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Abstract

Optically active aziridines were synthesized from the reaction of chiral nonracemic N-tert-
butanesulfinyl imines with benzyl-stabilized sulfur ylides, wherein the latter were generated from
a rhodium-catalyzed decomposition of phenyldiazomethane (PDM) in the presence of various
sulfides. In most cases, the aziridines were formed and isolated in quantitative yield and the 2,3-
trans-aziridines were found to predominate over the 2,3-cis-aziridine isomers. The
diastereoselectivity between the two trans-aziridines was found to vary significantly, depending
upon the solvent and sulfide employed in the reaction.
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Introduction

Aziridines are three-membered, nitrogen-containing heterocycles. The aziridine functionality has
been found to occur in several biologically-potent natural products; furthermore, aziridines are
versatile precursors to numerous other nitrogen-containing functional groups.? Thus, many
excellent methods have been developed to access aziridines in both racemic and optically active
forms.® Nevertheless, there remains much room for improvement in the methods to access
optically-active functionalized aziridines.

Among the precursors used in asymmetric aziridine syntheses, imines have served as highly
convenient starting materials due to their ease of synthesis (or in situ generation) and their
relative reactivity.* In one approach beginning with imines, an asymmetric Corey-Chaykovsky-
type reaction has been developed utilizing achiral sulfur ylides and readily available asymmetric
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N-sulfinyl imines.>’ However, this approach generally requires use of strong base to generate the
ylide and therefore suffers associated limitations.

In part to address this limitation, Aggarwal et al., developed an asymmetric aziridination
under neutral conditions from reaction of achiral imines with chiral sulfur ylides, which were
generated in situ from a transition metal-catalyzed decomposition of a diazo compound in the
presence of catalytic quantities of a chiral sulfide.® While the literature is replete with various
examples of aziridine-forming reactions from diazo compounds and imines, we noticed a
complete absence of examples of aziridine formation from the reaction of diazo compounds with
readily available asymmetric N-sulfinyl imines.® This seemed intriguing given that such imines
have been extensively employed in recent years in a manifold of organic transformations, thus
providing a wide range of synthetically important nitrogen-containing compounds with excellent
enantiocontrol. In particular, two highly useful classes of asymmetric N-sulfinyl imines are the
N-p-toluenesulfinyl imines and the N-tert-butanesulfinyl imines.*°

With regard to aziridine synthesis from chiral N-sulfinyl imines, there have indeed been
several reports. Examples include reactions of optically pure N-p-toluenesulfinyl imines with a-
bromoenolates,** o-chloro-N-tert-butanesulfinyl imines with Grignard reagents,*? and N-tert-
butanesulfinyl imines with various nucleophiles such as phosphonate anions,*® allenylzinc
reagents,* telluronium ylides,® and sulfur ylides.® However, to the best of our knowledge,
asymmetric aziridine synthesis from the reaction of readily available chiral N-sulfinyl imines
with diazo compounds has not been reported in the literature. Herein, we wish to disclose our
results on the study of the aziridination of asymmetric N-tert-butanesulfinyl imines 1 with
phenyldiazomethane (PDM, 2), which thus fills the gap in reported knowledge in this
methodological area and may also serve as a complementary method to existing methods of
asymmetric aziridine synthesis.

>rS\N4\R PhCH=N=N

Results and Discussion

The synthesis of aziridines from Lewis acid-catalyzed reaction of imines and diazo compounds
has been an ongoing subject of research in our laboratories.!® Accordingly, our initial efforts
were focused on the reaction of asymmetric N-tert-butanesulfinyl imines with diazo compounds
in the presence of catalytic amounts of Brgnsted acids and Lewis acids. However no aziridine
formation was observed under ambient conditions when N-tert-butanesulfinyl imines bearing
electron-deficient (e.g. 1a, 4-NO»-CeHs) or electron-rich (e.g. 1b, 4-MeO-Ce¢H4) aromatic
substituents were employed in a reaction with ethyl diazoacetate (EDA),
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trimethylsilyldiazomethane (TMSD) or PDM 2. We thus turned our attention to the sulfur ylide-
mediated reaction that involves an in-situ conversion of the diazo compound into the more
reactive sulfur ylide, under neutral conditions, in the presence of a transition metal catalyst and a
sulfide.

Aziridine formation still failed to occur from the reactions of either EDA or TMSD with 1a
in the presence of catalytic amounts of Rh2(OAc)4 and tetrahydrothiophene (THT). However, we
were pleased to observe that when PDM was reacted with 1a, in dichloromethane at room
temperature in the presence of 1 mol% Rhz(OAc)s and 50 mol% THT, the corresponding
aziridines 3a were formed in quantitative yield (entry 1 in Table 1). Under otherwise identical
conditions, lowering the reaction temperature was found to have little effect on the
diastereoselectivity and it led to a lower conversion of the imine (entry 2 in Table 1). Although
the stereoselectivities observed here were moderate as compared to the previously reported
aziridination reactions via sulfur ylide addition to N-sulfinyl imines, under basic conditions, the
complete and clean conversion of the imine to the aziridines represented the highest efficiency
among these methods. Importantly, the presence of all four isomers of the aziridine products
would allow for some mechanistic examination of the reaction selectivity. A screen of various
solvents was performed and the results are summarized in Table 1.

