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Formation of Carbon-Carbon Bonds by Ring Closure of P-Phenylseleno- 
crotonates 
Derrick L. J. Clive" and Pierre L. Beaulieu 
Chemistry Department, University of Alberta, Edmonton, Alberta, Canada, T6G 2G2 

Successive treatment of olefins with PhSeCl and silver crotonate affords ,8-phenylselenocrotonates which, on 
reaction with triphenyltin hydride in the presence of azobisisobutyronitrile, are converted into 7-lactones by a 
process that introduces a new carbon-carbon bond. 

We report a new method, summarized in equations ( I )  and (2), addition of PhSe-OCOR (R = Me,2 CF,3) to double bonds is 
for making y-lactones. The first step [e.g., cyclohexene -+ (l)]  a well-established p ro~ess .~  Furthermore, as required by 
is an ionic addition of the structural elements of PhSe+ and equation ( I ) ,  the double bond in an cc,p-unsaturated carboxylic 
MeCH=CHCO,- while the second stage (1)+(2) involves the acid is rendered inert, by conjugation, to electrophilic selenium 
generation of a radical. The procedure was suggested by the species. For the process summarized in equation (2) to take 
facts that carbon-selenium bonds undergo homolytic fission place, the nucleophile attached to one of the sp2 carbons in the 
[e.g., (1) --+ A ]  on treatment with Ph3SnH1 and that ionic first stage (here OCOCH=CHMe) should be so constituted 
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Table 1" 

Phenylseleno - adduct Cycl ised product (yield %) 
(yield %) L -  V 

L A 

that it is not expelled from the intermediate radical A-at 
least at a rate competitive with ring closure. The indicated 
choice of reagents satisfies these requirements.t 

In a typical experiment, cyclohexene in dry acetonitrile (0.2 
M) was treated with PhSeCl and silver crotonate6 (1.1 equiv.) 
was added to the resulting solution. Mechanical or ultrasonic 
agitation for an arbitrary period of 20 h at room temperature 
and in the dark then proceeded as shown in equation ( I ) .  
Several other olefins were converted by this method into the 
corresponding phenylseleno-esters (see Table I ) .  

For the ring closure [e.g., equation (2)], individual benzene 
solutions of Ph,SnH (1.7-2.2 mmol, 0.17-0.22 M) and 
azobisisobutyronitrile (AIBN); (0.03-0.06 mmol, 0.003- 
0.006 M) were injected over 10 h into a refluxing solution of 
the phenylselenocrotonate (or acrylate) (1.5-2.0 mmol, 
0.015-0.020 M) in the same solvent. At the end of the addi- 
tion, refluxing was arbitrarily continued for 2 h. Evaporation 
of the solvent, flash chromatography over silica gel with 
hexane-ethyl acetate mixtures, and Kugelrohr distillation 
gave the product lactones in the yields shown in Table 1 .  

The lactones from experiments with (l), (3), and (5 )  were 
cis-fused ('H n.m.r., 400 MHz)$ and were composed of exo 
and endo isomers. The ratios (2a):(2b) and (4a):(4b) were 
established by spectral comparison with the publishedgc 'H 
n.m.r. data for (4a) and (4b). Differentiation between the exo 
and endu isomers (6a) and (6b) was made on the basis of 
n.m.r. measurements and equilibration experiments (K2C03 
in refluxing tetralin) on samples (preparative g.1.c.) of the 
individual components. The stereochemistry of (6b) is assigned 
to the more stable isomer and, as expected, the sum of the 
8(l3C) values for the methylene carbons is higher ( 1  16.0 p.p.m.) 
for (6b) than for (6a) (102.5 p.p.m.).'. The adducts (7) and (9) 
from Z-  and €-but-2-ene, respectively, afforded almost identi- 
cal product mixtures (8a-d). For these compounds, the 

1- The requirements can be met by other systems: e.g., using the 
iodo-crotonate analogue of (11, yields for the two stages were ca. 
9376 and 56Y0, respectively. The iodo-crotonate was made by the 
general method of ref. 5. 
$ Ph,SnH reacts with selenides in the absence of an initiator 
(ref. la). However, the present reaction requires an initiator. For 
the ,%effect on radical stability, see ref. 8. 
8 For cis-fusion in 2-oxabicyclo[5.3.0]nonan-3-ones the 'H n.m.r. 
signal of HC(R')(R*jO occurs at 6 4.3 -4.65 (see ref. 9); for 
rrans-fusion the signal is at 6 3.60-3.78 (see refs. 9a-d; 10). For 
ciy-fusion in 2-oxabicyclo[3.3.0]octan-3-one the corresponding 
signal is at 6 5.0 (the compound is reported, without spectro- 
scopic data in ref. la); the parent hydroxy-acid for the trans-fused 
system is of a type tha t  does not appear to form lactones easily 
(ref. 11). 

' 'H N.m.r. (CDCI,, 400 MHz):  (4a): =CHO ( 8  4.42); Me- 
(6  1.14). (4b): -CHO ( 6  4.52); Me- (6 1.23). The corresponding 
methine signals for (2a), (2b), (6a), and (6b) are 6 4.37, 4.49, 4.84, 
and 4.92, respectively. 

( 3 )  

(65) 

H 
( 7 )  

a Yields refer to isolated products of analytical purity. 
tion. Silver acrylate' used. 

Sonica- 

stereochemistries shown could be assigned tentatively by com- 
parison with published12 detailed 'H n.m.r. data for the four 
isomeric 2,3,4-trimethyl butyrolactones.** 

Some comment is required about several theoretical aspects 
of the synthetic method reported here.13 These are (a) the 
regiochemical outcome (exo 1's. erido closure-both allowed14) 
of the reaction, (b)  the relative stereochemistry of the peri- 
pheral substituents in the products, and (c) the ring fusion 
geometry for the different ring sizes. Free radical addition to 
crotonates occurs mainly (e.g., 92 %) at the @-position.l5 
However, in  the ring closure of hexen-5-yl radicals there is a 
kinetic preference, due to stereoelectronic factors, for the 5-exo 
mode of cy~l izat ion '~ and the present reactions also show a 
reversal of the regiochemistry associated with corresponding 
intermolecular processes. 

I n  the case of (2a, b), (4a, b), and (6a, b) the relative stereo- 
chemistry at the three asymmetric centres of the major isomer 

* *  Diagnostically significant lH n.m.r. signals (CDCI,; 400 MHz) 
corresponding to MeCH(R)O are: (methine proton, methyl) @a) 
64.49 (octet), 1.34(d); (8b) 4.63(quintet), 1.24(d); (8c) 3.99(octet), 
1.40 (d);  (8d) 4.20 (sextet), 1.38 (d). 
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corresponds to that observed with carbocyclic systems1’ but 
the proportions tentatively assigned to (8a-d) are different 
from those on the basis of analogy with simpler 
examples. Finally, the exo-ring closures reported here that 
generate [3.3.0], [4.3.0], and [5.3.0] bicyclic systems by 
formation of a bond to a potential ring junction atom give 
the same stereochemical result as observed in the formation of 
halolactones, i.e., cis-ring fusion for C3.3.0 J and C4.3.01 
systems and both cis- and trans-fusion for [5.3.0].9d 

All new compounds (as isomer mixtures) were characterized 
spectroscopically (including mass measurement) and satisfac- 
tory combustion analytical data (C and H) were obtained. 
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