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Substituted allylic alcohols (2-buten-1-ol, 1-buten-3-ol, cinnamyl alcohol and 3-methyl-2-buten:
react with acyl isothiocyanates (4-chlorobenzoyl, 2,6-difluorobenzoyl, 3-phenylpropenoyl, 2-th
carbonyl, 3-chloro-2-thienocarbonyl and 3-chloro-2-bebjtbienocarbonyl isothiocyanate) with the
formation of highly reactiveD-substituted allyIN-acylmonothiocarbamates, which either spont
neously or by heating in boiling benzene undergo [3,3]-sigmatropic rearrangem@&sulstituted
allyl N-acylmonothiocarbamates. The structureSafsters with isomerized allylic group affords th
unequivocal evidence of the [3,3]-sigmatropic route of studied rearrangement. Further heat
[3,3]-rearrangedN-(4-chlorobenzoyl)monothiocarbamates results in the [1,3]-sigmatropic shif
monothiocarbamate group. Using arylalkyl alcohols with the allylic double bond inserted into ar
matic system the obtaine@-esters either do not undergo any rearrangement (benzyl alcoho
undergo [1,3]-sigmatropic rearrangement (2- and 3-furylmethanol and 1-(2-furyl)ethanol) t
correspondingS-esters. For explanation of this reaction the tandem of [3,3]- and [1,3]-sigmat
rearrangements is suggested.

The oxygen and sulfur containing 1,5-hexadiene systems of thd {gpallyl mono-

thioester§™ monothiocarbamates, mono? and dithiocarbonaté€$:19 are known to
undergo a catalyzed or non-catalyzed [3,3]-sigmatropic rearrangement to compou
the typell possessing the carbonyl asdallyl instead of thiocarbonyl an@®-allyl

groups present ih. It was found® that substituents on allylic group, particularl
a-methyl, accelerate the reactibn. Il. Reactivity also depends on the nature of grc
R. O-Allyl monothioesters are less reactive than compounds with R bonded via he
atom, e.g.O-allyl N,N-dialkylmonothiocarbamates. Reactivity of monothiocarbame
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is influenced by the nature of substituents on nitrogen &t@aAllyl N-phenylmono-
thiocarbamate rearranges to the correspon&adlyl ester in boiling benzene durin
48 h, whereas analogolsbenzoyl derivative requires only 9 h. In the present work
have studied the preparation of a serieefubstituted allyIN-acylmonothiocarba-
mates L — 20) from 4-chlorobenzoyl, 2,6-difluorobenzoyl, 3-phenylpropeno
2-thienocarbonyl, 3-chloro-2-thienocarbonyl and 3-chloro-2-bebithignocarbonyl
isothiocyanate and substituted allyl alcohols. Our attention was predominantly fol
on the rearrangement @f to S-substituted allylN-acylmonothiocarbamate21 — 40,
Scheme 1) with the aim to find out whether a [1,3]-sigmatropic rearrangement ¢
competitive or consequent reaction to the expected [3,3]-sigmatropic rearrange
The selection of acyl isothiocyanates used in this study is based mainly on the ex
higher stability and better yields of correspondixgubstituted allylN-acylmonothio-
carbamates(— 20) compared to products which can be obtained from other stal
compounds, e.g. acetyl or benzoyl isothiocyahate

It appeared that all of investigat&dsubstituted allyl esters are highly reactiv
Whereas unsubstitutedrallyl N-acylmonothiocarbamates rearrange in boiling benz
during 9 — 30 h (yield 50 — 95%)%, the longest reaction time f@-substituted allyl
N-acylmonothiocarbamates is 3 h (yield 45 — 90%) under the same reaction cond
According to reactivity in the [3,3]-sigmatropic rearrangementQ@bsubstituted allyl
estersl — 20 can be divided into three groups: (i) stal8e10, 11, 14, 17, 19) which
are isolable as pure compounds and undergo [3,3]-sigmatropic rearrangement b
ing in boiling benzene; (ii) moderately stable 8 — 5, 20) which can be isolated only
as a mixtures with rearranged products and the [3,3]-sigmatropic rearrangement
completed in boiling benzene; (iii) unstab® 6, 7, 9, 12, 13, 15, 16, 18) which can
not be isolated because the reaction of acyl isothiocyanates with substituted ally
hols at room temperature affords dirrectly the products of [3,3]-sigmatropic rearr:
ment.

The highest reactivity exhibit th@-substituted allyl esters having the methyl gro
in a-position. None of th€©-(1-buten-3-yl)N-acylmonothiocarbamates can be isolate
at least in a mixture with rearranged product, and &([®-butenyl)esters are obtaine
already at room temperatureSubstitution leads to more stalfleesters in the case o
methyl group, compared to phenyl group, while compounds with two methyl grou
y-position of allylic system4, 20) are less stable thgemonomethyl derivatives. The
acyl group also influences the reactivity @fsubstituted allyIN-acylmonothiocarba-
mates, but this influence is not well understood. It seems that a bulky grébpsiRy
extended conjugated system enabling an effective mesomeric interaction with ca
group, increase the stability of correspondirgubstituted allyN-acylmonothiocarba-
mates, e.g8, 10, 17 and19.

The structure of prepared compounds was proved by spectral methods. Exce
compounds35 — 37 and39 exhibiting in infrared spectra one broad intensive absorp
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, Bz aoa TRIN s (331 0 |3 )
R'=CNCS + HO-CHCH=CR’R* —= R'=CNHCOCHCH=CR"R* —— R'=CNHCSCCH=CHR
R
1= 20 21 = 40

R’ R RrR* R

1, 21 4-CICgH, H H CH;

2, 22 4-CICgH, CH; H H

3, 23 4-CICgH, H H CeHs

4, 24 4-CICgH, H CH; CHs;

5, 25 2,6-F,CgHs3 H H CH;

6, 26 2,6-F,CeHs CH; H H

7, 27 2,6-F,CqH3 H H CeHs

8, 28 CgHsCH=CH H H CH;

9, 29 CeHsCH=CH CH; H H

10, 30 CeHsCH=CH H H CeHs

1, 31 T H H CH;

12, 32 T CH; H H

13, 33 T H H CeHs

14, 34 CcT H H CH;

15, 35 CcT CH; H H

16, 36 cT H H CeHs

17, 37 cBT H H CH;

