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An efficient total synthesis of the annonaceous acetogenin jimenezin was achieved. The key steps used were a highly stereoselective
intramolecular allylboration to establish the tetrahydropyran ring and an intramolecular Williamson reaction to close the tetrahydrofuran ring.

The annonaceous acetogenins form a class of natural productsadical cyclization in his synthesis. Our synthetic plan is
with interesting antitumor propertiésimenezin was isolated  shown in Scheme 1. Three CC disconnections transformed
from seeds ofRollinia mucosain 19982 Its structure

consisting of a tetrahydropyran (THP) ring adjacent to a _
tetrahydrofuran (THF) ring was proposed using spectroscopic . :

technique$and revised after a total synthesis by Takahashi. Scheme 1. Retrosynthetic Analysis
Although most annonaceous acetogenins contain one to three
THF rings in the polyether part, jimenezin belongs to the
small subgroup with an additional THP ring and is structur-
ally related to mucocifi® The stereocontrolled synthesis of
this THP ring represents one of the challenges of a total
synthesis of jimenezin. Takaha%hiised a chiral pool
approach from galactono-1,5-lactone to solve the THP
problem, whereas L&applied a Samarium iodide-mediated
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C19 (malic acid), C15 (glycidol), and C36 (propene oxide).
The C4 stereocenter is accessible via known aldeByali¢h

99:1. After TBS protection of the primary OH group, the
remaining secondary hydroxy function was transformed into

97% e€® Stereocenters C16, C20, C23, and C24 remain asthe ynol ethe6 following Greene’s proceduré.The triple

a task in stereoselective synthesis.

The generation of K)-y-alkoxyallylboronates and their
intramolecular addition to aldehydes provide a highly ste-
reocontrolled entry into substituted THP ringsHere, we
report on the successful use of this intramolecular allylbo-
ration in a total synthesis of jimenezin.

The synthesis of the THP ring is outlined in Scheme 2.
The starting point was the-hydroxy lactone4® which was

Scheme 2. Synthesis of the THP Ring
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benzylated and subsequently reduced to the lactddidition

of 3 equiv of (MeO)CH(CH,),MgBr prepared in THF to

5 dissolved in CHCI, in the presence of 1.1 equiv of MgBr
gave the corresponding diol with a diastereoselectivity of
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bond in6 was converted by a zirconium-mediated hydrobo-
ration*? into an E-vinyl boronate, which was homologized
into the E-allyl boronate7 by treatment with chlorometh-
yllithium.”13

With 7 in hand, the stage was set for the intramolecular
allylboration provided that conditions were found to trans-
form the acetal irv into an aldehyde function without side
reactions at the sensitive allylboronaté ~ 8 — 9). A
screening of several deprotection conditions revealed that
LiBF,* or Yb(OTf)3!® in acetonitrile with 2% water led to
the desired allylboration produc®. Unexpectedly, the
reaction was associated with the desilylation of the primary
TBS ether. A chairlike transition state of ty@ewith all-
equatorial substituents can explain the exclusive formation
of the desired stereoisomer.

With the successful assembly of the THP ring, the
C25-34 aliphatic side chain was addressed next. After TBS
protection, the hydroformylation of the terminal alkeheith
the reliable Rh(CQpcac/BIPHEPHOS catalyéted to the
corresponding aldehyde, which was subsequently trans-
formed into the alken&0 by a Wittig olefination. Cleavage
of the primary TBS ether and conversion of the alcohol into
an iodide led to compountil.

The attachment of the THF ring to the THP fragment
required the preparation of the aldehy®e(Scheme 3). To
this end, TES-protecte@®)-glycidol 1217 was allowed to react
with the Grignard reagerit3'® to produce the corresponding

Scheme 3. Synthesis of the THF Ring
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secondary alcohol which was TBS protected to yield com- ||| | N AN

poundl14. After a selective TES deprotection, a Debtartin Scheme 4. Attachment of the Butenolide
oxidation of the resulting alcohol gave the aldehyide 00

An iodine—lithium exchange reaction dfl gave the TBSO., ‘S'\(,NN
corresponding organolithium compound which added to the PR, DIAD N-N
aldehydel5 with a modest Felkin—Anh selectivity of 5:2. 2) mCPBA Ph
The desired stereocisom&é was obtained in 53% yield after 17 —

. . . (74%)

chromatographic separation. Tosylation of the secondary
hydroxy group inl6 opened the THF ring-closure sequence. TBSG
The following hydrogenation cleaved two benzyl ethers and
hydrogenated the double bond in the €28} side chain. TBSO %0
Refluxing the product of this sequence in pyridine initiated o7 X
the intramolecular Williamson reaction to produce compound 19
17 in quantitative yield. LHMDS

Having completed the synthesis of the THPHF sub- (93%)
structure, we turned our attention to the final part of the 1850 -0
synthesis, the attachment of the butenolide fragment (Scheme TBSO.. M/t)‘

4). At first, the alcoholl7 was converted into the 1-phenyl-
1H-tetrazol-5-yl (PT) sulfond.8. A Julia—Kocienski olefi-
nation'® of the sulfonel8 with the aldehydel® gave the
alkene20 as an inseparablg/Z-mixture. A chemoselective
hydrogenation of the isolated double bond 20 using
Wilkinson’s catalyst® led to tris-TBS-protected jimenezin.

Cleavage of all three silyl ethers with HF in acetonitrile o Crresrne

. . . . 1 3
provided ()-jimenezin (b]p = —10.4,c = 0.75 in MeOH) _— Jimenezin
which was found to be identical to the natural product with (98%)

respect to the spectroscopic data.

In summary, the enantioselective synthesis-6J-fime-
nezin has been completed in 3.8% yield for the longest linear
sequence of 24 steps starting from commercially available
(9-glycidol. Our strategy highlights the intramolecular allyl-

boration as a highly stereocontrolled access to the THP part
of jimenezin.
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