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The compound was synthesized from a reaction between N. N'- dithiocarbanilyl hydrazine and dime- 
thy1 acetylene dicarboxylate. X-ray diffraction analysis of qne of the reaction products in two differ- 
ent solveats gave triclinic crystals, [Space group= P 1. a= 13.273(8).&, b= 19.16(10)p\, c= 
10.%5(4)A, a= 95.73(4)", o= 90.86(4)", -f= 75.91(4)". Z=4] and monoclinic crystals. [Space group= 
C2/c, a= 34.784(1)A, b= 13.119(1) A, c= 21.096(2) A. a= 90", p= 91.72(1)", y= 90", 2=16] respec- 
tively. The carbo-methoxy in the triclinic form is cis to C = 0 in one molecule and trans in the other 
molecule while it is trans in both the molecules of the monoclinic form. There is a stacking of the five 
nienibered ring with phenyl rings in addition to the partial stacking between the five membered rings. 
The carbonyl groups point towards the centre of the heterocyclic five membered rings mimicking the 
04' ... base interaction in 2 - DNA. The structure is stabilized by extensive intermolecular C-H ... N. 
0-H ... 0 and C-H. . .O hydrogen bonds. The solvent molecules also stabilize the packing of the mole- 
cules through hydrogen bonds. 

Kcvuords: nystal structure; polymorphs: stacking interactions 

INTRODUCTION 

Thiazolidinones have useful biological activities. Thus etozolin, a 2-carbometh- 
oxymethylidene-4-thiazolidinone has been developed much earlier as a diu- 
retic[ 11 while more recently. troglitazone, a benzylthiazolidinedione has been 

* To whom correspondence should be addressed. 

22 1 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

31
 1

5 
A

ug
us

t 2
01

2 



222 S DEEITHl ('f r r i  

introduced as an antidiabetic[3]. A facile and versatile route to construct thiazo- 
lidinones is a reaction of thioureas with acetylenedicarhoxylic esters and we have 
shown that this affords unique products with E-carboalkoxp methylidene thiazo- 
lidinone structurt:s[.?]. We have extended the study to the reaction of N. N'-dithi- 
ocarbanilylhydraLine 1 with dimethyl acetylenedicarboxylate 2. On the basis of 
our earlier experience, the reaction could lead to two symmetrical bisthiazolidi- 
nones 3 and 4 arid an asymmetrical isomer 5 (Figure 1 ). 

C O 2 C H 3  0 

Ph-NH C - N H  

Ph-NH C --NH 

II C O 2 C H j  5 

H I 
H3C02 C COZCHJ 

4 - 
H ~ C O Z C  

5 - 
I'IGURE 1 Chemcal diagram of Ke'iction Compound.. 1 ~ 5 

EXPERIMENTAL 

Synthesis 

From the reacticm between 1 and 2, we isolated in about 45% yield a mixture of 3 
and 4, a yellon powder. insoluble in most organic solvents except in boiling 
DMF. having a melting point above 280°C with mass at 522. corresponding to 
the molecular formula of C24H,8N406S2. Also from the product nlixture wle iso- 
lated acetone soluble crystalline conipound 5 with a yield of 16%. melting point 
.. __ I 4 T .  This !lad a mass of 522 units. consistent with the molecular formula 
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CRYSTAL STRUCTURES OF BISTHIAZOLIDINONES 223 

C24H18N406S2 and two ester methyl singlets in the proton NMR spectrum at 
3.80 and 3.89. Crystals suitable for X-ray could not be obtained from the mixture 
of 3 and 4 but 5 was amenable. The crystal structure of 5 is reported here. Yellow 
coloured crystals of compound 5 were grown from two different solvents by 
slow evaporation at room temperature. Triclinic crystals (I) were obtained from 
aqueous propanol while monoclinic crystals (11) were from boiling DMF. The 
results obtained for the crystal structure of Iand I1 are reported here. 

