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ABSTRACT

MeO: : | | —_—
MeO O
3 Steps
78 % Yield

(¥)-Deguelin

A concise total synthesis of (+)-deguelin was achieved with a longest linear sequence of six steps in 68% yield. A key step was the platinum-
catalyzed 6-endo hydroarylation of an alkynone intermediate.

In part of a broad program focused or-8 bond function- skin and mammary tumerogenedishibited the growth of
alization, we became interested in—& to C—C bond and induced apoptosis in premalignant and malignant human
transformations at the arene nucléuisthis context, we have  bronchial epithelial (HBE) cells with minimal effects on
centered our attention on intramolecular hydroarylation normal HBE cells} and suppressed colonic preneoplastic
methodology, which would provide a direct route to various lesions in Cf-1 micé.lts activity has been linked to its potent
carbocyclic and heterocyclic compounds. Specifically, a inhibition of ornithine decarboxylase activity; in contrast to
structural search identified chromenes and coumarins asother members of the rotenoid family, deguelin does not
particularly attractive targets due to their frequent occurrence inhibit microtubular assembly or tubulin polymerizatidn.

in biologically relevant natural products. Consequently, we  previous synthetic efforts toward the rotenoid class,
have developed a new platinum-catalyzed hydroarylation jncluding two total syntheses df” have been lengthy and
method that provides direct access to chromene and coumarinnefficient® and thus a general solution for the synthesis of
scaffolds from arene-yne substrates. this class of compounds has not yet been realized. To obtain
We set out to address the question of whether our
hydroarylation method would be applicable to substrates of (3) Undeani, G. O.. Gerhauser, C. Thomas, C. F.; Moon, R. C..
high complexity such as those leading to the rotenoid classKosmeder, J. W.; Kinghorn, A. D.; Moriarty, R. M.; Pezzuto, J.G&ncer
of natural products. Specifically, we were interested in Re(54)1%9h7ijlf‘7vK34H2‘,“ }(3:32& dor 1. W. Sun. S. Pezztto. J. M- Lotan. R
synthesizing deguelit, which has recently received con- Hong, w. K.: Lee, Y. H.J. Natl. Cancer Inst2003 95, 291—302. T
siderable attention for its promising pharmacological proper- _ (5) (&) Murillo, G.; Salti, G. ., Kosmeder, J. W.; Pezzuto, J. M.; Mehta,
ties. Deguelin has been shown to be an efficacious chemo-\Ff\,‘_;GF',E;Zruf(;’%én,\ﬁirz,v?gﬁtish?gi3?1%4&,(%’\2/'862:01'0%'750131@““ v
preventitive agent for both in vitro and in vivo models. For  (6) (a) Gerhauser, C.; Lee, S. K.; Kosmeder, J. W.; Moriarty, R. M.;

; ihi it ; Hamal, E.; Mehta, R. G.; Moon, R. C.; Pezzuto, J. Gancer Res1997,
example, it has exhibited chemopreventitive effects in both 57, 3429-3435. (b) Casida, J. E. Fang, Rroc. Nafl. Acad. Sci, U.S.A.

199§ 95, 3380-3384.
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appreciable quantities for pharmacological studies, deguelin

was prepared in four steps from the related natural product, Scheme 2
rotenone, in a modest overall yield (22%ln light of the O Me
preceding points, we felt that developing an efficient total Oxy-Me
synthesis of deguelin was of interest. MeO Il Conditions MeO N
MeO: : ~0 MeO o]
6 7
PtCly, dioxane, 60°C, 13 h 50%
PtCl,, toluene, 60 °C, 26 h 32% (recovd. 6, 30%)
Oy -OMe Os_OMe
Conditions
MeO:©\ | ’ MeO. N
MeO 0 MeO 0
8 9
PtCl,, dioxane, 60°C, 5 h 51%

PtCl,, toluene, 60 °C, 26 h 26% (recovd. 8, 47%)

Encouraged by these results, the synthesis commenced
with conversion of phenolO to the propargyl ethed in
guantitative yield (Scheme 3). Treatmentdofvith n-BuLi

Our approach td was based on two key cyclization steps,
including the conversion bis-chromeriz to 1 and the
platinum-catalyzed 6-endo hydroarylation of alkynoBe
(Scheme 1}° Precursor3 could then be assembled by the

convergence of intermediatesand 5. Although our hy- MeO propargyl bromide, MeO Il
droarylation protocol worked well with alkynoate esters, we :©\ i ji)\
OH MeO (O)
4

Scheme 3

were uncertain as to whether alkynones were viable sub- MeO quant.

strates. Since the inherent electron-withdrawing ability of 10

the ketone is greater than that of the ester moiety, we were o Me
uncertain about the regiochemical outcome of the hydro- D —— o _ Me
arylation step with respect to the 6-endo versus the 5-exo _7'8";C” 5' '

cyclization mode. To test this regiochemical issue, substrate 5 M,bz, CH,Cly
6 was prepared and subjected to our Pt(IV) protocol. Much 4
to our delight, ketone5 afforded the 6-endo cyclization
product?7 exclusively in an encouraging 50% yield (Scheme