18, 38 CBT CH; H H

19, 39 CBT H H CeHs

20,40 CBT H CHs;  CHj

ScHEME 1

T = 2-thienyl; CT = 3-chloro-2-thienyl;
CBT = 3-chloro-2-benzo[b]thienyl
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band of carbonyl vibrations at 1 650 — 1 690 tnall S-substituted allyl esters shov
two carbonyl absorption bands of ERH-CO grouping at 1 650 — 1 715 ¢cin
whereasO-substituted allyl esters show a single absorption band@fO) at 1 680 —
1 720 cm?®. Structural evidence provided by NMR spectroscopy can be demonst
on N-(3-phenylpropenoyl)monothiocarbamat®s10, 28 — 30. In 'H NMR spectra of
compounds8 and 10, there are present the signals of QQibtons at 8.1 and 5.56
ppm, while29 which is the functional group isomer 8f exhibits the SChisignal at
3.93 ppm. IN3C NMR spectra 08 and10, there are present the triplets of OQjfoup
at 73.42 and 71.09 ppm. Corresponding rearranged products show doublets o
groups at 41.66 ppn2@) and 49.58 ppm3Q0). The triplet of SCH group of 29 is
present at 32.21 ppm. As expected, the NMR data (see Experimental) of conffioud@s
are in full agreement with the structure of products formed from starting compoun
[3,3]-sigmatropic rearrangement. Posible [1,3]-sigmatropic rearrangement as a ¢
titive process to the [3,3]-sigmatropic rearrangement can be excluded. Anyway th
described an example of competitive [1,3]-sigmatropic rearrangeméhsaobstituted
allyl N,N-dialkylmonothiocarbamates ®&substituted allyl esters by heating to 10
whereas at 130C the [3,3]-sigmatropic rearrangement takes plad¢e have found
that the [1,3]-sigmatropic rearrangement can be a consecutive, but not competit
action. For instance, heating of [3,3]-rearranged prodeitend23 with a-substituted
allylic group in boiling toluene causes the [1,3]-sigmatropic rearrangement witt
formation of compound22 and41 (Scheme 2).

If the reaction is started froi@-ester3, the producR3 is formed in boiling toluene
immediately and only after prolonged heating it changes to [1,3]-rearranged p#adt
(TLC and'H NMR). The driving force of observed [1,3]-sigmatropic rearrangem
can be ascribed to the conversion of thermodynamically less stable terminal c
bond to the more stable internal double boma agreement with this explanation is tt
stability of compound®2 obtained from 4-chlorobenzoyl isothiocyanate and 1-buten-
which does not rearrange by heating in boiling toluene.

In continuation of our study we obtained interesting results by investigation of m
thiocarbamates obtained from arylalkyl alcohols in which the allylic double bond

Q0 [13] R
al @— CNHCSCHCH=CH, ——> Cl @— CNHCSCH,CH= CH—R

R
21, R = CH, 22, R = CH,
23, R = C5H5 41, R = C5H5

SCHEME 2
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part of aromatic system (benzyl alcohol, 2-furylmethanol, 1-(2-furyl)ethanol
3-furylmethanol) and 4-chlorobenzoyl, 3-phenylpropenoyl and 3-chlorc
benzop]thienocarbonyl isothiocyanate (Scheme 3).

O-Benzyl estergl5 and47 are very stable and even after 20 h of reflux in benz
do not exhibit any tendency to rearrange (TLC @HANMR). On the other hano
2-furylmethanol and 1-(2-furyl)ethanol react with acyl isothiocyanates dirrectly \
the formation of [1,3]-rearranged produbtl 52, 54, 55 and56 without the possibility
to isolate correspondin@-arylalkyl esters42, 43, 46, 48 and49. Products possessin
the medium reactivity are obtained from 3-furylmethafB(3-Furylmethyl) esterg4
and 50 can be isolated and they undergo the [1,3]-sigmatropic rearrangeme
S (3-furylmethyl) ester$3 and57 by 3 h reflux in benzene. According to above me
tioned activation effect ofi-methyl group, we expected enhanced reactivity
benzoyloxy group inO-[1-(3-nitrophenyl)ethyl]N-(4-chlorobenzoyl)monothiocarba
mate 68). However, heating of compourB revealed that it is equally stable ar
unreactive as compound$ and47.

Unusually high reactivity of furan derivatives and unreactivity of benzyl esters |
cate some specific interaction between furan ring and monothiocarbamate functio
There might take place a tandem of [3,3]- and [1,3]-sigmatropic rearrangemel
dirrect [1,3]-sigmatropic rearrangement @farylalkyl to S-arylalkyl N-acylmonothio-
carbamates (Scheme 3). In the literature there is only limited information about ¢
gous [1,3]-sigmatropic rearrangemen®Methyl N-acylmonothiocarbamates requir
the BR-catalysis? whereasO-aryl N,N-diethylmonothiocarbamates undergo [1,3]-si
matropic rearrangement at 280 — 285in diphenyl ethé?. It was found that 2-furfu-
ryloxy-4,5-diphenyloxazole affords at 6@ the isolable [3,3]-rearranged produc
similar to intermediatéA (Scheme 3) which undergoes the [1,3]-sigmatropic shift
hydrogen by heating to 9%C. The same mechanism of [3,3]-sigmatropic rearran
ment followed by [1,3]-sigmatropic shift of amido group is proposed for 2-benzylc
4,5-diphenyloxazole, although intermediate is not isofdblall of our attempts to
isolate an intermediate of the typeduring rearrangement of furyl derivatives in be
zene and acetonitrile at temperature below®Gailed. However, considering the ur
reactivity of O-benzyl N-acylmonothiocarbamates and the above mentioned litera
data it can be suggested that a tandem of [3,3]- and [1,3]-sigmatropic rearrangen
probably the reason of high reactivity 6f(2-furylmethyl), O-[1-(2-furyl)ethyl] and
O-(3-furylmethyl) N-acylmonothiocarbamates. We assume that owing to relatively
aromaticity of furan ring, the [3,3]-sigmatropic rearrangement with the formatio
speciesA proceeds smoothly. Electron withdrawing effect of carbonyl group enha
the reactivity of sulfur atom and favours its interaction with exocyclic double b
This interaction probably results in the immediate [1,3]-sigmatropic shi-atyl-
monothiocarbamate group and transformation of transiently formed dihydrofuran
mediate A onto furan ring in final product. Competitive [1,3]-sigmatropic hydrog
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shift is not observed; no products containing the methyl group can be isolated fro
mixture.

