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In connection with our studies on potential bioactive compounds some new polysubstituted
3-thiocarbamoylthiazolidines S, 6, 7, 9 and 10 were prepared in the reaction between 2-(2-methoxy-
phenyl)iminothiazolidine (2) and sulfamoylpheny! isothiocyanates 3 and 4a-c. The structures for com-
pounds 2 and 5 were established by X-ray analyses, showing that the reaction is taking place at the endo-

cyclic nitrogen atom of thiazolidine ring.
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The thiazolidine moiety occurs in different bioactive
substances as an important pharmacophoric group [1].
Since the elucidation of the structure of the penicillins,
thiazolidines have been the subject of numerous chemical
and pharmaceutical studies [2,3]. They are associated
with a broad spectrum of pharmacological properties
including antibacterial [4], immunomodulatory [5], antiin-
flammatory [6], antidiabetic [7,8], anti-platelet activating
factor [9] and antiviral {10] activities. Recently they were
tested against immune deficiencies such as AIDS [3]. The
heterocyclic ring could be polysubstituted or a part of
bicyclic system as in the case of the potent immunomodu-
lating agent (-)-2,3,5,6-tetrahydro-6-phenylimidazo-
[2,1-b]thiazole (levamisole) [11].

Some active sulfanilamides as antibacterials are also
known for their immunomodifying effects [12]. These obser-
vations encouraged the synthesis of some new polysubsti-
tuted 3-thiocarbamoylthiazolidines with potential bioactivity.

In the reaction between primary amines and thiophos-
gene [13], sulfanilamide and some of its derivatives have
been converted into isothiocyanates 3, 4a-c and than cou-
pled to 2-(2-methoxyphenyl)iminothiazolidine hydrochlo-
ride (1), prepared by the reaction between 2-chloroethyl
isothiocyanate and the corresponding primary amine [14].

The reaction of primary anilines with 2-haloisothio-
cyanates has been reported to give 2-arylaminothiazolines
[17], but no clear evidence for these structures has been
made. Furthermore, the literature about the reaction of
2-amino-2-thiazoline and substituted 2-amino-2-thiazolines
or their tautomeric forms 2-iminothiazolines with aikyl and
arylisothiocyanates is highly controversial about the structure
of the products, since two products, either N,N'-disubstituted
thioureas and/or corresponding substituted 2-iminothia-
zolidinecarbothioamides can be formed [14,15,16,17,18].
Recently, X-ray structure for 2-imino-N-phenyl-3-thiazo-
lidinecarboxamide [16] has been determined [19]. Similarly,
the structure of 2-imino-N,N'-bis(phenyl)-N-thiazolidinecar-
bothioamide was confirmed [14].

Due to interesting activity of 2-arylamino-2-thiazoline
or its tautomeric form 2-aryliminothiazolidine we pre-
pared some new substituted 2-(2-methoxyphenyl)imino-3-
thiocarbamoylthiazolidines. The structures of the com-
pounds were established by elemental analyses, ir, ms and
nmr spectra and in some instances by X-ray analyses.

We started our research with the reaction between
2-chloroethyl isothiocyanate and 2-methoxyaniline, which
gives 2-(2-methoxyphenyl)iminothiazolidine hydrochlo-
ride (1). Compound 1 was treated with m-sulfamoyl-
phenyl isothiocyanate (3) to give 2-(2-methoxyphenyl)-
imino-3-[N-(3-sulfamoylphenyl)]thiocarbamoyl-
thiazolidine (5) and with p-substituted sulfamoylphenyl
isothiocyanates 4a-c to give substituted 2-(2-methoxy-
phenyl)imino-3-[N-(4-sulfamoylphenyl)]thiocarbamoyl-
thiazolidines 6a-c (Scheme 1).

The reaction of 5 with N,N-dimethylformamide dimethy-
lacetal takes two different courses, dependent on the reac-
tion temperature. The unsubstituted sulfonamido group
reacts with N,N-dimethyiformamide dimethylacetal to give
the corresponding N, N-dimethylmethylenaminosulfonamide
7, while at higher temperature (under reflux) the compound
5 or 7 as intermediates react further by substitution of thia-
zolidineimino part of the molecule with dimethylamine,
(formed from N,N-dimethylformamide dimethylacetal), to
give N,N-dimethyl-N'-(3-dimethylaminomethylenimino-
sulfonylphenyl)thiourea (8) (Scheme 1).

