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ABSTRACT

An efficient conjugate hydrocyanation of awide range of o,B-unsaturated
esters and enones with acetone cyanohydrin has been developed with
excellent yields (85-99%) using Cs,CO, as the catalyst. Mild reaction
condition, low catalyst loading and short reaction time make this protocol
© 2014 Trade Sciencelnc. - INDIA

much practical.

INTRODUCTION

The conjugate addition of cyanideto a,f-unsatur-
ated carbonyl compoundsisone of themost important
C-C bondformation in organic chemistry. In addition,
it hasbeen extensvely utilizedin providing efficient syn-
theticaly vauablebuildingblocks?, and dsowiddy em-
ployedinthe syntheses of complex natural products®?
and pharmaceutical §%).

Thefirst examplewas documented by Jacobsen
and co-workerg¥, who described chiral salen-Al(l11)
and bimetallic cooperative catalyst systems for the
enantiosd ective 1,4-addition of trimethylsilyl cyanide
(TMSCN) to o, B-unsaturated imides. Fromthat time
on, 1,4-addition of cyanideto a,B-unsaturated carbo-
nyl compoundsga ned amushroom growth. Shibasaki’s
group firstly reported polymetalic Gd(I11) catalystsfor
the cyanation of o, B-unsaturated N-acyl pyrroles“d and
enones**#d, Then Ru complex was disclosed by
Ohkuma’s group®, chira phasetransfer catdysts(PTC)
by Deng’s group!®, and cinchona alkaloid catal ysts by
Shibata’s group! for the 1,4-addition of cyanideto
enones. Besides, Feng and co-workers® described
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catalytic asymmetric cyanation of diethyl
akylidenema onatewith ethyl cyanoformate by amodu-
lar Titanium catayst. Though these significant achieve-
ments have been made, a practical and general
regiosel ective 1,4-addition of cyanideto abroad scope
of a,B-unsaturated carbonyl compoundsisstill highly
demanding. Up to now, some attempts have been
made®, but these methods required complicated ex-
perimental proceduresand resultedinlow yields. Fur-
thermore, the substrate scope was narrow.

Previously, we reported CsF and Cs,CO,-cata-
lyzed conjugate addition of TM SCN to enones ana-
logueswith excellent yieldd'9. As extension of these
works, afacile and efficient Cs,CO,-catalyzed 1,4-
addition hasbeen devel oped with inexpensiveand easy
to handl e cyanati on reagent (acetone cyanohydrin) to
a,B-unsaturated estersand enones.

EXPERIMENTAL SECTION

General information
NMR spectrawere recorded on the Bruker AVIII
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400 or Bruker AV 111 500 spectrometers. Chemicd shifts
wererecordedinunitsof partsper million (ppm) downfidd
fromMe,S and relativetothesignd of CDCI.. ThelR
gpectrawererecorded on aPerkin-Elmer Spectrum One
withKBr pdletsfor solidsand asfilmsfor liquids. The
dementd andyseswerepeaformed onan Elementar Vario
MICRO CUBE instrument. ESI-HRM S spectrawere
recorded on aBruker Apex IV FTMSinstrument. All
melting pointsweredetermined onaXT4A mdting point
gpparatus and uncorrected. Analytical thin layer chro-
matography (TLC) was performed using F254 pre-
coated silicagel plate. Column chromatography was
performedwith slicagd (200-300 mesh).

Acetonecyanohydrinsand Cs,CO, were commer-
cidly availableand used directly without further purifi-
cation. Solventsusedin thecatdyticreactionsweredried
under argon prior to use. Thea,B-unsaturated diesters
(1a-n) were prepared by Knoevenagel condensation
of corresponding aldehydes and dialkyl malonate?.
Enones(4a-y) weresynthes zed according totheknown
literature procedures®.

CAUTION: Acetone cyanohydrinis poison and
should only beused in awell-ventilated hood.

General procedurefor synthesisof g-cyanoesters
(3) and p-cyanoketones (5)

Cs,CO, (4.9mg, 0.015 mmol, 5mol%, or 1.0 mg,
0.003mmol, 1 mol%), o, B-unsaturated diesters/enones
(0.3mmol) andH,0 (22 uL, 1.2 mmoal, 4 equiv) were
takeninadry Schlenk tube, then acetone cyanohydrin
(33pL, 0.45mmol, 1.5equiv, or 44 uL, 0.60 mmol, 2
equiv) wereadded toit. Thereaction tubewas sealed
and subsequently heated at 102 °C in the open air. Af-
ter completion (monitored by TLC), thereaction mix-
ture was extracted by ethyl acetate (3x15 mL). The
combined organiclayer waswashed with brine, dried
over Na,SO, and concentrated under reduced pres-
sure. The crude products were purified by silicagel
column chromatography (petroleum ether/EtOAC =
10:1, v/v) to afford the corresponding products.

