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An aleoholic extract af the root of Marah oreganus H. was found ta show significant inhibitory activity against

human earcinoma of the nasopharvnx carried in cell culture (KB).

Svstematic fractionation of this extract has

led to the izalation and characterization of the eytotoxic tetracyelic triterpeunes, isocucurbitacin B, cucurbitacin

B, dihydrocucurbitacin B, and cucurbitacin E.

In the course of a continuing search for tumor in-
hibitors of plant origin, an alcoholic extract of the roots
of Marah oreganus Howell was found to show signifi-
cant inhibitory activity against human carcinoma of
the masopharynx carried in cell culture (INB).** We
report herein the systematic fractionation of the ac-

HO O

(1) Part XXII in tbe series: S. M. Kupchan and M. I. Suffness. J.
Pharm. Sci., in press.

(2) This investigation was supported by grants from the National Cancer
Institute (CA-04500) and the American Cancer Society (T-275). and a con-
tract (PH 43-64-551) with tbe Cancer Clemotherapy National Service
Center, National Cancer Institute, National Institutes of Health.

(3) The roots were collected in California in April and Sept 1964. We
acknowledge the receipt of tlie dried plant material from Dr. Robert E.
Perdue, Jr., U. 8. Department of Agriculture, Beltsville, Md., in accordance
witl the program developed with the U. 8. Department of Agriculture by
the Cauncer Cliemotherapy National Service Center.

tive extract of Marah oreganus H. and the isolation and
characterization of the cytotoxic priuciples: isocu-
curbitacin B (I), cucurbitacin B (II), dihydrocucur-
bitacin B (I1I), and cucurbitacin E (IVa).

Although no prior chemical investigations appear to
have been carried out on any Marah species, extracts
from several other plants belonging to the Cucurbi-
taceae family have been reported to possess tumor-in-
hibitory properties® Various plants in this family
elaborate cucurbitacins, a series of highly oxygenated
tetracyelic triterpenes.® The ability of certain cucur-
bitacins to inhibit tumor growth has been reported
earlier.”$

The dried ground root of M. oreganus was extracted
continuously with ether followed by methanol for
several hours (Scheme I). Since the activity (Table I)
was only partially extracted by ether, in all subsequent
fractionations the ether extraction was omitted and the
root was extracted directly with methanol. Partition
of a portion of the concentrated methanolic extract (C)
between water and chloroform resulted in a concentra-
tion of the activity in the chloroform phase (F). The
brown residue from the chloroform layer was defatted
by partitioning between 109, aqueous methanol and
petroleum ether (Skellysolve B), whereupon the ac-
tivity was concentrated in the aqueous methanol layer
(G). The material recovered from the aqueous meth-
anol layer was dissolved in methanol and treated with a
saturated methauol solution of neutral lead acetate.
Removal of the precipitate by centrifugation and of the
excess lead with hydrogen sulfide gave the active ex-
tract (I). Subsequent fractionations of the root gave
extracts corresponding to I which had comiparable cyto-
toxic activity.

Turther fractionation of fraction I was effected by
adsorption chromatography on a silicic acid column,
whereby the activity was concentrated in the frac-
tions eluted with 19, methanol in chloroform. These
active fractions were combined on the basis of analysis
by thin layer chromatography and, upou treatment with
ether, two crystalline materials were obtained (J, IX).

Fraction J, cousisting mainly of the higher Ry com-

(4) The evaluation of the KI3 assay results hy the Cancer Chemotherapy
National Service Center in sequentja} testing is sucli that a purified coin-
pound is considered active if the average EDs of two tests < + pg/ml and
if this result is reproducible by a second screener. In the event that a com-
pound has an EDj < 1 wg/ml in the first test, the second sequential test is
omitted and it is submitted to a second screener for confirmation. Tle pro-
cedures were those described in Cancer Chemotherupy Rept., 28, 1 (1962).

(5) N. R. Farnsworth, J. Fharm. Sci., 58, 225 (1966).

(6) G. Ourisson, P. Cralibé, and O. Rodig in *“Tetracyclic Triterpenes,”
E. Lederer, Ed.. Holden-Day, Inc., San I'rancisco. Calif., 1964, p 173.

