
3576 J .  Org. Chem. 1s it 60, 3576-3577 

Lewis Acid-Enhanced Reactivity of 
@-Unsaturated Ester and Amide toward 
Radical Addition 
Hirokazu Urahe, Koki Yamashita, Ken Suzuki, 
Katsushige Kohayashi, and Fumie Sato* 
Department of Biomolecular Engineering, Tokyo Institute of 
Technology, 4259 Nagatsuta-cho, Midori-ku, Yokohama, 
Kanagawa 226, Japan 

Received May 3. 1995 

Since alkyl radicals which are most frequently utilized 
in organic synthesis are generally of a nucleophilic 
character,' their addition to olefinic substrates is en- 
hanced by electron-withdrawing suhstituent(s1 on the 
olefinic linkage.'.3 Thus, a synthetic design to improve 
reactivity of the substrates (hence, to increase the product 
yields) is usually made by placing an effective electron- 
withdrawing group in the substrate or by increasing the 
number of such substituents. Among olefinic compounds 
having an electron-withdrawing group, aJ-unsaturated 
esters and amides belong to a group of relatively unre- 
active substrates in radical reactions. In fact, we en- 
countered a low product yield in performing alkyl radical 
addition to certain a,b-unsaturated esters (vide infra). 
We conceived that prior complexation of a Lewis acid (LA) 
to  the carbonyl group of an unsaturated ester would 
decrease the electron density of its olefinic moiety and 
thus function to increase the electron-withdrawing prop- 
erties of this substituent. Althoueh this methodolow for 

The effect of LA was surveyed in butyl radical addition 
to methyl crotonate (lj,  which afforded the product 2 in 
only a trace amount ( ~ 1 % )  under the conditions in eq 1 
[BuI (3 equiv), BulSnH (3 equiv), EtlB (0.3 equivjl* 
without LA. However, the product yield was increased 
with LA (1.5 equivj under the same reaction conditions 
in the following order: TiC14, <2%; BF3.0Etz, 5%; BuZ- 
BOTf, 7% E t d C l ,  18%; EtAIC12, 33%. These results 
show that aluminum chlorides are the reagent of choice 
for this purpose. 

This finding is readily extended to synthetic applica- 
tions. When a mixture of a-methylene ester 39a and BuI 
(3 equiv) was treated with BuBSnH (3 equiv) under 
standard reaction conditions (eq 2 and entries 1 and 2 
in Table 11, the product yields were around 30% after 
virtually all of the added BusSnH had been consumed 
by simple reduction of BuI. However, prior addition of 
1 equiv of EtzAICl improved the (isolated) yield to 76% 
(entry 3 in Table 1j.I" This phenomenon is reasonably 
general for a variety of starting materials, giving con- 
sistent yields in the range of51-73% (entries 3-61. One 
of the advantages of radical reactions is compatibility 
with functional groups, and this is preserved also in the 
LA-promoted radical reaction. Thus, the 2-siloxyethyl 
group could he transferred to 3 as well (entry 41, which 
confirmed that the alkyl transfer is actually a radical- 
mediated one rather than an anionic transfer likely via 
organoaluminum species. The diastereoselectivity was 
also improved in the case where a LA was added (entries 
1-3). This may come from a tighter chelation between 
the suhstrate and the aluminum atom (see structure 4) 
than the corresponding hydrogen bonding in the absence 
of the LA. The preference for syn selectivity was ex- 
plained by the delivery of hydrogen radical from the less 
hindered side of the intermediate radical 4 as shown in 
eq Z.*l That the decrease in the steric hulk of R' (Et - 
Me, entries 1 and 6) as well as the increase in the size of 
RZ (Bu - TBSO(CHz)2 - c-CsHll, entries 3-51 decreased 
the syn selectivity is in accord with the proposed inter- 
mediate 4. 

H. 
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The change in chemoselectivity resulting from com- 
plexation of a LA to the substrate demonstrates another 
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Utimoto, K. Bull. Chem. Soe. Jpn. 1989,62,143. Revicw: Neumann, 
W. P. Synthesis 1987, 665. 

