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ABSTRACT
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(S,R,R,S,R,5)-4,6,8,10,16,18-Hexamethyldocosane (1) was synthesized in 11% yield in 11 steps in the longest linear sequence from >98% pure
(S)-p-citronellal and 6 additional steps for the preparation of 11 in 23% yield from propene. Five of the six asymmetric carbon centers were
generated catalytically and stereoselectively by the ZACA reaction (5 times), one lipase-catalyzed acetylation, and two chromatographic operations.

(S,R,R,S,R,S)-4,6,8,10,16,18-Hexamethyldocosinevds selective ZACA route®to deoxypolypropionates, which has
isolated from the cuticula of the cane bee#latitrogus been shown to favor the syrelationship between two
parvulusby Kitching and co-workefsand shown by them  neighboring methyl group; ¢ vis-a-vis the unusual anti-
to incorporate a rarenti-anti-anti-4,6,8,10-methyl tetrad anti-anti configuration found irl prompted us to attempt
along with a more usualyn-methyl diad.On the basis of  the synthesis of by the ZACA route, in part, for exploring
the deduced stereochemistry, Btednd then Burgeds its scope and limitations. It should be clearly noted that
reported total syntheses of this hydrocarbon, which estab-
lished the $,6R,8R,10S,16R,188solute configuration of (5) ZACA stands for Zr-catalyced asymmetric carboalumination of
1. Our recent development of an efficient and enantio-face Z‘Lk;”?as)' Eg;égﬁocf,':sg??’ﬂg’g?s”h?’eEffrk'nfe&’ﬁfgﬁgg&gg?fééf&;ﬁ‘ict'0”’
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diastereoselective construction of deoxypolypropionates rely-

ing on pre-existing chiral centergives predominantly syn

isomers and is hence not practical for the synthesis of anti

deoxypolypropionates, such ds Despite high yields and
enantioselectivity figures, the use of the stoichiometric
amounts of relatively expensive chiral reagériecomes

increasingly undesirable as the number of asymmetric carbon Dk
centers in a molecule increases. With these considerations

in mind, a predominantly catalytic asymmetric synthesis of
1 has been devised as outlined in Schemes 1 and 2.

Scheme 1
Synthesis of the C1-C13 Fragment
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2i) Me3zAl (2 equiv), (NMI),ZrCl, {4 mol %), CH,Cly, 23 °C. i) Cp.

b Amano PS lipase (30 mg/mmol), vinyl acetate (5 equiv), CH,Cl,.

<1} 'BuLli, ether, =78 °C. ii} dry ZnBr,, THF. iii) CH;=CHBr (3 equiv), Pd(PPhs)4 (2 mol %).

41y MezAl or "BugAl (2 equiv), (NMI),ZrCl, {3 mol %), CH,Cl,. ii) Evaporation of CH,Cly and

MegzAL iii) dry Zn(OTf), (1 equiv), DMF, 2 h, 70 °C. iv) Pd(DPEphos)Cl, (3 mol %),
DIBAL-H (6 mol %), CHo,=CHBr (3 equiv), DMF.

Scheme 2
Synthesis of the C14-C22 Fragment
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2See footnote d of Scheme 1.

bSee footnote a of Scheme 1.

®The crudely isolated 12 was characterized by comparison of its TH NMR spectra with
that of pure 12 prepared via Pd-catalyzed cross-coupling reaction (see text).

Scheme 3
(+)-ZACA~vinyl.2 _ (-)-ZACA—oxid.? _
with "PraAl ' with MesAl /\/-\)\/
X NN OH
14 (63% crude) 15 (77% crude dr = 4.5/1;

42% from 14 after
1) 2, PPhg (+)-ZACA-vinyl.? chromat., dr 240/1)

2) Pd-cat. vinyl.¢ /\/\/k/\ with MesAl /\/'_\/k;\/\
. SN -

=
16 (86% over 2 steps) 17 (70% crude)

(-)-ZACA-oxid.P
with MezAl

|

CH
13 (78%, crude dr = 3.5/1, 37% from 17
after chromat., dr >40/1, 7% from

propene over 6 steps)
4See footnote d of Scheme 1.

5See footnote a of Scheme 1.

