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Abstract—The kinetics and mechanism of theN'-isomerization of 2-methoxycarbonyl-$-K-phenoxy)-
tetrazoles (X = H, CH NHCOCH,, Cl, Br, NO,) were studied by'H NMR spectroscopy in a DMS@;-
CDCl, mixture (25: 75). The rate asomerization of the Risomer into N-isomer fit the first-ordeequation
(after three half-conversioperiods). The isomerization sccompanied by hydrolysis and decarboxylation.
The Hammett plot of Ir/k,) for the isomerization showed a goedrrelationwith ¢~ values p~ = 1.33,

r = 0.965). Apoor correlationwith ¢ values was obtained. The kineti@ata, theeffect of solventpolarity,
the substitueneffects, and the results of AM1 quantum-chemical calculatisunggest an ionic mechanism
of the isomerization in polasolvents and a concerted mechanism in nonpolar solvents.

Tetrazoles constitute a class of compounds whiclexample, some 1,5-disubstituted tetrazoles exhibit
are very important for medicahemistry.Substituted a strong stimulating activity on the central nervous
tetrazoles were found to exhibit a wide spectrum ofsystem while 2,5-disubstituted analogs do fib@].
neurological activitywhich, depending on the sub- On the other hand, mosizides (which are important
stitution pattern, ranges from strorgimulation of precursors osuch compounds aamines, aziridines,
the nervous system to depressive action. Tetrazolésoureas, oxadiazoles, amdany others) are carcino-
carboxylic acids are widely used as pharmacophoregenic[14, 15, 20]. Therefore, the major and theost
in drug design, specifically, for creation of anticancerjmportant task is to control the isomerizatiprocess.
antimicrobial, antihypertensive, and antiallergiclt is also important to find conditions ensuring dis-
agents. Tetrazole derivativdsave recently attracted Placement of the equilibrium between isomers toward
increasing attention due to their industrial applica-the desired species. These goals couldabkieved
tions. It isquite probable that pharmacological activitythrough understanding of the isomerizatiomecha-
of tetrazoles is related to their physicochemical proJ11Sm.
perties, sothat thorough investigations in the field  Katritzky et al. studied the kinetics of interconver-
of tetrazole derivatives were initiated many years aggions of N-(a-aminoalkyl)benzotriazoles and found
[1-5]. Every year numerous publications appear orthat the reaction follows a dissociaticlecombination
the chemical behavior dfetrazoles, in particular on pattern. Thesame authors also found that tetrazoles
their prototropic tautomerism {85] and izomeriza- undergo fast isomerization involving'NN2-migration
tions [16]. Analogous ready isomerizations have beerof the substituent [10] due to activation of the-8
reported for a few other azoles having a substituent obond toward cleavage. This tendency vealvantage-
the nitrogen,e.g., for benzotriazole[10], benzimid- ously utilized in many synthetic transformations,
azole [17], and pyrazole derivatives [18]. including reactions with nucleophiles [226].

The main difficulty in the studies of tetrazole com-  Dabbagh and Lwowski (see [16] and references
pounds is that 1-tetrazole, 2-tetrazole, and the corretherein) studied the equilibria of 5-substituted 1- and
sponding open-chaiform of 1-tetrazole in solution 2-tetrazoles, the substituent af @emaining nearly
can form an equilibrium mixturevhose composition unchanged, and showed that 1- and 2-alkoxycarbonyl-
depends on the substitutigpattern,solventpolarity, tetrazolesand, insome cases, imidoyzides occur in
and other factors. Generallgachisomer has its own equilibrium. However, in the srystallingate only one
specific chemical and pharmacologigabperties. For isomer alwaysprevails,depending on the substituent

’ The original article was submitted iEnglish.
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1772 DABBAGH, MANSOORI

Table 1. Substituent and solvent effects on the position (9) Crystallization of the equilibrium mixture of
of the equilibrium between,5- and2,5-disubstituted tetra- 1- and 2-methoxycarbonyl-5-methoxy(or ethoxy)tetra-

