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AkBSTRIcT.-The tn igs ,  leaves, and flowers of Hgptis f o i ~ i e i t f o s a  were found to  owe 
their  major cytotoxic activity t o  the presence of desoxypodophyllotoxin (4), but the  tn-o 
weakly cytotoxic flavones j-hydroxy-~',G,T,8-tetramethoxy flavone (3) and 5-hydroxy- 
4',3,6,7,8-pentamethoa? flavone (2) also contributed to  the  to ta l  cytotoxicity of the  
crude extracts. The  flavones eupatorin (6) and 5-hydroxy-3',4',G,7-tetramethoxy 
flavone ( 5 )  were isolated as  inactive constituents, together m-ith the  lignan sesamin (1). 

Plants from tlie genus Hypt i s  (Lamiaceae) have been studied fairly extensively 
from a phytochemical point of aien-, and the anticancer agents 3'-demethyldesoxy- 
podophyllotoxin ( I )  and betulinic acid ( 2 )  have been isolated from plants of this 
genus. It iq also likely that 14-methoxytaxodione, obtained from H .  fructicosa 
(31, is responsible for the reported (3, 4) anticancer activity of this species. Other 
compounds isolated from Hypt i s  species include hyptol ( 3 ) .  suaveolic acid (6) and 
hyptolide (7). 

I n  a continuation of our search for anticancer agents of plant origin, n-e ex- 
amined an ethanolic extract of Hypt i s  toineiztosa Poit. which shon ed activity in the 
KB cell culture system and the P-388 lymphocytic leukemia system. Fractiona- 
tion of this extract by liquid-liquid partition follon ed by extensive chromatography 
over silica gel monitored by the ICB assay system yielded three compounds which 
showed cytotoxicity in the IIB cell culture system, together 11 it11 three inactive 
compounds. 

The primary cytotoxic component n as identified as desoxypodophyllotoxin (4) 
on the basis of it.. spectroscopic properties, its melting point, and comparison with 
an authentic sample. The tn-o flavones 5-hydroxy-4',3,G,i,8-pentamethoxy 
flavone (2) and 3-li!-droxy-4',6,7,8-tetraniethox~- flavone (3) u-ere also isolated and 
found to show mild cytotoxicity. Three inactive compounds n ere obtained in 
the course of the icolation procedures and were shown to  be sesamin (l), 3-hydroxy- 
3',4',6,7-tetramethoxy flavone ( 5 ) ,  and 3',3-dihydroxy-4',6,7-trimethoxy flavone 
(eupatorin) (6). Eupatorin was originally reported to be mildly cytotoxic (8, 9), 
but a recent paper records that it was found not to be cytotoxic ( lo) ,  and our 
results confirm this finding. The x-eak cytotoxicity of compound 3 iq recorded 
in a recent review of the antineoplastic activity and cytotoxicity of flavones and 
related compounds (11). but the cytotoxicity of compound 2 and the lack of 
activity of compound 5 are reported for the first time. 

We have been unable to  detect any highly actire compounds other than 
desoxypodophyllotoxin in tlie active fractions obtained in this work. and n-e thus 
conclude that this compound is responqible for the cytotoxicity of the crude ex- 
tract. It is probable that it iq a1.o reqponsible for the obqerved P-3% in * ~ i l ~ o  
activity of the crude extract since it is knonn to be active in this system (12). 

EXPER11\IESTAL2 
BIOLOGIC~L ICTIT ITI .--I 50% aqueous ethanol extract of H .  ioii ientosa n as evaluated for 

'For P a r t  T-111, see D. G. I,. Kingst,on and R .  C.  hlunjal! L l o g d i a  41, 499 (1978). 
*General experimental details are given in P a r t  I11 of this series; D. G. I. Kingston, B. T. 

Li and F. Ionescn, J .  Pliariii. S c i .  66, 1135 (1977). 
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cytotoxic and anti tumor activity:3 it was active against t he  P-388 lymphocytic leukemia in 
mice (T:'C 140 a t  200 mgjkg)  and in the  KB cell culture system (ED,, 11, 2.6 pg,'ml). 

EXTRACTIOS ASD FR.XCTIOX.ITIOS.--A sample of ground twigs, leaves, and flowers of H .  
fomeiifosn'  (4 kg)  was extracted three t imes with 9 5 5  ethanol. The  combined ethanol ex- 
t rac ts  Fe re  evaporated and partitioned between water and chloroform, and the  chloroform 
fraction was evaporated and partitioned betneen 105: aqueous methanol and hesane. The  
methanol fraction was evaporated to  yield 120 g of' a thick dark  syrup (Fraction -1). This 
fraction had an ED3(, of 0.10 pg ,ml  in the B B  cell culture. 

