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Abstract: A variety of highly functionalized cis-decalin
systems have been prepared by means of the stereose-
lective transannular Diels—Alder (TADA) reaction of a
(Z,E,Z,Z)-tetraene macrolide, and by means of intra-
molecular nitrile oxide olefin (INOC) or ring-closing
metathesis (RCM) annulations to quinic acid deriva-
tives.
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Introduction

The increasing resistance of bacterial pathogens against
standard antibiotics combined with an emerging threat of bi-
oterrorism has led to the urgent need for developing innova-
tive anti-infective drugs.l"’ Recently, branimycin (1) has been
isolated by the Laatsch group from actinomyces GW 60/
157171,
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First biological tests have shown that 1 is highly active
against Streptomyces viridochromogenes. The structure of 1
is related to that of the nargenicins® (e.g., nargenicin Al, 2)
and has been reliably elucidated by multidimensional 'H
and "C NMR experiments. The interesting biological activi-
ty and the complex molecular architecture make 1 an attrac-
tive target for total synthesis. Our retrosynthetic analysis
(Scheme 1) features a disconnection of the molecule into a
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bicyclic cis-decalin type core (e.g., 3 or 4) and a vinyl mag-
nesium side chain (5). In this report we describe the synthe-
sis of 5 and novel approaches to cis-fused decalin deriva-
tives.

Synthesis of Side Chain 5

The synthesis started from natural (R,R)-diethyl tartrate (6),
which was converted into the protected glyceraldehyde 7
(Scheme 2). Titanium tetrachloride mediated addition of the
nonracemic allenylsilane 8 resulted in the selective forma-
tion (d.r. >20:1) of the all-syn diastereomer 10, presumably
via a chelate intermediate 9. Benzyl-protection led to 11
which was converted into 5 via a regio- and stereocontrolled
hydrozirconation-iodination-metalation sequence.
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Synthesis of cis-Dehydrooctalin Lactone 12: The
Transannular Diels-Alder (TADA) Approach

Following the retrosynthetic suggestion in Scheme 3, we
aimed for a synthesis of 4 that should be prepared by means

Scheme 3.

of a intramolecular Diels-Alder (IMDA) reactionl! of tet-
raene 13. In this manner, lactone 12 should be formed
through an endo-transition state. Tetraene 13, in turn, was to
be constructed by a Stille coupling®® of vinyl iodide 14 and
vinyl stannane 15 (Scheme 4).

-
13
OPMB
15
Scheme 4.

For the synthesis of 14, lactone 16 was subjected to a ster-
eoselective 1,4-addition of vinyl cuprate. As the lactone
function turned out to be incompatible with the transforma-
tions envisaged later, it was reduced to the lactol and con-
verted into acetal 17 with high stereocontrol. Oxidation of
the olefinic sidechain to the aldehyde followed by a cis-se-
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lective Wittig olefination gave vinyl iodide 18 in good over-
all yield, which was transformed into (Z)-enoate 14 by
means of an Ando olefination”! (Scheme 5). The synthesis

MgCl
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Scheme 5.

of dienyl-stannane 15 is outlined in Scheme 6. Allylic alco-
hol 19 was oxidized to aldehyde 20, which was subjected to
a Still-Gennari olefination to give ester 21 with high Z se-
lectivity. Reduction with diisobutyl aluminium hydride and
formation of the p-methoxybenzyl ether led to 15. Stille cou-
pling with 14 furnished geometrically pure tetraene 13 in
satisfactory yield. The attempted IMDA reaction failed
under all conditions we tried (heating to 150°C, addition of
Lewis acids, high pressure up to 13 kbar). Instead, extensive
E/Z isomerization was observed in the triene part of the
molecule.

MnO,, hexane H
M _
BusSn OH (67%) BusSn” N\ 0
19 (89% after recycling) 20

(CF3CH,0),P(0O)CH,CO,Me
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Scheme 6.

