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Stereoelectronic Suppression and a Remarkably Low Effective Concentration for a 
Cyclization to a Benzo-fused Five-membered Ring 
James F. King,* Joe Y. L. Lam, and Stanistaw Skonieczny 
Department of Chemistry, University of Western Ontario, London, Ontario N6A 587, Canada 

The cyclization of o-chloromethylbenzylamine to dihydroisoindole has an effective concentration of 8.3 M (in C D 3 0 D  
at 21 "C); this very low value for a cyclization to a benzo-fused five-membered ring is ascribed to lessened 
conjugation in the transition state as compared to that of the model reaction, and is relevant to both the synthesis of 
rings and the application of effective concentrations in obtaining evidence of mechanism. 

Cyclizations to form five-membered rings fused to an aromatic 
nucleus are notable for their extreme ease. Taking the kinetic 
effective concentrationt as a convenient index of cyclization 
facility, we find that some of the largest effective concentra- 
tions in Kirby's compilation1 belong to this class of reaction 
which shows a typical range of Ceff. values of 105-109 M . $  

As we have noted elsewhere,2 one example of this class, 

t The effective concentration for a cyclization, as determined by 
kinetic measurements, is given by Ceff = k , / k z ,  where k l  is the 
first-order rate constant for the cyclization and k2  the second-order 
rate constant for a suitable bimolecular model reaction. 1 

$ Of 15 examples of such cyclizations,' 13 fall in the range >7 x lo4- 
loy; this includes all of the reactions listed (a) with effective 
concentrations based on actual rate ratios, and (b) having starting 
materials lacking further substitution on  the benzene ring. One of the 
two exceptions. the value of 960 for the acid-catalysed cyclization of 
o-mercaptomethylbenzoic acid, is clearly too low because i t  was 
estimated using the rate of the corresponding reaction of acetic rather 
than benzoic acid as the model; the correction factor of about 290 (see 
ref. 1, Table B2. footnote a) brings i t  into the typical range. The 
remaining exception is discussed in the final paragraph of the text. 

namely cyclization via a transition state like that in (l), is 
expected to be atypical. Our reasoning was based on two 
points: (i) we had found2 that a ring opening via (1) took place 
8000 times more slowly than the analogous reaction via (2), 
and (ii) the chief feature held to be responsible for the 
reactivity difference, i. e. diminished, conjugation at the 
reacting centre in (1) relative to (2), was common to both ring 
closure and opening. 

Accordingly we have looked at the rates of the cyclization of 
o-chloromethylbenzylamine (3)$ to dihydroisoindole hydro- 
chloride (4) and of an analogous bimolecular process ( 5 )  + (6) 
+ (7). 

H 

§ Prepared in situ from o-chloromethylbenzylammonium chloride' 
and di-isopropylethylamine. 
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( 3 )  (4) 

k ,  = 1.9 x 10 s 
- 4  - 1  

k 
PhCH2NH2 + PhCH2Cl 2 (PhCH2),&H2 C1- 

( 5 )  (6) (7) 

k2 = 2.3 x 10-5 1 mol-1 s-1 

C,ff. = kllk2 = 8.3 M 
(21 "C, CD30D, 0.2-0.4 M in EtPri2N) 

The effective concentration for the cyclization was found to 
be 8 . 3 ~ ,  more than four orders of magnitude less than the 
lower end of the typical range cited above. Evidently the 
entropic advantage of a five-membered cyclization is almost 
entirely lost because the required geometry leads to suppres- 
sion of the conjugative stabilization in the transition state. In 
full accord with the idea that benzylic conjugation in the 
transition state is indeed an important factor in the compara- 
tively high reactivity of benzyl chloride (6), we found that the 
reaction of 1-chlorobutane with benzylamine under the same 
conditions was more than 300 times slower than that of (6). 

This result has implications in synthesis since it emphasises 
the need for care to avoid side reactions, even in a class of 
reactions in which this is not usually necessary. An initial 
concentration of (3) of 0.5 M ,  for example, gave a roughly 2 : 1 
yield of (4) and a by-product assigned structure (S), the 
product of reaction of dihydroisoindole with unchanged (3). 
An initial concentration of (3) of 0.01 M, however, led to (4) in 
good yield with <1% of the by-product. 
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Finally, the present study displays the value of effective 
concentrations in drawing attention to, and providing in- 
formation on, such elusive mechanistic features as stereoelec- 
tronic effects. The anomalous Ceff, value mentioned in 
footnote$ provides an example. For the cyclization of o-bro- 
moacetylphenoxide anion Ceff. is reported4 to be 390. This 
reaction is a nucleophilic displacement at a carbon a to a 
carbonyl group and is subject to a stereoelectronic effect 
closely related to that in the benzylic SN2 process.5 In the 
present context it appears highly likely that the relatively low 
Ceff, is at least partly due to the effect of the diminished (or 
negligible) conjugation in the cyclization relative to that in the 
model reaction. 

We thank N.S.E.R.C. of Canada for financial support in the 
form of an operating grant and an Undergraduate Summer 
Research Award. 

Received, 21st October 1987; Corn. 1535 

References 
1 A .  J .  Kirby, A d v .  Phys. Org. Chem., 1980, 17, 183. 
2 J .  F. King, G. T .  Y. Tsang, M. M. Abdel-Malik, and N. C. Payne, 

J. A m .  Chem. SOC., 1985, 107, 3224. 
3 J .  v.  Braun and H. Reich, Liebigs Ann. Chem., 1925,445,225; cf. 

also C. Dauth and H. G. 0. Becker, J .  Prakt. Chem., 1970. 312, 
440. 

4 R. P. Bell, D. W. Earls, and B. A .  Timimi,J. Chem. SOC., Perkin 
Trans. 2 ,  1974, 81 1. 

5 T. I. Yousaf and E. S. Lewis, J. A m .  Chem. SOC., 1987, 109, 6137, 
and references cited therein. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
88

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ite

it 
U

tr
ec

ht
 o

n 
23

/1
0/

20
14

 0
0:

13
:5

1.
 

View Article Online

http://dx.doi.org/10.1039/c39880000147



