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Abstmc-A number of I-allylthio and I-crotylthio I-aminoalkenes derived from ketones and active 
methylene compounds has been prepared and rearranged to the corresponding thioamides (thio- 
Claisen rearrangement). Besides rearrangement products, small amounts of I-alkyl-thio-N-alkyl-N- 
phenyl-1-aminoalkenes have also been isolated. When the ketene derivatives did possess a H-atom 
on nitrogen, cleavage of the formed thioamide produced phenyl isothiocyanate and substituted active 
methylene compounds. 

INTRODUCTlON 

Rearrangements of S-alkylated thioamides and of 
ketene-N,O-acetals are known.‘-’ In continuation of 
our work on thio-Claisen rearrangements on 
ketene-S,S-acetals derived from ketones’ and from 
active methylene compounds,~’ we have now in- 
vestigated the rearrangement of the corresponding 
1 - alkylthio - 1 - aminoalkenes. The influence of an 
arylamino group as compared with an alkylthio 
group was also of potential interest. 

Synthesis and rearrangements 
Two classes of ketene derivatives have been pre- 

pared, the ketene derivatives 1 derived from p- 
methyl acetophenone and the ketene derivatives 2 
derived from active methylene compounds. 

In the first series, following known methods,(.a9 
p-methyl acetophenone is reacted with CS, in the 
presence of a base and the dithioacid formed trans- 
formed into a tetrabutylammonium salt and subse- 
quently alkylated. The monoalkylated products, the 
dithioesters, are most conveniently prepared by the 

- M&p 0 +a 
SR 2 SR 

Y,Z = CN,COMe,COOR 

1 2 

ion-pair extraction technique as shown in a series 
of publications.c7 The thioamide is synthesized by 
reacting the dithioester with a secondary amine and 
by subsequently alkylating its Tl(I)-salt, the ketene 
derivative 1 is smoothly prepared. As the thallium 
salt does possess several possible alkylation cites, 
the position of the alkyl group had to be demon- 
strated. The NMR-spectrum of lc (R = Me) showed 
an one-proton single! at 6 5.58 indicating an olefinic 
proton and IR showed a conjugated CO group from 
the absorption at 160Ocm-‘. The mass spectrum 
showed the presence of a methylthio group by the 
peaks at m/e 21qM-47) and m/e 47. 

SH 

1. bue.cq 
Ar-COCH, - 

2.H’ 

Fig 1. 
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Attempts were made to prepare the following 
ketene derivatives of type 1. 

Me- 

la: R = Ally1 
lb: R = Crotyl 
Ic: R=Me 
Id: R = Et 

The second class of ketene derivatives was pre- 
pared by reacting an active methylene compound 
with a base and phenyl isothiocyanate to give the 
thioamide 5.%16 Compound 5 could be alkylated in 
the presence of a base to the ketene derivative 2.“-” 
(Fig 3, Table 1) 

3a: R = Ally1 
3b: R = I’-Methylallyl 

However, it was not possible to isolate the 
keteneacetals la and lb, but only the rearrange- 
ment products 3. The structures could be assigned 
from NMR spectroscopy. The NMR spectrum of 3a 
indicated the disappearance of the olefinic proton, 
and the two-proton broad quartet at 6 2.28 demon- 
strated the presence of the structure element 
CH-CXJ-CH=CH2. In the NMR spectrum of 3b, 
the number of olefinic protons had increased to 3, 
besides that the three-proton signal at 8 1.2 indi- 
cated a Me group adjacent to an asymmetric CH 
group. 

In the mass spectra of 2, the dominating feature 
was the fragmentation of the alkoxycarbonyl or 
acetyl groups, but the presence of at least one of the 
fragments RS’ and M+-5% showed the existence of 
the alkylthio group. 

In several cases, small amounts of N,S- 
dialkylated keteneacetals 6 were isolated. As 
methylation of 2a is known,” the introduction of 
the second allyl- or crotyl group must take place in 
an analogous way: 

Z’ ‘S-R i ‘SR 

When attempting to synthesize la, it was also 2 6 

possible to isolate a moderate yield of the dialkyl- 
ated ketene derivative 4 besides the main product 
3a. By assuming the rearrangement to take place 
during the reaction, the formation of 4 can be ac- 
counted for by a proton transfer from already 
formed 3a to yet unalkylated thallium-salt, followed 
by alkylation of this new anion. (Fig 2) 

Me 

3a 

4 
Fig 2. 

Y 

‘CHz + YwNHPh , h_ H’ 

Z’ ZAP 

y wNHPh 
ZnSR 

2 

Fig 3. 
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Table 1 

Y NH-Ph 

X - 
Z S-R 

2 

No. 

