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Abstract - Tert-butylisocyanide inserts into the carbon-sulfur bond of 
a-cyano sulfides .2-i to give thioimidates 10-14. The thioimidates can also 
be obtained via the chlorine substitution 07 t%e tert-butylimino chloro sul- 
fides Z-22, which is a more general method. These thioimidates rearrange 
to E and Z isomers of N-vinylcarbamates 16-20 via a I,3 C to N migration of 
the alkoxycarbonyl group. 

_I 

Isocyanides are stable nucleophilic carbenes. uncatalyzed a-addition reactions to N-S bonds: 

They give insertion reactions into carbon-halo- S-H bonds 
5 
and S-Cl bonds 6a7 are also known. 

pen bonds 1,2 1.3 or heteroatom-hydrogen bonds . We report here a new uncatalyzed formal inser- 

These latter reactions can be catalyzed by tion of the isocyanide C atom into a carbon- 

groups IB and IIB metals and their salts, by sulfur bond activated by two electronegative 

acids, or by radical initiators. 1,3 Some groups. one of which is generally a cyan0 

group. a 

CN 

RI-C-SR2 

I 
Y 

2a-k, Y = C02Me R2 = Me c- 

3+j_, Y = C02Me R2 = Ph 

4a.g, Y = C02Me R2 
__ = PhCH2 

5a. Y = CO Et 
2 

R2 = Me 

62, Y = C02Et R2 = PhCH2 

7j, Y = COMe R2 = Me 

83, Y = COPh R2 = Me 

Sj, Y = Ph R2 = Me 

t c” ,SR2 

"-I-'\\ 
N-t-Bu 

!c-e,g_, Y = C02Me_ R2 = Me 

lla,e,j, Y = C02Me R2 = Ph *-_ 

12, Y = C02Me R2 = PhCH2 

12, Y = C02Et R2 = Me 

&, Y = C02Et R2 = PhCH2 

‘2, Y = Ph R2 = Me 

NC 
\ iSR2 

RI' 

c=c 
'r-t-Bu 

Y 
12-j, Y = C02Me R2 = Me 

'2, Y = C02Me R2 = Ph 

18a,g, Y = C02Me -_ 
R2 = PhCH2 

I&, Y = COLEt R2 = Me 

2%. Y = C02Et R2 = PhCH2 

2lj. Y = COMe R2 = Me - 

22. Y = COPh R2 = Me 

a. R' - Ph2C(CN) d, R' 

b, R' = Ph(Me)C(CN) R' 

= (PhCH2)2C(CN) h, R' 
. I 

= p.MeO-C6H4 

e, = PhCH2 
f, R' = p.Cl-C6H4 
g Rl 

, = p.Me-C6H4 

1, R = p.N02-C6H4 

’ R' 3. = Ph 

k, R' = H 

1. Rl = Me 

. 
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Results and Discussion 

The reaction of tert-butyl isocyanide J_ with 

the most reactive sulfides 2-6 was carried out __ 

without solvent at room temperature (method A). 

lhis method led to a mixture of thioimidates 

IO-14 and N-vinylcarbsmates 16-20 (twc iso- -_ _- 

mers 2, E) which were separated by crystalliza- 

tion (Table I). The thioimidates rearranged in 

solution, at room temperature, to yield the 

corresponding N-vinylcarbamates, except s 

which is stable under these conditions. 

The reaction of tert-butyl isocyanide with the 

less reactive sulfides, alow at room tempera- 

ture, required heating in acetonitrile (method 

B) and led to the carbsmates 16-18 or amides 

2J, 22 (Table II). The correspznzng thioimi- 

NC\ c = 
MeOC' 

\ 
\\ 

N-tt.Bu 
/ O.*....R 

23 

1 

R-_$--CN 
C02Me 

24 

702Et Ph 

Ph-?-sPh 

,SPh 
'c=c, 

CC2Et 
EtOOC/ N-t .Bu 

2 
31 

C02Et 

dates were not obtained, even by method A, 

because the rearrangement of these thioimida- 

tes is faster than their formation. They were 

prepared by an alternative procedure (method 

C). The synthetic precursors, the iminochloro- 

sulfides (27,2_8), were prepared from the sul- 

fenylchlorides (25, 22) by the insertion reac- 

tion of 1 into the S-Cl bond. The iminochloro- 

sulfides 22, 28 were treated in situ at room 

temperature, with the anions derived from 2, 

to give the thioimidates by a fast reaction 

(table III). This third method allows isola- 

tion of thioimidates or carbamates, which can- 

not be prepared by methods A and B, as @, 

zj or 2. Indeed, attemptsto insert t.BuNC 

into the carbon-sulfur bond of the sulfides 

9j and 30 were unsuccessful. 
u - 

R2S-Cl t.Bu*N=C 
,SR2 

'X 

25, R2 = Me 27, x - Cl R2 = Me 

26, R2 - Ph 2, X = Cl R2 - Ph 

2, X - Ph(Me)N R2 = Me 

R’ SR2 
NC-A-C 

MeO-;-!lt.Bu 

32 d.f,g I + 
V-V- 0- 

2 

Table I Insertion of tert-butylisocyanide into C-S bond (method A). 

Time Thioimidate Carbamate 
Sulfide 

ha (yield X) 
b 

(yield Z) 
b 

Isomer ratio 

(A/B) 

b 17 

2b 114 

k 113 

sd 66 

?a 112 

la 18 

5a 40 

6a 41 

!$a (40) 
Qbc(45) 

Locc 
sd 
!_la (84) 
Ea (75) 
sa (34) 
Aa (43) 

@a (40) 72128 
'Jb (10) 67133 
sc (82) 55/45 
sd (60) 64/36 

!Ja (6) 70130 
lJa (37) 70130 
%a (29) 95/5 

.- 

a - Reaction time corresponding to the complete conversion of the starting sulfide in the presence 
of 3 equiv. of isocyanide. Yield of thioimidate was optimized. 

b - Isolated product yield. 
c - Observed by NMR. The pure compound was isolated by the method C. 
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Table II. Insertion of tert-butylisocyanide into C-S bond (method B). 

