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Terminal and 1,2-disubstituted olefins were irreversibly acetoxyselenenylated by treatment with PhSeBr in 
an acetate buffer solution. Styrene derivatives yielded only Markovnikov adducts whereas simple terminal olefins 
and olefins containing an allylic oxygen substituent (acyloxy or aryloxy group) afforded significant amounts (5C-85%) 
of the anti-Markovnikov isomer. The product mixtures were isomerized to contain 90-97% of the Markovnikov 
product by treatment with a catalytic amount (6-41 %) of BF3.0Et in chloroform. Oxidation (S02C12/hydrolysis 
or MCPBA) of the isomerized products and selenoxide elimination at elevated temperature toward the acetoxy 
group afforded enol acetates in fair yields. The selenoxides of the anti-Markovnikov isomers (unisomerized mixtures) 
spontaneously eliminated, in the presence of the selenoxides of the Markovnikov isomer, to give allylic acetates 
in good yields at ambient temperature. 

Introduction 
The oxyselenenylation reaction is a very useful proce- 

dure for the anti-lJ-addition of an  organylseleno group 
and an oxygen substituent (HO, RO, RC02) to an olefin.' 
In general, Markovnikov addition to the olefin predomi- 
nates (trisubstituted olefins, styrene derivatives), but 
anti-Markovnikov products are sometimes formed in 
substantial amounts (monosubstituted olefins). Since the 
adducts undergo facile selenoxide elimination regiospe- 
cifically away from the oxygen substituent, they have 
proven very useful for the preparation of allylic alcohols, 
ethers, and esters. 

Much less attention has been directed to reactions where 
the selenoxide elimination occurs toward an oxygen sub- 
stituent. Oxyselenenylation/selenoxide elimination would 
in this case convert olefins to ketones, enol ethers, or enol 
esters. This type of reaction would occur only if no other 
@-hydrogens are available for elimination, or, for steric 
reasons, the selenoxide function is unable to orient itself 
syn to the other @-hydrogens in the molecule. The  first 
example of an  elimination reaction toward oxygen was 
reported by Ho and Hall2 in a deprotection procedure for 
alcohols protected as 2-(phenylseleno)ethyl ethers (enol 
ether involved). More recently the reaction was applied 
to  the preparation of ketene  acetal^,^ enol  ether^,^ enol 

(1) Back, T. G. In The Chemistry of Organic Selenium and Tellurium 
Compounds Vol 2; Patai, S., Ed.; Wiley: Chichester, 1987; p 115. 

(2) Ho, T.-L.; Hall, T. W. Synth. Commun. 1975, 5, 367. 
(3) Petrzilka, M. Helu. Chim. Acta 1978,61,2286. Petrzilka, M. Helu. 

Chim. Acta 1978,61, 3075. Pitteloud, R.; Petrzilka, M. Helu. Chim. Acta 
1979,62, 1319. Jaurand, G.; Beau, J.-M.; Sinay, P. J.  Chem. SOC., Chem. 
Commun. 1982, 701. 

(4) Zylber, N.; Zylber, J .  J. Chem. SOC., Chem. Commun. 1978, 1084. 
Rollin, P.; Verez Bencomo, V.; Sinay, P. Synthesis 1984, 134. Seebach, 
D.; Zimmermann, J. Helu. Chim. Acta 1986, 69, 1147. 

 acetate^,^^^ ketones,6 an enol ~ a r b o n a t e , ~  and 
DhosDhate.* 
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In this paper we report the acetoxyselenenylation of 
terminal and 1,2-disubstituted olefins and, after proper 
manipulations, the conversion of the products into syn- 
thetically usefulg vinylic or allylic acetates. 

Results 
Initially, in order to study the influence of the @-sub- 

stituent in a selenoxide elimination reaction toward oxy- 
gen, we prepared the hydroxy-, methoxy-, and acetoxy- 
selenenylation products la-c from styrene. After S02C12 

X 
Ph L S e P h  

1 a X=OH 2 a X=OH 
b X=OMe b X=OMe 
c X=OAC c X=OAc 

x 0 

Ph 
Ph L S e P h  

3 4 

(5) Arunachalam, T.; Caspi, E. J. Org. Chem. 1981, 46, 3415. Ume- 
zawa, B.; Hoshino, 0.; Sawaki, S.; Sashida, H.; Mori, K.; Hamada, Y.; 
Kotera, K.; Iitaka, Y. Tetrahedron 1984, 40, 1783. 

(6) Furuichi, K.; Yogai, S.; Miwa, T. J. Chem. SOC., Chem. Commun. 
1980, 66. 

(7) Trost, B. M.; Chan, D. M. T. J .  Org. Chem. 1983, 48, 3346. 
(8) Bartlett, P. A,; Chouinard, P. M. J.  Org. Chem. 1983, 48, 3854. 
(9) For synthetic applications of enol acetates, see: March, J. Ad- 

vanced Organic Chemistry, 3rd ed.; Wiley: New York, 1985; p 420. For 
synthetic applications of allylic acetates, see: Magid, R. M. Tetrahedron 
1980, 36, 1901. Backvall, J.-E. Acc.  Chem. Res. 1983, 16, 335. Tsuji, J .  
Tetrahedron 1986, 42, 4401. 
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chlorination and hydrolysis of the resulting selenium(1V) 
dichlorides 2a-c to the corresponding selenoxides, the 
eliminations were thermally induced in a two-phase system 
(aqueous NaHCO,/benzene) a t  100 "C analogously to  a 
known procedure.1° The reaction of the hydroxy com- 
pound 2a yielded acetophenone in modest yield (32%) in 
addition to  phenacyl phenyl selenide (3) (33% yield). A 
similar elimination reaction of the P-methoxy compound 
2b produced acetophenone and phenacyl phenyl selenide 
as well as the selenide lb (relative amounts = 12:56:32). 
Only the P-acetoxy compound 2c produced the desired 
elimination product, a-acetoxystyrene (4), in fair yield 
(66%), together with selenide IC (23%). The failure of the 
selenoxide elimination reaction for enol ether synthesis has 
been previously noted" and tentatively explained by as- 
suming a secondary reaction of the enol ether with 
PhSeOH (a byproduct of the selenoxide elimination re- 
action). A similar reaction could also account for the 
formation of compound 3 in the ketone synthesis. Out of 
the three oxygen substituents tried, only the acetoxy group 
seems to be compatible, in the product, with the forcing 
reaction conditions often needed to carry out a selenoxide 
elimination reaction toward an oxygen substituent. 

