INVESTIGATIONS ON ACYL ISOCYANATES
AND THEIR DERIVATIVES

VIl,* ACTION OF THIOUREA ON a-HALOGENOACYL
CARBAMATES AND THE SYNTHESIS OF SOME
2-IMINO THIA ZOLIDIN=4~ONES

K. A, Nuridzhanyan and G. V. Kuznetsova UDC 547.789.3

The reaction of thiourea with a-halogenoacyl carbamates has given the corresponding iso-
thiouronium salts (stable in the case of the a~-propionyl compound), which readily form 2-
iminothiazolidin-4-one derivatives in the presence of moisture or alkalis,

In a search for new pesticides among acyl isocyanate derivatives, it appeared of interest to synthesize
a-isothiouronium-containing acyl carbamates. For this purpose, in the present work we have studied the
reaction of the @-halogenoacyl carbamates I-1V with the ureas V-VII and have shown that the nature of the
final products of this reaction depends fundamentally on the nature of the & substituent (R = H or CHj) in
the initial I-IV and on the reaction conditions.

Unlike a-chloroacetamide [2] or chloromethylaryloxy carboxylic acids [3], with the thioureas V-VII
in boiling 99.5% ethanol or in acetone (i.e., in the presence of even traces of water) at —4°C the chloroacetyl
carbamates I and I (R = H, R" = CHy, CzH,) give, instead of the expected isothiouronium salts, the corres-
ponding 2-iminothiazolidinone salts VIII-X (Table 1), which are readily converted into the free bases in
boiling water or in aqueous sodium acetate.

Conversely, the a~-halogenopropionylcarbamates II and IV (R = R" = CH,) do not undergo cyclization
on being boiled in 99.5% ethanol with thiourea under similar conditions but form the corresponding iso-
thiouronium salts XII and XIII (Table 2). These salts are stable in boiling water, but on treatment with
sodium acetate are converted into 2-imino-5-methylthiazolidin-4-one (XI).

Isothiouronium salts could be obtained from the halogenoacetylcarbamates I and II only by carrying
out the reaction in anhydrous acetone at room temperature. On heating in anhydrous acetone or at room
temperature in perfectly anhydrous ethanol, only cyclization products are formed. Thus, under these condi-
tions, compounds I and V gave 2-imino-4~methoxycarbonyliminothiazolidine (XVIII). On being heated in
99.5% ethanol, the isothiouronium derivatives of the halogenoacyl carbamates XIV-XVII (Table 2) form salts
of the 2-iminothiazolidinones VIII-X (Table 1), and on being heated in water they form the free bases.

The results given permit the assumption that in the reaction of the thioureas V-VII with the a-halo-
genoacylcarbamates I-1V, as with a-halogeno ketones [4,5], in all cases the isothiouronium salts XTI-XVII
are formed first and then these undergo further conversion into XIX with an ease depending on whether
there is a hydrogen atom or a CHs group in the « position. The extremely unstable compound XIX then
splits out water (more readily in ethanol than in acetone) and is converted into the more stable XVIII which,
however, hydrolyzes under the action of water to give VIII-X,

*For Communication VI, see [1].
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TABLE 1

