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R} O 2 6-dimethylphenol (1 equiv) RINTR
N -
R R2 CH3CH,CN, 0-60 °C R17Nen®
Ph

v (o) R! = cyclic, acyclic, aromatic
Ph-p

1l R2 = p-NO,-Ph

o 5 80-93% ee
1 HO F

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 7 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja053486y

JIAIC[S

COMMUNICATIONS

Published on Web 07/23/2005

Catalytic Enantioselective Desymmetrization of meso-N-Acylaziridines with
TMSCN

Tsuyoshi Mita, Ikuo Fujimori, Reiko Wada, Jianfeng Wen, Motomu Kanai,* and
Masakatsu Shibasaki*

Graduate School of Pharmaceutical Sciences, Thevélsity of Tokyo, Tokyo 113-0033, Japan

Received May 28, 2005; E-mail: mshibasa@mol.f.u-tokyo.ac.jp

Chiral f-amino acids are important building blocks for natural ~Table 1. Optimization of Reaction Conditions
prc_)ducts and pharmaceuticét!Among them, chiral cycliqf}-gmi_no GA(OPr) (10 mol %), 1 (20 mol %) H
acids are currently of great interest due to the recent finding that TMSCN (1.5 equiv), additives wNeg
peptides composed of these amino acids can act as foldamers with QN-R CH-CHON. It > Q
a well-defined secondary structir®espite the emerging impor- ST
tance, there are few enantioselective synthetic methods that produce

CN

chiral cyclic g-amino acids. Specifically, there is no method entry R additives time () yield (%)?  ee (%)’
available using an artificial enantioselective catalyst to access these 1¢ Ts 48 58 24
compoundg.Here, we describe the first such method based onthe 2 p-Ns 48 63 16
catalytic enantioselective desymmetrizatiomaéseaziridines by Boc 48 18 34
: 4 p-NO--Bz 5 90 72
cyanide. _ o _ o _ 5  pNOsBz DMP 3 >99 80
Catalytic enantioselective ring-opening meseaziridines with 68 p-NO,-Bz DMPf + TFAY 2 >99 83
carbon nucleophiles is a formidable challenge due to both the low  7¢ p-NOyBz  DMP + TFA" 26 67 83
reactivity of aziridines and the general difficulty in differentiation 8~ PNOzBz  TFAS 3 9% 83
f enantiotopic centesThe only example that begins to address o PNOyBz  DMPI+TFA? 20 o 87
0 tiotopic centers.fhe only p gins S 1 pNOyBz  TFA 43 92 86
these difficulties is a dimeric copper-catalyzed aziridine opening
with MeMgBr® Although enantioselectivity was excellent (91% a|solated yield Determined by chiral HPLCE Toluene was used as

ee) using 30 mol % of catalyst (i.e., 60 mol % of Cu), this reaction solvent.? Determined by chiral GC: TMSCN (3 equiv) was used DMP
was applied to only one substrate, and the catalyst turned over les i:g??’g%";:&ifgi?ﬁc(s mol %) was used: TFA (10 mol %) was
than twice (52% yield). A more sophisticated example in catalytic

desymmetrization of aziridines was reported by Jacobsen usingin, jow to moderate yield with low enantioselectivity (entries3).
TMSN; as a nucleophilé? Regarding the nucleophile, TMSCN is  \yhen N-p-nitrobenzoyl aziridine was used, the reaction was
currently the only carbon nucleophile that can be used for catalytic completed withi 5 h with a significantly improved enantioselec-
enantioselective desymmetrization reactions (epoxide opefing). tivity of 72% ee (entry 4). Similar to the finding in the catalytic
Importantly, those reactions appear to be promoted via dual enantioselective Strecker reactidfignantioselectivity was further
activation of an electrophile and a nucleophile by bifunctional jyproved in the presence of 2,6-dimethylphenol (DMP, entr?5).

asymmetric catalysts. Other benzoyl derivatives gave comparable or less satisfactory
Ph e, resultst
Ph-p 0 1= F\oﬁ : To further improve the enantioselectivity, we next investigated
5/0\,[;} (O\:-?-’?'L-}‘:"-?-:/Ov the effects of additional strong acids aimed at the enhancement of
. . o--"9d\ Gt{--..o the Lewis acidity of the Gd through conjugation to an acid (see
j@: (,o'" CN o\) complex5). Among the acids screened, the addition of 5 mol %
1 HO F W 2 (half the amount of Gd) of TFA (trifluoroacetic acid) improved

enantioselectivity to 83% ee (Table 1, entryl6)Although the

We developed several catalytic enantioselective cyanation reac-improvement was not large, higher enantiomeric excess was
tions using Gd complexes derived from ligadd! The active generally and reproducibly obtained in the presence of TFA.
catalyst structure was proposed as a 2:3 complex of GdlLg@d Catalyst activity decreased dramatically when more TFA was used
catalyst for Strecker reaction of ketoimid¥and conjugate addition  (entry 7). Interestingly, high enantioselectivity was produced even
of cyanidé!d). These catalysts are thought to promote the reactions in the absence of DMP if 5 mol % of TFA was present (entry 4 vs
through a dual activation mechanism: one Gd atom acts as a Lewis8). In this case, however, the reaction rate was retarded (entry 6 vs
acid to activate an electrophile, while the other Gd generates a8, 9 vs 10). Finally, the optimum enantioselectivity (87% ee) was
reactive nucleophile via transmetalation. This mechanism and high produced when the reaction was conducted & @h the presence
cyanation activity of the catalyst prompted us to investigate an of 5 mol % of TFA and 1 equiv of DMP (entry 9).
enantioselectiveneseaziridine opening with TMSCN. The optimized reaction conditions were applied to substrates with

