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Synthesis and Reactions of C-Sulphenylketenimines 

By Jiro Motoyoshiya,” lwao Yamamoto, and Haruo Gotoh, Faculty of Textile Science and Technology, 
Shinshu University, Ueda, Nagano 386, Japan 

The Horner-Wittig reaction of (1 a,b) with phenyl isocyanate or dehydration of amides (4c-g) gave the C-sul- 
phenylketenimines (3a-g) in moderate yields. Thermolysis of ( 3 b )  gave 2-ethoxy-3-phenylthioquinolin-4-ol ( 7 )  
via intramolecular cyclization, and the reactions of ( 3 e )  and ( 3 f )  with CN-diphenylnitrone gave 3-methylthio- 
indolones (1 Oa) and (1 Ob), respectively. 

RECENTLY, some synthetic applications of ketenimines 
have been shown in the field of heterocyclic chemistry.l 
Our interest in heterocumulenes as the precursors of 
heterocycles has prompted us to synthesize heteroatom- 
substituted ketenimines,2 since the reactions of such 
ketenimines are expected to give compounds bearing 
heteroatom-substituents. From this point of view, 
introduction of a sulphur substituent was of interest 
because of the possibility of replacing the sulphur sub- 
stituent by other functional groups. Although a few 
examples of sulpliur-su bst i t u t ed ke t enimines have been 
d e ~ c r i b e d , ~  their chemistry is not well known. For the 
purpose of further investigation of their physical and 
chemical properties, the general synthesis and some 
reactions of C-sulphenylketenimines have been examined. 

RESULTS AND DISCUSSION 

Synthesis a d  13C N.M. R. Spectvn.-The Horner- 
Wittig reaction of phenyl isocyanate and the carbanion 
of phosphonates ( la)  and ( lb) ,  generated by sodium 
liydride in tetrahydrofuran, proceeded smoothly to give 
the ketenimines (3a) and (3b), which display character- 
istically the strong absorption bands at  2 000 and 2 040 
cm-l, respectively (Scheme 1) .  However, we were un- 

I.. L . .  

a; R = P h  

c ;  R = M e  
b ;  R=CO,Et 

(3a, b) 
SCHEME 1 

successful in our attempts to prepare N-phenylmethyl- 
(pheny1thio)ketenimine (3c) by this method. In  this 
case, the addition of phenyl isocyanate to the carbanion 
occurred, but subsequent elimination of the phosphoryl 
group could not proceed because of lack of stabilization 
of the carbanion adjacent to the sulphur atom in the 
intermediate (2). On the other hand, the dehydration 

of the a-alkyl t hioam ide (4c-g) with trj phen ylpliosph h e ,  
bromine, and triethylamine successfully gave the keten- 
imines (3c--g) in moderate yield (Scheme 2). The results 

0 R2 s II P h 3 P *  Br2  t ‘C = C=N R3 
R2S 

‘C H - C- NH R 
R’ ’ Et 3N R” 

(4 1 ( 3 )  

C ;  R’=t&, R2=R3=Ph 

d; R1=Me, $=Ph, R3=Et  
e;  R’=Me, R2=Me, R3=Ph 
f ;  R’=Et ,  R2=Me, R3=Ph 
g;  R’=Pr: R2=Me R3=Ph 

MeS02 
\ 

C=C=N - p  -TO[ 
Me’ 

( 5 )  
SCHEME 2 

are summarized in Table 1 .  Our attempts to isolate the 
sulphonylketenimine (5)  was unsuccessful in spite of the 
observation of the absorption band at  2 000 cm-l in the 
spectrum of the reaction mixture. 

In Table 2 the 13C n.m.r. chemical shifts of the un- 
saturated carbon atoms are listed. The resonances of the 
downfield imino-carbons (6 183.99-189.13) are reason- 
able compared to those of other ketenimines, e.g. a 
triphenyl derivative (6 190.16) .5 In comparison with 
alkyl- or aryl-substituted ketenimines, the tendency for 
both terminal and centre carbons to appear slightly to 
high field indicates the shielding effect of sulphur atoms 
as elect ron-donat ing groups. 