Com- o . Ele- |Found|Cale. | Yield,
om Name % mp, °C  |{Empirical formula € ‘Foun ale. | Yield
pound [ ment| % % %
VIII | 2-Iminothiazotidin~
4-one .
hydrochloride 190—240 | CsH4N,0S - HCI C 12360 2360| 90
(decomp.) 2331
3,21 3,28
347
Cl 123,13 | 23,26
22,98
N | 18,47 | 18,36
18,70
20,50 | 20,95
20,30
Base 250'2 — — — 95
1X | 2-Phenyliminothiazol
idin-4-one
hydrochloride 200 CgHgN,OS - HCI S | 1392 14,00] 65
(decomp.) 13.96
Base 175—176 | CsHaN,0S C |56.23 5625 95
decomp., 56,20
fromwater) H | 39 417
4,25
S | 16,66 16,72
16,82
X | 2-n-Octylaminothia-
zolidin-4-one
hydrochloride 190 C“HzoNzOS -HCI N 10,71 10,59 50
(decomp.) 10,89
S 12,38 112,09
12,24
Base 70—71 | CyHxN0S C |57.75 | 57,72 | 90
(from water) 57,81
H 8,88 | 8,69
8,60
X1 | 2~-lmino-5-methyl-
thiazolidin-4-one
hydrochloride 205—206 |CHgN.OS N | 21,31 21,564 | 95
decomp., 21,40
from water)
HZN\ HX
TABLE 2 C-S—CHRCONHCOOR"
NR’
Com- mp, .. ol oe e |
pound | R R’ R x I Empirical formula g .
IR
I o Q KI
XII | CH; H CH; | Br | 194—195 CeH1iN3OsS - HBr C | 25,36 25,17 |68
(from 25,33
ethauol) H 4’19 4,19
4,50
N | 14,98 1468
14,97
X1l | CHs H CH; | Cl | 195—196 | CeH N3OS - HCIL N | 17,69] 17,39 |54
(decomp., 17,70
from
ethanol)
Xiv| H H CH; | CI 170 | CsHgN305S - HCL N | 1874 184697
decomp.) 18,80
S 13,721 14,07
13,831
XV H n-CgHy; | CHa | Cl | 120—131 | C1sHpsNsOsS-HCI | 8 950 943.70
(decomp. 9,40
XVI H C¢Hs CH; | Cl 145 CiiHisN3O3S - HC1 | N 13,67 13,8492
decomp.) 13,78
XVII H CeHs | CeHs | Cl | 137—138 | CieHisN3OsS-HC1 | N | 11,50 11,49 60
decomp.) 11,66
S 8581 875
| 8,47

843



R O o 1

vl
/CH-CoNHCOOR" R-CH—{—NHCOOR” |
X—CHCONHCOOR” + R'NHCSNH, ——{ %) — | & fn
] \c_" Nps
R NH, ¢
PV V-Vl || I
NR'-HX NR*-HX
XI-XVII XiX
R—CH—C=NCOOR” _ +H,0 R—CH—C=0
“H0 S _NH “H,NcooRT & A
¢ “HX ¢
NR'-HX NR/
Xvil VIii-xX

R=H,CHy R'=H,alkyl,aryl R"=CH, CsH;; X=CLBr

The reason for the higher stability of the isothiouronium salts XII and XMI containing a propionyl
residue is apparently (by analogy with [6, 7]) that in the first case the a-methyl group sterically inhibits
the intramolecular nucleophilic attack of the nitrogen atom on the carbon atom of the carbonyl group. Con-
sequently, the salts XII and XIII prove to be fairly stable compounds which do not decompose even on being
boiled in water and cyclize only when they are neutralized, i.e., when the nucleophilicity of the nitrogen
atoms is substantially raised. In the case of compounds XIV-XVII, where the screening action of an o~
methyl group is absent, their cyclization into XIX takes place far more readily even on boiling in anhydrous
acetone or in the presence of such polar solvents as ethanol and, particularly, water.

EXPERIMENTAL

Methyl and phenyl N-chloroacetylcarbamates (I and II, respectively) and methyl N-a-chloro- and N-c-
bromopropionylcarbamates (III and IV, respectively) were obtained by the action of the appropriate a=halo-
genoacyl isocyanates on methanol or phenol [8] or by the acylation of methyl or phenyl carbamates [9].
Phenyl- and octylureas were obtained by published methods [10, 11].

2-Iminothiazolidin-4-one (VIII). A. Solutions of 1.52 g (0,01 mole) of I and 0.76 g (0,01 mole) of
thiourea (V) in 20 ml of ethanol each were mixed at room temperature and boiled with stirring for 1 h 30
min in the water bath. Then the reaction mixture was cooled and the yellow precipitate was filtered off to
give 1.37 g of the hydrochloride of VIII, In boiling water or under the action of aqueous sodium acetate solu-
tion this formed the free base VI (Table 1). The IR spectra of these and the other 2~iminothiazolidinones
that we obtained exhibit bands in the 1650, 1700, and 1750 cm™! regions which, according to the literature
[13~17] apparently means, in the first place, that the reaction products are obtained in the form of tauto-
meric mixtures and, in the second place, that the imino form predominates in these mixtures if the substitu~
ent is aryl and the amino form if the substituent is alkyl. The melting points of compound VIII and its
hydrochloride coincide with those of samples obtained by independent synthesis from ethyl chloroacetate
and thiourea [12].

