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The alkyl Grignard addition reaction on 1-benzyltetrazolylimine proceeds to give N-alkylated products (azo-
philic addition) and, in contrast, the same reaction on 2-benzylietrazolylimine produced predominantly C-alky-
lated products (carbophilic addition). In this report we described theoretical explanations for this experimental
finding on the basis of the frontier molccular orbitals and the clectrostatic nature of the reactants and the reac-

tion intermediales.

Introduction

Numerous tetrazole derivatives possess various biological
activities due to the fact that, in many cases, a tetrazole func-
tional group serves successfully as a metabolically stable
isostere for a corresponding carboxylic acid.' Recently in
connection with the development of nonpeptidic antagonists
of the vasoactive octapeptide angiotensin [l, there has been
renewed interest in the chemistry of tetrazoles.” As part of
our research programs for designing enzyme inhibitors and
receptor antagonists, we needed various tetrazole analogs as
amino acid isosteres.”

Previously, we reported our experiment result that the
addition of alkyl Grignard reagents on l-benzyltetra-
zolylimine occurred at the nitrogen atom to give correspond-
ing N-alkylated tetrazole amines (azophilic product) (7).
while the same reagents on 2-benzyltetrazolylimine exclu-
sively attacked the imino carbon (carbophilic product) (10)
(Scheme 1 and Table 1).* First of all. this azophilic addition
on the imine system is not common although there are few
examples known in rather special cases such as the azophilic
addition of Grignard reagents to the o-imino ester.’ [he
rarity of this phenomenon and. in our case, a different behav-
ior of two regioisomers prompted us to investigate the reac-
tion theoretically. In the present paper, we will discuss our
results based on the frontier molecular orbital (FMQO) and
the electrostatic nature of the starting materials and the pos-
sible reaction intermediates.

Computational Methods

All computational works were performed on Silicon
Graphics Computer (OG> R5000) using SYBYL (v. 6.3, Tri-
pos, Inc., $t. Louis) program. In order to obtain optimal con-
formations for 1- or 2-benzyltetrazolylimine, corresponding
intermediates and products, Grid search was performed.” For
three rotatable single bonds with grid steps of 60 degrees, we
calculated 216 different conformers. After we selected the
lowest energy conformer, the geometry was reoptimized
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using the semi-empirical method with PM3 method. For
anionic intermediate, we calculated the E isomers of anion
states (3) and (5) without MgX. For alkyl Grignard reagents,
semi-empirical calculations were carried out with MOPAC
using PM3 ®and ZINDO method.®

Table 1. Nucleophilic addition of Grignard reagents to 1 and 2-
benzy letrazolylimines

Yielde Yield
| > . . : X .
R'MzX  Entry 7:8 (%) Entry  9:10 (%)
CtMgBr la 100:0 83 2a 24:76  54F
BnMg(l b 100: 0 76 2b 5:95 75

“Yields after purilication by ¢chromatography on silica gel preparative
TLC. * The ratio of two diastereomers is 3: 7.



442 Bull. Korean Chem. Soc. 1999, Vol. 20, No. 4
Results and Discussion

Fronticr Molecular Orbital Interaction. First. we cxam-
incd the fronticr molecular orbital interactions of the reaction
intecrmediates (3) and (5). as we expected that the azophilic
addition might be preferred duc 1o the anion stabilizing
nature of the tetrazole group.

According to the PM3 calculation on two isomers. the
LUMO cnergy of 1-bensyl-tetraszolylimine (1) was lower by
0.46 ¢V than that of 2-bensyvltetrazolyliming (2). When the
alky] Grignard rcagent attack as a nucleophile. it will attack
the clectrophilic site where the LUMO cocfTicient would be
larger. When we compare the size of orbitals. the LUMO
cocllicient of nitrogen is slightly larger than that of carbon
although there was no significant diflerence in the LUMO
cocfficicnts between the nitrogen atom and the carbon atom
(entrics 1 and 2 in Table 2). This resull gencrally indicated
that in both isomers the azophilic addition is slightly favor-
ablc.

In the case of the azophilic attack. the devcloping anion
could be stabilized by the tetrazole ring. Thercfore. we cal-
culated the heats of formation of the anion intermcediales
from two isomers (3, 4, 5, 6) and found oul thal the heals of
formation of tctrazole anion slates (enirics 3a and 3b. Sa and
Sb n Table 2) (azophilic addition) were lower than that of
nitrogen anion states (eotrics 4a and 4b. 6a and 6b in Table
2) (carbophilic addition). However. these results were not
cnough to explain the difference between 1- and 2-benzylict-
razelylimine toward the azophilic addition.