2

0 OCH [1 3]

P. 0
/,
R'— CNHC \[ R- CNHC/ R?
S—CH\[X>
42 — 50 51-57 N,

[3, 3]
R2
o}
Ml /,O cr [, 3]
R‘—CNHC\ X
=)
Y
A
R R? X N
42, 51 4-CICgH, H o} CH=CH
43, 52 4-CICgH, CHs o} CH=CH
44, 53 4-CICgH, H CH=CH ©
45 CgHsCH=CH H CH=CH CH=CH
46, 54 CgHsCH=CH H o} CH=CH
47 CBT H CH=CH CH=CH
48, 55 CBT H 0 CH=CH
49, 56 CBT CHs 0 CH=CH
50, 57 CBT H CH=CH ©

CBT = 3-chloro-2-benzo[b]thienyl
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EXPERIMENTAL

The infrared absorption spectra were recorded on an IR-75 (Zeiss, Jena) spectrometer in chl
(compounds3, 5, 8, 10, 11, 14, 19, 21 — 41, 45, 50, 55 — 58) or in KBr pellets (compoundé4, 51 — 54);
the wavenumbers are given in @m'H and'3C NMR spectra were measured on Tesla BS 48
(80 MHz for 'H) and Tesla BS 567 (25.15 MHz f&iC) spectrometers in deuteriochloroform (con
poundsl, 3, 4, 8, 11, 14, 19 — 29, 31, 32, 34 — 36, 38 — 41, 44, 45, 47, 50, 52, 56 — 58) or in
hexadeuteriodimethyl sulfoxide (compounti§ 30, 33, 37, 51, 54, 55) with tetramethylsilane as ar
internal standard. Chemical shifts are given in ppnsdale), coupling constandsin Hz.

2-Buten-1-ol (mixture of isomers}rans-cinnamyl alcohol, benzyl alcohol, 2-furylmethanol ar
3-furylmethanol (Aldrich), 1-buten-3-ol (Merck), 3-methyl-2-buten-1-ol and 1-(2-furyl)etha
(Fluka) were used as commercial chemicals. 4-Chlorobenzoyl isothiocyar&g-difluorobenzoyl
isothiocyanatt, 3-phenylpropenoyl isothiocyanéfe 2-thienocarbonyl isothiocyanafe 3-chloro-2-
thienocarbonyl isothiocyandfe 3-chloro-2-benzdfjthienocarbonyl isothiocyan&®and 1-(3-nitro-
phenyl)ethand! were prepared according to the literature. The reactions were monitore
thin-layer chromatography on Silufol plates (Kavalier, The Czech Republic) using benzene-a
(7 : 1) as eluent.

O-Substituted AllyIN-Acylmonothiocarbamatet, 3 -5, 8, 10, 11, 14, 17, 19, 20

Substituted allyl alcohol (18 mmol) was added to acyl isothiocyanate (15 mmol) in dry benzene (20 r
the mixture was left asside at room temperature for 1 day (compelirids 17 and 20), 2 days

(compoundsl, 3 and14), 3 days (compound0), 4 days (compounds and8) or 5 days (compound
19). Hexane (80 — 200 ml) was added to turbidity and mixture allowed to stantCatod 24 h. The

precipitate was filtered off and the product crystallized from a suitable solvent. Comphus)d4

5 and20 were obtained only as mixtures with rearranged prodtt&3, 24, 25 and40; the ratio of

constituents was determined By NMR spectroscopy. In these cases the yields of mixtures
given.

O-(2-Buten-1-yl) N-(4-chlorobenzoyl)monothiocarbamétg in the 1 : 1 mixture witl21; yield
80%. *H NMR spectrum: 1.80 m, 3 H (GY 5.18 m, 2 H (OCH); 5.97 m, 2 H (CH=CH); 7.53 d,
2 Hand 7.91d, 2 H) =8 (4-CIGH,); 9.40 s, 1 H (NH).

O-Cinnamyl N-(4-chlorobenzoyl)monothiocarbamé®g in the 1 : 1 mixture witl23; yield 60%.
'H NMR spectrum: 5.36 m, 2 H (OGH 6.62 m, 2 H (CH=CH); 7.47 m, 5 H {B:); 7.58 d, 2 H
and 7.92 d, 2 H) = 8 Hz (4-CIGH,); 9.35 s, 1 H (NH).

O-(3-Methyl-2-buten-1-yl) N-(4-chlorobenzoyl)monothiocarbam@e in the 3 : 1 mixture with
24; yield 83%.'H NMR spectrum: 1.80 m, 6 H (2 CHy); 5.18 m, 2 H (OCH); 5.57 m, 1 H (=CH);
752 d, 2 Hand 7.87 d, 2 J,= 8 (4-CIGH,); 9.39 s, 1 H (NH).

O-(2-Buten-1-yl) N-(2,6-difluorobenzoyl)monothiocarbam&g in the 1 : 1 mixture with25;
yield 76%.*™H NMR spectrum: 1.80 m, 3 H (GH 5.00 m, 2 H (OCH); 7.19 m, 2 H and 7.60 m, 1
(2,6-FCgHg); 9.25 s, 1 H (NH).

O-(2-Buten-1-yl) N-(3-phenylpropenoyl)monothiocarbamég yield 80%, m.p. 140 — 142C
(benzene-hexane). Forf£;5sNO,S (260.3) calculated: 64.34% C, 5.79% H, 5.36% N; four
64.13% C, 5.74% H, 5.25% N. IR spectrum: 1 495 (NHCS), 1 625 and 1 675 (C=C), 1 715 (
3 380 (N-H). *H NMR spectrum: 1.75 m, 3 H (GH 5.01 m, 2 H (OCH); 5.90 m, 2 H (CH=CH);
7.09d,1Hand7.86d,1H,=16 (CH=CHCO); 7.45 m, 5 H (Els); 9.25 s, 1 H (NH)1*C NMR
spectrum: 17.81 q (CHi 73.42 t (OCH)), 119.52 d and 145.88 d (CH=CHCO), 123.63 d and 133.2
(CH=CHCH;), 128.37, 128.93, 130.64 and 134.45%H¢), 163.27 s (C=0), 188.88 s (C=S).

