
The chemistry of samarium metal in organic synthesis is
receiving considerable attention because of its ready availabil-
ity, stability and cost.1 Recently, samarium has been used for
the reduction reaction of ketones in the presence of trimethyl
silyl chloride2 and several lanthanides.3 We have also used this
metal for the reduction of aromatic nitro compounds4 and
imines5 in the presence of catalytic amounts of iodine. These
reports indicate that the reducing ability of samarium depends
on its activation by the addition of some other reagents as
samarium alone failed to give any products. This prompted us
to examine the reducing ability of samarium metal in the pres-
ence of other reagents and towards the goal we have already
demonstrated a facile pinacol type of coupling of aromatic
ketones in the presence of alkyl halides.6 We envision that
such dimerisation of the ketones could be improved in the
presence of other activating agents which could improve the
reducing ability of the metal. A search of the literature
revealed that indium metal in the presence of ammonium chlo-
ride greatly enhances the speed of the reaction rates in some
cases.7 We report here a facile reduction of several aromatic
ketones to diols by samarium in the presence of ammonium
chloride under sonication8 at room temperature. We believe
this is the simplest and most convenient method for the reduc-
tive dimerisation of the aromatic ketones.

The reaction of acetophenone derivatives (Table 1, entries 1–5)
was studied in detail. Untrasonic exposure of a solution of ace-
tophenones in the presence of samarium/ammonium chloride at
room temperature produced the resultant diols in excellent yields
(66–98%). A small amount of alcohols (Table 1) was isolated.
Similarly, benzophenones (Table 1, entries 6–7) could be reduced
to the diols along with the alcohols (93–96%) in excellent yield.

The mechanism of the samarium/ammonium chloride medi-
ated reduction has not been investigated. Based on the nature
of the products, a most probable mechanism could be sug-
gested which has a close similarity to our samarium-iodine
induced reduction reaction of the imines.5 Single electron
transfer to the unsaturated carbon–oxygen bond can generate
the ion radical A and because of the stability of the benzylic
radical, a self-coupling process,A to B is feasible. As a result
of this, a pinacol type of compound 2 is formed (Scheme 2). In
concentrated solution further electron transfer to the ion-radi-
cal A can be a competitive path to the dianion C which can be
easily protonated by methanol to generate the alcohol 3. The
formation of substantial amounts of alcohols 3 in the ben-
zophenone reduction (entries 6–7) indicates a severe steric hin-
drance at the ion-radical centre A and we assume that this
prevents the self-coupling process. However, the formation of
considerable amounts of alcohol with 4-methoxyacetophenone
(entry 5) could not be explained by using this hypothesis.

The distinct advantages of the reduction of aromatic ketones
for the synthesis of the diols reported herein over other 

methods include a very short reaction time, environmentally
benign reagents, less by-products and overall high yield.

We gratefully acknowledge the funding support received for
this research project from the Golden Family Fund for Cancer
Research and NIH Cancer Center Support Grant, 50P30-CA-
16672-25, in particular the shared resources of the
Pharmacology and Analytical Center Facility and Centralized
Histopathology Laboratory.

Received 17 May 2000; accepted 28 July 2000
Paper 00/329

References

1 (a) M. Murakami, M. Hayashi and Y. Ito,Synlett., 1994, 179; (b)
R. Yanada, K. Bessho and K. Yanada,Chem. Lett., 1994, 1279;
(c) R. Yanada, K Bessho and K. Yanada,Synlett., 1995, 443; (d)
R. Yanada, N. Negoro, K. Bessho and K. Yanada,Synlett., 1995,
1261; (e) R. Yanada, N. Negoro, K. Yanada and T. Fujita,
Tetrahedron Lett., 1996,37, 9313; (f) R. Yanada, N. Negoro, K.
Yanada and T. Fujita Tetrahedron Lett., 1997,38, 3271; (g) N.
Negoro, R. Yanada, M. Okaniwa, K. Yanada and T. Fujita,
Synlett., 1998, 835; (h) R. Yanada, N. Negoro, M. Okaniwa, Y.
Miwa, T. Taga, K. Yanada and T. Fujita,Synlett., 1999, 537; (i) R.
Yanada, N. Negoro, M. Okaniwa and T. Ibuka,Tetrahedron,
1999,55, 13947.

406 J. CHEM. RESEARCH (S), 2000

SHORT PAPER

Ultrasound-promoted samarium/ammonium chloride
mediated reductive coupling of aromatic ketones†

Manas K. Basu, Frederick F. Becker and Bimal K. Banik*

The University of Texas, M.D. Anderson Cancer Center, Department of Molecular Pathology,
Box 89, 1515 Holcombe Blvd., Houston, TX 77030, USA

Ultrasound-promoted samarium/ammonium chloride mediated reductive coupling of aromatic ketones was investigated.

* To receive any correspondence.
† This is a Short Paper, there is therefore no corresponding material in

J Chem. Research (M).

J. Chem. Research (S),
2000, 406–407

Scheme 1

Scheme 2



2 A. Ogawa, H. Takeuchi and T. Hirao,Tetrahedron Lett., 1999,40,
7113.

3 T. Nishimo, Y. Nishiyama and N. Sonoda,Heroatom Chem.,
2000,11, 81.

4 B.K. Banik, C. Mukhopadhyay, M.S. Venkatraman and F.F.
Becker,Tetrahedron Lett., 1998,39, 7243. Also see: M. Basu,
F.F. Becker and B.K. Banik,Tetrahedron Lett., 2000.

5 B.K. Banik, O. Zegrocka, I. Banik, L. Hackfield and F.F. Becker,
Tetrahedron Lett., 1999,40, 7631.

6 A. Ghatak, F.F. Becker and B.K, Banik,Tetrahedron Lett., 2000,
41, 3793.

7 C.J. Moody and M.R. Pitts,Synlett, 1998, 1028. Also see: (a)
B.K. Banik, M. Suhendra, I. Banik and F.F. Becker,Synth.
Commun. 2000. (b) B.K. Banik, L Hackfield and F.F. Becker,
Synth. Commun., 2000.

8 For an example of the beneficial effect of ultrasonic irradiation,
see: B.H. Han and P. Boudjouk,J. Org. Chem., 1982,47, 5030.

9 A representative procedure is as follows: To a solution of ketone
(0.5 mmol) in methanol (10 ml), solid ammonium chloride (2.5
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min. The reaction started immediately as indicated by the evolu-
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Table 1 Ultrasound promoted pinacol coupling of aromatic ketones by Sm/NH4Cl

Entry Ketone Time 2 3 2 : 3 Yield of Yield of
(min) alcohol (%) diol (%)

1 5 82.:18 11 54

2 5 76 : 24 22 69

3 5 76 : 24 22 72

4 5 70 : 30 27 66

5 5 53 : 47 51 46

6 5 51 : 49 48 46

7 5 40 : 60 37 55


