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ABSTRACT

The effect of substituentsR=H, CI, OH, CH,, NO, and CN in 5-phenyl-1,2,3,4-oxatriazole, onthe oxatriazole <>
azide tautomerism, was investigated at B3LY P/6-311G** level of (DFT) method. The structural and energetic
parameters were cal culated at optimized geometry. For all substituents the p-substituent of benzoyl azide forms
arelargely favored. Thereisno large differencein dipole moment between two conformers c oxatriazol e and aroyl
azide. The reaction is spontaneous and the rate of reaction in case of CH, group islower than others, with higher
energy barrier AE=2.71Kcal/mol, while the rate of reaction isfaster than othersin case of CN group, with lower
energy barrier 2.4K cal/mol. Thereaction of cyclic-open conversion of 5-phenyl-1,2,3,4-oxatriazole to correspond-

ing aroyl azideisexothermic reaction.

INTRODUCTION

Thereviewsby Evanset a.[¥ and by Gray!? give
very valuable surveyson physica propertiesand ther-
modynamic and decomposition processesof inorganic
azides. Bondingin nitrogen compounds® andininor-
ganic azides* wasdiscussed. Thed ectronic structures
aswell asmolecular orbital (MO) calculationswere
performed on some benzoyl azides®. Most of there-
ported studiesarenot up to dateand propertiesof azides
isstill missng.

Asfor carbonyl azidethesituationisless satisfac-
tory infact, thefirst ultraviolet (UV) spectrum of ben-
zoyl azideisreported in 1966 by Bhaskar®. Attach-
ment of aC=0 group to an azidegroup—N3 will affect
the geometry, reactivity and structure of the azidegroup
and hencetheacyl azidemolecule. Thisisclear when
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compairing the dipole moment of C6H5N3 whichis
1.44D1", using the benzene as asolvent, with that of
C6H5CON3 whichis2.60D" in the same sol vent.

The attachment of an azide group to a carbonyl
groupinacyl azidesplaysauniqueand significant role
inthe structure, geometry, stability and reactivity of
these compounds. Thecyclic conformersof formoyl,
acetyl and thioformoyl azidesare 1,2,3,4-oxatrai zole.
M O cdl culations used both HF and MP methods have
shown that formoyl and acetyl azidesaremorestable
than the corresponding oxatrazol €9.

Two types of nuclei with an oxygen and three N-
atoms are possible namely 1,2,3,4-oxatrai zoles and
1,2,3,5-oxatriazoles. Theneutrd aromatic specieshave
not yet been reported® but 1,2,3,4-oxatriazolium salt
and mesoionic speciesareknown.

Thesynthesisof oxatriazoleswasreported asearly
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as189619, but thefirst provedin 19944, Theneutral
1,2,3,4-oxatriazoles still await synthesisbut some of
their propertieshave been predicated by theoretical cal-
culation*,

Inthiswork we have examined theinfluence of vari-
ous substituentsR=H, CI, CH_, OH, NO,and CN in
5-phenyl-1,2,3,4-oxatriazoleasshownin Figure(1) on
stabilitiesof the cyclic structure of phenyl oxatriazole
and corresponding open conformer of benzoyl azide
by ab-initio calculationsusing DFT method combine
with B3LY P/6-311G** |evel. In addition, theeffect of
these groups on geometrical parametersof transition
dtate, thetrangition stateis detected by presence of only
oneimaginary frequency. Thecyclic-open conversion
reaction of 5-phenyl-1,2,3,4-oxatriazol es have been
investigated by varying the N10-O11 distanceand op-
timizing the remaining structural parametersfor each
choice of theN10-O11 distance.

COMPUTATIONAL METHODS

The hybrid DFT method based on Becke’s
Threfunctiond™ with non-local correlation provideby
the Lee, Yang and Parr functiona (LY P)1* designated
B3LY P, isused throughout. All cal cul ationswere per-
formed with GAMESS*® program package at 6-
311G** bassset. Assuming C1 symmetry, the geom-
etry of ground state, transition state and products of
studied moleculeswasfully optimized. Thering open-
ing reaction of 5-phenyl-1,2,3,4-oxatriazolesbeing with
themoleculeinit’s geometry optimized ground state
andissimulated by stepwise elongation of r(N10-O11)
thebond Figure(1). Thenature of stationary point is
characterized by cal cul ating the corresponding vibra-
tional frequency and transition statesarelocated and
confirmed by having oneimaginary frequency of vibra-
tion.