To remedy this situation, we decided to inhibit such iso-
merizations by incorporating the triene into a macrolide
ring, such as 24, and switch from IMDA to TADA® cycliza-
tion (Scheme 7). To achieve smooth macrocyclization, an
(E)-enoate had to replace the former (Z)-enoate, and the
former endo transition state had to be converted into the
exo transition state. The synthesis of 24 (Scheme 8) was
started with a (Z)-selective Julia olefination of aldehyde
25 with sulfone 26 to give (Z,E)-diene 27, which was oxi-
dized to aldehyde 28 and olefinated to ester 30. Stille mac-
rocyclization!® gave 24 in moderate yield.
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As expected, 24 underwent smooth TADA cyclization
under thermal conditions (Scheme 9) to give the diastereo-
merically pure cis-dehydrooctalin lactone 31 according to

xylene, reflux
12h

80%

Scheme 9.

HPLC and NMR analysis. The relative configuration of 31
was elucidated by 'NMR spectroscopy. Specifically, the low
value of J5, (6 Hz) and the NOE interactions shown in the
three-dimensional representation strongly supported the
configurations assigned. Further experiments are under way
to convert 31 into octalin 32, ready for connection with side
chain 5 (Scheme 10).
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Intramolecular Nitrile Oxide Olefin (INOC)
Cyclizations

In a second approach, the intramolecular nitrile oxide olefin
(INOC) cyclization!"”! was attempted for generating highly
substituted cyclohexane and cis-decalin systems. Thus com-
pound 33 was envisaged as a suitable core moiety of 1
(Scheme 11).

BnO
H 0
= ..., OMe —=
BnO
e} OTBS
33
o]
O o o
— z — ¢
1B TBSO OPMB
SO N N
NN
(0]
35 36
Scheme 11.

cis-Decalin 33 was to be derived from a ring-closing meta-
thesis reaction™!! of diolefin 34, which could be prepared
from lactone 36 via nitrile oxide 35. To probe the viability of
this approach, lactone 37 was converted into 39 through the
conjugate addition of vinyl cuprate and acrolein
(Scheme 12). Unfortunately, 39 was obtained as an epimeric
mixture and all attempts to generate 39 in epimerically pure
form failed. Straightforward functional manipulation of this
mixture furnished oxime 41, which was oxidized to nitrile
oxide 42. Under the conditions in situ cyclization to diaster-
eomerically pure isoxazoline 43 occurred, the configuration
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Figure 1. Crystal structure of compound 43.
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of which was elucidated by single-crystal diffraction
(Figure 1). Only the B-OTBS diastereomer underwent the
INOC reaction, the o-diastereomer did not give defined
products. Although 43 could be converted into diol 44 with
high stereocontrol, this approach was abandoned due to the
low efficiency of the INOC step. Instead, it was decided to
use the INOC reaction for an annulation of ring B to an al-
ready existing cyclohexene ring A, which should be derived
from D-(—)-quinic acid (45) as an inexpensive chiral starting
material (Scheme 13).
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Hence, in a model study, 46 was prepared from 45 as de-
scribed™" and transformed into cyclohexene diol 51 by
means of the sequence shown in Scheme 14, with stereocon-
trolled hydroboration/oxidation (47 to 48) and Corey—Hop-
kins elimination"! (49 to 50) as the key steps.

