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S-Allyl N-acylmonothiocarbamates react in boiling benzene with primary and sccondary amines in the
presence of catalytic amounts of tricthylamine. In this reaction, the S-allyl group is replaced with the
amino group under formation of N-acylurca derivatives in 45 - 90% yields. The wide applicability of the
reaction is demonstrated by the synthesis of cighty four N-acyl-N'-substituted and N-acyl-N',N’-disubsti-

tuted urcas with various aliphatic, aromatic and heterocyclic substituents.

N-Acylurca derivatives are of interest because of their potential pesticidal activity 2,
These compounds are usually synthesized by reaction ol acyl isocyanates with amines
or of isocyanates with carboxylic acid amides®. However, the starting isocyanates, and
particularly acyl isocyanates, are unstable and highly toxic and the reactivity of carbo-
xylic acid amides is low.

In the present paper we describe a new simple synthesis of N-acyl derivatives of urca
from stable starting compounds and intermediates. Recently, we studied the reaction of
allyl alcohol with acyl isothiocyanates leading to O-allyl N-acylmonothiocarbamates
which in boiling benzene undergo a |3,3]-sigmatropic rearrangement to give the
corresponding S-allyl N-acylmonothiocarbamates®. During investigation of the S-allyl
esters 25 — 36, which are stable at room temperature, we have found that in boiling
benzene and in the presence of catalytic amounts of tricthylamine they react readily
with primary and sccondary amines to give N-acyl-N'-substituted urca derivatives 37 -
120, Scheme 1, Table 1). The nucleophilic replacement of the S-allyl residue by the
amine takes place even in the absence of tricthylamine but the reaction is slower, parti-
cularly with Iess basic amines. This reaction was hitherto unknown, probably because
the preparation of the S-allyl or the analogous S-alkyl esters was not well claborated
and the known methods were uncomfortable®. As seen from Table I, the scope of appli-
cation is wide and the products are obtained in good yiclds (the yiclds stated relate to
the last reaction step). Isolation of intermediates 13 — 24 makes the synthesis longer and
more laborious and lowers the yiclds. We have found that the S-allyl esters can be
prepared by a one-pot synthesis starting from the corresponding acyl chloride. Alter
reaction of the acyl chloride with potassium thiocyanate in acetonitrile at room tempe-
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rature, the obtained acyl isothiocyanate is rapidly and in a good vield converted into the
S-allvl ester by heating with allyl alcohol. This shortens the synthesis from several dayvs
to several hours. This approach is suitable particularly in the case ol benzoyl deri-
vatives, c.g. S-allvl N-(2,0-difluorobenzoyhmonothiocarbamate (29). When  the
reaction is performed in benzene, alter addition of the corresponding amine and cata-
lytic amount of tricthylamine the desired urca mav be obtained even without isolation
of the S-allyl ester but the yields are lower. In this way we prepared products 49 — 52.
The utility of” S-allyl N-acylmonothiocarbamates in the synthesis of acylurcas is also
demonstrated by the preparation of compound 105 from D,L-scrine methyl ester
hydrochloride using a benzene—water two-phase svstem. The prepared urcas 37 — 120
are sparingly soluble compounds and therefore only some of them could be studied by

0
R'-C-N=C=S + HO—CH,CH=CH, ——— R‘—'c'—NH—'é—o—CHZCH=CH2 B3,
1-12 13-24
9 |O| HNRZR® ﬂ Il R?
—> R'=C-NH-C~S—CH,CH=CH, ——> R'-C-NH-C-NT_,
25-36 37-120
In formulae: 7, 13, 25; R' = 2-CI—Cq4H,—CH,
2, 14, 26; R' = C4Hyg
3, 15, 27; R' = 2-CI-CgH,
4, 16, 28; R' = 2-CI-5-N0,~CqHy
5,17, 29; R' = 2-F—6-F—Cg4H,4
6, 18, 30; R' = CgHgCH=CH
7, 19, 31; R' =2-Cl—CgH,CH=CH
8, 20, 32; R' = 4-Cl-CgH,CH=CH
9, 21, 33; R' = 4-Br—CgH,CH=CH

10, 22, 34; R' = 2-Naphthyl
11, 28, 35; R' = 5-Chloro-2-thienyl(5-CI—C,H,S)
12, 24, 36; R' = 3-Chloro-2-benzo[b]thienyl(3-Cl-CgH,S)

For compounds 37—120 the substituents R', R% R® are defined in Table |.

