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ENANTIOPURE ENYNYL SULFOXIDES VIA PALLADIUM-CATALYZED 
COUPLING REACTIONS 

Robert S. Paley,” Jennifer A. Lafontaine, and Maria Pax Ventura 

Swarthmom ColJege. Dept. of Chemistry, Swarthmore, PA 19081, USA 

m Rnantiomerically pure 1-sulfmyl-l-en-3-ynes are prepated from 2-halovinylsulfoxides via 
Sonogashira or Stille coupling procedures. The rronr-enynyl sulfoxides may be hydrogenated to provide (lg, 
3Z)dienylsulfoxides. 

The use of chiral sulfoxides as an element of enantio- and diastereocontrol has ample precedent in a 

variety of synthetic processes. l-4 In the context of a project examining the diastereoselectivity of transition metal 

catalyzed cycloisomerizations of enantiopum sulfoxides bearing multiple unsaturation, we required a general and 

flexible stereocontrolled method for the preparation of acyclic sulfinyl dienes under mild conditions. While 

exploring the feasiblity of employing Stille mtthodology to couple rr=-vh1y1 stannanes with enantioputc Q- or 

Q-2-halovinylsulfoxides U and 2, respectively) in order to prepare (lg. 3E)- or (1Z. 3E)-l-sulfinyl dienes,s 

we also examined approaches to the more challenging 32 isomers, 2 and 4 (Scheme 1). Since, at the onset of 

this work them were no general, straightforward preparations for cis-vinyl stannanes_6 we envisioned a solution 

to this problem which would involve syn-mduction of previously unknown enantiopure enynyl sulfoxides. 

Hctein we pmscnt the results of our efforts to couple alkynes or I-stannylalkynes with halovinylsulfoxides 1 

and 2. Jn addition, our successful preliminary attempts to reduce the resulting enynyl sulfoxides are also 

presented. 
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Scheme 1 

We judged that the most direct apptoach to the synthesis of enantiopure Q-1-sulfinyl-1-en-Zynes 

would involve use of Sonogashira methodology7 to couple an alkyne to enantiopure trans-2- 

bmmovinylsulfoxide 1. There was pmcedent, though limited, that electmndeficient vinyl halides could be used 

as partners in this context; for example, Schmiber’s coupling of a terminal alkyne with methyl (E)-34odo- 

acrylate* indicated that such a transformation was possible. Schreiber’s modification of the “standard” 

conditions involved the use of a hindered amine base, presumably to suppress addition-elimination side 
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Table 1. Synthesis of (E)-l-Sulfinyl-1-en-3-ynes.9 

H--E-R (1.2 cq.) ‘R 
* 

PtW’&h (5 mol %) s 
cuI(3Omol%) 
DBU (2 q.) 
benxene,4Omin. s--o 

-tempereaue 
P&. 

Q-WH 5s 

Bu Sb 

(cHd3oTBS SC 

siEt3 Sd 

P 

84 +26X9 (0.47) 

84 +190.4 (1.04) 

86 +1x5.0 (0.20) 

87 +177.8 (1.67) 

reactions. Our results corroborate the requirement for the ptwcnce of a hindered base; attempts to couple 

propargyl alcohol with 1 under “standa# conditions7 lPd(PPhgk (5 rnol%), CuI (30 mol%), benzene, room 

tcmperaturcl consistently gave disappointing yields (less than 30%) of the desired enynyl sulfoxide fi. The 

reaction completely failed when diethylamine was employed as the solvent. Use of triethylamine as a co&vent 

impmved the tea&on somewhat (yields of 54% wete obtained in 4: 1 benzene&iethylamine), however, the use 

of 2 quivalents of the non-nucleophilic base DBU gave the optimal results. Under these latter conditions, the 

coupling of pmpargyl alcohol and kmmovinylsulfoxide 1 was complete within 40 minutes (as judged by TLC!), 

and enynyl sulfoxide @ was isolated after chromatography in a yield of 84%. The reaction proved to be 

general for a number of functionalized alkynes; the ‘iesults are summaked in Table 1. 