RESULT AND DISCUSSION

15-phenyl-1,2,3,4-oxatriazole

MO calculationswere carried out using Density
Functiona Theory DFT method combinewithB3LY P/
6-311G** asbasisset on cyclic conformer of benzoyl
azide, i.eon5-phenyl-1,2,3,4-oxatriazole. Resultsare
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Figurel: Thegructureof oxatriazoles, transtion statesand
final product of benzoyl azides, theresonating structur e of
benzoyl azides(l) and (I1) at R=H, CH_, OH, Cl, NO,and CN as
substituents.

TABLE 1: Total ener gy, dipolemoment and equilibrium geo-
metrical parameters, bond length A, bond order (), bond angles
° and chargesfor 5-phenyl-1,2,3,4-oxatriazole, trangtion state
and benzoyl azideat R=H asobtained from B3LY P/6-311G**
procedure.

5-phenyl-
Par ameter 1,2,3,4- TS B:Znizoeyl
oxatriazole
-509.2836 -411.982
E/au -509.2879 81096 954417 5027
Dipole 4773 3515  3.213
moment/D
Bond
length,(bond
order)
N10-011 1.448 (0.889) (égi% )
N9-N10 1.245 (1.650) éég% é;gg)
1.337 1.241
N8-N9 1.369 (1.148) (1.182) (1.320)
1.361 1.436
C7-N8 1.310 (1.576) (1.350) (0.984)
C7-011  1.327 (1.161) &'éﬁj) é'ggg)
Bond angle,?
O11C7N8 112.34 118.43 122.78
C7N8N9 104.38 103.22 114.84
N8NIN10 113.19 124.28 174.84
CA4AC7N8 127.01 119.52 112.39
Charge density
Cc7 0.432 0.455 0.045
N8 -0.275 -0.289 -0.351
N9 -0.037 0.053 0.319
N10 0.037 0.038 -0.104
011 -0.254 -0.336 -0.334
Imaginary 308.84 )
frequency/ | )
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giveninTABLE (1). Thepotential energy diagramfor
thecyclic-open conversoninvolvedtransition stateis
shown in Figure (1). In TABLE (1), shows how the
vauesof energy, bond length, bond order, bond angle
and chargesvary asafunction of r(N10-O11) distance
through the cyclic-open conversion process. Elonga-
tion of the distance r(N10-O11) puts a strain on the
moleculeandtota energy increases. Maximumstrainis
obtained at r(N10-011)=1.813A which represents the
transition state, this state is detected by presence of
only oneimaginary frequency v=321.12cm™. Thegeo-
metric parametersof trangtion gatearegivenin TABLE
(1) whereonefindsr(N10-O11) =1.813A, the r(C7-
O11) bondis1.264A (approaching the C=0 bond and
shorter than equilibrium bond length in 5-phenyl-
1,2,3,4-oxatriazoles, 1.327A); the r(C7-N8) bond is
1.361A approaching a C-N single bond and longer than
equilibrium bond length in 5-phenyl-1,2,3,4-
oxatriazoles, 1.31A. Both N-N bond lengths are shorter
at thetrangtion state compared to theequilibrium bond
lengthin 5-phenyl-1,2,3,4-oxatriazole.
Atr(N10-011)= 3.354A, the equilibrium geom-
etry of theopen conformer isobta ned where by results
in TABLE (1) aretypical for the open conformer of
benzoyl azidel®. A value of 1.208A, with bond order
2.048 between C7-O11 indicatesan dmost pure C=0
group, whereasavaueof 1.12A with bond order 2.229
between N9-N 10 indi catesabond resonating between
doubleandtripleonesasshownin Figure(1) and val-
uesof 1.436A with bond order 0.984 and 1.24A with

TABLE 2: Thermodynamic par ameter sof theOxatriazole<>
benzoyl azide processof studied compoundswith R=H, ClI,
OH, CH3,NO2and CN assubstituent in para position of 5-
phenyl-1,2,3,4-oxatriazoleasobtained from B3LY P/6-311G**
procedure.

