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Reduction of Rs)-N-tert-butanesulfinylo-halo imines afforded chiral aziridines in good to excellent
yields. Upon reduction ofRs)-N-tert-butanesulfinylo-halo imines with NaBH in THF, in the presence

of 10 equiv of MeOH, Rs,9)--halo sulfinamides were formed in excellent yield (up to 98%) with very
good stereoselectivity>(98:2). Simple treatment of the lattedRqS)--halotert-butanesulfinamides with
KOH afforded the correspondindR{,S)-N-(tert-butylsulfinyl)aziridines in quantitative yields. On the
contrary, its epimer Rs,R)-N-(tert-butylsulfinyl)aziridine was synthesized by switchover of the reducing
agent from NaBH to LiBHEt;. (Rs,R)-N-(tert-Butylsulfinyl)aziridines were synthesized in good yields
(up to 85%) and diastereoselectivity (up to 92:8) by reductiorRegfN-tert-butanesulfinylo-halo imines

with LiBHEts in dry THF and subsequent treatment with KOH. All chiral aziridines were obtained as a
single diastereomer after recrystallization (overall yield up to 91%) or after flash chromatography.

Introduction
Aziridines are versatile synthetic intermediates for the

synthesis of a variety of attractive compounds via regio- and

stereoselective ring opening reaction with nucleopHilés.

recent years chiral aziridines have received an increasing amoun
of attention since they are key substrates in the synthesis of a

number of useful alkaloids, amino acidsMlactam antibiotics
or are used as chiral auxiliaries and ligak8sloteworthy, while

Activation of the imino function by a chirall-sulfinyl group is
borne out in high yields and diastereoselectivities of the
aziridines synthesized. Diverse strategies, utilizing the Cerey
Chaykovsky-type reaction with sulfur or tellurium ylidéshe

Pza—Darzens-type addition witithalo enolate$ or allenylzinc

(3) (a) Sweeney, J. B.; Cantrill, A. A.; Drew, M. G. B.; McLaren, A.
B.; Thobhani, STetrahedror2006 62, 3694. (b) Sweeney, J. B.; Cantrill,
A. A.; McLaren, A. B.; Thobhani, STetrahedror2006 62, 3681. (c) Kim,

the synthesis of aziridines has been well described, the stereoD. Y.; Suh, K. H.; Choi, J. S.; Mang, J. Y.; Chang, S.8ynth Commun

selective synthesis remains more limifetMain routes toward
chiral aziridines include an asymmetric aza-Darzens reaétion,
stereoselective nitrene addition to oleffrssymmetric additions

to azirines’ or aza-Payne rearrangement of 2,3-epoxy anfines.
Also the chiral aziridine synthesis starting frfrsulfinyl imines
has proven to be a good alternative to known procednés.
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SCHEME 1. Asymmetric Aziridine Synthesis from SCHEME 2. Aziridine Synthesis from N-tert-Butanesulfinyl
N-Sulfinyl Imines a-Chloro Aldimine 5a
1"-Bu 5—Bu B o
Bu._
NS0 1.1 equiv R*MgX XMQ\N’S\\O 78°C— 1t $
—_— - N
H CHyCI R4 4 ~4
a A) —2782"0,4hR: #Ph R Ri#Ph IR
B) 97 S LhR=Ph 6 aR‘=Et  (RgR)Ta72%
! b R*=Ph (Rs,R)-Tc 69%
1.1 equiv i-PrMgCl ¢ R* = Vinyl (Rs,R)-7d 57%
. . o o . CHyCly aq NH,ClI dRé=Alyl  (ReS)-7d10%
reactiong with nonfunctionalizedN-sulfinyl imines are described 97°C, 1h -78°C
. g S -78°C,5h +Bu
to afford chiral aziridines. As a result, the nucleophile is B g B O
. - -Bu -9, -BUa
incorporated as part of the backbone of the ring (Scheme 1, & HN"0 4 o quiv KOH S
pathway 1). . . o HN" 0 V"'R4 THF/H,0 (1:1) »N )
Via an alternative strategy, the stereoselective aziridine cl 50°C, 24 h HERGY
i i i cl 8a (95%) [96:4] (Rs.R)-Ta 76%
synth(_e3|s has alrea_ldy been described by us, starting from s 5% 8b (8% [99:1] (AR TDT3%
N-sulfinyl a-halo aldiminest (Scheme 1, pathway 2§.Given (95% 8¢ (92%) [94:6] (Rs,R)-Tc 65%
the interest in and synthetic potential afhalo imined! in 8d (99%) [62:38] (Rs,R)-7d 57%

combination with the enhanced reactivity [fsulfinyl imines (Rs Syra10%

reported by Davi¥ and Ellmant3 a more profound research of
N-sulfinyl a-halo ketimines is highly desirable. The simple
synthesis ofN-sulfinyl a-halo imines4 and the subsequent
cyclization after an addition reaction, toward aziridi@esnake
thea-halo imino moiety an interesting building block. Needless . - . Y .
to say, the chemistry of such imines might differ substantially controlled reaction conditions to avoid competitive side reactions
from that of nonfunctionalized\-sulfinyl imines by virtue of (Scheme 2). ) ) L

other possible reactions, e.g., substitution, dehydrohalogenation, Tnerefore, it was considered that the steric hindrance could
enhanced reactivity, etc. be anticipated by reduction dfi-tert-butanesulfinyl a-halo