2 (1.5 equiv.) O. K
o THT (50 mol%) Sg"
o Rh,(OAc), (1 mol%) |

S. =
N N
>r m solvent, rt, 4 h
e
la 3 N02

With all of the tested solvents, the trans-aziridines were selectively formed over the cis-
aziridines. The predominant formation of 2,3-trans-aziridine isomers is consistent with a known
kinetically-controlled mechanism of benzyl-stabilized sulfur ylide-mediated aziridination of
imines.’®!" The highest diastereomeric excess (d.e.) of the major trans isomer was found for the
reaction run in toluene (entry 6 in Table 1). The major trans isomer was isolated in 57% yield
and its structure was confirmed by single crystal X-ray crystallographic analysis as (Rs,2R,3R)-1-
(tert-butanesulfinyl)-2-(4-nitrophenyl)-3-phenylaziridine ~ ((Rs,2R,3R)-3a),  Figure  1la.®
Conversely, when polar aprotic solvents were applied, the selectivity was found to be reversed
such that the other trans isomer (Rs,2S,3S)-3a was the major product, again as confirmed by
single crystal X-ray crystallographic analysis, Figure 1b.!® For example, when the reaction was
carried out in acetonitrile, (Rs,2S,3S)-3a was obtained in 45% isolated yield (entry 8 in Table 1).
Unfortunately, the trans/cis ratio slightly dropped in acetonitrile compared with reactions
performed in the other solvents. Interestingly, the trans/cis ratio was greatest (9:1) when DMSO
was used (entry 9 in Table 1); however in this case the total aziridine yield was significantly
decreased due to side reactions.

ISSN 1551-7012 Page 67 ARKAT USA, Inc.



Issue in Honor of Prof. Richard Bartsch ARKIVOC 2010 (vii) 65-80

Table 1. Solvent effect on the sulfur ylide-mediated reaction of imine 1a with PDM 2

D.e. trans-

Entry  Solvent Trans : cis® (Rs,2R.3R)-34° Yield®®
1 dichloromethane 78 : 22 <5% 99 (39)
2d dichloromethane 71:29 <5% ~ 40% conv.
3 THF 77 : 23 7% 99 (41)
4 1,4-dioxane 80:20 23% ~ 89% conv.
5 benzene 79:21 34% 99 (53)
6 toluene 81:19 41% 99 (57)
7 chlorobenzene 80:20 26% 99 (50)
8 acetonitrile 66 : 34 (42%)° 99 (45)
9 DMSO 90:10 (36%)° 64 (40)

2 Determined from the *H NMR spectrum of the crude product. ® Combined isolated yield of cis-
and trans-aziridines. ¢ In parentheses is the isolated yield of the major isomer. ¢ Reaction was
performed at -78 °C. ¢ (Rs,2S,3S)-3a was the major product.
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Figure 1. Single crystal X-ray structure of a) (Rs,2R,3R)-N-(tert-butanesulfinyl)-2-(4-
nitrophenyl)-3-phenylaziridine ((Rs,2R,3R)-3a) and b) (Rs,2S,3S)-N-(tert-butanesulfinyl)-2-(4-
nitrophenyl)-3-phenylaziridine ((Rs,2S,3S)-3a).1®

In the *H NMR and **C NMR spectra of (Rs,2R,3R)-3a, sharp well-resolved signals were
observed and the 3J coupling constant of the two aziridine ring protons was found to be 3.9 Hz,
from which the 2,3-trans configuration was initially and properly assigned (see the
Supplementary Material). In contrast, the *H NMR and *C NMR spectra of (Rs,2S,3S)-3a
showed significantly broadened signals. This suggested that, in solution at room temperature,
(Rs,2S,3S)-3a may exist as two invertomers that undergo intermediate exchange on the NMR
time scale, whereas (Rs,2R,3R)-3a may exist either as a single invertomer or as two invertomers
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that are in fast exchange on the NMR time scale. For these enantiomerically pure aziridines, the
dynamics were specifically proposed to be due to conformational equilibria between the two N-
invertomers, wherein the sulfinyl substituent on the aziridine nitrogen switches positions with
respect to the plane of the aziridine ring.!*c Many studies regarding aziridine invertomers have
been previously reported wherein the two invertomers could be distinguished by low temperature
NMR studies and, on occasion, even physically separated from each other.X® In this case, both
the *H NMR and 3C NMR spectra of (Rs,2S,3S)-3a obtained at —20 °C sharpened and revealed
two sets of signals with a ca. 1.5:1 integration ratio (see the Supplementary Material), indicating
that the two invertomers are in slow exchange on the NMR time scale at this temperature, such
that signals due to both invertomers could be resolved and observed.

As discussed above, the choice of solvent was found to have a significant effect on the
diastereoselectivity of the trans-aziridines, although, for the most part, no major difference
regarding the total aziridine yield was observed upon solvent change. With the two
complementary solvents, toluene and acetonitrile, which gave rise to the two trans-aziridines
with the highest but opposite diastereoselectivities, different sulfides were tested for each
solvent, with 1a as the substrate, under the standard reaction conditions.

