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The compound was synthesized from a reaction between N, N'- dithiocarbanilyl hydrazine and dime-
thy) acetylene dicarboxylate. X-ray diffraction analysis of one of the reaction products in two differ-
ent solvents gave triclinic crystals, [Space group= P 1. a= 13.273(8)A, b= 19.16(10)A, c=
10.965(4)A, a= 95.73(4)°, = 90.86(4)°, v= 75.91(4)°, Z=4] and monoclinic crystals. [Space group=
C2/e, a= 34.784(1)A, b= 13.119(1) A, c= 21.096(2) A. a= 90°, f= 91.72(1)°, y= 90°, Z=16] respec-
tively. The carbo-methoxy in the triclinic form is cis to C = O 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
membered 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
O4'... base interaction in Z — DNA. The structure is stabilized by extensive intermolecular C-H...N,
O-H...O and C-H...O hydrogen bonds. The solvent molecules also stabilize the packing of the mole-
cules through hydrogen bonds.

Kevwords: crystal 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[1] while more recently, troglitazone, a benzylthiazolidinedione has been

* To whom correspondence should be addressed.

221



Downloaded by [University of California, San Diego] at 23:31 15 August 2012

222 S. DEEPTHI er il

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

CO,CH4 0 e
Fh—NH C —NK ’ |
: |
_ s 1 l ‘ H-. /l'z N —N :i»\
Ph—NH C — NH
! C0,CHy HyC0sC CO2CHy

s
2 3

\%\ =

/ /g/ o N )

H;C0,C COzCH3 —[
4 H

HyCO,C

FIGURE 1 Chemical diagram of Reaction Compounds 1 — 3

EXPERIMENTAL

Synthesis

From the reaction between 1 and 2, we isolated in about 45% yield a nuxture of 3
and 4. a yellow 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 C54H gN4OgS,. Also from the product mixture we iso-
lated acetone soluble crystalline compound 5 with a vield of 16%. melting point
221-4°C. This had a mass of 522 units. consistent with the molecular formula
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C>4H3N4O6S, 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 (II) were from boiling DMF. The
results obtained for the crystal structure of Iand II are reported here.

Crystal structure of |

A yellow coloured rectangular crystal of dimension 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-NONIUS (CAD-4 diffractometer)[4] using CuK,
radiation (k=1.5418f\). The cell refinement and data reduction was done using
CAD4-software[5]. The data were collected at 293 K using (®/20) scanning
mode. Least-squres refinement of 25 well-centered reflection in the range 8° <8
> 22° yielded a primitive triclinic cell. During data collection three standard
reflections periodically monitored showed no significant intensity variation. Cor-
rections for Lorentz and polarisation factors were applied to intensity value but
no absorption correction was made. A total of 11739 intensities were collected in
the range 2.39° <0 > 65.12° of which 8059 were unique (R;,;=0.1172)

The structure was solved by direct methods SHELXS86 [6] and refined by full
matrix least-squares method on |F[? using SHELX1.93 [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 (I>2c1) and 689 parameters converged to R =0.1054 with goodness of fit=
1.115. The largest peak and the deepest hole in the final difference map were
0.820 and —0.778¢.A respectively.

Crystal structure of Il

A yellow coloured rectangular crystal of dimension 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-NONIUS (CAD-4 diffractometer)[4] using MoK,
radiation (A=0.71073A). The cell refinement and data reduction was done using
CAD4-software{S]. The data were collected at 293 K using (»/268) scanning
mode. Least-squres refinement of 25 well-centered reflection in the ranges 8° < 6
> 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° < 6 > 20.67° of which 4929 were
unique(R;;,=0.0352)

The structure was solved by direct methods SHELXS86 [6] and refined by full
matrix least-squares method on [F|* 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 4929 obscrved reflec-
tions([>2a1) and 654 parameters converged to R =0.0413 with goodness of fit=
0.916. The largest peak and the deepest hole in the final difference map were
0.178 and —0.187e. A~ respectively.

The fractional and atomic coordinates with equivalent isotropic displacement
parameters for non-hydrogen atoms and bond lengths and bond angles for (I) and
(IT) are listed in Tables. 1a, Ib, [1a and IIb respectively. A perspective views of (I)
and (ID with atom numbering are shown in Figures 2 and 3 respectively.

