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Studies in Polypropionate Synthesis: 

High x-Face Selectivity in Syn Aldol Reactions of Tin(II) 

Enolates from (R)- and (S)-1-Benzyloxy-2-methylpentan-3-one. 
Ian Paterson* and Richard D. Tillyer 

University Chemicul Luboruroty, Letlsfield Road, Cambridge CB2 IEW, UK. 

Abstract: Use of Sn(OTf):! / EQN in the aldol reactions of the a-chiral ethyl ketones (R)- or (X)-l 
with aldehydes leads to high stereoselectivity (90-95% ds, 297% ee) for the 1,2-syn-2,4-syn 
adduct 7 or en?-7. This substrate-based selectivity is rationalised by chelation of the Sn(II) enolate. 

The development of effective, general methods for the stereocontrolled synthesis of polypropionate- 

derived natural products is of continuing importance.1 Many methods rely on a biomimetic approach, involving 

the aldol addition or allylation of an aldehyde by a suitable propionate equivalent in an iterative fashion. We have 

introduced the a-chiral ethyl ketones (R)- and (.S)-12%3 to serve as versatile dipropiotzate equivalents,4 where 

stereocontrolled aldol additions to aldehydes allows a short, convergent synthesis of complex polypropionate 

segments, e.g. 2 and 3 in Scheme 1. 2C.3 Key features are (i) there is no chiral auxiliary4 to be removed in the 

aldol adducts 4 and (ii) the subsequent ketone reduction proceeds with high diastereoselectivity to give the 

desired isomer of 2 or 3, directly incorporating the six carbon atoms and stereocentre from 1. 
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We have already shown that efficient substrate control is possible in the anti aldol reaction of the Eenol 

dicyclohexyl borinate 5 with aldehydes to give the 1,2-ottri-2,4-uttti isomer of 4 with 295% 

diastereoselectivity.2hJh.d The analogous SY~I aldol reactions, however, have previously required reagent control 

from chiral ligands using the 2 enol diisopinocampheyl borinates 6. 2a.c.3~ We now report a more convenient, 

substr-ate-controlled aldol reaction giving the 1,2-sytl-2,4-sytl isomers 7 and enf-7 with 90-95% 

diastereoselectivity and 297% ee, using the tin(H) enolates.5 (R)- and (S)-8, respectively. 
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MukaiyamaSa has introduced tin(II) enolates 4,5 for the syrl selective aldol reactions of simple ethyl 

ketones, where Z enolates are formed using Sn(OTf)z and the hindered tertiary amine, N-ethylpiperidine. We 

found that enolisation of the ethyl ketone (I?)-1 was best performed under modified Mukaiyama conditions 

(Scheme 21, using Sn(OTf):! (1.3 equiv.) and Et3N (1.6 equiv.) in CH2Cl2 at -78 “C for 2 h. The Sn(I1) 

enolate so generated was then reacted with the aldehyde at -78 “C for 2 h, then at -50 “C for a further 1 h.6 The 

crude mixtures of aldol adducts were subsequently analysed by HPLC and 400 MHz 1H NMR.7 Authentic 

samples of aldol isomers were available for comparison from our earlier work using boron enolates.2a.b The 

results for a range of achiral, saturated and a&unsaturated aldehydes are given in Table 1. 
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Table 1 Aldol reactions of ethyl ketone (R)-1 using Sn(OTf)2/&3N in CH2C12.a 

product composition (%y 

entry R % yieldc SS SA AA+AS SS:SA 

1 Et 93 92 7 I1 13:l 

2 MPMOCH2CH2 92 93 6 51 15:l 

3 iPr 87 93 6 r1 151 

4d iPr 88 86 4 10 21:l 

5e H$=CMe 92 92.5 6.5 51 141 

6e (E)-MeCH=CH 92 90.5 8.5 II 11;l 

a Enolisation (-78 “C. 2 h). aldol addition (-78 “C. 2 h: -50 “C, 1 h). and workup conditions are standard unless 
otherwise stated. For typical experimental conditions. see note 6. f~ Isomer ratios from weighing isolated components 
after HPLC sepamlion. c Isolated yield of aldol adducts afler chromarography. d Reaction using CR)-1, where the benzyl 
group was replaced by a ‘Pr3Si (TIPS) group. e See ref 2b and 3c for the corresponding (Ipc)2B-mediated aldol reaction. 