2 (1.5 equiv.
o ha(éAc)f ?1u Ir\rl12>I%) O\\s“K
g _ sulfide |
>r \Nm N
solvent, rt, 4 h
la 3a NO2
Table 2. Sulfide effect on the sulfur ylide-mediated reaction of imine 1a with PDM 2
D.e. trans- vield
Entry Sulfide (equiv.) Solvent Trans : cis* (Rs,2R,3R)- 39
3a*
1 diphenyl sulfide (0.5) toluene - oo 0
2 dimethyl sulfide (0.5) toluene 75:25 <5% 99
3 dibutyl sulfide (0.5) toluene 67 :33 8% 99
4 diisopropyl sulfide (0.5) toluene 54 : 46 13% 43% conv.
5 dimethyl sulfide (0.5) acetonitrile 71 :29 (61%)° 99
6 dibutyl sulfide (0.5) acetonitrile 67 :33 (54%)° 99
7 diisopropyl sulfide (1.0) acetonitrile 64 : 36 (45%)° 96

2 Determined from the *H NMR spectrum of the crude product. ® Combined isolated yield of cis-
and trans-aziridines. ¢ (Rs,2S,3S)-3a was the major product.
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As the results show in Table 2, when toluene was used, diphenyl sulfide was found to be
ineffective in the reaction, presumably due to the relatively low nucleophilicity of this sulfide,
which inhibited its reaction with the metallocarbene intermediate, thus precluding formation of
the corresponding sulfur ylide. On the other hand, in the presence of 50 mol% dimethyl sulfide,
the reaction proceeded smoothly and provided aziridines in quantitative yield, albeit with a
slightly lower trans/cis ratio and very poor diastereoselectivity between the two trans-aziridines
as compared to when THT was used. Use of dibutyl sulfide (DBS) did not improve the trans
diastereomeric excess and a slight drop in the trans/cis ratio was also observed. Unfortunately,
when the more sterically hindered diisopropyl sulfide was applied, the selectivity between the
two trans-aziridines remained low and a further decrease of the trans/cis ratio occurred.

These results of the solvent and sulfide screen revealed the most appropriate combination of
solvent and sulfide, as evidenced by the greatest stereoselectivity. Such was also determined
from the results obtained with different sulfides when the reactions were performed in
acetonitrile. Increasing steric hindrance of the sulfide did not improve the diastereoselectivity
between the two trans isomers but rather led to a decrease in the trans/cis ratio. For acetonitrile,
the “best” sulfide appeared to be the sterically least hindered dimethyl sulfide. In contrast, when
toluene was used, THT offered the highest diastereoselectivity.

Strong evidence has been gathered and it has been well-established that addition of a benzyl-
stabilized sulfur ylide to an imine is under kinetic control,’®!" therefore the irreversible sulfur
ylide addition step determines the stereochemistry of the reaction. If the sulfur ylide adopts a
transoid approach in its attack upon the imine (vide infra) to minimize steric effects,!’ then the
formation of the anti adduct would be favored over the syn adduct; this rationale is consistent
with the observed preference of formation of the trans-aziridines over the cis-aziridines in the

reaction (Scheme 1).
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Scheme 1. Benzyl sulfur ylide addition to (Rs)-N-tert-butanesulfinyl imines in anti and syn
modes.
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Unfortunately, a satisfactory explanation is still lacking for the dependence of the
diastereoselectivity between the two trans isomers upon the solvent and sulfide. In fact, the
moderate selectivity observed here is in sharp contrast to the high diastereoselectivities reported
by others when sulfur ylides (prepared by deprotonation of sulfonium salts) were employed in
related aziridinations.®

N-tert-butanesulfinyl imines bearing aromatic, aliphatic, and heterocyclic substituents were
synthesized and employed in the reaction. Each substrate was tested under two reaction
conditions, i.e. with different solvent and sulfide combinations, specifically toluene with THT
and acetonitrile with DBS.

2 (1.5 equiv.) O- K
o Rh,(OAc), (1 mol%) =S
I sulfide |

S\N/\R N
solvent, rt, 2 h
R
1 3

As can be seen in the results listed in Table 3, it was found that most imines, especially
those containing electron-donating substituents, generally required an increased loading of the
sulfide from 50 mol% to 1 equiv. to obtain higher conversions of the imine. This trend was more
obvious when acetonitrile was used as the solvent, where the electron-rich imines were
particularly less reactive in comparison to their reactions in toluene, as indicated by the poor
conversion of the imines in these cases (entries 4, 6, and 12 in Table 3). Interestingly, when the
reactions were carried out in toluene, an improvement of the diastereoselectivity of the trans-
aziridines was observed for most of these electron-rich imines as compared to the electron-
deficient imines. Transformation of imino ester 1g to aziridines under the reaction conditions
was met with less success. In toluene, a complex mixture was obtained after the reaction, and no
aziridine was isolated; in acetonitrile, the major trans isomer, (Rs,2R,3S)-3g, was isolated in only
41% vyield, despite the high diastereoselectivity of the reaction as indicated by the *H NMR
spectrum of the crude product mixture. The reason for the low yield in this case was not clear.
However, based on the complicated *H NMR spectrum of the crude product, it might be related
to an instability of the products under the reaction/work-up conditions. In general, the trans/cis
selectivity of the reactions was not substantially affected by the substituents on the imines. One
exception was imine 1li bearing the 2-pyridyl group. In this case, one of the cis-aziridines
resulted as the major product, which might be attributable to the involvement of the pyridyl
nitrogen in complexation to the rhodium catalyst, thus potentially affecting the steric bulk of the
imine substrate and the orientation toward reaction with the sulfur ylide.
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Table 3. Study of imine scope

Trans:cis D.e.

