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The acid-mediated Prins/pinacol and the triple domino reactions Diels —Alder/Prins/pinacol were used to construct highly functionalized bicyclo-

[m.n.1]alkanones 19 —29 and 33a—c possessing various ring sizes from ketals 8  —18 and 31a—c in 44 —96% vyields. This approach proves to be
highly efficient and reliable to generate high molecular complexity in a single step.

The rapid synthesis of bicyclof.n.1]Jalkanone cores pos-
sessing quaternary carbon centers adjacent to a bridged
ketone constitutes a significant synthetic challenge. This type
of architectural feature is embedded in various complex
biologically active compounds such as garsubellin13}(
ingenol @),? and penostatin 3§ (Figure 1). In recent years,

a number of clever methods have been developed to construct
the bicyclo[m.n.1]alkanone framewotiklowever, most are
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tions. To this end, cascade reactions represent an attractivi
and gfflClent strategy for the diastereoselective formation of + p1e 1. Prins/Pinacol Cyclization
multiple carbon—carbon bonds.

entry substrate product® (yield)

In the course of our studies toward the development of " 0
novel strategies to construct polycyclic structures using |
tandem reactions, we hypothesized that kdtalould be </;Q
transformed into bicyclo[4.3.1]decanoiién a single opera- ! oY% 5
tion via an acid-mediated Prins/pinacol reacti¢g8cheme Me g Me” e 19 (879%)

1). Subjection of ketalt to a Lewis acid gives the corre-

o

Scheme 1 XO
Me Mg Me 9 Me" Me 20 (61%)°
O

T
o
-
©
=
w
>
8.
o
.
Il
(98]
%I
o
o /E

g -, (]
L2 4 7 /( MeXMe 10 Me™ Me 21 (56%)
e M o
|

Lewis Acid Me Me
LA N
LA ~0 ~0 0 o Y

@
e ot ve o e M Me 22 (530"
7 % 10 /ODPS fe)
i _Me r Me H : i
L’—J 5 LI‘J 6 H
-ODPS
. . . . . . | O><O R 6]
sponding oxacarbeniuB) which is poised to undergo a Prins R e Ve Me
cyclization to furnish intermediat& The empty p orbital in S  12R=H 23 R =H (86%) .
6 (at C10) is aligned periplanar to the C1—C2 bond thus 6 DBR=(CHOTBS  24R=(CHOH (67%)

DPSO.__

allowing this bond to migrate to form bicyclic ketorné
bearing a quaternary center at C10.

The attractive feature of the proposed method resides in
the ability to generate various sizes of bicyclic ketone systems
as well as the rapid achievement of high architectural

molecular complexity. To the best of our knowledge, no ; ;gg:gh (6727‘?
examples for the synthesis of bicyabap.1]alkanones using - _o n (77%)
the tandem Prins/pinacol reaction have been reported in the i
literature. ;;1@
9
@] 5
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87% yield (Table 1, entry 1). With this result in hand, we
examined the scope and limitations of this acid-mediated
process. A broad evaluation of various Lewis acids and a
careful optimization of the reaction conditions indicated that
SnCl, and TMSOTTf gave the best results in most cases. The
treatment of ketal® and 10 with SnCl afforded bicyclo-
[4.3.1]decanon@0 and bicyclo[4.4.1]Jundecanor2d in 61%

and 56% vyield, respectively (entries 2 and 3). The Lewis
acid-mediated conversion of kethl to the desired bicyclo-
[3.3.1]Jnonanon@2 was achieved in 53% yield. Notably, this

core bears the two bridgehead quaternary centers present in

garsubellin A (1) and related natural bicyclic phloroglucin
products.

The compatibility of this transformation with various
functional groups was also examined. The reaction tolerated
N-phenyl and\-benzylimide moieties present on the ketals
14 and 15 as well as the DPS group. The desired ketones
23,25, and26 were obtained in 86%, 62%, and 77% yield,
respectively (entries 5, 7, and 8). The efficient conversion
of 16 into ketone 27 in 80% vyield revealed that the
benzylidene group also can be utilized in the tandem process
The transformation of ketals3, 17, andl8, however, gave
the unprotected polycyclic keton@4, 28, and29 (entries
6, 10, and 11) demonstrating that 1,3-dioxolane and TBS
protecting groups are labile under these reaction conditions.

To further probe the scope of this transformation and
increase the molecular complexity realized in a single step,
we envisioned combining the Prins/pinacol with a Diels
Alder reaction’. We proposed that dierg0 and a Gassman
type dienophile such as 2-vinyl-1,3-dioxolad in the
presence of a Lewis acid would generate ¢nelocycload-
duct 32 in situ, which would undergo a Prins/pinacol
sequence to afford ketor88 in one step (Scheme 2).
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To demonstrate the feasibility of this tandem process, diene
30 and 2-vinyl-1,3-dioxolang1a were subjected to Sngl
in dichloromethane at 78 °C. As expected, ketorg3awas
isolated in 48% yield, in which the acetal moiety was not

(7) (@) Gassman, P. G.; Chavan, SJPOrg. Chem1988,53, 2392. (b)
Danishefsky, S. J.; Sepp-Lorenzino, L.; Magnuson, S. R.; Roseh,An.
Chem. Soc1998,120, 1615.
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Table 2. Tandem Diels—Alder/Prins/Pinacol

entry dienophile product yield (%)
[e}
AR
o o H
RSN ¢
/. 96°
1 e} H ODPS
31a i 8’
2 62°

44°

. 2The reaction was performed with 1.0 equiv of Sn&hd 0.25 equiv of

TMSOTf in CHCl, at—78°C. P Only SnCl. € 3.0 equiv of SnCJand 0.25
equiv of TMSOTH.

hydrolyzed during the process (Table 2, entry 1). We found
that the addition of 25 mol % of TMSOTf dramatically
increased the chemical yield to 96%. Other dienophiles such
as 31b,c were also subjected to the optimized reaction
conditions; however, it was noticed that the degree of
substitution of the dienophile has a direct effect on the
reaction yields. One might suggest that the steric hindrance
of the R1 and R2 groups is detrimental to the DieAdder/
Prins/pinacol process.

In summary, we have developed a novel method for the
construction of highly functionalized bicyclo[n.1]alkanones
using tandem cationic cyclizations. We demonstrated the
generality of the method by producing various ring sizes and
realizing highly functionalized bicyclic frameworks. Further
studies to extend the scope of this method and its application
to the synthesis of garsubellin A)are underway and will
be reported in due course.
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