Substituents E, AH AE AE* AS
H -1851 -19.71 269 -0.176 3.59
CH3 -6.43 -812 271 -0167 294
OH -18.56 -19.93 256 -0.289 275
cl -18.96 -16.32 248 -0.338 3.87
NO2 -13.37 -1470 240 -0.377 294
CN -19.30 -2048 240 -0.392 294
E, : Reaction energy isgivenby E__ -E _ . AH : Heat of

reactionisgiven by Er + d(ZPE) + d(TC); AE : Energy barrier is
given by E - E _; AE*: Activation energy is given by dE +
d(ZPE) + d(TC) + RT; AS : Enthalpy of reaction. Ref;[161
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Benzovl azide
Figure2: Theconversion of 5-phenyl-1,2,3,4-oxatriazoleto
benzoyl azideinvolving the optimized geometric structur e of
reactant, product and transition sateby using DFT-B3LY P/
6-311G** level of calculation.

bond order 1.32 between the C7-N8 and N8-N9 in-
dicatesamost puresinglebonds. Oneclearly seeshow
bond angles vary: (O11C7N8) from 112.34° to
122.78°, 6(C7N8N9) from 104.38° to 114.84° and
O(NSNIN10) from 113.19° to 174.84°, as one goes
from 5-phenyl-1,2,3,4-oxatriazolesto benzoyl azide.
Itisimportant tofind that O(NSNIN10)=174.84°,i.e.
theazidegroupisnot completey linear. TheB(C4C7NS)
is112.78°, indicating adistorted sp? hybridization for
the C-atom.
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p-methylbenzovl azide
Figure 3: Theconversion of 5-p-tolyl-1,2,3,4-oxatriazoleto
p-methylbenzoyl azide involving the optimized geometric
structureof reactant, product and transition state by using
DFT-B3LYP/6-311G** level of calculation.

The diagram for the conversion of 5-phenyl-
1,2,3,4-oxatriazole to open conformer of benzoyl
azideisshownin Figure(2). Thermodynamic param-
etersfor the conversion cyclic structure of 5-phenyl-
1,2,3,4-oxatriazol e to open structure of benzoyl azide
givenin TABLE (2), onefinding activation energy for
thisprocessisonly —0.176Kcal/mol, so the reaction
of thering opening of 5-phenyl-1,2,3,4-oxatriazoleto
benzoyl azideis spontaneousand va ue of energy bar-
rier is 2.689K cal/mol. Such aresult means that 5-
phenyl-1,2,3,4-oxatriazole, mostly, can not beformed

Physical CHEMISTRY o

TABLE 3: Total ener gy, dipolemoment and equilibrium geo-
metrical parameter s, bond length A, bond order (), bond angles
© and char gesfor 5-p-tolyl-1,2,3,4-oxatriazole, transtion sate
and p-methylbenzoyl azideat R=CH3asobtained fromB3LY P/
6-311G** procedure.

5-p-tolyl-
Par ameter 1,2,3,4- TS B:Znizcg/l
oxatriazole
E/au -548.6172 -548.6129 -548.6275
566737 391157 008897
Dipole 5.46 419 3.70
moment/D
Bond
length,(bond
order)
N10-O11  1.449 (0.888) (é'gjg) .
1.181 1.130
N9-N10 1.245 (1.649) (1.905) (2.189)
1.336 1.256
N8-N9 1.368 (1.150) (1.186) (1.390)
C7-N8 1.311 (1.572) &'32;) (éggg)
C7-011 1.328 (1.160) &'égg) (1229;%
Bond angle, ?
O11C7N8 112.29 118.36 119.55
C7N8N9 104.39 103.24 101.94
N8NIN10 113.24 124.39 173.70
CAC7N8 127.04 119.50 113.99
Charge density
C7 0.430 0.453 0.430
N8 -0.277 -0.291 -0.314
N9 -0.039 0.052 0.185
N10 0.035 0.035 -0.159
011 -0.256 -0.338 -0.343
Imaginary i 37827 )
frequency/ | '

and, it formed changesimmediately to open tautomer.
Onthe other hand the processisexothermic, thevaue
of reaction energy is-18.51K cal/mol and heat of re-
actionis-19.71K cal/mol.