Nonctheless. the molccular orbital calculation showed that
the clectrons arc more delocalized in the reaction intermedi-
atc (3) derived from the azophilic addition on 1-benzylictra-
zolvliming (1) than in 2-benzy lictrazoly limine (2) and it also
showed that the LUMO encrgy of (3) is lower than that of
(5). Furthermore. it showed that the LUMO encrgy of [-ben-
zxltetrazolylimine (1) is lower in the (elrazole anion stalc

Table 2. The result of semi-empirical caleulation of reactants and
anionic intermediates from Gngnard addition on 1 and 2-benzyl-
tetrazolylimine

NLUMO CLUMO

Sung-eun Yoo ef al.

(entrics 3a and 3b in Table 2) than the imino anion stale
(cntrics 4a and 4b in Table 2). whereas. in the casc of 2-ben-
zylictrazolylimine (2). the opposite is truc. These two cflects
scemed to explain the trend that in the casc ol 1-benzy ltetra-
rolylimine (1) the azophilic addition is morc preferred over
the carbophilic addition.

We then examined the intcraction between orbitals from
nuclcophiles and clectrophiles. A mixing of the occupicd
orbitals on the nucleophile with the unoccupicd orbitals on
the clectrophile has been proposcd to explain the reactivity
between a nucleophile and an clectrophile. ' The stabiliza-
tion encrgy (8E) of the transition state. gained by mixing of
orbitals is given as

n“CQC [ 2 CnuCCL' (| ):

SF = QuucQu ( lecfi
e Enenio—Eruno
A B

Chue: the HOMO coefficients on the nucleophilic site.

Cli . the LUMO coefficients on the elctrophilic site.

[3: the resonance integral.

Enonio-Eird wio: the energy gap between the HOMO of the
nucleophile and LUMO of the electrophile.

Qnue and Qui..: the electron populations in the atomic orbit-
als on the nucleophile and electrophile respectively.

¢: the local dielectric constant.

R: the distance betiveen the nucleophile and electrophile.

The resonance intcgral B was assumed to have a valuc of
5.83 for C-N bond and 6.22 for a C-C bond (1.75 A).!' The
term A in the above cquation is the clectrostatic contribution
to the stabilization of the transition statc. while term B repre-
sents the fronticr molccular orbital contribution.

The regiosclectivity. in gencral. can be predicted by the
comparison ol 8 lor cach attacking sitc. The site where the
grealest stabilization of the transition state can be accommeo-
dated (OF is most highly negative) will be the attacking sitc.
The cnergy gained by the FMO contribution (SE) for cach
attacking sitc suggests that the azophilic addition is gener-
ally favored over the carbophilic addition in all cases (OEN -
SE. < 1) (Table 3). [t also shows that the preference for azo-
philic addition 1s slightly greater in the case of 1-benzy ltcira-

Entry  HF (kcal)  HOMO LUMO | Ticient coctlicic v 9 ) it
coctlicient cocllicient zolyliming than the corresponding 2-benzy lictrazoly liming,
I 18955 -9.84 .65 045733 1039923 This FMO result is similar to that of the azophilic addition of
2 19237 971 190 2027845 021721 alkyIlithium recagents to NMuorcnimings.'-
Anionic termedintes In summary. the molccular orbilal calculation scems to
— — suggcest that the Grignard rcagents (HOMOQ) will attack pref-
Azophilic addition 8&C ) © WHighe 8 _ ( . ) P
crentially the 1mino nitrogen over the imino carbon in both
RiMaX v I HOMOTUMOEnn JE  HOMOTIMO isomers but it is not cnough Lo cxplain the difference of regi-
B} " (keal) ~ (keal) osclectivity between two regioisomers.
FtMeBr 3a 9065 -343 264 3a 10816 299 289
BnMgaCl 3b 12503 -333 236 5bh 13713 -3.07 284 Table 3. The difference of stabilization eneray of the transition
Carbophilic addition stales from azophilic and carbophilic addition
T T R MeX 1-benzy ltetrazoly lumne 2-benzyltetrazolylimme
Mo : ” . B 2.
RIMeX Fntiy g1y HOMOTUMOENI oy HOMOLUMO S OFurn OFx-OFc| OFu  Fana OFn- 8Fc
FtMgBr 4a 9920 -3.67 286 6a 124.02 -2.66 235 EtMeBr| 0811 -0475 0336 | -0.377 -0.163  -0.215
BnMeCl 4b 13148 -374 285 6b 15036 -325 215 BnMgCl| -0.533 -0312  -0.221 | -0.247 -0.106  -0.141
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Figure 1. The direction and size of dipole moment of (a) 1-
benzy ltetrazolvlimine (size: 4.64 debye) and (b) 2-benzyvltetra-
solylimine (size: 2.19 debye).

