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y- versus 6-Hydrogen Abstraction in the Photochemistry of a-Alkyl 
p - Oxoam ides 
Tadashi Hasegawa,* Yoshiaki Arata, and Kouichi M izuno 
Department of Chemistry, Tokyo Gakugei University, Nukuikitamachi, Koganeishi, Tokyo 184, Japan 

The excited ketone carbonyl group in the a-alkyl ,k?-oxoamide (la-e) abstracts 7 -  and &hydrogen com- 
petitively from the n,v* triplet state; the 6- hydrogen abstraction greatly predominates over the 7-  hydrogen 
abstraction in the photolyses of (lc) and ( Id) .  

Intramolecular hydrogen abstraction by oxygen atoms of 
carbonyl groups in excited states is a well known primary 
photochemical process of carbonyl compounds.’ In general 
the most favourable intramolecular hydrogen abstraction 
involves a six-membered cyclic transition state in the hydrogen 
abstraction step because of the stereoelectronic requirement 
for the abstraction.2 Hydrogen abstraction involving a seven- 
membered cyclic transition state takes place only when y- 
hydrogens are absent or &hydrogens are activated by sub- 
~tituents.~ We have previously reported that N,N-dialkyl 
P-oxoamides underwent photocyclization via 8-hydrogen 
abstraction to give pyrrolidin-2-ones in high yields.* We 
report here the competing y- and &hydrogen abstraction by 
ketone carbonyl groups in photolyses of the a-alkyi /3-0x0- 
amides (la-d),  and provide the first example of &hydrogen 
abstraction predominating greatly over 7-hydrogen abstrac- 
tion. 

When a methanol solution of N,N-dibenzyl-2-benzoyl-4- 
methylvaleramide (la) was irradiated under nitrogen with 
light from a 450 W high-pressure mercury lamp through a 
Pyrex filter, the benzoylacetamide (2a) and the pyrrolidinone 
(3a) were obtained in 86 and 1 1  % yield (Table l ) ,  respectively. 
Similarly, irradiation of the fl-oxoamide (lb) under the same 
conditions gave the acetamide (2a) and the pyrrolidinone (3b) 
in 71 and 28% yield, respectively. The ratio of the benzoyl- 
acetamide to the pyrrolidinone was quite different in photo- 
lyses of the cc-ethyl-P-oxoamides (lc) and (Id). Irradiation of 
the P-oxoamide (lc) under the same conditions gave th.e 
benzoylacetamide (2a) and the pyrrolidin-Zone (3c) in 20 and 
72 % yield, respectively. Similarly, irradiation of the N,N- 
diethyl-P-oxoamide (Id) gave the benzoylacetamide (2b) and 
the pyrrolidinone (3d) in 27 and 66% yield, respectively. 

Formation of the benzoylacetamide (2a) and (2b) and the 
pyrrolidin-2-one (3) can be rationalized in terms of Norrish 
Type I1 elimination and photocyclization via &hydrogen 
abstraction, respectively. The &hydrogen abstraction com- 
peted comparably with the stereoelectronically favoured y- 
hydrogen abstraction in the photolyses of (la) and (lb), and 
predominated greatly over y-hydrogen abstraction for (1 c) 
and (Id). These results indicate that the amide nitrogen in the 
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Table 1. Irradiation of the /3-oxoamides (1). 

yo Yield of 8:yreactivity Compound Yo Yield 
R1 R2 R3 (2a) or (2b) (3) ratio 

( la )  Ph Me Me 86 I1 0.13 
(lb) Ph Me H 71 28 0.39 
(lc) Ph H H 20 72 3.60 
(Id) Me H H 27 66 2.44 

fl-oxoamides effectively activates the &hydrogen atoms. 
Formation of both the benzoylacetamide and the pyrrolidin- 
one from the @-oxoamide (lc) were efficiently quenched with 
penta-l,3-diene, indicating that the reactions proceed from the 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
83

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

M
as

sa
ch

us
et

ts
 -

 A
m

he
rs

t o
n 

27
/1

0/
20

14
 0

0:
36

:2
6.

 
View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/c39830000395
http://pubs.rsc.org/en/journals/journal/C3
http://pubs.rsc.org/en/journals/journal/C3?issueid=C31983_0_7


396 

n,n* triplet excited state of the P-oxoamide (1). Production of 
the pyrrolidinone (3) via &hydrogen abstraction may be con- 
sidered to proceed from the charge-transfer state of the p- 
oxoamide (l).* However, it is quite improbable that the rate of 
bimolecular quenching with penta-l,3-diene greatly surpasses 
the rate of intramolecular charge-transfer quenching. 
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