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ABSTRACT

In recent part it has been observed that some of these fungicides are
loosing their effects and becoming resistant to them. Analogous com-
pounds can be designed as substitute, if their structures are known. A
rational approach to test these fungicides is to know the three dimen-
sional structure of these compounds and macromolecular receptor sites
aswell astheir molecular complex The structures of these compoundscan
be obtained by X-ray diffraction method in crystalline form and they will
invariably besimilar to their structurein solutions. The composition of cis
N-(1, 1, 2, 2-tetrachl oroethylthio)-4-cyclohexene-1, 2-dicarboximide) crys-
tals are confirmed by comparing the infra-red spectra of the two compo-
nents. The Unit cell parameters are a=10.5665(7)A, b=6.6413(3)A,
¢=19.3973(12)A and Z=4. Thus the space group is determined to be P2 Jc
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and crystal of monoclinic system.  © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Captafol isasystemicfungicida compound. Chemi-
caly it is cis N-(1, 1,2,2-tetrachloroethylthio)-4-
cyclohexene-1,2-dicarboximide). Itsmolecular formula
isC H,CI,NSO,and molecular weight is 349.1. Al-
thoughitismainly recommended for foliar sprays, it
has been used for seed dressing aswel | as soil gpplica
tion. It isavailable mostly as a 80 percent Weltable
Powder. Crystallization wasdone by dow evaporation
from asolution of methyl acohol at 40°C temp. The
crystalsfound were paleyelow in color and rectangu-
lar in shape. Thedensity of thecrystd isdetermined by

floatation method at room temperature . Themeasured

and cdculated dengtieswere 1.712mg/mP and 1.704mg/
me respectively. Chemical structureof cisN-(1, 1, 2,2-
tetrachloroethylthio)-4-cyclohexene-1,2-
dicarboximide) isgiveninfigure 1.

Thepreliminary information about crystal isgiven
inTABLE 1.

Data collection and structuresolution

C
3~ .-C
?2 %4 KN ?lz c|:|4
Cl\ /CS\C/ 8_31_?10_?11
Cs 7 Cl; Clg

Figure 1: Numbering scheme cis-N-(1,1,2,2-
tetr achlor oethylthio)-4-cyclohexene-1,2-dicar boximide
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TABLE 1

Preliminary Crystal deata
cisN-(1,1,2,2-
tetrachl oroethylthio)-4-

cyclohexene-1 ,2-

Chemical name

dicarboximide)
Chemical formula CioHg C|4 NSO,
Molecular weight 49.1
System Monoclinic
Space group P2,/c
A 10.566(7)A
B 6. 641(3)A
C 19.397(12)A
o 90°
B 91.79(10)°
Y 90(1)°
% 1360.84 A®
Dm 1.712mg/m°
Dc 1.704mg/m®
MMokay) 71073A
Z 4
Mode of data CAD-4Enraf Nonious 4-circle

automatic diffractrometer

Structure solution SHELXS-97
Structure refinemen t SHELXL-97
Mode of data collection ®-20
Thetarange 1-73°
No. of reflections measured 8018
No. of unique reflections 3114
Temp. of crystal during 293°K
Data collection
m 0.260mm’™
Lp correction Applied
Absorption coefficient Not applied

Thethreedimensond intensity datawere collected
on acomputerized automatic 4-circled CAD-4 Enraf-
Nonious Diffractometer usng a the Deptt. of Biophys-
icsAIIMS, New Delhi. Temperatureof thecrysta dur-
ing datacollection was 293°K. All the data were cor-
rected for Lorentz and Pol arization effect, but no ab-
sorption correctionswere applied. Attenuation of the
beam for measuring the strong refl ectionswas accom-
plished by inserting calibrated pack varying from 3to
10 asrequired Some standard reflectionswere mea-
sured for which hvariesfrom-12t0 13, K variesfrom
-8to8and| variesfrom-25t0 21. Thetotal numbers
of uniquereflectionswere 3114. Each intensity mea-
surement involved in ascan over thereflection peak, a
back ground measurement at each end of thescanrange
and ameasurement of the peak height. Thecrystal isin
monoclinic system and space group P2 The crystal
structurewas solved using SHEL X S-97, programme.

