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-%BsTR.4CT.--hn investigation of TT?theringio cocco iobo ides  (Dammer) A. T. Hunziker 
[Cnpsicirni fitsco;,ioince:tni (Cufodontis) Mort.  and Standl.] roots has resulted in the 
isolation of two cytotosic compounds: physalin B ( l j  and a novel physalin, which was 
characterized by spectral analysis as 25,2G-epidihydrophysalin C (2). Both com- 
pounds have demonstrated cytotoxic activity in 9KB and 9PS tumor cells ( in  r i t r o ) .  
Physalin B (1) has demonstrated moderate activity against the 3PS mouse leukemia 
[i?] .I L t i  0 ) .  

In  our program of investigation of higher plants I\-ith antitumor activity, 
an alcohol extract of the roots of IT-itheringia coccoloboides (Dammer) Hunz. 
(Solanaceae) showed promising activity in Eagles 9KB nasopharyngeal carcinoma 
and 9PS mouse 1)-mphocytic leukemia (it1 vi tro)  (1). These observations prompted 
a detailed study of this plant, the results of which are described in this paper. 

The powdered roots of T i - .  coccoloboides  were extracted with 95% ethanol 
and further triturated n.ith chloroform and then water to yield three fractions: 
Chloroform solubles. water solubles, and residue (chloroform water insolubles) . 
The 9KB and 9PS activity \vas found to concentrate in the chloroform solubles 
and the residue (chloroform water insoluble fraction, table 1). Further trituration 
of the chloroform fraction with first 10% aqueous methanol and then petroleum 
ether gave three fractions: aqueous methanol solubles, petroleum ether solubles, 
and residue (aqueous methanol petroleum ether insolubles) . This last fraction 
n-as developed on a silica gel column with a gradient elution of chloroform- 
methanol. The fractions were monitored by tlc and combined accordingly. 
Two major cytotoxic compounds! 1 and 2,  (table 1) were isolated by this method 
and were further purified by fractional cr>-stallizution \\-it11 acetone and chloroform. 

T-ABLE 1. Cytotoxic activity of fractions from 11.. cocco lobo ides  

Fractions 

9 5 s  ethanol solubles 1 9 110: 
~ a t e r  solubles 3 3 Y 10' 
chloroform-solribles 2 3 1 10" 

aqueous methanol solubles 1 2 \ l o "  
aarieous methanol Detroleum e ther  insolribles i 5 x IO-? 

chloroform water insolubles 1 1 5 \ 1 0 '  

1.1  s 10' 
3 . 5  s 10' 
2.G s 10" 
2 .2  s loc 
4 , 9  s 10' 
5 . 0  s 10-1 

D4troleiim e ther  sofiihles . . . . . . 1 .n  s 10' 1.G s 10" 
P h \  salin B'  ' 3 1 1  10' L 1 0 110-2 
25,2G-Epidih> droph? salin C 
5a,Ga-Epo\? phi  salin B ' 4 3 \ lo - '  I 1 G 110" 

1 2 \ 10' 8 9 \ 10-1 

:.Physalin B (SSC-Suniber 287088) showed activity in 3PS ( 1 3 7 7  T,'C at  
300 mgikg)  and is undergoing further evaluation in the S C I  tiinlor panel. .ill 
r ' ther fractions were inactive in 3PS. 

hPrepared sj-nrhetically from physalin B. 
a i 9  
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Spect roicopic :in:il> of compound 1 indicated that it \\-as physalin B, a 
n previously reported in a number of Physalis species 

Tliis aisigiimerit \vas confirmed by comparison with published physical 

The ms of 

High resolution ms of this peak at  494.191 (lI+-18, 

compo 11 t id \v 11 ic 11 1 I :id 
(e .  :1), 
clata :is well :\i \ v i t l i  it. and rimr spwtra of authentic physalin B (2, 3). 

The ni,5 of pIiy,+:iliti B .sho\ved a strong niolecular ion at  510. 
clata ;i sivel1 :is il-itli ir :\rid nmr spectra of authentic physalin B (2, i3). 
:i strong peal; at 494 (lI7-1S). 
cn1cul:ttetl for CllSHa,,Oj, 494.194) indicated. together \vith elemental anal? 
niolecul:ir foimiula of C?rHa209 for compound 2. 

