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Stereoselective Cross Pinacol-Type Coupling
between a,f-Unsaturated Ketones and
Aldehydes Mediated by Chromium(@ and
R;SiClI**

Kazuhiko Takai,* Ryotaro Morita, and Chika Toratsu

The Pinacol-type coupling of aliphatic carbonyl compounds
to form 1,2-diols is an attractive and promising tool for organic
synthesis.» 2l In contrast to the case of aromatic carbonyl
compounds, reagents for the coupling of aliphatic aldehydes
are limited, and intermolecular cross coupling of two carbonyl
compounds in a selective manner is especially difficult. We
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report herein the cross pinacol-type coupling reaction be-
tween an a,f-unsaturated ketone and an aldehyde mediated
by chromium(t) and R;SiCl [Eq. (1)].

Q == oH ==, oH
1 1
RICHO + |HJ\H2 -~ R g2 R R2 (1)
anti-1 ,2—d|ol syn-1 ,2-d|o|

Aldehydes are usually unreactive to chromium(i) because
of its moderate reducing ability. However, reactions promoted
by a one-electron transfer from chromium(in) proceed with
some carbonyl compounds, such as a,-unsaturated aldehydes
and ketones.> ¥l In the first step of these reactions, a radical
enolate 1 is formed (Scheme 1). When the reaction is
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Scheme 1. Mechanism of the coupling reactions; R =Me or Et, R"=SiR;
or H.

conducted in the presence of an aldehyde under anhydrous
conditions, an intermolecular aldol reaction, which leads to 2,
is followed by a cyclopropanation reaction to give the cis-
hydroxyalkyl-substituted cyclopropanol 3.1 In contrast, we
have found that the reaction course changes dramatically with
the addition of Me;SiCl, producing cross-pinacol coupling
products 1,2-diols 6, after desilylation with Bu,NF. For
example, a mixture of 5-phenyl-1-penten-3-one (7, 2.0 equiv)
and nonanal (1.0 equiv) in N,N-dimethylformamide (DMF)
was added at 25 °C to a mixture of CrCl, (8.0 equiv) in DMF in
the presence of Me;SiCl (6.0 equiv), and the resulting mixture
was stirred at 25°C for 1 h. After workup with water followed
by desilylation with Bu,NF, 1-vinyl-substituted 1,2-diols 8
were obtained in almost quantitative yield (anti/syn = 40:60).

The key factor that leads to the cross pinacol-type coupling
reaction is the fast trapping of an enolate with Me;SiCl
leading to a trimethylsiloxy compound.P! Therefore, when the
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reduction of an a,S-unsaturated ketone with chromium(t) is
conducted with Me;SiCl, the radical enolate 1 will be trapped
with Me;SiCl to give the y-siloxy-substituted allylic radical 4.
Such an allylic radical 4 can be reduced easily with chromi-
um(1) to afford the corresponding allylic chromium species
5.9 Because the process is performed in the presence of an
aldehyde,l'! a coupling reaction takes place between the y-
siloxy-substituted allylic chromium complex 5 and the alde-
hyde. The coupling reaction leading to 1,2-diols 6 proceeds
with Me;SiCl, Et;SiCl, Me,SiCl,, and PhMe,SiCl; however,
the addition of rBuMe,SiCl or iPr;SiCl to the mixture does
not afford the desired coupling products, probably owing to
the slow trapping process of the chromium enolate with
R;SiCL

The anti/syn ratio changed only slightly when using differ-
ent substituents R of R;SiCLM On the other hand, the
reaction temperature influenced the ratio dramatically. At
0°C, the anti-1,2-diol 8a was produced selectively in a ratio of
937,21 but at higher temperatures the anti/syn ratio decreased
gradually (Table 1), and the syn adduct 8b was obtained as a
major product at 75°C in an anti/syn ratio of 10:90.