Upon Grignard addition (EtMgBr, PhMgCl, vinyl-MgBr) to keti_mine_s fo!lowed b_y ring_ closure of the resultir_fghalo
N-tert-butanesulfinyla-chloro aldimine5a, N-(tert-butylsul- sulfinamide intermediates in a complementary, simple, and

finyl)aziridines 7 have been synthesized in good to excellent Straightforward strategy. For many synthetic targets a ketone
yield with high stereoselectivity (Scheme ®)hough it has to precursor is readily accessible. The hydride addition to non-

be reported that the steric bulk of both the substrate and Grignargfunctionalized\-sulfinyl imines has been described to proceed
reagent, in combination with its electronic properties, had its N high yields and with excellent diastereofacial control in some

reduced tg3-chloro sulfinamided at —78 °C in CH,Cl, if 1.1
equiv of i-PrMgCl was added at97 °C.1° The addition of
PhMgCI toN-tert-butanesulfinylo-chloro aldiminesain CHp-
Cl, afforded 2-phenylaziridinéb only when performed at well-

limitations. For examplelN-sulfinyl a-chloro aldimine5a was cases? At the start of our research a thoroughly elaborated study
of hydride addition acros®-sulfinyl imines seemed to be
(7) (a) Fernadez, I.; Valdivia, V.; Gori, B.; Alcudia, F.; Alvarez, E.;  lacking in the literature, yet very recently a profound study of

Khiar, N. Org. Lett.2005 7, 1307. (b) Morton, D.; Pearson, D.; Field, R.  hydride reduction of nonfunctionalizédsulfinyl imines toward

;’\\A-: JStoﬁkmaQ, LR- S-Qf?_- |;<9tJt- 2g04 g'h237276 o(g)éag%b ;((F) éhé}ngy chiral secondary amines has been repottdaljt the reduction
.-J.; Hou, X.-L.; Dai, L.-X.J. Org. Chem \ . (c) Gara . . _ . - ) ) ) .

Ruano, J. L.; Fernalez, |.; Hamdouchi, CTetrahedron Lett1995 36, of fun(_:tlonallzed\l_sulfmyl imines anCN sulfiny! o hal_o IMINES

295. (d) Davis, F. A.; Zhou, P.; Liang, C.-H.; Reddy, R. etrahedron: specifically, allowing further elaboration after reaction, was not

Asymmetryl995 6, 1511. incorporated. This study will fill this gap by the development

(8) (&) Zheng, J.-C.; Liao, W.-W.; Sun, X.-X.; Sun, X.-L.; Tang, Y.; ; ; i i _tart.
Dai, L. X.: Deng, J. GOrg. Lett.2005 7, 5789. (b) Ferreira. F.. Audotin,  Of & Synthetic. method for chiral aziridines from-tert
M.; Chemla, FChem—Eur. J.2005 11, 5269. (c) Chemla, F.; Ferreira, F.  butanesulfinyla-halo ketimines.
Synlett2004 983.

(9) (a) Davis, F. A.; Wu, Y.; Yan, H.; McCoull, W.; Prasad, K. R. . .

Org. Chem.2003 68, 2410. (b) Davis, F. A.; Deng, J.; Zhang, Y.; Results and Discussion
Haltiwanger, R. CTetrahedror2002 58, 7135. (c) Volonterio, A.; Bravo,

P.: Pesenti, C.; Zanda, Metrahedron Lett2001, 42, 3985. (d) Kim, D. New N-tert-butanesulfinyl-halo imines Rs)-5and 12 were
Y.; Suh, K. H.; Choi, J. S.; Mang, J. Y,; Chang, S. 8ynth. Commun. prepared by condensation afhalo ketones (31.1 equiv) or
200,20, 87. (¢) Davis, F. A.; McCoull, W.; Titus, D. DOrg. Lett. 1999 a-chloro aldehydes (1.05 equiv) wittR§)-tert-butanesulfin-
' (10) Denolf, B.; Mangelinckx, S.; Traroos, K. W.; De Kimpe, NOrg. amide in the presence of 2 equiv of Ti(OF) 82-92% yield
Lett. 2006 8, 3129. (the reaction conditions and yields are reported in the Supporting
(11) (a) Mangelinckx, S.; Giubellina, N.; De Kimpe, 8hem. Re. 2004 Information).

104, 2353. (b) Concellon, J. M.; Riego, E.; Rivero, I. A.; Ochoa, JA. . . : .
Org. Chem 2004 69, 6244. (c) Stevens, C.. De Kimpe, Xorg. Prep. As compared to the hydride reduction of nonfunctionalized

Proced. Int.199Q 22, 589. (d) Giubellina, N.; Aelterman, W.; De Kimpe, ~ N-sulfinyl imines, the incorporation of a vicinal chlorine atom
N. Pure Appl. Chem2003 75, 1433. (e) Sulmon, P.; De Kimpe, N.;  next to the imino bond was expected to influence the reaction

Schamp, NTetrahedronl989 45, 3907. (f) De Kimpe, N.; De Smaele, D. ; ; ; ;
Tetrahedron Lett1994 35 8023, (g) De Kimpe, N.: VerheR. In The rate of the reduction reaction by hydride. Complete reduction

chemistry ofa-haloketonesg-haloaldehydes and-haloimines Patai, S., Of_ N-tert—bl'JtanesquinyIa.-chIo'ro' imine RS)'S? was achieved
Rappoport, Z., Eds.; Wiley: New York, 1988. with 2 equiv of NaBH with stirring for 12 h in THF at room
(12) (a) Davis, F. A Reddy, R. E.; Szewczyk, J. M.; Reddy, G. V.. temperature (Table 1, entry 1). To further elaborate these
Portonovo, P. S.; Zhang, H.; Fanelli, D.; Reddy, R. T.; Zhou, P.; Carroll,
P. J.J. Org. Chem1997, 62, 2555. (b) Zhou, P.; Chen, B.-C.; Davis, F. A.

