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The conjugate addition of cyanide ¢gs-unsaturated carboxylic Ph

acid derivatives is one of the most useful reactions in organic PE’E\ o) Ph‘ﬁ ~

chemistry. The resulting-cyano adducts can be converted to &Pl) or0 0.0 g

y-aminobutyric acids (GABA analogues) under reducing conditions, o C ANV DY ’7

. RN : - ) . H 0---Gd.__ Gd---O

1,2-dicarboxylic acids via hydrolysis, affdamino acids via Curtius 0 X y CN )

rearrangement. Specifically, the catalytic enantioselective version Ij C|> <R2 : ¢}

of this reaction provides very important chiral building blocks for HO X Helh 0

pharmaceuticals. Up to now, only one catalytic enantioselective A

conjugate addition of cyanide has been reported; Jacobsen’s group 1:X=H 3:A=PPhy, B = N3
2X=F 4A=CY,B=CR

obtained excellent enantioselectivity frofhaliphatic-substituted o ) )
Figure 1. Chiral ligands { and 2) and the working hypothesis for the

a,ﬁ-unslaturated imides using the chiral s. complex .as a transition-state model of the Strecker reacti8ngnd the conjugate addition
catalystt On the other hand, substrates wittaryl or 5-vinyl ).

substituent were unreactive in their system. Thus, there is high o _ N
demand for a reaction with broader substrate generality. In this Table 1. Optimization of the Reaction Conditions

communication, we report the catalytic enantioselective conjugate f‘ég'F(’?S r(n5orlrlzl )%)
addition of cyanide to varioug-substitutedo.,5-unsaturated\- TMSCN (1.5 equiv)
acylpyrroles, includingg-aryl, g-vinyl, and a,5-disubstituted o 2,6-dimethylphenol (1 equiv) C*N Q
derivatives, using a chiral gadolinium complex. Ph/\)LY EtCN Ph Y
We recently developed a catalytic enantioselective Strecker - femp _tme  yield vy
entry substrate ligand

reaction ofN-phosphinoyl ketoimines using a chiral gadolinium
complex prepared from Gd{Pr); and ligand2 in a 1:2 ratio? Both

CoO ) %P (%)Y

catalyst activity and enantioselectivity were significantly improved 1 Phoa 0t 5 1 rt. 45 39 25
in the presence of protic additives, such as 2,6-dimethylphenol or 2 CO2Et 1 —20 44 4 4
HCN. Structural information of the asymmetric catalyst suggested o ©
; ; ~ ‘o . 3 1 rt. 26 27 52
that the active catalyst is a proton-containing 2:3 complex of Gd Ph/\)l\ N 6
2 ; : 4 N O 1 -20 113 16 65
and?2,? and the reaction would proceed through an intramolecular N
cyanide transfer to an activated imine from the gadolinium cyanide 5 o 1 rt. 14 96 0
(3).2 Because of the topologic analogy of the reaction pattern (1,4- 6 Ph /\)k 72 1 -20 43 34 74
addition), we planned to extend our catalysis to the conjugate 7 @ 2 -20 40 34 81
8¢ = 2 20 98 90 91

addition of cyanide tax,3-unsaturated carboxylic acid derivatives

4). _ . . .
Targeting cinnamic acid derivatives as substrates, we started our, eac;ﬁsagfﬁ%'ggﬁPaerﬁr?'gggi%fcmgﬁ(ﬁﬁ:w 12?6%?::&?3}33:;’00.

optimization using 5 mol % catalyst, 1.5 equiv of TMSCN, and 1

equiv of 2,6-dimethylphenol, observing the effects of the carbonyl

substituents of the substrates (Y in Table 1) on the reactivity and obtained using 10 mol % catalyst, 1 equiv of TMSCN, and 2 equiv

enantioselectivity (entries-16). Although ethyl cinnamate and ~ of HCN (entry 8)

cinnamoy! imidazolide did not produce any products, benzylidene ~ The optimized reaction conditions were applied to other sub-

malonate5, oxazolidinones, andN-acylpyrrole7a produced the  strates containing-aryl, vinyl, and alkyl substituents (Table 2).