TABLE [A Atomic coordinates and equivalent isotropic displacement parameters (A) for structure 1

Arom Ay A N Uleg) Oceup
Sih 35722 5429¢1) 1663(2) 891
S(2y 481(2) 3348(DH 1465(2) 801
Ol 50(5) 5810(4) Q75(7) 12y
Oy 1576(5) 2813(3) —-1800(5) 972y
O3) - 26(0(5) 1238(4) 343(6) 108(2}
Oty -454(6) 2225(4) 1688(6) 116(2)
O3 287THS) 6804(3) 1304161 102¢2;
N6y 23895 T743(3) 840(T 110¢2)
Ny 4255 107845 2005(7y 922y
Niy 1968151 +569(4) 143600 80(2)
N(3) 1317(5y 442604) 174906 86(2)
N+ 1608(4) 3688(3) ~209(5) 73024
ol 4066y 3944(5) 1220¢7) 812y
Ci2y 561(61 5556(5) 180(8 83
Ci3y 30026y 4693(5) 1782(7) §2(2)
Cih 44728 3907(5) 2530191 96(3)
s +248(8) 34247y 1800(12) 122(3)
o) €202t10) 3221(7) 2252(14y 133i4)

N 456011 3462(8) 3390(16) 133(5)
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Arom x y z Uteq) Occup
C(8) 5703(11) 3939(8) 4126(12) 131(4)
C(9) 4695(9) 4170(6) 3683(11) 118(3)
C(10) 1226(5) 3913(4) 948(7) 71(2)
i 733(6) 278%(4) 120(7) 78(2)
Ca 1344(6) 3071(4) —787(8) 80(2)
C(13) 2129(6) 4098(4) -930(7) 77(2)
C14) 1532(6) 4668(5) -1492(8) 88(2)
C(15) 2057(8) 5064(6) -2144(10) 115(3)
C(16) 3131(8) 4879(6) —2200(10) 110(3)
camn 3696(7) 4309(5) —1656(9) 100(3)
C(18) 3200(6) 3896(4) —1009(7) 82(2)
C(19) 450(6) 2166(5) —-149(8) 85(2)
C(20) —115(7) 1892(5) 743(9) 92(2)
c2n —-855(11) 938(7) 1173(11) 146(5)
C(22) 2204(7) 6637(5) 953(9) 98(3)
C(23) 2976(7) 7069(5) 1056(9) 91(2)
C(24) 3298(9) 8217(6) 1011(13) 136(5)
S(1) 2633(2) -527(1) -3773(2) 83(1)
S(2" 2649(2) 1104(1) 1597(2) 78(1)
o1 4485(5) ~0865(3) -1070(5) 93(2)
02 3948(5) 2289(3) —136(5) 91(2)
o3 2318(5) 1915(4) 3835(5) 101¢2)
O4') 2494(5) 3056(4) 4196(5) 107(2)
05" 3536(5) -1774(4) -5421(6) 104(2)
06" 5096(5) —2499(4) —5058(6) 108(2)
N(1") 1534(5) 620(4) —2241(6) 82(2)
N(2") 3024(3) -120(4) —-1516(5) 75(2)
N(3") 2808(5) 154(4) -273(5) 83(2)
N4 3473(4) 1216(3) —-519(5) 70(1)
C(1) 3690(6) -1031(4) —3069(6) 72(2)
C(2") 3816(6) ~724(4) -1777(6) 76(2)
C(3") 2302(6) 76(5) —2435(6) 76(2)
C@) 826(6) 841(5) —-3195(8) 88(2)
C(5") -230(7) 966(6) —-2911(9) 109(3)
(6] 953(9) 1231(8) -3784(12) 138(4)
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Arenmn X ¥ T Uteg) Occup
SR —648(10) 1386(8) -4912(12) 1364
Ci&" 3949 1276(7) =51441 128(4)
Gy 112K 1010t6) —4275(9) 102(3
Caon 3C216e 7714 77(6) 732
Celtn) 3093(0) 1869(4) 144961 TH2)
ey 3547(6) 18444} 216(6) 73(2)
Crl3) 3963(5) 10451 1705(6) 68(2)
Cud 33776 1341(5) =2709(6) 81y
CEIsn 3963(7) H72(5) -383-k7) 902y
Coleh 4942(7) 245 -3955(7) 87
Cel7?n 5-35(7) 438(5) -2942(7) 90(2)
Cr18h J964(6) 599(5) 1808i7) SH2)
Celon 2099(6) 2437¢h) 2278(T 782y
L0 28T5C 2435(5) 35047 86(2)
G2l 2081t11) 30647) 54249 146(5)
122 435516) -1639(5) -3507(7) 82(2y
1239 42707 —1976(5) -4756(8) 88(2)
Ci24h S5112(10) -2873(8) -6280(10) 142(5)
OCIW) 7924(19) 297914 6076(22) 376012)
ORW? 49) 4548(7) 4488(11) 132¢4) 0.77
OPRW 10082(23) 4197(18) 4348(27) 94(8) Q.22
OdA)Y 7990(8) 4887(6) 5341(10) 168(3)
CilA) 8255t14) 431%1 1) 5673(16) 1786}
Ci2an) 9150(L1) 3544(8) 5651(13 149(4)
Ci3A) 9397(11) 3147(8) 4252(13) 1514

B

where UCq =l/3§2i‘£jaia_-ui.aj

Disordered.