(7) 8. Gitter, R. Gallily, B. Shobat, and D. Lavie, Capcer Res.. 21, 516
(19861).

(8) R. Gaillily, I}, Shobat, J. Kalish, 8. Gitter, and D. Lavie, b/, 22,
1038 (1962).
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pottent, was furthier purified by repeated reerystallizn-
tion, to yvield a compound characterized az “2-epicucur-
bitacin B (I) by comparison of its physical properties
with reported values® and with an authentic sample.'os
This compound was initially thought® to have 1 3-oxo0-2-
(uxial)-hvdroxyl structure aud was wuned “2-epicucur-
bitacinn B o the basix that it was 0 C=2 epimer of cu-
curbitacitt B (IT). Subscquent work, ¢ however, has
led to proposal of the 2-oxo0-3a-(equatorial)-hydroxyl
structure (I). Since T iz not epimeric at C-2 but is ue-

) D. Lavie, Y. Shvo, O. R. Gotrhieb, R. B. Desaj, and M. L. Kbhorana,
Jo Chem. Noc., 3258 (19621,

AM 1 We dank Professor Duvid Lavie of vl Weizmann Instiome of
Seenvr, Relovoll, Israel, for an avibenoe sionple of “2-epiencorbitacin 18
) Iy oa privace commuicaGon, Professor Lavie bas proposed the 2-0xu-3 -

requaloriah-bydroxy) sommctore for 1o 1e) 11 Lavie aud 13, 8. Benjaminoy.
SO0y, Chem,. 30, BOT (19653,
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fually an sauer af cucurbitaein B, we propose that
the nanie izocucurbitacin 13 be adopted for this coni-
poud.

The erystalline fraction K appeared by thin layver
chiromatograpliy to con=ist maiunly of two components
of lower Ry in addition to <mall amounts af i:ocueurin-
taciy B. The law Ry material was zeparated by pre-
parative thin layver chivomatography to give twa crys-
talline compounds.  The compound of lawest 7y wis
identified ax cucurbitaein B (I1) by comparisonn of its
physical propertiex with reported values! and by can-
version ta the known™ " cucurbitacin T (1Vh) hy his-
muth oxide oxidation. '

Bisniuth oxide oxidation of isocucurbitacin B3 and
cucurbitacin B, using @ modification of the procedure
described by Lavie and Shvo!'® for the axidation of
cucnrbitacin 1 to cucurbitacin I, vielded the dewvetyl-
ated diosphenol rocurbitacin T (1VDh).,  Hydrolysis al
the allylic acetate apparently oceurred during work-up
of the rewetion miixture, beeause. when o procedure
deseribed by Enslin'® involving niilder isolation caudi-

1 WL 0L Bisenhnt and C0 Ry Noller, i, 23, 1984 (1438,

(12) D, Lavic and D, Willner, J. Am., Chem. Soc., 80, 710 11458,

(13} DL Lavie aod Y. Slovoo ilad,, 82, 066 (1660).

Pl WL Loehy, L e, Seel, Ton (gl

(15 We thank 1 1% R, Lnslin (Naliona Clouicat Ttesewrehy Lolaosw
tory, Ronth Afriean Cooneil for Svienlihie and lodosoiat Researcle Prevoy
Sowaly Afriva) for fornisling his procedmre foe o oxidation of cocorbiaees
by eorewr b 1 oand for o generons smopde of enemfdalacte 14
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tions was employed, cucurbitacin E (IVa) was ob-
tained,

The compound with R; slightly higher than cucur-
bitacin B was characterized as dihydrocucurbitacin B
(IIT) by comiparison of its physical properties with re-
ported values' and by direct comparison with a sample
prepared by hydrogenation of cucurbitacin B. Al-
though dihydrocucurbitacin B has been prepared pre-
viously from cucurbitacin B, the isolation from 37. ore-
ganus appears to represent the first evidence of its oc-
currence in nature.