Compounds 6a-c react with N,N-dimethylformamide
dimethylacetal at room temperature, dependent on the sub-
stituents of sulfonamido group. The unsubstituted compound
6a gives with N,N-dimethylformamide dimethylacetal at
room temperature the corresponding 2-(2-methoxyphenyl)-
imino-3-[N-(4-dimethylaminomethyleniminosulfonyl-
phenyl)]thiocarbamoylthiazolidine (10), while the substituted
sulfonamide 6b is methylated with N,N-dimethylformamide
dimethylacetal at 60° to give the 2-(2-methoxyphenyl)imino-
3-{N-[4-(4,5-dimethyloxazolyl-2)-N-methylsulfamoyl-
phenyl] } thiocarbamoylthiazolidine 9 (Scheme 1).
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Elemental analyses, ms and nmr spectra of compounds
$, 6a-c, 7, 9 and 10 are formally in agreement with the
proposed structures. However, on the basis of this infor-
mation one can not exclude the alternative structures of
the type 11 that could be formed in the reaction of isothio-
cyanates with 1 at the exocyclic nitrogen atom. For this
purpose, X-ray analyses for the compounds 2 and 5§ were
carried out confirming the imino structure 2 for the neu-
tral starting compound and for the product 5, which is
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formed with isothiocyanates showing that the reaction
takes place at endocyclic nitrogen atom. (Scheme 2).
The compound 8 shows in !H-nmr spectrum a multiplet

Scheme 2
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at § 7.40-7.74 ppm for four aromatic protons and two sin-
glets at 8 2.91 ppm and & 3.14 ppm, each integrating for
three protons. The chemical shifts suggest that these
methyl groups could be attached either both to the same
nitrogen atom or one to either of nitrogen atoms and one
to sulfur atom. The singlet at 8 3.29 ppm, integrating for
six protons, corresponds to two equivalent methyl groups
attached to nitrogen. On the basis of this information
together with other analytical data one can draw three dif-
ferent structures 8, 8a and 8b (Scheme 3).

Scheme 3
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Figure 1. CORTEP view of the asymetric unit of 2, showing the labeling
of the non-hydrogen atoms.
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Figure 2. ORTEP view of the asymetric unit of 5, showing the
labeling of the non-hydrogen atoms.

Figure 4. Steroscopic view of the unit cell of 5.

In order to assign the signals in 'H-nmr spectrum, the
isothiocyanate 3 was first transformed with dimethyl-
amine into the corresponding thiourea derivative 12,
which shows in !H-nmr spectrum a singlet for dimethyl-
amino group at & 3.29 ppm. This compound 12 was then
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Table 1

Fractional Coordinates and Equivalent Temperature Factors (A2). Uegqis
defined as one third of the trace of the orthogonalized Uy tensor

2
x/a y/b 2/c Ueq
S(1a) 0.96106(8) 0.75600 0.41741(6) 0.0551(3)
O(la) 0.7355(3) 0.2763(3) 0.2751(2) 0.0551(8)
N(2a) 0.7618(3) 0.6108(4) 0.2645(2) 0.0451(8)
N(3a) 0.8950(2) 0.7810(4) 0.1973(2) 0.0454(8)
C(2a) 0.8574(3) 0.7038(4) 0.2824(2) 0.0387(8)
C(4a) 1.0179(3) 0.8504(5) 0.2269(3) 0.055(1)
C(5a) 1.0445(4) 0.9054(7) 0.3508(3) 0.064(1)
C(21a) 0.7196(3) 0.5441(4) 0.3551(2) 0.0394(8)
C(22a) 0.7007(3) 0.3665(4) 0.3571(2) 0.0403(8)
C(23a) 0.6499(3) 0.2966(5) 0.4386(3) 0.048(1)
C(24a) 0.6189(3) 0.3982(5) 0.5194(3) 0.052(1)
C(25a) 0.6375(3) 0.5714(5) 0.5194(3) 0.053(1)
C(26a) 0.6865(3) 0.6436(5) 0.4371(3) 0.048(1)
C(22a) 0.7279(5) 0.0972(5) 0.2797(5) 0.070(2)
S(1b) 0.6110(1) 0.4555(2) -0.18423(6) 0.0612(3)
O(1b) 0.9642(2) 0.7221(4) -0.0510(2) 0.0632(9)
N@2by = 0.7343(2) 0.6979(4) -0.0359(2) 0.0421(7)
N(3b) 0.6403(2) 0.4758(4) 0.0328(2) 0.0449(8)
C(2b) 0.6696(2) 0.5617(4) -0.0513(2) 0.0362(7)
C(4b) 0.5748(5) 0.3187(8) 0.0050(5) 0.085(2)
C(5b) 0.5452(6) 0.2898(6) -0.1178(4) 0.075(2)
CQ21b) 0.7573(3) 0.7826(4) -0.1308(2) 0.0431(8)
C(22b) 0.8781(3) 0.7999(5) -0.1375(3) 0.055(1)
C(23b) 0.9020(5) 0.8855(6) -0.2301(4) 0.075(2)
C(24b) 0.8060(6) 0.9610(7) -0.31194) 0.086(2)
C(25b) 0.6886(5) 0.9488(6) -0.3039(3) 0.076(2)
C(26b) 0.6629(4) 0.8612(5) -0.2146(3) 0.056(1)
C(22'b) 1.0897(4) 0.762(1) -0.0424(6) 0.091(2)
5
x/a y/b z/c Ueq
S(1) 0.09410(4) -0.0345(2) 0.01982(4) 0.0435(3)
S(Q2) 0.30411(4) 0.2691(3) 0.08436(4) 0.0523(4)
S(3) 0.39204(4) 0.7143(2) 0.23125(3) 0.0354(3)
o(1) 0.0590(1) -0.0767(5) 0.1348(1) 0.0443(9)
0(2) 0.3925(1) 0.7856(7) 0.2753(1) 0.054(1)
0(3) 0.4122(1) 0.4666(5) 0.2208(1) 0.049(1)
N(2) 0.1054(1) 0.2802(7) 0.0892(1) 0.038(1)
N@3) 0.1917(1) 0.1333(6) 0.0652(1) 0.034(1)
N@3") 0.2113(2) 0.4296(6) 0.1200(1) 0.038(1)
N@4) 0.4320(2) 0.9117(8) 0.2098(2) 0.049(1)
C) 0.1305(2) 0.1462(7) 0.0633(1) 0.031(1)
C@4) 0.2113(2) -0.0394(9) 0.0330(2) 0.041(1)
C(5) 0.1607(2) -0.203(1) 0.0146(2) 0.052(2)
CQ21 0.0434(2) 0.2693(7) 0.0875(1) 0.032(1)
CQ22) 0.0195(2) 0.0896(7) 0.1138(1) 0.032(1)
C(Q23) 0.0402(2) 0.0936(8) 0.1155(1) 0.037(1)
C(24) -0.0763(2) 0.2751(8) 0.0930(1) 0.041(1)
CQ@5) -0.0534(2) 0.4516(8) 0.0676(2) 0.043(1)
C(26) 0.0064(2) 0.4465(8) 0.0646(1) 0.040(1)
C(22) 0.0390(3) -0.238(1) 0.1665(2) 0.053(2)
Cc@3) 0.2334(2) 0.2822(7) 0.0915(1) 0.032(1)
C@31) 0.2397(2) 0.6020(7) 0.1512(1) 0.032(1)
C(32) 0.2971(2) 0.5740(7) 0.1724(1) 0.033(1)
C@33) 0.3187(2) 0.7477(7) 0.2043(1) 0.032(1)
C(34) 0.2846(2) 0.9462(8) 0.2159(1) 0.040(1)
C(@35) 0.2278(2) 0.9703(8) 0.1950(1) 0.042(1)
C(36) 0.2050(2) 0.8008(8) 0.163011) 0.039(1)
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Table 2 Table 2 (continued)
Bond Distances (A) and Bond Angles (°) with e.s.d.'s in parentheses s
2 S(1)-C(2) 1.757(4) N(@3)-C31) 1.414(5)

