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Abstract—N-Acylthioureas 1 can be easily transformed into 2,4-diamino-6-aryl-1,3,5-oxadiazinium salts 12,
2,4-diamino-6-aryl-1,3,5-thiadiazinium salts 13, 3-amino-5-aryl-1,2,4-dithiazolium salts 19 and 2-acylimino-
benzothiazolines 22, respectively by reaction with different electrophiles. The structure of the compounds
prepared is confirmed by analytical data as well as by chemical transformations.

Owing to their availability and their high reactivity
thioureas attract a wide interest in analytical?> and
synthetic chemistry, especially as starting materials in
heterocyclic chemistry.® The same applies to several
derivatives of thioureas. N-Acylthioureas 1, for
example, which can be easily prepared from acyl
chlorides, alkalirhodanides and amines,* gain interest
in coordination chemistry® and as versatile building
blocks in synthetic organic chemistry.® Thus, the
reaction of 1 with alkylating reagents gives rise to the
formation of relatively stable N-acyl-S-alkyl-
isothiouronium salts 27 useful for many changes of the
acylthiourea moiety into various kind of prodcuts.
Similar to the alkylation reaction, the acylation of N-
acylthioureas 1 takes place at the thiocarbonyl sulfur.
The resulting S,N-diacylisothiouronium salts 3,
however, are not stable in most cases but undergo
further transformation in the course of their
preparation. Usually a rearrangement to N,N'-diacyl-
thioureas 4% occurs. With COCl,, however, the S-
chlorocarbonyl-N-acylisothiouronium salts 3 (R’ = Cl)
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primarily formed eliminate COS instead of rearranging
it. The resulting N-acylcarbamide chlorides § were
further transformed into N-acylcarbodiimides 6 by
base catalysed HCl-elimination.®

N,N-Diacyl isomers 7 of 4 which have been assumed
in the early lit.'° do not appear in acylation reactions
of the N-acylthioureas 1, but they have recently be-
come available by treating metal complexes 8 of 1
with organic acyl chlorides.’! On the other hand,
these complexes 8 react with inorganic acid chlorides,
e.g. SOCl,, in quite a different manner giving rise
to the hitherto unknown N-aminothiocarbonyl-
imidochlorides 9.2

We would like to report on our results from reactions
of the free N-acylthioureas 1 with inorganic acid
chlorides and with oxidising reagents. In contrast to the
masked N-acylthioureas 8 the interaction of the free N-
acylthioureas 1 with SOCI, results neither in the
formation of N-acylcarbamidoylchlorides § nor in the
formation of N-aminothiocarbonylimidoy! chlorides
9 but leads to the stable 2,4 - diamino - 6 - aryl - 1,3,5 -
oxadiazinium salts 12.'3-'* The same products 12
appear in the reaction of 1 with PCl,. These syntheses of
the oxadiazinium salts 12, however, can only be
achieved when N’,N’-disubstituted N-acylthioureas 1
are used. Otherwise the reaction fails (see below). The
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best yields of 12 are obtained at a slightly elevated
temperature in haloalkane solutions.

Ascan be seenfrom thestructure of the 2,4 -diamino -
6 - aryl - 1,3,5 - oxadiazinium salts 12, two molecules of
the N-acylthiourea used asreactant are incorporated in
the product whereas one amino group (NR!R?), one
acyl moiety and two S-atoms (as H,S) have been split
off.

To our surprise no 1,3,5-oxadiazinium salts 12 but
their sulfur analogous 2,4 - diamino - 6 - aryl - 1,3,5 -
thiadiazinium salts 13 arise when the same N-
acylthioureas 1 are allowed to react with POCIl; under
similar conditions.!#!* These salts 13 are composed
again by two molecules of the reactant 1 but only one S-
atom is kept in the molecule.

