Available online at www.sciencedirect.com

sc.ENCE@D.RECT@

Tetrahedron:
Asymmetry

Tetrahedron: Asymmetry 15 (2004) 1513-1516

A new approach to enantioselective cyanation of imines with
Et;AICN

Shuichi Nakamura, Naoki Sato, Masashige Sugimoto and Takeshi Toru®

Department of Applied Chemistry, Graduate School of Engineering, Nagoya Institute of Technology, Gokiso, Showa-ku,
Nagoya 466-8555, Japan

Received 1 March 2004; accepted 25 March 2004

Abstract—An enantioselective Strecker-type reaction of imines with Et,AICN in the presence of chiral additives has been examined.
The enantioselectivity varied depending on the substituents of the imino group as well as the chiral additives used. Thus, o-
aminonitriles were obtained in good yields with good enantioselectivities in the reaction of N-benzylidenebenzhydrylamine with
Et,AICN and BINOL. The reaction with excess BINOL gave the aminonitrile with reversed configuration.

© 2004 Published by Elsevier Ltd.

1. Introduction

Natural and unnatural homochiral a-amino acids are
widely used as chiral building blocks for components
of modified proteins.! The asymmetric Strecker-type
reaction is one of the most efficient methods for the
synthesis of these chiral a-amino acids. A number of
enantioselective approaches for the synthesis of optically
active a-aminonitriles have been reported.> We focused
on an enantioselective Strecker-type reaction of imines
with diethylaluminum cyanide® (Et,AICN). To the best
of our knowledge, the enantioselective version of this
type of reaction has not been reported, in contrast to a
number of reports on diastereoselective reactions.* We
expected Et, AICN to behave as a good cyanation reagent
due to its Lewis acidity. During our study, it was reported
that the addition of triethylaluminum to aldehydes or
epoxides is accelerated by a Lewis base such as phos-
phines, arsines, antimonies, and amines.”® We report
herein the first enantioselective Strecker-type reaction
using Et,AICN as a cyanation reagent activated by chiral
additives.

2. Results and discussion
First, we examined various chiral additives in the reac-
tion of N-benzylideneaniline 1a with Et,AICN. The
* Corresponding author. Tel./fax: +81-52-735-5217; e-mail: toru@
nitech.ac.jp
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reaction was carried out as follows: Et, AICN was added
to a solution of a chiral additive in toluene at 0 °C under
argon. After being stirred for 30 min,® the mixture was
cooled to —78 °C and stirred for an additional 30 min. A
solution of N-benzylideneaniline 1a was then added.
When the reaction was carried out at —78 °C without a
chiral additive, the formation of only a trace amount of
product was observed (Table 1, entry 1). On the other
hand, the reaction in the presence of a chiral additive
such as (R)-BINOL 3, (+)-TADDOL 4, or diacetone D-
glucose 5 (DAG) proceeded smoothly and was complete
within 30min at —78 °C (entries 2-4). The reaction of
imine la with Et;AICN (1.5equiv) in the presence of
(R)-BINOL 3 (1.5equiv) in toluene at —78 °C gave o-
aminonitrile 2a in good yield with moderate enantiose-
lectivity (entry 2). Chiral additives 6 and 7 did not
promote the reaction with Et,AICN, resulting in low
enantioselectivity (entries 5 and 6). Although the chiral
sulfoxide 8 accelerated the cyanation, the enantioselec-
tivity was poor (entry 7). o-Aminonitrile 2a was
formed with good enantioselectivity (61% ee) when
1.5equiv of Et,AICN and 1.2equiv of (R)-BINOL 3
were used (entry 8). Interestingly, when the reaction was
carried out with excess (4.5equiv) (R)-BINOL 3, the
configuration of 2a was reversed from that with
1.2equiv of (R)-BINOL 3 (entry 9).° Cyanation of 1a
with Et,AICN/(R)-BINOL 3 in solvents other than tol-
uene, such as CH,Cl,, Et,O, or THF, resulted in low
enantioselectivities (entries 10-12). The reaction of
substrates with other substituents was examined, but
treatment of  N-benzylidene-2-methoxyaniline  1b
and N-benzylidene-9-fluorenylamine 1c¢ with Et, AICN/
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(R)-BINOL 3 showed low enantioselectivity (entries 13
and 14). Imine 1d with a benzhydryl group, a good
protecting group of amines,'’ led to reversed enantio-
facial selectivity giving (S)-2d with high enantioselec-
tivity (70% ee, entry 15).!' The reaction of 1d with
4.5 equiv of (R)-BINOL 3 also showed a reversal of the
enantioselectivity affording (R)-2d with 15% ece (entry
16). The absolute configurations of 2¢ and 2d were
determined by comparison of the values of the specific
rotation with those already reported.!? The reaction of
N-sulfonylimines le and 1f with Et, AICN/BINOL gave
2e and 2f with low enantioselectivities (entries 17 and

