
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Synthesis of Vinylic Chalcogenides (S, Se, Te) by Wittig and the Horner-
Wittig Reactions
Claudio C. Silveiraa; Gelson Perina; Raquel G. Jacobb; Antonio L. Bragaa

a Departamento de Química, Univ. Fed. de Santa Maria, Santa Maria, RS, Brazil b Departamento de
Biologia e Química, UNIJUI, Ijuí, RS, Brazil

To cite this Article Silveira, Claudio C. , Perin, Gelson , Jacob, Raquel G. and Braga, Antonio L.(2001) 'Synthesis of Vinylic
Chalcogenides (S, Se, Te) by Wittig and the Horner-Wittig Reactions', Phosphorus, Sulfur, and Silicon and the Related
Elements, 172: 1, 55 — 100
To link to this Article: DOI: 10.1080/10426500108046639
URL: http://dx.doi.org/10.1080/10426500108046639

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500108046639
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Pho.sphoru.i. Sirltirr undSiIicrm. 2IY)I. Val. 172. pp. SS- 111) 
Rcpnnts availahlc directly from thc puhliqhcr 
Photocopying pcrmittrd hy licensz only 

0 2fX)I OPA (Ovrrwas Puhlirhcrs Asswiation) N V. 
Published hy license under the 

Gordon and Breach Scicncc Puhlirhcrr imprint. 
Printed in Malaysia 

Synthesis of Vinylic Chalcogenides (S, Se, 're) by 
Wittig and the Horner-Wittig Reactions 

CLAUDIO c. SILVEIRA~, GELSON PER IN^, RAQUEL G.  JACOB^ 
and ANTONIO L. BRAGAa 

aDepartamento de Quimica - Univ. Fed. de Santa Maria - 97105-970 Santa 
Maria, RS,  Brazil and bDepartamento de Biologia e Quimica, UNIJUI - Ijui, 

RS.  Brazil 

An overview on the applications of the Whig and Homer-Wittig reactions to the synthesis of 
vinylic sulfides, ketene dithioacetals. 1,3-dithioles, I ,4-benzodithiafulvenes, 1.4-benzodithia- 
fulvenes, vinylic sulfoxides, vinylic sulfones, vinylic selenides, ketene selenoacetals, vinylic 
tellurides, ketene phenyltelluroacetals, ketene dithioacetal mono-S-oxides, ketene (S, Te) 
acetals and chalcogeno allenes is presented. 

Kqywords: Wittig reactions; Homer- Wittig reactions; vinylic chalcogenides; sulfur; sele- 
nium: tellurium; sulfoxides; sulfones 

1. INTRODUCTION 

Among the derivatives of chalcogens, vinylic species have been 

widely studied and found widespread use in organic synthesis. Their 
usefulness arises h m  the combination of a carbon-carbon double bond 

that constitutes one of the simplest hnctional group with the reactivity 

of chalcogens. General methods of synthesis and the reactivity of 

vinylic selenides and tellurides have been recently revised,"' but the 

sulfur counterparts did not receive so far this attention. Other review 
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articles present only specific aspects on this chemistry, without a 

general scope.'*J 

In this article we will present an overview of the most important 

methods for vinylic chalcogenides synthesis (sulfur, selenium and 

tellurium derivatives) by the Wittig and the Homer-Wittig reactions, in 

view of the importance of this reaction for organic synthesis. The 

review will cover the preparation of vinylic sulfides, vinylic selenides, 

vinylic tellurides, vinylic sulfoxides, vinylic sulfones, ketene acetals, 

etc. 

2. PREPARATION OF SULFUR VINYLIC COMPOUNDS BY 
WI'ITIG AND HORNFiR-WITTIG REACTIONS 

2.1. Vinylic Sulfides by Wittig 

Vinylic sulfides were the first vinylic chalcogenides prepared by 

the Whig reaction. Whig and Schlosser,"' in 1961, described the 

preparation of vinylic sulfides 1 fiom the corresponding a-methylthio 

phosphonium salts, by treatment with phenyllithium, followed by the 

addition of a carbony1 compound (scheme 1). 

SCHEME 1 
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SYNTHESIS OF VINYLIC CHALCOGENIDES (S, Se, Te) 131 11/57 

In 1968, Mukaiyama ef a1."' reported the preparation of vinylic 

sulfides, in good yields, by treating a-phenylmercaptoethylidene 

triphenylphosphorane 2 (R' = C&), formed fiom ethylidene 

triphenylphosphom 3 and benzenesulfenyl chloride 4, in a 

transilidation reaction, with aldehydes or ketones (Scheme 2). By using 

n-butanesulfenyl chloride 4 (R'= n-CdHq), a more reactive phosphom 

2 (R'= n-Ca9) toward carbonyl compounds would be prepared 

(reacting even with cyclohexanone) owing to the increased nucleophilic 

character of the phosphorane. 

R -  

-CHR + R l S a  ** (h&+H d [ SR1 - 3 
. .  

4 
( W P -  

A modification of this methodol~g$~~ involved the replacement 

of benzenesulfenyl chloride 4 by the disulfide 5 with a weak S-S bond, 

generated in situ by the reaction of a phosphonium salt with a 

dithiocarbamyl anion. The reaction performed in the presence of 

aldehyde in DMF led to the styryl sulfides (Scheme 3). The reaction of 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
1
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



5R/[3 I21 CLAUD10 C. SILVEIRA ef al. 

stabilized (by an ethoxycarbonyl group) sulfonyl phosphoranes with 

nitro-substituted aldehydes have also been described.'" 