In all cases, high sy~r aldol selectivity was observed (1,2-anti adducts accounted for <l% of the product 

mixture), consistent with selective formation of the Z enolate (R)-88 and addition to the aldehyde via a chair 

transition state. Moreover, the SS (1,2-syn-2,4-sy~l) isomer 7 was formed preferentially, with the ratio of SS : 
SA (1,2-syt1-2,4-olrri) in the range 11-15 : 1. The major SS adduct was isolated in 81-85% purified yield 

(297% ee7), which is generally superior to that previously achieved using the appropriate chiral boron triflate 

reagent, (-)-(Ipc)2BOTf.2b In particular, the latter procedure9 gives poor yields and stereoselectivities for a- 

branched saturated aldehydes, which now work well using the Sn(OTf)2 method (cfentry 3 and Scheme 3). 
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These results indicate that the intermediate 2 tin(B) enolate displays a useful level of n-face selectivity - 

now under substrate control. In contrast, both the analogous boron2a and titaniumlo,tl enolates 10 and 11 

show low n-face selectivity, giving only a small preference (ca 1.2:1 to 1.6:1) for the SS over the SA aldol 

adducts. All of the results for such boron12 and titaniumtoJt syrt aldol reactions can be best explained by a non- 

chelation chair transition state model, where the x-face selectivity is dependent on the relative steric demands of 

the substituents on the adjacent enolate stereocentre. The much higher diastereoface selectivity observed here for 

the tin(I1) syn aldol reaction requires a more conformationally restricted enolate. If the benzyl ether oxygen is 

internally chelated to the Lewis-acidic divalent tin during the aldol addition of @)-&a this would be expected to 

favour TS-2 over the more sterically congested TS-2. 13,14 Replacement of the benzyl by a triisopropylsilyl 

(TIPS) ether in (R)-1 also gave rise to high Z enolate n-face selectivity in favour of the SS aldol isomer (see 

entry 4. SS : SA = 21:l). but now 10% of a 1,2-onri isomer was also formed. This suggests that sterically- 

demanding siloxy groups may also be capable of chelation in Sn(OTf)z mediated aldol reactions of ketones.*5 
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We have also looked at the stereoselectivity of aldol additions of the Sn(I1) enolates (R)- and (Q-8 with 

the chiral aldehyde (s)-12,16 as a novel route to stereopentad systems like 3.3” Using our standard conditions,6 

the 1,2-syrz-2,4-syn adducts 13 and 14 were obtained in high yield with 93% and 95% diastereoselectivity, 

respectively (Scheme 3). In each case, the major adduct stereochemistry was verified by reduction to the anti 

1,3-diol with Me4NBH(OAc)317 and suitable deprotection to give the known stereopentads,3a i.e. 13 + 15 and 

14 -+ 16. This demonstrates that efficient aldol coupling between the ethyl ketones (R)- and (S)-1 and u-chiral 

aldehydes can be carried out by the present procedure, where stereocontrol from the ketone component 

dominates. 

In summary, we now recommend the use of the Sn(II) enolates derived from (R)- and (S)-1 for the 

efficient, highly stereocontrolled synthesis of 1,2-sy~1-2,4-sy~r aldol adducts 7 and epi-7 in enantiomerically- 

pure form. The diastereomeric 1,2-syn-2,4-anti adducts are best obtained using our existing reagent-controlled 

method based on the appropriate Z enol diisopinocampheyl borinate, *a while the 1,2-anti-2,4-a&i isomers are 

easily obtained using the E enol dicyclohexyl borinate. *h Further applications3 of these stereoregulated aldol 

reactions to polypropionate synthesis are underway. We are also investigating the role of chelation in the aldol 

reactions of other ketone-derived Sn(II) enolatcs13+14 containing a- or p-heteroatom substituents. 
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