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Abstract --- Thioethers bearing an optically active secondary alcohol were desulfurized with Raney 
nickel - sodium hypophosphite - acetate buffer system to give optically active alcohols without 
racemization in high yields. This Raney nickel combination system exhibited a unique desulfurization 
of benzylthio or phenylthio group in the presence of benzyl ether. 

Reductive desulfurization is an important reaction for functional group transformation in organosulfur 

chemistry. 1 As the reagents for reductive desulfurization, Raney nickel, nickel(0) catalyst, nickel boride, 

dissolving metal, amalgam, and tin hydride have been used. 2 Among these reagents Raney nickel 3 is most 

commonly used for the reduction of the carbon-sulfur bonds of sulfides, sulfoxides, and sulfones to the carbon- 

hydrogen bonds. Secondary alcohols are, however, known to suffer from epimerization with Raney nickel. 4 

Racemization of alcohols is thought to involve reversible oxidation-reduction of the alcohols by Raney nickel. 5 

Solladi6 et al. protected an alcohol as a benzoate before reductive desulfinylation to retain the configuration of the 

alcohol, le  Alternatively, Ohno et al. has presented a protocol to prevent an optically active alcohol from 

racemization in reductive desulfonylation by the saturation of hydrogen gas in Raney nickel 0V-4) suspension, 6 

but it seems that the configuration of the alcohol could not be retained completely, even by this method. Here 

we report the Raney nickel - sodium hypophosphite - acetate buffer system7, 8 to circumvent the racemization 

problem in the reductive desulfurization of sulfides containing an optically active alcohol. 
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Optically active (S)-4-phenyl-2-butanol (89 %ee) and (R)-1,3-diphenyl-1-propanol (76 %ee) were partially 

racemized to 72 %ee and 5 %ee, respectively, by treatment of  Raney nickel (W-2) in ethanol for 1 h at room 

temperature. A benzylic alcohol was more sensitive to Raney nickel than an aliphatic alcohol. In order to 

prevent racemization of  the alcohol during the reaction, a hydrogen source in the Raney nickel suspension should 

be added. Sodium hypophosphite in an acetate buffer as a hydrogen source would be promising, because this 

reagent system has been used for the conversion of  nitriles to aldehydes 7 and in the reductive Nef  reaction of 

nitroolefins. 8 We applied this Raney nickel - sodium hypophosphite combination system to the reductive 

desulfurization. The results are compiled in Table 1. Optically active arylthio- and benzylthioalcohols 9 were 

easily desulfurized with the Raney nickel combination system to give secondary alcohols in high yields without 

any racemization. The reactions with the Raney nickel combination system were superior to those with Raney 

nickel itself in yields and optical purities (entries 1, 2 and 5, 6). 

The addition order of the reagents (Raney nickel, and sodium hypophosphite) to the solution of the starting 

material was essential to perform the desulfurization in this combination system. The following procedure was 

successful: Raney nickel (ethanol suspension) was added to an acetate buffer and ethanol (1 : 2) solution of the 

starting material, followed by the addition of an aqueous sodium hypophosphite solution immediately (see A 

Typical Procedure below). Combinations of the starting material, Raney Nickel, and sodium hypophosphite in 

other addition orders were unsuccessful. 

Table  1. Reduct ive  Desulfurizat ion o f  Thioethers  Bearing a H y d r o x y  Group 

R 1 R 2 R1 jMe  ~ . . .  Raney Ni (W-2) 
V 

OH OH 

Substrate Product 
Entry Method a R 1 R 2 o.p. (%)b yield (%)e o.p. (%)b 

1 A Ph Bn 99 d 84 99 • 

2 B Ph Bn 99 d 54 68 • 

3 A Ph Ph 99 d 89 99 e 

4 A Ph p-To1 99 d 82 99 e 

5 A n-Hex Bn 91 f 85 91 g 

6 B n-Hex Bn 91 f 75 89 g 

7 A n-Hex Ph 91 f 84 91 g 

8 A n-Hex p-Tol 91 f 82 91 g 

a) Method A: Raney Ni (W-2) - Sodium hypophosphi~e - Acetate buffer (pH 5.2) - EtOH, 
r. t., 0.5 h. Method B: Raney Ni (W-2) - EtOH, r. t., 0.5 h. b) Optical purity c) GC 
yield [Hewlett PACKARD HP-5890A, OV-1701 (25 m x 0.20 nun id), col. 120 °C, 1.0 
ml He, split ratio 1 / 50] d) DAICEL CHIRALPAK AS (hexane / i-PrOH = 99 / 1) 
e) DAICEL CHIRALCEL OB (hexane / I-PrOH = 90 / 10) l° f) DAICEL CHIRALCEL 
OF (hexane / i-PrOH = 99 / l) g) DAICEL CHIRALCEL OF (hexane) after benzoylation 
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Another aspect of  the utility of  Raney nickel was debenzylation. 11 Raney nickel (W-2) is very useful in 

selective hydrogenolysis of benzyl ethers in the presence of other functional groups, such as 4-methoxybenzyl, 

methoxymethyl,  and silyl ethers, isolated or conjugated olefins, and acetals. 12 We found that the 

desulfurization of  benzylthio- and phenylthioethers in the presence of  benzyl ether using the Raney nickel 

combination system was possible. The results are summarized in Table 2. This unique chemoselectivity 

showed the mildness of this Raney nickel combination reagent system. 

Table 2. Reductive Desulfurization of Thioethers Bearing a Benzyl Ether 
with the Raney Nickel Combination System a 

Entry Substrate Product Yield b (%) 

1 , ~ O C H 2 P h  , ~ O C H 2 P h  87 
"'-, SCH2Ph M e 

2 Ph's " ' " :" /~ :  OC H 2 P h M e :-""~ '''~OCH2Ph 84 

OH OH 

3 F'n ...,Z..~ S.,,cH2Ph Ph~. M e 
OCH2Ph (~CH2P h 83 

a) Starting material (0.2 retool) was used in the same procedure as described in 
the typical procedure for desulfurization, b) Isolated yield. 

A Typical Procedure for Desulfurization (Table 1, entry l): To a solution of (R)-2-benzylthio-l-phenyl-l-ethanol 

(74 rag, 0.30 retool, 99 %ce) in an acetate buffer (pH 5.2) and ethanol (1 : 2, 9 ml) was added freshly prepared Raney Ni OV-2) 

(suspension in ethanol, 5 ml), followed by the addition of sodium bypophosphite monohydrate (321 rag, 3.0 retool, in 2 ml water 

solution) immediately, and the resultant solution was stirred for 0.5 h at room temperature. The reaction mixture was filtea'ed with 

¢elite. To this solution was added water (20 ml), then the aqueous layer was extracted with dichloromethane (30 ml x 3), washed with 

brine, dried (MgSO4). The GC yield (84 %) was calculated using ct-methylnaphthalene (5.0 rag) as an internal standard. After the 

usual work-up, the preparative TLC of the residue gave (S)-(-)-sec-phenethyl alcohol, whose ee (99 %) was determined by a chiral 

HPLC analysis. 

In conclusion, we have found that the Raney nickel - sodium hypophosphite - acetate buffer system was an 

excellent reagent for 1) reductive desulfurization of optically active sulfur-containing alcohols to give secondary 

alcohols in high yields without any loss of the optical purity, 2) a unique chemoselective desulfurization of  

benzylthio- and phenylthioethers in the presence of benzyl ether. These features of the Raney nickel combination 

system would be useful in asymmetric syntheses using organosulfur reagents. Further applications of  this 

reagent system to optically active alcohols containing sulfoxide, sulfone, or other chalcogens are in progress. 
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