SQ1)-C(5) 1.796(5) C4)-C(5) 1.488(7)
S(1a)-C(2a) 1.785(2) S(1b)-C(2b) 1.7773) S2)-C(3) 1.672(4) C(21)-C(26) 1.385(5)
S(1a)-C(5a) 1.825(5) S(1b)-C(5b) 1.795(6) S(3)-02) 1.413(3) C(21)-C(22) 1.414(5)
O(1a)-C(22a) 1.362(4) O(1b)-C(22b) 1.367(4) $(3)-0(3) 1.439(3) C(22)-C(23) 1.378(6)
O(1a)-C(22'a) 1.414(5) O(1b)-C(22b) 1.426(5) SG)»N@) 1.596(5) C(23)-C(24) 1.385(6)
N(2a)-C(2a) 1.274(4) N(2b)-C(2b) 1.282(4) S(3)-C(33) 1.772(4) C(24)-C(25) 1.375(6)
N(2a)-C(21a) 1.410(4) N(2b)-C(21b) 1.412(4) 0(1)-C(22) 1.355(5) C(25)-C(26) 1.388(6)
N(3a)-C(2a) 1.359(4) N(3b)-C(2b) 1.337(4) O(1)-C(22) 1.427(7) C(31)-C(32) 1.388(5)
N(3a)-C(4a) 1.444(5) N(3b)-C(4b) 1.433(7) N@2)-C(2) 1.270(5) C(31)-C(36) 1.398(6)
C(4a)-C(5a) 1.513(6) C(4b)-C(5b) 1.453(7) N2)-C(21) 1.416(5) C(32)-C(33) 1.383(5)
C(21a)-C(22a) 1.415(5) C(21b)-C(22b) 1.395(5) N(3)-C(2) 1.398(5) C(33)-C(34) 1.386(6)
C(212)-C(26a) 1.392(5) C(21b)-C(26b) 1.403(4) N@3)-C(3) 1.401(5) C(34)-C(35) 1.372(6)
C(22a)-C(23a) 1.382(5) C(22b)-C(23b) 1.396(7) N(3)-C(4) 1.470(6) C(35)-C(36) 1.378(6)
C(23a)-C(24a) 1.380(5) C(23b)-C(24b) 1.391(7) N(3)-C(3") 1.331(5)
C(24a)-C(25a) 1.379(6) C(24b)-C(25b) 1.358(9)

