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SYNTHETIC COMMUNICATIONS, 22(14), 1997-2003 (1992) 

HYPERVALENT IODINE IN SYNTHESIS: 9.  A NEW9EFFECTIVE 
SYNTHESIS OF ACETYLENIC SULFONES 

Zu-Dong Liu and Zhen-Chu Chen * 

Department of Chemistry, Hangzhou University 

HangZhou, P. R.C. 

Alkynylphenyliodonium salts can easily react with sodium 

sulfinates under PTC conditions at room temperature t o  afford a 

convenient9 effective method for the preparation of acetylenic 

su I f ones. 

Aoetylenio sulfones are aell-known very important synthetic 

intermediates.They not only represent an interesting class of 

dienophiles in view of the various reaction modes which can be 

predicted the basis of their unusual way of addition to unsaturated 

substrates, for example~(4t2)-cycloadditton~’ (2t2)-cycloadditiont2 

lr3-dipolar cycl~addition,~fragmentation- addition^^ but also can 

take free cadioal chain substitution reaction with RHgCL RaHg, 

and they also can react ivith organolithium or organomagnesium 

reagents to give higher acetylenes.’ 

1997 

Copyright 0 1992 by Marcel Dekker, Inc. 
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1998 LIU AND CHEN 

According to the importance of acetylenic sulfones in organic 

synthesis, there are many methods available for their synthesis 

including oxidization of acetylenic thio ethers,' el iminaion of 

6-haloalkenyl sulfonest' reaction of substituted acetylenes with 

mercury(I1 ) chloride and sodium benzensulphinate followed by 

oxidative demercuriation,g diazotization of the corresponding 

5-aminoisoxazoles~ l o  reaction of 2- oxoalkylphenyl sulfones with 

diethpl chlorophosphate followed by elimination," and the reac 

of 1~2-bistrimethylsilyl acetylene with tienzensulfonyl chlor 

followed by treatment ai th potassium carbonate. l2 

However these methods are deficient in some respects, such 

ion 

de 

as 

low yields, expensive, toxic or not readily available reagent, stricg 

reaction conditions or difficulties with isolation of the product 

and limited scope. It is necessary to develop a new> effective 

method for the synthesis of acetylenic sulfones. 

There i s  considerable current interest and research activity in 

tricoordinate iodine(m)compouds. Is The latest members of the 

family of multicoordinate iodine species, alkynylphenyliodonium 

salts(l), have become valuable reagents in organic synthesis. They 

PhI'--CsC-R X- 
(1) 

serve as precursors to the first examples of alkynyl tosylatesr '* 
alkyny! carboxylates, 'sand alkynyl's'-'a phosphates and for the 

preparation of conjugated enynes by the treatment of ( 1 )  with 

vinylcopper reagents",for the Synthesis of alkyne carboxylates by 

the alkoxycarbonylation of 11>.'* The photochenical production of 

alkynylphosphoniua salts form 11) ( X = B F d )  with triphenylphonsphine 

has also been described." Azide ionz0 and -dicarbonyl anion" 

add to (1) in Michael fashion.(l) also function as alkynylation 

agents in both organicz3 and organometal I iczs chemistry. In the 

course of our studies on the hypervalent iodine in synthesis, 

coupled with the ready availability and high reactivity of ( 1 ) ~  
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HYPERVALENT IODINE IN SYNTHESIS. IX 1999 

Table ( 1 ) .  Acetylenic sulfones ( 3 )  prepared 
~~ 

Prod- Reaction Yield m.p.('C) MotecuIar 'H-NHR ppm IRMBr) cm-' 
uct Timetmin) (7,) Formula" ( ~ ~ S / T M S )  

or Lit.m.p. 

3a 

3b 

3c 

3d 

3e 

3f 

3g 

3h 

5 

10 

5 

10 

2 

5 

5 

10 

75' 70-72 73-747  ̂ 7.33-7.78b8H) 
8.00-8.2 1 (m. 2H) 

81' 47-48.5 CiaHlaOaS 1.23 (sr9H) 
(222 -3  ) 7.47-7.37b38) 

7.87-8.10(m2H) 

68' 82-83 83-84"b 2.50(sp3H) 
7.30-7.67 (m17H) 
7.87-8.10(d,ZH) 

72' 100 99.5-100.58b 1.29(~*9H) 
2.51(~.3H) 
7.25-7.50(d,2H) 
7.78-8.Wd~2H) 

(276.7) 7.96-8.W(d,2H) 
88" 74' 104-105 C14HaUS 7.43-7.81(m,7H) 

9Zb 8 P  80-82 CI~H~JLOZS 1.25(~,9H) 
(256.7) 7.48-7.59 (62H) 

7.88-7.99 (d92H) 

89b 77' 67-69 CirHsNOrS 7.45-7.83(1~6H) 
(287.3) 8.30-8.91 b 3 H )  

95b 84' 111-112 CIaHlaNOaS 1.25(~,9H) 
(267.3) 7.80-8.92 (mt 4H) 

