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In the course of a continuing search for tumor. inhibitors of plant origin,
alcoholic extracts of Eupatorium rotundifolium L. (Compositae) showed signi-

ficant inhibitory activity in vitro against cells derived from human carcinoma
of the nasopharynx (kB).?>’* Our earlier report described the isolation and
structural elucidation of euparotin acetate (}), a novel tumor-inhibitory
guaianolide sesquiterpene, and of the alcohol, euparotin (;).3 We report here-
in the isolation and structural elucidation of a second tumor inhibitor, eupa-
chlorin acetate (3), and of five additional cytotoxic® guaianolide lactones.
Three of the lactones appear to be the first recognized naturally-occurring
chloro-sesquiterpenes.

The six new lactones were isolated from the same cytotoxic fractions of
the plant material which yielded euparotin acetate and euparotin. The key
separations were effected by repeated silica gel chromatography with chloro -
form-acetone-ethanol mixtures. While all of the lactones were isolated in
sufficient quantity for in vitro evaluation of cytotoxicity, only eupachlorin
acetate was available in a quantity sufficient for in yivo testing. Eupachlorin
acetate showed significant reproducible activity against the Walker 256 intra-
muscular carcinosarcoma in rats at 250-300 mg/kg.4

Eupachlorin acetate (3) (C,2Hz705CL,° mp 161-164° (vac, dec); [a]lz)6 -192°

(c 0.63, MeOH); ANCOH 212 my (e 15,800); ARBE 5 94, 3.40, 5.65 (lactone),

5.75 {acetate), 5.81 (angelate), 6.01 (C=C) Zﬁg 8.141L) was converted to
euparotin acetate (1)7 in 68% yield by chromatography upon acid washed alumina.
Location of the chlorine atom at C-14 was supported by the downfield shift of
the two-proton singlet (to T 6.47) corresponding to the C-14 methylene of
eupachlorin acetate (3), relative to the signal for the C-14 methylene (at

T 7.32) in the nmr spectrum of euparotin acetate (1). Furthermore, the terti-
ary nature of the two D,0-exchangeable hydroxyl functions of 3 (and, conse-
quently, their location at C-5 and C-10) was indicated by their resistance to
acetylation with acetic anhydride-pyridine. Since there have been no apparent
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prior reports of isolation of chloro-sesquiterpene natural products, the possi-

bility was considered that eupachlorin acetate may have been formed during the
isolation procedure, by addition of the elements of hydrogen chloride to
euparotin acetate. However, when a separation procedure was devised which
rigorously excluded chlorine-containing salts and solvents, eupachlorin acetate
was isolated in good yield. This fact and the well-documented co-occurrence
in the Compositae of polyacetylenic epoxides, chlorohydrins, and chlorohydrin
acetates® support the view that chloro-sesquiterpenes are, indeed, naturally-
occurring compounds.

Eupachlorin (4) (CyoH;50,Cl, mp 219-221° dec; [a]%7 -110° (c 0.35, EtOH);
nmr signals (dy-DMSO) at 7 6.14 and 6.37 (2H, doublets, J = 11.5 cps, C-14); 3
exchangeable hydroxyl protons) was converted to euparotin (2) by alumina chro-
matography and to eupachlorin acetate (3) by acetylation.

Eupatoroxin (5} (C;oHz40g, mp 197-2000; [@13® -98° (c 1.10, MeOH); nmr
signals (d;-acetone) at 7 6.64 (1H, br s, C-3), 7.32 and 7.43 (2H, doublets,
J=5 cps, C-14), 8.42 (3H, s, C-15)) was identical to the major product (60%
obtained by epoxidation of euparotin (2) with m-chloroperbenzoic acid. Evidence
which favors the designated a-orientation of the 3,4-epoxide is discussed below.

