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Catalyzed by theRhodococcus erythropoliJ270 whole cell catalyst under very mild conditions,
biotransformations of racemic 1-arylaziridine-2-carbonitriles proceeded efficiently and enantioselectively
to produce highly enantiopu®1-arylaziridine-2-carboxamides afdl-arylaziridine-2-carboxylic acids

in excellent yields. Although the nitrile hydratase exhibits no selectivity against all nitrile substrates, the
amidase is highly\R-enantioselective towards 1-arylaziridine-2-carboxamides. When treated with benzyl
bromide, 1-phenylaziridine&carboxamide underwent a highly regioselective and enantiospecific ring-
opening reaction to afford an almost quantitative yiel&R¢¥-[(benzyl)phenylaminot-bromopropanamide

(C-2 attack) andR-o-[(benzyl)phenylamino-bromopropanamide (C-3 attack) in a 10.5:1 ratio. Further
treatment of the resulting ring-opening products with an N-nucleophilic reagent such as amine and azide
led to, through most probably the aziridinium intermediate, the formati@oekubstituteds-[(benzyl)-
phenylamino]propanamides in good chemical yields with high enantiomeric purity.

Introduction

There is a rapid increasing inter&tn aziridine derivatives
because of their intriguing and unique chemical and biological
properties. Among aziridine compounds, chiral aziridine-2-
carboxylic acid derivatives, a type of special amino acid
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derivatives, are of special importance owing to their occurrence
in natural products and in synthetic pharmaceuticals and to their
versatility in the preparation of diverse chiral moleculesIn
contrast to oxirane-2-carboxylic acid derivativiehe synthesis

of optically active aziridine-2-carboxylates still remains chal-
lenging to synthetic chemists. For example, most chiral aziridine-
2-carboxylates were prepared using either chiral starting
materiald®305or chiral auxiliariesi?-3*6and most of them are
generally time consuming or not cost effective. Although
catalytic asymmetric syntheses have been rep8rt&d they

(3) (a) For aziridine natural products, see: Lowden, P. P. Aziridine natural
products— discovery, biological activity, and biosynthesis. Aziridines
and Epoxides in Organic Synthes¥udin, A. K., Ed.; Wiley-VCH: New
York, 2006; Chapter 11. (b) For aziridinecarboxylate, see: Zhou, P.; Chen,
B.-C.; Davis, F. A. Asymmetric syntheses with aziridinecarboxylate and
aziridinephosphonate building blocks.Aairidines and Epoxides in Organic
SynthesisYudin, A. K., Ed.; Wiley-VCH: New York, 2006; Chapter 3.

(4) For a useful overview of the synthesis of chiral oxirane-2-carboxylic
acid derivatives, see: Wang, M.-X.; Lin, S.-J.; Liu, C.-S.; Zheng, Q.-Y.;
Li, J.-S.J. Org. Chem2003 68, 4570 and references therein.
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are limited to a narrow substrate spectrum. Recently, the lipase-

mediated kinetic resolution of racemic 1-arylaziridine-2-car-

boxylates has been shown to give in most cases disappointingly

low chemical yield and enantioselectivity.

Biotransformations of nitriles, either through a direct conver-
sion from a nitrile to a carboxylic acid catalyzed by a nitrilase
or through the nitrile hydratase catalyzed hydration of a nitrile
followed by the amide hydrolysis catalyzed by the amidase, have
become the effective and environmentally benign methods for
the production of carboxylic acids and their amide derivatfves.
One of the well-known examples is the industrial production
of acrylamide from biocatalytic hydration of acrylonitrite.

Recent studies have demonstrated that biotransformations of (+~-»-1

nitriles complement the existing asymmetric chemical and
enzymatic methods for the synthesis of chiral carboxylic acids
and their derivative$!-'? The distinct features of enzymatic
transformations of nitriles are the straightforward generation of
enantiopure amides, valuable orgamgtrogen compounds in
synthetic chemistry, in addition to the formation of enantiopure
carboxylic acids. For example, we have shown Riadbdococcus
erythropolis AJ27013 a nitrile hydratase/amidase-containing
whole cell catalyst, is able to efficiently and enantioselectively
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(13) (a) Blakey, A. J.; Colby, J.; Williams, E.; O'Reilly, GFEMS
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Monatsh. Chenm200Q 131, 655. (c) O’'Mahony, R.; Doran, J.; Coffey, L.;
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CHART 1. Nitriles Bearing a Three-Membered Ring
B’I o) 1
-_R'! Rz‘\<:bCN NR
r2" ¢CN R Rz“<l¢CN