The uv spectrum of compound 2 showed X mnx at 222 nm (e=7100) which 
.suggested tlie pre.sence of a conjugated enone system. The ir spectra of 1 and 2 
\\-ere vel). similar in the carbonyl region, but did she\\- differences in the C-0 
stretcliing and CH,- bending regions. The presence of one extra hydroxyl group 
~v:iq iiidicated by tlie :ippe:irance of an  extra broad absorption band at  32-10 cm-I 
arid \vas further confirmed by 'H nnir (DlISO-d6) (table 2 ) .  

E'urtlier exnmiiiatioii of the 'H nnir spectra of 1 and 2 in CDCl, and DlISO-d6 
led to the structure of compound 2. In  contrast to 1, compound 2 showed a 
signal ;it 6 1 . 3  (d. 7.3 Hzj (CDCI,) [6 1.23 (d, J 7.9) (DMSO-d,) 1,  assigned to a 
secondary methyl group a t  C-25. which was accompanied by the disappearance 
of the AB quartet assigned to the C-26 methylene protons in 1. 

Comparison of the 'H rimr of 2 with that of physalin C, 3 (table 2 ;  4), shov-ed 
that the signals clorely match except for two broad singlets at  6 5.57 and 6 6.39; 
these \\-ere arsigned to the tivo olefinic protons in physalin C whose signals were 
replaced by tlie doublet assigned to the secondary meth)-l group at C-25 in 2. 

Again. examination of stereomodels of both compounds showed that the 
tert-Ale at  C-24 of physalin C is oriented in such a \\-a!- Tvith respect to the C-25,26- 
double boild as to experience a deshielding effect, hence the downfield shift of 
the signal by comparison with the corresponding group in 2 (table 2 ;  5). 

The .signals reported for the tert-Ale and tert-OH groups of a semisynthetic 
compound, teti.aliydrophysaliri C (4) (table 2) ,  closely matched the corresponding 
signals of 2, i\-itl: the exception of the 24-methyl signal a t  1.14 ppm (in DlISO-d6). 
The corre.sponding signal in tetrahj-drophysalin C, (4) \\-as 6 1.42 (s) (table 2 ) .  
Thiq difference maj- suggest that the secondary methyl group a t  C-25 in 2 has 
n P-configuration. Based on this observation, compound 2 is proposed to be 
,5,'36-epidilij-dropl:ysaliri C. This assignment \\-as further substantiated by t'he 
difference in the tert-Ale signals at  C'-24 observed in closely related semi-synt,het'ic 
p h > - d i n s  x i th  an cy- or /%configuration of the secondary methyl group at  C-25 
(5,6, table 3, (2) ). In all these cases the highest signal \vas assigned to the 
methyl at  C-10 (H-19), the most, shielded group due to its location perpendicular 
to the enone system. The lowest signal was assigned to the a-methyl at  C-20 
(H-21). This signal was not influenced by any shielding effect from neighboring 
group.? arid \\-as deshielded by a neighboring oxygen atom. 

Two unassigned singlets for the tert-OH a t  C-13 and C-14 were reported for 
physalin C (6 6.13, 6 5.90) and tetrahydrophysalin C (6 6.07, 6 6.38) (4). In  
epidihydrophysalin C,  a pair of singlets at  6 6.12 and 6 6.40 was observed. Exami- 
nation of a stereomodel of these compounds showed that,  n-hereas t,he C-14 
tert-OH was close enough to C-25 and C-26 to  be influenced by reduction of the 
olefinic bond, the C-13 tert-OH was more distant. Sccordingly, the singlet at  
6 6.13 \\-as ascribed to the tert-OH at C-13 of physalin C and the singlet a t  6 6.07 
assigned to the terf-OH at C-13 of tetrahydrophysalin C. Likewise the singlet a t  
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TABLE 3. S m r  da ta  of methyl groups of phgsalins with an a- or 8- 
secondary methyl at  C-25 in DMSO-ds. 

