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¢ Xinetics of cycloadditions of phenyl azides to methyl 3-pyrrolidino—
acrylate (2) produced Hammett ,° = 2,2, An E_ of 13.5 keal mole” ' and AS”
of =37.4 cal.K 'mole™! were caleulated for the cyclosddition of p-ONCGE,N; to
2. The cycloadditions are concerted, non-synchronous, and are controlled by
IUMO (azide) - HOMO (dipolarophile) interactions.

Numerous studies have been carried out on the mechenism of 1,3~dipolar
cycloaddition reactions. Based on their systematic studies, Huisgen and
ccmo:v.-kers‘l advanced the suggestion that the reaction is a four-center single-~
step reaction with an activated complex at the rate determining transition
state whose structure depends on the extent of bond formation between the
reaction centers. On the other hand, 1':Lres1;one2 proposed a two~-step mechanism
involving a diradical intermediate. The regioselectivity of the 1,3-dipolar
cycloaddition reactions and the effects of substituents on rates have been
rationalized by Houk et a1.3 and Sustmann4 using the frontier orbital method.
Cycloadditions of phenyl azides 1o olefine with electron-~donating or electron-
withdrawing substituents5 led Huisgen6 to propose a concerted non-synchromous
mechanism with partial charges at the transition state which can be stabilized
by the substituents. Ilater, Huisgen1 adopted the frontier orbital method to
explain his results. We here report our kinetic studiee7 on the cycloaddition
of phenyl ezides (1) to methyl 3-pyrrolidinoacryla.t38 (2) to produce methyl
1-phenyl-1 ,2,3—triazole~4-carboxylat99 (4) via triazoline (3).
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Tadble 1
Rate constants for the cycloadditions of 1 to 2 in benzene at 101.5°,

X H p~-Me p-Br n-Cl m—l!02 p-N02 )0 2.2 4 0.1
— - = +2.,2 + O,

108 x wls~1 |25 | 1.5 67 112.7 | 763 1700

The kinetic data are reported in Table I. A kinetic study of the cycloaddition
of para-nitrophenyl azide (5) to 2 in the temperature range of 75.6 - 101.5°
led to five rate constants which gave a reasonable Arrhenius plot, and the
follaning activation parameters were calculated: E, = 13.5, AH = 12.8 ,
Ac" = 26.8 (all in keal mole~!), A S" = -37.4 cal mol~ &~ and log Am5.15.
The observation of a positive Hammett reaction constant (AP = 2.2) suggests"
that the reaction is controlled by the interaction of the HOMO of 2 and LUMO of
1. According to the CNDO/2 calculations'? the transition state leading to the
formation of 3 could be visualized as

Table II
Rate constante (M"1S'1) for the oycloadditions of phenyl azides to certain
dipolarophiles at 25°.

BR-N, Cyclopentenea Compound 2 1-Pyrrolidinocyclohexenea
CeByg- 2.4210~7 2.5x10~1(P) 9930x10™7
P=0,NC.H,~ 14.9x10"7  158.5x10~7(°) 1420000x10™7

(a) reference 5 ; (D) estimated 3 (e) calculated.

It can be seen from Table II, that phenyl azide adds to 2 with a rate
comparable with its rate of addition to cyclopentene, which in turn is ten
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times faster than its rate of addition to 1-heptene (k2=0.24x10'7 ¥is~! at
25°)5. Puarther, p-nitrophenylazide (5) cycloadde faster than phenyl azide to
the following dipolarophiles (i) cyclopentene six times, (ii) 2 over 50 times
(68 times at 101.5%), (iii) 1-pyrrolidinocyclohexene 143 times. This would
suggest that the pyrrolidine group in 2 is involving in raising the energy
level of the HOMO, but not to the same extent as in the 1-pyrrolidinocyclo-
hexene, due to the presence of the CO,Me group whose effect is lowering the
energy level of the HOMO. But the increase in the HOMO is more than compen—
sated by its decrease. Furthermore, it appears that the involvement of the
pyrrolidino group, in 2, in stabilizing the activated complex is greater when
the 1,3-~dipole is p-nitrophenylagide than when it is phenylazide. This could
be explained by assuming that at the traneition etate the positive character
developed at the carbon alpha to the pyrrolidine group, in the dipolarophile
moiety of the activated complex, is more when an electron~withdrawing group,
e.g. p-NO,, is para to the agido group in the 1,3-dipole moiety of the
activated complex. This increase in the positive character at the o =carbon
is the consequence of the decrease in the negative character of the inner
nitrogen of the azido group, due to the additional stabilization offered by
the p-NO, group at the transition state.

Tms our results reveals that (i) cycloaddition of phenylazides to 2 is
concerted but non-synchronous, with o~ ~bond formation between the terminal
nitrogen of the azido group and the carborn o to the CO,Me group occuring to a
greater extent than o- -bond formation between the carbon X to the pyrro-
1idino group and the proximal azido nitrogen; and (ii) an electron-withdrawing
group para to the azido group has some influence on the degree of bond
formation between the reaction centers.
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