0022-3263/95/1960-3576$09.00/0 0 1995 American Chemical Society 



Communications J. Org. Chem., Vol. 60, No. 12, 1995 3677 

substrate which was preferentially complexed by the LA 
due to its electron-rich character relative to the ester now 
becomes a less eletron-rich double bond. This tendency 
was more evident in the reaction of 6b and 7 where a 
combination of sterically hindered tert-butyl ester 6b and 
LA 10 forced the more selective complexation of 10 to 7, 
eventually reversing the ratio of 8b/9 (entries 3 and 4). 
This rationale was reinforced by the fact that the less 
hindered isobutyl ester 6a became more reactive than 
tert-butyl ester 6b in the presence of 10 (entries 5 and 
6). It should be noted that the total product yield of 8+9 
or 8a+b also increased in the presence of the LA (entries 
2, 4, and 6). 

Table 1. Lewis Acid-Enhanced and -Stereocontrolled 
Addition of Bu'W to a,/?-Unsaturated Esters' 

5 

entry 3/R1 R2 EtzAIClb yield (%)? syn/antid 

a (34) 65:35 1 E t ( a )  Bu - 
2 Bu a 31 70:30 
3 Bu + a 76 (82) 87:13 
4 TBSO(CH2)z + b 60 75:25' 
5 c-CsH11 + c  73 60:40e 
6 M e ( b )  Bu + d 51 (61) 75:25 

a See eq 2. Reactant ratio of 3/EtzAlC1/R21/Bu~SnWt3B = 1:l:  
3:3:0:3. Concentration of 3: ca. 0.1 M. The reactions, which were 
terminated after the consumption of BusSnH, were performed in 
C6H6 at reflux with AIBN as initiator (entry 1) or in toluene at 
-78 "C with Et3B (others). Sign +: added, -: not added. 
e Isolated yields. Yields determined by 'H NMR analysis are in 
parentheses. Determined by IH or 13C NMR analysis of a crude 
or a roughly purified product. For structural assignment, see ref 
10. e The structures were assigned by analogy. 

- 

Table 2. Change in Chemoselectivity of the Radical 
Addition in the Presence of a Lewis Acid' 

Starting 
Entw mixture L.A. Yield (oh)bpc 819' 8a/bc 

1 6a+7 None 57 a0:20 

3 6b+7 None 41 68:32 

5 6a+b None 66 
6 10 9a 79121 

4 10 78 2 4 : ~  

a See eq 3. Reactant ratio, see text. Concentration of each 
substrate: ca. 0.1 M. Combined yield of 8+9 or 8aSb. Deter- 
mined by 'H NMR and/or GC analysis. Prepared i n  situ from 
EtzAlCl and  the  phenol. 

use of LA-enhanced radical reaction. The a,@-unsatur- 
ated ester is a more reactive acceptor than the corre- 
sponding amide, because the former has a more electron- 
deficient enone moiety. In fact, the relative reactivity 
between methyl acrylate and N-acryloylpiperidine toward 
cyclohexyl radical has been kinetically determined to be 
3:1.12 In accord with this, addition of butyl radical to a 
mixture of a,@-unsaturated ester 6a and amide 7 under 
standard conditions [BuI (1.1 equiv), Bu3SnH (1 equiv), 
Et3B (0.lequiv)l without LA afforded 8a and 9 in a ratio 
of 80:20 (eq 3 and entry 1 in Table 2). However, the same 
reaction of 6a and 7 in the presence of a LA such as 1013 
(1 equiv) increased the proportion of 9 (8d9 = 4258, 
entry 2).1° This should arise from the fact that the amide 
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(7) Et38 (6a)(R = CBu) 
(b)( R = ~ B u )  toluene, -70 O C  

Coordination of optically active LA 1213-15 to an a- 
methylenebutyrolactone 1 lgbCJ6 promoted the butyl radi- 
cal addition (by TLC analysis). Furthermore, it effected 
an asymmetric hydrogen radical transfer from Bu3SnH 
to the resultant radical a to the lactone carbonyl to give 
optically active 13 as shown in eq 4.1° A low yet 
measurable asymmetric induction was observed in 13, 
which is the first example of asymmetric radical reaction 
controlled by a chiral LA. The dual role of the LA will 
be useful in the synthetic point of view. 
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