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ABSTRACT

An asymmetric Strecker-type reaction of nitrones using acetone cyanohydrin as a source of HCN has been realized. A magnesium�tartramide
complex, generated from (R,R)-2,3-dihydroxy-1,4-di(pyrrolidin-1-yl)-butane-1,4-dione and MeMgBr, promoted transcyanation from the
bromomagnesium salt of the cyanohydrin, in the presence of a catalytic amount of DBU, to afford the corresponding optically active
(S)-R-amino nitrile derivatives. The reaction was applicable to various nitrones giving high-to-excellent enantioselectivities.

The asymmetric hydrocyanation of imino compounds,
known as the Strecker reaction, is an indispensable syn-
thetic procedure for producing optically active R-amino
nitriles,1,2 which are very important precursors of natural
and non-natural R-amino acids, 1,2-diamines, and inter-
mediates for several transformations.2a,3 For all these
reasons, the asymmetric Strecker reaction is attractive to

many organic chemists, and numerous variants have been
reported that use HCN or TMSCN as the cyanide source.
Due to their toxicity, volatility, and hazardous handling,
alternative cyanide sources are in high demand. Further-
more, the preparation of chiral auxiliaries for these reac-
tions is often difficult. In order to overcome the former
problem, alternative inexpensive cyanide sources have
been employed, such as n-Bu3SnCN,4 Et2AlCN,5 (EtO)2-
P(O)CN,6 EtOCOCN,2o,q,7 and CH3COCN.8 Among
such cyanide compounds, acetone cyanohydrin is a simple,
stable, easy to handle, and readily available cyanide source.9
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We have already developed a Strecker-type reaction of
nitrones using acetone cyanohydrin as a cyanide source by
treatmentwith n-BuMgCl.10,11Among the imine analogues,
nitrone appears to be a promising candidate since it pos-
sesses an electronegative oxygen that can coordinate
strongly to metals.12,13

We have previously investigated asymmetric nucleo-
philic addition reactions of nitrones based on the design
of a multinucleating reaction system utilizing tartaric acid
esters.14 Herein, we will describe an asymmetric Strecker-
type reaction with nitrones using acetone cyanohydrin
as a cyanide source mediated by a magnesium�tartramide
complex.

First, the asymmetric Strecker-type reaction of (Z)-
N-(benzylidene)benzylamine N-oxide (1a) was examined with acetone cyanohydrin (2) based on our general design

of themultinucleating chiral reaction system as depicted in
Figure 1.14c,h Thus, a mixture of 2 and diisopropyl (R,R)-
tartrate was treated with 3.0 equiv of n-BuMgCl in THF
at 0 �C followed by the addition of 1a. The reaction gave
R-hydroxylamino nitrile 3a in 76% yield; however, no
chiral induction was observed (Table 1, entry 1). To
promote strong coordination of the carbonyl oxygen in
the tartaric acid moiety to magnesium metal and/or for
sterical bulkiness, the tartramide was employed instead
of the tartaric acid ester.15 By the use of N,N,N0,N0-
tetramethyl-(R,R)-tartramide, a slight enantiofacial differ-
entiation was realized (entry 2). Several tartramides were
then probed. Although tetrabenzyl- and tetraphenyltar-
tramides showed low levels of enantioselection (entries 3
and 4), an amide derived from pyrrolidine, 2,3-dihydroxy-
1,4-di(pyrrolidin-1-yl)-butane-1,4-dione (BTMTA),16 en-
hanced the enantioselectivity to 44% ee (entry 5). Amides
derived from piperidine and morpholine showed little
stereoselection (entries 6 and 7). Next, the effect of solvent
was examinedusingBTMTA.Among the ethereal solvents
examined, THFwas better thanDMEandEt2O (entries 5,
8, and 9). Less polar solvents, toluene andCH2Cl2, showed
lower enantioselectivities (entries 10 and 11). While the
reaction in MeCN gave the product in slightly lower

Figure 1. Original design of asymmetric Strecker-type reaction
utilizing tartaric acid derivative.

Table 1. Asymmetric Strecker-Type Reaction with 1a Promoted
by Bis(chloromagnesium)salt of Tartaric Acid Derivatives

entry Y solvent t (h) yield (%) ee (%)a

1 Oi-Pr THF 26 76 0

2 NMe2 THF 21 71 14

3 NBn2 THF 48 99 11

4 NPh2 THF 44 93 17

5 pyrrolidinyl THF 44 70 44

6 piperidinyl THF 21 84 �3

7 morpholinyl THF 25 72 0

8 pyrrolidinyl DME 45 57 24

9 pyrrolidinyl Et2O 45 12 3

10 pyrrolidinyl toluene 20 53 4

11 pyrrolidinyl CH2Cl2 20 81 18

12 pyrrolidinyl MeCN 21 42 38

aEnantioselectivity was determined by HPLC analysis (Daicel
CHIRALPAK IA).
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38% ee (entry 12), the reaction did not proceed in much
polar solvents, DMF and DMSO.
In our previouswork,10 gradual generationof the chloro-

magnesium salt of cyanohydrin by the use of 0.2 equiv of
n-BuMgCl made the reaction proceed smoothly. When the
transcyanationwasperformedwith2.2 equivofn-BuMgCl,
enantioselectivity was improved, although the chemical
yield decreased (Table 2, entry 1). With only 2.0 equiv of
n-BuMgCl, transcyanation did not occur (entry 2). When
0.2 equiv of TMEDA was employed as an extra organic
base in addition to 2.0 equiv of n-BuMgCl, 3awas obtained
with enhanced chemical and optical yields (entry 3). The
reaction using other organic bases also gave 3a in good
enantioselectivities, though the chemical yields were not
enhanced (entries 4 and 5). DBU was the base of choice to
give 3a with 92% ee in moderate chemical yield (entry 6).
Finally, in order to examine the effect of the Lewis acidity
of the magnesium salt, MeMgBr instead of n-BuMgCl was
used. The chemical yield was enhanced up to 80%without
any remarkable decrease in enantioselectivity (entry 7).17