corresponding adducts at ambient temperature, albeit with low to Excellent enantioselectivity was obtained from a wide range,®f

moderate enantioselectivity. When the reaction temperature wasunsaturated\-acylpyrroles: The reaction also proceeded frang-

decreased te-20 °C, the enantioselectivity of the product from disubstituted substrat@i with high enantioselectivity, although

N-acylpyrrole 7a was significantly improved to 74% ee, with diastereoselectivity requires further improvememhus, this reac-

diminishing chemical yield (entry 6). Higher enantioselectivity (81% tion significantly expanded the substrate generality of the catalytic

ee) was produced using a catalyst derived from the electronically €nantioselective conjugate addition of cyanidext-unsaturated

tuned2, although the yield was still moderate (entry 7). Finally, carboxylic acid derivatives.

HCN was determined to be a better protic additive than 2,6- Because of the synthetic versatility of the cyanide dwd

dimethylphenol; high chemical yield and enantioselectivity were acylpyrrole? short-step synthesis of a broad range of chiral
pharmaceuticals should become possible using this reaction as a

*The University of Tokyo. key step. Selected examples are shown in Scheme 1. First, a
*PRESTO. B-phenyl-substituted GABA analogeyhich has inhibitory activity
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Table 2. Catalytic Enantioselective Conjugate Addition of Cyanide

to a,f-Unsaturated N-Acylpyrroles
Gd(0Pr)3 (X mol %)
(0] CN O
R' — R' -
7

2 (2Xmol %)
TMSCN (0.5-1 equiv)
HCN (2 equiv)

CH3CH2CN, -20 °C

catalyst time yield ee

entry substrate X mol %) (h) %)? %)?
o
1° ©/\)LN® 7a 10 98 90 919
o}
2° /©/\)\N® 76 10 08 85 920
MeO
o}
X
3¢ /©/\)L N@ 7c 10 88 91 89
Bu
0
S
47 @A/\)\NQ d 5 43 92 96
0
/\/\)L
59 N@ 7e 5 42 91 989
)\/\)?\
X
8¢ N@ 7f 5 42 89 979
o
X
70 >‘/\)LN§ 79 5 88 87 90
o
X
8c ©/\)LN® 7h 20 139 78 93
0
goe G)L N@ 7i 5 p 19?1), 88”83’

alsolated yield? Determined by chiral HPLCEWith 1 equiv of
TMSCN. 9With 0.5 equiv of TMSCNEThe reaction experiment was
performed at room temperaturféRatio of trans/cis? Absolute configuration
was determined as shown in the above schérEmantiomeric excess of
trans isomer. The absolute configuration was determined to RESRR
"Enantiomeric excess of cis isomer. The absolute configuration was
determined to be @3R).

in the nervous system, was synthesized in four steps féam
through hydrogenation of the cyanide and lactam formétion.
Second, pregabalif, an important anticonvulsant drug, was
synthesized in two steps froBf. Third, trans-cyclopentanedicar-
boxylic acid, a useful chiral building block, was synthesized in two
steps fromtrans-8i.

In conclusion, we developed a catalytic enantioselective conju-
gate addition reaction of cyanide tgS-unsaturatedN-acylpyrroles
using the chiral gadolinium catalyst generated from GE(and
D-glucose-derived ligan@. This reaction expands the previous
substrate scope significantly; substrates witlaryl and -vinyl
substituents and,S-disubstituted substrates can now be used. Using

this reaction as a key step, short-step syntheses of several

Scheme 1. Conversion of the Products to Useful Compounds
1) Hy, Pd/C, AcOH
o DHCUEOH /(/& _known® :l\)\
3) EtsN

87% (3 steps) ﬂ-phenyI-GABA

g 1 MNaOH )\/'\)J\o known'a w
Toa%
(ent) pregabahn
CO.H
1) 1 MNaOH
trans-8i

2) 12 MHCI
71% (2 steps)

E& /CO,H

pharmaceuticals and their lead compounds were achieved. Detailed
mechanistic studies and efforts to further improve the efficiency
are in progress.
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