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ABSTRACT
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The synthesis of ( +)-dihydro- epi-deoxyarteannuin B (3) from (

arteannuin B (3)

—)-isopulegol is described. Difficulties in the alkylation of menthone derivatives

(e.g., 4a — 6a) were overcome by using Noyori's zincate enolate method. Related problems with nucleophilic addition to the hindered menthone
core of 6a were resolved by using either organocerium or acetylide nucleophiles. Finally, two alternative olefin metathesis approaches are
reported for the final cyclization. This study provides insight into the reactivity and synthetic processing of the artemisinin sesquiterpenes.

Artemisinint (ginghaosu,1) is an important weapon in the
battle against malariapne of the world’s most devastating
infectious diseasesThe malaria pandemic has even been
implicated in the economic struggles of tropical Third World
nations® Artemisinin is the active ingredient of herbal
treatments that have been in use in China for millénia.

few decades; unfortunately, resistant strains daRiparum
are now beginning to emerge.

Synthetic studies on artemisifiiand related compountls
may improve our ability to stay ahead of the resistance curve
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precursor to artemisininlf.”® Natural 3 has also been
converted chemically into semisynthefic’

With the broader aim of identifying new methods for
accessing artemisinin-derived antimalarial compounds, we
targeted the chemical synthesis #f){dihydro-epideoxyarte-
annuin B B). We initiated our studies with silyloxymenthone

4a, prepared from-)-isopulegol in three steps: diastereo-
1 2 3 R=4L'PS selective hydroboratiotf, selective monosilylation, and
Swern oxidatiornk

Coupling of silyloxymenthonda with allyl iodide 7 (the
Stork—Jung reageri® was more challenging than may be
apparent at first glance (Table 1). An attempt at alkylation
and further develop this potent weapon in the fight against
malaria? The most daunting challenge associated with the
synthesis of artemisinin is the _endoperoxi(_je bridge, af_e_atureTaIDIe 1. Allylation of Menthone and Silyloxymethonéat®
that challenges our assumptions regarding the stability of

Figure 1. (—)-Artemisinin (1), (—)-dihydroartemisinic acid (2),
(+)-dihydro-epi-deoxyarteannuin B (3), and building blotk.

such species. Artemisinin has stimulated considerable re- A Ll AR

search in the synthesis of endoperoxides, several of which —_— _

show promise as potential malaria treatméf#ttemisinin il L OLi | additive(s) o

shows selective cytotoxicity against iron-rich cancer cells, “ . <

and it is now emerging as a lead compound for cancer i = .

research! Enolate conformations: (preferred)
(+)-Dihydro-epi-deoxyarteannuin B3], also a natural HyC _Q,CH3__ _d 3

isolate ofArtemisia annud? plays a central role in our long- i W LaM z

term efforts to develop efficient synthetic approaches to z~ Ayzinteraction Hgt

artemisinin. Barriault and Deon preparext-(3) through an
elegant application of the tandem oxy-Cope/transannular ene

) . S entry Z R—X additive(s) yield (%)
reaction en route tent(+)-arteannuin M2 Both artemisinin —
. . . . . 1 a
and 3 arise from nonenzymatic autoxidation of dihydro- 1 H allyl bromide  none 17
L . . . 2 OBn 7 none 53170
artemisinic acid (2), a related sesquiterpene isolated from .
o " . 3 H allyl iodide HMPA 53
Artemisia annu that has emerged as a key chemical H allyl iodide HMPA, Ets7n ~80¢
@ P TR 5 OTIPS  allyl iodide HMPA, EtzZn 80
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1166. (e) Brown, G. D.; Liang, G. Y.; Sy, L.-Khytochemistry003,64, alkylations of menthone and its derivatives, see: (b) Reference 7a: 62%,
303—323. 6:1 dr. (c) Halterman, R. L.; Crow, L. Dletrahedron Lett2003 44, 2907
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Scheme 1. Elaboration to First Metathesis Precurséa(— 12)'8

report® on the use of diethylzinc as an additive for enolate
alkylations provided for dramatic improvements (cf. entries
3 and 4; 6 and 7). Although the conformational dynamics

(12— 3) were unsuccessful. In addition to steric congestion,
one must consider that the spiro-tricyclic produg} ihight
be sufficiently more strained than the fused bicyclic substrate

may remain problematic, the better behaved zincate enolate(12) so as to inhibit an already challenging cyclization.

of 5 reacted cleanly with allyl iodide (entry 5) and wittto
afford 6a in 89% yield. This powerful and convenient

Indeed, reductive opening of the lactone with lithium
aluminum hydride allowed the RCM reaction to proceed,

procedure should be considered immediately in cases wheralbeit in relatively low yield {2 — 13, 37%). TPAP

the efficiency of an enolate alkylation is low.
Despite the steric congestion @d—treatment with simple

oxidation restored the lactone to provide)¢dihydro-epi-
deoxyarteannuin B (3).

