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Cp,TiCl,-Catalyzed Pinacol-Type Coupling of Aliphatic Aldehydes
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Abstract: Bis(cyclopentadienyl)titanium dichloride (Cp,TiCl,) exhibits excellent catalytic activity
toward the pinacol-type coupling reaction of aliphatic aldehydes with the assistance of zinc powder
and chlorosilane. © 1998 Elsevier Science Ltd. All rights reserved.

The reductive coupling reactions of carbonyl compounds with the aid of low-valent metals is an
important method for the construction of a vicinally functionalized carbon-framework.! Although numerous
reagents have been developed to acc,omplish the transformation, examples of the catalytic use of low-valent
metals are limited to a few cases Rccently, e have revcalcd a novel catalytic systcm conmstmg of a

1 y atalyst
coupling of aldehydes a nd ketones in the presence of zinc and chlorotrimethylsilane (eq 1).
R

coupling of aliphatic aldehydes.™ During the cours our study on this catalytic system of vanadium, we
found that bis(cyclopentadienyl)titanium dlCthl’ld e (Cp,TiCl,) acts as a useful catalyst for the reductive
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Tabie 1. Cp,TiCi,-Cataiyzed Pinacoi-Type Coupiing of Et,CHCHO"

Run Coreductant Cat., mol% Additive Solvent 2,Yield,%? dI/ meso®

1 Zn 30 Me;SiCI  DME 80 67/33
2 Zn 30 — DME 0
3 e 30 Me;SiCi DME o
4 Zn 10 Me;SICI  DME 7 65/35
5 Mg 30 Me;SICI  DME 0
6 Mg 30 MesSICI  THF 10 78/22
7 Zn 30 Me,SICI  THF 64 73/27
8 Zn 30 MesSICI  Et,0 27 35/65

‘?Reamion conditions: 1 (1.0 mmol), Zn (2.0 mmol), Me3SiCl (2.0 mmol), solvent (7 mL), r.t., 13 h.
b petermined by 'H NMR.

As can be seen in Table 1, the catalytic pinacol-type coupling requires the presence of both zinc
powder and chlorosilane® (runs 1-3). The use of magnesium in place of zinc sharply decreased the yield of
the coupling product 2 (runs 5-6). The amount of the catalyst could be reduced to 1.0 mol% (run 4). The
reductive coupling proceeded efficiently by using DME or THF as a solvent, but not in Et,0 (runs 1, 7-8).
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Table 2 represems the results of the C‘pzT‘iCl -catalyzed reductive coupiing of aldehydes and ketones.
The pruCEdurc can be dppucu {0 pﬁﬁ‘u‘u‘y’ and seconuar‘y cuucuyuca, provnumg the Lurrcapunumg oxoianes Z
with moderate and excellent diastercoselectivities, rcspecnvcly (runs 1-4). In the case of a-tetralone, the

initial product, vicinal diol, underwent dehydration to give the corresponding conjugate diene (run 5).
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Table 2. Cp,TiCl,-Catalyzed Pinacol-Type Coupling”

Run Substrate Product Yield, %? dll meso®
- N~ W _run m _ Nes_ ) on ~n )
] \rBIEf{Aeliv (I < Wiy o O3/ S/
2 PhCH,CH,CHO 2 (R = PhCH2CH») 8 67/33

(o]
3¢ (\fu\ﬂ 2R= — ) 87(85¢ 96/4
v o LY u r Al r
4° N\H sm~. /Ny 66539 81/19
v - \ll - _\_/ ’ A S 7 wE T OEN
ISR -
LA KY% (60)
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4 Reaction conditions: 1 (1.0 mmol), Zn (2.0 mmol ; activated by the treatment with HC| (1.5 M)
and washed with diehtyl ether, purchased from Wako Pure Chemical Industries, Ltd.), Me3SiCl
(2.0 mmol), Cp,TiCl, (3 mal%), DME (7 mL), r.t.,13 h unless otherwisa stated. Determined by
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'H NMR. ®Reaction temperature, 0 °C. "Isolated yield.
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bond at an appropriate position by using the cat. szTiCIZI Zn / Me,SiCl system. The desired reaction
proceeded successfully, affording the cyclopentanol derivative 4 in excellent yield, as indicated in eq 2.
This cyclization also required the combination of the catalytic system. The absence of Cp,TiCl, or Zn
resulted in the complex mixture with the lower selectivity, suggesting that the present cyclization proceeds
via a 5-exo cyclization of a ketyi-type intermediate and subsequent chiorine-atom transfer.
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3 4, 98% (a-Me/B-Me = 63/37)

Next, we demonstrated the intramolecular cvelization of aldehvde 3 bearing a carbon-carhon double
Clization of algenyde 3 pearing a carbon-carbon aoubile
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This work was first presented at the 69th Annual Meeting of Chemicai Society of Japan, 1995 (March 29).

For the pinacol coupling reaction of aromatic aldehydes using cat. EBTHITICI, / Zn / MgBr, / Me,SiCl system, see ref 2f.
Zhang Y.; Liu T. Synth. Commun. 1988, 18, 2173.

Conceivably, Me,SiCl contributes to both activation of the catalyst and substrates and regeneration of the catalyst.
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