During the course of only oue of several chromato-
graphic separations of fraction I, a material was eluted
from the column with 19, methanol in chloroform (prior
to isocucurbitacin B) which crystallized from ether.
Recrystallization of the latter material gave cucurbita-
cin E (IVa), characterized by comparison of its physical
properties with reported values' and by direct com-
parison with a sample obtained by bismuth oxide oxida-
tion® of cucurbitacin B.  Since this compound was not
obtained in subsequent chromatographic separations of
fraction I, it appears likely that the diosphenol (IVa)
was all artifact which arose by oxidation of I or II.

The in vitro cytotoxicity (Table II) of the cucurbita-

TasLe 1T
Cyroroxicrty oF Compousps FROM Marah oreganus 11,

Conipound EDso, ug/ml
I 4.0 X 101
11 2.4 X 1078 5.3 X 10-W
III 1.7 X 1073, 2.6 X 10~
IVa 4.5 1077, 5.8 X 107¢
IVhe 3.1 X 10~¢

» Prepated by synthesis; not isolated from this plant.

cins 1solated from d1. oreganus was determined by as-
say agaiust cells derived from human carcinoma of the
nasopharynx (KB).* Compounds IT and IVa (cucur-
bitacins B and E, respectively) clearly possess a very
high order of cytotoxicity, which has been confirmed by
repeated assays. In view of the high level of cyto-
toxicity exhibited by IT and IVa, these compounds were
evaluated for inhibitory activity against two in vivo
tumor systems (Table I1I).*  Although cucurbitacin B
(II) gave acceptable T/C values in two in vizo tumor
systems, the low margins between active and toxic doses
render the material unpromising as a therapeutic agent,

Experimental Section!'®

Extraction and Preliminary Fractionatlon.—The dried ground
root (420 g) was extracted continuously with ether in a Soxhlet
extractor for 15 hr. Evaporation of the ether solution under
rediced pressure gave 20.0 g of brown oil (A). Fresh ether was
added to the root material which was extracted for an additiona]

(18) W. Schlegel, A, Melersn, and C. R. Noller, J. Org. Chem., 26, 1206
(1961).

(17) D. Lavie and 8. Szinai, J. Am. Chem. Soc., 80, 707 (1958).

(18) The evaluation of ¢n vivo assay results (in the systems cited in Table
111) by the Cancer Cheimnotherapy National Service Center on a statistical
Lasis in seyquential testing is such that a material is considered active if it
causes reduction of tumor weight to 42% or less. For further details compare
protocols described in ref 4.

(19) Melting points were determined on a Fisher-Johns melting point
apparatus and are corrected, Infrared spectra were determined on Perkin-
Elmer 421 and Beekman IR-5A infrared spectropbotometers. Ultraviolet
spectra were measured on a Beckman DIK-2A recording spectroplhotoineter.
T'hin layer chromatography was carried out on silica gel G (E. Merck) plates,
and the ehromatograms were sprayed with a Ce(804)~H:804 solution fol-
lowed by beating unti} brown spots appeared.
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Tasre 111

Acriviry oF CucUrBITACING B anp B
AGAINST 7n Vivo TuMoOR SysTeEMs

Animal
wt chg Tumor
Twnor Dose, dif wt, mg T/C X
Cowpd systeln mg/kg Swrvivors (T — C) (T/C) 100
11 WA« 3.2 0/4 e A Toxic
1.6 3/4 —7.0 1400/4600 30
0.8 4/4 —5.0 4600/4600 100
LLb 1.6 0/4 . . Toxic
0.8 4/4 —2.0 514/1216 42
0.4 4/4 4+0.5 593/1216 48
IVa WA 10.0 1/4  +2.0 2300/7400 Toxic
5.0 4/4 —4.0 6400/7400 86
2.5 4/4 0. 8300/7400 112

v Intramuscular Walker carcinosarcoma 256 in rats. ° Lewis

lung carcinoma in mice.

24 hr. The second ether extract was evaporated to vield an addi-
tional 3.0 g of brown oil (B). The remaining root material was then
continuously extracted with MeOH for 20 hr and the MeOH
extract was evaporated under reduced pressure to yield 83.5 g
of a thick brown foam (C). A portion of fraction C (22.0 g)
was partitioned between water (230 ml) and three 250-ml por-
tions of CHCl;.  The resulting CHCl, laver was washed with
water, dried (Na,80,), and evaporated under reduced pressure
to yield 3.0 g of brown foam (F). Ewvaporation of the combined
aqueouts layer and washings under reduced pressure yielded 10.0
g of residue (D). The interfacial solids after drying amounted
to4.0g (E).

