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Abstract—A total synthesis of the recently reported triquinane natural product dichomitol, isolated from the fermentation broth of
Dichomitus squalens, has been accomplished from the commercially available 1,5-cyclooctadiene through a series of unambiguous
synthetic steps. A complete mismatch between the spectral characteristics of the synthetic product and that of the natural product

warrants a revision of the structure of dichomitol.
© 2006 Elsevier Ltd. All rights reserved.

Natural products incorporating either a linearly fused or
angularly fused triquinane framework as the core struc-
tural entity continue to be unveiled at regular intervals
from diverse sources like marine organisms, microbial
and fungal broths and terrestrial plants." However, it
is particularly among sesglulterpenmds based on the
cis, anti, cis-tricyclo[6.3.0.0="Jundecane skeleton 1 (line-
arly fused triquinane) that one encounters an impressive
skeletal and functional diversity, constituting a signifi-
cant synthetic challenge that has drawn considerable
attention from synthetic chemists for the past several
decades.? Until recently, five different skeletal types rep-
resented by coriolin 2 (hirsutane type), cucumin E 3
(isohirsutane type), ceratopicanol 4 (ceratopicane type),

3B-acetoxycapnellene-83,100,14B-triol 5 (capnellane
type) and pleurotellol 6 (pleurotellane type), differing
in the disposition of the methyl groups and functional-
ization pattern on the basic framework 1, were known
among naturally occurring sesquiterpenoids. Besides
exhibiting diverse biological activity profiles, these linear
triquinane natural products share a common biogenetic
origin that can be traced to the farnesyl pyrophosphate
derived humulenyl cation and further 1,2-methyl shifts.

In 2004, a group of Chinese researchers’® reported the
isolation of a novel sesquiterpenoid natural product,
dichomitol 7 from Dichomitus squalens, a commonly
found white-rot Basidiomycete fungus. The structural

"putative structure"
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elucidation of dichomitol 7 was accomplished on the
basis of complementar;/ evidence garnered from
HRTOFMS, 'H and '"C NMR (COSY, HMBC,
NOESY) spectral data.? The triquinane triol based for-
mulation of dichomitol 7, not only represented a novel
skeletal type among triquinane sesquiterpenoids but
was also biogenetically intriguing as it was suggested
to be related to the hirsutanes (e.g., 2) through quite
an unusual repositioning (shift) of methyl groups. As
part of our long standing interest in the syntheses of tri-
quinane natural products,*> dichomitol 7 attracted our
instant attention as a synthetic target on account of its
complex and challenging structure. In this letter, we
delineate a synthetic strategy that has led to the acquisi-
tion of structure 7, assigned to the natural product
dichomitol.?> However, it was found that the spectral
characteristics of compound 7, synthesized through an
unambiguous protocol, did not match those reported
for the natural product dichomitol and necessitate a
revision of the structure of the natural product.?

Our synthesis commenced from the bicyclic ketone 9,
readily accessible from commercially available 1,5-cyclo-
octadiene 8 as described by us in another context.® Suc-
cesive a-carbomethoxylation and o-methylation on 9
proceeded with predicted regio- and stereoselectivity to
furnish 10 and correctly install the Cl1-quaternary cen-
tre. The carbonyl group in the AB ring precursor 10 was
protected as thioketal 11 and reductive desulfurization
led to simultaneous deprotection of the benzyl group
to furnish 12, which was oxidized to the required ketone
13 (Scheme 1). The regioselective formation of TMS-

enol ether 14 and Pd™>-mediated dehydrosilylation
according to the Saegusa co-workers® procedure fur-
nished enone 15 (Scheme 1). The enone functionality
in 15 was subjected to a two-step alkylative transposi-
tion through the addition of methyllithium and PCC
oxidation to deliver the requisite transposed enone 16.
The Cu-mediated 1,4-conjugate addition® of butenyl-
magnesium bromide to 16 was stereoselective, from
the convex face, and delivered 177 with the desired ste-
reochemistry at the newly created quaternary centre.
Kinetically controlled deprotonation in 17 and capture
of the resultant enolate delivered the TMS-enol ether
18, which was directly subjected to Pd-catalyzed Kende
et al.!® cyclization to generate the third five-membered
ring, C, and furnish 19 (Scheme 1).7 In the triquinane
19, we had realized the complete carbon framework of
the target.

At this stage, two key transformations that needed to be
implemented were the relocation of the C5-C6 double
bond to the required C6-C7 tetrasubstituted position,
and the oxidation of the allylic C15-methyl group to
furnish 20 (Scheme 2).