Thereisno large difference between two isomers
indipole moment between thetwo conformerscyclic
oxatriazoleand open benzoyl azide. Thetotd energy of
the 5-phenyl-1,2,3,4-oxatriazoleis-509.288H com-
pared to-509.3175H for benzoyl azide, adifferenceis
-18.51K cal/mol between two isomers with benzoyl
azideof lower energy. Theresultsindicatethat theopen
conformer, benzoyl azideis more stablethanthecyclic
conformer of 5-phenyl-1,2,3,4-oxatriazole.
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5-p-tolyl-1,2,3,4-oxatriazole

Theconversion of 5-p-tolyl-1,2,3,4-oxatriazoleto
p-methyl benzoyl azide has been investigated theoreti-
caly. Starting with optimi zed geometry which hasthe
parameters, r(N10-O11) = 1.449A, r(C7-011) =
1.338A and 6(O11C7N8) = 112.29°. Oneincreases
ther(N10-O11) distance, freezesand ca culates of re-
sultsaregivenin TABLE (3).

Asther(N10-O11) bond length increased, theto-
tal energy increases, N10-O11 bond order decreases
and N9-N10 bond order increases. In addition,
B(N8C7011) increases, the total energy has maximum
value of -548.61294H at r(N10-O11) = 1.815A, the
trangition stateis produced and detected by presence
of only oneimaginary frequency v=378.27cm-1, giv-
ing an activation energy -0.167K ca/mol. Hence, the
cydlicconformer of 5-p-tolyl-1,2,3,4-oxatriazoleiseas-
ily opened and produced p-methyl benzoyl azide. A
diagram for the cyclic-open conversion of 5-p-tolyl-
1,2,3,4-oxatriazoleisshownin Figure(3).

Ther(C7-O11) bond is 1.328A with bond order
1.16 in equilibrium cyclic conformer and shortness
gradually to 1.21A with bond order 1.987 in equilib-
rium conformer of open p-methyl benzoyl azide. On
the other hand, the r(C7-N8) bondis 1.311A (almost
a double bond C=N bond) in 5-p-tolyl-1,2,3,4-
oxatriazole and e ongatesgradually to 1.459A (almost
sangle C-N bond) inequilibrium azide. Other variations
areequally important; the variation of r(N8-N9) from
1.368A with bond order 1.15 (single bond) in equilib-
rium cyclic conformer to 1.256A with bond order 1.39
indicates abond resonating between doubleand triple
ones. Theseresultsmean that N9 should carry aposi-
tivechargewhereasN8 should carry anegative charge.
Calculationsgive0.185 and -0.314 asthe chargeson
N9 and N8, respectively.

From thermodynami c parameters, the reaction of
conversion of 5-p-tolyl-1,2,3,4-oxatriazoleto corre-
sponding open conformer of azidereactionisexother-
mic with heat of reaction -8.12K cal/mol and reaction
energy is-6.43K cal/mol. Thereisnodifferenceindi-
pole moment between two conformers and the open
conformer of p-methyl benzoyl azideislower energy
than corresponding cyclic oxatriazolewith energy dif-
ferenceis2.71Kcd/mal. Theresultsindicatethat open
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p-hydroxvbenzovl azide
Figure4: Theconversion of 4-(1,2,3,4-oxatr iazol-5-yl)phenole
to p-hydr oxybenzoyl azideinvolving the optimized geometric
structureof reactant, product and transition stateby using
DFT-B3LYP/6-311G** leve of calculation.

conformer of p-methyl benzoyl azideismorestablethan
5-p-tolyl-1,2,3,4-oxatriazole and the reaction is
sponteneous.

4-(1,2,3,4-oxatriazol-5-yl)phenole

The conversion of 4-(1,2,3,4-oxatriazol-5-
yl)phenoleto p-hydroxy benzoyl azide hasbeeninves-
tigated theoreticaly. Starting with optimized geometry
of 4-(1,2,3,4-oxatriazol-5-yl)phenolewhich hasparam-
etersr(N10-O11) = 1.452A, r(C7-O11)=1.327A and
0(O11C7N8)=112.29°, onein increasesthe r(N10-
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TABLE 4: Total ener gy, dipolemoment and equilibrium geo-
metrical parameters, bond length A, bond order (), bond angles
© and chargesfor 4-(1,2,3,4-oxatriazol-5-yl)phenole, transi-
tion stateand p-hydr oxybenzoyl azideat R=OH asaobtained
from B3LYP/6-311G** procedure.