Sulfide Solvent time ha Product (yield %)b Isomer ratio (E : 2) 

2a 
_2e 

E&El2 
23 ga (88) 69 : 31 d 

MeCN' 
114 @e (20)' 

2f 7 !_6f (94) 61 : 39 
,2g MeCN 65 !$g (89) 62 : 38 
2h M&N 68 1Ah (82j 65 : 35 
3i MeCN 87 16i (68) 70 : 30 
,2j MeCN I9 (85) 60 : 40 
aj MeCN 20 $ !-$ Izoo; 73 : 27 
4g MeCN 22 64 : 36 

& MeCN MeCN MeCN 240 23 16 3 2Jj Ql (45)= (72) (71) 60 60 : : 40 40 d 
_.- 

a Reaction time corresponding to the complete conversion of the starting sulfide (except in the 
case of 2). b Isolated product yield. C A single isomer. d Isomers A, B. 

Table III. Preparation of thioimidate by 
method C. 

Educt Chloroimine Product (yield X) 

2Aa 27 19a (68) 
%a 2,s Ua (46) 
?_4c l_oc (59) 
?_4d : Iid (42) 
ge 2_7 ge (60) a 
2_4e 28 tie (52) 
2_4g z 1Og (39) 

2_4j 2,s lzj (49) 
Ph CHCN 

PhCH($02Et)2 
2_7 1,5j (41) 

2_8 3L (32) b 

a Yield of crude product ; the distillation 
of IJe gave the carbamate lie. b The carbama- 
te 3,! arises from the rearrangement of the 
corresponding unstable thioimidate. 

All isolated thioimidates, amides and carbama- 

tes had spectral properties (IR, 'H NMR) in 

accord with their assigned structures. A sin- 

gle isomer was isolated for the thioimidates. 

Two isomers (Z, E) of the N-vinylcarbamates 

and N-vinyl amides were obtained in most 

cases. 

The structure of the carbamates was confirmed 

by I3 C NMR spectroscopy. The I3 C NMR spectrum 

of 1_6g (E and Z) showed a triplet for one ole- 

finic carbon,consistent with a coupling cons- 

tant 35 C_H with two aromatic protons. More 

evidence for the structure of the N-vinylcar- 

bamates was obtained from chemical reactivity. 

The decarbomethoxylation 
20 

of IAd, lif and 

l6g by piperidine in refluxing xylene for 64h 

gave the corresponding enamines 32, which pro- 

ves the position of the C02Me group in 2. An 

assignment of structures E, Z is proposed for 

the N-vinylcarbamates when R' is an aryl 

TETVol 40,No GJ 

group. We assum that the tert-butyl group, in 

the prefered conformation of the enamine Z, is 

shielded by R', because the aryl group is not 

in the plane of the olefinic system for steric 

reasons. 
9 
The signal observed in the 'H NMR 

spectra for the tert-butyl group is shifted to 

a higher field of-O.6 ppm from E to Z isomer. 

This assignment was confirmed by the X-ray 

crystallographic analysis of sj (Z)." When 

R' is not an aryl group, the structures E, Z 

have not been assigned and the isomers are de- 

signated by A and B (Table I). It is interes- 

ting to note here that the isomerization E=Z 

of 16-20 is very slow (less than ,5 X isomeri- __ 

zation after refluxing a pure isomer of carba- 

mate l6g for 64 h in acetonitrile containing 

I Z of tert-butylisocyanide). 

These results show that the conversion of the 

thioimidates IO-14 is a 1,3_migration of the 'yv 

alkoxycarbonyl group with the formation of the 

carbamates E-22. The E isomer is preponderant. 

The amides 2_lj and 221 proceed from an I,3 mi- 

gration of the acyl group of the corresponding 

intermediate thioimidates. In the case of gj, 

the formation of the Z isomer was preponderant 

at room temperature. Indeed, when the amides 

2lj were prepared by the method A, the reac- 

tion was slow and the isomer ratio Z/E was 

60/40. This reaction was kinetically control- 

led : a mixture of Z , E isomers of Gj, in 

the ratio 40 / 60, was obtained by refluxing 

the pure isomer Z in acetonitrile for I6 h. Un- 

der the same conditions, the pure isomer zj 

(E) gave a mixture Z , E in the ratio 10 / 90. 
This isomerisation explains the results given 

in Table II. 
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Scheme I 

R2S- C& t-Bu 
1 

- R’- -C.< 
p SR2 

1 Y 
(A) 

4 
“N- t.Bu 

1n the case of the sulfideLk, the reaction 

withJ gave the enamine ,ZE. This isomer is 

stabilized by an intramolecular hydrogen bond, 

as detected by infrared spectroscopy. 

We p-opose that first step of the reaction of 

the sulfides with _I_ occurs via the heterolytic 

and reversible cleavage of the C-S bond of the 

sulfides, giving an ion pair (A) (Scheme I) 

according to the following trapping experi- 

ment for (A) : treatment of the sulfide za 

with tort-butyl isocyanide, at room temperatu- 

re, in the presence of an excess of N-methyl- 

aniline, yielded the cysnoester za (70 %) 

and the isothiourea 2 (one isomer, 83 2). 

When the reaction of I_ with a pure diastereo- 

isomer 2 was stopped before the total conver- 

sion of the sulfide, the ‘H NMR spectrum of 

the solution showed the formation of one dias- 

tereoisomer lzb and a mixture (60:40) of two 

diastereoisomers b. This epimerisation of the 

sulfide 2_b is in agreement with the reversible 

formation of the ion pair (A). 

Table IV. I H NMR estimed first-order rate 
constants for the rearrangzment 

of thioimidates at 20°C . 

Thioimidates Solvent 105k, s-’ 

l$a C6D6 0.3 
CD3CN 1.0 
CDC13 1.9 

‘<g C6D6 0.5 
CD3CN 2.4 
CDC13 3.3 

za CDC13 1.1 

g?a CDC13 1 .o 

lAa CDC13 0.5 

a Initial concentration of thioimidate : 0.4M. 

