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A Highly d/-Stereoselective Pinacolization of Aromatic Aldehydes 
Mediated by Titanium Trichloride in Dichloromethane 
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Absta~t: Aromatic aldehydes are stereoselectively coupled to dl-hydrobenzoins on treatment with anhydrous TiCI3/CH2CI 2 
solution at room temperature. The observed stereochemistt3, is briefly discussed in term of Ti(IV)-bridging control. 
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The reductive coupling of carbonyl compounds to give pinacols is an important group of carbon-carbon 

bond forming reactions, which can be accomplished with a variety of one- or two-electron metal reducing 

agents. Although this reaction has been extensively studied 1,2 very few methods have been so far reported that 

allow highly stereocontrolled construction of the 1,2-diol unit. 

Among the known methods, a highly dl-selective pinacolization procedure has been recently reported 

utilising NbCI3/DME system 3 at -10°C. This reaction occurs via an anionic intermediate which acts as a 

nucleophile towards a second earbonyl group. However, the majority of  pinacolic coupling processes involves 

dimerization of  two ketyl radicals and, generally, affords a mixture of  all and meso diols. 1,4 

In 1973, Mukayama reported s that "TiCI 3 does not reduce benzaldehyde in THF at room temperature" 

and since then a considerable variety of pinacolization procedures employing stronger reducing titanium-hased 

reagents (Ti 0 or TiII), formed by reduction of TiCI 3 or TiCI 4 with different metals or metal salts, have been 

developed. 1-4d 

Among these, diastereoselective di-pinacolization of  aromatic aldehydes has been only found with systems 

derived from TiCI4/(i-Bu)2Te in DME, 6 TiCI4/BuLi in Et20 at -50°C, 7 and Cp2TiCI2/s-BuMgCI in THF at 

-78°C 8 A titanium species obtained by reduction of CP2TiCI 2 with SmI2, Zn, or i-Pr-MgI, s produces lower all- 

selectivity. 

We report here on the first TiCl3-promoted reductive coupling of aromatic aldehydes in anhydrous 

solvent 9 at room temperature. By the choice of an appropriate solvent, TiCI 3 does reduce benzaldehyde and 

other activated aromatic aldehydes to the corresponding pinacols in good yields and, what is more important, the 

coupling is dl-stereodirecting. 

Our method is exceedingly easier and more convenient compared with the ones so far reported: 6-s the very 

high stereoselectivity obtained goes with the extremely simple experimental conditions. In addition the reducing 

solution of  TiCi 3 in THF/CH2CI 2 (1:2) is commercially available 10 and stable for long periods, provided air and 

moisture are excluded. 

The optimized procedure is as follows: a commercially available TiCI 3 solution (5 mmol) was added at once 

to a solution of the aromatic aldehyde (5 mmol) in anhydrous CH2CI 2 (5 mL) under N 2 at room temperature.11 
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After 30 rain. of  stirring, the solution was quenched with H20 (10 mL) 12 and extracted with ethyl acetate. 

Removal of the solvent in mcuo left the crude reaction products as a white solid, which was immediately 

subjected to a flash column chromatography separation to remove the unreacted aldehyde. 13 Isolated yields, d/ 

and meso ratios, and melting points of the diols obtained are collected in the Table. 

Under the mild conditions used, no by-products were formed and cyano, carboxy, and halide groups were 

tolerated in sharp contrast with the relatively low chemoselectivity shown by most titanium-based reagents. 

Aromatic aldehydes bearing an electron-donating group showed lower reactivity: for example, p- 

tolylaldehyde afforded the corresponding dl-diol in 35% yield only (entry 2) and no significant conversion (less 

than 10%) was observed withp-anisaldehyde. 

In boiling CH2CI 2 for 30 rain., the reactivity increased but, due to an in situ condensation of  the dioi with 

the unreacted aldehyde, the corresponding d/-2,4,5-triaryl-l,3-dioxolane was formed during the reaction (entries 

la and 2a). 

Although the relative ease of pinacolization is primarily determined by the reduction potential of the 

carbonyl group involved, the carbonyl-Lewis acid complexation increases the reactivity of the aldehyde14: in 

fact, when the reduction ofbenzaldehyde was performed in a coordinating solvent, such as THF (entry lb), or in 

the presence of a strong basic ligand, such as pyridine (entry lc), the Lewis acidity and coordinating power of 

the metal ion decreases, and the yields ofdl-hydrobenzoin are lower than in CH2C12, a non coordinating solvent 

(entry 1). 

The high preference for d/-diol formation may he explained by a Ti(IV)-bridging control 9 through a Ti(W)- 

ketyl aggregate, like A or similar intermediate, in which the Ar groups are arranged anti to each other to 

minimize the steric interaction and the Ti(W) Lewis acid reaches the stable octabedral arrangement with bridging 

ligands. I S 

When dimethyltartrate was used, as an additive (2.5 mmol), the d//meso ratio dropped to 6.5 (entry ld). 

Formation of a monomeric Ti(IV)-ketyl five-membered chelate complex, like B or similar, with the bidentate 

ligand is may saturate the octabedral coordinative valence of the metal ion and stabilization by aggregation may 

not be so important at the time of  coupling. Consequently, steric control 9 may intervene prior to dimerization, 

thus affording the meso isomer. 

Ar~ ,,H H.~, .Ar Ar~,,i ,H 
L / "  L "1 L 

/ /  %'/L  'o/L o/  oJ 
A L= "I'HF, Py, CI B 

Due to the high d/ stereoselectivity observed, enantioselective coupling reactions can be particularly 

envisaged. 16 Further studies dealing with this working hypothesis are in progress. 
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Table d/-Stereoselective Pinacolization o f  Aromatic Aldehydes Mediated by TiCI3/CH2CI 2 

o o1-1 oi-I 
"ncIs' CH2CI2.~ A t t A r  + A r ~ .  Ar 

A - - H  " ~  r.t., 30 min.~ 
oH 6fl 

(>~)  ,~so (<1) 

Entry Ar Yidd (%)a d/ /meso b mp (°C) Lit. (°C) c 

1 Ph 65 200:1 121 (121-2~ 

la  e " 70 (12)/" 90:1 

lbg " 41 100:0 

Ic h " 46 196:1 

ld i " 64 6.5:1 

2 p-CH 3 35 >100:1 163 (163) / 

2a • " 43 (18)/" >100:1 

3 p-CI 90 > 100:1 156-7 (157) m 

4 p-Br  96 >100:1 176 ( . ) n  

5 p -CN 95 >100:1 232 ( . ) o  

6 p-CO2H 90 >100:1 312-4 

aPiancol isolated yield, bRatio determined by IH NMR (250 MHz) analysis of the crude reaction mixture. 17 CMelfing 

point ofdl isomer, dRef. 2d. eRefluxing for 30 min.fYieid in brackets refers to 1,3-dioxolane. gTHF (5 mL) was used as 

a solvent, hpyndine (3.7 retool) was used as an additive, i(+)Dimethyltartrate (2.5 retool) was used as an additive. 

ICoilet, A. ~mthesis, 1973, 664. mRef. 7. nmp ofmeso isomer 137-8 °C: Gilmore, J. 11.; Heaton, P. C../. Org. Chem. 

1973, 38, 763. °mp ofdl-meso nfixture 201-3 °C: re~. 4d. 
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