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ABSTRACT

In order to design more effective synthetic fungicides, it is necessary to
analyze the three dimensional structure of these compounds and if pos-
sible the receptor molecule. The structures of these compounds can be
obtained by X-ray diffraction method in crystalline form and they will
invariably be similar to their structuresin solution. Crystal and molecular
structure of B-(phenoxy)-o.(1,1dimethylethyl)1H-1,2,4-triazol e-1-ethanol
is given in figure 1.The composition of these crystals are confirmed by
comparing the infra-red spectra of the two components. The unit cell
parametersa=8.136(2)A b=16.790(2)A c=21.990A. The space group is
determined to be P2 /n. The measured density is 1. 3215g/cm® and cal cu-
lated density is 1. 3102g/cm?®. The average bond distances of C-H and N-

KEYWORDS

X-ray crystallography;
Systemic fungicides;
Triazolestructure.

H typesare 0. 96(2)Aand 0. 90(1)A respectively.
© 2008 Trade Sciencelnc. - INDIA

EXPERIMENTAL

First grow thecrystals of existingfungicidsavail-
ableand synthesizetheir derivativesinlab. Thedeter-
mination of structura perturbationinfungicidederiva
tivesand comparison of theresult of their molecular
association with other receptor Sitesby X-Ray crystal-
lography techniqueswill bedone. Inparald withthese
structural studies, spectroscopic studiescarried out on
them. Thegoal isthentotietogether the structural and
spectroscopic studies to have more comprehensive
account of the precise shape of these molecules, the
non-covaent interactionwhich arelikely tobeinvolved
in and the changesintroduced in mol ecular geometry
and el ectronic structure of these compoundsasaresult
of their mol ecul ar associ ation with other compounds.

Thuswe study the structure of variety of such com-
poundsand correlatetheir sructurewith biological ac-
tivity, sothat more safer and effectivefungicidesat rea-
sonable price can bedevel oped. Inthat particular fun-
gicide B-(phenoxy)-a-(1,1dimethylethyl)1H-1,2,4-
triazole-1-ethanol sample synthesized by Meiser at re-
search center of Bayer A G inWuppertd Elerfed, West
Germany was obtained directly from the market in
powdered form. Crystallization was done by slow
evaporation from asol ution of cyclohaxenoneat 282°K
temp.The crystal sobtained werewhiteand rectangular
inshape.Theunit cell parameterswere determined by
automatic computerized 4-circled enraf-Nonius CAD-
4 Diffractometer. The preliminary information about
crysta isgivenin TABLE 1.
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Preliminary

Crystal data

Chemical name

B-( phenoxy)-oi-(1,1-di
methyl ethyl)1H-1,2,4-
trizole-1-ethanal

Chemical formula C14 Hig N3 O2
System monoclinic
Space P2./n
A 8.136(2)A
B 16.762(1)A
C 21.979(2)A
a 90(1) °©
B 92.64(1) °
Y 90(2)°
% 2994.2A3
Dm 1.1529g/cm®
Dc 1.1594g/cm?
Mw 261.32
Z 4

Mode of data collection CAD-4 enraf-nonius 4-
Circled automatic diffractometer

Structure solution SHELXS-97
Structure refinement SHELXL-97
Mode of data collection ®-20
A(Cuko) 1.5418A
No. of Reflections measured 6856
No. of uniquereflections 6742
Tempo crystal during data
Collection 293°K
Thetarange 1-73°
Intengty reflections 400
088
080
(absorption coefficient) 0.641mm™
Symmetry element XY,z
1/2-X, 1/2+Y, 1/2-Z
-X,-Y,-Z
YBtX, 12-Y, 1/2+Z
Lp correction Applied
Absorption correction Not applied

Data collection and structuresolution

Thethree-dimensiond intensity dataare collected
on acomputerized automatic 4-circle CAD-4 Enraf-
Nonius Diffractometer using graphitefiltered MoK o
(A) radiation’s .All the data were corrected for lorentz
and polarization effect, but no absorption correction
wasapplied. Attenuation of thebeam for measuring the
strong reflectionisaccomplished by inserting cdibrated
pack varying from 3to 10 asrequired. Three standard
reflections (4,0,0) (0,8,8), (0,8,0) were measured,
wherehvariesfrom 01010, k fromOtol5and| from O
to 18 Thetota number of uniquereflectionsmeasured
was 6742. The crystal belongstothe Monoclinic sys-