Table 2. Synthesis of (Z)- 1-Sulfinyl-1-enS-ynes.9 

2 -- R 
d 

R 96 vield rQl&_)a - 

Bu 6a 77b -373.1 (1.08) 

(CH&O-t-Bu 6 b 74b -598.4 (0.62) 

cH&YrBs 6c 75 -484.6 (0.39) 

siJzt3 6d 87 -885.1 (0.47) 

CWOEt)z 6e 82 -738.6 (0.44) 

a All optical rotations were measuted in CHC13. 

b Reactions car&d out in 955 DMFm. 



we next turned to the pcasibility of pIgwing (Z)-1-sulfinyl-l-en-2-ynes by anploying this Sonogashira 

methodology to couple rdhytks to ci.r-2-icdovinylsulfoxkk 2. unformnatc1y, all aaaupts, mgatdkss of choice 

of palladium catalyst or amine base. led to complete dccunposition of the sulfoxide 2. A diffuent approach 

proved to bc far more fruitfuh we began to investigate if the rcquircd carbon-carbon bond could instead be 

formed by using Stilk mathodologytn to coupk readily avail&k stannyhdhyncs to cir-2+dovinylsulfoxide 2. 

Indeed. treatment of2 with I-tributylstannyl-1-hexyne (1.3 eguiv.) in the presatcc of FU(CH3CN)2Cl2 (2 mol 

%I) @MF/THF, 955, RT) rapidly afforded the desired enynyl sulfoxide fi in a 77% yield; tH NMR 

experiments on Q1 with Eu(hfch co&nncd our earlier findings that the optical purity of the sulfoxide is m 

compromised by Stille coupling processes. Again, this transformation ptovcd to he general for a number of 

different stanny~ the results am summarized in Table 2. In some cases, the use of THR as a cosolvent 

wasfoundto~theyieldduetothe~~~~~~ofthe~y~inthe~~mdium 

That dienyl sulfoxides can be prepamd from reduction of enynyl sulfoxides was also demonstratuL In 

preliminary, unoptimizcd experiments. cnynyl sulfoxides & and fi were hydrogenatedtt (1 atm.) with 

RhCl(PPh3)j (10 wt. 96) in bcnzem at room mmpcmmm for 14 hr. to afford (lE, 3Z)-1-sulfmyl diencs &and 

3binyieldsof63%and84%,msp~cdv~ly(Schau~2). Thccisstercochcmistryofthenewdoublebondineach 

dienyl sulfoxidc was amfbmcd by analysis of the individual tH NMR spectra. After performing the required 

decoupling experiments, JmR4 was determined to be 11.0 Hx and 10.8 Hz for each compound, indicative of 

cis stercochemisuy.t2 

R 
Hz, RhCl(FT’h& (10 wt. 96) 
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f R=CHzOH a R=C!HzOH 63% 
a R=Bu aR=Bu 84% 

scheme2 

Unfortunately, the enynyl sulfoxides 0 derived from cis-iodovinylsulfoxide 2 have proven to bc far 

mom resistant to hydrogenation than the trans analogs. All attempts to prepare (lZ, 3Z)dienyl sulfoxides 4 

have been unsuccessful, resulting in the recovery of 6 (Lindlar’s catalyst/benzene, or FVRaSO&ridine) or in 

the formation of a complicated mixture of 4 and ovctrcduccd products. It would seem that synthesis of this 

elusive diatyl sulfoxide isomer would depend on the success of a Stille coupling between ci&dovinylsulfoxidc 

2 and a (z)-viny~stannane.~ 

We have now demonstrated that three of the four possible I-sultinykhene stetcoisomcrs can be prcpamd 

stereo- and enantiospcciScally by utilizing Pd(O)catalyxcd coupling methodology. Future reports from this 

laboratory will focus on the chemistry of these compounds, namely, transition metal mediated 

cycloisomcxizationsofenanti~dienyf~o~~withpendemunsahpation. 
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