Hnalytical CHEMISTRY o

TABLE 2: Atomic Coordinates(x10"4) and equivalent iso-
tropic displacement parameters (A" 2x10"3) for Captafol.
U(eq) isdefined asonethird of thetraceof the or ghogonalized
Uij tensor

Atom X y z U (eq)
S(1) 3738(1) 1230(1) 1149(1) 39(1)
Ci1(1) 2563 (1) 615(1) -146(1) 60(1)
Cl1(2 990 (1) 444 (1) 1051 (1) 59(1)
C1(3) 4109(1) -3245(1) 432(1) 57 (1)
Cl(4) 1410(1) -3813(1) 335(1 69 (1)
Cc@® 867 (2) -377(5) 3135(1) 55(1)
C(® 1519(3) -2053(4) 3159(1) 54(1)
C(3) 2853 (2) -2043(4) 3425(1) 50(1)
C@ 3573(2) -240(3) 3137(1) 35(1
C(G 2832(2) 1745(3) 3124(1) 36(1)
C (6) 1462 (2) 1550(4) 3370(1) 52(1)
C( 2832(2 2456(3) 2382(1) 34(1)
N (8) 3411 (2) 939(3) 1988(1) 31(1)
C(9) 3886(2) -639(3) 2399(1) 32(1)
C (10 2475(2) -207(3) 720(1) 36 (1)
C(11 2651 (2) -2500(3) 770(1) 40 (1)
C (12 4433(2) -2069(3) 2173(1) 50(1)
0 (13) 242692) 4002 (2) 2149(1) 51(1)

TABEL 3: Anisotropicdisplacement parameter s(A”2x10"3)
for Captafol. Theanisotropic displacement factor exponent
takestheform: -2 pi*2[h"2a*"2U11 +... + 2h k a* b* U12)

Atom U1l U222 U33 U23 Ul13 U12
S(1) 37(1) 441 35(1) 1(1) 5(1) -10(1)
Cl(1) 93(1) 56(1) 32(1) 6(1) -6(1) 7(1)
Cl(2) 31(1) 79(1) 68(1) -21(1) 1(1) 6(1)
Cl1(3 56(1) 58(1) 58(1) -9(1) 5(1) 18(1)
Cl(4) 68(1) 64(1) 75(1) -18(1) -7(1) -23(1)
Cl(1) 31(1) 75(2 58(2) -2(1) 5(1) -14(1)
C(2 50(1) 492 62(2 -7(1) 14(1) -21(1)
C(3) 56(2) 44(1) 49(1) 11(1) 91 -2(1)
C(4) 28(1) 411 351) O0(1) -51) -2(1)
C(5) 37(1) 351) 36(1) -8(1) 1(1) -5(1)
C6) 46(1) 52(2) 59(2) -9(1) 20(1) 4(1
C(7) 32(1) 31(1) 40(1) -6() O() -2(D
N@© 27(1) 33(1) 32(1) -2(1) -1(1) 0(1D)
C(9 23(1) 37(1) 37(1) O0() -3(1) 2(D)
C(10) 33(1) 44(1) 30(1) 0(1) 0@ 3(1
C(11) 40(1) 42(1) 39(1) -1(1) 0@ -3(1)
0O(12) 46(1) 51(1) 53(1) -4(1) 2(1) 22(1)
O(13) 64(1) 34(1) 56(1) -1(1) -2(1) 12(1)
Refinement

From the SHEL XS-97 programmefor the crystal
structure solution, the positional co-ordinateswere ob-
tai ned which were subjected to refinement with their
isotropic temperature factors, through SHELXL-97
refinement programme. The R factor dropped to
0.0516 after several cyclesof refinement. ToreduceR
factor to 0.0437, further refinement of the structurewas
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TABLE 4: Bondlength [ A] with estimated standar d deviation
in parenthesisfor Captafol

S()-N(8) 1.6854 (17)
S(1) - C(10) 1.820 (2)
C1 (1) -C (10) 1.773(2)
C1(2) - C(10) 1.767 (2)
C1(3)-C(11) 1.764 (2)
C1(4) - C(11) 1.768 (2)
C()-C(2) 1.309 (4)
C(1)-C(6) 1.491 (4)
C(2)-H() 0.9300
C(3)-C (4) 1.534 (3)
C(3)-H (3A) 0.9700
C(3)-H(3B) 0.9700
C(4)-C(9) 1.502 (3)
C(4)-C(5) 1533 (3)
C(4)-H (4 0.9800

C(5)-C(7) 1.517 (3)

C (5) -C (6) 1.543 (3)
C(5)-H (5) 0.9800
C (6) - H (6A) 0.9700
C(7)- H (6B) 0.9700
C(7)-0(13) 1.196 (3)
C(7)-N(8) 1.414 (3)

N (8) -C (9) 1.400 (3)
C(9)-C(12) 1.203 (3)
C (10) - C (11) 1.537 (3)
C (11) -H (12) 0.9800

TABLE 5: Bond angle [Degree] with estimated standard
deviationin parenthesisfor Captafal