Acetoxyselenenylation is most conveniently performed 
by treatment of an olefin with a benzeneselenenyl halide 
in an acetic acid/acetate buffer solution.12 Other methods 
involve the generation of PhSeOAc from benzeneseleninic 
acid13 or diphenyl diselenide14J5 by chemical or electro- 
chemical methods. MeSeOAc, generated from dimethyl 
selenoxide, has also been added to  olefins.16 

Regiochemistry. Concerning the regiochemistry of 
addition, early observations indicated that terminal olefins 
were acetoxyselenenylated12 (or trifluoroacetoxy- 
~elenenylated '~)  with poor regiocontrol. We have treated 
a number of terminal olefins with PhSeBr in acetic 
acid/acetic anhydride containing KOAc and studied the 
regiochemistry of addition by using 'H NMR spectroscopy 
(eq 1). 

RCH2A H O A c l A c 2 0 1 K O A ~  

PhSeBr 

OAc SePh 
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As shown in Table I, simple terminal olefins were ace- 
toxyselenenylated with almost no regiocontrol whereas 
olefins containing an oxygen substituent (acyloxy or 
aryloxy group) in the allylic or homoallylic position showed 
a marked preference for anti-Markovnikov addition. On 
the other hand, styrene was acetoxyselenenylated to give 
the Markovnikov adduct IC (90% yield), free of its re- 
gioisomer. (E)-  and (2)-1-phenyl-1-propene were func- 
tionalized with similar regiocontrol to give adducts 7 (97%) 

(10) Engman, L. Tetrahedron Let t .  1987, 28, 1463. 
(11) Takahashi, T.; Nagashima, H.; Tsuji, J. Tetrahedron Lett. 1978, 

(12) Sharpless, K. B.; Lauer, R. F. J .  Org. Chem. 1974, 39, 429. 
(13) Miyoshi, N.; Takai, Y.; Murai, S.; Sonoda, N. Bull. Chem. SOC. 

(14) Miyoshi, N.; Ohno, Y.; Kondo, K.; Murai, S.; Sonoda, N. Chem. 

799. 

Jpn .  1978,51, 1265. 

Lett .  1979; 1309. 
(15) Torii, S.; Uneyama, K.; Ono, M. Tetrahedron Lett. 1980,21,2741. 

Torii, S.; Uneyama, K.; Ono, M.; Bannou, T. J. Am. Chem. SOC. 1981,103, 
4606. 

(16) Miyoshi, N.; Furui, S.; Murai, S.; Sonoda, N. J. Chem. SOC., Chem. 
Commun. 1975, 293. Miyoshi, N.; Murai, S.; Sonoda, N. Tetrahedron 
Let t .  1977, 851. 

(17) Clive, D. L. J. J. Chem. Soc., Chem. Commun. 1974, 100. Reich, 
H. J. J. Org. Chem. 1974, 39, 428. 

OAc SePh OAc SePh 
Hi,.. ..svCH3 X H,,. ,  ...$ H 

Ph H 
X 

Ph CH3 
7 8 

OAc SePh OAc 

1 0  a X=SePh 

and 8 (99% ), respectively. Another styrene derivative, 
cinnamyl benzoate, when submitted to the usual reaction 
conditions, yielded selenide 9 (95%) as the only regioi- 
somer. As another example of an unsymmetrical 1,2-di- 
substituted olefin, 2-cyclohexen-1-01 acetate yielded adduct 
loa, isolated as its crystalline Se,Se-dichloride 10b in 58% 
overall yield. 

Isomerization Reactions. The  addition of benzene- 
selenenyl halides to  terminal olefins is known to occur 
preferentially anti-Markovnikov a t  low temperature (-78 
"C). However, a t  elevated temperature the thermody- 
namically more stable, terminally phenylselenenylated 
products are formed by spontaneous isomerization of the 
former.18 We envisaged a similar isomerization also for 
acetoxyselenenylation products. When a 5050 mixture of 
selenides 5a + 6a was heated a t  reflux in acetic acid con- 
taining potassium acetate,lg the slow isomerization to  the 
Markovnikov product was observed (5a:6a = 92:8 after 72 
h). It was also found tha t  the isomerization occurred in 
chloroform solution a t  ambient temperature in the pres- 
ence of a catalytic amount of boron trifluoride etherate 
(5a:6a = 96:4 after 24 h). By using 0.05-0.41 equiv of the 
catalyst, all but onezo of the product mixtures 5 + 6 could 
be isomerized to contain 90-97% of the Markovnikov 
product (see Table I). The isomerizations were always 
accompanied by some loss of material due to  decomposi- 
tion of the selenides. 

Elimination Reactions. With the P-acetoxyalkyl 
phenyl selenides 5 in hand, the eliminations to give vinylic 
acetates (eq 2) were attempted as described above (S02C12 
chlorination, with or without isolation of a selenium(1V) 
dichloride and hydrolytic selenoxide elimination in a 
two-phase system a t  100 "C; method A). In an alternative 

b X=SeCI2Ph 

5 1 1  

procedure, the selenides were oxidized with m-chloroper- 
benzoic acid and the resulting selenoxides thermolyzed in 
refluxing benzene (method B). As observed in the prep- 
aration of compound 4, the enol acetate formed was always 
contaminated with a small amount of its corresponding 
selenide precursor 5. However, this was efficiently re- 
moved as a residue by Kugelrohr distillation. Fair yields 
of the desired vinylic acetates 11, contaminated only by 
traces of allylic acetates (from the eliminations of the small 
amounts of anti-Markovnikov isomers 6),  were usually 
obtained (Table 11, entries 1-7). 

(18) Raucher, S. J .  Org. Chem. 1977, 42, 2950. 
(19) In the absence of KOAc the selenides were rapidly decomposed 

if heated a t  reflux in acetic acid. 
(20) The isomerization of selenides 5e + 6e produced a complex 

product mixture due to migration of the benzoyloxy group from the 1- 
to the 2-position. 
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Table I. Acetoxvselenenvlation of Terminal Olefins. BF,-Catalyzed Isomerization of the Adducts 
isomeriza- 

isomer distribution 5:6 tion yield, 
olefin product yield, 70 initially after isomerization % 

I-octene 5a + 6a (R = C5H11) 97 5050 96:4 81 
I-dodecene 5b + 6b (R = CgHlg) 98 51:49 96:4 86 
allylbenzene 5~ + 6~ (R = CeH5) 77 31:69 96:4 76" 

allyl benzoate 5e + 6e (R = C6H5C(0)O) 86 16234 - - 
allyl phenyl ether 5f + 6f (R = CsH50) 98 15:85 9O:lO 56 
3-buten-1-01 benzoate 5g + 6g (R = CeH&(O)OCH*) 99 35:65 93:7 b 

allyl acetate 5d + 6d (R = CH,C(O)O) 67 20:80 97:3 75 

a Overall yield after isomerization + SOpClp chlorination. *Not  determined. 

