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REGIOSPECIFIC SILVER(I] PROMOTED, PALLADlUM[O]-CATALYZED 
INTRAMOLECULAR ADDITION OF ARYL IODIDES TO VINYL SULFONES.l 

Zhendong Jln and P. L. Fuchs* 

Department of Chemistry, Purdue University, West Lafayette, IN 47907 

Abstract: Treatment of aryl iodides with 5% tefrakis(triphenylphosphine)pa.lladium[O] in the 
presence of silver nitrate and Methylamine in acetonitrile at reflux effects intramolecular conjugate- 
addition/reductive elimination to generate an annulated vinyl sulfone. Omission of the silver nitrate 
produces mixtures of vinyl and ally1 sulfones. 
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In conjunction with a synthetic project in our laboratory we wished to effect the intramolecular 

conjugate addition of aryl lithium l-L1 reagent to the cyclopentenyl vinyl sulfone moiety, thereby 

generating a-sulfonyl anion 2a which was to have been directly functionalited 10 2b and 

ultimately eliminated to vinyl sulfone 3. While our previous experiences with intramolecular 

conjugate-addition reactions of aryl anions to vinyl sulfones seemed to bode well for such a 

prospect,2 such was not to be the case. Low temperature transmetalation of 1-Br or 1-I with n- or 

t-butyllithium in ether or THF followed by warming the presumed solution of 1-Ll, with or without a 

variety of additives, generated a plethora of products, including 1-H (- 20%), however NMR assay 

of the crude reaction mixture placed the maximal yield of 2cs at less than 5%. Attempts to 

demonstrate the existence of l-L1 by low-temperature silylation were uniform failures. 

While the palladium[O]-mediated intramolecular addition of aryl and vinyl halides to polarized 

olefins is a well-known and useful synthetic protocol,4 to the best of our knowledge this strategy 

has not been extended to include vinyl sulfones.5 Preparation of the substrates for the palladium- 

mediated cyclization studies are shown in the scheme below. Oxygen alkylation of y-hydroxy vinyl 

sulfones 6a,b6 with p-alkoxybenzylic halides 5-Br7 and 5-V proved to be quite difficutt. The best 

method involved using two equivalents of the benzylic bromide with a phase-transfer protocols 
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which provided the y-benzyloxy vinyl sulfones in >90% isolated yields. Using only one equivalent 

of the alkylating agent decreased the yields to 6369%. Synthesis of the o-iodophenoxy vinyl 

sulfone 10 was more straightforward, and involved simple oxygen alkylation of (two equiv) of 
phenol 8 with r_bromocyclopentenyl phenyl sulfone 9.9 

(Mu)4NI (10%) 

HO 
+ 

X 
Sf l-2 hf 

5-Br (2 equiv) 6a (n=5) 
6-I (2 equiv) 6b (n=6) 

ab, + SreS&Ph zgz; 

3.5 hr ’ 

6 (2 equiv) 9 

1-k (n=5) ,96 % 
1-I (n=5) ,95 % 
7-t (n=6) ,91 % 

10 92 % 

Reaction of aryl bromide 1-Br with 5% tetrakis(triphenylphosphine)palladium[O] and 

trtethylamine (1.5 equiv) in acetonitrile at reflux for 1 h provided, in addition to a major amount of 

starting material, a mixture of the desired vinyl sulfone 31s (23.5%, Table entry 1) accompanied 

by a small amount of ally1 sulfone 413 (2.5%). Use of the more reactive aryl iodide 1-I under the 

same conditions provided the same two products in the ratio of 3:l (83% yield, Table entry 2). 

Overman,10 Larock,lt and Hallberg have documented the beneficial effect of added silver [I] 

salts at preventing formation of olefin regioisomers in palladium[O]-mediated reactions, 

presumably by irreversibly trapping the released hydrogen halide, thereby preventing re- 

establishment of organopalladium intermediates capable of generating the unwanted 

regioisomers. While utilization of this reagent combination to the reaction of aryl bromide l-61 

was ineffectual (Table entry 3) treatment of aryl iodide 1-I with palladium diacetate in the 

presence of silver nitrate provided superb remediation of the problem at hand (73% yield of 3 

Table entry 4). Even better results were obtained using fetr&is(triphenylphosphine)palladium[O]; 

the reaction proceeding in shorter time affording a 97% yield of 3 unaccompanied by any trace of 

ally1 sulfone isomer 4 (Table entry 5). 

Application of this protocol to vinyl sulfones 7 and 10 was equally successful, providing the 

annulated vinyl sulfones 11’s and 13’3 in near quantitative yield, again unaccompanied by the 

allylic isomers 12 and 14 which were produced in reactions run in the absence of added silver 

nitrate (Table entries 6-9). 
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1-I 

1-Br 

1-I 

1-I 

PO 0 

P I 7 

0 
v 

SO$h 

Pd(PPh3)4 5%, 

NEt3 (1.5 equiv) 

CH3CN, refiux, 1 h 

Vinyl rulfone Ally1 Sulfone 

Pd(PPh3)q 5%, 

NE13 (1.5 equiv) 

CH3CN , reflux, 1 h 

Pd(PPh3)q 5%. 

AQNO~ (5 eouh), NW, 

CH3CN ,reftux. 12h 

Pd(OAc)2 5%, PPh3 20X, 

AON03 (5 equhr), NEt3, 

CH3CN , reflux, 14h 

Pd(PPh3)4 5%, 

AgN03(5 equiv) NEt3, 

CH3CN , reflux, 3.5h 

23 %a 2.5 %a 

3, 62% 4, 21% 

3, O%b 4, w0h 

3,73%C 4, O%C 

3, 97% 4, 0% 

Pd(PPh3)q 5%, 

NE13 (1.5 equiv) 

CH3CN , reflux, 1 h 
,$$‘;Ph /$S;Ph 

7 Pd(PPh3)q 5%, 

AgNO3 (5 equiv), NEt3, I 11, 94% I 12, 0% 

CH3CN , reflux, 7h 

Pd(PPh3)4 5%, 

NE13 (1.5 equiv) 

CH3CN , reflux. 0.5h 

10 Pd(PPh3)q 5%, AgN03 

(5 fqutv) NEt3. CH3CN , 

rellux, 0.5h 

13, 96% 14, 0% 

I-rhe reaction dii not proceed to completion; 70% of l-Br was recovered: 4 95% l-Br was recovered; cl3% 1-I was 
recovered; oNo starting material was recovered in this reaction. 
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