SCHEME 1. Biotransformations of Racemic
1-Arylaziridine-2-carbonitriles 1
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transform a variety of racemic nitriles bearing ar'* or a
B-stereocenté? and prochiral dinitrile¥ into highly enantiopure
carboxylic acids and amides. More significantly, biotransfor-
mations of nitriles bearing a three-membered ring such as
cyclopropanecarbonitrile$” and oxiranecarbonitrilegl 418
(Chart 1) proceeded in a highly predictable manner in terms of
reaction efficiency and enantioselectivity based on the substit-
uents and configurations of the substrates. Encouraged by our
previous study, we envisioned that aziridine-2-carbonittilles
(Chart 1), which have steric features similar to those of
cyclopropanecarbonitrilesand oxiranecarbonitrilel , might
be the suitable substrates to the microbial cell catalyst. Herein,
we report the highly efficient biotransformations of racemic
1-arylaziridine-2-carbonitriles for the synthesis of enantiopure
l-arylaziridine-2-carboxylic acids and their derivatives. The
stereoselective aziridine ring-opening reactions in the synthesis
of chiral a,8-diamino acid derivatives will also be discussed.

Results and Discussion

We first tested the biotransformation of racemic 1-phenyl-
aziridine-2-carbonitrilela (Scheme 1). When incubated with
Rhodococcus erythropolisJ270 microbial cells in phosphate
buffer with pH 7.0 at 30C for less than 1 h, nitril&a (2 mmol)
underwent efficient hydrolysis to afford excellent yieldsSaf-
phenylaziridine-2-carboxamid®a and methyR-1-phenylaziri-

(14) (a) Wang, M.-X.; Lu, G.; Ji, G.-J.; Huang, Z.-T.; Meth-Cohn, O.;
Colby, J.Tetrahedron: Asymmetrg00Q 11, 1123. (b) Wang, M.-X.; Li,
J.-J3.; Ji, G.-J.; Li, J.-SJ. Mol. Catal. B: Enzym2001, 14, 77. (c) Wang,
M.-X.; Zhao, S.-M.Tetrahedron Lett2002 43, 6617. (d) Wang, M.-X.;
Zhao, S.-M.Tetrahedron: Asymmetr002 13, 1695. (e) Wang, M.-X.;
Lin, S.-J.J. Org. Chem2002 67, 6542. (f) Wang, M.-X.; Lin, S.-J.; Liu,
J.; Zheng, Q.-YAdv. Synth. Catal2004 346, 439. (g) Wang, M.-X.; Liu,
J.; Wang, D.-X.; Zheng, Q.-YTetrahedron: Asymmetr005 16, 2409.
(h) Liu, J.; Wang, D.-X.; Zheng, Q.-Y.; Wang, M.-XChin. J. Chem2006
24, 1665. (i) Ma, D.-Y.; Wang, D.-X.; Zheng, Q.-Y.; Wang, M.-X.
Tetrahedron: Asymmetrg006 17, 2366.

(15) (a) Wang, M.-X.; Wu, Y.Org. Biomol. Chem2003 1, 535. (b)
Zhao, S.-M.; Wang, M.-XChin. J. Chem2002, 20, 1291. (c) Ma, D.-Y ;
Zheng, Q.-Y.; Wang, D.-X.; Wang, M.-XOrg. Lett. 2006 8, 3231. (d)
Gao, M.; Wang, D.-X.; Zheng, Q.-Y.; Wang, M.-X. Org. Chem2006
71, 9532.

(16) (a) Wang, M.-X,; Liu, C.-S.; Li, J.-S.; Meth-Cohn, Detrahedron
Lett. 200Q 41, 8549. (b) Wang, M.-X.; Liu, C.-S.; Li, J.-Sletrahedron:
Asymmetry2001, 12, 3367.

(17) (a) Wang, M.-X.; Feng, G.-Qletrahedron Lett200Q 41, 6501.
(b) Wang, M.-X.; Feng, G.-QNew J. Chem2002 1575. (c) Wang, M.-
X.; Feng, G.-QJ. Org. Chem2003 68, 621-624. (d) Wang, M.-X.; Feng,
G. Q.J. Mol. Catal. B: Enzym2002 18, 267. (e) Wang, M.-X.; Feng,
G.-Q.; Zheng, Q.-YAdv. Synth. Catal2003 345 695. (f) Wang, M.-X;
Feng, G.-Q.; Zheng, Q.-YTetrahedron: Asymmetr004 15, 347.

