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Summary: Deprotonation ot P-boron&e carbonyl derivatives cnn be readily xhievcd using LDA. 
Reaction of the rosuliirlg er~olates with aldehydes gives the corresponding A/do/ products, with high 
syn-selectivity for Z-enolates. This result is consistent w;th chelat,on enhanced stabiiisation of the 
enolate geometry via the boronate moiety. 

The aldol reaction has found countless applications in orgarlic synthesis for the preparation 

of natural products’. The control of the enointe geometry has a profound effect upon the 

stereoselectivity of the final aldol product, as does the nature of the metal*. We have recently 

developed a general route to P-boronate carbonyl derivatives (1)3, in the belief that the boronate 

moiety wol~ld participate in the corresponding formation of the enolates of types (2) and (3) via 

interm&cular “ate”-complexation of the enolate oxygen to boron in (2) and intramolecular “ate”- 

complexation in (3). ie. by formation of (4). We report herein our preliminary results on the lithiation 

of boronates (1) and the subsequent effect of the boronate ester upon the stereoselectivity of the 

aldol reaction of the enolate derivatives of (1) with benzaldehyde. 
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In order to investigate whether the corresponding lithium enolates of carbonyl derivatives (1) 

could be generated, we treated boronate (la) with lithium diisopropylamide &DA) at -78°C for 1 h. 

Quenching the reaction mixture with either iodomethane or iodomethylboronate (5) gave the 

corresponding alkylnted products @a) and (6b) in 80 and 87% yield respectively4. 

Since the wolate geometry is of prime importance in aldol reactions’. we lithiated each of 

the boronates (1) “sing LDA at -78”C, quenched each of the resulting cnolates with 

chlorotrimethylsilane (TMSCI) (-78°C to RI) and examined the ‘H NMR of the crude TMS enol 

ethers. In each case the boronate moiety did not significantly change E/Z-stereochemistry of the 

expected kinetically controlled deprotonation as compared with the corresponding ethyl carbonyl 



compounds (see Table 1). From the lack of boron~carbonyl coordination demonstrated by the 116 

N~M~P~ of each of the starting materials (1)3, this result is not unexpected. Thus the enolates of 

esters (la and b) showed >90% E-selectivity by ‘H N.M.R., compared to >90% Z-selectivity for the 

enolates of (ic and d). 

With the knowledge that the lithiation of derivatives (1) was straightforward and that the 

stereochemical control of the enolisation was essentially unaffected by the boronate moiety, we 

turned to the aldol reactions of boron&as (1) with benzaldehyde (Equation t)? I~he resulting 

synzanti ratios6 of each of the aldol reactions are summarised in Table 1, together with the syn:anti 

ratios of the corresponding non-boron derivatives (Equation 2)io~is. 

From the results shown in Table 1, WC can see that the syn:anti ratios for each of the two E- 

enolates (2a) and (2b) remain relatively unchanged from their non-boron substituted counterparts, 

with minor increases of the syn-aldol products [Entries 1 and 2, Table I]. However, when the Z- 

enolates (3a) and (3b) are used, the syn:anti ratios for the boron substituted enolates are greatly 

enhanced over their non-boron containing counterparts [Entries 3 and 4, Table I]. This effect is 

paiticularly notable for the amide derived aldol product (7d). 

Although the degree of stereoselectivity of lithium mediated aldol reactions is strongly 

dependant upon the enolate geometry. E-lithium enolates generally give poorer 

diastereoselectivity than the corresponding Z~enolates*a. However, when the boronate moiety is 

incorporated into the enolate and is capable of coordination to the enolate alkoxide, as in (3a) and 

(3b), we see enhanced syn-stereoselectivity in the aldol reaction This effect is particularly 

enhanced with amide (id) (Table 1). The reason for this effect is not totally clear at present. 

however we suggest two possible effects which may wll be acting independantly, or more likely in 

concert: 1) The enolates (3a) and (3b) may be “locked” into the Z-stereochemistry by formation of 

an intramolecular “&“-complex, effectively stopping ZIE-isomerisation. Enolates (2a) and (2b) may 

also be affected by formation of a boronate “ate”-complex, but by weaker intermolecular 

coordination’. 2) Once the aldol reaction has occured, the resulting aldalnte alkoxide may 

coordinate to the baronnte moiety, resulting in slowing or affectively stopping retro~aldolialdol 

precesses. which is comparable to normal boron enolate-mediated aldol process&. 
In summary, we have found that incorporation of a boronate group in the p-position to a 

carbonyl moiety, provides a new method for achieving high syn-selectivity in the aldol reaction of Z- 

enolates with benzaldehyde. In view of ease of conversion of the boronate group into a variety of 

other functions14, we believe that this methodology will prove highly applicable for stereoselective 

synthesis. Further investigations towards these goals are underway and will be reported in due 

course. 
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Equation 1 
0 
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Equation 2 
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Table 1 

entry !%mn TMS Enolate Boron Aldol Ratio’ Non-BoronTMS Enolate 
_ Ratio’, Z:E. (3):(2) Syn:Anti. (7):(a) Ratio, Z:E. (1 l):(lO) 

1 <298 (7.$:(&z), 60:40 <2:9v 
- 

2 <10:90 (,b)Qb), 53:47 10:9oc 

3 >%3:2 (7c):(*c), 96:4 ,96:2d 

4 >95:5 (7d):(6d), 955 >97:3a” 

_ _ 1 _ _ Syn:Anti. (12):(13 

(fZb):(i3b), 60:40” 
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