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Abstract. We sxmzned whether a protezn could catalyze two-phase oxzdatzon of fomaZdehyde 
dzthzoacetals wzth aqueous sodzm metuperzodate and bovzne aerwn albwnin was found to be 
effeetzve und gzue the comespondmg S-oxzdes zn optzcaZZy actzve foms. 

For two-phase reactions, there have been developed various catalysts, such 

as quaternary ammonium (or phosphonlum) salts and crown ethers, which usually 

contain both hydrophobic and hydrophlllc sites and can accelerate the reaction 

by bringing one of the reactants into the phase of the other reactant ') 

However, the water-soluble proteins with hydrophobic cavities have received 

scant attention as phase transfer reagents In the literature. They can take a 

certain substance in the organic phase Into the aqueous phase for reaction when 

added to a two-phase aqueous-organic system. If the product formed In the 

hydrophobic cavity 1s replaced with the organic phase substance, these proteins 

will behave as phase transfer catalysts and their ability to orient bound 

molecules 1s expected to provide a mean of developing asymmetric syntheses 
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As a dlagnostlc reaction for this conception, we chose oxldatlon of 

formaldehyde dl-p-tolyl dlthloacetal (1) with aqueous sodium metaperlodate In 

the presence of a protein because asymmetric synthesis using its optically 

active S-oxide derivative (Z), which was less hydrophobic than 1, was one of 

our subjects and alkyl aryl sulfides bound to a carrier protein, bovine serum 

albumin (BSA), was oxldlzed by sodium metaperlodate to afford the corresponding 

sulfoxlde in an optically active form 2) When 1 and sodium metaperlodate (one 

2233 



equlv to 1) were added to a borate buffer solution (pH 9 2, about 50 ml per one 

mm01 of 17, 1 remalned Insoluble to form an organic phase 
-0 

After stlrrlng this 

mlxturc at 30 C for 3 days, no reactlon took alace and 1 was recovered 

unchanged Addltlon of a commercially available protein, either bovine serum 

B-globulin (fraction IlI)3) (0 005 mol-equlv) or egg albumln')(O 02 mol-equlv) to 

this system brought about oxadatlon of ;3, although slightly, and the S-oxide 

derlvatlve (2) was produced in about 5% yield over 18 h. Interestingly, 

large enhancement of the oxldatlon rate was observed In the presence of 0.02 

mol-equiv of BSA 3, Thus, after stlrrlng for 18 h, we obtalned 2 In a 37% yield 

together with the unchanged 1 (56%) and the S,S'-dloxlde (5%) of 1,. It should 

be noted that the thus-obtained 2 was optIcally active and the optical purity 

was calculated to be 41% 4, 

Furthermore, how the amount and the concetration of BSA Influence the 

optical purity of 2 was also examined To an aqueous solution (the borate 

buffer of pH 9 2) of BSA were added 1_ and sodium metaperlodate, and the 

resulting mixture was stlrred at 30 'C Then, the reaction mixture was extract- 

ed with diethyl ether and benzene-dlethyl ether, dried over anhydrous sodium 

sulfate, evaporated zn vaeuo, and subJected to column chromatography on silica 

gel to give 2. The results were summarized in Table and It was shown that the 

optical purity of 2 Increased with increasing amount of BSA and reached to the 

uppermost limit when the molar ratio of RSA 1 was about 0 1 However, even in 

the presence of a catalytic amount of BSA (the molar ratio of BSA ,I'0 OZ), 

a higher optlcal purity (58%) was attalned by reducing the volume of the buffer 

solution, "z e. increasing the concentration of BSA The similar phenomena were 

observed In oxldatlon of formaldehyde dlphenyl dlthioacetal (3) and formaldehyde 

dllsopropyl dlthloacetal (_5), both of which afforded the corresponding S-oxides 

(igland 6) In higher optical purltIes with higher concentration of MA when 

the same amount of BSA was used (see Table) 
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These facts suggest that, In the present system, the factor controlling the 

optlcal purity of formaldehyde dlthloacetal S-oxide (2, 4, or ,6) 1s not the 

relative amount of BSA to I, but the concentration of BSA, in sharp contrast 

with the conclusion given in oxldatlon of alkyl aryl sulfides bound to BSA with 



lable Oxldatlon of Sulfides with Aqueous Sodium Metaperlodate 

In the Presence of Bovine Serum Albumin (BSA)a 

BSA 
Sulfide b 

NaI04 Concn of BSA' Reactlon Product 

(mol-equ1v) (mol-eqlnv) 
b 

(mM) Time (h) Yleld(%jd 0 P (%) 

1 0 005 10 01 100 S-Z 30 [91 38 

i 0 01 10 0 2 24 S-Z 31 [Sl 37 

10 04 24 T-2 37 Al 1 0 02 151 

0 8 2 0 22 s-2 29 [61 58 

1 0 03 10 0 6 24 s-2 37 [51 

1 0 05 12 10 18 S-2 32 141 

i 01 15 2 0 24 s-2 30 131 

; 0 2 19 4 0 18 S-_2 28 [41 
'-e 
1 0 33 2 0 2 0 5 S-_2 44 [61 

3 0 02 10 04 18 S-5 49 [41 

10 2 0 22 s-4 45 [81 
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7 0 02 
1.0 0.4 18 R-_8 76 60 

1.1 2 0 24 R-8 72 20 

9 0 02 1.0 0 4 18 R-10 80 16 - 
1 0 2 0 24 R-10 77 16 - 

a stlrred at 30 OC. b 
mol-equlv to the sulfide ' a borate buffer solution of pH 9 2 

d 
The value UI the bracket lndlcates the yield of the formaldehyde dlthloacetal S,S'-dloxlde 

e according to the procedure described III ref. 2 f [cLID-6 91° g LY.l,-9 64O 
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sodium metdpcrlodate l/3 mol-equlv of BSA was required for producing the 

maxlmum optical purity. *) IIence, oxldatlon of isopropyl phenyl sulfide (I) and 

methyl p-tolyl sulfide (2) was carried out In the presence of 0 02 mol-equiv 

of BSA Under the 2 0 mM concentration of BSA, the corresponding sulfoxldes 8 

and 10 were formed in lower optlcal purlties (20% and 1 6%, respectively) - 
When the concentration of BSA was diminished to 0 4 mM, the optlcal purlties of 

8 and 10 Increased remarkably to 60% and 16%, respectlvely,l@wlth high chemical - 



yields as shown in Table 

In conclusion, two-phase oxidation of various sulfides with aqueous sodium 

metaperlodate can be catalyzed by BSA, a carrier protein, 11) although the 

preferable concentration of BSA depends upon the type of sulfide. 

We are continuing our studies to provide some insights into the detailed 

mechanism and to extend the present reaction system to other types of reactions. 
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