Ethyl 2-car bethoxy-3-cyano-3-phenylpropionate
(3a)

Yield: 98%, 81 mg; Oil. 'H NMR (500 MHz,
CDCl,)4,,,1.08(t, = 7.5Hz 3H), 1.30(t, J= 7.5
Hz, 3H), 3.89 (d, J= 9.5Hz, 1H), 4.02-4.09 (m, J=
7.0, 2.5Hz, 2H), 4.28 (g, J= 7.0 Hz, 2H), 4.51 (d, J

= Fyl) Paper
= 9.5 Hz, 1H), 7.34-7.38 (m, 5H).

Ethyl 2-carbethoxy-3-cyano-3-(4-fluorophenyl)
propionate (3b)

Yield: 90%, 79 mg; Oil. *H NMR (400 MHz,
CDCl,) 4, 1.12(t,J= 7.2Hz,3H), 1.30(t, J= 7.2
Hz 3H), 3.86 (d, J= 9.6 Hz, 1H), 4.04-4.14 (m, 2H),
4.29 (q, J= 7.2 Hz, 2H), 4.52 (d, J= 9.2 Hz, 1H),
7.07 (t, J= 8.4 Hz, 2H), 7.36-7.39 (m, 2H).

Ethyl 2-carbethoxy-3-cyano-3-(4-chlorophenyl)
propionate (3c)

Yield: 92%, 86 mg; Oil. 'H NMR (400 MHz,
CDCl,) 4, 1.12(t,J= 7.2Hz,3H), 1.30(t, J= 7.2
Hz 3H), 3.85(d, J= 9.6 Hz, 1H), 4.04-4.12 (m, 2H),
4.25-4.31 (m, 2H), 4.50 (d, J = 9.6 Hz, 1H), 7.31-
7.37 (m, 4H).

Ethyl 2-car bethoxy-3-cyano-3-(4-bromophenyl)
propionate (3d)

Yield: 97%, 103 mg; Oil. *H NMR (400 MHz,
CDCl): 6, 1.12(t, J= 7.2 Hz, 3H), 1.29 (t, J= 7.2
Hz 3H), 3.84 (d, J= 9.6 Hz, 1H), 4.05-4.12 (m, 2H),
4.25-4.32 (m, 2H), 4.49 (d, J = 9.6 Hz, 1H), 7.25-
7.53 (m, 4H).

Ethyl 2-car bethoxy-3-cyano-3-(4-methylphenyl)
propionate (3e)

Yield: 92%, 82 mg; Oil. 'H NMR (400 MHz,
CDCl,)d,,.; 1.10(t, J= 7.2Hz,3H), 1.30(t, J= 7.2
Hz, 3H), 2.33 (s, 3H), 3.87 (d, J= 9.6 Hz, 1H), 4.04-
4.10 (m, 2H), 4.28 (q, J= 7.2 Hz, 2H), 4.48 (d, J =
9.6 Hz, 1H), 7.16 (d, J= 8.0 Hz, 2H), 7.24 (d, J =
8.0Hz 2H).

Ethyl 2-car bethoxy-3-cyano-3-(4-methoxyphenyl)
propionate (3f)

Yield: 95%, 89 mg; Oil. *H NMR (400 MHz,
CDCl,)d,,,; L1L(t, J= 7.2Hz 3H), 1.30(t, J= 7.2
Hz, 3H), 3.80 (s, J= 9.6 Hz, 3H), 3.85(d, J= 9.6 HZ,
1H), 4.04-4.11 (m, 2H), 4.28 (g, J = 7.2 Hz, 2H),
4.47 (d, J= 10.0 Hz, 1H), 6.89 (d, J= 8.8 Hz, 2H),
7.28 (d, J= 8.8 Hz, 2H).

Ethyl 2-Car bethoxy-3-cyano-3-(4-biphenyl) propi-
onate (39)

Yield: 91%, 96 mg; White solid, mp 100-102 °C.
*H NMR (400 MHz, CDCl,) 6, - 1.10(t, J= 7.2Hz,
3H),1.31(t,J=7.2Hz J= 9.6 Hz 3H),3.93(d, J=
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7.2 Hz, 1H), 4.09 (g, J= 7.2 Hz, 2H), 4.30 (g, J =
7.2Hz, 2H), 4.57 (d, J= 9.6 Hz, 1H), 7.35-7.39 (m,
1H), 7.43-7.48 (m, 4H), 7.55-7.61 (m, 4H).

Ethyl 2-car bethoxy-3-cyano-3-(3- fluorophenyl)
propionate(3h)

Yield: 95%, 83 mg; Qil. 'H NMR (500 MHz,
CDCI3) d,,,; 1.13(t, J= 7.0 Hz 3H), 1.30 (t, J =
7.0Hz 3H),3.87 (d, J= 7.0 Hz, 1H), 4.07-4.13 (m,
2H), 4.27-4.31 (m, 2H), 4.53 (d, J = 9.5 Hz, 1H),
7.05-7.13 (m, 2H), 7.18 (d, J = 8.0 Hz, 1H), 7.37-
7.39 (m, 1H).BC NMR (125 MHz, CDCl,): 6, 165.2,
165.0, 162.5 (d, \J_ . = 247.0 H2), 134.1(d, 3], =
7.5H2),130.6 (d, )., = 8.3H2), 123.7,117.8, 115.9
(d, 2. .= 20.9Hz), 115.3(d, 2] . = 22.9 Hz), 62.5,
62.3, 56.0, 36.0, 13.7, 13.5. IR (neat): v = 1733,
2248 cm’. HRMS calcd for C H, FNO,[M + H] *
294.1136, found 294.1144.