Crystal structure of I 
A yellow coloured rectangular crystal of dimension 0.2 x 0.1 x 0.1 mm was 
selected for X-ray data collection.Al1 X-ray measurments were made at room 
temperature on an ENRAF-NONIUS (CAD-4 diffractometer)[4] using CuK, 
radiation (h=1.5418A). The cell refinement and data reduction was done using 
CAD4-software[5]. The data were collected at 293 K using (0/28)  scanning 
mode. Least-squres refinement of 25 well-centered reflection in the range 8" 5 8 
2 22" yielded a primitive triclinic cell. During data collection three standard 
reflections periodically monitored showed no significant intensity variation. Cor- 
rections for Lorenti and polarisation factors were applied to intensity vaiue but 
no absorption correction was made. A total of 1 1739 intensities were collected in 
the range 2.39" S 8 2 65.12' of which 8059 were unique (Rint=0. 11 72) 

The structure was solved by direct methods SHELXS86 [6] and refined by full 
matrix least-squares method on 1FI2 using SHELXL93 [7]. Final refinement was 
carried out with anisotropic thermal parameters for all non H atoms. All the 
hydrogens were geometrically fixed and allowed to ride on corresponding carbon 
atoms. The final cycle of full matrix refinement based on 8025 observed reflec- 
tions (b-201) and 689 parameters converged to R =O. 1054 with goodness of fit= 
1.115. The largest peak and the deepest hole in the final difference map were 
0.820 and -0.778e.k3 respectively. 

Crystal structure of 11 

A yellow coloured rectangular crystal of dmension 0.2 x 0.1 x 0.1 mm was 
selected for X-ray data collection. All X-ray measurments were made at room 
temperature on an ENRAF-NONTUS (CAD-4 diffractometer)[4] using MoK, 
radiation (h=0.71073A). The cell refinement and data reduction was done using 
CAD4-software[5]. The data were collected at 293 K using ( d 2 8 )  scanning 
mode. Least-squres refinement of 25 well-centered reflection in the ranges 8" 2 8 
2 25" yielded monoclinic cell of space group C2/c. During data collection three 
standard reflections periodically monitored showed no significant intensity vari- 
ation. Corrections for Lorentz and polarisation factors were applied to intensity 
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valuc but no absorption correction was made. A total of 9229 intensities were 
collected in the range 1.17" I @ 2 10.67" of which 4929 werc 
unique( Ri,,=0.0352 

The structure v.'as solved by direct methods SHELXS86 [ 6 ]  and refined by full 
matrix least-squares method on (FI2 using SHELXL93 171. Final refinement was 
canied oiit with anisotropic thernial parameters for all non H atoms. All the 
hydrogens were geometrically fixed and allowed to ride on corresponding carbon 
;itonis. The final cycle of full matrix refinement based on 4929 observed reflec- 
t i o n s ( b 2 d )  and 654 parameters converged to R =0.0413 with goodness of fit= 
0.9 16. The largest peak and the deepest hole in the final difference map werr 
0. I78 and -0.1 8 7 e . k 3  respectively. 

The fractional and atomic coordinates with equivalent isotropic displacement 
parameters for non-hydrogen atoms and bond lengths and bond angles for (I)  and 
(11) arc listed in 'Fables. la. Ib, Ila and IIb respectively. A perspective \riew?s of (I)  
and (11) with atom numbering are shown in Figures 2 and 3 respectively. 

TAR1.F. [I Atomic coordinates and equivalent Isotropic displucenlent pxanierers (A2)  for structure I 
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CRYSTAL STRUCTURES OF BISTHIAZOLIDINONES 225 

Arotn x v Lifeq) occup 

5703( 11) 

4695(9) 

1226(5) 

733t6) 

1344(6) 

2129(6) 

1532(6) 

2057 (8) 

3 13 1(8) 

3696(7) 

3200(6) 

450(6) 

-115(7) 

-8.551 1 I ) 

2204(7) 

2976(7) 

3298( 9 ) 

2633(2) 

2649(2) 

4485(5) 

3948(5) 

2318(5) 

2494(5 ) 

3536(5) 

5096(5) 

153415) 

3024(5) 

2808(5) 

3473(4) 

3690(6) 

3816(6) 

2302(6) 

826(6) 

-230(7) 

953(Y) 

3939(8) 

4 170(6) 

39134) 

2789(5) 

3071(4) 

4098(4) 

46681.5) 

50646) 

4879(6) 

4309(.5) 

3896(4) 

2 166(S ) 

1892(5) 

938(7) 

6637(5) 

7069(.5j 

82 17(6) 

-527( 1 ) 

1104( I )  

-965(3) 

2289(3) 

1915(4) 

3056(4) 

- I774(4) 

-2499(4) 

620(4) 

- 1  2014) 

154(4) 

121 6(3) 

- 103 I(4) 

-724(4) 

76(5) 

841(5) 

966(6j 

1231(8) 

41 26( 12) 

3683( I1 ) 

948(7) 

120(7) 

-787(8) 

-930(7) 

- 149218) 

214410) 

~ 2200( 10) 

-16.56(9) 

-I 009( 7) 

-119(8) 

743(9) 

1173( 1 1 )  

953(9) 

1056(9) 

loll( 13) 

-3773(2) 

1597(2) 

- 1070(5) 

-136(5) 

3835(5) 

41 96( 5 ) 

-542 1 (6 1 

-50.58(6) 

--2241(6) 

-1516(5) 

-273(5) 

-519(5) 

-3069( 6) 

-1777(6) 

-2435(6) 

-3 19x8) 

--29 1 119) 

-3784( 12) 
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2 26 S. DEEPTHI ~t trl. 

