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ABSTRACT
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The synthesis of all four diastereomers of bis(propionates), 3,5-dialkoxy-2,4-dimethylalkanals, by non-aldol aldol chemistry is described. The
epoxy alcohols (3, 4) were converted into the mesylates (9, 11) which were cleanly rearranged to the desired 3,5-bis(oxygenated)-2,4-
dimethylalkanals (10, 12) in high yield. The epoxy mesylates (13, 16) gave the desired products (14, 17) in good yield on treatment with

TMSOTf and a hindered base.

During the past several years, a large amount of excellentor, more recently, chiral catalysts, to produce the desired
chemistry has been developed to produce aldol products withenantiomer with, at times, quite high selectivity. Several years

high stereocontrdt? Many of the methods for enantiocontrol
utilize an aldol reaction with well-designed chiral auxiliaries
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ago we reported an alternative method for the preparation
of all four diastereomeric aldol produet8-alkoxy-2-
methylalkanals—with high enantiocontrol by a unique non-
aldol route® The key step of this new method involved the
intramolecular hydride transfer from the methylene group
of either an epoxy alcohol (prepared with high enantio-
selectivity by a Sharpless asymmetric epoxidation reaction)
or its silyl etherl which opened the epoxide regioselectively
with inversion of configuration to generate the desired
2-methyl-3-silyloxyalkanal®2. We now report herein the

;extension of this method for the preparation of bis(propi-
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onates), namely, the double aldol products—3,5-dialkoxy- protecting group and trimethylsilyl triflate (TMSOTTf) as the
2,4-dimethylalkanals.

silyl electrophile?
Conversion of the epoxy alcoh8l(prepared in two steps
and high yield from2) in three steps gave the mesylatm
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Pr CH.CI, = Pr
Me 95-100% Me
1R=H, TES 2 OTES OH 1) TBAF OMs OTBS
' O 87% O
Pr 2) TBSCI Pr
. . Me Me 92% Me Me
The process of converting an aldehyde into a 3-alkoxy- 5 3) "ggg' ]
2-methylalkanal required only three steps, Wittig reaction
YR a y ps, WItlg 3.6 eq TMSOTf OMs OTMS
and in situ reduction of the ester, epoxidation, and then 3.6 eq iPrNE cHO
silylation—rearrangement. Since the product of this process CHCl Pr
-78 °C/40 min Me Me

is itself an aldehyde, we realized that iteration of the sequence 82%
would afford a second propionate unit and, after several

iterations, a polypropionate. We now describe conditions to . . .
carry out this sequence. The conversion of the substituted TMSOTf and base at 78°C for 40 min afforded the desired

aldehydes, e.g2, into all four of the required elongated bis(propionate}L0 in 82% yield? In an analogous process,

; . the epoxy alcoho# was converted in 70% yield int@1
epoxy alcohols, e.g3—6, was straightforward, requirin i . .
poxy 93 g g g which was rearranged with excess TMSOTf and base to give

the bis(propionate)2in 70% yield. The mesylates analogous
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5 6 to 9 and 11, derived from the epoxy alcohols having the

opposite stereochemistry about the epoxifierid 6), did

not react under these conditions, giving back mostly starting
materials. However, treatment of the mesylate alca®l
(prepared fron®d in four steps and 61% overall yield) with
TESCI followed by TMSOTf and the hindered base 2,6-di-
tert-butylpyridine gave the desired anti aldehyidein 58%
yield along with 14% of the allylic silyl ethet5 produced

only two steps, namely, aB- or Z-selective Wittig reaction
and in situ reduction to the allylic alcohol and then
diastereoselective epoxidatiéilowever, the normal condi-
tions for rearrangemensilylation, triethylsilyl triflate and

a base [2,6-dtert-butyl-4-methylpyridine (DBMP)], did not
afford the desired products but instead gave good yields of
the corresponding tetrahydrofurans, e.g., the epoXigiave (5) Jung, M. E.; D’Amico, D. CJ. Am. Chem. S0d997,119, 12150.

8 in 91% vyield®> Several attempts to effect the desired Epoxidation of chiral allylic alcohols is often more stereoselective under
rearrangement, e.g., ireaiment of the 4-methoxybenzyl ether, (e Cantc g berecd or mete-caleyead sooudatin tnen by
analogue of7 with CAN and use of stronger Lewis acids excellent review of such substrate-directed reactions, see: Hoveyda, A. H.;
such as BEetherate with triethylsilane as an in situ reducing Evans, D. A.; Fu, G. CChem. Re. 1993,93, 1307.

S . (6) (&) Jung, M. E.; Anderson, K. [Tetrahedron Lett1997,38, 2605.
agent] etc., met with little success. The two key issues were () Mardoka, K.; Hasegawa, M.; Yamamoto, H. Suzuki, K.. Shimazaki,

M.; Tsuchihashi, GJ. Am. Chem. S0d.986,108, 3827.
(7) For example, treatment of the trifluoroacetaternished thee-enol
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silyl ether b in excellent yield. We thank Susumu Harashima for this
experiment and others in this area
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a b

to use a protecting group on oxygen that was less electron-
(8) We had earlier shown that trimethylsilyl triflate was an excellent

rich and therefore less likely to participate in trapping the ;
. . . - . promoter of the desired rearrangement but chose to use the ethyl analogue
tertiary cation and a less-hindered electrophilic reagent sinCejnstead because of the greater stability of the triethylsilyl ethersmizo,
the epoxides3—6 were quite hindered. Although some D-(% _I;LLD- Thesis, UELI/IA, f1-?‘945_ (oropi ) prod )
; ; : e structures of all of the bis(propionate) products were proven by
success was found using trlfluorogqetate as the prOteCtmng NMR studies (coupling constants and NOE studies) of the cyclic
group’ the best set of conditions utilizes a mesylate as the carbonates or acetonides formed from the corresponding diols.
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by deprotonation of the methyl group in an E2-type elimina- to either epoxy alcohol gave high yields of the desired anti
tion. In similar fashion the fourth diastereomeric epoxide, diols 22 and23.
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Finally we tested the conditions for removal of the

16 (prepared from6), was converted into the desired mesylate protecting groups in similar systems. For example,
aldehyde17 and the allylic ether8 in similar yield and ~ treatment of the dimesylate4 with 2.4 equiv of methyl-
selectivity, in this case using Hiinig’s base. Thus, all four of Magnesium bromide in THF at® for 10 min afforded the

the possible isomers of the bis(propionates) derived from desired diol25in 92% yield*

the syn aldol2—compoundslO, 12, 14, and17—can be OMs OH
) . . . 24eq
prepared in a simple iterative process. Me  MoMgBr Me
Pr = ————— Pr =
L T|1-|(I)=/OI C Ve
min
1) TBAF oM TMSCI ,n OMs TN o5 OH
2) TBSCI G Me _PRNEL
6 Symscl " 6 eq TMSOTY ) i
4) TBAF Me iPrLNEY; Thus we have shown that the “non-aldol aldol” process
16 CHzC'%/;‘}f°C/5h can be extended to the preparation of bis(propionates) with
OMs OTMS OMs OTMS good diastereocontrol. The application of this chemistry to
o . _CHO o 2 the synthesis of polypropionate natural products such as
r . . .
' Ve Mo * tedanolidé? and 13-deoxytedanoliéféis currently underway
17 41 18 OT™S in our laboratoried?
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