zoles atroom temperatufe[16] azoles from diethyl ether gives pure 2-substituted
tetrazole.
Z Z Y _ . : .
=N — N Z—$—N—Y The aim of this work was to gain a better under-
Ny N-Y = NN T N standing of the mechanism of isomerization of N-sub-
N 3 stituted tetrazoleskirst, we studied the effect of the
2-Y-Tetrazol 1-Y -Tetrazol Azid 5-substituent (keeping the substitution at the 1- or
2-position constant) and solvent polarity on the rate
Substituents Isomer fractiorf, % of N1-N2-isomerization of N-alkoxycarbonyl-5-aroxy-
tetrazoles (and possibly of the azide isomersjoam
z Y 2-tetrazole| 1-tetrazole| azide temperaturdScheme 1). The following solvents were
examined: CGC), CDCl, CgzDgN, CD;COCD;,
CH;0 [CO,CH, 62 38 0 CD;0D, CD4,CN, D,0O, and CDC}-DMSO-dg mix-
CH,0O° |CO,CH, 100 0 0 tures.Second, the rate constants for disappearance of
CH,0 |CO,CH,CCI, 46 37 17 2-substituted tetrazoles were calculated and correlated
CH,O° |SOCF; 0 0 100 with the Hammett substituent constastandc™ [27].
Finally, we performed AM2lqguantum-chemical cal-
® In CDCl; unless otherwisestated. culations of the molecular geometry of the compounds
® Calculated from the'H NMR spectra. under study. We tried tbnd evidences indicating that
¢ In diethyl ether. the isomerization of tetrazoles follows an ion pair

mechanism and conditions to control the state of the
concentration and solvemlarity. The authorgame equilibrium toward the desired species.
to X following conclusions:

(1) Metoxycarbonyl-5-alkoxy(aroxy)tetrazoles and
related imidoyl azides do exist as an equilibrium Ny N
mixture; X@*O—Q \II\I :X@O 4 E
(2) The position of the equilibrium depends upon N \COOCH3 I|\I
the electronic nature of the N-substituent, concentra- COOCH,
tion, and solvent polarity;

Scheme 1.

_ 11, IV, VIII, X XII, XIV I, 111, VII, IX, XI, XIII
(3) In nonpolar solvents weak electron-withdraw-
ing groups (such as CQH,) favor acylation of L1, X = CHg, IE, IV, Xo= HyVIE, VI, X =
5-substituted tetrazoles at tBeposition; Cl IX, X, X = Br; XI, XIl, X = NHAc;

: : X, XIV, X = NO,.
(4) Moderate electron-withdrawing groups (such 2

as CQCH,CCl; and CQCCl,) favor displacement of Initially, we expected to observe a rapid isomeriza-

the equilibrium toward 1-alkoxycarbonyl isomers; tion (within hours) of 2-tetrazoles into 1-tetrazoles in
(5) Strong electron-acceptor groufSN, SO,CHs, chloroform, as reported previously [16]. However, we
SO,CF;) favor formation of the azidstructure; were surprised not to observe isomerization in non-

polar solvents (such as C£and CHCL) over several
days. Thisfact prompted us to study the isomerization
egilibria of N-substituted tetrazoles in more detail.

Solvent effect.In a polar solventsuch adDMSO,
the isomerization was very fast (in soroases theate
could not be measured, and the process was ac-
companied by hydrolysis and decarboxylation. The
best solvent system ensuring a moderate rate of the

(8) The'H NMR spectra of 1(2)-methoxycarbonyl- isomerization and minimal contribution of side reac-
S5-methoxytetrazoles, recorded immediately after tions was a mixture ofCDCl; with DMSO-dg at a
addition of abase,indicate that initially 1-substituted weight ratio of 75:25. In this solvent system all the
isomer is formed, ithen gives rise to an equilibrium  examined 1-methoxycarbonyl-5-aroxytetrazoles were
mixture with the 2-isomeand/or imidoyl azide; in equilibrium with the corresponding 2-isomer but

(6) The rate of isomerization of both tetrazoles and
open-chain azidesomers increases as their concentra-
tion and solvent polarityrise;

(7) In the solid phase or less polar solvefdsg.,
in diethyl ether), only one of the three isomers is
formed, depending on the nature of substituent in
position 1 or 2;
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Table 2. Transformations of 2-methoxycarbonyl-p-X-

0.38 phenoxy)tetrazoles in CDCI,-DMSO-d, (75:25, by
3 weight) at room temperature
i 0.25
i 0,
S Compd. Time Conversiorf, %
E 015 no. | h . N
§ hydrolysig decarboxylationizomerization
2
3 0.05 [ 127.4] 7.8 22.1 70.1
4 —-$ v 123.1 5.3 13.2 81.5
0.05 I ! ! vl |127.2| 107 20.2 69.1
-10 190 390 590 X 126.9 8.1 14.7 77.2
Time, h Xl 122.9 8.0 14.0 78.0
Fig. 1. Typical kinetic curves for the isomerization of XV |73.12 20.3 16.2 63.5

