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Judging from the medical claims which have 
been made for podophyllin in the last three centuries, 
the drug could be a panacea. Twice within the last 
l^O years, reports from the United States of thera
peutic properties of podophyllin have attracted atten
tion of clinicians and research workers all over the 
world.

In the eighteen hundreds,“*- the drug was re
cognized and used chiefly as a drastic purgative, and 
as a cholagogue and choleretic. It was administered 
by mouth or by injection; however, direct contact 
with skin and mucuous membranes was avoided because 
of local irritation. Today, in antithesis to the old 
concept, the cytotoxic action similar to that of col- 
chicine, has been demonstrated by podophyllin which 
forms the basis of scientific interest in the drug 
and of its therapeutic use in the treatment of benign 
and malignant tumors.

V. Podwyssotzki, Am. J. Pharm., 12. 102-115 (1882), ------------
Mo Kelly, J a Lignon and P. ^mith, Cancer Res..

9 ,  555 ~ 556 ( 1 9 1 * 9 ) .  --------------- -
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It was with this objective in mind that 
this work was commenced, with the idea of making 
lactones as analogs of podophyllotoxin which is 
assigned structure ( I )«

However, the initial substance which bears
the weight of this research dates back to 191+5 when3Papadakis synthesized .for the first time 5 - ( p-hy- 
droxyphenyl ) - 1̂ ,6 - dicarbethoxycyclohexanedione - 
1,3 ( II ) having the necessary functional groups 
which would prove useful as starting materials in 
further synthesis0

P.S. Papadakis, J. Am. Chem» 3oc„. 67. 
1799 - 1800 ( 19l|5 ) « ' ---
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Due to the presence of a cyclic dione ring 
and a phenolic ring in tne 5 - ( p-hydroxyphenyl ) 
- - dicarbethoxycyclohexanedione - 1 ,3 it can
be said that a substance using one or both of the 
above groups could possibly be important as an in
termediate for the preparation of physiological 
active agents.

Compounds with structure ( III ), ( IV ), 
and ( V ) having different substituents for R, Rj, 
R2, R3, R|| and R^ have been synthesized in this 
laboratory by Papadakis and co-workers and have 
been previously reported.^

^-P.E. Papadakis, Scigliano, Chin and Adrian, 
J. Am. Chem. Soc., 72, 1̂ .256 (1950); Papadakis, Scig
liano and Pirruccello, J, Am. Chem, Soc., 75» 5^36 
(1953); Papadakis and Scigliano, J, Am, Chem. Soc., 
75, 5̂ 4-37 (1953), Papadakis, J. Qrg. Chem., 19, 51 
(195U)î Papadakis and Mathiesen, J. Org. Chem., 21, 
593 (1956).
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It is apparent that ( V ), where OR represents a 
inethoxy group, is a good starting material for the 
synthesis of structure ( I ).

With this structural similarity in mind, 
it was thought that if a compound bearing resemblance 
to structure ( I ) could be synthesized, it would 
be an excellent building block for compounds related 
to podophyllotoxin.

Some information concerning the physical, 
chemical and anti-cancer properties of podophyllo
toxin and peltatins is given in the appendix of 
this thesis.
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The following flow sheet suggests the se
quence of reactions followed in this research.
R in the trimethoxy phenyl = CH «

R(
RO -■

RCk 0=0 -0 0 ^ 5
RO-

\  / c = '// A- n —RO 0=C~0CoH_, 2 5

.0

\  r \
RO'

( IV )
OCpH^ 

0  s

RO/ ¿-c- CH-
ROr-v. /y-C-C^COOC^H 

rAN /  H Na COO

( V )

RO
RO

0
H^c o - i  n5 2 1 jsP

( VI )
0it

ROk  /

H^CpO-C OH 0
RO^/^J l---J-— CH OCOH2 3

R0-

h ^c2o -6-o *0

( VIII )

H ^ O - C . 0  ^ H
CHo0CCHt

2 6 3

( IX )

RO-/
R

OH 0
/y-- (—CH„0CCH
C^0\ 2 3

0/\

0
Ro\__ f  \__ V  0

H ^C  0 -  C = 0  bH  OCCHp 
P  2  2  p

( X ) ( x n  )
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H^GoO-G^O 0P ¿ I H

0

/ \O C  CHo 
I i 2

( XIX )
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As has been stated in the introduction, the
purpose of this experimental research was to syn
thesize lactones as analogs of podophyllotoxin or 
peltatins starting with 9 - ( ip»,5 *»6 f - trimethoxy- 
phenyl ) -Ip, 6 - dicarbethoxycyclohexanedione - 1,3 
and further to prepare other derivatives. The general 
scheme for the synthesis of such compounds adheres to 
the procedures developed by Papadakis and co-workers.

