyst synthesis

Compound 9. A solution of (S)-tert-butanesulfinamide (1.21 g,
10.0 mmol) in THF (40 mL) was added to a stirred suspension of KH
(0.420 g, 10.5 mmol) in THF (40 mL), resulting in the evolution of
hydrogen gas as the sulfinamide was deprotonated. The reaction
mixturewas stirred for 3 h at rt, providing awhite slurry. (L)-Proline
methyl ester (10.8 mmol) was added via syringe, and the white
slurry dissolved within 3 min to provide a clear solution. After
30 min, the reaction was quenched by addition of acetic acid
(0.630 g, 10.5 mmol) and water (1 mL). The crude mixture was
concentrated to remove the THF and then purified by reverse phase
chromatography without buffers (Biotage 40þM C18 column, 1%e
100% MeOH in H2O). The product was concentrated to remove the
water, then recrystallized from hot EtOAc in the presence of a trace
amount of MeOH. The crystals were collected by vacuum filtration
and rinsed with additional EtOAc and hexanes, to yield 1.79 g (82%)
of 9 as a white crystalline solid, mp 149.5e150.0 �C (phase change
at 139 �C). 1H NMR (500 MHz, CDCl3): d 1.19 (s, 9H), 1.86 (m, 2H),
2.03 (m, 1H), 2.25 (m, 1H), 3.24 (m, 1H), 3.33 (m, 1H), 4.16 (m, 1H).
13C NMR (126 MHz, CDCl3): d 22.1, 25.4, 30.9, 47.0, 53.6, 61.3, 178.0.
IR (neat): 3646, 3451, 3095, 2659, 1586, 1537, 1367, 1369, 1321, 811,
546 cm�1. Exact mass calcd for C9H18N2O2S requires m/z 219.1162,
found m/z 219.1165 (MþHþ, ESI).

Compound 10. A solution of (S)-toluenesulfinamide (0.388 g,
2.50 mmol) in THF (10 mL) was added to a stirred suspension of KH
(0.105 g, 2.63 mmol) in THF (10 mL) resulting in the evolution of
hydrogen gas as the sulfinamide was deprotonated. The reaction
mixture was stirred for 3 h at rt. (L)-Proline methyl ester (3.0 mmol)
was added via syringe. After 30 min, the reaction was quenched by
addition of acetic acid (0.158 g, 2.63 mmol) and water (8 mL). The
crude mixture was concentrated to remove the THF, and the
resulting white precipitate was collected by vacuum filtration and
rinsed on the filter with small amounts of water. The crude product
was recrystallized from EtOAc in the presence of trace amounts of
MeOH. The solids were collected by vacuum filtration and rinsed
with additional EtOAc to yield 0.30 g (48%) of 10 as a white crys-
talline solid, mp 126.0e127.0 �C. 1H NMR (600 MHz, CDCl3): d 1.80
(m, 1H), 1.90 (m, 1H), 2.08 (m, 1H), 2.26 (m, 1H), 2.39 (s, 3H), 3.23
(m, 1H), 3.35 (m, 1H), 4.21 (m, 1H), 7.27 (d, J¼8.0 Hz, 2H), 7.61 (d,
J¼8.0 Hz, 2H). 13C NMR (150 MHz, CDCl3): d 21.4, 25.6, 30.7, 47.1,
61.4, 125.0, 129.7, 141.3, 142.8, 177.5. Exact mass calcd for
C12H16N2O2SNa requires m/z 275.0825, found m/z 275.0832
(MþNaþ, ESI).

