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Epipodophyllotoxin p-D-glucopyranoside (S I I I ) ,  4’-demethylepipodophyllotoxin p-D-glucopyranoside (XV), 
and 4‘-demethylepipodophyllotoxin p-~-galactopyranoside (XVI) react with aldehydes and ketones in the 
presence of acid catalysts to yield the corresponding cyclic acetals and ketals, resp. A number of 4’-demethyl- 
epipodophyllotoxin p-~-gl~icopyraiioside derivatives exhibit a high cytostatic activity in vitro (P-815 masto- 
cytoma cell culture) and give significant survival time increases in the mouse leukemia L-1210. 

Podophyllotoxin (I) and some other structurally 
closely related lignans2 and lignan glycosides (11-IX) 
isolated from the roots and rhizomes of the American 
Podophyllum peltatuni L. and the Indian species I-’. 
e m o d i  Wall. exert a powerful and specific inhibition of 
m i t o ~ i s . ~  Evaluated with systemic application as 
tumor-damaging agents these natural products failed 
to  act satisfactorily in clinical trials due to  nonspecific 
toxic side effects. Systematic chemical modification 
of the podophyllotoxin molecule, however, led to 
several therapeutically useful semisynthetic prepa- 
rations, e . g . ,  podopliyllinic acid ethylhydrazide 
(SI’-I)<i-7 (X) . I n  another approach natural lignan 
glucosides have been converted to  cyclic acetals 
(SP-Gj‘ by acid-catalyzed reaction with aldehydes. 
Such acetals (e.y., XI) are well absorbed enterally and 
possess a favorable ratio between antimitotic activit>- 
and nonspecific toxicity.’ 
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CHBO OCHj 
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OR, 

. .  . .  
p-D-gluc;pyiar;oside 

phyllotoxin p-D-gliicopg~aiio~ide 
VII, I<] = p-D-gliicopSranosido; Ii.2 = H ;  4‘-deniethylpodo- 

(1) Xlitosis-Inliil,itina Katiiral Prodiicts. 24.  I;or paper 23 of tliis 
series see X I .  I iuhn  and .\. yon \VartIiiiq, N e h .  Ch im.  . 4 c t u  63, 948 (19fiQ). 

( 2 )  I’or leading references see (a )  J .  I,. IIar!\!ell and .\. IV. Schrecker. 
F o r h c h r .  Chem. Oru. A-aturat., 15, 83 (1S58); ( I ) )  I\-. hl.  Hearon and \V. S. 
RIacGrepor, Chem. H e r . .  56, 9 5 i  (1955). 

(3 )  (a )  A .  Stoll, ,J .  Renr ,  anrl A .  \ o n  I\’artburg, Heits. Ciiim. A c t a ,  87, 1 7 4 i  
(1954);  (1,) ~ 1 .  Stoll, 11. yon \Yartl)urg, 1,:. .\ngliker, and J. Rene, J .  Amer. 
Chem. S o r . ,  7 6 ,  5004 (1%4): (r) A ,  yon IYartlnirg. E,  .\ngliker, and J .  
Renz, H r l c .  Chzm. Actu .  40, 1:131 (1957) .  

(i) (ai  I.  \\’. l ial i lan,  .\rw Oriefo i -  .llrcd. S i L r U .  .I. .  94, 388 (1942) ;  (11) 
I(. . I .  Siillivan and 11. , J .  \Yecl~sler, S c i r t l r e .  105, 433 (1947);  ( c )  hI.  G .  
lielly anrl . J .  I,. l lart \ i?l l ,  . J .  .\‘at. Cancer  I M L .  14, ‘367 ( 1 9 5 4 ) .  
6) . I .  Kiithrlimann and , I .  Ken/ ,  Hdi. Ci i im .  A c t o ,  42, 800 (19.59). 
( t i )  The p r o i l u c t  of the reactlon or 1’.  emodi  glucosides nitti Iienzaldehyde 

I S  SI’-<;. Tlie cytostatic dr11a Proreald comprises PP-G and podophyllinic 
acid e ! l~yl l~~-~l raz ide  (SI’-1). 