The rearrangement of the thioimidates IO-14 is _v 
slow in solution at room temperature. Some 

first-order rate constants are listed in Ta- 

ble IV. This rearrangement is an intramolecu- 

lar process as demonstrated by the following 

experiments. A mixture of za and lLa, which 

have rate constants for rearrangement nearly 

identical, was dissolved in CDC13 in a I:1 mo- 

lar ratio. The products formed were the carba- 

mates Ea and 19a (‘H NMR analysis). The cross 

products %a and 20a were entirely absent. In 

the same way, a mixture of lza and 12” gave 

the carbamates 16a and 20a ; the carbamates 

za and 1_9a were-not observed. 

This thermal rearrangement of the thioimidates 

to the carbamates or amides is a novel type of 

rearrangement, formally similar to the known 1.3 

0 to N acyl shift (Mumm rearrangement of iso- 

imides) . 11.12 A rate acceleration is observed 

when the solvent polarity is increased. 

These results and the analogy with the known 

Mumm rearrangement are consistent with the in- 

tervention of a four membered dipolar transi- 

tion state or intermediate as 32. 
7,11-14 In 

CDC13,3,3 is stabilized by SdVatian (Table IV) 

EXPERIMENTAL 

Melting points are uncorrected. Mass spectra 

were obtained on a Varian MAT 311 spectrometer. 

IR spectra were recorded as suspensions in Nu- 

jol, unless otherwise indicated, with a Perkin 

Elmer 225 spectrometer. NMR spectra (internal 

standard Me4Si) were taken in CDCl 3 unless sta- 

ted otherwise, on Bruker WP SO and ET WP 80 

spectrometers. Elemental analyses were perfor- 

med by the analytical laboratory, Centre Natio- 

nal de la Recherche Scientifique. 

&FkzteriaZs. Tert-Butylisocyanide ,I_ is a commer- 

cial product. Sulfides were obtained from 

anions of a-cyanoesters, a-cyanoketones or di- 

phenylacetonitrile and N-methylthio, N-benzyl- 

thio or N-phenylthiosuccinimide ‘5.16,2’,accor- 

ding to the known procedure. 17 

General Pmcecinre for the Insertion Reactions 

of Tert-Eutyl Ieocyanide into C-S Bond of SuZ- 

fides. Method A. Isocyanide _I_ (15 mmol) was 

added to the sulfide (L-9 (5 mmol). The mixtu- 

re was maintained at room temperature for the 

time indicated in Table I. Then the excess of 

l_was evaporated and the residue was analyzed 

by NMR. Ether was added to this residue to give 

crystalline thioimidate ll$-1A. The thioimidate 

was filtered and the filtrate was concentrated 

and treated with methanol or ethanol to give 

crystalline carbamate. Method B. To a solution 
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of 5 mm01 of sulfide (2-8) in 15 ml of aceto- -_ 
nitrile was added 8 mm01 of tert-butyl isocya- 

nide. The mixture was refluxed for the time 

indicated in Table II. Removal of the solvent 

under reduced pressure gave a mixture of E. 2 

isomers of carbamates or amides 12-22. These 

isomers were separated by recrystallization 

from methanol or ethanol. 

Preparation of thioimidates from iminocktoro- 

sulfides 2,7 OP 28. Method C. Preparation of 

a solution of iminochZoroeulfides 27 OF 22. 

To a solution of sulfenyl chloride 2 or 26 19 

(10 mmol) in tetrahydrofuran (15 ml) was added 

dropwise, with stirring under N2, a solution 

of tert-butylisocyanide (0.99 g, 12 mmol) in 

tetrahydrofuran (15 ml). Immediately the red 

color of 25 or 26 disappeared. The reaction 

mixture was stirred for a further 10 min at 

ambient temperature. Preparation of thioimi- 

dates I,o, ;tl, 12 and carbamate g. A solution 

of triethylammonium salt of &, 6, 2, g, j 
__ 

or of sodium salt of %, diphenylacetonitri- 

le and diethylphenylmalonate (IO mmol) in te- 

trahydrofuran (30 ml) was added to the solu- 

tion of 27 or 2. The mixture was stirred for 

30 min and filtered. Evaporation of the fil- 

trate, extraction of the residue with ether 

and then crystallization from methanol (or pe- 

troleum ether for 13) give the thioimidate or 

the carbamate 31. 

Methyl 3-tert-Butylimino 2-cyan0 2-diphenyZcya- 

nomethyt 3-methylthiopropanoate 12. m.p. 147°C 

IR 1642, 1743, 2236 cm -I. 'H NMR 6 1.23 (6, 

9H), 2.52 (s, 3H), 3.66 (s, 3H), 7.3 (m, 10H). 

Calcd for C24H25N302S : C, 68.72 ; H, 5.97 ; 

N, 10.02 ; S, 7.63. Found : C, 68.94 ; H, 

6.06 ; N, 10.04 ; S, 7.75. 

Methyl 3-tert-EutyZimino 2-Cyao 2-(1 ‘-Cyan0 

1 ‘-phenylethyl) 3-methyZthiopropanoate 12. 

Only one diastereoisomer was observed. m.p. 
-1 1 93-94'C. IR 1633, 1748, 2223 cm . H NMR 6 

1.55 (s, 9H), 2.21 (s, 3H), 2.52 (s, 3H). 3.53 

(s. 3H), 7.5 (m, 5H). 13C NMR 6 18.3 (cH3-S), 

24.1 (gH3-C-Ph), 28.9 ((cH3)3C), 48.0 (c-CO2 

CH3), 53.8 (OcH3), 59.5 ((CH3)c), 67.9 

(CH3-C_Ph). 115.2, 119.9 (CN), 144.7 (c=N), 

163.9 (C=O), 127.7 , 128.8 , 129.4 , 135.7 

(sH5). Calcd for C,gH23N302S : C, 63.86 ; H, 

6.44 ; N, 11.76 ; S, 8.96. Found : C, 63.92 ; 

H, 6.46 ; N, 11.81 ; S, 8.91. 