4-(1,2,3,4- p-
Parameter oxatriazol-5- TS hydr oxybenzoyl
yl) phenole azide
-584.5345 -584.5304
E/au 065364 218412 -584.560769626
Dipole 5.42 4.36 4.22
moment/D
Bond
length,(bond
order)
N10-O11 1.452(0.883) ((1)2411% -
1.182
N9-N10  1.245 (1.650) (1.900) 1.126 (2.226)
N8&-N9  1.367 (1.153) &'fgg) 1.240 (1.328)
C7-N8  1.313(1.564) &ggg) 1.440 (0.973)
C7-0O11  1.327(1.161) &igg) 1.209 (2.044)
Bond angle, ?
0O11C7N8 112.30 118.20 122.55
C7N8N9 104.38 103.27 114.79
N8NON10 113.37 124.31 174.99
C4C7N8 126.98 121.17 112.339
Charge
density
c7 0.432 0.454 0.446
N8 -0.282 -0.296 -0.356
N9 -0.039 0.049 0.318
N10 0.033 0.033 -0.109
011 -0.260 -0.340 -0.340
Imaginary ) )
frequency/ | 32112

O11) distancestep by stepttill transition state at r(N10-
O11)= 1.811A, the transition state is characteristic by
presence of oneimaginary frequency v=321.12cm.
al geometrical parametersaregivenin TABLE (4).
Ther(C7-011) bond is 1.327A with bond order
1.161 in equilibrium cyclic conformer of 4-(1,2,3,4-
oxatriazol-5-yl)phenole and shortness gradually to
1.209A with bond order 2.044 in equilibrium conformer
of p-hydroxy benzoyl azide. On the other hand, the
r(C7-N8) is1.313A (almost a double bond C=N) in
4-(1,2,34-oxatriazol-5-yl)phenoleand € ongates gradu-
alyto 1.44A (almost single bond C-N) in equilibrium
azide. Thevariation of r(N8-N9) from 1.367A with

p-chlorobenzovl azide
Figure 5 : The conversion of 5-(4-chlorophenyl)-1,2,3,4-
oxatriazoleto p-chlor obenzoyl azideinvolving the optimized
geometricstructureof reactant, product and transition sate
by using DFT-B3LY P/6-311G** level of calculation.

bond order 1.153 (singlebond) in equilibrium cyclic
conformer to 1.24A with bond order 1.328 indicates a
bond resonating between doubleand triple ones.
Chargeson N8 and N9 are-0.356 and 0.318 re-
spectively these results corresponding with the reso-
nating structure of azidegroup. A diagramfor ring open-
ing of oxatriazole ring in 4-(1,2,3,4-oxatriazol-5-
yl)phenoleisshownin Figure (4), with activation en-
ergy -0.289K cal/mol which agree with energy barrier
2.56K cal/mol and reaction energy is-18.56K cal/mol

Physical CHEMISTRY oo
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TABLES5: Total ener gy, dipolemoment and equilibrium geo-
metrical parameters, bond length A, bond order (), bond angles
© and char gesfor 5-(4-chlorophenyl)-1,2,3,4-oxatriazole, tran-
sition stateand p-chlor obenzoyl azideat R=Cl asobtained
from B3LYP/6-311G** procedure.

5-(4-
p_
Parameter  CMOrOPREYD- 1o o obenzoyl
1,2,3,4- azide
oxatriazole
E/au -968.9103 -968.906  -968.9405
380218 3857723 578293
Dipole 3.12 181 1.49
moment/D
Bond
length,(bond
order)
1.810
(0.547)
N10-011  1.451(0.886) &' égé) -
N9-N10 1.244 (1.653) 1.338 1.125 (2.232)
N8-N9 1.369 (1.148) (1.181) 1.242 (1.317)
C7-N8 1.310 (1.575) 1'359 1.434 (0.989)
C7-011 1.326 (1.163) (1'353) 1.208 (2.048)
1.264
(1.502)
Bond angle, ?
O11C7N8 112.47 118.49 120.28
C7N8N9 104.32 103.18 114.81
N8NON10 113.25 124.16 174.79
CAC7N8 126.88 119.48 112.32
Charge
density
Cc7 0.435 0.458 0.452
N8 -0.275 -0.289 -0.352
N9 -0.034 0.054 0.320
N10 0.041 0.042 -0.098
O11 -0.255 -0.336 -0.333
Imaginary : 382.60 -
frequency/ | '

