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Ah&act-The 1,3dipolar cycloaddition reactivity and regioselectivity of methyleneadamantane 1, ethyl 
adamantylideneacetate 7a, adamantylideneacetonitrile 7b and o-methoxymethyleneadamantane 7c with substituted 
benzonitrile oxides 3a-i were calculated by CNDO/2 method using the perturbation equation derived by Klopman 
and Salem. The calculation predicted an exclusive formation of adamantan - 2 - spiro - 5’ - 3’ - aryl - A” - 
isooxazoline 4a-i in the reactions of 1, 7a and 7b with 3a-i, and a formation of 67-69:33-31 mixture of 4a-i and 
isomeric 5a-i in the reaction of 7c with 3a-i. The predicted exclusive formation of 4a-i were experimentally 
observed in the reactions of 1,7a and 7b with 38-i generated from 2a-i with Et,N or thermally, but the reaction of 
7c with 3a did not afford the corresponding adducts. A considerably higher reactivity of GN triple bond than C=C 
double bond was observed in the reaction of 7b with 3a and 1,2+&oxadiazole derivative 11 was obtained as the 
major product. 

The 1,3dipolar cycloaddition reaction is well known as 
one of the most useful methods for synthesis of 5- 
membered heterocycles and it is also theoretically 
attractive. Recently Houk et aI.* and Bastide et al.’ 
investigated the reactivity, regioselectivity and 
periselectivity of various 13-dipolar cycloadditions on 
the basis of the frontier orbital perturbation theory4 
assuming a concerted 4-centered mechanism,’ which led 
to a satisfactory understanding of reactivity, regioche- 
mistry and periselectivity phenomena.6 As part of our 
continuing investigations on adamantane spiro hetero- 
cycles’ and in conjunction with our interest in biological 
properties of these compounds,89 synthesis of various 
substituted adamantane - 2 - spiro - 5’ - 3’ - aryl - A” - 
isooxazolines became necessary. We investigated 1,3- 
dipolar cycloaddition reactivity of methyleneadamantane 
derivatives with substituted benzonitrile oxides as a 
facile route to the desired compounds.” This paper 
describes the calculated reactivity and regioselectivity 
based on the perturbation equation of chemical reactivity 
derived by Klopman” and Salem” as well as the 
experimental results of the 13dipolar cycloadditions. 

REXlJLlY3 AND DISCUSSION 

Theoretical treatment of the reactivity and regioselec- 
tiuity of the I$-dipolar cycloadditions of methylene- 
adamantane derivatives with substituted benzonitrile 
oxides. In view of recent satisfactory predictions of the 
reactivity and regioselectivity of l$dipolar cyclo- 
additions of nitrile oxides by Houk et aL2 and Bastide et 
al.’ the reactivity and regioselectivity of the l$dipolar 
cycloadditions of methyleneadamantane 1 and its 
derivatives 7a, 7b and 7c (Schemes 1 and 2) with nine 
benzonitrile oxides 3a-3i were calculated on the basis of 
the perturbation equation derived by Klopman” and 
Salem.12 According to the perturbation theory, the 
energy change which accompanies the interaction of two 
‘molecules involved in a cycloaddition reaction can be 
expressed by eqn (1) 

(1) 

CHCI- NOH 

X.Y 
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D +,bCNO _ &(&) 
1 30-i 40-i 5a-1 