Ethyl 2-car bethoxy-3-cyano-3-(3-methoxyphenyl)
propionate(3i)

Yield: 98%, 90 mg; Oil. 'H NMR (400 MHz,
CDCl)d,,,; L1L(t,J= 7.2 Hz 3H), 1.31(t, = 7.2
Hz, 3H), 3.81 (s, 3H), 3.88 (d, J= 9.6 Hz, 1H), 4.04-
4.14 (m, 2H), 4.29 (q, J= 7.2 Hz, 2H), 4.49 (d, J=
10.0 Hz, 1H), 6.87-6.95 (m, 3H), 7.28-7.30 (m, 1H).
Ethyl 2-car bethoxy-3-cyano-3-(3-phenoxy-phenyl)
propionate(3j)

Yield: 93%, 102 mg; Oil. 'H NMR (400 MHz,
CDCl) 4, 1.13(t, J= 7.2Hz,3H), 1.29(t, = 7.2
Hz, 3H), 3.86 (d, J= 9.6 Hz, 1H),4.09(q, J= 7.2
Hz, 2H), 4.27 (9, J= 7.2 Hz, 2H), 4.48 (d, J= 9.6
Hz, 1H), 6.96-7.01 (m, 4H), 7.09-7.16 (m, 2H), 7.31-
7.38 (m, 3H).

Ethyl 2-car bethoxy-3-cyano-3-(2-chlor ophenyl)
propionate (3k)

Yield: 90%, 84 mg; Oil. 'H NMR (400 MHz,
CDCl) 4, 119(t,J= 7.2Hz 3H), 1.26 (t, J= 7.2
Hz 3H),4.09(d, J= 7.6 Hz, 1H), 4.17 (g, J= 7.2 Hz,
2H), 4.21-4.31 (m, 2H), 4.96 (d, J= 7.6 Hz, 1H), 7.31-
7.35(m, 2H), 7.41-7.45 (m, 1H), 7.55-7.58 (m, 1H).
Ethyl 2-car bethoxy-3-cyano-3-(2-bromophenyl)
propionate(3l)

Yield: 96%, 102 mg; Oil. 'H NMR (500 MHz,
CDCl) 4, 1.21(t,J= 7.0Hz 3H), 1.26(t, J= 7.0
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Hz 3H), 4.08 (d, J= 8.0Hz 1H), 4.18-4.28 (m, 4H),
4.98 (d, J= 8.0 Hz, 1H), 7.23-7.27 (m, 2H), 7.35-
7.39 (m, 1H), 7.59-7.61 (m, 1H).

Diethyl 2-(benzo(d)(1,3)dioxol-5-yl(cyano)methyl)
malonate (3m)

Yield: 99%, 95 mg; Oil. *H NMR (400 MHz,
CDCl,) 4, 1.14(t,J= 7.2Hz,3H), 1.31(t, J= 7.2
Hz, 3H), 3.83 (d, J = 10.0 Hz, 1H), 4.06-4.14 (m,
2H), 4.23-4.33 (m, 2H), 4.43 (d, J = 10.0 Hz, 1H),
5.98 (s, 2H), 6.77-6.85 (m, 3H).

Dimethyl 2-car bethoxy-3-cyano-3-
phenylpropionate(3n)

Yield: 95%, 71 mg; Oil. *H NMR (500 MHz,
CDCl,) 5ppm: 3.61(s, 3H), 3.82(s, 3H),3.93(d, J=
9.5Hz 1H),4.53(d, J= 9.5Hz 1H), 7.34-7.40 (m,
5H). *CNMR (125 MHz, CDCl,) . - 132.0,129.3,
129.1,128.1,118.5,56.3,53.4,53.2, 36.7. IR (neat):
v cm’ 1735, 2246. HRMS: caled for CH,,NO,
[M+H]* 248.0917, found 248.0925.

4-Oxo-2,4-diphenylbutanenitrile(5a)

Yield: 99%, 70 mg; White solid, mp 121-123 °C.
'H NMR (400 MHz, CDCl,) o 3-52(dd, J=18.0,
6.0 Hz, 1H), 3.74 (dd, J = 18.0, 8.0 Hz, 1H), 4.57
(dd, J= 8.0, 6.0 Hz, 1H), 7.34-7.50 (m, 7H), 7.58-
7.62 (m, 1H), 7.92-7.94 (m, 2H).
2-(4-Fluor ophenyl)-4-oxo-4-phenylbutanenitrile
(5b)

Yield: 98%, 74 mg; white solid, mp 99-102 °C.
'H NMR (400 MHz, CDCl,): ¢, 3.51 (dd, J= 17.9,
6.5Hz 1H),3.71(dd, J= 17.9, 7.2 Hz, 1H), 4.57 (t,
J= 6.9 Hz, 1H), 7.05-7.11 (m, 2H), 7.39-7.49 (m,
4H), 7.58-7.62 (m, 1H), 7.91-7.93 (m, 2H).