so thereaction isexothermic and spontaneous. There
isno differencein dipole moment between two con-
formersand thetota energy of open conformer islower
than cyclic conformer, so p-hydroxy benzoyl azideis
morestable.

5-(4-chlor ophenyl)-1,2,3,4-oxatriazole

The conversion of 5-(4-chlorophenyl)-1,2,3,4-
oxatriazoleto p-chloro benzoyl azide hasbeen investi-
gated theoreticaly. Starting with optimized geometry of
5-(4-chlorophenyl)-1,2,3,4-oxatriazol e which haspa-
rametersr(N10-O11) = 1.451A, one in increases the
r(N10-O11) distancestep by steprtill transition State at

—== Py Peper

p-nitrobenzov] azide
Figure 6 : The conversion of 5-(4-nitrophenyl)-1,2,3,4-
oxatriazoleto p-nitr obenzoyl azideinvolving the optimized
geometricstructureof reactant, product and transition sate
by using DFT-B3LY P/6-311G** level of calculation.

r(N10-O11)= 1.807A, the transition state is charac-
teristic by presence of one imaginary frequency
v=382.6cm™. al geometrical parametersaregivenin
TABLE(5).

Ther(C7-011) bond is 1.326A with bond order
1.163 in equilibrium cyclic conformer of 5-(4-
chlorophenyl)-1,2,3,4-oxatriazol eand shortness gradu-
aly to 1.208A with bond order 2.048 in equilibrium
conformer of p-chloro benzoyl azide. Ontheother hand,
ther(C7-N8) is1.310A (almost a double bond C=N)
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TABLE 6: Total ener gy, dipolemoment and equilibrium geo-
metrical parameters, bond length A, bond order (), bond angles
© and chargesfor 5-(4-nitrophenyl)-1,2,3,4-oxatriazole, tran-
sition stateand p-nitrobenzoyl azideat R=NO2 asobtained
from B3LYP/6-311G** procedure.

5-(4-
. p-
Parameter  "Mtrophenyl)- TS  chlorobenzoyl
1,2,3,4- azide
oxatriazole
E/au -713.8417  -713.8379 -713.8630
584071 307757 664413
Dipole 0.72 1.34 2.37
moment/D
Bond
length,(bond
order)
1.797
(0.560)
N10-O11  1.449 (0.889) &' ;gé) :
N9-N10 1.244 (1.654) 1'342 1.121 (2.236)
N8-N9 1.370 (1.144) (1.169) 1.249 (1.377)
C7-N8 1.308 (1.583) 1'354 1.446 (1.002)
C7-011 1.325(1.164) (1' 374) 1.207 (2.033)
1.265
(1.492)
Bond angle, ?
O11C7N8 112.62 118.61 120.45
C7N8N9 104.27 103.14 104.22
N8NON10 113.14 123.54 166.12
CAC7N8 126.74 119.58 113.72
Charge
density
c7 0.443 0.465 0.441
N8 -0.268 -0.284 -0.324
N9 -0.029 0.056 0.249
N10 0.049 0.052 -0.033
O11 -0.251 -0.331 -0.334
Imaginary 392.20 :
frequency/ | '

in5-(4-chlorophenyl)-1,2,3,4-oxatriazoleand el ongates
gradually to 1.434A (almost single bond C-N) in equi-
librium azide. Thevariation of r(N8-N9) from 1.369A
with bond order 1.148 (singlebond) in equilibrium cy-
clic conformer to 1.242A with bond order 1.317 indi-
catesabond resonating between doubleand triple ones.

