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Bicyclic and tricyclic p-butyrolactones with 5,7-, 5,6,5-, 5,6,6-, or 5,7,5-fused ring systems, being found in xanthanolides, eudesmanolides, and
guaianolides, were readily synthesized from methyl furan-2-carboxylic acid. Key steps were a copper(l)-catalyzed asymmetric cyclopropanation,
Sakurai allylations, intramolecular ene reactions, and ring-closing metathesis reactions.

y-Butyrolactones are prominent constituents in biologically || Il NG

active compounds and are found in about 10% of all natural
productst In particular, there are many examples in which o

the y-butyrolactone is part of a more complex ring system, H S

e.g. in sesquiterpene lactones as depicted in Figdrarn. o

example for the bicyclic xanthanolides includes xanthatin OH

1,3 having extraordinarily high antibacterial activity against 1 (Xanthatin) 2 (Saussureal)
methicillin-resistantstaphylococcus aureu§he sesquiter- HO

pene Saussuredl)(* a potent plant regulator that was isolated
from Saussurea Lappdelongs to the class of eudesmano-
lides, being characterized by a 5,6,5-tricyclic ring system.
Ixerin Y5 (3) and Arglabirf (4), having the 5,7,5-tricyclic

ring system of the guaianolides, display strong activities

O-B-Glu
3 (Ixerin Y) 4 ((+)-Arglabin)

*0On leave from C-Tri, Korea Ltd.
24(%3)4(_521'-8?"221)6‘22&? g" '5 "Cségﬁ’a?‘nnt?;mc:.eg "gt'u%?ésE {:]gl,\ll;iﬁ?al Figure 1. Biologically active xanthanolides, guaianolides, and
Products ChemistryAtta-ur-Rahman, Ed.; Elsevier Science B.V.: Am- €udesmanolides.
sterdam, The Netherlands, 1995; Vol. 16, pp 6825.

(2) (a) Zdero, C.; Bohlmann, Phytochemistry199Q 29, 189-194. (b)
Jakupovic, J.; Ganzer, U.; Pritschow, P.; Lehmann, L.; King, R. M. . . .
Phytochemistryl 992 31, 863-880. against breast, colon, ovarian, and lung cancer. Argladin (

(3) Sato, Y.; Oketani, H.; Yamada, T.; Singyouchi, K.; Ohtsubo, T.; in rrentlvy under clinical eval ion in Kazakhstan an
Kihara, M.; Shibata, H.; Higuti, TJ. Pharm. Pharmacoll997, 49, 1042- be g currently u der clinical evaluatio azakhstan and

1044. the US, inhibits the farnesyl transferase and by this mode

(4) Talwar, K. K.; Singh, I. P.; Kalsi, P. S?hytochemistry1991, 31, the activation of the RAS proto-oncogene, a process that is
33?5_)3,32' J-Y.: Wang, Z-T.. Xu, L.-S.: Xu, G.-Phytochemistryi999 believed to play a pivotal role in 2680% of all human
50,113-115. o tumors.
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Very few strategies toward the total synthesis of eudes-

as the nucleophile (anti/syn ratio 95%8Y,seemed to be an

manes, xanthanolides, and guaianolides have been reportedjdeal starting point for a subsequent annulation of a seven-

but especially Ixerin Y3J) and Arglabin §) are only available
from natural sources so far.

We have recently developed an asymmetric route to
disubstituted/-butyrolactone® starting with the copper(l)-
bis(oxazolines)-catalyzed cyclopropanation of furan-2-car-
boxylic esters5 (Scheme 1%.This way, either enantiomer

Scheme 1. Synthesis ofanti-Disubstitutedy-Butyrolactones
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a Conditions: (a) (i) ethyl diazoacetate, Cu(OJ 2 mol %),
(S9-tBu-box (2.5 mol %), PhNHNK (2 mol %), CHCl,, 91%
ee (ii) recrystallization (pentane)>99% ee, 53%. (b) () @
CH,Cl,, —78 °C, (ii) dimethyl sulfide, 94%.

of 6 can be readily prepared on a multigram scale in pure
form. Ozonolysis o6 followed by reductive workup leads
to the aldehyd&, which undergoes highly diastereoselective
additions with nucleophiles t8 followed by a retroaldol/
lactonization cascade @ Here we would like to report the
application of this strategy toward bi- and tricyliebutyo-
lactones as a facile entry to the core nuclei of xanthanolides,
eudesmanolides, and guaianolides.

