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One of the most remarkable developments in recent organic
synthesis is the application of divalent samarium compounds
as excellent reducing agentsSince the pioneering works by
Kagan and Inanaga in the chemistry of samarium(ll) iodide
(Smk), a wide variety of novel types of electron transfer
reactions which are far superior to the traditional ones in both
efficiency and selectivity have been reportedinfortunately,
almost all of the electron transfer reactions required more than
a stoichiometric amount of samarium complexes, except for few
examples of hydride transfer reductions such as the Meerwein
Ponndorf-Verley (MPV) reductiof and the Tishchenko reac-
tion3 This is simply because a catalytic cycle of them has not
been establishetl. This limitation strongly decreases the
synthetic value of the reactions promoted by low-valent sa-
marium complexes. In this work, we report our preliminary
investigation of the establishment of a catalytic cycle of Sml
for the reduction of carbonyl compounds.

In order to achieve the catalytic cycle of Si& reduction
pathway of trivalent into divalent samarium species is required
(path A in Scheme 1). The previous studies on low-valent
samarium-mediated reductions using Sm as a reducing®agen
and the similar reduction potential between Sm and M8.41
and —2.37 V, respectively) would offer a possibility that Mg
serves as reducing agent of trivalent samarfuindeed, it was
easily found that trivalent samarium salts such as;S8mBrb,
and SmCI} underwent the reduction by Mg to provide divalent
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Scheme 1
(path A) Sm(ll) Substrate
reductant Smlity X Product

samarium species. UV-vis spectroscopic analyses clearly
indicated the existence of the reduction pathway (Table 1). After
the suspension of Smin THF was treated with Mg, the color
change from yellow to dark-blue occurred immediately, and the
characteristic absorptions attributed to $mkre observed at
621 and 560 nm (run 1), indicating the formation of S$fit
should be noted that the absorptions due to Sndre also
detected for reactions employing SmBand SmCl} (runs 3

and 4). The decrease of the absorbance compared with the
parent Smy solution is probably due to the existence of an
equilibrium between Smaland Smj, which might be supported

by the results that the addition of Mglo a solution of S

led to the decrease in its absorbance (run 5). These results
indicate that the addition of Mg shifts the equilibrium between
Sm(Il) and Sm(lll) toward Sm(ll) via Scheme 2.

The present SmIMg system could be applied to the pinacol
coupling of carbonyl compounds® One of the significant
points for the successful pinacol coupling under this system is
to maintain the concentration of divalent samarium higher than
that of carbonyl compounds to avoid the competition between
the coupling and the Sm(lll)-promoted reactions, such as

tbenzoin condensation and the Tishchenko reaéfioim other

words, a fast regeneration of Sm(ll) is required. The reduction
of initially formed samarium(lll) pinacolate is expected to be
slower than that of SmGlidue to the electron-donating alkoxide.
Therefore, the use of chlorotrimethylsilane (TMSE&Rvould
transform the samarium(lll) pinacolate into its silyl ether along
with the formation of SmCH to afford the desired reaction
pathway. Indeed, the highest yield of the product (66%),
comparable with that of the stoichiometric reaction (run 5), was
attainable by slow addition of a mixture of benzaldehyde (1
equiv) and TMSCI (1 equiv) to a mixture of Spn(0.1 equiv),
TMSCI (0.5 equiv), and an excess of Mg in THF at room
temperature (run 1 in Table 23. It is notable that the color of
the reaction mixture of dark blue immediately changed into pale
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followed by purification (Si@ column chromatography) gave the mixture
(dl andmesg of pinacols.
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Table 1. UV-Vis Absorption of the Reaction Mixture of Scheme 3
Samarium Salts and Mg in TRF Smill
” : MoXe 2omih 2RCHO
run conditions UV-vi8 1max (@bsorbance) (X=Clorl)
1 Smb 620 (0.90), 558 (0.84)
2 Smg + Mg 621 (0.43), 560 (0.40)
3 SmbBr + Mg 620 (0.45), 560 (0.42) Mg
4 SmkCI + Mg 621 (0.38), 556 (0.31) 25m(linCl Sm(linod  OSm(Il)
5 Smb + Mgl, 620 (0.21), 555 (0.20) >_<
R R
a Conditions: samarium salts (0.01 mmol), dry THF (3.5 mL), room
temperature® Ama valves are in nanometers (nm). TMSO  OTMS 2TMSCI
Scheme 2 R R
SmiX  + Mg SmiX@n) — +  MglanXa Table 3. Pinacol Coupling of Carbonyl Compounds under the
Smk/Mg System
Table 2. Pinacol Coupling of Benzaldehyd#)(under the -
Smhk/Mg System pling yae)( run substrates yiehd%)
run SmKTMSCI/UMg (mmol) yieldt (%) ; E%%Hgafga o %71°
-CH3f 4
1 0.2/3.0/2.0/16 66 3 p-(CH3)o,NCsH,CHO 76
2 0.2/6.0/4.0/16 54 4 p-CH;0,CCsH,CHO 45
3 0.2/0/2.0/16 14 5 p-CNCsH,CHO 23
4 0/3.0/2.0/16 0 6 PhCOCH 68
5 2.0/3.0/2.0/0 78 7 p-CH;0OCGH,COCH; 76
- 8 PhCO(CH)sCOPh 82
a|solated yield. 9 PhCI—&(CHz)CB:OCH; 5ge

