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Abstract—The reaction of 50-benzoyl-2,3-anhydrothymidine with triethylammonium tetrazolide in DMF
at 100-120C°C is described by a second-order kinetic equatioipwing the first-order kinetics in each of
the reactants. On thkeasis of the experimental activatparametersAH,, = 80 kJ/mol,AS" = -116 X
mol™* K™, a mechanism wagroposed, according tahich in the rate-determining stage ofZSreaction tri-
ethylammonium tetrazolide attacks thé @tom of 5-O-benzoyl-2,3-anhydrothymidine with simultaneous
loosening of the €—0° anhydro bond.

We previously studied the kinetics of the reaction o)
of 5'-O-benzoyl-2,3-anhydrothymidine 1) with di- Me H
methylammonium azide in DMF and in the system N
DMF-1,4-dioxane [1, 2]. As aesult, the ratecon- /k /k

stants and activation parameters were determined and g
a mechanism was proposed, accordlng to which
heterolytic dissociation of the 3C—O anhydro bond

in the nucleoside molecule occurs in the rate-deter-

mining stage [1, 2]. These data elucidate specific ,,
features of the azidation of substrdtewhich is the N/f" >—

key stage in the synthesis of-3zido-2,3'-dideoxy- AZT Mart
thymidine (AZT), an inhibitor of the HIV reverse a-
transcryptase[3]. R'"= H, R = H @, Me (b), Ph @), Bzl (d),

Modified nucleosideslla-IIf containing a tetra- AFGH. @ R=H R = Bz ().
_zonI s_u_bstituent (a cyclic analog of t_he azido group)
in position 3" were recently synthesize[8]. These group into position3’ of 5'-O-benzoyl-2,3-anhydro-

compounds showed an anti-HIV activity. thymidine. As model nucleophile wselected one of
Compoundsll were obtained by reactions df the simplest reperesentatives, triethylammonium tetra-

with the corresponding triethylammonium tetrazolideszolide (Il ), which has no substituent in positidn

followed by removal of the 5O-benzoyl protection of the tetrazole ring(Scheme 1).

via reaction with dimethylamine in methanol. Regard-

elucidate the mechanism of introduction of tetrazolyl

less of the substituent in positidh of the tetrazole Scheme 1.
ring, only the N-isomer was formed. Nalata are 0
available on the mechanism of tipsocess. N)Jj/Me

The goal of the present work was to reveal and
analyzeg quantitative kinetic relations which could )l\ l N/_ B NEG
- BzO O ‘N’N
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Enthalpies offormation, dipole moments, N—H and H:-NEt, bond lengthsl{ andl,) and orders\{/, and W,), and
charges on atoms in 'N and N-triethylammonium tetrazolideslla and lllb

Comp. . Calculation|  AH,, ; : a(Ny, | a(N?,
no. | Medium | = thod | keal/mol | M P | v A Wi o A We a.u. a.u.
Ia Gas MNDO 40.29 6.08 1.00 0.882 4.22 0 -0.221 -0.027

Gas MNDO/M 39.57 6.44 1.02 0.872 2.60 0.001 | -0.218 | -0.032
DMF MNDO/M 22.28 7.69 1.03 0.859 2.58 0.002 | -0.198 | -0.038
b Gas MNDO 44.77 2.59 1.01 0.869 4.12 0 -0.106 | -0.150
Gas MNDO/M 43.71 2.96 1.03 0.856 2.58 0.002 | -0.107 | -0.150
DMF MNDO/M 36.53 3.73 1.04 0.850 2.59 0.002 | -0.111 | -0.131

Initially, we parformed quantum-chemiceblcula- bonds whose length and energy are close to the corre-
tions of the electronic structure and geometry ofsponding standard parameters, 2% A and
nucleophilelll and estimated the effect of solvation 0.5-1 kcal/mol, respectively. Our results acensist-
on the calculategparameters. Thealculations were ent with those reported in [6] for ammonium salts
performed in terms of the MNDO approximation derived from pyrazoles and imidazoles.