2a 
2b 
2c 
2d 
k 

: 
2b 
21 

Y Z 

CN COOMe 
CN COOMe 

COOMe COOMe 
COOMe COOMe 
COOEt COOEt 
COOEt COQEt 
COMe COOEt 
COMe COMe 

H COMe 

R 

Me 
Ally1 
Ally1 

Crotyl 
Ally1 

Crotyl 
Me 
Me 

Ally1 

As distillation of the initial mixture took place at 
140-170" (0.1-0.3 mmHg) and the thermal instabil- 
ity of the thioamide 7b had been proved in a sepa- 
rate experiment, the formation of the cleavage pro- 
ducts 8 and phenyl isothiocyanate can be accounted 

Y 10 R’ T? 

Z 
,C\ ,N-Ph 

fi 
S 0 
7 \ 

Y 
‘CH-R’ 

Z’ 
+ PhNCS 

8 

When R = ally1 or crotyl, the reaction mixtures 
were distilled to give complex mixtures, which had 
to be separated further by chromatography. The 
products isolated included still unrearranged 2, dial- 
kylated product 6, rearrangement product 7 and the 
cleavage products 8 and phenyl isothiocyanate. 

The structure of 6 was supported by the frag- 
ments at m/e 1’46 (Ph-N-Crot) and M’-146 in the 
mass spectrum of 6d and the corresponding M-132 
fragment from 6c. 

Besides evidence from IR, UV and NMR spec- 
troscopy (loss of conjugation to ester-carbonyls, 
shortening of the chromophore and change of 
chemical shifts, especially of the allylic CH, 
groups) the assignment of the thioamide structure 
to 7 was supported by the mass spectra, which all 
had fragments corresponding to elimination of a 
sulphhydryl radical or H,S besides fragments due 
to cleavage a to the thiocarbonyl group, as must be 
expected for thioamides.” 

for by an internal hydrogen transfer and elimination 
of phenyl isothiocyanate. 

Using t-butyl acetoacetate as active methylene 
compound and distilling the alkylated product (not 
isolated) in the presence of p-toluenesulphonic 
acid, elimination of isobutene and CO1 took place 
besides rearrangement and cleavage of the rear- 
ranged product. Due to the very small yield of 7j 
(0.9%). the structure was then confirmed by mass 
spectroscopy. a-Cleavage to the thiocarbonyl 
group gave the expected fragments at m/e 141 and 
136 besides 97 (M’-136). Cleavage o to the CO 
group gave m/e 218, 190 and 43 (MeCO). Elimina- 
tion of the expected sulfhydryl radical” gave m/e 
200 (4%) and expulsion of aniline gave m/e 93 
(CIHINH;) as the base peak. 

DISCUSSION 

The formation of the rearrangement products ob- 
tained (3 and 7) can be accounted for by the normal 

Table 2. Product distribution 

P P 

Y 2 --H Y R 
y\ /R 

X 
-R Y 

- - -NHPh ‘CH-R’ 

Z S-R Z S-R Z’ 

2 6 7 8 

Yields of Products 
start (in %) 
Mat. Y Z R No 2 6 7 8 PhNCS 

5a CN COOMe Ally1 b 1 S-111 12 
5b COOMe COOMe Ally1 
5b COOMe COOMe Crotyl : 

27 6 28 - - 
-I1 12- - 

SC COQEt COOEt Ally1 e 10 - 8 16 17 
SC COOEt COOEt Crotyl 5-9- - 
- Har CO&Bu COMe Ally1 27- 13 6 
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MeCO 1. Base 
2. PhNCS 

‘CH, - 
tBUOC6 

Ally1 Br 

H+.A 
,NHPh 

- Me - -coz.c&s -CH=C, 
SAlyl 

+ 
CH,-CH=CH, 

I 
ME-CO-CH-CSNH-Ph 

7.i 
Me-C-CH-COO--t-Bu 

gj 
FigA 

thio-Claisen mechanism. When a crbtyl group rear- 
ranged, the expected l’-methylallyl compound was 
formed, in contradiction to rearrangements of some 
dicrotyl ketene-S,S-acetals.” Rearrangement pro- 
ducts from the ~~kylated ketene acetals 6 have not 
been observed. 