( 7 )  11, Stkhelin and .\, (‘erletti. S riz. .Wed. I f .o rhemc/ i r . ,  94, 1490 
(1964). 

(8) 11 ,  EmmenegKer, 11, Stklielin. . J .  Iliiiscliinann, J. Reni.. and .\. von 
\\ artl,iirp. A7z,irim.-Fu,. . i i i . .  11, :12i,  45‘3 (1961). 

OR2 
IV, 111 = 11; Rz = H ;  a-peltatin 
\’, It1 = H ;  R L  = CHI; p-peltatin 

VIII,  1x1 = 0-D-glucopyranosyl; R 2  = H ;  a-peltatin p-D-gluco- 
uvranoside 

IX, 13, p-o-glucopyraiiosyl; I t2  = CHI; p-peltatin p-D- 
glucopyranoaide 

HQ 

OCHS 
X, podophyllinic acid ethylhydraxide (YP-1) 

HO 0 

bCH, 
XI, podophyllotoxin benhylidene-~-D-glucopyranoslde 

In  the course of extensive studies hich eventual11 
led to  the first synthesis of the genuine podophyllotoxin 
P-u-glucopyranoside (VI) we developed a new glyco- 
sidation procedure for the hitherto unknown glycosides 
of the epipodophyllotoxin type. We could shov that 
epipodophyllotoxin (XII) reacted stereoselectively 11 it11 

(9) (a )  h l .  Kulin and .i. yon IYartIiiirg, Heli,. Chim. A c t o .  61, 163 (1968) ;  
(11) the total  syn of podoptiyllotoxin has heen achieved hy W. .J .  Gensler 
and C. U. Gatsonis. J .  O r g .  Cheni . ,  81, 4004 11966). 
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TABLE I 
CONDENSATION PRODUCTS OF EPIPODOPHYLLOTOXIN ~~-D-GLUCOPYRANOSIDE (A) WITH ALDEHYDES 

NO. R Formula MP, "C 
1 CsH5 C35H36013 166-170 (CHCls-hexane) 
2 P-FCe" C~ZH~&'OE 169-172 (i\le2CO-hexane) 

3 p  C33&& 172-176 (AlezCO-hexane) 

C33H3&S 173-178 (AIe&O-hexane) 

2,3,4,6-tetraacetyl-P-~-glucopyranose in the presence 
of BFS-etherate to  form the tet,raacetate of epipodo- 
phyllotoxin 6-D-ghcopyranoside (XIII)  . lo  This useful 
reaction has been extended to a general synthesis for 
hexapyranosides of the epi isomers in the podophyl- 
lotoxin series, e.g., 4'-demethylepipodophyllotoxin P-D- 
glucopyranoside (XV) and 4'-demethylepipodophyl- 
lotoxin P-u-galactopyranoside (XVI) I n  the epi 
derivatives the 0 function at  the C-1 position of the 
lignan skeleton possesses an inverse arrangement 
compared with the configuration present in podo- 
phyllotoxin. No significant effect of this structural 
variation on the biological activity was observed. 
Epipodophyllotoxin (XII) ,  4'-demethylepipodophyl- 
lotoxin (XIV) , and the corresponding P-D-glucopyrano- 
sides did not show any striking peculiarity either with 
regard to the quality or the intensity of the antimitotic 
activity. As mentioned above, cyclic acetals of 
podophyllotoxin glycosides proved to be therapeuti- 
cally interesting preparations. Accordingly we also 
produced analogous compounds in the epipodophyl- 
lotoxin series. The synthesis of the cyclic acetals and 

H 

CHJO 
OCH, 

A 

ketals shown in Tables I-IV \vas generally achieved 
by reaction of epipodophyllotoxin p-D-glucopyranoside 
(XIII)  , 4'-demethylepipodophyllotoxin 0-D-gluco- 
pyranoside (XV) , or P-u-galactopyranoside (XVI) n ith 
the corresponding carbonyl compds in the presence of 
acids or Lewis acids. The carbonyl compds may also 
be replaced by their acetals or ketals: this trans- 
acetalisation reaction is especially indicated for simple 
aliphatic carbonyl conipds. 