This difference in the behaviour of the N-
acylthioureas 1 against similar inorganic acid chlorides
can be understood by a primary attack of SOCI, or
PCl, on the S-atom of 1 giving rise to the intermediates
10 while POCI, primarily interacts with the O-atom
leading to compounds 11. The intermediates 10 may be
further transformed into N-acylcarbamoyl chlorides S.
Finally, the 1,3,5-oxadiazinium salts 12 could be
formed by the cyclocondensation of either 10 or 5 with
the still unchanged N-acylthioureas 1 or with
substituted cyanamides R'R?NCN evolved by the
elimination of RCOCI from the intermediates S.
Similarly the intermediates 11 may be transformed into
N - aminothiocarbonylimidoyl chlorides 9. The
subsequent reaction of 11 or 9 with starting material
1 could produce 13 analogously.

It has to be mentioned that the N,N-dimethyl-N' (p-
nitrobenzoyl)-thiourea 1 (R = p-NO,C¢H, ; R! = R?
= CH,) whose corresponding N-acylimidoyl chloride
Sis known to be relatively stable'® does not react with
PCl, but remains unchanged under the conditons used
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for the synthesis of 2,4-diamino-1,3,5-oxadiazinium
salts 12. Both the 1,3,5-oxadiazinium salts 12 and the
1,3,5-thiadiazinium salts 13 form stable crystalline
perchlorates (X = ClO,). The structures of these com-
pounds could be proved by elemental analysis (Table 4)
and by spectroscopic data. As expected, the 1,3,5-
thiadiazinium salts 13 absorb at longer wavelength
in the UV region than the corresponding oxa-
analogues 12. The structure of the heterocyclic salts 12
and 13is further confirmed by the comparison of the IR
spectrum and the m.p. of 12a with those obtained from
an authentic sample'” and by the transformation of the
1,3,5-oxadiazinium salts 12 into the corresponding
1,3,5-thiadiazinium salts 13 by means of H,S in
acetonitrile in the presence of triethylamine (method B
inTable 1). If the reaction of 1,3,5-oxadiazinium salts 12
with H,S is carried out in an acidic medium, however,
no thiadiazinium salts 13 appear but 1,3,5 - thiadiazin -
2 - ones 16 are formed by the elimination of R'R2NH
(Table 2).

The 1,3,5-oxadiazinium salts 12 can also react with
other nucleophiles such as malodinitrile or ammonia
by ring rearrangement. Similarly to the reaction of
2,4,6 - triphenyl - 1,3,5 - oxadiazinium perchlorate with
acetonitrile derivatives'® the 2,4-diamino-1,3,5-
oxadiaziniumsalts 12form 2-amino - 4 - carbamido- 6-
arylpyrimidines 18 by reaction with malonitrile. The
interaction of NH; on the oxadiazinium salts 12 yields
2(1H)-triazinones 17 but not 2,4 - diamino - 6 - aryl -
1,3,5 - triazines, which were observed in similar
reactions.!” All these ring transformations can be
understood by the primary attack of the nucleophile
(NuH,) on the aryl substituted ring C-atom (position 6)
of 12 resulting in ring opened products 14 or 15. Each of
these intermediates 14 or 15 recycles either by further
interaction of the nucleophilic substituent NuH (SH or
NH,) with the carbonyl C-atom followed by the
elimination of H,O or HNR'R?, respectively, or by the
addition of the N-atom (position 3 of the starting
material 13) to one of the cyanosubstituents of 15 with
subsequent rearrangements when malonitrile is used.