which is known to reproduce well charges on atoms in - zq fo110ws from thegas-phase enthalpies of forma-
nitrogen-containing compounds [4]; its modification tion, the most stable is H-complexila which is

MNDO/M is one of thebest methods for studying ¢, meq with participation of the electron-donor*N

complexes formed via hydrogen bonding [S] (softwareyy,y, i addition,this complex is more polar than

packagefrom [6] was used). Hydrogen bonding is ;= \hich gives rise to stronger stabilization in
a very important factor determining specific structure dipolar solvent. The Ratom inllla has a smaller

g{azgmu%?':;n Hs-?:lct)srndleer;\ée%’(]j m%wsaggiﬁf’ggca%gen negative charge than N However, the latter isp™-
J P : P hybridized, and itcannot be a reactiocenter, for

was taken into account iterms of the point dipole
) . structural rearrangement necessary for the attack on
method [8]; the boundary energy of solvent dlsorderC3 of the substrate requires a considerabeergy.

ing, &, = 0.016kcal mol™ A%, was estimated on the - - -
assumption that the bond energy between DMF moleTherefore, the Kl atom is the active center in the

cules is equal to 2kcal/mol; the density, dipole rz%aTSr?rT é):‘o;trrllemﬁliirglmomum tetrazolide with ben-
moment, and dielectriconstant of DMF were taken y y y '
from [9]; and its polarizability wascalculated by The reaction kinetics (Scheme 1) were studied in
the ClausiusMossoti formula.Table contains some the range of substrate concentrations frOm026 to
parameters of two possible forniséa andlllb of the 0.10 M andnucleophilelll concentrations from 0.2
triethylammonium tetrazolide molecule (with coor-to 0.5 M. The concentrations of the reactants and the
dination of the ammonium fragment at'Nand N)  products were monitored by spectrophotometry in the
and charges omatoms,which determine the reactive temperature range from 100 to 20 The latter was
centers and structure of the transition state in thehosen for the followingreasons:below 100C the
reaction with substrate. conversion of the reactants is too low to ensure
proper determination of the rate constantghile

N,H"'NE% N at temperatures exceeding 2@0the process is com-
N//_ N N/_ \ plicated by side reactions including decomposition of
“N” SNT H o NEG nucleoside components and thermal decomposition of
Ila IIIb DMF. The procedure for kinetic measurements was

It is seen that M- and H-isomers of triethylam- analogous to that described in [1, 2].

monium tetrazolide both in the gas phase and in DMF Preliminary experiments showed that the UV
are stable as H-complexesther than as salt-like spectra of compounds andlIf in the range of con-
structures. Comparison of theond lengths and bond centrations from 10 to 10° M fit the Bouguer
orders shows that the complex formatideads, on LambertBeer law. In addition, 5-O-benzoyl-3-(2-
the one hand, tsome loosening of N-H and NN—=H tetrazolyl)-2,3'-dideoxythymidine {f ) was found to
bondsand, on the other, tdormation of hydrogen be stable in DMF at 10@ for a long time.
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Figure 1 displays a considerabiifference in the
molar absorption coefficients dfandlIf at A 230 and 7_ 20
270 nm. The rate constants determined from the sub-
strate consumption and accumulation of prodUtt
were identical, indicating that no stable intermediate
species is formed during thprocess. ltshould be
noted that measurements of the prodilictconcentra-
tion ensured substantially higher accuracy in the
determination of the kinetic parameterjerefore, 0 .

| 1
A 270 nm as taken as analytical wavelength. 240 N 260 280
nm

>

cm

1

, mol
—_
<
T
o

-3

ex 10

The reaction is described by the first-order equation

with respect to the substrate, and the semHiotetic Fig. 1. UV spectra of 3-O-benzoyl-2,3-anhydro-
thymidine () and 5-O-benzoyl-3-(2-tetrazolyl)-

2',3'-dideoxythymidine f) in ethanol.

