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ABSTRACT

Aphidicolin

A novel diastereoselective formal synthesis of aphidicolin has been achieved by exploiting a unique characteristic of a bicyclo[3.2.1]octane

prepared by employing a palladium-catalyzed cycloalkenylation process.

Palladium-promoted cycloalkenylation reactions of silyl enol
ethers with olefins are key C—C bond-forming reactions
utilized in organic synthesisThe catalytic version of this

versatility of the palladium-catalyzed cycloalkenylation, we
have recently used this process in a novel approach to the
synthesis of the molecularly complex and biologically

process, developed in our laboratory, which produces bicyclic significant target aphidicolin (1).

compounds, including bicyclo[3.2.1]octarfgserhydro-pen-
talenes hydrindanes$, and benzo-fused bicyclo[3.3.0]-
octanes, has been applied to the construction of bioactive
natural products, e.g.,»&gibberelling and methyl atis-16-
en-19-oaté> As part of an effort to demonstrate the
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Aphidicolin (1)® is a tetracyclic terpenoid that exhibits
significant antiviral and antitumor activity Following its
isolation and the demonstration of its potential pharmaco-
logical uses, numerous synthetic approachektave been
developed. Aphidicolin (1) contains (1) a spiro-fused
bicyclo[3.2.1]octane CD ring architecture, (2) eight stereo-
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genic centers, of which five are associated with ring junc-

tions, and (3) a sterically crowded array of two adjacent Scheme 2

quaternary centers at C-9 and C-10. Critical problems that By

need to be addressed in any synthesis of aphidica)imie

(1) the construction of the tetracyclic ring system with ab &d_ &t
appropriate control of stereochemistry in the CD ring system © Shom dMom
and (2) stereoselective introduction of four hydroxy groups. 7 N MOMO o 0 10
Previous studies in this laboratory led to the development

of two formal syntheses of aphidicoliil), one employing }3—(/

palladium-catalyzed Heck reactfrand the other a cycloi- oh 0 \7““’\ noE
somerization proce&sin key steps. However, both ap- - //&(H

proaches are problematic due to difficulties with effective H
functionalization of the AB ring system and the D ring. OMOM' 1 10

Herein, we describe an improved synthesis of aphidicolin
aReagents: (a) LDA, HMPA, THF-78°C; NCCOMe, 93%.

(1) that features a p.alladlljlm-catalyzec'i cyclqalkenylatl.on (b) LiAH 4, THF: 10% HCIQ, THF: MOMCI, i-PNEL, CHyCly,
process, stereoselective oxirane formation to install D ring 7go4. (c) LDA, HMPA, THF, —78 °C; TBDMSCI, 91%. (d)

functionality, and intramolecular DietsAlder reaction of a Pd(OAc) (5 mol %), DMSO, Q (1 atm), 45°C, 89%. (e)

silyloxydiene grouping to simplify introduction of A-ring  L-Selectride, THF;-78°C, 93%. () MeS*" (O)CH,™, THF, 89%.

functionality. (g) 1 M KOH, dioxane, 100C. (h) Me,C=0, PPTS, reflux, 91%
The retrosynthetic plan guiding this synthetic approach to for two steps.

aphidicolin (1) is outlined in Scheme 1. We anticipated that

to the corresponding cross-conjugated silyl enol ether,
cycloalkenylatiof® is performed in the presence of 5 mol
Scheme 1. Retrosynthetic Analysis of Aphidicolin % Pd(OAc) to furnish the bicyclo[3.2.1]octenorgein 89%

7< yield. Selective reduction of the conjugated double bond of

/O>< 9 is then achieved by usingSelectride. To introduce the
oxirane moiety stereoselectively, we used the Cerey
H = | A H Chaykovsky protocolt The desired oxiran&0 is obtained
P
RO
3

as the major product and is readily separated from the minor
isomer by silica gel column chromatography. The proton and
carbon resonances in the NMR spectrd 0fvere assigned

TBDMS by using'H—'H COSY andH—3C COSY techniques. The
relative stereochemistry dfo is established by employing
- p—
X0 s X0 &\

O -
Aphidicolin (1)

NOESY correlations between the olefinic and methylene
protons, as depicted in Scheme 2. Importantly, the stereo-
selectivity of the oxirane-forming reaction is in full ac-
cordance with Corey’s suggestion that equatorial addition
of dimethylsulfoxonium methylide to the carbonyl group of
cyclohexanone derivatives is favored. Basic treatmedOof
followed by protection of the resulting diol provides the
acetonidell.