N(8)-S(1)-C(10) 102.23(9) C(1)-C(6)-H(6A)  109.3

C(2-C(1)-C(6) 1202(2) C(5)-C(6)-H(6A)  109.3

C(2-C(1)-H(1) 1199  C(1)-C(6)-H(6B)  109.3

C(6)-C(1)-H(1) 1199  C(5)-C(6)-H(6B)  109.3

C(6)-C(1)-C(3)  120.1(2) H(BA)-C(6)-H(6B)  108.0

C(1)-C(2-H(2) 1200  O(13)-C(7)-N(8) 124.32(19)
C(1)-C(2-H(2 1200  O(13)-C(7)-C(5) 127.97(19)
C(2-C(3-C(4) 1107(2)  N(8)-C(7)-C(5) 107.71(17)
C(2-C(3-H(3A) 1095  C(9)-N(8)-C(7) 112.26(17)
C(4)-C(3)-H(3A) 1095 C(9)-N(8)-S(1)  123.74(14)
C(2-C(3)-H(3B) 1095 C(7)-N(8)-S(1)  122.99(14)
C(4)-C(3)-H(3B) 1095  O(12)-C(9)-N(8) 123.40(19)
H(3A)-C(3)-H(3B) 1081  O(12)-C(9)-C(4)  127.6(2)
C(9)-C(4)-C(5)  105.33(16) N(8)-C(9)-C(4)  108.95(17)
C(9)-C(4)-C(3) 109.33(18) C(11)-C(10)-C1(2) 109.07(15)
C(5)-C(4)-C(3) 114.73(18) C(11)-C(10)- C1(1) 110.81(15)
C(9)-C(4)-H(4) 1090 C1(2)-C(10)-C1(1) 109.99(12)
C(5)-C(4)-H(4) 1090  C(11)-C(10)-S(1) 113.91(15)
C(3)-C(4)-H(4) 1090  CI1(2-C(10-S(1) 110.64(11)
C(7)-C(5)-C(4) 10550(16) C(1)-C(10)-S(1) 102.26(11)
C(7)-C(5)-C(6) 110.37(19) C(10)-C(11)-C1(3) 111.09(16)
C(4)-C(5)-C(6) 114.00(19) C(10)-C(11)-C1(4) 111.84(16)
C(7)-C(5-H(5) 1089  C1(3)-C(11)-C1(4) 109.11(13)
C(4)-C(5-H(5) 1089  C(10)-C(11)-H(11) 108.2(10)
C(6)-C(5-H(5) 1089  C1(3)-C(11)-H(11) 108.2(11)
C(1)-C(6)-C(5)  111.56(19) C1(4)-C(11)-H(11) 108.2(10)

carried out withindividuas’ anisotropic temperature
factors exponent of theform.

—— Fuyl] Paper

-2Pi N 2[h"2a% A 20 H.......e. +2hKa*b*U ]

The hydrogen atoms were fixed by geometrical
consideration at thisstage, but not included in refine-
ment. Refinement of the structurewasterminated after
two morecycleswhen all theshiftsin Parameter’s be-
come much smaller than the corresponding estimated
standard deviations. Thefinal R valuewas0.0437 for
al the8018reflections. Thefind positiond andthermd
parameters of non-hydrogen atoms are listed in
TABLES2 and 3 respectively.

RESULT AND DISCUSSION

The numbering schemeisshowninfigure 1l and
ORTEPDiagramisshowninfigure 2. Thebond lengths
and anglesarelisted in TABLES4 and 5 respectively.
ThetorsonanglesaregiveninTABLEG6.

Itisof interest to seethe geometry of Phthalimide
group. The C (1)-C (2) bond length is much shorter
1.309(4)A compared to standard values, whereas the
largest bond distanceis C (5)-C (6) of 1.543(3)A But
asfar as bond angles are concerned, they vary from
110.7(2)° to 120.2(3)°, thus suggest that the ring is
compressed asexpected. Thefive-member ring shows
usua behavior. Thegeometry around S(1), C (10) and
C(12) appearstobenormal asal thelengthsareclose
to singlenormal bond vauesand anglesare according
tothe configuration. The N(8)-S(1)-C(10) angle of

Figure2: ORTEPfor cisN-(1,1,2,2-tetr achlor oethylthio)-
4-cyclohexenl,2-dicar boximide
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TABLE 6: Torsion angles[ deg.] for Captafol