I 
Compound I H-19 ~ H-21 I H-28 ~ H-26 

2 @ - M e  ' 1 06 (s) I 1 74 i s )  ~ 1 14 i s )  1 23 (d,  $J 7 9) 
1 (aj-Lle I 1 07 (s) ' 1 42 ( s i  1 10 (d,  J 8 0) 
3 ia)-LIe ~ 1 11 (d, J 8 0 )  
6 131-lIe 1 12 ( s )  1 69 i s )  1 12  ( s i  1 26 (d, J 6 0) 

1 1 09 i s )  ~ g? :i; 1 1 46 i s )  

2: 25,2Gepidihydrophysalin C :  4: tetrahydrophysalin C (reference 4 ) ;  
3:  tetrahydrophysalin -4, 6: epitetrahydrophysalin -4 (reference 2 ) .  

6 6.12 \vas assigned to the C-13 tert-OH in epidihydrophysalin C .  The resonance 
of the second tert-OH at 6 5.90 in physalin C compared to the signal a t  6 6.40 for 
epidihydrophysalin C and a t  6 6.38 in tetrahydrophysalin C can be logically 
explained as being a result of the shielding effect of the r-electrons on the C-25,26- 
double bond resulting in the upfield shift of the C-14 tert-OH in physalin C by 
comparison to epidihydrophysalin C and tetrahydrophysalin C. 

The physalins are biosynthetically closely related to the n-ithanolides, a group 
of compounds with established cytotoxic and antitumor activity (6). The 
physalins have been less studied. Only physalin D, ( 7 )  has been evaluated previ- 
ously: it shows moderate activity in B1G melanocarcinomri ( i ) .  I t  has been 
found that the 5,G-epoxide ring of n-ithanolides is partially responsible for their 
antitumor activity (6). Derivatives of physalin B with a 5a,6a-epoxide ring 
(ph)-salin J) and a sp,6@-epoxide ring (physalin F) have both been found to 
occur in Physalis augulata (S). 

h synthesis of the mixed physalin B epoxides (8, 9) was done, and 5a,6a- 
epoxyphysalin B was separated and found to be more cytotoxic in 9KB and less 
toxic in 9PS than physslin B (table 1). The epoxide mixture was submitt,ed 
for the B1G antitumor screen in conjunction with physalin B, which is currently 
being investigated in the S C I  animal tumor panel. 

U H 

8, Sa,6a-EpoxyphySalin B 9, 5~,6s-Epoxyphysalin B 

lAll mps are uncorr. The  nmr spectra were recorded either on I-arian FT-80 (80 LIHz) 
or at  the Purdue University Biological Llagnetic Resonance Laborator>- on a Sicolet  XTC-360 
(360 AIHz) spectrometer. 

The ir spectra were measured in K B r  or  CHCla on a Beckman-33 unit. G v  measurements 
were done on a Perkin-Elmer (Coleman 1211 double-beam spect rophotorneter. Low and high 
resolution ms were measured on a CEC 21-llOB mass spectrometer. 

The  9KB and 9PS cytotoxicity assays were performed at  the Cell Culture Laboratory, 
Purdue Cancer Center. 
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PLAST x 4 T E i m L . - l I ' .  coccolobodes was collected in Costa I'lica, by I l r .  .Jose Saenz-Ilenauld, 
University of Costa I'lica, and authenticated by  the  Economic Botany Laboratory,  USUA, 
Beltsville, Maryland, through which voucher specimens a re  preserved (B-822773, PIX 49575). 

EXTR.~CTIOS A S D  b'RaclrosATIos.-The dried, powdered root (20 kg) was percolated with 
95CG ethanol. The  ethanol extract was then flash-evaporated, concentrated under vacuum, 
and finally freeze-dried t o  give 670 g of extract. The  ethanol extract was fractionated by  
tri turation and sonication with 2 liters of chloroform. The  chloroform extract was then 
filtered through glass wool and evaporated under vacuum: 150 g of chloroform soluble material 
was obtained. The  residue was then extracted in an identical manner with water to  give 260 g 
of water solubles; 160 g of insoluble material remained. 

The  chloroform extract was further tr i turated with 1 l i ter  of 107, aqueous methanol and 
then 1 li ter  of petroleum e ther ;  59 g of methanol solubles, 4B g of petroleum ether solubles and 
residue weighing 39 g resulted. 