Reactions of C-Sul$henyZketenimines.-Only one ex- 
ample of addition of water to a C-sulphenylketenimine 
has been reported p r e v i ~ u s l y , ~  where n-butyl(penty1- 
amino) thioacetate was formed unexpectedly from N- 
pentyl-(n-butylthio) ketenimine (6). However, the 
addition of water to (3a) and (3c) seems to be very slow 
under neutral conditions because there is no change in the 
i .r. spectra after standing overnight ; the acidic hydroly- 
sis of (3a) and (3c) readily gave the corresponding anilides 
(4a) and (4c) in high yield. These differences between 
compounds (3) and (6) are due to the differences in the 
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TABLE 1 

Spectral data of C-sulphenylketenimines (3a-g) 
1.r. 

2 000 
2 040 

[ l  720 
(C=O)l 
2 000 

2 010 

v(C=C=N) Icm-1 IH N.m.r. (6 )  
7.04-7.60 (15 H, m, Ar-H) b 

1.24 (3 H,  t, MeCH,, J 7 H z ) , ~  
4.57 (2 H, q, MeCH,, J 7 Hz), 
7.13-7.63 (10 H ,  m, Ar-H) 
2.0 (3 H,  s, Me),' 7.40-7.50 (10 H, m,  
Ar-€3) 
1.30 (3 H, t, IlfeCH,, J 7.5 H z ) , ~  
1.80 (3 H, s ,  MeC=), 3.51 (2 H,  q,  McCN,, 
J 7.5 Hz), 7.10-7.53 (5 H,  m, Ar-14) 
2.00 (3 H,  s ,  MeC=),C 2.29 (3 H ,  s, MeS), 
7.1--7.36 (5 H,  m, Ar-H) 
1.06 (3  H ,  t, MeCH,, J 7.5 H z ) , ~  
2.20 (3  H ,  s, MeS), 2.21 (2 H,  q ,  MeCH,, 
J 7.5 Hz), 7.16-7.52 (5 H ,  m, hr-H) 
1.25 (6 H, d,  MeCH, J 6.75 H z ) , ~  
2.18-2.92 (1  H ,  m, MeCH, J 6.75 Hz). 
2.34 (3  €I ,  s, McS), 7.22-7.62 (5  H ,  m, Ar-H) 

1995 

1995 

1 990 

Yield 
( Y o )  

(3a) 43 
(31,) 83 

M +  
301.0900 

e 

239.0746f 

191.0776 9 

177.0599 Ii 

191.0771 

205.0904 f 

Tnternal reference SiMe,. 111 CDCl,. In CCI,. C,,H,,NS requires M ,  201.0928. Not isolated. C,,H,,NS requires M, 
239.0767. CllHl,NS requires M ,  191.0769. C,,HllNS requircs M ,  177.0609. Cl1Hl,NS requires M, 191.0769. f C,,H,,NS 
requires M ,  205.0924. 

substituents. As pointed out previously, the ketenimine 
(6) exhibits reactivity characteristic of a triple bond by 
virtue of the tautomerism shown, but compounds (3) 
behave like alkyl- or aryl-substituted kctenimincs and 
not like alkynyl sulphides. 

the imino-keten (9), generated by thermal migration of 
the ethoxy-group (Scheme 4). 

OE t 
P. P hS, 

C=C=NPh - 
o=c<d . 

tEt TABLE 2 
Sclcctcd I3C n.m.r. chemical shifts of (3a), (3d), and (3c) 

(8 in C.13C13 froni Sihk,,) 
R'S,-. 

