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Alartract-Thiols add to allenylnitriles to give unconjugated nitriles which may be isomerised to conjugated 
enesulphide nitriles either at high temperature (200”) or with base. Phenylpropynenitrile gives conjugated 
adducts directly. Heating the conjugated adducts from aminoethanethiols at > 200” results in S-exotrig 
ring closure and elimination of acctonitrile to give thiazolines and benzothiazoles. 

We have recently reported2 that primary and second- 
ary amines add to allenylnitriles and phenyl- 
propynenitrile spontaneously and exothermically to 
give first unconjugated and then conjugated enam- 
inenitrile adducts 1 and 2. Conversion of 1 into 2 is 
usually fast at moderate temperatures and goes to 
completion ( > 99”/,). Under the same conditions the 
weakly nucleophilic thiols RSH do not react either at 
room temperature or even at elevated temperature or 
under reflux, when in the event many allenylnitriles 
dimerise to dimethylenecyclobutanes3 However, in 
the presence of catalytic amounts of base in refluxing 
dichloromethane, thiols add to allenyl nitriles in 
5-10 min, the sulphide anion now generated being a 
strong nucleophile. The products are exclusively un- 
conjugated adducts, the 3-(alkylthio)- 3enenitriles 3. 
A mixture of E and Z isomers is obtained where R’ 
and R2 are different substituents. 

No conjugated adducts [the 3-(alkylthio)-2- 
enenitriles] were detected at this stage. Only on 
heating 3 for 72 h at 200” are equilibrium mixtures of 
approximately 90% conjugated and loo/, uncon- 
jugated enesulphide nitriles obtained. However, on 
heating the unconjugated adduct 3 in ethanol with 
base (sodium ethoxide, 0.33 molar equivalent) it 
rearranges fast to the E and Z forms of the conju- 
gated adduct 4 and the equilibrium mixture (90: IO) 
is obtained in I hr. Under the same basic conditions 
the reaction of allenyl nitriles with thiols gave 90”/, 
conjugated E and Z 3(alkylthio>2enentriles 4. 
3-Phenylpropynenitrile gave E and Z isomers of the 
conjugated 3-phenyl-3-alkylthioprop2enenitriles (4, 
R’R’CH = Ph) under similar conditions. 

If a second nucleophile is present such as the 
amino-group in 2-aminoethanethiol, the conjugated 
adduct 5 in refluxing ethanol undergoes 5-exotrig ring 
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closure4 by a second Michael addition to give the 
unstable thiazolidine 6 but opens again by C-S fission 
to give mainly the N-adduct 7. 

We have no evidence that the alternative 7exodig 
attack at the carbon of the nitrile ever takes place and 
no thiazepine 8 was isolated or detected. It is not 
necessary to use a base (such as ethoxide) with 
aminothiols as sufficient sulphide anion is present at 
equilibrium for addition to take place and subsequent 
rearrangement to the conjugated S-adduct 5. 
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If the conjugated adducts are heated at tem- 
peratures above 200” the thiazolidines 6, which are 
first formed, eliminate acetonitrile and thiazolines 9 
are isolated in about 70% yield. 2-Aminothiophenol 
similarly gives benzothiazoles 10 in about 80% yield. 
The anion of acetonitrile is a good leaving group and 
the elimination goes smoothly and in consistent 
yield.’ 

Both E and Z forms can undergo 5 exotrig ring 
closure to give the same thiazolidine although the E 
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form, which offers slightly less steric hindrance to the 
attack of the nucleophile in the Michael position, 
would be expected to react faster. However, at 250” 
the two isomers are likely to be in equilibrium which 
is continuously displaced by Sexotrig ring closure of 
the E form and thiazoline formation. Hence 70-80x 
of heterocycles are formed. 

EXPERIMENTAL 

IR spectra were determined with Perkin-Elmer 257 and 
337 spectrophotometers. UV spectra were obtained for 
ethanolic solutions with a Pye-Unicam 1800, Perkin-Elmer 
137 and Beckman 25 spectrophotometers. NMR spectra 
were determined with a Varian T60 and Perkin-Elmer 
Rl2A spectrophotometers for solutions in deu- 
teriochloroform, with tetramethyl silane as internal stan- 
dard. The allenic nitriles were prepared as previously de- 
scribed.2 

3-(Ethylthioh4-methylhex-3-enenitrile. 4-Methylhexa-2, 
3dienenitrile (3.2g, 0.03 mol) in dichloromethane (20ml) 
was added dropwise with shaking to a mixture of eth- 
anethiol (2.3 g, 0.03 mol) and freshly prepared sodium eth- 
oxide (0. I g) in dichloromethane (50 ml). The reaction mix- 
ture was refluxed for IO min, excess sodium ethoxide filtered 
off and the solvent removed to give the crude product in 
quantitative yield. Distillation gave 3(ethylthio)4 
methylhex-3enenitrile (5.5 g, 95%). b.p. 12&121” at 4 mm 
Hg. Data for this compound (I) and four other enesulphide 
nitriles (2-5) which were prepared similarly are given in 
Tables I and 2. 

