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Enantioselective transformation of Na2SO3 into allylic 

sulfonic acids under Pd catalysis 

Wei Liu, Xiao-ming Zhao*, Hong-bo Zhang, Liang Zhang  

Pd-catalyzed asymmetric allylic sulfonation of di-aryl-

substituted allylic acetates with sodium sulfite (Na2SO3) in 

THF/H2O at room temperature was described.  This method 

directly provided allylic sulfonic acids in up to excellent yield 

and enantioselectivity.  

Pd-catalyzed asymmetric allylic substitution has become a useful 

method for the synthesis of chiral compounds.1  In this regard, a 

wide range of nucleophiles such as C, N, O, and SO2-nucleophile has 

been explored during the past several decades.  Despite Pd-catalyzed 

allylic substitutions of S-nucleophiles to produce achiral allyl sulfur-

containing compounds have been extensively studied,2 only a few 

enantioselective allylations of S-nucleophiles have been described, 

of which the enantioselectivities and yields varied from poor to 

excellent depending upon reaction conditions and substrates.3  

Additionally, only sulfinates and more acidic aromatic thiols were 

effective,3a,c and no reactions occurred for other S-nucleophiles, 

probably owing to competitive coordination to the Pd catalysts 

between these sulphur-containing substrates and chiral ligands.3a,4  

Sulfonic acid (RSO3H) is of great importance with respect to 

physiological processes,5 drug,6 and resolving agents7 in 

pharmaceutical industry.  Notably, either Cefsulodin8 or 

Sulbenicillin9, a semisynthetic cephalosporin antibiotics and a 

penicillin antibiotic, contains a chiral sulfonic acid.  Sulfonic acids 

with a chiral C−S centre are commonly obtained from the 

corresponding racemates by resolution technique with chiral 

amines.10  A series of enantiomeric α-substituted sulfonic acids was 

achieved by asymmetric synthesis11 and “Dutch resolution”10.  

Obviously, a direct method for the formation of allyl sulfonic acid 

(RSO3H) is by the allylic sulfanation between allylic substrate and 

sodium sulfite (Na2SO3) under Pd catalysis.    To the best of our 

acknowledgement, such a reaction for the synthesis of sulfonic acids 

is not yet reported nowadays.  Allylic sulfonic acid is not 

functionalized intermediate but also precursor of sulfonic acid.  

Herein, we descript Pd-catalyzed allylic sulfanation of allylic 

acetates with Na2SO3, which allows for the synthesis of chiral 

sulfonic acids. 

    We began our study by examining a model reaction of (E)-1,3-

diphenylallyl methyl carbonate (1a’) with Na2SO3 (2a) under Pd 

catalysis (Table 1).  The catalyst generated from [Pd(allyl)Cl]2, 

Pd(OAc)2 and Pd2dba3 with (R)-BINAP ligand L112 (see Fig. 1), 

respectively, was tested in component solvent (THF/H2O) at room 

temperature.  To our delight, Pd2dba3/L1 led to a formation of allyl 

sulfonic acid 3a13 with 76% ee and no by-product was observed 

(entries 1−3).  Analysis of 1a’ that was recovered upon completion 

of the reaction in entry 3 by HPLC on a chiral stationary phase 

illustrated that it is recemic.  The effect of structurally various 

ligands on this allylic sulfonation was further probed.  The outcomes 

revealed that L1 gave a superior ee; both (R)-Tol-BINAP L212 and 

(R)-BisbenzodioxanPhos L314 resulted in poor to acceptable ee 

although they are structurally similar to L1 (entries 4−5).  Note that 

either (R,R,Ra)-Feringa’s ligand L415 or (S)-Carreira’s ligand L516 

afforded 3a in 73% and 70% ee, respectively (entries 4−5).  