]

TABLE IB Bond lengths and bond angles for structure I

Atoms Length
St -C(h 1.714(8)
S -C(3) 1.771¢8)
S()-Cly 1.720(8)
S(2)-C(10 1.769(7)
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O(1)-C(2)
0(2)-C(12)
0(3)-C(20)
0(3)-C(21)
O(4)-C(20)
0(5)-C(23)
0(6)-C(23)
0O(6)-C(24)

N(1)-C(3)

N(1H-C4)

N(2)-C(3)

N(2)-N(3)
N(3)-C(10)
N(4)-C(10)
N(4)-C(12)
N4)-C(13)
C(1)-C(22)

C(H)-C2)

C4)-C(9)

C(4)-C(5)

C(5)-C(6)

C(6)-C(7)

C(7)-C(8)

C(8)»-C(9)
CAD-C(19)
C(11)-C(12)
C(13)-C(14)
C(13)-C(18)
C14)-C(15)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(19) CQ20)
C(22)-C(23)
S(1)-C(1)
S(1M-C(3)
S(2)-C(L1")
$(2)-C(107

1.215(9)
1.183(9)
1.343(11)
1.460(11)
1.194(11)
1.215(10)
1.311¢10)
1.459(12)
1.256(10)
1.433(11)
1.388(10)
1.416(8)
1.279(10)
1.362(9)
1.403(10)
1.458(9)
1.345(12)
1.487(11)
1.370(14)
1.403(15)
1.33(2)
1.35(2)
1.39(2)
1.40(2)
1.342(11)
1.510(10)
1.378(11)
1.381(11)
1.397(11)
1.384(14)
1.351(13)
1.392(11)
1.452(11)
1.463(12)
1.719(8)
1.764(8)
1.731(7)
1.758(7)
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O(1M-C(2")
O)-Ce12)
OC-C0%
O=)-C(20")
O=")-C(21)
O(-C(237)
Oe-C(237)
O16e-C(24)

N -C(3%)

N(19-Cid

Ni 2-C(2%)

N 23-C(3%)

N{Y)-N(39)
N¢-Cel0)
Ni1-C(107)
N:)-C12)
N -Col3)
Ce -C22n

Cel')-C2)

Ci 1)-C(9")

Ce)-Can

C3)-C6H

CoN-C(7

C(7-C(8)

C(3-C(9")
CHn-Cc199
Citn)-Ce12n

Cei3n-Cold)
Ce13)-Ce18n
Crl4-Ce15n
C(13)-Cel6h
Celnn-Col7n
Ce17)-Ce18h
Ci199-C(20"
Ci2-C23)
OdA-CilA)
COARC2A)Y
C2a-Ci3A)

1.206(9)
1.206(8)
12190100
3281
LASS(L D)
V2801
J13clh
AS3(12)
1272¢1M
4220109
370010y
1.3949)
LIRS
13011
F37H9)
1.402(9)
J.A34(8)

3291

L0301
1348012y

397012y

38914
1.39(2)

1.37()

39014
3291
479010y
£.369(10)
39301
373011

F372012)

273010

37301
S4O5(1h)
470011

IS
1.O6(2)
1.6H2)
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Angle

C(1)-5(1)-C(3)
C(11)-S(2)-C(10)
C(20)-0(3)-C(21)
C(23)-0(6)-C(24)

C(3)-N(1)-C4)

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(10)-N(4)-C(12)
C(10)-N(4)-C(13)
C(12)-N#)-C(13)

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

C(22)-C(1)-5(1)

C(2)»-C(1)-S(D)

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

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

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

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

N(1)-C(3)-5(1}

N(2)-C(3)-5(1)

C(9)-C(4)-C(5)

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(8)

N(3)-C(10)-N(4)

N(3)-C(10)-5(2)

N(4)-C(10)-S(2)
C(19)-C(11)-C(12)

C(19)-C(11)-S(2)

C(12)-C(11)-8(2)

O(2)-C(12)-N#&#)

0O(2)-C(12)-C(11)