3-(2-Aminophenylthioj4methylhex-3-enenitrile. (a) 
2-Aminothiophenol (6.25 g, 0.05 mol) was added slowly to 
4-methly-hexa-2, 3dienenitrile (5.35 g. 0.05 mol) at room 
temperature. No exothermic reaction was observed. The 
reaction was monitored by IR spectroscopy and found to be 
complete after 36 h as shown by the disappearance of the 
allenic band (1950 cm ‘) and the SH band (2530ctnI). 
Purification by column chromatography gave 3-(2- 
aminophenylthio)4methyl-hex-3-enenitrile (I I. I g, 96%). 
Data for this compound 7 and one other compound which 
was prepared similarly 6 are given in Tables I and 2. (b) 
2-Aminothiophenol (3.13 g, 0.025 mol), sodium ethoxide 
(0. I g) and 4-methylhexa-2, 3dienenitrile (2.68 g, 0.025 mol) 
in dichloromethane (50 ml) were refluxed for I5 min. Work- 
ing up gave 3-(2-aminophenyl-thio4methylhex-3-enenitrile 
(5.4 g, 93%). 

3-PropylthioJ-4~methylhex-2-enenitrile. (a) 3-(propyl- 
thio)4methylhex-3enenitrile (I.81 g, 0.01 mol) was heated 
at 200”, the reaction being monitored by NMR. After 72 h, 
the product was isolated and shown to be 90”/, 
3-(propylthio)4methylhex-2-enenitrile. Attempts to sepa- 
rate the two isomers by column chromatography were 
unsuccessful. 

(b) 3-(Propylthio)4methylhex-3enenitrile (3.62 g, 0.02 
mol) and sodium ethoxide (0.5 g) were dissolved in ethanol 
(100 ml) and refluxed for I hr. the ethanol was distilled off, 
the residue dissolved in ether and washed with water and 
evaporated to give 3-(propylthio)4methylhex-2enenitrile 
in quantitative yield (see compound 1, tables 3 and 4). The 
crude material contains 5-lo”/, of 3-(propylthio)4 
methylhex-3-enenitrilc.. 

(c) QMethylhexa-2,3-dienenitrile (5.35 g, 0.05 mol), 
propyl-thiol (3.8 g, 0.05 mol) and sodium ethoxide (0.5 g) 
were dissolved in ethanol (100 ml) and refluxed for 
I h. Working up and fractional distillation gave 
3-(propylthio)-4-methylhex-2enenitrile (8.5 g, 93%). Data 
for this compound 1 and eight other 2-enenitriles are 
summarised in Tables 3 and 4. 

3-(2-Aminophenylthio~methylhex-2-enenitrile. Freshly 
redistilled 4-methylhexa-2, 3dienenitrile (3.21 g, 0.03 mol). 
2-aminothiophenol (3.75 g, 0.03 mol) and sodium ethoxide 
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(0.5 g) were refluxed in ethanol (100 ml) for 1 h. Working up 
gave a solid which was recrystallised from hexane 
to give 3-(2-aminophenylthio)4methylhex-2-enenitrile 
(6.5 g, 94%). m.p. 90”. Data for this compound 19 and two 
similar compounds are summarised in Tables 3 and 4. 

3-(2-Aminophenylthio-3-phenylprop-2-enenitrile. Freshly 
distilled phenylpropynenitrile2 (2.54 g, 0.02 mol) was mixed 
with 2-aminothiophenol(2.5 g, 0.02 mol). A slighly exother- 
mic reaction (the temperature reached 32”) took place to 
give a thick oil. Purification by column chromatography on 
alumina (grade H, activity 3) and clution with 40% 
chloroform-hexane gave 3(2-aminophenyhhio)3-phenyl- 
prop-2enenitrile (4.8 g, 95%) v, 3460, 3350 (NH,) 2215 
(C = N) and 1625 cm-‘(CC). The band for S-H at v, 
2520 cn- ’ had disappeared. Other data for this compound 
17 are summarised in tables 3 and 4. 

2-Phenyl-24xmzothiazole. 3-(2Aminophenylthio)-3- 
phenyl-prop2enenitrile (3 g, 0.012 mol) was heated at 200” 
for 20 minutes. Acetonitrile was given off. The residue in the 
flask was allowed to cool to room temperature, then re- 
crystallised from benxene to give 2-phenyl-2-benxothiaie 
(2.1 g, 84%). Data for this compound (25) is given in Tables 
6 and 7. 