The results obtained with several kinds of a,3-unsaturated
ketones and aldehydes are summarized in Table 2. Substitu-
ents on the carbon—carbon double bonds of the enones slowed
down the reaction. Although a-substituted enones gave
pinacol adducts in good yields (Table 2, entries 5 and 6), f3-
substituted enones did not afford the desired product. The
diastereoselectivity also showed a similar temperature de-
pendence to that described above, with the proportion of syn
adduct increasing with increasing temperature. In contrast,
reactions using 2-methylenecycloheptanone gave an anti
adduct exclusively, irrespective of the reaction temperature

Table 1. Effects of reaction temperature on the diastereomeric ratios of cross
pinacol-type reactions.?!

0 1.0Cl, EGSICl = oy = OH
DMF PR R 3
RICHO + X g2 R\/LRz + \l/J\RZ
2. BuyNF : OH
7 THF OH 8a 8b
anti syn
T[°C] 0 10 20 30 40 50 60 75
Time [h] 5 2 1 1 0.5 0.5 0.25 0.25
Yield [%] 99 97 96 93 90 86 84 85
anti:syn®  93:7  78:22  64:36 45:55 36:64 23:77 19:81 10:90

[a] The reactions were conducted on a 1.0-mmol scale. 5-Phenyl-1-penten-3-one
(7,2.0 mmol), CrCl, (8.0 mmol), and Et;SiCl (6.0 mmol) were used per mmol of
nonanal (R!=n-CgH,;, R*=Ph(CH,),. [b] Diastereomeric ratios were deter-
mined by isolation and/or by 'H NMR spectroscopy.

(Table 2, entry 6). To reduce the amount of chromium salt
used in the reaction, we attempted a catalytic reaction
using manganese as a reductant® ! of chromium(ir). The
reaction proceeded almost quantitatively at 25°C; however,
the yields decreased and the anti/syn ratios were not improved
at either 0 or at 75°C (Table 2, entry 2).

The addition of allylic chromium reagents to carbonyl
compounds usually proceeds via a six-membered transition
state with a chair form, and the diastereoselectivity reflects
the configuration of the allylic chromium species
(Scheme 2).[' 5] The formation of only the anti product from
2-methylenecycloheptanone, irrespective of the reaction tem-
perature, suggests that the diastereoselectivity of the reaction
also depends on the stereochemistry of the y-siloxyallylic

Table 2. Formation of cross pinacol-type 1,2-diols from a.3-unsaturated ketones and aldehydes."!

1, CrCly, EtSiCl

i DMF ==, OH | =, OH
1 X 2 Rl + R g2
R'CHO A A \I/AR
THF OH anti OH oyn
Entry R! Enone 0°C 75°C
Time [h] Yield [%] antilsyn!®) Time [h] Yield [%)] antilsyn!®!
o}
1 n-CgHys s, 5 99 93:7 025 85 10:90
7
2 n-CeH,, 7 24 641 70:30 6 421 29:71
3 c-CH,, 7 5 98 60:40 025 80 19:81
o}
4 Ph(CH,), \)‘\O 5 72 >99:<1 0.5 52 59:41
o]
5 n-CgHy; th 24 44 79:21 2 61 10:90
o}
6 Ph(CH,), 941d] >99:<1 0.25 801l >99:<1

[a] The reactions were conducted on a 1.0-mmol scale. a,5-Unsaturated ketone (2.0 mmol), CrCl, (8.0 mmol), and Et;SiCl (6.0 mmol) were used per mmol of
aldehyde. [b] Diastereomeric ratios were determined by isolation and/or 'H NMR spectroscopy.l'” [c] CrCl, (0.8 mmol), Mn (4.0 mmol), and Et;SiCl
(6.0 mmol) were used per mmol of aldehyde. [d] Methylenecycloheptanone (4.0 mmol), CrCl, (16 mmol), and Et;SiCl (12 mmol) were employed per mmol

of aldehyde.
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Scheme 2. Mechanism for diastereoselectivity.

chromium compounds formed, by virtue of which 2-methyl-
enecycloheptanone can only form the cis isomer.