Compound 11. A solution of (S)-(1,3,5)-triisopropylbenzene-
sulfinamide (0.669 g, 2.50 mmol) in THF (10 mL) was added to
a flask containing a suspension of KH (0.105 g, 2.63mmol), resulting
in the evolution of hydrogen gas as the sulfinamide was deproto-
nated. The reaction mixture was stirred for 3 h at rt. (L)-Proline
methyl ester (3.0 mmol) was added via syringe. After 30 min, the
reaction was quenched by addition of acetic acid (0.160 g,
2.66 mmol) and water (8 mL), and the resulting mixture was
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concentrated to remove the THF. The crude product was extracted
into EtOAc, and the organic layer from the extraction was loaded
onto a silica plug and side products were eluted with 100% EtOAc.
The product was eluted using a mobile phase gradient of 20%e50%
MeOH in EtOAc. Fractions containing the desired product were
concentrated several times from EtOAc and the resulting residue
was redissolved in warm EtOAc and filtered. The filtrate was con-
centrated, and then the white solid was recrystallized from 5 mL of
hexanes. The solids were collected by vacuum filtration and rinsed
with additional hexanes, to yield 0.66 g (73%) of 11 as a white
powder, mp 170.5e172.0 �C. 1H NMR (600 MHz, CDCl3): d 1.23 (m,
12H), 1.35 (d, J¼6.9 Hz, 6H), 1.83 (m, 2H), 2.07 (m, 1H), 2.26 (m, 2H),
2.88 (m, 1H), 3.15 (m, 1H), 3.22 (m, 1H), 3.98 (m, 1H), 4.05 (m, 2H),
7.08 (s, 2H). 13C NMR (150MHz, CDCl3): d 23.6, 24.0, 24.4, 25.7, 28.6,
30.8, 34.2, 46.9, 61.0, 122.8, 137.1, 148.7, 151.9, 176.3. Exact mass
calcd for C20H32N2O2SNa requires m/z 387.2077, found m/z
387.2087 (MþNaþ, ESI).

Compound 12. A solution of (S)-tert-butanesulfinamide (0.303 g,
2.50 mmol) in THF (10 mL) was added to a stirred suspension of KH
(0.105 g, 2.63 mmol) in THF (10 mL), resulting in the evolution of
hydrogen gas as the sulfinamide was deprotonated. The reaction
mixture was stirred for 3 h at rt, providing a white slurry. (D)-Pro-
line methyl ester (3.0 mmol) was added via syringe, and the white
slurry dissolved within 3 min to provide a clear solution. After
30 min, the reaction was quenched by addition of acetic acid
(0.158 g, 2.63 mmol) and water (1 mL). The crude mixture was
concentrated to remove most of the THF, and the resulting white
precipitate was collected by vacuum filtration and then rinsed on
the filter with small amounts of water and Et2O. The crude product
was dissolved in 100 mL of hot EtOAc, and the resulting solution
was filtered twice to remove insoluble white solids. The filtrate was
concentrated, then recrystallized from approximately 5 mL of
EtOAc. The solids were collected by vacuum filtration and rinsed
with additional EtOAc, to yield 0.22 g (41%) of 12 as awhite powder,
mp 149.5e150.0 �C. 1H NMR (500 MHz, CDCl3): d 1.25 (s, 9H), 1.75
(m, 2H), 1.96 (m, 1H), 2.19 (m, 1H), 2.95 (m, 1H), 3.09 (m, 1H) 3.89
(m,1H). 13C NMR (126MHz, CDCl3): d 22.1, 26.2, 30.8, 47.2, 56.1, 61.1,
176.5. IR (neat): 3651, 3368, 2981, 2888, 1566, 1298, 1270, 935,
599 cm�1. Exact mass calcd for C9H18N2O2S requires m/z 219.1162,
found m/z 219.1162 (MþHþ, ESI).