The trimethoxybenzoic acid ( II ) was
prepared by methylating pyrogallic acid ( I ) with 
3 moles of di-methyl sulfate in a basic aqueous me
dium and a nitrogen atmosphere.^

i t  r \

HO-i

( I ) ( II )

( i n )



10

This acid was then reacted with thionyl chloride to

methoxybenzaldehyde by reducing the 3,i+,5 trimethoxy- 
benzoylchloride by the 3onn and Muller method. The 
aldehyde thus prepared was used to synthesize 5- 
(l',2‘,3' - trimethoxyphenyl) - 1|,6 - dicarbethoxy- 
cyclohexanedione - 1,3*

The 3 , k > 5  trimethoxybenzaldehyde ( IV ) in 
this research was prepared far more readily by the 
reduction of 3,U.,5 trimethoxybenzoylchloride with 
lithium aluminum tri-tertiary butoxy hydride,^ a 
method far more effective than the Rosenmund reduc
tion of an acid chloride, and more direct than the 
Sonn and Muller reduction.

H CO"
( III )

^Arthur Vogel, Practical Qrganic Chemlstry,
( New York : John ¡^iley and Sons, Inc., 1962 J~$ 792.

7P.E. Papadakis and R. Mathiesen, J. Org. 
Chem., 21, 593 (1956).

O
°H.C. Brown and R. P. McParlin, J.Am. Chem. 

Soc., 80, 5372 (1958)„
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C* + LiCl + A1 ( O-t-Bu )3

Lithium, aluminum tri-tertiary butoxy hydride re
ductions probably proceed by a bimolecular dis
placement reaction, i.e., by the intermolecular 
transfer of a negative hydrogen ion from the alumi- 
no tri-tertiary butoxy hydride anion to an electron 
deficient center ( usually a carbon atom ), causing 
the displacement of a strongly electronegative atom

. Qsuch as oxygen, nitrogen or a halogen.
It follows therefore, that the nucleophilic 

reactant in the reductions with lithium aluminum 
tri-tertiary butoxy hydride is actually a complex 
alumino-hydride anion.

( IV )

LoW. Trevoy and W. G.
7 1 ,  1 6 7 5  (1 9 1 + 9 ).

9 Brown, J.Arru Chem. Soc.,
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It is by no means certain that the aluminum 
tri-tertiary butoxy hydride in the first step must 
always coordinate with the available anions and 
therefore continue the sequence of nucleophilic 
reactions. As in the case of reduction of alkyl 
halides, the reaction almost stops after the hydro
gen of the original lithium aluminum tri-tertiary 
butoxy hydride has reacted."

According to P a d d o c k , t h e  solvent plays 
an important role in lithium aluminum tri-tertiary 
butoxy hydride reductions. He has suggested that 
diglyme ( di-ethylene glycol dimethyl ether ) coor
dinates with aluminum tri-tertiary butoxy hydride 
to drive the equilibrium to the right, and the 
active fragment in lithium aluminum tri-tertiary
butxoy hydride is the H ®  ion rather than the alumino

<S>tri-tertiary butoxy hydride anion, Al-H (O-t-Bu)^ .

Al - H (O-t-Bu)^ j. ' H ®  + Al (O-t-Bu)

-*-®W.Gr. Brown, Organic Reactions, ( New York : 
John Wiley and Sons, Inc., 1951) VI, 470.

i:LN.L. Paddock, Nature, 167, 1070 (195D.
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This assumption is based on a study of the 
effect of diglyme on the reduction of chlorides. 
Organic compounds which possess electron releasing 
properties are reduced in the absence of a solvent.
It is concluded, therefore, that an electron donating 
solvent is necessary for lithium aluminum tri-tertiary 
butoxy hydride reductions. Other authors also con- 
aider the H '"' ions ( and lithium cations ) to be the 
active species in the reductions with lithium alumi
num tri-tertiary butoxy hydrideo'1’2,1^ ’1^

The reduction of acid chlorides to aldehydes 
in yields as great as 82$, 80$ and 73$ hy lithium 
aluminum tri-tertiary butoxy hydride have been

id -] £reported by Brown and Roa, Brown and McParlin-1-0 
and Wheeler and Mateos. ^

■^G.Wittig and P. Hornberger, Ann., 577 
11, (1952).

"^D. Lavie and E.D. Bergmann, Bull. Soc. Chime 
France, 250 (1958)»

^N.O. Gaylord, Expertentia, 10, 166 (1957)«
Brown and S.Roa, J. Am. Chem. Soc«, 80, 

5377 - 79 (1958).
-I £H. Brown and R. McFarlin, J. Am. Chem. Soca, 

80, 5372 (1958).
17O.Wheeler and J. Mateos, Chem. and Ind>, 

(London) 395-396 (1957).
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The 3-i|~5 trimethoxybenzaldehyde ( IV ) 
thus prepared was reacted with diethyl malonate 
employing a Knoevenagel reaction-1 in which pipe
ridine is used as the catalyst« The probable me
chanism of this base - catalyzed aldol reaction is 
essentially a nucleophilic addition to a carbonyl 
group and follows the course:

0-C0C2H£
i I I-N : + CH_ -N - H +
I 2 I

0 = 0 0 0 ^

0=C0C H .
i 2 ?