Furthermore, we studied the reactions of N-
acylthioureas 1 with the electrophiles bromine as well
as H,0, in an acidic medium. In these cases no 6-
membered heterocycles were obtained but substituted
3-amino-1,2,4-dithiazolium salts 19 (Table 3).!° The
mechanism of this reaction may be interpreted via an
intermediate disulfide 20 that cyclises by the
subsequent elimination of a corresponding N-acylurea
moiety and HNR!'R2. The structure of the 1,2,4-
dithiazolium salts 19 is confirmed by the results of the
elemental analysis and the spectral data obtained.
Furthermore, compound 19a shows identical pro-
perties (IR spectrum and m.p.) of an authentic sample
prepared by the known reaction of 3 - methylmercapto -
S - phenyl - 1,24 - dithiazolium perchlorate?® with
dimethyl amine. For afurther characterisation of 19itis
worth mentioning the formation of the p-nitrophenyl-
hydrazonderivatives 21 which occur if the salts of 19 are
allowed to react with p-nitrophenylhydrazine in
acetonitrile as is shown for 19d. The starting N-
acylthioureas 1 occur again when the 124
dithiazolium salts 19 are hydrolysed in alkaline
solution.

Additional investigations of the behaviour of the N-
acylthioureas 1 have shown that the course of the
reactions with inorganic acid chlorides as well as with



Reaction of N-acylthioureas with electrophilic reagents 5373

Table 1. 2,4-Diamino-1,3,5-oxadiazinium perchlorates 12(X = ClO,) and 2,4-diamino-1,3,5-thiadiazinium perchlorates 13 (X
Cloy)

% UV (acetonitrile)
R R! R?  Yield/method M.p. A ey (nm) (log £)
122 C.H; CH, CH, 36/A 283* 239(4.46) 284(4.29)
75/B (acetic acid)
12b C.H; (CH,)s 39/A 207 244(4.53) 286(4.28)
71/B (acetic acid)
12 CgH, (CH,),O(CH,), 38/A 295 248(4.53) 289%(4.26)
90/B (acetic acid)
12d p-CH;C¢H, (CH,), 94/B 259-260 2225(4.16) 226(4.16) 246(4.29) 29%4.43)
(acetic acid)
12¢ p-CH,C(H, (CH,)s 80/B 232-233 2215(4.22) 226(4.25) 243(4.46) 296(4.43)
(acetic acid) 3815(2.36)
12f  p-CH,CH, (CH,),O(CH,), 31/B 264-266 222s(4.16) 226(4.16) 246(4.39) 299(4.43)
(acetic acid)
12g p-CICiH, (CH,)s 68/B 215-217 227s(4.16) 242(4.26) 310(4.20) 364s(3.47)
(acetic acid)
13a C.H, CH, CH, 50/A 363 225(4.22) 301(4.36) 358(3.96)
(acetonitrile)
13b C.H;, (CH,)s 53/A 204 23((4.18) 273(4.38) 360(3.75)
(acetonitrile)
13¢ C.H, (CH,),O(CH,), 60/A 284 239(4.15) 293(4.33) 360(3.77)
(acetonitrile)
13d p-CH,C,H, (CH;), 98/A 224-226 227(4.22) 323(4.37) 396s(3.82)
(acetic acid)

* Ref. 13 m.p. 280°.

Table 2. 4-Morpholino-1,3,5-thiadiazin-2-one 16, 2(1 H)4-amino-1,3,5-triazinones 17 and 2-amino-4-carbamido-5-yano-6-
aryl-pyrimidines 18

% UY (acetonitrile) IR (KBr)(cm™!)
R R! R? Yield M.p. A (nm) (log €) C=0 CN

16 Ce¢Hs (CH,),O(CH,), 97 169* 252(4.21) 289(4.03) 318(4.16) 1675 —
(acetonitrile)

17a CH; CH, CH, 88 282° 223(4.46) 237(4.34) 267(4.00) 1675 —
(DMF/water)

1  CH, (CH,), 90 291 228(4.48) 239(4.42) 273(4.01) 1680 —
(DMF/water)

17¢  C¢Hs; (CH,),O(CH,), 90 308 226(4.45) 240(4.37) 273(4.02) 1670 —
(DMF/water)