C(2)-S(1)-C(5) 91.4(2) O(1)-C(22)-C(23) 126.1(4)
C(25a)-C(26a) 1.386(6) C(25b)-C(26b) 1.378(6) 02y S(3)-0() 12012 0UC22)-C21) 114.903)
C(2a)-S(1a)-C(5a) 91.8(2)  C(2b)-S(1b)-C(5b) 91.92) 0(2)-S(3)-N(4) 107.8(2) C(23)-C(22)-C(21) 119.0(3)
C(22a)-O(1a)-C(22'a) 117.3(4)  C(22b)-O(Ib)-C(22b)  116.5(4) 0(2)-S(3)-C(33) 107.3(2) C(22)-C(23)-C(24) 121.0(4)
C(2a)-N(2a)-C(21a)  121.9(2)  C(2b)-N(2b)-C(21b) 119.92) 0(3)-S(3)-N(4) 106.0(2) C(25)-C(24)-C(23)  120.3(4)
C(2a)-N(32)-C(4a) 117.13)  C@2b)-N(3b)-C(4b) 118.3(3) 0(3)-8(3)-C(33) 107.4(2) C(24)-C(25)-C(26)  119.5(4)
S(1a)-C(2a)-N(2a) 127.2(2)  S(1b)-C(2b)-N(2b) 125.7(2) N(4)-S(3)-C(33) 107.7(2) C(21)-C(26)-C(25) 121.0(4)
S(1a)-C(2a)-N(3a) 109.3(2)  S(1b)-C(2b)-N(3b) 110.2(2) C(22)-0(1)-C(22)  117.0(4) N(3)-C(3')-N(3) 114.8(3)
N(2a)-C(2a)-N(3a) 123.4(2)  N(2b)-C(2b)}-N(3b) 124.0(2) C(2)-N(2)-C(21) 120.2(3) N(3)-C(3)-S(2) 125.8(3)
N(3a)-C(4a)-C(5a) 106.0(3)  N(3b)-C(4b)-C(5b) 109.8(5) C(2)-N(3)}-C(3) 126.2(3) N(3)-C(3)-S(2) 119.4(3)
S(1a)-C(5a)-C(4a) 105.4(3)  S(1b)-C(5b)-C(4b) 109.6(4) C(2)-N(3)-C(4) 114.2(3) C(32)-C(31)-C(36) 119.6(3)
N(Qa)-C(21a)-C(22a) 117.7(3)  N(2b)-C(21b)-C(22b)  119.3(2) C(3")-N(3)-C(4) 119.4(3) C(32)-C(31)-N(3) 124.2(3)
N(Q2a)-C(21a)-C(26a)  123.9(3)  N(2b)-C(21b)-C(26b)  121.8(3) C(3%-N(3)-C(31)  130.3(3) C(36)-C(31)-N(3) 116.0(3)
C(22a)-C(21a)}-C(26a) 1182(3) C(22b)-C(21b)-C(26b) 118.7(3) N@2)-C(2)-N(3) 123.3(3) C(33)-C(32)-C(31) 118.6(3)
0(12)-C(22a)-C(21a)  1153(3)  O(Ib)-C(22b)-C(21b)  114.6(3) N(2)-C(2)-S(1) 125.2(3) C(32)-C(33)-C(34) 122.1(3)
0(12)-C(22a)-C(23a)  124.8(3)  O(I1b)-C(22b)-C(23b)  125.6(4) N(3)-C(2)-S(1) 111.4(3) C(32)-C(33)-S(3) 118.93)
C(21a)-C(22a)-C(23a) 119.9(3)  C(21b)-C(22b)-C(23b) 119.8(3) NG)-C@)-C(5) 108.6(4) C(34)-C(33)-5(3) 119.0(3)
C(22a)-C(232)-C(24a) 120.6(3)  C(22b)-C(23b)-C(24b) 119.8(5) C)-C(5)-8(1) 107.8(4) C(35)-C(34)-C(33)  118.7(%)
C(23a)-C(24a)-C(25a) 120.3(4)  C(23b)-C(24b)-C(25b)  120.6(5) C(26)-CR1)-C(22) 119.1(3) C(34)-C(35)-C(36)  120.7(4)
C(242)-C(25a)-C(26a) 119.7(4)  C(24b)-C(25b)-C(26b)  120.4(4) C(26)-C21-N(@2)  121.8(4) C(35)-C(36)-C(31)  120.3(4)
C(21a)-C(26a)-C(25a) 121.3(3)  C(21b)-C(26b)-C(25b) 120.7(4) C(22)-C21)-N(@)  118.7(3)

transformed with N,N-dimethylformamide dimethylacetal
into the compound identical with the compound 8,
obtained from 5 by treatment with N,N-dimethylfor-
mamide dimethylacetal at reflux temperature (Scheme 4).

Compound 5 has been tested in an in vivo preliminary
immunorestoration test, which shows immunorestoration
activity of the applied compound [20].

EXPERIMENTAL

Melting points were taken on a Leica hot stage microscope. The
IH-nmr spectra were obtained on a Bruker Avance DPX 300 and
on a Varian VXR 300 spectrometer. The ir spectra were recorded
on a Perkin-Elmer FTIR 1600. Microanalyses for C, H and N were
done on a Perkin-Elmer Analyser 2400. Mass spectra (FAB spectra:
MH+) were recorded on a Varian-MAT 311 A mass spectrometer.

The following compounds were prepared according to the
procedures described in the literature: 2-(2-methoxyphenyl)-
iminothiazolidine hydrochloride (1) [14], m- (3) and p-substi-
tuted sulfamoylphenyl isothiocyanates 4a-c [13].

