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Abstract—N,-Cyclohexyl- No-Co-chlorobenzal) imino thiourea, CyHs
NsSCI, crystallizes in Ca/c, with a=19.68, 5=7.74, ¢=20.42A, g=
92.8° and eight formula units in the unit cell. The structure was solved
by the study of Patterson sections, calculated from three-dimensional
film data, and was refined by block-diagonal least-squares methods to
R=0., 16 based on 1288 independent intensity data. The rest atoms of
Ni-cyclohexyl- N:-(o-cholorobenzal) imino thiourea molecule excluding
cyclohexan ring and chlorine atoms approximately lie on a plane. A
pair of molecules related by the symmetry centers are connected directly
with the N-H-:---- S hydrogen bonds. Apart from the hydrogen bonding
system the structure is held together by the van der Waals forces.

A large number of aromatic and heterocyclic thiosemicarbazone derivatives with antibacte-
rial and antitumor activity were reported by French, et @l.1"® Their hypothesis was that a
thiosemicarbazone which could function as a tridentate chelate capable of forming octahedral
complexes with metal ions would possess antibacterial and antitumor activity. Much later
Mathew and Palenik® showed, by precision X-ray diffraction studies, the octahedral formula-
tion to be correct for bis(isoquinoline-1-carboxaldehyde thiosemicarbazanato nickel(II) mon-
ohydrate. They found the two ligands tridentately bound in two orthogonal planes.

A comparison of the results of Palenik and coworker’s® structural studies on antitumor
active 5-hydroxy-2-formylpyridine thiosemicarbazone sesquihydrate and inactive acetone thio-
semicarbazone with the available structural data on other thiosemicarbazones suggested some
generalizations regarding the electronic structures, complexing abilities and biological activities
of thiosemicarbazones. They suggested that planar mono-negative tridentate nature of thio-
semicarbazones appears to be an essential feature for the activities.

Apparently a knowledge of conformation and bond lengths and angles. which result from

structure analysis could be much meaninigful for the study of biological activity. Therefore,
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a crystal structure analysis of Nj-cyclohexyl-Na(o-chlorobenzal) imino thiourea was undertaken
as part of a program devoted to explain the relationship between three dimensional structure

of thiosemicarbazone and its biological activities.

EXPERIMENTAL

Suitable evenly developed single crystals were grown by slow evaporation from a solution
of N, N-dimethyformamide at room temperature. Oscillation and Weissenberg photographs were
taken with crystals mounted along the & and ¢ axes respectively with CuKa radiation.

The unit cell dimensions were determined from the two zero-layer Weissenberg photographs,
on which the diffraction lines of aluminium foil were superposed for calibration.

The density of crystal was measured by the floatation method in a mixture of benzene and
carbontetrachloride and agrees well with calculated value.

Crystal data:

Ni-Cyclohexyl-No(o-chlorobenzal) imino thiourea, CisHisN3SCl. MW =259, 8.
monoclinic, @:=19.68+0.05, 5==7,74-0.03, ¢==20.4240.05 A, p=92,810.3°,
V:=1691 A3, D,==1.26, D,=1.26g cm™>, Z=8
Systematic absences (hkl for h--k=2n+1, h0/ for /=2n-+-1 and h=2n+1 and
0k0 for k=2n+1)
were consistent with space groups Cc and Ca/c. The centric space group was confirmed by
the successful solution and refinement of the structure.

For determination of the structure, intensity data were collected with CuKe radiation for
layers hkl, k=0 to 6 and hki, /=0 and 1, by mounting the crystals about the b and ¢ axes,
respectively with an equi-inclination Weissenberg goniometer, using the multiple film techniqye.
The relative intensities were estimated visually with aid of a set of graded intensities recor-
ded for the same specimen. A total of 1288 independent reflections was observed. The inten-
sities were corrected for the spot-shape, Lorentz and polarization factors. No corrections either
for absorption or extinction were made.