(18) (a) Wang, M.-X.; Lin, S.-J.; Liu, C.-S.; Zheng, Q.-Y.; Li, J.-B.
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TABLE 1. Biotransformations of Racemic SCHEME 2. Biocatalytic Resolution of Racemic Amide 2a
1-Arylaziridine-2-carbonitriles 1
- - 1. R. erythropolis AJ270
yield ee yield ee @ o
: b (OAC oMb (OAC d phosphate buffer pH 7.0 30°C
entry R timé 2 (%) (%) 4 (%) (%) E 2. CHNJELO
1 H 0.92h 2a 48 96.2 4a 47 91.0 83 N A + N
2 4F 067h2b 48 >99.5 4b 50  93.8 >200 CONH, 05N “'CONH, L\CO CH
3 4Cl  05h 2c 46 954 4 49 870 53 2 2
4 4-Br 5h 2d 25 =995 4d 74 67.0 - . (S)-2a ) - (R)-4a
5e  4-Br 1.25h 2d 48 89.0 4d 45 93.0 82 (+/-)-2aR = Ph (54% yield, 98.2% e.e.) (45% yield, 89.0% e.e.)
6 4-MeO 0.67h 2e 28 96.0 4e 22 >99.5 - . - . .
7 4MeO 3h 2 47 >995 4de 46 96.0 >200 SCHEME 3. Enantioselectivity of Amidase in the
8 4-MeO 1.75h 2e 48 >995 4e 47 96.0 >200 Hydrolysis of Amides Bearing a Three-Membered Ring
9 4-Me 1.25h 2f 50 >995 4f 50 >99.5 >200 N v amidase v v
10 3Me 5h 2g 45 967 49 50 90.4 79 XN + X — XN + X,
11 2-Me 4d 2h 48 0 4h 47 0 - Ar CONHz H,NOC ‘Ar Ar CONHz  Ho,C ‘Ar
129 H 2h  2a 45 >995 4a 47 852 90 racemic amide 257 3.6.8
@ Reaction time was optimized to the completion of nitrile conversion 2,3:X=N, Y=CH,
and roughly 50% conversion of the amide using HPLC analys#olated ? g: X=CH, Y = CHp, CMe,, CF,, CCl,
,8:X=CH Y=0

yield. ¢ Determined by chiral HPLC analysiCalculated according to ref
20. € Acetone (4 mL) was used as a cosolvér®ptically inactive nitrile
1h (49% yield) was recovere@lRacemic nitrilela (15 mmol) was incubated
with 6 g wet weight of microbial cells.

dine-2-carboxylate4a," the latter being obtained from the
esterification ofR-1-phenylaziridine-2-carboxylic acigl, with

hydratase and a highlR-enantioselective amidase Rhodo-
coccus erythropoli®n270 cells. The excellefR-enantioselec-
tivity of the amidase was further demonstrated by the kinetic
resolution of racemic 1-phenylaziridine-2-carboxamigde,
which produceds-2a and R-3a with good enantiomeric purity

96.2% and 91.0% enantiomeric excesses, respectively (entry 1(Scheme 2). It is noteworthy that nitrile biotransformations can

Table 1). The absolute configuration of produg#4a was

be readily used to prepare highly enantiopure 1-phenylaziridine-

determined by the comparison of its optical rotation with that 2-carboxylic acid derivatives in a gram scale (entry 12, Table

of the authentic sampR Encouraged by this result, a number
of racemic 1-arylaziridine-2-carbonitrildd—h were prepared

1).
The outcomes of the current study are consistent with previous

and subjected to the biotransformations under the identical observations that nitrile hydratases are a type of highly active
conditions (Scheme 1). It was found that all nitriles were rapidly and less selective enzyme against a wide variety of nitrile
hydrated to amides under the action of the nitrile hydratase substrate8.These properties of the nitrile hydratase, such as
within the cells, and the hydrolysis of the resulting amides having a broad substrate spectrum and possessing low or no
catalyzed by the amidase was also efficient in most cases. Asenantioselectivity, are intrinsically determined by its enzyme
summarized in Table 1, almost all substrates reached 50% amidestructure in which there is a spacious pocket near the active

transformation into the carboxylic acids withi5 h except
racemic 1-(2-methylphenyl)aziridine-2-carbonitrildn which
took 4 days to yield the same amount of amieand acid3h
(entry 11, Table 1). For substrates suchldsand le that did

site17.18.21|n other words, a pair of enantiomers of 1-arylaziri-
dine-2-carbonitriles, analogous to trans-configured 2-arylcyclo-
propanecarbonitrilé$and 2-aryloxiranecarbonitrilésg are not
recognized or differentiated by the nitrile hydratase, and almost

not dissolve or disperse in culture suspension, addition of identical biocatalytic hydration reactions were therefore effected.
acetone as a cosolvent had a beneficial effect to accelerate their The formation of highly enantiopure 1l-arylaziridin&2
conversions (entries 4, 5, 7, and 8, Table 1). Biotransformations carboxylic acids from the biotransformations of almost all
of 1-arylaziridine-2-carbonitriles proceeded with excellent enan- racemic nitrile and amide substrates indicated again that the
tioselectivity, and the enantiomeric rati&® was as high as  amidase involved irRhodococcus erythropoli8J270 is an
>200 (Table 1). For example, almost all nitriléa—g gave enantioselective enzyniés Very interestingly, examination of
high enantiomeric excess values of the amide and acid productshe stereochemistry of the amide and acid products from the
irrespective of the electronic nature of the substituent on the biotransformations of the corresponding nitriles and amides
benzene ring. However, the substitution pattern led to a drastic containing a three-membered ring including aziridine, cyclo-
effect on the enantioselectivity of the reaction. Although the propané’ and oxiran&!8 revealed that the amidase is able to