blue by the addition of a few drops of benzaldehyde/TMSCI mn:g?ngﬁ???mLs)mfoﬁomztemé’%nlm?%% ;T;glﬂ(?lc),c;;itésttrﬁzr(2
and again to dark blue within a few minutes. The formation of of hyd}ocinnamaldéhyde was obtained in 36% yiél@nly a single
benzyl alcohol, benzyl benzoate, and benzoin was not detectedisomer esg was obtaineds Reaction time was 48 h; 42% of starting
and a bond formation betweg@ara and carbonyl carbof$did material was recovered.
not occur. There was no apparent difference in the diastereo- . =~ o
selectivity between the present and the stoichiometric reactionsSilylation of the alcoholates by TMSCI providing the corre-
(almost 1:1)13 A reaction with 5 mol % of Smilalso produced ~ SPonding silyl ether and Sp€l. Smk or SmCIl would be
the homocoupled product without evident decrease of the yield "€generated by the electron transfer from Mg (Scheme 3).
(run 2). Reaction run in the absence of TMSCI resulted in a  Table 3 lists examples of the reductive coupling of carbonyl
complex mixture containing the pinacol, benzyl alcohol, ben- compounds including aliphatic and aromatic ketones and
zoin, benzyl benzoate, and (4-formylphenyl)phenylmetidnol aldehydes. The aliphatic aldehyde (run 1) as well as aromatic
(run 3). aldehydes (runs-25) and ketones (runs-8) underwent the
These results cannot prove precisely that Sseirves as a  pinacol coupling by the SrMg system. Although reducible
mediator in the reduction system. However, the presence of functional groups (ester, cyano) tended to decrease the yield,
the catalytic cycle of Smlis suggested by the results as follows. the present reaction includes a tolerance to methoxy and

First, the use of other lanthanide salts such as §dGICl, dimethylamino groups remaining intact under the conditions.
NbCls, Yb(OTf)s, Ybls, and SmG gave homocoupled product ~ Aliphatic ketone was also available in this reduction system to
in low yields (17-19%), whereas these salts and Srate give the corresponding pinacol (run 9). The reaction of 1,5-

known to work as Lewis acids. Therefore, the possibility that diphenyl-1,5-pentanedione gave a single isomer (meso) in high
Smk, or trivalent samarium salts only act as a Lewis acid is Yield. The formation of iodotrimethylsilane (TMSI) in situ
negligible. Second, no reactions took place in the absence ofseems to be negligible since the cleavage of methoxy group by
Smkb (run 4), although the TMSCI/Mg system in hexameth- TMSI* did not occur.

ylphosphoramide is known to be effective for the pinacol In summary, we have demonstrated a novel Sratalyzed
coupling®* It rules out the promotion of the pathway by the reduction system of carbonyl compounds. Sméhs found to
TMSCI/Mg system. Furthermore, the reduction of Sm(lll) into act as a catalyst in the reduction where trivalent samarium
Sm(ll) by the Grignard reageitof 4-iodobutyl trimethylsilyl formed is smoothly reduced by Mg to regenerate divalent
ether can be neglected since no oxidized products of the samarium salts. This method would provide a new route in
Grignard reagent (i.e., 1-butanol, 1,8-octandiol) were formed. the field of lanthanide chemistry.

Third, the reaction without Smusing Mg pretreated with Sml
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blude color proves the regeneration of Sm(ll). These observa-

tions suggest that Sm(ll) serves as the true reducing species. Supporting Information Available: Detail experimental procedures
The possible reaction pathway involves the reduction of carbonyl (3 pages). See any current masthead page for ordering and Internet
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