In the ketene derivatives 1, the thioclaisen rear- 
rangement is a smooth reaction, taking place during 
preparation of the ketene ace&l, and giving up to 
70% yield of rearrangement product and moderate 
yield of dialkylated product 4. As long as no N-H 
bond is present, cleavage products are not ob- 
served. 

The ketene derivatives 2, derived from methyl 
cyanoacetate, dimethyl and diethyl malonates and 
t-butyl acetoacetate, do rearrange, but require con- 
ditions so severe (distillhtion at 150-170”) that de- 
composition of the rearrangement products takes 
place. Thus only small or moderate yields of the 
rearrangement product 7 are obtained and mostly 
small yields of the cleavage products 8 and phenyl 
isothiocyanate are isolated besides unrearranged 2 
and dialkylation product 6. 

The influence of the arylamino group as com- 
pared with the alkylthio group is most apparent for 
the ketene acetals prepared from active methylene 
compounds. The tendency to undergo thio-Claisen 
rearrangement is reduced and a higher temperature 
is required.s-7 Also the presence of the N-H-bond 
in the rearrangement product makes the formation 
of cleavage products possible and in this way 
further reduces the yields of rearranged products. 

EXPERIMENTAL 

NMR spectra were recorded in CDCI, at 60 MC/S on a 
Varian A-60 spectrometer. The chemical shifts are ex- 
pressed in ppm from TMS taken as O@O (a-units). The UV 
spectra were recorded in CHC& soin on a Bausch and 

Lomb JO5 or a Perkin-Elmer 402 spectrophotometer. The 
IR spectra were recorded on a Beckman IR-18 spec- 
trophotometer iu CHCI, S&I if not otherwise mentioned. 
The mass spectra were recorded on a CEC 21-104 operat- 
ing at 70 eV using the direct inlet. Direct inlet temp W-1 lo”, 
ion source temp 240’. PLC was carried out on kiselgel 
PF 2u+366 (Merck) support (20 x 40 cm and 3 mm thick). Col- 
umn chromatography was carried out with kiselgel 60 
(Merck). M.ps are uncorrected. Analyses were made by 
NOVO A/S, Copenhagen. 

p-Hydroxy-pmethyl thiocinnamic pyrrolidide. This 
was synthesized according to a known procedure* from 
methyl ~-hy~oxy-p-me~y1 dithi~inn~ate~ yield 74%. 
m.p. 136-137 (Et0I-Q. (Found: C, 67.81; H, 7.99; N, 5.51; 
S, 12.69. C,.H,,NOS requires: C, 67.99; H, 6.93; N, 566; 
S, 13W%), NMR: 2.0 (m, 4IXJ 2.35 (s. 3H), 3.7 (m. 4Hj. 
6.00 (s, WI), 7.1-7.8 (m, 4I$. IR: 7i5, 903, lO~O,~llO$ 
1115, 1200. 1260. 1360. 1415. 1448. 1565. 1600. 2870 and 
2970cm-I,-UV: h,, 333 nm; log c~= 4&. ’ 

Generat synthesis of 3 - af~~th~o - 1 - phenyf - 3 - 
py~oli~no - 2 - propen - 2 - ones, (1). To p-hydroxy-p- 
methyl thiocinnamic pyrrolidide (O-747 g; 3 mmol) in 30 ml 
benzene thallium(I)ethoxide (0.823 g; 3.3 mmol) in 30 ml 
benzene was added. After stirring for 30 min the thallium 
salt was filtered off, added to 5 ml alkyl halide in 30 ml 
benzene, and refluxed overnight. After filtering off the 
thallium(I) halide and evaporation of the solvent, the 
crude product was isoIa&I, which, when ally1 or crotyi 
bromide were used as alkylating agent, had to be further 
purified by PLC. 