Compound 13. THF (10 mL) was added to a flask containing (S)-
toluenesulfinamide (0.388 g, 2.50 mmol) and KH (0.100 g,
2.50 mmol), resulting in the evolution of hydrogen gas as the sul-
finamide was deprotonated. The reaction mixture was stirred for
1.5 h at rt. (D)-Proline methyl ester (3.0 mmol) was added via sy-
ringe. After 2 h, the reaction was quenched by addition of acetic
acid (0.150 g, 2.50 mmol), and resulting mixture was stirred for
20 min. The crude mixture in THF was loaded onto a silica plug and
side products were eluted with 100% EtOAc. The mobile phase was
switched to 50:40:10 EtOAc:MeOH:NH4OH, resulting in rapid elu-
tion of the product. Fractions containing the desired product were
concentrated several times from EtOAc, and then the white solid
was dissolved in CH2Cl2 and filtered to remove a white solid
byproduct. The filtrated was concentrated and then recrystallized
from EtOAc. The solids were collected by vacuum filtration and
rinsed with additional EtOAc, to yield 0.21 g (34%) of 13 as a white
powder, mp 115.0e117.5 �C. 1H NMR (600 MHz, CDCl3): d 1.70 (m,
2H), 1.99 (m, 1H), 2.20 (m, 1H), 2.43 (s, 3H), 2.79 (m, 1H), 2.98 (m,
1H), 3.88 (m, 1H), 7.34 (d, J¼8.1 Hz, 2H), 7.59 (d, J¼8.1 Hz, 2H). 13C
NMR (150 MHz, CDCl3): d 21.4, 26.1, 30.7, 47.1, 61.0, 124.6, 130.0,
141.3,142.2,176.6. Exact mass calcd for C12H16N2O2SNa requiresm/z
275.0825, found m/z 275.0836 (MþNaþ, ESI).

Compound 14. A solution of (S)-(1,3,5)-triisopropylbenzene-
sulfinamide (0.669 g, 2.50 mmol) in THF (10 mL) was added to
a flask containing a suspension of KH (0.105 g, 2.63mmol), resulting
in the evolution of hydrogen gas as the sulfinamide was
deprotonated. The reaction mixture was stirred for 3 h at rt. (D)-
Proline methyl ester (3.0 mmol) was added via syringe. After
30 min, the reaction was quenched by addition of acetic acid
(0.160 g, 2.66 mmol) and water (8 mL), and the resulting mixture
was concentrated to remove the THF. The crude product was
extracted into EtOAc, and the organic layer was dried (Na2SO4),
filtered, and concentrated. The crude product was loaded onto
a silica plug and side products were eluted with 100% EtOAc. The
product was eluted using 50% MeOH in EtOAc. Fractions containing
the desired product were concentrated several times from EtOAc,
and then the material was redissolved in warm EtOAc and filtered.
The filtrate was concentrated, and then the white solid was
recrystallized from 1 mL of EtOAc. The solids were collected by
vacuum filtration and rinsed with additional EtOAc (3�0.3 mL) to
yield 0.52 g (57%) of 14 as a white crystalline solid, mp
152.5e154.0 �C. 1H NMR (600 MHz, CDCl3): d 1.25 (m, 12H), 1.35 (d,
J¼6.9 Hz, 6H), 1.60 (m, 1H), 1.69 (m, 1H), 1.90 (m, 1H), 2.17 (m, 1H),
2.76 (m, 1H), 2.91 (m, 1H), 2.98 (m, 1H), 3.90 (m, 1H), 3.97 (m, 2H),
7.12 (s, 2H). 13C NMR (150MHz, CDCl3): d 23.6, 24.0, 24.4, 26.0, 28.5,
30.5, 34.2, 47.1, 60.8, 123.1, 136.0, 148.7, 152.8, 176.1. Exact mass
calcd for C20H32N2O2SNa requires m/z 387.2077, found m/z
387.2086 (MþNaþ, ESI).

4.3. Representative procedure for catalyst screen (Scheme 1)

A reaction vial was equipped with a stir bar and charged with
catalyst 9 (4.4 mg, 0.020 mmol, 0.10 equiv), acetone (0.44 mL,
6.0 mmol, 30 equiv), water (18 mL, 1.0 mmol, 5 equiv), and DMSO-d6
(0.40 mL). After stirring for 15 min, a freshly prepared stock solu-
tion (0.40 mL) containing 4-nitrobenzaldehyde (0.20 mmol,
1.0 equiv) and 1,3,5-trimethoxybenzene (0.067 mmol, 0.33 equiv)
was added, and the vial was sealed with a cap. The resulting mix-
ture was stirred for 90 min, and then a 0.8 mL aliquot was trans-
ferred to an NMR tube and analyzed by 1H NMR. The conversion to
product was determined to be 91% by integration of the product
peak at 5.2 ppm relative to the trimethoxybenzene peak at 6.1 ppm.
No remaining aldehyde was observed. A second aliquot of the re-
actionmixture (approx. 100 mL) was diluted with 1 mL of EtOAc and
washed with 1 mL of water. The organic layer was filtered through
a plug of silica, eluting with EtOAc and then concentrated. The ee of
this sample was determined to be 96% by chiral HPLC analysis
(Chiralpak AS-H, hexanes/iPrOH 70/30, 1 mL min�1): tR (major)¼
12.6 min, tR (minor)¼16.3 min.

