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STUDIES IN MACROLIDE SYNTHESIS: 
ALDOL CONDENSATIONS OF CHIRAL ETHYLKETONES VIA BORON ENOLATES. 

Ian Paterson* and Cynthia K. McClure 
University Chemrcal Laboratory, Lensfield Road, Cambridge CB2 IEW, U.K. 

Summary A/do/ condensation of chiraal ethylketones 8 and 9,via their 9-BBN or “BupB eno/ates,with methacrolein and 
acetaldehyde gives mainly the &&&I adduct, 8 -+ 14 or 9 + 18. The chiral reagent (+)-(lpc)~OTf, in the presence of EL& is 
used to enhance the formation of 14 and 78, while (-)-(lpc)$OTf/Et$ leads to reduced selectiwty. 

The generalised chiral sequence 1 is a common structural feature of the macrolide antibiotics, e.g. the 

secoacid structure 2 of oleandomycin and the ansa chain 3 of rifamycin S, as well as other polypropionate-type natural 

products, The synthesis of fragments corresponding to specific stereoisomers of 1 has been achieved by starting from 

carbohydrates, by the use of iterative propionate enolate aldol condensations, or by other tactics.’ In connection wrth our own 

work on macrolide synthesis,* we were attracted by the simplicity and directness of an approach using the sequential aldol 

condensation of diethylketone3 with surtable simple aldehydes followed by a reduction step (Scheme 1). Control of the 

absolute as well as the relative stereochemistry in the direction desired, however, is essential for this strategy to be useful. 

Using the chiral boron enolate of diethylketone prepared with (-)- or (+)-(lpc),BOTf/‘Pr,NEt, we were able lo obtain on 

condensation with aldehydes syn a-methyl-P-hydroxy ethylketones 4 or 5 with good enantioselectivity (66-90% ee with 290% 

diastereoselectivity).4 Control of the two new chiral centres generated on the other side of the ketone carbonyl group in a 

second aldol condensatior? with prochrra13 aldehydes was now required. 

Scheme 1. 
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For the synthesis of a C7-C,3 fragment, 6 or 7, corresponding to target 22, we chose to look first at the 

sequential aldol condensation of diethylketone with methacrolein and acetaldehyde. We now report our findings for this 

second aldol condensation using boron enolates (Scheme 2). The simple dialkylboron Z enolates of chiral ketones 6 and 9 
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(BL2=9-BBN or “Bu2B) are found to show high stereoselectivity in the formation of the a//-svn aldol adduct, 8 414 and 9 +18. 

The degree of enolate diastereoface selectivity in 1OZand 1lZ appears to be much higher than some previously reported 

examples of this type of ketone aldol condensation.5b*cP6 The chiral boron triflate reagent (+)-lpc2BOTf (prepared from 

(-)-a-pinene) can be used cooperatively both to control the stereoselectivity of the enolisation step (Z vs E) and enhance the Z 

enolate face selectivity in addition to the aldehyde to give 14 or 18. In contrast, use of (-)-lpc2BOTf (prepared from 

(+)-a-pinene) opposes the strong chiral induction from the simple enolate to give 15 or 19 as well. 

The tert-butyfdimethylsilylethers B7 (90%ee; [a]DzO=- 1 .O” (c 2.1, CHC$)) and g7 (82%ee; [c~JD~~=+25.0~ (c 

2.4, CHCl$) were prepared from the previously described P-hydroxyketones4 (tBuMe2SiOTf, lutidine, CH2C12, -78OC; 97%). 

Use of acetaldehyde in aldol condensation with 8 (R’= isopropenyl), medlated by different dialkylboron tritlate reagents, gave 

varying amounts of the four possible aldol diastereoisomers 14, 15, 16, and 17 (entries 1-4 in Table). Di-n-butylboron triflate 

(entry 1) gave a substantial amount of the antiadducts, 16 and 17, indicating that under normal conditions the enolisation 

stereoselectivity was low. Examination of the enolisation step in CD2C12 (OOC, 0.2 - 20h) by ‘H NMR spectroscopy clearly 

showed initial formation of the E and Z enolates in roughly equal amounts which did not change with time. In the aldol 

condensation, one syn adduct was formed (presumably mainly via 1OZ) with high selectivity (>20:1) over the other syn isomer. 

This major isomer was found to be 14.8 ,’ Changing to 9-BBNOTWEtsN (entry 2) improved the enolisation stereoselectivity 

(91% 1OZ by ‘H NMR) and a smaller amount of anti products was obtained. Again 14 was the major syn product. In contrast to 

the high selectivity observed between the two syn isomers, both possible antiisomers, 16 and 17, were formed in more equal 

amounts indicating that 10Eshowed much lower facial selectivity.The chiral boron triflate reagent (+)-(lpc)2BOTf (which should 

also favour 14)4 was then tried to see if this already high substrate-derived selectivity could be further increased.” When this 

reaction was carried out in the presence of excess friethy/an?inel’ ( the ‘H NMR spectrum showed clean formation of the Z 

enolate), 14 was obtained with 94% overall stereoselectivity (entry 4). However, when the chiral influences of the ketone and 

the ligands were conflicting, as with (-)-(lpc)2BOTWEt3N (entry 3), the 14:15 ratio was reduced to 3:l. The chiral influence of 

the Ipc ligands on boron are therefore not strong enough to completely override the dominant intrinsic facial bias of this ketone 

enolate.” 