(1) 2-methoxycarbonyl-5gtnitrophenoxy)tetrazole and
(2) 1-methoxycarbonyl-5g-nitrophenoxy)tetrazole in 2 Calculated from the'H NMR data.
CDCI,-DMSO-d, (72: 25, by weight) at roontemperature.
_ o _ _ _ phenoxy)tetrazole. The contribution of the isomeriza-
not with the imidoyl azide. Figure 1 showstypical tion decreases and the contributions of hydrolysis

kinetic curve for the isomerization oN-methoxy- and decarboxylation increase with rise in the solvent
carbonyl-5-p-nitrophenoxy)tetrazole.Here, hydro-  polarity.

lysis and decarboxylation of the substrate (minor path-

ways) competed with itssomerization. The degree of ~ Tetrazole X) undergoes fast and complete (100%)
isomerization and the contribution of side reactiondlydrolysis on addition of PO to its solution in
(hydrolysis and decarboxylation) depend on the subchloroform, prepared in an NMR ampule. The rate of
stituent nature and solvent polarity (Tables 2, 3). Thesolvolysis of X in less polar methanol was slow in
data in Table 3 show the effect of solvgmtlarity on  favor of the isomerization. This is in good agreement
the isomerization rate and the extent of hydrolysis andvith the ionic nature of intermediates whose dissocia-
decraboxylation of 2-methoxycarbonyl-p-bromo- tion is faster in more polar solvents. The rates of

Table 3. Effect of solvent polarity on thésomerization, hydrolysis , and decarboxylation of 2-methoxycarbonyl-5-
(p-bromophenoxy)tetrazoleX) at room temperature

: i Isomerization,| k,,x 1" Hydrolysis, | Decarboxyla-
Solvent € Ratio X:IX % ps’l % tion. %

CDCl, (120f 4.7 - - - - -
Pyridined; (7.93) 12 0.13 34.25 206 34.24 315
CD,COCDy’ 21 - - - - -
CD,OD (8.03) 33 0.15 55.29 63.3 32.94 11.8
CD,CN°® 36 2.5 12.5 Fast 40.5' 15.5
D,0°" 78.5 - 0 - 100 0
DMSO-d;-CDCl, (w/w)

100:0 (8.45) 49 0.55 41.1 221 36.8 22.1

75:25 (6.25) - 0.78 46.0 120 34.0 20.0

50:50 (6.38) - 1.0 64.8 103 19.0 16.2

25:75 (11.9) - 3.2 88.7 5.61 7.1 4.2

22:78 (7.83) - 3.4 91.5 5.58 5.1 3.4

The numbers in parentheses denote the time (h) affeich a sample was withdrawn foanalysis.
Isomerization rate constarfEq. (1)].

No conversion.

Solvolysis.

Instantaneougeaction.

In chloroform shaken with BD.

- o Q2 o T o
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Fig. 2. Variation of the'H NMR spectrum in the course of transformation of 2-methoxycarbony-8h{orophenoxy)tetrazole
VIII into equilibrium mixture of 1- and 2-tetrazoles and hydrolysis and decarboxylation products.

isomerization, hydrolysis, and decarboxylation %f the l-isomer is linked to nitrogen archrbon. The
in pyridine-d; were nearly the same. Bcetonitriled;,  signal até 3.35 ppmbelongs to methanol which is
the rate of solvolysis was higher than the rates oformed along the hydrolysis pathway (sideaction).
the other competing processes. No isomerization waslost probably, the hydrolysis isaused by traces of
observed in chloroform andcetonedg over several water absorbed by the solvent during relatively long
days (Tables 2, 3). period of kinetic measurements. The formation of

Figure 2 shows aypical portion of the'H NMR methano_l_(vx_/hich is_ also c_onfirmed b_y IR spectra) in
spectrum illustrating the disappearance of 2-methoxythe equilibrium mixture is responsible for further
carbonyl-5-p-chlorophenoxy)tetrazole and appearancé&olvolysis. The signals @t4.05 and 4.35 pprbelong
of 1-methoxycarbonyl-5g-chlorophenoxy)tetrazole. to 1-methyl- and 2-methyl-Sgtchlorophenoxy)tetra-
Protons of the methyl groups in?Nand N-substi-  zoles, respectivelywhich are formed by thermal
tuted isomers give signals &t4.30 and 3.80 ppm, decarboxylation; 2-alkyltetrazoles are always the
respectively,i.e., thesignal of the 2-isomer appears major isomers [27]. Thelecarboxylation is unusual at
in a weakerfield. The reason ighat the N atom is room temperature; generally, it requingsich higher
linked to two nitrogeratoms,whereas the Natom in  temperatures (35C) [28] (Table 3).
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Nan DMSO : CDCI3 N N
ArO | = P —t 7 -
= -N a 25 : 75, room ArO— N ArO—< N
N"NcocH cH NN, & N
2~y temperature CO,CH,CH, | b
Ar =2, 4, 6-trimethylphenyl leo CO,CH,CH,
c /N\N
CH,CH,OH + ArO _<N/i'\1
I
H
p Time 1 (24 h) Time 2 (170 h) Time 3 (286 h) Time 4 (674 h)
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\ c M
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Fig. 3. Variation of the®H NMR spectrum in the course of transformation of 2-ethoxycarbonyl-5-mesityloxytetraXilg (
into equilibrium mixture of 1- and 2-tetrazoles and hydrolysis products.

