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1,3-Asymmetric Induction in the Aldol Reactions 
of a=Methylene-P-Alkoxy Aldehydes. 
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University Chemical L.&oratory, Lensfield Road, Cambridge CB2 IEW, UK 

Abehret: The aldolmactions of the a-methylene-g-alkoxy aldehydes 3 and 6 wem exam&d for a 

YIe 
of Ti(IV), !&t(n), and B enolates. The sense and level of 13-asymmetric induction (up to 

95 ds) varies with the enolate structure and the bhydroxyl protecting group in the aldehyde. 

The aldol reaction of metal enolates with aldehydes is of fundamental importance in the control of 
acyclic stemochemistry, largely due to the usually secure mlationship between the enolate geometry and product 
stereostructure.l The sense and degree of x-face selectivity found in the aldol reactions of complex chiral 
aldehydes, however, are less predictable. L2 For example, in studies directed towards the synthesis of a CI-CI~ 
subunit of the polyether etheromycin (1 in Schema 1).3 we requited the enolate 2 to favour re-face attack on 
rhe aldehyde 3 leading to 4. Whilst this problem was solved by relying on the high x-face selectivity of a chiral 
enolate, we were curious as to the induction arising from such a-methylene-Balkoxy aldehydes. 
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Scheme 1 

We now report the first systematic analysis of 1.3-asymmetric induction in simple ethyl and methyl 
ketone aldol teactions with a-methylene-&alkoxy aldehydes of general structmal type 6 (Scheme 2). together 
with further results for aldol additions to 3. The stemoselectivity arising &om the g-smmocen tmm6wasfound 
to vary with the structme of both the enolate and the aldchyde components: (i) Ti(IV), Sn(II), and B et&tec 2 
give 1,3-anti-3.4syn adducts pmfetemially. 6 + 7 (re-face attack); (ii) unsubstituted enolates 8 favour the 1,3- 
anti”adduct, 6 + 9 (si-face attack); (iii) the degree of stemocontrol (up to 95% ds) mcmaseswiththesixeofthe 
protecting group in 6. 
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By starting with a Baylis-Hillman reaction4 between methyl acrylate and isobutyraldehyde or 
butyraldehyde. the rucemic a-methylene+alkoxy aldehydes 6a-d were readily prepared in four steps.536 
Hydroxyl protecting groups of increasing steric demands were. used: 6a, P = benzyl (Bn); 6b. P = tert-butyldi- 
methylsilyl (TBS& $c and6d. P = terf-butyldiphenylsilyl (TBDPS). 
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(49-57%) 6d&=“Pr;P=TBDPS 

To ensure high levels of simple diastemoselectivity, the syn aldol reactions of diethyl ketone with the 
aldehydes 6a-d were performed using its titanium.7ah tin(II),7c or boron7dVe z enolates (Scheme 3). This 
gave the 1.3~anti-3.4-syn adduct 10 as the major product, together with varying amounts of the 1,3-syn-3.4- 
syn isomer 11.8 The.1.3~anti stemochemistry~was established by *H NMR NOE expuriments and-analysis of 
the 18C NMR ohemical8hift data8 on the derived acetonides 1% and 12b.10 The highest stereoselectivity was 
obtained using the titanium enolate. with 6c -_) 10~ (fj4%) and 6d + 1Od (85%) proceeding in 95% and 90% 
ds. Lower levels of induction were generally obtained for the Sn(II)- and B-mediated reactions. 
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ALDOL REAC77ONS WITH METHYL KETONES Isomsr ratios for 13: 14. 
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&$eme 3 Al601 amdftkms: (01 EQCO. “Bn2BOTf, +r2NE& CH2CI2. -78 “c. 2 b; 6. -78 --f -25 “C, 16 h; H202, 
MeOH-pH7 huffeq (b) &CO 01 $CO~c. Ss(OTfh, WsN, CHsCl2. -78 Oc. 2 h; 6. -78 + -25 “C. 3 h; (c) EtsCO or 
@rCOMe, TiC!tq. CHsCls. -78 ‘C, 30 mfn: @@Et, 1 h; 6.1 b; (d) hCOMe or -Me, (c-C,5Htt)2BCl, EtsN, E$@, 
0 “c, 2 h; 6, -78 -_, -25 “C, 16 h; HZ%. MeOH-pH7 buffer. 