Methyl 3-Tert-Butylimino 2-cyan0 2-f9’-cymzo- 

fZuorenyZ-9’) 3-Methylthiopmpanoate 10~. m.p. 

145'C. IR 1620, 1756, 2230 cm-l. 1H NMRG 1.47 

(8, 9H), 2.37 (s, 3H), 3.81 (s, 3H), 7.2-8.0 

(m, 8H). Calcd for C24H23N302S : C, 69.06 ; 

H, 5.51 ; N, 10.07 ; S, 7.67. Found : C, 69.00 

H, 5.57 ; N, 10.20 ; S, 7.72. 
Methyl 3-tert-Butylimino Z-Cyano 2-fdibenzyl- 

cyanometkyIl 3-metkyZtkio propanoate 12. m.p. 

llO"C. IR 1619, 1734, 2224 cm-'. 'H NMR 6 1.52 

(8, 9H), 2.62 (s, 3H), 3.08, 3.67 (AB, J=l4Hz, 

IH), 3.18 (s, 2H), 3.30 (8, 3H),7.1-7.5(m,lOH). 

Methyl 2-benzyl J-tert-butylimino 2-Cymzo 3- 

n;etkyZtkiopropanoate 1Oe. Crude oil ; IR(neat) 
--I 1 

1617, 1680, 1745, 2230 cm . H NMR 6 1.32 (s, 

9H), 2.37 (s, 3H), 3.41 (s, 2H), 3.60 (8, 3H), 

7.25 (s, 5H). 

Methyl 3-tert-&&yZ~jniw 2-Cyano 2-(p.metkyZ- 

pkenyt) 3-metkyltkiopropanoate 1Lg. m.p. 9l'C. 

IR 1616, 1758, 2231 cm-'. 'H NMR 6 1.42 (s, 

9H). 2.15 (s, 3H), 2.40 (s, 3H), 3.75 (s, 3H), 

7.1-7.6 (m, 4H). Calcd for C17H22N202S : C, 

64.15 ; H, 6.91 ; N, 8.80 ; S, 10.06. Found : 
C, 64.18 ; H, 6.89 ; N, 8.77 ; S, 10.20. 
Methyl J-Tert-Butylimino 2-Cyano 2-(Dipkenyl- 

cyanunethyII 3-Pkenyltkiopropanoate 12. m.p. 
-1 130°C. IR 1646, 1750, 2225 cm . *H NMR 6 

1.34 (s, 9H), 3.09 (s, 3H), 7.4 (m, 15H). 13C 

NMR 6 28.6 ((cH3)3C) 53.7 (O$H3), 59.0 

((CH3)s), 59.5 ((CgH5)2c), 67.3 (s-CO2CH3), 

115.5, 120.5 (CN), 141.6 (g=N), 163.2 (c-0) 

127.8 , 128.2 , 129.0 , 129.2 , 129.4 , 129.6, 

129.9 , 136.9 , 137.3 , 137.7 (GH5). Calcd 

for C2gH27N302S : C, 72.34 ; H, 5.61 ; N, 

8.73 ; S, 6.65. Found : C, 72.12 ; H, 5.42 ; 

N, 8.63 ; S, 6.76. 

MetkyZ 2-benzyt-3-tert-bwtylimino Z-cyan0 

3-phenyltkio propanoate 2. m.p. 117'C. IR 

1624, 1735, 2233 cm -'. 'H NMR 6 1.50 (8, 9H), 

3.15 (s, 3H). 3.40 (m, 2H), 7.2-7.7 (m, IOH). 

Calcd for C22H24N202S : C, 69.47 ; H, 6.31 ; 

N, 7.36 ; S, 8.42. Found : C, 69.30 ; H.6.36 ; 

N, 7.24 ; S, 8.52. 

Methyl 3-tert-Butylimino 2-cyan0 2-pkeny2 3- 

pkenyltkiopropanoate llj. m.p. 94-95'. IR 
-1 1614, 1758, 2236 cm-'. H NMR 6 1.48 (s, 9H), 

3.69 (s, 3H). 6.8-7.4 (m, IOH). Calcd for 

C21H22N202S : C, 68.85 ; H, 6.01 ; N. 7.65 ; 
S, 8.74. Found : C, 68.64 ; H, 6.07 ; N, 7.85; 
S. 8.79. 

MetkyZ 3-Benzy ltkio 3-tert-Buty Zimino 2-cyan0 

2-lDipkenyZcyanometkyll propanoate 12. m.p. 

145'C. IR 1640. 1748. 2224 cm-'. 'H NMR 6 

1.27 (s, 9H). 3.69 (s, 3H). 4.24. 4.47 (AB, 
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J - 12 Hz, 2H), 7.5 (m, 15H). Calcd for 

C30H29N302S : C, 72.72 ; H, 5.85 ; N. 8.48 ; 

S, 6.46. Found : C, 72.60 ; H, 5.75 ; N, 8.32; 

S, 6.25. 

Ethyl 3-tcrt-Butytimino 8-Cyan0 2-(DiphenyZ- 

cyawmethyl) 3-Methylthio Propanoate I&. m.p. 

120°C. IR 1639, 1738, 2225 cm -1. ‘H NMR 6 1.17 

(t, 3H), 1.26 (8, 9H), 2.53 (s, 3H), 4.17 (m, 

ZH). Mass spectrum. Exact mass calcd for 

C25H27N302S 433.1824, found 433.1837. 

EthyZ &BenayZthio 3-tert-Butytimino 2-Cyan0 

2-(DiphenyZ cymzunethyZl Fropanoate 12. m.p. 

120°C. IR 1635, 1744, 2225 cm -‘. ‘H NMR 6 1.16 

(t, JH), 1.28 (6, 9H), 4.17 (m, 2W, 4.19, 

4.43 (AB, J = IO Hz, 2H). Mass spectrum. Exact 

mass calcd for C31H31N302S 509.2137, found 

509,2114. 