We have also examined the diethylketone aldol condensation with methacrolein and acetaldehyde in the 

reverse order. Aldol condensation of ethylketone 9 (RI= methyl) with methacrolein was carried out using the same range of 

dialkylboron triflates (entries 5-8 in Table). Again a pronounced facial bias of the Z enolate was found without using chiral 

ligands on boron. High selectivity between the two possible syn adductssPg, 18 and 19, was obtained with both “Bu2BOTf 

(entry 5) and 9-BBNOTf (entry 6). Remarkably enolisation of 9 with “Bu2BOTf was now just as stereoselective as with 

9-BBNOTf (cfentry 1). However, noticeable amounts of anti isomers, 20 and 21, were still formed. When (+)-(lpc)2BOTf/EtgN 

was now used, 18 was obtained with 91% overall stereoselectivity (entry 8). While use of the enantiomeric reagent (entry 7) 

gave a 3.4:1 mixture of 18 and 19. It should be pointed out that in the matched runs (entries 4 and 8). the formation of 2-3% of 

the minor syn isomer is probably due to the starling ketone not being enantiomerically-pure. 

The high stereoselectivity obtalned for lOZ+14 and 112-118 without resorting to chiral ligands on boron 

is remarkable (Scheme 2). A reasonable ratlonalisation directs HA (rather than Me or RL) in towards the ligand on boron, the 

most crowded position, as the new bond is starting to form. This leads to two major transition state arrangements 12 and ‘3 

based on the conventional chair-type model.5a The bulky RL, I.e. CHR’OTBS, is then best onented away from the ligand on 

boron with the smaller methyl group eclipsing the double bond as In 13, rather than 12 which suffers RL interactions with H8 

and HC. For the analogous E enolate, however, such allylic eclipsing IS disfavoured since it involves replacing H8 with a methyl 

group on the enolate and the reaction is more finely balanced. Additional results are required to assess the generality of these 

trends and more fully understand their origins. l2 Overall, the stereochemical outcome of boron enolate aldol condensations of 

ketones can be influenced by many variables? the substitution of the enolate partner, the aldehyde, the amine, the solvent, 

the enolisation time/temperature, and the size of the ligands on boron. To this list can also be added the chirality of the ligands 

on boron and the chirality of the ketone. The present work shows that suitable matching of these last two variables can lead to 
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Scheme 2. 

R’ L,BOTf 
+ 

0 0TB.s ‘Pr,NEt or Et,N 0 
‘EL? 

0 
.BL* 

8 R’=MeC=CH, 
9 R’=Me 

15 R’= M&&H,, R2= Me 

19 R’= Me, R2= MeC=CH, 

\=CHR’OTBS 

18 R’= f&C&H,, R2= Me 

20 R’= Me, R2= MeC=CH, 

17 R’= MeC=CH,, RZ= Me 

2 1 R’= Me. R2= M&&H, 

i 
12 

I 
L 

14 R’= M&&H,, Rz= Me 

13 18 R’= Me, R2= hW=CH, 

Table. 

Aldol condensations of ethylketones 8 with acetaldehyde and 9 with methacroleln: effect of the reagent. 

entry reagefd 102 : 10Eb 14’ 15 16+17 synlantl* 14116 % ylaldd 

1 1 “Bu,BOTfl’Pr,NEt 55:45 63 3 34 2/l 2111 65 

2 R’= MeC=CH, 9-BBNOTWEt,N 91:9 63 7 10 9/l 12/l 97 

3 R2= Me (-)-(lpc),BOTf/Et,N 97:3 72 24 4 24/l 3/l 67(61) 

4 (+)-(lpc)zBOTf/Et,N 97:3 94 2 4 24/l 47/l 65(76) 

18’ 19 20+21 syn/antl’ 18/l 9 

5 1 “BuZBOTfl’Pr,NEt 64 5 11 6/l 17/l 90 

6 R’= Me 9-BBNOTfl’Pr,NEt 65 5 10 9/l 17/l 70(90) 

7 R*= Me&CH, (-)-(lpc),BOTf/Et,N 72 21 7 13/l 3.411 50(60) 

a (+)-(lpc),BOTf/Et,N 91 3 6 16/l 3011 62(70) 

a Enollsataon (0°C. 2-5h) and condensation (O’C.Z-Sh) conditions are standard. Method 1s described in ret 4 b Determmed by ‘H-NMR 

spectroscopy. c Isomer rabos determined by weighmg isolated mmponents after HPLC separatwn d Ywkk in parenthesis allow for recovered 

*tart,“9 ketone. l Ratlo for (14+15)/(16+17) ’ Ratio for (18+19)/(20+21). 

high levels of stereocontrol producing useful polypropionate-type fragments. The mismatched case is still a problem though, 

which needs to be solved for our oleandomycin synthesis. Finally, if chiral ketones are used where the ketone chiral centre(s) 

are further removed from the carbonyl group, the chiral ligands on boron alone are expected to control the stereochemistry of 

the aMol reaction. 
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