O-Cinnamyl N-(3-phenylpropenoyl)monothiocarbaméi6); yield 90%, m.p. 126 — 128C
(acetone—water). For,gH;/NO,S (323.4) calculated: 70.56% C, 5.30% H, 4.33% N; found: 70.70¥%
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5.10% H, 4.61% N. IR spectrum: 1 490 (NHCS), 1 630 and 1 675 (C=C), 1 720 (C=0), 3-385 (
'H NMR spectrum: 5.56 m, 2 H (OGH 7.20 m, 2 H (CH=CH); 7.60 d, 1 H and 8.08 d, 1JH 16
(CH=CHCO); 7.78 m, 10 H (X CgHg); 12.08 s, 1 H (NH)13C NMR spectrum: 71.09 t (OGH
120.73 d and 143.43 d (CH=CHCO), 122.24 d and 133.76 d (CH=GKLIQR6.29, 127.82, 128.42
128.75, 130.17, 134.09 and 135.69%Z¢Hs), 162.16 s (C=0), 188.44 s (C=S).

O-(2-Buten-1-yl) N-(2-thienocarbonyl)monothiocarbamdtel); yield 53%, m.p. 82 — 84C
(acetone—hexane). For;l;NO,S, (241.3) calculated: 49.77% C, 4.59% H, 5.80% N; four
49.90% C, 4.38% H, 5.64% N. IR spectrum: 1 480 (NHCS), 1 675 (C=C), 1 690 (C=0), 341 (I
'H NMR spectrum: 1.80 m, 3 H (G 5.14 m, 2 H (OCH); 5.98 m, 2 H (CH=CH); 7.28 m, 1 H,
7.83 m, 1 Hand 8.20 m, 1 H (2-thienyl); 11.43 s, 1 H (NH).

O-(2-Buten-1-yl) N-(3-chloro-2-thienocarbonyl)monothiocarbamé#id); yield 50%, m.p.
40 — 42°C (benzene—hexane). Fof#,,CINO,S, (275.8) calculated: 43.55% C, 3.65% H, 5.08% |
found: 43.26% C, 3.79% H, 5.21% N. IR spectrum: 1 480 (NHCS), 1 680 (C=0), 3 365).(N
'H NMR spectrum: 1.83 m, 3 H (GH 5.18 m, 2 H (OCH); 6.02 m, 2 H (CH=CH); 7.18 d, 1 H anc
7.78 d, 1 HJ = 5 (2,3-disubstituted thiophene); 10.10 s, 1 H (NH).

O-(2-Buten-1-yl) N-(3-chloro-2-benzo[b]thienocarbonyl)monothiocarbanfa®; yield 42%, m.p.
97 — 99°C (benzene-hexane). Foi£1,CINO,S, (325.8) calculated: 51.61% C, 3.71% H, 4.30% |
found: 51.42% C, 3.59% H, 4.09% N. IR spectrum: 1 500 (NHCS), 1 690 (C=0), 3 380.(N
'H NMR spectrum: 1.78 m, 3 H (GH 5.10 m, 2 H (OCH); 5.93 m, 2 H (CH=CH); 7.56 m, 2 H
and 7.79 m, 2 H (2,3-disubstituted benzothiophene); 10.15 s, 1 H (NH).

O-Cinnamyl N-(3-chloro-2-benzo[b]thienocarbonyl)monothiocarbamét®); yield 71%, m.p.
115 — 117°C (benzene-hexane). Fog8,,CINO,S, (387.9) calculated: 58.83% C, 3.46% H, 3.69% |
found: 58.68% C, 3.39% H, 3.47% N. IR spectrum: 1 505 (NHCS), 1 700 (C=0), 3 380.(N
'H NMR spectrum: 5.35 m, 2 H (OGH 6.70 m, 2 H (CH=CH); 7.40 m, 5 H {B:); 7.55m, 2 H
and 7.90 m, 2 H (2,3-disubstituted benzothiophene); 10.19 s, 1 H (NH).

O-(3-Methyl-2-buten-1-yl) N-(3-chloro-2-benzo[b]thienocarbonyl)monothiocarbam@® in
the 2 : 1 mixture with40. 'H NMR spectrum: 1.83 m, 3 H (GM 5.25 m, 2 H (OCH); 5.68 m,
1 H (=CH); 7.68 m, 2 H and 7.98 m, 2 H (2,3-disubstituted benzothiophene); 10.18 s, 1 H (N

S-Substituted AllyIN-Acylmonothiocarbamate®l — 41

A. A solution of the correspondin@-allyl ester or its mixture with rearranged product (3 mm
in benzene (10 ml) was refluxed for 0.5 h (compouddi®nd37), 1 h (compound0), 1.5 h (com-
pound 31), 2 h (compound®l, 23 and 28) or 3 h (compound24, 39 and 40). The solvent was
evaporated and the residue crystallized from an appropriate solvent.

B. Substituted allyl alcohol (18 mmol) was added to acyl isothiocyanate (15 mmol) in anhy
benzene (20 ml) and the mixture was kept at room temperature for 1 day (compawards32), 2
days (compouna6), 3 days (compound33, 35 and38), 4 days (compound85 and26) or 5 days
(compounds27 and29). Hexane (80 — 200 ml) was added to turbidity and mixture allowed to s
at 0°C for 24 h. The precipitate was filtered off and the product crystallized from a suitable so

C. SSubstituted allyIN-(4-chlorobenzoyl)monothiocarbama®d or 23 (1 mmol) was refluxed in
toluene (8 ml) for 16 h. The mixture was filtered and prod@étsr 41 precipitated by addition of
light petroleum, dried and crystallized from a suitable solvent.

S-(1-Buten-3-yl) N-(4-chlorobenzoyl)monothiocarbamé24); yield 82%, m.p. 159 — 162C
(dec., benzene—hexane). Fo{, i€, ,CINO,S (269.8) calculated: 53.42% C, 4.48% H, 5.19%
found: 53.28% C, 4.56% H, 5.08% N. IR spectrum: 1 650 (C=C), 1 675 and 1 715 (C=0), :
(N-H). 'H NMR spectrum: 1.53 d, 3 H,= 7 (CHy); 4.32 m, 1 H (CH); 5.35 m, 2 H (=GH 6.09 m,
1 H (=CH); 7.55d, 2 H and 8.05 d, 2 Bi= 8 (4-CIGH,); 10.17 s, 1 H (NH).
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S-(2-Buten-1-yl) N-(4-chlorobenzoyl)monothiocarbamégg); yield 50% (procedurdd) or 70%
(procedureC), m.p. 156 — 159C (dec., benzene—hexane). FoprH;,CINO,S (269.8) calculated:
53.42% C, 4.48% H, 5.19% N; found: 53.20% C, 4.62% H, 5.12% N. IR spectrum: 1 635 ((
1 650 and 1 685 (C=0), 3 400N). *H NMR spectrum: 1.75 m, 3 H (G 3.65 m, 2 H (SCh);
5.78 m, 2 H (CH=CH); 7.57 d, 2 H and 8.10 d, 2J+ 8 (4-CIGH,); 11.30 s, 1 H (NH).

