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A RAPID AND EFFICIENT CLEAVAGE OF ORGANIC DISULFIDES TO 
MERCAPTANS USING ZrC&/NaB& 

K. Purushothama Chary, S. Rajaram and D. S. Iyengar' 

Discovery Laboratory, Organic Division 11, Indian Institute of Chemical 
Technology, Hyderabad 500 007, India 

Abstract: A pa&l& cheaper reagent system ZrClJVaBH, b used for the 
&&e clwvcrgc of organic disulj7de.s to mercaptans unda mild wncbitions, 
in &lent yielak 

The ubiquitous presence of disulfide and thio moieties in biologically 

active compounds such as biotin and its biosynthetic intermediates, peptides and 

ribosides has led to many new and varied methods for their inter conversion.',' A 

host of reagents were reported for the conversion of disulfides to the 

corresponding mercaptans. They include glucose in basic ethanol sol~tion,~ 

sodium sulfide, hypophosphorous acid in the presence of catalytic diselenide? 

sodium hydrogen tell~ride,~ meso-2, 5-dithiol-N,N,N',N'-tetramethyl adipamide 

(meso-DTA),6 potassium triisopropoxy borohydride (KIPBH),' Zn or Sn in the 

presence of an acid,* metal amalgams,' Ndliquid amm~nia , '~  tributyl phosphine," 

Ph3P-dioxane-water," TiCl3,I3 Mg in methanoll4 and III-NH~CI.'~ However, the 

methods suffer fiom some drawbacks such as prolonged reaction time, higher 

+To whom the wrre 
E-mail: iyengm@lic~.nic.in 
IICT Communication No: 4355 

d n c e  should be a e s s e d  
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3906 PURUSHOTHAMA CHARY, RAJARAM, AND IYENGAR 

reaction temperature: and ineffectiveness towards sterically hindered 

disulfidesI6 etc. In the course of our program to explore the novel utilities of 

ZrCWaB& reagent we observed that this reagent system effectively 

finishes mercaptans from their respective organic disulfides within thirty minutes 

at mom temperature under mild reaction conditions. ZrCWaBH4 reagent system 

is found to be much superior in comparison with WNI-L,CI,'~ that we disclosed 

recently for this transformation. In/NH4Cl reagent system requires reflux reaction 

conditions in ethanol solvent for the conversion of disulfides to thiols. In this 

communication we disclose the potentiality of ZrCWaBH4 for an efficient 

cleavage of disulfides to furnish corresponding mercaptans. 

Treatment of one equivalent of organic disulfide with one equivalent of 

ZrCWaB& reagent system in dry THT solvent under nitrogen balloon 

atmosphere at 0 OC to room temperature provided quantitative formation of the 

mercaptans" (Scheme 1). 

R-S-S-R - 2 R-SH 
mF. dc- RT 

Scheme 1 

The formation of mercaptans from the organic disulfides can be visualized 

as an initial conjugation of zirconium with the disulfide leading to the formation 

of the sulfonium ion followed by the hydride delivery (Scheme 2). 

Scheme 2 
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Table 
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Entry Substrate Product Time (min) Yield (%) 

1M SH 

3 a- 

6 

7 

10 

10 

15 

20 

15 

15 

10 

15 

10 

10 

10 

10 

30 

10 
30 

20 

90 

90 

80 

90 

95 

95 

85 

85 

90 

90 

95 

80:20 

10:90 

80:20 
10:90 

80 
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3908 PURUSHOTHAMA CHARY, RAJARAM, AND IYENGAR 

The generality of the reaction to various organic disulfides is shown in the 

Table. Both aliphatic and aromatic including heteroaromatic disulfides are 

converted smoothly to the mercapto compounds within thirty minutes. Chloro 

substituent is unaffected during the reaction. However, the nitro disulfides (entry 

12 and 13) showed time dependent selectivity in the reaction. Chemoselective 

cleavage of the nitro disulfide (entry 13) was achieved by controlling the reaction 

time. Shorter reaction time i.e., in less than ten minutes gave predominantly 2- 

nitro mercaptan"" (2-nitro mercaptan:2-amino mercaptan, 8:2), while increased 

reaction time (-30 minutes) resulted in reduction of nitro functionality furnishing 