C1 C2 
(3a) 65.34 183.99 

54.02 184.42 
60.74 189.13 

( 3 4  
(3e )  

The thermolysis of (3b) in refluxing o-dichlorobenzene P h S  PhS 

0 0 gave the quinolinol (7) (equilibrium with quinolone) in 
54% yield, whose structure was established by the 
spectral data, elemental analysis, and the conversion to 2- 
ethoxyquinolin-4-01 (8) with Raney nickel. In aqueous 11 

C~H,,N=C=C HSBU" I I  

H30' PhS\ ,CHCONHPh 

R 
( 3 d ,  ( 3 c )  - 

( 4  1 
a; R = P h  
c ;  R=Me 

SCHEME 3 

iron(1Ir) chloride the latter compound showed the charac- 
teristic red colouration. The formation of (7) was con- 

Raney nickel) 

PhS 
I 

H O  OH 
( 7 )  ( 8 )  

SCHEME 4 

It is known that the reactions of N-phenyldialkylketen- 
imines and nitrone give indolones.la9 b We also obtained 
3-methylthioindolones (10a) and (lob) from (3e) and (3f) 
with CN-diphenylnitrone in 40 and 22% yields, respec- 
tively, but the 1 : 1 adducts (11) l b  could not be isolated 
(Scheme 5). This reaction depended upon the sub- 
stituents a t  the terminal carbons of the ketenimine, since 

sidered to result ain the intramolecular cyclization of indolones could not be obtained when (3a) and (3g) were 
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used. Probably steric as well as electronic effects 
influence the formation of indolones. 

Thus the properties of C-sulphenylketenimines (3) are 
very similar to other ketenimines, and they have some use 
as precursors to heterocycles with sulphur substituents. 

M eS 
'C=C=NPh 

R /  
( 3 e ,  f 1 

SMe 

(10) 
a; R=Me 
b; R = E t  

Po -+ PhCH=N ' Ph 

N=CHPh -[a /YONHPh 

MeS R 

(11) 

SCHEME 6 

EXPERIMENTAL 

I3.p.s and 1n.p.s are uncorrected. 1.r. spectra were ob- 
tained using JRSCO IR-E and JASCO IRA- 1 spectrometers. 
11-1 N.ni.r. spectra were recorded with JEOL JNM-C-COHL 
an t1  JNM-PMS-GO spectrometers, and 13C n.m.r. spectra 
were taken with a JNM-FX 90 Q spectrometer using tetra- 
motliyl4l:tne as internal reference. Mass spectra werc 
o1)tainetl from JEOL JMS-OlSH-2 spectrometer on-line to ;I 
JE01, JEC-6 spectrum computer and Hitachi TiMIJ-GE 
spectrometer. Gas chrornatographic-mass spectral data 
were obtained from a JMS-D300 mass spectrometer attached 
to a JGC-20KD gas chromatograph. 
Phenyl- and Ethoxycarbonyl- N-phenyl (pheny1thio)lzeten- 

inzines (3s) and (3b).-To a suspension of sodium hydride 
(50(;(, in oil, 2.95 g) in tetrahydrofuran (THF) (5 ml) was 
added diet hyl [phen y 1 ( phenylthio) methyl] phos- 
phonate ( la )  (20.62 g, 61.4 mmol) in T H F  (15 nil), and then 
heated a t  40 "C for 5.5 h. After cooling to room temperature 
phenyl isocyanate (7.30 g, 61.3 mniol) in T H F  (20 ml) was 
added slowly and the mixture was stirred for 1 h a t  ambient 
temperature. The supernatant solution was concentrated 
and the residue was chromatographed on silica gel with 
benzene-hexane as eluant to give (3a) in 43% (7.85 g) yield 
as yellow crystals, n1.p. 78-80 "C (benzene-hexane). The 
other spectral data are shown in Tables 1 and 2.  In a 
similar manner, (3b) was obtained in 83% (9.65 g) yield as a 
viscous oil from ( l b )  (13 g, 39.2 mmol) and phenyl iso- 
cyanate (4.66 g, 39.2 mmol). 

Dehydration of a-SuZphenylamides (4) .-A mixture of 
triphenylphospliine (7.35 g, 28 mmol), bromine (1.44 ml, 28 
mmol) , triethylamine ( 10 ml) , and cc-phenylthiopropion- 
anilide (7.25 g, 28 mmol) in dichloromethane (70 ml) was 
stirred a t  room temperature for 3 h. After evaporation of 
the solvent the residue was treated with light petroleum and 
filtered. The filtrate was concentrated and distilled to give 
(N-phenyl)nzethyZ(phenyZthio)ketenimine (3c) in 60% (4.04 g) 
yield, b.p. 159 "C a t  2 mmHg. 