S-(1-Phenyl-2-propen-1-yl) N-(4-chlorobenzoyl)monothiocarbanf28; yield 82%, m.p. 124 —
126 °C (benzene—hexane). For£,CINO,S (331.8) calculated: 61.54% C, 4.25% H, 4.22%
found: 61.78% C, 4.09% H, 4.18% N. IR spectrum: 1 643 (C=C), 1 665 and 1 705 (C=0), :
(N-H). 'H NMR spectrum: 5.36 m, 3 H (=GHand CH); 6.18 m, 1 H (=CH); 7.50 m, 5 H&);
7.45d,2 Hand 7.91 d, 2 J,= 8 (4-CIGH,); 9.65 s, 1 H (NH).

S-(1-Buten-3-methyl-3-yl) N-(4-chlorobenzoyl)monothiocarbar(e yield 60%, m.p. 123 — 125C
(benzene). For GH,,CINO,S (283.8) calculated: 55.02% C, 4.97% H, 4.93% N; found: 55.19%
5.13% H, 4.88% N. IR spectrum: 1 630 (C=C), 1 660 and 1 695 (C=0), 3 410 (N+HYMR
spectrum: 1.60 s, 6 H (2 CH3); 5.15 m, 2 H (=CH); 6.15 m, 1 H (=CH); 7.47 d, 2 H and 7.90 ¢
2 H,J =8 (4-CIGH,).

S-(1-Buten-3-yl) N-(2,6-difluorobenzoyl)monothiocarbam@®); yield 76%, m.p. 102 — 104C
(benzene-hexane). For £l,,F,NO,S (271.3) calculated: 53.13% C, 4.09% H, 5.16% N; four
53.28% C, 3.91% H, 5.02% N. IR spectrum: 1 625 (C=C), 1 670 and 1 715 (C=0), 33495 (!
'H NMR spectrum: 1.45 d, 3 H,= 7 (CH;); 4.26 m, 1 H (CH); 5.28 m (=Cjt 6.03 m, 1 H (=CH);
7.12m,2 Hand 757 m, 1 H (2,6@H3); 9.28 s, 1 H (NH).

S-(2-Buten-1-yl) N-(2,6-difluorobenzoyl)monothiocarbam@e); yield 83%, m.p. 133 — 138C
(benzene-hexane). For £l,,F,NO,S (271.3) calculated: 53.13% C, 4.09% H, 5.16% N; fout
53.27% C, 4.15% H, 5.31% N. IR spectrum: 1 620 (C=C), 1 660 and 1 715 (C=0), 3400 NMR
spectrum: 1.76 m, 3 H (G 3.60 m, 2 H (SCH); 5.68 m, 2 H (CH=CH); 7.13 m, 2 H and 7.62 n
1 H (2,6-BC¢H3); 9.38 s, 1 H (NH).

S-(1-Phenyl-2-propen-1-yl) N-(2,6-difluorobenzoyl)monothiocarbanfa®; yield 50%, m.p.
126 — 129°C (dec., benzene—hexane). Fort3F,NO,S (333.4) calculated: 61.24% C, 3.93% |
4.20% N; found: 60.96% C, 3.71% H, 4.45% N. IR spectrum: 1 620 (C=C), 1 670 and 1 710 (¢
3 400 (N-H). *H NMR spectrum: 5.40 m, 3 H (=GHind CH); 6.30 m, 1 H (=CH); 7.00 — 7.80 n
8 H (GHs and 2,6-5CgH5); 9.26 s, 1 H (NH).

S-(1-Buten-3-yl) N-(3-phenylpropenoyl)monothiocarbam@®; yield 72%, m.p. 119 — 122C
(dec., benzene—hexane). For,@,sNO,S (261.3) calculated: 64.34% C, 5.79% H, 5.36% N; foul
64.13% C, 5.74% H, 5.25% N. IR spectrum: 1 625 and 1 655 (C=C), 1 670 and 1 700 (C=0),
1 H(=CH); 6.90d, 1 Hand 790 d, 1 B,= 16 Hz (CH=CH); 7.47 m, 5 H (€l5); 9.65 s, 1 H
(NH). 3C NMR spectrum: 19.52 q (GH 41.66 d (CH), 115.71 t (=Cj{ 118.81 d and 146.02 ¢
(CH=CH), 128.44, 128.93, 130.76 and 134.23Hg}, 138.45 d (=CH), 164.91 s and 170.45 s (C=C

S-(2-Buten-1-yl) N-(3-phenylpropenoyl)monothiocarbam(@®; yield 80%, m.p. 131 — 133C
(acetone—water). For,6H;sNO,S (261.3) calculated: 64.34% C, 5.79% H, 5.36% N; found: 64.18Y%
5.90% H, 5.12% N. IR spectrum: 1 620 and 1 660 (C=C), 1 690 and 1 715 (C=0), 3395 (|
'H NMR spectrum: 2.05 m, 3 H (GH 3.93 m, 2 H (SCh); 6.05 m, 2 H (CH=CH); 7.23 d, 2 H anc
8.15d, 2 HJ = 16 (CH=CHCO); 7.95 m, 5 H (E:); 11.42 s, 1 H (NH)}3C NMR spectrum: 17.69 q
(CHy), 32.21 t (SCH), 118.89 d and 145.99 d (CH=CHCO), 125.35 d and 129.90 d (CH=GHIC
128.48, 128.97, 130.76 and 134.3Q1ic), 164.95 s and 170.99 s (C=0).