<$>
: CH

o -c o c 2h ^

H^CO

h 3cq.r  \s ♦

0-C0C2H5

+ -N i
'H

H 00 0=COC2H^
( IV )

0=000 H .2 5
OH
! I-C-CH +-N:
I
H
0 C0CoH^ 2 5

H3CQ 0=1c o c 2h 5

H_CO- /

H3C(

( V )

= c

0=C0C2H^

18
(1904). E.Kneevenagel and Albert, Ber., 37* 4M^1
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It is obvious that the diethyl malonate anion that 
is formed acts as a nucleophilic reagent in this 
addition reaction by stabilizing the negative charge 
by delocalization»OCJĤ«> 1 2 5CH— C — 0 oc2h5 CH =C -0

0C_Hl 2CH — C = 0 11c -oj1 iC = 0 j c —0 -
oc2H5 OG H2 5

The ester, ethyl trimethoxybenzylidene
malonate ( V ) was then condensed with ethyl aceto-
acetate in the presence of sodium ethoxide as a

19catalyst thus producing a ketonic ester*

0 H 0 H
H_,C_0-C-C-C-C«H 5 2 <&> \

H

h 3c o v

+ H CO'3
H^CO'

( V )

0
H C~OC_H-
I ! 2 5

-c=c

cf 0c2Hs

C. Hauser and B« Hudson, Organic Reactions, 
(New York: John Wiley and Sons, Inc., 191+2) , I, 266»

19
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NaOCgH^

0 li
H^CgO-C 0

1 V>f0°2Hs
v Na

C—  C-CH-
I " 3H^CpO-C 0

NaOC^H^
--------c . 5 >,

H-C-H

HJJ-O-Cf 0
5 2 0

( VI )

HCJH-,0

cold dii.

s
H
H

The cyclization of ( VI ) is obtained through 
the agency of the sodium ethoxide. The cold dilute 

acetic acid reacts with the sodium in the water sol
uble sodio-derivative ( VI ) and the desired product 
( VII ) is precipitated.
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It will be noticed that In the anion of the 
product, a much greater delocalization of the nega
tive charge is possible than it is in the anion of 
the first reactant, i«e0, the former anion will be 
the more stable or, in other words the product 
5 - ( V  »5* #6’  - trimethoxyphenyl) - lj . ,6 - dicarbe- 
thoxycyclohexanedione - 1,3 ( VII ) is a stronger 
acid than is the reactant. The keto-ester is there
fore much more stable than the sodium derivative 

of the original ester ( VI ) and hence the displace- 
of the successive equilibria will be in the direction 
favorable to the formation of this product« A ne
cessary corollary to this mechanism is that the cata
lyst must be the salt of a compound ( in this case 
ethyl alcohol ) which is a weaker acid than the final 
product; otherwise the equilibrium would be displaced 
largely towards the lefthand side, with a consequent 
reversal of the general reaction tendency in the pre
ceding equilibria.

In planning the synthesis of the next step, 
it was necessary to select the proper starting materi
als. The ketonic ester ( VII ) prepared previously 
was reacted with broraomethyl acetate and metallic 
zinc. This reaction was suggested by Papadakis.
It does not use the Reformatsky reagent, ethyl
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bromoacetate, but the bromomethyl acetate which is 
not an alpha carbon halogen ester» It is essential 
that all the apparatus and chemicals be scrupulously 
dry for successful results.

A bromomethyl acetate solution of 5 - dj.’ ,5* *6’ 
trimethoxyphenyl) - ij.,6 - dicarbethoxycyclohexanedione 
-1,3 ( VII ) was added to a dioxane mixture of zinc 
to yield an intermediate organozinc compound ( VIII ) 
which then adds to the carbonyl group of the ketone.

At this point it was possible that a difficulty 
may arise in that the zinc was able to chelate bet
ween two different molecules. However, in an acid 
medium the chelate was not stable and upon hydrolysis 
with HC1 the zinc, bromide and chloride ions were re

h ^c2o-c- o
0ii

H ^ O - C O

( VII )
H kCo 0-C-0 OZnBrh 3c o ___  5 2 , /

( >
/

c h20
0

CH-OCCH
0
ii

3

/ c H  0(ÌCH 2 3
\H .Co0-C =0 OZnBr

5 «

( VIII )

moved.



19

Hc/Co0-C = 05 2 j OZnBr

H_CO K cold dll»
HC1

3 H C50-C~0 OZnBr

H^CoO-C -0 OH 0H

J
' n. / M

CH20CCH

h 3C 0 \
H CO*

H5C2°~G”0
OH

(IX)
Upon analysis of this product, the results 

showed that the desired product was not produced. 
Instead of structure ( IX ) it seemed more probable 
that compound ( X ) which is a cross lactone was 
formed. This apparently indicated that hydrolysis 
not only removed the desired ions, but it also re
moved a molecule of ethyl alcohol.