3 - Methylthio - 3 - pywolidino - 1 - p - tolyl - 2 - 
propenon (lc), yield 73%, m.p. 118-l 19” (EtOH). (Found: 
C, 68.32; H, 7.16; N, 5.26; S, 12.01; C,,N1,NSO requires: 
C. 68.94; H, 7.33; N, 5-36; S, 12.25%). NMR: 1.8-2.1 (m, 
4H), 2.37 6, 3H), 2.47 (s, 3&, 34-&7 (m, 4H). 5.58 (s, 
lH), 7-I-7-9 (m. 4IB. IR: 925.1110.1344.1460.1480.1.560. 
1598,2875 &d i98d&‘, U$: ~2 258 Am (log B =‘3*91); 

365 nm (log a = 3-99). MS: m/e 261 (M’ 4%) 260 
?Ei 231 (601, 214 (M-SMe 18) 142 (22) 114 (A&O’, 
100%). 91 (Ar”, %), 70 (‘Ni,, Sk), 65 (52;. 

3 - Ethylthio - 3 - pyrrolidino - 1 - p - tolyl - 2 propenon 
(Id). yield 95%. (Found: C, 69.72; H, 760; N, 4.93; S, 
10.89; C,&,NOS requires: C, 69.79; H, 7.69; N, 5.09; S, 
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11,62%), NMR: I.30 (t, 3H), l $-2.2 (m, 4H), 2.33 (s, 3II), 
3.00 (q, 2I-I), 34-3.8 (m, 4I-I), 568 (s, lH), 7.1-7.9 (m, 4H); 
IR: 910, 1170. 1195, 1327, 1335, 1445, 1470, 1560, 1592, 
28&l and 2960 cm-‘. UV: A,, 259 nm (log e = 3.91), A,, 
358nm (log c = 3.871, MS: m/e 275 (M’, 33%), 247 
(M-WI,, 30), 214 (M-SEt, 18), 177 (247-C&N, 87), 156 
(247-Ar, 411, 128 (B-CO, 681, 119 (ArCO, 100),91 (99), 
70 (97), 65 (51, 55 (52), 43 (54). 

Attempt to prepare la. PuriBed by PLC (10% EtOH in 
light petroleum) to give 79% 3a and 17% 4. 

/3 - Hydroxy - a - ally1 - p - methyl thiocinnamoyt pyr- 
rolidide (3a), (Found: C, 7097; H, 7:53; N, 4.74; S, 10.32; 
C,,H,,NOS reauires: C, 71.05; H. 7.37: N. 4.84: S. 
11.14%); NMRI lg-2-2 (m, 4H), 2.35 (s, 3II)-2.8 fbi.q.i 
2H), 3.5-4.0 (m, 4H), 4.50 (dd, lH), 49-6-3 (m, 3H), 
7.1-7.8 (m, 4H); IR: 1610,1690,2880 and 2990 cm-‘; UV: 
A m*I. 267 nm, (log B = 4.2). 

3 - Allylthio - 3 - pyrrolidino - 2 - ally1 - 1 - p - tolyl - 2 - 
propenon (4), (Found: C, 7290; H, 7-90; C&H*,NOS re- 
quires: C, 73-36; H, 790%), NMRc.l.3 (2H), 1.7-2-l (m, 
4H), 2.38 ts, 3N). 3.0-6.0 (12H). 7-l-8.0 (m. SHI: IR: 1160. 
1255, 1445; 1605, 1685, i745”and 2970 cm-I;- UV: A,.; 
262 nm (log c = 4.15). 

(9 - Hydroxy - a! - (1’ - methylullyl) - p - methyl thiocin- 
namoyl py~lidi& (3b). Purified by PLC (eluated twice 
with a mixture of 10% acetone, 50% benzene and 40% 
light petroleum), yield 37%. (Found: C, 71.65: H. 7.78: 
CisH,NOS requires: C, 71.73; H, 7.6%); NMR: 1.2 (d; 
3H). 1.8-2-2 (m. 4H). 1.37 (s. 3HI. 4.6 (m. 1HI. 3-34.1 (m. 
4g; 4-8-6-3 (m; 3IIj; 7=1-7-9 (m,‘kH); IRI 14&, 1610,1&l 
and 2%0cm-‘; UV: A,, 265 nm (log e = 4.19). The 
thioamides 5a, 5b and SC were synthesized according to 
known methods.er’*‘c’6 

Synthesis of ketene derivatives 2 and rearrangement 
p~ducts. 25 mm01 of 5 in 50 ml dry DMF were added 
dropwise to 26 mmol NaH in 30 ml DMF and stirred for 
1 h. Then 10 ml alkyl bromide was added and stirring con- 
tinued for 2 h. The mixture was then poured into water 
and extracted with ether. The collected ether phases were 
dried (CaSO,), the ether evaporated and the product mix- 
ture distilled at 0.1 mmHg and further purified by 
chromatography. The identity of the decomposition pro- 
ducts was proved by spectroscopic means and compari- 
son with authentic samples. 