90.3(4)
90.7(4)
115.0(9)
115.7(8)
121.6(7)
117.2(7)
120.8(6)
118.6(6)
116.9(6)
116.3(6)
124.5(6)
118.6(6)
120.2(7)
126.9(6)
112.9(6)
125.0(7)
126.3(8)
108.7(7)
121.2(7)
128.147)
110.6(6)
120.4(10)
120.1¢10)
119.3(9)
119.0(12)
122.7(13)
119.3(12)
119.7(13)
118.9(12)
133.9(6)
113.6(5)
112.5(5)
121.0(8)
126.5(6)
112.4(6)
125.7(7)
126.4(8)
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Ni(dh)-C(12)-CrLy
Cil14)-Ce13)-C(18)
Ci14y C(13)-N¢4)
C(18)Ct13)-N(4
C(13)-CI4)-C(15)
Ci14)-Ce15)-C(16)
Ci17-Cl6)-C(15)
Ci16)-C(17)-C(18)
Ce13)»-C18)-Ce17y
Cet11-C193-C 20}
Otdh)-C2M-0(3)
Oh-C20)-C19)
O(3)-C2M-C(19
Ce-C22-C23)
O15y CL23)-0(61
0O(5)-C(23)-C(22)
OU6)-C(23)-C(22)
C1m-Su-C(3%
Cell3-82')-Ce 10"
C(20M)-0(41-C(21")
C(231-016")-C(24"
C(3")-N(1)-C4)
C2-N(2')-C(3")
C(2")-N(2")-N(3")
C(3"-N(2")-N(3")
C10)-N(3")-Ni2")
Co10" -N4)-C(12)
Cr10"-N(4-C(13"
Ce12-N(4H)-C(13")
C(22)-C(1")-C2h
C229-Ce1-S1h
C(21-C(11-5(17)
O1-C(2)-N2»
O(1NH-C2-C(1")
N(2)-Ci2)-C(1"
N(11-C(3")-N2"
N1-C(3-S(17)
N(2"-C(3")-S(1")

107.9(7)
123.3(7)
118.6(7)
N8.u7
117.2(8)
120.0(9)
12158
120.2(8)
117.8(8)
120.5(81
124.2(8)
124.0¢8)
111.8(8)
123.3(8)
126.0(8)
121.2(8)
112.8(8)
Q144

90.7(3)

114.0(8)
116.5(8)
120.6(7)
117.4(6)
118.7(6)
121.6(7)
116.7(6)
113.2(6)
125.8(6)
120.5(6)
LI18.9(7)
128.8(6)
112.3(6)
125.0(7)
126.6(8)
108.4(6)
120.5(7)
129.0(6)
110.5(6)
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C(9")-C@')-C(5")
C(9")-C(4")-N(1")
C(5")-C(4")-N(1")
Cd')-C(5')-C(6")
C(5")-C(6")-C(7")
C(8")-C(7)-C(6")
C(7)-C(8")-C(9")
C(4")-C(9")-C(8")
N(3")-C(10")-N(4")
N{3")-C(10')-S(2"
N(4')-C(10")-S(2")
C(19)-C(11")»-C(12")
C(19"-C(11')-S(2")
C(12)-C(11")-8(2")
0O(2')-C(12")-N(4")
0O(2')-C(12)-C(11")
N(4')-C(12")-C(11")
C(14"H-C(13")-C(18")
C(14)-C(13")-N(4")
C(18')-C(13")-N(4")
C(13")-C(14)-C(15")
C(16")-C(15)-C(14")
C(15)-C(16")-C(17")
C(18)-C(17")-C(16")
C(17")-C(18")-C(13")
C(11")-C(19")-C(20")
0(3")-C(20")-0(4)
O(3')-C0")-C(19")
O(4')-C(20")-C(19")
C(1)-C(22")-C(23")
0(51)-C(23)-0(6")
0(517-C(231-C(22")
0(6)-C(23")-C(22")
O(4A)-C(1A)-C(2A)
C(3A)-C(2A)-C(1A)

120.0(8)
123.0(8)
116.6(8)
118.7(9)
121.5(11)
118.2(11)
120.7(11)
120.9(10)
132.3(7)
114.0¢5)
113.7(5)
122.5(7)
126.3(6)
111.1(5)
122.7(6)
126.0(7)
111.3(6)
120.4(7)
120.7(7)
118.8(6)
119.7(8)
120.5(8)
119.6(7)
120.9(8)
118.8(7)
121.0¢8)
124.2(8)
122.7(8)
113.1(8)
121.8(7)
125.5(8)
123.4(8)
111.1(8)
148.4(18)
111.9(11)
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TABLE IIA Atomic coordinates and equivalent isotropic displacement parameters for structure 17