TABLE 2: Fractional coor dinatesof non-hydrogen atoms
and theequivalent isotr opicthermal parameter with standard
deviationsin parenthesis

Atom X Y Z
O(1) 0.10490(1) 0.15592(2) 0.39822(1)
0O(2) -0.09297(1) 0.29770(1) 0.39985(2)
N(1) 0.19504(1) 0.30281(2) 0.33089(1)
N(2) 0.11560(1) 0.23643(1) 0.31239(2)
N(3) 0.23157(1) 0.28211(1) 0.23717(1)
C(1) 0.19563(1) 0.08476(1) 0.39146(2)
C(2) 0.24060(2) 0.05056(2) 0.33795(1)
C(3) 0.32876(1) -0.01484(1) 0.33737(2)
C(4) 0.38710(2) -0.04941(2) 0.38894(1)
C(5) 0.33916(1) -0.01782(1) 0.44655(2)
C(6) 0.25877(2) 0.05361(2) 0.44850(1)
C(7) 0.01255(1) 0.18860(1) 0.34629(2)
C(8) 0.13014(2) 0.22226(2) 0.25070(1)
C(9) 0.28016(1) 0.33106(1) 0.27808(2)
C(10) -0.12506(1) 0.23299(2) 0.37696(1)
C(12) -0.28233(1) 0.19213(1) 0.37819(2)
C(13) -0.39175(1) 0.23735(2) 0.42802(1)
C(14) -0.37324(2) 0.19034(1) 0.31967(2)
C(15) -0.26078(1) 0.11564(2) 0.40706(1)
O(3) 0.88678(1) 0.07782(2) 0.09394(2)
O(4) 1.09694(2) -0.06205(1) 0.09812(1)
N(4) 0.79966(1) -0.06697(2) 0.16930(2)
N(5) 0.87922(2) 0.00256(1) 0.18140(2)
N(6) 0.78905(1) -0.04715(2) 0.26401(1)
C(16) 0.78925(2) 0.14307(1) 0.09148(2)
C(17) 0.75879(1) 0.18267(2) 0.14753(1)
C(18) 0.66812(2) 0.25442(1) 0.14569(2)
C(19) 0.60675(2) 0.28421(2) 0.09071(2)
C(20) 0.64846(1) 0.24548(1) 0.03924(1)
C(21) 0.73885(2) 0.17567(2) 0.03986(2)
C(22) 0.97617(1) 0.04777(2) 0.14192(2)
C(23) 0.86807(2) 0.01424(1) 0.24096(1)
C(24) 0.72576(1) -0.09240(2) 0.21459(2)
C(25) 1.11744(2) 0.00524(1) 0.11258(2)
C(27) 1.26856(2) 0.05097(2) 0.10330(2)
C(28) 1.35366(1) 0.06651(2) 0.17269(1)
C(29) 1.39834(2) 0.00879(1) 0.06711(2) 0.17858(2)
C(30) 1.25459(1) 0.13038(2) 0.07788(1) 0.10550(1)

Ueg(A)2
0.07026(1)
0.08486(2)
0.09998(1)
0.05761(2)
0.11409(1)
0.04807(2)
0.06868(1)
0.06482(1)
0.06635(2)
0.07224(1)
0.06323(2)
0.06809(1)
0.06297(2)
0.07414(1)
0.06744(2)
0.08210(1)
0.10446(2)
0.07715(1)
0.11142(2)
0.07193(2)
0.08882(2)
0.08640(1)
0.05900(2)
0.09169(1)
0.06134(2)
0.06760(1)
0.06053(2)
0.06589(1)
0.07753(2)
0.06642(1)
0.06489(1)
0.06806(2)
0.10582(1)
0.06273(1)
0.08152(1)
0.11178(1)

tem and space groupP2,/n. The crystal structurewas
solved using SHELXS-97, program for crystal struc-
turesolution.