S-(1-Phenyl-2-propen-1-yl) N-(3-phenylpropenoyl)monothiocarban(@®; yield 87%, m.p.
127 — 129°C (tetrachloromethane). For,§1,7,NO,S (323.4) calculated: 70.56% C, 5.30% t
4.33% N; found: 70.41% C, 5.19% H, 4.03% N. IR spectrum: 1 625 and 1 645 (C=C), 1 67
1 710 (C=0), 3 395 (NH). 'H NMR spectrum: 5.52 m, 3 H (=GHind CH); 6.50 m, 1 H (=CH);
7.10d, 1 H and 8.01d, 1 H,= 16 (CH=CH); 7.63 m, 10 H (& CgHs); 11.70 s, 1 H (NH).
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13C NMR spectrum: 49.58 d (CH), 116.44 t (=H119.25 d and 143.57 d (CH=CH), 127.0f
127.79, 127.86, 128.27, 128.76, 130.27, 133.83 and 139.%4GgH;), 137.08 d (=CH), 164.14 s
and 167.39 s (C=0).

S-(1-Buten-3-yl) N-(2-thienocarbonyl)monothiocarbamg®); yield 90%, m.p. 96 — 98C (ben-
zene-hexane). For;gH,,NO,S, (241.3) calculated: 49.77% C, 4.59% H, 5.80% N; found: 49.62%
4.51% H, 5.50% N. IR spectrum: 1 640 (C=C), 1 665 and 1 695 (C=0), 3 448).(\"H NMR
spectrum: 1.54 d, 3 Hl = 7 (CH;); 438 m, 1 H (CH); 5.30 m, 2 H (=GH 6.12 m, 1 H (=CH);
7.30m, 1 H, 886 m, 1 Hand 810 m, 1 H (2-thienyl); 10.15 s, 1 H (NH).

S-(2-Buten-1-yl) N-(2-thienocarbonyl)monothiocarbam#8@); yield 67%, m.p. 142 — 148C
(dec., benzene—hexane). Foyld€;;NO,S, (241.3) calculated: 49.77% C, 4.59% H, 5.80% N; four
49.81% C, 4.43% H, 5.99% N. IR spectrum: 1 630 (C=C), 1 655 and 1 675 (C=0); 3 44 (!
'H NMR spectrum: 1.79 m, 3 H (GH 3.63 m, 2 H (SCH; 5.90 m, 2 H (CH=CH); 7.28 m, 1 H,
7.83 m, 1 Hand 8.28 m, 1 H (2-thienyl); 11.53 s, 1 H (NH).

S-(1-Phenyl-2-propen-1-yl) N-(2-thienocarbonyl)monothiocarbam(@®; yield 52%, m.p.
129 — 131°C (benzene-hexane). Fog8;3NO,S, (303.4) calculated: 59.38% C, 4.32% H, 4.62% |
found: 59.56% C, 4.18% H, 4.39% N. IR spectrum: 1 635 (C=C), 1 655 and 1 675 (C=0), :
(N-H). 'H NMR spectrum: 5.37 m, 3 H (=GHind CH); 6.25 m, 1 H (=CH); 7.20 m, 1 H, 7.66 n
1 H and 8.12 m, 1 H (2-thienyl); 7.42 m, 5 Hgkg); 11.20 s, 1 H (NH).

S-(1-Buten-3-yl) N-(3-chloro-2-thienocarbonyl)monothiocarbaméid); yield 56%, m.p.
55 — 56°C (tetrachloromethane—hexane). FopHG (CINO,S, (275.8) calculated: 43.55% C, 3.65% F
5.08% N; found: 43.38% C, 3.50% H, 4.91% N. IR spectrum: 1 670 and 1 685 (C=0), 3-37p (|
'H NMR spectrum: 1.50 d, 3 H, = 7 (CHy); 438 m, 1 H (CH); 5.30 m, 2 H (=G4 6.05 m, 1 H
(=CH); 7.17d, 1 Hand 7.75 d, 1 B,= 5 (2,3-disubstituted thiophene); 9.50 s, 1 H (NH).

S-(2-Buten-1-yl) N-(3-chloro-2-thienocarbonyl)monothiocarbamgds); yield 60%, m.p.
75 — 77°C (benzene-hexane). Foi,,CINO,S, (275.8) calculated: 43.55% C, 3.65% H, 5.08% |
found: 43.72% C, 3.44% H, 5.31% N. IR spectrum: 1 650 (C=0), 3 36BIXNH NMR spectrum:
1.75 m, 3 H (CH); 3.69 m, 2 H (SCh); 5.75 m, 2 H (CH=CH); 7.17 d, 1 H and 7.78 d, 1JH 5
(2,3-disubstituted thiophene); 9.55 s, 1 H (NH).

S-(1-Phenyl-2-propen-1-yl) N-(3-chloro-2-thienocarbonyl)monothiocarbam@®); yield 61%,
m.p. 66 — 69°C (dec., benzene—hexane). FagH;,CINO,S, (337.8) calculated: 53.33% C, 3.58% F
4.15% N; found: 53.12% C, 3.43% H, 3.92% N. IR spectrum: 1 680 (C=0), 3 3#)("H NMR
spectrum: 5.39 m, 3 H (=GHand CH); 6.50 m, 1 H (=CH); 7.10 d, 1 H and 7.70 d, 1JH 5
(2,3-disubstituted thiophene); 10.13 s, 1 H (NH).

S-(1-Buten-3-yl) N-(3-chloro-2-benzol[b]thienocarbonyl)monothiocarban(@fy yield 60%, m.p.
231 — 234°C (dec., benzene-hexane). FontL;,CINO,S, (325.8) calculated: 51.61% C, 3.71% F
4.30% N; found: 51.45% C, 3.52% H, 4.17% N. IR spectrum: 1 670 (C=0), 3 3#)("H NMR
spectrum: 1.52 d, 3 Hl = 7 (CH;); 437 m, 1 H (CH); 528 m, 2 H (=GH 6.01 m, 1 H (=CH);
7.58 m, 2 H and 7.93 m, 2 H (2,3-disubstituted benzothiophene); 9.60 s, 1 H (NH).

S-(2-Buten-1-yl) N-(3-chloro-2-benzol[b]thienocarbonyl)monothiocarbani@®g yield 45%, m.p.
122 — 124°C (benzene-hexane). Fog,8,,CINO,S, (325.8) calculated: 51.61% C, 3.71% H, 4.30% |
found: 51.43% C, 3.63% H, 4.29% N. IR spectrum: 1 670 and 1 690 (C=0), 3 3. NMR
spectrum: 1.75 m, 3 H (G} 3.93 m, 2 H (SCH); 5.78 m, 2 H (CH=CH); 7.58 m, 2 H and 7.95 n
2 H (2,3-disubstituted benzothiophene); 9.65 s, 1 H (NH).