Methyl 3 - methylthio - 3 - ~ilino - 2 - cyano acrylate 
@a), was synthesized according to lit.,” MS: m/e 248 
(M’, 40/o), 217 (M-OMe, 3%), 201 (M-MeS, loo%), 144 
(201-MeOCO, 41%), 92 (PhNM, 6%), 77 (88%), 59 
(MeOCO, 2%), 51 (24%), 47 (5%). 

Allylation of Sa. Purified by column chromat~phy 
(2~50% ether in tight petroleum, then CHCI,) to give 
1.3% 2b, 5% 6b, ll%, 11% methyl allylcyanoacetate (Sb), 
12% phenyl isothiocyanate and 4% unchanged 5a. 

Methyl 3 - allylthio - 3 - anilino - 2 - cvanoacetate (Zb). 
m.p. 63-64”. (Found: N, 10.20; S, 1099~C,,H,,N,0zS rel 
quires: N, lO=20; S, 11.67%); NMR: 3-35 fbr.d, 2H). 3.83 
(s, 3H), 49-6.0 (m, 3H), c.7.4 (m, 5I-I), 11.6 (1H); IR: 1250. 
1370, 1425, 1480, 1550, 1580, 1655, 1740, 2200, 3000, 
33OOcm-‘; UV: A,, 319nm (loa l = 3.%). 

Allyl~tion of Se. Purified by PLC (eluted twice in 10% 
ether in light petroleum) after distillation to give 10% 2e, 
8% 7e, 16% diethyl allylmalonate”’ (Se) and 17% phenyl 
isothiocyanate. 

Methyl 3 - allylthio - N - aliyl- N - pheiyl - 3 - amino - Ethyl 3 - anilino - 3 - allyltkio - 2 - carboethoxy acrylute 
2 - cyu~ocet~te (6b); (Found: C, 64.36; H, 5.61; N, 9.08; (2e), m.p. 58-59“. (Found: C, 60.74; H, 6.27; N, 448; S, 
S, 1040; GH,,N,O,S requires: C, 6494; H, 5.77; N, 8.91; 10.35; C,,H,,NO.S requires: C, 60.87; H, 6-32; N, 4.18; S, 
S, 10.18%); NMR: 2.95 (br.d, 4H), 3.74 (s, 3H.h 5-6-6-O (m, 9.56%); NMR: 1.4 (2t, 6I-I), 3.82 (br.d, 2H), 4.5 (2q, 4H), 
6H), 68-7.5 (m, SH); IR: 925,985, 1090, 1215, 1420, 1470, 50-6~5 (m, 3H), 7.2-893 (m, 5H), 13.18 (1H); IR: 1220, 
1585, 1620, 1740, 3000 cm-‘: UV: A,,. 251 nm (log e = 1277, 1360, 1385, 1422, 1460, 1495, 1572, 1595, 1635, 1660, 
3,631, A,.. 309nm (log E = 3-40). 1740,299O and 3070 cm-‘; UV: A,, 272 nm (log E = 4.57). 

Allylation of 5b. Purified by column chromatography. 2,2 - Dicarboethyl pent - 4 - enoic thioanilide (7e), m.p. 

Eluted by 20-100% ether in light petroleum to give 27% 
2e, 6% 6c and 28% 7c. 

Methyl 3 - allylthio - 3 - anilino - 2 - carbomethoxy 
ac~lote (2c), (Found: C, 59.38; H, 557; N, 4.30; S, 10.38; 
C,,H,,NO.S requires: C, 58.63; H, 5.58; N, 4.56; S, 
10.41%); NMR: 3.27 (br.d, 2H, 3.78 (s, 6I-Q 5G-5.9 (m, 
3I-I), 7.2-7.9 (m, 5H), 12.0 (H-I); IR: 1230,1290,1400,1440, 
1550,1605,1730,1775,2950.3080 and 3200 cm-‘: UV: A, 
315 nm, (log E = 3-96); MS: mfe 307 (M’, 28%), 274 (231, 
248 (M-MeOCO. 48). 276 (M-OMe. 7). 234 (M-SAW. 5). 
214 (M-C,H,NH~, 15j, 155‘(68), 93 (14j; 77 (ioo), 41 (MYI, 
34). 