4912r I ?  I 

-5 I 4 4  1 1 I 

-4275r9 1 

77(6) 

IU9r61 

216(6) 

1705161 

-2709th I 

-38347) 

-3955(7) 

-2942(7 I 

1808r 7 ) 

2278(7 I 

3504 7 I 

5414i 9 I 

-350717) 

475618) 

-62801 I0 I 

6076r22) 

44881 I1 

4348(271 

5341110) 

5673 161 

5651(13l 

42521 13 1 

TABLE IB Bond lengths and bond angles for structure I 

Aroinr Length 
- 

s: I )-C( I ) 1.7 l4(8) 

s, I Ft-33) I .771(8l 

S('I-C( 1 I )  I .720(8) 

S(2)-C( 1 0 )  I .769(7) 
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CRYSTAL STRUCTURES OF BISTHIAZOLDINONES 227 

1.2 15(9) 

1.183(9) 

1.343(11) 

1.460( 11) 

1.194( 1 I )  

1.215(10) 

1.3 1 1 ( 10) 

1.4S9( 12) 

1.256(10) 

1.433~1 I )  

1.388( 10) 

1.416(8) 

1.279(10) 

1.362(9) 

l.403(10) 

1.458(9) 

1.349(12) 

1.487(11) 

1.370( 14) 

l.iu)3( 15) 

1.33(2) 

1.35(2) 

1.39(2) 

1.40( 2 )  

1.342(11) 

1.5 10( 10) 

1.378(11) 

1.38 1( 11) 

1.397(11) 

1.384( 14) 

1.35 I( 13) 

1.392( 11) 

1.452( 1 1 )  

1.463( 12) 

I .7 19(8) 

I .764(8) 

1.73 l(7) 

1.758(7) 
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CRYSTAL STRUCTURES OF BISTHIAZOLIDINONES 229 

Atoms Angle 

C( l)-S( I )-C(3) 

C( 1 1 )-S(2)-C( 10) 

C(20)-0(3)-C(21) 

C(23)-0(6)-C(24) 

C(3)-N( I j-C(4) 

C(2)-N(2)-C(3) 

C(2)-N(2)-N(3) 

C(3)-N(2)-N(3) 

C( 10)-N(3)-N(2) 

C( lO)-N(4j-C(12) 

C( 10)-N(4)-C( 13) 

C(12)-N(4)-C( 13) 

C(22)-C( 1 )-C(2) 

C(22)-C( l)-S(I) 

C(2)-C( 1)-S(1) 

O( I)-C(2)-N(2) 

O( 1 )-C(2)-C( 1 ) 

N(2)-C(2)-C( 1) 

N( l)-C(3)-N(2) 

N( I)-C(3)-S( 1) 

N(2)-C(3)-S( 1) 

C(9)-C(4)-C(S) 

C(9)-C(4)-N( 1) 

C(5)-C(4)-N( 1) 

C(6)-C(5)-C(4) 

C(5)-C(6)-C(7) 

C(6)-C(7)-C(8) 

C(7)-C( 8)-C(9) 

C(4)-C(9)-C(S) 

N(3)-C( IO)-N(4) 

N(3)-C( IO)-S(2) 

N(4)-C( IO)-S(Z) 

C( 19)-c( Il)-C( 12) 

C( 19)-C(1 l)-S(?) 