The intensities were then scaled to a common base by correlating various layers. An overall
scale factor 13.9 and overall temperature factor B=2.45 Az were computed by Wilson’s

method®,

STRUCTURE DETERMINATION AND REFINEMENT

A three-dimensional sharpened Patterson synthesis was evaluated, and the prominent peaks
on Harker section and line were easily interpreted as CI-Cl vectors. A structure factor calcu-
lation with chlorine contribution alone gave an R index of 0.54. The possible positions for the
S atoms could be deduced from a chlorine-phased electron density map on (h0/) calculated
with 128 reflections. The R index based on the chlorine and sulfur atoms was 0,49 for the

1044 reflections. A subsequent three-dimensional Fourier synthesis showed the nineteen peaks
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which were consistent with a chemically reasonable model for the molecule. At this stage
the structure factor calculation for 19 atoms gave a discrepancy index R=0. 35, with a uniform
isotropic temperature factor, 2.45 A2

Then the structure was refined isotropically using an IBM 1130 block-diagonal least-squares
program by Shiono(1968)7. The quantity minimized was >, w(|F,| —|F.[)2 The weighting
scheme proposed by Cruickshank(1965)® was used throughout the refinement. The form of
the function, w, was (a-- |F,| 4¢|F,12™, where a==2|Fni,| =40. 10 and c¢=2/|F | =0. 007 and
the refinement was terminated where none of the parameter shifts exceeded one sixth of the
corresponding estimated standard deviations. Final R index is 0. 16 for all observed reflections.

The positional and thermal parameters for the non-hydrogen atoms together with their |
estimated standard deviations are listed in Table I. Atomic scattering factor values were taken
from the International Table for X-ray crystallography®. The observed and calculated structure

factors of the observed reflections are listed in Table II,

RESULT AND DISCUSSION

The bond lenths and angles are given in Table III and Fig. 1 where the numbering of the
atoms is indicated.

Table [ -Final atomic coordinates and isotropic thermal parameters. The estimated standard deviations
given in parentheses refer to the last decimal positions

X y z BCA)
Cl 0.496C1D 0.014(3) 0.654C1) 2.0(D
S 0.236(1 0.617(3) 0.405(1) 3.0(3)
NC(D 0.364(2) 0.614(8) 0.372(2) 20D
N@ 0.351(2) 0.701(8) 0. 476(2) 20D
N(3) 0.419(2) 0.715(8) 0.485(2) 20D
cD 0.550(5) 0.936(15) 0.3598(5) (3
c@® 0.617(3) 0.933(9) 0.608(2) 3(1D
c® 0.662(3) 0.866C10) 0.564(3) 3D
CcD 0.637(3) 0.762(10) 0.512(3) 3D
c) 0.563(3) 0.728(10) 0.505(3) 3D
c 0.519(3) 0.823(10) 0.546(3) 2(D
cn 0.440(3) 0.797(9) 0.536(3) 2(1)
c® 0.324(3) 0.650(10) 0.414(3) 20D
c® 0.349(3) 0.551(10) 0.305(3) 3(D
c10) 0.410(2) 0.461(9) 0.279(2) 2(9)
can 0.394(5) 0.392(15) 0.204(14) 7(2)
Cc12) 0.377(4) 0.543(12) 0.163(3) 41D
cus 0.317(4) 0.643(12) 0.190(3) 4(2)
c4d 0.327(4) 0.698(13) 0.257(4) 5(2)
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Table 11-Observed and calculated structure factors. Columns are: Index, Fope, Feal
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Table 1I (Cont’d.)
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—13 16.52 21.20 —[5 40.58 32.357 —18 2L.ud lo.2l —14 25.23 20.05

=14 1889 I5.73 6 1018 [4.62 —21 2072 17.46 —19 17.83 1591 -3 2522 23.98
—18 Aib.hl ”608 —18 2167 17.40 —¥2 I3.44 10.66 —22 15.15 11.29  —4 100.30 90.58
—16 46.57 36.7 e ta —23 1414 10,12 _ _. -5 2L.16 18.17
19 2290 17.80 h=12 k=2 el h=11 k=3 —6 66,60 55,44
—22 16,26 12.26  —2 41.98 39.82 10 K=o —2 34,47 29.66 —7 19.15 16.90
—24 .70 6.91  —5 gu45 68.06 G8.87 —u 1258 1459 —9 2418 18.33

—6 19.34 22,16 60.78  —4 51.60 41.85 —10 21.95 20.73

he=g k=2 7 .20 50.88 SL5T  —5 2862 21.65 —12 7257 70.84
—2 65.17 65.86 9 2447 2593 41,35 —7 20.38 22.45 —13 4568 33.13

62,00 —38 15.23 18.43 —15 19.88 16.38
35.90  —Y 20,87 19.61 —I15 20.45 14.80
63.98 —11 14.50 1L.77 —Z20 24.27 18.17
20. 82 2 26,05 2L.75 —22 15,22 9.92