plots remain linear up to a substrate conversion of
80-85%; therate constant calculated by the classical
first-order kinetic equation[10] does not depend
on the substrate concentration in the range ftG26

to 0.10 M. The order of theeaction with respect to
nucleophilelll was determined from thdependence
of the first-order rate constant on its concentration.
As is seenfrom Fig. 2, thecorresponding plots are
linear, and intecepts on they axis are negligible.
These findings suggest that tleder of thereaction

in the nucleophile is als@irst. The second-order rate . s

constantsk, | mol™t s, determined from the slopes 0 0.2 0.4 0.6
of the straight lines shown iRig. 2 aregiven below: ¢, mol 1’

Fig. 2. First-order rateconstants of the reaction of
Tempera- 100 105 110 115 120 benzoylanhydrothymiding with triethylammonium
ture, °C tetrazolide (I ) in DMF versus nucleophile concentr-
kx10> 1.28+0.05 2.20.1 3.0+0.1 4.6+0.2 5.2+0.2 ation at () 100, @) 105, @) 110, @) 115, and 9)

12¢°C.
The temperature dependence of the second-rate re

constant is described by the Arrhenius equation thus formed undergoes fast tautomerization ifo
Finally, kinetically uncontrollable rotation of the

logk, = (4.33+0.51)10/T + (6.77+1.21); pyrimidine base (glycone) about the glycoside—

r= 098 n= 5 s= 0.07. bond occurs through an angle of T80yielding
product IIf .
The thermodynamic activatioparametersgalcu- To conclude, it should be noted that the reaction

latedfrom the slope and the free term of the Arrhenius mechanisms of dimethylammonium azide atrit

equation are as 1f0”(1)WS'AH§98: 80 kImof' and  methylammonium tetrazolide with substrate are
AS"= -116 Jmol K. These values fall into the egsentially different, although both nucleophiles exist
range typical of bimolecular nucleophilic substitution jn pMF as H-complexes. In the first case, the reaction
reactions (]2) [11]. involves a six-center transition state [1, 2], while in

Taking into account the above data on gteicture  the second case the process follows a classigal S
of triethylammonium tetrazolide, some details of the Scheme. We hope to get a more clear insight into
reaction mechanism can be proposed (Scheme 2). Irfhe structureproperty relations holding isuch trans-
the rate-determining stage a bond is formed betweenformations by continuing our kinetistudies.
the N? atom of heterocyclélla and G atom of sub-
strate|; simultaneously, dissociation of the3G0? EXPERIMENTAL
bondoccurs. Thecharge localized on the oxygen atom

in intermediateA favors fast proton transfefrom Spectrophotometric measurements were performed

+ on an SF-46 instrument using 1-cm quaxells.
triethylammonium ion EfNH to the oxygen atom Dimethylformamide was purified as described[&].
attached to the pyrimidinéragment. Intermediat® 5'-O-Benzoyl-2,3-anhydrothymidinel( and 5-O-ben-
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Scheme 2.
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zoyl-3'-(2-tetrazolyl)-2,3'-dideoxythymidine [If) 3.
were synthesized and purified by the procedures

reported in [12, 13]. 4.

Procedure for kinetic measurements A jacketed
reactor equipped with a magnestrrer and gpower-
ful reflux condenser was charged with a solution of
compound! in DMF and adjusted to a required
temperature £0.5°C). Solutions of freshly distilled
triethylamine and sublimed tetrazole in DMF were
added through calibratefipettes, and this moment
was taken as the reacti@nset.Samples of the mix-
ture were withdrawn atspecified time intervals,
transferred into aeceiver, andjuickly cooled toroom
temperature to stop the reaction. A 20-ml portion
of the sample was transferred using a calibrated
microsyringe into a volumetric flask filled with
ethanol, the mixture was stirred anadjusted to
a volume of 25 ml by adding ethanol, and the opticallo'
density of the resulting solution was measured against
ethanol containing0.08 vol % of DMF. 11
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