The chloroform soluble fraction (F) was partitioned between
109% aqueous MeOH (200 ml) and four 250-ml portions of petro-
leum ether (bp 60-68°). Evaparation of the 109 aqueous MeOH
layer yielded 2.6 g of brown foam (G). The combined petroleum
ether extracts were washed with water, dried (Na,30,), and
evaporated under reduced pressure to yield 0.3 g of residue (H).
The agueous methanol-soluble fraction ((G) was dissolved in
MeOH (100 ml) and treated with a saturated MeOH solution of
Pb(OAc). The precipitate was removed by centrifugation
and washed twice with MeOH. The combined supernatant
methanol solution was freed from excess lend by treatment with
H.S. The PbS was removed by filtration, and the filtrate was
evaporated under reduced pressure to yield 2.2 g of brown foamn
(I).  TIu all subsequent fractionations af this plant, the extraction
with ether was omitted and the ground root was subjected directly
to continuous MeOH extraction., When this fractionation was
carried ont on a large scale, 4.1 kg of the dried ground root af-
forded 138 g of material comparable to fraction I.

Isolation of Isocucurbitacin B (I).—Fractian I was fuyrther
fractionated by adsorption chromatagraphy on a silicie acid
(Mallinckradt, 3 kg) eolumn, 90 X 0.5 emi. Fraction I (100 g)
was dissolved in CHCl; (200 ml) and applied to the cahunn.
The column was eluted with 0.5¢7 MeOH in CHCI, (14 1)
and then 19, MeOH in CHCl; (2.2 1.) to give 21 g of brown ail.
Cantinued elution with 19, MeOH in CHCly (6 1) afforded a
fraction (3.28 g) which erystallized from ether to give a white
powder (J, 0.98 g). Fraction J was recrystallized several times
from EtOH (957;) followed by MeOH to give isocucinbitacin
B (I, 0.40 g): R:on tle 0.33 (ether); mp 223-223.5° dec: [«]2D
+43° (¢ 1.61, CHCl); ASs 2.80, 5.74, 5.81, 5.90, 6.15, 8.0,
and 9.08 u; ALo® 230 mu (e 11,200) (lit.? mp 220-231° dec;
[alp +41° (¢ 1.1, CHClL); AP 282, 5.78, 5.90, 6.14, 7.94,
and 9.08 x; AEC¥ 230 myu (e 11,000)).  An authentie sample of
isocueitrbitacin B was abtained'® and recrystallized from MeOTIl
to vield produet with mp 218-221°. The melting paint aof onr
compound was not depressed by admixture with the anthentic
isacucnrbitacin B, and the infrared spectra (KBr) af the re-
spective samples were identical. The two samples showed
identical Bt on tle (3%, MeOH in CHCly).

Isolation of Cucurbitacin B (II) and Dihydrocucurbitacin B
(III).—In a typical experiment, a solution of fraction I (100 g)
in CHCl, (200 ml) wax chromatagraphed on a xilicie acid (3 kg)
colimm,  The colunm was eluted with 1, NMeUIT in CHCI,
and the course of the chromatography was follawed by tle using
309 ether in benzene as the developing solvent.  After mast of
the material correspouding to isocucurbitacin B had been ehitted,
two componeuts of lower I were eluted siinultaneously from
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the colmn. Crystallizatian al this fractian from etlier gave o
white powder (K, 3.0 g) which appe: wed (e) to consigt maiply of
the two lawer Yy companents in addition ta n small amount of
material corresponding to isacuenrhitacin 3.