T2 G0t a0 i1 595 2134
C9 a0 M 1 Lo oslar
Tione Bus -1 ool 19w
oo Seds - 22 1896

T2 8 —19 19.20 14.85 0. 51 35.23 27.97

T4 s S a0 1T 12oo 13,66 —i4 16.48 12.16 h=4 k=4

—10 17.96 19,44 30064 —16 1650 1264 | o oep o s
fr-90 19,44 h=14 k=:2 So.z0 17 1865 1513 Loa7. -6 o7, 3

— SS J) 3 L & —_9 7

1}. 20.98 25.43 - S5 —19 LL79  7.05 2 71.07 67.72

—12 43.95 38.24 -2 75.68 61.10 _1~, 2ol Sues TO0 IS Lap T3 i293 404

—13 50.22 46.47  —3 40,67 sLza o S50 G99 TI) fhe iy —4 5.6l 27.39

—l4 3291 26.68  —4 T0.95 567 g ks caes oo o B =5 77,20 6106

=15 2113 25.28 =5 7010 56.80 50 TS v ue he 13 k=3 ;6271 5

—16 42.25 34.66  —8 22.94 2656 Sl = T8

—17 26.26 19.13  —g 523 5l1s o4 I 970 _3 1713 13.75

—18 13.66 10.61 —10 44.83 47.15 s fgme3 —4 15,36 14.40

~19 3840 28.97 —11 484 19,07 2Eh K=3 —¢ 28.62 20.95

—22 14.04 10.14 —15 18.40 13.97 -1 25.29 20.56. —7 44.84 28.50



September, 1977 J Pharm. Soc. Korea 153

Table II (Cont’d.)

—16 2026 21.48 2 4138 30.71 —10 65.45 51.98  h=9 k=5 h=2 k=6
—17 1007 7.28 —1 28.40 3492 —I2 1L47 10.19 _
—22 1084 1546 —6 5251 4231 —11 2214 2167 3 200 2405 =2 1561 1479
—8 3148 24,40 .88 8. o
h=6 k=4 - 8 244 h=3 k=5 —1 1426 15.38 ~—4 21.43 23.87
9 20.85 1o.77 —5 1138 10.90 —9 25.92 29.06
—1 26,07 1870 —12 17.42 1349 —1 875 10.15 o 11381050 =9 2502 29.00
- .7 O RRTR 6 3362 25.74 —10 55.06 28.
2 817 870 —11 17.01 16.84 —2 4465 42.88 —10 %
55 v & —7 1850 13.47 —13 20.71 22.74
~3 55,28 44.47 14 ke —4 3265 sass 5 1850 147
—1 69,47 59,39 —6 228 .74 68 12. h=4 k=6
~5 26,16 22,91 —1 39.34 30.90 —8 27.73 25.77  h=11 k=5 _1 2008 1892
—6 4L11 32035 —2 3363 25.56 —9 2095 2006 _, .. oo T3 10e6 1016
~7 5.2l 0.62 —8 2996 2815 —10 5168 41 10 40 14, 2610,

—3 26.87 26.85
—4 24.14 22.21
—5 24.70 18.49

~10 429 1.77 —10 I17.28 15.55 —I2 20.00 19.57 »_g iﬁﬁ? 1§~§2
~11 2214 17.10 —12 39.52 3L.69 —13 10.59 809 T"§ 1085 7.3
—12 2059 22.14 —14 2062 1579 —14 37.39 28.28 0 2205 (300 TE frop aong
—13 23.46 23.24 —15 21.80 16.13 —15 13.38 10.11 : - 9o U

- 32 > 218 16 i to 20 43 —12 1579 1176 —8 13.79 1115
16 48.27 37.74 —16 12.33 7.23 —I6 26.60 20.43 T 200 S0 e o7 5563

