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Aimtract: The new chiral apmtic ligand 1, N,N,N’,N’-tetramethyl-2,2’-diamino-l,l’-binaphthyl, 
having C;-symmetry structure, affords enantiomeric excesses up to 64% in the asymmetric alkylation of 
aromatic aldehydes by diethylzinc. 

As pointed out by Noyori’ alkylation of a carbonyl compound by diaIkylxincs can only occur after that a 

xinc-electmnegative atom (such as 0, NI bond has been created by interaction between the dialkyzinc com- 

pound and an external auxiliary. Such ligand-induced perturbation generally accelerates the rate of alkylation 

(ligand-accelerated reactions2) and , if the external ligand is chiral, optically active alcohols can be obtained. 

Excellent chemical yields and enantiomeric excesses have heen obtained by means of chirsl m ligands 

(&minoalcohols3, dials’, piperaxiness*6 etc.). ln principle. even atmtic ligands, such as tertiary diamines, 

could act as promoter of such reaction (it is known that adducts are formed by diethylxinc and diamines’), 

but there are no qorts* describing the reactivity of such species. We decided then to start a study of chiral 

diamines as catalyst of this reaction. Our attention has been attracted by N,N,N’~-tetramethyl-2,2’-dia- 

mine-l,l’-binaphthyl, 1: 

The choice has heen done taking into account the c-symmetry of this binaphthyl system, a property that 

generally has shown9 high efficiency in chiral recognition and the fact that, to the best of our knowledge, 1 

hag not been used before as chiral director in stereoselective reactions”‘. On these bases, we studiedn the 

reaction between diethylxinc and aromatic aldehydes in toluene at room temperature employing 6% in mol of 

(S)-1 (Scheme). 
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(S)-1, r-t. 
ArCHO + ZnEt2 y 

Toluene 
+ Ar -OH 

A 

Scheme 

B C 

In the Table are summarized the results obtained. In absence of the ligand the reaction between diethylxinc 

and 2-naphthaldehyde (molar ratio 2: 1) provides (run 1). after 96 hrs, a yield in addition product (B) of about 

40% with 16% of (2-naphthyl)methanol, (C). as side product. By contrast, in the presence of (S)-1, (B) is 

obtained with 75% yield in 88 hrs and 64% e-e. of the (S) enantiomer. However the rate is quite low ( in 

particular when compared with those provided by the protic ligands’~3). The outcome of the reaction seems to 

be very sensitive to the nature of the substrate. Pam-substituted benzaldehydes with EWGs give almost 

quantitative yield in relatively short reaction times (entry 8) whilst BDGs provide lower yields (runs 5, 7 and 

9). The results obtained in run 4 can be interpreted in terms of hindrance of the reactive xone of the aldeh- 

yde: in fact the presence of the peri hydrogen lowers the yields (compare run 4 with run 2). The behaviour 

of o-metboxybenxaldehyd can look surprising, in particular when compared to that of the psra isomer 

(compare run 5 and 6). In both the cases, the -OCH, can coordinate ZnEt, giving rise to a species which can 

competitively alkylate the carbonyl group’. The very different yield of alkylation product in the two cases 

can be explained assuming that for the ortho isomer the ethyl transfer can be carried out intramolecularly 

whilst for the para isomer such reaction has to be intermolecular. This different behaviour can explain the 

different reaction rates. As a matter of fact, when the reaction between o-methoxyhenxaldehyde and ZnBt, is 

car&xl out in absence of 1, the same results reported in run 6 are obtained, indicating that 1 does not take 

part to the reaction. This obviously explains also why a racemic product is obtained in run 6. The enantio- 

meric excess obtained in the presence of 1 ranges between 10 and 64%, (S) absolute configuration of the 

carbinol being preferentially formed when (S)-1 is employed as chiral director. The low e.e. of the alcohol 

obtained in run 5 may derive once again from the presence of achiral alkylating3 species formed by coonli- 

nation of the methoxy group of the aldehyde to the organometallic compound, which can give rise to com- 

petitive alkylation reactions. p-Chlorobenzaldchyde affords a satisfactory optical yield, although long reaction 

times are required (owing to the presence of the para chloro atom which deactivates the carbonyl function 

towards the nucleophilic attack) , however no competitive achirat alkylating reagents are formed here and the 

asymmetric induction remains at satisfactory levels. All these observations indicate that the ethyl-transferring 

species should have only a weak alkylating power: short reaction times, good chemical and optical yields are 

obtained for the substrate iu run 8. which is strongly activated toward the nucleophilic alkyl transfer by the 

para CP3 group. The weak alkylating power may result from a weak interaction between organometallic com- 
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pound and 1, due to a limited availability of the nitrogen lone pairs for coordinating the zinc atom. Actually, 

X-ray analysis showst2 that, in the solid state, 1 assumes a conformation where each NMer plane is twisted 

with respect to the plane of the corresponding naphthalene ring of about 30”: this indicates that the nitrogen 

lone pair is still conjugated with the naphthalene x system and then only prutially available for complexing 

metal centers. As a matter of fact, when an aliphatic tertiary diamine such as sparteinei3, is employed in the 

ethylation of Znaphthaldehyde, excellent conversions (>90%) of secondary alcohol are obtained in only three 

hours . 

Table. Enantioselective alkylation of aromatic alrlehydes in the presence of (S)-1 
(Scheme). 

L (mol%) Tii) AProdur’ C e.e.‘A.C.’ 

1 2-naphthyl 
(S)-; 

96 44 40 16 - - 
2 II (6) 88 13 75 12 64 (S) 
3 phenyl 11 102 - 94 6 63 (S) 
4 1-naphthyl #I 101 46 28 26 33 (S) 
5 p-methoxyphenyl ” 96 72 18 10 10 (S) 
6 o-methoxyphenyl ” 96 7 78 15 0 - 
7 biphenylyl 0, 93 72 23 5 17 (S) 
8 p-trifluoromethyl- ” 48 - 97 3 SO (S) 

phenyl 
9 p-chlorophenyl ” 108 66 28 6 54 (S) 

1. penmrages demmimd by NMR analysis; 2. By HFW analysis using ionic Pirkie DNBPa 
a11unm (see ref. 11); 3. Absolute configuration assigned from eluth cala (see ref. 11). 

In conclusion the present investigation indicates that: a) tertiary d&nines can act as promoter of the alkyla- 

tion of aromatic aldehydes by diethylzinc; b) the rate of alkylation is strongly dependent on the zinc-nitrogen 

bond strength; c) ligand 1 can afford satisfactory e. e. only with non disactivated aldehydes. 
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