
TETRAHEDRON
LETTERS

Tetrahedron Letters 43 (2002) 8141–8143Pergamon

A novel reduction of sodium alkyl thiosulfates using samarium
metal without an activating agent in water
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Abstract—A novel metallic samarium promoted reduction of sodium alkyl thiosulfates in the absence of an activating agent occurs
to afford the corresponding disulfides with good yields in water at 90°C. © 2002 Elsevier Science Ltd. All rights reserved.

Samarium metal, its salts and organosamarium com-
pounds have recently been widely employed as useful
reagents or catalysts in organic synthesis.1 Since the
pioneering studies by Kagan and his co-workers
demonstrated the particular effectiveness of samar-
ium(II) iodide (SmI2) as a powerful one-electron trans-
fer reductant,2 the utilization of SmI2 in synthetic
organic synthesis has been dramatically documented.3

Though SmI2 is a useful reagent, some problems are
encountered when it is used as a reductant. For exam-
ple, it is expensive and it needs delicate treatment and
careful storage because it is very sensitive to air oxida-
tion. On the other hand, metallic samarium is stable in
air and has stronger reducing power (Sm3+/Sm=−2.41
V) than that of SmI2 (Sm3+/Sm2+=−1.55 V) and it has
been noted recently that the cheaper and more conve-
nient metallic samarium can be used directly as a
reductant instead of SmI2 in organic synthesis.4 Because
the samarium atoms on the accessible solid surface are
not sufficiently reactive,5 suitable activating agents,
such as HgCl2,6 TMSCl,7 NH4Cl (aq.),8 I2

9 or 1,1�-
dioctyl-4,4�-bipyridinium dibromide10 have been used to
activate metallic samarium to promote the reaction.

Metal-mediated organic reactions in aqueous media
have received considerable attention in organic synthe-
sis over the last decade.11 Such reactions in aqueous
media offer a number of advantages over conventional
organometallic reactions in organic solvents. They are

environmentally friendly and practically convenient.
However, because of the lower solubility of most
organic compounds in water, these reactions and their
applications are limited to a great extent.

Disulfides are important reagents and intermediates in
organic synthesis,12 and many methods for the synthesis
of disulfides have been recommended, for example, the
oxidation of thiols13 and nucleophilic substitution of
sulfenylthiocyanates,14 thiolsulfonates,15 sulfenylhy-
drazo compounds,16 and sulfenimides17 with thiols, and
the reduction of sulfonic acids and sodium sulfonates,18

and sulfenyl, sulfinyl and sulfonyl derivatives,19 etc.
However, these methods suffer from using either foul-
smelling thiols, or harsh reaction conditions, in addi-
tion to only moderate yields and waste handling
problems. It is desirable to develop milder and environ-
mentally friendly methods for the preparation of
disulfides.

The first ionization potential of metallic samarium is
5.63 eV, similar to that of metallic indium (5.79 eV) and
lithium (5.39 eV). This property prompted us to use hot
water to react with metallic samarium (the surface of
samarium is inactive in cold water!). Also we consid-
ered the fact that sodium alkyl thiosulfates have a great
solubility in hot water. Here, we wish to report a novel
reduction of sodium alkyl thiosulfates by using metallic
samarium in water at 90°C, which occurs to afford the
corresponding disulfides in good yield.

RSSO3Na�������
Sm/H2O
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Our initial experiments explored the effect of the reac-
tion temperature on the reduction of sodium alkyl
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thiosulfates mediated by metallic samarium in water.
The results are summarized in Table 1. Sodium dodecyl
thiosulfate was chosen as the model compound for this
investigation.

From Table 1, it is evident that the reaction tempera-
ture plays a very important role in the reductive cou-
pling of sodium alkyl thiosulfates. When the reaction
temperature is below 50°C the reduction occurs with
difficulty because of the inactivity of the metallic
samarium surface, and when the reaction temperature is
above 120°C, the reaction of samarium powder with
water is so fast that the reduction of sodium alkyl
thiosulfate is not complete. The most effective reaction
temperature is between 85 and 100°C. A reaction tem-
perature of 90°C was chosen for further study.

A variety of sodium alkyl thiosulfates was successfully
reduced with metallic samarium followed by self-cou-
pling to afford the corresponding disulfides in water
(90°C) without any activator. The results are listed in
Table 2.