Atom X ¥ z Ufeq),
Sl 2809(1» 13581 2732 571
S0 3819(1 1327 1) 42491 S0
Ol 2825t(h 2416(2) 4433(1) 72(h
Oi2h 4545(1) 3007(2) 5178 681
3" 4128(1) ~S§742) 45471 7Ith
O 4646(1) -822(2) 5176(2) 82(1
o5 1755¢1) 100(3) 3649(2) 124
6" 20591 459(2) 2775 7601
Ntel'y 3528(1) 2191(2) 2635 S
N2y 3217 2353(2) 3583 52
N3 47D 3079(2) 3840(hH s6(h
Nid) 4023(1) 3220(2) +93h 4701
Cdn 26241 1524(3) 34852y 52t
Ci2 2886(1) 2144(3) 2900(2) S6t1)
Cian 32371y 2032(3) 2958(2) Suh
Cid 3528(1) 1855(3) 1992(2) sS4l
G5 3776(1) 1009(3) 1823(2) 5
Ci6" 3787t1) 80714 1195(2) 87ty
Ci7 3562(1 1252(3) 743(2) 751
Ci8) 3319(1) 2016(4) 908(2) 791
Ct9" 3302(1) 2320(3) 1535(2) 76t1)
C(10") 3748(1) 2643(3) 4167(2) 47t
Cdlln 4220(1) 1545(3) 47372) 48(1)
C12) 4288(1) 2654(3) 4846(2) S201)
Ci13" 39941y 43123 453%2; 491
Ctl4 391N 4749(3) S5115(2) a0t
Ct15) 3863(1) 5782(3) 514d(2) 501
Crleh 3878(1) 6363(3) 4609(3) 82t1)
a7 3962(1) 5935(3) 4037(3) 81l
C(18" 4020(1) 4898(3) 4003(2) 69(1)
Ct19) 4452(1) 838(3) 4991(2) s6(1
C(20M) 4388( =243 48742) 58(1)
[o(f] W} 4590(1) -1916(3) S116(3) 108(2)
G224 2299 11543) 37152y 6l
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Arom x v z Uleq),
C(23") 2006(1) 531(3) 3387(2) 68(1)
C(24") 1772(2) —120(4) 2406(2) 101(2)
S(1) 3045(1) 1346(1) 7036(1) 54(1)
S5(2) 4413(h 1356(1) 6739(1) 54(1)
1) 3660(1) 2280(2) 5668(1) 73(1)
2) 5282(1) 3146(2) 6681(1) 80(1)
03) 4812(1) =511(2) 6754(1) 77(1)
O4) 5455(1) —643(2) 6743(1) 72(1)
O5) 2455(1) 421(2) 6326(¢1) 86(1)
O6) 2429(1) 314(2) 5268(1) 63(1)
N(1) 3556(1) 2322(2) 7833(2) 61(1)
N2y 3676(1) 2294(2) 6750(1) 53(1)
N(3) 3965(1) 3057(2) 6796(1) 58(1)
N(4) 4625(1) 3277(2) 6742(1) S
C() 3158(1) 1462(3) 6239(2) 49(1)
C(2) 3521(1) 2043(3) 6164(2) 55(1)
C(3) 5126(1) -129(3) 6719(2) 62(1)
C(4) 3296(1) 2031(3) 8312(2) 57(1)
C(5) 3355(1) 1145(3) 8644(2) 771
C(6) 3101(2) 871(4) 9102(2) 92(2)
C(7) 2801(2) 1478(4) 9242(2) 91(2)
C(8) 2744(1) 2372(4) 8919(2) 92(1)
C(9) 2995(1) 2648(3) 8456(2) 77(1)
C(10) 4303(1) 2662(3) 6761(2) 50(1)
C(11) 4898(1) 1632(3) 6690(2) 52(1)
C(12) 4968(1) 2752(3) 6695(2) 58(1)
C(13) 4604(1) 4370(3) 6725(2) 56(1)
C(14) 4416(1) 4889(3) 7186(2) 82(1)
C(15) 4389(2) 5938(4) 7148(3) 99(2)
C(l6) 4551(2) 6453(4) 6670(3) 94(2)
C(17) 4748(2) 5930(4) 6219(2) 93(2)
C(18) 4771(1) 4885(3) 6237(2) 74(1)
C(19) 5188(1) 972(3) 6671(2) 59(1)
C(20) 3457(1) 2000(2) 7279(2) 49%(1)
C21) 5426(1) -1722(3) 6842(2) 86(2)