Entry*  (Imine) R Sulfide (equiv.) 3 irans-3b° Yield®e

1 (1a) 4-NO2-CgHa4 THT (0.5) 81:19 41% 99 (57)

2 (1a) 4-NO2-CgHa4 DBS (0.5) 67 :33 (54%) 99 (51)

3 (1b) 4-MeO-CgH4f THT (1.0) 89:11 70% 93 (70)

4 (1b) 4-MeO-CgH4f DBS (1.0) 77:23 (15%) ~ 48% conv.
5 (1c) phenyl THT (0.5) 86 : 14 63% 99 (70)

6 (1c) phenyl’ DBS (1.0) 70: 30 (20%) ~50% conv.
7 (1d) 4-Br-CgHa THT (0.5) 87:13 57% 99 (70)

8 (1d) 4-Br-CgH4f DBS (1.0) 69 : 31 (36%) 99 (47)

9 (1e) trans-styryl’ THT (1.0) 90:10 70% 99 (74)

10 (1e) trans-styrylf DBS (1.0) 83:17 14% 85 (39)

11 (1f) n-pentyl’ THT (1.0) 87:13 63% 99 (69)

12 (1f) n-pentyl’ DBS (1.0) 69 : 31 (18%) ~40% conv.
13 (1g) ethoxycarbonyl THT (0.5) Nd Nd Nd?

14 (1g) ethoxycarbonyl DBS (1.0) 90:10 (86%) (41)

15 (1h) 2-furyl THT (0.5) 81:19 40% 99 (56)

16 (1h) 2-furyl® DBS (1.0) 59 : 41 (29%) 70 (24)

17 (1i) 2-pyridyl THT (0.5) 37:63 (t)58; ()51  (t)28; (c)47

18 (1i) 2-pyridyl DBS (1.0) 29:71 ()71; ()49  (1)23; (c)54

2 Toluene was used together with THT; acetonitrile was used together with DBS.  Determined
from the *H NMR spectrum of the crude product. ¢ The d.e. in parentheses refers to the isomer in
which the carbon bearing the phenyl group has an (S) configuration. ¢ Combined isolated yield of
cis- and trans-aziridines. © In parentheses is the isolated yield of the major isomer. f 2 equiv.
PDM was used. 9 Not determined.

Conclusions

In summary, we have found that asymmetric N-tert-butanesulfinyl imines, which were generally
unreactive toward diazo compounds such as EDA, TMSD, and PDM in the presence of Lewis
acids, could readily react with PDM via a sulfur ylide-mediated route to form aziridines. The
sulfur ylides were prepared in-situ from the reaction of sulfides with a metallocarbene
intermediate, which was generated by a rhodium-catalyzed decomposition of PDM. The
reactions were found to provide aziridines with quantitative yields in most cases wherein the 2,3-
trans-aziridines were the major isomers. The diastereoselectivity between the two trans isomers

ISSN 1551-7012 Page 72 ARKAT USA, Inc.



Issue in Honor of Prof. Richard Bartsch ARKIVOC 2010 (vii) 65-80

showed a substantial dependence upon the solvent and sulfide employed in the reaction. With
most of the imines tested, toluene in combination with tetrahydrothiophene gave the highest
selectivity for one of the trans-aziridines, whereas acetonitrile used together with dibutyl sulfide
selectively gave the other.

Experimental Section

General. Anhydrous acetonitrile and dichloromethane were distilled from calcium hydride.
Anhydrous toluene and tetrahydrofuran were distilled from sodium. Unless otherwise stated,
commercial reagents were used without further purification. Phenyldiazomethane 2 was prepared
following the literature procedure®® and stored at —80 °C as a dichloromethane solution, ca.
2.5~3.5 M (concentration measured by *H NMR using p-nitrotoluene as an internal standard).
(Rs)-N-tert-butanesulfinamide?® and (Rs)-N-tert-butanesulfinyl imines 1a-1i were synthesized
according to the literature procedures.?>? Melting points were measured on an Electrothermal
capillary melting point apparatus and were uncorrected. IR spectra were recorded on a Nicolet
IR100 FT-IR spectrometer. *H NMR and *C NMR spectra were recorded on a Varian Unity Plus
300 or a Varian Mercury Plus 300 spectrometer. Low temperature (-20 °C) *H NMR and **C
NMR spectra were recorded on a Varian Unity Inova 500 MHz Spectrometer. Tetramethylsilane
(TMS, & = 0.00) served as a shift reference for 'H NMR spectra and CDCls3 (5 = 77.16) was used
as a shift reference for *C NMR spectra. Elemental analyses were performed by Columbia
Analytical Services, Inc. Tucson, AZ. Electron impact mass spectrometry (EI-MS) was
performed on a Thermo Finnigan GCQ-Plus Mass Spectrometer. Single crystal X-ray
crystallographic analysis was performed on a Rigaku SCX mini diffractometer equipped with a
TEC-50 cryostream and employing Mo-Ka (A = 0.71073A) irradiation from a sealed x-ray
source. Flash chromatography was performed using Silicycle UltraPure Flash Silica Gel, 60 A,
40-63 um. Thin layer chromatography (TLC) was performed using EMD HPTLC plates, silica
gel 60, F2s4. All reaction vessels were flame-dried under vacuum and filled with nitrogen prior to
use.