In another method~logy,"~ vinylic sulfides 1 were obtained by 

using PTC and the sonication techniques in a short time reaction. 

Reactions were performed at room temperature and the inexpensive and 

convenient-to-handle K2CO3 was used as base, under very simple 

experimental procedures. The phenylsulfenylmethyl (triphenyl) 

phosphonium 6 reacted with aromatic and aliphatic aldehydes in order 

to give the corresponding vinylic sulfides 1 in good yields, with 

stereochemistry predominantly E (Scheme 4). 

RCHO, K z C 4  

R l  
[w3J;-sc$41a THF, ))) * 

0 0.3-1 h 

R = aryl orakyl 4042% 

SCHEME 4 

A simplified one-pot procedure was also described by Silveira el 

uI.'*l This reaction was performed very easily by simply mixing of all 

the reagents at room temperature, giving the expected vinyl sulfides 1 

in 46-84% yield. In this method, the triphenylphosphoranes are formed 
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“in situ ” by the reaction of chloromethyl phenylsulfide 7, 1-BuOK and 

triphenylphosphine. Reaction of the phosphorane with aldehydes or 

ketones affords the products 1 with preferential Z-configuration 

(Scheme 5) .  The corresponding 1-chloro- 1-phenylthiosulfides have also 

been prepared by a similar method~logy~~’ or under phase transfer 

conditions.“Ol 

R I  SR 

R CH, or CBHS 

R’ = ~ w a i k y l  
R2 = alkyl or aryl 

SCHEME 5 

The cyclic vinylic sulfide 8 was prepared by Hewsonl”l in a 90% 

yield. This reaction involved the addition of salt 9 to the enolate anion 
of the ketodiester 10 in THF, at mom temperature (Scheme 6). 

SCHEME 6 

Later on detailed studies were published on the scope of this 
reaction leading to more bctionalised cyclopentanes 11, applicable to 

the synthesis of natural  product^."^^"^ 
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+ 

RS 

NaH - 
11 75% 

SCHEME 7 

2.2. Vinvlic Sulfides by Homer-Wittig 

Vinylic sulfides have beem obtained 60m dimethyl 

methylmaptomthane phosphonate 12a, which undergoes the 

Homer-Wittig reaction with aliphatic and aromatic aldehydes and 

ketones (Scheme 8).[15*161 The reaction is best carried out by the reaction 

of 12r with sodium hydride in the presence of the aldehyde, otherwise 

lower yields are obtained. The reaction of 12r with ketones is slower 

and can be accelerated by heating; however, using dimethylformamide 

as a solvent is preferable in this case. The vinylic sulfides derived from 
aldehydes possess the E-configuration. The phosphonate 12b also 
suffers the same type ofreaction.’171 

0 R R 

121 R’ R 

II 
(WkP-S% + )=o a bSCk 

3570% 
R= aryl or alkyl 
R‘= awl. atky~ or H 

6 N 3 %  12b 

SCHEME 8 
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SYNTHESIS OF VlNYLlC CHALCOGENIDES (S, Se, Te) [315]/61 

Similar results were described soon after by Corey and 
Shulman."'l In this case, the preparation of more substituted vinylic 

sulfides was studied, by the alkylation of the anion derived fiom a 

phosphonate similar to 12a, by treatment with n-BuLi and an 
alkylhalide. Sequential treatment of the phosphonates 13 with n- 

butyllithium and an aldehyde or ketone and heating at 50 "C eliminated 

diethyl phosphate monoanion to give vinyl sulfides of preferential E- 

configuration (Scheme 9). The lithio derivatives 13 could be formed 

either at -70 "C in THF or at 0 OC in cyclohexane. 

SCHEME 9 

Improvements on this reaction were made by Mikolajczyk et 

L J ~ . , ~ ' ~ ~ ~ ~  who described the preparation of several substituted 

thiophosphonate by the addition of the elemental sulfur to the 

corresponding phosphonate carbanion, affording a-phosphoryl thiols 

14. The synthesis of these compounds, in conjunction with their 

alkylation, provides a new entry to variously substituted sulfides 15, 

such as the one substituted by phcnyl group at the a-position. The 

resulting lithio derivative of 15 reacts with aldehydes to give the 

corresponding vinyl sulfides, which on hydrolysis, gives access to 

aromatic ketones (Scheme 
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SCHEME 10 

The Homer-Wittig reaction of a-phosphoryl compound 12 can be 

also performed in the two-phase catalytic system. The a-phosphoryl 

sulfides 12 give the corresponding vinylic (3 examples 

described) in good yields, using TEBA as a phase-transfer catalyst 

(Scheme 11). The reaction can also be performed without addition of a 

typical phase-transfer catalyst.[*" However, the reaction was found to 

be specific to aromatic aldehydes. Ketones and aldehydes capable of 

enolisation are unreactive. 

SCHEME 11 
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SYNTHESIS OF VlNYLlC CHALCOGENIDES (S, Se, Te) [317]/63 

With the aim of preparing cis-vinylic sulfides, Kokin et ul.1221 
introduced a modified Homer-Wittig reaction, where the olefination 

was carried out using the trifluorphosphonate 16 and various aromatic 

aldehydes (Scheme 12). For example, the reaction of 1611 with 

benzaldehyde or ptolualdehyde in the presence of NaH showed a 

preference for E-isomer. However, the use of 16b and the KN(Th4S)2, 

as the base, reversed the selectivity, and the 2-isomer became 

predominant on reaction with benzaldehyde. Pure 2-vinylic sulfides 

could be obtained by the reduction of the corresponding 2-vinylic 

sulfoxides, obtained in hgher isomeric purity by this route as it will be 

discussed bellow. 

