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Abstract  -3.4-Dihydroisoquinoiine-N-phenyiimine reacted w i th  &-3,Ldi- 

~ h l o ~ o , - d i h y d ~ o x y  and -diacetoxycyclobutenes to give the s te r ica l l y  disfa - 
voured- adducts as dominant products; wi th carbonyidioxy and dicarbo - 

methoxycyclobutenes repuls ive s te r i c  interact ions led  to the prevai lence of 

the anti adducts. An i n c r e a s e d m  select ivi ty was found f o r  the reactions 

of 3,LdihydroisoquinoIine-Noxide with diacetoxycyclobutene and of n i t r o  

substituted 3,rl-dihydmisoquinoline-Nphenylimines with dichiorocyciobutene. 

1-4 
One of the outstanding problems in 1,3-dipolar and ~ i e i s - ~ l d e r ~ ' ~  cycloaddit ions i s  the 

=-anti isomerism.* In this paper we would l i ke  to present the resu l ts  of the reactions of three 

azomethine imines (&I-($ with cis-3, Ld isubs t i tu ted  cyclobutenes ( l a ) - ( 2 )  and of the azomethine - 
oxide (2) with ( lc).  The yet unknown cis-3,4-diacetoxycyclobutene ( I c )  [oil; Vmax, 

A.. - 1750 cm-I 

(OCOM~);~(CDCI ) 6.43 (m,H-1 and H-2). 5.72 (m,H-3 and H-4), 3. 12 ( s , ~ e ) ]  was prepared 
3 

2c 
i n  quantitative y ie ld  by acyiat ion o f  (lb). - 
The pyrazoi idines ( f ? ) - ( ~ )  (Table 1 and scheme) were  obtained by heating the dimers of azomethi- 

ne imines (k)-(:) and cyclobutenes (E)-(E) in boi l ing benzene. The quantitative composition of 

the react ion mixtures was obtained by column chromatography separation. The=,=-adducts 

the exception o f  (z)] were  character ized by a smaller R (tic) than the 
F 

* 
F o r  =-mi and exo-endo nomenclature see ref. I, pp. 403-405. 



2, >< = N P h  - 
3, X = L C  1-1 -&NO2 - G 4 

4, X = N C  l i  - 2 , 4 ( N 0 2 ) 2  - 6 3 

5, x = o  - 

corresponding ex% anti-adducts ( 7 ) ,  (2), (2). T h i s  t i c  behaviour i s  in  agreement w i t h  a predic ta-  - 
2.3 

b le  l a r g e r  dipole moment f o r  the syn compounds. N o  products, e.g. en&, ant i  adducts 

(E), were  detected in  the react ion mixtures showing that the 1,3-dipoles reacted w i th  the cycio- 

butenes on ly  in the s t e r i c a l l y  favoured e z d i s p o s i t i o n .  

Reduction o f  (Gd) and (7d) w i t h  L i A I H  af forded (Gb) and (E), respect ively. - - 4 - 
1 

T h e  s t ruc tu res  were  assigned on the bas is  of  I inrnr  spectra whose charac te r i s t i c  pat terns a r e  il- 

lus t ra ted  by the data of  th ree  p a i r s  of  adducts repor ted  i n  Tab le  2. in the anfi adducts H-7 reso - 
nated at  h igher  f i e l d  values than H-6 wh i le  in  the a isomers H-7 appeared at  s im i la r  o r  lower  

f i e l d  vaiues than H-6. T h i s  f ind ing i s  consistent w i th  the exo, an0  s t ruc tu res  (7), (9) and (1 1) - * - 
where H-7 i s  shielded by the N-Ar group. The a l te rna t i ve  endo, .mu s t r u c t u r e  (14) should be ex- - 
eluded because f o r  that s t ruc tu re  H-6 would have appeared at h igher  f i e l d  vaiues than H-7 as a 

resu l t  o f  the s t rong shielding by the phenyi moiety o f  the tetrahydroisoquinol ine system. Moreover  

1-1-4 resonated at  l ower  f i e l d  va lues In the ser ies  than in  the mi one and i n  the fo rmer  resui -  



2" /Anti 
Comp. Mp (*c) 

rat ioa 
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Table I 

a ~ h e  values represent the mean of two indipendent runs. Overal l  y ie lds we- 

r e  2 80%. Lower  y ie lds have been found f o r  the reaction of (4) with ( l a )  (25%) - 
owing to competitive isomerization o f  (4) to a benrotriazole-1-oxide der lva t i -  - 

9 
ve  and f o r  react ion of (2) wi th ( l e )  (40%) owhg to isomerizat ion of (1 e )  to - - - 
1,4-dicarbomethoxybvtadiene. 

b ~ e t e c t e d  ( t race amounts) by t l c  analysis of the crude reaction mixture 

'yel low Net detected 

ted p rac t i ca l l y  unaffected changing CDCl wi th C6D6. Th i s  resu l t  was expected for a proton 
3 

which i s  deshielded and whose solvation i s  hindered by the neighbouring groups at posit ions 6 and 

7. &o, s t ructures (L), (8) and (2)  a r e  consequently assured. 