General procedures for aziridine synthesis and purification

At room temperature, into a flame-dried 50 mL Schlenk flask charged with imine 1la (127 mg,
0.5 mmol) and Rhz(OAc)s (2.2 mg, 0.005 mmol) was added toluene (2 mL) followed by
tetrahydrothiophene (22 pL, 0.25 mmol). The mixture was stirred at this temperature for 5 min
before a toluene solution (1 mL) of 2 (0.75 mmol) was added via a syringe pump over a period of
1 hour. Solvents were then removed under reduced pressure, and the crude was subjected to
silica gel chromatography with ethyl acetate/hexanes (5:95 — 30:70) as the eluent. Two trans
isomers of 3a were isolated as their pure forms, respectively; two cis isomers of 3a were
obtained as a mixture. Yield of major (Rs,2R,3R)-3a: 57%; combined yield of all four isomers:
quant. Similar procedures were followed when other imines were used.
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(Rs,2R,3R)-1-(tert-Butanesulfinyl)-2-(4-nitrophenyl)-3-phenylaziridine ((Rs,2R,3R)-3a).
White crystals; m.p. 156 °C, decomp.; Rt 0.25 (hexanes/ethyl acetate, 70:30); [a]3’ = +21.6° (c
0.5, CHCIg); IR (film): 2982, 1602, 1519, 1345, 1086, 860 cm™; MS m/z (%): 288 (16), 271 (17),
239 (28), 225 (100), 193 (46), 178 (69), 165 (78), 136 (27), 89 (26); *H NMR (300 MHz, CDCls)
6 8.26 (d, J =8.7 Hz, 2H), 7.66 (d, J = 8.7 Hz, 2H), 7.53-7.33 (m, 5H), 3.91 (d, J = 3.9 Hz, 1H),
3.88 (d, J = 3.9 Hz, 1H), 1.20 (s, 9H); 3C NMR (75 MHz, CDCls) & 148.02, 142.11, 133.17,
129.09, 129.06, 128.90, 128.43, 124.00, 57.33, 49.16, 46.94, 22.39; Anal. Calcd. for
C18H20N203S: C, 62.77; H, 5.85; N, 8.13. Found: C, 62.62; H, 6.00; N, 8.00.
(Rs,2S,3S)-1-(tert-Butanesulfinyl)-2-(4-nitrophenyl)-3-phenylaziridine ((Rs,2S,3S)-3a).
White crystals; m.p. 123-5 °C; Rr 0.50 (hexanes/ethyl acetate, 70:30); [«]% = —98.0° (c 0.5,
CHCIls); IR (film): 2981, 1603, 1522, 1346, 1074, 860 cm™; MS m/z (%): 288 (12), 271 (10), 240
(44), 225 (100), 193 (48), 178 (63), 165 (57), 136 (26), 89 (25); *H NMR (300 MHz, CDCls, rt) §
8.25 (d, J = 8.7 Hz, 2H), 7.63 (d, J = 7.5 Hz, 2H), 7.54-7.32 (m, 5H), 4.27 (bs, 1H), 3.75 (bs,
1H), 1.15 (s, 9H); *H NMR (500 MHz, CDCl3, -20 °C) & 8.31-8.23 (m, 2H), 7.72 and 7.60 (d, J
= 8.5 Hz, 2H); 7.54-7.35 (m, 5H); 4.36 and 4.30 (d, J = 4.0 Hz, 1H); 3.71 and 3.70 (d, J = 4.0
Hz, 1H); 1.14 (s, 9H); *C NMR (125 MHz, CDCls, —20 °C) & 147.46, 147.21, 145.03, 139.98,
136.05, 131.37, 130.70, 129.46, 129.02, 128.79, 128.53, 128.22, 127.53, 126.63, 124.02, 123.53,
57.50. 57.25. 51.73. 49.51. 36.20. 35.36. 22.50. 22.46; Anal. Calcd. for C1sH20N20sS: C, 62.77;
H, 5.85; N, 8.13. Found: C, 63.21; H, 5.95; N, 7.79.
(Rs,2R,3R)-1-(tert-Butanesulfinyl)-2-(4-methoxyphenyl)-3-phenylaziridine ((Rs,2R,3R)-3b).
White crystals; m.p. 120 °C, decomp.; Rt 0.24 (hexanes/ethyl acetate, 70:30); [«]3® = +14.0° (c
0.5, CHCI3); IR (film): 2959, 1610, 1516, 1254, 1081, 834 cm™; MS m/z (%): 272 (14), 224
(100), 210 (65), 197 (26), 166 (46), 137 (46), 121 (44), 91 (23); *H NMR (300 MHz, CDCls) §
7.50-7.28 (m, 7H), 6.92 (d, J = 8.7 Hz, 2H), 3.80 (s, 3H), 3.79 (s, 2H), 1.18 (s, 9H); 3C NMR
(75 MHz, CDCIz) 6 159.90, 134.90, 130.04, 128.75, 128.48, 127.89, 125.52, 114.09, 56.82,
55.36, 48.79, 47.30, 22.43; Anal. Calcd. for C19H23NO-S: C, 69.27; H, 7.04; N, 4.25. Found: C,
69.06; H, 7.02; N, 4.05.