Table 11. Preparation of Vinylic and Allylic Acetates by Using the Selenoxide Elimination Reaction 
starting elimination' yield, 

entry material method product % 

OAc 

1 5a:6a = 96:4 
2 5b:6b = 964 
3 5b6b = 964 
4 5c:6c = 96:4 
5 5d:6d = 97:3 
6 5f6f = 9010 
7 5g:6g = 93:7 

l la ,  R = CsHll 
llb, R = CgHig 
1 lb, R = CgHig 
l lc ,  R CCH5 
Ild, R = CH&(O)O 

l l f ,  R = CBH&(O)OCHz 
l le,  R = C6H50 

71 
59 
76 
6Sb 
64b 
74 
4SC 

8 1 Oa A OAC 43b 
I 

9 

10 

11 

12 

13 

10a 

9 

14 

17 

7 

14 8 

15 
16 
17 
18 
19 

5a:6a = 5050 
5c:6c = 31:69 
5g:6g = 35:65 
5d:6d = 2080 
5d:6d = 2080 

B 

C 

Bd 

Bd 

C 

C 

C 
C 
C 
C 
Bd 

12 
12 

0 

0 p o g p .  

Ph 

13 

AcO 

16 

AcO phHph H 

18 
OAc 

A3 Ph 

19 
19 

ACH =CH CH20AC 

20a, R = CSHll, E 2  = 4:l 
20b, R = C6H5, E isomer only 

20d, R = CH,C(O)O, E Z  = 3862 
20d, R = CH,C(O)O, E Z  = 40:60 

~ O C ,  R = C6H,C(O)OCHS, E Z  = 83:17 

29 

44b 

69 

96 

82 

82 

8ge 
1ooe 
86e 
24' 
86e 

For details, see text. *Yield based on Se,Se-dichloride (see Experimental Section). Overall yield after isomerization, chlorination, and elimi- 
nation. dElimination a t  ambient temperature in CHzClz. 'Yield based on the amount of anti-Markovnikov isomer present in the selenide mixture. 

The elimination of selenide 10a could also occur only 
toward an oxygen substituent. However, the yield of 
compound 12 was modest when either of the elimination 
procedures was used (Table 11, entries 8, 9). 

According to 'H NMR analysis of the crude reaction 
product, the selenoxide elimination of selenide 9 occurred 
regiospecifically toward the acetoxy group when the re- 
action was carried out a t  ambient temperature (S02C12 

chlorination in CH2C12 and treatment with aqueous NaH- 
COS a t  ambient temperature; method C). The pure com- 
pound 13 was isolated in 44% yield after flash chroma- 
tography and recrystallization. 

In principle, olefins containing no allylic hydrogens 
would only give rise to vinylic acetates when submitted to 
the acetoxyselenenylation-selenoxide elimination reaction 
sequence. To confirm this hypothesis, acenaphthylene was 
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acetoxyselenenylated to give selenide 14 in 72% yield. 
However, upon treatment with S02C12 in chloroform, 
trans-1-acetoxy-2-chloroacenaphthene (15) was formed in 

6 6 H i . H P h  OAc SePh 

1 4  1 5  17 

AcO, SePh ACO,. 

Ph H / /  / /  

78% yield (due to 1,2-migration of chlorine from selenium 
to carbon) instead of the expected selenium(1V) dichloride. 
When m-chloroperbenzoic acid was used for the oxidation 
(elimination a t  ambient temperature), the desired vinylic 
acetate 16 was obtained in 69% yield. When acetoxy- 
selenenylated, (Z)-1,2-diphenylethylene produced a 39:61 
mixture (86% yield) of the two possible stereoisomers 17 
(syn + anti addition). Selenoxide elimination of the 
mixture (method B; ambient temperature) produced the 
two enol acetates 18 as a mixture. Alkaline hydrolysis to  
give benzyl phenyl ketone provided additional support for 
the proposed structures. (E)-1,2-Diphenylethylene failed 
to react under the usual acetoxyselenenylation conditions. 

In general, allylic acetates are formed in the selenoxide 
elimination reaction by using milder conditions than those 
required for the preparation of vinylic acetates. For ex- 
ample, when compounds 7 and 8 were submitted to the 
mild elimination conditions of method C, the allylic acetate 
19 was isolated in 82% yield from both reaction mixtures 
(Table 11, entries 13, 14). Therefore, by selective elimi- 
nation of the anti-Markovnikov isomer 6 away from the 
acetoxy group, i t  should be possible to  obtain an allylic 
acetate 20 from the elimination of a mixture of selenides 
5 + 6 (eq 3). 
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77 % overall yield. Hydrolytic selenoxide elimination 
(method C) slowly produced compound 23, free of any 
regioisomers (96% yield after 21 days). The 'H NMR data 

AcO,,,, C O O E i  

COOEt PhSe xx COOEt 
CI' 'Cl 

a C O O E t  

21  22  

101 
5 + 6  * 

ambient 

OAc 
&SePh \\ + RCH=CHCH;!OAc (3 )  

RCH;! n 
2 0  

v 

In fact, by using the mild conditions already described 
(method C), several allylic acetates 20 could be prepared 
in good yields, free of their corresponding vinylic acetates 
11 (Table 11, entries 15-17). The workup procedure in- 
cluded flash chromatography (to remove any selenoxide 
present) and Kugelrohr distillation. As seen from Table 
11, an E/Z mixture of allylic acetates was usually isolated. 

It was also found that compound 6d could be oxidatively 
eliminated under mild conditions in the presence of its 
regioisomer 5d to give a vinylic acetate 20d as an E/Z 
mixture. The poor product yield obtained by using method 
C was significantly improved when m-chloroperbenzoic 
acid was used for the oxidation step (Table 11, entries 18, 
19). 

It is obvious from our results tha t  allylic oxygen sub- 
stituents have a strong influence on the regiochemistry of 
the acetoxyselenenylation reaction, thus favoring anti- 
Markovnikov addition to  terminal olefins. We were cu- 
rious to see if this effect could be synthetically useful in 
other systems with other directing groups. To this end, 
cis-4-cyclohexene-l,2-dicarboxylic acid diethyl diester (21) 
was submitted to  the usual acetoxyselenenylation condi- 
tions and the product S02C12 chlorinated to  give an isom- 
erically pure,21 crystalline, selenium(1V) dichloride 22 in 

C 0 0 Et P h/Se\ A/.,, c 0 0 Et  

CI CI 
2 3  24 

25 26 

I 
Br 

CsH1&HCH2SePh 

27  

of the material suggest a conformation of the molecule 
where the acetoxy group and the allylic ethoxycarbonyl 
group are trans to  each other, and pseudoaxial, with the 
remaining ethoxycarbonyl group occupying a pseudoe- 
quatorial position. According to  a crude molecular me- 
chanics calculation,22 this conformation is energetically 
slightly favored over the other possible pseudochair form. 