Tetrahedron2004 60, 8003 and references therein. (14) Borg, G.; Cohan, D. A.; Ellman, J. Aletrahedron Lett1999 40,

(13) (a) Cohan, D. A.; Lui, G.; Ellman, J. Aletrahedron1999 55, 6709.
8883. (b) Ellman, J. A.; Owens, T. D.; Tang, T.Acc. Chem. Re2002 (15) Colyer, J. T.; Andersen, N. G.; Tedrow, J. S.; Soukup, T. S.; Faul,
35, 984. (c) Ellman, J. APure Appl. Chem2003 75, 39. M. F. J. Org. Chem200§ 71, 6859.
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Asymmetric Synthesis of Aziridines

TABLE 1. Reduction of N-Sulfinyl a-Chloro Imines (Rs)-5a,b in
THF Using Various Metal Hydrides

-Bu -Bu
S reducing 'Y t—Bu.S//O
R N"S0 agent R HN"TS0 lll
—_—
R1¥LH THF  R! * R
& rt,12h & R
aR'=Me
(Rs)-5 bRI—Et (RS-0 (Rs)-11
reducing amt,  conversion of
entry agent R equiv (Rs)-5,2% (Re)-10:(Rs)-11
1 NaBH; Me 2 100 1:0
2 Et 2 100 1:0
3 NaCNBH  Me 2 49 1:0
4 Et 2 34 1:0
5 LiBH4 Me 2 100 4:1
6 Et 2 100 451
7 9-BBN Me 2 100 1:0
8 Et 2 100 1:0
8 LiBHEt3 Me 11 100 1:2
9 Et 1.1 100 1:2
10 LiAIH 4 Me 11 100 1:4
11 Et 1.1 100 1:3
12 DIBAL-H Me 1.1 100 11
13 Et 1.1 100 11

apDetermined by TLC and byH NMR. P Partial ring closure and
subsequeni-sulfinyl deprotection occurred.

JOC Article

TABLE 2. Ring Closure of Chiral g-Chloro Sulfinamides 10a and
13a by Treatment with Base

gB” £Bu g0
1 NS

0 |
R NaBH, R base 1 N
p 4 b W R W
R %)LRZ —  » R %)\Rz _— %RZ
a THF & solvent R!

R'= Me, R? = H; (Rg)-5a R'=Me, R? = H; (Rg)}-10a  R'=Me, R? = H; (Rg)-11a

R'.RZ=Me; (Rg)-12a R'RZ=Me; (Rg)-13a R'RZ=Me;, (Rg)-14a
amt, temp, time, yield,2
entry sulfinamide base equiv °C h solvent %
1 13a BuLi 1.1 -78() 1(1) THF 60
2 13a NaH 1.1 -—-78(rt) 1(1) THF 73
3 10a Et:N 3 A 16 MeCN 70
4 13a KOH 3 A 8 THF/HO (1:1) 87
5 13a KOH 3 A 16 THF/HO (1:1) 99

aConversion determined by NMR analysis of the reaction mixture.
b Determined by a mass balance of the reaction mixture.

tiopure aziridines in the literature (vide infra). As reported in
Table S2 in the Supporting Information, changing the time, the
solvent, and the amount of NaBHadded did result in a
substantial improvement of thechloro sulfinamide Rs,9-13a
formed. Shortening of the reaction from 1@ 1 h changed
neither the yield nor the stereoselectivity of the reaction.
Enhanced diastereoselectivities were observed at reduced tem-
perature, but with substantial prolongation of the reaction time.

reductions in detall, the reaction conditions were systematically Surprisingly, the reaction rate was improved without loss of
changed. Therefore, addition of a series of reducing agents, suctdiastereoselectivity by addition of small amounts of MeOH. The

as NaBH, LiBH4, 9-BBN, NaCNBH, LiBHEts, LiAIH 4, and
DIBAL-H, acrossN-tert-butanesulfinyl-chloro aldimineba,b
was monitored with stirring in THF for 12 h at room temperature
(Table 1). Reduction oRN-tert-butanesulfinylo-chloro imines
(Rs)-5a,b with 2 equiv of NaBH or 9-BBN yieldeds-chloro
sulfinamides Rs)-10a,bquantitatively with little or no formation
of the ring-closed product, i.e., aziridin&da,b (<2%), while
the reduction ofN-tert-butanesulfinybi-chloro imines Rg)-5a,b
with LiBH 4, LiBHEt;, DIBAL-H, and LiAlH 4 afforded mixtures
of S-chloro sulfinamidesKs)-10a,bandN-(tert-butylsulfinyl)-
aziridines1la,bin a complex reaction mixture. Deprotection
of the N-sulfinyl group by the HCI liberated during the ring

reaction at—78 °C was finished within 1 h, yielding 98%
sulfinamide Rs,S)-13ain 98:2 diastereoselectivity. It turned out
that MeOH increased the reaction rate to a high extent without
affecting the diastereoselectivity of the reaction performed.
Notably, if the solvent was changed to MeOH, the solvent
interaction on the reactive intermediate was borne out in the
low diastereoselectivity obtained.

Notably, enantiopurg-halo sulfinamide Rs,S)-13aformed
was not ring closed toward the corresponding aziridRgS)-
14aunder the conditions used (2 equiv of NaBHlthe presence
of 2 equiv of MeOH at—78 °C for 1 h inTHF). Moreover, if
the reaction temperature of the reduction of ketimiRg-12a

closing step was a common observed side reaction complicatingwas allowed to increase to room temperature, rafteh of

the spectrum of the reaction mixture. Full conversiomNeert-
butanesulfinylo-chloro imines Rs)-5 toward s-chloro sulfin-

reaction at—78 °C, no aziridine was formed. Further stirring
at reflux temperature was insufficient to ring close thhalo

amides Rs)-10a,bwas observed if an excess of reducing agent sulfinamide Rs,S)-13aquantitatively toward the corresponding

was used in all cases except one. If NaCNRB equiv) was
used, N-tert-butanesulfinyl a-chloro imines Rg)-5a,b were