(Rs,2R,3R)-1-(tert-Butanesulfinyl)-2,3-diphenylaziridine ((Rs,2R,3R)-3c). White crystals;
m.p. 157 °C, decomp.; Rt 0.32 (hexanes/ethyl acetate, 70:30); [«]3’ = +3.6° (c 0.5, CHCl3); IR
(film): 2984, 1449, 1080 cm™*; MS m/z (%): 194 (22), 180 (100), 165 (23); *H NMR (300 MHz,
CDCl3) & 7.56-7.44 (m, 4H), 7.44-7.31 (m, 6H), 3.83 (s, 2H), 1.10 (s, 9H); 3C NMR (75 MHz,
CDCl3) 6 134.26, 134.26, 128.73, 128.73, 128.64, 128.64, 128.36, 128.36, 56.96, 48.24, 48.24,
22.44; Anal. Calcd. for C1gH21NOS: C, 72.20; H, 7.07; N, 4.68. Found: C, 71.20; H, 6.90; N,
4.59.

(Rs,2R,3R)-1-(tert-Butanesulfinyl)-2-(4-bromophenyl)-3-phenylaziridine  ((Rs,2R,3R)-3d).
White crystals; m.p. 152 °C, decomp.; Rr 0.35 (hexanes/ethyl acetate, 70:30); [«]3’ = +12.0° (c
0.5, CHCIs); IR (film): 2982, 1492, 1078, 880 cm™; MS m/z (%): 272 (10), 258 (43), 193 (28),
179 (100), 166 (54), 116 (27), 89 (32); *H NMR (300 MHz, CDCls3) § 7.57-7.30 (m, 9H), 3.78
(bs, 2H), 1.18 (s, 9H); *C NMR (75 MHz, CDCls) & 133.95, 133.26, 131.89, 130.04, 128.78,
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128.75, 128.20, 122.78, 57.04, 48.10, 47.71, 22.39; Anal. Calcd. for C1gH20BrNOS: C, 57.14; H,
5.33; N, 3.70. Found: C, 57.08; H, 5.25; N, 3.61.
(Rs,2S,3S)-1-(tert-Butanesulfinyl)-2-(4-bromophenyl)-3-phenylaziridine ((Rs,2S,3S)-3d).
White crystals; m.p. 112-4 °C; R 0.60 (hexanes/ethyl acetate, 70:30); [«]3 = -86.6° (c 0.5,
CHCI3); IR (film): 2981, 1490, 1074, 899 cm™; MS m/z (%): 272 (20), 258 (33), 193 (34), 179
(100), 166 (70), 116 (36), 89 (35); *H NMR (300 MHz, CDCls, rt) § 7.50 (d, J = 8.4 Hz, 2H),
7.48-7.27 (m, 7TH), 4.18 (bs, 1H), 3.63 (bs, 1H), 1.14 (s, 9H); *H NMR (500 MHz, CDCls, —20
°C) 6 7.54-7.48 (m, 3H), 7.45-7.32 (m, 5H), 7.30 (d, J = 8.5 Hz, 1H), 4.24 (d, J = 4.0 Hz, 1H),
3.63 and 3.60 (d, J = 4.5 Hz, 1H); 1.15 and 1.14 (s, 9H); $3C NMR (125 MHz, CDCls, —20 °C) §
136.65, 136.23, 131.84, 131.66, 131.45, 131.22, 131.17, 129.46, 128.73, 128.63, 128.38, 128.32,
127.90, 126.61, 122.79, 121.57, 57.16, 57.09, 51.00, 50.00, 35.78, 35.42, 22.50, 22.50; Anal.
Calcd. for C1sH20BrNOS: C, 57.14; H, 5.33; N, 3.70. Found: C, 57.58; H, 5.36; N, 3.67.
(Rs,2R,3R,E)-1-(tert-Butanesulfinyl)-2-phenyl-3-styrylaziridine  ((Rs,2R,3R)-3e).  White
crystals; m.p. 103 °C, decomp.; Rr 0. 55 (hexanes/ethyl acetate, 70:30); [a]% = —-103.2° (c 0.5,
CHCIls); IR (film): 2982, 1602, 1455, 1076 cm™; MS m/z (%): 220 (32), 206 (13), 115 (100), 91
(24); *H NMR (300 MHz, CDCls) & 7.45-7.19 (m, 10H), 6.70 (bs, 1H), 6.77-6.60 (m, 1H), 3.68
(d, J = 3.6 Hz, 1H), 3.23 (ddd, J = 7.2 Hz, J = 3.3 Hz, J = 1.2 Hz, 1H), 1.30 (s, 9H); 3C NMR
(75 MHz, CDClz) & 136.94, 136.46, 135.22, 128.77, 128.72, 128.10, 128.03, 126.66, 126.45,
125.21, 57.54, 54.93, 44.55, 23.28; Anal. Calcd. for CoH23sNOS: C, 73.81; H, 7.12; N, 4.30.
Found: C, 73.42; H, 7.07; N, 4.10.
(Rs,2S,3S,E)-1-(tert-Butanesulfinyl)-2-phenyl-3-styrylaziridine  ((Rs,2S,3S)-3e).  White
crystals; m.p. 87-9 °C; Rt 0. 60 (hexanes/ethyl acetate, 70:30); [«]3’ = —238.4° (c 0.5, CHCls);
IR (film): 2981, 1602, 1455, 1072 cm™; MS m/z (%): 220 (24), 206 (8), 115 (100), 91 (19); H
NMR (300 MHz, CDClg, rt) 6 7.44-7.20 (m, 10H), 6.79 (d, J = 15.6 Hz, 1H), 6.37 (dd, J = 15.6
Hz, J = 9.3 Hz, 1H), 3.83 (d, J = 3.6 Hz, 1H), 3.23 (d, J = 7.2 Hz, 1H), 1.19 (s, 9H); 'H NMR
(500 MHz, CDCls —20 °C) & 7.45-7.41 (m, 2H), 7.40-7.36 (m, 2H), 7.35-7.30 (m, 5H), 7.29-7.24
(m, 1H), 6.79 (d, J = 15.5 Hz, 1H), 6.38 (dd, J = 15.5 Hz, J = 9.5 Hz, 1H), 3.85 (d, J = 3.5 Hz,
1H), 3.23 (dd, J = 9.5 Hz, J = 3.5 Hz, 1H), 1.19 (s, 9H); *C NMR (125 MHz, CDCls, —20 °C) §
136.72, 136.50, 135.75, 128.58, 128.50, 127.98, 127.73, 126.47, 126.39, 123.51, 57.21, 50.91,
38.54, 22.62; Anal. Calcd. for CooH23NOS: C, 73.81; H, 7.12; N, 4.30. Found: C, 73.36; H, 7.16;
N, 4.10.