Grignard reagents failed to provide the corresponding tertiary  Note that the formation of spiro-fused lactoBevas less

alcohols—the organocerium reag@rderived from freshly

efficient than the earlier installation of tlés-fused lactone

prepared vinylmagnesium bromide and freshly activated (8 — 9), presumably due to mild ring strain introduced during

CeC} added cleanly to affor@ (Scheme 1). Alternatively,
a three-step sequence starting with the addition of lithium
trimethylsilylacetylide provided in reduced yield (85%

the spiro-lactonization step (13 3).
Cross-metathesis byproducts isolated from our initial
experiments aimed at the RCM cyclization1df suggested

overall). Considering the need to prepare the Grignard andthat the ruthenium catalysts were accessing the monosub-
cerium reagents for the one-step procedure, the three-stegstituted alkene (immediately adjacent to the fused lactone)
sequence could be completed in less time and with lessbut failing to cyclize. We were therefore intrigued by the

technical effort.

Cleavage of the silyl ether d in the presence of the
vinylsilane by using methanolic HCI was followed by
oxidation of the resulting diol to lacton®. The lactone
moiety served to shield the newly installed vinyl group from
epoxidation during the ensuing oxidative conversion of the
vinylsilane functionality. Sequential treatment of vinylsilane
9 with m-CPBA and trifluoroacetic acid afforded methyl
ketonell; deferring oxidation of the vinylsilane until this

potential application of Hoye's relay metathesis stratégy
for delivering the catalyst selectively onto the disubstituted
alkene (Scheme 2). Wittig olefination of ketoié again
proceeded in modest yield, this time to provitlg; efforts

to improve or circumvent this “weak link” in the synthetic
chain are ongoing. Nevertheless, tethered trigh@roved

to be a vastly improved substrate for the RCM reactith (
— 3). We plan to incorporate Hoye’s relay RCM strategy in
our future synthetic efforts in this arena.

stage in the sequence enabled us to minimize undesirable Complete and unambiguous NMR spectral assignments

protective group manipulations.
Wittig methylenation of keton&1 provided12in modest
yield, but attempts to effect a ring-closing alkene metathesis

for 3 are provided in the Supporting InformatiéhSpec-
troscopic data for our synthetic materig( *°C, IR, HRMS,
DQCOSY, HMBC, HMQC, NOESY) support the indicated

(19) Morita, Y.; Suzuki, M.; Noyori, RJ. Org. Chem1989,54, 1785—
1787.

(20) Imamoto, T.; Takiyama, N.; Nakamura, K.; Hatajima, T.; Kamiya,
Y. J. Am. Chem. S0d.989,111, 4392—4398.

Org. Lett, Vol. 9, No. 15, 2007

(21) Handbook of MetathesisGrubbs, R. H., Ed.; Wiley-VCH: New
York, 2003.

(22) Hoye, T. R.; Jeffrey, C. S.; Tennakoon, M. A.; Wang, J.; Zhao, H.
J. Am. Chem. So@004,126, 10210—10211.
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s for continued research on the chemical synthesis of key

Scheme 2. Relay Metathesis Cyclization Reactién members of the artemisinin family of antimalarial com-
M pounds.
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structure 8) and match the data reported for natural
(+)-dihydro-epi-deoxyarteannuin B.

In summary, we report the chemical synthesis of
(+)-dihydro-epi-deoxyarteannuin B3) from silyloxymen-
thoneda. Tactical advances enabled the synthesis of allylated
menthone derivatives (e.g6a) that can serve as valuable
building blocks for synthetic artemisinin and related com-
pounds. Two solutions were developed to overcome initial
difficulties in the late-stage ring-closing metathesis reaction.
Despite modest yields in the late-stage Wittig olefination of
11 (consistently around 40% df5 based on recoveretil),
spiro-lactoned is now available frondain ca. 26-25% yield
for the overall process. These studies lay the groundwork OL070992E

Supporting Information Available: Detailed experi-
mental procedures, characterization data, and NMR spectra
for all compounds in the synthetic sequence, including
complete NMR analysis &. This material is available free
of charge via the Internet at http://pubs.acs.org.
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