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Abstract: The coupling reaction of aromatic carbonyl compounds was performed with Sm-I2 or

Sm-Iz-Ti(OiPr)4 in methanol. Meso isomer was mainly produced in the presence of Ti(OiPr)4.
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The chemistry of samarium(II) iodide (Smly) is of a current interest in organic synthesis. Sml; has
been developed as a mild, neutral, and ether-soluble one-electron reductant and there have been many
examples of its use in the reduction of various functional groups.! However, some problems are incurred
when it is used as a reductant. Though Smlj is a useful reagent, storage is difficult because it is very
sensitive to air oxidation. On the other hand, samarium metal (Sm) is stable in air and has strong reducing
power (Sm3+/ Sm=-2.41V) similar to that of magnesium (Mg2*/ Mg=-2.37V). These properties prompted us
to use the more convenient and cheaper Sm directly as a reductant instead of Sml. There are some reports
on the direct use of Sm in organic synthesis.2 We have reported 1,4-reduction of ,B-unsaturated carboxylic
acid derivatives,3 deacylation of protected alcohols and lactams,* and reductive dehalogenation of aliphatic
vic-dihalides to alkenesS under neutral conditions without Sm activation.

It has been known that aldehydes and ketones are transformed into pinacols with Sml; in THF in the
absence of alcohols or water.6 If there is a small amount of a protic solvent, the obtained products are only
the corresponding alcohols.5:7 We report here that pinacol coupling reactions occur in a protic solvent,
methanol, with Sm and I or Sm, I, and titanium tetraisopropoxide (Ti(OPr)s).

Table 1 shows that aromatic aldehydes and ketone are reduced with Sm and I, in methanol to give
pinacol coupling products (diol) in moderate yields with a trace amount of alcohols (Entries 1-3). These
results show that steric hinderance around the carbonyl group affects the yield of diol. The colour change of
the reaction mixture (footnote to Table 1) suggests that the active species is an Sm2*+ compound (probably
SmI,(OMe);.p).5 The di/meso ratio® of diols is 1.0-1.5 and is similar to that with Sml2.% Because the
reaction of Smly usually proceeds via a radical mechanism, the formation of pinacols in this reaction
probably proceeds via radical-radical coupling. Aliphatic aldehydes gave only alcohols (Entries 4 and 5).
When cyclopentanone was used as a substrate, the starting material was recovered in 66 % with
cyclopentanol (29 %). Aliphatic ketones such as camphor and menthone were inert, and the starting
materials were recovered.!0 Kagan reported that the reduction of aldehydes or ketones with Smlp gave
alcohols in the presence of a small amount of a protic solvent and the formation of pinacol is frequently
negligible.6 It is interesting that the pinacol coupling reaction of aromatic aldehydes and ketone described
here was performed in a protic solvent, methanol.
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The addition of Ti(O'Pr)4 to this reaction increases the ratio of meso-diol. Generally, a mixture of
Sm (0.85 mmol), I (0.50 mmol) and Ti(O'Pr)4 in methanol (3 ml) was stirred under an argon atmosphere
for 3 min at room temperature, then the reaction mixture was cooled for 2 min at -78 °C. o-Anisaldehyde
(0.50 mmol) in methanol (1 ml) was added to the solution, and the reaction mixture was stirred for 1 h at -78
°C. The resulting reaction mixture was worked up as usual. When 0.85, 0.5, or 0.25 mmol of Ti(O'Pr)4 was
used, diol was produced in 89 % (meso/di= 5.8) with alcohol (9 %), 90 % (meso/dl= 8.8) with alcohol (8
%), or 35 % (meso/dl= 11.7) with alcohol (2 %) and recovery of the starting material (62 %), respectively.
No diol was obtained without Ti(O!Pr)4 (alcohol (8 %) and recovery of starting material (90 %)). These
results show that Ti(O/Pr)4 plays an important role and a stoichiometric amount is needed in this reaction. It
may be reduced to a titanium(III) active species with Sm-I>-methanol system and then reacts with the
substrate. The produced complex including the titanium(IV) ion and/or samarium(III) ion would no longer
react with the Sm-I-methanol system. Though the reason has not been clarified, 0.5 mmol of Ti(O/Pr)4
(same molar to substrate) is most effective in the yield of diol and more Ti(O'Pr)4 gives a lower ratio of
meso-diol. The additive is sometimes used in samarium chemistry to affect the reactivity of Sml,. Inanaga
reported that benzaldehyde gave diol (dl/meso= 11) with SmlI, in THF in the presence of Cp,TiCl,!! but it
was inert in this reaction. These results imply that the reaction mechanism of our reaction may be different
from that of Inanaga's reaction.