N-(tert-butylsulfinyl)aziridine Rs,9-14a Strong bases, such as
BuLi or NaH, afforded aziridind4ain a rather costly procedure

recovered in 51% and 66% yield, respectively, on the basis of (cooling and drying conditions were needed). Addition of 1.1
'H NMR (Table 1, entries 3 and 4). Consequently, the reduction equiv of BuLi at—78 °C and subsequent stirringrfd h at

of N-tert-butanesulfinyla-halo imines Rs)-12 was tested for
all reducing agents, apart from NaCNBH
N-tert-Butanesulfinylo-chloro aldiminesRs)-5 were reduced
in excellent yield to afford the correspondirfiychloro tert-
butanesulfinamided:)-10. In contrast, ifN-tert-butanesulfinyl
o-halo ketiminesl2 were reduced towar@-halo tert-butane-
sulfinamidesl3 or N-(tert-butylsulfinyl)aziridinesl4, a stereo-

room temperature provided-(tert-butylsulfinyl)aziridine14a

in 60% conversion on the basis of tHeé NMR spectrum (Table

2, entry 1). Better results were obtained if NaH was used as a
base under the latter conditions (Table 2, entry 2). Heating
B-chloro sulfinamidelOa for 16 h in boiling MeCN, in the
presence of 3 equiv of B, afforded 70% of the corresponding
aziridinella(Table 2, entry 3). Beneficial results were obtained

genic center was formed, so two diastereomers could be formedif S-chloro sulfinamidel3awas stirred fo 8 h with 3 equiv of

In a first attempt, reduction df-tert-butanesulfinylx-chloro
ketimine Rs)-12awas tried with NaBH (2 equiv) in dry THF
at room temperature for 12 h, affordirfgchloro sulfinamide
(Rs,S)-13ain 99% vyield but in disappointing stereoselectivity
(58:42 dr). The major diastereomer of thehloro sulfinamide
15aformed after reduction ad-halo ketiminel2awith NaBH,
was assigned afi§,S-13a by evaluation with known enan-

KOH in H,O/THF (1:1 ratio).

Experimentally, it was shown tha\-(2-chloro-1,2-dimeth-
ylpropyl)sulfinamidel3acould also be quantitatively converted
toward the corresponding-(tert-butylsulfinyl)aziridinel4aby
being stirred overnight (16 h) in boiling THFD (1:1 ratio)
in the presence of 3 equiv of KOH (Table 2). Importantly, only
one diastereomer df-(tert-butylsulfinyl)-2,2,3-trimethylaziri-

J. Org. ChemVol. 72, No. 9, 2007 3213
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SCHEME 3. Reversal of Stereofacial Attack in the chiral 5-halo sulfinamidesRs,S)-13 in greater than 90% yield
Reduction of N-Sulfinyl a-Chloro Imine (Rg)-12a with with excellent stereoselectivity>©5:5 dr) within 1 h at—78
NaBH, vs LiBHEt3 °C in THF after addition of 2 equiv of NaBjHand 10 equiv of
tBu 2 equiv NaBH tBu Tii?:?oKS:) tBu_O MeQH. Therefore, an attempt was made to purify flkalo
NS0 10equivMeOH  HNSS0 A 16h E sulfinamides Rs,S)-13c—e by flash chromatography and after-
% R % Toe% WQ\ ward, upon treatment with base, to further ring close sulfin-
¢l 78°C,1h 4, amides Rs,9-13c—e to the corresponding aziridine®Rd,9)-
(Rsr12a (Rs 513 (RS’;ZKZﬂZ‘:era" 14c—e. However, it turned out that-halo sulfinamidesRs,9-
11 equiv LiBHEL 98% recrystallisation 13c—e could only be purified by flash chromatography with
78°C.1h (98:2ar) from E1,0: 88% major loss of product on the column (solvent mixture petroleum
tBu . ether-ethyl acetate, 85:15). Partial ring closure andiesulfinyl
& t+Bu -0 Tar-uch/‘::ng:) #BuL 2O deprotection were the two major side reactions on the column.
HY™0 . N A 16h N Since both diastereomers were partially overlapping intthe
% WL\ 8% WL\ NMR spectra, and different rotamers were further complicating
¢ (R R)-14a overal the spectrum, the diastereomeric ratio could not be accurately
(Rs,R)-13a (Rs,R)-14a Syyield after established fof-halo sulfinamidesRs,S)-13c—e. Therefore, the
o tomidiure recrystallisation latter sulfinamides Rs,S)-13c—e were further ring closed to

87% from Et,0: 61%

822 &) N-(tert-butylsulfinyl)-2-arylaziridines Rs,S)-14c-eto obtain the

diastereomeric ratio byH NMR analysis. The diastereomeric
ratio of the N-(tert-butylsulfinyl)aziridines Rs,S)-14c—e ob-

dine (144 could be observed ifH NMR and/or HPLC. Thus, . ;
no epimerization reaction occurred. tained after separate treatment with base turned out to be greater

