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A new, high-yielding route to functionalized bicyclo[4.2.1]nonanes has been achieved utilizing homo Diels—Alder chemistry with subsequent
Zeise’s dimer-catalyzed opening of the cycloadduct.

The bicyclo[4.2.1]nonane skeleton has filled various roles in 1985? which bore this bicyclic core rare to natural

in organic chemistry. Bicyclo[4.2.1]Jnona-9-one was first products. Various approaches to this system have since been
reported as an unanticipated product from the reaction of reported that greatly increase the functional diversity of
cyclopentanone with 1,4-bisdiazobutdn8oon thereafter,  substituents on the core structdfe.
bicyclo[4.2.1]nona-2,4,7-trienes appeared as the equally
unexpected products from the acylation of cyclooctatetraene
dianior? and, in the late 1960s and early 1970s, became
enmeshed in the studies of aromatiéity;participation? anti-
Bredt olefins} and various skeletal rearrangemetitie need HO
for models to support these investigations soon led to an
efficient preparation of bicyclo[4.2.1]nona-2,4,7-trien-9-one
reported by ShechtérOther routes to bicyclo[4.2.1]nonanes
subsequently appearédnterest in this core structure was OH | lediterraneol A secolongifolenediol
rekindled by the discovery of the antitumor mediterraneols
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A
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Figure 1. Natural products with the bicyclo[4.2.1]nonane core.

(1) Gutsche, C. D.; Smith, J. 3. Am. Chem. S0d.960,82, 4067.

(2) (a) Cantrell, T. S.; Shechter, H. Am. Chem. S0d.967,89, 5868.
b) Sakai, M.; Childs, R. F.; Winstein, 9. Org. Chem1972,37, 2517. . . .
( )(3)aG?‘|'|issen M 0 Buck b ?\I/Ir\]]_%rg_r%hemelrg82 47 Bioa We have investigated the transition metal-catalyzed [4

(4) Green, K. E.; Paquette, L. A. Org. Chem1983,48, 1849. 2 + 2] homo Diels-Alder reactions of norbornadiengsvith

(5) (@) Wiseman, J. R.; Chan, H.-F.; Ahola, C.JJ.Am. Chem. Soc. _ ; ; ;
196991, 2812 (b) Becker. K. Bdels. Chim. Actal977 60, 81. (¢) Stamm. 1,3-butadienes and the opening of the dihydrocycloadducts
E.; Leu, H.-R.; Keese, Rdelv. Chim. Actal979,62, 2174.

(6) (a) Kende, A. S.; Bogard, T. LTetrahedron Lett1967, 3383. (b) (8) (a) Jefford, C. W.; Burger, U.; Delay, Helv. Chim. Actal973,56,
Paquette, L. A.; Wingard, R. E., Jr.; Meisinger, R. H Am. Chem. Soc. 1083. (b) Kraus, W.; Rothenwohrer, W.; Sadlo, H.; Klein ABgew. Chem.,
1971,93, 1047. (c) Berson, J. A.; Boettcher, R. R.; Vollmer, JJ.JAm. Int. Ed. Engl.1972,11, 641. (c) Onoue, H.; Maritani, I.; Murahashi, S.-I.

Chem. So0c1971,93, 1540. (d) Kurabayashi, K.; Mukai, Tetrahedron Tetrahedron Lett1973, 121. (d) Boerth, D. W.; Van-Catledge, F. A.
Lett. 1972, 1049. (e) Paquette, L. A.; Meisinger, R. H.; Wingard, R. E., Jr. Org. Chem1975,40, 3319. (e) Huston, R.; Rey, M.; Dreiding, A.3elv.
J. Am. Chem. Socl972 94, 2155. (f) Kurabayashi, K.; Makai, T. Chim. Actal982,65, 451. (f) Huston, R.; Rey, M.; Dreiding, A. Slelv.