SCcHEME |
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NMR spectroscopy (Table ). Their infrared spectra cxhibit absorption bands duc to
v(CO-NH-CO), and v(CO-NH-CO), vibrations that are characteristic for urcas>;
these bands sometimes merge into one broad band. The structure of the N-acylureas is
also proved by agreement of their physicochemical propertics with those of some alrea-
dy known substances such as c.g. N-benzoyl-N'-phenylurca® (40), the known insccti-
cide diflubenzuron’ (54) or N-(3-phenylpropenoyl)-N'-phenylurca® (58).

EXPERIMENTAL

The infrared absorption spectra were recorded on an IR-75 (Zciss, Jena) spectrometer in chloroform
(compounds 1. 4. 7. 8 11.13.17. 19 - 21. 23, 25. 29. 31 - 33. 37 - 39, 75. 104) or in KBr pellets
(compounds 35, 40 — 74. 76 — 103, 105 — 120): the wavenumbers are given in em™. Ml and 3C NMR
spectra were measured on Tesla BS 487A (30 MHz for 'H) and ‘Tesla BS 567 (25.15 Mllz for 3C)
spectrometers in deuterochloroform (compounds 1. 7. 8, 11. 13,19, 20, 21, 23. 25, 29, 31. 33. 103) or in
hexadeuterodimethyl sulfoxide (compounds 32, 35, 37 —d0. 42, 54. 64. 75, 93, 104, 105. 108) with tetra-
methylsilane as internal standard. Chemical shifts are given in ppm (d-scale). 2.6-Difluorobenzoyl isothio-
uyannlc7 (5). 3-(4-bromophenyl)propenoyl isolhiocyanulcq (9). S-allyl esters® of N-benzoyl- (26).
N-(2-chlorobenzoyl)- (27). N-(3-phenylpropenoyl)- (30). N-(2-naphthoyl)- (34) and N-(3-chloro-2-
benzo[b]thicnocarbonyl)monothiocarbamic acid (36) were prepared according to the literature. The
reactions were followed by thin-layer chromatography on Silufol plates (Kavalier. Czechoslovakia).

2-Chlorophenylacetyl Isothiocyanate (1)

I.cad thiocyanate (4.04 g, 15.5 mmol) was added 10 a solution of 2-chlorophenylacetyl chloride (2.3 g. 12.5
mmol) in anhydrous benzene (20 ml) and the mixture was refluxed for 2 h under stirring. After filtration
with charcoal, the benzene was evaporated and the residue distilled under reduced pressure, b.p. 118 - 120
°(*/133 Pa: yicld 1.88 g (87%). For C4H,CINOS (211.7) caleulated: 51.06% C. 2.85% 1. 6.62% N: found:
51.23% C. 2.78% 11, 6.79% N. IR spectrum: 1 955 (N=C=S). 1 660 (C=0). 11 NMR spectrum: 3.95 s, 2 11
(CHy): 7.25 m, 4 11 (CHy).

2-Chloro-5-nitrobenzoyl Isothiocyanate ()

The title compound was obtained from 2-chloro-5-nitrobenzoyl chloride (3.12 g. 12.5 mmol) using the
same procedure as deseribed in the preceding experiment: yicld 2.60 g (80%). m.p. 78 °C (hexane). For
CoHCINLOSS (242.7) caleulated: 39.58% C, 1.24% 1. 11.55% N: found: 39.60% €. 1.22% 1. 11.51% N.
IR speetrum: 1 920 (N=C=8). 1 700 (C=0).

Gieneral Procedure for Preparation of Acyl Isothiocyanates 7. 8. and 11

The corresponding acyl chloride (41 mmol) in anhydrous acctone (20 ml) was added at room temperature
to a stirred solution of potassium thiocyanate (4.03 g. 61 mmol) in anhydrous acetone (60 ml). After
stirring for S min. benzene (about 100 ml) was added until the milky turbidity disappeared and the reaction
mixture was filtered. The solvent was evaporated and the residue was crystallized from hexane.