C®-CO)-CP-CP 0.4 (4)
C(1)-C(@-C@3)-C) -435 (3)
C(2)-C(3)-C4)-C(9) 42.9(2)
C(2)-C(3)-C4)-C(5 -36(2)
C(9)-C(4)-C(5)-C(7) -124.22 (19)
C(3)-C(4)-C(5)-C(7) 117.6 (2)
C(9)-C(4)-C(5)- C (6) -3.0(3)
C (3)-C (4)-C (5) - C (6) 41.7(4)
C(2)-C(1)-C(6) - C(5) 80.8 (3)
C (7)-C (5)- C (6)- C (1) -37.7(3)
C (4)- C (5)- C (6)- C (1) -175.1(2)
C (4) -C (5)- C (7)- C (13) 61.3(3)
C (6) -C (5) -C (7)- C (13) 5.0(2)
C(4)-C(5)-C(7)-N (8) -118.56 (19)
C (6)-C(5)-C(7)-N (8) 1755 (2)
0 (13)-C(7)- N (8) -C (9) -4.7(2)
C(5)-C(7)-N(8)-C(9) 6.6 (3)
O (13)-C(7) -N (8) -S (1) -173.57 (13)
C(5)-C(7)-N(8)-S(1) 89.59 (17)
C (10)-S(1)- N (8)-C (9) -102.77 (16)
C (10)-S(1) - N (8) -C (7) -178.7 (2)
C(7)-N(8)-C(9)-0(12) -9.9(3)
S(1)-N(8)-C(9)-0(12) 2.3(2)
C(7)-N(8)-C(9)-C(4) 171.09 (13)
S(1)-N(8)-C(9)-C(4) -177.09 (13)
C(5)-C(4)-C(9) -0(12) -54-.0 (3)
C(5)-C(4)-C(9)- N (8) 1.0(2)
C(3)-C(4)-C(9)-N(8) 124.94 (19)
N (8) -S (1) -C (10)-C (11) -74.94 (16)
N (8) -S (1) -C (10) -C1 (2) 48.35 (13)
N (8) -S (1) -C (10) -C1 (1) 165.46 (10)
C1(2)-C (10) -C (11) -C1 (3) 178.88 (11)
C1 (1) -C (10) -C (11) -C1( 3) 57.67 (19)
S(1)-C (10)- C(11) - C1(3) -56.97 (19)
C1 (2) -C (10)-C (11) -C1(4) 56.70 (18)
C1 (1) -C (10) -C (11) - C1(4) -64.52 (19)
S(1) -C (10) -C (11) -C1 (4) -179.16 (11)

102.2(9)° shows that the chain is almost right angle to
phthalimide group. The angle of twist between
phthalimidegroup and remainingchain N (8)-S(1)-C
(10)-C (12) is of -74.9(2)°. The phthalimide group
appearsto be planner, aswe cal culated mean planes
using Blow’s method. If we look to the angles between
different planes, it appearsthat themoleculeishighly
twisted and fol ded.

Molecular packing

Themoleculesare stacked, dong c-axisand held
firmly through non-bonded contacts, becausetheredoes
not exist any hydrogen bond. Thegroups are stacked
insuchaway that they generatesignificant Vander-Walls
interaction between them.

Hnalytical CHEMISTRY o
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ABSTRACT

It has been observed that some of the fungicides are loosing their effects
and becoming resistant to them. Anal ogous compounds can be designed
as substitute, if their structures are known. A rational approach to test
these fungicides isto know the three dimensional structure of these com-
pounds and macromol ecul ar receptor sitesaswell astheir molecular com-
plex The structures of these compounds can be obtained by X-ray diffrac-
tion method in crystalline form and they will invariably be similar to their
structure in solutions. The composition of Tetramethyl thiram disulphide
or bis(dimethyl thiocarbamoyl) disul phide crystalsare confirmed by com-
paring the infra-red spectra of the two components. The Unit cell param-
etersarea=6.91 30(10)A,b=6.9250(10)A c=11.8020(10)A the space group

KEYWORDS

X-ray crystallography;
Systemic fungicides;
Triazolestructure.
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INTRODUCTION

Thiramisthe coined namefor tetramethyl thiram
disul phideor bis(dimethyl thiocarbamoyl) disuiphide.
The molecular weight of thiram is240.4. It iswhite
coloured substancewhichisessantidly insolubleinweter
slightly solublein acohol and ether and completely
solublein acetoneand chloroform. Itisunstableinthe
presence of acids. Being carbomate fungicidal com-
pound thiramistoxicif consumed orally.Asapart of
research, X-ray crystallographicanayssof thisfungi-
cidal compound was carried out to study the effect of
substituents on themol ecul ar geometry and conforma-
tion of fungicidal compound with the main object to
understand their biologicd activity.