(Rs,2R,3R)-1-(tert-Butanesulfinyl)-2-(n-pentyl)-3-phenylaziridine ((Rs,2R,3R)-3f). Colorless
oil; Rr 0. 55 (hexanes/ethyl acetate, 70:30); [«]% = —141.6° (c 0.5, CHCI3); IR (film): 2928,
2860, 1458, 1361, 1099 cm™; MS m/z (%): 237 (9), 174 (42), 117 (36), 104 (100), 91 (43); *H
NMR (300 MHz, CDCl3) 6 7.39-7.20 (m, 5H), 3.13 (d, J = 3.9 Hz, 1H), 2.65-2.55 (m, 1H), 2.35-
2.21 (m, 1H), 1.90-1.73 (m, 1H), 1.69-1.41 (m, 2H), 1.40-1.28 (m, 4H), 1.21 (s, 9H), 0.88 (t, J =
6.9 Hz, 3H); *C NMR (75 MHz, CDCls) & 137.34, 128.75, 127.92, 126.39, 56.98, 50.91, 46.60,
31.62, 29.19, 27.85, 22.62, 22.40, 14.10; Anal. Calcd. for C17H27NOS: C, 69.58; H, 9.27; N,
4.77. Found: C, 69.29; H, 9.26; N, 4.55.
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(Rs,2R,3S)-Ethyl 1-(tert-butanesulfinyl)-3-phenylaziridine-2-carboxylate ((Rs,2R,3S)-3g).
White crystals; m.p. 62 °C, decomp.; R 0. 42 (hexanes/ethyl acetate, 70:30); [«]5’ = -90.8° (c
0.5, CHCIs); IR (film): 2982, 1741, 1194, 1078 cm™; MS m/z (%): 176 (78), 148 (83), 131 (100),
117 (66), 104 (23), 91 (34); 'H NMR (300 MHz, CDCls, rt) § 7.43-7.28 (m, 5H), 4.28 (dqg, J =
7.2 Hz, J=1.2 Hz, 1H), 3.92 (d, J = 3.9 Hz, 1H), 3.22 (bs, 1H), 1.32 (t, J = 7.2 Hz, 3H), 1.19 (s,
9H); *H NMR (500 MHz, CDCl3,—20 °C) § 7.49-7.28 (m, 5H), 4.36-4.22 (m, 2H), 3.95 and 3.90
(bs and d, J = 2.1 Hz, 1H), 3.16 and 2.14 (d and bs, J = 2.1 Hz, 1H), 1.33 (t, J = 7.2 Hz, 3H),
1.21 and 1.19 (s, 9H); 3C NMR (125 MHz, CDCls, —20 °C) § 169.20, 167.35, 135.74, 130.59,
129.66, 129.18, 128.74, 128.58, 128.42, 126.72, 62.14, 61.99, 57.68, 57.57, 46.25, 45.84, 37.83,
32.29, 22,51, 22.35, 14.26, 14.15; Anal. Calcd. for C1sH2:NOsS: C, 60.99; H, 7.17; N, 4.74.
Found: C, 61.57; H, 6.96; N, 4.78.
(Rs,2S,3R)-1-(tert-Butanesulfinyl)-2-(furan-2-yl)-3-phenylaziridine ((Rs,2S,3R)-3h). White
crystals; m.p. 109 °C, decomp.; R 0.25 (hexanes/ethyl acetate, 70:30); [«]3’ = —47.8° (c 0.5,
CHCI3); IR (film): 2987, 1496, 1460, 1080, 874 cm™; MS m/z (%): 184 (88), 170 (100), 157
(20), 141 (53), 129 (33), 116 (44); 'H NMR (300 MHz, CDCls3) § 7.47 (bs, 1H), 7.43-7.28 (m,
5H), 6.60-6.50 (m, 1H), 6.47-6.37 (m, 1H), 3.95 (d, J = 3.3 Hz, 1H), 3.73 (d, J = 3.3 Hz, 1H),
1.21 (s, 9H); *C NMR (75 MHz, CDCls) § 146.94, 143.24, 135.60, 128.85, 128.43, 126.76,
111.89, 111.25, 57.05, 45.32, 43.41, 22.28; Anal. Calcd. for C1sH1sNO,S: C, 66.41; H, 6.62; N,
4.84. Found: C, 63.68; H, 6.74; N, 4.49.
(Rs,2R,3S)-1-(tert-Butanesulfinyl)-2-(furan-2-yl)-3-phenylaziridine ((Rs,2R,3S)-3h). White
crystals; m.p. 74-6 °C; R 0.50 (hexanes/ethyl acetate, 70:30); [«]% =-124.0° (c 0.5, CHCI3); IR
(film): 2982, 1498, 1458, 1074, 879 cm™; MS m/z (%): 184 (63), 170 (100), 157 (18), 141 (58),
129 (34), 116 (42); *H NMR (300 MHz, CDCls, rt) 5 7.44 (bs, 1H), 7.42-7.28 (m, 5H), 6.55-6.47
(m, 1H), 6.44-6.37 (m, 1H), 4.16 (d, J = 3.9 Hz, 1H), 3.68 (bs, 1H), 1.16 (s, 9H); *H NMR (500
MHz, CDClz, —20 °C) 6 7.48 (bs, 1H), 7.43-7.31 (m, 5H), 6.57-6.52 (m, 1H), 6.44 (bs, 1H), 4.38
and 4.20 (bs and d, J = 4.0 Hz, 1H), 4.12 and 3.62 (bs and d, J = 4.0 Hz, 1H), 1.16 (s, 9H); *C
NMR (125 MHz, CDCl3, —20 °C) & 147.16, 143.31, 136.44, 128.75, 128.14, 126.85, 111.07,
110.69, 57.44, 43.14, 36.60, 22.61; Anal. Calcd. for C16H1sNO3S: C, 66.41; H, 6.62; N, 4.84.
Found: C, 64.75; H, 6.56; N, 4.46.
(Rs,2R,3S)-1-(tert-Butanesulfinyl)-2-(2-pyridyl)-3-phenylaziridine ((Rs,2R,3S)-3i).