Methyl 3 - nllylthio - N - ally1 - N - phenyl - 3 - amino - 
2 - cur~methoxy acrylate (SC), (Found: C, 61.28; H, 6.05; 
N, 3.61; S, 8.52; C,sH2,N0,S requires: C, 62.24; H, 6.10; 
N, 4.03; S, 9.31%); NMR: 3.0 (m, 4H), 3.7 (s, 6H), 4.7-6.4 
(m, 6I-Q 69-7.8-(m, 5I-I); IR (film): 695, 763, 820, 920, 
1240, 1365, 1440, 1490, 1570, 1600, 1630, 1740, 2955 and 
3080 cm-‘; UV: A,, 272 nm (tog e: =4-O); MS: m/e 347 
(M’, O-29),306 (M-Ah, 55), 273 (28), 215 (M-PhN~, 12), 
288 (M-MeOCO. 2). m/e 135 (roNCS. 43). 78 f100~. 59 
(19),‘51 (28), 41 (7c$ .. ” . ” 

2, 2 - Dicarbometkoxy - 4 - pentenoic thioanilide (?c), 
(Found C, 58-72; H, 5.78; N, 4-41; S, 9.25; C,,H,,NO.,S 
requires: C, 58.63; H, 5.58; N, 456, S, 10*41%), m.p. 
75-76”; NMR: 3-O (br.d, 2H), 360 (s, 6H), 4.7-6.4 (m, 3I-I), 
c.7.3 (m, 5H); IR (film): 1495, 1750, 2940, 3010, 3070, 
3300 cm-‘; UV: A,., 314 nm (log E = 399). MS: 307 (M’, 
54), 275 (M-MeOH, 41), 276 (M-MeO, 81,214 (M-PhNH, 
131,136 (PhNHCS’, 20) 77(100), 59 (53, MeOCO), 41 (All, 
73). 

Crotylation of 5b. Purified by column chromatography 
(10% acetone, 40% light petroleum and 50% benzene) to 
give 11% 6d and 12% 7d. 

Metky~ 3 - crotylthio - N - crotyl - N - pkenyl - 3 - 
amino - 2 - curbometkoxy acrylate (ad). (Found: C, 64.22: 
H, 6.80; N, 3.63; S, 8.94; C,H,,NOIS requires: C, 6398; 
H, 6.78; N, 3.73; S, 852%); NMR: 0.8-2.0 (m, SH), 2.9 (m, 
2I-Q 360 (s, 3H). 4.03 (s, 3H), 49-59 (m, 4H), 6.8-8-3 (m, 
5Hf; IR (film): 1640, 1665, 1745,294O and 3020 cm-‘; UV: 
A m-l 273 nm (log e = 4.42). MS: mle 375 (M’. 13). 344 
(M-OMe, 11); 321 (M-C.,%, 611, 2ti9 (M-S&o;, 13j, 235 
(321-SCrot, lOO), 202 (82), 228 (M-PhNCrot, ll), 146 
(PhNCrot, 74), 104 (42), 87 (CrotS, 43), 77 (72), 59 (45). 55 
(93). 

Methyl 2,2 - dic~r~methoxy - 3 - methyl - 4 - pentenoic 
tkioanilide (7d), (Found: C, 60.24; H, 5&i; N, 4.34; S, 
9.11; C1,,HIPNOS requires: C, 59.80; H, 5.%; N, 4.36; S, 
9.58%); NMR: 1.7 (br.d, 3H), 3.3 (m, H-I), 3.58 (s, 6H), 4.4 
(m, H-Q, 5.3-5-8 (m, 3H), 7.1-7-4 (m, 5H); IR (film): 1440, 
1500,1720,2945 and 3020 cm-‘; UV: A,, 297 nm (log e = 
3*83), A,,,., 352 nm (log e = 3.65); MS: m/e 321 (M’, 36), 
290 (M-OMe, 481,257 (290-SH, 38), 202 (257-MeAll, 88), 
171 (202-OMe), 105 (Ph-Migr., &t), 77 (lC@, 55 (RIO), 43 
(43). 
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75-76”. (Found: C, 60.80; H. 6.56; N, 3.98; S, 8.84; water, extracted with ether and the organic phases dried 
C,,HI,NO,S requires: C, 60.87; H, 6.32: N, 4.18; S, (CaSO,). The ether was evaporated, 0.5 g p- 
9.56%); NMR: 1.27 (t, 6H). 3.8 (br.d. 2H), 4.28 (q. 4H), toluenesulphonic acid added and then the mixture heated 
5&6*0 (m. 3H). 7.2-7.9 (m, 5H), 13.18 (1H); IR: 1200, at 10 mmHg to eliminate CO, and isobutene. Afterwards 
1400. 1608. 1730. 1765. 2980 and 32OOcm-‘; UV: A,.. 
314nm (log c =‘3.%); MS: m/e 349 (M’, 14). 304 

