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ginetica of cycloaddltions of phen~rl azides to methyl _4;pFrolidino- N: 
acrylate (a> producef,Hammett P = 2.2. Au 2, of 13.5 keal mole and As* 
of -37.4 cal.K-'mole were calculated for the cycloaddition of p021E6H4M3 to 
2. The cycloadditions are concerted, non-ajnchronous, and are controlled by 
LUMO (azide) - HMO (dipolarophlle) interactions. 

Numerous studiee have been carried out on the meohanism of 1,3-dipolar 
qycloaddition reactions. Based on their systematic studiee, Huisgen and 
coworkers' advanced the suggestion that the reaction Is a four-center single- 
step reaction with an activated complex at the rate determining transition 
state whose ei~~cture depends on the extent of bond formation between the 
reaction centers. On the other hand, l%restone2 proposed a two-8tep mechanism 
involving a diradical intermediate. The regloselectivity of the 1,3-dipolar 
cycloaddition reactions and the effects of substituents on rate8 have been 
rationalized by Houk et al.3 and Sustmann4 ueing the frontier orbital method. 
Qcloadditions of phenyl azides to oleflns with electron-donating or electron- 
withdrawing substituents5 led Iiuisgen6 to propoee a concerted non-synchronous 
mechanism with partial wges at the transition state which can be stabilized 
by the subatituents. Later, Huisgen' adopted the frontier orbital method to 
explainhisresults. We here report our kinetic studies7 on the cycloaddition 
of phenyl azides (1) to methyl 3--olidlnoaorylate8 (j$ to produce methyl 
l-phea;ll-1,2,3-triazole-4-carbolateg (4) via triazoline (1). 
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Table I 
Rate constants for the eycloadditlona of 1 to 2 in benzene at 101.5'. 

H p-Me p-Br m-Cl WE02 NO2 

lo6 k Ef'S-' 25 1.5 
1 P = +2.2 .& 0.1 

67 112.7 763 1700 

!l!he kinetic data are reported In Table I. A Kinetic etudy of the cycloaddition 
of para-nltrophewl azide (2) to 2 In the temperature range of 75.6 - 101.5' 
led to five rate oonatants which gave a reasonable drrheniua plot, and the 
following activation pmametere were calculated: Ea o 13.5, AH* P 12.8 , 
AG* = 26.8 (all in keel mole"), As* = -37.4 oal mol-lK" and log A-5.15. 

!Che observation of a positive Hamnett reaction conetant (P I 2.2) eaggeste" 
that the reaction 18 controlled by the interaction of the HOMO of p and IDMO of 
1. According to the ORDO/ calcul.atione12 the traneltlon state leading to the 
formation of 1 could be visualized ae 

HOMO 

!t?able II 
Rate constants (Bh'S") for the oycloadditione of phenyl azides to certain 
dipolarophlles at 25'. 

Oyclopentenea E-H? compoundg I-Pyrrolidinocgolohexenea 

'6% 2.4x10-7 2.5xlO-7(b) gg3ox10-7 
-7 I>92"06H4- 14.9x10 158.5~10-~(') l42OOOOx1O-7 

(a) reference 5 ; (b) estimated ; (c) calculated. 

It can be taeen from Table II, that phenJr1 aside adds to 2 with a rate 
mumble with its rate of addition to cyolopentene, which in turn is ten 
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times faster than it8 rate of addition to 1-heptene (k2d).24x10°’ ah%-’ at 
25°)5. Badher, pnltrophenylagide (5) cycloadde faeter than phenyl aside to 
the following dipolarophiles (I) cyclopentene aix timee, (ii) 2 0-r 50 time6 
(68’ timee at 101.5’), (ii%) l-pyrrolidinocyclohexene 143 timee. This would 
8uggeet that the pyrrolldlno group In 2 ie involving in raising the energy 
level of the HOMO, but not to the 883118 extent aa in the t-ppzrolldinocyclo- 
hexene, due to the preeencre of the C02Me group whose effect fe lowering the 
energy level of the HOMO. Rttthe incresse in the HCUUOiamore than conpen- 
sated by it8 decrease. Fiarthermore, It appear8 that the involvement of the 
py~~olidino grasp, in & in 8tabill?dg the activated complex i8 greater when 
the 1,3-&pole is pnitrophe~u5iae than when it is phenyla5iae. !l!his 0aula 
be explained by a88uudng that at the transition etate the positive ohaxacter 
developed at the carbon alpha to the pp-rouain0 graup, In the dipolarophile 
moiety of the activated complex, is more when an elec-&on-withdrawing group, 
e.g. pdo2, is para to the -ia0 group in the 1 +dipole moiety Of the 
activated complex. !Fhie inureaae ln the positive character at the o( -carbon 
ie the consequenoe of the decrease in the negative character of the inner 
nitrogen of the ua0 group, due to the additional etabilieation offered by 
the p’W02 gr~zp at the tran8ition state. 

!l!hua our result8 reveals that (i) cycloaddition of phelylaeidee to p is 
concerted tit non-syno~onous, with Qy -bond formation between the termind 
nitrogen of the azido group and the carbon LX to the C02Me graup occuring to a 
greater extent than by -bond formation between the carbon cX to the pjrro- 
lidino group =a the proxim8l a5ia0 nitrogen; ana (ii) an electron-withdrawing 
group para to the azldo group ha8 some influence on the degree of bona 
formation between the reaction centera. 
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