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Three asymmetric pathways to the kavalactones have been developed. The first method is chiral auxiliary-based and utilizes aldol reactions
of N-acetyl thiazolidinethiones followed by a malonate displacement/decarboxylation reaction. The second approach uses the asymmetric
catalytic Mukaiyama additions of dienolate nucleophile equivalents developed by Carreira and Sato. Finally, tin-substituted intermediates,
prepared by either of these routes, can serve as advanced general precursors of kavalactone derivatives via Pd(0)-catalyzed Stille couplings

with aryl halides.

The Kava plantiper methysticum) has a long and colorful
history spanning several thousand yédfava has been used

ported! The psychoactive principals are a family of 15
o-pyrone derivatives known as the kavalactones that com-

by Pacific Island societies to prepare an intoxicating cer- prise roughly 15% of the dried rootstock. The more prevalent
emonial beverage renowned for its relaxing effects and ability of these include kavairi( Figure 1), dihydrokavain?, and

to promote sociability. Modern use of Kava root, commonly methysticin (3). Structurally, the kavalactones differ chiefly
available in dietary supplements labeled “Kava Kava”, is also with respect to their arene substitution patterns and the

for its purported anxiolyti€ and soporific qualities. Anal-
gesic® anesthetic, antifungal, antithromboti@nticonvul-
sive® and muscle-relaxirfgproperties also have been re-

T Harvard University.
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presence or absence of double bonds along their carbon
backbones. Although a few of the kavalactones, such as
yangonin (5), are achiral, the majority have a single stereo-
genic center at C6 and are homochiral.

Several clinical studies indicate that the kavalactones have
a demonstrable anxiety-reducing effédthe pharmacologi-
cal mechanism of this anxiolysis, however, is still unclear.
Recent warnings by the FDA and CDC of rare but severe
cases of liver injury, possibly associated with the use of kava-

(5) Schmitz, D.; Zhang, C. L.; Chatterjee, S. S.; HeinemannAtgh.
Pharmacol.Toxicol. 1995,351, 348.

(6) Seitz, U.; Amerl, A.; Pelzer, H.; Gleitz, J.; Peters,Planta Med.
1997,63, 303.
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Figure 1. Representative kavalactones frét methysticum.

Our first approach to a general asymmetric synthesis of
the kavalactones utilizes acetate aldol reactions based upon
thiazolidinethione chiral auxiliaries (Scheme'3)he tita-
nium enolate of valine-derivetl-acetyl thiazolidinethione
7 was reacted with cinnamaldehyde or dihydrocinnamalde-
hyde to give aldol adduc&a'c and8b, respectively. Similar
reactions with an analogous tributyltin-substituted aldehyde
led to protodestannylated products. Use of the original Nagao
tin triflate enolization conditiori$®"alleviated this problem.
Although tin-based aldol reactions of this type generally give
higher levels of diastereocontrol, the titanium counterparts
provide useful yields of purified major diastereomers with
less expense and operational complexity. The boron-based
system very recently reported by Sammakia would also be
an attractive option herg®

Critical to the efficiency of our plan was the discovery
that the thiazolidinethione auxiliaries can be displaced by a
carbon nucleophile without the need for protection of the
free hydroxyl group. Thus, treatment of aldol addugds-c
with the potassium salt of monoethyl malonate and MgCl
in the presence of imidazole led fbketoester®a—c. The
intermediacy of acyl imidazolides is presumédhis direct

containing dietary supplements, further accentuate the neechomologation of thiazolidinethione aldol adducts represents
for additional studies on the individual kavalactones and a powerful method for the preparation of polyacetate

structural analogués.

Although mixtures of the kavalactones are readily available

fragments.
Lactonization of thé-hydroxy{3-ketoestersq) is smoothly

from the crude extract of cultivated Kava, large quantities accomplished with potassium carbonate in methanol. Al-

of isolated enantiopure kavalactones are *n&imilarly,

though it is possible to isolate and purify the poaketo-

although racemic syntheses of the kavalactones are numerfactone intermediates (10), we have found it more efficient
ousi®no generally applicable asymmetric synthesis has beento simply remove the methanol solvent in vacuo and then

developed. Enantioselective reductiongieifetoester inter-
mediates have led to the preparation ©)+7,8-dihydroka-

carry out the standard enol ether formations in the same pot
to afford the kavalactone products. In this fashion, the first

viain (2), but these methods currently are not amenable toasymmetric synthesis ofH)-kavain (1) was completed in

the synthesis of kavalactones having-G78 unsaturatioft
Somewhat surprisingly, no enantioselective synthesis-pf (
kavain has been reported to déte.