The coupling reaction of other substituted benzaldehydes proceeded with Sm, Iz, and Ti(OPr)4 in
methanol in 90-98 % yield (Table 2, Entries 1-8). Meso-diols were mainly produced except in the case of
2,6-dimethoxybenzaldehyde (Entry 8). Basically, the electron-releasing group increased meso-diol (Entries
1-7). When p-substituted benzaldehydes were used, the ratio of meso- to dl-pinacols followed a Hammet
correlation with ¢ para values!2 of the p-substituents (CN, Cl, OMe, and Me) in the phenyl ring (correlation
coefficient, y=0.996, p=-4.127) (Entries 1-4). Benzaldehyde gave a higher ratio of meso-diol than other p-
substituted benzaldehydes (Entry 5), and the reason has not been clarified. Meso-diol selectivity is also
affected by the steric hinderance around the formyl group. Though o-anisaldehyde gave mainly meso-diol,
2,6-dimethoxybenzaldehyde gave meso- and di-diols equally (Entries 7 and 8). The phenolic OH prevented
the reaction. When o-hydroxybenzaldehyde was used instead of o-anisaldehyde under the same reaction
conditions, the starting material was recovered in 54 %. The acidic hydrogen of phenolic OH may be
reduced to H; competitively in this case. When twice the amount of reagent was used, the reaction
proceeded completely, but the coupling reaction was suppressed and the reduction to alcohol occurred
mainly (Entry 9).13 The steric hinderance around the carbonyl group inhibits the coupling reaction. An
aromatic ketone such as acetophenone gave the starting material mainly in 82 % with diol (5 %) and o-
phenethyl alcohol (7 %). When benzophenone was used as a substrate, a trace of pinacol and 18 % yield of
alcohol was produced. It is known that sterically crowded radicals predominantly yield meso dimers, while
other radicals afford equal amounts of both dimers.!4 dl-Isomer was mostly produced because of chelation
control by the interaction of the metal ion and the pinacol coupling intermediate. It is known that
titanium(III) chloride in methanol-30 % NaOH solution as a reductant gives di-diol more than meso-diol
because of the chelation control between the titanium ion and two oxygens in the reaction intermediate.!4
The present reaction is rare because meso-diols were selectively produced though a titanium compound was
used.
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In conclusion, we have demonstrated Sm-I;-MeOH or Sm-15-Ti(OPr)4-MeOH system can be used
for pinacol coupling reactions of aromatic aldehydes and/or ketone. The experimental simplicity, mild
reaction conditions and high product yield provides a new way for using Sm in organic synthesis. The
results described here are interesting not only in synthetic chemistry but also in the chemistry of lanthanoids.

Table 1. Coupling of carbonyl compounds with Sm and I,.

Sm, I / MeOH R H
R-G-R' » R-C-C-R + R-C-R'
1] room temp. T 1 i
o el HO OH OH
Ent Carbonyl Diol Ratio Alcohol
niry Compound (%) (dfmeso) (%)
MeQ

1 0HC—© 74 14 22
2 0Hc—©—0Me o1 10 -

0
3 r)L 71 15 24
P Me

4 PhCH,CHoCHO - - 94
e

P~ “CHO

A mixture of carbonyl compound (0.50 mmol), Sm (0.85 mmol), and I, (0.50 mmol) in methanol (4 ml) was
stirred vigorously at room temperature under an argon atmosphere. The reaction was exothermic and the
colour of the solution turned to dark blue immediately, then to brown, and to yellow-brown after 5 min. The
reaction mixture was worked up as usual. In all cases the recovery of the starting material was in a trace
amount or not determined.

Table 2. Coupling of aromatic aldehydes with Sm, I, and Ti(OiPr)4,a
sm, I, Ti(OPr)4 HH

R_(.:._H MoOH - R—q—(:D-R + RCH,OH
o] e HO OH
Entry R Diol Ratio Alcohol
(%) {meso/dl) (%)
1 p-CN-CgHg4 92 29 trace
2 p-Cl-CgHgy 92 46 7
3 p—MeO-CGH4 91 6.2 -
4 p-Me-CgHy 95 6.4 trace
5 CgHs 91 10.5 -
r
6 (0] 98 11.5 -
7 0-MeO-CgHy 90 8.8 8
8 2,6-(Me0),-CgH3 96 1.0 trace
gb 0-HO-CgHy 10 0.3 88

2 Generally, a mixture of Sm (0.85 mmol), I2 (0.50 mmol) and Ti(O'Pr)4 in methanol (3 ml) was stirred
under an argon atmosphere for 3 min at room temperature, then the reaction mixture was cooled for 2
min at -78 °C. Substrate (0.50 mmol) in methanol (1 ml) was added to the solution, and the reaction
mixture was stirred for 1 h at-78 °C.

b Substrate (0.5 mmol), Sm (1.7 mmol), I7 (1.0 mmol) and Ti(OiPr)4 (1.0 mmol) were used.
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