The condensation reaction took place generally with 
the OH groups a t  C-4 and C-6 of the hexapyranose 
moiety. 

(10) JI K u h n  and A I o n  War tburg  H e h  C h z m  Acta 51, 1631 (1968) 

P-815 
mastocytoma 

cells of the Mouse leukemia 
mouse, i n  L-1210, yo sur- 

vztro, EDsa, vival time In- 
crease Method mg/l. [ab, d e s  

- 101.2 (CHCI,) A 0.33 60 
-97.2 (CHC13) A 0.38 Not tested 

- 95.8 (CHC13) A 0.83 Not tested 

- 102.0 (CHC13) A 0.37 Not tested 

"%'* HO OH 0 I 

OCH, 
OH 

B 

HO 

CH,O OCH, 
OH 

c 

OH 
HO 

CH,O OCH 
I 

OH 
I )  

I n  the case of aldehydes the formation of two stereo- 
isomers: differing from one another in the configuration 
ai, the newly introduced asymmetric C, is t o  be ex- 
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TABLE I1 
cONDI,NSATION PRODGCTS O F  4'-Dl?METHYI,I:PIPODOPHYLLOTOXIN @-D-GLUCOPYR.INOSIDE (B) \\ ITH ALDEHYDES 

n-C41 I 
C ,TI0 

n-Am 
C61T1, 
CH?(CH2)iCIT(CH,) 

M p ,  "C 

236-251 (1IeOH) 
178-182 (LIeOH) 
19.5-199 (EtOH) 
IXl-lHT, (EtOH) 

1.53-1.59 (XlerCO-pentane) 
19 1- 196 ( hIezCO-EtrO) 

170-176 (EtOH) 

i le thod 

B 
B 
c 
I3 
I3 
B 
B 

P-815 RIouee 
mastocytoma leukemia 

cells of the L-1210, "%. 
mouse, i n  survival 

v i t ro ,  EDjn, t ime in- 
mr/I .  crease 

0 .  0 3 1  167 
0,008.7 9 5 
0.016 121 
0.00.53 121 
0.0071 67 
0 .  00.5.5 h4 
0.0048 $3 6 

162-163, 173-177 -96 .i (CI3C13) €3 0.015 .i 7 

234-2.51 (LleOH) - 101 9 (CHCI,) B 0 0062 i ,i 

219-234 (MeOH) -13% 3 (pyridine) B 0 0092 6 -5 
226-229 (EtOH) -99 0 (CHC13) B 0.011 42 
143-1.50 (Me,CO-pentane) - 100 9 (CIICI3) B 0.012 69 

(lle&O-pentane) 

233-234 (EtOH-EtZO) -99.0 ICHCI,) B 0 0047 3 9 

267-269 (EtoH) -107 2 (CHCI?) A 0 O l h  136 

246-2.X (EtOH) 

2485-246 (EtOHi 
1 i2-I SX (XIe LCO-pent ane) 
174-1 SO ( lIeiCO-pent ane ) 

243-2+50 (RtOH) 
26.5-270 (EtOH) 
179-154 (Me?CO-pentaiie) 
140-194 Ille2CO-EtLO) 
206-228 (lIeOI1) 
173-176 (llelCO-pentane) 
17$-1%5 (AIe?CO-pentnne) 
19G-201 (lIeLK-pentane) 
24s-26.i ( l IeOH) 
1 72-1 79 f JIeiCO-pen t ane ) 

248-250 (EtoIr) 

- 108.6 (CHCI1- 
3IeOH, E): 1) 

- 104.3 (CIICls) 
- 103.7 (CHCI2) 

-9.i..5 (CHCla) 
- 92. .5 fCHCls) 
-74.4 (1\2e2CO) 

- l O . i . l  (CHCla) 

-99.9 (AleOH) 
- S.i. 4 (lIe2CO) 

- 7 7 .  5 i1IelCO) 
-96 .2  IAIeOH) 
- 166, S [pyridine) 