182 C,H; CH, CH, 83 185 244(4.54) 278(4.44) 327(3.74) 1695 2220
(acetonitrile)

18 CgH, (CH,), 75 158 245(4.56) 280(4.45) 331(3.78) 1690 2210
(acetonitrile)

18 CgHs (CH,),0(CH,), 65 227 224(4.53) 277(4.41) 327(3.62) 1705 2205

* Corresponding hydroperchlorate m.p. 300° (acetonitrile), UV (acetonitrile) 4., in nm (log ¢): 237(4.09), 249(4.01),
294(4.19); IR {in KBr) C=0: 1730 ecm ™.
>Ref. 13 m.p. 280-281°.
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Table 3. 3-Amino-1,2,4-dithiazolium perchlorates 19 (X = ClO,), 2-acyliminobenzothiazolines 22 and N-acylureas
23

% UV (CH,Cl,)
R R! R? Yield M.p. A nex (nm) (lOg &)
19a CeHs CH, CH, 43 192-193* 320(4.35) 365s(3.67)
(acetic acid)
19b CeHy C,H, C,H, 147-148 312(4.40) 360s(3.79)
(acetic acid)
19¢ CeHs (CH,), 40 196-197 319(4.37) 360s(3.75)
(acetic acid)
19d C¢H; (CH,),O(CH,), 72 210-211 325(4.38) 368s(3.77)
(nitromethane/ether)
192 p-CH,0CH, (CH,),O(CH,), ) 243-245 368(4.53) 380(4.54)
(acetic acid)
22a CeHy CH, — 91/A 154®
88/B (ethanol)
22b p-NO,C,H, CH, — 93/A 302
95/B (ethanol)
23a CsH; CeHg H 68 207°
23b p-CICcH, CeH, H 75 243

*Ref. 20 m.p. 189-190°..
> Ref. 21 m.p. 155°.
*Ref. 22 m.p. 210°.

oxidising reagents does not only depend on the kind of
the electrophile but also on the substituents in the
substrate molecules 1. Heterocyclic salts 12, 13 and 19
areonly obtained when both the substituents R* and R2
in the N-acylthioureas 1 are alkyl groups or join
together to form a saturated ring. On the other hand, if
one of these substituents is phenyl, the interaction of the
corresponding N-acylthiourea 1 (R! = phenyl, R?
= alkyl) with thionyl chloride gives rise to the
formation of 2 - acyliminobenzothiazolines 22 (Table
3, method A). This oxidation can also be accomplished
by bromine in dichloromethane (method B).

In contrast to this, the reaction of N-monophenyl
substituted acylthiourea 1(R! = phenyl, R? = H) with
SOCI, results neither in heterocyclic salts 12, 13 or 19
nor in benzothiazolines 22 but leads to corresponding
N-acylureas 23. In accordance with the above
mentioned results obtained with COCl,® we assume
that after the attack of the thionyl chloride at the
thiocarbonyl sulfur atom of 1 N-acylcarbodiimides
6 are formed which hydrolyse with water added to the
reaction mixture.

EXPERIMENTAL

2,4-Diamino-1,3,5-oxadiazinium perchlorates 12 (Table 1)—
General procedure

Method A. 0.05 mol 1 were slowly added to a stirred
suspension of 14.6 g (0.07 mol) PCly in 50 ml 1,2-
dichloroethane. The mixture was allowed to stand at room
temp for 1 day and was then combined with 4 g 70%, HCIO,.
After diluting the resultant soln with diethyl ether, the product
precipitates, it was then filtered by suction and recrystallised.

Method B. 0.05 mol 1 were slowly added to a stirred soln of
8.3 g (0.07 mol) SOCI, in 50 ml 1,2-dichloroethane. The
mixture was then refluxed for 15 min while a turbidity of S was
formed. After the mixture had cooled down to room temp 4 g
70% HCIO, was added. Dilution of the resultant soln with
diethyl ether afforded a ppt of the product. This was then
filtered by suction and recrystallised.