The influence of the substituents on the nitrogen atom
of the nitroneswas investigated next, andN-benzyl nitrone
1a showed higher enantioselectivity than N-methyl and
N-phenylnitrones1band1c (Table3, entries 1�3).Although
the addition reaction to aN-diphenylmethyl nitrone 1dwas
sluggish, a cyanatedproduct 3dwas obtainedwith excellent
enantioselectivity (entry 4). The asymmetric Strecker-type
reaction of variousN-benzyl nitrones 1was performedwith
1.0 equiv of acetone cyanohydrin (2) utilizing 1.0 equiv of

(R,R)-BTMTA as a chiral auxiliary by the treatment of
2.0 equiv of MeMgBr and 0.2 equiv of DBU. In the case
of aromatic nitrones, most of the R-hydroxylamino nitrile
derivatives 3e�3i were obtained in over 90% ee (entries
5�9). The Strecker-type reaction of aliphatic nitrones
proceeded faster than that of aromatic nitrones to give
the cyanated products with lower but still good enantio-
selectivities (entries 10, 12, and 14). In the case of aliphatic
nitrones, a diphenylmethyl substituent on the nitrogen
improved the stereoselection to afford the adducts in
high chemical yields with excellent enantioselectivities up
to 97% (entries 11, 13, and 15).
The absolute configuration of 3g was determined to be

S by X-ray crystallographic analysis of its single crystal
(Figure 2). The absolute configurations of other products
were tentatively determined to also be S.
The obtained product 3a (90%ee) was readily converted

to a diamine 4 by sequential reduction (Scheme 1). The
absolute stereochemistry of 4was confirmed tobe alsoSby
comparisonof the specific rotation of the obtainedproduct
([R]25Dþ57 (c 0.91,CCl4) [lit.

18 (S)-isomer: [R]23Dþ62 (c 1,
CCl4)]).

19

Table 2. Reaction Conditions for Asymmetric Strecker-Type
Reaction to Nitrone 1a

entry RMgX base t (h) yield (%) ee (%)a

1b n-BuMgCl n-BuMgCl 39 15 79

2b n-BuMgCl � 21 nr �
3c n-BuMgCl TMEDA 21 49 87

4c n-BuMgCl Et3N 45 31 86

5c n-BuMgCl DTBMPd 45 13 73

6c n-BuMgCl DBU 45 50 92

7c MeMgBr DBU 22 80 89

aEnantioselectivities were determined by HPLC analysis (Daicel
CHIRALPAK IA). bTo a mixture of (R,R)-BTMTA and 2 was added
n-BuMgCl at 0 �C. After 1 h, the nitrone 1awas added. cTo amixture of
(R,R)-BTMTA and 2 was added RMgX at 0 �C. After 1 h, base and 1a

were successively added. d 2,6-Di(tert-butyl)-4-methylpyridine.

Table 3. Asymmetric Strecker-Type Reaction of Nitrones 1

entry R1 R2 t (h) yield (%) ee (%)a

1 Ph Bn a 22 80 89

2 Ph Me b 21 47 72

3 Ph Ph c 21 6 63

4 Ph Ph2CH d 21 58 96

5 4-(MeO)C6H4 Bn e 21 72 90

6 4-ClC6H4 Bn f 21 75 96

7 4-BrC6H4 Bn g 23 63 96

8 1-Nap Bn h 41 89 85

9 2-Nap Bn i 41 73 96

10 Me Bn j 4 95 79

11 Me Ph2CH k 2 94 97

12 c-Hex Bn l 6 97 73

13 c-Hex Ph2CH m 21 87 90

14 t-Bu Bn n 22 90 87

15 t-Bu Ph2CH o 21 88 93

aEnantioselectivities were determined by HPLC analysis (Daicel
CHIRALPAK IA).
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Although the precise reactionmechanism is not yet clear,
one possible reaction pathway is shown in Scheme 2.When
2 and (R,R)-BTMTA are treated with 2 equiv ofMeMgBr,
bromomagnesium salts 5 and 6 are formed. By the addition
of 0.2 equiv of DBU, deprotonation from 6might occur to
furnish a tartramide�magnesiumate complex, towhich the
nitrone 1 coordinates. The subsequent transcyanation pro-
ceeds from the re-face of the nitrone to afford the product
3 with a preference for the (S)-enantiomer. However, the
effect of amide substituents is still not well-elucidated.
In conclusion, the magnesium�tartramide complex

mediated asymmetric Strecker-type reaction of nitrones
using acetone cyanohydrin has been developed. Various
typesofnitroneswere applicable to this reaction.Thepresent

method is very simple and avoids using dangerous cyanide
sources such as HCN and TMSCN. Furthermore, both
enantiomers of R-amino nitrile derivatives, which are versa-
tile synthetic intermediates, are readily synthesized because
both enantiomers of BTMTA are easily prepared from
commercially available (R,R)- and (S,S)-diethyl tartrates
in one step.16 Further studies on this reaction are in progress
in our laboratory.
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Scheme 1. Conversion of 3a to a Diamine 4

Scheme 2. A Possible Reaction Pathway

Figure 2. X-ray structure of 3g (Flack parameter = 0.03).
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