The reaction between 2-(2-methoxyphenyl)iminothiazolidine
hydrochloride (1) and m- (3) or p-substituted sulfamoylphenyl
isothiocyanates (3), 4a-c. The synthesis of 2-(2-methoxy-

phenyl)imino-3-[N-(3-sulphamoylphenyl)]thiocarbamoyl-
thiazolidine (5) and 2-(2-methoxyphenyl)imino-3-[N-(4-hetero-
arylsulfamoylphenyl)]thiocarbamoylthiazolidines 6a-c.

General Procedure.

To a stirred suspension of 2-(2-methoxyphenyl)iminothiazoli-
dine hydrochloride (1) (0.12 g, 0.5 mmole) and m- (3) or p-sub-
stituted sulfamoylphenyl isothiocyanates 4a-c (0.5 mmole) in an
appropriate solvent (3 ml) triethylamine (0.10 g, 1 mmole) was
added. The mixture was stirred at room temperature for several
hours. After the reaction was completed, the mixture was
poured into ice-water and few drops of 2M hydrochloric acid
were added. The solid residue was collected by filtration,
washed with ice-cold water and recrystallized from an appropri-
ate solvent to give 5 and 6a-c.

The following compounds were prepared in this manner:

2-(2-Methoxyphenyl)imino-3-[N-(3-sulfamoylphenyl)]thiocar-
bamoylthiazolidine (5).

This compound was prepared from 3, by stirring for 1 hour in
anhydrous ethanol, in 90% yield, mp 159-161° (from toluene);
ms: m/z 423 (MH); 1H nmr (DMSO-dg): 6 3.31 (t, SCH,), 3.79
(s, OCH3), 474 (t, NCH,), 6.90-7.24 (m, 3'-H, 4'-H, 5"-H, 6'-H),
7.41 (s, NH,), 7.60-8.04 (m, 2"-H, 4"-H, 5"-H, 6"-H), 14.75 (s,
CSNH), JscHycHon = 7.0 Hz



Jan-Feb 1997

Anal. Calcd. for C17H18N4O3S3Z C, 4832, H, 429, N, 13.26.
Found: C, 48.14; H, 4.27; N, 12.98.

2-(2-Methoxyphenyl)imino-3-[{N-(4-sulfamoylphenyl)]thiocar-
bamoylthiazolidine (6a).

This compound was prepared from 4a, by stirring for 1 hour
in dry dioxane, in 81% yield, mp 168-170° (washed with water),
ms: m/z 423 (MH*); TH nmr (DMSO-dg): § 3.31 (t, SCH,), 3.57
(s, CSNH), 3.79 (s, OCHj3), 4.71 (t, NCH,), 6.90-7.25 (m, 3'-H,
4'-H,5-H, 6'-H), 7137 (s, NH,), 7.81-7.86 (m, 2"-H, 3"-H, 5"-H,
6"-H), (CSNH, exchanged), JscrycHan =7 0 Hz.

Anal. Caled. for Cy7H,gN4O3S3: C, 48.32; H, 4.29; N, 13.26.
Found: C, 48.47; H, 4.03; N, 12.88.

2-(2-Methoxyphenyl)imino-3-{ N-[4-(4,5-dimethyloxazolyl-2)-
sulfamoylphenyl] }thiocarbamoylthiazolidine (6b).

This compound was prepared from 4b, by stirring for 2 hours
in pyridine, in 85% yield, mp 130-132° (washed with water);
ms: m/z 518 (MH*); H nmr (DMSO-dg): 8 1.81 (s, 4"-CH3),
2.13 (s, 5"'-CH3), 3.17 (t, SCH,), 3.81 (s, OCHj3), 4.87 (t,
NCH,), 6.93-7.28 (m, 3'-H, 4'-H, 5'-H, 6'-H), 7.11 (s, SO,NH),
7.79 (d, 2"-H, 6"-H), 790 (d, 3"-H, 5"-H), 14.93 (s, CSNH),
Iscrpcraon=T7.0 Hz, J30 3» = Js0 gn = 8 77 Hz.

Anal. Calcd. for C22H23N504S3Z C, 5105, H, 448, N, 13.53.
Found: C, 51.13; H, 4.25; N, 13.43.

2-(2-Methoxyphenyl)imino-3-{N-[4-(pyrimidinyl-2)sul-
famoylphenyl] }thiocarbamoylthiazolidine (6c).

This compound was prepared from 4c, by stirring for 3 hours
in pyridine, in 72% yield, mp 179-181° (washed with water);
ms: m/z 501 (MH*); 1H nmr (DMSO-dg): 8 3.27 (t, SCH,), 3.75
(s, OCH3), 4.69 (t, NCH,), 6.87-7.21 (m, 3'-H, 4-H, 5'-H, 6'-H,
5"-H), 7.86 (d, 2"-H, 6"-H), 8.00 (d, 3"-H, 5"-H), 8.48 (d, 4"-H,
6"'-H), (SO,NH, exchanged), (CSNH, exchanged), Jscracmz=
7.0 Hz, J2",3" =J5"6'1 = 8.65 Hz.

Anal. Caled. for Cy1HygNgO3S5: C, 50.38; H, 4.02; N, 16~75.
Found: C, 50.03; H, 3.70; N, 16.75.