Fraction -1 was subjected to  chromatography on a column of silica gel (900 g~ ivith elritioii 
by a chloroform to methanol gradient. Fractions of 1000 ml were collected and combined on 
the  basis of their  similarit>- following tlc to  yield thirteen major fractions B-S. Fractions 
C-E (18.5 g to ta l  weight) m-ere all highl) .totoxic tEl>jr<0.01 pg nil in KB),  and fraction I 
125 gr also shon-ed significant activitj- [ E  =0.18 pg nil in KB).  

3The test methods employed Kere those of the I l r n g  Research and Development Program 
of' the  Sa t iona l  Cancer Insti tute (131 .  Active fractions are defined as those tha t  s1 io~-  a T 'C 
value >130c; in the P-385 system, or ED,( valiies <20 pg nil in the  KB cell culture system. 

"he plant m-as collected in Mexico in Sovemher  1976, and was supplied through the  aus- 
pices of the Dnig Research and Development Program of the Sa t iona l  Cancer Insti tute by the  
Medicinal Plant Resources Laboratory,  .Igricnltural Research Service: L-.S.D.-%.! Belr,sville. 
1 I D .  ah herhariiini specimen documenting this collection is deposited in the Herbarium of 
the Sa t iona l  ;irhoretnm, .1gricdtnral Research Service. U. 5 .  Department of .igriciilture, 
Kashington, DC.  
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CHROMATOGRAPHY OF FRXTIOS D .-Fraction D (8.0 g) was subjected t o  chromtogaraphy on 
silica gel with elution by chloroform-methanol, 955 ,  to  yield tn-o major active fractions 0 
and P. Fraction 0 (3.5 g) was crystallized from hexane-ether-ethyl acetate t o  give a crude 
crystalline fraction consisting largely of sesamin and a mother liquor, which was subjected t o  
chromatography on silica gel with elution by  hexane:ether:ethyl acetate,  35:45:20. Five 
major fractions Q-U m-ere obtained; fractions T and U both shorn-ed significant cytotoxicity 
(EDSa<O.Ol pg;nil). 

I ~ O L ~ T I O I  A Y D  CH.LR.WTERIZ.LTIOS OF SESAMIN (1) .-Fraction Q (0.i6 g) was crystallized 
from methanol t o  give colorless needles, nip 123", [a]~+68 .8"  (c=0.035 in chloroform); l i t .  
(14) mp 122.5', [ a : ~ + 6 8 . 2 " .  

The spectroscopic properties of the  isolated material were entirely in accord y i t h  the  as- 
signed structure.  In  particular, i ts  mass spectrum showed a molecular ion a t  ni;z 324.1107 
C~oHlsOs requires 354.1103.j I t s  pmr  spectrum &-as fully in agreement p i t h  tha t  previousl) 
published for sesaniin (151, and i ts  i r  and uv spectra were also consistent with the  assigned 
structure.  

Sesamin shoxed no activity (EDSc>100 pglml) in the  K B  cell culture system. 

1SOL.ITIOS A I D  CH.\R.lCTERIZ.\TIOS O F  ~ - H Y D P , O X I - - 4 ' , 3 , 6 , ~ , 8 - P E ~ T . ~ ~ l E T H O X . ~ ~  FL.I\-OKE (2) .- 
Fraction S (0.32 g) was separated into four fractions by preparative tlc with elution by  hexane: 
ch1oroform:methanol (53:45:2). The first fraction (Rr=O.GG, 0.13 g) was crystallized from 
methanol to  yield the  pentamethosy flavone 2 as  yellow needles, mp 122-3": l i t .  (16) mp 122-3". 

The  iiv spectrum of 2 in ethanol exhibited absorptions with A,,, 336 nm (log E 4.24), 282 
(4.231, and Ai,f 225 (4.21). I t s  mass spectrum showed a molecular ion a t  nr ' z  388, consistent 

composition CZOH?POS, and i t s  pmr spectrum showed signals for the  protons of five 
groups, together with signals at  6=8.@9 (2H, d ,  J = 9  Hz)  and 6.99 ppm (2H, d ,  J= 

i ch  could be assigned to  the  protons of a ring B substituted in the 4'  position. The  ir 
spectrum showed a peak at  1645 cm-' (chelated CO) and no peak attr ibutable t o  a hydroxyl 
group. 

These da ta  demand tha t  the free hj-droq-1 group required by the  composition of 2 be lo- 
cated in the  5 position, and also tha t  the  -1 ring be full>- substituted and the  B ring be sub- 
sti tued onl3- a t  the  4'-position. The  struct11re 5-hydros~--~' ,3,6,7,8-pentametho~y flsvcne 
(4'-O-niethylcalycopterin) may thus be assigned t o  this compound. 

Compound 2 had an ED,a of 1.8 p g  'ml in the  K B  cell culture system. 