distillation was performed at 0.1-0.3 mmHg. The distillate 
was purified by column chromatography (ether in light 

(M-OMe, 52). 257 (M-PhNH, 48), 224 (257-SH, 100). petroleum) to give 2) (6.16 g; 27%) 81” (0.48 g; 2.5%) 71 
105 (Ph-migr., 47). 77 (93), 55 (MeAIl, 68). 45 (16). 43 (34). (0.21 g: O.%) and (0.81 g; 6% phenyl isothiocyanate). 

Crotylation of k. Purified by PLC (20% ether in light 
petroleum) to give 5% 2f and 9% 7f. 

Ethyl 3 - aniline - 3 - crotylthio - 2 - carboethoxy acry- 
late (21). (Found: C, 67.95; H, 7.37; N, 4.51; C,.H,,NO.S 
requires: C. 68.11; H. 7.32; N, 4.41%); NMR: 1.15 (t,6H), 
2.37 (br.d, 2H), c.3.35 (br.t, 3H), 4.05 (q, 4H), 4.4 (1H). 
5G-6.0 (m, 2H), 7.0-7.5 (m, SH); IR: 1100, 1205, 1375, 
1500. 1715,294O and 2980 cm-‘; W: A, 295 nm (log B = 
3.92): MS: m/e 349 (M’. 44). 334 (M-Me. 3). 320 (M-Et. _. 
lO),.il6 (258-CH: CHMe, i8), 258 (M-PhNH, li), 190 
(18), 144 (21&C&I.-CO1, 85), 104 (PhfiCH, 27), 93 104 

(Ph&H, (74), 87 (CrotS, 21), 55 (Crot, lOO), 45 (45). 
2, 2 - Dicarboethoxy - 3 - methyl - 4 - pentenoic 

thioanilide (lf), m.p. 64-65”. (Found: C, 68.10; H, 6.48; N, 
4.72; S, 1068; C,.HUNO,S requires: C, 68-l 1; H, 7.32; N, 
4.41; S, lO*lO%); NMR: 148 (t, 6H), 1.7 (br.d, 3H), 2.9 (m, 
lH), 4.0-5.9 (m, 3I-Q 4.53 (q. 4H), 69-8.3 (m, SIT), 13.20 
(1H); IR: 1210,1490,1565,1590,1625,1655,1735 and 2980 
cm-‘; UV: A, 271 nm, (log c = 4.61); MS: m/e 349 (M’, 
16). 304 (M-OEt, 56), 257 (M-NHPh, 54). 230 (29). 135 
(PhNCS. 31). 77 (100). 

Ethyl 3 - aniline - 3 - methylthio - 2 - acetyf acryIate 
(%). Ethyl acetoacetate (13-O g; 0.10 mole) in 30 ml DMF 
were added dropwise to 0.11 mole NaH in 50 ml DMF at 
O-5”. When no more Hz was evolved, stirring was con- 
tinued for 20 min and thin phenyl isothiocyanate (13.5 g; 
O.lOmole) were added. Stirring was continued for 1 
hr, and 10 ml Me1 were added. After stirring for 1 h more. 
the mixture was poured into water, extracted with ether, 
and the collected ether phases dried (CaSO.). After evag 
oration of the ether, 3.68 g (13%) Zg were obtained. 
(Found: C, 60.07; H, 6.08; N, 4.96; S, 11.54; C,,H,,NO,S 
reouires: C. 60.21: H. 6.14; N, 5.02; S, 11.48%); NMR: 
l.i6 (t, 3H; J = 7 cs), 2.28 (s, 3H), 2.35 (s, 3H). 348 (s, 
3H), 4.13 (q. 2H, J = 7cs), 7.2-7.5 (5H); IR: 685, 935, 
1060, 1345, 1590, 1695, 2970 cm-‘; UV A,.. 251 nm (log 
c = 4.05). A,. 251 nm (log l = 4.05). A,. 311 nm (log 
l = 3.78). A_.. 347 nm (loe c = 3.60): MS: m/e 279 (M*, , , .__ 
6%). 231 (M-MeSH, 62%). 186 (M-PhNH,, 30). 143 
(185-CH,CO, 100). 77 (80%). 51 (11%). 47 (8), 43 (32). 