2180,1590, 
1450,1340, 
1168,1085, 
760, 683. 
290% 22 12, 
2179,1335, 
1165,1089, 
7559 685. 
2180~1603, 
1450~1362, 
1156,1087r 
8 15,760,880 
2990,2210s 
2180,1342s 
11529 1089, 
818,780 
2180,1450, 
13381 1160. 
1089, 1011. 
8301 7559705. 
2996,2208, 
2175,1590, 
1342t1160, 
1090,lOlOI 
836,780,752. 
2 180, 1540. 
1358.1338, 
f 170,1125, 
880,7601 750. 
2990122 10, 
2178,15409 
1354,1338, 
1168,1123, 
880,814~788. 

a: Yield of isolated analytically pure product (recrystalliztion), based on 
(1). b: Purity 997, by C.L.C. 

c: Satisfactory microanalyses obtained: 
C&O.29: HkO. 15; Hi-0.20. 
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2000 LIU AND CHEN 

prompted us to examine their reaction with sodium sulfinates. Such 

reaction would provide an effective route to acetylenic sulfones. 

Herein we report our result, an effective method for the synthesis 

of acetylenio sulfones ( 3 )  by direct S- alkynylation of sodium 

sulfinates ( 2 )  with alkynylphenyliodonium salts ( 1 )  . Simple 
stirring of the alkynylphenyliodonium salts ( 1 )  with the sodium 

sulfinates ( 2 )  in two phase system of chloroform and water in the 

presence of catalytic amount of TEBA at room temperature gave after 
workup and solation the desired productstacetylenic sulfones ( 3 ) ~  

in good yie d as given Table ( 1 ) .  

TEBA/CHCIs-HaO 

RC=CI’Ph OTs- + R’SOaNa *RCE CSOa R’ t PhI 
( 1 )  (2 j rt. ( 3  f 

R R’ 
R= Ph- R’=Ph- a Ph- Ph- 

t-Bu- P-CH3CsHo. b t-Bu- Ph- 
P-CLCa H 4  c Ph- P-CHa CaH4 

m-NOaCsHI d t-Bu- P-CHaCsHd 

e Ph- P-CLCS Hq 

f t-Bu- P-CLCaHa 

g Ph- UPNOaCaH, 

h t-Bu- m-NOnCsH4 

The products were characterized by spectral and comparison of 

experimental values with literature values as summarized in the 

Table(1). 

This reaction represents a new, efficient method for the direct 

synthesis of acetylenic sulfones ( 3 ) .  It has some advantages over 

the existing ones such as accessible starting materials, mild 

reaction conditions, simplicity of the procedure and better yields. 

Furthermore, the range of useful applications of alkynylphenyliodon 
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HYPERVALENT IODINE I N  SYNTHESIS. IX 2001 

-ium salts as alkynylating agents in organic chemistry 

ex tended. 

General procedure for the preparations of acetylenic su 

has been 

fones (3); 

A solution of alkynylphenyliodonium salt (1) 2mmol in lOml CHCL3 

was added to solution of sodium sulfinate (2) 2.5mmol and 0.lmmol 

TEBA in lOml B201 then the mixture was stirred at room temperature 

for the time as given in Table (l).After the reaction was complete, 

the organic layer was separated, and the water layer vas extracted 

with CHCL3(3XlOml).The combined organic layers were washed 

water (3X20ml) and dired over anhydrous MgSOl .After removal of 

the solventtthe residue was recrystallized from hexane or was 

chromatographed on silica gel using 2:l hexane/dichloromethane as 

eluent to afford the acetylenic sulfone ( 3 ) . A l l  relevant data are 

summarized in Tablefl). 

with 

Acnow1edgment:This research was supported by NSF of Zhejing. 

References: 

(1) a:Davis, A. P., Whitham, C. H. J .  Chem. Commun., 1980, 639. 

b:Paguette, L.A.9 Fischer, J.W., Browne, A.R., Doeckel C.W. J. Am. 

Chem. Soc..l985,107t686. 

c: Class, R. S. Smith, D. L. J.  Org. Chem., 1974 39, 3712. 

d: Hanack, M., Massap F. Tetrahedron Lett. 1977. 661. 
e: De Lucchi. 0 .s  Licini, G., Pasouato,L., Sentar M. Tetrahedron 

Lett. 1988,29,83 1. 

(2) a: Eisch, J.J., Caller J.E.. Hallenbeck, L.E. J. Org. Chem. 1982. 

47s 1608. 

b: Himbents G . 3  Kosack, S.t Mass, G. Angew. Chem. Int. E. Engl. 

1984~23~32 1. 
c: PadwarA., Krumper K.E., Terry. L.W.1 Wannamaker, M. W. J. Org. 

Chem. 1989, 5 4 ,  1635. 

(3)  a: Dalla Croce. P., La Rosa. C.. Zecchi, G. J .  Chem. SOC. 