The IR spectra of the equilibrium mixture showed electronegativity of the N nitrogen atom in the
no azide band (methoxycarbongtoup is a relatively 1-isomer.
weak electron-withdrawingubstituent, whereas only  The rate of isomerization of 2-ethoxycarbonyl-5-
moderate to strong electron-withdrawing groups faVOl‘mesitonxytetrazoIe)(X) (Fig. 3) is low,k = 4.20x
the formation of aziddsomer; Table 1)[16]. The 10’ s’ In this case theequilibrium does not shift
occurrence of isomerization is confirmed by thecompletely toward the Nisomer over 674 h (cf. the
presence of hydroxy group absorption due to methanelata for the othetetrazoles, given in Tables 3 and 4
and by the low-frequency shift of the carbonyl bandand Fig. 2).
of 2-methoxycarbonyltetrazole by about 50 ¢mThe Isomerization kinetics. The kinetics of the iso-
carbonyl absorption frequency shifts due to lowermerization were studied byH NMR spectroscopy.

Table 4. Kinetic parameters of the isomerization of 2-methoxycarbonyp-Z{phenoxy)tetrazoles i€ DCl,-DMSO-d,
(75:25, by weight) atroom temperature

Compound no.| N*to-N! [T]eqx 10°, Tqx10°%° s | 1,x10° s kypx 10°,° s* rd
isomer ratio Mn?
Il 0.69 4.56 8.81 1.55 4.47 (>3t,,) 0.990
\Y, 0.38 2.27 10.3 1.71 4.05 (>4t,,) 0.993
Vil 0.20 0.52 4.58 1.34 5.17 (>3t 0.998
X 0.14 0.45 8.65 1.24 5.61 (>3t 0.994
Xl 0.09 2.41 4.42 0.93 7.41 (>3t 0.994
XIV 0.02 0.50 7.78 0.26 26.50 (>4, 0.994

& Molal concentration.

P Equilibration period; after thatime, thetetrazole concentrations in the mixture no longer changed to an appreeidoiet.
® First-order rateconstant for disappearance of the-iomer, determined from the'H NMR data.

4 Correlation coefficient.
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The rate of disappearance of 2-methoxycarbonyl-5- Since [HO] << [T,] or [T,], any change in [5O]
(p-XCgH,O)tetrazoles (X = CH, H, CI, Br, AcNH, is negligible.
NO,) was measured in &DCIl;-DMSO-dg mixture

(75: 25, by weight) (Tables 3, 4). The relative intens- _ ﬂ = (k+ KT -k ([Talo-[Td -[TuD)

ity of the methyl proton signal was normalized against dt

the aromatic proton signals whose intensity did not When equilibrium established[T,]/dt = 0

changeduring the process. The rate disappearance (k+ k)

of the Ne-isomer conformed to the first-order kinetics (T)o-[Td-[T4l = — (T,

[after 3-4 half-conversion periodsScheme 2, Eq. (1)]. 1

In all cases the equilibrium was displaced toward the d[T,]

more polar N-isomer(Scheme 2, Tables-2, Fig. 1). el (k+ k[T, - (k+ K )[T]e
The geometry of tetrazoles was optimized in terms

of the AM1 semiempirical approximation (Table 5). _ ﬂ = (k+ k)T, -[T.1

The calculation results showed that more polar dt )

Nl-tetrazoles are more stable than theif-iSbmers

(except for compoundlll ). These findings are con- [TJ]-[T,.

sistent with the shift of the equilibrium toward the In[ } = —(k+ k)t,

N-isomer in CDCl,-DMSO-dg (75: 25).