2-(2-Methoxyphenyl)imino-3-[N-(3-dimethylaminoiminosul-
fonylphenyl)]thiocarbamoylthiazolidine (7).

A suspension of 5§ (846 mg, 2 mmoles) in N,N-dimethylfor-
mamide dimethylacetal (3 ml) was slightly heated until the clear
solution was obtained. The reaction mixture was then cooled to
room temperature. The separated product was collected by filtration
and washed with cold water to give 7 in 30% yield, mp 147-149°;
ms: m/z 478 (MH+); IH nmr (deuteriochloroform): & 3.04 (s,
NCHj;), 3.11 (s, NCH3y), 3.19 (t, SCH,), 3.86 (s, OCH3), 4.90 (t,
NCH,), 694-7.01 (m, 3'-H, 4-H, 5-H, 6'-H), 8.10 (s, CH), 7.45-8.09
(m, 2"-H, 4"-H, 5"-H, 6"-H), 14.75 (s, CSNH) Jscrycron= 7.0 Hz

Anal. Caled for C20H23N503S32 C, 5031, H, 485, N, 14.67.
Found C, 50.04; H, 4.58; N, 14.48.

N,N-Dimethyi-N'-(3-dimethylaminomethyleniminosul-
fonylphenyl)thiourea (8).

A suspension of 5 (0.21 g, 0.5 mmole) in dry toluene (5 ml) was
heated at reflux temperature until the clear solution was obtained.
N,N-dimethyiformamide dimethylacetal (0.12 g, 1 mmole) was
added and upon cooling the reaction mixture was stirred at room
temperature for 12 hours. The separated product was collected by
filtration and washed with cold water to give 8 in 30% yield, mp
178-179°, ms: m/z 315 (MH*); !H nmr (DMSO-dg): 6 291, 3.14

The Synthesis and Transformations of some 3-Thiocarbamoylthiazolidines 47

(s, (CH3),NCH=NSO,), 3.29 ((CH3),NCS), 7.40-7.74 (m, 3"-H,
4'-H,5'-H, 6'-H), 8.19 (s, CH), 9.19 (s, NH).

Anal. Calcd. for C;,H gN40,S,: C, 45.79; H, 5.77; N, 17.80.
Found: C, 45.46; H, 5.43; N, 17.44.

2-(2-Methoxyphenyl)imino-3-{N-[4-(4,5-dimethyloxazolyl-2)-
N-methylsulfamoylphenyl] } thiocarbamoylthiazolidine (9).

To a stirred suspension of 6b (0.15 g, 0.3 mmole) in dry
toluene (3 ml), N,N-dimethylformamide dimethylacetal (0.072
g, 0.6 mmole) was added. The mixture was heated at 60° for 3
hours. After the reaction was completed, the mixture was poured
into ice-water. The solid residue was collected by filtration and
washed with ice-cool water to give 9 in 36% yield, mp
124-126°; ms: m/z 532 (MH*); 1H nmr (deuteriochloroform): &
1.99 (s, 4"'-CH3), 2.22 (s, 5"'-CH3), 3.12 (s, NCHj;), 3.84 (s,
OCH3), 3.19 (t, SCH,), 4.99 (t, NCH,) 6.91-7.40 (m, 3'-H, 4'-H,
5'-H, 6'-H), 771 (4, 2"-H, 6"-H), 799 (4, 3"-H, 5"-H), (CSNH,
exchanged), Jscrychony = 7.0 Hz, Jye 30 = Js0 g« = 8.30 Hz.

Anal. Calcd. for C23H25N504S3I C, 5195, H, 472. N, 13.17.
Found: C, 51.56; H, 4.72; N, 12.89.

2-(2-Methoxyphenyl)imino-3-[N-(4-dimethylaminomethylenimino
sulfonylphenyl)] thiocarbamoylthiazolidine (10).

A suspension of 6a (846 mg, 0.2 mmole) in N,N-dimethylfor-
mamide dimethylacetal (3 ml) was stirred at room temperature
for 2 hours. The solid residue was collected by filtration and
washed with diethyl ether to give 10 in 94% yield, mp
150-152°; ms: m/z 478 (MH*); 1H nmr (deuteriochloroform): &
3.02 (s, NCH3), 3.12 (s, NCH,), 3.19 (t, SCH)), 3.82 (s, OCHy),
4.90 (t,. NCH,), 6.85-7.08 (m, 3'-H, 4'-H, 5'-H, 6'-H), 7.81 (d,
2"-H, 6"H), 1.87 (d, 3"-H, 5"-H), (CSNH, exchanged), (CH,
exchanged), JSCHZCHZN =70 HZ, J2u‘3n = an‘ﬁn =8.14 Hz.

Anal. Calcd. for CogH»3N503S5: C, 50.30; H, 4.85; N, 14.67.
Found: C, 49.92; H, 4.83; N, 14.44.

N,N-Dimethyl-N'-(3-sulfamoylphenyl)thiourea (12).