3-(2-Chlorophenyl)propenoyl isothiocyanate (7): yield 80%, m.p. 60 — 62 °C. For Coll CINOS (223.7)
calculated: 53.69% €, 2.70% H. 6.26% N: found: 53.48% C. 2.81% 11, 6.09% N. IR spectrum: 1 917
(N=C=S), 1 675 (C=0). 1 618 (C=C). 'II NMR spectrum: 6.52 d. 1 H and 8.16 d. 1 11, J(AB) = 16 [z
(CH=CH): 7.39 m. (ClHy).
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3-(4-Chlorophenyl)propenoyl isothiocvanate (8): yield 82%, m.p. 106 — 108 °C. For €11, CINOS
(223.7) calculated: 53.69% C, 2.70% ., 6.26% N: found: 53.50% C. 2.83% 11. 6.47% N. IR spectrum:
1 960 (N=C=S). 1 630 (C=0), 1 620 (C=C). "1l NMR spectrum: 6.25 d. 1 Il and 7.75 d. 1 11, J(AB) =
16 Hz (CH=CH); 7.50 m, 4 T (CglLy).

5-Chloro-2-thienocarbonyl isothiocvanate (11): yield 88%. m.p. 62 — 64 °C. For C(I1,CINOS, (203.7)
calculated: 35.38% C. 0.99% 1. 6.87% N: found: 35.51% C. 1.12% . 6.68% N. IR spectrum: 1 970
(N=C=S). 1 680 (C=0). '11 NMR spectrum: 7.48 d. 1 [ and 8.00 d. 1 H. J(A.B) = 8 Hz (=CH-Cl=).

Gieneral Procedure for Preparation of O-Allyl N-Acylmonothiocyanates 13, 17, 19 - 21 and 23

Allyl alcohol (1.82 g. 2.5 ml, 18 mmol) was added to a solution of the appropriate acyl isothiocyanate
(15 mmol) in benzene (20 mi). After standing at room temperature for 4 days. the reaction mixture was
mixed with hexane (200 ml) and allowed to stand at 0 °C for 24 h. The precipitate was collected and then
crystallized from a suitable solvent.

O-Allyl N-(2-chlorophenylacetyl)monothiocarbamate (13); yiceld 44%. m.p. 71 = 73 °C* (benzene—=hexa-
ne). For CaHHNOLS (260.8) caleulated: 53.42% €. 4.48% 11 5.19% N: found: 53.58% C. 4.31% 11
5.04% N. IR spectrum: 3 300 (N=11), 2 980 (C-11). 1 730 (C=0)). "I NMR spectrum: 3.95 s, 2 H (CH,):
4.98 m. 2 H(CHy0): 535 m, 2 H (=CHy): 5.85 mo 1 H(=Cl=): 7.25 m, 4 T (CGHy): 8.93 s 1 H(NIH).

O-Allyl N-(2,6-difluorobenzovl)monothiocarbamate (17). The title compound was obtained only as a
semisolid crude product which, however, was sufficiently pure for the next preparation. "I NMR
spectrum: 5.02 m. 2 H (CHL0): 5.37 mo 2 H (=CHy): 5.38 me L H (=CH): 7.15 my 3 T (Cell) 9.20 s 1 H
(NIH).

O-Allyl [N-3-(2-chlorophenyl)propenoyl]monothiocarbamate (19). yield 92%. m.p. 94 - 95 °C (metha-
nol-water). For Cy311,CINO,S (281.8) calculated: 55.42% €. 4.29% . 4.97% N; found: 55.63% C.
4.30% 11. 5.05% N. IR spectrum: 3 385 (N=II): 1 720 (C=0), 1 612 and 1 612 (C=C). 1 459 (NIHICS).
"I NMR spectrum: S.08 m. 2 H (CHL0): 5.44 m. 2 H (=CH,): 7.08 d. 1 H and 8.01 d. I H. J(AB) =
16 Hz (CH=CH): 7.50 m. 4 1 (Cghy): 9.43 s, 1 11 (NI,

O-Allyl N-[3-(1-chlorophenyl)propenoyl]monothiocarbamate (20); yicld 88%, m.p. 94 - 95 °C* (metha-
nol-water). For Cy311,CINO,S (281.8) calculated: 55.42% C. 4.29% H, 4.97% N: found: 55.32% C,
4.36% 11 4.88% N. IR spectrum: 3 380 (N-11). 1 720 (C=0). 1 670 and 1 615 (C=C). '11 NMR speetrum:
5.08 m, 2 1 (CH0); 5.48 m, 2 11 (=CHy): 6.00 m, 11 (=CH): 7.00 d. 1 Il and 7.75 d. 1 H. J(AB) =
16 Hz (CH=CH): 7.40 m, 4 H (Colly): 9.28 s, 1 H (NI).

