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Phenyl Selenoesters as Effective Precursors of Acyl Radicals for Use in Intermolecular Alkene 
Addition Reactions 
Summary: The scope of the use of phenyl selenoesters as 
effective precursors to acyl radicals for use in intermole- 
cular olefin addition reactions is detailed. 

Sir: The generation and subsequent intermolecular re- 
action of acyl radicals with alkenes has been long recog- 
nized as a potentially useful method of carbon-carbon 
bond formation since the initial report of peroxide-initiated 
free radical addition of aldehydes to simple olefins by 
Kharasch.' The method was subsequently extended to 
the use of electron-deficient alkenes,2 alternative methods 
of free radical chain initiation have been described: and 
the use of formyl derivatives4 or acyl equivalents35 has been 
detailed. The synthetic potential of the acyl radical as a 
fundamental functionalized free radical has renewed in- 
terest in the development of direct methods for its gen- 
eration, and recent efforts have detailed the ability of 
acylcobalt salophen reagents6 and S-acyl xanthates' to 
serve as acyl radical precursors. We recently reported that 
phenyl selenoesters serve as suitable precursors for the 
efficient generation and intramolecular cyclization (alkene 
addition) of acyl radicals.8 Our interest in further defining 
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Table I. Alkene Addition Reactions of Aromatic Acyl 
Radicals Generated from Phenyl Selenoesters 1" 

phenyl product(s) 
(% yield)csd entry selenoester lb alkene 2 

' C H , a  

1. 

2 I. 

3 1. 

4 I. 

5 1. 

6 1. 

7 I. 

"5.0 equiv of 2, 0.10 equiv of AIBN, benzene, reflux with slow 
addition (1 h) of 1.3 equiv of n-Bu3SnH. bFull  details of phenyl 
selenoester formation and characterization are provided in supple- 
mentary material. All products exhibited 'H NMR, IR, MS, and 
HRMS or C,H,N analysis consistent with the  assigned structure 
(supplementary material). dAll yields are based on pure material 
isolated by flash chromatography (SiOJ. 

the scope of this method of acyl radical generation pro- 
vided the incentive for the study of their intermolecular 
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products'l accompanied by substantial amounts of direct 
phenyl selenoester reduction product (6l-8OYO). 

The results of the extension of the intermolecular alkene 
addition reactions to the use of phenyl selenoesters Id and 
le and phenyl selenocarbonate If (eq 2 and 3; Table 11) 

Table 11. Comparison of Addition Reactions of Aromatic 
and Aliphatic Acyl Radicals Generated from 

Phenyl Selenoesters 
phenyl 
seleno- alkene product 

entry ester (equiv) methoda (W yield)b 
1 la 2a (5.0) A 3c (71) 
2 la 2a (5.0) B 3c (64) 
3 Id 2a (5.0) B 3k (63)' 
4 Id 2a (2.5) B 3k (55)d 
5 Id 2a (2.5) C 3k (54)d 
6 le 2a (2.5) B 31 (51)e 
7 If 2a (5.0) B 3x1 (43)i 
8 la  2b (5.0) A 3d (74) 
9 Id 2b (5.0) A 3j (20) 

10 Id 2b (5.0) B 3j (29) 
11 la  2c (5.0) A 3a (60) 
12 le  2c (5.0) B 3m (46) 
13 I f  2c (5.0) A 30 (OIg  

OMethod A: 0.1 equiv of AIBN, benzene, 80 "C, slow addition (1 
h) of 1.3 equiv of n-Bu3SnH. Method B: 0.1 equiv of AIBN, 1.3 
equiv of n-Bu3SnH, benzene, 80 "C. Method C: 0.1 equiv of 
AIBN, 1.3 equiv of n-Bu3SnH, benzene, 25 OC, 275-W sunlamp ir- 
radiation. bSee footnotes b, c, and d ,  Table I. CInseparable 2.3:l 
mixture of mono:bis adducts. d6:1 mixture of mono:bis adducts. 
e Pure monoadduct isolated by distillation. f1.2:l mixture of 
mono:bis adducts. 8 See text. 

addition reactions with substituted alkenes detailed herein, 
eq 1. 

