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DIRECTED METHALLYLATIONS AS A SYNTHETIC ROUTE TO 1,3-POLYOQLS

Deparmment of Chemistry, University of California, Berkeley, CA 94720-1460

Abstract: The directed methallylation of fB-hydroxyaldehydes and ketones with
methallyiboronic acid is examined. The reaction proceeds with good to excellent
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One of the most common functional group arrays in natural products is the 1,3-diol." The presence of
alternating oxygens on a contiguous carbon chain can be found in a variety of bioactive organic compounds
such as the hennoxazoles (1 — 7, Scheme I)* and the phorboxazoles (8, 9),3 and natural products such as
tetracycline (10) are derived biosynthetically from 1,3-oxygenated precursors.*

Scheme 1

1 Hennoxazole A (R = Me, X = OH) I
2 Hennoxazole B (R = Et, X = OH)

3 Hennoxazole C (F\ nBu X = OH)
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8§ Hennoxazole E (R = H, X = OH) 8 Phorboxazole A (R = H, X = OH)
7 Hennoxazole G (R = Me, X = OAc) 9 Phorboxazole B (R = OH, X = H)
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A majority of natural products that possess 1,3-diols are derived via polyacetate and polypropionate
biogenetic pathways. 3 Since these are $o prevalent in natural ploducts it is not surprising that considerable
efforts have been expended toward the selective synthesis of 1,3-diols.” Ideally, the stereochemistry present in
a given molecule can be used to control the formation of additional stereocenters in subsequent synthetic steps.

We were therefore interested in the possibility of performing a stereocontrolled methallylation of carbonyis via
resident B-oxidation. The lack of an a-substituent in these carbonyl compounds typically leads to poor
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ketoacids with the corresponding boronic acids and found that these underwent accelerated and highly selective

additions.®
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on B-hydrox carbonvle as part of our efforts toward th )
phorboxaz:oles ® We reasoned that a directed methallylation would pmu,t,d with hlgh sclcc,tlwty mdependent
of the presence of any o substitution. This rationalization arose from the expectation that methallylboronic acid
would, through formation of the boronic ester, undergo directed addition through one of two possible
orientations (Scheme II). While purported transition state A (which directs the B-alkyl substituent into a
pscudocquatorial position) would be expected to proceed uneventfully, the corresponding transition state B
would be disfavored due to the projection of the B-alkyl substituent (R,) into the methallyl group. Based on this
analysis, the anti 1,3-diol would be expected to be formed as the major or only product.
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H™ —O0
~ \ I | Ry OHH
-B m——— A
}./ _?\\OH R,
A A,
0 OH ;
Rl)’\/\ﬂz . )J\,B«)Hn - vs.

% HO R OH
T
”‘\7 i /\/\./‘R2

enolate of acetone to SLVLl'dl r(,plesemauve amenyoes led ClllCC[ly to the COTlCSpOﬂCIlﬂg ketones in fair to gOOG

yields (12, Scheme 1.1 Achrnduvmy, the aldehydes could be treated with allylmagnesium bromide to
generate homoallylic alcohols 14."° Direct ozonolysis of these double bonds proved difficult, but the requisite
B-hydroxyaldehydes (15) could be prepared via the osmylation/periodate cleavage alternati.c.m The latter
compounds were exceedingly capricious and had to be used immediately.
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Scneme 111
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11 12a (R = E1, 50%)
b (R = Ph, 96%
¢ (R =Bn, 562%
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MaBr _RCHO OH 1) 0s0,, NMO OH
gbr -
N RJ\/\ 2) NalO, R*/CHO
13 14a (R = E1,31%) 15a (R = Et, 64%)
b (R = Ph, 96%) b (R = Ph, 82%)
¢ (R =Bn, 56%) ¢ (R = Bn, 25%)
d (R = Chx, 53%) d (R = Chx, 47%)

We were pleased to find that directed methallylation of the B- hydroxyketones with methallylboronic

acid'! typically proceeded with reasonable to good selectivity (Scheme TV)."” We observed the greatest
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selectivity when the B-alkyl group was cyclohexyl (16d), although similar selcctivity was observed with the
corresponding phenyl and benzyl products. ' The only case where sclectivity was poor was with the relatively

2

small ethyl group (16a).

Scheme IV
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il
HJ\/CHO R :
(#) 15 17a (64%, 8% de)
b (83%, 16% de)
[+ (310/0, 10% de
d (90%, 18% de
Unlike the aforementioned ketones, the B-hydroxyaldehydes studicd did not display useful selectivity
Addition to aldchydes 18 afforded nearly a 11! mixture of syn and anti 1,3-diols ' The lack of selectivity in
this addition is almost certainly indicative of the reaction proceeding without preassociation of the boronic acid
with the alcohol, presumably due to the increased electrophilicity of the aldehydes
The stereochemical outcome of these methallylations was confirmed via conversion to the corresponding
acetonides.'™" For example, treatment of 17b and 19 with 2,2-dimethoxypropane gave the desired acetonides
(Scheme V).'"" Examination of their respective '*C NMR spectra revealed that 18 was in a twist-boat
. 12
conformation (8 25.2 and 24.8 ppm) while 20 was clearly in a chair conformation (8 30.3 and 19.7 ppm)
Scheme V
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Based on these observations, it seems clear that directed methallylations are viable with -
hydroxyketones, and that reasonable selectivity can be expected from these transformations. Alternatively, B-
hydroxyaldehydes do not appear to be amenable to directed additions, at least with boronic acids.
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The structures assigned to each new compound were determined by their characteristic 'H (300 MHz) and
12 - . . . . C. . - .
“C (75 MHz) NMR spectra. Diastereomeric ratios were determined via analysis of the NMR spectra of the
mixtures after chromatographic purification.

A solution of methallylboronic acid in THF was typically prepared as follows: a suspension of KOtBu
(10.0 g, 82 mmol) in THF (60 mL) was cooled to -78 °C and f{reshly condensed isobutylene (9.0 mL, 95
mmol) was added via cannula followed by nBuLi (34 mL, 2.4 M in hexanes, 82 mmol, added at a rate such
that the reaction temperature did not rise above —60 °C). When addition was complete, the mixture was
allowed to warm to —40 °C for 30 min and then was cooled to —78 °C. A solution of freshly distilled
B(OMe); (8.5 g, 82 mmol) in THF (20 mL) was added such that the reaction temperature remained below
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3 N HCI saturated with NaCl (50 mL) was added and the mixture was stirred vigorously until the upper
organic layer remained clear. The layers were separated and the organic layer was used directly in the

methallylation studies without purification. The Soluu()n could be titrated by reaction with benzaldehyde,
and was typically found to to be approximately 0.15 M.
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As Kabalka has pointed out, ° BC NMR a analysis of acetonides where one of the alcohols is 3° does not allow

for the straightforward disclosure of the relative stereochemistry as it does for two 2° alcohols. However,
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nOe studies can also be

Brzezinski, L. J.; Levy, D. D.; Leahy, J. W. Tetrahedron Lett. 1994, 35, 7601.