- 9 7 . 3  ICTlCl,) 

- 91,  :3 (CHC13) 

- 101.7 (CHCls) 

0 004X 

0 006X 
0 034 
0 0086 
0 011 
0 012 
0 027 
0 0042 
0 0.54 
0 0090 
0 0056 
0 030 
0 034 
0 0056 
0 0'34 

121 

97 
43 
61 
29 
46 
64 
24 
40 
41 
:I3 
.i 2 
41 
64 
:3:3 

174-177 ilre!CO-pentane) - S 6 . 1  (CFTCI1i c 0 023 !36 

166-175 (lIeKX-pentane) - 93 2 (CHCIR) .A 0.022 27 

243-2.50 ( l I eOH)  -169.9 (pyridine) c' 0.037 2.3 

16.5-170 (lIeOH-CHC13) - -2  0 (JIeLCO) C 0 012 46 

239-246 (CtOII) - i 6  1 ( l IeLCO) C 0 011 2 0 
193-199 (ICtOH) - 103 0 ICHC11) 13 0 015 .i 1 

244-234 (AIeOH) - 7 6 . 0  (LIeLCO) C 0.0093 2 9 

Hotvever the  isomer with an equatorial bond aromatic aldehydes, by a characteristic chemical 
aldehvde residue medominates almost ex- shift of the axial Droton in the nmr spectrum." 

clusivel) ; the isomer with' an axial substitutent is 
produced only in minimal amounts and is usually lost 
during t h e  purification of the main reaction product. 

ma) often be recognised, especially with acetals of r n d  (r,o,ldon) 1832 (1964) 

As indicated in Table I, no dramatic increase in 
bioloyical activity was observed with the acetals of 
epipodophyllotoxin p-D-glucopyranoside. I t  was there- 

The actual configL1ratioll of sugar acetals of this type (11) Ilapgei, J r)rl,ii,,rl \ 13 I oster an<] J 11 \Ielit>er C h t m  
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No. 

42 
43 
44 
45 

No. 
46 
47 

48 

TABLE I11 
CONDENSATION PRODUCTS O F  4'-DEMETHYLEPIPODOPHYLLOTOXIN p-D-GLUCOPYRANOSIDE (c) WITH KETONES 

P-815 
mastocytoma 

cella of the  
mouse, in 

U ~ ~ T O ,  EDio, 
Method mg/l. 

Me Me C3QH34013 210-212 (MeOH) -108.0 (CHC13) A 0.015 
RI  R2 Formula Mp. =c [ab, deg 

E t  ?\le C31H360L3 166-176 (lfezCO-pentane) - 98.2 (CHCl,) A 0.0060 
CHdCHz)GHz C32H36013 176-182 (EtOH-EtzO) - 105.8 (CHC13) C 0.019 
CHz(CHzhCHz C38H3@13 188-190 (EtOH) -103.0 (CHC18) A 0.015 

Mouse 
leukemia 
L-1210, 
% sur- 
vival 
time 

increase 

106 
69 
51 
97 

TABLE I V  
CONDENS.4TION PRODUCTS OF 4'-I)EMETHYLEPIPODOPHYLLOTOXIN ~-D-G.~LACTOPYRANOSIDK (D) WITH ALDEHYDES 

P-815 Mouse 
mastocytoma leukemia 

cells in the L-1210, % 
mouse, i n  survival 

m t t o ,  EDao, time in- 
R Formula MP, ' C  [ab, deg Method m d l .  crease 

C& CaoH~iOii 177-179 (EtOH) -87.6 (cm,)  B 0.046 30 

C3zHv&S 189-190 (NeOH) -99.7 (CHC1,) A 0.039 23 

C6H5 C34H34013 184-185 (MeOH) -99.7 (CHC13) A 0.048 12 

HO 

OCH3 
bR 

CHPOH 

OCH, 
OR 

XII ,  R = CH3; XII I ,  R = CH3; epipodophyl- 
epipodophyllotoxin lotoxin 8-n-glucopyranoside 