C(12)-C(l I)-S(Z) 

0(2)-C( 12)-N(4) 

0(2)-C(1?)-C(ll j 

90.3(4) 

90.7(4) 

I15.0(9) 

115.7(8) 

121.6(7) 

117.2(7) 

120.8(6) 

11 8.6(6) 

116.9(6) 

I16.3(6) 

1 24.5 (6) 

118.6(6) 

120.2(7) 

126.9(6) 

112.9(6) 

125 O(7) 

126.3(8) 

108.7(7) 

121.2(7) 

128.1(7) 

110.6(6) 

1204(10) 

120.1( 10) 

119.3(9) 

119.0( 12) 

l22.7( 13) 

119.3(12) 

119.7( 13) 

118.9(12) 

I33.9(6) 

113.6(5) 

112.5(5) 

121.0(8) 

12636)  

112.4(6) 

125.7(7) 

126.4(8) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

31
 1

5 
A

ug
us

t 2
01

2 



7.w S. DEE€THI cf < I /  

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

31
 1

5 
A

ug
us

t 2
01

2 



CRYSTAL STRUCTURES OF BISTHIAZOLIDINONES 23 I 

C(9')-C(4')-C(S') 120.0(8 ) 

C(9' )-C(4')-N( 1 ') 123.0(8) 

C(Sf)-C(4')-N( 1 ') 116.6(8) 

C(4')-C(Sf)-C(6') 118.7(9) 

C(S')-C(6')-C(7') 121 S( 11) 

C(8')-C( 7')-C(6') 118.2( 11) 

C(7')-C(S')-C(Y) 120.7( 11) 

C(4')-C(9')-C(8') 120.9( 10) 

N(3')-C( 10')-N( 4') 132.3(7) 

N(3')-C( 10')-S(2') 114.0(5) 

N(4')-C( IO)-S(2') 113.7(5) 

C( 19')-C( 1 I')-C( 12') 122.5(7) 

C(19')-C( ll')-S(2') 126.3(6) 

C(12')-C( Il')-S(2') 11 1.1(5) 

0(2')-C( 12')-N(4') 122.7(6) 

0(2')-C(l2')-C(11') 126.0(7) 

N(4' )-C( 12')-C( I 1 ' ) I 1  1.3(6) 

C( 14')-q13')-C( 18') 120.4(7) 

C( 14')-C( 13')-N(J') 120.7(7) 

C( 18')-C( 13')-N(4') I18.8(6) 

C(l3')-C(14')-C(15') 119.7(8) 

C( 16')-C( lS')-C(14') 1 2 0 3  8) 

C( lS')-C( 16')-C( 17') 119.6(7) 

C( 18')-C( 17')-C( 16') 120.9(8) 

C( 17')-C( 18')-C( 13') 118.8(7) 

C( 1 l')-C( 19)-C(20') 121 O(8) 

0(3')-C(20')-0(4') 124.2(8) 

O(3' )-C(20' )-C( 19' ) 122.7(8) 

O(4' )-C(ZO)-C( 1 9 )  113.1(8) 

C( 1 ')-C(22')-C(23') 121.8(7) 

O( S')-C(23')-0(6') 125.5(8) 

0(5')-C(23')-C(22') 123.4(8) 

0(6')-C(23')-C(22') 1 11. l(8) 

0(4A)-C( 1A)-C(2A) 148.4( 18) 

C(3A)-C(2A)-C( 1A) 11 1.9(11) 
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TABLE IIA Atomic coordinates and equivalent isotropic disp1;lcernent pmmetm for structure IJ 

&om .v v i I f 1 y l .  

so( 1 I 

721 I I 

b81 I I 

71111 

821 I I 

I24II1 

?61 I I 

5'M 1 I 

5 3  I 1  

so1 I )  

471 I I 

521 I I 

561 I )  

511 1 )  

541 I I 

?.ill 1 

871 1 )  

751 1 I 

791 1 I 

761 I ) 
-171 I I 

481 I )  

521 I )  

491 1 i 

€ a l l  

751 I ! 

821 I ) 

81111 

691 1 

56( 1 I 

SXI 1 I 

10Sl'l 

hl l  I I 
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CRYSTAL STRUCTURES OF BISTHIAZOLIDINONES 233 

1772(2) 

3045(1) 

4413(1) 

366% 1 ) 

5282(1) 

48 12( 1) 

5455(1) 

2455(1) 

2429(1) 

3556(1) 

3676( I )  

3965( 1) 

4625(1) 

3158(1) 

3521(1) 

S126( 1) 

3296( 1) 

3355(1) 

3 101 (2) 

?801(2) 

2744( 1) 

2995(1) 

4303( 1 ) 

4898( 1 ) 

4968( 1 ) 

4604( 1 ) 

4416(1) 

4389(2) 

4551(2j 

4748(2) 

477 1( 1) 

5188(1) 

3457( I )  

5426(1) 

-120(4) 

1346(1) 

1356(1) 

2280(2) 

3146(2) 

-511(2) 

-643(2) 

421(2) 

314(2) 

2322(2) 

2294(2) 

3057(2) 

3277(2) 