The J found f o r  the pyrazol idines (6)-(I 1) was 2 6.8 Hz a value unexpectedly quite different 
4,5 - - 

from those found f o r  the corresponding isoxazoi idines adducts o f  ( 5 )  to cyclobutenes; cf. C - 
J4,5= 6.0 f o r  (13c) and c3.O Hz f o r  (12a)-(12e) and (E), ( lkb) ,  ( l z ) ,  (13e) . -1 2b'2c 

Therefore 
A... - - 

J should be used wi th caution when choosing between c is ,  t rans st ructures f o r  compounds of 
4,5 

this type. 

6 
X-ray analysis of (6a),  (6d) and (10a) confirmed ou r  s t ructura l  assignement. - - - 
Nitrone (5) has been reacted at mom temperature wi th (E) to give a mixture o f  the adducts (E) 



Table 2 

' ~ n m r  [c(C0Cl3)] data and ( in  parentheses)&! = S ( C D ~ I ~ )  - &(C6D6). a'b 

a Signal muit ipi ici ty: doublets f o r  H-4 and mult iplets f o r  other protons 

J in Hz  

and (=^c) (Table I ) ,  which have also been obtained on acetylation with acetylchloride of the p r e  - 
2c 

viousiy described (12b) and (13b). The fol lowing -/mi rat ios  were obtainedZb"' in the - - 
reactions o f  (5) wi th cyclobutenes: 2.7 f o r  (la), 216  f o r  ( lb) ,  0.05 f o r  ( Id )  and 0. 14 f o r  (le). - - - - - 
The sy-?/fii ra t ios  found in the reactions of (2) and (5) with cyclobutenes (1) are, i n  our  opinion, - - - 
determined by posi t ive electronic interact ions which lead to lyy approach whereas ster ic  repul- 

sion between 1,3-dipoles and the cyciobutene substituents (s te r i c  size: COOMe>Ci >OCOMe>OH) 

favourjthe anti approach. The resul ts  suggest a loose corre lat ion between the former effect and 

subs t i t ~en t  electronegativity (electronegativi ty OCOMe >OH > C I  =-COOM~) .7  in addition, the 

high s m s e l e c t i v i t y  observed f o r  (1b) may be due also to hydrogen bond in the t ransi t ion state 

2c 
between O H  and N-Ph group of the 1,3-dipole. Moreover the prevai lence of mi attack for (2) 
[in which the electmnegativi ty of the substituent group i s  simi lar  to that of (&)I can be ratlona- 
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l i zed  by a preferent ia l  attainement of conformation of type A over  that o f  type B (Scheme). Confor-  

* 
mation A i s  possibly stabi l ized by a through space interact ion between and nCC orbitals. co 

The present work  has also evidenced that the introduction o f  an electron withdrawing svbstituent 

in the 1, 3-dipole, on going f rom ( 2 )  to (3) and (4), regui ted in an enhanced s s  select ivi ty in the 
m - - 

cycloaddit ion with (la). A s imi lar  effect was previously observed in the reaction o f  n i t r i i e  oxides -.. 
2a 

with ( la).  In the case o f  (4), however, e lectronic effect i s  to some extent neutra l ized by ster ic  - - 
hindrance brought in by 0-NO gmup. 2 

OUP c o n c l u ~ i o n  i s  that 1 , s  dipolar cycloaddition on 3,rCdisubstituted cyclobutenes i s  rather  sen- 

s i t i ve  to b t h  two p ~ e v i o u s l y  proposed electronic effect: ( i )  the intramolecular per turbat ion betwe- 

* 
en b and I T o r b i t a l s  of d i p o l a ~ o p h i l e ; ~  ( i i )  the intermolecular interact ion between LUMO 

1,3-di- 
2a 

and lone pa i r s  of Z substituents. Qualitatively, the higher the electronegativi ty of Z the 
pole 

st ronger i s  the ( i )  effect which a l lows a better dispersion o f  the par t ia l  negative charge, a r i s ing  

on  the d ipolamphi ie in the or iented complexes as a consequence o f  the dominant HOMO 
1,3-dipole 

- LUMOcyclobutene 
interaction, when 1.3-dipole attacks on the a face than when the attack i s  

on  t h e a i  face.3 As  regards ( i i )  effect electronwithdrawing substituents on the 1,3-dipole w i l l  

lower i t s  LUMO and consequently attack resul ts  accelerated. 
2a 
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