2-5 a: X=H Y-H f : x =4-Cl Y= H 

b X =2-NO, Y = H 9 : x =2-Cl Y =4-CL 

c: X.3-NO, Y=H h : X = 4-CH, Y= H 

d: X=4-NO, Y=H i X =4-OCH, Y = H 

e : x =2-CI Y=H 
Scheme 1. 
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Here, the first term I of the right side of eqn (1) is the 
closed shell repulsion term, the second term II is the 
Coulombic repulsion or attraction term, and the third 
term III represents the inte~~tion of a8 the occupied 
orbitals of the’ one molecule with all the unoccupied 
orbitak of the other. In this equation, qa and qb are 
electron densities at interacting atomic orb&is 11 and b 
respectively, j?d and &, are the resonance integral and 
the overlap integral for the atomic orbitah II and b 
respectively. Q and Q1 are the charges at the interacting 
atoms R and 4 & is the distance between the atoms k 
and i. In this study, 1.75 A was employed as Rti because 
this value corresponds to the distance of maximum (T- 
type overlap of the carbon p-atomic orbitals, and the 
corresponding values were used as &, and &, i.e. 
&o = 6.22, /3oo = 5.38, and Soo = 0.2974, Soo = 0.2075. 
As the local dielectric constant K, the value of ether at 
25” (& = 4.244) was employed. C, and C& in III mean 
the coeficients of the atomic orbital a in the molecular 
orbital r and the atomic orbital b in the molecular orbital 
s respectively, and E, aud E, mean the energies of the 
molecular orbitals r and s, respectivety. 

It is generally accepted that the third term III of eqn 
(l), especially the frontier orbital term, is adequate for 
the purpose of brief discussion” but in this study the 
complete calculations of eqn (1) were performed for the 
reactions of methyleneadamantane 1 and benxonitriie 
oxides 3a-i using CNDO/2 methodI and the results are 
summarized in Table 1. 

According to the values in Table 1, I contributes to 
unstabiity of the state, II to stability for spiro - 5’ - 
isooxaxolines 4a-i (orientation A) but to unstability for 
the re~oisomer spiro - 4’ - isooxaxolines 5a-i (o~en~~n 
B) and III to stability. In I, the formation of 4’ - isoox- 
axoline (orientation B) is less unfavorable than 5’ - 
isooxaxoline, On the contrary, in II and III, the for- 
mation of 5’ - isooxaxohne is favorable than 4’-isomer. 
Clearly, the contribution of III (orbital control term) is 
large. Furthermore, the energy difference between two 
o~en~tions A and B is lwgest in III, though the ab- 
solute energy value of I is hugest of the three terms. The 
calculated isomer ratio using the Bohxmann distribution 
Iaw shows that the desired 5’-isooxaxolines tirientation 
A) shouid be formed exclusively (1OO:O). 

. 
It is also not- 

Table 1. Calculated energy changes for two orientations in the reactions of 1 with 3a-i using eqn 
(1) 

No. X,Y cr, Orientation’ eV (II) Isomer ratio’ 
z 

(III) AEb 
eV TV- A:B 

a H 

II 2-N& 

e 3-N& 

d 4-N% 

t 2-cI 

f 4-a 

L 2.4432 

II 4-m 

i eOcHs 

I A 
B 

1 
A 
B 

( 
A 
B 

1 
A 
B 

I 
A 
B 

i 
A 
B 

( 
A 
B 

( 
A 
B 

( 
A 
B 

7.157 -0.032 -4.836 2.289 
7.025 - 0.069 -4.547 2.547 
7.169 -0.W -4.783 2.344 
1.037 0.073 -4.512 2.598 
7.160 -0.032 -4.797 2.332 
7.029 0.067 -4.507 2.589 
7.146 -0.E40 -4.761 2.346 
7.015 0.073 -4.473 2.614 
7.138 -0.041 -4.787 2.310 

::!Z 
0.075 -4.4% 2.586 

-0.032 -4.814 2.314 
7.028 0.068 -4.527 2.569 
7.145 -0.040 -4.775 2.330 
7.013 0.073 -4.487 2.599 
7.151 -0.032 -4.840 2.280 
7.020 0.069 -4.548 2.542 
7.127 -0.041 -4.802 2.284 
6.995 0.076 -4.502 2.569 

1OO:o 

loo:0 

100:o 

1OO:o 

1oO:o 

loo:0 

loo:0 

loo:0 

f&?:O 

“A is the direction toward forming 4, and B toward 5, respectively. b More favorable 
orientation is underscored. ‘Calculated value, using the Boltzmann distribution law. 
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