The reducing agent was also altered from NaBiLiBH., than 90:10. Thus, both aliphatic and aromaiitalo sulfin-
9-BBN, LiBHéjtg, A 4 and DIBAL-H to oxamine the  amides Rs,9-13 were synthesized in high yield-00%) and
generality of the reduction reaction. Reduction Mftert- stereoselectivity X90:10 dr) by treatment oN-tert-butane-
butanesulfinylo-chloro ketimine Re)-12a with 1.1 equiv of Sulfinyl a-halo imines Rs)-12 with 2 equiv of NaBH for 1 h
LiAIH 4 or DIBAL-H in dry THF at —78 °C afforded the _at—78 °Cin THF,_W|th little MeOI—_|_a_s cosolvent. Notevv_orthy,
resulting sulfinamideRs,S)-13ain combination with the-(tert- if N-(tert-butylsulfinyl)-2-phenylaziridineRs,S)-14cwas stirred
butylsulfinyl)aziridine Rs,9-14ain less tha 1 h ingood yield for 4 more days in refluxing BO/THF (11 ratio), in the
(90-95%) but with disappointing selectivity (56:44 to 63:37 Presence of 3 equiv of KOH, no epimerization was observed
dr). Better results were obtained if ketimin®gJ-12a was after workup as judged biH NMR spectroscopy. AIN-(tert-
reduced with 2 equiv of 9-BBN or LiBiin THF at—78 °C butylsulfinyl)aziridinesl4 were synthesized quantitatively from
for 1 h (88-93%, 70:30 to 81:19 dr). Reaction of ketimiri)- B-halo sulfinamided.3 by reflux overnight (16 h) in THF/LD
12awith 2 equiv of LiBH, in THF with additional MeOH did ~ (1:1 ratio) in the presence of 3 equiv of KOH.
improve the outcome slightly but still was not competitive in Aziridines Rs,R)-14 were synthesized via a two-step proce-
comparison with the NaBireduction. Better results were  dure starting from the corresponding ketiminBg){12. Reduc-
obtained if LIBHEg was used as a reducing agent. It was tion of the latterN-tert-butanesulfinyla-halo ketimines Ry)-
gratifying to observe that reduction of ketimin@sf-12a with 12 with LiBHEt3 in THF for 1 h at—78 °C, followed by
1.1 equiv of LIBHE§ in dry THF at—78 °C affordedj-chloro treatment with 3 equiv of KOH in boiling THF/4® (1:1 ratio)
sulfinamide Rs,R)-13atogether with aziridineRs,R)-14a(~9:1 for 16 h, afforded aziridinesRg,R)-14 in good yield (76-85%)
mixture) afte 1 h in 87%yield with 78:22 dr (Scheme 3). Most  jth high diastereoselectivity (78:22 to 92:8 dr). Recrystalli-
important, the stereoselectivity Qf the_ reaction was altered as ,aiion from E30 of theN-(tert-butylsulfinyl)aziridines Rs,R)-
compared to that of the reduction with NaBKScheme 3). 14 formed resulted in the isolation of the enantioptigtert-
However, it has to be reported that the intermedjaealo yvisulfinyl)aziridines Rs,R)-14 in 86—96% yield (Table 3).
sulfinamide Rs,R)-13acould not be synthesized without partial A v simul v with h Covl |
ring closure towardN-(tert-butylsulfinyl)aziridine Rs,R)-14a pparent y, simu taneousy wit our research Loyler e'F al.

have been investigating the reduction of nonfunctionalized

Aziridine (Rs,R)-14a was formed almost quantitatively (98% . L ) )
yield) after separate treatment Gfhalo sulfinamide Rs,R)- N-sulfinyl imines:®> The reduction ofN-tert-butanesulfinyl
13awith 3 equiv of KOH in boiling THF/HO (1:1) for 16 h. ketimines with 3 equiv of NaBliproceeded in high yield with

Recrystallization from BO afforded N-(tert-butylsulfinyl)- good diaste_reomeric excess in wet THF (with 2% Water). It has
aziridine Rs,R)-14a as a single diastereomer in 61% overall been described that the temperature was allowed to increase
yield. Thus, N-(tert-butylsulfinyl)aziridines RsR)-14a and from —50°C to room temperature over 3'hThese results are
(Rs,9)-14awere synthesized separately in high yield and with N accordance with our findings, but it seems that the vicinal
excellent stereoselectivity, depending on the reducing reagenthalogen atom activates the imino bondNHert-butanesulfinyl

used (Scheme 3). a-chloro imine Rg)-12awas reduced by means of 2 equiv of
The hydride reduction was tested for its generality. Therefore, NaBHs in THF with 10 equiv of MeOH at-50 °C, a reduced
N-tert-butanesulfinyl a-chloro imines Rg)-5 and 12 were diastereomeric excess, compared to that of the reductie &t

treated with NaBH and LiBHEg under the conditions as °C, was observed. Also, the reductionMtert-butanesulfinyl

optimized before (vide supra). These results are listed in Table a-chloro imine Rs)-12awas terminated within 40 min at78

3. °C, whereas the reduction bif(1,2,2-trimethylethylidenedert-
Aldimines (Rs)-5a,b were reduced with NaBHin excellent butanesulfinamide has been reported to be completed only after

yields (>95%) to afford the correspondirfchloro sulfinamide 3 h at higher temperature. Noteworthy, whereas aziridRag)-

(Rs)-10, but crucially, all ketiminesRs)-12were reduced toward ~ 14a obtained after the reduction df-tert-butanesulfinyl

3214 J. Org. Chem.Vol. 72, No. 9, 2007
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TABLE 3. Reduction of N-Sulfinyl a-Chloro Imines (Rs)-5 and -12 Using NaBH vs LiBHEt 3