2-(4-Chlor ophenyl)-4-oxo-4-phenylbutanenitrile
(5¢c)

Yield: 96%, 78 mg; white solid, m.p. 110-113
°C. 'H NMR (300 MHz, CDCl,) O 3-93 (dd, J =
18.0, 4.5 Hz, 1H), 3.68 (dd, J= 18.0, 9.4 Hz, 1H),
4.93 (dd, J= 9.4, 45 Hz 1H), 7.26-7.38 (m, 2H),
7.42-7.50 (m, 3H), 7.58-7.62 (m, 1H), 7.67-7.79 (m,
1H), 7.94-7.96 (m, 2H).
2-(4-Bromophenyl)-4-oxo-4-phenylbutanenitrile
(5d)

Yield: 97%, 91 mg; white solid, m.p. 117-118

Au Tudian Yournal



OCAIJ, 10(7) 2014

Fu-Xue Chen et al.

289

°C. 'H NMR (400 MHz, CDCl,) O 3-90 (dd, J=
18.0, 6.5 Hz, 1H), 3.71 (dd, J= 18.0, 7.3 Hz, 1H),
455 (t, J= 6.9 Hz, 1H), 7.32-7.33 (m, 2H), 7.46-
7.53 (m, 4H), 7.59-7.62 (m, 1H), 7.90-7.92 (m, 2H).
2-(4-Methylphenyl)-4-oxo-4-phenylbutanenitrile
(5e)

Yield: 97%, 91 mg; White solid, mp 120-123 °C.
'H NMR (400 MHz, CDCl.) Oppm: 2-34 (s, 3H), 3.49
(dd, J= 17.9, 6.1 Hz, 1H), 3.70 (dd, J= 17.9, 7.9
Hz, 1H), 4.53 (dd, J= 7.8,6.2 Hz 1H), 7.19(d, J=
8.0Hz 2H), 7.31(d, J= 8.0 Hz, 2H), 7.44-7.48 (m,
2H), 7.57-7.61 (m, 1H), 7.90-7.93 (m, 2H).

2-(4-M ethoxyphenyl)-4-oxo-4-phenylbutanenitrile
(5)

Yield: 99%, 79 mg; white solid, m.p. 112-114
°C. 'H NMR (400 MHz, CDCl,) 5ppm: 349 (dd, J=
17.9, 6.3 Hz, 1H), 3.69 (dd, J= 17.9, 7.7 Hz, 1H),
3.80 (s, 3H), 4.52 (dd, J = 7.4, 6.5 Hz, 1H), 6.89-
6.91 (m, 2H), 7.33-7.36 (m, 2H), 7.45-7.49 (m, 2H),
7.57-7.61 (m, 1H), 7.91-7.93 (m, 2H).

2-(3-Fluor ophenyl)-4-oxo-4-phenylbutanenitrile
(59)

Yield: 93%, 71 mg; white solid, m.p. 99-100 °C.
'H NMR (400 MHz, CDCl,) 5ppm: 3.51(dd,J=17.9,
6.5Hz 1H), 3.71(dd, J= 17.9, 7.2 Hz, 1H), 4.57 (t,
J=6.9Hz 1H), 7.05-7.11 (m, 2H), 7.39-7.49 (m,
4H), 7.58-7.62 (m, 1H), 7.91-7.93 (m, 2H).

2-(3-M ethoxyphenyl)-4-oxo-4-phenylbutanenitrile
(5h)

Yield: 97%, 77 mg; white solid, m.p. 107-109
°C. 'H NMR (400 MHz, CDCl,) 5ppm 348 (dd, J=
17.9, 6.3 Hz, 1H), 3.69 (dd, J= 17.9, 7.7 Hz, 1H),
3.80 (s, 3H), 4.52 (dd, J= 7.4, 6.5 Hz, 1H), 6. 91-
6.94 (m, 2H), 7.26-7.44 (m, 5H), 7.89-7.91 (m, 2H).

2-(3-phenoxy-phenyl)-4-oxo-4-phenylbutanenitrile
(5i)

Yield: 99%, 97 mg; white solid, m.p. 93-94 °C.
'H NMR (500 MHz, CDCl,) 5ppm: 3.49(dd, J=18.0,
6.0 Hz, 1H), 3.70 (dd, J= 18.0, 8.0 Hz, 1H), 4.51
(dd, J= 8.0, 6.0 Hz, 1H), 6.92-7.17 (m, 6H), 7.31-
7.60 (m, 6H), 7.91 (d, J = 7.5 Hz, 2H). *C NMR
(125MHz CDCl,) 5ppm: 194.7, 158.4, 156.6, 137.3,
135.9, 134.2, 130.8, 130.1, 129.1, 128.3, 124.1,
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122.2, 120.6, 119.5, 118.5, 117.9, 44.5, 32.0. IR
(neat): vem’ 1685, 2244. Anal. calcd for
C,HNO, C, 80.71; H, 5.23; N, 4.28. Found: C,
80.68; H, 5.25; N 4.28.

