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A Synthetic Application of Methylthioacetonitrile. I. A Synthesis of
cis- and trans-p-Arylacrylonitriles, g,y-Unsaturated
Nitriles and Carbonyl Compounds ‘
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The Knoevenagel condensation of methylthioacetonitrile with carbonyl compounds
such as benzaldehyde, cyclopentanone, phenylacetone, was examined to give the corre-
sponding a-methylthio unsaturated nitriles. Desulfurization of g-aryl-a-methylthioacr-
ylonitriles (5a—f) with Raney Nickel afforded cis-g-arylacrylonitriles (fa—f). Reduction
of 5a—c with sodium borohydride gave a-methylthiophenylpropionitriles (7a—c), which
were converted to frams-cinnamonitriles (9a—c). «-Methylthio-e,f-unsaturated nitriles
(11a—d) were lead to a-ethyl-a-methylthio-8,y-unsaturated nitriles (12a—d). Further-
more, the a-methylthiophenylpropionitrile (7b) was converted to 4-methoxybenzyl methyl
ketone.

Keywords——Knoevenagel condensation; methylthioacetonitrile; g-arylacrylonitrile;
cis-cinnamonitrile; = #rams-cinnamonitrile; B,y-unsaturated nitrile

‘Because of their wide applicability in synthetic organic chemistry, the chemistry of
cyanide, especially o,f-unsaturated and. B,y-unsaturated nitriles, has evoked a great interest.?
Recently, attention was also paid to phenylthioacetonitrile and related compounds (1) and
(2),» which could easily manipulated acyl anion equivalents yielding (3) as illustrated in
Chart 1. ‘

RX or X(CH)aX

CoH:SCH:CN > GHSCHCN or GHS__ CN
AN
1 R ( C )
(CHs)n
CoHiS, CN  NBS 0
X . CeHsCR (R=-CHa, ~CH;CHs, ~iso-Pr)
CeHs” MR -
2
Chart 1

In connection with a study of synthetic utility of methylthioacetonitrile® as an acyl
equivalent, we have investigated a stereo-selective synthesis of cis- and #rans-g-arylacryl-
onitriles through -aryl-a-methylthioacrylonitriles, obtained by the Knoevenagel condensation
of arylaldehydes with methylthioacetonitrile. These results were described in this paper.
We also wish to refer to a synthesis of §,y-unsaturated nitriles and a synthetic utility of
S—-C~CN system as a source of carbonyl compounds.

The Knoevenagel condensation of benzaldehyde (4a) with methylthioacetonitrile in
tetrahydrofuran (THF) in the presence of Triton B gave a-methylthiocinnamonitrile (5a) as

1) Location: 1432-1, Hovinouchi, Hachiofi, Tokyo, 192-03, Japan.

2) “The Chemistry of the Cyano Group,” ed., by Z. Rappoport, John Wiley and Sons (London, New York,
Sydney, Tront), 1970.

3) M. Makosza, E. Bialecka, and M. Ludwikow, Tetrahedron Leit., 1972, 2391.

4) S.J. Selikson and D.S. Watt, Tetrahedron Lett., 1974, 3029.