4.4. General procedure for the preparation of products listed
in Scheme 2

The aldehyde (1.0 mmol) was weighed into a reaction vial.
A freshly prepared stock solution containing catalyst 9 (0.20mmol),
acetone (30.0 mmol), water (5.0 mmol), and DMSO (4.0 mL) were
added by mass, and then the vial was sealed with an airtight cap.
The mixture was stirred for the indicated amount of time. The re-
action mixture was diluted with EtOAc (40 mL), washed with water
(10mL) and brine (10mL), and then dried over Na2SO4, filtered, and
concentrated. The product was purified by silica gel chromatogra-
phy (EtOAc/Hexanes).

The ee of each product was determined by chiral HPLC analysis.
Authentic racemic standards for the HPLC analysis were synthe-
sized using pyrrolidine as a catalyst according to a literature
procedure.49

Compound 3a: The general procedure was followed using
4-nitrobenzaldehyde. After 3 h, 0.17 g (82%) of the desired product
was isolated. The ee of this sample was determined to be 96% by
chiral HPLC analysis (Chiralpak AS-H, hexanes/iPrOH 70/30,
1 mL min�1): tR (major)¼11.7 min, tR (minor)¼15.3 min. The 1H
NMR is consistent with literature reports.22
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Compound 3b: The general procedure was followed using
4-chlorobenzaldehyde. After 3 days, 0.17 g (82%) of the desired
product was isolated. The ee of this sample was determined to be
95% by chiral HPLC analysis (Chiralpak AS-H, hexanes/iPrOH 90/10,
1 mL min�1): tR (major)¼14.1 min, tR (minor)¼18.4 min. The 1H
NMR is consistent with literature reports.22

Compound 3c: The general procedure was followed using
2-chlorobenzaldehyde. After 1 day, 0.14 g (73%) of the desired
product was isolated. The ee of this sample was determined to be
93% by chiral HPLC analysis (Chiralpak AS-H, hexanes/iPrOH 90/10,
1 mL min�1): tR (minor)¼10.4 min, tR (major)¼13.9 min. The 1H
NMR is consistent with literature reports.22

Compound 3d: The general procedure was followed using
benzaldehyde. After 7 days, 0.13 g (78%) of the desired product was
isolated. The ee of this sample was determined to be 94% by chiral
HPLC analysis (Chiralpak AS-H, hexanes/iPrOH 90/10, 1 mL min�1):
tR (major)¼14.4 min, tR (minor)¼16.9 min. The 1H NMR is consis-
tent with literature reports.22

Compound 3e: The general procedure was followed using
4-tolualdehyde. After 7 days, 0.12 g (69%) of the desired product
was isolated. The ee of this sample was determined to be 92% by
chiral HPLC analysis (Chiralpak AS-H, hexanes/iPrOH 90/10,
1 mL min�1): tR (major)¼13.4 min, tR (major)¼17.0 min. The 1H
NMR is consistent with literature reports.22

Compound 3f: The general procedure was followed using
4-methoxybenzaldehyde. After 7 days, 0.082 g (43%) of the desired
product was isolated. The ee of this sample was determined to be
90% by chiral HPLC analysis (Chiralpak AS-H, hexanes/iPrOH 90/10,
1 mL min�1): tR (minor)¼31.0 min, tR (major)¼35.8 min. The 1H
NMR is consistent with literature reports.50
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