Substituent effects.Figure 4 shows the Hammett h K=
plot of In(k,/k,) versus substituents constanfs[12] where &+ k)= ko @)
for the N°-N'-isomerization of 2,5-disubstituted tetra- zoles; a good correlation sbservedp™ = 1.33,r =

0.965.However, a poor correlation wasbtained with
o values. Theséata indicate that a negative charge is
NN developed in the transition state for the isomerization
Ar0— o pathway (Schemes 3, 4). lather words, electron-
If’ withdrawing groups in the aromatic ring increase the
COOCH, rate of isomerization and also of decarboxylation and
hydrolysis.

kluk—l Two mechanisms of the NN-isomerization of
NaN NNy & N- tetrazoles can be considered: intermolecular (dissocia-
ATO— N +Ar0— o L A0 tion-recombination,e.g., anionic mechanism) and
N"X N-N -CO, \ intramolecular (concerted,,2-shift). Following the
CH I COCH, _
3 CH I first of these, 2-alkoxycarbonyl-5-aroxytetrazoles
T T T, O dissociate completely to form tetrazolide anion and
methoxycarbonyl cation (Scheme 3). Scheme 4 shows
2 | "n two types of intramolecular concerted mechanism of
N-N the equilibrium N-Nl-isomerization.

[Tolo-[Tole

Scheme 2.

Tl

N~ Table 5. Relative stabilities (kcal/mol) and dipole
H moments (D) of 1(2)-methoxycarbonyl-p-K-CsH,0)-
T tetrazoles, calculated by the AMtnethod

dr, _ Relative stability of the] Dipole moment
dt = (ks + K[HO] + k[T [T X 1-isomer with respec
[T,]o= [T]+ [T+ [Tul+ [T, (Material balance to the 2-isomer 1l-isomer| 2-isomer
equation)

[T]o= [Tolot [T+ [T+ [T4] CH, 7.50 (/) 6.30 1.90

H 8.30 (Il /IV) 3.40 1.70

d[T,] Cl 8.10 (Il /VIl) 3.40 1.70

- —— = KT]-ki([Tdo-[T-[Ted -[THD> NO, 6.70 Xl /XIV) 4.90 5.60
dt

k= k,+ k,H,O + Kk, % In parentheses are given the corresponding compound
numbers.
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AcNH, Br, Cl, H, CH;) favor an ionic mechanism.
2.5 Concerted reactions are generally characterized by
, y=133x+0.37 p-NO, smaller p values. However, &oncerted mechanism
#0.96 of type A cannot be rulesdbut. Mechanism B is ex-
cluded because of the positive value.

The rate of isomerization and side reactions (hy-
drolysis and decarboxylation) increases in going to
more polar solvents: DN, CD;OD, CD;CN, and
D,O. This was the first indication that the reaction

05 0 0.5 . o follows an ion pair mechar_ﬂ_sm (Table 3). Con_certed
' ' mechanisms are less sensitive to the solyeiarity.
Fig. 4. Hammett correlation for the rate of disappearance In weakly polar solvents (such as GCICDCl;, and

Ik /hcyy)
T

of 2-methoxycarbonyl-5gtXC¢H,O)tetrazoles in CDGH CD5;COCD,) the isomerization is verglow. Neither
DMSO-d, (75: 25, wiw) at room temperaturg= 1.3334x isomerization no side reactions were observed with
X + 0.3661;r = 0.9648. tetrazoles having N§ AcNH, Br, Cl, H, or CH;

group in thepara-position of the 5-phenoxy substit-
Initially, the concerted mechanisms were consideruent. Theisomerization was not accompanied by side
ed (Scheme 4)However, theHammett plot for the reactions when the substrates had;OHCH,;CH,0,
isomerization ¢~ = 1.33,r = 0.965, forp-XC¢H,O  2,4,6-trimethylphenoxy, or 2,6-dimethylphexy
groups at the5-position of tetrazoles, X = N& groups in position5 of the heteroring.

Scheme 3.
lonic intermolecular isomerization mechanism

O
/>—0Af [ N-N, N-N
\ —_— +7 = OAT| =/ A\ OA
MeO —ﬁ/ N (|C)EMN\N>_ ! III\I\I|\1>_ r
© _COMe
7
Scheme 4.