H 0

H^C20-G=0 2 3

( X )
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In the synthesis of the lactone ( XII ) 
which involves a method used extensively by Elder- 
field20 the double bond was formed by the r emoval 
of a molecule of water. When compound ( X ) is treat
ed with a solution of hydrogen bromide in glacial a- 
cetic acid the lactone formation apparently proceeds 
through the intermediate unsaturated compound ( XI ) 
which is formed by the dehydration of ( X ) but 
which could not be isolated. Lactonizaticn then 
occurs in the known manner by dehydrobromination.

HOAc + HBr
----------------------------------------------------------------------------------p .

lactonization 
- 2HBr

on R.Elderfield and E. Blout, J, Org. Chem., 
6 ,  3k (1914-2).

21Pittig, Ann. t 283, 1+7 (l89l4-)o
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o^c ch2
h 3co

Hh 3co

° < 0
( XII )

In preparing the following derivative ( XV ) , 
the compound 5 - ( p-acetoxyphenyl ) <* ij.,6 - dicar~ 
bethoxycyclohexanedione - 1,3 ( XIII ) which was 

synthesized earlier by Papadakis was reacted with 
bromomethyl acetate and metallic zinc thus employing 
a method similar to the preparation of ( IX ).

( XIII )

H^Co0-C:=0 0H

( XIV )
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Analysis of product ( XIV ) indicated that
the organozinc ompound added itself to only one 
of the carbonyl groups. This would verify the 
fact that with every mole of bromomethylacetate 
an addition would be formed on one of the carbonyl 
groups in the dione ring.

which involves the method used in the preparation 
of compound ( XII ), the double bond was formed by 
the removal of a molecule of water. After treating 
( XIV ) with a solution of hydrogen bromide in 
glacial acetic acid, lactonization occurred after 
dehydrobromination.

In the synthesis of the lactone ( XV )

9H^C20-C=0 Ci^OCCH
'3

HOAc + HBr

h^c2 o-c =o noh

( XIV )
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The synthesis of the following was carried 
out in a manner similar to that used in the prepa
ration of compounds ( XIV ) and ( XV ).

The compound 5 - ( p-acetoxyphenyl ) ~ ¿p, 6— 
dicarbethoxycyclohexanedione - 1,3 ( XIII ) was 
reacted with the bromomethyl acetate and metallic 
zinc. However, this time two moles of the bromo 
ester were used. In so doing, both of the carbonyl 
groups in the dione ring reacted.

( XVII )
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Lactonization in ( XVII ) was to have occur
red after dehydrobromination.

However, analysis of the product does not 
represent the desired adduct ( XVII )„ The analyzed 
results seem to agree with the intermediate ( XVIII ) 
which indicates that the reaction was not complete,.

carbon and the beta carbon has a double bond as a 
carbonyl group, then the loss of carbon dioxide is 
understandableo Whether the acetic acid Is combined 
on the one-four position of the conjugated double 
bond system is difficult to tell without spectro
scopic work» Another possibility could be that an 
acetate ester could be found on position three and 
a molecule of water attached in place of the acetic

(c6o h ) nc h 9oh
( XVIII )

The compound, 5 - (k* »5* - trimethoxyphenyl)
-^■»6- dicarbethoxycyclohexanedione - 1,3 (VII) has 
been used as a starting material for the synthesis of 
potentially anti cancer compounds such as the nitrogen 
mustard derivatives and substances with structural 
relation to podophyllotoxin«

If a carboxyl group were present on the alpha

acido
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During World War II interest was developed in 
compounds of the general structure ( C1-CH„-CH ) NR„

cL

These are nitrogen analogs of mustard gas and are ex
tremely vesicant. Studies with these so-called "ni
trogen - mustards" have shed considerable light on 
the mechanism of the action of all mustards with 
tissues. It has been shown that the cytotoxic ac
tion* related in some manner to the proliferative 
activity of the cell, depends on intramolecular 
cyclization in a polar solvent to form an onium
ion with the liberation of the chloride ion, as 

22indicated:

R - N - ( CH0 - CH - Cl )--- ►  R - N - CH0-CH -Cl2 2 2 2 2

Such onium ions are very reactive and attack various 
uncharged nucleophilic molecules, causing dénatura
tion of the tissue and vesication. The onium ion is 
capable of alkylating functional groups of biological 
importance, such as the nitrogen ion, amino acids, 
peptides, imidazoles, the sulfhydryl and thioether
groups, carboxyl groups and the glycero- and hexo- 

22aphosphates.

+

CH‘2 CH Cl'2

Om Lj dl
6 9 ,  2 9 7 1  (191+7 )

22aA.Gil 
1+09 (19 1+ 6 ).