Towards this objective, 19 was exposed to a variety of
double bond isomerization protocols (RhCl;, PTSA,
DBU, KO'Bu, etc.) for a seemingly straightforward
relocation of the C5-C6 double bond to the conjugated
C6-C7 position, but without any success. Considering
that the installation of three consecutive sp> centres at
C6, C7 and C8 involving the bridgehead position might
be causing excessive strain, it was decided to reduce the

Scheme 1. Reagents and conditions: (a) CO(OCH3),, NaH, THF, reflux, 2 h, 82%; (b) Mel, DBU, THF, 0 °C, 15 min, 90%; (c) ethanedithiol, PTSA,
C¢Hg, reflux, 36 h, 75%; (d) Raney-Ni, EtOH, reflux, 12 h, 90%; (e¢) PCC, DCM, 0 °C-rt, 3 h, 90%; (f) (i) LHMDS, TMSCI, THF, —78 °C, 30 min;
(i1) Pd(OAc),, CH3CN, rt, 2 h, 86%; (g) MeLi, ether, —80 °C, 10 min; (h) PCC, DCM, 0 °C-rt, 12 h, 84%; (i) (i) Mg, 4-bromobutene, CuBr-DMS,
TMSCI, HMPA, THF, —78 °C to rt, 8 h; (ii) AcOH, 95% and (j) (i) LHMDS, TMSCI, THF, —78 °C, 30 min; (ii) Pd(OAc),, CH;CN, rt, 2 h, 80%.
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Scheme 2. Reagents and conditions: (a) NaBH4, MeOH, 0 °C, 30 min, 68% and 23%, respectively; (b) PTSA, CsHg, reflux, 12 h, 95% and (c¢) RhCl;,

EtOH, reflux, 8 h, 96%.

carbonyl group prior to attempting the double bond
isomerization. Consequently, the carbonyl group in 19
was reduced to furnish a 3:1 mixture of diastereomers
21 and 22 (Scheme 2). Interestingly, when 21 and 22
were exposed to PTSA and RhCl;, respectively, they
furnished the same tetracyclic lactone 23 whose formu-
lation was secured through a single crystal X-ray struc-
ture determination (Scheme 2).!' However, during none
of these manoeuvres was the double bond isomerization
product detected.

Thwarted in our efforts to position the C6—C7 double
bond, we ventured to explore an aldol-based approach
for the construction of ring C (Scheme 3). For this pur-
pose, the butenyl side arm in the bicyclic ketone 17 was
subjected to Wacker-type oxidation employing Tsuji
conditions!? to furnish diketone 24 smoothly (Scheme
3). Aldol cyclization in 24 was attempted under a vari-
ety of acid and base catalysis conditions. The basic con-
ditions yielded a stable aldol product 25 and its bridged
structure was elucidated on the basis of single crystal X-
ray studies.!! Dehydration in 25 furnished an interesting
tricyclic olefin 26 bearing a tricyclo[4.3.2.0"*Jundecane
framework reminiscent of the bioactive sesquiterpenoids
quadrone and terrecyclic acid A.'3 On the other hand,
when 24 was subjected to the acid catalyzed aldol cycli-
zation, ketone 19 was once again produced as the only

product with no trace of the requisite C6-C7 double
bond isomer (Scheme 3).

The foregoing observations and outcomes mandated
tactical modifications of our approach and towards this
end the carbonyl group in 17 was protected as its ethyl-
ene ketal and the ester group was reduced with LAH
and then further ketal deprotection furnished 27
(Scheme 4). Primary hydroxyl group protection in 27
as the TBS derivative led to 28. The butenyl arm was
dihydroxylated using catalytic OsO4 oxidation to give
diol 297 and the primary hydroxyl group was selectively
protected as TBS derivative 30, Scheme 4. The oxidation
of 30 using IBX'# led to dione 31 now set for the aldol
cyclization. For the aldol reaction on 31, several condi-
tions were explored and the most consistent result was
with LHMDS as the base to furnish a mixture
(~3:1:1) of three aldol products 32-34 (Scheme 4).
Among these, the major product 32 was serviceable
for further elaboration to the target structure 7. In the
event, the tertiary hydroxy group in 32 was subjected
to dehydration under several conditions (Scheme 5) with
the expectation of installing the required C6-C7 double
bond. The results displayed in Scheme 5 were far from
satisfactory but still considered as manageable. Three
regioisomeric olefins 35-37 were obtained”!> from the
dehydration of 32 depending upon the conditions

Scheme 3. Reagents and conditions: (a) CuCl, PdCl,, O,, DMF-H,O, rt, 5 h, 92%; (b) 2% KOH in MeOH, rt, 5 min, 90%; (c) SOCl,, Py, DCM,

—10 °C, 15 min, 85% and (d) PTSA, C¢Hg, reflux, 10 h, 90%.
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Scheme 4. Reagents and conditions: (a) ethylene glycol, PTSA, C¢Hs, reflux, 10 h, 97%; (b) LAH, THF, 0 °C-rt, 30 min, 96%; (c) Amberlyst-15,
acetone, rt, 2 h, 95%; (d) TBSCI, imidazole, DCM, reflux, 1 h, 98%; (¢) OsO4, NMMO, acetone-H,O0, rt, 2 h, 90%; (f) TBSCI, imidazole, DCM,
reflux, 1 h, 86%; (g) IBX, DMSO-toluene, rt, 10 h, 78% and (h) LHMDS, THF, —78 °C, 20 min (3:1:1) 40%, 15% and 15%, respectively.