0 
II THF, -78 ' C  O( 

SR 
c f f 3 w w ~  NaH, THF, r.t. 

R ~ H O  
R=CH, 16r !5wo96 
R=C&H, 16b 

R'= aryl 

SCHEME 12 

Ally1 vinyl sulfides1231 can be prepared &om the 

allythiomethylphosphoonate 18. A slow addition of sec-butyllithium in 

cyclohexane to a THF solution of 18, at -78 "C afforded the anion 19, 

which reacts with several ketones and benzaldehyde to give the desired 

ally1 vinyl sulfides in good yields. Scheme 13 presents the product 

formed from the reaction with cyclohexanone. 
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17 

SCHEME 13 

Warren and c o - w o r k e r ~ ~ ~ ~ ~  reported the preparation, in high 

yields, of vinyl sulfides by the reaction of diphenylphosphinoxide 20 

with n-butyllithium and aldehydes (Scheme 14). This method could 

also be applied to the synthesis of l-phenylthiob~tadienes'~~~ and 

masked I ,4-diketones by the reaction of a y-phenylthio-y-phosphinoyl 

ketal with aldehydes.[261 

R = alkyl or benzyl 
R = alkyl or aryl 1 

.. 
20 

SCHEME 14 

In another work,1271 Warren showed that ketones only react with 

diphenylphosphinoxide 20 when R= H and R'= C~HS,  affording vinyl 

sulfides in excellent yields. The substituted reagents 20 also react with 

ketones, if a methylthio instead of phenylthio group is present (R= alkyl 
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SYNTHESIS OF VINYLIC CHALCOGENIDES (S, Se, Te) 1319]/65 

and R’= CH& and the substituent (R) is not branched (Scheme 15). The 

reaction with aldehydes furnishes the corresponding vinylic sulfides in 

90-94 % yield. 

O R  
II 0 ( ~ p ~ R ~ ( Y & ~  II O.XR’ 

6384% 
20 R3 

R = alkyl, benzyl or H 
R1 = GH, or CH3 
R2,R3 = alkyl, aryl or H 

SCHEME 15 

1-3-Bis(phenylthio)allyl ethers 21 have been prepared, in good 

yields, by the same route described above, starting from 

diphenylphosphinoxide 20 and reacting with the a-phenylthiocarbonyl 

compounds 22 (Scheme 16).”l 

II 

SR’ 
21 

68-03% R = W o r H  22 0 

SCHEME 16 

The addition of an alkyllithium to 1 -(phenyhhio)vinyIdiphenyl 

phosphine oxide 23 produces the corresponding a-thio anion, which 
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adds to an aldehyde to give vinyl sulfides in one step fiom 23, albeit in 
low yields.ps1 The vinyl sulfides are f o m d  as mixtures of geometrical 

isomers (Scheme 17). 

0 r o O U -  

R = awl 
R' = akyl or ary( 

SCHEME 17 

a-Chlorovinylic sulfides can also be prepared by the Horner- 

Wittig reaction. Coutrot et found that the treatment of 

arylthiomethanephospbnates 12 with n-butyllithium, at low 

temperature, in THF and the subsequent chlorination by 

tetrachloromethane provides the intermediate phosphonate 24 (Scheme 

18). The reaction of 24 with aldehydes and ketones has been employed 

for the preparation of phenyl l-chloro-1-&en-1-yl sulfides 25 in 
moderate yields. Similar results were described using 

chloromethanephosphonate and n-BuLi as the base.r301 

SCHEME 18 
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SYNTHESIS OF VINYLIC CHALCOGENIDES (S, Se, Te) [321]/67 

2-Chloro-5-methylthio-2,5-he~adienes~~'~ 26, masked 1,4- 

diketones, were prepared by the Homer-Whig reaction of aldehydes 

with diethyl (~-chloro-l-methyhhio-3-pentenyI)phosphonate 27 

(Scheme 19). The reaction of 27 with ketones were also examined, but 

the yields of the products were low (15-37%). 

0 

2. RCHO 
Sw 27 

R= afkyl or aryl 3368% 

SCHEME 19 

Denmark and Ch,nP2' recently reported an alkylidenation 

reaction for the highly selective synthesis of dissymmetric olefurs, 

applicable to the synthesis of vinylic sulfides with very high 

stereospecifity. The route uses PMDTA (pentamethyl diethylene 

triamine) in EtlO a! -90 "C, to improve the diastereoselectivity of 

addition, to gives 28. Trityl triflate-activated olefurations of 28 cleanly 

afforded the (phenylthio) methylidene 29 in very high optical purity 

(Scheme 20). 
0 
II 

w OH 
PMDT4 -78 -80 'C 

BW 

2 8 9 4 8  

C P I  

SCHEME 20 
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The synthesis of a-methylthio-a,@nsaturated carboxylic acids 

30 have been reported by Mikolajczyk and Mid~ra.''~' These 

compounds, mixtures of E and Z isomers, were OW by the reaction 

of the dianion derived fiom diethyl a-methylthio-phosphonoacetic acid 

31 with carbonyl compounds, in high yields (Scheme 21). 31 was also 

converted to the corresponding a-methylthio lactones 32 in a two-step 

process involving an intramolecular Homer-Wittig reaction. 