Chargeson N8 and N9 are-0.352 and 0.320 re-
spectively these results corresponding with thereso-
nating structure of azidegroup. A diagramfor ring open-
ing of oxatriazoleringin 5-(4-chlorophenyl)-1,2,3,4-
oxatriazoleisshownin Figure (5), with activation en-
ergy -0.338K cal/mol which agreewith energy barrier
2.48K cal/mol and reaction energy is-18.96K cal/mol

p-cvanobenzoyl aride
Figure 7 : The conversion of 4-(1,2,3,4-oxatriazol-5-
yl)benzonitrileto p-cyanobenzoyl azideinvolving theoptimized
geometricstructureof reactant, product and transition sate
by using DFT-B3LY P/6-311G** level of calculation.

so thereactionisexothermic and spontaneous. There
isno differencein dipole moment between two con-
formersand thetota energy of open conformer islower
than cyclic conformer, so p-chloro benzoyl azideismore
stable.

5-(4-nitrophenyl)-1,2,3,4-oxatriazole

The conversion of 5-(4-nitrophenyl)-1,2,3,4-
oxatriazoleto p-nitro benzoyl azide hasbeen investi-
gated theoreticaly asan examplefor withdrawing group.
At r(N10-O11)= 1.797A, this transition state is ap-
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peared at shorter distance less than other donating
groups, thetransition stateis characteristic by presence
of oneimaginary frequency v=392.2cm. dl geometri-
ca parametersaregivenin TABLE (6).

Ther(C7-O11) bond is 1.325A with bond order
1.164 in equilibrium cyclic conformer of 5-(4-
nitrophenyl)-1,2,3,4-oxatri azole and shortness gradu-
allyto 1.207A with bond order 2.033 in equilibrium
conformer of p-nitro benzoyl azide. Ontheother hand,
ther(C7-N8) is1.308A (almost a double bond C=N)
in5-(4-nitrophenyl)-1,2,3,4-oxatriazoleand € ongates
gradually to 1.446A (almost single bond C-N) in equi-
librium azide. Thevariation of r(N8-N9) from 1.37A
with bond order 1.144 (singlebond) in equilibrium cy-
clic conformer to 1.249A with bond order 1.377 indi-
catesabond resonating between doubleand triple ones.

Chargeson N8 and N9 are-0.324 and 0.249 re-
spectively these results corresponding with thereso-
nating structure of azidegroup. A diagramfor ring open-
ing of oxatriazoleringin 5-(4-nitrophenyl)-1,2,3,4-
oxatriazoleisshownin Figure (6), with activation en-
ergy -0.377Kcal/mol which agreewith energy barrier
2.4K cal/mol and reaction energy is-13.37K ca/mol so
thereaction isexothermic and spontaneous. Thedipole
moment of azidegreater dightly than cyclic oxatriazole
and thetotal energy of open conformer islower than
cyclic conformer, so p-nitro benzoyl azide is more
stable.

4-(1,2,3,4-oxatriazol-5-yl)benzonitrile

The conversion of 4-(1,2,3,4-oxatriazol-5-
yl)benzonitrileto p-cyano benzoyl azide hasbeenin-
vestigated theoretically asanother examplefor with-
drawing group. At r(N10-O11)= 1.798A, this transi-
tion stateisappeared at shorter distancelessthan other
donating groups, thetrangtion stateischaracteristic by
presence of oneimaginary frequency v=388.28cm™.
al geometrica parametersaregivenin TABLE (7).

Ther(C7-O11) bond is 1.326A with bond order
1.164 in equilibrium cyclic conformer of 4-(1,2,3,4-
oxatriazol-5-yl)benzonitrile and shortnessgradually to
1.208A with bond order 2.05 in equilibrium conformer
of p-cyanro benzoyl azide. Ontheother hand, ther(C7-
N8) is 1.308A (almost a double bond C=N) in 4-
(1,2,3,4-oxatriazol-5-yl)benzonitrile and elongates
gradually to 1.429A (almost single bond C-N) in equi-

= Pyl Peper

TABLE 7: Total ener gy, dipolemoment and equilibrium geo-
metrical parameter s, bond length A, bond order (), bond angles
© and char gesfor 4-(1,2,3,4-oxatr iazol-5-yl)benzonitrile, tran-
sition state and p-cyanobenzoyl azideat R=CN asobtained
from B3LYP/6-311G** procedure.