OTBS

37
a) SOCI,, Py, DCM, -10 °C, 15 min. 35 (66%) 36 (14%) 37 (5%)
b) Martin Sulfurane, CHCl,, rt, 30 min. 35 (40%) 36 (40%) 37 (5%)
c) MsCl, NEt;, DCM, rt, 45 min. 35 (42%) 36 (42%) -

Scheme 5. Reagents and conditions: (a) SOCl,, Py, DCM, —10 °C, 15 min. 35 (66%) 36 (14%) 37 (5%); (b) Martin Sulfurane, CHCl;, rt, 30 min. 35
(40%) 36 (40%) 37 (5%) and (c) MsCl, NEt;, DCM, rt, 45 min 35 (42%) 36 (42%).

employed and among them the very minor product 37
was the desired one with the long sought C6-C7 double
bond in position. For the purpose of accessing 37, both
classical thionyl chloride and Martin sulfurane'® were
acceptable for effecting the dehydration reaction.
Despite its formation in near trace amounts, scaling
up the sequence leading to 37 made it possible to carry
out the final few steps.

DIBAL-H reduction on 37 was expectedly stereo-
selective to deliver the a-hydroxy compound 38 and its
pectral data,” particularly the observation of a key

NOE, secured its structure (Scheme 6). Deprotection
of the two TBS protecting groups delivered triol 7 corre-
sponding to the assigned structure of the natural prod-
uct dichomitol.> However, we observed that the
spectral data’ of our synthetic material 7 were very
different from that reported for the natural product
dichomitol, with some of the '*C resonances varying
by as much as 10 ppm, (Table 1). To further strengthen
our arrival at structure 7 we carried out high field NMR
(700 MHz) studies (‘H-"H COSY, HSQC and NOESY)
on our synthetic material and the key features are
depicted in Figure 1.

Scheme 6. Reagents and conditions: (a) DIBAL-H, DCM, —78 °C, 90% and (b) TBAF, THF, rt, 12 h, 85%.
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Table 1. Comparison of the '*C resonances (175 MHz) of synthetic 7 and the natural product dichomitol

Dichomitol? 145.8 129.1 74.3 72.1 59.0 50.5

459

455  45.1 40.8 36.1 36.0 251 227 203

7 153.3 130.0 75.8 71.7 61.6 55.8

55.6

50.4 48.5 41.8 41.6 36.3 35.7 22.7 224

Figure 1. '"H-'H COSY and HSQC (bold lines) NOE (arrows) of
C8-H, C13-Me and Cl14-Me.

In summary, we have achieved a total synthesis of tri-
cyclic triquinane triol framework 7, corresponding to
the structure assigned to the recently isolated natural
product dichomitol, from commercially available 1,5-
cyclooctadiene. Significant variations in the spectral
characteristics of 7 and those reported for dichomitol
necessitate a reinvestigation of the structure of the
natural product.
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space group: P-1 cell parameters: a=11.159(2) A,
b=15.112(3) A, ¢=209154) A, «=108.232(4)°, B=
90.660(4)°, y=95.137(4)°, V' =13333.7(12) A®, Z=4.0,
D.=1272gcem ™3, F000)=1328.0, p=0.102mm "
Total number of l.s. parameters = 833, R1 =0.0879 for
5432 F,>40(F,) and 0.1611 for all 11330 data.
wR2 = 0.2555, GOF =1.048, Restrained GOF = 1.048
for all data. CCDC 617731.
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As a matter of abundant precaution, it was considered
important to further secure structures 35-37. Towards this
end, the major compound 35 from the dehydration of 32
was transformed to a crystalline derivative 39 as shown
below and its structure was determined following the
single crystal X-ray technique.'!

Reagents and conditions: (a) TBAF, THF, rt, 10 h, 95%;
(b) 3,5-dinitrobenzoyl chloride, NEt;, DCM, 0 °C,
30 min., 95%.

Martin, J. C.; Arhart, R. J. J. Am. Chem. Soc. 1971, 93,
4327-4329.
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