J. Bartlett, et. al., J. Am, Chem. Soc..
o

A.Gilman and P.S. Phillips, Science. 103,
ALUMNI MEMORIAL LIBRA RI

CmfhUa Uaiwwty 
Q n a i* , N tffau i*



26

Because mitotic activity is peculiarly sen
sitive to the action of these compounds, their use 
in the study of cancer is of more than academic in
terest.

mustard derivative of 5 ~ - trimethoxy-
phenyl ) ip,6 - dicarbethocycyclohexanedione - 1,3 
( XIX ) was prepared by reacting a mole of the mu
stard compound with a mole of the cyclohexanedione 
and with a mole of formaldehyde in a medium of 1 5 %  

methanol.

With this importance in mind, a nitrogen

H>CoO- C-0 0//

+ HCOH + H — «
01 GH?-CH2 -C1

( VI )

H^Co0- C-0 0^ I hI //
NaOAc \y
15% MeOH

h  c</

( XIX )
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All melting points listed in the following 
procedures are uncorrected. All microanalysis was 
done by Galbraith Laboratories, Inc., Knoxville, 
Tennessee and the Detroit Testing Laboratories, Inc., 
Detroit, Michigan.

PREPARATION OF 3.4.5 TRIMETHOXYBENZALDSHYDB BY THE 
REDUCTION OF 3.4.5 TRIHBTHOXYBENZOYLCHLORIDE WITH 
LITHIUM ALUMINUM TRI-TERTIARY BUTOXY HYDRIDE ( IV )?

In 200 ml. of diglyme, 92.1+ grams ( 0.200 mole 
of 3,4*5 trimethoxybenzoylchloride was dissolved.
The resulting mixture was placed Into a flask, flushed 
with dry nitrogen and cooled to approximately -78°G 
by immersing into a cooling bath of dry ice and tri
chloroethylene. To this solution, 50.8 grams ( 0.200 
mole ) of lithium aluminum tri-tertiary butoxy hydride 
dissolved in sufficient diglyme to make 200 ml. of 
solution was added slowly and with continuous stirring 
thus avoiding any major rise in temperature. When 
the addition of the hydride solution was complete, 
the mixture was stirred for an hour during which time 
the mixture turned white. The cooking bath was re
moved and the flask was allowed to warm to room tem
perature. After an hour, the mixture was refluxed,
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at room temperature for 2 hours. The contents were
then poured onto a mixture of 200 grams of crushed
ice and 100 ml. of 10$ H^S0^o 'The white precipitate
was filtered, pressed dry and extracted several times
with 95$ ethanol. Distillation of the solvent yielded
62 grams of crude aldehyde with a melting point of
65 - 7l+°C. Recrystallization from hot ethanol - water
( 1 :1 ) gave a yield of 521.82 grams ( 62$ ) of white
flakes which melted at 7U.5 - 75°G ( Literature : 

o 2l+m.p. 7 k  - 75 C ).

Anal. Gated, for G10H120^ : C,61.22 H,6.12
Pound : C,6l.03 11,6.05

PREPARATION OF ETHYL 3.it. 5 TRIHETHOXYBENZILIDENE- 
MALONATS ( V ) . 7

A mixture of 6.2 grams ( 0.030 mole ) of 
3 , k >5 trimethoxybenzaldehyae, 5*1 grams ( 0 .030 
mole ) of diethyl malonate and 0 .3 ml. of piperidene 
was refluxed for 5 hours at l50°C. The resulting 
product was a light yellow oil. This yellow liquid 
was dissolved in a minimum amount of absolute alcohol 
and reprecipitated with distilled water. The treated

^D.S. Tarbell, H.T. Huang and R.V. Arnstein,
J .Am. Chem. Soc., 70, 1*18l (191+8).
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solution was refrigerated overnight, after which time 
it produced white needle-like crystals which were 
filtered and washed several times with water. Re
crystallization from ethyl alcohol yielded 5 -6 grams 
of flake-like crystals which melted at 71 - 71.5°C.
A mixed melting point of the product with trimethoxy- 
benzaldehyae was ij.8 - 52°C.
Anal. Calcd. for ( V ) G17H22° 7 : C,60.3U H,6.55

Found : C,60.08 H,6.I|-5

PREPARATION OF 5 - ( U ,.5,.6t - TRIMETHQXYPHENYL )
- U ,6 - DICARBETHOXYCYCLOHEXANEDIONE - 1,3 ( VII ) .7

A solution of sodium ethoxide was made by 
dissolving 0 «i| gram ( 0 .018 gram atom ) of metallic 
sodium in 5>0 ml. of absolute ethanol. While this 
solution was still warm, 2 .2  grams ( 0 .018 mole ) 
of ethyl acetoacetaie was added and the mixture was 
refluxed on a water bath for an hour. To this so
lution, 5 .6  grams ( 0 .018 mole ) of ethyl 3 > k » 5  - 

trimethoxybenzylidene malonate was added and a bright 
yellow material formed to which more alcohol was added 
to help mix the solution. The mixture was further 
refluxed for an hour and the excess alcohol was dis
tilled under pressure. The solution was filtered 
and cooled to 0°C in an ice-bath and the filtrate 
was acidified with cold dilute acetic acid.
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Upon cooling, this solution yielded bright yellow 
crystals which were recrystallized from ether and 
petroleum-ether and washed with dioxane, The yield 
was 3 .6  grams ofw hite needles which melted at 
191 - 192°C.
Anal. Galcd. for ( VII ) C ^ E ^ O ^  : C,58.45 H,6.07

