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Abstract - Eenzylidene-a-cyanobenzylamine systems undergo an 

intramolecular cycloaddition via their 1,3-dipolar tautomers, azo- 

methine ylides, to non-activated alkynyl and alkenyl functions, and 

give mainly dehydrocyanated fused heterocycles. 

1 Recently, we have reported that in a similar manner as imines of glycine esters 2 

benzylidene-a-cyanobenzylamine undergoes 1.3-dipolar cycloaddition via its 1,3- 

dipolar tautomer, an azomethine ylide, to an activated alkyne and alkene. In most 

cases, however, the products derived from initially formed [3 + 21 cycloadducts 

with the elimination of hydrogen cyanide were obtained. Thus, the imine 1 not 
only reacts as an azomethine ylide but also can be formally regarded as a synthetic 

equivalent of nitrile ylide. 

X=Y: activated alkyne or alkene 

Although the intermolecular cycloaddition of the imine 1 did not occur to non-acti- 
vated alkenes, it is known that 1,3-dipolar substrates containing a non-activated 

dipolarophile undergo intramolecular cycloaddltlons leading to fused or bridged 

ring heter~c~cles~'~. To extend the versatility of a benzylidene-a-cyanobenzyl- 

amine system as a 1,3-dipole, we planned to investigate intramolecular cycload- 

ditions of the system to non-activated alkynyl and alkenyl functions. 

5 
A solution of o-p ropa rgy loxybenzy l idene -a -cyanobenzy lanes ,  and ?& , in xylene 
was refluxed for 5h. and then the reaction mixture was purified by chromatography 



(sio?, CHC13) to give the corresponding 1,4-dihydrolllbenzopyrano[4,3-blpyrroles, 

6 2 and Lb, in 65 and 61% yields, respectively . Similarly, an isomeric imine of 

5, benzylidene-0-propargyloxy-a-cyanobenzylamine 4, afforded & in 55% yield 

(Scheme 1). Structural elucidation of the products, La and 2, was accomplished on 
7 the basis of spectral data . 

.CN H=N-CH,ph - 8 - i l - H C N  f i r  
0CH2CtC-R ii) -H 

Scheme 1 

It is evident that 33 and 33 are derived from initially formed cycloadducts such as 

A or 2 with the elimination of hydrogen cyanide, followed by a hydrogen shift. The 
M 

reaction mode is closely similar to that of the intermolecular cycloaddition of the 

1 imine ?j to dimethyl acetylenedicarboxylate . 
Next, intramolecular cycloadditions of the systems to alkenyl functions were in- 

vestigated under similar conditions. However, the reactivity toward alkenyl groups 

was found to be lower than that toward alkynyl ones. 

When 0-allyloxybenzylidene-a-cyanobenzylamine 2 was heated in xylene under reflux 
for 3h. three products, and isomeric imines, ?_a and &", were obtained in 26, 

12 and 4% yields, respectively. On the basis of spectral data9, the main product 

& was identified as 2-phenyl-3,3a,4,Yb-tetrahydro[llbenzopyrano[4,3-blpyrrole 

Scheme 2 
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whose structure corresponded to the dehydrocyanated compound of an initial cyclo- 

adduct. The cis-fused ring system of was based on the value of coupling 

constant (J=7.0 Hz) of the ring junction protonslo (Table I). 

Under similar conditions, 0-crotyloxybenzylidene- zb and o-cinnamyloxybenzylidene- 

a-cyanobenzylamine 52 afforded the corresponding tetrahydrobenzopyranopyrroles, 

and %I1, in 28 and 44% yields respectively, accompanied by an isomeric imine 3 
(~5%)~' in the case of g .  The stereochemistry of and (both Ha. Hb-trans 

1 and Hb, Hd-cis configurations) was again deduced on the ground of H NMR spectral 

data (Table I). 

Table I .  NMR Spectral  Data of Tetrahydro[l]benzopyrano[4,3-blpyrroles 6 ( i n  CDC13) 

Chemical s h i f t ,  6 

Ha R Hb Hc Hc' Hd ArH 
---------------~..~......-------------------------------------------------------------------------- 

6a 2.88 (ddd) R-H 3.28 (ddd) 2.99 (m) 3.51 (dd) 4.14 (dd) 5.14 (broad d) 6.86-7.88 (m)  - 
6b 3.11 (qdd) R=CH3 1.28 (d )  2.55 (dddd) 3.40 (dd) 4.12 (dd) 5.08 (broad d) 6.77-7.80 (m) - 
& 4.25 (dd) R=Ph 2.88 (dddd) 3.64 (dd) 4.30 (dd) 5.28 (dd) 6.80-7.80 ( m )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Coupling constant, Hz 

J a ~  Jab %b Jbc Jbc '  Jbd Jad J ~ d  Jccs 

On heating in xylene under reflux for 4.5 h, 0-(3-cyclohexenyloxy)benzylidene-a- 

cyanobenzylamine & afforded an initial cyclaadduct 9 and a dehydrocyanated cyclo- 

adduct L O  in 25 and 6% ylelds respect~vely, accompanied by an isomeric imine 11 
(19%)13 (Scheme 3 ) .  The stereochemistry of 2 and 9 could not be fully solved 

because of their complex NMR patterns. On the basis of the following evidences, 

however, it can be concluded that the main product 2 is lH-2-cyan0-2-phenyl-2,2a,- 

2b,3,4,5,5a,10b-octahydro[llbenzopyrano[4,3,2-bc1isoindo1e which has Ha, Hb-cis, 

Hb, Hc-trans, and Ha, CN-cls configurations, and the minor one 10 is ZaH-2-phenyl- 

2b,3,4,5a,l0b-hexahydro[l]benzopyrano[4,3,2-bclisoindole in which Hb and Hc are 



Scheme 3 

trans. 

Both the coupling constants between Hb and Hc in 9 and are 12.0 Hz, indicating 

that Hb and Hc are trans. It is also reasonable to deduce that Ha and Hb origi- 

nated from the cyclohexenyl moiety of 0- in 2 are cis, because it is known that 
1 cycloadditions of the imine 1 , as well as inter-2 and intramolecular cycload- 

ditions14 of rrnines of glycme esters, proceed via a concerted and stereospecific 

manner. In a previous paper1, we have postulated that dehydrocyanation of lnitial 

cycloadducts of & to alkenes does not occur between neighboring NH and cyano groups 
but instead takes place between neighboring methylene- or methine-hydrogen and 

cyano group via an anti-elimination process. The cycloadduct~was unchanged even 

on heat=ng in xylene under reflux for a long time; this implies that Ha and cyano 

group in 2 are cis. 

The formations of 5 from_5, and of 2 and 10 from & can be reasonably interpreted 

by considering preferable geometry for transition states leading to initial cyclo- 

15 adducts . 

When o-(1-buteny1oxy)benzylidene-OL-cyanobenzylain 12 was heated in o-dichloro- 

benzene under reflux for 4.5 h, two stereoisomeric dehydrocyanated cycloadducts, 

2 (mp 160-161 OC) and (mp 99-101 OC), were isolated in -10 and 7% yields, re- 

?'' 

Scheme 4 
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spectlvely (Scheme 4). However, the stereochemistry is not clear and under investi- 

gation. The forced conditions and low yields in this reactions are presumably due 

to an entropically unfavored closure of a seven-membered ring. 
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