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Abstract: The intermolecular coupling of a nitro group with a cyano group mediated by a Sm(Hg)
amalgam prepared from metal samarium powder and catalytic mercury dichloride was studied.
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Compared to the extensive applications of samarium diiodide in organic synthesis™®*¢,

little attention was paid to the use of samarium metal in organic synthesis. Metallic
samarium is stablein air and its strong reducing power (Sm**/Sm =-2.41V) issimilar to
that of magnesium (Mg?/Mg = -2.37 V), and superior to that of zinc (Zn**/zn =-0.71 V).
As early as 1971, Evans and his co-workers? found that metal samarium is not active as
metal ytterbium. In order to improve the activity of samarium metal, some additives
were added, such as HgCl,®, NH,Cl (ag.)*, or TMSCI®, etc.. Our group has applied
Sm/HgCl, system to the reduction of ArSeSeAr®, ArSO,Cl’, pinacolic coupling of
aromatic aldehydes and ketones. Amidines are the nitrogen analogues of carboxylic
acids and this unit is a moiety of several biologically interested compounds®. They can
be prepared by reacting aromatic amines with nitriles under intensive reaction
conditions™, such as high temperatures and long reaction time, using sodium or lithium.
Recently, L. Zhou and Y. Zhang have reported a facile synthesis of amidines via the
intermolecular reductive coupling of nitriles with nitro compounds mediated by
samarium (I1) iodide™. Sm/HgCl, as a good reductive system, if it could take the place
of samarium (I1) iodide to induce the coupling reaction of nitriles with nitro compounds?
The answer is positive. Here we wish to report ar results on the intermolecular
reductive coupling of nitriles with nitro compounds mediated by Sm(Hg) amalgam
prepared from metal samarium powder and catalytic amount of mercury dichloride to
give the corresponding amidines (as shown in Scheme 1).

When aomatic nitro compounds 1 and nitriles 2 were treated with Sm/HgCl,
system in dry THF, the intermolecular reductive cross coupling products, amidines 3
were found. The results on the reaction of nitro compounds and nitriles are summarized
in Table 1. From Table 1, we found that aromatic nitro compounds reacted with the
aromatic or aiphatic nitriles to give the corresponding amidines in moderate to good
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yields. However, diphatic nitro compounds failed to react with the aromatic or
aliphatic nitriles to give the similar amidines as products under the same conditions, at
low temperature or under refluxing conditions. Amidines 3 are not derived from the
reaction of the nitriles with amines produced by the reduction of nitro compounds, since
treatment of nitriles with amines under the same reaction conditions did not lead to the
formation of amidines.

Schemel
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Although the detailed mechanism of the intermolecular reductive coupling of
nitriles with nitro compounds mediated by Sm/HgCl, system has not been clarified yet,
amidine formation can be explained by the possible mechanism presented in Scheme?2.

Table1l Intermolecular reductive coupling of nitriles with nitro compounds

mediated by Sm/HgCl, system
Entry R, R, Timelhr Yidds (%)
a CoHs CoHs 4 63
b 4-CH;CH, CoHs 8 60
c 2-CH3CgH, CoHs 4 59
d CoHs CsHsCH., 4 55
e 4-CH;CH, CsHsCH, 8 67
f 4-CICH, CsHsCH, 8 57
g 4-CICH, 4-CICH, 4 70
h 4-CH;CH, 4-CICH, 5 77
i CoHs 4-CICH, 4 81
j 4-CICH, CoHs 4 75
k 4-CICH, 3-CH;CH, 6 70
I 4-CH;CH, 3-CH;CH, 6 69
m CoHs 3-CH;CH, 5 66
n CH; CsHs 10 o
) CH; CsHsCH, 10 o
Y solated yields.

®The reaction proceeded under 0°C, at 25°C and under refluxing conditions.
In summary, a catalytic amount of HgCl,-Sm reductive system has been applied to
the synthesis of amidines via the intermolecular reductive coupling of nitriles with nitro
compounds in mild and neutral conditions with good yields. The operation is easy.

Experimental

Tetrahydrofuran (THF) was distilled from sodium-benzophenone immediately prior to
use. All reactions were performed under a nitrogen atmosphere.  Themometer was
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uncorrected. Infrared spectra were recorded on an IR-408 spectrometer in KBr with
absorptionsin cmit.  *H NMR spectra were recorded on a Bruker AC- 80 spectrometer
using CDCI; as the solution. Jvalues are in Hz. Chemical shifts are expressed in ppm
downfield from internal tetramethylsilane.

General procedure

To amixture of Sm powder (1 mmol) and HgCl, (0.1 mmol) was added THF (20 mL),
then asolution of nitro compound 1 (1 mmol) and nitrile2 (1.2 mmol) in anhydrous THF
(3 mL) was added dropwise under a nitrogen atmosphere at room temperature. Then
the mixture was heated to reflux. After completion of the reaction, the reaction mixture
was poured into 10% K,CO; solution (50 mL) and extracted with diethyl ether (3" 20
mL). The combined extracts were washed with saturated solution of N&S,0; (15mL),
saturated brine (15 mL), and dried over anhydrous N&SO,. After evaporating the
solvent under reduced pressure, the crude product was purified by preparative thin layer
chromatography using ethyl acetate and cyclohexane (1:4) as eluant.

Scheme?2
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