64% overall yield in three steps from cinnamaldehyde.
In an effort to devise a synthesis that would provide rapid
access to the entire family of kavalactones and structural

Scheme 1. Chiral-Auxiliary-Based Synthesis of Kavalactones
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Table 1. Stille Couplings of Tin-Substituted Kavalactones

OMe OMe
N Pdy(dba)s (0.022 equiv) N
PR3 (0.088 equiv)
BusSn” ™ 0~ "0 Ar” X 0" "0
11
Arl R solvent “Ec{n?)’- prod. y(i(;ol)d
|
©/ 2-furyl THF 50 1 75
|
/©/ 0-MeO-Ph  tol. 115 12 52
MeO
o) |
<j©/ 0-MeO-Ph  tol. 115 3 44
O

analogues, we have prepared vinylstanribhas a common
advanced precursor. In several unoptimized initial experi-
ments (Table 1), Stille couplingfswith three appropriate aryl
iodides provided {)-kavain (1), (+)-5,6-dihydroyangonin
(12), and (+)-methysticin (3 This coupling strategy
circumvents the difficulties associated with the preparation
of electron-rich cinnamaldehyde derivatives and their di-
minished reactivity in aldol reactions and allows for the rapid
generation of aryl-substituted kavain analogtié&A comple-
mentary Suzuki coupling approach is currently under inves-
tigation.

Having demonstrated the utility of the aldol/trans-acylation

reaction. Recent studies by Ev&hand Crimmind® have
elevated the utility of thiazolidinethione auxiliaries as applied
to propionate aldol reactions (Scheme 2). Three of the four

Scheme 2. Representative Aldol Reactions NfPropionyl
Thiazolidinethiones
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possible diastereomeric products can now be accessed with
appropriate selection of enolization conditidh$he catalytic
asymmetric variant of this process is particularly elegéht.
We prepared the known cinnamaldehyde adducts of the
phenylalanine-derived thiazolidinethiond9{-22) and sub-
jected them to our reaction conditions (Table 2). Gratifyingly,

sequence, we chose to explore the scope of this interestin_

(7) (a) Davies, L. P.; Drew, C. A,; Duffield, P.; Johnston, G.; Jamieson,
D. Pharmacol. Toxicol1992 7, 120. (b) Jussofie, A.; Schmiz, A.; Hiemke,
C. Psychopharmacologi©94,116, 469. (c) Seitz, U.; Schule, A. L.; Gleitz,
J. Planta Med.1997,63, 548. (d) Boonen, G.; Haberlein, Rlanta Med.
1998,64, 504. (e) Baum, S. S.; Hill, R.; RommelspacherPbg. Neuro-
Psychopharmacol. Biol. Psychiatr998,22, 1105. (f) Yuan, C.-S.; Dey,
L.; Wang, A. B.; Mehendale, S.; Xie, J.-T.; Aung, H. H.; Ang-Lee, M. K.
Planta Med.2002,68, 1092.
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T. Chem. Lett1975, 161. (e) Israili, Z. H.; Smissman, E.E.Org. Chem
1976,41, 4070. (f) Reffstrup, T.; Boll, P. MActa Chem. Scand. B976,
30, 613. (g) Dziadulewicz, E.; Giles, M.; Moss, W. O.; Gallagher, T.;
Harman, M.; Hursthouse, M..BJ. Chem. Soc., Perkin Trans1989 1793.
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6,677,462, 2004Chem. Abstr2003, 133055.
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Chem. Soc., Chem. Commur@85, 1418. (b) Nagao, Y.; Hagiwara, Y.;
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Tetrahedron Lett1996,37, 8949. (d) Guz, N. R.; Phillips, A. Org. Lett.
2002,4, 2253. (e) Zhang, Y.; Phillips, A. J.; Sammakia,drg. Lett.2004,

6, 23.