4-(1,2,3,4- -
Parameter XA ?)ZOI - TS  cyanobenzoyl
Yy azide
benzonitrile
-601.5499  -601.5461  -601.5807
E/au 493288 202068 124343
0.71 1.22 2.43
Dipole
moment/D 0.71 1.22 2.43
Bond
length,(bond
order)
N10-O11  1.450 (0.888) (é;gg)
1.182
N9-N10 1.244 (1.654) (1.905) 1.124 (2.237)
N8-N9 1.370 (1.145) (ii%) 1.244 (1.309)
1.355
C7-N8 1.308 (1.580) (1.370) 1.429 (1.000)
C7-011 1.326 (1.164) (iigg) 1.208 (2.050)
Bond angle, ?
O11C7N8 112.59 119.16 123.43
C7N8N9 104.28 102.93 114.80
N8N9IN10 113.17 125.71 174.66
C4AC7N8 126.76 119.59 112.29
Charge
density
c7 0.436 0.461 0.454
N8 -0.270 -0.286 -0.349
N9 -0.030 0.055 0.322
N10 0.047 0.049 -0.089
011 -0.252 -0.332 -0.327
Imaginary 388.28 -
frequency/ | )

librium azide. Thevariation of r(N8-N9) from 1.37A
with bond order 1.145 (singlebond) in equilibrium cy-
clic conformer to 1.244A with bond order 1.3097 in-
dicates abond resonating between doubleand triple
ones.

Chargeson N8 and N9 are-0.349 and 0.322 re-
spectively these results corresponding with the reso-
nating structure of azidegroup. A diagramfor ring open-
ing of oxatriazole ring in 4-(1,2,3,4-oxatriazol-5-
yl)benzonitrileisshownin Figure(7), with activation
energy -0.392K cal/mol which agreewith energy bar-
rier 2.4K cal/mol and reaction energy is-19.3K cal/mol
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so thereactionisexothermic and spontaneous. Thedi-
pole moment of azide greater dlightly than cyclic
oxatriazole and thetotal energy of open conformer is
lower than cyclic conformer, so p-cyano benzoyl azide
ismorestable.

CONCLUSION

The attachment of an azide group to a carbonyl
groupinaroyl azides playsauniqueand significantrole
inthe structure, geometry, stability and reactivity of
these compounds. The structures of some members of
thisseriesof compoundshave been investigated theo-
retically. Theresults obtained in thiswork show that
benzoy! azide and other substituted benzoyl azidesin
parapositionat R=Cl, OH, CH_, NO,and CN, havea
purecovaent C=0 group with noionic resonating struc-
turesin addition to approximatelinear azidegroup. In
all studied compoundsthereisapositive charge accu-
mulates on N8 and other negative chargeon N9, these
results corresponding with the resonating structure of
azidegroup.

The cyclic conformers of benzoyl azide, p-
methylbenzoyl azide, p-hydroxybenzoyl azide, p-
chlorobenzoyl azide, p-nitrobenzoyl azide and p-
cyanobenzoyl azideare 5-phenyl-1,2,3,4-oxatriazole,
5-p-tolyl-1,2,3,4-oxatriazol e, 4-(1,2,3,4-oxatriazol -5
yl)phenol, 5-(4-chlorophenyl)-1,2,3,4-oxatriazol e, 5-
(4-nitrophenyl)-1,2,3,4-oxatriazole and 4-(1,2,3,4-
oxatriazol-5-yl)benzonitrile. MO cd cul ationsusng den-
sity functional theory method (DFT) combine with
B3LY P/6-311G** asbasisset have shown that open
conformer of aroyl azidesare more stablethan the cor-
responding oxatriazol es and the activation energy of
cyclic-open conversion hasanegativevauefor al sud-
ied compounds so the reaction of conversion isspon-
taneouswhereasthe energy barrier ishigher for R=CH,
(2.71 Kcal/mol and lower for R=NO, and CN (2.4
Kca/mol). Thereisno differencein dipole moment
between two conformers cyclic oxatriazolesand cor-
responding open azides and open conformer of azides
lower in energy lessthan cyclic oxatriazoles so open
conformer of azides more stable than cyclic conformer
of oxatriazolesand reaction of cyclic-open conversion
isproceedsin exothermic process.
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