Compound 23 would result, after chlorination and 
elimination away from the acetoxy group, if the pseudo- 
axial ethoxycarbonyl group of diester 21 is directing the 
attack of the selenium electrophile to  occur syn to  itself 
with acetate attacking from the opposite side of the double 
bond. 

For reference purposes (only one product possible for 
symmetry reasons), trans-4-cyclohexene- 1 ,Bdicarboxylic 
acid diethyl diester was also carried through the elimina- 
tion sequence (91% yield of selenium(1V) dichloride 24 and 
98% yield of allylic acetate 25).  According to  'H NMR 
analysis, the acetoxy group of compound 25 occupied a 
pseudoaxial position whereas the two ethoxycarbonyl 
groups were pseudoequatorially arranged. 

Discussion 
It is generally accepted that  selenium electrophiles 

PhSeX react with olefins to produce seleniranium ions 26. 
Nucleophilic attack at  the terminal, sterically less hindered 
carbon then gives the anti-Markovnikov adduct, whereas 
attack a t  the nonterminal, sterically more hindered but 
more positively charged, carbon provides the Markovnikov 
product. 

By using the system PhSeBr/HOAc/Ac20/KOAc for 
acetoxyselenenylation it is not clear whether the addition 
involves a direct reaction of PhSeOAc or solvolysis of a 
preformed PhSeBr adduct. We observed that treatment 
of 2-bromooctyl phenyl selenide (27) with HOAc/Ac20/ 
KOAc produced the same isomeric mixture of selenides 

(21) cis-4-Cyclohexene-l,2-dicarboxylic acid dimethyl diester has been 
reported to produce a mixture of regioisomers when treated with PhSeC1: 
Garratt, D. G.; Ryan, M. D.; Kabo, A. Can. J. Chem. 1980, 58, 2329. 

(22) Software: SYBYL from Tripos Associates, Inc., St. Louis, MO, 
running on a Micro VAX system under VMS. Hardware: Evans & 
Sutherland PS 390 graphics system. 



888 J .  Org. Chem., Vol. 54 ,  No. 4, 1989 

5a/6a as was obtained in the original acetoxyselenenylation 
experiment. This result seems to  favor a solvolysis 
mechanism of the acetoxyselenenylation reaction. For an 
addition of PhSeX, if the  nucleophile X is chlorine or 
bromine, the  reaction becomes reversible even at low 
temperature. However, if X is an oxygen substituent (OH, 
OR, OAc), product isomerization does not occur even a t  
ambient t e m p e r a t ~ r e . ~ ~  and  methoxy- 
~e leneny la t ion~~  reactions of 1-hexene have been reported 
to  produce 89 and  83% (relative yields), respectively, of 
the Markovnikov isomer. This shows that the  thermo- 
dynamic product in these cases is also kinetically favored. 
On the other hand, our results with 1-octene and 1-do- 
decene indicate a similar energy barrier for both pathways 
in the acetoxyselenenylation reaction. The directing effect 
of an allylic oxygen substituent in electrophilic addition 
reactions has previously been observed with reagents like 
PhSeC125 and PhSeC1326 (anti-Markovnikov products fa- 
vored). As seen from Table I (allyl benzoate and homoallyl 
benzoate), the effect of a benzoyloxy group is markedly 
reduced as the substituent is shifted from an allylic to a 
homoallylic position. 

The  role of boron trifluoride etherate in the isomeriza- 
tion reaction is probably to assist in the  removal of the  
acetoxy group, thus lowering the energy barrier for sele- 
niranium ion formation. Due to decomposition of the  
selenides in long-time isomerization experiments, we can 
only say tha t  the  reported isomer ratios of Table I must 
be close to those of the  thermodynamic mixture, if not 
identical with them. 

The  lack of regiospecificity has previously imposed se- 
rious restrictions on the  applicability of the acetoxy- 
selenenylation reaction in synthesis. Via the BF,-catalyzed 
isomerization reaction, Markovnikov adducts are now 
easily accessible from a variety of terminal olefins. Their 
ready conversions to 2-acetoxy 1-olefins were also dem- 
onstrated by using the selenoxide elimination reaction at 
elevated temperature. 

As compared with other oxyselenenylation reactions, the 
acetoxyselenenylation process gives significantly larger 
amounts of the anti-Markovnikov isomer. Its selenoxide 
elimination, selectively away from the acetoxy substituent, 
in the presence of the  Markovnikov isomer, is therefore 
a synthetically useful process for the preparation of allylic 
acetates. Unfortunately, the acetoxyselenenylation reac- 
tion of simple olefins does not lend itself to much ma- 
nipulation to increase the  amount of anti-Markovnikov 
isomer. However, after introduction of an allylic oxygen 
substituent, the  anti-Markovnikov isomer usually pre- 
dominates with a ratio of at least 8:2 over its regioisomer. 

Finally, our results with cis-4-cyclohexene-l,2-di- 
carboxylic acid diethyl diester demonstrate that  it is also 
possible to efficiently control the regiochemistry of acet- 
oxyselenenylation reactions by using other directing sub- 
stituents than allylic alcohols, ethers, and esters. This 
finding should hopefully prove useful for future synthetic 
applications. 

E x p e r i m e n t a l  Sec t ion  
Melting points (uncorrected) were determined by using a Buchi 

510 melting point apparatus. NMR spectra were obtained with 
Bruker WP 200 and AM 400 (indicated) instruments (operating 

Engman 

at 200 and 400 MHz, respectively) and were recorded for CDC13 
solutions containing tetramethylsilane as the internal standard. 
IR spectra were obtained by using a Perkin-Elmer 1710 FT in- 
frared spectrometer. GLC analyses were carried out by using a 
Varian 3700 gas chromatograph equipped with a 30-m SE-30 
capillary column. Elemental analyses were performed by Novo 
Microanalytical Laboratory, Bagsvaerd, Denmark. Chloroform 
was washed with water to remove ethanol and dried over CaCl,. 
Sulfuryl chloride was freshly distilled. The different allyl and 
homoallyl alcohol benzoic acid esters as well as the allylic acetates 
were prepared as previously described.27 Allyl phenyl ether was 
prepared by analogy with the preparation of allyl 4-chlorophenyl 
ether.2s l-Phenyl-2-(phemylseleno)ethano124 and cis-" and 
trans-4-cyclohexene- 1,2-dicarboxylic acid diethyl diester30 were 
prepared according to literature methods. 