XIV, R = H ;  4'-di- XV, R = H ;  4'demethylepi- 
methylepipodophyl- podophyllotoxin P-D-glLlCOpy- 
lotoxin ranoside 

XII,  R = CH3; XII I ,  R = CH3; epipodophyl- 
epipodophyllotoxin lotoxin 8-n-glucopyranoside 

XIV, R = H ;  4'-di- XV, R = H ;  4'demethylepi- 
methylepipodophyl- podophyllotoxin P-D-glLkOpy- 
lotoxin ranoside 

'$) CH20H 

HO 
HO 

OCH3 
OH 

XVI, 4'-demethylepipodophyllotoxin 8-D-galactopyranoside 

(R)H 

Rk& HO 0-lignan 

fore surprising that some cyclic acetals and ketals of 
4'-demethylepipodophyllotoxin p-D-glucopyranoside not 
only exhibit high activity in the in vitro tests (P-815 

mastocytoma cell culture) but also give a significant 
survival time increase in the lymphocytic leukemia 
L-1210 test (Tables I1 and 111), which can be con- 
sidered as the most reliable animal predicting system 
for the clinical use of cytostatic drugs.12 Some out- 
standing preparations are now in clinical trials. 

The biological activity, especially the effect on 
mouse leukemia L-1210, appears to be structurally 
specific and correlated also with the nature of the sugar 
moiety, Cyclic acetals of 4'-demethylepipodophyl- 
lotoxin P-D-galactopyranoside formed in analogous 
manner did not give comparable biological results 
(Table IV). 

Experimental Section 
Melting points were detd on a Kofler app and are corrected. 

Tlc were carried out on silica gel G plates, using in most cases 
CHC13-MeOH, 94:6, or 96:4 as solvent systems. The spots 
were visualized by spraying wit,h 0.27$ s o h  of cerium(1V) sulfate 
i n  .-)0% HeS04 and subsequent heating a t  120-130°. Column 
chromatog were carried out using kieselgel Alerck (70-375 mesh 
ASTAI). Nmr spectra were obtained on a Varian A-60 instra- 
ment (Me4Si). Chemical shifts are recorded in ppm, coupling 
constants ( J )  are given in  I l z ;  s = singlet, d = doublet, m = 
multiplet. Ir  spectra were recorded on a Perkin-Elmer spectro- 
photometer, Model 21; -lrnnx are given in cm-1. All conipds 
listed in Tables I-IV had appropriate ir and nnir spectra and 
gave combustion values within 0.3C4, of theoretical. 

General Preparation of Cyclic Acetals and Ketals.---Using 
liquid arom or heterocyclic aldehydes and ketoues the glycosides 
S I I I ,  XV, and S V I  were suspended in an excess of the carbonyl 
compd and, after addii of t,he catalyst, xere stirred a t  20" with 
exclusion of moistiire. Aiihyd ZnC12 (method A), or, Dowex 
ration-exchange resin (1)owex 50-\\;52 dried in t'actm at 120") 
(method C), were I ised as catalyst.. The (miirse of the reaction 
was followed by tlc. With solid cwboiiyl compds or aliph 
aldehydes, the reactants were dissolved or suspended in CHaNO:! 
and the condensation was catalyzed by addn of p-TsOH (method 
B)  or 1)owex cation-exchange resiii (method C) .  For trails- 
acetalixation, the dimethylacetal, e.g., of acetaldehyde or of 
phenylacetaldehyde, or the dimethylketal, c.g., of acetone, was 
added to a suspension of the lignan glycoside in CH,NO, and one 
of the above mentioned catalysts was int,rodured. For the 

(12) .t. Goldin, .\, A Serpick, and K, hIantel. Cfincer Chemolker .  R e p . ,  
60, 173 (1966). 
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isolation of the resultiiig ligriari glycoside acetals, the reaction 
mis wah dild with CHCI, and the cat,alyst was removed by fil- 
tratioti or washing out with H,O. After removal of excess 
carbonyl compd the reaction product was obtd i n  pure form after 
cdnmti chromatogr or by direct cry.-tn. Konrryst product-: were 
purified by pptii from a suitable solvent. 

