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Abstract: A new method for generation of the samarium (II) species by the reaction of samarium metal
with diethylaluminium iodide (Et; AlT) under mild conditions has been developed. Divalent samarium
species generated in situ from a Sm/EtyAll system caused the reductive coupling of aromatic ketones
with moderate stereoselectivity to afford corresponding dl-vic-diols in moderate yields. © 1998 Elsevier Sci
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The reductive coupling of aldehydes and ketones to glycols (pinacol coupling) is a powerful method for

constructing carbon-carbon bonds,! and it can be accomplished with reagents such as Mg metal? or various
low-valent complexes of Ti,3 Zr,4 V.5 Nb,5b,6 Sn,” Sm8 or Ce.9 Recently, the stereochemistry of pinacol
coupling has been of great interest due to the creation of two new adjacent stereocenters during the same stage.
Although numerous reports on the stereoselective intramolecular pinacol couplings have anneared.le, 10 the
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We have recently disclosed that the samarium (I1) species was easily prepared by the ireaiment of metailic

samarium with organohalosﬂanes, RpSiX4.n (X=Br and I), under ambient conditions.14 In this Sm/R,SiX4-p
system, the reactivity of the low valent samarium species was affected by the organohalosilanes used (e.g., yield
of hydrobenzoin, reductive coupling product of benzaldehyde,142,14b and the selectivity of the azo, nitroso,
azoxy, and amino products, during the reduction of aromatic nitro compounds14¢). From these results on the
reactions using the Sm/RySiX4_p system, it is interesting to note that the use of other organometallic reagents
instead of organohalosilanes may cause some exchange during the reactions.

In the course of our studies on the development of new preparative methods of the divalent samarium

species we found that the dark green solution similar to the THF solution of SmI7 obtained by Kagan's method

- e gz mmm e xxra S N D (Y- T\ F1N | o S
Ial1ulIl WlUl Ulﬂlll 131UIminuimn lUU.lUC \DLZAI J{1). rioul
the studies of the utility of this samarium species in organic reactions, we found that the reductive dimerization

of ketones proceeded with high stereoselectivity (Eq. 1).
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In a representative procedure the samarium
(ID) species was easily generated as follows: sa-
marium powder (75 mg, 0.5 mmol) and acetoni-
trile (2.5 mL) were placed in a three-necked flask.
A toluene solution of diethylaluminum iodide (1.5
mL of a 1.0 M solution, 1.5 mmol) was slowly
added at 0 °C, and the mixture was stirred at 50
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color of the solution changed to dark green. When
acetophenone (60 mg, 0.5 mmol) (2) was added
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to the resulting dark green solution at 0 °C, 2,3-
diphenylbutane-2,3-diol (3) was formed in 61 %
yield with high stereoselectivity (dl : meso = 4.5
: 1.0) (Run 3 in Table 1).15 The yield and
stereoselectivity of the diol 3 were markedly af-

fected by the reaction temperature (Runs 2-5),16
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Tabie 1. Reductive Coupiling of Aceiophenone by Sm/EizAli
Raanant 1indar Variniie Raantinn Canditinne
eagent under Various Reaction Conditions.
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(0.5 mmoi) 1 1
Sm + EtsAll CHCN > o h i I Ph
3 min
1) 2.5 mi) OH
50°C, 3h 3)
nVELAll Selectivity?
SmiEL, Temp/,C Yield/%® y
mmol / mmol dl/ meso
1 05/1.0 0 28 % o
2 05/15 -40 52 % 16:1.0
3 05/1.5 0 61 % 45:1.0
4 0.5/15 25 30 % 53:1.0
5 05/15 50 27 % 56:1.0
6 0.5/2.0 0 18 % —_—
a |solated yield. ° Determined by 'H NMR.
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The highest stereoselectivity was observed at 50 °C (Run 5). The ratio of the organoaluminum reagent to the

samarium metal also affected the yield of 3 (Runs 1, 3 and 6). When the samarium species generated from the

samarium metal and two equivalents amount of Et 2 All were reacted with 2, pinacolic product 3 was formed in

an unsatisfactory yield (Run 1). In the case of the Sm/Et 2All (1/4 mmol) reagent, the color of the solution

changed to yellow which is the characteristic color of Sm(IIl), and the yield of the coupling product decreased

(Run 6).

The results of the reactions of various carbonyl compounds with the divalent samarium species generated

in situ from Sm/Et2All are shown in Table 2. In the reaction of 4-methylacetophenone, a decrease in the
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Tabie 2. Reductive Coupiing of Various Carbony! Compounds by Sm/EtpAll Reagent®
oy c - . s s c
Run Substrate Yielgeed ~ Selectivity Run Substrate Yieldeb ~ Selectvity
dl/ meso di / meso
¥ o
li/\/U\ /\I/\\/U\ 43 1.2:1.0
5 2:1
X/\) ™ S
O
1 X =4-CHa 63 3.8:1.0 e i trace —_
- o~ NN
ad v P ~n ia.4n ~
Z A =40l DU 1.0 .1.U (@]
d A .
3 X = 4-OCHg 71 4.8:1.0 7 NH 68 1.0:13
4 X =2-CHg 45 14.1:1.0 N
a Carbony! compound (0.5 mmol) was reacted with Sm (0.5 mmol) species generated in situ from Sm (0.5 mmol)/EtoAll

o~

Sm (0.75 mmol)/EtzAll (2.25 mmol) was used.

1.5 mmol) at 0 °C for 30 min. b |solated yield. € Determined by TH NMR.
® The reaction was carried out for 24 h.
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highest d/ selectivity was obtained (d! : meso = 14.1 : 1.0) (Run 4). However, non-aryl ketones such as 2-
pentanone did not couple at an appreclable rate (5% after 24 h) (Run 6). The reaction of aromatic aldehydes
such as benzaldehyde with the samarium (II) species under the same reaction conditions as that of acetophenone
led to a mixture of stereoisomers (d!: meso=1.0:1.3) in 68 % yield (Run 7).

Although we can not explain the reason for the high stereoselectivity at the present time, the stereoselectivity
has been rationalized by considering the chelation model 4 in which samarium or aluminum is coordinated to

both oxygen atoms (Scheme 1).18

Scheme 1
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The results described in this paper show that the Sm/Et All system is not only a new generation method of
the Sm (II) species but also a useful method for the highly stereoselective pinacol coupling of ketones. Further
application of this reaction system in organic reactions is now in progress.
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