1462(3) 

2043(3) 

-129(3) 

2031(3) 

1145(3) 

871(4) 

1478(4) 

2372(4) 

2648(3) 

2662(3) 

1632(3) 

2 7 5 2 0 )  

4370C3) 

4889(3) 

5938(4) 

6453(4) 

5930(4) 

4885(3) 

972(3) 

2060( 2 ) 

-1722(3) 

2406(2) 

7036(1) 

6739(1) 

5668( 1 ) 

668 1 (1) 

6754( 1 ) 

6743( 1 ) 

6326( 1) 

5268( 1 ) 

7833(2) 

67SO( 1 ) 

6796( 1) 

6742(1) 

6239(2) 

6 164(2) 

67 19(2) 

8312(2) 

8644(2) 

9 102(2) 

9242(2) 

89 19(2) 

8456(2) 

6761 (2) 

6690(2) 

6695(2) 

6725(2) 

7186(2) 

7148(3) 

6670(3) 

6219(2) 

6237(2) 

6671(2) 

7279(2) 

6842(2) 
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TABLE! IIB Bond lengths and bond angles fur siructure I1 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

31
 1

5 
A

ug
us

t 2
01

2 



CRYSTAL STRUCTURES OF BISTHIAZOLIDINONES 23s 

C(8')-C(9') 1.383(6) C(7)-C(8) I .368(6) 

C( 1 1 ')-C( 19)  1.331(5) C(8)-C(9) 1.377(6) 

C( 1 l')-C(12') 149l(5) C( 1 I)-C( 19) I .329(5) 

C(13')-C( 14') 1.376(5) C( 11)-C(12) 1.490(5) 

C( 13')-C( 18') 1.373(5) C(13)-C( 14) 1.367(5) 

C( 14')-C( 15') 1.369(5) C(13)-C( 18) 1.376(5) 

C( 15')-C(I6') 1.365(6) C( 14)-C(15) 1.381(6) 

C( 16)-C( 17') 1.370(6) C( 15)-C( 16) 1.352(6) 

C( 17')-C( 18') 1.377(6) C( l6)-C( 17) 1.37 l(6) 

C( 19')-C(ZO 1.460(5) C( 17)-C( 18) 1.373(6) 

C(22')-C(23') 1466(5) C(22)-C(23) 1.4535) 

C(7)-C( 8)-C(9) 119.5(5) C( 13)-c(14)-c(15) 119.3(4) 

C(4)-C(9)-C(8) 120.5(4) C( 16)-C( 15)-C(14) 120.7( 5) 

N(3)-C( 10)-N(4) 120.6(3) C( 15)-C( 16)-C( 17) 119.7(4) 

N(3)-C( 10)-S(2) 126.4(3) C( 16)-C( 17)-C( 18) 120.8(4) 

N(4)-C( 10)-S(2) 113.0(3) C( 17)-c(18)-c( 13) 118.9(4) 

C( 19)-c( 1 I)-C( 12) 121.2(3) C(ll)-C(f9)-C(3) 121.8(4) 

C(19)-C( 1 I)-S(2) 127.3(3) N( I)-C(20)-N(2) 122.S(3) 

C( 12)-C(Il)-S(2) 1 1 1.4( 3) N( I)-C(2O)-S( 1) 127.7(3) 

0(2)-C( 12)-Ni4) 124.8(3) N(2)-C(20)-S( 1) 109.9(3)) 

0(2)-C( 12)-C( 1 1 )  124.7(4) C( 1)-c(22)-c(23) 121.8(3) 

N(4)-C( 12)-C( 11) 110.5(3) O(S)-C(23)-0(6) 124.1(3) 

C( 14)-C(13)-C(18) 120.6(4) O(5 )-C(23)-C(22) 123.3(4) 

C( 14)-C(13)-N(4) 120.3(3) 0(6)-C(23)-C( 22) I12.7(3) 

Atom Angle A t o m  Angle 

C( I')-S( l')-C(3') 91.2(2) C( 18')-C( 13')-N(4') 119.6(3) 

c i  1 I')-S(2')-C(lO) 90.3(2) C(l5')-C(14)-C( 13') 118 9(4) 

C(20)-0(4')-C(2 1') 115.7(4) C( 16')-C(I5')-C( 14') 120.4(4) 

C(23')-0(6')-C( 24' ) 116.4(3) C(15')-C( l6')-C(l7') 120.9(4) 

C(3')-N( 1 ')-C(4') 1 l9.2(3) C( 16')-C( 17')-C( 18') 119 l(4) 