&tert-ButyZimino 2,2-DiphenyZ d&ethyZthio 

propionitriZ& ZLj, m.p. 115’C. IR 1608, 1618, 

2229 cm-‘. ‘H NMR 6 1.27 (8, 9H), 2.17 (8, 3H). 

7.30 (8, IOH). Calcd for C20H22N2S C, 74.53 ; 

H. 6.83 ; N, 8.69 ; S, 9.93. Found : C, 74.70; 

H, 6.95 ; N, 8.66 ; S, 10.01. 

MethyZ N-tert-ButyZ N-(2,3-dicyano 3, &diphe- 

nyZ l-methyl thio I-prwpenyl) carbamate 16a. .- 
Isomer A. m.p. 177’C. IR 1548, 1719, 2201, 

2229 cm-‘. ‘H NMR 6 1.35 (s, 9H), 2.45 (8, 3H). 

3.89 (s, 3H), 7.1-7.9 (m, IOH). 13C NMR 6 16.7 

(~H~-s), 28.2 ((~H~)~c), 52.8 ((cH3)g),53.0 

(~H30),61.1 (C3),l16.5, 116.9, 119.7 (ZEN, C2) 

128.3, 129.2, 129.4, 129.5, 135.6, 140.3 

(sH5), 153.4 (Cl), 157.3 (C=O). Anal. calcd for 

C24H25N302S : C, 68.72 ; H, 5.97 ; N, 10.02 ; 

S, 7.63. Found : C, 68.80 ; H, 5.94 ; N, 

10.01 ; S, 7.72. Isomer B. m.p. 148°C. IR 

1531, 1715, 2201, 2225 cm -*. ‘H NMR 6 1.62 (8, 

9H), 2.17 (s, 9H), 3.79 (8, 3H), 7.4 (br.s, 

IOH). Calcd for C24H25N302S : C, 68.72 ; H, 

5.97 ; N, 10.02 ; S, 7.63. Found : C, 68.86 ; 

H, 5.76 ; N, 10.18 ; S, 7.76. 

MethyZ N-tert-ButyZ N-(2,3-dicyano l-methyz- 

thio 3-phenyZ I-butenyZI mrbamate 16b. ISO- 

mer A. Observed by NMR in a mixture of iso- 

mers A and B. IH NMR 6 1.31 (s, 9H), 2.10 (8, 

3H), 2.42 (s, 3H), 9.76 (s, 3H) . Isomer B : 

m.p. 165*C. IR -I 1552, 1727. 2207, 2226 cm . 

‘H NMR 6 1.64 (s. 9H), 2.08 (6, 3H), 2.41 (s, 

3H), 3.62 (8, 3H). Calcd for ClgH23~30L~ : 

C, 63.86 ; H, 6.44 ; N, 11.76 ; S, 8.96. 

Found : C, 63.88 ; H, 6.50 ; N, 11.98 ; S, 

8.84. 

MethyZ N-tert-ButyZ N-(2-cyan0 2-(9’-cyanoftuo_ 

renyt-9 ‘) 1-methy Zthioviny 2) carbomate l$i_c, 

Isomer A. m.p. 228°C. IR 1554, 1725, 2203, 

2228 cm-‘. ‘H NMR 6 1.77 (s, 9H), 2.46 (s, 3H), 

3.95 (s, 3H), 7.3-7.9 (m, 8H). Calcd for 

C24H23N302S : C, 69.06 ; H, 5.51 ; N, 10.07 ; 

S, 7.67. Found : C, 68.92 ; H, 5.49 ; N, 9.85; 

S, 7.51. Isomer B. m.p. 175°C. IR 1531, 1717, 

2197 cm-‘. ‘H NMR 6 1.55 (8, 9H), 2.04 (s, 3H), 

3.67 (8, 3H), 7.3-7.9 (m, 8H). Calcd for 

C24H23N302S : C, 69.06 ; H, 5.51 ; N, lo.07 ; 

S, 7.67. Found : C, 68.80 ; H, 5.42 ; N, 

10.01 ; s, 7.78. 

MethyZ N-tert-ButyZ N-f&benayZ 2,3-dicyano 

l-methylthio C-phenyZ 1-butenytl carbamate 16d 

Isomer A. m.p. 156°C. IR 1560, 1729, 2200, 

2230 cm-‘. ‘H NMR 6 1.16 (s, 9H), 2.34 (5, 3W, 

2.95, 3.26 (AB, J = 15 HZ, 2H), 3.16, 3.41 

(AB, J = 15 HZ, 2H), 3.57 (8, 3H), 7.4 (m, 

IOH). 13C NMR 6 17.7 @13-S), 27.7 ((CH3)3C)r 

43.6, 44.2 (C6H5-g2), 47.4 (C,), 52.8 (cH30), 

60.6 ((cH~)~). 116.8 @I), 118.7, 118.8 (CN, 

C2), 128.2, 128.3, 128.6, 128.9, 130.8, 131.4, 

133.5, 134.0 (SH5), 153.5 (Cl), 155.8 (C=O). 

Calcd for C26H2gN302S : C, 69.79 ; H, 6.51 ; 

N, 9.39 ; S, 7.15. Found : C, 70.09 ; H. 6.30; 

N, 9.24 ; S, 7.29. Isomer B. m.p. 125’C. IR 

1532, 1715, 2197, 2228 cm -I. ‘H NMR 6 1.40 

(8, 9H), 2.15 (s, 3H), 3.25, 3.41 (AB, J = 

17 Hz, 2H), 3.27 (s, 2H), 3.60 (8, 3H), 7.4 

(m, IOH). Calcd for C26H2gN302S : C. 69.79 ; 

H, 6.51 ; N, 9.39 ; S, 7.15. Found : C. 69.80; 

H, 6.48 ; N, 9.57 ; S, 7.13. 