_R Et,AICN (1.5 equiv) R
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18). Imines 1g and 1h bearing the benzhydryl group and
derived from 1-naphthaldehyde and p-chlorobenzalde-
hyde, gave 2g and 2h with good enantioselectivities
(entries 19 and 20).

A dramatic change in stereochemistry was observed
when a threefold excess of BINOL over Et,AICN was
used (Table 1, entries 8 and 9). It has not often been
reported that the stereochemistry of the product changes
when the amount of the chiral ligand increases,'?
although there are a few reactions affording each enan-
tiomer separately with the same chiral ligand but by
different additives'* or at different temperatures.'> The
aggregation state of Lewis acids and BINOL has been
suggested to play an important role in controlling the
stereochemistry of the product.'® In the present reaction,
it is likely that the 2:1 complex of (R)-BINOL and
Et,AICN affords the product possessing reversed ste-
reochemistry from that obtained in the reaction of the
1:1 complex of BINOL and Et,AICN, although the
solvents and temperature may also influence the enan-
tioface selection.!” The detailed reaction mechanism
remains to be solved.

3. Conclusion

In conclusion, Et;AICN has been demonstrated to be a
useful cyanation reagent in the enantioselective forma-
tion of o-aminonitriles. Further work to improve the
enantioselectivity and to clarify the reaction mechanism
in the enantioselective Strecker-type reaction using
Et,AICN is currently in progress in our laboratory.

Table 1. Enantioselective cyanation of imines in the presence of chiral additives®

Entry Substrate Ar R Chiral additive Temperature Time Product Yield Ee
(°C) (min) (%) (%)°
1 1a Ph Ph None —78 90 2a Trace —
2 la Ph Ph 3 (1.5equiv) —78 30 2a 90 48
3 1a Ph Ph 4 (1.5equiv) —78 30 2a 91 35
4 la Ph Ph 5 (3.0 equiv) —78 30 2a 96 22
5 la Ph Ph 6 (1.5equiv) 78 —>rt 1 day 2a 90 8
6 1a Ph Ph 7 (1.5equiv) —78 >rt 2days 2a 62 3
7 1a Ph Ph 8 (1.5equiv) -8 60 2a 52 3
8 1a Ph Ph 3 (1.2 equiv) —78 30 2a 96 61¢
9 1a Ph Ph 3 (4.5equiv) -78—=10 360 2a 97 —52d
10° 1a Ph Ph 3 (1.2equiv) —78 60 2a 94 28
1f la Ph Ph 3 (1.2 equiv) 78 —>rt 1 day 2a 30 9
128 1la Ph Ph 3 (1.2 equiv) 78 >rt 1 day 2a 52 4
13 1b Ph 0-MeOC4H, 3 (1.2equiv) —78 — —40 180 2b 98 0
14 1c Ph Flu 3 (1.2equiv) —78 360 2¢ 93 22 (R)
15 1d Ph Ph,CH 3 (1.2equiv) -78 90 2d 98 70 (S)
16 1d Ph Ph,CH 3 (4.5equiv) 78>0 420 2d 93 15 (R)
17 le Ph TolSO, 3 (1.2 equiv) -78 120 2e 76 2
18 1f Ph 2-PySO, 3 (1.2equiv) 78 —>rt 960 2f 52 2
19 1g 1-Naph Ph,CH 3 (1.2equiv) -78 60 2g 99 70 (S)
20 1h p-CIC¢H, Ph,CH 3 (1.2equiv) —78 90 2h 99 64 (S)