S-(1-Phenyl-2-propen-1-yl) N-(3-chloro-2-benzo[b]thienocarbonyl)monothiocarbaii@3®e yield
60%, m.p. 98 — 100C (tetrachloromethane). For;§;¢CINO,S, (387.9) calculated: 58.83% C
3.64% H, 3.61% N; found: 58.69% C, 3.39% H, 3.43% N. IR spectrum: 1 660 (C=0), 3 3fA). (I
'H NMR spectrum: 5.39 m, 3 H (=GHind CH); 6.30 m, 1 H (=CH); 7.40 m, 7 H and 7.90 m, 2
(CgHs and 2,3-disubstituted benzothiophene); 9.60 s, 1 H (NH).
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S-(1-Butene-3-methyl-3-yl) N-(3-chloro-2-benzo[b]thienocarbonyl)monothiocarbagje yield
50%, m.p. 111 — 113C (benzene—acetone). ForsH,4,CINO,S, (339.9) calculated: 53.00% C
4.15% H, 4.12% N; found: 53.19% C, 4.07% H, 4.19% N. IR spectrum: 1 665 and 1 690 (C
3 375 (N-H). 'H NMR spectrum: 1.68 s, 6 H (2 CHg); 5.30 m, 2 H (=CH); 6.30 m, 1 H (=CH);
7.68 m, 2 H and 7.95 m, 2 H (2,3-disubstituted benzothiophene); 9.48 s, 1 H (NH).

S-Cinnamyl N-(4-chlorobenzoyl)monothiocarbamdtd); yield 80%, m.p. 146 — 148C
(benzene—hexane). For;£1,4,CINO,S (331.8) calculated: 61.54% C, 4.25% H, 4.22% N; fout
61.75% C, 4.12% H, 4.41% N. IR spectrum: 1 645 (C=C), 1 670 and 1 710 (C=0), 3 44D (!
'H NMR spectrum: 4.18 m, 2 H (GB); 7.00 m, 2 H (CH=CH); 7.75 m, 5 H{d:); 7.85d, 2 H
and 8.42 m, 2 H) = 8 (4-CIGH,); 11.70 s, 1 H (NH).

O-Arylalkyl N-Acylmonothiocarbamate#4, 45, 47, 50

Benzyl alcohol or 3-furylmethanol (6 mmol) was added to a solution of corresponding acyl ist
cyanate (5.57 mmol) in anhydrous benzene (10 ml) and the mixture was kept at room tempera
3 days. Hexane (100 ml) was added and the mixture allowed to stantCafo® 24 h. The precipi-
tate was filtered off and crystallized from a suitable solvent.

O-(3-Furylmethyl) N-(4-chlorobenzoyl)monothiocarbam#4d); yield 86%, m.p. 117 — 119C
(benzene-light petroleum). For;£1,,CINO;S (295.7) calculated: 52.80% C, 3.41% H, 4.74%
found: 52.58% C, 3.38% H, 4.63% N. IR spectrum: 1 520 (NHCS), 1 680 (C=0), 3 3%0.(N
'H NMR spectrum: 5.53 s, 2 H (OGH 6.53 d, 1 HJ = 2 (furan 4-H); 747 m, 4 Hand 7.77 d, 2 |
J = 8 (4-CIGH,, furan 2-H and 5-H); 9.11 s, 1 H (NHFC NMR spectrum: 66.18 t (OG}H 110.45,
118.92, 142.19 and 143.56 (3-furyl), 129.19, 129.26, 131.32 and 139.68 {4,!C61.93 s (C=0),
188.54 s (C=S).

O-Benzyl N-(3-phenylpropenoyl)monothiocarbam#éd®); yield 80%, m.p. 110 — 112C
(benzene-hexane). For;#£;5sNO,S (297.4) calculated: 68.66% C, 5.08% H, 4.71% N; four
68.51% C, 5.30% H, 4.49% N. IR spectrum: 1 550 (NHCS), 1 635 (C=C), 1 680 (C=0), 3-38p (|
'H NMR spectrum: 5.65 s, 2 H (OG}7.09 d, 2 H and 7.86 d, 2 H,= 16 (CH=CH); 7.45 m, 10 H
(2 x CgHs); 9.38 s, 1 H (NH).

O-Benzyl N-(3-chloro-2-benzo[b]thienocarbonyl)monothiocarbam@t®; yield 90%, m.p.
113 — 114°C (benzene-light petroleum). FogH;,CINO,S, (361.9) calculated: 56.42% C, 3.34% F
3.87% N; found: 56.21% C, 3.29% H, 3.72% N. IR spectrum: 1 515 (NHCS), 1 700 (C=0), :
(N-H). *H NMR spectrum: 5.75 s, 2 H (OGH 7.55 m, 7 H and 7.95 m, 2 H {d; and 2,3-disub-
stituted benzothiophene); 10.24 s, 1 H (NH).

O-(3-Furylmethyl) N-(3-chloro-2-benzo[b]thienocarbonyl)monothiocarbaméié); yield 83%,
m.p. 108°C (benzene-hexane). Fois8,4,CINO;S, (351.8) calculated: 51.21% C, 2.86% H, 3.98% |
found: 51.14% C, 2.68% H, 3.75% N. IR spectrum: 1 500 (NHCS), 1 685 (C=0), 3 380.(N
'H NMR spectrum: 5.63 s, 2 H (OG}4 6.68 d, 1 HJ =2 (4-H); 7.60 m, 4 H and 7.95 m, 2 |
(furan 2-H and 5-H and 2,3-disubstituted benzothiophene); 10.20 s, 1 H (NH).