1 - Aniline - 2 - acetyl - I - methyfthio but - 1 - en - 3 - on 
(Zh). Synthesis analogous to 2g starting from 
acetylacetone, yield 73%. m.p. 72-73”. (Found: C, 62.34; 
H, 6.12; N, 540; S, 1266; C,,H,,NOIS requires: C, 62.34; 
H, 6.07; N, 5.62; S, 12.84%); NMR: 2.07 (s, 6H), 3.13 (s, 
3H). 66-7.3 (m. 5H). 16.25 (s. lI-0; IR: 680, 930, 1395, 
14ij, 1590, 2970cm”; UV: A,. 251 nm (log c =4.07), 
A__. 284 nm (lon e = 4.04): MS; m/e 249 (M’, 5%), 202 

I_^ 

(M-SMe, 1s). 160 (iO2-CHI: C : 0.26%). 144 
(202-CH,CO-Me, 2%). 18 (160_CHzCO, 24%). 77 
(93%). 51 (35%). 47 (SMe, 7%). 43 (CH,CO‘, 74%). 

Synthesis of 21, 7j and 8J. t-Butyl acetoacetate (15.8 g; 
0.1 mole) in 10 ml THF were added to t-BuOK (12.4g; 
0.11 mole) in 65 ml THF at 0” and stirred for 10 min. Then 
phenyl isothiocyanate (13.5 g; 0.10 mole) in 25 ml THF 
were added dropwise and stirring continued for 15 min at 
0”. Finally ally1 bromide (10 ml) were added and stirring 
continued for 0.5 h. Then the mixture was poured into 

4 - Allylthio - 4 - aniline - 3 - buten - 2 - one (21). 
(Found: C. 66.81; H, 6.41; N, 6.23; S, 13.16; C,,H,,NOS 
requires: c, 66.93; H, 648; N, 6.01; S, 13.74%); NMR: 
2.30 fs. 3Hj. 2.8 (br.d. 2H1. 4.24 (1H). 4.9-60 (m, 3H). 
7.2-7.8 (m, SH). 10.2 (1H); ik (filmj: 9i~,l400,14~, 1530, 
1710, 2980, 3045 and 3240 cm-‘; UV: A,. 247 nm (log 
c = 3.76) A, 279 nm (log E = 3.88). A, 310 nm (log c = 
3.89); MS: m/e 233 @I’, 54%), 218 (M-Me, 8), 190 
(M-CH,CO, loo%), 160 (M-SAll, 6%). 97 (190-PhNHz, 
17%). 77 (15). 51 Q, 43 (30), 41 (4). 

2-Ally1 acetothioacetanilld (71). NMR: 2.41 (s, 3H), 2.7 
(br.q, 2I-I). 3.62 (t, lH, J = 7), 49-61 (m, 3H), 7.0-7.7 (m, 
SIX), 8.9 (br.s, 1I-I); IR: 690, 924, 1160, 1512, 1613, 1650, 
1705,1732,2900,3005 and 3440 cm-‘; UV: A,, = 248 nm 
(log c = 4.01), A,. = 314 nm (log c = 3.61); MS; m/e 233 
(M’, 3), 218 (M-Me, 3Oh200 (M-SH, 47), 190 (M-MeCO, 
12), 157 (M-C.& 2), 141 (M-PhNH, 4), 136 (PhNHCS’, 
4), 97 (218-PhNH,CO, 6), 93 (PhNHz’, lOO), 77 (14), 66 
(93-C,H,, 7), 65 (93-HCN, 11). 53 (97-C!!& 6), 51 (5), 43 
(43). 
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