C(2')-N(2')-C( 3') 117.8(3) C(13')-C( 18')-c(17') I19.8(4) 

C(2')-N(2')-N(3') 119.0(3) C( ll')-C( 19')-C(20') 12134)  

C(3')-N(2')-N(3') 12 l.4(3) 0(3')-C(20')-0(4') 124.1(4) 

C( lO)-N(3')-N(2') 1 10.9(3) 0(3')-C(20')-C( 19') 123.8(4) 

C( 12')-N(4')-C( 10)  114.4(3) 0(4')-C(2O)-C( 19') 112.1(4) 

C( 12')-N(4')-C( 13') 123.0(3) C( 1 ')-C(22')-C(23') 128.1(4) 

C( IO)-N(C)-C( 13') 12 1.8(3) O( 5')-C(23')-0(6') 123.4(4) 
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236 S. DEEFTHI et 01. 

C(22’)-C( l‘)-C(2’) 119.7(3) O( 5‘)-C( 23‘)-C( 22’) 123.8(4) 

C( 22’ )-C( 1 ’ ) -S (  1 ’) 

C(2’)-C( l‘)-S( 1‘) 

O( 1 ’)-C(2’)-N(2’) 

O( l‘)-C(2’)-C( 1’) 

N(2‘)-C(2‘)-C( 1‘) 

N( 1 ‘)-C(3’)-N(2‘) 

N( l’)-C(3’)-S( 1’) 

N(2‘)-C(3’)-S( 1‘) 

C(S)-C(4‘)-C(9’) 

C( S‘)-C(4‘)-N( 1 ’) 

C(9’)-C(4‘)-N( 1’) 

C(4’)-C( 5’)-C(6’) 

C(7‘)-C(6‘)-C(S’) 

C( 6’)-C(7’)-C( 8’) 

C(7’)-C( 8’)-C(9’) 

C(4’)-C(9’)-C(Sf) 

N(3’)-C( 10’)-N(4’) 

N(3’)-C( 10’)-S(2’) 

N(4’)-C( 10’)-S(2’) 

C( 19)-C( 1 l’)-C( 12’) 

C( lY)-C( 1 l‘)-S(2‘) 

C( 12‘)-C( 1 l’)-S(2’) 

O(2’)-C( 12‘)-N(4‘) 

0(2’)-C(l2‘)-C( 11’) 

N(4)-C(l2’)-C(ll’) 

C( 14743 13‘)-c( 18‘) 

C( 14’)-C( 13’)-N(4’) 

C(6)-C(7)-C(8) 

128.7(3) 

11 1.6(3) 

124.6(3) 

126.2(4) 

109.2(3) 

12 1.8(3 ) 

128.1(3) 

110.0(3) 

119.5(4) 

119.3(3) 

121.1(3) 

119.1(4) 

12 1.8(4) 

119.2(4) 

120.1(4) 

120.3(4) 

120.4(3) 

126.3(3) 

113.3(3) 

12 1.9(3) 

126.3(3) 

11 1.8(3) 

125.1(3) 

124.9(3) 

110.0(3) 

120.8(3) 

119.5(3) 

119.9(4) 

0(6’)-C(23’)-C(22‘) 

C(l)-S(l)-C(20) 

C( 11 )-S(2)-C( 10) 

c(3)-0(4)-c(2 1 ) 

C(23)-0(6)-C(24) 

C(20)-N( 1)-C(4) 

C(2)-N(2)-C(20) 

C(2)-N(2)-N(3) 

C(20)-N(2)-N(3) 

C( 10)-N(3)-N(2) 

C( 10)-N(4)-C( 12) 

C( 10)-N(4)-C( 13) 

C( 12)-N(J)-C( 13) 

C(22)-C( 1)-C(2) 

C(22)-C( 1 ) -S(  1 ) 

C(2)-C( 1 )-S( 1 ) 

O(1 )-C(2)-N(2) 

O( l)-C(2)-C( 1)  

N(2)-C(2)-C( 1) 

O(3 )-C(3)-0(4) 

0(3)-C(3)-C( 19) 

0(4)-C(3)-C( 19) 

C(9)-C(4)-C(S) 

C(9)-C(4)-N( 1) 

C(S)-C(4)-N( 1) 

C(4)-C(S)-C(6) 

C(7)-C(6)-C( 5 )  

C(18)-C( 13)-N(4) 

112.7(4) 

91.7(2) 

90.6(2) 

116.3(3) 

116.4(3) 