Examination of different ligands such as (S)-Josiphos, (S)-PHOX, 

(R,R)-Trost’s ligand and (R,R)-DIOP illustrated that they are 

ineffective for this reaction.  Moreover, leaving group has a 

considerable impact on the results of this reaction.  For example, -

OAc led to a higher ee value than that of -OCO2Me (entry 8 vs. entry 

3).  Analysis of 1a, which was recovered upon completion of the 

reaction in entry 8, by HPLC on a chiral stationary phase indicated 

that it is recemic.  Increasing Pd2(dba)3 from 2.5 to 5.0 mol% led to 

the considerable improvement of ee value and yield (entries 8−9).  

Screening the solvents indicated that THF/H2O 4/1 is the optimum 

solvents for this reaction, whereas other solvents are ineffective 

(entries 10−15).  We found that the reaction failed in THF without 

H2O (Table 1, entry 15).  These results suggested that the presence 

of H2O is beneficial to the solubility of Na2SO3 (2a) in this reaction 

system.  Other different S-nuceophiles including NaHSO3 (2b) and 

K2SO3 (2c) were also explored and they gave 88% ee and 89% ee, 

respectively.  Taking into consideration of the economic reason, we 

chose Na2SO3 (2a) as the sulfur source.  Variation of the ratio of 

1a/2a has a significant effect on this reaction (entries 16−18).  When 

both 10% of Pd2(dba)3 and 1a/2a (5/1) were utilized, the yield of 3a 

was somewhat improved but its ee value was slightly decreased 

(entry 19).  

    Having established the optimized conditions presented in entry 18 

of Table 1, we next explored the scope of the allylic sulfonation of a 

variety of allylic acetates (1) with Na2SO3 (2a).  (E)-1,3-

Diphenylallyl acetate (1a) and the di-aryl-substituted allyl acetates 

(1b−i) with either electron-donating (e.g., 3-Me, 3-MeO, and 4-MeO) 
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or electron-attracting groups (e.g., 3-F, 3-Cl, 3-Br, 4-F and 4-Cl) on 

the phenyl ring afforded the corresponding sulfonic acids (3a−i) in 

fair to excellent yields (40−92%) with acceptable to high 

enantioselectivities (61−91% ee, Table 2).  The sulfonic acid 3f 

contains a bromine group on the phenyl ring which can undergo 

useful transformation.  (E)-1,3-Di(naphthalen-2-yl)allyl acetate (1j) 

provided (E)-1,3-di(naphthalen- 

 

Table 1 Optimization studies for the Pd-catalyzed asymmetric allylic sulfonation of Na2SO3 2a
a 

Ph Ph

X

+ Na2SO3
Pd/L

Ph Ph

SO3H

Sovlent, rt
1a': X = OCO2Me
1a : X = OAc

2a 3a

 