Pound : 0,58.31 H,6.04

SY N T H E S IS  OF 5  -  ( ¿ 4 - * . 5 . 6  * -  TRIMETHOXYPHENYL ) - 1 -  

HYDROXY - 1 , 3  -  DIACETQXYMETHYL -  3 . 6  -  GROSS Ca RBOXY 

LACTONE - U . 6  -  D ICARBETHQXY -  CYCLOHEXANE ( X ) .

About 5 ml„ of dried dioxane was added to 1.2 
grams of zinc previously purified by washing with 
dilute hydrochloric acid, distilled water, absolute 
alcohol and ether and oven dried at a temperature of 
100°C„ To the zinc mixture about 0 .I4 ml. of a solu
tion of 0 o60 gram ( 0 .0014 mole ) of 5 - ( 4 ,:>5>,»6 , - 
trimethoxyphenyl ) - ij.,6 - dicarbethoxycyclohexane- 
dione - 1 ,3 dissolved in 30 ml. of dioxane and 0 .434 
gram ( 0 .0028 mole ) of bromomethylacetate was added 
slowly and warmed gently until the reaction started. 
When the reaction started, the mixture was gently 
stirred and the rest of the solution was added at such 
a rate that moderate refluxing occured for about an 
hour. The light yellow liquid was further refluxed on 
an oil bath for about 30 minutes. The flask was then
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cooled in an ice bath and 10 ml. of 10$ HC1 was add
ed with continuous stirring. Fifty milliliters of 
toluene was added after which the water layer was 
removed and the product was extracted with toluene. 
The toluene layer was dried for 2I4. hours over an
hydrous sodium sulfate. The dried toluene was fil
tered from the desiccant and the solvent was removed 
by distillation under atmospheric pressure ( over 
a water bath ) and the residue was distilled to dry
ness under reduced pressure. Methanol was added to 
the yellow gelatinous residual mass and cooled. The 
white flakes obtained amounted to 0 .52 gram, a yield 
of l\0% with a melting point of 168 - 170°C„
Anal. Calcd. for ( IX ) C ^ H ^ O  : 0,56.81^ H,6.66

Found : 0,57.39 H,5.73

The analytical data indicated that the desired 
adduct had not been obtained. However, a possible 
intermediate ( X ) with a cross lactone could have 
resulted.

Anal. Calcd. for ( X ) C ^ H ^ O  : 0,57.25 H, 6.10
Found : 0,57.39 11,5.73
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SYNTHESIS OF 5 - ( ii« ,31,6t . TRIMETHOXYPHENYL ) -
BIS - LACTONE OF [3 - HYDROXYMETHYL - k  - CARBOXY]
AND 1 - HYDROXYMETHYL - 6 - CARBOXY - CYCLOHEXA-
DIENE - 3,6 ( XII )o20

Fifteen milliliters of glacial acetic acid
was saturated with dry hydrogen bromide at 0°C by
dropping bromine over naphthalene. To this solution
0 .1*2 gram ( O.OOO73 mole ) of the 5 - ( -
trimetho xyphe ny1 ) - 1 ,3 - diacetoxymethyl - 3 ,6 -
cross carboxy lactone - 1*,6 - dicarbethoxycyclohexane
dissolved in 5 ml. of glacial acetic acid was added
and further saturated with dry HBr. The ice bath
was replaced with a water bath and the solution was 

orefluxed at 80 C for 5 hours. The mixture was then 
poured onto crushed ice ( the product is insoluble 
in ice water ) and washed with 10 ml. of 5$ HC1 and 
two 25 ml. portions of cold water. The product was 
extracted with ethyl acetate and the solution was 
dried over anhydrous sodium sulfate. The ethyl 
acetate extract, after washing free from the acid, 
drying and removing the solvent under reduced 
pressure left a dark brown residue. The brominated 
product was obtained by dissolving the residue in 
methanol. The product precipitated out in shiny, 
rust colored needles0
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Recrystallization from ethyl acetate yielded 0.12 
gram ( l±6% ) of light tan needles which melted at 
180 - 182°G.

Anal. Galcd. for C..H o0 : G,63.68 H,£.06J-V lo 7
Found : 0,63.63 H,£.l8

The analytical data and the fact that the 
product gave a positive test for lactones was taken 
as proof that the desired adduct had been obtained.

SYNTHESIS OF $ ~ ( p-ACBTOXYPHENYL ) - 1 - AGETOXY- 
METHYL - 3 - HYDROXY - I;,6 - DIGARBETHOXYCYGLQHEXA- 
DIENE - 2.6 ( XIV ).