115.0(3) 

116.9(3) 

119.2(3) 

120.1(3) 

110.9(3) 

114.4(3) 

122.8(3) 

122.6(3) 

12 1.9(3) 

126.8(3) 

11 1.3(3) 

124.2(3) 

125.9(3) 

109.9(3) 

124.5(4) 

123.4( 4) 

112.1(4) 

119.6(4) 

120.3(4) 

120.0(4) 

119.5(4) 

120.9(4) 

119.1(3) 

TABLE III Important torsion angles observed in molecules A, B, C and D 

Molecule A Molecule D 
Angle(”) Angle(”) 

Bonds 

C(211- O(3) - C(20) - O(4) -1.7( 1) -3.2( I )  
C(21) -0(4) -C(3) - C(19) -177.9(1) 175% 1) 

C(24) - O(6) - C(23) - O(5) -5.0(1) 7.2( 1) 

‘324) - O(6) - C(23) - C(22) 176.0( 1) - 172.14( 1) 
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CRYSTAL STRUCTURES OF BISTHIAZOLIDINONES 231 

C(4) -N(1) - C(3) - N(2) 179.4( 1) 

C(4) -N(1) - C(3) - S(1) 6.1(1) -2.2( 1) 

- 176.0( I ) 

C(3) - N( 1) - C(4) - C(9) 74.3( I )  -86.9( 1 ) 

(33) - N(1) - C(4) - C(5) -1 1 0 3  1 ) 94.63( 1) 

C(lO)-N(4)-C(13)-C(I4) -78. I (  I ) 5 5 3 1 )  

C( 10) - N(4) - C(13) - C( 18) 101.5( I )  - 123.3 1) 

-I .02( 1) 

178.3( 1 ) 

C( 1 ) - C(22) - C(23) - 015) 

c( l ) -C(22)  -C(23)-0(6) 

5.6( 1 ) 

-1 75.1 ( 1 ) 

Molecule B Molecule C 

Angle(”) Angle(“) 
C(21’) - O(4’) - C(20) - O(3’) 1.2(1) -2.2(1) 

(37-1’) - O(4‘) - C(20) - C(19’) 176.6( 1 ) 
C(24’) - O(6‘) - C(23’) - O(5’) -1.7(1) 5.64(1) 

(324‘) - O(6’) - C(23’) - C(22’) 

C(4‘) - N(1‘) - C(3’) - N(2’) 

Bonds 

-1793 1 )  

-179.3 1) -177.46( 1) 

177.0( 1) -179.q 1) 

C(4‘)-N(I’)-C(3’)-S(l’) -3.6( 1) 3.71(1) 

C(3‘) - N(1’) - C(4’) - C(9’) 70.u 1) -57.0( 1 ) 

C(3‘) - N( 1’) - C(4’) - C(5’) 13 1 .O( 1) -114.1(1) 
C(lO’)-N(4‘) -C(13’)-C14’ 104.8( 1) 1 10.10( 1 ) 

C(IO’)-N(4’) -C(l3’)-C(l8’) -78.3( 1 ) -66.0( 1 )  

C(1’) - C(22) - C(23’) - O(5‘) -8.2( 1) 167.6( 1) 

C(1’) - C(22’) - C(23’) - O(6’) 170.0( I )  -9.32( 1) 

RESULTS AND DISCUSSION 

In the crystal structure of (I), there are two molecules of water (01 W and 02W) 
and one molecule of propanol (C1 A, C2A, C3A and MA). One of the water mol- 
ecules, 02W is disordered. The bond lengths and bond angles are normal and the 
e.s. d’s for (I) and (11) are O.OlA, 0.7” and 0.007.k 0.4” respectively. The Cl-C2 
bond length is short indicating that is bond has a partial double bond character. 
Table IV. gives some of the important torsion angles observed in the two crystal 
forms. In the monoclinic form, the carbo-methoxy groups in molecule (C) are in 
different conformation (viz) cis-cis and cis-trans, while in molecules (A, B and 
D) it is in trans-trans conformation. Energy minimization using BIOSYM soft- 
ware[8] with cff91 forcefield, was done to calculate the energy difference 
between the two conformations in molecule C. The two observed conformations 
(cis-cis and cis-trans) have an energy difference of 6.38 kcal/mol. In both the 
molecules of structure (11) the phenyl rings P5 to P8 deviate significantly from 
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M O L E C J L E  A 

0 
01 w 

M O L E C U L E  B 

planarity. However in structure (1) only one phenyl ring viz. P2 deviates signiti 
cantly from planarity. Also atoms of the five membered ring F3 lie i n  a plane 