MethyZ N-tart-EIutyZ N-(2-cyan0 I-methyZthio 

3-phenyl I-propenyl) carbamate le. One iso- 

mer, m.p. 73-74°C (hexane) . IR 1567, 1704, 

2204 cm-‘. lH NMR 6 1.53 (s, 9H), 2.32 (s, 

3H), 3.36, 3.67 (AB, J = I5 Hz, 2H), 3.59 (s, 

3H), 7.2 (br.s, 5H). Calcd for C17H22N202S : 

C, 64.15 ; H, 6.91 ; N, 8.80 ; S, 10.06. 

Found : C, 63.41 ; H, 6.97 ; N, 8.68 ; 

s, 10.19. 

MethyZ N-tert-ButyZ N-((2-p.chZorophenyZ 2- 

cyano l-methytthiol vinyI) carbomate 1Af. 

Isomer S observed by NMR in a mixture of iso- 

mers E and Z. ‘H NMR 6 1.66 (s, 9H), 2.18 (8, 

3H), 3.76 (s, 3H). -Tsomer 2 : m.p. 114°C. IR 
1570, 1716, 2200 cm-‘. ‘H NMR 6 1.20 (s, 9H), 

2.46 (s, 3H), 3.83 (s. 3H), 7.3 (m, 4H). 

Calcd for C16HlgC1N202S : C, 56.72 ; H, 5.61; 

Cl, 10.48 ; N, 8.27 ; S, 9.45. Found : C. 

56.76 ; H. 5.85 ; Cl, 10.72 ; N, 8.11 ; S, 

9.30. 
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Methyl N-tert-ButyZ N-(Z-cyan0 2-p.methylphe- 

nyl I-methytthio) vinyl) mrbamate 169. Tcomer 

E . m.p. 8l'C. IR 1552, 1717, 2195 cm . -=’ 'HNMR 

6 1.65 (s, 9H), 2.14 (s, 3H), 2.38 (s, 3H), 

3.75 (s, 3H), 7.3 (m, 4H). 13C NMR 6 15.5 

(cH3-S), 21.4 (sH3-C6H+), 28.7 ((G3)3C), 52.9 

(cH30), 60.8 ((cH~)~), 114.8 (C,), ]]8.](~W, 

129.0. 129.4, 129.5, 139.7 ($,H4), 153.9 (C,), 

154.0 (C=O). Calcd for C,7H22N202S : C, 64.15; _ 

H, 6.92 ; N, 8.80 ; S, '0.06. Found : C,64.30; 

H, 6.99 ; N, 8.88 ; s, 9.90. Isomer z. m.p. 

154-155°C. IR 1557, 1710, 2196 cm -I. lHNMR6 

I.18 (s, 9H), 2.34 (s, 3H), 2.44 (s, 3H), 3.81 

(s, 3]1), 7.14 (s, 4H). 13C NMR 6 16.2 (F3-S), 

21.4 (gH3-C6H4), 28.1 ((cH3)3C), 52.7 (g30), 

~0.2 (((X3)6), 113.8 (C,), 117.9 (SzN). 128.3, 

129.7, 130.6, 139.4 (C6H4), 153.7 (Cl), 154.2 

(c=O). Calcd for C,7H22N202S : C, 64.15 ; H, 

6.92 ; N, 8.80 ; S, 10.06. Found : C, 63.88 ; 

H, 6.94 ; N, 9.02 ; S, 10.16. 

Methy N-tert-Butyl N-((2~cyano 2-p-methoxy- 

phenyZ l-methyzthiol vinyl) carbamate 12. 

.&ture of isomers E and Z. ".p. 99-IOI'C, 

IR 1550, 1602, 1716, 2202 cm-'. Isomer E lH 

NMR S 1.64 (s. 9H). 2.14 (s. 3H). 3.72 (8. 3H), 

3.78 (s, 3H), 6.7-7.5 (m, 4H). Isaner 2 'H NMR 

6 1.18 (s, 9H), 2.42 (s, 3H), 3.80 (8, 6H), 

6.7-7.5 (m, 4H). Colcd for C,,H22N203S : C, 

61.07 ; H, 6.58 ; N, 8.38 ; S, 9.58. Found : 

C. 61.70 ; H, 6.48 ; N, 8.05 ; S, 8.54. 

MethyZ N-tert-ButyZ N-((2~cyano l-methylthio 

Z-p.nitrophenyZlvinyli carbamate 12. Mixture 

of isomers E and Z. ".p. 109-III'C. IR 1589, 

1596, 1718, 1727, 2195, 2207 cm -1. Isomer E, 

'H NMR 6 1.68 (s, 9H) , 2.26 (s, 3H), 3.80 (s, 

38)s 7.5-8.6 (m, 4H). Isaer 2 'H NMR 6 1.20 

(s, 9H). 2.53 (s, 3H), 3.88 (s, 3H), 7.5-8.6 

(m, 4H). Calcd for C16HlgN304S : C, 55.01 ; 

H, 5.44 ; N, 12.03. Found : C, 55.11 ; H, 5.39; 

N, 12.03. 

Methyl N-tert-ButyZ N-f(2-cyano l-methylthio 

2-phenyZ)vinyZ) carbomate 16j. Isomer E.m.p. 

99-IOO'C. IR 1552, 1575, 1715, 2203 cm-'. 'H 

NMR 6 1.67 (s, 9H). 2.15 (s, 3H), 3.76 (s, 3H), 

7.4 (m, 5H). Calcd for C16H20N202S : C, 63.15; 

H, 6.57 ; N, 9.21 ; S, 10.52. Found : C, 62.91; 

H, 6.53 ; N, 9.10 ; S, 10.41. Isomer 2. m.p. 

106'C. IR 1550. 1570, 1702, 2202 cm-l. 'H NMR& 

1.17 (s,9H), 2.45 (s, 3H), 3.83 (s, 3H), 7.35 

(s, 5H). Calcd for C,6H20N202S : C, 63.15 ; 
H, 6.57 ; N, 9.21 ; S, 10.52. Found : C,62.92; 

H, 6.68 ; N, 9.22 ; S, 10.44. 