2-( I-Methylpropyl-24enzothiazole. 3-(2Aminophenyl- 
thio)4methylhex-2-enenitrile (4.64 g, 0.02 mol) was heated 

at 250”. Acetonitrile distilled off and was followed by crude 
product (7.2 g). This was dissolved in ether, washed with 
water and redistilled to give 2-(1-methylpropyl)- 
2-benxothiazole (6.8g, 82%). Data for this compound 22 
and three other similar compounds 21, 23 and 24 are given 
in Tables 6 and 7. 

3-2-Aminoethanethio)4methylhex-2-eneni~rile. 2-Amino- 
ethanethiol hydrochloride (I 1.35 g, 0.1 mol) was dissolved 
in water (100 ml) and calcium carbonate added to the 
solution followed by a solution of 4-methylhexa-2, 
3dienenitrile (I 0.7 g, 0. I mol) in ethanol (I 00 ml). Refluxing 
for 30min. gave, on working up, slightly impure 
3-(2-amincethanethio)4methylhex-2-enenitrile in quan- 
titative yield, the only contaminant being 3-(2- 
aminoethanethio~4-methylhex-3-enenitrile. This compound 
was used in the next exneriment without further 
purification. 

2-(I-Methylpropyl)2-thiazoline. 3-(2Aminoethanethio)- 
4-methylhex-2enenitrile (12.2 a. 0.066 mol) was heated at 
250” when acetonitrile, followed by crude product distilled 
otl’. The latter was dissolved in ether, washed with water and 
dried (MgSO,). Fractionation after removal of solvent gave 
2-(I-methylpropyl)thiazoline (6.73 g, 71%) b.p. 189-190” at 
760 mm Hg. Data for this compound 27 and three others are 
given in Tables 8 and 9. 

Table 5. Chemical shift (T) of the olefinic protons and ratio of the E and Z isomers of 2-cyanovinyl 
sulphides 

R'R'CH R1R2CH 

'113 'R3 

-_.- -. 

Rl R2 R3 E Z Ratio of 
E:Z 

8. 

11. 

12. 

13. 

14. 

15. 

16. 

Me Et PIT" 4.80 5.30 1:s 

Et Et BU" 4.80 5.30 3:7 

Me(CR2)3 P,.i 4.67 5.12 1:3 

Ph Pri Pri 4.52 4.75 1:l 

Ph Et 4.57 4.80 2:l 

Ph Pr" 4.51 4.87 2:l 

Ph BU" 4.55 4.87 1:l 

Et Et Et* 4.62 5.02 1:2 

Me Et Et* 4.67 5.18 2:3 

Me Et P&' 4.62 5.15 2:3 

MB Et Ph* 4.65 5.62 1:2 

*These compounds also contained sane unconjugated adduct. 



T
ab

le
 

6.
 S

yn
th

es
is

 
of

 b
em

ot
hi

am
le

s 

R1
R2

CH
-C

WC
HC

N 

s'
 

NH
2 

/ 

TI
 

R1
R2

CH
-f

:o
 

+ 
CB

3C
N 

\ 

Ni
tr

il
e 

b.
p.

 
Yi

el
d 

U.
V.

 
Fo

un
d 

Re
qu

ir
ed

 

R1
 

R2
 

at
 
67

c%
nm

Hg
 

(8
) 

Am
ax

 
c 

x m
ax

 
E 

A m
ax

 
E 

C 
H 

N 
C 

H 
N 

21
. 

Me
 

Me
 

26
0-

26
2'

 
82

a 
21

7 
21

90
0 

25
0 

82
00

 
28

5 
25

00
 

67
.7

 
6.

1 
7.

7 
67

.8
 

6.
2 

7.
9 

22
. 

Me
 

Et
 

28
5-

28
6O

 
82

b 
21

8 
22

80
0 

24
9 

91
00

 
28

5 
27

00
 

69
.0

 
6.

9 
7.

1 
69

.1
 

6.
8 

7.
3 

23
. 

Me
 

Pr
 

29
0-

29
10

 
80

 
22

0 
23

10
0 

25
0 

95
00

 
28

5 
30

00
 

70
.2

 
7.

0 
7.

0 
70

.2
 

7.
3 

6.
8 

24
. 

Et
 

Et
 

28
9-

29
1'

 
86

 
22

0 
23

60
0 

25
0 

93
00

 
28

5 
29

00
 

70
.2

 
7.

1 
6.

5 
70

.2
 

7.
3 

6.
8 

25
. 

Ph
 

11
2o

* 
82

' 
22

6 
19

30
0 

23
0 

18
80

0 
30

0 
18

80
0 

73
.9

 
4.