2-amino mercaptanZlb (2-nitro mercaptan:2-amino mercaptan, 1:9) as a major 

product which is a key precursor of 2, 3 dihydro-1, 5 benzothiazepin-4 (SH)-ones 

for the studies of CNS activity." As a representative of aliphatic disulfides, 

diethyl disulfide (entry 15) was treated with this reagent system. To our surprise, 

progress of the reaction monitored by TLC clearly indicated the disappearance of 

the disulfide within ten minutes. Since it is difficult to isolate the product (ethane 

thiol, b.p = 35 OC), and based on the disappearance of the diethyl disulfide 

(monitored by TLC), we quantified the conversion as 95%. All the products thus 

obtained were fully characterized by HI NMR, IR and Mass fragmentation 

spectral analysis and compared with their spectral data known in the literature. 

In summary, we have developed an efficient and rapid methodology for 

the reductive cleavage of a wide range of organic disulfides to their respective 

mercaptans in excellent yields under mild reaction conditions using ZrCI&aBH4. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

ew
 H

am
ps

hi
re

] 
at

 0
3:

50
 2

4 
Fe

br
ua

ry
 2

01
3 



ORGANIC DISULFIDES TO MERCAPTANS 3909 

Ackaowkdgments: One of us KPC wishes to thank UGC, New Delhi for the 

award of research fellowship. 

References and Notes: 

1. Bulman Page, P. C.; Wilkes, R. D.; Reynolds, D. in Chapter 2.03, A l b l  
Chalcogeniides: Subhur Based Functiml Groups - “Comprehensive Organic 
Functiml Group Transformations" Katritzky, A. R.; Meth-Cohn, 0.; Rees, C. 
W. VoL 2, pl13. 

2. Patai, S. “The Chemistry of lluol Group”., John Wiley & Sons, London, 1974. 

3. Bordwell, F. G.; Andersen, H. M. J. Am. Chem. Soc. 1953, 75,6019. 

4. Gunther, W. H. HJ Org. Chem. 1966,31,1202. 

5. Kong, F.; Zhou, X .  Synth Commun. 1989,3 143. 

6. Lees, W. J.; Singh, R.; Whitesides, G. M. J. Org. Chem. 1991,56, 7328. 

7. Brown, H. C.; Nazer, B.; Cha, J. S .  S’thesis. 1984,498. 

8. Kolthoe I. M.; May, D. R.; Morgan, P.; Laitinen, H. A.; Brien, A. S. 0’. A d .  
Chem. 1946, IS, 442. 

9. KipNs, F.; Levy, I.; Omfelt, J. J. Am. Chem. SOC. 1949, 71,2270. 

10. Humphrey, Du.; Audrieth, L. F.; Loring, H. S. J. Am. Chem. Soc. 1930, 52, 
4500. 

11. Humphrey, R E.; Potter, J. L. AnulKhem. 1965,37,164. 

12. Overmann, L. E.; Smoof J.; Overmann, J. D. Synthesis. 1974, 59. 

13. Akers, H. A,; Van& M. C.; Updike, T. D. Cun. J. Chem. 1987,65,1364. 

14. Sridhar, M.; Vadivel, S. K.; Bhalerao, U. T. Synth. Commun. 1997, 27(8), 
1347. 

15. Vidyasagar Reddy, G.; Venkat Rao, G.; Iyengar, D. S .  Sjmth. Commun. (in 
Press). 

16. a) Arnold, R. C.; Lien, A. P.; Alm, R. M. J. Am. Chem. Soc. 1950, 72,638. 

b) Djerassi, C.; Grossman, J. J .  Am. Chem. Soc. 1957, 79,2553. c) Brown, H. 
C.; Weissman, P. M.; Yoon, N. M. J.  Am. Chem. Sac. 1966,88, 1458. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

ew
 H

am
ps

hi
re

] 
at

 0
3:

50
 2

4 
Fe

br
ua

ry
 2

01
3 



3910 PURUXHOTHAMA CHARY, RAJARAM, AND IYENGAR 

17. Purushothama Chary, K.; Santosh Laxmi, Y. R.; Iyengar, D. S. S'th. 
Commun. 1999, 29(8), 1257. 

18. Santosh Laxmi, Y. R.; Iyengar, D. S .  S'th Commun. 1997,27, 1731. 

19. Purushothama Chary, K.; Hari Mohan, G.; Iyengar, D. S .  Chem. Lett, 1999 
11, 1223. 

20. Typical Experimental €kc&m: Into a two necked round bottom flask 
equipped with magnetic bead and nitrogen balloon adopter was placed ZrC14 
(0.189% 0.8lmmol), dry THF (5  ml) was syringed into the flask. Immediate 
formation of reddish brown solution was observed. The contents were cooled 
to 0 OC, NaE3b (0.123% 3.246 mmol) was added in portion to the above 
solution. Reddish brown solution slowly turned to pale pink. To this reagent 
system at 0 OC was added p-tolyl disulfide (entry 5)(0.2g, 0.8 mmol) in dry 
THF ( 5  ml). Contents were stirred magnetically. After completion of 
addition of disulfide ice cooling was removed and contents were brought to 
room temperature (35 OC). The progress of the reaction monitored by TLC 
clearly indicated the disappearance of the disulfide in 15 minutes. Contents 
were cooled and treated with 20% aq. HCl solution gave the separation of 
organic layer. THF was evaporated under vacuum, extracted into ethyl 
acetate (10 ml), washed with water and dried over anhydrous Na2S01. 
Evaporation of the organic portion followed by silicagel column 
chromatography provided pure 4-methylbenzene thiol(0.191g 95% yield), a 
low melting solid. 

21. I# NMR analysis data of the  dependent chemoselective cleavage of Nitro 

a) Entry 13 [Analysis of the crude reaction mixture, after workup in 10 
minutes] : (200 M H z  H' NMR, 6 ppm, in CDCl3) 
[S 3.2 (br, SH), 7.03 (m, lH, ortho hydrogen w.r.to SH), 7.2-7.3 (m, 2H, 
aromatic hydrogens), 8.24 (m, lH, ortho hydrogen w.r.to N02) & 6.68-7.0 
(m, lH, ortho hydrogen w.r.to SH)] measurement of integration indicated a 
ratio of 2-Nitro-l-benzenethiol : 2-amino-l-benzenethl as 80:20. Later the 
mixture was subjected to silicagel column chromatography purification, 
provided pure 2-Nitro-l-benzenethiol (low melting solid, m.p 58 OC, isolated 
yield 800h) and 2-amino-1 -benzenethiol (liquid, isolated yield 20%). 
b) Entry 13 [Analysis of crude reaction mixture, after workup in 30 
minutes] : (200 MHz H' NMR, 6 ppm, in CDCl3) 
[S 3.2 (br, SH), 6.6-6.7 (m, lH, ortho hydrogen w.r.to SH), 6.8-7.0 (m, lH, 
ortho hydrogen w.r.to N H 2 )  7.0-7.1 (m, 2H, aromatic) & 8.2 (m, lH, ortho 
hydrogen w.r.to NOz)] measurement of integration indicated a ratio of 2- 
Nitro-l-benzenethiol : 2-amino-l-benzenethiol as 10:90. Later the mixture 
was subjected to silicagel column chromatography purification, provided pure 

Disnlfides to Mekrcaptans: 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

ew
 H

am
ps

hi
re

] 
at

 0
3:

50
 2

4 
Fe

br
ua

ry
 2

01
3 



ORGANIC DISULFIDES TO MERCNTANS 391 1 

2-Nitro-1-benzenethiol (low melting solid, m.p 58 ‘C, isolated yield 10%) and 
2-amino-1-benzenethiol (liquid, isolated yield W?). 

22. Ambrogi, V.; Grandolini, G. Synthesis. 1987,724. 

Received in Japan 9/27/99 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

ew
 H

am
ps

hi
re

] 
at

 0
3:

50
 2

4 
Fe

br
ua

ry
 2

01
3 