A: Concerted intramolecular isomerization mechanism
with formation of tetrazolide anion

O\+ Z,,OMe O‘\+ 4QMe
N=N pe G
I OAr N\‘l N\\ -
N.. /ZS_ — N N — NN\ 0a
MeO— lc/ \}N — ArO—<N/1I\I ArO—(NgN <_N‘N>_ r

|
y. COMe

Ar = p-XCgH,; X = NO,, AcNH, Br, CI, H, CH,.
B: Concerted intramolecular isomerization mechanism with formation of tetrazolium cation

3 O 50
% a ) 6 5
) -N
N é o —t N= OMe >T “C_ OMe _,N NG
MeO—¢/ N ( ,\NJ/ N }\I II\II\N>_
N |
© COMe
4

G = CH,S, CHO, CHCH,O.
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Scheme 5.
Intramolecular concerted mechanism of equilibrium isomerization

COOMe COOMe
N=N O 0D NN
NYN—COOEt mN + %N ——= N N—COOMe
OAr' OA OAr OAr
XIX XX v I

Scheme 6.
Intramolecular ionic mechanism of equilibrium isomerization

,COOEt N-N
N-N N N—COOEt
N_N Y
\( OAr'
L Me
N-N ,COOMe oN N—N
N N—COOEt N-N X __ NN OBt === {
NN + N_N \r
OAr Y OAr'
Vv / OAr OATr \ XVIIL
- IV XX N=N
NN =)
N, N—COOMe CH;, Ny N—COOMe
\OrAr Ar = @ Ar'= CH;,. OAr'
| CH, XVII

Special experiments werearried out in order to This eliminates the possibility of intramoleculeon-
verify the proposed mechanisms. A 1:1 mixture ofcerted mechanism irCDCl;-DMSO-dg (75:25).

2-ethoxycarbonyl-5-(2,4,6-trimethylphenoxy)tetrazole The rate constants for disappearanceath tetra-

(XX) and 2-methoxycarbonyl-5-phenoxytetrazdi X ; : : : : iff
was dissolved inCDCl,-DMSO-ds (75: 25, wiw), zole in a 1:1 mixture oXX andlV in solution differ

monitored by'H NMR spectroscopy. \_/}(ex_pect?d toh IV affects therate of disappearance of tetrazofX
observe four tetrazoles at the equilibrium for the;, solution and viceversa.

concerted mechanism (Scheme 5) and eight tetrazoles

for the ionic mechanism (Scheme @)nfortunately, Table 6. Rate constants of the isomerization pfire
all the signals corresponding to the GTH; group  2-methoxycarbonyl-5-aroxytetrazoles and their 1:1 mix-
of N'-tetrazoles appeared &t3.80+0.05 ppm.When  tures with 2-ethoxycarbonyl-5-aroxytetrazoles

the mixture of tetrazoleB/ and XX was injected into

a mass spectrometer, no molecular ipaaks was Compound R Ar kipx 10°,% | Kypx 10°°
observed (due to loss of methoxycarborgioup). no. st s?
Neither the mixture oflV and XX nor tetrazolelV

in solution (CDCI;-DMSO-dg, 75:25) showed the \Y Me Ph 3.89 -
molecular ion peak even at lower ionization energies XViil Me Mes 6.22 2.0
(10 eV). Puresolid tetrazoles or their solution in VI Et Ph 4.03 5.1
chloroform give strong molecular ion peaks; for XX Et Mes 0.66 5.1

example, compoundV showed the molecular ion
peak with m/z 220 (34%) at 70 eV. The loss of # Pure N-tetrazoles.

methoxycarbonyl group in solution is a goedidence ° 1:1 Mixtures of 2-methoxycarbonyl- and 2-ethoxycarbonyl-5-
for at least partial ionization of substituted tetrazoles. aroxytetrazoles[Eq. (1)].
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The following conclusions can be drawn from theTable 7. Synthesis of 1-alkoxycarbonyl-5-aroxytetrazoles
results of our study of the kinetics and mechanism oby reaction of 5-aroxytetrazoles with methyl and ethyl

isomerization of 2-methoxycarbonyl-$-K-phenoxy)-  chloroformates

tetrazoles. According to théH NMR and IR data, Non (”) BN

in polar solvents the equilibrium is displaced toward @ an 3 @ /N
the more polar &isomer. In thesolid phase Ritetra- O_<N/iI\I+ROCC1THF, 0°CX O_<N/1'11
zoles predominate. The isomerization rate increases | |

with rise in solvent polarity and increase in tekec- H COOR
tron-withdrawing power of the substituent in position

5 of the heteroring. Agood correlation is observed comp. Yield, | mp (decomposi-
between Ink,/k,) and Hammett constants™ (p~ = no. X R % | tion point), °C
1.33,r = 0.965). Thasomerization follows the inter-

molecular ion pair mechanism in polar solvents. In |, p-CH, Me | 52 | 72-73 (100)
less polar solvents, the intramolecular concerted |, H Me | 55 | 68-69 (97-98)
mechanism of type A is favored. In none of the H Et 57 | 54-56 (98)
systems under study azide tautomer was detected. In,, p-Cl Me | 80 | 90-91 (96:97)
keeping with the calculated (AM1) total energues and x p-Br Me | 94 | 77-78 (106)
dipole moments, Mtetrazoles are more stable and y, p-NHAC Me | 92 | 109 (110111)
more polar than their Nisomers. The higher stability vy p-NO. Me | 72 | 88 (91)

of N'-tetrazoles (except for compounXill) is  xyi [26-Me0) | Me | 68 | 171-173 (125)
responSible for diSpIacement of the equilibrium XVII 2,4,6-Mg Me 70 104-105 (114)
toward the [\}-isomer in polar solvents. XX 2,4,6-E§ Et 65 93-94 (94_95)