For the preparation of the tetramethylundecane fragment, csee footnote ¢ of Scheme 1.

we initially opted for a fully reagent-controlled protocol
involving four ZACA reactions to synthesize 2,4,6,8-tetra-
methyl-1-undecanolli3) from propene, as shown in Scheme

in 14% yield over 6 steps fromS|)-/-citronellal (Scheme

3. This synthesis did work very efficiently as planned. 1). By taking advantage of the facts that the starti@jf-
However, the anticipated low diastereomeric ratios ranging citronellal was=98% S and that3 was the 2Rsomer of a
from 3.5/1 to 4.5/1 and the unfavorable chromatographic 2-methyl-substituted terminal alcohol, purification®#was

recoveries of 4754% for improving the diastereomeric ratio
to 40 or higher led to the total yield of 7% over 6 steps.
To alleviate the difficulty stemming from the generally
unfavorable construction of a series of threati-1,3-
dimethylpropylidine moieties, the use &{s-citronellal was
considered as a relatively inexpensive ($453/mol from TClI)
source of an enantiomerically pure 8% S) monochiral
building block, which led to the synthesis 6f(dr >98/2)
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achieved by Amano PS lipase-catalyzed acetylé&ieading

to a considerably higher recovery of 74% than that observed
in the chromatographic purification~60% recovery). For
the syntheses of shorteyndimethylalkyl derivative®—11,

a fully catalytic and reagent-controlled enantio-face selective
ZACA route shown in Scheme 2 proved to be highly
efficient, even though there still exists considerable room
for improvement in both product yield and stereoselectivity.
With the two key intermediate§ and 11 in hand as
isomerically pure compounds, the final assembly of the target
compoundl was achieved in 85% in 2 steps via Wittig
olefination and catalytic hydrogenation with, ldver Pd/C
(Scheme 2). The desired producthus obtained exhibited
the H and3C NMR spectra as well as [¢3° = +10.9 (c,

1.5, CHC}) that were in good agreement with those reported
previously*34
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In summary, §RRSRS-4,6,8,10,16,18-hexamethyl- number of synthetic steps must be at least 31. Its major
docosane (1) was synthesized in 11% vyield in 11 steps indrawback is the stoichiometric use of relatively expensive
the longest linear sequence fran®8% pure §-/-citronellal. “Roche ester” twice and surprisingly expensigediphe-
Additionally, the preparation df1in 26% yield over 6 steps  nylphosphinobenzoic acid ($9,000/mol, Aldrich) four times
from propene was required, making the total number of stepsfor the introduction of all six asymmetric carbon centers. In
17. Five of the six asymmetric carbon centers were generatecthis respect, catalytic asymmetric hydrogenation used in
in a catalytic and enantio-face selective manner using theBurgess’ synthesis ofi* is a fundamentally promising
ZACA reaction. In addition to the use of one lipase-catalyzed method, provided that the cost-turnover factor can be made
acetylation, just two ordinary chromatographic purifications realistically attractive. Although it is somewhat difficult to
were used to obtain the five asymmetric carbon centers with collect all pertinent details from the Burgess repdiits;an
the correct absolute configurations as stereoisomerically purebe discerned that the overall number of synthetic steps must
chiral moieties. This predominantly catalytic and enantio- exceed 30. Another fundamentally promising catalytic method
face selective ZACA-based synthesisla$ highly efficient. involving a Cu-catalyzed asymmetric conjugated addition that
However, its cost-turnover factor needs to be further has been applied to the synthesis of deoxypolypropiohates
investigated and improved. Most critically, relatively low (but not to that ofl) is also noteworthy, although its cost-
product yields stemming largely from the modest enantio- turnover number profile appears to require further improve-
face selectivity in the ZACA reaction must be improved ment as in the other cases.
mainly through catalyst optimization, and such efforts are
currently in progress.

At the end of this report, brief comments on the two
previous syntheses af“ might be in order. In Breit's high-
yielding synthesis] was obtained in astounding 34% vyield

from the Me ester 0f$)-2-methyl-3-hydroxypropionic acid, Supporting Information Available: Experimental pro-

so-called (S)-“Roche ester”, in 13 steps in the longest linear ceqyres andH and *C NMR spectra of the isolated pure
sequence via Cu-catalyzed cross-coupling of the triflate of compuonds. This material is available free of charge via the
2,4,6,8-tetramethyl-1-undecanol with the Grignard reagent |niernet at http://pubs.acs.org.

derived from 1-bromo-5,7-dimethylundecane, which was
prepared in 8 steps also from3)¢“Roche ester”. The four
other asymmetric carbon centers were established off the (9) Des Mazery, R.. Pullez, M.; Lopez, F.. Harutyunyan, R.; Minnard,
main synthetic sequences in 3 to 4 steps each. Thus, the totah. J.; Feringa, B.'L.J. Am. Chem. So®005,127, 9966—9967.
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