Methyl N-tert-ButyZ NIf2-cyan0 2-phenyZ l-phe- 

nyZthio) vinyI) carbamate 1_7j. Isomer E. m.p. 

67-68'C. IR 1555, 1720, 2*9 cm-'. 'H NMR 6 

1.47 (8, 9H), 3.76 (6, 3H), 7.3 (m, IOH). 

Calcd for C2,H22N202S : C, 68.85 ; H, 6.01 ; 

N, 7.65 ; S, 8.74. Found : C, 68.92 ; H,6.13; 

N, 7.89 ; S, 8.68. Isomer 2 (this compound 

was not purified). 'H NMR 6 G.95 (s, 9H), 

3.66 (s, 3H), 7.0-7.5 (m, IOH). 

Methyl N-tert-ButyZ N-(I-benaylthio 2,3-dioya- 

no 3,3-diphenyi! I-propenyZI carbomate 184. I- 

8omer A. ".p. 192°C. IR 1540, 1722, 2202, 2234 

cm-l. 'H NMR 6 1.37 (s, 9H), 3.70 (8, 3H), 

4.14, 4.27 (AB, .J = 12 Hz, 2H), 7.4 (m, 15H). 

Calcd for C30H2gN302S : C, 72.72 ; Il. 5.85 ; 

N, 8.48 ; S, 6.46. Found : C, 72.95 ; H, 5.90; 

N, 8.43 ; S, 6.48. Ieomer B (in a mixture of 

A and 5). 'H NMR 6 1.68 (8, 9H), 3.71 (s, 3H), 

3.91 (s, 2H). 

MethyZ N-tert-ButyZ N-c (1 -ben.zyZthio 2-cyan0 

2-p.methyZphenyZl vinyl) carbamate 189. Iso- 

mer E. ".p. IOO'C. IR 1571, 1710, 2203 cm-'. 

]H NMR 6 1.70 (s, 9H), 2.34 (6. 3H), 3.69 (s, 

3~), 3.84 (s, 2H), 7.0-7.5 (m, 9H). Calcd for 

C23H26N202S : C, 70.05 ; H, 6.59 ; N, 7.10 ; 

S, 8.12. Found : C, 69.75 ; H, 6.53 ; N, 7.26; 

S, 8.28. Isomer 2. ".p. 13O'C. IR 1552, 1710, 
-I 

2198 cm . 'H NMR 6 1.21 (6, 9H), 2.34 (s, 3H), 

3.73 (s, 3H). 4.16, 4.33 (AB, .J = I2 Hz, 2H), 

7.3 (m, 9H). Calcd for C23H26N202S : C, 70.05; 

H, 6.59 ; N, 7.10 ; S, 8.12. Found : C, 70.08; 

H, 6.56 ; N, 7.21 ; S, 8.20. 

Ethyl N-tert-ButyZ N-12,3-dicyano 3,3-diphe- 

nyZ I-methyZthio 1-propenytl earbamate 12. 

Isomer A. ".p. 179°C. IR 1551, 1712, 2206, 

2231 cm-'. 'H NMR 6 I.35 (s, 9H), 1.41 (t, 

J = 7 Hz, 3H), 2.48 (s, 3H). 4.35 (q, J = 7Hz, 

2H), 7.1-7.8 (m, IOH). Calcd for C25H27N302S : 

C, 69.28 ; H. 6.23 ; N, 9.69 ; S, 7.39. Found: 

C, 69.33 ; H, 6.29 ; N, 9.66 ; S, 7.16. Iso- 

mer B. ".p. 145°C. IR 1514, 1712, 2201, 2230 

cm-'. lH NMR 6 1.38 (t, J = 7 Hz, 3H). 1.62 

(s, 9H), 2.22 (s, 3H), 4.26 (m, 2H), 7.4 (m, 

IOH). Calcd for C25H27N302S : C, 69.28 ; H, 

6.23 ; N, 9.69 ; S, 7.39. Found : C, 69.05 ; 

H, 6.25 ; N, 9.70 ; S, 7.20. 

EthyZ N-tert-ButyZ N-(I-benzylthio 2,3-dicya- 

no 3,3-dipheny Z 1 -propeny 2) carbczmate 2. I- 

8une* A. ".p. 139-14O'C. IR 1551, 1713, 2205, 

2227 a,~-'. 'H NMR 6 1.37 (t, J = 7 Hz, 3H). 

1.39 (s, 9H). 4.32 (m, 2H). 4.19, 4.4' (m, 

J = I2 Hz, 2H), 7.2-7.9 (m, 15H). Calcd for 
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C3,H3,N303S : C, 73.08 ; H, 6.09 ; N, 8.25 ; 

S, 6.28. Found : C, 73.33 ; H, 6.08 ; N, 8.02; 
S, 5.99. IscPner B (in a mixture of A and B) 

1H NMR 6 1.69 (s, 9H), 3.96 (8, 2H). 

N-tert-Buty 1 N-f 2-cyano 1 -methy Zthio 2-pheny 1) 

vinyi! ac;tomi& 2&i, Isaer 2. m.p. 127'C. IR 

1537, 1662, 2202 cm --'0 'll NMR 6 1.23 (s, 9H), 

2.35 (8, 3H), 2.55 (8, 3H), 7.37 (8, 5H). 

Calcd for C16H20N20S : C, 66.66 ; H, 6.94 ; 

N, 9.72 ; S, 11.11. Found : C, 66.40 ; H, 7.01 

N, 9.86 ; S, 11.22. Isomer E. m.p. 123-124'C. 

IR 1546, 1661, 2197 cm -I. 'H BMR 6 1.68 (8, 

9H), 2.18 (8, 3H), 2.22 (5, 3H); 7.47 (8, 5H). 

Calcd for C16H20N20S : C, 66.66 ; H, 6.94 ; 

N, 9.72 ; S, 11.11. Found : C, 66.39 ; H, 

’ 6.89 ; N, 9.93 ; S, 11.16. 