White crystals; m.p. 121-3 °C; Rt 0.16 (hexanes/ethyl acetate, 70:30); [«]3’ = —102.0° (c 0.5,
CHCIls); IR (film): 2982, 1590, 1475, 1437, 1073, 901, 771 cm; MS m/z (%): 195 (30), 182
(100), 167 (15), 92 (50); *H NMR (300 MHz, CDCls, rt) & 8.65 (d, J = 4.5 Hz, 1H), 7.70 (dt, J =
7.8 Hz, J = 1.8 Hz, 1H), 7.47 (d, J = 6.9 Hz, 3H), 7.43-7.28 (m, 3H), 7.27-7.19 (m, 1H), 4.17 (bs,
2H), 1.14 (s, 9H); *H NMR (500 MHz, CDCls,—20 °C) & 8.74-8.61 (m, 1H), 7.79-7.69 (m, 1H),
7.62-7.32 (m, 6H), 7.32-7.24 (m, 1H), 4.44 and 4.29 (d, J = 3.5 Hz, 1H), 4.10 and 3.83 (d, J =
3.5 Hz, 1H), 1.16 and 1.14 (s, 9H); *C NMR (125 MHz, CDCls, —20 °C) & 155.98, 152.98,
150.02, 149.60, 136.83, 136.77, 136.62, 131.91, 129.82, 128.78, 128.72, 128.41, 128.02, 126.80,
123.81, 123.35, 122.95, 122.79, 57.34, 57.18, 51.13, 48.93, 36.54, 36.36, 22.63, 22.63; Anal.
Calcd. for C17H20N20S: C, 67.97; H, 6.71; N, 9.32. Found: C, 67.81; H, 6.66; N, 9.21.
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cis-1-(tert-Butanesulfinyl)-2-(2-pyridyl)-3-phenylaziridine (cis-3i). (absolute configuration
not determined) White crystals; m.p. 105-7 °C; Rt 0.16 (hexanes/ethyl acetate, 70:30); [a]% =
+76.0° (¢ 0.5, CHCl3): IR (film): 2977, 1590, 1473, 1434, 1071, 890, 761 cm™:; MS m/z (%): 195
(23), 182 (100), 167 (20), 92 (68); *H NMR (300 MHz, CDCls) § 8.44 (d, J = 4.5 Hz, 1H), 7.39
(t, J =7.8 Hz, 1H), 7.29-7.07 (m, 5H), 7.06-6.93 (m, 2H), 4.30 (d, J = 7.2 Hz, 1H), 3.78 (d, J =
7.2 Hz, 1H), 1.30 (s, 9H); 3C NMR (75 MHz, CDCl3) & 154.11, 149.25, 135.78, 133.46, 128.09,
127.99, 127.53, 122.35, 122.07, 57.22, 42.14, 40.29, 22.83; Anal. Calcd. for C17H20N20S: C,
67.97; H, 6.71; N, 9.32. Found: C, 66.57; H, 6.64; N, 9.12.
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