biotransformations of 1gfmethylphenyl)aziridine-2-carbonitrile
1f and 1-(m-methylphenyl)aziridine-2-carbonitrilég yielded

recognize all carboxamides with a trans-arylated three-
membered ring in the same steric sense. In other words,

excellent enantiocontrol, only optically inactive amide and acid irrespective of the nature of the ring, all three-membered ring-

products were produced frommmethylphenyl-substituted aziri-
dine-2-carbonitrile analogu&h (entries 9-11, Table 1). To

substituted carboxamides can be kinetically resolved into the
optically active amide and acid by the amidase following the

understand the stereochemistry and enantioselectivity of thesame chiral selection model (Scheme 3). It is worth noting that
enzymes involved in catalysis, the microbial transformation of the aryl group on the nitrogen of the aziridine is most likely to
racemic le was quenched when half of the nitrile was adopt a trans configuration relative to the amido gréfupough
transformed. The isolation of optically inactive nitrildn and the pyramidal inversion might take place on aziridine nitrofen.
the enantiopuré&-amide2h (ee 96.0%) and estd-4h (ee > The almost identical chiral recognition of amidase toward
99.5%) (entry 6, Table 1) indicated a nonselective nitrile 1-arylaziridine-2-carboxamides and other three-membered ring

(19) Rao, S. A.; Kumar, A.; lla, H.; Junjappa, Bynthesis1981, 623.

(20) (a) Chen, C.-S.; Fujimoto, Y.; Girdaukas, G.; Sih, .Am. Chem.
Soc. 1982 104, 7294. (b) Faber, K.; Hoenig, HSelectiity; http://
www.orgc. TUGraz.at/.

(21) (a) Huang, W. J.; Jia, J.; Cummings, J.; Nelson, M.; Schneider, G.;
Lindqgvist, Y. Structure1997, 5, 691. (b) Nagashima, S.; Nakasako, M.;
Dohmae, N.; Tsujimura, M.; Takio, K.; Odaka, M.; Yohda, M.; Kamiya,
N.; Endo, I.Nat. Struct. Biol.1998 5, 347.
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TABLE 2. Ring-Opening Reactions of Racemic 1-Phenylaziridine-2-carboxamide

Ph Ph

[} . ~

N conditions H Nu NH

2 E—— +
3 L\CONHZ Ph’N\/kCONHz Nu\/]\CONHz
2 10 11
entry conditions Nu yield 010+ 11 (%)? 10110

1 BNNH,/CU(OTf),/CHaCN/rt BnNH - -
2 BnNNH,/Cu(OACc)/CH3CN/reflux BnNH - -
3 BnNH/Ti(O'Pr)/CH3CN/reflux BnNH - —
4 NaNs/CFRCO,H/CH3sCN/rt N3 trace nd
5 NaNy/Cu(OACck/CHsCN/rt N3 — -
6 NaNs/Cu(ClOy)2/ CH3CN/H,O/reflux Ns 34 3.1:1
7 NaNs/BF3-OEt/CH3CN/reflux Ns 76 1:1
8 TMSNs/Cu(CIOy)/CH;CN/HO/reflux Ng 89 3.1:1
9 TMSNs/Cu(CHCN)4PFR/CH3CN/reflux Ns 20 3.1:1

a |solated yield? Determined by*H NMR. ¢ Not determined.

analogues fits well with the proposal® that the amidase in ~ SCHEME 4. Highly Regioselective and Enantiospecific
Rhodococcus erythropoli®J270 might comprise a deeply — Ring-Opening Reactions ofS-2a by Benzyl Bromide
buried and highly steric demanding active site. The hypothetic Ph

Ph Bn
: . . . BnBr/CH3CN, reflux 11h )
model can also be used to explain the huge difference in reaction nErbN e I N B

-

efficiency and enantioselectivity between racemic 1-(2-meth- A“’CONHZ Q'/,CONH
ylphenyl)aziridine-2-carboxamidzh and other amide&a—g. S.2a 12 z
Compared with the amide8a—g having a para or a meta

substituent on the benzene ring, introduction of a substituent Bn Br Ph~-Bn
such as methyl on the ortho position of the benzene ring — Ph/N\/kCONH * Br\)u,CONH
increased the steric bulkiness of the substrate. This steric effect 99% 2 2
might inhibit the effective interaction o2h with the highly 13 14
sterically sensitive amidase, leading to a very sluggish and (105 : 1)

nonenantioselective biotransformation.