Fractian K was =eparated into its muain compaieints by pre-
parative de. A sohition of K (1.7 gy in chloroform~beuzene was
applied to sixteen 20 X 35 cm glass plates coated with silica gel
IIF 1w in thickness.  The plates were developed in ether and
viewed under nliraviolet light, wherenpon three blue fluorescent
linnds were abserved. The two lower Iy areas were removed
frop1 the plates and rhe xilien gel was extineied with four 50-inl
portions ul war MeOll.  Ivaporation af the MeOIH under
reditced pressire gave twa residues which were taken up in warm
ben/eno and filtered thrangh sintered-glass fumnels.  1ivapora-
tian af the benzene under reduced pressuve affarded the two
low A5 fractions (L oand M),

Fraction L (0.480 g), abtamed from the lowest Ky muaterial,
erystallized from ether to give a white powder (N, 0,343 g,.
Lecrystallization af N from acetane -Skellysolve B gave cuc-
hitaein B (TL 0,285 gt Ky on tle .22 (ether): mp 181-184°:
T2 879 Tn 0,06, absalnte 15tO11); AR 2,02, 5.84, 5.04,
G017, and S0L e AT 220 mu (e 134,%00) (it mp 178-170°"
[o]®n 487° (¢ 089, absalute TtO1): A7 2,02, 3,82, 3.02,
and 6.17 w0 NGO 228 tup (e 10,500)).

Fractian M (0.297 g), ' which is the material of slightly higher /¢;
than fraction L, erystallized fram ether ta give a white pawder
10, 0.190 g).  Recryvstallizatian of O from benzene-Skellysolve
3 gave dihydracuenrbitacin B IIH 0.122 gy ax needles; R; an
tle 0.27 (ether): mp 163.5-164.5°%; [a]%p +53° (i 0.95, (?HCl;y}:
AT 0T, 2.80, 5.79, 4.82, 5.01, and 796 u; AECH 078 my (e 350)
(it mp 160-163°; [a]®p 4570 e .91, ClCl); A0 2,92,
5.79, 5.85, 5.80, and $.10 g7 Mo 282 mig (e 210)). The melting
point was nat depressed by admixtine with n sample of dihydro-
cuenrbitacin B obtained by hydragenation of cucurhitacin 1.
T'he infraved spectra of the twa samples 7CHCL,)) werve identical
and both shawed identical By on tle (ether).

Bismuth Oxide Oxidation of Isocucurbitacin B (Il.—A madi-
ficatiaon of the praceduye described by Lavie and Shvo?’s far the
oxidiation of eneurbitacin 1) o cacurbitacin 1 (“elatericin A™ to
“elateriein B™) was emplayed. A mixuive of ixaeneurbitacin 13
190 mg) and Bi:0s (80 mg) in glacial acetic acid (5 ml) was stirred
and heated under reflux far 1.5 hr. The reaction mixture was
worked up acearding to the literature method to give the cimde
diasphenol (37 mg) as a pale vellaw ail. A solutian of the ail in
CHCl; was chramatographed ou xilicie acid-Celite 545 (Johnx-
Manville) 71:1, 10 g).  The calumn was elnted with 1 47 MeOIT
in CHCL and the resulting material ervsrallized from elh_\' age-
tate--henzene—-Skellvsolve B ta give encurhitacin T (IVD, 10 mg),
mpr 124-130°, hopwgeneous npan tle (37 MeOll in CHClL).
After several recrystallizations from ethyl acetate=benzene.
the melting point was raised (0 1481505 Py on tle .15 (ether):
fa]®n —50° e 120, CLICLY: AT 2,01, 5.94, 6.01, (.14, 7.10,
021, aud 998 w: )\P.‘.QR 233 mu (e 13,600)), 265 mu e X601, shonlder)

(L1 mp 140—1 51°; lalp ~al° i 0.80, CIICL): xf,f,‘:” 2.03
29

.04, 6.2, 6.14, 708, W7, and 0.95 w0 NI 234 e
11,000}, 266 mg (e ()5’5(), shanlder)).
Bismuth Oxide Oxidation of Cucurbitacin B (II). Method A.--

Utilizing the pracedure’ described above, a mixture of cuean-

A H. Gray, asp M.