Method A. 4'-Demethyl-l-0-[4,6-0-(2-thenylidene)-p-n- 
glucopyranosyl] epipodophyllotoxin (19).--l)ried 4'-demet hylepi- 
p(idophy1lotosiii p-~-gIiic.opyraiio.ide' (6.8 g )  was siispendcd i n  
i i8 ml of freshly distd 2-thiophetiecarlsosaldeh3.de, 3.4 g of 
iuihyd Z i i C l ~  \vas added. ant1 the mist \vas shakeii Iinder I!. 
The  coiirhc of the coiideiisatioii was followed by tlc. After 3-4 
h r ,  the yellow col was dild with : N O  nil of CHCI, atid 300 in1 of 
I 1 2 0 .  The org layer wn- sepd arid the H 2 0  phase was extd twice 
\villi C'JIC13. The conihiiied CI1C1, estn were w:i..hed Feveral 
tinies with ITrO :tnd then concd in zucuo to 50-70 nil. The re- 
niaiiiitig c.olorles~ oil wa5 di,opped into 1000 1111 of pentane with 
>tii4iig, where\)\ :in oil>- ppt formed. hf te r  decanting the sol- 
vrtit the ppt RX- takeii up i i i  40 nil of CI1CI3, and this solti 
atlded di,opwise t ( i  1500 nil o f  pent:ine, The ppl xi, filtered 

Idfrolii J . : IOH:  liip 246-255'; [ n ] " ~ )  - 104.6" 
IeOII, 0 :  1 j: ir [Xiijol) :3490, 

I7h0 [ -,-hrtiiiie): 1602, 1514, 1504, 1487 (:irom 
il)llSO-d+,) 6 X.24 ( 1  11, 5 ) )  H> phenol 011, 7.7-6.8 (4 €1, i n ) ,  
If of thiophene i,iiig and €1 :it '2-8, 6.56 ( 1  11, F), I1 a t  C-5, 6.22 
( 2  J 1 ,  c ) ,  11 : i t  C-2' ii~ld I I  a t  C-6', 6.04 ( 2  11, >) CH?O:, 5.8Y 
1 1  1 1 :  - 1 ,  :iret:il I 1  of t h r  theiiylideiie ginlip, i3.64 (6 1-1, .). 2 
( 1l.A ). 

4 '-Demethyl-1-0- [4,6-0- iisopropylidene )-p-r)-glucopyrano- 
syl] epipodophyllotoxin (42).--To a srispeii*ioii of  8 g of 4'-de- 
merhylepipodophyllotositi p-i)-gliii~opyraiioside i i i  1 ti0 ml of 
C1I3XO2 was added 4 g of :inhyd Zn iid 32 nil of acetone di- 
iiiethyl kcial, mid the mist w w  -tiired for 0.5 hr nt 20" with 
c w l i i 4 o n  ( i f  moistwe. The cleat, .wI xah tlieii dild xi th  500 nil 
o f  ('11('1,3 and wnrhed :: times, with 50-1111 portioiis of Ifn(). 
Thc. (~1.8 1 : i j ~ r  wa* dried (SauSOi) aiid ev:ipd to  dryiiei.q. The 
residi~c was chromatographed on  1 50  g of kieselgel ming CHC13-- 
l l c 0 I I  f!)X: 2 )  a.: el iwit .  Thc tlc-piire fractioiiq xere 
f i . on i  ~ 1 ~ 0 1 1  yieldiiig 5.11 g :  mp 210-212"; [ w ] ~ ~ I I  -108' 

(c 1, CHC13); ir (CHqClr) 3580, 3*527 (OH); 1775 (?-lactone); 
1618, 1.51,5, 1303, 1484 (arom C=C); nmr (CI>Cl,) 6 6.85 
(1 H, s), 6..56 (1 H, s), 6.27 (2 H, s), H, C-8, H,  C 4 ,  and 2 H, 
C-Z', C-6', 3.99 (2 H, s), CH20?, 5 .52  (1 HI s), H, phenol OH, 
3.76 (6 H ,  s), 2 CH30, 1.52 (3 H, s) and 1.44 ( 3  H, s )  €1 isopro- 
pylideiie. 

