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Summary: The binuclear palladium complex, [(Bu$PH)- 
PdPBut212, when treated with oxygen, catalyzes the 
hydrogenation of the double bond of a$-unsaturated 
sulfones and phosphonates in THF at room temperature 
and 1 atm of hydrogen pressure. Saturated sulfones and 
phosphonates were isolated in 49-93% yields. 

The selective hydrogenation of the carbon-carbon 
double bond of a,fi-unsaturated carbonyl compounds 
under mild conditions is an important reaction in organic 
synthesis.' The use of homogeneous catalysis to effect 
this transformation has attracted considerable attention. 
For example, we recently described a mild and selective 
method for the reduction of a,fi-unsaturated ketones and 
aldehydes catalyzed by the binuclear palladium complex 
[(ButzPH)PdPBut212 (1) in good to excellent yields.2 

Only a few methods exist in the literature for effecting 
the reduction of the carbon-carbon double bond in a$- 
unsaturated sulfones and phosphonates. The most com- 
monly used reactions in the case of sulfones involve metal 
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TaMe 1. Hydrogenation of @-Unsaturated Sulfones 
Catalyzed by [(Bu*@H)PdPBu*& Pretreated with 
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en- %of time yield 
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a The unsaturated sulfones were prepared as described in ref 
8. * Produds were identified by comparison of spectral results [IR, 
NMR (lH, W ) ,  MS] with literature data. The following sulfone 
ie new. 2-Methyl-1-phenylethylp-tolyl sulfone: 'H NMR (CDCls) 
6 1.42 (d, 3H, J = 5.3 Hz, CH3), 2.39 (8 ,  3H, p-CH3), 3.26-3.40 
(m, 3H, -CH, -CH2), 7.03-7.27 (m, 7H, ArH), 7.64-7.69 (m, 2H, 
ArH); 13CNMR(CDC13)6 144.4, 144.1, 136.9, 129.7, 128.7, 127.8, 
126.7,126.6 (aromatics), 63.4 (CH2), 35.0 (CH), 22.1 @-CH3), 21.6 
(CH& MS mle 274 [MI+. Anal. Calcd for Cl6Hl8OzS: C, 70.04; 
H, 6.61. Found: C, 70.34; H, 6.61. Isolated by column chroma- 
tography. Isolated by preparative HPLC. 

hydrides such as NaB&, [(PPhdCuHIe ,  et^.,^ while 
palladium on activated carbon at 50 psi of Hz was used 
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Table 2. Hydrogenation of @-Unsaturated 
Phosphonates Catalyzed by [(ButraPH)PdPBut212 

Pretreated with Oxygen 

Communications 

mol % reactn isolatedC 
entry substratea of cat. time (h) productb yield (%) 

2 24 CH3CH2-PfOEI)g 75 
f; f O W 2  I1 

1 -  
0 0 

8od Ph 2.5 5 Ph 2 
=(PfOPh)z 

I1 
0 0 

a The unsaturated phosphonates were prepared by the method 
described in ref 9. b Products were identified by comparison of 
spectral results [IR, NMR (lH, 13C), MS] with literature data. The 
following phosphonate is new. 1-Phenylethylphosphonic acid 
diphenyl ester: lH NMR (CDC13) 6 1.78 (dd, 3H, J = 7.5,9.9 Hz), 
3.56 (qq, lH,  J = 7.5 Hz), 6.81-7.46 (m, 15H); 13C NMR (CDC13) 
6 150.6,136.8, 129.6,129.5,128.9,128.6, 127.5, 124.9,120.5, 120.4 
(aromatics), 38.3,39.4 (CHI, 15.6 (CH3); MS mle 338 [MI+. Anal. 
Calcd for C20H1903P: C, 71.00; H, 5.66. Found: C, 71.28 H, 5.61. 

Isolated by Kugelrohr distillation. Isolated by column chroma- 
tography. 

for the hydrogenation of a$-unsaturated pho~phonates.~ 
To our knowledge there are no publications on the use 
of homogeneous transition metal catalysts for these 
 transformation^.^ We report that the binuclear pal- 
ladium complex on exposure to oxygen generates an 
excellent catalyst for the chemoselective reduction of the 
double bond of unsaturated sulfones and phosphonates. 
A recent paper showed that the catalytic species formed 
by reaction of 1 with 0 2  is the mononuclear complex 
[Pd(OzPBut2)(OPBut2)(OHPBut~~l, which contains a novel 
v2-phosphinate liganda6 

(5) The anionic hydride complex Et&T+[HCrz(CO)lol-, catalyzes the 
hydrogenation of the vinyl phosphine oide, CH~-C€K€'(O)Ph2 (Fuchika- 
mi, T.; Ubukata, Y.; Tanaka, Y. Tetrahedron Lett. 1991,32,1199). We 
are indebted to a reviewer for bringing this relevant work to our 
attention. 

(6) Leoni, P.; Marchetti, F.; Pasquali, M. J. Organomet. Chem. 1993, 
451, C25. 

(7) Leoni, P.; Sommovigo, M.; Pasquali, M.; Sabatino, P.; Braga, D. 
J. Organomet. Chem. 1992,423,263. 

Reaction of an a,P-unsaturated sulfone or phosphonate 
with hydrogen in the presence of 1,7 pretreated with 
oxygen in THF at room temperature under 1 atm of 
hydrogen pressure, proceeded smoothly affording the 
corresponding saturated sulfone or phosphonate in good 
to high yields. The ratio of substrate11 ranged from 20 
to 5011 depending on the reactivity of the starting 
material. Results are summarized in Tables 1 and 2. 

The carbon-carbon double bond of monosubstituted 
a,j3-unsaturated sulfones (Table 1, entries 1-4) was 
easily hydrogenated using 2 mol % of catalyst pretreated 
with oxygen. These reactions proceed under 1 atm of 
hydrogen and are complete in 1-24 h. In the case of 
#l-substituted sulfones the reactivity of the P,P-disubsti- 
tuted sulfone (entry 6) was higher than that of the 
B-monosubstituted analog (entry 5). A sulfone having a 
tetrasubstituted double bond did not undergo hydrogena- 
tion under the same conditions. The results in Table 2 
show that the carbon-carbon double bond in a& 
unsaturated phosphonates can be easily hydrogenated 
under the same reaction conditions as those found for 
sulfones. a-Phenyl-substituted vinyl phosphates are 
more reactive than their ,&phenyl substituted isomers. 

The following procedure is typical: Oxygen was bubbled 
for 10 min through a solution of THF (5 mL) containing 
1 (24.0 mg, 0.03 mmol). The solution was stirred 
overnight at room temperature and slowly turned to 
yellow. Methyl vinyl sulfone (0.158 g, 1.5 mmol) was 
added, and hydrogen was bubbled through the reaction 
at ambient conditions with stirring. The reaction was 
monitored by gas chromatography, and after 1 h the 
reaction was filtered through neutral alumina and the 
solvent was removed by rotary evaporation. Pure ethyl 
methyl sulfone (0.135 g, 83%) was isolated by column 
chromatography and characterized by IR, 'H-NMR, and 
mass spectrometry. 

In conclusion, the palladium complex generated in situ 
from 1 and oxygen is an excellent catalyst for the 
exceptionally mild hydrogenation of the carbon-carbon 
double bond in a,P-unsaturated sulfones and phospho- 
nates in fine isolated yield. 
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