0 
1,n-BuUorNaH R (wG$w 2.RRlCO 3. H,O+ R * OH 

31 SCl-b 
30 0 

01-97% 

2148% 

SCHEME 21 

2.3. Ketene Dithioacetals by Wittig 

L e d  and B a d 3 ' '  described the first synthesis of the ketene 

dithioacetal33 by a Wittig-type reaction, starting fiom 3411-b (prepared 

by the reaction of the corresponding dithiocarbene and Phd') and p- 
nitrobenzaldehyde in THF under reflux, yielding 64 and 71% of the 

products. respectively (Scheme 22). 
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(-=(“R+ ~ C H O ~ $  SR R 

SCHEME 22 

SR 

R=CH, jllr 
R = CH3CHZ 34b 4 

Ketene dithioacetals have been obtained fiom the 

triphenylphosphonium salt 35, which was easily converted into ylide 

36. Thus, 36 in presence of aldehydes gave the corresponding products 

in high yields (Scheme 23).Il5’ 

SCHEME 23 

2.4. Ketene Dithioacetals bv Homer-Wittig 

Corey and M&rkl‘36’ reported the preparation of ketene 

dithioacetal 33 with 90% yield, by the reaction of the ylide 37 and 
benzaldehyde (scheme 24). Other aldehydes also gave good 

r e s ~ l t s . l ~ ~ . ~ ”  However, the ylide 37 did not react measurably with a 

number of ketones. 
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SQIEME 24 

Mikolajczyk et d.ps,39' developed a general synthesis of ketene 

dithioacetals by Homer-Wittig reaction in yields h m  68 to 96%. The 

approach is applicable to reactions with aromatic, acyclic and cyclic 

aldehydes and ketones. It is noteworthy that good results have been 
obtained with acetophenone and benzophenone, as well as with cyclic 

ketones like cyclopentanone and cyclohexanone (Scheme 25). The 

method is also applicable to the synthesis of 0,s-thioacetals. The 

phase-transfer catalysis technique is also applicable for the Homer- 

Wittig reaction, using 50% aq. NaOH and TEBA-CI as catalyst. 

However, it has been found that the range of carbonyl compounds is 

limited to aromatic aldehydes. 

0 SR-- l.&BuLi, THF R 
7 or NaH, DME 

SR- - SR---' .. 
6896% 

R = CHB, CHzCH2CHz. CHZSCHZ O1 benzyl 

R1 = CH3 or CH3CHz 

R~ = elkyl, arylw H 
R 3 =alkyl,arylorH 

SCHEME 25 

Ketene dithioacetals have also been obtained from 

diethylphosphonate 38. Treatment of 38 with n-BuLi gives the ylide 39 
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SYNTHESIS OF VlNYLlC CHALCOGENIDES (S, Se, Te) (325]/71 

that, in presence of aldehydes or ketones, W s h e s  the corresponding 

products in high yield (Scheme 26)."5i 

R '  = alkyl or H 

SCHEME? 26 

A general synthesis of conjugated ketene dithioacetals 40 was 

developed by Mikolajczyk and Ba lczew~ki . ' ~~~  a-Lithio-a-phosphoryl 

dithioacetals 41 react with aldehydes and ketones to give conjugated 

ketene dithioacetals 40 in moderate to good yields (Scheme 27). It was 

found that, in contrast to the reaction of 41 with a,P-unsaturated 

aldehydes, whose reaction it is fast, the. reaction with ketones required 

much longer reaction time and should be carried out at mom 

temperature, under strictly moisture and oxygen free conditions. 

(w@;+sRRBULI_ 0 -"i-..->; SR 

R = CH3, (CHZ)~ or CH+CHz 

4f Li - SR 

+ 
40 

3340% 
R3CH=C(R2)C=0 

R' = CH3. CsH5 Cil 

R~ = C H ~ ,  C H ~ C H ~ ,  C ~ H ~  or H 

R3 = alkyl or aryl 
SCHEME 27 
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2.5. 1.3-Dithioles by W ittig 

Hart~Ier"'~ reported a general preparation of 2-benzylidene-l,3- 

dithioles 42 fiom the aliphatic phosphine-carbon disulfide complex 43, 

with acetylenes and aromatic aldehydes, in non-specified yields 

(Scheme 28). This reaction has proved to be a general one for 

aldehydes, although requisite reaction conditions vary with the 

acetylene. Cava and co-workers also described a detailed study on the 
synthesis of 4,S-dicarbomethoxy-1,3-dithioles by a similar route."21 

R 

SCHEME 28 

2-Benzylidene-4,5-dicyano- 1,3-dithiole was also prepared[431 

fiom the ylide 44 and b e d d e h y d e  (Scheme 29). 

SCHEME 29 
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2.6. 1.4-Benzodithiafulvenes bv Wittig 

Akiba and co-w~rkers'~'' reported the synthesis of 1,4- 

benzodithiafidvenes 45 6om phosphonium salts 46. The deprotonation 

of 46 with n-BSi  in THF -78 "C and the treatment with aromatic 

aldehydes ( 5  example) gave the product with 74-82% yields (Scheme 

30). 