JSFRI + * = L (1) 

1 2 3 

In agreement with observations detailed in studies of 
the peroxide-initiated free radical addition of aldehydes 
to  alkene^,^^^ aryl acyl radicals generated through treatment 
of aryl phenyl selenoesters with tri-n-butyltin hydride 
(Table I) exhibit nucleophilic character and consequently 
react most productively with alkenes substituted with 
electron-withdrawing groups or radical-stabilizing groups 
(entry 3), independent of the presence of additional cy- or 
@-substitution on the alkene component (entries 4-6). Acyl 
radicals generated from the substituted aryl phenyl sele- 
noesters la-c in the presence of electron-deficient olefins 
provided high yields (53-74'70) of the intermolecular olefin 
addition products 3, with little or no (0-5%) competitive 
reduction and with no evidence of competitive decarbo- 
nylation.l0 The most prominent competitive reaction of 
the aryl acyl radical addition reaction with electron-defi- 
cient olefins was the formation of small amounts (0-17%) 
of bis addition products 4 that were easily separated from 
the addition products 3 in most cases. Moreover, the 
tri-n-butyltin hydride mediated intermolecular alkene 
addition reactions of aryl phenyl selenoesters could be 
conducted without competitive aryl acyl radical reduction. 
This permitted the use of standard solution reaction 
conditions (method B; 1.3 equiv of n-Bu3SnH, 0.10 equiv 
of AIBN, benzene, 80 "C) without resorting to conditions 
that minimize the effective concentration of tri-n-butyltin 
hydride (method A; syringe pump slow addition). The 
analogous reactions of aryl acyl radicals with unactivated 
or electron-rich alkenes provided low yields of addition 
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of 3-biphenylcarboxaldehyde accompanied by 12% of biphenyl. See also: 
Pfenninger, J.; Heuberger, C.; Graf, W. Helu. Chim. Acta 1980, 63, 2328. 

I d R '  = H  
Ig R1 = lBu 

ZaR2 = H, X =  C,H, 
ZbR2 = CH,, X = C02CH3 
Zc R2 = H, X = C02CH2Ph 

3k R' = R 2 =  H. X = C6H5 
3j R1 = H, R2 = CH,, X = C02CH, 
3p R1 = tBu, R2 = H. X = CO,CH, 

(3) 
Bu,SnH 

R3'ScF% + e - R 3  

l e  R3 = CH3 
If R3 = OCH, 

31 R3 = CH,, X = C,H, 
3m R3 = CH,. X = C02CH2Ph 
3n R3 = OCH,. X = C6H5 
30 R3 = CCH,. X = C02CH,Ph 

highlight prominent differences in the generation and re- 
activity of aliphatic acyl and alkoxycarbonyl radicals from 
those of aryl acyl radicals. Treatment of phenyl seleno- 
esters Id and le with tri-n-butyltin hydride in the presence 
of alkenes afforded the expected addition products 3 in 
moderate yields (29-5570) with no evidence of direct re- 
duction. Evidently, decarbonylation and subsequent re- 
duction is a serious competing process with secondary acyl 
radicals generated from aliphatic phenyl se len~es te rs '~J~  
even when the reaction is conducted a t  low temperatures 
(25 "C) with photochemical initiation (method C; Table 
11, entry 5). In addition, in direct contrast to the success 
of the intramolecular cyclization reactions of alkoxy- 
carbonyl radicals generated from phenyl seleno- 
 carbonate^,'^ phenyl selenocarbonate If displayed less 
propensity for participation in selective intermolecular 
alkene addition reactions under similar reaction conditions 
(Table 11, entries 7 and 13). In fact, the reaction of If with 
benzyl acrylate and tri-n-butyltin hydride afforded a 76% 
yield of the tri-n-butyltin addition product 5 with no ev- 
idence for formation of adduct 30 (eq 4). Presumably 

Bu SnH 
r I L  C H 3 0 2 ~ C 0 2 C H 2 p h  

3a 
PhSeC02CH,+ e C 0 2 C H 2 P h  

If 

BU3SwC02CH2F% 

5 

(41 

alkoxycarbonyl radical generation from If is significantly 
slower than or differentI5 from the analogous process in- 
volving treatment of phenyl selenoesters la-e with tri-n- 
butyltin hydride. 