EXPERIMENTAL

Table 8. Spectral parameters

(p-X-phenoxy)tetrazoles

The elemental analysis was determined at the

dfl-methoxycarbonyl-5-

Tarbiat Modarres Universityyan. Themelting points IR spectrum,v, cm® | *H NMR spectrunf®
were determined using a Gallenkamp apparatus and y 8, ppm

are uncorrected. All starting compounds and solvents

were purified by standard procedungsor to use. The NZisomef | Nk-isomeP | N-isomer| NZisomer
'H NMR spectra were recorded @DCl,-DMSO-dj

(75:25, by weight). 2-Alkoxycarbonyl-{X-phen-  cp 11810 ¢1) [1750 () [3.75 () [4.20 ()
oxy)tetrazole, 80 mg, was dissolved 84 g of the | 1804 (V) d 3.80 (I) |[4.25 (V)
mixed solvent. The solution waslaced in an NMR ¢ 1797 VIl Y1750 VI11)[3.80 WII) |4.25 (IIl)
ampule, and the isomer ratio was measured 1797 ) |1750 (X) |3.85 (X) [4.30 (X)
specified time intervals (depending on the substitueniyac | 1690, 1750 1690, 1797/3.80 XI) |4.30 XII)
on C°) at room temperature. The AMtalculations ) 1)

were performed using HyperChesn02 software [27].  No, [1797 &IV) 1750 Il {3.75 (XIll )|4.30 XIV)

1H-Tetrazoles were synthesized by the procedures

reported in [16, 29]. Theonditions for synthesis of * Chemical shifts of CQCH,; in parentheses are given com-
2-methoxycarbonyl-5g-X-phenoxy)tetrazoles are , pound numbers. o

given for X = H, CH;, NO,, NHCOCH;, Cl, and Br. _ In CDCI;-DMSO-, (75: 25, wiw) at the equilibriunstate.

All 1 H-tetrazoles reacted with methyl or ethyl chloro- :\'TotKggtecte ]

formate in anhydrous THF in the presence of triethyl-c , .. carbonyl frequency.

amine. The results are summarized in Table 7.

2-Alkoxycarbonyl-5-(p-X-phenoxy)tetrazoles
[X= H, CHg, Cl, Br, NHCOCH;, NO,, 2,6-(CH;0),].
5-(p-X-Phenoxy)tetrazole,5.91 mmol, andfreshly
distilled alkyl chloroformate, 6.5nmol, were dissolv-
ed in 30 ml of THF dried over metallisodium. The
solution was cooled to°C, and a solution of 0.9 ml
(6.5 mmol) of triethylamine in 10 ml of anhydrous
THF was added dropwise. The mixture was

stirred for 2 h and filtered, and the precipitate was
washed with anhydrous THF (310 ml). Thefiltrate
was evaporated under reduced pressure & 30ry
diethyl ether was added to the viscous residue until
the solution becameloudy, and the latter wakeft
overnight in arefriferator. Crystals of2-alkoxycar-
bonyl-5-(-X-phenoxy)tetrazole were filtered off and
washed with 10 ml of cold diethydther. ThetH NMR

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 12 2001



1780 DABBAGH, MANSOORI

Table 9. Elemental analyses of 2-alkoxycarbonyl{sX-phenoxy)tetrazolés

Found, % Calculated, %
Compound no. Formula
C H N C H N
I 51.28 4.30 23.92 CoH1oN,O4 51.80 4.34 24.49
v 49.09 3.66 25.45 CyHgN,O, 49.25 3.62 25.54
VI 51.28 4.30 23.92 CoH1oN,O4 51.62 4.27 24.04
VI 42.45 2.77 22.00 C,H,CIN,O, 42.44 2.75 22.34
X 36.14 2.36 18.73 C,yH,BrN,O, 36.10 2.32 19.38
XX 55.51 5.84 20.28 C.,H..N,O, 56.17 5.78 20.27
& Compoundsl, I, V, VII, IX, and XI-XIX were reported in[29].