The  seven fractions thus obtained were tested against 9KB and 9PS (zn r i f r o )  and in 3PS 
(in v i z ~ o )  in accordance with established protocol (1) (table 1 ) .  

ISOL4TIOK OF rHrsaLrss.-The aqueous methanol-petroleum e ther  insoluble fraction was 
partially purified by  successive treatment y i t h  petroleum ether,  benzene, ethyl acetate,  and 
loci, aqueous methanol. The  insoluble resldue was dissolved in chloroform, adsorbed onto 
40 g MS-Kieselgel GO (0.054.2 mm) ,  and developed on a 500 g column of the same grade of 
silica gel. 

Elution of the column was carried out with 9.5 liters chloroform: 6.0 liters chloroform- 
methanol (99.5:0.5): 4.75 liters chloroform-methanol (99:l);  2.0 liters chloroform-methanol 
(98:2); 2.0 liters chloroform-methanol (96:4): 1.0 liter chloroform-methanol (92:8), and, finally, 
1.5 liters methanol. Fractionation was monitored by silica gel tlc with chloroform-methanol 
(95:5). The  fractions were combined t o  form six major fractions as  follows: 1-17.6 liters; 
2-1.2 liters; 3-1.9 liters; 4-2.0 liters; 5-0.8 liters, and 6-1.7 liters. 

Tlc of the third 
and fourth fractions gave a major spot which was later identified as 25,26-epidihydrophysalin 
C (0.03% w/w). Both compounds were purified by repeated recrystallization from chloroform, 
acetone, or methanol. 

IDEXTIPICATIOK OF THE ISOLATED COJIPOL-NDs.-Phg5t~~~ B (1)-This compound crystallized 
as  colorless needles from methanol, mp 266-270" [ l i t .  269-272" (2) 1. The  compound was 
recrystallized from acetone; [cu]D-124" (c 0.054 in E tOH)  [l i t .  -150" c 0.18 (2) 1 ;  ir Y mas  
(KBr) 3400, 1780, 1755, 1740 and 1650 cm-l (indistinguishable from the ir spectrum of authentic 
physalin B ) ;  uv X mas 222 nm ( ~ = i 8 0 0 )  [lit.  10,OOO (2) 1 :  ms: n z / e  510 (AI-) ,  495 (hI-CH3) and 
492 (AI-H20); high resolution ms Mi 510.192 (calc. C Z S H ~ ~ O ~ ,  AI- 510.188). 

2 5 , 2 G E P I D I H ~ - D R O P H r s A L I S  c 12).-This compound crystallized from methanol mp 230-234' 
(white needles) (Found: C,  64.22; 13, 6.50; C Z S H ~ ~ O ~ . C H ~ O H  calcd. C, 64.00; H ,  6.60); ir Y max 
(CHCI,) 3480 br (OH) ,  3240 br (OH), 1780 (y-lactone), 1750 (cyclopentenone), 1720 (&lactone), 
1660 (conjugated ketone), 1600 (carbonyl) cm-l; uv: X mas (EtOH) 222 nm (e=7100); [ a ] ~ - I l 4 "  
(c, 0.057 in E t O H ) ;  high resolution ms hl--H20 491.191 (calc. C2iH3,0s, JI--H20, 494.194). 

EPOXID.<TIOS OF PHYSALIS B.-This procedure was done according to  the  published method 
(3) as  follows: nz-chloroperbenzoic acid (250 mg) was added t o  a solution of physalin B (1) (500 
mg) in chloroform ( i5  ml) :  the mixture was kept for 24 hrs at  room temperature then washed suc- 
cessivelj- with 2 5  NaHC03 ,  I S  HCI and HzO, dried over anhydrous ?;a2S04, and the solvent 
w-as then removed under vacuum: 400 mg of the epoxide mixture was obtained, which on silica 
t l c  in ethyl acetate-benzene (4:1), showed two spots, the  one with lower Ilf being the 5,,6a- 
epoxyphysalin B, the high Ilf spot being the  5g,G?-eposyphysalin B (3): 2 mg of 5aj6a-eposy- 
physalin B was separated by preparative tlc and submitted for 9KB and 9PS testing (table 1 ) .  
The mistitre of epoxides (390 mg) was submitted to  the National Cancer Institiite for testing 
in B1G. 
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