S-Arylalkyl N-Acylmonothiocarbamatesl — 57

A solution of correspondin@-arylalkyl ester (3 mmol) in benzene (10 ml) was refluxed for 3
(compoundss3 and57). In the case of not isolabl@-arylalkyl esters, the products were formed &
ready at room temperature by standing of corresponding acyl isothiocyanate (5.57 mmol) witl
alkyl alcohol (6 mmol) in benzene (10 ml) for 2 days (compo&8d 3 days (compoundSl and
52), 4 days (compoun86). The solvent was evaporated and the residue crystallized from an a
priate solvent.
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S-(2-Furylmethyl) N-(4-chlorobenzoyl)monothiocarbaméé); yield 40%, m.p. 141 — 144C
(dec., benzene—hexane). Fo{,l€;(CINO;S (295.9) calculated: 52.80% C, 3.41% H, 4.71%
found: 52.61% C, 3.20% H, 4.51% N. IR spectrum: 1 625 and 1 700 (C=0), 3 45).(% NMR
spectrum: 4.18 s, 2 H (SGH 6.35 m, 2 Hand 7.55 m, 1 H (2-furyl); 7.65 d, 2 H and 7.95 d, 2
J =8 (4-CIGH,). 13C NMR spectrum: 23.30 t (SGH 111.10, 120.95, 140.58 and 143.20 (2-fury
128.42, 130.10, 130.62 and 137.83 (4-¢HQ), 165.37 s and 169.48 s (C=0).

S-[1-(2-Furyl)ethyl] N-(4-chlorobenzoyl)monothiocarbamd&®); yield 62%, m.p. 121 — 124C
(dec., benzene-light petroleum). Foyl€;,CINO,S (309.8) calculated: 54.28% C, 3.90% H, 4.52%
found: 54.03% C, 3.77% H, 4.63% N. IR spectrum: 1 620 and 1 690 (C=0), 3 48).(%f NMR
spectrum: 1.75d, 3 Hl =7 (CH;); 4.93 g, 1 H (CH); 6.30 m, 2 H and 7.35 m, 1 H (2-furyl); 7.39
2 Hand 7.93 d, 2 H) = 8 (4-CIGH,). 3C NMR spectrum: 19.45 q (GM 36.69 d (CH), 106.76,
110.45, 142.07 and 154.31 (2-furyl), 129.19, 129.45, 130.12 and 139.94 {4,£!Q64.87 s and
171.93 s (C=0).

S-(3-Furylmethyl) N-(4-chlorobenzoyl)monothiocarbam&é); yield 50%, m.p. 144 — 146C
(benzene—hexane). For £1,,CINO;S (295.7) calculated: 52.80% C, 3.41% H, 4.74% N; fout
52.73% C, 3.25% H, 4.85% N. IR spectrum: 1 620 and 1 690 (C=0), 3 4538).(\H NMR spec-
trum: 3.98 s, 2 H (SCJ)l; 6.42 m, 1 H and 7.43 m, 2 H (3-furyl); 7.45d, 2 H and 7.98 d, 2H8
(4-CICgH,); 11.36 s, 1 H (NH)X3C NMR spectrum: 24.15 t (SGH 11.60, 121.05, 142.34 anc
142.96 (3-furyl), 129.97, 130.65, 139.08 and 140.57 (46BJT 165.70 s and 170.44 s (C=0).

S-(2-Furylmethyl) N-(3-phenylpropenoyl)monothiocarbam@®; yield 62%, m.p. 144 — 146C
(methanol-water). For gH;3NO5S (287.3) calculated: 62.71% C, 4.56% H, 4.87% N; four
62.43% C, 4.39% H, 4.72% N. IR spectrum: 1 630 (C=C), 1 665 and 1 710 (C=0), 3 4@d (!
'H NMR spectrum: 4.22 s, 2 H (SG6.33 m, 2 H and 7.39 m, 1 H (2-furyl); 6.85 d, 1 H and 7.85
1 H,J=16 (CH=CH); 7.45 m, 5 H (§5); 11.03 s, 1 H (NH).

S-(2-Furylmethyl) N-(3-chloro-2-benzo[b]thienocarbonyl)monothiocarbamig); yield 53%,
m.p. 151 — 154C (dec., benzene—-hexane). FQeH; (CINO;S, (351.8) calculated: 51.21% C, 2.86% +
3.98% N; found: 50.89% C, 2.67% H, 3.87% N. IR spectrum: 1 670 and 1 690 (C=0), 3-37p (|
'H NMR spectrum: 4.55 s, 2 H (SGH6.68 m, 2 H and 7.78 m, 1 H (2-furyl); 7.90 m, 2 H ar
8.27 m, 2 H (2,3-disubstituted benzothiophene); 11.70 s, 1 H (NH).

S-[1-(2-Furyl)ethyl] N-(3-chloro-2-benzol[b]thienocarbonyl)monothiocarbaméié); yield 66%,
m.p. 122 — 12£C (benzene-hexane). For8,CINO;S, (365.9) calculated: 52.52% C, 3.31% F
3.83% N; found: 52.38% C, 3.18% H, 3.59% N. IR spectrum: 1 650 and 1 680 (C=0), 3-3%p (|
'H NMR spectrum: 1.78 d, 3 H,= 7 (CH); 5.10 g, 1 HJ =7 (CH); 6.15 m, 2 Hand 7.48 m, 1 }
(2-furyl); 7.12 m, 2 H and 7.98 m, 2 H (2,3-disubstituted benzothiophene); 9.68 s, 1 H (NH).

S-(3-Furylmethyl) N-(3-chloro-2-benzo[b]thienocarbonyl)monothiocarbam@@); yield 50%,
m.p. 137 — 139C (benzene-hexane). For8;,CINO;S, (351.8) calculated: 51.21% C, 2.86% F
3.98% N; found: 50.98% C, 2.61% H, 3.74% N. IR spectrum: 1 660 and 1 675 (C=0), 3-37p (|
'H NMR spectrum: 4.13 s, 2 H (SGH 6.53 m, 1 H and 7.50 m, 2 H (3-furyl); 7.65 m, 2 H ar
7.95 m, 2 H (2,3-disubstituted benzothiophene); 9.70 s, 1 H (NH).

O-[1-(3-Nitrophenyl)ethyl]N-(4-Chlorobenzoyl)monothiocarbamdi8

The product was obtained according to procedure for compalhdb, 47 and49; the reaction time
was 12 days. Yield 60%, m.p. 130 — 132 (chloroform-light petroleum). For ;gH,5CIN,O,S

(364.8) calculated: 52.68% C, 3.59% H, 3.84% N; found: 52.40% C, 3.43% H, 3.76% N. IR
trum: 1 630 (NQ),, 1 486 (NHCS), 1 540 (N, 1 725 (C=0), 3 410 (ANH). 'H NMR spectrum:
175d,3HJ=7 (CH); 6.60q, 1 HJ =7 (CH); 7.53 m, 2 H, 782 m, 3 H and 753 m, 3
(4-CICGH, and 3-NQCgH,); 9.18 s, 1 H (NH).
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