5) R. Dijkstra and H.J. Backer, Rec. Trav. Chim. Pays-Bas, 72, 569 (1953).
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H\ /SCH3 . H\ /CN H\ /H
ArCHO 4 CH;SCH:.CN — = =C —_— C=C
fa—g Ar”  “CN Ar”  “SCH; Ar”  CN
E-form Z-form 6a—g
Sa—g
-
« (T)
/SCH3 . . /SCH3 H\ /CN
Ar-CH,-CH "— | Ar-CH,-CH —_— Cc=C
“CN . CN Arr  MH
Ta—c 8a—c ~ 9a—c
a: AI'=C5H5—, b: Ar=p-CH30-CeH4—, c: AI‘=3,4—(CHaO)2—CsHa-, d: Ar=o—C7H7O-C6H4—,
- N\, AN
el Ar=&oﬂ\, f: Ar =| “\Nﬁ’ g: Ar=LNﬂ\
NV ~
CH; .
Chart 2 -
TasirE I. ﬁ-Aryl—oc-methylthioacrylbnitriles (5a—g)
- Analysis (%)
Reaction . NMR
: bp (°C) Yield MS m/e Calcd. (Found)
Compound  time (CDCL) ¢ Formula
(mmHg) (%) K (M7) —
(hr) o) “scHm & - N
135—137 2.45 : . 5.1 8.00
Sa 1 (2 mmHg) 7 2.52 175 CioHoNS (gg.gg) (5.02) (8.29)
— = . . . 6.83
Sh 1 éﬁmgé & 350 205 CuHy,NOS (gi.gg) (?,_‘i% (2.28)
182—196 2.42 61.27 5.57 5.96
Sc. 3 (@ mmHg) 8 2.50 235 CiaHisNOS 6157y (5.84) (6.17)
5a0) 3 92 2.3 281 C,,H,;NOS
: 100—103 2.45 58.18 4.27 8.48
Se 16 1 mmHg — 82 2.55 165 CHNOS  (58'49) (4.16) (8.72)
5£0) 0.5 9% 28 228 CypH,N,S
5g0) 0.5 81 2.4 176 CH,N,S

a) Two signals due to SCH, were observed because of a mixture of E- and Z-form.

b ) Boiling point was not determined.

TasrLe II. cis-f-Arylacrylonitriles (ba—f)®)

Starting Product ~ Reaction Yield NMR (CDCl,) ¢ MS mfe

material time (hr) (%) o-H (d, J=Hz) (MH)
5a 6a 16 67 5.30 (/=12 Hz) 129
5b 6b 16 90 5.15 (/=12 Hz) 159
5¢ 6c 14 83 5.20 (/=12 Hz) 189
5d 6d 14 81 5.30 (/=12 Hz) 235
5e be 36 97 5.22 (J=12 Hz) 119
5f 6f 12 70 4.98 (J=12 Hz) 182
5g» 6g 16 0

a) All compounds were obtained as an oil.
&) Any desired product was not obtained.
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a mixture of E- and Z-form in 759%, yield. Desulfurization of 5a with Raney nickel in ethanol
under reflux afforded cis-cinnamonitrile (6a)%7® contaminating with the frans-isomer (9a)$7%
in a ratio of 96: 4.1 Column chromatography of this mixture on silica gel using benzene as
an eluant yielded 6a in a pure state. Similarly, cis-f-arylacrylonitriles (6b—f) were obtained
from the corresponding arylaldehydes (4b—f) through desulfurization of the Knoevenagel
condensation products (5b—f), respectively, in good yield. Any desired product was not
obtained by desulfurization of 5g. These are summarized in Chart 2, Table I and Table II.
In order to prove that both of E-5a and Z-5a were converted to 6a, both of separated E-5a
and Z-5a in a pure state!® were subjected to desulfurization with Raney nickel. The former
gave 6a without formation of frans-cinnamonitrile (9a) and the latter also gave 6a accompany-
ing with formation of 9a in a ratio of 85: 15.10)

On the other hand, reduction of 5a with sodium borohydride in methanol yielded «-meth-
ylthio-g-phenylpropiononitrile (7a) in quantitative yield. The nitrile (7a) was also obtained
by benzylation of methylthioacetonitrile in dimethylsulfoxide (DMSO) with benzyl chloride
in the presence of potassium hydroxide. Oxidation of 7a with #-chloroperbenzoic acid in
methylene chloride under ice-cooling, followed by the thermal decomposition of the sulfoxide
(8a) in toluene under reflux for 10 hr resulted in formation of #rans-cinnamonitrile (9a)é7-%
in good yield. In a similar fassion, trans-4-methoxycinnamonitrile (9b)% and frans-3,4-dimeth-
oxycinnamonitrile (9¢) were obtained from 5b and 5c, respectively, as shown in Chart 2, Table
III and Table IV.