EXPERIMENTAL

It was developed by E.I. du Pont de Nemoursand
Co.in1931. Thecrystalsweregrown at 20°fromits
solution in acetone by slow evaporation method. The
unit cell parameterswere determined directly by auto-
matic computerized 4 Enraf Nonious CAD-4
diffractometer in ®-26 scanmodeusing Nickel filtered
CuKa, radiation with range of 3.8 t0 69.94°. These
data showed a=6.9130(10)A, b=6.9250(10.)A,
c=11.8020(10)A. The space group is P1. The density
of thecrystal was measured by floatation method, in
the mixture of benzeneand carbontetrachloridea room
temp. Itscalculated density is 1.469 mg/m? and mea-
sured density is1.454 mg/m?®
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Datacollection and structuresolution

Thethreedimensiond intensity datawere collected
on acomputerized automatic 4-circled CAD-4 Enraf-
Nonious diffractometer using Nickel filtered
CuKa(1.5418A) radiation at Deptt. of Biophysics
AlIMSNew Delhi. All these datawere corrected for
Lorentz and polarization effect, but no absorption cor-
rectionwasapplied. Thetotal number of reflection were
2247. Theuniquereflections corresponding to intensity
limit were 2064. Thehkl valuesvariesfrom 0<=h<=8,
-8<=k<=8, -14<=k=14 respectively. Thecrystd struc-
turewas solved using the SHELXS-97. The ORTEP
Diagramisshowninfigure 1 and packing diagramis
showninfigure2.

Refinement

For determination of structure of thecrystal VAX
machine using SHELXS-97° was used. In the begin-
ning al thenon-hydrogen atom’. are located The coor-
dinatesthus obtained arefed to SHELXL-97 for re-
finement Thefirst three cycles of isotropic refinement
gaveon R valueof 16.21%. To reduce R to 14.25%
givenformof refinement of structurewithindividua an
isotropictemp. factorsisinexponential formwasimple-
mented
2PN 1+ +2hKa*b*U12]

All the hydrogen atomswerefixed geometrically
and not included intherefinement. Therefinement was
terminated when dl the shiftsindicated for parameters
of non-hydrogen atomswerelessthan the correspond-
ing standard deviation. Thefina Rindex was13.46%
for all the observed reflections.

RESULT AND DISCUSSION

The molecule consists of two diethyl,
dithocarbamato moi eties connected through S(2)-S(3).
The §(2)-S(3) bond length is of 2.0077(16)A. The
conformeation of themoleculeissmilar tothat of thiram
monosulphide and even more so that of several
sulphides Thisisadsoagoodided systemfor thestudy
of deformation density. For thereasons, themolecule
containsvariousC-N, C-S, S-Sbonds.If themolecule
isdivideaong $(2)-S(3) bond intwo equal halves, it
shows symmetry in parameters. Each of the two
dimethyldithiocarbamato crystalsgpproximately plan-

Hnalytical CHEMISTRY o

Figure2: Themoleculer pacing seen down b-axis

ner. The dihedral angle around S(2)-S(3) bond is -
88.38(17)°. The length of the C-N and terminal C-S
bondsareintermediate between the val ues expected
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for singleand doubl ebonds, indi cating that the canoni-
cd form 1l makesasubstantia contribution of the struc-
ture.

Thehigh doublebond character of thesebondsaso
affectsthe C-N stretching frequencies of theinfrared
spectrum, which were shifted considerable towards
higher frequency fromthennormal C-N region.

It may be. added that intetramethyithiram disulphide
the two halves of the molecules are required to be
equivaent by spacegroup-symmetry. Inthesemolecules,
thetermina 5 atomsof each dithiocarbamato crystal is
3.8-3.9A from the central, Sp C of the other moiety.
Strong intra-molecular non- bonded interactionsand
structural non-equivaence of the two halves of the
molecule seento be peculiar of the thiuram monoscul
phides. It is of interest to see the two C-S ‘double’
bonds happen to have exactly equal length 1.648(3)A
and 1.652(4)A, and the length of two central C- N
bonds are equal [within experimenta error] and
1.312(5)A.. Also the lengths of the four N-CH bonds
arein reasonableagreement. Itiswel known that among
theseverd factorsaffectingthevauesof bond anglesis
Sp Sp hybridized centres. Animportant roleisplayed
by the repul s ons between bonding (non-bonding) eec-
tron pairsinthevalence shell of the central atom. Ina
survey of themolecular geometriesof ureaderivatives
the value of the N-C-N angles has been found tc in-
creaseregularly with thelength of opposite bond. C-
O. Thisresultsiseasly accounted for intermsof vary-
ing repul sions between bonding el ectron pairsin val-
ancecdll of C.
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