2-(2-Chlor ophenyl)-4-oxo-4-phenylbutanenitrile
@)

Yield: 92%, 74 mg; white solid, m.p. 100-102
°C. 'H NMR (400 MHz, CDCl,) O 3-93 (dd, J =
18.0, 4.5 Hz, 1H), 3.68 (dd, J= 18.0, 9.4 Hz, 1H),
4.93 (dd, J = 9.4, 4.5 Hz, 1H), 7.26-7.38 (m, 2H),
7.42-7.50 (m, 3H), 7.58-7.62 (m, 1H), 7.67-7.79 (m,
1H), 7.94-7.96 (m, 2H).
2-(2,4-Dichlorophenyl)-4-0ox0-4-
phenylbutanenitrile (5k)

Yield: 90%, 82 mg; white solid, m.p. 89-91 °C.
'H NMR (400 MHz, CDCl,) o 3-52(dd, J=18.0,
4.7 Hz, 1H), 3.67 (dd, J = 18.0, 9.2 Hz, 1H), 4.88
(dd, 3= 9.0, 4.7 Hz, 1H), 7.33-7.36 (m, 1H), 7.45-
7.50 (m, 3H), 7.59-7.63 (m, 2H), 7.93-7.95 (m, 2H).

2-(2-Bromophenyl)-4-oxo-4-phenylbutanenitrile
(51)

Yield: 99%, 93 mg; white solid, m.p. 95-97 °C.
'H NMR (500 MHz, CDCl,): ¢,, 3.53 (dd, J= 18.0,
4.5 Hz, 1H), 3.66 (dd, J = 18.0, 9.5 Hz, 1H), 4.92
(dd, J= 9.5, 4.0 Hz, 1H), 7.22-7.26 (m, 1H), 7.39-
7.50 (m, 3H), 7.59-7.62 (m, 2H), 7.69-7.71 (m, 1H),
7.94-7.96 (m, 2H). *C NMR (125 MHz, CDClL,): J,.
194.4, 135.6, 134.4, 134.0, 133.6, 130.1, 129.5,
128.9, 128.5, 128.2, 122.9, 119.8, 42.8, 32.5. IR
(neat): vem’ 1685, 2247. Anal. calcd for
CH.,BrNO: C, 61.17; H, 3.85; N, 4.46. Found: C,
61.48; H, 4.05; N 4.44.

2-(2-M ethoxyphenyl)-4-oxo-4-phenylbutanenitrile
(5m)

Yield: 90%, 72 mg; white solid, m.p. 84-86 °C.
'H NMR (400 MHz, CDCl,) 5ppm: 3.50(dd, J=17.9,
4.9Hz, 1H), 3.65 (dd, J= 17.9,9.0Hz, 1H), 3.87 (s,
3H), 4.78 (dd, J = 9.0, 4.8 Hz, 1H), 6.91-7.02 (m,
2H), 7.31-7.33 (m, 1H), 7.45-7.51 (m, 3H), 7.57-
7.61 (m, 1H), 7.93-7.95 m(m, 2H).

4-(4-Fluor ophenyl)-4-oxobutanenitrile (5n)

Yield: 98%, 74 mg; white solid, m.p. 97-99 °C.
'H NMR (400 MHz, CDCl,) Oom 347 (dd,J=17.9,
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6.0 Hz, 1H), 3.70 (dd, J = 17.9, 8.1 Hz, 1H), 4.55
(dd, J= 8.0, 6.0 Hz, 1H), 7.12-7.16 (m, 2H), 7.32-
7.34(m, 5H), 7.45-7.49 (m, 2H), 7.94-7.98 (M, 2H).

4-(4-Chlor ophenyl)-4-oxobutanenitrile (50)

Yield: 98%, 79 mg; white solid, mp 110-112 °C.
'H NMR (300 MHz, CDCl,): ¢, 3.46 (dd, J= 17.9,
6.0 Hz, 1H), 3.69 (dd, J= 17.9, 8.0 Hz, 1H), 454
(dd, J= 7.8, 6.1 Hz, 1H), 7.26-7.45 (m, 7H), 7.84-
7.87 (d, J= 8.7 Hz, 2H).

4-(4-Bromophenyl)-4-oxobutanenitrile (5p)

Yield: 95%, 90 mg; White solid, m.p. 120-123
°C. *H NMR (300 MHz, CDCl,) 6, : 3.45 (dd, J =
17.9, 5.9 Hz, 1H), 3.680 (dd, J= 17.9, 8.0 Hz, 1H),
4.53(dd, J = 7.9, 6.1 Hz, 1H), 7.25-7.43 (m, 5H),
7.58-7.61(d, J= 8.4 Hz 2H), 7.78-7.75(d, J= 8.4
Hz 2H).