). GiROVY Val.

bitacin B BT mgyand BiaOyy (137 mg) wr glacial acetie acid 15 mli
was stirred and heated under reflux for 1.3 la. After work-np
of the reaction mixinre, the crnde diosplienol (0 mg? was chro-
natographed oo silicie acid-Celite 345 7i:1, 10 ¢, The dio-
sthenol was elnted from the column with 197 MetOI1 in CHCL
and ervstallized from edivl acetate-benzene (o yield 13 g of
solid, mp 128 155°%0 Reerystallization  froj ethyl acetate-
lienzene mised the melting palnt vo 140-145°, not depressed by
admixthre with a sample of enenvhitaein 1 obtaived From iso-
enenrbitaein B: the infraved spectra {KBry of the vwo sangles
were identienl Boyh <inples sbowed identieal Iy on e a3,
MeOIlin CHCL .

Method B. - The jrocedure of Enslin’* was cmployved. Cuen-
bitaein B (100 myg; was diszolved in glacial acetie aeid ¢1 ol
and hented with <thrting o€ 100° with BhOy (74 mg, freshly pre-
pared Iy heating hisimath snheavhanase) for 30 mite. The veace-
tian puixture was then coaled, dilnted with water £2 mh), and wx-
tracted (CTICLL The exiract was washed severnl thues witls
waler and dried (Na.8Op)  After evaparation of the CHCL,
the produet was ervstallized from MeO1l (o give enenrbitacin
1< 449 myg)s, mp 238-234°.

Hydrogenation of (ucurbitacin B. A modification o the
1;1'(1(‘0(1111'0 descrihied Ly Naller and ca-workers™ was employed.
A ~olntion nf encurbitacin B 67 myg, 0.12 mmoley in 15O
FtOAe 1, 2 mD) was added to 1060 Pd-C G0 g satimsted
with H.in Ll()ll FanAer 1 2mly The suspension was stirred
for dmin v a hydragen aymosphere untl the conswuption of 11
ceased 134 ml = 126 molar egnivy, The eatalvet was removed
Ly fileration amd the <olvents were removed under reduced pres-
sure. The residne (70 mg) wax dissolved in C1Cly and applied
Yo i 200 X020 cmoglass plate coated with silica gel 11171 non i
thickness.  The plate was develaped in ether and viewed nnder
nltraviolet light.  The lowest /s Dlne flnorvescem hand wax re-
moved and rhe siliea gel was extracted tMeOll). The vesidue
ohtained after evaporation of the MeOl1l was taken np in herazene
and filtered thvongly o <intered-glass hinnel,  After evaparation
»f the henzene <olntion, the proditet was erysiallized from hen-
zene—Skellv~olve BB 1o give dibydvocnenrbitacin 3 (12 mge,

mp 16:3-164°.

Isolation of Cucurbitacin E (IVa). A solution of Iraction |
1IN0 gy o CHCL (200 ml) was applied to a colnmn of silicie acid
(3 kg aud the colmmm was eluted with CHCL anal the firsi
vellow haud reached the hottom af the colnmu.  Elation with
050, MeOll in CHCL (11 L) and then 19, MeOll in CHCL
(4 1Ly gave o lrawn oil 11240 g3 Contimied elution with t+
MeOlH in CHCL 7S Ly gave o fomn 4.2 g which arvstallized
fmm cther to give an white pawder 11566 ). Recrvstallization

from MeOIll gave 1Va (00328 ¢f as colarless hexagonal plates:
Ry oon tle 0,40 fetheryy mp 233-235° dec: [l —=58° (0 1O
CHCL AT 207, A4, 504, 5.08, 6.08, 6.16, 7.04, 7.35, S0,
907, and 10013 g0 A 238 o fe TLTOU, 207 mu fe S400,
<hanldery [T mp 232-233° dec: tetn =599 e 0.5, CHCL Y
ARDT D G0, R0, 504, G0 614, .08, TA00 NS T, and Totn
o AEPROB4 u Te 1L T00 267 mu te shoulderss. "T'he
melting point was not depressed Ty admixtnve with o <ample ot
encurbitacin 15 olitained by 3.0y nxidation of cuenthitacin 13,
and the infraved spectra ¢ IKBry of the two samples were identieal.
Both sumples shawed identieal 22y on tle <300 MceO1Lin CHCL