The data in Table 2 show that sodium alkyl thiosulfates
can be easily reduced to the corresponding symmetrical
disulfides by metallic samarium powder in near boiling
water with good yields. The chain length of aliphatic
substrates would seem to have no influence on the
reductive coupling reaction. Substituent effects were
also examined in a series of sodium benzyl thiosulfates.
The results indicated that the reaction is relatively
insensitive to the electronic nature of substituents on
the aromatic rings. It is noteworthy that a substrate
with a nitro group on the aromatic ring requires a
longer time to complete the reaction and the nitro
group is unchanged after the reaction (Table 2, entry
12). As the starting material, the sodium alkyl thiosul-
fates are readily prepared from the reaction of sodium
thiosulfate with a suitable alkyl bromide under mild
phase transfer catalysis conditions.20

Typical procedure: The synthesis of di(n-dodec-
yl)disulfide is representative. Under an inert atmo-
sphere of nitrogen, samarium powder (1 mmol) and
sodium alkyl thiosulfate (1 mmol) were placed in a
round-bottomed flask, and water (5 mL) was added in
one portion. The mixture was stirred at 90°C for 4 h.

Table 2. The reduction of sodium alkyl thiosulfates to
disulfides by metallic samarium in 90°C watera

Reactant Time (h)Entry Productb Yield (%)c

n-C16H33SSO3Na1 4 (n-C16H33S)2 91
n-C12H25SSO3Na 42 (n-C12H25S)2 90
n-C10H21SSO3Na 4 (n-C10H21S)2 853
n-C8H17SSO3Na 44 (n-C8H17S)2 87

5 iso-C8H17SSO3Na 4 (iso-C8H17S)2 87
6 n-C7H15SSO3Na 4 (n-C7H15S)2 92

n-C6H13SSO3Na 47 (n-C6H13S)2 87
n-C4H9SSO3Na 838 (n-C4H9S)24
C6H5CH2SSO3Na 4 (C6H5CH2S)2 899

90(p-BrC6H4CH2S)2410 p-BrC6H4CH2-
SSO3Na

4 (p-CH3C6H4CH2S)211 86p-CH3C6H4CH2

SSO3Na
88d8 (p-NO2C6H4CH2S)212 p-NO2C6H4CH2-

SSO3Na

a Reaction conditions: metallic samarium powder (1 mmol), sodium
alkyl thiosulfate (1 mmol), water (5 mL) at 90°C.

b All reaction products exhibited physical and spectral characteristics
in accord with literature values.

c Isolated yields.
d Methanol (2 mL) was added in the reaction.

After cooling, the product was extracted with ether
(2×20 mL). After the organic layer was dried over
anhydrous sodium sulfate, the solvent was evaporated
under reduced pressure. The residue was purified by
flash chromatography on silica gel using hexane/ethyl
acetate as eluting agent to give di(n-dodecyl)disulfide
(181 mg, 90% yield).

The possible mechanism for the formation of disulfides
from sodium alkyl thiosulfates promoted by metallic
samarium may involve a reduction and homo-coupling
reaction process. Sodium alkyl thiosulfate may form an
alkyl sulfur free-radical (the reduction process) via sin-
gle-electron-transfer (SET) in the first step under the
reaction conditions, along with cleavage of the sulfur–
sulfur bond in the substrate. The alkyl sulfur radical
generated then reacts with another alkyl sulfur radical
(the coupling process) to afford the symmetrical
disulfide in the following step.

In conclusion, we have found that metallic samarium
powder is a useful metal for the reduction of sodium
alkyl thiosulfates in near boiling water. The remarkable
advantages of this reaction are mild, neutral and envi-
ronmentally friendly reaction conditions, simple opera-
tion, and good yields. It may open a new way for using
metallic samarium in water without any activating
agent in organic synthesis.
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a Reaction conditions: metallic samarium powder (1 mmol), sodium
dodecyl thiosulfate (1 mmol), water (5 mL).

b Isolated yields.



L. Wang et al. / Tetrahedron Letters 43 (2002) 8141–8143 8143

of the Education Department of Anhui Province, and
the Scientific Research Foundation for the Returned
Overseas Chinese Scholars, State Education Ministry,
China for support of this research.

References

1. (a) Kagan, H. B.; Namy, J. L. Tetrahedron 1986, 42,
6573; (b) Molander, G. A. Chem. Rev. 1992, 92, 29; (c)
Molander, G. A. Org. React. 1994, 46, 211; (d) Molan-
der, G. A.; Harris, C. R. Chem. Rev. 1996, 96, 307.