4-(4-M ethylphenyl)-4-oxobutanenitrile (5q)

Yield: 94%, 70 mg; white solid, mp 71-72 °C. H
NMR (300 MHz, CDCl) 5, : 3.48(dd, J= 17.8, 6.0
Hz, 1H), 3.71(dd, J= 17.8, 7.9 Hz, 1H), 458 (t, J=
6.8 Hz, 1H), 7.34-7.49 (m, 7H), 7.98-7.94 (m, 1H).

4-(4-M ethoxyphenyl)-4-oxobutanenitrile (5r)

Yield: 99%, 79 mg; white solid, m.p. 79-83 °C.
'HNMR (400MHz CDCl,) 5, : 3.45(dd, J= 17.7,
6.1Hz 1H), 3.67 (dd, J= 17.7,8.0Hz, 1H), 3.86 (s,
3H), 4.56 (dd, J= 7.9, 6.1 Hz, 1H), 6. 91-6.94 (m,
2H), 7.26-7.44 (m, 5H), 7.89-7.91 (m, 2H).
4-(3-Bromophenyl)-2-(4-methoxyphenyl)-4-
oxobutanenitrile (59)

Yield: 94%, 97 mg; white solid, m.p. 94-97 °C.
'HNMR (400 MHz, CDCl,) 5, : 3.50 (dd, J= 17.9,
4.9Hz 1H), 3.65(dd, J= 17.9,9.0Hz 1H), 3.87 (s,
3H), 4.78 (dd, J = 9.0, 4.8 Hz, 1H), 6.91-7.02 (m,
2H), 7.31-7.33 (m, 1H), 7.45-7.51 (m, 3H), 7.57-
7.61 (m, 1H), 7.93-7.95 (m, 2H).
2-Methyl-4-oxo-4-phenylbutanenitrile (5t)

Yield: 96%, 50 mg; Oil. 'H NMR (500 MHz,
CDCl)d,,: 1.43(d, J= 7.0Hz 3H), 3.23(dd, J=
18.0, 6.5 Hz, 1H), 3.35 (dd, J = 13.5, 6.5 Hz, 1H),
3.42(dd, J= 17.0, 6.0 Hz, 1H), 7.48-7.51 (m, 2H),
7.60-7.63 (m, 1H), 7.95-7.96 (m, 2H).
2—(1,1-Dimethylethyl)-4-oxo0-4-phenylbutanenitrile
(5u)

@Wu'c CHEMISTRY —

Yield: 86%, 55 mg; white solid, mp 116-118 °C.
'H NMR (400 MHz, CDCl,) O 1.13 (s, 9H), 3.15-
3.21(m, 2H), 3.37(dd, J= 18.0,10.0Hz, 1H), 7.48-
7.52(m, 2H), 7.60-7.63(m, 1H), 7.96-7.98 (m, 2H).
2-Cyclohexyl-4-oxo-4-phenylbutanenitrile (5v)

Yield: 85%, 62 mg; white solid, m.p. 138-140
°C. 'H NMR (400 MHz, CDCl,) O 1.22-1.32 (m,
5H), 1.60-1.92(m, 6H), 3.24-3.32(m, 2H), 3.42 (dd,
J=19.2,9.2 Hz, 1H), 7.46-7.53 (m, 2H), 7.61-7.65
(m, 1H), 7.97-7.99 (m, 2H).

4-Oxo-2-propylbutanenitrile (5w)

Yield: 98%, 37 mg; Oil. *H NMR (500 MHz,
CDCl) o, 0.96 (t, J= 8.0 Hz, 3H), 1.47-1.61
(m, 4H), 2.21 (s, 3H), 2.68 (dd, J = 18.5, 6.5 Hz,
1H), 2.86 (dd, J= 17.6, 5.6 Hz, 1H), 3.05-3.09 (m,
1H).
4-Oxo-2-propylpentanenitrile (5x)

Yield: 99%, 41mg; Oil. *H NMR (500 MHz,
CDCl) o, 0.96 (t, J= 8.0 Hz, 3H), 1.47-1.61
(m, 4H), 2.21 (s, 3H), 2.68 (dd, J = 18.5, 6.5 Hz,
1H), 2.86 (dd, J= 17.6, 7.0Hz, 1H), 3.05-3.09 (m,
1H).
2-(2-Oxopropyl)heptanenitrile (5y)

Yield: 97%, 49 mg; Oil. 'H NMR (500 MHz,
CDCl)) d,,,: 0.90(t, J= 7.0Hz, 3H), 1.31-1.33 (m,
4H), 1.41-1.62 (m, 4H), 2.21 (s, 3 H), 2.68 (dd, J =
18.5, 6.5 Hz, 1H), 2.87 (dd, J= 18.0, 7.5 Hz, 1H),
3.02-3.07 (m, 1H).