Acetoxyselenenylation of Olefins. Typical Procedure. 
2-Acetoxy-2-phenylethyl Phenyl Selenide (IC).  To a stirred 
suspension of PhSeBr (1.0 g, 4.2 mmol) in an acetate buffer 
solution (5 mL of HOAc, 0.5 mL of AczO, and 0.7 g of KOAc) at 
ambient temperature was added styrene (0.44 g, 4.2 mmol). After 
disappearance of the solid (e0.5 h), the resulting yellowish ho- 
mogeneous solution was stirred for 15 h and the solvent evaporated 
at reduced pressure. The product was then extracted into CHzClz 
(KBr filtered off) and purified by flash chromatography 
(SiOz/CHpClz:hexane = 1:l) from traces of diphenyl diselenide 
to give 1.22 g (90%) of compound IC as an oil: 'H NMR 6 2.01 

(several peaks, 8 H), 7.49 (m, 2 H). The material was analyzed 
as its Se,Se-dichloride 2c (vide infra). 

Products 5 + 6 , 7 , 8 , 9 ,  loa, 14, and 17 were similarly prepared. 
'H NMR data and yields are reported as follows (selected peaks 
for compounds 5 and 6; for yields see Table I). 

5a: 6 1.94 (s, OAc), 3.06 (d, CH2SePh), 5.02 (m, CHOAc). 
6a: 6 1.99 (s, OAc), 3.31 (d, CHSePh), 4.21 (m, CHzOAc). 
5b: 6 1.94 (s, OAc), 3.07 (d, CH,SePh), 5.01 (m, CHOAc). 
6b: 6 2.00 (s, OAc), 3.31 (m, CHSePh), 4.23 (m, CH,OAc). 
5c: 6 1.88 (s, OAc), 5.23 (m, CHOAc). 
6c:  6 1.99 (s, OAc), 3.59 (m, CHSePh). 
5d: 6 1.98 (s, OAc), 2.03 (s. OAc), 3.09 (d, CH,SePh). 
6d: 6 2.05 (s, OAc), 3.53 (m, CHSePh). 
5e: 6 1.99 (s, OAc), 3.18 (d, CHzSePh). 
6e: 6 2.03 (s, OAc), 3.68 (m, CHSePh). 
5 f  6 1.98 (s, OAc), 3.27 (m, CH,SePh). 
6 f  6 2.03 (s, OAc), 3.65 (m, CHSePh). 
5g: 6 1.92 (s, OAc), 3.15 (m, CH2SePh). 
6g: 6 2.01 (s, OAc), 3.48 (m, CHSePh). 
7: 6 1.38 (d, 3 H), 2.07 (s, 3 H), 3.59 (m, 1 H), 5.92 (d, 1 H, J 

= 5.1 Hz), 7.25-7.31 (several peaks, 8 H), 7.53 (m, 2 H); yield 97%. 
8: 6 1.23 (d, 3 H), 2.00 (s, 3 H), 3.63 (m, 1 H), 5.81 (d, 1 H, J 

= 8.1 Hz), 7.26-7.37 (several peaks, 8 H), 7.56 (m, 2 H); yield 99%. 
9: 6 2.05 (s, 3 H), 3.89 (m, 1 H), 4.50 (dd, 1 H), 4.69 (dd, 1 H), 

6.18 (d, 1 H, J = 6.2 Hz), 7.17-7.55 (several peaks, 13 H), 7.94 
(m, 2 H); yield 95%; mp 80-1 "C. 

loa: 6 1.50-1.75 (several peaks, 4 H), 1.96-2.05 (several peaks, 
2 H), 1.99 (s, 3 H), 2.01 (9, 3 H), 3.45 (m, 1 H), 5.20-5.38 (several 
peaks, 2 H), 7.25-7.30 (several peaks, 3 H), 7.58 (m, 2 H); yield 
75%. 

14: 6 1.99 (s, 3 H), 5.13 (s, 1 H), 6.71 (s, 1 H), 7.16-7.77 (several 
peaks, 11 H); yield 72%. 

17: (selected peaks) isomer A 6 1.86 (s, OAc), 4.55 (d, 1 H), 
isomer B 6 1.98 (s, OAc), 4.66 (d, 1 H); yield 86%; relative amounts 
A:B = 39:61. 

Typical Isomerization Procedure. 2-Acetoxy-l-(phenyl- 
se1eno)dodecane (5b). To a stirred 51:49 mixture of compounds 
5b/6b (2.1 g, 5.5 mmol) in CHC13 (25 mL) at ambient temperature 
was added boron trifluoride etherate (0.05 g, 0.35 mmol). After 
24 h, the reaction mixture was shaken with water and the organic 
phase separated, dried, and evaporated. Flash chromatography 
(SiOz/CHzClZ:hexane = 1:l) afforded 1.83 g (86%) of a selenide 
mixture 5b/6b containing 96% of isomer 5b. 

(s, 3 H), 3.21 (dd, 1 H), 3.37 (dd, 1 H), 5.92 (dd, 1 H), 7.22-7.33 

(23) The reversibility of the methoxyselenenylation reaction has pre- 
viously been reported at  elevated temperature: Toshimitsu, A.; Aoai, T.; 
Uemura, S.; Okano, M. J .  Org. Chem. 1980, 45, 1953. 

(24) Toshimitsu, A.; Aoai, T.; Owada, H.; Uemura, S.; Okano, M. 
Tetrahedron 1985, 41, 5301. 

(25) Liotta, D.; Zima, G.; Saindane, M. J .  Org. Chem. 1982, 47, 1258. 
(26) Engman, L. J .  Org. Chem. 1987, 52, 4086. 

(27) Engman, L. J .  Am. Chem. SOC. 1984, 106, 3977. 
(28) White, W. N.; Gwynn, D.; Schlitt, R.; Girard, C.; Fife, W. J .  Am. 

(29) Cope, A. C.; Herrick, E. C. J.  Am. Chem. SOC. 1950, 72, 983. 
(30) Sample, T. E., Jr.; Hatch, L. F. Org. Synth. 1970, 50, 43. 

Chem. SOC. 1958,80, 3271. 
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The isomerizations of compounds 5a + 6a and 5c + 6c were 
similarly performed. All other isomerizations were carried out 
by using a larger amount of catalyst (mol % catalyst shown in 
parantheses): 5d + 6d (41%); 5e + 6e (26%); 5f + 6f (25%); 5g + 6g (13%). For yields and isomer distributions after isomeri- 
zation, see Table I. 

Representative Preparation of a Se,Se-Dichloride. (2- 
Acetoxy-2-phenylethy1)phenylselenium Dichloride (2c). To 
a stirred solution of selenide IC (0.90 g, 2.8 mmol) in CHCl:, (10 
mL) at ambient temperature was added SOzClz (0.38 g, 2.8 mmol). 
After 15 min, the solvent was evaporated and the crystalline 
residue recrystallized from CH,Cl,/hexane to give 0.97 g (88%) 
of compound 2c: mp 120-1 "C dec; 'H NMR 6 2.23 (s, 3 H), 4.37 
(dd, 1 H), 4.62 (dd, 1 H), 6.75 (dd, 1 H), 7.39-7.54 (several peaks, 
8 H), 7.92 (m, 2 H). Anal. Calcd for C16Hl&1202Se: c, 49.25; 
H, 4.13. Found: C, 49.45; H, 4.21. 