Refinement

The positional co-ordinateswhich were obtained
from SHELXS-97 and their isotropic temperaturefac-
torswere subjected to refinement by SHEL XL-97 re-
finement program. Thefina R vaduewas0.09for dl the
6742 observed reflections. Fractional coordinates of
non-hydrogen atoms and the equiva ent i sotropic ther-
mal parameter isgivenin TABLE 2.
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TABLE 3: Bond Lengths(Angstrom). - (Bondsareor dered on
thefirst label, left toright and top tobottom) involving non
hydrogen atomwith estimated sandard deviationsin paren-
theses

O(1) C(1) 1.4142(1) O@B) C(16) 1.3509(1)
O(1) C(7) 14451(2) O@B) C(22) 1.3506(2)
0(2) C(10) 1.2189(2) O(4) C(25) 1.1816(1)
N(1) N(@ 134051 N(@4) N(B) 1.3536(2)
N(1) C(9 14578(2) N(4) C(24) 1.2606(1)
N2 C(7) 139941 N(B) C(22) 1.4186(2)
N2 C(8 138692 N(5) C(23) 1.3308(2)
N@3) C(8 134111 N(6) C(23) 1.3262(1)
N@E) C(9 12670(2) N(6) C(24) 1.4031(2)
C(l) C(2 137341 C(16) C(17) 1.4310(2)
C(l) C(6) 143141 C(16) C(21) 1.3081(1)
C(2) C(3 1310420 C(17) C(18) 1.4105(2)
C(3) C(4) 134021 C(18) C(19) 1.3796(2)
C(4) C(5 14427(2) C(19) C(20) 1.3608(1)
C(5) C(6) 13659(1) C(20) C(21) 1.3818(2)
C(7) C(10) 15268(2) C(22) C(25) 1.5210(1)
C(10) C(12) 1.4527(1) C(25) C(27) 1.4710(1)
C(12) C(13) 16298(2) C(27) C(28) 1.6661(2)
C(12) C(14) 1.4542(1) C(27) (29) 1.5247(1)
C(12) C(15) 14377(2) C(27) C(30) 1.4460(2)

TABLE 4: Bond (Degrees) -(Anglesareordered onthemiddle
labdl, Ieft toright and top to bottom) involving non hydr ogen
atomswith estimated sandar d deviationsin parenthess

C(1) O(1) C(7) 119.45(1) C(7) C(10) C(12) 116.29(1)
N(2) N(1) C(9) 105.56(2) C(13) C(12) C(14) 109.43(2)
N(1) N(2) C(7) 127.33(1) C(13) C(12) C(15) 100.22(1)
N(1) N(2) C(8) 112.15(2) C(14) C(12) C(15) 114.75(2)
C(7) N(2) C(8) 120.17(1) C(16) O(3) C(22) 128.86(2)
C(8) N(3) C(9) 120.14(2) N(5) N(4) C(24) 112.16(1)
O(1) C(1) C(2) 127.09(1) N(4) N(5) C(22) 127.89(2)
O(1) C(1) C(6) 112.56(2) N(4) N(5) C(23) 105.44(1)
C(2) C(1) C(6) 119.92(1) C(22) N(5) C(23) 126.02(2)
C(1) C(2) C(3) 121.68(2) C(23) N(6) C(24) 106.90(1)
C(2) C(3) C(4) 121.75(1) O(3) C(16) C(17) 117.76(1)
C(3) C(4) C(5) 118.95(2) O(3) C(16) C(21) 122.21(1)
C(4) C(5) C(6) 119.90(1) C(17) C(16) C(21) 119.54(2)
C(1) C(6) C(5) 116.44(1) C(16) C(17) C(18) 118.81(2)
O(1) C(7) N(2) 109.59(2) C(17) C(18) C(19) 120.10(1)
O(1) C(7) C(10)101.61(2) C(18) C(19) C(20) 117.48(1)
N(2) C(7) C(10)115.17(1) C(19) C(20) C(21) 123.28(2)
N(2) C(8) N(3) 99.77(2) C(16) C(21) C(20) 120.51(2)
N(1) C(9) N(3) 102.16(1) O(3) C(22) N(5) 112.47(1)
0(2) C(10) C(7) 117.93(2) O(3) C(22) C(25) 103.53(2)
0(2) C(10) C(12) 125.73(2) N(5) C(22) C(25) 117.47(1)