Method B. 4'-Demethyl-l-O- [4,6-0-(ethylidene)-p-~-glu- 
copyranosyl] epipodophyllotoxin (5).-To a suspension of 1.5 g of 
4'-demethylepipodophyllotoxin p-D-plticopyranoside iti 30 ml of 
CH3N0, was added 6 in1 of acetaldehyde dimethyl acetal and I50 
mg of p-TsOH, and the mixt was stirred under i T 2  for 1 hr a t  20". 
The solti m-as dild with 400 ml of CHCL and washed 3 times with 
H,O (2.5-nil portions). The org phase was dried (IC'a$Oa) and 
evapd in vacuo yielding 1.74 g of crude product. Chromatog 
on  100 g of kieselgel iisitig CHC13-31eOH 195:;) as eluant 
afforded 1.24 g of pure material whic,h was crystd from MeOH: 
nip 2:16-2.ilo; [a]20u - l l O . + i o  f c  0.6, CHCl,); ir (CHrC12) 
:3.-)78. :3,i27 iOII ), 1776 (-,-laczturie), 1610, 1.515, 1503, 1484 
( a r o m  c'=C): nnir (I)lISO-&) 6 8.23 (1 H, s), H of the phenolic 
0 1 1 ,  7.0:: ( 1  11, s ) ~  6..5.i (1 H, s), 6.21 ( 2  H ,  s), H a1 C-8, (2-5, 
('-2' ti11d C X ' ,  6.04 f2 H, s) I1 CHrO?, 3.62 (6 JI, s), 2 CHaO, 
1 ,?.-l i : :  11, d,  J = 5 I I z )  C H ~ C H .  

Method C. 4'-Demethyl-l-0-[4,6-0-(cyclopentylidene)- 
p-i)-glucopyranosyl] epipodophyllotoxin (44): -A mixt of 2 g of 
dried l'-dcmeth3lepipodophyllotosiir p-u-glircopyiaiioside i t i  
40 nil of c~yc.lopeiitano~ie aiid 4 g of 1)owr.e~ K X 2  ion exchanger 
iva. .<tiired fur 2 hr at 20' with exclusion of moistii;e. The 
i~italyrt  \vas tillereti, : i i i t i  the filtrate was dild with 500 ml of 
CHCI,. The solii \\:I.- \\a.heci several time!: with IIiO, dried 
i Sa2S0,  1, :itid evapd. The residue was chromatographed on 
120 g i i f  kie.;elgel wing CHCh-lleOH (96:4) as eluant. A pure 
prodiict w:w ol)tti after repeated chromatog of the main fractions. 
Thr a i d ,  sample 1400 mg) was cry;jtd from 14:tOH-EtrO: nip 
176-182"; [a]2"1) -10.5.8' i c  0.8, CHC13): ir (CIlrCI,) ::575, 
' >Xi ( O I I ) ,  177,; (-f-l:ictone), 1620, I-il8, 1.504, 148.5 (arom 

==('I ;  tinit' fCIl)C13) 6 6.83 (1 11: -:), 6..5iJ (1 11, -:), 6.24 ( 2  H, s), 
H at C-8, C-.i, C-2', aiid C-6', 5.96 (2 If ,  x ) ,  CH&, 5.6-5.4 
f 1 €1, i n ) ,  H of phenolic OH, 3.74 (6 H, s), 2 CH,O, 2.25-1.4 

Carcinogenic and Adrenocorticolytic Derivatives of Benz[a]anthracene' 

t J ~ ~ \  1'.4TAKI,* c iROL DUGUID, ~ 'ETER IF-. RABIDEAU,  HOWARD HUI~~IIAK;, A S D  R O N A L D  G. HARVEY* 

7'hr Ren a l I a ~  Laboratorij for  Cancer Research, l h c  linivcrsitij o j  Chicago, Chicago, Illinois 60631 