The lactone9a, which can be obtained following the
general strategy outlined in Scheme 1 by using allylsilane

(6) (a) Adekenov, S. M.; Mukhametzhanov, M. N.; Kagarlitskii, A. D.;
Kupriyanov, A. N.Khim. Prir. Soedin1982 5, 655-656. (b) Adekenov,
S. M.; Mukhametzhanov, M. N.; Kagarlitskii, A. D.; Agashkin, O. vest.
Akad. Nauk. Kazak.Ser. Khim.1983 2, 54—60. (c) Appendino, G.;
Gariboldi, P.; Menichini, FFitoterapia 1991, 62, 275-276. (d) Bottex-
Gauthier, C.; Vidal, D.; Picot, F.; Potier, P.; Menichini, F.; Appendino, G.
Biotechnol. Ther1993 4, 77—98. (e) Shaikenov, T. E.; Adekenov, S. M.;
Williams, R. M.; Baker, F. L.; Prashad, N.; Madden, T. L.; Newman, R.
Oncol. Rep2001, 8, 173-179. (f) Wong, H.-F.; Brown, G. DJ. Nat. Prod.
2002 65, 481—-486.

(7) (a) Kuroda, C.; Kobayashi, K.; Koito, A.; Anzai, Bull. Chem. Soc.
Jpn.200Y, 74, 1947-1961. (b) Lee, E.; Lim, J. W.; Yoon, C. L.; Sung, Y.;
Kim, Y. W.; Yun, M.; Sangsoo, KJ. Am. Chem. S0d.997, 119, 8391~
8392. (c) Kuroda, C.; Ito, KBull. Chem. Soc. Jpri996 69, 9. 2297. (d)
Devreese, A. A.; Clercq, P. J. D.; Vandewalle, Metrahedron Lett198Q
21, 4767. (e) Rigby, J. H.; Wilson, J. 2. Am. Chem. Sod 984 106,
8217-8224.

(8) (a) Bthm, C.; Schninnerl, M.; Bubert, C.; Zabel, M.; Labahn, T;
Parisini, E.; Reiser, OEur. J. Org. Chem200Q 2955-2965. (b) Bdm,
C.; Reiser, O0Org. Lett.2001, 3, 1315-1318. (c) Chhor, R. B.; Nosse, B.;
Sargel, S.; Baam, C.; Seitz, M.; Reiser, @Chem. Eur. J2003 9, 260~
270.
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membered ring (Scheme 2).

Scheme 2. Synthesis of the Core Nucleus of Xanthanolides

R OH R
J\_§CHO 1. A_TVS -z A
O g "X 2. BFgE0 07 o7 X
9a 10a: R=H, 92%, dr=78:22
10b: R=CHj, 50%, dr=72:28
e N-M
H7 Mes—-N —Mes
12 2 R Y H
— ol _
(3-5 mol%) ‘Ru—<
o C"|" “pn
H PCys
11a: R=H, 61%, dr=81:19 12

11b: R=CHg, 98%, dr=78:22

Introduction of a second allyl group by Bfnediated
reaction with allylsilanes takes place with moderate diaste-
reoselectivity (3:1 to 4:1) t@0 (major diastereomers shown),
which was set up for ring-closing metathesis (RCM).

By using the ruthenium catalydf2, which is especially
effective in RCM reaction8,both 10a and 10b could be
directly converted to the bicyclic derivativddaand 11b,
respectively, with no protection of the free hydroxyl group
being necessary. In the course of the ring closure, the
diastereoselectivity changed very little, indicating that both
diastereomerd0a and 10b undergo equally well the me-
tathesis reaction. The major diastereometdb could be
obtained in pure form by recrystallization, and its relative
stereochemistry was established by X-ray crystallography
(Figure 2).

Figure 2. X-ray structure of ac)-11b.

The synthesis of the tricyclic 5,7,5 framework with all-
trans stereochemistry at the ring junctions, found in gua-
ianolides such a8 and4, posed an additional challenge for
our synthetic route. Addition of the allylsilari&!®to 7 does
not only have to proceed under Felkin-Anh conttait the
aldehyde with respect to the cyclopropyl group, but also must

(9) (a) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. Brg. Lett 1999
1, 953. (b) Chatterjee, A. K.; Grubbs, R. Brg. Lett 1999 1, 1751. (c)
Furstner, A.; Thiel, O. R.; Ackermann, L.; Schanz, H.-J.; Nolan, SJ.P.
Org. Chem.200Q 65, 2204-2207.
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be anti-selective between the prochiral centers of the two ||| NN

reaction partners. Indeed>awas obtained with excellent  scheme 4. Synthesis of the Core Nucle@ of Guaianolides

stereocontrol, giving again goahti-selectivity (95:5) of the OR
substituents placed on the lactone ring, while tgi- HcHo 1N TS :
relationship was observed between the two five-membered 1\ H 2)BFgE0
rings exclusively (Scheme 3). 0o ) . 66%, dr=180:20 Qg
. . ) EtsN/ 5,0, ¢ 16:R=H
Scheme 3. Addition of Cyclic Allyl Silanes13to 7 TMSCI °\ 17:R=TMS
EtO,C '|3F3 o
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Ba(OH),