A solution of 3 in 33% dimethylamine in ethanol (2.5 ml) was
stirred at room temperature for 15 minutes. The solid residue
was collected by filtration and washed with ethanol to give 12 in
44% yield, mp 173-175°; 1H nmr (DMSO-dg): & 3.29 (s,
(CH,3),NCS), 7.43-7.77 (m, 3'-H, 4-H, 5'-H, 6'-H), (SO;NH,,
exchanged), (CSNH, exchanged).

The compound 12 was further transformed with
N,N-dimethyiformamide dimethylacetal into the compound
identical with the compound 8.

X-ray Structure Determination.

2: C;gH,N,08, M, = 208.3, monoclinic, P2, No.:4 a =
11.288(1), b = 7.869(1), ¢ = 12.119(1) A, B = 105.57(1)°, V =
1037.0(2) A3, Z = 4, D, = 1.334 Mg/m3, MoKu radiation, A =
0.71069 A, p = 0.268 mm}, T = 293(2) K.

§: C17HgN403S3, M, = 422.6, monoclinic, C2/c, No.:15, a =
22.945(6), b = 5.275(1), ¢ = 30.98(1) A, B = 98.64(3)°, V =
3707(2) A3, Z = 8, D, = 1.514 Mg/m3, MoKa radiation, A =
0.71069 A, pu = 0.409 mm-1, T = 293(2) K.

Diffraction data for both compounds were collected on Enraf
Nonius CAD-4 diffractometer with graphite monochromatized
MoKa radiation at room temperature (293(2) K). Lattice parame-
ters were determined by a least-square treatment of 100 (2) and 50
(5) carefully centered 0 values in the range 8.2° < 8 < 17.5° (2) and
8.0° < 8 < 14.9° (5). For 2 an entire sphere to 8 max 30° of data
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was measured with an index range -15 <h < 15,-11 £k <11 and
-16 <1 £ 16 with ®-20 scans. Maximal 0 of measured reflections
for 5 was 28° and the index range -30 <h <29, -6 £k <6 and -40
<1<40. For § we used pure ® scans. Scan width was in both cases
0.9 + 0.3 x tg0, aperture 2.4 + 0.9 x tg8, and maximum scan time
60 seconds. Background was measured at 1/4 of the scan at each
limit. Crystal stability was monitored by periodic measuring of
three standard reflections (1,3,-4; 2,-2,-4; 1,3,-1 for 2 and 4,2,-2;
10,0,0; 0,2,-6 for 5) every 20000 seconds of scanning time.
Orientation control was every 600 reflections. A change of -0.64%
intensities of standard reflections for 2 was observed and correction
applied. In the case of 5 there was no intensity decay. Due to the
low value of the linear absorption coefficient (0.268 mm-! (2) and
0.409 mm-! (5)) no absorption correction was done. 12042 for 2
and 15497 for § reflections were collected, averaging gave 3201
for 2 and 4456 for § unique reflections with R, 0.048 (2) and
0.030 (5). 2573 (2) and 2561 (5) reflections were observed using (I
> 2.56(I)) criterion in the former and (I> 3.06(I)) in the latter case.

Structures were solved by direct methods using MULTANS88
[21] system of computer programs. The positions of hydrogen
atoms were obtained from difference Fourier maps. We employed
full-matrix least-squares refinement on F magnitudes with
anisotropic temperature factors for all non-hydrogen atoms, using
the weighting function: w = 6.0xWxW, where W((IF1<2.7) =
(IFyl2.7), W(IFy1>17.1) = (17.1/IF))3, W{2.7<IFI<17.1) = 1.0 and
W(sin0<0.37) = (sin6/0.37)2, W(sin>0.63) = (0.63/sinf) and
W(0.37<5in0<0.63) = 1 for (2) and W(IF,1<22)=(IF,!/22),
We(IF 1>44) = (44/IF )12, W22<IF l<44) = 1.0 and
W(sin8<0.44) = (sin6/0.44)2, W (sin6>0.48) = (0.48/5inB)> and
W;(0.44<5in0<0.48) = 1 for 5. Only the positions of hydrogen
atoms were refined. In the final least-square cycle for 2 were 2954
contributing reflections (included were those unobserved reflec-
tions for which F_ was greater than F,) and 324 parameters and for
5 2561 contributing reflections and 298 parameters. The final R and
Ry, values were 0.045 and 0.049 for 2 and 0.057 and 0.061 for 5,
respectively. Goodness of fit was 0.925 in the first and 0.975 in the
second case. Average and maximal shift/error were 0.0268 and
0.8513 for 2 and 0.0038 and 0.0627 for 5. The maximal residual
density in final difference map was 0.328 /A3 for 2 and 0.789 /A3
for 5 and the minimal -0.317 /A3 for 2 and -0.639 e/A3 for 5.

The Xtal3.2 [22] system of crystallographic programs was
used for the correlation and reduction of data, structure refine-
ment and interpretation. ORTEPII [23] was used to produce
molecular graphics. All calculations were performed on VAX
8550 computers at the University Computer Center, Ljubljana.

The asymmetric units of 2 and § with atom-numbering
scheme are shown in the Figures 1 and 2. The stereoviews of the
unit cell of both compounds are presented in Figures 3 and 4.
Final atomic coordinates and equivalent isotropic thermal para-
meters with their e.s.d.'s are listed in Table 1. Bond lengths and
bond angles are presented in Table 2.