7AULE IV Iri[erniolrcular interaction o f 0 1  and 0 1 '  of molecu les  Aand R i n  \triictiirc I 
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MOLECULE C MOLECULE 0 

FIGURE 3 Perspective view of Structure I1 with atom numbering 

INTER AND INTRA MOLECULAR INTERACTIONS 

In molecule B of structure (I), the stacking occurs between the five membered 
ring F3 and the phenyl ring P4 with a stacking distance of 3.12 A (Figure 4). 
Similarly, in structure (11), partial stacking of molecule D occurs between the 
five membered ring F8 with FS of the symmetry related molecule (Figure 5) ,  
with a stacking distance of 3.48 A. Stacking also occurs between the phenyl ring 
PS with P8 of the symmetry related molecule, with a distance of 4.41 A. Further, 
in (I), the carbonyl oxygen of the acetomethoxy group of both the molecules (A 
and B) point towards the centre of the heterocyclic rings F2 and F4 of the sym- 
metry related molecule (Figure 4). This is reminiscent of 04' .  . . base interactions 
in Z-DNA[9]. Table. IV gives the contacts made by 0 1  and 01' of molecule A 
and B which has close interactions with the atoms of their respective five mem- 
bered rings F2 and F4. However, in (11) only 0 1 of molecule D has close interac- 
tions with the five-membered ring F8 of molecule C (Figure 6). Table. V shows 
the interatomic interactions of 0 1  of molecule D. The packing of the molecules 
in (I) and (11) are stabilized by several C-H.. .O, C-H.. .N and O-H.. .O hydrogen 
bonds (Tables VI & VII). 
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FIGURE 4 StereoLItu of the stachng of the fike-membered ring and the phen\l niig 111 nlvle~ule  B 
nt  \tiucture 1 lnteiniolecular interactionc of 01 and 01 can also be wen 

a a 

FIGURE -5 Stereo\b.\v of the partial stachng of five-memhered inrig In molecule D of structure 11 
\ L i t t i  ils cutinter pnrt i n  the synmietry related molecule 
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TABLE V Interatomic interaction of 01 of molecule D 

Molecule D 

Corttncrs Distaiice (A ) 
O( 1 ).. . S ( 2 ' )  3.3 1(3) 

O( I).. .N(4') 3.08(3) 
O(I).. .C( 1 0 )  3.23(4) 
O(I ) . . .C(Il ' )  2.97(4) 
O( I )  ... C( 12') 2.87(4) 

FIGURE 6 Stereoview of the interatomic interaction of 01 of molecule Dwith F8 of molecule C 

TABLE VI Hydrogen bond geomeay in Structure I and I1 

Structure I 

Dorior ( D )  Accepror(AJ D...A ( A ,  H...A (AJ D-H ... A(OJ Syinmerq 

C(lS)-H(18)  H( 18). . . O(2') 3.24(2) 2.37(2) 155.45(2) (0) 

C( 14') ~ H( 14') H( 14'). . . O(2) 3.37(2) 2.52(2) 152.34(2) ( 0 )  

C(19') - H(19') H( 197.. .N( 1)  3.35(2) 2.45(2) 162.50(2) (0) 

C(19)-H(19) H( 19). . .N( 1') 3.56(2) 2.74(2) 147.80(2) (0) 

Equivalent positions (0) x. y, z 

Srnrcrirre II 

Doizor (DJ Acceptor (A J D...A (A) H . . . A  (A)  D-H ... A ("J Symmern 

C(7') - H(7') H(7').. .0 (3 ' )  3.37(2) 2 .642)  135.20(2) (1) 

C(21') ~ H(2lB) H(21B) ... O(2') 3.40(1) 2.58(1) 141.67(1) ( 2 )  
C(22') - H(22B) H(22B). . .0(6) 3.48(2) 2.77(2) 132.72(2) (0) 

C(22) - H(22D) H(22D). . .O( 1') 3.28(2) 2.59(2) 131.03(2) (0)  

Equivalent positions (0) x, y. z; (1)x. -y, z-1/2; (2) -x+l, -y. -z+l. 
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TABLE \'I1 Intermolecular interaction of solvent atoms with the atoms of molecules ..land B 

Equivalent position: ( 1 )  x-1. y. L: ( 3 )  x-1.y. r - x + l .  -y+I. -z+l:  ( 4 1  -x+l .  -y. -z: (51 x+l .  y. zi-l 
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