46 

R = aryl ""ash S R 
45 

7442% 

SCHEME 30 

2.7. 1.4-Benzodithiafdvenes bv Homer-Wittig 

Akiba er reported the synthesis of 1,4-benzodithiafhlvenes 

45 fiom dialkyl 1,3-benzodithiolylphosphonate 47. The deprotonation 

of 47 with n-BuLi in THF at -78 "C, followed by addition of aromatic 

aldehydes and ketones (6 examples), gave the product in very high (92- 

98%) yields (Scheme 31). The Same authors1451 also described a general 
method for the synthesis of benzo- I ,Cdithiafidvalenes derived from 

cyclic ketones (8 examples), by a Wittig-Homer reaction. The products 

were obtained in good to high yields. 
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SCHEME 3 1 

2.8. Vinyl Sulfoxides by Wittig 

Mikolajczyk et a1.[46s471 reported an efficient and highly E- 

stereoselective one-pot synthesis of vinyl sulfoxides 48, using 

dimethyldiphenylphosphonium diylide 49 as a key reagent (Scheme 

32). The reaction of this diylide with equimolar amounts of methyl or 

ethyl sulfinates 50, carried out at cu. -20 O C  in THF solution, gives the 

phosphoniwn ylide 51, which afier proton migration is transformed into 

more stable ylide 52. Addition of benzaldehyde affords styryl 

sulfoxides 48 with E-stereoselectivity. By the use of the pure (-)-(S) 
menthyl p-toluenesulfinate, (+)-(R)-styyl ptolylsulfoxide was obtained 

in 72% yield and in good optical purity.[471 

SCHEME 32 
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Silveira et ~ 1 . " ~  explored the sonication technique for preparing 

vinyl sulfoxides 48. In this case, the phosphonium salts 53 were used, 

which react with aromatic aldehydes at room temperature and using 

K2C03 as base, to give the products 48 in good yields, as a separable 

mixture of 2 and E isomers (Scheme 33). 

0 

SCIIEME 33 

2.9. Vinvl sulfoxides bv Homer-Wittig 

AImog and Weissman14*' reported a one-step preparation of p- 
styryl methylsulfoxide from dimethyl sulfoxide. The reaction of 

methylsulfinyl anion with diethyl chlorophosphate 54 and aryl 

aldehydes, in dimethyl sulfoxide, at room temperature, gave the vinylic 

sulfoxides in yields higher than 60%. The products showed an exclusive 

E-configuration (Scheme 34). 
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54 
0 

6 s -  II 

- 
R 

R = H, CI, H3CO or (H3C)zN 

SCHEME 34 

I F I -  
H3C-S-W 

A more detailed study was described by Mik~lajczyk,'~~' using the 

sulfoxide 55 as a key compound for the Homer-Wittig reaction with 

carbonyl compounds (Scheme 35). Deprotonation of 55 with n-BuLi in 

THF at -78 "C, followed by the addition of aromatic aldehydes and 

ketones to 56, gave vinylic sulfoxides (10 examples) in good yields. 

The use of aldehydes or unsymmetrical ketones h i s h e s  the 

corresponding sulfoxides as mixtures of E and Z geometrical isomers. 

R = alkyl, aryl or H 
R = alkylor aryl 1 

SCHEME 35 
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Mikolajczyk el ul.12” also reported the synthesis of vinyl 

sulfoxides 48 by the Homer-Wittig reaction in a two-phase system, 

catalyzed by quaternary ammonium salts and crown ethers, starting 

h m  a-phosphoryl sulfoxide 55 and aromatic aldehydes. The reaction 

affords mixtures of geometrical isomers in good yields (Scheme 36). 

0 

R = CH, or C&i5 

R’ = aryl 

4857% 

SCHEME 36 

In another work, Mikolajczyk et ~ 1 . [ ’ ~ ’  described the synthesis of 

optically active vinyl sulfoxides 57r-e, starting fiom optically active p 

tolyl sulfoxide 58. Thus, treatment of 58 with n-BuLi and carbonyl 

compounds %shed 57 in good yields (Scheme 37). In the case of 

reaction with cyclopentanone, complete isomerization to the P,y-isomer 

was observed. Partial isornerization (34 % of P,y-unsaturated system) 

also occurred in the reaction with acetone. 
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0 

SCHEME 37 

Recently, Craig et L I ~ . ~ ’ ’ ~  modified this methodology performing a 

convenient one-pot procedure for the preparation of both racemic and 
homochiral vinylic sulfoxides (1  3 examples), via the Homer-Wittig 

reaction. The reaction started with dimethyl methanephosphonate 59, 

which, by treatment with n-BuLi at -78 “C in THF, followed by 

addition of isopropyl benzenesulfinate or menthyl ptoluenesulfmte 

and aldehydes, gave the desired products (Scheme 38). The reaction 

generally exhibits a low Z-selectivity for aliphatic and unsaturated 

aldehydes and similarly low E-selectivity for aromatic aldehydes. 
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0 

A I= C8H5 or g T d  
R LPr or menthyl 
R' = alkyl or eryl 

SCHEME 38 

Naso and co-workerdSz1 studied the influence of the base in the 

enantioselectivity of the Homer-Wittig synthesis of chiral methyl Z and 

E-(3)-ptolylsulfinylpropenoate 60, starting h r n  the p-tolyl sulfoxide 

58 and reacting with methyl glyoxylate or pyruvate (Scheme 39). From 

all results, it could be inferred that it is possible to obtain optically pure 

E and Z-isomers in medium yields, if a suitable base/solvent system 

were used, for example K2C03 in CH3CN as show below. 