Compounds 2a, lob, 22, and 24 were similarly prepared. 
Selenides 9,5c,  and 5d (the latter two after BF3-catalyzed isom- 
erization) were also converted to their respective crystalline 
Se,Se-dichlorides by using the above procedure. 'H NMR data, 
yields, and melting points for selenium(1V) compounds are re- 
ported as follows. 

2a: 'H NMR 6 3.19 (s, 1 H), 4.39 (dd, 1 H), 4.62 (dd, 1 H), 5.84 
(dd, 1 H), 7.39-7.54 (several peaks, 8 H), 7.92 (m, 2 H); yield 99%; 
mp 97-9 "C dec. Anal. Calcd for C14H14C120Se: C, 48.30; H, 4.05. 
Found: C, 48.77; H, 4.15. 

lob: 'H NMR 6 1.12 (s, 3 H), 1.35-1.95 (several peaks, 4 H), 
2.18 (m, 1 H), 2.19 (s, 3 H), 2.45 (m, 1 H), 4.71 (dd, 1 H, J = 2.2 
and 10.9 Hz), 5.78 (ddd, 1 H, J = 4.8, 10.9, and 10.9 Hz), 6.26 (m, 
1 H), 7.47-7.53 (several peaks, 3 H), 8.13 (m, 2 H); yield 77%; 
mp 146-7 "C dec; IR 1736 cm-'. 

22: 'H NMR 1.23 (t, 3 H), 1.29 (t, 3 H), 1.65-1.88 (several peaks, 
4 H), 2.65-2.86 (several peaks, 4 H), 3.40 (s, 1 H), 4.10-4.32 (several 
peaks, 4 H), 4.73 (m, 1 H), 5.60 (ddd, 1 H, J = 4.5, 11.0, and 11.0 
Hz), 7.49-7.55 (several peaks, 3 H), 8.17 (m, 2 H); yield 77%; mp 
134-5 "C dec; IR 1737 cm-'. 

24: 'H NMR 6 1.32 (t, 3 H), 1.39 (t, 3 H), 1.81 (m, 1 H), 1.98 
(s, 3 H), 2.48-2.80 (several peaks, 3 H), 3.39 (m, 2 H), 4.14-4.37 
(several peaks, 4 H), 4.91 (ddd, 1 H, J = 4.1, 10.8, and 12.5 Hz), 
5.60 (ddd, 1 H, J = 4.7, 10.8, and 10.8 Hz), 7.51-7.54 (several peaks, 
3 H), 8.16 (m, 2 H); yield 91%; mp 130-1 "C dec; IR 1723 cm-'. 

[ 1-Acetoxy-3- (benzoyloxy)- l-phenyl-2-propyl]phenyl- 
selenium dichloride: 'H NMR 6 2.29 (s, 3 H), 5.05-5.17 (several 
peaks, 3 H), 7.16-7.59 (several peaks, 14 H), 8.15 (m, 2 H); yield 
96%; mp 92-4 "C dec. Anal. Calcd for C24HzaC1204Se: C, 54.98; 
H, 4.23. Found: C, 55.23; H, 4.29. 

(2-Acetoxy-3-phenylpropy1)phenylselenium dichloride: 
'H NMR 6 2.13 (s, 3 H), 3.04 (dd, 1 H), 3.22 (dd, 1 H), 4.25 (dd, 
1 H), 4.36 (dd, 1 H), 6.00 (m, 1 H), 7.24-7.34 (several peaks, 5 
H), 7.47-7.53 (several peaks, 3 H), 7.86 (m, 2 H); yield (for 
isomerization + chlorination) 76%; mp 119-20 "C. 

(2,3-Diacetoxypropyl)phenylselenium dichloride: 'H NMR 
6 2.14 (s, 3 H), 2.20 (s, 3 H), 4.37-4.50 (several peaks, 4 H), 5.95 
(m, 1 H), 7.53-7.56 (several peaks, 3 H), 7.95 (m, 2 H); yield 92%; 
mp 108-9 "C dec. Anal. Calcd for C13H&,0$e: C, 40.44; H, 
4.18. Found: C, 40.92; H, 4.31. 

Compound 2b was similarly prepared by S02Cl, chlorination 
of selenide lb. The selenide was prepared in 93% yield by 
treatment of styrene in anhydrous MeOH with PhSeC1. This 
material has previously been synthesized by using a more so- 
phisticated selenium reagent.,, 

2b: 'H NMR 6 3.39 (s, 3 H), 4.33 (dd, 1 H),4.58 (dd, 1 H), 5.29 
(dd, 1 H), 7.40-7.50 (several peaks, 8 H), 7.91 (m, 2 H); yield 92%; 
mp 139-40 "c dec. Anal. Calcd for C15H16C120Se: c, 49.75; H, 
4.45. Found: C, 49.95; H, 4.55. 

Typical Elimination Procedures. Method A. 2-Acetoxy- 
1-dodecene ( 1  lb). To a stirred solution of selenides 5b:6b = 96:4 
(0.55 g, 1.4 mmol) in dry benzene (20 mL) was added SOzClz (0.20 
g, 1.5 mmol). After 15 min, water (20 mL) containing NaHC0, 
(0.50 g, 6.0 mmol) was added and the two-phase system heated 
at 100 "C for 4 h. The yellow organic phase was then separated, 
dried, and evaporated and the residue Kugelrohr-distilled to give 
0.19 g (59%) of compound l lb :  'H NMR 6 0.88 (t, 3 H), 1.27 (s, 
14 H), 1.45 (m, 2 H), 2.14 (s, 3 H), 2.20 (t, 2 H), 4.72 (m, 2 H). 
Anal. Calcd for Cl4HZ6O2: C, 74.29; H, 11.58. Found: C, 74.01; 
H, 12.07. 
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The isolated crystalline selenium(1V) dichlorides (vide supra) 
were dissolved in benzene and heated with aqueous NaHCO, as 
described above to effect elimination. 

Diphenyl diselenide was removed from compound 1 If by using 
flash chromatography (Si02/CH2C12) before Kugelrohr distillation. 
According to GLC analysis, all compounds 11 contained 1 5 %  of 
their corresponding allylic acetates 20. For yields, see Table 11. 
'H NMR and analytical data for new compounds are reported 
as follows. 

l ld:  6 2.10 (s, 3 H), 2.17 (s, 3 H), 4.62 (s, 2 H), 5.02 (m, 1 H), 
5.09 (m, 1 H). Anal. Calcd for C7H10O4: C, 53.16; H, 6.37. Found: 
C, 52.75; H, 6.34. 

l l f  6 2.14 (s, 3 H), 2.71 (t, 2 H), 4.44 (t, 2 H), 4.88 (s, 2 H), 
7.39-7.59 (several peaks, 3 H), 8.03 (m, 2 H). Anal. Calcd for 
C13H140d C, 66.66; H, 6.02. Found: C, 66.56; H, 6.19. 