tBu t-Bu
g Ss S
éB“ tBug-0 g1 NS0 2equivNaBH, o HN"%0
R HN- S0 ) N 1.1 equiv LIBHEt; R1 10 equiv MeOH RB )
H R . - E—— R
R YRZ * \/L\1 R? THFJ Np-atm a THF, Np-atm &
al R -78°C,1h -78°C,1h
R24H 5R2=H (Rs)1O0R?=H
(Rs,R)-13 (Rs,R)-14 12R2EH (Rs.S-13R2#H
12a R? = Me; R'=Me 12¢e R2=4-BrCgH,; R'=H
12b R? = Me; R'=Et 5aR2 = H; R' = Me
12¢ R? = Ph; R'=H 5b RZ=H; R!'=Et
12d R? = 4-CICgHy; R = H
entry substrate reagent product rat®142 yield P % dd
1 (Rs)-5a NaBH, (Re)-10a 99 (95)
2 (Rs)-5b NaBH, (Rs)-10b 97 (95)
3 (R9-12a NaBH;, (Rs,9-13a 1:0 98 (88) 98:2
d (R9-12a LiBHEts (Rs,R)-13d14a 9:1 87 (61) 78:22
4 (Rs)-12b NaBH, (Rs,9-13b 1.0 92 (92) 99:1
5 (Rs)-12b LiBHEt3 (Rs,R)-13/14b 18:1 80 (57) 80:20
6 (Rs)-12¢ NaBH, (Rs,9-13c 1.0 95 (90) >08:2
7 (Rs)-12¢ LiBHEt3 (Rs,R)-13d14c 5.5:1 81 (62) 87:13
8 (Rs)-12d NaBH, (Rs,9-13d 1.0 94 (89) >98:2
9 (Re)-12d LiBHEt3 (Rs,R)-13d/14d 4:1 85 (66) 89:11
10 Ry)-12e NaBH; (Rs,9-13e 1:0 98 (91) >98:2
11 (Re)-12e LiBHEt3 (Rs,R)-13¢14e 2.5:1 83 (71) 92:8

aDetermined by NMR analysis of the isolated prodiidbetermined by a mass balance of the isolated produntparentheses is given the yield (%)
determined by a mass balance of the isoladtesllfinylaziridine Rs,R)-14 after ring closure and subsequent recrystallization fropdEt Determined by
NMR analysis of the isolated produétDetermined by NMR analysis of the corresponding aziridine after ring closure.

SCHEME 4. Reversal of Stereofacial Attack in the Reduction oN-Sulfinyl Imines (Rs)-12c and -15a with Hydrides
tBu tBu

S\‘o
NaBH, * ~X
tBu ©/\/ | Yield (%) |(R:S)-XX (dr)
/S\ X=H (Rs R)-16 X=H (Rs,S)-16 80 ‘ 87:13
X = Cl (Rs,S)-13¢ X = Cl (Rs,R)-13¢ 95 2:98

c

X = H (Rg)-15

L-selectride or
\{BHET:; 5 B g-Bu
S\\ N
X = Cl (Rg)}-12¢ HN™0

| Yield (%) | (R:S)-XX (dr)

X = H (Rs,R)-16
X = Cl (Rs,S)-13¢

a-chloro ketimine Rs)-12awith NaBH, in THF with 10 equiv o-chloro imine12c with superhydride never yielded aziridine
of MeOH as cosolvent, is synthesized in better yield and (Rs,R)-15c after ring closure, in greater than 87:13 diastereo-
stereoselectivity as compared to the aziridirfRs,R)-144 meric ratio. It appears that the vicinal chloro atom has a

synthesized by reaction of ketimineRsf-12a with LiBHEts, contribution in both the reactivity and stereoselectivity of the
an inverse reactivity trend is reported by Coyler et al. for reaction.

nonfunctionalizedN-tert-butanesulfinyl imines (Scheme ®)lt The chiralN-(tert-butylsulfinyl)aziridines Rs.S-14 and RsR)-

has beeﬁ ripogted Ithtat lt.ge redutt:tti)ortl of theif_latter_dimines, suchy 4 could be deprotected by simple treatment with a saturated
as Rg-N-(1-phenylethylidenejert-butanesulfinamide Rs)- solution of dry HCI in dioxane. Stirring of 5 mmol of aziridine

154 in wet THF (2% HO) afforded Rs,R)-N-(1-phenylethyl)- . ; .
] X . - : 14 with 5 mL of saturated 1,4-dioxarteClI for 15 min at room
— RS - 0, 0, !
tert-butanesulfinamide RsR)-16d in 80% yield with 74% temperature in dry diethyl ether afforded the aziridinium chloride

diastereoselectivity. The opposite-epimer Rs,S-16a was o ) )
obtained in 82%yyield Witﬁp84% c?iastere%ssg)lectivity after salts17in high yield (90-95%) and purity (96-95%) (Scheme

reduction of imine Rg)-15awith L-Selectride in dry THF.Rg)- 5)-

N-(2-Chloro-1-phenylethylidendprt-butanesulfinamide Rs)- The stereochemistry of aziridindsl was checked by com-
124, the a-chloro analogue of the latter imin®4)-15a was parison of the optical rotation M-(tert-butylsulfinyl)aziridine
reduced with NaBH under the optimized conditions as men- 14c([a]p? +310 vs+298 reported) and its spectroscopical data
tioned before, yielding 95%,9)-N-(2-chloro-1-phenylethyl)-  with literature value$® Hence, it was found thal-sulfin-
tert-butanesulfinamide Rs,9-13d with an excellent diastere-  ylaziridines Rs,S)-14 were synthesized via reduction lftert-
omeric ratio £98:2). However, reduction df-tert-butanesulfiny! butanesulfinyl a-halo ketimine 12 with NaBH;, while N-

X=H (Rs.S)-16
X = Cl (Rs,R)-13¢

8:92
87:13

82 ‘
81
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O-,—H 2 O--
M
[-Bu\\\S/N

M7\ R
t—Bu\\\S/"N\‘
\
X R!

1
R' x-cLBr

TTS 1 (NaBH,)

FIGURE 1. Proposed transition states for the reduction of ketimine

(Re)-12

SCHEME 5. N-Sulfinyl Deprotection of Aziridines 14 in

TTS 2 (LiBHEt,)

Rl

R! Vot

\ Cl M \“ é
\‘ /’ ;N/

CI%RZ

R! R!