8 k= —16 ke —17 10.83 10.36 5o <
h=8 k=4 h=16 k=4 I8 148l 1773 —18 10.18 7.68 —I5 24.69 17.98
-1 L8 1511 -1 1754 1431 ~20 1182 8. 52 h=13 k=5 h=5 k=6
-2 102.99 86.20 —3 16.39 12.75 E e -
-3 29.17 2342 5 1282 10.16 D75 k=5 Z1 e 8 TS RN A
—4 30.53 33.31 —6 36.96 28.3¢ —1 19.6l 22.29 ¢ 2568 15 36 . ‘
—6 44.04 42.88 h=18 k—4 -2 15,12 14.87 "o (el o h=8 k=6
=9 13.06 7.14 e R —6 57.52 49.13 T oo e ooBh —5 32,00 29.71
—10 41.05 32.21 —10 2168 15.93 —7 29.35 32.41 : . —6 5408 9357
—12 15.46 13.22 —11 12.08 8.l —8 21.95 23.87 h=15 k=5 17 %5e 5
—18 13.60 10.07 ~—I12 14.89 10.38 —9 20.21 13.80 _ ... . :
—22 12.94 10.03 h=20 k= —10 41.84 30,54 .69 19.84 h=10 k=6
h=10 k=g =20 k=4 _pp q7iog elsz I 1227 886 —1 20.98 16.64
TR ~2 18.62 1448 —13 9.8 7.68 {1 1592 10.98 -5 20.68 20.53
~1 30.09 24.3¢ —4 17.93 13.25 —14 16.08 13.75 +53 12.30 —6 20.14 19.53
—3 1L41 6.97 —8 1L59 7.56 —16 15.64 14.59 h=17 k=5 —9 14.67 12.08
I h=22 k=4 h=7 k=5 ~4 2573 14.03 h=12 k=6
5 22.65 7.5 6 25.38 22,53 —9 20.71 21.47
—8 28.62 22.28 —4 6.9 455 —2 30.00 24.48 T4 00 Z%0 gy outas Hpian
—10 29.91 34.22 h=1 k=5 —4 54.19 56.82 .22 9,99 .
—12 33.81 25.08 1A -5 7.80 4,86 heol ke h=14 k=6
—16 24.55 19.66 —4 14.40 15.46 —7 31.00 33.64 =2l k=5 —1 25.51 19.41
—19 12.34 1L.18 ~5 52.67 40.87 —6 31.28 33.76 ~—1 575 3.5 13 13.31 9.40
h=12 k=4 —7 37.73 37.29 —8 17.55 20.52 h—23 k5 —156 11.78 8.51
= —8 45,9 35.73 —19 972 7.66 s K= h=16 k=6
—1 22,70 17.12  —9 44.41 26.41 —20 22.25 16.11 —2 18.02 12.97 —2 16.44 12.11

The ring C-C bond lengths in benzene ring vary from 1.33 to 1.47 A with the average
value of 1.41 A, which is in agreement with the standard C-C bond length in the benzene
ring within the experimental error. It might be pointed out that the internal valence angles
(range 117-124°) at the substituted benzene ring generally show significant deviation from the
ideal hexagonal value of 120°.

The distance of C-Cl, 1.71 A is in agreement with the carbon-chlorine distances found in
other benzene derivatives such as Tanaka (197!, Holden & Dickinson (1967)!V, Silverman,
et al. (1971)'® and Rudman (1971)1.

The bond length of C-S 1.75 A s appreciably longer than the pure carbon to sulfur double
bond. Namely this length is between the double bond 1.56 A and the single bond 1,82 A
(Sutton (1965)4). Also the length of the C(8)-N(1) bond 1. 24 A is shorter than normal C-N
single bond and C(7)-N(3) dislance of 1.28 A is longer than normal C-N double bond dista-

nce. These features can be qualitatively accounted by the contributions of the cannonical
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Table II-Bond lengths and angles in Ni-cyclohexyl-Ng-(o-chlorobenzal) imino thiourea. Estimated stan-
dard deviations refer to the last decimal positions of respective values

k Ziik

i i Di; i j

c( c - 1.33(2DA Cc(2 cCD Cl 123(6)°
c(D Cc(6) 1.41(2) c2 cD ci6) 1173
cD Cl 1.71CD c(6 cD Cl 118(5)
c(2 c(3 1. 40(2) c c@ c(3 124(3>
Cc(3 c® 1.40(2) c Cc3® c 119(3)
c c() 1.47(2) c(3 c Cc() 11903
c) c(6) 1.43(2) clD c() c(6) 117¢3)
c(6 c(m S1.57(2) c Cc(6> Cc) 120(3)
c® N(3) 1.28(3) : c(D Cc(6) cn 121(3)
c(® N 1.24(2) c() c6 cm 11903
c® - N(2 1. 4002 C(6) c N3 11602)
Cc(® S 1.75(1 N(D c® N(2 118(2)
c9® cio 1.51(2) N c® S 124(3)
c® ca 1.55(2) N{2) c® S 118(4)
C(® N{D 1. 46(2) cQao c(® N 11002
Cc(10 cap 1.61(2 cU4s c® N(D 113(3)
c{D c(2 1.49(2) c® N cCO® 128(2)
cy2 c(s) 1.54(2) c® N NG 119(2)
cas c(4d 1. 44(2) c N@® N2 116(3)
N N 1.35(3)

forms which was also found in Restivo and Palenik (1970)'®. These tendency can be found
also in Conde ez «l. (1972)1. The planarity a'round the C(8) which indicates sp® hybridiza-
tion in that atom, suggests a good evidence for this fact.