Ktwiztr l  Jlarch 17, l!iil 

A >erieh of dimet,hyl, trimethyl, hydrosymethyl, atid formyl derivatives of benz [a ]  anthracene structurally 
i,elated to i he cai,cinogenic 7-methy1-, 12-methyl-, and 7,12-dimetjhylbenz [a]  anthracene and to the adreno- 
(~oi.ticolytic T-h~d~osymethyl- l~-meth~lbenz[a]ai i thrac~e~ie were synthesized. >le ;irtbstjitution outside the 
"criticnl" regioii ( i , ~ . ,  the 6, 7 ,  X, and 12 pwitions) was shown to block sarcomagenic, activity when i i i  the 1, 2, 
:!, 4, aiiti 5 positioiis (one exception noted), wheren- intnidiict,ioii of Ale group:: elsewhere in the molecule w a ~  
xithoiit appaiwit effecat 011 the biological actioii. 

In1 roduct,ion of onc', tivo, or three Ale groups into the 
6,  '7, S, or 12 positions of benz [alanthracene dramat,icall>, 
tr:tmforms this biologically inert hydrocarbon into n 
high]!, potent carcinogen.? The position of substitu- 
tion is critical in that 11e groups in other sites fail to 
(>licit these effects. 7,12-Dimethylbenz [alanthracene 
(7,12-11lIBA) appears unique in this series in its 
abilit?. to also destroy tho adrenal cortex of the 
rat ." 7-Hydroxymethyl-lL'-niethylberiz [a]anthracene, 

( 1 ;  ' l ' l i i -  investigation \ \ as  siiiiportril I]? grants f rom tlie .\merican Cancer 
Smi ia t  i , .Jane Coffin C i i i l i l ~  3Iemorial l 'un i i ,  and Daisy Sclin-immer Memo- 
llnl  l~Ill,,i. 

12) (a) .I. I'ataki ani1 C'. I{. Hugpins, Ctincer li)w,, 29, 506 (1969): il,i 
( ' .  14. llripgins, , J .  I'ataki, and 1%. G .  I I a rvey ,  J'roc. .Voi. Acnd .  Sct. r . .  S,, 
68, 2233 (1967) ~ (d .J. Pataki  and C .  13. IIiiEpinP, Jemsnlem Sump. (;)wintum 
Cliem. BznrhPni. 1, 61 (196!l1. 

(:I) ( a )  .I. I 'ataki, R .  \ \ ' Ius,  anit Y. Clio, . I .  .1fcd. Ci irm. ,  11, 1083 (19681: 
1 .  I'ataki ani1 C. I < .  I l u g ~ i n s .  Biochem. I ' /~ ! i rmncd . ,  16, 607 (1967):  i c j  

('. i%. lliigains, 5 .  RIorii, and .J. I'ataki, J'roc. S n l .  .-lead. Sci. C.. S., 62, 704 
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formed ? H  rziv, ha5 been sho\\n to be the active inter- 
mediate speciesJ4 and several other 7-hydroxyalkyl 
(and potential 7-hydroxyalkyl) derivatives of beriz [a ] -  
anthracene have also been found active. Jil 

In connection with our continuing investigations of 
the relation betn een the structure and the carcinogenic* 
and andre~iocorticolytic~ activity of derivatives of 
benz [alanthracene, we prepared a series of dimethyl, 
trimethyl, hydroxymethyl, and formyl derivatives of 
benz [alanthracene including several active new com- 
pounds, whose synthesis we now report. 

The trimethylbenz [alanthracene (TJIBA) isomers 
synthesized,i except for 6,8,12-TNBA, \yere members 

14) I). N. \Vlieatle)-, I .  K .  l iernokan, and .\. R .  Currie, .\-<rture ( L o n d o r i ) .  
211, 387 (1966). 

t There are tileoretically possil>le a total  of 220 tr imetlislbenr:[i i lsntl~ra- 
cene and 66 dirnetl~?lbenx[nlantliracene isomers: oi the latter,  21 have one 
or hot11 Ale groups in the  7 or 12 positions. 


