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A TOTAL SYNTHESIS OF ENANTIOMERICALLY PURE VITAMIN E SIDE CHAIN
USING A CHIRAL PROPIONATE SYNTHON'

Glinter Helmchen* and Roland Schmierer
Institut fiir Organische Chemie der Universitdt, Am Hubland, D-8700 Wiirzburg

Summary: Alcohol 1a, representing the side chain of o-tocopherol, has been synthesized in 58 %
overall yield via 9 steps. Key reactions of the synthesis are asymmetric alkylations of the
chiral propionate 3 (ds = 97 %) and chain elongation with t-butyl a-trimethylsilylacetate.

The development of methods for control of stereochemistry in acyclic systems is an area of fruit-
ful and challenging current researchz. Among the touchstones for demonstation of new methods the
side chain, as represented by alcohols 1a or 1b, of a-tocopherol (vitamin E, 2) appears partic-
ularly interesting because of its model character for a variety of methyl branched natural pro-
ducts (i.e. vitamin K 3a, pheromones3b, membrane 1ipids3c, and antibiotics3d).
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We wish to report an approach towards 1a, different from others presented so far4, which is
based on assembling according to the following scheme propionate (—e—o0) and acetate (#—o0)
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Highly stereoselective CC bond formation can generally be achieved by alkylation of the propio-
nate 3 (Scheme 1). 3 is a unique reagent. It allows to construct both (R)- and (S)-a-alkylpro-
pionates (5) with ds z 95 %® via solvent controlled generation of either the (Z)- or (E)-1ithium
enolate, (Z)-4 or (E)-4, respectively, in conjunction with a high level of diastereoface-dif-
ferentiation in the alkylation step. An acetate equivalent was provided by t-butyl o-trimethyl-
silylacetate (6) which was used as shown in Scheme 1. The lithium enolates of esters 3 and 6

are excellent chain elongation reagents as they are cleanly monoalkylated and, under proper
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Scheme 1 a Lithium cyclohexylisopropylamide (LICA), THF, -80 °C; b LICA,
THF-HMPT (23 %), -80 °C; ¢ DMEU (2 eq.); d TMEDA (2 eq.); e THF-

H20, NBu4F (cat.), r.t.
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(R)-8 R = COOR" 11 R'= co0-t-Bu, (2R,6R)-15 R = COOR"
(R)-9 R = CH,OH R%= Si(CH,), 1a R = CHyOH
(R)-10 R = CH,I 12 R'= C00-t-Bu, R%= H

13 R'- CH,OH, R%= H )\/\/k/\/g\ *
COOR

14 R'= cH,1, R%=H
/l\/\/i * R
COOR

(s)-8

|
N
*
Scheme 2 R -0H = @
L7 0H




1237

reaction conditions, do not induce elimination in the alkylating agent R-X7. The reactions de-

scribed in Scheme 1 were used to construct the alcohol la via the intermediates whose formulas

are shown in Scheme 28.

Alkylation of 3 with isohexyl iodide (7) via (Z)-4 [- 80 - - 40 °C, 2 eq. of N,N-dimethylimidaz-
olidinone (DMEU) added together with Z] proceeded with high diastereoselectivity [ds = 98 ¥,

i. e. (R)-8 : (S)-8 = 98 : 2, analysis by HPLCg]. Diastereoisomerically pure (R)-8 was obtained
by crystallization or medium pressure 1iquid chromatography (MPLC)9 (88 %, mp = 106 - 106.5 °C).
For reference pure (S)-8 (o0il) was prepared from 3 and 7 via (E)-4 [90 %, ds = 94 %, i. e.
(R)-8 : (S)-8 = 6 : 94, MPLC purification]. (R)-8 was reduced (LiATH,, THF, MPLC purification
to give (R)-9 [86 %, bpy, = 90 °C, [a]3® = + 10.8° (c = 2.1, benzene), Lit.': [a]2° = + 10.14°
(c = 2.01, benzene)].

10)

(R)-9 was converted [ag. HI (56 %), reflux] into the iodide (R)-10 (93 %, bp,y, = 100 °C). Chain
elongation was effected by adding (R)-10, admixed with 2 eq. of TMEDA, to a THF solution of the
Tithium enolate of t-butyl a-trimethylsilylacetate at - 80 °C. The solution was allowed to warm
to 0 °C whereupon standard work-up gave an epimer mixture of silylated esters 11 (oil) in 78 %
yield (100 %, based on recovered iodide 10). Desilylation (2 eq. H,0, THF, n-Bu4N+F- catalytic
amount) yielded the ester (R)-12 (94 %, bpy, = 123 °C) reduction of which (L1A1H4, THF) afforded
the alcohol (R)-13 (99 %, [a]2° = + 2.86° (neat, di°® = 0.8269)'2).

The iodide (R)-14, obtained (99 %) from (R)-13 in the same way as 10 from 9, was subjected to an
asymmetric alkylation reaction with 3 (2 eq.) in essentially the same way as isohexyl iodide (7)
Again, excellent diastereoselectivity (ds = 97 %, analysis by HPLC) was observed. Purification
by MPLC afforded stereochemically homogeneous (HPLC control) (R,R)-15 (90 %, mp = 56 - 57.5 °C)
which was reduced (L1A1H4, THF) to give the target compound 1a (99 %, bpy, = 143 °C). The opti-
cal rotation of the synthetic specimen, [a]]® = + 9.25° (¢ = 1.96, n-hexane), is in excellent
agreement with that of material derived from natural phytol, [a]ss =+ 9,36° (¢ = 2.02, n-hex~-

ane)13

The methods described above are fairly efficient. This may be assessed by the following obser-
vations. 1) The synthesis requires 9 steps (from isohexyl iodide) and produces la in 58 % over-
all yield. This compares favourably with that achieved in other total syntheses of la or 194C’d.
2) The preparation of ester (S)-8 in addition to (R)-8 demonstrates that all of the stereoiso-
mers of la can be obtained via routes similar to that described above. Use of the cis-exo iso-
mer of 3 as reagent also allows build-up of (S)-a-alkyl esters. 3) The strategy described herein
has been successfully applied to total syntheses of the four stereoisomers of 15,19,23-trimethyl-
heptatriacontane (sex pheromone of the tsetse fly Glossina morsitans) and (S,$)-2,4,6-trimethyl-
-2-docosenoic acid (mycolipenic acid)14.
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