Triene 19, required for the intramolecular Diels—Alder

intramolecular Diels—Alder reaction of triend would
proceed stereoselectively to form the pentacyclic ring system
in 2, a precursor of aphidicolirL]. We believed that stereo-
selective introduction of the diene and dienophile moieties
in 3 and the oxirane group i@ could be achieved by - - :
exploiting the characteristics of the bicyclo[3.2.1]octane ring '€action, is synthesized by the pathway shown in Scheme 3.
system. Finally, in a sequence based on this plan, intermedi-Allylation of thg ketone, r_esultln_g from ozonolys_ls of olefin
ate 5 would be constructed by using palladium-catalyzed _11, affords olef_|n12 as a single diastereomer. This substance
cycloalkenylation of the cross-conjugated silyl enol efhér IS Stereoselectively transformedasalcohol13 by hydrobo-

Our approach begins with the preparation of acetoaitle ration—oxidation, followed by protection and hydride reduc-

by the route shown in Scheme 2. Carbomethoxylation of tion. Direct dehydration 013, by using either the Martin or

6-allyl-3-isobutoxy-2-cyclohexen-1-on@¢ affords the ester, ~ BUTgess reagent, is not successful. Howewes,can be
which is subjected to sequential reduction, acid treatment, €onverted to the corresponding olefi# by syn elimination

and etherification. After conversion of the resulting engne ~ ©f its thioimidazolide derivative. _ _
We anticipated that hydrogenation of the resulting olefin
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Scheme 3

aReagents: (a) § MeOH, —78 °C; Me;S, 96%. (b) LDA,
HMPA, THF, —78 °C; CH,=CHCH,l, —78 to rt, 92%. (c)
Dicyclohexylborane, THF; NaOH, #D,, 0 °C. (d) TBDMSCI,
imidazole, DMF, 0°C. (e) NaBH, MeOH, 86%. (f) (Imid)C=S,
CH,ClIy, reflux, 96%. (g) 25C°C, toluene, in stainless autoclave,
77%. (h) BUNF, THF, 100%. (i) H, PtO;, MeOH, 100%. (j) NaH,
BnBr, DMF, 75%. (k) 10% HCIQ, THF, 45°C; Me,CO, p-TsOH,
53%. (I) SQ-Py, DMSO, EtN; Meli, Et,0, —78 °C. (m) TPAP,
NMO, 4 A molecular sieves, Cil,, 50% for three steps. (n)
PhsP*MeBI—, BuLi, toluene, 85%. (0) Li, liquid Nt NH,CI, 96%.
(p) SG;-Py, DMSO, EtN, 83%; (EtO)P(O)CH(Me)COMe, NaH,
THF, 95%. (q) TBDMSOTH,i-Pr,NEt, CH,Cl,, 93%. (r) 230°C,
toluene, in stainless autoclave, 75%. (s)OHanhydrous BiNF,
THF, 44%.

removal of the TBDMS group froml4, produces the
corresponding alcohdl5 as a single stereoisomer. Sequential
benzylation ofl5, acid treatment, and reprotection of the
partially generated 1,2-diol results in the formation of alcohol
16. Formation of the dienophile moiety is achieved by
successive functional group manipulationsl@. Accord-
ingly, Parikh oxidation ofl16 followed by methyllithium
addition and TPAP oxidation provides methyl ketohg,
which is converted td.8 by Wittig olefination and reductive
debenzylation. Assembly of the diene part of the alcdt®l
involves Parikh oxidation followed by Emmons olefination
and silyl enol ether formation.

Intramolecular Diels—Alder reaction df9, conducted in
toluene at 230C in a stainless steel autoclave, yields the
desired cycloadducR0O (75%) as a single stereocisomer.
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Finally, the requisite C-4 hydroxymethyl group is introduced
by reaction with formaldehyde in the presence of anhydrous
tetrabutylammonium fluoride in THF. The NMR spectro-
scopic data oR1, the key synthetic intermediate formed in
this process, were identical to those previously repofted.

The high degree of stereoselectivity observed in the intra-
molecular Diels—Alder reaction of9 is attributed to the
strong conformational bias favoring transition stétein
which 1,3-allylic strain between the olefinic hydrogen of the
isopropenyl group and a ring proton is minimized, and the
absence of a nonbonded interaction between the equatorial
hydrogen and the methyl group on the diene portion that is
present in transition stat® (Figure 1). The conversion of
21 to aphidicolin (1) was reported earlier by Irelatid.

Me H

Me H
Me @
TEOMSO 2K hal > /
Ty i
A TBDMSO 8
)< (R = acetonide)

Figure 1. Plausible conformations for the intramolecular Diels
Alder reaction.

In conclusion, a novel and improved diastereoselective
formal total synthesis of aphidicolin has been achieved by
exploiting the characteristics of a bicyclo[3.2.1]octane ring
system that was poduced by employment of a palladium-
catalyzed cycloalkenylation process. In this sequence, highly
diastereoselective oxirane formation was employed to install
C-16 functionality. The strategy used in this aphidicolin syn-
thesis, relying on the combined use of palladium-catalyzed
cycloalkenylation and intramolecular Dielé&lder reactions
for diastereoselective polycyclic ring system formation,
should be broadly applicable to the preparation of targets
with related structural features.
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