The least-squares planes are listed in Table IV, The benzene ring is planar within the error
of the determination. And two substituted atoms, chlorine and C(7), are displaced —0.15
and —0.01 A respectively. A little deviation of the heavy atom from the benzene ring can
be found in other compound as in Braiss and Jurgen Sygusch (1974)'7.

N,-Cyclohexyl-Ny-(o-chlorobenzal) imino thiourea is antitumor and antimicrobial agent®.
It has been pointed out by several investigators® that antitumor and antimicrobial activities
of thiosemicarbazones are due to their ability to {rom complexes with metal ions. Gus J. Palenik
and coworker® sugzested that planar mono-negative tridentate nature of the active thiosemicar-
bazones appears to be an essential feature for the activities. The extensive delocalization invol-
ving the thiosamicarbazide side chain and the benzene ring might be a possible explanation
for the activities of Nj-cyclohexyl-Ny-(o-chlorobenzal) imino thiourea.

The distances from C(9) and C(12) to the plane contained C(10), C(11), C(13) and C(14)

are (.67 and 0.67 A respectively, thus the cvclohexane ring has the normal chair confor-



September, 1977 J. Pharm. Soc. Korea 155

S

u& 140 N(2) ‘ el

c@® 3\ |
. N(3

oy )= /.
' . 1.71
L |.57\\ 141

2.869

|.44/c“4) 155 NUDY cle)—Ccli)
c(13) cl9) 146 |'43/ \.33
LB c(s) c(2)
+e? l | |.47\ /‘-40
c(12) /C(IO) c@a) — c(3)
.40

Lascun e

Fig. 1—Bond lengths (A) and angles (°) in Ni-cyclohexyl-No-(o-chlorobenzal) imino thiourea.

mation.
a

The crystal structure is illustrated in Fig. 2 and Fig. 3 viewed down the a and & axes

respectively.

A pair of molecules related by the symmetry centers are connected directly with the N-H
------ S hysdrogen bonds. The length of this intermolecular hydrogen bond is 3.34 A and the=
hydrogen bonding scheme is shown as the dotted lines in Fig. 3. Though the positions of
hydrogen atoms cannot be located under the present accuracy, it is reasonable to conclude
the N-H------ N intramolecular hydrogen bond as in D.V. Naik and G.]. Palenik (1974)'%.
The distance from N(1) to N(38) is 2.59 A.

Apart from the hydrogen bonding system the structure is held together by the van der
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Table IV-Least-squares planes in Ni-cyclohexyl-N:~(o-chlorobenzal) imino thiourea.

Equation for plane: Ax+By+Cz=D, where x,y,z are in A.

Distance in | Distance in
joms AfThout Afrom  Constant MmS  APES M 4 from  Constant
best plane i best plane
A. Benzene ring CcC —0.67
c 0. 06 A=-0.09 c(12) 0.67
c(2 —0.09 B= 0.79 C. Thiosemicarbazide side chain and benzene ring
c@E 0.04 C=-—0.61 N 0.29 A= 0.01
C4 0.04 =—0.71] N —0.17 B= 0.87
c@ —0.07 NG —0. 16 C=-0.49
Cc(6> 0.02 c 0.22 D= 0.20
c@ —0.01 c@ 0.11
c@® 0.61 cG 0.10
Cl —0.15 c —0.09
B. Cyclohexane ring c( —0. 26
C (10 0.02 A= 0.77 c6 -0.03
cn —0.02 = 0.57 c@ —0.11
C{13) 0.03 C=-0.33 Cc(8) 0.10
c{ -0, 03 D= 6. 31; s —0.05

Fig. 2—The crystal structure on Ni-cyclohexyl-Na:-(o-chlorobenzal) imino thiourea viewed down the-
a axis.
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Fig. 3—The crystal structure of 1‘\‘1~cy10hexy1-)fg'»(0Achlorobenzal) imino thiourea viewed down the &
axis. Dotted lines indicate hydrogen bonds with arrows pointing in the donor direction.

Waals forces.
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