Table 10. FT-IR and '"H NMR spectra of 2-alkoxycarbonyl-3(X-phenoxy)tetrazoles

Co:;pd. FT-IR spectrum (KBr),v, cm* 'H NMR spectrum,3, ppm (, Hz)
I 3046 m, 2966 m, 2950 m, 1810 s, 1549 s, 1360 s, 119@34SO, CDCL): 2.40s (3H), 4.25s (3H), 7.20
1078 m, 978 m, 830 s, 749 s 7.50 m (4H)
v 3181 m, 2910 m, 2890 w, 1804 s, 1549 s, 1193 s, 6§2Z0MSO, CDCL): 4.25s (3H), 7.267.70 m(5H)
Vi 3095 w, 2993 m, 2955 w, 1797 s, 1543 s, 1382 s, 117FBMSO, CDCL): 1.50 t (3H, 8), 4.70 q (2H, 8),
965 s 7.20-7.70 m (5H)
VI 3113 m, 3100 w, 2959 w, 2955 w, 1797 s, 1549 s, 1488(DMSO, CDCL): 4.25 s (3H), 7.367.70m(4H)
1367 s, 1233 s, 1078 s, 978 s, 837 m, 750 m
X 3107 m, 2966 m, 1797 s, 1549 s, 1481 m, 1367 m, 119@8VSO, CDCL): 4.30s (3H), 7.257.90 m(4H)
1072 s, 830 s, 749 s
Xl |3369 m, 3200 w, 3170 w, 3073 w, 1797 s, 1690 s, 1616(®MSO, CDCL): 2.10s (3H), 4.20s (3H), 7.20

1549 s, 1508 s, 1441 s, 1193 s, 978 m, 837 s |7.50 m (2H), 10.05 s(1H)

XIV 3120 m, 1087 m, 1797 s, 1535 s, 1448 s, 1360 s, 12P@HMSO, CDCL): 4.30 s (3H), 8.50 d (2H, 9),
870 s, 749 s 7.80 d,(2H, 9)

XVl 3100 w, 3000 m, 2920 m, 2830 m, 1805 s, 1610 s, 15350\SO, CDCL): 2.155s (6H), 4.30s (3H), 7.30d
1480's, 1440's, 1365 s, 1310's, 1230 s, 1110's, 975 s, 2Bk, 9), 7.70 d (2H, 9)

760 s

XVII 3045 w, 2995 w, 2919 w, 1797 s, 1549 s, 1367 m, 1193(®MSO, CDCL): 2.15 s (6H), 2.30s (3H), 4.25s
984 m, 749 m (8H), 7.10 s(2H)

XX 3005 m, 2925 m, 1797 s, 1549 s, 1481 m, 1193 s, 85}(@DClL): 1.50t (3H, 8), 2.15s (6H), 2.30s (3H),
756 m 4.70 q (2H, 8), 7.05 g2H)

and FT-IR spectra of the products are given intion was monitored by measuriritdt NMR spectra at
Tables 8 and 10, and their elemental analyses are caleom temperaturéFig. 1). Thechemical shifts of the
lected in Table 9. The structure of the tetrazoles listeH3;OCO protons ofeachisomer were preliminarily
in Table 7 was established by converting them intdound from the'H NMR spectra of pure 1- and 2-sub-
the Corresponchnm_methyltetrazoles[27] St|tuted tetraZO|e$16, 27] The I‘e|atlve concentra-
_ tions of the reactants and the products were calculated

Typical procedure for measurement of the raté  from the corresponding signal intensitiggigs. 2, 3).
of disappearance of 2-alkoxycarbonyl-5-aroxytetra-  The intensities of the CKDCO signal of the reagent
zoles.A high-precision'H NMR ampule was charged and of the CHOCO or CHN signal of the products
with 80 mmol of 2-methoxycarbonyl-5-aroxytetrazole,were normalized with respect to the aromatic proton
0.84 g of CDC}-DMSO-dg (75: 25), andetramethyl-  signal whose intensity remained unchanged during
silane as internaleference. The progress of the reac-the process. The rateonstants were calculated by
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Eqg. (1), and themolal concentration ], Mn, by
Eqg. (2):

11.
m;
[X] = 4/3 (S\/Ielsaron“) NV (2) 12.
rnsolv IvlT
wheremy, my,,, andMy are,respectively, the weight , ,

of tetrazole (80mmol), solvent(0.84 g), andmole-
cular weight of tetrazole§,, and S, are the areas
under the signals from methyl and aromatic protons;
the coefficient 3/4 should be replaced by 5/3 in the

case of 5-phenoxytetrazole and by 2/3 in the case ofg

5-mesityloxytetrazole.
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