Perkin Trans. I 1885, 2621. 

b: Parpanis P., Zecchi, G. J.Org.Chem.1987, 52, 1417. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

ri
zo

na
] 

at
 2

3:
29

 2
2 

Ju
ly

 2
01

2 



2002 LIU AND CHEN 

(4) De Lucchi, 0.. Licini, G.9 Pasquato, L., Senta, H. J. Chem. 

SOC. Chem. Commun. 1985, 22, 1597. 
(5) a: Russell, C.A.1 Ngovlwatchai, P. Tetrahedron Lett. 19861 27. 

3479. 

b: Russell. C.A.. Ngoviwatchait P. J.  Org. Chem. 1989, 54. 1836. 

(6) a:Smorada, R.L., Truce, iY.E.9 J. Org. Chem. 1979, 44, 3444. 

b:Eisch, J.J., Behrooz, H.P Gallet James E. Tetrahedron Lett. 
1984, 25, 4851. 

(7 )  a:Truce, W.E.1 Hill, H.E.1 Boudakian, H.M. J.  Am. Chem. SOC. 
1956, 78, 2760. 

b:MiIler, S.I., J. Orzech, C.E.9 Welch, C.A., Ziegler, C. R. . 
Dickstein, J . I .  J .  Am. Chem. SOC. 1962, 84, 2020. 

(8) a:Zakharkinl L.I., Zhigareval C.G. Zh. Org. Khim, 1973. 9, 

891. (Russ) 

b:Truce, W.E.. Wolf, C.C. J .  Org. Chem. 1971, 36, 1727. 

c:Lee, J.V., Kim, T.H., Oh, D, Y. Synth. Commun. 1989, 19, 

2633. 

(9) Rajakumar, P., Kannant A. J. Chem. Soc.9 Chem. Commun. 1989, 

3.  154. 

(10) Beccallit E.M., Manfredi, A . ,  Harahesini, A. J.  Org. Chem. 

1985, 50, 2372. 

ill) Lee, J. F., Oh, D.Y. Synlett 1990, 290. 

(12) Waykole, L., Paquette, L.A. Org. Synth. 1989, 67, 149. 

(13) For reviews, see: a:\'arvoglis, A. Chem. Rev. 1982, 10. 377. 

b:Varvoglist A. Synthesis 1984, 709. 

C:Ochiait H., Nagao, Y.. Kyokai Yuki Gosei Kagaku Kyeokaishi 

1986s 44 ,  660. 

d:Moriartyt R. U., Prakashr 0 .  Acc. Chem. Res. 1986. 19, 244. 

e:Merkushevr E.B. Russ. Chem. Rev.(EngI. Transl.) 1987, 56, 

826. 

f:Moriarty, R.H.9 Vaidt R.K. Synthesis 1990, 431. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

ri
zo

na
] 

at
 2

3:
29

 2
2 

Ju
ly

 2
01

2 



HYPERVALENT IODINE IN SYNTHESIS. IX 2003 

(14) a:Stange P.J., Surber, B.W.? J . h .  Chem. SOC. 1985, 107, 1452. 

b:Stangt P.J., Surber, B.W.9 Chen, Z.C.1 Roberts, K. A. , 
Anderson, A.C. J. Am. Chem. SOC. 1987, 109, 228. 

(15) a:Stang. P.J. Boehshar. M., Lin, J. J .  Am. Chem. SOC. 1986 

, 108, 7832. 

b:Stang, P.JI Boehshar, M.. Wingert, H.9 Kitamurea, T. J .  Am. 
Cheml Soc.1988, 110, 3272. 

(16) Stang, P.J.. Kitamura, T.9 Boehshar, M., Wingert, H. J .  Am. 
Chem. Soc.13891 111, 2225. 

(17) Stangt P.J., Kitamura, T. J.  Am. Chem. SOC. 1987, 109, 7561. 

(18) Kitamura, T., Hihara, I . ,  Taniguchi, H., Stangt P.J. J ,  Chem. 

SOC. Chem. commun. 19909 614. 

(19) Ochiait M.9 Kunishimap N., Nagaop Y., Fuji, K., FujitajE. J.  

Chem. SOC. Chem. Commun. 1987, 1708. 

(20) a:Kitamura. T., Stang. P.J. Tetrahedron Lett. 1988, 29, 1887. 

b:Ochiai, M., Fuji, KunishimaPM.9 Fuji, K.9 Nagao, Y. J. Org. 

Chem. 1988~53,6144.  

(21)  Ochiai, H., Kunishima, M., Nagao, Y., Fuji, K., Shiro, M. J 

Fujital E. J. Am. Chem. SOC. 1986, 108, 8281. 

(22) Lodayas, J.S.9 Koserl C.F. J. Org. Chem. 1990, 55, 1513. 

(23) Stangr P.J., Critell, C.N. Organometallics 19901 9, 3191. 

(Accepted in UK 9 March, 1992) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

ri
zo

na
] 

at
 2

3:
29

 2
2 

Ju
ly

 2
01

2 