0 

SCIEME 39 

A Homer-Wittig synthesis of I-chlorovinyl sulfoxides 61 was 

reported by van der Gen and c o - w ~ r k e r s , [ ~ ~ . ~ ~  by the direct 

transformation of aldehydes into homologous 61 fiom [(a- 

chloro)sulfinylmethyI]diphenylphosphine oxides 62 (Scheme 40). The 

products were obtained in good yields with aromatic as well as with 
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aliphatic and a,&unsaturated aldehydes (23 examples described). In 

most of the cases, the formation of 1-chlorovinyl sulfoxides 61 

proceeded with excellent Z-stereoselectivity. The synthesis of optically 

active a-chlorovinyl sulfoxides has been described by a strategy, 

including a-chloro-a-phosphoryl s ~ l f o x i d e s ~ ~ ~ ~  and reaction with 

aldehydes. A racemic version of this strategy has also been 

described.ls6] 

0 

0 0  
II 
SR 

1 1  

62 R1 61 

11 1. LDA,THF,-50"C m d  + ( W P 4 U  

CI 

5887% 

SCHEME 40 

Although vinyl sulfoxides are conveniently prepared by the 

Homer-Wittig reaction, the E-isomers are preferentially formed, albeit 

in some cases in low geometrical selectivity. Kokin et described a 

method for the Z-selective synthesis of vinyl sulfoxides. The olefination 

was carried out using the fluorinated phosphonate 63 and various 

aromatic aldehydes in the presence of potassium bis(trimethylsily1) 

amide and 18-crown-6. Reaction performed in THF showed a very 

good Z-selectivity for most of aromatic aldehydes studied (Scheme 41). 

The reaction of 63 with saturated aliphatic aldehydes, such as n-octanal, 

showed no selectivity, and Z and E-isomers were. formed in almost 

equal amounts. 
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SCHEME 41 

Furthermore, although the above procedure was largely applied to 

various aldehydes, few aliphatic, cyclic or aromatic ketones were used. 

Recently was reported5' that the Wittig-Homer reaction of sulfinyl 

phosphonate 55 and aryl ketones may be carried out at room 

temperature, with n-RuLi, under ultrasonic irradiation, affording vinyl 

sulfoxides as E and 2 mixtures, in low selectivity (Scheme 42). 

0 
0 0  I I  
II II l.l?-euLi zw ~c2Hso)1p\,scy R 

55 2 . 2 0 -  )I) 

R = CH,, CF3 OT GH5 
Ax = 4-N0&H4; 4-FGH4; CCIC&14; 4-6rC&H4; 

GH5; 4-NQGH4; 4CH3QH4; 4-4343GH4 

SCHEME 42 

2.10. Vinyl Sulfones bv Homer -witti$ 

A convenient route to vinyl sulfones 65, starting with the 

carbanion of diethyl ethylsulfonylmethylphosphonate 66, aldehydes and 
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NaH as a base, was investigated by Popoff and co-~orkers~”~ in a 

Homer-Wittig reaction (Scheme 43). The yields were good (70-96%). 

Similar results were described using dimethyl methylsulfonomethane 

phosphonate1’61 and or diethyl arylsulf~nomethanephospho~e.~”~ 

0 

R = elk+. CCls M aryl R‘ 05 
7088% 

SCHEME 43 

The Homer-Wittig reaction using NaH or sodium methoxide at 
room temperature, to generate the phosphonate anion has thus been 

limited to the preparation of arylidene sulfones. Posner and B r ~ n e l l e ~ ~ ~ ~  

reported a modification of this procedure by using n-BuLi as base in 

THF, at -78 “C. The anion generated fiom 66 reacts not only with aryl 

aldehydes to form arylidene sulfones but also with aliphatic aldehydes 

and ketones, to give alkylidene sulfones 65 in high yield (Scheme 44). 

The E-vinyl sulfbnes are the exclusive product in reactions with 
aldehydes. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
1
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF VlNYLlC CHALCOGENIDES (S, Se, Te) (3371/X3 

0 

# = alkyl or H 

SCHEME 44 

Mikolajczyk et CIZ.~*'' reported the synthesis of vinyl sulfones by 

the Homer-Wittig reaction in a two-phase system, catalyzed by 

quaternary ammonium salts and crown ethers. The reaction of a- 

phosphoryl sulfones 66, aq. NaOHATBA and aromatic aldehydes gave 
the corresponding vinyl sulfones 65 in yields higher than 60% (Scheme 

45). The products were obtained as pure E-isomers. 

0 

SCHEME 45 

Ellingsen and Undheim'601 used the Homer-Wittig reaction 

between the a-alkylated phenylsulfonylmethylphosphonate, derived 
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bom 66, and carbony1 compounds for the syntheses of a-aryl- and 

alkyl-vinyl sulfones 65 (Scheme 46). The reaction with aldehydes 

proceeded readily in methanolic sodium methoxide. The reaction in a 

two-phase system, catalyzed by tetrabutylammonium hydroxide, 

proceeded equally well. The products 65 h m  both methods were 

stereoisomeric mixtures; the &isomer was favored in methanolic 

sodium methoxide ad the 2-isomer favored under phase-transfer 

catalysis. Similar results were described, using diethylchloro- 

(bemnesulfonyl)-methanephosphonate and NaH as base, for the 
preparation of a-chlomvinyl sulfones (65: R%1; R'=aryl; 6 examples, 

77-90 % yield).[m1 

R = ekyl or benzyl 
R' = alkyl or aryl 

SCHEME 46 

3. PREPARATION OF SELENIUM VINYLIC COMP0uM)S 
BY wmG AND HORNF~R-WITTIG REACTIONS 

3.1. Vinv- by Wittlp 

Petragmi and co-workers[6'*621 described, several years ago, the 
synthesis of vinylic selenides by a Wittig-type reaction. Thus, the 
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transylidation reaction between C&SeBr and two equivalents of an 
akylidenetriphenylphosphoranes 3 gave selenophosphoranes 69, which 

reacts with aldehydes to give the expected vinylic selenides (10 

examples) 70 (Scheme 47). The yields are very high for aromatic 

aldehydes and in the 65% range for aliphatic ones. A mixture of 

isomers was obtained in all reactions. The phenylseleno phosphoranes 

69 could also be prepared by quaternization of triphenylphosphme with 

phenyl(bromoalkyl)selenides, followed by treatment with n-BULL at 

room temperature, in THF as the solvent. 