2). Noteworthy is the fact that 6-endo cyclization requires
the umpolungof the alkynone group, effected in situ by the
platinum catalyst. Treatment 6fwith PtCh in toluenét also 5 mol% PtCly,
provided product7, however, in significantly lower yield 3 _toluene, 55°C
(32%), and recovered starting matertl(30%). Similar 91%
results were obtained with methyl estrthe Pt(Il) condi-

tions gave lower yield (26%), while the Pt(IV) method

afforded 51% vyield of productS. These results were

consistent with our previous studies, which had demonstrated 1. BClg, CH,Cly, -78 °C
that PtCj} was superior to Pt@in the cyclization of electron- 2. KOAc, EtOH, reflux
deficient alkyneg. 2

87%

86%

(8) For some representative examples, see: (a) Gabbutt, C. D.; Hepworth, (£)-Deguelin 1 Me
J. D.; Heron, M.J. Chem. So¢.Perkin Trans. 11994 653-657. (b)
Crombie, L.; Josephs, J. . Chem. So¢Perkin Trans. 11993 2591~
2597. (c) Ahmad-Junan, S. A.; Amos, P. C.; Whiting, D.JAChem. Soc.,
Perkin Trans. 11992 539-545. (d) Lai, S. M. F.; Orchison, J. J. A,; . . .
Whiting, D. A. Tetrahedron1989 4(15), 5895-5906. in THF, followed by reaction with aldehyd®'? produced

(9) Anzenveno, P. BJ. Org. Chem1979 44, 2578-2580. ~_ the crude alcohol, which was oxidized without purification

(10) Thermal Claisen rearrangements of acetylenic intermediates similar
to 3 have resulted in poor yields; see refs 7a and 8b.

(11) Chatani, N.; Inoue, H.; Ikeda, T.; Murai, $. Org. Chem2000 (12) Aldehyde5 was prepared in two steps according to a literature
65, 4913-4918. procedure: Geneive, H. E.; Jacobs,Trétrahedron2001, 57, 5235-5338.
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with manganese dioxide to yield the alkynd@im 87% yield comparison to Pt(ll) salts does not always translate into better
for two steps. With this key intermediate in hand, we set yields, particularly in the context of electron-rich arene
out to apply the Pt(IV) hydroarylation protocol, mindful of substrates. This may be due to the greater degree of
the increased complexity a8 relative to the substrates decomposition of both the product and the starting material
previously studied in our laboratory. Unfortunately, even after in the presence of a “hot” catalyst (see Scheme 2, no starting
extensive optimization, we were only able to obtain the material was recovered in the experiments with PtGlhus,
desired produc? in a modest isolated yield (40%; 5 mol % in the case of a complex substrate such3asilder and
PtClL, 0.1 M dioxane, 65C). Displeased with this result, more selective PtGlproved to be far superior to Pl
we subsequently focused our attention on the use of,PtCl affording the desired product in excellent yield. This study
as a catalyst, although with some trepidation as the previousfurther demonstrated the complementarity of Pt(Ill) and Pt-
studies demonstrated that Pt@las inefficient in converting  (IV) catalysts for alkyne hydroarylation reactions and the
alkynoate esters and alkynones to the chromene productsapplicability of this method to the synthesis of complex
However, we were delighted to find that under the action of natural products.
5 mol % PtC} (0.1 M toluene, 55°C), alkyne 3 was In summary, 4)-deguelin has been prepared in 68% yield
converted to the desired cyclization prod@dh an excellent in six steps from known compounds. The crucial step in this
91% vyield. Remarkably, none of the undesired ortho cy- synthesis involved the platinum-catalyzed 6-endo hydro-
clization product was detected in the crude reaction mixture. arylation of a complex alkynone intermediate. This method
The advanced intermediaawvas finally converted to the  should be applicable to the synthesis of other rotenoids.
target molecule in 86% yield by selective demethylation with
boron trichloride, followed by base-catalyzed intramolecular ~ Acknowledgment. Generous support for this work was
oxo-Michael addition (Scheme 3) ThuS;Xdegue"nl was prOVided by GlaxoSmithKline, Johnson & Johnson Pharma-
synthesized in six linear steps in 68% yield. ceutical R&D, and Merck. D.S. is a recipient of the Alfred
The key Step of this sequence, name|y1 the 6-endo P. Sloan Fe||OWShIp and the Camille Dreyfus Teaeher
hydroary'ation of a|kynone intermedia&was achieved in SChOlar Award. We thank Dr. J. B. Schwarz for editorial
excellent yield and regioselectivity (91% isolated yield) in assistance.
the presence of Ptghs the catalyst. This was a surprising
finding, since model studies (Scheme 2) and previous
investigations in our laboratorigsdicated that Pt(ll) was
poorly suited for hydroarylation of electron-deficient alkynes.
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