12: 6 1.60-1.95 (several peaks, 4 H), 2.04 (s, 3 H), 2.13 (s, 3 H), 
2.14-2.21 (several peaks, 2 H), 5.40 (m, 1 H), 5.51 (m, 1 H). Anal. 
Calcd for CloH1404: C, 60.59; H, 7.12. Found: C, 60.28; H, 7.36. 

The spectroscopic and/or physical data of the known com- 
pounds 1 la3' and 1 lc32 showed good agreement with reported 
data. 

Compounds 2a-c were eliminated according to method A. The 
reaction of compound 2a produced acetophenone (32%) and 
phenacyl phenyl selenide (3),, (33%), both compared with au- 
thentic samples. Compound 2b similarly produced a 12:56:32 
mixture of acetophenone, phenacyl phenyl selenide, and selenide 
Ib, respectively (no total yield determined). Compound 3b af- 
forded a-acetoxystyrene= in 66% yield together with selenide IC 
(23%). 

Method B. 2-Acetoxy-1-dodecene ( l lb) .  To a stirred solution 
of selenides 5b:6b = 96:4 (1.0 g, 2.6 mmol) in dry benzene was 
added MCPBA (0.56 g; 80% by weight, 2.6 mmol) in small 
portions. After 15 min, the homogeneous, colorless solution was 
extracted with aqueous NaHC03 (to remove m-chlorobenzoic acid) 
and heated at reflux for 4 h. Workup according to method A 
afforded 0.45 g (76%) of compound l l b .  

Compounds 16, 18, and 20d were prepared by using CH2C1, 
as solvent instead of benzene. After extraction with NaHCO, 
(aqueous), the organic phase was separated and kept at ambient 
temperature for 1, 2, and 5 days, respectively, to complete the 
elimination. Products were isolated by using flash chromatog- 
raphy. For yields of compounds prepared according to method 
B, see Table 11. 

Compound l l e  (isolated by flash chromatography) was only 
ca. 92% pure according to GLC analysis. The analytical sample 
was obtained by using preparative GLC: 'H NMR 6 2.14 (s, 3 
H), 4.57 (s, 2 H), 5.03 (m, 1 H), 5.13 (m, 1 H), 6.93-7.01 (several 
peaks, 3 H), 7.25-7.33 (several peaks, 2 H). Anal. Calcd for 
CllH12O3: C, 68.74; H, 6.29. Found: C, 68.85; H, 6.44. 

Compound 16 melted at 45-7 "C, and its 'H NMR spectrum 
was in good agreement with reported data.35 

Compound 18 was obtained as a mixture of two isomers A and 
B relative amounts AB = 5644; 'H NMR (selected peaks) isomer 
A 6 2.19 (s, 3 H), 6.46 (s, 1 H), isomer B 6 2.31 (s, 3 H), 6.71 (s, 
1 H). When the mixture (0.05 g, 0.21 mmol) was stirred in water 
(1 mL) and dimethoxyethane (5 mL) containing KOH (0.20 g, 
3.6 mmol) for 18 h, 0.039 g (95%) of phenyl benzyl ketone, mp 
54-5 "C (lit.36 mp 55-6 "C), was isolated. 

Compound 20d was obtained as an E / Z  mixture (Table 11). 
Both isomers were previously de~cribed.,~ E isomer: 'H NMR 
6 2.06 (s, 3 H), 2.15 (s, 3 H), 4.55 (d, 2 H), 5.56 (dt, 1 H , J  = 7.4 
and 12.6 Hz), 7.38 (d, 1 H, J = 12.6 Hz). Z isomer: 'H NMR 6 
2.07 (s, 3 H), 2.17 (s, 3 H), 4.73 (d, 2 H), 5.06 (dt, 1 H, J = 7.0 
and 6.4 Hz), 7.21 (d, 1 H, J = 6.4 Hz). 

Method C. 1-Acetoxy-2-octene (20a). To a stirred solution 
of selenides 5a:6a = 50:50 (1.35 g, 4.1 mmol) in CH2C1, (40 mL) 
was added SOzClz (0.56 g, 4.1 mmol). After 15 min, the reaction 

(31) Hudrlik, P. F.; Hudrlik, A. M. J. Org. Chem. 1973, 38, 4254. 
(32) Moon, S.; Bohm, H. J .  Org. Chem. 1972, 37, 4338. 
(33) Engman, L. Tetrahedron Let t .  1985, 26, 6385. 
(34) Marvel, C. S.; Moon, N. S. J. Am. Chem. SOC. 1940, 62, 45. 
(35) Laundon, B.; Morrison, G. A. J. Chem. SOC. C 1971, 1694. 
(36) Allen, C. F. H.; Barker, W. E. Organic Syntheses; Wiley: New 

(37) Ishino, Y.; Hirashima, T. Nippon Kagaku Kaishi 1985, 198. 
York, 1943; Collect. Vol. 11, p 156. 
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mixture was shaken in a separatory funnel with water (40 mL) 
containing NaHC03 (1.4 g, 16.7 mmol). When the initial gas 
evolution had ceased, the two-phase system was left for 3 days 
to complete the elimination. Flash chromatography (SiOz/ 
CHzCl2:hexane = 1:l) and Kugelrohr distillation afforded 0.31 
g (89%) of compound 20a as an isomeric mixture (E:Z = 41). The 
Z isomer was separated by using HPLC (Waters M-45 instrument; 
p-Porasil column; Et0Ac:hexane = 1:99) from the well-charac- 
t e r i ~ e d ~ ~  E isomer. Z isomer: 'H NMR (400 MHz) 6 0.89 (t, 3 
H), 1.29-1.39 (several peaks, 6 H), 2.06 (s, 3 H), 2.09 (m, 2 H), 
4.62 (d, 2 H), 5.54 (m, 1 H), 5.64 (m, 1 H); JH-H olefinic = 10.9 
Hz. 

Compounds 1939 and 20b39 were similarly prepared. For the 
preparation of compounds 13,20c, and 20d, the two-phase system 
was left for 24 h, 24 h, and 4 days, respectively, to complete the 
elimination. 'H NMR and/or analytical data for new compounds 
prepared according to method C are as follows. For yields and 
E:Z ratios, see Table 11. 

13: 6 2.33 (s, 3 H), 4.96 (d, 2 H), 6.11 (t, 1 H), 7.34-7.57 (several 
peaks, 8 H), 8.06 (m, 2 H); mp 57-8 "C. Anal. Calcd for Cl8Hl604: 
C, 72.96; H, 5.44. Found: C, 72.98; H, 5.57. 