In a similar manner, the ketenimines (3d-g) were obtained 
as follows ; (N-et/zyl)methyZ(phenylthio)Ketenimine (3d) , b.p. 
94-95 "C a t  1 mniHg ; (N-phenyl)methyZ(n?et~yZt~Li~)~~te~- 

dropwise 

imine (3e) ,  b.p. 98-100 "C a t  2 mmHg; (N-phenyZ)ethyZ- 
(unet~yZthio)Ketenimine (3f), b.p. 103-104 "C a t  2 mmHg ; 
(N-phenyZ)isopropyl (methy1tkio)keteniunine (3g), b.p. 1 13- 
114 "C a t  2 mmHg. 
Acidic Hydrolysis of (3a) and (3c).-A solution of (3a) 

(0.41 g, 1.36 mmol) in aqueous T H F  (5 ml) containing a 
catalytic amount of hydrochloric acid was stirred at room 
temperature for 3 h. After removal of the solvent the 
residue was extracted with chloroform and washed with 
brine. Drying (Na,SO,) and evaporation of the solvent gave 
u-phenylthio(pheny1)acetanilide (4a) (0.41 g, 95 yo), m.p. 
148-150 "C (from ethanol) (Found: C, 74.85; H, 5.25; N, 
4.2. C,,H,,NOS requires C, 75.22; H, 5.37; N, 4.39%); 
v , , ~ ~ ~ .  (Nujol) 3 300 (NH), 1 GGO (CO) cm-l; 6 (CDCI,) 5.05 (s, 
1 H, CH), 7.04-7.30 (m, 15 H, Ar-H), and 8.01 (br, 1 H, 
NH); m/e 319 (M+) .  

Similarly ci-phenylthiopropionanilide (4c) (94y0, 0.51 g) 
was obtained from (3c) (0.50 g, 2.1 mmol), m.p. 110-11 1 "C 
(from ethanol) (Found: C, 69.85; H, 5.9;  N, 5.25. C,,H,,- 
NOS requires C, 70.02; H, 5.88;  N, 5.44%); v,,~. (Nujol) 
3 200 (NH) and 1 650 (CO) cm-l; 6 (CDC1,) 1.53 (d, 3 H, Me, 
J 6.75 Hz), 3.87 (q, 2 H, M e C H ,  J 6.75 Hz), 6.94-7.54 (m, 
10 H, Ar-H), and 10.57 (br, 1 H, NH) ;  m/e  257 (&I+). 
Thermolysis of (3b).-A solution of (3b) (7.4 g, 25 mmol) 

in o-dichlorobenzene (50 ml) was refluxed for I h. The 
precipitate was collected by filtration and washecl with ether 
to give 2-ethoxy-3-phenylthioquinolin-4-oZ (7) in 54% (4.0 g) 
yield, 1n.p. 220-232 "C (Found: C, 68.65; H, 5.1; N, 4.7; S, 
10.75. C,,H,,NO,S requires C, 68.98; H ,  5.09; hT, 4.56; 
S, 20.65yo); 6 ([2H,JMe,SO) 1.23 (t, 3 H, MeCH,), 4.46 (q ,  
2 H, MeCH,), 7.03-7.73 (m, G H, ArS and 6-H), 7.73-7.84 
(m, 2 H, 5-H and 7-H), 8.32 (111, 1 H, 8-H), and 11.45 (br, 
1 H, NH) ; m/e 297 (Mt). 
Treatment of (7 )  with Raney Nickel.-A solution of (7) ( 1 . 0  

g, 3.4 mmol) in dioxan (30 ml) containing an excess of Raney 
nickel was refluxed for 18 h. The organic layer was separ- 
ated and concentrated to  give 2-ethoxyquinolin-4-01 (10) in 
50% (0.32 g )  yield, n1.p. 179-181 "C (Found: M+, 
189.0773. C,,HllNO, requires M ,  189.0788) ; 6 ([2HH,]Me,- 
SO) 1.40 (t, 3 H, MeCH,), 4.43 (9, 2 H, MeCH,), 6.14 (s, 1 H ,  
3-H), 7.20-7.55 (in, 1 H ,  6-H), 7.55-7.80 (m, 2 H, 5-H ant1 
7-H), and 8.17 (m, 1 H,  8-H). 
Reactions of (3e) and (3f) with CN-Dipheny1nitrone.-A 