18: R=H 20: R=H, 34 %, dr=53:47

EtgN /
3%( 19 pTMs 21 R=CHs, 48 %, dr= 71:29

TMSCI

15a: 83% (anti / syn 95:5)
15b: 97% (anti / syn 91:9)

The stereochemical outcome of the reaction can be
rationalized by the transition stafed, in which both, the
Felkin-Anh't as well as the antiperiplanar orientation with
the least sterical hindrance of the carbonyl group and the
C—C double bond of the allylsilane is observéd.ikewise,
the six-membered allylsilariE3b gave good results, resulting
in the formation of15b with only minute amounts of the
syndiastereomer present.

15a proved to be somewhat unstable and was therefore
used as the crude material obtained directly from the reaction.
For the synthesis of the core nucleus of guaianolides
allylations in the presence of boron trifluoride were carried
out to yield the 1,8-diene%6 and18, respectively (Scheme
4, major diastereomer shown). However, it was imperative
to add the allylsilane before introducing the Lewis acid to
prevent an intramolecular carbonyl-ene reaction (vide infra).
Ring-closing metathesis could not be achieved with either
16 or 18, but after conversion to their corresponding
trimethylsilyl ethersl7 and19 cyclization became possible.

Unfortunately,17 gave rise to20 in the presence of the

was assigned by X-ray structure analysiserif(-20, being
prepared from-£)-6 in an analogous way ta0. Attempts
to improve upon the RCM ofl7 by employing22'3 as
catalyst were not successf@l was obtained in 28% yield;
 however, with catalys2?2 the ratio of diastereomers did not
change in the course of the cyclization.

Even more challenging was the RCM 09, creating a
tetrasubstituted double bond. Indeed, no reaction was ob-
served employind 2, but in the presence of the catalys
the tricylic lactone21 could be obtained in moderate yield
(48%).

For the synthesis of the core nucleus of eudesmanolides,
the direct ring closure of5 by an intramolecular carbonyl
ene reactiotf was envisioned. Lewis acids such as Sl

catalyst12in only low yields (34%). .It was interesting _to MeAICl, most commonly mediate such coupling reactiéns.
note, however, that apparently the minor diastereoméin |, ;- hands boron trifluoride etherate at room temperature

reacted preferentially, since the diastereoselectivity changedgave the best results, leading in a remarkably regio- and
from 4:1 in 17 to 1:.1 n 20. The dlgstere_omers could b_e stereoselectivereaction 4l as a single stereoisomer. Their
separated by crystallization, and their relative stereochem|stryre|ative stereochemistry was established by X-ray structure
: - analysis of24a The stereochemical coué®f the reaction
(10) (a) Hayashi, T.; Fujiwa, T.; Okamoto, Y.; Katsuro, Y.; Kumada,

M. Synthesi€981 1001-1003. (b) Hayashi, T. Fujiwa, T.; Katsuro, v.; ~ could be rationalized by the transition sta in which the
Kumada, M.Tetrahedron Lett198Q 21, 3915-3918. (c) Monti, H.; Audran, least steric interactions are encountered in the attack of the
G.; Fraud, M.; Monti, J.-P.; Landri, G.Tetrahedron 996 52, 6685-6698. carbonyl group

(11) Leading review: Mengel, A.; Reiser, @hem. Re. 1999 99, y ’

1191-1223.

(12) (a) Hayashi, T.; Konishi, M.; Kumada, M. Am. Chem. S04982 (13) (a) Garber, S. B.; Kingsbury, J. S.; Gray, B. L.; Hoveyda, AJH.
104, 4963-4965. (b) Yamamoto, Y.; Yatagai, H.; Naruta, Y.; Maruyama, Am. Chem. So200Q 122 8166-8179. (b) Gessler, S.; Rand|, S.; Blechert,
K. J. Am. Chem. Sod.98Q 102, 7107-7109. S. Tetrahedron Lett200Q 41, 9973-9976.

Org. Lett.,, Vol. 5, No. 6, 2003 943



Scheme 5. Synthesis of the Core Nucleus of Eudesmanes

BF3-Ets0
——
room temp.

24a

In conclusion, a variety of bi- and tricyclic lactones,
representing the core structures of important natural products

panation of furan-2-carboxylic methyl ester as the key step
for the enantioselective preparatiomebutyrolactones. On
the basis of this strategy, further studies toward the total
synthesis ofl—4 are being carried out in our laboratories.
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