Fifteen milliliters of dried dioxane were 
added to 3 .8 grams of zinc previously purified by 
washing with dilute hydrochloric acid, distilled 
water, absolute alcohol and ether and oven dried at 
a temperature of 100°G. To the zinc mixture about 
5 ml. of a solution of 7.8 grams ( 0.02 mole ) of 
5 - ( p-acetoxyphenyl ) -1,3 - dicarbethoxycyclo- 
hexanedione - 1,6 dissolved in 50 ml. of dioxane 
and 3*06 grams of ( 0.02 mole, 2 , S b  ml. ) of bromo- 
methyl acetate was added slowly and warmed gently 
until the reaction started. When the reaction 
began, the mixture was gently stirred and the rest 
of the solution was added at such a rate that
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moderate refluxing occurred for about an half 
hour. The flask was then cooled in an ice bath 
and 75 ml. of 1 0 %  HC1 was added with continuous 
stirring. One hundred milliliters of toluene 
was added after which the water layer was removed 
and the product was extracted with toluene. The 
toluene layer was dried for 2i| hours over anhydrous 
sodium sulfate. The dried toluene was filtered 
from the desiccant and the solvent was removed by 
distillation under atmospheric pressure ( over a 
water bath ). Trituation of the residue with me
thanol gave a yield of 5*3 grams ( k9%° ) of white 
flakes with a melting point of 128 - 130°C.
Anal. Galcd. for C23H26O9 : C,6l.87 H,5.87

Pound : G,61.59 H,5.83

SYNTHESIS OF 5 - ( p ‘- ACETOXYPHENYL ) - 3 - HYDROXY 
- k  - CARBETHOXY - LACTONE OF ( 6 - CARBOXY - 1 - 
HYDROXY ) - GYGLQHEXADIENE - 3.6 ( XV). 20

Twenty five milliliters of glacial acetic acid 
was saturated with dry hydrogen bromide at 0°C by 
dropping bromine over naphthalene. To this solution 
5 .0  grams ( 0.013 mole ) of the 5 - ( p-acetoxyphenyl) 
1 - acetoxymethyl -3- hydroxy dicarbethoxycyclo-
hexadiene -2 ,6  dissolved in 20 ml. of glacial acetic
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acid was added and further saturated with dry HBr.
The ice bath was replaced with a water bath and the 
solution was refluxed at 80°C for 5 hours. The 
mixture was then poured onto a mixture of 150 grams 
of crushed ice and 150 ml« of 5$ HC1 ( the product 
is insoluble in ice water ) 0 The product was ex
tracted with ethyl acetate and the solution was dried 
over anhydrous sodium sulfate. The ethyl acetate 
extract, after washing free from the acid, drying and 
removing the solvent under reduced pressure le ft a 
tan residue. Recrystallization from methanol yielded 
21 grams ( 55$ ) of light tan needles which melted 
at 150 - 152°C.
Anal. Calcd. for C-^H^Oy : C,&3.68 H,5.06

Found : C,63o80 H,5.30

SYNTHESIS OF 5 - ( P - ACETOXYPHENYL ) - 1,3 - 
DIHYDROXY - 1,3 - DIACETOXYMETHYL - k , 6  - DICARBETHOXY- 
CYCLOHEXANE ( XVI ),

The procedure of preparation was similar to 
that of the preparation of compound ( XIV ). After 
the mixture was prepared, reacted and treated, it 
was allowed to stand overnight wherein large white 
needle-like crystals formed in the greenish liquid.
Upon removal of a few crystals they proved to be
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hygroscopic. The dioxane-toluene mixture was then 
distilled under reduced pressure to dryness. The 
yellow residue was removed from the flask with 
methanol and precipitated with distilled water. The 
light tan flocculent crystals were filtered with a 
suction and oven - dried. A dried portion melted 
at 180 - 186°C. The yield was 27 grams.
Anal. Calcd. for: C26^3l\.0 1 2 : 0,57.99 H,6.31

Found: 0,57.75 H,6 .08
ATTEMPT TO PREPARE 5 - ( P - ACETOXYPHENYL ) - BIS
- LACTONE OF 3 - HYDROXYMETHYL - U - CARBOXY AND 
1 - HYDROXYMETHYL - 6 - CARBOXY - CYCLOHEXADIEME
- 3.6 ( XVIII ) .20

Seventy five milliliters of glacial acetic 
acid was saturated withdry HBr at 0°C. To this 
mixture, 25 grams ( 0.0i|7 mole ) of 5 - ( p - ace- 
toxyphenyl ) - 1 ,3 - dihydroxy -1,3-diacetoxymethyl 
-i|,6- dicarbethoxycyclohexane (XVI) dissolved in 
100 ml. of glacial acetic acid was added and further 
saturated with HBr for approximately 20 minutes.
The ice bath was removed and the solution was heated 
to reflux at a temperature of 80°G. At the end of 
half an hour, a low boiling fraction was removed by 
distillation and the mixture was further refluxed 
for 5 hours. The contents were then poured onto a
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mixture of 250 grams of crushed ice and 2 $ 0  ml. of 
5$ HC1. The product was extracted with ethyl ace
tate and dried over anhydrous sodium sulfate for 
2 k  hours. The ethyl acetate extract, after washing 
free from acid, drying and removing the solvent by 
distillation under reduced pressure ( on a steam 
bath ) left an orange - brown residue. Recrystalli
zation from methanol gave 20 grams of light tan crys
tals having a melting point of 198 - 201°C.