(14) (a) Nagao, Y.; Matsunaga, H.; Kumagai, T.; Inoue, Y.; Miwa, Y.;
Taga, T.J. Chem. Soc., Chem Comm@892, 437. (b) Brooks, D. W.; Lu,
L. D—L.; Masamune, SAngew. Chem., Int. Ed. Engl979,18, 72. (c)
Gage, J. R.; Kelly, R. C.; Hewitt; B. D. U.S. Patent 6,077,963, 2@&m.
Abstr. 1999, 194136.

(15) For a review see: Farina, V.; Krishnamurthy, V.; Scott, WIie
Stille Reaction; John Wiley & Sons: New York, 1998.
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Table 2. Malonate Displacements of Thiazolidinethiohes

propionate aldol adduct  malonate addition product y(l(;ol)d
OoH O S OH O O
PhWLN)LS Ph™ ™% v OEt 60
19 Me 23 Me
Bn
OH O S OH O O
Ph X NAS Ph™ % OFEt 60
20 Me 24 Me
BA
OH 0 § OH O ©
Ph™ ™ . N)kS Ph” ™% OEt 52
21 Me — 25 Me
BA
OH O S OH O O
PR Xx"""N""g PR OFt 61
2 Me “/ 23 Me

aConditions: potassium ethyl malonate (2 equiv), Mglequiv), imid.
(1 equiv), THF, rt, overnight.

the expecte@-ketoester product28—25) were produced,
albeit in moderate yields.

Finally, as a complementary alternative to this chiral
auxiliary-based approach, we also have demonstrated that
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Scheme 3. Carreira’s Catalytic Asymmetric Dienolate
Additions to AldehydeX
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a As reported in ref 22a.

the products of the asymmetric Mukaiyama aldol reactions
developed by Carreifa (Scheme 3) and Safocan be
transformed directly into the kavalactone ring system in a
single pot (Scheme 4). Although we have only tested our
lactonization/methylation process on racemic substfatese

of the Carreira catalyst would render this an extremely
efficient enantioselective route to the kavalactones.

(16) Although the coupling reactions proceeded more rapidly with tri-
2-furylphosphine, small amounts of furyl-substituted kavalactones were
observed as a result of phosphorous-to-palladium aryl migration (Kong,
K.-C.; Cheng, C.-HJ. Am. Chem. S0d.991, 113, 6313). This problem
was alleviated by the use of tresfnethoxyphenyl)phosphine.

(17) The 7,8-dihydrokavalactone derivatives are available from these
coupled products via selective catalytic hydrogenation (ref 10e).

(18) The tributyltin iodide byproducts of these coupling reactions could
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However, simply stirring for 1 h with a slurry of triamine-functionalized
silica gel (SiliCycle,Si-Triamine) succeeded in scavenging 95% of the
residual tin contaminants. Chromatography with diol-functionalized silica
gel (SiliCycle,Si-Diol) was also required to achieve clean chromatographic
separation of tin-substituted aldol add@ct

(19) (a) Evans, D. A.; Downey, C. W.; Shaw, J. T.; Tedrow, JOgj.
Lett.2002,4, 1127. (b) Evans, D. A.; Downey, C. W.; Hubbs, JJLAm.
Chem. Soc2003,125, 8706.

(20) (a) Crimmins, M. T.; Chaudhary, KOrg. Lett.2000,2, 775. (b)
Crimmins, M. T.; King, B. W.; Tabet, E. A.; Chaudhary, K.Org. Chem.
2001,66, 894.
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ing oxazolidinone: Evans, D. A.; Tedrow, J. S.; Shaw, J. T.; Downey, C.
W. J. Am. Chem. So2002,124, 392.
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Scheme 4. Asymmetric Catalysis-Based Synthesis of the

Kavalactones
Me Me Q b) change solvent
OH 07 >0 @ KyCOs /ﬁi to acetone
X MeOH, rt c) then add
R 0 R™ 0" 0 Me,SOy, 1t
(x)-28 (x)-10 (all in one pot}
not isolated
lactonization/  2-ste final
OMe R methylation overapl)l product
yield yield
X
ph 71% 62% (2)-kavain
R” ~0” O ph " 90% 87%  (x)-dihydrokavain

In conclusion, we have developed three simple and
efficient approaches to the asymmetric synthesis of the
kavalactones and have completed the first enantioselective
synthesis of (+)-kavain.
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