RESULTSAND DISCUSSION

Diethyl akylidenemalonate ((1a), 0.15mmol) and
acetone cyanohydrin ((2), 2 equiv) was selected asa
model system with water (4 equiv) astheadditivein
reflux THF (1 mL). A series of Lewis acids were
screened for their cgpability to catalyzethe synthesis of
-cyano esterswithresultslisted in TABLE 1. Inthe
presence of Na,CO, or K,CO,, the desired product
(3a) wasobtained, dbeitinalow yield (entries 1-2).
Fortunately, whenthestrong akali Cs,CO, was used,
theyield wasgresatly enhanced to 90% (entry 3). How-
ever, other cesium salts such as CsCl and CsF,™ pro-
moted thereactionin comparatively low yieds (entries
4-5). A survey of catalysts revealed Cs,CO, as the
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TABLE 1: Effectsof catalyst, solvent and temper atureon the
conjugatehydrocyanation of (1a) with acetone cyanchydrin

CN
b COOEt . oH

L oort . )Q catalyst, H,0O (4 equiv) Ph COOEt
solvent, temperature COOEt
la 2
3a

a Catalyst Temp. VYield

Entr Solvent o b
[10 mal%] [°C] [%]
1 Na,CO3 THF 68 17
2 K,CO3 THF 68 39
3 Cs,CO3 THF 68 90
4 CsCl THF 68 10
5 CsF THF 68 71
6 Cs,CO3 MTBE 58 NR
7 Cs,CO; dioxane 102 97

8 Cs,CO; toluene 110 trace
9 Cs,CO3 DMF 102 85
10 Cs,CO3 CHsCN 102 82
11 Cs,CO; dioxane 40 42
12 Cs,CO; dioxane 80 89
13 Cs,CO; dioxane 120 98

aConditions: 1a (0.15 mmal), 2 (2 equiv), solvent (1 mL), 1 h;
bIsolated yield; MTBE = methyl tert-butyl ether. NR = no reac-
tion

effectivecatayd.

Thereaction wasfound to be strongly solvent de-
pendent. No product wasobservedinMTBE (TABLE
1, entry 6). Replacement of THFwith dioxaneenhanced
the yield to 97% (entry 7), while toluene, DMF or
CH_CN led to lower yield (entries 8-10). Tempera-
turewasa so asignificant factor for catalyst efficiency.
Whenincreasing the reaction temperaturefrom40 °C
to reflux temperature, theyield increased stepwise (en-
try 7, entries 11-12). However, over-heated dioxane
couldn’t improve the reaction rate any more (entry 13).
Therefore, theoptima reaction mediumisinreflux di-
oxane.

Further, various additiveswere screened summa-
rizinginTABLE 2. 4 Equivaentsof H,Owasfoundto
be better than other al coholsand phenols (entry 1 vs.
entries 2-3). Neither more nor less amount of water
couldimprovetheyield (entries4-6 vs. entry 1). Sub-
sequently, effectsof catalyst |oading and the concen-
tration of substrate (1a) wereinvestigated. Asthecon-
centrationincreasingfrom0.075M to 0.60 M theyidd

—= Pyl Peper

TABLE 2: Effectsof catalyst loading, additiveand concentra-
tion of (1a) on theconjugatehydrocyanation

CN
Ph/\/COOEt+ NC. OH (Cs,C0,, additive COOEt
COOEt _
dioxane, reflux COOEt
la 2 3a
E Catalyst Additive Concn. Yield
n
[mol%]1° [equiv] ® [mol-LY e [9%]¢

1 10 H,O (4) 0.15 97

2 10 iPrOH (4) 0.15 44

3 10 2-tBuPhOH (4) 0.15 68

4 10 H,O (2) 0.15 85

5 10 H,0O (6) 0.15 70

6 10 H,0 (8) 0.15 46

7 1 H,0 (4) 0.075 72

8 1 H,O (4) 0.15 85

9 1 H.0 (4) 0.30 90

10 1 H,0 (4) 0.60 94

11 5 H,0 (4) 0.60 99

128 5 H,O (4) 0.60 98

aUnless otherwise noted, all reactions were performed with la
(0.15 mmol) and (2) (0.3 mmol, 2 equiv) by Cs,CO, in refluxing
dioxane under argon, 4 h; * Relative to (1a); ¢Concentration of
1a; YIsolated yield; ¢ The reaction was conducted with (1a) (0.3
mmol) and (2) (0.45 mmol, 1.5 equiv);  The reaction was per-
formed open to air

wasimproved from 72%to 94% at the catal yst | oading
of 1mol% of Cs,CO, (entries7-10). Reasonably, the
reaction afforded full conversona 0.60M with5mol%
of Cs,CO, (entry 11) within much shorter 1 h. In addi-
tion, excellent yield was a so obtained with 1.5 equiva-
lents of acetone cyanohydrinand opentoair condition
aswdll (entry 12).