A Wittig-Still rearrangement was used to generate alcohol
52 (Scheme 15), which was oxidized to aldehyde 53. Non-
stereocontrolled addition of alkyne 54 furnished an epimeric
mixture of alcohol 55 that was separated. The p-epimer was
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used in an INOC annulation via aldehyde 57 and oxime 58,
which were both stable towards E/Z isomerization. Nitrile
oxide formation and cycloaddition occurred in situ to fur-
nish isoxazoline 59 in a diastereomerically pure form. En-
couraged by this success, we decided to prepare the fully
substituted core compound. Thus, as shown in Scheme 16,
45 was converted into silyl dienol ether 60, to which dime-
thoxymethane was added under trimethylsilyl trifluorome-
thanesulfonate (TMSOTY) catalysis with high axial prefer-
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ence (indicated by vertical arrow) to give cyclohexenone de-
rivative 61. Reduction under Luche conditions furnished al-
lylic alcohol 62 stereoselectively, which was converted into
ester 63 under inversion of configuration. Claisen—Ireland
rearrangement'®! smoothly gave acid 64 as a single stereo-
isomer. After reduction to alcohol 65, the INOC annulation
sequence was performed and indeed led to isoxazoline 70 in
high overall yield (Schemes 17 and 18). However, all at-
tempts to generate the desired hydroxy ketone failed. Either
ether 71 was obtained (which demonstrated the proximity of
functional groups in cis-decalin systems such as 73) or over-

N—0O OMe

1.NCS, 22°C reduction
2. pyridine (see table)
69 >
90%

o OMe O OH OMe

OMe
71 72
Mo(CO)g 100% 0%
Fe,(CO)q 100% 0%
Raney-Ni 5% 85%
Sml, traces >90%

Me
O OMe
/
o Me
[¢]
*_ ~0
©

Scheme 18.

reduction to 72 occurred. To rescue the approach, the
double bond was protected as an acetonide in 75. In fact,
hydroxy ketone 76 was now formed without problems and
protected as the triethylsilyl (TES) ether 77 (Scheme 19).
However, although vinyl magnesium bromide could be

Raney-Ni, H
0s0,/Py aney-ii, Mz
70 E— _—>
94% 80%
76
74 75
TESCI, DMF )\ é\M B
, ger OH OTES
TEA MgBr X =
- OMe CeCl, CeCl,
—»
91% - 77
: 67%
\H"OMe
77 78
Scheme 19.
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added to give 78 stereoselectively, isopropenyl magnesium
bromide did not react at all.

To exploit the INOC approach further, the possibility of
introducing the appendage in ring B prior to annulation was
investigated (Scheme 20). Thus aldehyde 68a was converted
into adduct 80 through Crimmins aldolization!"”! with oxazo-
lidinethione 79. Tesylation and reduction gave aldehyde 81
and after the usual INOC procedure, isoxazoline 83 was ob-
tained. Reductive ring opening to hydroxy ketone 84 was
successful; however, as extensive epimerization occurred,
the INOC approach was abandoned as a whole.

Ring-Closing Metathesis (RCM) Annulation

Following the general retrosynthetic concept depicted in
Scheme 21, intermediate 62 was chosen as a substrate for a
Claisen-Ireland rearrangement (Scheme 22). It turned out
that diol 86 could be acylated at the allylic alcohol position
with high regioselectivity to give ester 88. The remaining hy-
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H =
of.\nOMe 88% OMe
81

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

CONCEPTS

OMe

NH,OH,
ove  oean 0 TRYI % pyriine
' PMBO 0 .1OMe

—_—
—_— R
\\‘\A quant.

OMe
OMe

84 (epimeric mixture)

droxyl function was TES-protected and a Claisen—Ireland
rearrangement was performed to give acid 90, which was
converted to olefin 93 as shown. After desilylation to 94, an
analogous sequence was performed that furnished the de-
sired diolefin 98.

RCM of 98 with Hoveyda’s catalyst™® gave cis-dehydrooc-
talin 99 (Scheme 23), which was converted into enone 101
with high yield. Stereo- and regioselective epoxidation of
the electron-rich double bond led to epoxide 102, diastereo-
merically pure according to the 'HNMR spectrum
(Figure 2) after chromatography, which is now ready for the
addition of side chain 5. From alkoxide 103, the desired
cyclic ether 104 should be formed.

| L]

70 65 60 55 50 45 40 35 30 25
O /ppm

Figure 2. '"H NMR spectrum (CDCl,;, 400 MHz) of epoxide 102.
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