Tasre III. «-Methylthiophenylpropionitriles (7a—c)

Starti Yield  bp (°C) NMR M5 CA?B&IY?%S (%<)1)
arting 1€ P alcd. oun
material Product (%) (mm Hg) (Cé)CCI}f) é (nl\/llf) Formula
: 3 C H N
115—116 67.78 6.26 7.91
5a 7a %  ({mmHg 2% 177 GoHuNS 5758y (6.65) (7.58)
115—120 63.75 6.32 6.76
5b 7b 95 (1 mmHg) 2.22 207 C; H,;:NOS (63.62) (6.33) (6.77)
160—161 61.27 5.57 5.96
' 5¢ 7c 92 (2 mmHg) 2.23 237 CoH,,NO,S (61.54) (5.53) (6.02)
TasLE IV. #rans-Cinnamonitriles (9a—c)
Compound ?ﬁ/‘:)lg M&[ﬁy;/ ¢ 5_1\11[11% d(’C})ilﬁng)S bp or mp lit. bp or mp
9a 90 129 (J=16 Hz) bp 120—125 (10 mmHg) bp 150 (30 mmHg)®

5.76
9b 85 159 5.59 (J=16 Hz)  bp 145—146 (1 mmHg)  mp 62—639
9c» 83 173 5.76 (J=16 Hz)  mp 84—85 (hexane)

a) Calculated from Ta—c.
b) Anal. Caled. for C;;HyyNO,: C, 69.82; H, 5.40; N, 6.83. Found: C, 69.65; H, 5.68; N, 6.96.

6) B. Kistiakowsky and W.R. Smith, J. Am. Chem. Soc., 58, 2428 (1936).
7) R. Lapouade, M. Daney, M. Lapenne, and H. Bouas-Laurent, Bull. Soc. Chim. France, 1973, 720.
8) J. Fairhurst, D.C. Horwell, G.H. Timms, Tefrahedvon Lett., 1975, 3843.
9) A. Loupy, K. Sogadji, and J. Seyden-Penne, Synthesis, 1977, 126.
10) The ratio of cis[trans isomers was determined by the intensity of the signals due to «-proton observed
in its NMR (CDCly) spectrum.
11) Separation of E-5a and Z-ba was carried out by preparative TLC on silica gel 60 PF,;, using benzene-
hexane (1:1) as an eluant.
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Condensation of cyclopentanone (10a) with methylthioacetonitrile in THF in the presence
of Triton B under reflux afforded the desired «,f-unsaturated nitrile (11a) in 959, yield. Ina
similar fassion, cyclohexanone (10b), acetophenone (10c) and phenylacetone (10d) were
subjected to conversion to the corresponding o,f-unsaturated nitriles (11b—d), respectively.
These a-methylthio-«,f-unsaturated nitriles (11a—d) were found to be effectively applied for
the formation of w«-alkyl-a-methylthio-f,y-unsaturated nitriles. The addition of #-butyl-
lithium to a solution of 11a in THF at —78° resulted in lithiation of 11a. Quenching of this
solution with ethyl iodide afforded the a-ethyl-w-methylthio-8,y-unsaturated nitrile (12a) as
expected. Similarly, f,y-unsaturated nitriles (12b—d) were also obtained from 11b—d, respec-
tively. The result of analyses and physical constants of these products were listed in Table
V and Table VI.

Ri~CHa. Ri-CHz.  SCH; Rimy CoHs
C=0 — c=C — /-}-SCHs
Ry’ Ry  “CN R by
10a—d 11la—d 12a—d

a: R1—R2=—(CH2)3—; b: R1-—Rz=—(CH2)4"; c: Rl =H,R2=CGH5";
d: Ri=C¢Hs-, Re=CHj;-

Chart 3

TasLe V. ao-Methylthio-o,f-unsaturated Nitriles (11a—4d)

NMR Analysis (%)

Starting Yield  bp (°C) MS mfe Calcd. (Found)
material Product (%) (mmHg) (CgCCI}Ia) 0 (M¥) Formula
? o H N

Cyclopentanone 1la %5 9 g 2.3 153 C.H,NS (232% (Z: %‘é) (g: 5‘%

Cyclohexanone  11b 88 é‘ﬁ;ﬁ; 2.37 167  C,H,NS (gji'ffg) (;'22) (g-g%
Acetophenone  1lc 30 (%23{;11132) 2.27 189 Cy,H, NS (gggg) é’g& (ii‘%

105—136 1.83 70.92 6.45 6.89
Phenylacetone 11d 65 (2 mmHg) 1.99) 203 CH,3NS (70.65) (6.68) (6.64)

a} Two signals due to SCH,; were observed because of a mixture of E- and Z-form.