Electrostatic Interaction. Therefore. we examined dipole
moment'? to see its role on the regioselectivity of the reac-
tion. The direction of dipole moment of [-benzyltetra-
zolylimine (1) was found to be toward the tetrazole ring,
while that of 2-benzyltetrazolylimine (2) was found to dis-
sect the plane formed by the carbon atom and the tetrazole
ring (Figure 1).

In the case of reaction intermediates. we had to consider
four possible anion states (3). (5) & (4). {6) as depicted in
Scheme 1. However, we considered only the E form of anion
states (3) and (5) because of their thermal stability as well as
in the corresponding starting conformations. The analvsis
shows that in the anion state (entries 3¢ and 3d in Table 4)
the electron density is more populated in the tetrazole ring
than on the imino nitrogen atoms (entries d4¢ and 4d). The
size of dipole moment of the [-benzyltetrazole anion states
(entries 3¢ and 3d) was about two times bigger than that of
the nitrogen anion state (entries 4c and 4d). [n the case of the
1-benzyltetrazole, intermediate (4) resulted from the carbo-
philic attack. the dipole moment directed into carbon atom,
while in the intermediate (3) resulted from the azophilic
attack. the dipole moment directed into the tetrazole ring.
Theretore. the Grignard reaction on |-benzyltetrazolylimine
(1) will most likely occur at the imino nitrogen to go through
more stable anionic intermediate and eventually o give the
azophilic addition product. In contrast, in the case of 2-ben-
zyltetrazolylimine (2) the electron density is higher at the
imino nitrogen atom {entrics 6¢ and 6d) than in the tetrazole
ring (entrics Se and 5d). Furthermore, the size (7.42 debye)
and the direction of the dipole moment scem to support the
carbophilic addition to be more favorable in the case of 2-

Table 4. The size (debye) and direction of dipole moment

Azophilic addition
R'MgX | Entry  Size  Dircction | Entry  Size  Dircction
EitMegBr 3¢ 9.48 let. S¢ 5.30 C-tet.
BnMeCl | 3d 1045 Tet. 5d  4.83 C-tet.
Carbophilic additon
R'MgX | Entry Size  Direction | Entry  Size  Direction
EtMgBr | dc 6.18 C-tet. 6¢ 7.42  Imino N.
BnMgCl | 4d 3.29 C-tet. 6d 698 IminoN.
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Figure 2. The dircction and the size of possible anionic
intermediates resulted from azophilic and carbophilic attack on two
isomers. (a) the tetrazole anion state of 1-benzyltetrazolylimine by
azophilic addition (size: 9.48 debye). (b) the nitrogen anion state of
I-benzyltetrazolvlimine by carbophilic addition (size: 6.18 debye).
(¢) the tetrazole anion state ol 2-bensylteirazolylimine by azophilic
addition (size; 3,30 debye). (d) the nitrogen anion state of 2-
benzyltetrazolylimine by carbophilic addition (size: 7.42 debye).

benzyltetrazolylimine (Figure 2).
Conclusions

The theoretical study revealed that the electrostatic contri-
bution seems to be more important than the FMO contribu-
tion in determining the regioselectivity. The direction and
size of dipole moment in the states of both starting and reac-
tion intermediates support this conclusion well. Therefore,
we may conclude that the alkyl Grignard reaction on l-ben-
zyltetrazolylimine (1) prefer the azophilic addition because
of the stabilizing effect of the tetrazole anion {(3). In contrast,
in the case of 2-benzyltetrazolylimine (2) the normal carbo-
philic addition is preferred due to the lack of such tetrazole
anion stabilizing eflects.
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