#The reaction was carried out in toluene with 1.5equiv of Et, AICN unless otherwise noted.
°Ee was determined by HPLC analysis using chiral columns.
¢ Absolute configuration of the product was not determined.

dStereochemical outcome was reversed.
¢ The reaction was carried out in CH,Cl,.
fThe reaction was carried out in Et,O.
£The reaction was carried out in THF.
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4. Experimental section
4.1. Synthesis of diethylaluminum cyanide

Diethylaluminum cyanide was prepared according to a
reported method.'® To a solution of trimethylaluminum
in toluene (15mL, 0.99 mol/L, 14.9 mmol) was added
trimethylsilyl cyanide 1.95mL (14.9mmol) at room
temperature and the mixture stirred for 3 h. The reaction
mixture was then warmed to 170 °C to remove volatile
components. The resulting crude oil was distilled under
high vacuum using a mercury diffusion pump (bath
temperature; 170°C/5x10*mmHg) to afford the
product (1.47g, 89%). The diethylaluminum cyanide
thus obtained was dissolved in degassed toluene to make
1.0 mol/L solution.

4.2. Typical procedure for the cyanation of N-benzyl-
idenebenzhydrylamine

(S)-2-( Diphenylmethyl) amino-2-phenylacetonitrile 2d.'%*
To a solution of (R)-BINOL 3 (127 mg, 0.44 mmol) in
toluene (22 mL) was added Et;AICN (1.0 mol/L solution
in toluene, 0.55mL, 0.55 mmol) at 0 °C and the mixture
stirred for 30 min. The mixture was cooled to —78°C
and stirred for 30 min after which was added a solution
of N-benzylidenebenzhydrylamine 1d (102mg, 0.38
mmol) in toluene (1.8 mL). After being stirred for 1.5h,
aq HCl was added to make the solution acidic and the
mixture extracted with Et,O. The combined organic
extracts were washed with brine, dried over Na,SO,,
and concentrated under reduced pressure to leave an oil,
which was purified by column chromatography (silica
gel 30 g, hexane/ethyl acetate 99:1) to afford 2d (110 mg,
98%). The enantiomeric excess of 2d was determined to
be 70% by HPLC analysis using chiralpak AD. TLC

= 0.50 (hexane/ethyl acetate =_80:20); [« ]24 = —40.5
(c 0.31, CHCl), lit."> [o]} = —64.2 (¢ 5.0, CHCL3); 'H
NMR (CDCl3) ¢ 2.14 (d, 1H, J = 11.6 Hz, —NH), 4.60
(d, 1H, J = 11.6 Hz, -CH-), 5.25 (s, 1H, -CH-), 7.20—
7.59 (m, 15H, Ar). Anal. Caled for C, H;sN,: C,
84.53; H, 6.08; N, 9.39. Found: C, 84.22; H, 6.19; N,
9.28. HPLC (Daicel Chiralpak AD, hexane/
i-PrOH =95:5, flow rate 1.0 mL/min) #z 12 (R) and 19
(S) min (70% ee).

4.3. 2-Phenylamino-2-phenylacetonitrile 2a'’

TLC Ry =0.40 (hexane/ethyl acetate==80:20); [o]}, =
+91.0 (c 0.178, CHCL); '"H NMR (CDCl;) 6 4.00 (d,
1H, J=82Hz, -NH), 542 (d, 1H, J =8.2Hz,
—-CH-), 6.70-6.90 (m, 3H, Ar), 7.16-7.65 (m, 7H, Ar);
HPLC (Daicel Chiralpak AD, hexane/i-PrOH =95:5,
flow rate 1.0mL/min) ¢z 25 and 30 min (61% ee).

4.4. 2-(2-Methoxyphenyl)amino-2-phenylacetonitrile 2b*

TLC R; = 0.20 (hexane/ethyl acetate = 80:20); 'H NMR
(CDCls) 6 3.84 (s, 3H, -OMe), 4.68 (d, 1H, J — 8.5 Hz,
“NH), 5.46 (d, 1H, J = 8.5Hz, ~CH-), 6.71-7.68 (m,

9H, Ar); HPLC (Daicel Chiralpak AD, hexane/
i-PrOH =98:2, flow rate 1.0mL/min) #zx 22 and 23 min
(0% ee).