Tasre VI. o-Ethyl-e-methylthio-f,y-unsaturated Nitriles (12a—d)

o . NMR | Analysis (%)
S pos V4 00O (DO NMEme pymay  Cl (o
y-H C H N
Ha 122 & ghod Fep w1 Gays B8 BE T
11b 12b 82 pmmtey o5 19 Culhs (T80 878 743
11c 12¢ 58.7 égfﬁ;ﬁg) 5.3?%,'22.64 217 CrstlisNS (Z%:g% (g:gg) (g:%?)
11a 124 60 129—142 1.83 031 CLHyNS 210 741 6.06

(2 mmHg) 6.85 (72.93) (7.68) (5.90)

Finally, conversion of S-C-CN system to carbonyl group was investigated. Since direct
conversion of 12a—d to the corresponding «,f-unsaturated ethyl ketones was not successful
under the conditions reported by Makosza,® formation of carbonyl compounds through
S-C-CO,H from S-C-CN was examined. Methylation of 7b with methyl iodide in DMSO in
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the presence of potassium hydroxide, followed by hydrolysis of a-methyl-a-methylthio-4-meth-
oxyphenylpropionitrile (13) afforded «-methyl-a-methylthio-4-methoxyphenylpropionic acid
(14), which was easily converted to' 4-methoxybenzyl methyl ketone (15)1® by treatment
with  N-bromosuccinimide under the conditions reported by Trost.!®

SCHa 0
b — CH30—< CHg—C-R — cmo-{ >—CH2CCH3

3
13: R=CN 15
14: R=COOH

Chart 4

Thus, methyithioacétori‘itrile would be useful not only for the formation of «,f-unsaturated
nitriles but also for the preparation of potential intermediates leading to carbonyl compounds.

Experimental'®)

Condensation of Methylthicacetonitrile with Carbonyl Compounds (Preparation of 5a-—g and 1la—d);
General Procedure To a stirred solution of a carbonyl compound (5 g) and methylthioacetonitrile (1.2 eq.)
in THF (100 ml) was slowly added 409, methanolic solution of Triton B (1.2 eq.) under ice-cooling. After
stirring had been continued for 3 hr at the same temperature, the mixture was extracted with benzene. For
the preparation of 11a—d, after the addition of Triton B, the mixture was stirred for 3 hr under reflux. The
extract was washed with H,0, dried over Na,SO, and evaporated. The remaining residue was purified by
distillation (See Table I and Table V).

General Procedure of Preparation of czs-[)’-Arylacrylomtrxles (6a—f )————A mixture of 0.5 g of 5, 5 ml of
Raney Ni and 100 m] of EtOH was refluxed. After removal of Ni the solvent was evaporated. The remain-
ing residue was chromatographed on silica gel (7 g) using benzene as an eluant. Removal of the solvent (50
ml) gave 6 in 65—859, yield (See Table II).

General Procedure of Preparation of a-Methylthiophenylpropiononitriles (7a—c)- To a methanolic
solution of 10 g of 5a—c was added 10 g of NaBH, under stirring at room temperature within 0.5 hr. After
stirring had been continued for 14 hr at room temperature, the solvent was evaporated and worked up as
usual. The product was purified by distillation in vacuo (See Table III).

General Procedure of Preparation of ¢rans-~Cinnamonitriles (9a—c) To a stirred solution of 7a—c (2g)
in 50 ml of CH,Cl, was added 1 equimolar amount of m-chloroperbenzoic acid underice-cooling. After stirring
had been continued for 3 hr at the same temperature, the mixture was washed with 5% NaHCO,, H,O, and
dried over Na,SO,. Removal of the solvent yielded the sulfoxides (8a-—c), which were used without purifica-
tion for the following reaction. A solution of 8a—c, thus obtained, in 30 ml of toluene was refluxed for 10 hr.
Evaporation of the solvent afforded 9a—c, which were purified by distillation or recrystallization (See Table
Iv).