1,4-Dioxane Hydrochloride/Diethyl Ether

t-Bua §¢O

N 1,4-dioxane.HCI
L e

Et,0
t, 15'
X

(Rs,R)-14c X = H
(Rs,R)-14d X = ClI
(Rs,R)-14e X = Br

t-Bu, _.O
|

AN

: Et,O
rt, 15'
X

(Rs,S)-14c X = H
(Rs,S)-14d X = C
(Rs,S)-14e X = Br

S
N 1,4-dioxane.HCI
L

H.HCI
N

fom

(R)-17aX =H (92%)
(R)-17b X =Cl (91%
(R)-17¢ X = Br (90%)

‘\,Q

O
(S17aX=H (93%)

(S17b X =Cl (86%
(S)17¢ X =Br (94%)

TTS 3 (NaBH,)

sulfinylaziridines Rs,R)-14 were formed via the reduction with
superhydride (LIBHE]).

The origin of the reversal of diastereofacial attack upon
changing the reducing agent from NaBtd a lithiated hydride
species was explained very recently by Coyler et al. via a cyclic
transition state (TTS) in the former case (Nafldnd an open
transition state for the latter reduction (LiBHE® Due to the
incorporation of one extra functional group, slightly more

Denolf et al.

diastereofacial control via reduction Bfsulfinyl a-halo imines.
Depending on the reagent used bdikepimers of N-(tert-
butylsulfinyl)aziridines were formed. For one epimer the
intermediates-halo N-sulfinamide could be isolated. Further
treatment with base afforded chiral-(tert-butylsulfinyl)-
aziridines in quantitative yields. The latter compounds could
be further deprotected toward the corresponding aziridinium
salts.

Experimental Section

(Rs)-(—)-N-(2-Chloro-2-methylpropyl)-tert-butanesulfin-
amide [(Rs)-10a]. Imine (Rs)-5a(2.10 g, 10 mmol) was dissolved
in THF (20 mL). To the stirred solution was then added NaBH
(0.76 g, 20 mmol) at room temperature, after which stirring was
continued for 12 h before quenching with NE (5 mL), aqueous
KHCO; (20 mL), and EtOAc (20 mL). The aqueous layer was
extracted with EtOAc (2« 20 mL). The combined organic layers
were dried (MgSQ), filtered, and concentrated to furnisRg}-
10aas a colorless oil (2.10 g, 99%). Pytechloro N-sulfinamide
10awas obtained after recrystallization from,8t Mp 88.6+ 0.2
°C. [o]p —11 (c 0.05, MeOH). IR (NaCl, cmb): vmax 1057, 1369,
1457, 2973, 3210. MSm/z (M + H) 212.2/214.2 (100}H NMR
(300 MHz, CDC}): 6 1.27 (9H, s), 1.58 (3H, s), 1.61 (3H, s),
3.17 (1H, ddJ = 13.5 Hz, 8.9 Hz), 3.45 (1H, dd,= 13.5 Hz, 5.2
Hz), 3.73 (1H, dd (br)) = 8.9 Hz, 5.2 Hz)3C NMR (75 MHz,
CDCly): 0 22.7,29.6, 30.4, 56.4, 57.9, 70.0. Anal. Calcd feHg-
CINOS: C, 45.38; H, 8.57; N, 6.61. Found: C, 45.58; H, 8.50; N,
6.72.

(Rs,S)-N-(2-Chloro-1,2-dimethylpropyl)-tert-butanesulfin-
amide [(Rs,9)-13a]. Imine (Rg)-12a (2.24 g, 10 mmol) was
dissolved in THF (45 mL) and cooled t678 °C. To the stirred
solution were then added MeOH (4.6 mL, 100 mmol) and NaBH
(0.76 g, 20 mmol). Then the reaction was stirredXd at—78 °C
before quenching with NkCI (5 mL), saturated aqueous KHGO
(20 mL), and EtOAc (20 mL). The aqueous layer was extracted
with EtOAc (2 x 20 mL). The combined organic layers were dried
(MgSQy), filtered, and concentrated to furnish pufechloro
N-sulfinamidel3a(2.20 g, 89%) as white crystals after recrystal-
lization from EbO. Mp: 54.44+ 0.2°C. [a]p —44 (¢ 0.7, MeOH).

complex transition states are proposed in the present paper folR (KBr, cm™): vma, 1054, 1364, 1459, 2980, 3247. M&Vz(M*

the reduction ofN-sulfinyl a-halo ketimines. Hence, if the
sulfinyl oxygen atom participates in the delivery of the hydride
(NaBH, reduction, Figure 1, TTS 1), the chloro atom is
considered to complex also with the reducing agent, inducing
a flip of the haloalkyl substituent in the Zimmermamraxler
TTS from the equatorial toward the axial position. An identical

+ H) 226.2/228.2 (100}H NMR (300 MHz, CDC}): 6 1.25 (9H,
s), 1.27 (3H, dJ = 6.6 Hz), 1.55 and 1.68 (2 3H, 2 x s), 3.48
(1H, dg,J = 4.4 Hz, 6.6 Hz), 3.96 (1H, d (brj] = 5.0 Hz).13C
NMR (75 MHz, CDC}): ¢ 16.7, 22.7, 27.8, 30.6, 55.9, 59.9, 74.6.
Anal. Calcd for GH,CINOS: C, 47.88; H, 8.93; N, 6.20. Found:
C, 47.71; H, 8.86; N, 6.35.
(Rs,S)-N-(tert-Butylsulfinyl)-2,2,3-trimethylaziridine [( Rs,S)-

switchover of stereoselectivity has already been observed for14a). 3-Chloro sulfinamidel3a (2.26 g, 10 mmol) was dissolved

o-functionalized substituents, next to the imino functiéfl’
More reactive reagents, such as LiBhHteact too fast with
N-tert-butanesulfinyl ketiminesRs)-12 to allow the haloalkyl
substituent to flip toward an axial position (Figure 1, TTS 2).
An open transition state, with the halogen atom irgposition

of the imino function, is not considered. Starting from the
Cram—Chelate model n&®eface attack is favored. Thus, this
would be a secondary possible intermediate in the reaction of
NaBH,; with ketimine Rg)-12 (Figure 1, TTS 3).