As a unique type of intermediates in organic synthesis, the henzyl bromide proceeded efficiently in refluxing acetonitrile
ring-opening reactions of aziridines have attracted much to give excellent yield of the ring-opening products. More
attentiont—3 However, the studies on the reactions of aziridine- importantly, the regioselectivity of the reaction improved
2'Carb0Xy|iC acids and their derivatives are very limited. Significanﬂy’ with the ratio Ofx_bromoﬁ_[(benzybphenwamino]_
Having had a simple and straightforward biotransformation propanamide 3 to o-[(benzyl)phenylamino-bromopropana-
approach to highly enantiopure 1-arylaziridine-2-carboxylates mide 14 being as high as 10.5:1 (Scheme 4). Chiral HPLC
and carboxamides, we started to explore their ring-opening analysis showed that each of the produt® and 14 was
reactions with a number of N-nucleophiles to synthesize: enantiomerically pure, indicating an enantiospecific ring-opening
diamino acids and derivatives. reaction. The ring-opening reaction was most likely to proceed

Initially, we examined the reaction of racemic 1-phenylaziri- through an aziridinium intermediate2 (Scheme 4324
dine-2-carboxamide with benzylamine. No ring-opening prod-  Haying established a highly stereoselective ring-opening
ucts were observed, however, even in the presence of a Lewisreaction, we then attempted the synthesis of chiral vicinal
acid catalyst (entries-13, Table 2). Sodium azide was then  giamine compounds, very useful chiral intermediates in both
tested as a nucleophile. Only in the presence of Cu{zlar medicinal chemistry and asymmetric synthesis. After completion
BFs-OEt, as a catalyst did azide attack the aziridine to give of the ring-opening reaction d&-2a by benzyl bromide, the
ring-opening products in moderate yield (entries74 Table  reaction mixture, without isolation of3 and 14, was treated
2). The chemical yield was then improved to 90% when TMSN  gjrectly with an N-nucleophile such as benzylamiNemethyl-
was employed instead of NaNentries 8 and 9, Table 2).  N-benzylamine, allylamine, and sodium azide. In all cases,
Unfortunately, the ring-opening reaction did not yield satisfac- -supstituted 3-[(benzyl)phenylamino]propanamides5a—d
tory regioselectivity, formingi-azido#-phenylaminopropana-  \ere obtained in good yield. It should be pointed out that no

mide (C-2 attack produc)0 and a-phenylamings-azidopro-  desired products5a—d were produced if the conversion 82a
panamide (C-3 attack produdtl in aratio of 1:1to 3:1 (entries  jnto 13 and 14 was not effected prior to the addition of a
6-9, Table 2). nucleophile. The enantiomeric excess values of the products,

We then envisioned that a large activation moiety on the however, varied from 78% to 95% depending on the nucleophile
aziridine ring while using a larger nucleophile would improve

the _re_'gioseleCtiVity of the ring-opening reactior_1 of 1-phenyl- (23) Very recently, benzyl bromide has also been used to open the
aziridine-2-carboxamide. To test our hypothesis, benzyl bro- 2-alkanoyloxymethyl-1-arymentylaziridine ring. (a) D’hooghe, M.; Van
mide?® was chosen to react with To our delight, the reaction Speybroeck, V.; Waroquier, M.; De Kimpe, 8Bhem. Commur2006 1554.

: _ g ; (b) D’hooghe, M.; De Kimpe, NSynlett2006 2089.
between enantiopure 1-phenylaziriding-carboxamidezaand (24) The aziridinium intermediate was very recently proposed and utilized
in the synthesis of enantiopufeamino ando,-diamino esters from the
(22) For pyramidal inversion of the aziridine ring, see: March, J. reaction ofN,N-dibenzylO-methylsulfonyl serine methyl ester with nu-
Advanced Organic Chemistryth ed.; John Wiley & Sons, Inc.: New York, cleophilic reagents. Couturier, C.; Blanchet, J.; Schlama, T.; ZhQrd.
1992; pp 98-99 and references therein. Lett. 2006 8, 2183.
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TABLE 3. Synthesis of Optically Active a,f-Diamino
Carboxamides via the Benzyl Bromide Mediated Ring-Opening
Reactions of 1-Phenylaziridine-&-carboxamide 2a

Wang et al.

biotransformations in the synthesis of highly enantiopure
carboxylic acids and their derivatives bearing a three-membered
ring. We have also shown that 1-phenylaziridine-2-carboxamide

BnBr Ph _Bn undergoes readily the Lewis acid catalyzed ring-opening reac-
Ph  CH4CN, reflux11th  Bn  Br N . . . o . o >
! | + \) tions with an azide, albeit in very low regioselectivity. Highly
A,,, ph CONH, Br “/CONH, regioselective and enantiospecific ring-opening reaction of
CONH, " » 1-phenylaziridine-$-carboxamide was effected with benzyl
S-2a

bromide to afford a quantitative yield &&/-[(benzyl)phenyl-

Ph Bn  |RNHjorNaN, amino]-a-bromopropanamide ariRbo-[(benzyl)phenylamino]-
~—| N Bri | CHsCN, reflux r\ll" ! f-bromopropanamide in a 10.5:1 ratio. The resulting ring-
“/CONH, Ph” CONH, opening products, when treated with an N-nucleophilic reagent
12 15a-d such as amine and azide, were transformed through dominantly
— the aziridinium intermediate into the optically acti&a-
entry conditions 15(%)* er (%) substituted3-[(benzyl)phenylamino]propanamides in good yields.
1 PhCHNH,, 12 h 15a(87) 97.5:2.5
2 PhCHNHMe, 12 h 15b(89) 95.6:4.4 E . tal Seci
3 CH=CHCH:NH;, 24 h 15¢(83) 92.0:8.0 xperimental section
4 NaNg, 48 h 15d(78) 89.2:10.8

a |solated yield? Determined by chiral HPLC analysis.