2,4 - Diamino- 1,3,5 - thiadiazinium perchlorates 13 (Table 1)—
General procedure

Method A. 0.05 mol 1 were added to a stirred soln of 30.7 g
(0.2 mol) POCI, in 50 mi 1,2-dichlorocthane. The mixture was
refluxed for 15 min. After it had cooled down to room temp the
resulting soln was combined with 4 ml 70%; HCIO,. Dilution
with diethyl ether gave rise to the separation of the product
which usually appeared oily at the beginning. When it was
crystallised it was filtered by suction and recrystallised.

Method B. 0.01 mol 10 (X = ClO,) was added to a stirred
soln of H,S in 40 ml acetonitrile which had been saturated at 0°.
After the dropwise addition of 1.01 g (0.01 mol) Et;N the
resultant mixture was allowed to stand at room temp for 15
min. Later on when the soln was acidified by means of AcCOH
the product precipitated. After 1 hr it was filtered by suction
and recrystallised.

4 - Morpholino - 6 - phenyl - 1,3,5 - thiadiazin - 2 - one 16 (Table
p)]

4.3 g(0.01 mot) 12c were added to a stirred soln of H,S in 40
ml acetonitrile which had been saturated at 0°. After the
dropwise addition of 1.01 g (0.01 mol) Et;N the resultant
mixture was allowed to stand at room temp for 15 min. Then it
was cooled to 0° and combined with 1.2 ml 70% HCIO,. The
product precipitated as the corresponding hydroperchlorate.
It was filtered by suction. The free base can be generated from
the hydroperchlorate by further treatment with water.

2(1H) - 3 - Amino - 1,3,5 - triazinones 17 (Table 2)— General
procedure

A mixture of 0.01 mol 12 with 10 ml conc NH,OH was
gently heated until an oil was formed. The oil was separated
and then combined with some EtOH resuiting in the
crystalline product. This was filtered by suction and
recrystallised.

2(1H)-6- Amino- 1 -carbamido- 3 -cyanopyrimidines 18(Table
2)—General procedure

To the mixture of 0.01 mol 12, 0.7 g (0.01 mol) malonic
dinitrile and 40 ml] acetonitrile 2 g (0.02 mol) EtyN were added
dropwise. After 15 min reflux the product precipitated when
theresultant soln had cooled down to room temp. The product
was filtered by suction and recrystallised.
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Table 4. Elemental analytical data of the compounds prepared