The observations parallel the results obtained in studies 
of the peroxide-initiated aldehyde additions to  olefin^^^^,^ 
and suggest that, in contrast to the intramolecular acyl 
radical additions to olefins,8 secondary acyl radicals gen- 
erated from aliphatic phenyl selenoesters decaibonylate 
at rates comparable to those of intermolecular addition to 
activated alkenes. In cases where decarbonylation is ex- 

(11) The tri-n-butyltin hydride mediated reaction of la with the fol- 
lowing olefins afforded monoadducta in the designated yields: ethyl vinyl 
ether (la%), 1-octene (27%), allyl acetate (32%), cyclohexene (070). 

(12) The rates of decarbonylation of acyl radicals (aryl acyl << primary 
acyl < secondary acyl radical) have been shown to differ by several orders 
of magnitude; see: Fischer, H.; Paul, H. Acc. Chem. Res. 1987, 20, 200 
and references cited therein. 
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n-butyltin hydride (method A) afforded 3p and tert-butylcyclohexane in 
a 1.4:l ratio by GLC analysis. Adduct 3p was isolated in 30% yield. 
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29, 6127. 
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pectedly slower; e.g., aryl or primary acyl radicals,12 useful 
'yields of stoichiometric acyl radical-olefin intermolecular 
addition products may be obtained. Since existing 
methods for promoting the free radicaLchain addition of 
aldehydes to alkenes commonly employ a substantial ex- 
cess (4-10 molar equiv) of aldehyde relative to alkene,1-3 
phenyl selenoesters can serve as a useful alternative and 
complementary source of acyl radicals in instances when 
this component is economically or synthetically valuable. 
The mild and controlled reaction conditions for acyl radical 
generation may permit applications in instances where the 
presence of sensitive functionality would prohibit the use 
of conventionalg or related methodology involving ionic 
acyl equivalents.16 
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Axial Chirality by Asymmetric Induction. Diastereomeric Allene Formation via Silicon as a 
Chiral Auxiliary? 

Summary: Interaction of alkenylidenecarbenes, RCH= 
C=C:, R = CH3 and t-Bu, with chiral a-NpPhMeSi*H 
results in chiral allenes with a 3.5 f 0.5% and 10.5 f 0.5% 
diastereomeric excess, respectively. Hence the transfer of 
central chirality to axial chirality, via silicon as a chiral 
auxiliary, has been established. These results are dis- 
cussed, and a transition state is proposed. 

Sir: The practice and understanding of asymmetric syn- 
thesis is a major challenger and objective of modern organic 
chemistry.2 A common means of achieving this goal is 
asymmetric induction via chirality transfer from one 
stereogenic center to another with the aid of a chiral 
auxiliary, most often a chiral carbon centera2 Although 
numerous examples of asymmetric induction exist,2 little, 
if anything, is known3 about the possibility of generating 
axial chirality by way of asymmetric induction. 

Silicon chemistry and its application in synthesis is 
b~rgeoning.~ In spite of this interest and activity in silicon 
chemistry, the possible application of optically active or- 
ganosilanes in synthesis and, especially, the use of optically 
active silicon as a chiral auxiliary have been rarely ex- 
ploited, with only a few examples r e p ~ r t e d . ~  Hence, with 
the dual aim of examining the creation of axial chirality 
via asymmetric induction and the use of optically active 
silicon as the chiral auxili.ary in chirality transfer, we in- 
vestigated the interaction of dyssymmetrically substituted 
alkenylidenecarbenes 2 (Scheme I) with optically pure 
a-NpPhMeSi*H.6 

Both enantiomers of optically pure a-NpPhMeSi*H are 
readily available by the procedure of Corriu and Moreau.' 
By a process exactly analogous to one previously reported: 
we firmly established1 that the insertion of H,C=C=C: 
into the Si-H bond of optically pure (-)-(5')-a- 
NpPhMeSi*H proceeds with at  least 98% stereospecificity, 
resulting in chiral allenylsilane of retained absolute con- 

' Dedicated to  Professor Jerome A. Berson on the  occasion of his 
65th birthday. 

Scheme I 
OS02Me 

* 
RCH=C=CHSiMePhNp + RCH2CeCGMePhNp 

4a: R=Me Sa: R = M e  
b: R = f - B u  b: R = f - B u  

figuration with a specific rotation of [a]20D -6.32 f 0.03O 
(pentane). 

Interaction of the known methane~ulfonate~ 1 derived 
alkenylidenecarbenes 2 with 3 in glyme gave the silaallene 
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