SCHEME 5. Conversion of 15 into Optically Active
2R-Amino-3-(phenylamino)propanoic Acid 17

General Procedure for the Biotransformations of Nitriles or
Amides. To an Erlenmeyer flask (150 mL) with a screw cap were
addedRhodococcus erythropolsJ270 cell$3143(2 g wet weight)
and potassium phosphate buffer (0.1 M, pH 7.0, 50 mL), and the
resting cells were activated at 3G for 0.5 h with orbital shaking.
Racemic nitriles or amide (2 mmol) were added in one portion to

,uggﬁ’?t HCI (6 N) the flask, and the mixture was incubated at’80using an orbital
EF”\/"“\“ an H\/’,‘\HZ 80 °C, 6h HJ‘\HZ shaker (200 rpm). The reaction, monitored by TLC and HPLC, was
prN CONH; 100% prN CONH, g59 prN CO,H quenched after a specified period of time (see Table 1) by removing
15 95.0% 16 - 85.7°% the biomass through a Celite pad filtration. The resulting aqueous
hotopgiciol 164 70 . B300) solution was extracted with ethyl acetate. After drying (MgBSO

and removing the solvent under a vacuum, the residue of the organic

- . phase was chromatographed on a silica gel column using a mixture
employed (Table 3). Most surprisingly, by comparison of the of petroleum ether and ethyl acetate as the mobile phase to give

stereochemistry of aziridin82a, the eutomer of all products e amide produc?. The aqueous phase was freeze-drie8(

15 had the opposite configuration at the C-2 position, which to —60°C), and the residue was treated with SHin ether below
was determined by chemical conversionl&finto the known —15°C. After filtration, ether was then removed from the solution
2R-amino-3-(phenylamino)propanoic ad@® (Scheme 5). This under a vacuum and the residue was subjected to silica gel column
suggested that the reaction did not proceed througl S chromatography using a mixture of petroleum ether and ethyl
nucleophilic replacement of the 2-bromo substituent &f If acetate as the mobile phase to give pure methyl s products

the nucleophile attacked at C-2 b8, configuration inversion ~ Were fully characterized by spectroscopic data and microanalyses
Wt occir 0 yield Bamino-3 phenyminopopano aca, (525 Supporng omatcn). e sbeauts confouaionsal
:Ziﬂzﬁggngﬁgrﬁaﬁ; nat?:tz\lllét:n ;O:Sg:fgﬁﬂe ;&;ﬁg“ng rotations with that of the authentic samp$%, and the absolute

. . AR . . configurations of other estedswere assigned assuming that the
14 proceeded mainly via an aziridinium intermediagwhich introduction of a substituent on the benzene ring did not change

was generated in situ from the neighboring amino particip&fion.  the direction of optical rotation. Enantiomeric excess values were
Observation of partial racemization of produdts was most obtained from chiral HPLC analysis (see Supporting Information).
probably due to the competitive diregiBsubstitution reaction Biotransformations of racemic 1-phenylaziridine-2-carbonitrile
pathway taking place od3. This competitive reaction route  1a gave S(—)-1-phenylaziridine-2-carboxamid®d) and methyl
became more noticeable when a sterically less-hindered nu-R-(+)-1-phenylaziridine-2-carboxylatetg). 2a: white solid; mp
cleophile such as allylamine or sodium azide was applied, which 146147 °C [lit.2® mp 145-146 °C (racemic)]; f1]*%5 —204 (c

was exemplified by the isolation of less enantiopure products 1.0, CHCE); ee 96.2% (Chiral HPLC analysis}i NMR (300 MHz,
15cand 15d (Table 3). CDCk, TMS) 6 7.24-7.30 (m, 2H), 6.987.07 (m, 3H), 6.50 (br,

1H), 5.89 (br, 1H), 2.72 (dd] = 3.0, 6.9 Hz, 1H), 2.47 (dd] =
1.2,3.0 Hz, 1H), 2.36 (ddl = 1.2, 6.9 Hz, 1H); IR (KBr) 3321.8,
3158.8 (CONH), 1678.7 cm? (C=0). 4a: oil; [o]2% +165 (c