O-Allyl N-|3-(1-bromophenyl)propenoyl]monothiocarbamate (21): yield 81%. m.p. 105.5 ~ 106.5 °C
(acctone=water). For C511;,BrNO,S (326.2) caleulated: 47.87% C. 3.71% . 4.29% N: found: 47.95% C'.
3.70% 11 4.38% N. IR spectrum: 3 390 (N=I1). 1 715 (C=0). 1 675 and 1 618 (C=C). 1 460 (NHCS).
"H NMR speetrum: 5.12 m, 2 H(CH,0): 5.50 m, 2 H (=CHL) 6.00 mo T H (=CH): 6.94 d. | 1 and 7.65 d.
LI J(AB) = 16 Hz (CH=CH); 7.47 m. 4 H (CgHy): 1158 s, 1 11 (NHD.

O-Allvl N-(5-chloro-2-thicnocarbonyl)monothiocarbamate (23): yicld 56%. m.p. 106 — 108 °C (benze-
ne—-water). For ColIGCINGO,S, (261.8) caleulated: 41.29% €. 3.08% 11. 5.35% N: found: 41.13% C, 3.22%
1. 5.77% N. IR spectrum: 3 420 (N=1D). 1 695 (C=0), 1 470 (NHCS). "I NMR spectrum: 5.70 m, 2 H
(CH50): 5,42 m. 2 1 (=CHL): 6.00 m (=CH): 6,92 d. 1 H and 7.87 d. 1 H J(AB) = 4 Hz (=CH-CII=):
11.00 s, 1 T (NID).

General Procedure for Preparation of S-Allyl N-Acylmonothiocarbamates 25, 29, 31 - 33 and 35

A solution of the corresponding O-allyl ester (3 mmol) in benzene (10 ml) was refluxed for 20 h
(compound 25). 11 h (compounds 29, 31, 32). 15 h (compound 33) or 12 h (compound 35). The solvent

was evaporated and the product erystallized from an appropriate solvent.
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S-Allyl N-(2-chlorophenylacetyl)monothiocarbamate (25); yield 43%, m.p. 113 - 117 °C (tetrachlo-
romethane). For C5H,NO,S (269.8) calculated: 53.42% C, 4.48% 1l 5.19% N: found: 53.60% C,
4.56% 11, 4.89% N. IR spectrum: 3 370 (N=H). 1 720 and 1 650 (CO-NH-CO). "I NMR spectrum:
3.53 m, 2 H (CH,S): 3.88 s, 2 H(CH,): 5.14 m, 2 H (=CH,): 578 m, 1 I (=CH); 7.23 m. 4 T (Cglly);
8.78 s, 1 1 (NI).

S-Allyl N-(2,6-difluorobenzoyl)monothiocarbamate (29). A) The product was obtained according to the
above general procedure in 70% yield, m.p. 83 — 84 °C (heptane). For CyHgl,NO,S (257.3) calculated:
S1.35% C. 3.53% 11. 5.44% N; found: S1.1% C, 3.70% 1. 5.63% N. IR spectrum: 3 410 (N-11), 1 707 and
1 660 (CO-NH=-CO). 'H NMR spectrum: 3.57 m, 2 H (CH,S): 5.25 m, 2 H (=CH): 5.87 m. 1 11 (=CH);
718 m, 3 H (Cgll3): 9.20 s, 1 H (NIH). B) A mixture of 2.6-difluorobenzoyl chloride (7.02 g. 41 mmol)
and potassium thiocyanate (4.03 g, 41 mmol) in anhydrous acctonitrile (60 ml) was stirred at room tempe-
rature for 5 min. Allyl alcohol (2.58 g. 3.02 ml. 45 mmol) was added. the stirred mixture was refluxed for
S h. cooled to room temperature and with stirring poured in cold water (600 ml). Upon standing for
30 min, the separated oily product solidified and was filtered. Crystallization from heptane afforded 8.69 ¢
(83%) of the product.

S-Allyl N-[3-(2-chlorophenyl)propenoylmonothiocarbamate (31): yicld 87%. m.p. 96 — 97 °C (tetra-
chloromethane). For Cp3H,CINO,S (281.8) calculated: 55.42% C. 4.29% H. 4.97% N: found: 55.48% C.
4.43% 11 5.10% N. IR spectrum: 3 390 (N=11). 1 703 and 1 660 (CO-NII-CO). 11 NMR spectrum:
3.57 mo 2 H (CHAS): 5220 me 2 H (=CH,): 5.87 mo 1 T (=CH): 687 d. 1 H and 8.20 d. 1 H J(AB) =
16 Hz (CH=CH): 7.44 m, 4 H (Cgly): 9.76 s, 1 H (NIH).