2. Girard, P.; Namy, J. L.; Kagan, H. B. J. Am. Chem. Soc.
1980, 102, 2693.

3. (a) Curran, D. P.; Chen, M. H.; Kim, D. J. Am. Chem.
Soc. 1989, 111, 6265; (b) Fukuzawa, S.; Tsuchimoto, T.
Synlett 1993, 803; (c) Fukuzawa, S.; Nakanishi, A.; Fuji-
nami, T.; Sakai, S. J. Chem. Soc., Chem. Commun. 1986,
624; (d) Namy, J. L.; Kagan, H. B. Tetrahedron Lett.
1983, 24, 765; (e) Sasaki, M.; Collin, J.; Kagan, H. B.
New J. Chem. 1992, 16, 89; (f) Zhang, Y.; Liu, T.; Lin, R.
Synth. Commun. 1988, 18, 2003; (g) Molander, G. A.;
Etter, J. B.; Harring, L. S.; Thorel, P. J. J. Am. Chem.
Soc. 1991, 113, 8036; (h) Kanemasa, S.; Yamamoto, H.;
Kobayashi, S. Tetrahedron Lett. 1996, 37, 8505.

4. (a) Yanada, R.; Negoro, N.; Yanada, K.; Fujita, T.
Tetrahedron Lett. 1997, 38, 3271; (b) Yanada, R.;
Negoro, N.; Yanada, K.; Fujita, T. Tetrahedron Lett.
1996, 37, 9313; (c) Lautens, M.; Delanghe, P. H. J. Org.
Chem. 1995, 60, 2474; (d) Taniguchi, Y.; Fujii, N.;
Takaki, K.; Fujiwara, Y. J. Organomet. Chem. 1995, 491,
173; (e) Yamazaki, T.; Lin, J. T.; Takeda, M.; Kitazume,
T. Tetrahedron: Asymmetry 1990, 1, 351; (f) Molander,
G. A.; Etter, J. B. J. Org. Chem. 1988, 53, 6077.

5. Hou, Z.; Taniguchi, H.; Fujiwara, Y. Chem. Lett. 1987,
305.

6. (a) Wang, L.; Zhang, Y. Heteroatom Chem. 1999, 10,
203; (b) Wang, L.; Zhang, Y. Synth. Commun. 1998, 28,
3991.

7. (a) Wang, L.; Zhang, Y. Tetrahedron 1998, 54, 11129; (b)
Wang, L.; Zhang, Y. Synth. Commun. 1999, 29, 3017.

8. (a) Wang, L.; Zhang, Y. Tetrahedron Lett. 1998, 39, 5257;
(b) Wang, L.; Zhang, Y. Tetrahedron 1999, 55, 10695.

9. Wang, L.; Zhou, L.; Zhang, Y. Synlett 1999, 1065.
10. Yu, C.; Liu, B.; Hu, L. J. Org. Chem. 2001, 66, 919.
11. (a) Lubineau, A.; Auge, J.; Queneau, Y. Synthesis 1994,

741; (b) Li, C. J. Chem. Rev. 1993, 93, 2023; (c)
Yamamoto, Y.; Asao, N. Chem. Rev. 1993, 93, 2207; (d)
Li, C. J. Tetrahedron 1996, 52, 5643; (e) Chan, T. H.;
Isaac, M. B. Pure Appl. Chem. 1996, 68, 919.

12. (a) Ogawa, A.; Nishiyama, T.; Kambe, N.; Murai, S.;
Sonoda, N. Tetrahedron Lett. 1987, 28, 3271; (b) Antebi,
S.; Alper, H. Tetrahedron Lett. 1985, 26, 2609; (c)
Fontana, S. A.; Davis, C. R.; He, Y. B.; Burton, D. J.
Tetrahedron 1996, 52, 27.

13. McKillop, A.; Koyuncu, D. Tetrahedron Lett. 1990, 31,
5007.

14. Hiskey, R. G.; Carroll, F. I.; Babb, R. M.; Bledsoe, R.
M.; Puckett, R. T.; Roberts, B. W. J. Org. Chem. 1961,
26, 1152.

15. Field, L.; Harle, H.; Owen, T. C.; Ferretti, A. J. Org.
Chem. 1964, 29, 1632.

16. Mukaiyama, T.; Takahashi, K. Tetrahedron Lett. 1968,
5907.

17. Boustany, K. S.; Sullivan, A. B. Tetrahedron Lett. 1970,
3547.

18. Oae, S.; Togo, H. Synthesis 1982, 152.
19. Chan, T. H.; Montillier, J. P.; Van Horn, W. F.; Harpp,

D. N. J. Am. Chem. Soc. 1970, 92, 7224.
20. Hiver, P.; Dicko, A.; Paquer, D. Tetrahedron Lett. 1994,

35, 9569.


	A novel reduction of sodium alkyl thiosulfates using samarium metal without an activating agent in water
	Acknowledgements
	References