Comasseto and Brandt‘631 performed the synthesis of vinyl 

selenides by the reaction between phenylseleno methyl(tripheny1) 

phosphonium bromide 71 and carbonyl compounds, using phase 

transfer conditions (Scheme 48). The reaction of 71 with aldehydes 

yielded the pure vinyl selenide 70 of predominantly 2 configuration (5  

examples). Ketones failed to react under these conditions. The same 

authors[641 employed these methods to develop an efficient mute to 1- 

phenylselenobutadienes via phenylseleno alkenylidene phosphoranes. 
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R=arylWalkyl 34-77% 

SCHEME 48 

Minami ef U ~ . [ ~ I  reported the Wittig reaction of 

[cyclopropyl(phenylleno) methyl]- and [cyclobutyl@henylseleno) 

methyl] triphenylphosphoniutn sahs 72 with aldehydes, viu the 

corresponding phosphoranes. 2- and E-( 1 -cyclopropyl- 1 -phenylseleno)- 

and ( 1  -cyclobutyl-1-phenylse1eno)akenes 70 were obtained in 
moderate to good yields (Scheme 49). The stereochemistry is dependent 
on the nature of the base used. 

SCHEME 49 

Silveira at described the preparation of vinyl selenides from 
the reaction of phenyselenomethyl(triphny1)pbosphonium 73 and 
aldehydes under sonication conditions. The treatment of a THF solution 

of a-phosphoryl selenides with potassium carbonate fiunishes the 

corresponding vinylic selenides 70 in good (for aromatic aldehydes) to 
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medium (for the aliphatic series) yields (Scheme 50). Concerning to the 

stereochemistry, it was obse~ed that, predominantly, the Z-vinylic 

selenides were produced, but with low stereoselectivity. Under these 

conditions, ketones failed to react. 

R=#ylwdkyl 23-91 % 

SCHEME 50 

In another work, the same authorsI'l described the preparation of 

vinyl selenides 70, based on a very convenient one-pot procedure. The 

olefmtion reaction was performed by the addition of 1-BuOK to a 

solution of chloromethylselenide 74 and triphenylphosphine in THF, 

followed by the addition of an aldehyde (Scheme 51). The reactions 

were performed very easily, by mixing all the reagents at morn 

temperature, giving the expected vinylic selenides in good yields. The 

stereochemistry of the products shows an isomeric ZIE-mixture. 

74 R 70 
0375% 

R=atyl 

SCHEME 5 1  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
1
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



X8/(342I CLAUD10 C. SILVEIRA el al. 

. .  3.2. Vinvlic Selenides bv Homer-Wlttg 

Comasseto and Petragnani1661 prepared vinyl selenides of 

predominantly E configuration by a Homer-Wittig reaction, using 

selenophosphonates 75, n-BuLi or NaH 89 base and aldehydes or 

ketones (Scheme 52). The yields of the reaction are generally good in 
the case of aromatic aldehydes, decreasing h m  about 80% to about 

SO%, with increasing length of the chain R in 75. The same reaction 

was performed d e r  phase transfer conditions, but only aromatic 
aldehydes reacted.16” 

0 
II 

75 4588% 
R = W a r H  
Rl = aryi or alkyl 
RZ=alkylorH 

SCHEME 52 

Coutmt et ul.[‘’’ reported that the lithium derivatives prepared 
h m  diethyl phenylselenomethanephosphonate 75 and n-BuLi at low 

temperature, reacted with carbon tetrachloride to give the corresponding 

a-chlorinated phosphonate 76 and trichloromethyllithium. The latter 

deprotonates 76 in siru to give a new lithio derivative 77, which reacts 

with carbonyl compounds (Scheme 53). These different steps took 

place in one pot a d  led to chlorovinyl phenyl selenides 78. The 
reaction proved to be highly stereoselective with aromatic and aliphatic 
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aldehydes to give one (not determined) stereoisomer. Reaction with 

butanone gave a 1 : 1 mixture of stereoisomers. 

R = alkyl or alkyl 
R1 = CH, or H 0 

n 

LiCCI, 

5087% 

scmm 53 

3.3. Kelene Selenoacetals bv Homer-Wittig 

Oh and co-workers16'' reported a mild and convenient synthetic 

method for the preparation of ketene selenoacetals 79 from aldehydes 

and diethyl 1, l  -bis@henylseleno)methylphosphonate 80 or 

diethylmethylphosphonate 81 (Scheme 54). 
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SCHEME 54 

4. PREPARATION OF TELLURIUM VINYLIC COMPOUNDS 

BY WITTIG AND HORNER-WITTIG REACTIONS 

4.1, Vinylic Tellur ides bv Wittig 

Silveira et aI.laP1 described the preparation of vinylic tellurides by 

the Wittig reaction. In this study, two methods were developed. 
Tellurophosphoranes 82 were obtained by a transylidation reaction 

between an alkylidenetriphenylphosphorane 3 and phenyltellurenyl 

bromides 83 (method A) and h m  triphenylphosphonium 

dihalotellurolate 84 on reaction with bases (method B). The 
tellurophosphoranes 82 reacted with aldehydes in situ to give vinylic 

tellurides 85, with preferential 2 stereochemistry by both methods 
(Scheme 55). Method A showed a small preference for Z-iSOmers, 
whereas method B finished a high pnfmnce for 2 products. 
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METHOD B 
+ 

R CHS of H 
K 

748% 

SCHEME 55 

Vinylic tellurides 85 have also been prepared‘” by a one-pot 

procedure from chloromethylphenyhelluryde 86, triphenylphosphine 

and r-BuOK as base, followed by addition of an aldehyde (Scheme 56). 