. . 1.5, CHCl,); ee 91.0% (Chiral HPLC analysis) [itS-enantiomer
In summary, we have demonstrated that biotransformations [0]?% —173.2 (c 0.25, CHC): ee 84%]:1H NMR (300 MHz,

of racemic 1-arylaziridipe-z-carbonitriles, catalyzed by the CDCl,, TMS) 6 6.99-7.03 (m, 5H), 3.80 (s, 3H), 2.80 (dd,=
Rhodococcus erythropol&J270 whole cell catalyst under very 3.0, 6.0 Hz, 1H), 2.67 (dd = 1.2, 3.0 Hz, 1H), 2.31 (ddl = 1.2,
mild conditions, lead to an efficient synthesis of highly 6.0 Hz, 1H); IR (KBr)v 1747.2 cmi® (C=0). Kinetic resolution
enantiopures-1-arylaziridine-2-carboxamides afdl-arylaziri- of racemic amid@ayieldedS-(—)-2ain 54% yield with 98.2% ee
dine-2-carboxylic acids. Although the nitrile hydratase exhibits and R-(+)-4a in 45% yield with 89.0% ee. Biotransformation of
no selectivity against all nitrile substrates, the amidase is highly 15 mmol of racemic nitrilela using 6 g wet weight whole cells
R-enantioselective toward 1-arylaziridine-2-carboxamides. The YyieldedS(—)-2ain 45% yield (1.1 g) with>99.5% ee antR-(+)-
results have expanded further application of nitrile and amide 4&in 47% yield (1.2 g) with 85.2% ee.

Conclusion

(25) Goda, Y.; Suzuki, J.; Maitani, T.; Yoshihira, K.; Takeda, M.;
Uchiyama, M.Chem. Pharm. Bull1992 40, 2236.

(26) Kotera, K.; Motomura, M.; Miyazaki, S.; Okada, T.; Matsukawa,
Y. Tetrahedron1968 24, 1727.
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Enantiopure 1-Arylaziridine-2-carboxylic Acid Destives

Ring-Opening Reaction of 1-Phenylaziridine-2-carboxamide
with NaN3z and TMSN3;. A mixture of ()-1-phenylaziridine-2-
carboxamidea (0.5 mmol) and Lewis acid (0.1 mmol) in a specific
solvent (10 mL) (Table 2) was stirred for 10 min at room

JOC Article

mL) was refluxed for 11 h until the startinBa was consumed,
which was monitored by TLC. After cooling to room temperature,
a nucleophilic reagent (2 mmol) was added and the resulting mixture
was refluxed for another period of time (Table 3). The solvent was

temperature. A nucleophilic reagent was added, and the resultingremoved under a vacuum, and the residue was chromatographed

mixture was kept stirring under conditions specified in Table 2.
After completion of the reaction, which was monitored by TLC,

on a silica gel column eluting with a mixture of petroleum ether
and ethyl acetate to give puegf-diamino carboxamide$5a—d.

water was added and extracted with ether. The organic phase was R-(—)-3-[(Benzyl)phenylamino]-2-(benzylamino)propana-

dried with anhydrous MgSgQand the solvent was removed under

mide (15a): white solid; mp 116-111 °C; [a]?®» —6.5° (c 0.93

a vacuum. The residue was chromatographed on a silica gel columnCH,Cl); ee 95.0% (Chiral HPLC analysisi{ NMR (300 MHz,
eluting with a mixture of petroleum ether and ethyl acetate to give CDCl;, TMS) ¢ 7.13-7.29 (m, 12H), 7.08 (br, 1H), 6.78.87

a mixture ofl0 and11. ProductslOand11 were inseparable from

(m, 3H), 5.41 (br, 1H), 4.51 (d] = 16.9 Hz, 1H), 4.44 (dJ =

column chromatography, and their ratio was determined roughly 16.9 Hz, 1H), 3.76-3.83 (m, 2H), 3.46:3.56 (m, 3H), 1.61 (br,

by an'H NMR spectrum.

(£)-2-Azido-3-(phenylamino)propanamide (10) and 3-Azido-
2-(phenylamino)propanamide (11) Were Obtained in a 3.1:1
Ratio. IH NMR (300 MHz, CDC4, TMS) (10) 6 7.17-7.24 (m,
2H), 6.63-6.83 (m, 3H), 6.54 (br, 1H), 6.47 (br, 1H), 4.18.22
(dd,J = 4.5, 7.2 Hz, 1H), 4.15 (br, 1H), 3.75 (dd,= 4.5, 13.6
Hz, 1H), 3.45 (ddJ = 7.3, 14.0 Hz, 1H); 11) 6 7.17-7.24 (m,
0.65H), 6.63-6.83 (m, 0.97H), 6.54 (br, 0.32H), 6.47 (br, 0.32H),
4.37 (br, 0.32H), 3.933.96 (m, 0.32H), 3.833.89 (m, 0.32H),
3.68-3.72 (m, 0.32H)13C NMR (75 MHz, CDC}, TMS) (10) 6
171.2, 146.6, 129.5, 118.6, 113.3, 62.6, 4618) (® 173.9, 145.9,
129.6, 119.7, 113.9, 58.1, 52.4.

