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Abstract — N-(1-Phenylethenyl)carbamoylmethyl radicals
generated by tributyltin hydride-mediated cleavage of carbon-
halogen or carbon-sulfur bond underwent smooth cyclization in a
"disfavored" 5-endo-trig manner to give S-phenylpyrrolidin-2-one.

This method was applied to the synthesis of (1)-cotinine,

In a previous paper,! we reported the first example of the so-called "disfavored" 5-endo-trig
cyclization? of the carbamoylmethyl radicals generated from o-chloro-N-cthenylacetamides

(e.g., 1) which provides a new route to the five-membered lactams (e.g., 2).
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TThis paper is dedicated to Professor Emeritus Masatomo Hamana of Kyushu University on
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Our interests in this area led to examine the behavior of the N-(1-
arylethenyl)carbamoylmethyl radical (3) in the hope that a short entry to the alkaloids such
as nicotine (4)? and codonopsinine (5)* might result. Here we report a new approach to the
S-arylpyrrolidin-2-ones by using the 5-endo-trig radical cyclization. An application of this

method to a synthesis of cotinine (12), a metabolite of nicotine, is also described.
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The radical precursors (6a) and (6b) were easily prepared by treatment of acetophenone
N-methylimine with the corresponding acid chlorides in methylene chloride at 0 °C followed
by addition of saturated sodium bicarbonate solution in 47 and 80% yields, respectively. The

enamides (7) and (8) were synthesized from 6@ and 6b as shown in Scheme 1.5
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Scheme 1. Reagents and conditions: i, RCICHCOCI (R=H or Cl), CHCly; ii, sat. NaHCO3;
11, Nal, MeCN; iv, PhSNa (2.2 equiv.), EtOH.

These substrates thus obtained were treated with tributyltin hydride (TBTH) and a catalytic
amount of AIBN in boiling toluene by using our usual technique.® The results are

summarized in Table 1.
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Table 1. Radical Cyclization of N-(1-Phenylethenyl)acetamides (6-8)

Bu3SnH Reflux % Yield of Products?

R R™ (equiv.) time(h) 9 10
6a Cl H 2.5 17 17 18b
6b Cl Cl 3.3 22 c cb
7 I H 25 17 47 12
8 SPh SPh 3.3 14.5 75 0

2 Isolated yield. P The starting material was recovered (50% for 6a, 39% for 6b).

€ Not detected.

The cyclization reaction was found to be highly dependent upon the nature of the radical
precursors. Thus, the reaction of the chloride (6a) resulted in the formation of only a small
amount of the cyclized product (9;17%), along with the recovery of a large amount of the
starting material. The dichloride (6b) failed to cyclize even after the prolonged refluxing
time: a complex mixture was obtained from which 6b was recovered in 39% yield. In
contrast, the cyclization of the more reactive iodide (7) proceeded smoothly to give 9 in
47% yield. The dithioacetal (8) was found to be the radical precursor of choice which gave
9 as a sole product in 75% yield.

Finally, we applied this methodology to a synthesis of cotinine (12). The key enamide (11)

was conveniently prepared from 3—acetylpyn'dine in 77% yield according to the same
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Scheme 2. Reagents and conditions: i, MeNHz, toluene, heat; fi, CloCHCOCI, CHCly; sat. NaHCOg;

iii, PhSNa (2.2 equiv.), EtOH; iv, Bu3SnH (3.3 equiv.), AIBN, toluene, reflux,
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procedure as that described for the preparation of 8. Treatment of 11 with TBTH (3.3
equiv.) and AIBN afforded (*)-cotinine (12)7-% in 97% yield as a sole product (Scheme 2).

In summary, this study revealed that the 5-endo-trig cyclization takes place in a simple

system such as N-(1-arylethenyl)carbamoylmethyl radicals to give S-arylpyrrolidin-2-ones.

Further application of this method to the synthesis of more complex molecules is in

progress.
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