N-tert-ButyZ N-(2-cyano 1-methylthio l-prope- 

nyllbenzamide 222. Oil, mixture of isomers A - 

and B. IR (neat) 1572, 1656, 2200 cm 
-1 . Iso- 

mer A. 'H NMR 6 1.68 (8, 9H), 1.76 (s, 3H). 

2.26 (8, 3H), 7.3 (m, 5H). Isomer B. 'H NMR 6 

1.60 (8, 9H), 1.98 (s, 3H). 2.26 (8, 3H), 7.3 

(m, 5H). Calcd for C16H20N20S : C, 66.66 ; 

H, 6.94 ; N, 9.72 ; S, 11.11. Found : C,66,85; 
H, 7.14 ; N, 9.86 ; S, 10.86. 

Methyl 3-tert-ButyZomino 2-cyan0 3-methylthio 

acryZute 2L.E. m.p. 92'C. IR (CC14) 1656, 2202. 

3180 cm-'. 'll NMR 6 1.54 (8, 9H), 2.70 (s,3H), 

3.75 (8, 3H), 10.35 (br.s, IH). Calcd for 

C101116N202S : C, 52.63 ; H, 7.01 ; N, 12.28 ; 

S, 14.03. Found : C, 52.62 ; H, 7.09 ; N, 

12.30 ; S, 14.06. 

Ethyl N-tert-ButyZ N-((2-EthoxycarbonyZ &-phe- 

nyl 1-phenylthiol viny21 carbamate g. One pu- 

rified isomer (E or 2). m.p. 60-62'C (cyclo- 

hexane) IR 1566, 1573, 1715 cm-'. 'H BMR 6 

1.16 (t, .l = 7 Hz, 3H), 1.29 (t, J - 7 Hz,3H), 

1.35 (6, 9H), 4.09 (m, 4H), 7.0-7.5 (m, IOH). 

Calcd for C24H2gN04S : C, 67.44 ; H. 6.79 ; 

N, 3.27 ; S, 7.49. Found : C, 67.33 ; H.6.81; 

N, 3.27 ; S, 7.75. 

Reaction of carbamates vith piperidine. To a 

solution of carbamate 12 (mixture of E, Z iso- 

mers) (3 mmol) in 30 ml of xylene, was added 

2 ml of piperidine. After being refluxed for 

64 h, the solution was evaporated and the re- 

sidw was treated with ether (10 ml). The 

enamine zwas filtered and purified by crys- 

tallization from ethanol. 

I-BensyZ I-tert-Butylomino 2,3-dicyano I-phe- 

nyz I-(N-piperidinyll I-butene Kd. 0,46 g 

(36 X) m.p. 164'C (EtOH). IR 1555. 2171, 2223, 

3387 cm-'. *H NMR 6 0.89 (8, 9H), 1.50 (br.s, 

6H), 2.73 (br.8, IH), 2.89 (br.8, 4H), 3.19 

(8, 4H). 7.2-7.6 (m, IOH). Calcd for C28H34N4: 

c, 78.87 ; H, 7.98 ; N, 13.14. Found : C, 

78.66 ; H, 8.08 ; N, 12.90. 

1-tert-&tylamino 2-p.chZorophenyZ 2-cyan0 l- 

fN-piperidinyt)ethene Ef. 0.85 g (87 X1 m.p. 

16l'C (EtOH). IR 1534, 2146, 3325 cm 
-1 IH . 

BMR 6 1.36 (8, 9H), 1.55 (br.8, 6H), 3.00 (br. 

8, 4H), 3.97 (br.s, 1H). Calcd for C18H24C1N3: 

C, 68.03 ; H, 7.55 ; N, 13.22 ; Cl, 11.18. 

Found : C, 68.00 ; H, 7.60 ; N, 13.51 ; Cl, 

11.41. 

I-tert-~utylaino 2-cyano 2-p.methylphenyl 

I-fN-piperidinyZ)ethene 32g. 0.60 g (67 X) 

m.p. 121’C (EtOH). IR 1532, 2154. 3331 cm-'. 

'H NMR 6 1.37 (s, 9H), 1.55 (br.s, 6H), 2.32 

(s, 3H), 3.02 (br.s, 4H), 3.95 (br.8, IH), 

7.02 (s, 4H). Calcd for C1gH27N3 : C, 76.76 ; 

H, 9.09 ; N, 14.14. Found C, 76.60 ; H, 9.20; 

N, 14.21. 

Trapping of the ion pair iA) with N-methykmi- 

line. A mixture of sulfide 2 (1.68 g, 5 

mmol), isocyanide j_ (1.24 g, 15 mmol) and N- 

methylaniline (3.21 g, 30 mmol) was stirred 

at ambient temperature for 18 h. The excess 

of N-methylaniline and isocyanide was evapora- 

ted. The residue, treated with a mixture of 

ether-petroleum ether, gave the ester 2Aa 

which was filtered. The filtrate was evapora- 

ted to give the isothiourea 2 (0.98 g, 83 X). 

bp 80" (0.02 mm). 'H NMR 6 1.37 (s, 9H), 2.03 

(s, 3H), 3.12 (8, 3H), 6.9-7.6 (m, 5H). Calcd 

for C13H20N2S : C, 66.10 ; H, 8.47 ; N, 11.86; 

S, 13.55. Found, C, 66.30 ; H, 8.33 ; N,ll.17; 

s, 13.35. 

Rearrangement of a mkture of thioimidates. 

Thioimidates 12 (49 mg, 0.1 mmol) and 2 

(43 mg, 0,l mmol) were dissolved in CDC13 

(0.5 ml) and the solution was analyeed by 'H 

NMR. A mixture of 10-a (42 mg, 0.1 mmol) and 

l* (51 mg, 0.1 

analyzed in the 

ranged products 

products. 

mmol) in CDC13 (0.5 ml) was 

same manner. The normal rear- 

were observed, without cross 
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