In contrast, methyl ketone aldol reactions gave the 1,3-syn add&t as .the ,major product, as in 6c + 
134~ A high level of induction (89% ds) was achieved using the dicyclohexylboron enolatel* of methyl 
isopropyl ketone with 6c. The 13-syn stereochemistry was established by oonversion into the acetonides 15a 
and 15b.10 followed by NMR analysis (c. 12). 

Taken together, these tesults.demonstrate that stemosel&ivity increases with the size of the protecting 
group on the B-oxygen (TBDPS > TBS > Bn) in 6. Whilst the sense of asymmetric induction for the syn aldol 
additions is the same as that expected from chelation, 12 this cannot be the origin of the stereocontrol hem. Boron 
enolates am incapable of reacting by way of intemally chelated cyclic transition states and bulky silyl protecting 
groups usually*8 disfavour chelation.14 
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The results for a-tnethylene-fi-alkoxy aldehydes of type 6 suggest that the 1.3~asymmetric induction is 
influenced by several factors, including the nature of the &hydroxy protecting group. We ihenfore ~etnri&l ib 
the ‘&Iehyde 3 used in’our etheromycin woxk? which now has an acetonI&? pr+ecting grcrup. Rerrction of 3 
with the tit&urn &olati of dii%hyl ketone (scheme 4) gave a 70 : 3b mixture of ‘6 two syn adducrs 16 and 
17.15 Thus. showing a s&l degree of Mace selectivity in favour of formation of @z 1.3~syn-3Psyn adduct 
16. Thii result shows that tha cyclic protecting group and/or the more remote s Meocentmsin3acttoreverse 
the diasten?oface selectivity in comparison to 6. 

P 

Scheme 4 Aldol conditions: (a) Et2CO. Tick, CH$&, -78 “C. 30 min: iPr94E& 1 h; 3. 1 h; (6) (R)- or_(S)-18. 
TiC14, CH$lz, -78% 30 min; h2NE4 1 9; 3,l h. 

Double siereodifferentiation experiments16 were then performed on 3, using the titanium enolates 
derived from (R)- a&l QY&j~17.‘Ihe titanium aldol reaction 4th (Q-18 gave the 1.3.syn-3,4-syn adduct 19 
via G-face attack on 3 as the major adduct with 95% ds. While this was anticipated to be the matched 
combination.3~17 an unexpectedly high level’of diastenzoselectivity was obtained based on the low intr&iifacial 
biases of the two reactants. In comparison, the reaction of 3 with the enailtiomeric ketone @‘)-I8 led to the 
formation of an 88 : 12 mixhlte of thk two syn aldol adducts 21 and 22 (62%; some, l&addition .products wek 
also obtained). This corresponds to the mismatched combination. The titanium enoiate from (s)-18, which 
shows a small preference for re-face attack on aldehydes (cu 2 : I),*7 was now able to completely oveni& the 
low &facial bias of 3. 

lob 23 99%ds (44%) 24 

Scheme 5 

Whilst the precise origins of r-face selectivity are presently obscure, a-methylene aldehydes having a 
remote p-stereocentn~ such as 6a-d. and to a lesser extent 3, are shown to be capable of undergoing highly 
smlective aldol reactions. This is especially useful as the allylic alcohol produ& am he s&eoseI&vely 
reduced or othenvise’functionalised. For‘example, the hydroiyl-directed, homogeneous hydrogenation using 
(Ph3P)3RhCL18 lob + 23 (Scheme 51, proceeded in 909b yield with 99% ds. The product stereochemistry 
(1,2-syn-2,3-anti) was confirmed by *H NMR decoupling and NOE eqerimefits on the derived acetal24. 
Applications of these novel methods for acyclic stereocontrol to the total synthesis of natural products of 
polyketide origin are now being explored. 
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