Ring-Opening Reaction ofS-1-Phenylaziridine-2-carboxam-
ide with Benzyl Bromide. A mixture of S(—)-1-phenylaziridine-
2-carboxamide?a (0.5 mmol) and benzyl bromide (0.6 mmol) in
acetonitrile (10 mL) was refluxed for 11 h until the startig

1H); 13C NMR (75 MHz, CDC}, TMS) 6 176.1, 148.8, 139.3,
138.2,129.4,128.7,128.5, 128.0, 127.3, 127.1, 126.9, 118.2, 114.2,
61.1, 55.9, 54.8, 52.7; IR (KBn) 3343.6, 3317.0 (CON}), 3181.0
(N—H), 1680.7 cm? (C=0); MS (ESI)m/z (%) 359.9 (100) [M
+ H*], 382.2 (6) [M+ Na']. Anal. Calcd for GgH,sN3O: C, 76.85;
H, 7.01; N, 11.69. Found: C, 76.48; H, 7.06; N, 11.45.
Conversion of 15 into R-(—)-2-Amino-3-(phenylamino)pro-
panoic Acid 17.Under atmospheric hydrogen, a mixtureRs{—)-
3-[(benzyl)phenylamino]-2-(benzylamino)propanamidéa (0.5
mmol) and Pd/C (10 mg) in methanol was stirred at room
temperature for 4 h. After removal of Pd/C through Celite pad
filtration and removal of solvent under a vacuum, the residue was
heated with hydrochloric acid (6 N) at 8C for 6 h. The solvent
was removed, and the residue was subjected to a cationic exchange
resin column (Dowex, 5& 8) followed by a reversed-phase ODS
column (35-70 um) to give pureR-(—)-2-amino-3-(phenylamino)-

was consumed, which was monitored by TLC. The solvent was propanoic acidl7: mp 134-136 °C; [a]?%, —8.9° (c 0.45 HO/
removed under a vacuum, and the residue was chromatographedH;CN/TFA = 90:10:0.1); ee 85.7% (Chiral HPLC analysis) ffit.

on a silica gel column eluting with a mixture of petroleum ether
and ethyl acetate to give a mixture Bf3-[(benzyl)phenylamino]-
2-bromopropanamidedl3 and R-2-[(benzyl)phenylamino]-3-bro-
mopropanamidé4in a 10.5:1 ratio. Chiral HPLC analysis showed
that both13 and 14 were of >99.5% ee.!H NMR (300 MHz,
CDCl;, TMS) (13) 6 7.15-7.33 (m, 7H), 6.73-6.78 (m, 3H), 6.06
(br, 1H), 5.56 (br, 1H), 4.72(s, 2H), 4.54 = 7.0 Hz, 1H), 4.30
(dd,J = 7.3, 15.4 Hz, 1H), 3.91 (dd} = 6.1, 15.4 Hz, 1H); 14)

0 7.15-7.33 (m, 0.67H), 6.786.90 (m, 0.29H), 6.06 (br, 0.09H),
5.54 (br, 0.09H), 4.72 (s, 0.20H), 4.52.57 (m, 0.09H), 4.10 (dd,
J=5.2,11.0 Hz, 0.09H), 3.73 (dd,= 8.3, 10.8 Hz, 0.09H)}3C
NMR (75 MHz, CDCE, TMS) 6 170.3, 147.0, 138.2, 129.5, 128.6,
126.9, 117.7, 112.8, 55.8, 55.1, 45.0. Anal. Calcd fagHer
BrN,O: C, 57.41; H, 5.10; N, 8.41. Found: C, 57.42; H, 5.12; N,
8.20.

General Procedure for the One-Pot Synthesis of Optically
Active «,5-Diamino Amides 15 from S-1-Phenylaziridine-2-
carboxamide.A mixture of S(—)-1-phenylaziridine-2-carboxamide
2a (0.5 mmol) and benzyl bromide (0.6 mmol) in acetonitrile (10

S-enantiomer: §]%%p +2.5° (H,O/CH;CN/TFA = 90:10:0.1];*H
NMR (300 MHz, D,O, TMS) § 7.22-7.27 (m, 2H), 6.776.82
(m, 3H), 3.91 (ddJ = 4.2, 7.6 Hz, 1H), 3.65 (dd] = 3.9, 12.0
Hz, 1H), 3.52 (ddJ = 8.0, 12.1 Hz, 1H), 2.43 (s, 3H); IR (KBr)
v 3422.1, 1636.3 cmt (C=0). When usingR-(—)-2-azido-3-
[(benzyl)phenylamino]propanamidkbd as starting material, the
reaction gavel7 with an ee of 63.8%.
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