Thus, the optimal conditionsare a.,3-unsaturated
esters((1), 0.60 M) and acetone cyanohydrin ((2), 1.5
equiv) catalyzed by Cs,CO, (5 mol%) with water (4
equiv) asadditivein refluxing dioxane. And substrate
scope was eval uated under optimized reaction condi-
tionswith datain TABLE 3. Highyiel dswere obtained
regardless of the nature and thel ocation of substituent
on the benzenering of substrate (3a-n). With halogen
substituent at para-position, theyield decreasesdightly
ashigher electron-negativity is(entries2-4). Accord-
ingly, those substrates bearing  ectron-donating groups
gave higher yidds(entries5-7). Ortho- and meta-sub-
stituted substrateswere al so tol erated with excellent
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TABLE 3: Substrate scopeof Cs,CO_-catalyzed conjugate  TABLE 4: Substrate scope of Cs,CO,-catalyzed conjugate

hydrocyanation of a, B-unsaturated esters

Cs,COj3 (5 mol%) CN
N COOEt+ N<3)<OH H,O (4 equiv) X COOEt
COOEt (L5 equiv) dioxane, reflux, 1 h COOEt
1 2 3
Entry? Product Yield[%]°
1 3a, R=Ph 98
2 3b, R=4-FCgH, 90
3 3c, R=4-CICgH, 92
4 3d, R = 4-BrCgH, 97
5 3e, R=4-MeCgH, 91
6 3f, R = 4-MeOCgH, 98
7 30, R = 4-PhCeH4 91
8 3h, R = 3-FCgH,4 95
9 3i, R=3-MeOC¢H, 98
10 3j, R=3-PhOCsH, 93
11 3k, R = 2-CIC¢H, 20
12 3, R=2-BrC¢H, 96
13 3m, 99
R = 3,4-methylenedioxyphenyl
14 3n, R=Ph 95

@Reaction conditions: (1) (0.3 mmoal), (2) (0.45 mmol, 1.5
equiv), Cs,CO,(0.015mmol, 5mol%), H,O (4 equiv), dioxane
(0.5mL), reflux, 1 h; Plsolated yield

yields (entries8-13). Furthermore, the ester moiety
changing from ethyl to methyl didn’t affect catalyst effi-
ciency affording pB-cyanoester (3n) in 95% yield
(TABLE 3, entry 14).

Encouraged by the good substrate scopefor the
above conditionsto o,-unsaturated diesters, wethen
proceeded to extend this catal yst systemto other o, 3-
unsaturated compounds. Asshownin TABLE 4, chal-
cone (4a) wasfully consumed with acetone cyanohy-
drin (2 equiv) by Cs,CO, (1 mol%) with water (4
equiv) asthe additivein refluxing dioxane. Electron-
rich and el ectron-deficient substituentson the benzene
ring and alkyl groupsat the R* position on the double
bond terminus were well tolerated, providing -
cyanoketones (5b-5m) and (5t-5v) inhighyields (en-
tries 1-13, and 20-22). The substituents at the R?2
position could a so be varied without any discernible
issue under the optimized reaction conditions (entries
14-19). It’s noteworthy that the present protocol can

hydrocyanation of enones
NC. OH Cs,CO3 (1 mol%),

O ’ CN O
Rl/\)J\RZ X > H,O (4 equiv) - .
(2 equiv) dioxane, reflux, 4 h
4 2 5
Yield
Entry® Product R* R? )

[%]

1 5a Ph Ph 99
2 5b 4-FC¢H,4 Ph 98
3 5¢ 4-CIC¢H,4 Ph 96
4 5d 4-BrCgH, Ph 97
5 5e 4-MeCgH,4 Ph 97
6 5f 4-MeOCgH,4 Ph 99
7 59 3-FC¢H4 Ph 93
8 5h 3-MeOCeH,4 Ph 97
9 5i 3-PhOCeH, Ph 99
10 5] 2-CICgH4 Ph 92
11 5k 2,4-Cl,CgH3 Ph 90
12 51 2-BrCeH, Ph 99
13 5m 2-MeOCgH,4 Ph 90
14 5n Ph 4-FC¢H,4 98
15 50 Ph 4-CICeH, 98
16 5p Ph 4-BrCgH, 95
17 5q Ph 4-MeCeH, 94
18 5r Ph 4-MeOCgH, 99
19 5s 4-MeOCgH,;  3-BrCgH, 94
20 5t Me Ph 96
21 5u t-Bu Ph 86
22 5v c-hexanyl Ph 85
23 5w Me Et 98
24 5x n-Pr Me 99
25 5y n-CsHyy Me 97

2Conditions: (4) (0.3 mmol), (2) (0.6 mmol, 2 equiv), Cs,CO,
(0.003 mmal, 1 mol%), H,O (4 equiv), dioxane (0.5 mL), reflux,
4 h; "Isolated yield
be applied to aliphatic enoneswith excellent yields
(entries23-25).

CONCLUSIONS
In conclusion, afacileand efficient Cs,CO,-cata-

lyzed conjugate hydrocyanation of both o,3-unsatur-
ated esters and enones has been elaborated with ex-
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cellent yieldsand short reaction times. This protocol
employed the cheap catalyst and easy to handle
Cyanation reagents.
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