4 
6.

6 
73

.9
 

4.
3 

6.
6 

'M
el

ti
ng

 
po

in
ti

 
(a

) 
m/

e 
17

7;
 

(b
) 

m/
e 

19
1;

 
(c

) 
m/

e 
21

1.
 

T
ab

le
 

7.
 N

M
R

 
da

ta
 

fo
r 

be
nz

ol
th

ia
m

le
s 

--
--

 
Rl

 
R2

 

21
. 

Me
 

Me
 

8.
52

 
(6

Ii
, 
d,

 
W3

12
CH

),
 

6.
59

-6
.4

8(
1H

,m
, 

(C
H3

)2
CS

J,
 

2.
74

-2
.4

4 
(2

H,
m,

 
ar

om
at

ic
),

 
2.

22
-1

.9
2 

(2
H,

m,
ar

om
at

ic
) 

22
. 

Me
 

Et
 

9.
00

 
(3

H,
t,

C~
3C

H2
CC

H3
1,

 
8.

55
 

(3
H,

d,
Cl

i3
CH

CH
3C

H2
),

 
8.

40
-7

.7
0 

(2
H,

m,
CH

3g
2C

CH
3)

, 
7.

17
-6

.5
8 

(1
H,

m,
CI

i3
CH

2C
IJ

D1
3)

, 
2.

93
-2

.4
0 

(2
H,

m,
ar

cd
na

ti
c)

, 
2.

37
-1

.9
0 

(Z
H,

m,
ar

om
at

ic
) 

23
. 

Me
 

Pr
 

9.
05

 
(3

H,
t,

Cg
3(

cH
2)

2c
cH

),
 

8.
65

 
(3

H,
d,

CH
3(

CH
2)

,C
CI

i3
),

 
6.

70
-6

.3
5 

(l
H,

m,
CH

3(
CH

2)
2C

HC
H3

) 

2.
80

-2
.5

2 
(2

H,
m,

ar
om

at
ic

),
 

2.
48

-1
.9

8(
2H

,m
,a

rc
dn

at
ic

) 

24
. 

Et
 

Et
 

9.
05

 
(6

H,
t,

 W
3C

H2
12

CH
),

 
8.

50
-7

.7
8 

(4
H,

m,
(C

H3
(C

g2
!2

)2
CH

),
 
7.

24
-6

.7
2(

1H
.m

,(
CH

3C
H2

)2
CH

) 

2.
90

-2
.5

5 
(Z

H,
m,

ar
om

at
ic

),
 

2.
33

-l
-8

7 
(2

H,
m,

ar
om

at
ic

).
 

25
. 

Ph
 

2.
87

-2
.3

3 
(S

H,
m,

ar
om

at
ic

),
 

2.
25

-1
.7

7 
(4

H.
m.

ar
om

at
ic

).
 



AlletU%-41 2149 

Table 8. Synthesis of thiazolines 

R1 
R2; CH-,C-CH-C:N 

LNH2 

+ CIl3CN 

NITRILE b.p. at Yield u. V. FOUND REQUIRED 
Rl R2 760mmHg (a) AmAx E Amax E C H N C H N 

26. Me Me 160-182 67 202 3 800 230 2 200 56.0 8.7 10.7 55.8 8.5 10.9 

27. He Et 189-190 71' 202 4 200 232 2 300 58.5 9.3 9.5 58.7 9.1 9.8 

28. Et Et 218-220 73 202 4 100 232 2 400 61.1 9.5 8.6 61.2 9.6 8.9 

29. Me Pr 220-243 70 202 4 000 232 2 200 61.0 9.3 8.8 61.2 9.6 8.9 

*m/e 143 

Table 9. NMR data of thiazolines 

R1 
R2; CH-fiN 

R1 R2 
LJ 

.--_- 

26. Me Me 8.85(3H,d, Kf13)2CH), 7.45-6.95(lH.m. (CH3)2C;), 6.135(2H,t,CH2Cfi2N), 5.85(2n,t, Sc~2cu21 

27. Me Et 9.12(3ii,t, cH3,t, CI~~CII~CHCH~), 8.87(3H,d,C2H5CHCH3), 8.60-8.25(2H,m, cH3cH2cHcH3) 

7.60-7.15(1H,m,CH3CH2CECH3), 6.82(2H,t,CH2CH2N), 5.85(2H,t,ScH2cH2) 

20. Et Et 9.12(3H,t, (CH3~H2)2CH), 8.85-8.05(4H,m, (cH3c;2)2cH), 7.G5-7.25(lH,m, (CH3CH2)2cH), 

4.82(2H,t, CH2C7i2N), 5.S5(2H,t,ScH2cR2) 
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