Tetrahedron Lett1972, 1049. Chim. Actal982,65, 1563. (g) Danheiser, R. L.; Gee, S. K.; Sard,JH.
(7) Antkowiak, T. A.; Sanders, D. C.; Trimitsis, G. B.; Press: J. B.;  Am. Chem. Sod. 982,104, 7670. (h) Trahanovsky, W. S.; Surber, B. W.;
Shechter, HJ. Am. Chem. S0d.972,94, 5366. Wilkes, M. C.; Preckel, M. MJ. Am. Chem. S0d.982,104, 6779.

10.1021/01026250x CCC: $22.00  © 2002 American Chemical Society
Published on Web 07/09/2002



Scheme 1
t 5
BulO Bu'O
\_7/ NG
7 —  RA P(CoH,)Clo1,
R = 7
1a:R=H " o
1b: R = CH, 2
BU'O Q
R +
R
3. Major 4: Minor
| i
BUO (0] O o)
5 R 6 R

2 to the bicyclo[5.3.0]decane systems (Schemg Recently,

we reported that Zeise’s dimer opening of the cycloadducts

gives primarily tricyclo[6.2.1.8%un-dec-2-enes3 by a

mechanism proposed to proceed through Pt-insertion into the

bottom face of the cyclopropane ridtf. Ozonolysis then
gave the bicyclo[5.3.0]decanés In some of these ring
openings, varying amounts of byproducts identified as
tricyclo[5.4.0.GJundecan-5-one4 were found (up to 36%),

methylnorbornadienel )13 with 1,3-butadiene proceeded in
near quantitative yields on a gram scale with the newly
formulated catalyst system Galppe/Zn/Zn (1:1:1:3, 5 mol

% in Co)* to produce7a and 7b (Scheme 2}° The tert-

Scheme 2
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a Reaction conditions: (a) 10%,804/CH,CI, (80%), then H,
Pd—C (95%); (b) HSOJ/HOAC; (c) LIOH (94%); (d) H, Pd-C

and it was suggested that these arose from an oxygen-directeghsos); (e) PCC, then LAH (97%, two steps).

insertion of the platinum into the top cyclopropane bond syn
to thetert-butoxy substituent. These byproducts were intrigu-
ing since Baeyer Villiger oxidation would produce lactones
6, which incorporate the bicyclo[4.2.1]nonane skeleton. If
oxygen-directed Pt-insertion into the top face of the cyclo-
propane ring was responsible for the formation 4f
enhancing the coordination of Zeise’s dimer with this oxygen
should greatly favor the production dfat the expense &
in the cyclopropane ring opening. Thus, removal oftérg
butyl group and subjecting the alcohol to Zeise’s dimer
should result in the formation of ketonéén excellent yields.
We now report our preliminary results of this approach to
bicyclo[4.2.1]nonanes.

The cobalt-catalyzed homo Dield\lder reactions of
7-tert-butoxynorbornadied®(1la) andsyn-7-tert-butoxy-2-
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butyl group of 7a was removed by treatment with, 8O,
(10%) in CHCI, followed by hydrogenation to givea.
Removal of thaert-butyl group of7b required 10% HSO,/
HOAc. The anti acetat@d was the sole product obtained
after 48 h. The stereochemistry was established by NOE
studies: saturation of H-5 resulted in an enhancement of the
C1 methyl singlet. When the acid exposure was limited to
12 h, an inseparable 0.7:1 mixture of syn:anti acetates (
7d) was obtained. Basic (LiOH) hydrolysis @fl gave the
anti alcohol7ewith hydrogenation then providing saturated
anti alcohol2b. The syn alcoho®c could be prepared with
exclusive stereoselectivity by oxidation @ (PCC) followed
by LAH reduction (97%, two steps) and hydrogenation. The
stereochemical identity of7ff was confirmed by NOE
experiments with the saturation of H-5 producing an
enhancement of the H-7 resonance.

