cis-Decalins from Quinic Acid:
a Synthesis of Branimycin
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ABSTRACT

Starting from ( —)-quinic acid an efficient synthesis of highly functionalized

has been accomplished via two key step reactions: a ring closing metathesis reaction to prepare the

stereoselective epoxidation reaction.

OMe

cis-o.,f-unsaturated ketone 3, an advanced precursor of branimycin,
cis-decalin system, and a highly

The synthesis of highly functionalizeds-decalin systems
has been a longstanding problem. In many cases Diels
Alder-based annulations mquinoids have been employed,
but despite the conceptual simplicity of this approach the

mogenes. Apart form the biological activity, the complex
cis-fused decalin core, the 1,4-oxygen bridge, and the
9-membered macrolide ring maklean attractive target for
total synthesis.

subsequent elaboration of stereogenic centers and appendagesThe retrosynthetic concept is shown in Figure 1. As a key

has proved problematic. Intrigued by the low price of quinic
acid we looked for possibilities to annulate a second ring to
this template. By using a non-Diet®\lder methodology, a
richly elaboratedtis-decalin system should be generated. As
a target for this strategy we chose branimyci), > an
unusual member of the nargenicin antibiotic fanfilwhich
has been isolated froi8treptomyceby the Laatsch group

in Gottingen? Biological tests have shown that branimycin
is active againgEscherichia coliBacillus subtilis Staphylo-
coccus aureus, and in particul&treptomyceswiridochro-
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disconnection the 1,2-addition of vinyllithium subugito
bicyclic 7,8-epoxy-12-ketond was envisaged. This highly
convergent approach necessitates efficient syntheses of both
2 and3. As outlined before,)-quinic acid 7 was chosen

as a starting material f@, to explore whether the existing
chiral centers could be used to control the synthesis of an
enantiomerically and diastereomerically putces-decalin
system. Ring B should be constructed by a ring closing
metathesis(RCM) of 4, in which the required monosubsti-
tuted double bonds were to be installed via two successive
Claisen-Ireland rearrangementgtom protected diol precur-
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Scheme 1. Synthesis of Rearrangement Precursor
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4 05 newly formed stereocenter is planned to be inverted in a later
ﬂ stage of the synthesis. Benzylation and removal of the BDA
group furnished diol9 in 80% yield over three steps.
o] o] Conversion oB to 5 was achieved in a two-step sequence—
HO, y—-oH OMe regioselective acylation of.the C7—hydlro.xy groupQ_:(p-
— o MeOGH,OCH,COCI? 2,6-ditert-butylpyridine’® 82% yield)
HO" ™" “OH & j)SMe followed by TES protection at the C8-hydroxy gretywhich
OH set the scene for the first Claiselreland rearrangement.

7

Following Corey’s procedutéesters was converted to the

silylketene acetal under internal quench conditions (TMSCI/
LHMDS) and subsequently heated to gil@(94% after one
recycling step) as a mixture of isomers (Scheme 2). The low
) . stereoselectivity for C12 was inconsequential as this stereo-
sor 5 In turn, 5 would be assembled in stereoselective genic center becomes oxidized later in the synthesis.
fashion from enoné. Nevertheless, the diastereomers were separated to avoid
Our synthesis started from the known compo8fdvhich ambiguous spectra information for the proximate reaction
was subjected to a Mukaiyama-type condensation with gteps. The synthesis was carried on with pure main isomer
dimethoxymetharfe(Scheme 1) to affords as a single 10, whose configuration was assigned by 2D NMR studies
diastereomer in moderate yield (55%, 78% after recycling). of the corresponding iodolactori®als
The same stereoselectivity has been observed with use of aAcid 10 was transformed to olefiil in 3 steps via
m-CPBA and NBS as electrophiles, which is a consequencerequction to the corresponding aldehyde and subsequent
of the conformational rigidity due to the trans-diequatorial-
protected 1,2-diol. An axial attack on the electron-rich C9
avoids a twist boat conformatid. (12) Piers, E.; Lemieux, ROrganometallics1995, 14, 5011—5012.
Longer reaction times improved the yield remarkably, but  (13) It has to be pointed out that use of pyridine or 2,6-lutidine resulted
with a sacrifice in diastereomeric ratio. Luche reduction of in a 1:1 mixture of C-7/8 O-acyl regioisomers.
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6 occurred exclusively from the less hindered side. This §1s§ Se|eé'ted NOE data fdi0a.

Figure 1. Retrosynthetic analysis.
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Scheme 2. Preparation of RCM Precursdr
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Wittig olefination'® in 84% overall yield. To initiate the
second Claisen—Ireland rearrangemémtwas desilylated

and the resulting allylic alcohol was acylated to give ester

12 via Mitsunobu inversiod? In the course of this reaction

Scheme 3. Synthesis of Epoxyketong6

PMBO OBn
Hoveyda-Grubbs cat, H

toluene, 75 °C, 16 h OMe

65%

BnO 1) chromatographic separation
2) DDQ, DCM/H,0

(PH7), rt,1.5h

3) DMP, NaHCO3,
DCM, rt, 20 min

14

78%

O OBn

H m-CPBA, CHCly/H,0 Oy QBn
OMe  (pH7),1t,6h @AOMe
: 82% .
BnO noo BnO H
16 15

subsequently oxidized (DMP)to give 15 in 78% vyield
(Scheme 3). 2D NMR spectra confirmed that none of the
dreaded epimerization at C11 had occurred.

Stereo- and regioselective epoxidation of the—CB
double bond withm-CPBA furnished diastereomerically pure
crystalline epoxyketon&6 whose relative configuration was
established by single-crystal diffraction (Figure 2).

the C6-appendage was introduced simultaneously. The

conversion ofL2 to di-olefin 4 followed the established four-
step sequence: rearrangementl8 followed by esterifi-

cation, reduction to the corresponding aldehyde, and Wittig

olefination (dr 2:1, 56% overall yield). The RCM reaction

Figure 2. ORTEP-3! projection (ellipsoid: 50% probability) of

was carried out with either the Grubbs’ second generation epoxyketones.

catalyst® or Hoveyda-Grubbs’ second generation catalifst.

Unfortunately it turned out that Grubbs’ second generation
catalyst underwent decomposition in the course of the

reaction at the required temperature (ca°?H, whereas

In conclusion, we have shown that quinic acid is a suitable
substrate for stereocontrolled annulations via the Claisen

Grubbs—Hoveyda catalyst was stable enough to give 65%Ireland rearrangement; RCM protocol. Quite obviously the

of cis-decalin14 with only starting material left, which could

configurations at C6 and C11 can be manipulated at will by

be recycled (Scheme 3). After chromatographic separationacylating diol9 under retention or inversion of configuration

the pure isomet4 was deprotected (DDQ/DCM/buffer) and
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so thatcis- andtrans-decalins with either absolute config-
uration should be available under perfect stereocontrol.
Specifically, we have described an efficient route todise
decalin core of branimycin, whose further synthesis is
actively pursued in our laboratory.
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