The corresponding vinylic tellurides obtained were of exclusive Z- 
configuration 
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R=aryl 

SCHEME 56 

Recently was the preparation of symmetrical divinyl 

tellurides 87 by sequential reaction of bis-(triphenylmethyl 

phosphonium) halotellurate 88 with base (88, after several consecutive 

steps, would generate the intermediate 91, method A) or by the reaction 

of triphenylmethylidene phosphoranes 3 with Tech (method B), 

followed by the addition of aldehydes (Scheme 57). The reaction with 

aromatic aldehydes was not stereoselective, giving isomer mixtures, 

with a preferential E geometry (fiom the EJ and E,E isomers). By 

performing the olefmtion reaction in the presence of 30% HMPA as a 
co-solvent, the ZJ isomer becomes predominant. In the case of 

aliphatic aldehydes, the Z geometry (Eom the 23 and 2,E isomers) is 

preferred in both solvent systems. A metal salt and base dependence 

were observed both on the stereochemistry of divinyl tellurides, as well 

as on the yield (for the reaction with benzaldehyde). Using KH instead 

of n-BuLi in THF, the 23-product was formed almost exclusively, but 

in only 12% isolated yield. Possible intermediates involved in this 
reaction are presented on scheme 57. 
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I W  a' 'a 

42. Vinylic Tellurides bv Homer-Wittig 

Reaction of the diethyl 1 -(phenyltelluro)alkylphosphonates 92 
with NaH in THF, followed by addition of aromatic aldehydes, gave the 
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corresponding vinyl tellurides 85 in high yields (scheme 58).’”’ All 

products were observed with exclusive E configuration. 

*@ b r -W * 

Silveira el ~ 1 . ‘ ’ ~ ~  described the preparation of ketene 

phenyhelluroacetals 93, by the reaction of diethyl methylphosphonate 
81 or diethyl phenyltelluromethylphosphonate 92 with LDA, 
phenyhellurenyl bromide and then with a carbonyl compound (Scheme 
59). The method permits easy access to compounds 93 in good to 

excellent yields with few exceptions. Reaction with ketones was also 

examined, but only reaction with cyclohexanone (16 % yield) was 

Observed. 
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R A: 1. 3.1 LDA - 
2 .2  C,H,TeBr 

II (w)m 
93 81 

3. R R ~ O  
R = ary or alkyl l&M% 

1 R = alkyl or HI 

SCHEME 59 

5. MISCELLANEOUS 

5.1, Ketene Dithioacetal Mono-S-oxides bv Homer-Wittig 

Reaction 

The sulfenylated a-phosphoryl sulfoxide 95 reacts with a base, 

yielding the appropriate a-phosphonate carbanion, that was used in the 

Homer-Wittig olefination with aromatic aldehydes to afford ketene 

dithioacetal mono-S-oxides 94 (Scheme 60)."33 This methodology was 

also used to obtain optically active ketene dithioacetal mono-S-oxides 

94, starting fiom optically active a-phosphoryl sulfoxides 95. 
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0 

SCHEME 60 

5.2. Ketene 6. Te)Acetals bv Homer-Wittie Reaction 

Reaction of thiomethyl phosphonates 12 with aryl (or butyl) 

tellurenyl halides and aldehydes under basic conditions provides 

moderate to good yields of ketene thio (telluro) acetals 96. In some 

reactions, vinylic sulfides 1 were isolated as by products of this 

transformation (Scheme 61).[741 The products were obtained as a 

mixture of E and Z isomers and the yields were in 38-75% range. The 

reaction worked well for both aliphatic and aromatic aldehydes. 

R = CH, C& 

R' = C,H6 or CH&CH2)2CH, 

R2 = aryl, alkyl or H 

SCHEME 61 
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5.3. Chalcoaeno Allenes 

Few chalcogeno allenes have been prepared by methods involving 

the Wittig reaction. The synthesis of 4-phenylthio a d  4-phenylselem 

allenic esters 98 was recently described by the reaction of 

carboxyphosphoranes with a-phenylthio- and a-phenylseleno ketenes, 

generated in slcu from the corresponding acid chlorides 97, as described 
on scheme 62.I7’l 

R’ 

YPh 
W a Y = S  
WbY=Se 

R’ 

EtdN,cYaz PhY 80 CqEt 
0%. 1 h 

SCHEME 62 

Fillion el have f b d  that diethylmethyl(or ary1)sulfbnyl 

methylphosphonate undergoes the Homer-Wittig reaction with both 

ethylphenylketene 998 and diphenylketene 99b, affordiag allenic 
sulfones 100a.b (Scheme 63). The method f i r d s  high yields when 

99r used and lower with 99b. 
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SCHEME 63 
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