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Abstract: On irradiation cyclic thioimides with N-wphenylalkyl substituents undergo the Norrish 
type II cyclization when benzylic hydrogen is available at the 6- or c-position of the thiocarbonyl 
group. 

Intramolecular hydrogen abstraction in excited carbonyl compounds, the Norrish type II 

reaction, is among the more extensively studied of photoreactions. Also in the photochemistry 

of thiones, the sulfur analogs, the related reaction has been well established. 
3 

In our general study 

of the photochemistry of the thioimide function, we have found some instances of behavior strikingly 

different from that of the imides,* the oxygen counterparts; i.e., the thioimides efficiently undergo 

photocycloaddition,5 but seem substantially inert to the Norrish type I and II processes. 596 

However, use of a thioimide with a chiral center at the &position lb results in partial racemization 

suggestive of potential occurrence of the hydrogen abstraction. 
5a 

In addition, such abstraction 

has recently been reported with thioaroylurea, acyclic thioimide-like derivatives. 
7 

The work to 

be described here reports some limited but first example of the Norrish type II reaction of certain 

cyclic thioimides. 

In preliminary experiments, N-methylmonothiophthalimide 2 was irradiated 
8 

In presence of 

alkylbenzenes 3. The addition products 4,’ apparently resulting from hydrogen abstraction from 

the benzylic position followed by coupling as seen in a precedent with phthalimides, 10 were obtained 

in the yields in parallel with the relative reactivity of the hydrogens [l” (0%) < 2” (25%) < 3” 

(64%)], suggestive of involvement of radical intermediates. 

The irradiation of a series of N-w-phenylalkyl-thio- or dithio-phthalimides 2 results in the 

formation of products 6-8 which are expected from the type II cyclization initiated by d - or 

c-hydrogen abstraction (Table I). It is noteworthy that the y-hydrogen definitely reactive in the 

ketones2 IS inert in the thioimide system, compatible with the observed lack of racemization in 

recovered la 5a -. Similar irradiation of the analogous thiosuccinimides 9 gave the cyclized products, 

a mixture of isomeric pyrrolizidinethiols s, 11 (Table II). Thus, these results demonstrate that - 
cyclic thioimides undergo the Norrish type II cyclization at least if a benzylic hydrogen is available 

at the 6- or c-position of the thiocarbonyl group. 
11 

Since no cyclobutane due to y -abstraction 

nor type II B-fission products appear to accompany, the pyrrolizidine- and indolizidine-thiol formation 

of synthetic utility is a major course in the type II processes of this particular thioimides system. 
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S c N-(CR,),-c$t :, f+J-JNwMe + 6’“’ * 
S 

a: n=l S 
1 2 3 a: R’=R’=H 

b: n=2 - b: R'=H, R'=Me 
c: R'=R'=Me 

4 
X 

04 N-(CH,),-Ph 

S 
Table I 2 

Time- $CH&_, @Hz&_, 

(h) 6 7 a site 
a*:n=Z X=0 10 - - - 
b :n=3 X=0 0.5 54%(mp 160-162.5"C) la%(mp 125.5-127°C) 

Y - 6 
C :n=3 X=S 0.2 - - 
d :n=4 X=0 5 16%(mp 134-136°C) 

82%(mp lag-191.5oc) 6 
- E 

e :n=4 X=S 0.5 
9%(decomp. 165'C) 

- - 
f*:n=5 X=0 10 

61%(mp 140-142°C) E 
- - - 5 

* : Substrate was recovered quantitatively. 

S ph..” 
Table II 

_9 Time $ .& 

(h) lo 11 -__I_ 

X 

c N-(CH,) s-Ph - 

a: X=0 0.5 31%(mp 71-73OC) 
b: X=S 0.2 4O%(oil) 

28%(mp 58-6ooc) 
41%(oil) 
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The preponderance of the thiocarbonyl over the carbonyl in the photoreactions may be due to 
the much more intensive absorption of the former chromophore under the irradiation 
conditions. 
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