The asymmetric unit of 2 consists of two molecules with the
same formula and similar geometry. Such two molecules are joined
via two weak intermolecular N(3)-H..N(2) hydrogen bonds forming
a dimmer. The lengths of these two hydrogen bonds are 2.993(3) A
(N(3a)..N(2b)) and 2.970(3) A (N(3b)..N(2a)). The asymmetric unit
of § includes one molecule whose conformation is stabilized with
intramolecular hydrogen bond between N(3')-H group and N(2)
atom with a distance of 2.597(5) A. In structure 5 exists also inter-
molecular N(4)-H..O(3) hydrogen bond of length 2.990(5) A. Both
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compounds contain thiazolidine ring and (2-methoxyphenyl)imino
group being bonded to C(2) atom of the ring. Molecules of 2 and §
differ in the group which is substituted to N(3) of thiazolidine ring.
In § is this substituent (3-sulphamoylphenyl) thiocarbamoy! group.
Only hydrogen atom is bonded to N(3) in 2. The orientation of
methoxyphenyl group relative to iminothiazolidine moiety in § dif-
fers from that in 2; dihedral angle between the best plane through
methoxyphenyl group and the plane through N(2), C(2) and N(3)
atoms is 60.0(3)° in a molecules of 2, 64.2(3)° in b molecules of 2
and 90.5(4)° in molecules of 5.

Acknowledgment.

The financial support of the Ministry for Education and
Ministry for Science and Technology, Slovenia, is gratefully
acknowledged.

REFERENCES AND NOTES

[1]1 S.P.Singh, S. S. Parmar, K. Ramar and V.I. Stenberg, Chem.
Rev., 81, 175 (1981).

[2] E. W.Brown, The Chemistry of Penicillin, H. T. Clarke, J. R.
Johnson, R. Robinson, eds, Princeton University Press, Princeton, NJ, 1949.

[3]1 P.Imming, Arch. Pharm, 328, 81 (1995).

[4] P.Imming, Arch. Pharm., 328, 207 (1995).

[5] A. Magni, G. Signorelli and G. Bocchiola, Arzneim.-Forsch./
Drug Res., 44, 1402 (1994).

{6] S. A. El-Feky and Z.K. Abd El-Samii, Pharmazie, 50, 341
(1995).

[7] G. de Nanteuil, Y. Herve, J. Duhault, J. Espinal, M.
Boulanger and D. Ravel, Arzneim.-Forsch./Drug Res., 45, 1176 (1995).

[8] . F. C. Albuquerque, A. Albuquerque, C. C. Azevedo, F.
Thomasson, L. S. Galdino, J. Chante-Grel, M. T. J. Catanho, I. R. Pitta
and C. Luu-Duc, Pharmagzie, 50, 387 (1995).

[9] Y. Tanabe, H. Yamamoto, M. Murakami, K. Yanagi, Y.
Kubota, H. Okumura, Y. Sanemitsu and G. Suzukamo, J. Chem. Soc.,
Perkin. Trans., 1, 935 (1995).

[10] P.G. Ellis, Progr.Med.Chem., 8,144 (1977).

[11] J. P. Devlin and K. D. Hargrave, Tetrahedron, 45, 4327
(1989).

{12] M. T. Labro, Drugs, 45, 319 (1993).

[13] R. L. McKee and R. W. Bost, J. Am. Chem. Soc., 68, 2596
(1946).

[14] M. Avalos, R. Babiano, P. Cintas, J. L. Jimenez, J. C.
Palacios and C. Valencia, Heterocycles, 35, 1237 (1993).

[15] D. L. Klayman, J. J. Maul and G. W. A. Milne,
J. Heterocyclic Chem., 5, 517 (1968).

fl6] C. R. Rasmussen, F. J. Villani, M. S. Mutter and E. A.
Griffin, J. Org. Chem., 51, 1910 (1986).

[17) R. 1. Outcalt, J. Heterocyclic Chem., 24 ,1425 (1987).

[18] M. A. Gonzalez, R. B. Caballero, P. C. Moreno, J. L.
Requejo and J. C. P. Albarran, Heterocycles, 30, 463 (1990).

[19] C. R. Rasmussen, F. J. Villani, E. A. Griffin, D. S. Morrison
and R. A. Olofson, Acta Cryst., C40, 2120 (1984).

[20] The results of the preliminary immunorestoration test (pro-
vided by Panlabs Ltd., Taipei, Taiwan) will be published elsewhere.

[21] T. Dabaerdemaeker, G. Germain, P. Main, L. S. Refaat, C. Tate
and M. M. Woolfson, MULTANSS. A System of Computer Programs for
the Automatic Solutions of Crystal Structures from X-ray Diffraction Data,
Universities of York, England and Louvain, Belgium, 1988.

[22] S. R. Hall, H. D. Flack and J. M. Stewart, The Xtal3.2
Reference Manual, Universities of Western Australia, Geneva and
Maryland, (1992).

[23] C. K. Johnson, ORTEPIIL Report ORNL-5138. Oak Ridge
National Laboratory, Tennessee, USA, 1976.