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Arom X ¥ z Uleq).
C(22) 2056(1) 1112(3) 5746(2) STh
C(23) 2592(1) 583(3) 5819(2) 59
Ci24) 2043¢1) —96(4) 5289(2) 7901
where Ueq zl/3ZiZiaigiai*.aJ*
TABLE IIB Bond lengths and bond angles for structure 11
Atoms Length Atoms Length
SIH-C(1n 1.745(3) Sth-Cily 1.745(3)
St1M-C(3Y) 1.782¢) S(1)-Ci20) 1.772(4)
S29-Colth 1.735(3) SIO-Cilly 17344
S(2M-Ce10" 1.752(4) SI2)-Co10y 17574
Oc1-C2h 1.204(h) Or1-C(2y 1.207th
O(2-Ce127 1.212(h 0i2)-Ci 12y 1.208(4
O31-C20M 1.201¢4) O(35-C(3) 1.20604)
O49-C(20") 1.323(4) Oth)-Ci3) 13295
O)-Ci2t 1.452(5) O(4)-C(21) 1.435(5)
O5-CL237 1.188(4) O15)-C(23) 1.204¢hs
016")-C23) L3145 06)-C(23) 1.327¢h)
0067 CL24H 1.460(5) 016)-C(24) 144814
N(11-Ct3 1.256¢4) N(11-C(20) 1.257¢d)
N(1)-Ced'y 1.426¢4) Nt 1)-Cid) 1430(5)
N(21-C(2") 1.378(5) N(2)-C(2) 1.374(+4:
N(2)-C(39) 1.387(4 N(2)-C20) 140504
N(2"-N(3") f.414(4) N(2)-N¢(3) 141014
N(39-Ce10) 1.279¢4) Ne3-Coiy 1.288¢h)
Ned)-Cei2Y 1.38314) Ny Coi) 1.38314:
Nt+)-C(10M 1.387t4) Ni4)-C(12) 13855
N4)-Ce13") 1.44004) Nidy-C(13) 143615y
Cc1n-Ce227y 1.33515) Ceh-C22) 1.32005)
Ce17)-Ci2n [.487(5) Ce14-Ct2y 14885
Cedn-Cisn 1.369(5) Ci3)-C(1d 1.463(5+
Ced"1-Cy'y 1.370(5) Cedr-Ct9y 1.365(5)
C(51-Con 1.380(6) C)-Ce5y 1.368i5)
Cen-C(7') 1.34916) C(5)-Croy 1.37616)
C70-Ci8H 1.362(60 Cre-Ci 1ASIT
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C(8)-C(9" 1.383(6) C(7)-C(8) 1.368(6)
C(11)-C(19) 1.331(5) C(8)-C(9) 1.377(6)
C(11)-C(12") 1.491(5) C(11)-C(19) 1.329(5)
C(13)-C(14") 1.376(5) C(11)-C(12) 1.490(5)
C(131)-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(16") 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(16)-C(17) 1.371(6)
C(19")-C(20") 1.460(5) C(17)-C(18) 1.373(6)
C(22)-C(23") 1.466(5) C(22)-C(23) 1.455(5)
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)-N4) 120.6(3) C(15)-C(16)-C(17) 119.7(4)
N(3)-C(10)-5(2) 126.4(3) C(16)-C(17)-C(18) 120.8(4)
N4)-C(10)-5(2) 113.003) C(17)-C(18)-C(13) 118.94)
C(19)-CUIH-C(12) 121.2(3) CIDH-C(19-C(3) 121.%4)
C(19)-C(11)-8(2) 127.3(3) N(1)-C(20)-N(2) 122.5(3)
C(12)-C(11)-S(2) 111.4(3) N(1)-C(20)-S(1) 127.7(3)
0(2)-C(12)-N(4) 124.3(3) N(2)-C(20)-S(1) 109.9(3))
0(2)-C(12)-C(11) 124.7(4) C(1)-C(22)-C(23) 121.8(3)
N#)-C(12)-C(1D 110.5(3) O(5)-C(23)-0(6) 124.1(3)
C(14)-C(13)-C(18) 120.6(4) 0O(5)-C(23)-C(22) 123.3(4)
C(14)-C(13)-N(4) 120.3(3) O(6)-C(23)-C(22) 112.7(3)