Entry Pd Salt Cat (mol%) L Solvent X Time (h) Yield of 3a  (%)b ee (%)c 

1 [Pd(allyl)Cl]2 2.5 L1 THF/H2O = 4/1 OCO2Me 24 25 32 

2 Pd(OAc)2 5.0 L1 THF/H2O = 4/1 OCO2Me 24 18 12 

3 Pd2dba3 2.5 L1 THF/H2O = 4/1 OCO2Me 36 23 76 

4 Pd2dba3 2.5 L2 THF/H2O = 4/1 OCO2Me 36 22 37 

5 Pd2dba3 2.5 L3 THF/H2O = 4/1 OCO2Me 36 13 52 

6 Pd2dba3 2.5 L4 THF/H2O = 4/1 OCO2Me 36 20 73 

7 Pd2dba3 2.5 L5 THF/H2O = 4/1 OCO2Me 36 12 70 

8 Pd2dba3 2.5 L1 THF/H2O = 4/1 OAc 48 12 89 

9 Pd2dba3 5.0 L1 THF/H2O = 4/1 OAc  48 20 90 

10 Pd2dba3 5.0 L1 Dioxane/H2O = 4/1 OAc  48 30 78 

11 Pd2dba3 5.0 L1 Et2O/H2O = 4/1 OAc  48 N.R. - 

12 Pd2dba3 5.0 L1 THF/H2O = 2/1 OAc  48 45 74 

13 Pd2dba3 5.0 L1 THF/H2O = 1/1 OAc  48 60 40 

14 Pd2dba3 5.0 L1 THF/H2O = 9/1 OAc  48 7 89 

15 Pd2dba3 5.0 L1 THF OAc  48 N.R. - 

16 Pd2dba3 5.0 L1 THF/H2O = 4/1d OAc  48 22 86 

17 Pd2dba3 5.0 L1 THF/H2O = 4/1e OAc  48 10 88 

18f Pd2dba3 5.0 L1 THF/H2O = 4/1e OAc 48 60 90 

19 f Pd2dba3 10.0 L1 THF/H2O = 4/1 OAc 48 65 89 

a Reagents and conditions: 1a (or 1a’, 0.20 mmol, 1.0 equiv.), 2a (0.40 mmol, 2.0 equiv.), organic solvent (2.0 mL)/H2O(x mL), room temperature under 

argon; the completion of the reaction is determined by monitoring of TLC.  Work-up was performed through a plug of freshly activated acidic ion exchange 

resin. b Calculated yield, for which the weight of H2O is reduced from the hydrated sulfonic acid based on the integration of the hydrogen of H2O in 1H NMR. 
For the details, see: SI. c Determined with the sulfonic acid methyl ester generated by esterification of 3a with Me3SiCHN2 and analysis by HPLC on a chiral 

stationary phase (Daicel CHIRALPAK AD). d THF (4.0 mL)/ H2O (1.0 mL). e THF (1.0 mL)/H2O (0.25 mL). f 1a/2a = 5/1.
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Fig. 1  Ligands used in Pd-catalyzed asymmetric allylic sulfonations. 

2-yl)prop-2-ene-1-sulfonic acid (3j) in 40% yield and 61% ee (Table 

2, 3j).  The aliphatic allylic acetates (e.g., R = Me, Et, and cyclohex-

2-eneyl) were also examined and the corresponding sulfonation 

products were not yet observed.  

Conclusions 

    We developed a practical protocol for the construction of allylic 

sulfonic acids via Pd-catalyzed allylic sulfonation of Na2SO3, which 

afforded the allylic sulfonic acids in moderate yields with a high 

level of enantioselectivities.  This is the first example for the 

synthesis of chiral allyl sulfonic acids derived from Na2SO3. 

    We gratefully acknowledge the NSFC (21272175 and 20942003) 

for generous financial support. 

Table 2  Scope of the sulfonations of the allylic acetates 1 
and Na2SO3 2a

a,b,c,d
 

 

SO3H SO3H

Me Me

SO3H

FF

SO3H

Cl Cl

SO3H

3a
60% yield
90% ee

MeO OMe

3b
51% yield
83% ee

3c
68% yield
91% ee

3d
53% yield
85% ee

3e
61% yield
81% ee

SO3HSO3H SO3H

SO3H

F F Cl Cl MeO OMe

SO3H

Br Br

3f
54% yield
86% ee

3g
61% yield
83% ee

3h
55% yield
87% ee

3i
92% yield
98% ee.

3j
40% yield
61% ee  

a 
Reagents and conditions: 1 (1.0 mmol, 5.0 equiv.), 2a (0.20 mmol, 1.0 

equiv.), Pd2(dba)3(5 mol %)/L1(10 mol%), and THF/H2O = 4/1 at room 

temperature under argon, monitoring by TLC (~48 h). 
b
 Calculated yield, for 

which the weight of H2O is reduced from the hydrated sulfonic acid based on 

the integration of the hydrogen of H2O in 1H NMR. For the details, see: SI. 
c
 

Determined with the sulfonic acid methyl ester generated by esterification of 

3 with Me3SiCHN2 and analysis by HPLC on a chiral stationary phase. 
d
 The 

ee value of 3i was determined by HPLC on a chiral stationary phase. 
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