B. A suspension of 1 g (0,0066 mole) of I in 15 ml of acetone was treated over 30 min at —4° to 0°C
with 0.5 g (0.0066 mole) of V in 30 ml of acetone, and the mixture was stirred at this temperature for 5 h.
The precipitate that deposited was filtered off at 0°C and washed with acetone, giving 0.30 g (85%) of am-~
monium chloride. The filtrate was evaporated in vacuum at 0°C, and the residual oil, consisting of VIII con-
taining XIV as an impurity (identified by thin-layer chromatography), was recrystallized from water or
ethanol, giving 0.69 g (90%) of VIII,

C. A mixture of 1 g of XVIII and 10 ml of ethanol was boiled for 2 h and cooled, and 0,62 g (85%) of
the hydrochloride of VIII was filtered off,

D. A mixture of 1 g of XVIII and 10 ml of water was boiled for 30 min and cooled, and 0.51 g (92%) of
the free base XVIII, identified by a comparison of IR spectra, as in the case of all the substances obtained,
was filtered off,

The Thiazolidinones IX-XI. A. Compounds IX and X (Table 1) were obtained in a similar manner to
method A described previously.

B. One gram of the hydrochloride XVII was boiled in 99.5% ethanol for 1 h, the solution was cooled,
and 0.59 g (94%) of the light yellow crystalline hydrochloride of IX was filtered off. The filtrate was evap-
orated, giving 0.35 g (93%) of phenyl carbamate, mp 141°C (from water; according to [18], mp 141°C).

C. Compound XI (Table 1) was formed when XII and XIII were heated in aqueous sodium acetate solu-
tion.
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S-ja-{Methoxycarbonylcarbamoyl) ethyl Jisothiourea Hydrobromide (XII). A solution of 0.61 g (0.008
mole) of V in 30 ml of ethanol was added to a solution of 1.6 g (0.0076 mole) of IV in 40 ml of ethanol. The
reaction mixture was boiled for 4 h, cooled, and treated with ether, and 1.5 g of colorless crystalline XII
was filtered off., Compound XIII (Table 2) was obtained similarly,

S-(Methoxycarbonylcarbamoylmethyl) isothiourea Hydrochloride (XIV), Suspensions of 1.52 g (0.01
mole) of T and 0.76 g (0.01 mole) of V, each in 20 ml of anhydrous acetone, were mixed at room tempera-
ture. The clear solution that formed after 5 min was then stirred at 20°C for 3 h, and the greasy crystal-
line precipitate was separated off and subjected to prolonged drying in vacuum, giving 2.2 g of XIV. Com-
pounds XV-XVII (Table 2) were synthesized similarly.

2-Imino~4-methoxycarbonyliminothiazolidine Hydrochloride (XVIII), A. A mixture of 1.52 g (0.01
mole) of T and 0,76 g (0,01 mole) of V in 40 ml of anhydrous acetone was boiled for 5 h 30 min, and the pre~
cipitate was filtered off and washed with acetone to give 2 g (95%) of XVIII, mp 175°C (decomp.). Found %:

N 20,30, 19.90; S 15,02, 15.22. C;H;N30,S - HC1, Calculated %: N 20,05; S 15.27. Gas-~liquid chromatography
of the mother solution showed that water was liberated during the reaction. The IR spectra of XVIII con~
tain bands at 1630 em™, 1720 em™! (m), and 1780 cm™! (s).

B, A mixture of 1.52 g (0,01 mole) of T and 0.76 g (0.01 mole) of V in 40 ml of anhydrous ethanol was
stirred at room temperature for 10 h, and the precipitate was filtered off to give 1.5 g (71%) of XVIII, mp
175°C (decomp.). The elementary analyses and IR spectra of the samples of XVIII obtained in acetone and
in ethanol were identical.
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