Atoms Angle Atoms Angle

C(1')-S(1")-C(3") 91.2(2) C(18")-C(13")-N(4) 119.6(3)
C(11')-S(2")-C(10") 90.3(2) C(15")-C(14")-C(13") 118.9¢4)
C(20')-0(4")-C(21') 115.7(4) C(16"-C(15")-C14") 120.4(4)
C(23)-0(6")-C(24" 116.4(3) C(15")-C(16")-C(17") 120.9(4)
C(3")-N(1)-C4") 119.2(3) C(16")-C(17)-C(18") 119.1(4)
C(2')-N(2)-C(3") 117.8(3) C(13)-C(18")-C(17") 119.8(4)
C(2")-N(2')-N(3") 119.0(3) C(11')-C(19")-C(20") 121.5(4)
C(3")-N(2')-N(3") 121.4(3) 0O(31-C(20")-0(4") 124.1(4)
C(10")-N(3")-N(2") 110.93) 0O(31-C209-C(19") 123.8(4)
C(12")-N(4H-C(10") 114.4(3) 0(4")-C(20M-C(19") 112.1(4)
C(12)-N@")-C(13") 123.0(3) C(1")-C(22')-C(23") 128.1(4)
C(10")-N(4")-C(13" 121.8(3) O(5")-C(23")-0(6") 123.4(4)
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C(22")-C(1)-C(2" 119.7(3) 0O(5)-C(23")-C(22") 123.8(4)
C(22")-C(1')-S(1") 128.7(3) O(6')-C(23")-C(22") 112.7(4)
C(2")-C(1")-S(1") 111.6(3) C(1)-S(1)-C(20) 91.7(2)
O(1)-C(2")-N(2") 124.6(3) C(11)-8(2)-C(10) 90.6(2)
O(1")-C(2")-C(1") 126.2(4) C(3)-0(4)-C21) 116.3(3)
N(2")-C(2")-C(1") 109.2(3) C(23)-0(6)-C(24) 116.4(3)
N(11-C(3')-N(2") 121.8(3) C(20)-N(1)-C(4) 115.0(3)
N(1)-C(3")-S(1") 128.1(3) C(2)-N(2)-C(20) 116.9(3)
N(2)-C(3")-S(1") 110.0¢3) C(2)-N(2)-N(3) 119.2(3)
C(5"-C@)-C(9) 119.5(4) C(20)-N(2)-N(3) 120.1(3)
C(5")-C(4")-N(1") 119.3(3) C(10)-N(3)-N(2) 110.9(3)
C(9")-C(4')-N(1") 121.1(3) C(10)-N(4)-C(12) 114.4(3)
C(4')-C(5')-C(6") 119.1(4) C(10)-N(4)-C(13) 122.8(3)
C(7")-C(6')-C(5") 121.8(4) C(12)-N(4)-C(13) 122.6(3)
C(6")-C(7)-C(8") 119.2(4) C(22)-C(1)-C(2) 121.9(3)
C(7")-C(8")-C(9") 120.14) C(22)-C(1)-8(1) 126.8(3)
C4)-C(9)-C(8") 120.3(4) CR)-C(1)-S(») 111.3(3)
N(3')-C(10')-N4") 120.4(3) O(1)-C(2)-N(2) 124.2(3)
N(3")-C(10")-S(2") 126.3(3) O(1)-C(2)-C(1) 125.9(3)
N(4")-C(10')-S(2") 113.3(3) N(2)-C(2)-C(1) 109.9(3)
C(19")-C(11")-C(12) 121.9(3) 0(3)-C(3)-0(4) 124.5(4)
C(19)-C(11')-S(2" 126.3(3) 0(3)-C(3)-C(19) 123.4(4)
C(12)-C(11')-S(2" 111.8(3) O(4)-C(3)-C(19) 112.1(4)
0(2")-C(12')-N4") 125.1(3) C(9)-C(4)-C(5) 119.6(4)
0(2")-C(12)-C(11") 124.93) C(9)-C(4)-N(1) 120.34)
N(4')-C(12")-C(11") 110.0(3) C(5)-C(4)-N(1) 120.0(4)
C(14')-C(13")-C(18" 120.8(3) C(4)-C(5)-C(6) 119.5(4)
C(14")-C(13)-N4") 119.5(3) C(7)-C(6)-C(5) 120.9(4)
C(6)-C(7)-C(8) 119.9(4) C(18)-C(13)-N(4) 119.1(3)

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

Molecule A Molecule D
Bonds
Angle(®) Angle(®)
C21) - 03y - C(20) - O4) LD -3.¢1)
C(21)-04) - C(3)- C(19) -177.9(1) 175.5(1)
C(24) - O(6) - C(23) - O(5) -5.0(1) 7.2(1)

C(24) - O(b6) - C(23) - C(22) 176.0(1) -172.14(1)
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C(4)-N(1)-C(3)-N(2) -176.0(1) 179.4(1)
C4) ~N(1) - C3)-8(1) 6.1(1) =2.2(1)
C(3) - N(I) - C4) - C(9) 74.3(1) -86.9(1)
C(3) - N(1) - Ci4) - C(5) -110.5(1) 94.63(1)
C(10) - N(4) - C(13) ~ C(14) =78.1(1) 55.5(1)
C(10) — N4) — C(13) - C(18) 101.5(1) -123.5(1)
C(1) -C(22) - C(23)-0O(5) 5.6(1) -L.02(1)
C(1) - C(22) - C(23) - O(6) -175.1¢1} 178.3(1)
Molecule B Molecule C
Bonds
Angle(®) Angle(°)
C(2l") - 0@y - C(20") - O(3") 1.2(1) -2.2(1)
C(21') - O(4") — C(20") — C(19") -179.5(1) 176.6(1)
C(24") - O(6") — C(23') - O(5") -L.7(1) 5.64(1)
C24’) - O6") — C(23") — C(22) -179.5(1) —177.46(1)
C4") - N(1" - C(3") - N2 177.0(1) -179.0(1)
C4') - N(1) - C@3') - S(1") -3.6(1) 371D
C(3") - N(I")-C4") - C(9) -57.0(1) 70.1(1)
C(3") ~ N(1")-C(4") - C(5) 131.0(1) -114.1(1)
C(10") - N(4') - C(13") - C14' 104.8(1) 110.10¢1)
C(10') - N@4") - C(13) - C(18") ~78.3(1) -66.0(1)
C(l'y-C(22) - C(23") - 0O(5") -8.2(1) 167.6(1)
C(1" - C(22"y - C(23") - 06" 170.0(1) -9.32(1)
RESULTS AND DISCUSSION