Calc/found
C H Cl N S
12a C,;H,,CIN,O, 4529 497 1028 1625 —
(344.7) 4483 493 1042 1531 —
12b C,oH,,CIN, O, 53.71 593 8.34 1318 —
(424.9) 53.01 5.86 988 1349 -
12¢ C,,H,,CIN,O, 4761 494 827 1307 —
(428.81) 4764 490 8.59 13.08 —
124 C,sH;3CIN,O, 5262 S.64 863 13.64 —
(410.9) 5224 ST73 879 13.08 —
12¢ C,0H,;,CIN, Oy 5473 620 808 1277 —
(438.9) 5494  6.18 806 11.30 -
12f C,gH,,CIN,O, 4882 524 801 1265 —
(442.9) 4884  5.16 863 1243 —
12g C1oH 2, CI,N,O; 4968 523 1547 1220 —
(459.3) 47.13 493 1485 10.57 —
13a C,3H,,CIN,O,S 4327 474 982 1552 8.88
(360.8) 4294 462 981 1526 8.50
13b C,9H,CIN,O,S 5175 ST 804 1270 7.27
(440.9) 51.79 570 841 1232 6.77
13¢ C,,H,,CIN,O.S 4589 475 796 12.59 7.20
444.9) 4550 472 822 1228 742
13d C,3H;3CIN,O,S 5064 543 830 13.12 7.51
(426.9) 50.30 5.39 853 13.35 8.34
16 C,,H,;N;0,S 5671 4.76 — 1526 11.64
(275.3) 5700 481 — 1529 1195
17a C,,H;,N,O 61.09 5.59 - 2591 —
(216.2) 61.17 559 — 2591 —
17b Ci H,(N,O 65.60  6.29 — 21.86 —
(256.3) 65.57 631 — 21.87 —
17¢ C3H; N, O, 6045 546 — 21.69 —
(258.3) 60.74 541 — 21.69 —
18a C,6H,sNO 61.91 5.84 — 27.08 —
(310.3) 6200 590 — 27.13 —
18b C,;H,NO 67.66  6.71 — 21.52 —
(390.5) 67.76  6.69 — 21.59 —_
18c C;0H2,N0; 6090 5.62 — 21.30 -
(394.4) 60.90 5.63 — 21.29 —
19a C,oH;,CIN,0.,S, 37.21 344 8.68
(322.5) 3791 4 9.12
19 C,,H,CIN,O,S, 41.08 431 10.11 799 18.28
(359.5) 4104 431 10.45 782 17.78
19¢ C,,H,3;CIN,0,S, 4132 3.76 10.16 803 1838
(348.8) 41.16  3.72 10.13 804 17.87
19d C,,H,3N,0.S, 39.50  3.59 9.72 768 17.58
(364.8) 3960 172 9.50 766 1681
19¢ C,3H,sCIN,0,S, 3866 3.74 8.78 6.94
(403.9) 39.28  3.89 8.99 7.09
22a C,sH,,N,08 67.14 450 - 1044 1194
(268.3) 66.25 435 — 1029 1243
22b C,sH,;N,0,8 5749  3.53 - 1341 1023
(313.3) 57.52 347 13.39 10.10
23a C,4H,,N,0O, 69.98  5.03 — 11.66 -
(240.2) 69.59  5.06 — 11.56 —
23b C,4H,,CIN,0, 61.21 403 1290  10.19 -
274.7) 6148  3.86 1387 10.19 —

3-Amino-1,2-dithiazolium perchlorates 19 (Table 3)—General
procedure

0.02 mol of 1 were suspended in a mixture of 10 ml formic
acid or AcOH and 4 ml 709, HC1O,. While the mixture was
stirred 1 ml 30%, H,0, was added, and an exothermic reaction
took place. The resultant mixture was then heated to b.p.
When it had cooled down to room temp it was diluted with
cther. The ppt was filtered by suction and recrystallized.

5 - Phenyl - 1,2,4 - dithiazolin - 3 - (p - nitrophenylhydrazones)
21

The mixture of 3.6 g (0.01) of 19d, 1.5 g (0.01 mol) p-
nitrophenylhydrazine and 20 ml acetonitrile was heated to b.p.

When the mixture had cooled down to room temp the product
precipitated. It was filtered by suction and recrystallised from
acetonitrile, yield : 2.48 g (71%), m.p. 281-283°,

2- Acyliminobenzothiazolines 22 (Table 3)—General procedure

Method A. 0.05 mol of 1 (R! = CH,, R? = C,H,) were
added to a soln of 8.3 g (0.07 mol) SOCI, in 50 ml 1,2-
dichloroethane at 0°. After the addition was completed the
mixture was refluxed for 10 min. When the mixture cooled
down the product precipitated. It was filtered by suction and
recrystallised.

Method B. The soln of 8 g(0.05 mol) Br, in 20ml CH,Cl was
added dropwise to a soln of 0.05 mol of 1 (R! = CH,, R2
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= C¢Hj). A yellow ppt was formed. The methylene chloride
was distilled from the mixture and the remaining product
recrystallised.

N-Acylureas 23 (Table 3)

0.05mol of 1 (R! = C¢H,, R? = H) were slowly added toa
soln of 8.3 g(0.07 mol) SOCI, in 50 ml 1,2-dichloroethane. The
mixture was refluxed for 10 min. A turbidness consisting of
clemental S appeared. The mixture was filtered while still hot.
After addition of water (2 ml) the product crystallized from the
cold filtrate. It was filtered by suction and recrystallised.
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