Treatment of these apical alcoha?a—c with Zeise’s
dimer (10 mol %) then proceeded in refluxing toluene in
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Table 1. Zeise's Dimer-Catalyzed Opening af

entry:2 substrate product yield
HO 7 9
1: 2a % %@ 97%
2: 2b 99%
99%
3t 2¢
4. 2d 99%
5: 2e 98%
6: 2f 98%
BnO  * 4f
HO
7. 2g - -
HO
8: 2h - -
(0]

a All reactions in refluxing toluene, 0.1 M i#, 10 mol % [Pt(GH4)Cl]>.

excellent yields (97—99%) to give the corresponding tricy-
cloundecanone4a—c(Table 1, entries £3). Reduction of

the amount of catalyst to 5 mol % significantly retarded the
reaction. Of particular note is the ability to direct the Pt-
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of the cyclopropane followed by hydrogen transfer to give
the platinum enolate “A”, which then tautomerizes to the
observed ketoned with release of Pt(ll) (Scheme 3), as
previously suggested® In support of this mechanism, when
5-H 2c was subjected to Zeise's dimer opening, all of the
deuterium label was transferred to the C4 endo position.
The production o#b and4c from stereoisomergb and
2c, respectively, rules out initial Pt-insertion into the carbinol
C—H bond or the intermediacy of the keto&ewhich would
be a common intermediate from both the syn and anti
alcohols. The parent ketone (RH) itself also proved to be
unreactive toward Zeise’s dimer.
If the alkene subunit of the original cycloadd&g was
not removed, no cyclopropane-opened product could be
detected (Table 1, entry 7). A similar failure to turn over
the Pt-catalyst was noted in Zeise’s dimer-catalyzed opening
of 5-tert-butoxycycloadductaretaining the C9-C10 double
bond!® In these cases, Pt-insertion is presumably directed
to the bottom face of the cyclopropane by prior olefin
exchangé/ forming a stable Pt-comple® with the olefin
serving as a Pt-ligand, preventing turnover (Scheme 4).

Scheme 4

HO HO
[Pt(C2H4)Cll,
e
9

opening to either of the topside cyclopropane bonds by ~The C9—C10 double bond of the original homo Diels
adjusting the Stereochemistry of the C5 hydroxy| group Alder CyCloaddUCtS can also be readlly hydrOborated to form

(entries 2 and 3).

This Pt-promoted cyclopropane opening conceivably pro-

ceeds by hydroxyl-directed Pt(Il)-insertion into the top face
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alcohol functionalities in the seven-membered ring. Benzy-
lation of alcohol2i'® followed by removal of theert-butyl
group (HSO/HOAC) with basic workup (LiIOH) gave a
separable mixture of alcohoRe and2f (1:1, Scheme 5, eq
1). Routine transformations of known benzo&@g!? pro-
duced acetonid@d (Scheme 5, eq 2).

The hydroxyl-directed, Pt-catalyzed cyclopropane openings

of these compounds were also successful (Table 1, entries

4—6). These tricyclic ketonesall bear the tricyclo[5.4.0%]-
undecane skeleton found in natural products such as long
folené® and related structures such as pseudolongicariphor
and culmarirf®

In contrast to the high stereoselectivity observed in the
hydroborations of cycloadduc# and7b,'?*?*epoxidation
of 7agave a nearly equal mixture of endo and exo epoxides
2h (Table 1, entry 8), which were difficult to separate.
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a Reaction conditions: (an-CPBA, NaHCQ; (b) LAH.

Treatment of the mixture of epoxid@b with Zeise’s dimer
resulted in an intractable mixture of numerous products, with
cyclopropyl hydrogens still clearly visible in the NMR
spectrum of the crude product mixture, though no starting
material remained. Platinum(Il) has been reported to insert
into epoxides$? so alternative pathways exist that could lead
to the observed mixture of products.

With the tricycloundecanones in hand, Baeyer—Villiger
oxidations of 4a were examined in order to complete
formation of a bicyclo[4.2.1]nonane. Under basic conditions,
the oxidation proceeded uneventfully to give the correspond-
ing lactonel0 in good vyield (88%) as the sole detectable
regioisomer (Scheme 4). Bicyclo[4.2.1]nonane lactdfe
was then opened to bicyclo[4.2.1]nonanedibby reduction
with LAH.

In summary, a new, high-yielding route to functionalized
bicyclo[4.2.1]lnonanes has been achieved utilizing homo
Diels—Alder chemistry with subsequent Zeise’s dimer-
catalyzed opening of the cycloadduct.
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