General Procedure of Preparation of a-Ethyl-a-methylthio-£,y-unsaturated Nitriles (12a—d)——To a
stirred solution of 11a—d (3 g) in 30 ml of THF was added a solution of #-BuLi (1 eq.) in hexane at —78°.
After 15 min, ethyl iodide (1 eq.) was added to the mixture. The reaction mixture was allowed to stand for
1 br at the same temperature under stirring. The mixture was treated with water and extracted with benzene.
The extract was washed with H,O, dried over Na,SO, and evaporated. The resulting oil was distilled »n
vacuo to give 12a—d (See Table VI).

a-Methyl-a-methylthio-4-methoxyphenylpropionitrile (13)——To a stirred mixture of 2 g of a-methyl-
thio-4-methoxyphenylpropionitrile (7b), 28 of KOH and 20 ml of DMSO was added 1mi of methyl
iodide at room temperature. After stirring had been continued for 4 hr, the mixture was poured into 150 ml
of H,O and extracted with benzene. The extract was washed with H, O dried over Na,SO, and evaporated
to give 2 g of 13, bp 115—120° (2 mmHg). NMR (CDCl,) d: 1.48 (3H, s, CH,), 2.25 (3H, s, SCHy), 2.78,
3.12 (2H, each d, J=14 Hz, ArCH,-), 3.73 (3H, s, OCH,), 6.78 (2H, d, J=7 Hz, Ar-H), 7.17 (2H, 4, J=7
Hz, Ar-H). MS m/e: 221 (M+). Anal. Calcd. for C,,H,;NOS: C, 65.14; H, 6.83; N, 6.33. Found: C, 65.05;
H, 6.93; N, 6.02.

12) J. Novak, J. Ratusky, V. Sneberg, and F. Sérm, Chem. Listy, 51, 479 (1957).

13) B.M. Trost and Y. Tamaru, Tetrakedvon Lett., 1975, 3797.

14) Nuclear magnetic resonance (NMR) spectra were taken with a Varian T-60 spectrometer in CDCl, using
TMS as an internal standard. Mass spectra were measured ‘with a Hitachi RMU-7L spectrometer.
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a-Methylthio-f-phenylpropionitrile (7a) To a stirred mixture of 2 g of methylthioacetonitrile, 2 g
of KOH and 20 ml of DMSO was added 2.93 g of benzyl chloride at room temperature. After stirring had
been continued for 4 hr, the mixture was poured into 150 m! of H,O and extracted with benzene. The extract
was washed with H,0O, dried over Na,SO, and evaporated to give 2.1 g of oil, which was identical with 7a
prepared from 5a in all respects

a-Methyl-a-methylthio-4-methoxyphenylpropionic Acid (14) A mixture of 2 g of 13, 18 ml of MeOH,
2 ml of dioxane and 2 g of KOH was refluxed for 30 hr. After removal of the solvent, the resulting residue
was made acidic with 10% HCl and extracted with benzene... The extract was washed with H,0, dried over
Na,SO, and evaporated to give 1.9 g of 14 as colorless needles, mp 61—63° (from ether). MS m/e 230 (M),
NMR (CDCly) 6: 1.35 (3H, s, CH,), 2 35 (3H, s, SCH,), 2.77, 3.35 (2H, each d, /=14 Hz, ArCH, -), 3.75 (3H,
s, OCH,), 6.75 (2H, d, =7 Hz, Ar-H), 7.11-(2H, d, /=7 Hz, Ar-H), Aunal. Calcd. for CmHmOaS C, 58.99;
H, 6.71. Found: C, 59.74; H, 6.65. ’

4-Methoxybenzyl Methyl Ketone (15)——A mixture of 0.5 g of 14, 0.17 g of NaHCO,, 0.37 g of N-bromo-
succinimide and 15 ml of MeOH was stirred for 3.5 hr under ice-cooling. The solvent was evaporated and
the resulting residue was extracted with benzene. The extracted was washed with H,O, dried over Na,SO,
and evaporated. ‘The remaining residue was chromatographed on silica gel (3.5 g) using benzene as an eluant.
Removal of the solvent (40 ml) afforded 0.3 g of 1513
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