1SOL. lTIOI  . \ S D  CH.IR.ICTERIZ.\TIOI O F  5 - H r D R O X I - - 4 ' , 6 , i , 8 - T E T ~ . I ~ l E T H O X T  FL.II-OSE (3).- 
Fraction T (0.16 g) m s  crystallized from methanol t o  yield the  tetramethosyflavone 3 as  
yellow needles, nip 178.5-179.5": l i t .  (17) I T G - l T T ' ~  (18) 179-180". 

The uv spectriim of 3 in ethanol exhibited absorptions \Tit11 A,,, 328 nm (log E 4 .3?) :  289 
(4.333, and A i n i  217 (4.43), and i t s  mass spectrum shom-ed a molecular ion a t  w / z  3i8.1C84 
(CI~HI,O; requires 358.1051). I t s  pmr  spectrum in CDC1, shon-ed signals for the  protons of 
four methoxyl groups, together n-ith signals a t  6=7.82 (2H, d ,  J = 9  Hz)  and 6.96 ppm 12H, d: 
J = 9  Hz)  vihich could be assigned to  the  protons of a ring B substituted in the  4l position, and a 
signal a t  6.54 ppm ( l H ,  s), Tvhich could be assigned t o  the proton in the  3 position. 

These da t a  indicate tha t  compound 3 can be assigned the  structure 5-h~drosy-4',6,T,8- 
tetramethoxy flavone (5-0-desmethyltangeretin). The  material  had  an ED60 of 6.0 pg:ml in 
the  K B  cell culture sj-stem. 

ISOLATIOI AID CHAR.KTERIZATIOS OF DESOXYPODOPHYLLOTOXIK (4) .-Fraction U (0.17 g) 
was subjected t o  ptlc with development by chloroform-hexane-methanol, 50:50:3. The  major 
active band (80 mg) was crystallized from e ther  t o  yield desoxypodophyllotosin (4) as  color- 
less platelets, mp 166-167", undepressed in admixture with an authentic sample mp 166-169". 
The  isolated material had spectroscopic properties (uv, ir ,  ms, nmr) identical with those of 
authentic material .  Desoxypodophyllotoxin had an E D x  of 0.032 pg/ml in the  K B  cell cul- 
ture system. 

Fraction P from the  second chromatographic separation described earlier m-as treated with 
cold methanol, and the  insoluble portion recrystallized from chloroform-hexane t o  yield the  
tetramethoxy flavone 5 as  yellow needles, mp 192"; l i t .  (9) 190-191", (19) 192-194". 

The  uv spectrum of compound 5 in ethanol exhibited absorptions with A,,, 338 iim (log 
E 4.44), 275 (4.28), and 242 (4.27), and i ts  mass spectrum showed a mokcular 1011 a t  W I / Z  358.1058 
(ClsHlsOi requires 358.1051). I t s  pmr spectrum in dimethyl sulfoxide showed signals for the  
protons of four methoxyl groups, together with signals a t  6=8.24 ( l H ,  s, 5-OH), T.63 ( l H ,  dd ,  
/ = 8  Hz,  2 Hz, H-GI), 7.51 ( lH ,  d, J = 2  Hz, H-2'), T.05 ( lH ,  d, J=8  Hz, H=5 ' ) ,  6.96 i l H ,  s) 
and 6.88 ( l H ,  s ) .  These da t a  indicate tha t  compound 5 has the  structure 5-hydroxy-6,7,3',4'- 
tetramethoxgflavone. The  material showed no activity (EDjo>lOO pg/ml) in the  K B  cell 
culture system. 

ISOLATIOK . i I D  CH.\RICTERIZITION O F  ~-HYDROXY-3',41,6,?-TETRAhlETHOXI~FL.I\~OSE (5 ) . -  

jHigh resolution mass spectra were obtained on an AIEI AIS-902 mass spectrometer a t  the 
Research Triangle Insti tute,  K.C.  
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1SOL.ITIOS . ISD CH.LR.\CTEI<IZ.\TIOS OF 3 ' , j - D I H r D P , O s r - 4 ' , 8 , i - T R I J r E r H o X 1 -  FLIT-OSE 
Fraction G from The original large chromatographic separation 12.7 g)  was tri turated 
cold metlianol, and the  insoluble portio11 was dissolved in chloroform and filtered t o  remove a 
small amount of suspended material. Concent ration of the  chloroform solution yielded coni- 
pound 6 as >-ellow needles, which had nip 197-198' after recrystallization froni methanol, m d e -  
pressed in admixtiire m-ith a i i~hent ic  material. The  isolated material had spectroscopic proper- 
ties (ir, uv, nnir. ms) identical with those reported for eupatorin (9, 101 and showed identical 
behavior on t lc.  The  material shom-ed no activity iEDjr>50 pg nil) in the  K B  cell cnlture 
s>-stem. 
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