In the crystal structure of (I), there are two molecules of water (O1W and O2W)
and one molecule of propanol (C1A, C2A, C3A and 04A). One of the water mol-
ecules, O2W is disordered. The bond lengths and bond angles are normal and the
e.s. d’s for (I) and (IT) are 0.01A, 0.7° and 0.007A, 0.4° respectively. The C1-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 (II) the phenyl rings P5 to P8 deviate significantly from
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MOLECUJLE A MOLECULE B

FIGURE 2 Perspective view of Structure I with atom numbering

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

TABLE IV Intermolecular interaction of Ol and O1" of molecules Aand B in structure [

Molecule A
Contac:s Distunce (ri} Svemetry
O(1)...52) 34001 ) (
Oy, Ny 3.05(h D
O . CUh 3.22¢h) th
O(1)...Ch 321N h
O, Ct12) 3.00(1) (b
- T Molecule B
Contacts ) Distance (/i) Svmmetry
O(1"...N(4" 31601 (2)
O, .Coy 3.28(1) 12
Oy..Col2n 2931 [
O’y ..C18)H 3.3(h (2

Equivalent positions (1) -x.-y+1, -z: (2) -x+1. -y -7
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MOLECULE C MOLECULE D

FIGURE 3 Perspective view of Structure 1I 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 (II), partial stacking of molecule D occurs between the
five membered ring F8 with F8 of the symmetry related molecule (Figure 5),
with a stacking distance of 3.48 A. Stacking also occurs between the phenyl ring
P8 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 O4'... base interactions
in Z-DNAJ9]. Table. IV gives the contacts made by Ol and O1’ of molecule A
and B which has close interactions with the atoms of their respective five mem-
bered rings F2 and F4. However, in (II) only O1 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 Ol of molecule D. The packing of the molecules
in (I) and (IT) 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 Stereoview of the stacking of the five-membered ring and the phenyl ring in molecule B
of Structure 1. Intermiolecular interactions of Ol and O1” can also be seen

FIGURE 35 Stereoview of the partial stacking of five-membered ring in molecule D of structure I
with its counter part in the symmetry related molecule
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TABLE V Interatomic interaction of Ol of molecule D
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Molecule D
Contacts Distance (A}
O(1)...8(2" 3.31(3)
O(l)...N(4") 3.08(3)
O(1)...C(10") 3.23(4)
O(l)...C(11") 2.97(4)
0(1)...C(12") 2.87(4)

A

FIGURE 6 Stereoview of the interatomic interaction of O1 of molecule Dwith F8 of molecule C

TABLE VI Hydrogen bond geometry in Structure I and II

Structure 1
Donor (D) Acceptor (A) D..AA) H.A(A) D-H.A(°}) Symmerry
C(18) - H(18) H(18)...0(2" 3.242) 2.37(2) 155.45(2) 0y
C(14") — H(14» H(14)...0(2) 3.37(2) 2.52(2) 152.34(2) (0)
C(19) - H(19") H(19")...N(1) 3.35(2) 2.452) 162.50(2) ()]
C(19) - H(19) H(19)...N(1") 3.56(2) 2.74(2) 147.80(2) 0
Equivalent positions (0) X, y, z
Strucrure 11
Donor (D) Acceptor (A) D..A(A} H.A(A) D-H.A(°) Svimetry
C(7) - H(7) H(7")...0(3") 3.37(2) 2.64(2) 135.20(2) )
C(21) — H(21B) H(21B)...0(2") 3.40(1) 2.58(1) 141.67(1) 2)
C(22'y — H(22B) H(22B)...0(6) 3.48(2) 2.772) 132.72(2) (O]
C(22) - H(22D) H(22D)...O(1") 3.28(2) 2.59(2) 131.03(2) ()}

Equivalent positions (0) x., y, z; (1)X. -y, z-1/2; (2) -x+1, -y, -z+1.
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TABLE VII Intermolecular interaction of solvent atoms with the atoms of molecules Aand B

Interaction of the disovdered water molecule Q2W

Conracts Distance (A} Svimetry
OR2ZW)...O4A) 2.851) (h
OC2W)IL.(H4A) 3.042 12
002w ..C(1A) 29502 (3
ORW. .C(1A) 3522 (2)
02wy _.C2A) 2932 i35
OR2wW;...C3A) 3010 (3)

Interaction of the water molecule OJW

Contacts Distance (A) Svmmetry
O(IW)...((22) 3272 (23
OIW)H...((23) 3.4502) 2y
OUW).. (5" 3.46(3) 4
OUW)2(6) 3413 (S
OCIW),..C(77) 3.3143) (5}

Equivalent position: (1) x-1. v. z: (3) x- L. y. z-x+1. -y+ 1. -z+ 10 () -x+ 1. -y, -z (5 x+1L yoz+ 1.
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