4.5. (R)-2-(9-Fluorenyl)amino-2-phenylacetonitrile 2¢!*

TLC R; =0.28 (hexane/ethyl acetate =80:20); [o D =
—4.45 (¢ 0.10, CHCly), lit.'* [oc]gt = —14.0 (95% ee, ¢
1.0, CHCl); 'H NMR (CDCl;) 243 (br, 1H,
-NH), 4.58 (br, 1H, -CH-), 5.16 (s, 1H, -CH-), 7.30-
7.80 (m, 13H, Ar); HPLC (Daicel Chiralpak AD, hex-
ane/i-PrOH = 95:5, flow rate 1.0 mL/min) #z 28 (S) and
43 (R)min (22% ee).

4.6. 2-(p-Tolylsulfonyl)amino-2-phenylacetonitrile 2e

TLC  R;=0.25 (hexane/ethyl acetate/triethyl-
amine = 50:50:1); 'H NMR (CDCl;) é 2.46 (s, 3H),
5.05 (br, 1H), 5.49 (s, 1H), 7.33-7.48 (m, 7H), 7.82
(d, 2H, J = 8.4Hz); HPLC (Daicel Chiralcel OD-H,
hexane/i-PrOH = 70:30, flow rate 0.7 mL/min) #z 13 and
16 min.

4.7. 2-(2-Pyridylsulfonyl)amino-2-phenylacetonitrile 2f

TLC R; = 0.14 (hexane/ethyl acetate = 70:30); 'H NMR
(DMSO-ds) 6 5.92 (s, 1H), 7.32-7.46 (m, 5H, Ar), 7.67
(dd, 1H, J = 4.6, 7.4Hz), 7.96 (d, 1H, J = 7.8 Hz), 8.08
(dd, 1H, J = 7.4, 7.8 Hz), 8.72 (d, 1H, J = 4,6 Hz); 3C
NMR (DMSO-ds) ¢ 47.8, 117.8, 121.6, 126.9, 1274,
128.7, 128.9, 133.9, 138.6, 149.9, 156.8; IR (KBr) 3097,
1348, 1185cm™!; EIMS m/z (rel intensity) 273.5 (M*,
0.43), 208.4 (11), 130.2 (12), 78 (100), 77 (24). Anal.
Calcd for Ci3H[1N;O,S: C, 57.13; H, 4.06; N, 15.37.
Found: C, 57.24; H, 3.99; N, 15.33. HPLC (Daicel
Chiralcel OJ-H, hexane/i-PrOH=70:30, flow rate
1.0mL/min) g 14 and 15 min.

4.8. (S)-2-Diphenylamino-2-(1-naphthyl)acetonitrile 2g'**

TLC R; = 0.48 (hexane/ethyl acetate = 80:20); [ac],zj2 =
—130.2 (¢ 0.876, CHCly), lit.'® [o]> = —182.2 (c 2.0,
CHCl;); '"H NMR (CDCl3) 6 2.22 (d, 1H, J = 11.8 Hz,
-NH-), 5.18 (d, 1H, J = 11.8 Hz, -CH-), 5.35 (s, 1H,
—-CH-), 7.16-7.96 (m, 17H, Ar); HPLC (Daicel
Chiralpak AD-H, hexane/i-PrOH =98:2, flow rate
1.0mL/min) g 11 (R) and 15 (S)min (70% ee).

4.9. (S)-2-Diphenylamino-2-(4-chlorophenyl)acetonitrile
2h10

Ry = 0.59 (hexane/ethyl acetate = 80:20); [oc]zD3 =-229
(c 0.528, CHCl;); 'H NMR (CDCl;) § 2.13 (d,
1H, J =12.2Hz, -NH-), 4.56 (d, 1H, J =12.2Hz,
-CH-), 5.21 (s, 1H, -CH-), 7.22-7.60 (m, 14H,
Ar); HPLC (Daicel Chiralpak AD-H, hexane/i-PrOH
=96:4, flow rate 1.0mL/min) #z 19 (R) and 53 (S)min
(64% ee).
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