Eupachloroxin (§) (Cp0H;504Cl) was isolated as a chromatographically-
homogeneous amorphous solid. The nmr spectrum (d;-acetone) showed signals
which supported the presence of a 3,4-epoxide (7 6.63, 1H, br s), a chlorine
atom at C-14 (7 6.19 and 6.34, 2H, doublets, J=12 cps), two tertiary hydroxyl
groups (7T 5.67, 1H, s, and T 6.03, 1H, s) and one secondary hydroxyl group
(r 5.22, d, J=4 cps). Eupachloroxin was converted to eupatoroxin (5) upon
chromatography on alumina.

Eupatundin (7) (C,oH;40,, mp 188-189° (vac); [a]%? -80° (c 0.44, EtOH))
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showed nmr signals which indicated the presence of a 3,4-epoxide (7 6.58, 1H,
br s, and 8.35, 3H, s, C-15) and an exocyclic methylene group at C-10 (7 4.94,
2H, s). Treatment with m-chloroperbenzoic acid gave a mixture of epoxides from
which eupatoroxin (5) was isolated in 8% yield. A second reaction product
(25%) was identical to the sixth naturally-occurring lactone, characterized as
10-epi-eupatoroxin (8) (CzoHz40s, mp 230-232°; [a]d® -109° (c 0.33, Mq\eOH); nmx
signals (ds~acetone) at 7 6.62 (1H, br s, C-3), 7.24 and 7.33 (2H, doublets,
J=5 cps), two exchangeable hydroxyl protons).

Assignment of a-configuration to the 3,4-epoxide in eupatundin (7) is
favored by the experimental results which follow. Treatment of 7 in aqueous
dioxane with hydrogen chloride gas gave two chlorohydrins, 9 (72% yield,
CooHz507Cl, mp 260-262° dec, m/e 412, 414 (3:1, M'); [a]37 +50° (c 0.10, MeOH);
nmr signals (ds -pyridine) at T 5.22 (lH, d, J=3.5 cps, C-3), 5.72 (1H, m), 7.80
(3H, s, C=15), and threg exchangeable hydroxyl protons) and 10 (20% yield,
CaoHz507Cl, mp 190-192° dec, m/e 412, 414 (3:1, MY); [a]3? -50° (c 0.86, MeOH);
and nmr signals (dy-acetone) at 7 5.39 (1H, d, J=8 cps, C-3), 5.69 (1H, t, J=8
cps, C-2), 8.30 (3H, s, C-15), and three exchangeable hydroxyl protons). Acet-
ylation of 10 gave diacetate 11 (C,4H,30,Cl, m/e 496, 498 (3:1, M'); nmr
signals (ds-acetone) at T 3.94 (1H, d, J=7 cps, C-3), 4.76 (1H, t, J=7 cps,
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Cc-2), 7.82, 7.98 (6H, two COCH;), 8.28 (3H, s, C-15), and one exchangeable
hydroxyl proton}. Alumina treatment of 9 gave only eupatundin (1), whereas
similar treatment of 10 gave 71 (6.5%) and a new epoxide, 12 (90%)(C,,H,,07,
m/e 376 (MY); nmr signals (CDC1;) at T 5.88 (2H, m, C-2, C-3), 8.42 (3H, s,
C-15) and two exchangeable hydroxyl protons). Acetylation of 12 gave diacetate
13 (Cp4H405, m/e 460 (M'); nmr signals (CDCl;) at 7 4.25 (1H, m, C-3), 5.21
(14, t, J=7.5 cps, C-2), 7.79 and 8.00 (6H, two COCH;), 8.i4 (3H, s, C-15),
and no exchangeable hydroxyl protons). A 3,4B-epoxide would have been expect-
ed to yield 3u- and 4a-chloro chlorohydrins, and the 3a-chloro compound would
have been expected to close, in part, to the unnatural (and un-acylable) 2, 3f-
epoxide. The foregoing experimental results strongly support the view that
the 3,4-epoxide is a-oriented in eupatundin (7) and related compounds.
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