20c. The Z isomer was previously described.40 E isomer: 'H 
NMR (selected peaks) 6 2.08 (s, 3 H), 4.61 (d, 2 H), 4.84 (d, 2 H). 

In the preparation of compound 20d according to method C, 
the selenide mixture 5d + 6d was isolated in 58% yield. 

Compounds 22 and 24 were dissolved in CHzClz and treated 
with aqueous NaHC03 as described in method C (elimination time 
21 and 5 days, respectively) to give compounds 23 and 25 in 96 
and 98% yields, respectively. 

23: 13C NMR (400 MHz) 6 14.08,21.18,27.27,37.10,42.21,60.74, 
60.97, 65.99, 126.97, 128.99, 170.30, 170.80, 172.72; 'H NMR (400 
MHz) 6 1.24 (t, 3 H), 1.25 (t, 3 H), 2.04 (s, 3 H), 2.24 (ddd, 1 H, 
J = 2.4, 3.5, and 14.7 Hz), 2.35 (ddd, 1 H, J = 4.4, 11.8, and 14.7 
Hz), 2.97 (ddd, 1 H, J = 3.5, 5.1, and 11.8 Hz), 3.60 (dd, 1 H, J 
= 5.1 and 5.1 Hz), 4.11-4.20 (several peaks, 4 H), 5.31 (m, 1 H), 
5.95(dd,lH,J=4.6and9.8Hz),6.1O(dd,lH,J=5.1and9.8 
Hz). Anal. Calcd for Cl4HZ0O6: C, 59.15; H, 7.09. Found: C, 
58.74; H, 7.21. 

2 5  I3C NMR (400 MHz) 6 14.09,21.18, 30.26,37.42,44.02,60.92, 
61.22, 64.78, 125.65, 129.43, 170.38, 171.78, 174.09; 'H NMR (400 
MHz) 6 1.27 (t, 3 H), 1.28 (t, 3 H), 1.86 (ddd, 1 H, J = 4.3, 12.7, 
and 14.2 Hz), 2.07 (s, 3 H), 2.20 (ddd, 1 H, J =  3.0, 3.0, and 14.2 
Hz), 3.10 (ddd, 1 H, J = 3.0, 10.1, and 12.6 Hz), 3.50 (dd, 1 H, 
J = 1.5 and 10.1 Hz), 4.14-4.23 (several peaks, 4 H), 5.25 (m, 1 
H), 5.91 (dd, 1 H, J = 4.8 and 10.0 Hz), 6.07 (dd, 1 H, J = 1.5 

(38) Howard, J. J.; Wiemer, D. F. Naturwissenschaften 1983, 70, 202. 
(39) Rappoport, Z.; Winstein, S.; Young, W. G. J .  Am. Chem. SOC. 

(40) FrBchet, J. M. J.; Nuyens, L. J. Can. J .  Chem. 1976, 54, 926. 
1972, 94, 2320. 

1989,54, 890-896 

and 10.0 Hz). Anal. Calcd for C14Hm06: C, 59.15; H, 7.09. Found: 
C, 59.12; H, 7.15. 

trans - 1-Acetoxy-2-chloroacenaphthene (15). To a stirred 
solution of selenide 14 (1.13 g, 3.1 mmol) in CHC1, (10 mL) at  
ambient temperature was added SOZCl2 (0.42 g, 3.1 mmol). The 
orange-red solution was then left for 4 days. Evaporation and 
flash chromatography @ioz; CHzClz:hexane = 1:l) of the residue 
afforded 0.59 g (78%) of compound 15, mp 99 "C (lit!' mp 94-5 
"C). 

2-Bromooctyl phenyl selenide was prepared by treatment 
of PhSeBr (0.54 g, 2.2 mmol) with 1-octene (0.25 g, 2.2 mmol) in 
CHCl, (2 mL) for 24 h by analogy with a literature procedure.1° 
The reaction mixture was then poured into 5 mL of the acetate 
buffer solution used in the typical acetoxyselenenylation procedure 
(vide supra). Workup afforded a 48:52 mixture of compounds 
5a and 6a (yield not determined). 
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25522-54-7; l l d ,  97146-99-1; l le,  118270-80-7; l l f ,  118270-78-3; 
12, 118270-79-4; 13, 118270-81-8; 14, 118270-67-0; 14 (olefin), 

(olefin), 645-49-8; (E)-18, 24647-07-2; (2)-18, 13892-81-4; 19, 
7217-71-2; (E)-20a, 3913-80-2; (Z)-20a, 26806-12-2; (E)-20b, 

31447-25-3; (Z)-20d, 31447-24-2; 22, 118270-73-8; 22 (selenide), 
118270-72-7; 23, 118270-84-1; 24, 118374-49-5; 24 (selenide), 
118374-48-4; 25, 118270-85-2; styrene, 100-42-5; [1-acetoxy-3- 
(benzoyloxy)-l-phenyl-2-propyl]phenylselenium dichloride, 
118270-74-9; (2-acetoxy-3-phenylpropy1)phenylselenium dichloride, 
118270-75-0; (2,3-diacetoxypropyl)phenylseleniumdichloride, 
118270-76-1; acetophenone, 98-86-2; phenacyl phenyl selenide, 
35050-01-2; 2-bromooctyl phenyl selenide, 66221-85-0; a-acet- 
oxystyrene, 2206-94-2. 

118270-58-9; 6f, 118270-60-3; 6g, 118270-62-5; 7, 118270-63-6; 7 

208-96-8; 15, 50499-75-7; 16, 33033-36-2; 17, 118270-68-1; 17 

21040-45-9; ( E ) - 2 0 ~ ,  118270-82-9; (Z)-20~,  118270-83-0; (E)-20d, 

~ ~ ~~ 

(41) de la Mare, P. B. D.; Wilson, M. A.; Rosser, M. J. J.  Chem. Soc., 
Perkin Trans. 2 1973, 1480. 

4-(Phenylsulfonyl)butanoic Acid. Preparation, Dianion Generation, and 
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The bishomoenolate dianion of 4-(phenylsulfonyl)butanoic acid was investigated. It was observed that the 
dianion could be generated in greater than 95% yield with 200 mol % of n-BuLi at  certain concentrations. The 
dianion was reacted with a variety of aldehydes to afford, after cyclization, substituted tetrahydropyran-2-ones 
(lactones). These derivatives were reductively eliminated to afford methyl 4-butenoates in yields of 56-8570. 

Carboxylic acid dianions have emerged as valuable tools 
in carbon-carbon bond formation.2 This  is due, in part, 

to their ready availability and reluctance to self condense. 
As a result, they are frequently desirable reagents or 
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