mixture of (3e) (0.9 g ,  5 mmol) and CN-diphenylnitrone (1.0 
g, 5 mmol) in benzene (30 ml) was refluxed for 6 h. After 
removal of solvent the residue was chromatographed on 
silica gel eluting with benzene containing increasing amounts 
of ethanol. The last eluting solution (ethanol) gave 3- 
methyZ-3-methylthioindoZ-2-one (10a) in 40% yield, m.p. 
146-147 "C (from benzene-hexane) (lit.,, 150-151 "C) 
(Found: M+, 193.0540. C,,HllNOS requires M ,  193.0561) ; 
6 (CDC1,) 1.70 (s, 3 H, Me), 1.91 ( s ,  3 H, MeS), 7.08-7.50 
(m, 4 H, ArH), and 9.64 (br, 1 H, NH). 

Similarly 3-ethyl-3-methylthiolindol-2-one ( 1 Ob) was ob- 
tained in 22% yield from (3f) (2.41 g ,  13 mmol) and CN- 
diphenylnitrone (2.56 g, 13 nimol), m.p. 154-155 "C 
(Found: M+, 207.0749. C,,H,,NOS requires M ,  
207.0719); 6 (CDCI,) 0.74 (t, 3 H, IUeCH,), 1.87 ( s ,  3 H, 
MeS), 1.77-2.30 (m, 2 H, MeCH,, overlapping signal), 
6.80-7.40 (m, 4 H, ArH), and 9.23 (br, 1 H, NH). 

We thank Mr. E. I-hbota, Mr. K. Matsuura, and Mr. M. 
Iida, JEOL Co., for high-resolution gas chromatographic- 
mass spectral measurements. 

R ~ c e i v c d ,  25th Februnvy, 198 13 [ 1 / .33 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
81

. D
ow

nl
oa

de
d 

by
 U

N
IV

E
R

SI
T

Y
 O

F 
N

E
B

R
A

SK
A

 o
n 

30
/0

8/
20

15
 1

0:
36

:5
4.

 
View Article Online

http://dx.doi.org/10.1039/p19810002727


2730 J.C.S. Perkin I 
REFERENCES 

For recent papers, see (a) N. Murai, M. Komatsu, Y. 
Ohshiro, and T. Agawa, J. Org. Chem.,  1977, 42, 448; (b) 0. 
Tsuge, H. Watanabe, K. Matsuda, and M. Yosif, J. Org. Chem., 
1979, 44, 4543; (c) N. W. Barker and W. E. McHenry, J. Org. 
Chem. ,  1979, 44, 1175; ( d )  F. D. Sarlo, J. Chem. SOC., Perkin 
Trans. I ,  1980, 385. 

2 J. Motoyoshiya, A. Teranishi, R. Mikoshiba, I. Yaniamoto, 
H. Gotoh, J. Enda, Y. Ohshiro, and T. Agawa, J. Org. Chem., 
1980, 45, 5385. 

a L. I. Kruglick and Y. G. Gololobov, Zh. Org. Khim., 1978, 

H. J.  Bestmann, J .  Lienert, and L. Mott, Liebigs A n n .  Chem.,  

J .  Firl, W. Runge, W. Hartmann, and H-P. Vtikal, Clzenz. 

A. hlaujean, G. Marcy, and J.  Chuche, Tetrahedron Lett.,  

7 P. G. Gassman and T. G. Bergen, J. A m .  Chem. SOC., 1974, 

14, 747 (Chem. Abstr.,  1978, 42377~).  

1968, 718, 24. 

Lett . ,  1975, 51. 

1980, 519. 

96, 5508. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
81

. D
ow

nl
oa

de
d 

by
 U

N
IV

E
R

SI
T

Y
 O

F 
N

E
B

R
A

SK
A

 o
n 

30
/0

8/
20

15
 1

0:
36

:5
4.

 
View Article Online

http://dx.doi.org/10.1039/p19810002727