in a 1:1 mixture of HO/THF (45 mL), and KOH (1.68 g, 30 mmol)
was added. The stirred mixture was warmed to reflux temperature.
When the reaction was complete (16 h), the reaction mixture was
cooled to 0°C. The organic layer was separated, and the aqueous
layer was extracted with ED (3 x 20 mL). The combined organic
layers were dried (MgSg), filtered, and concentrated. Aziridine
14a (1.55 g, 88%) was obtained as pure colorless crystals after
recrystallization from BEO. Mp: 54.0+ 0.2°C. [o]p —88 (€ 0.7,
MeOH). IR (KBr, cnml): vma 1081, 1361, 1457, 2928, 2961.
MS: m/z(M* + H) 190.1 (100)*H NMR (300 MHz, CDC}): 6

In conclusion, it has been demonstrated that enantiopure1 21 (3H, d,J = 5.8 Hz), 1.24 (9H, s), 1.26 (3H, s), 1.58 (3H, ),

aziridines are formed in high yields with excellent, predictable

(16) (a) Morton, D.; Pearson, D.; Field, R. A.; Stockman, RS&nlett
2003 13, 1985. (b) Gara Ruano J. L.; Fermalez, |.; del Prado Catalina,
M.; Cruz, A. A. Tetrahedron: Asymmetr{996 7, 3407.

(17) (a) Kuduk, S. D.; DiPardo, R. M.; Chang, R. K.; Ng, C.; Bock, M.
G. Tetrahedron Lett2004 45, 6641. (b) Davis, F. A.; McCoull, WJ.
Org. Chem1999 64, 3396. (c) Fujisawa, T.; Kooriyama, Y.; Shimizu, M.
Tetrahedron Lett1996 37, 3881.
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2.32 (1H, q,J = 5.8 Hz).13C NMR (75 MHz, CDC}): ¢ 13.5,
21.5, 21.6, 22.3, 44.8, 46.2, 55.7. Anal. Calcd fgHEGNOS: C,
57.10; H, 10.12; N, 7.40. Found: C, 57.26; H, 10.27; N, 7.53.
(Rs,R)-N-(tert-Butylsulfinyl)-2,2,3-trimethylaziridine [( Rs,R)-
14a]. Imine (Rg)-12a(1.12 g, 5 mmol) was dissolved in THF (22
mL) and the solution cooled te-78 °C. To the stirred solution
was then added LiBHEtropwise (1 M in THF, 5.5 mL). Then
the reaction was stirred fd. h at—78 °C before quenching with
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NH4CI (5 mL), saturated aqueous KHG@0 mL), and EtOAc
(20 mL). The aqueous layer was extracted with EtOAcx(20
mL). The combined organic layers were dried (Mgg0iltered,

JOC Article

freshly prepared saturated dioxane hydrochloride. The mixture was
allowed to stir for 15 min at room temperature before the solution
was concentrated in vacuo (10 mL). The crystals were filtered and

and concentrated to furnish a colorless oil which was dissolved in washed with BO (5 mL) before drying in vacuo. Recrystallization

a 1:1 mixture of HO/THF (22 mL) to which KOH (0.84 g, 15
mmol) was added. The stirred mixture was warmed to reflux

from ELO afforded analytically pure white crystals (91%). Mp:
203.0+ 0.1°C. [o]p —46 (c 0.8, MeOH). IR (KBr, cnml): v

temperature. When the reaction was complete (16 h), the reaction1491, 1510, 1605, 1998, 2957. M®¥z (M* + H) 190.2/192.3/

mixture was cooled to C. The organic layer was separated, and
the aqueous layer was extracted withh@t(3 x 10 mL). The
combined organic layers were dried (MggCfiltered, and con-
centrated. AziridineRs,R)-14a(0.53 g, 61%) was obtained as pure
colorless crystals after recrystallization from@&t Mp: 60.6 +
0.3°C. [a]p —115 € 1.3, MeOH). IR (KBr, cnTY): vmax 1080,
1363, 1457, 2929, 2960. MSwz (M™ + H) 190.1 (100), 134.1
(65). 'H NMR (300 MHz, CDC}): 6 1.19 (3H, s), 1.20 (9H, s),
1.21 (3H, d,J = 5.8 Hz), 1.40 (3H, s), 2.54 (1H, d,= 5.8 Hz).
13C NMR (75 MHz, CDC}): ¢ 13.5, 20.6, 20.9, 22.6, 36.4, 42.9,
55.9. Anal. Calcd for gH;gNOS: C, 57.10; H, 10.12; N, 7.40.
Found: C, 57.31; H, 10.19; N, 7.52.
(S)-2-(4-Chlorophenyl)aziridinium Chloride [( S)-17b]. N-(tert-
Butylsulfinyl)aziridine Rs,9-14d (1.29 g, 5 mmol) was dissolved
in dry diethyl ether (20 mL) before the flask was placed in a water

194.2 (100).2H NMR (300 MHz, CQ,OD): 6 3.52 (1H, d,J =
5.8 Hz), 3.52 (1H, dJ = 8.5 Hz), 5.27 (1H, ddj = 8.5, 5.8 Hz),
7.45 and 7.51 (2 2H, 2 x d, J = 8.8 Hz).13C NMR (75 MHz,
CD;OD): 6 47.2, 59.6, 130.1, 130.3, 136.5, 137.4.
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