We initially screened substituents on the nitrogen atom using different ring size and acyclic aziridines (Table 2). Although the
cyclohexene-derived aziridines as substrates, TMSCN as thereaction temperature was dependent on the substrates, high enan-
nucleophile, and the Gd complex (10 mol %) as the catalyst (Table tioselectivity was generally obtained from a wide range of aziridines.
1).22WhenN-benzyl and\-phosphinoyl aziridines were used, the The products were crystalline, and enantiomerically pure materials
ring-opening reaction did not proceed. On the other hislrelifonyl were obtained through recrystallization (entries 1, 4, and 5). Thus,
aziridines andN-Boc aziridine produced the corresponding adducts this is the first example of catalytic enantioselective desymmetri-
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Table 2. Catalytic Enantioselective Desymmetrization of
meso-p-Nitrobenzoylaziridines with TMSCN

Gd(OPr)3 (10 mol %)

o 1 (20 mol %) , H
TFA (5 mol %), DMP (1 equiv) R \\‘~N~R2
N TMSCN (3 equiv) 1
NO, CH3CH.CN R!"NCN
3 4
substrate temp . )
t 1] h 0/,)@ oz \b
entry (R? = p-NO,-Bz) ©0) ime (h)  yield (%) ee (%)
1 (/\[/NRz 3a 0 20 94 (79)° 879 (>99)°
2e 5 3b  rt 69 81 93
e @NR 3b 40 14 98 919
4f QNRZ 3c 60 64 92 (58)° 80 (>99)°
5 @:NRZ 3d rt 95  85(66)° 82 (>99)°
69 @NRz 3e rt 42 91 83
7¢ O\/:DNRZ 3f 60 96 92 88
ge Cszi)NRZ 39 60 23 89 84
Me
9 /\[/NRZ 3hrt 39 93 85"
Me
Ph &1
2 3i rt. .
10 /\[/NR 9 54145y 08

Ph

a|solated yield P Determined by chiral HPLCE After recrystallization.
Recrystallization yield and its ee are shown in parenthésabsolute
configuration was determined to beS2S). © With 20 mol % of Gd(CPr)
and 40 mol % ofl. f TFA (2.5 mol %) was used. CHsCH2CN/CH,Cl, =
1/2 was used as solveritAbsolute configuration was determined to be
(2539). ' Ratio of diastereomers determined #y NMR analysis.

Scheme 1.

Typical Conversion to Chiral 5-Amino Acids
1) 12 M HCI, 90 °C
2) Dowex 50Wx8-100

L
CO.H
92%

zation ofmeseaziridines with TMSCN that produces synthetically
useful catalyst activity and enantioselectivity. The resulfirgmino
nitriles were easily converted to the correspondinrgmino acids
via acid hydrolysis and purification through ion exchange chro-
matography (Scheme 1.

To obtain insight into the origin of the beneficial additive TFA
effect, catalyst composition was investigated using ESI-MS (Figure
1).2 It was previously proposed that a 2:3 compkis the active
catalyst in the presence of excess TMSCN and D#PThe
addition of 0.5 equiv of TFA to Gd generated a new 2:3 complex
5 possessing TFA (observed MW 1949, calcd for [M— CN]J*
= 1949)16 This incorporated TFA might bridge the two Gd atdfns
of the catalyst, thus stabilizing the enantioselective 2:3 complex.
In addition, enhancement of the Lewis acidity of Gd as well as
fine-tuning of the relative positions of the two Gd atoms might
also contribute to the improved enantioselectivity. Detailed structural
studies of the catalyst are ongoing.

In conclusion, we developed an enantioselective desymmetriza-

tion reaction ofmeseaziridines with TMSCN catalyzed by a new

Gd(O'Pr) F\
3 O O
* > ( Gd ‘>
e (—0 ) ava"
[M+H]* = 1692 (obsd.) o_ | /O
DMP (10 equiv), TFA (0.5 equiv) C Gd\CN : —>
TMSCN (30 equiv) - (_’ 3

or

g o O
. . T™MS TMS
TFA (0.5 equiv), TMSCN (30 equiv) CF3
5: [M-CNJ* = 1949 (obsd.)

Figure 1. Proposed catalyst structure in the presence of TFA.

TFA-incorporated chiral Gd complex derived frdmThe products
can be efficiently transformed into chir@l-amino acids. This
contribution provides a new strategy for the construction of this
important group of chiral amino acids.
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