In the case of y,y-disubstituted allylic chromium species
with a y-siloxy group, the equilibrium between 9 and 10 is
more quickly established'”! than for v,y-dialkyl-substituted
allylic species.'**l There are two possible reasons that account
for the temperature dependence. One is a shift in the
equilibrium from 9 to 10 by increasing the temperature.!'®l
The other is that the addition rate of 10 to aldehydes could be
increased more by temperature than that of 9. In both cases,
the mechanism also suggests that the equilibrium between 9
and 10 shifts to the cis isomer 9 when R? becomes bulkier. For
example, the proportion of anti-diol derived from 9 was
increased in the case of cyclohexyl vinyl ketone (Table 2,
entry 4) as expected.

Experimental Section

8 (Table 2, entry 1, 0°C): Et;SiCl (1.0 mL, 6.0 mmol) was added to a
mixture of CrCl, (0.98 g, 8.0 mmol; 99.9 % purity, Aldrich) in dry, oxygen-
free DMF (15 mL; Wako Pure Chemicals), and the mixture was stirred for
30 min. The mixture was cooled to 0°C, and a solution of nonanal (0.14 g,
1.0 mmol) and 5-phenyl-1-penten-3-one (7, 0.32 g, 2.0 mmol) in DMF
(5mL) was added at 0°C. After stirring for 5h at 0°C, the reaction
mixture was poured into water (20 mL). The mixture was extracted with
diethyl ether (3x20mL), and the organic extracts were dried over
anhydrous magnesium sulfate and concentrated. The crude mixture was
diluted with THF (10 mL) and treated with a solution of Bu,NF in THF
(1.0m, 4.0 mL) at 25°C for 10 min, and then poured into water (5 mL). The
mixture was extracted with diethyl ether (3 x20mL), and the organic
extracts were dried over anhydrous magnesium sulfate and concentrated.
Purification by column chromatography on silica gel (hexane/ethyl acetate
50:1) gave 3-(2-phenylethyl)-1-dodecene-3,4-diols 8 in 99% yield
(0.99 mmol, antilsyn = 93/7).12

8 (Table 2, entry 1, 75°C): The mixture was heated at 75°C before the

addition of a solution of nonanal (0.14 g, 1.0 mmol) and 7 (0.32 g, 2.0 mmol)
in DMF (5 mL).
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Ligand-Controlled Chemoselectivity in the
Classical Oxidative Addition Reactions of Mel
and Aldehydes to Rhodium(@® Complexes**

Roman Goikhman and David Milstein*

Rhodium(1) phosphane complexes are widely used in indus-
trial and laboratory processes owing to their catalytic properties
and high reactivities, particularly in oxidative addition reac-
tions.'2l We report here a remarkable difference in the reactivity
of similar alkylphosphanerhodium(i) complexes bearing triflate
and chloride ligands in classical oxidative addition reactions of
aldehydes and Mel. High chemoselectivity in oxidative addition
can be achieved by the choice of complex.

[(iPr;P),RhOTf] (1) (OTf = OSO,CF;, triflate) was synthe-
sized by a simple procedure involving chloride abstraction
from [{({Pr;P),RhCl},] (2)P with Me;SiOTf, according to our
reported method;P! an alternative synthesis has also been
described.l! Complex 1 was characterized by X-ray structure
analysis, which confirmed that the geometry around the metal
is square planar, and that an #>-bound triflate ligand is present
(Figure 1).51 The structure is similar to that of another
rhodium #?-triflate complex. Surprisingly, #* coordination
of the triflate ligand in mononuclear late transition metal
complexes was not reported until 1998, and the reactivity of
these uncommon complexes has yet to be examined.™

Figure 1. Structure of 1 (ORTEP plot; hydrogen atoms are omitted for
clarity). Selected bond lengths [A] and angles [°]: Rh1-O3 2.283(2), Rhi-
02 2.265(3), Rh1-P3 2.2099(11), Rh1-P2 2.2143(11); P3-Rh1-P2 105.41(4),
P3-Rh1-02 95.78(7), P2-Rh1-O2 158.82(7), P2-Rh1-O3 95.38(7), P3-Rhl-
03 158.96(7), O2-Rh1-0O3 63.48(9).
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