S-Allvl N-[3-(-1-chlorophenyl)propenoyl]monothiocarbamate (32): yield 91%. m.p. 175 °C (tetrachlo-
romethane). For C311,CINO,S (281.8) caleulated: 55.42% C, 4.29% 11, 4.97% N: found: 55.28% ',
4.39% H. 4.88% N. IR spectrum: 3 380 (N-H). 1 710 and 1 660 (CO-NH-CO). 1 625 (C=C"). "I NMR
spectrum: 4.00 m, 2 H (CH,S): 548 mo 2 H (=CH,): 6,15 mo 1 (=CH): 7.10 d. 1 1T and 7.98 d. 1 HL
JAB) = 16 Hz (CH=CH): 7.72 m. 4 H (CH,): 11.62 s, 1 1T (NI,

S-Allyl N-[3-(1-bromophenyl)propenoyl]monothiocarbamate (33): yield 72%, m.p. 1S5 = 156 °C (accto-
ne—water). For C3H,5BrNOSS (326.2) caleulated: 47.87% €. 3.71% 1. 4.29% N: found: 47.64% C. 3.78%
11, 4.26% N. IR spectrum: 3 397 (N-H). 1 702 and 1 651 (C=0), 1 635 (C=C). 1 453 (NHCS). "I NMR
spectrum: 3.52 m, 2 H (CHLS): 5.50 m. 2 H (=CHL): S81 mo 1 (=CH): 6.81 d. 1 1T and 7.68 d. | 11,
JIAB) = 16 Hz (CH=CH): 7.48 m. 4 11 (CoIL,): 1131 s, 1 1 (NH).

S-Allyl N-(5-chloro-2-thienocarbonyl)monothiocarbamate (38): yield 88%. m.p. 131 - 133 °C (benze-
ne). For CoHGCINO,S,(261.8) caleulated: 41.29% C, 3.08% 11, 5.35% N: found: 41.35% €. 3.19% Il.
5.23% N. IR spectrum: 1 675 and 1 625 (CO-NH-CO). "I NMR spectrum: 3.72 m. 2 H (CH,S): 5.40 m,
2 H (=CH5): 6.03 m, 1 H (=CH): 7.48 d. 1 H and 8.25 d. 1 1. J(A.B) = 4 Hz (=CH-CH=): 12.18 s, 1 11
(NID).

General Procedure for Preparation of N-Acyl-N'-substituted and N-Acyl-N'.N’-disubstituted
Urcas 37 — 48, 53 - 120

The corresponding amine (1 mmol) and tricthylamine (14 pl. 0.1 mmol) were added to a solution of the
given S-allyl N-acylmonothiocarbamate 25 — 27, 29 — 36 (I mmol) in benzene (8 ml). In the preparation
of derivative 105, p.a-serine methyl ester hydrochloride (1.0 mmol) and tricthylamine (153 pl. 1.1 mmol)
were used and water (1 ml) was added. The reaction mixture was refluxed for 2 h (or 1 h in the case of
derivatives 37 — 45, 47. 78 and 79). After cooling to room temperature, the separated product was filtered
and crystallized from an appropriate solvent. Compound 10§ was isolated by column chromatography of
the crude product on silica gel (100 g, 100/160 mm) with benzence—acetone (7 1 1) as cluent. The yields.
melting points, spectral data and clemental analyses are given in Table 1.
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Gieneral Procedure for Preparation of N-(2-Chloro-5-nitrobenzoyl)-N'-substituted
and N-(2-Chloro-5-nitrobenzoyl)-N'.N'-disubstituted Urcas 49 - 52

Allyl alcohol (2.32 g. 40 mmol) was added 10 a solution of 2-chloro-S-nitrophenyl isothiocyanate (4) (10 g.
40 mmol) in anhydrous benzene (20 ml). the mixture was set aside for 3 days at room temperature and
then refluxed for 6 h. The corresponding amine (40 mmol) and tricthylamine (0.58 ml, 4 mmol) were
added and reflux was continued for 2 h. After cooling, the separated product was collected on filter and
crystallized. The yields, melting points, spectral data and clemental analyses are given in Table 1.
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