RESULT AND DISCUSSION

The perspectiveview of themoleculeand number-
ing schemeareshowninfigure2. The ORTEPdrawing
isshowninfigure3. Thebondlengthsand anglesinthe
two benzenerings have characteristics valuesand do
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B-(phenoxy)-a-(1,1-dimethylethyl)
1H-1,2,4-triazole-1-ehtanol

Figurel

Figure2: The per spectiveview and numbering scheme of
B-(phenoxy)-a-(1,1-dimethylethyl)1H-1,2,4 triazole-1-
ethanal

not merit significant comments.Theaverage C-H and
N-H distancesinthe structureare 0.96A and 0.90A,
respectively. The triazole rings are distorted in
shapes. The average bond distancesfor N-N and C-N
bondsare 1.340A and 1.354A. The angles show un-
usual variations. In Molecule 1 theanglesvary from
99.8°to 120.1°, whereas in molecule 2, the variation is
from 104.9°to 112.1°. The C(7) and C(22) atoms have
usual geometry. Itisof interest to seethat the effect of
steric hindrances. In molecule 1, theangle C(6)-C(1)-
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Figure4: The packing seen down a-axis

0(1) is112.6° whereas C(2)-C(1)-O(1)is 127.1°. On
comparing to molecule 2,these anglesarejust 122.2°
and 117.8°, respectively. The geometry of phenoxy and
methylethyl groupsbearsnot attention asthey are com-
parableto other organic structures. Fractional coordi-
nates of non-hydrogen atoms and the equival ent iso-
tropic thermal parameter isshownin TABLE 2

Hnalytical CHEMISTRY o

TABLE 5: Hydrogen bond par ameter sand intermolecular dis-
tanceslessthan 3.50(A)

Hydrogen bonds

Donor- H.....A D-H H.A D..A /D-H.A
N(1)-H(1A)..O(4a) 0.900(2) 2.592(1) 3.191(1) 124.6(2)
N(4)-H(4A)..O(2b) 0.900(1) 2.541(2) 3.169(2) 127.3(2)

Some non bonded contacts
C(9) ..0O(4q) 3.3709
C(24) .. O(2b) 3.2614
Symmetry codes

[a] =3/2-x,1/2+y,1/2-7
[b] =1/2-x,-1U/2+y,1/2-z

The equationsof the Least squares planes, calcu-
lated using Blow method and the displacements of the
relevant aomsfrom themean planesfor different planer
groupstogether with the respective. Thetwo Benzene
ringsareessentialy planar asthedeviations of atoms
fromtheplanesareof 0.002. Thetriazoleringsareaso
planar but the average deviations of atomsare 0.06.
ThetworingsinMolecule1and 2 areinclined to each
other by angles of 70.32° and 66.56°. The dihedral
anglesbetweentheringsin two moleculesalong C(7)-
0O(1) and C(22)-O(3) bonds are-85.39° and 80.0°. It
meansthe orientation or angleof twist in both themol-
eculesisoppostewith the approximate sameamount.
Bond Lengths (Angstrom) involving non-hydrogen at-
omsisshownin TABLE 3. Bond Angles (Degrees)-
(Anglesareordered onthe middlelabel, |eft to right
and top to bottom) involving non-hydrogen atomsis
showninTABLE 4.

Hydrogen bonding and molecular packing

The Hydrogen bond parameters and some other
non-bonded contacts are listed in TABLE 5. The
molecular packing viewed down a-axisisshownin
figure4. The molecules are stacked along the a-axis
and hedfirmly through hydrogen bonds. Therearetwo
hydrogen bonds. TheN(1) isbonded to O(4) and N(4)
to O(2) of symmetry related molecules. Thereare no
intermol ecular bonds betweenmoleculel and Molecule
2. So they are held together by weak Vander-Walls
forcesbetweenthem. Ingeneral, the Mol ecul es appear
to beunder heavy constraints. Thuswestudy the struc-
ture of variety of such compoundsand correlatetheir
sructurewith biologicd activity, so that more safer and
effectivefungicidesat reasonabl e price can be devel -
oped.
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