Anal. Calcd. for ( XVII ) : Cl6H11+06 : 0,66.25 H.1+.29
Pound : 0,63.59 H,5.99

The analytical data indicated that the desired 
adduct had not been obtained. However, a possible 
intermediate could have resulted indicating that the 
desired reaction was not complete.

The intermediate compound was treated again 
with dry HBr at 80° in glacial acetic acid using a 
procedure similar to the one used before. The product 
melted at 170 - 173°C. It corresponds to an empirical 
formula C ^ H ^ O  ( XVIII ).

Anal. Calcd. for ( XVIII ) : G ^ E ^ O  : 0,63.32 H,5.71
Found : 0,63.22 H,5.71
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PR E PA R A T IO N  OF THE N ITRO G EN  MUSTARD D E R IV A T IV E  

3 -  ( k' ,5* . 6 *  -  TRIMETHOXYPHENYL ) •  2 [ -  N,N -  

( B I S  -  2  -  CHLOROETHYL ) A M IN oU  -  METHYL -  l j . , 6  -  

DICARBETHOXYCYCLOHEXANEDIONE - 1 , 3  ( XIX ),
A solution of 0,083 gram ( 0,00078 mole ) of 

nitrogen mustard and 0<,023i|- gram ( O 0OOO78 mole ) of 
formaldehyde was dissolved in a medium of 7 5 %  me
thanol. To this solution 0,33 gram ( O.OOO78 mole ) 
of 5 - ( V » 5 ,>6 * ~ trimethoxyphenyl ) - 1|,6 - dicar- 
bethoxycyclohexanedione 1,3 in sufficient 7 5 %  methan
ol was added slowly and with continuous stirring. The 
mixture was refluxed at steam bath temperature for 
2 hours. The yellowish liquid was then allowed to 
stand at room temperature for 2 hours after which 
the solvent was removed under reduced pressure. The 
yellow residue was dissolved in methanol and repre
cipitated with distilled watero Recrystallization 
of the yellow substance from methanol yielded white 
needle-like crystals which melted at l53“l5i|°C<> The 
yield of pure product was 0,27 gram.

Anal, Calcd, for £26^ 35^9^ 2^ t C t$l±al 6  H,6 .OI4. N,2.i|3
Found : 0,53.99 H,6,22 N,2.26 

The analytical data was taken as proof that 
the desired adduct had been obtained«.
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SY N TH ESES O P :

1. The reduction of 3,i|,5> trimethoxybenzoylchloride 
by lithium aluminum tri-tertiary butoxy hydride 
(IV).

2. The preparation of ethyl 3,lp,5> trimethoxybenzy- 
lidenemalonate (V).

3. The preparation of 5 - (ip',5»,6‘ - trimethoxy- 
phenyl) —Ip, 6 — dicarbethoxycyclohexaned ione
- 1,3 (VII).

Ip. The preparation of p - (ip',5',6’ - trimethoxy- 
phenyl) - 1 - hydroxy - 1,3 - diacetoxymethy1
- 3,6 - cross carboxy lactone -ip,6- dicarbethoxy- 
cyclohexane (X)„

5. The preparation of 5 - Up',5',6» - trimethoxy- 
phenyl) - bis - lactone of ^3 - hydroxymethyl 
-Ip- carboxyj and -1- hydroxymethyl -6- carboxy
- cyclohexadiene -3,6 (XII).

6. The preparation of 5 - (p-acetoxyphenyl) -1- 
acetoxymethyl -3- hydroxy —Ip, 6— dicarbethoxy- 
cyclohexadiene -2,6 (XIV).

7. The preparation of 5 - (p-acetoxyphenyl) -3- 
hydroxy -ip- carbethoxy - lactone of (6-carboxy 
-1- hydroxy) - cyclohexadiene -3,6 (XV).
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8. The preparation of 5 - ( p-acetoxyphenyl )
- 1,3 - dihydroxy - 1,3 - diacetoxymethyl - Ij.,6
- dicarbethoxy - cyclohexane ( XVI ).

9. An attempt to prepare 5 - ( p-acetoxyphenyl )

- cyclohexadiene - 3,6 ( XVIII ).
10. The preparation of a nitrogen mustard derivative 

of 5 - ( k ' > 5 ' » 6' - trimethoxyphenyl ) - 2 -  

N , N - ( bis - 2 - chloroethyl ) amino 
methyl - i|,6 - dicarbethoxycyclohexanedione -1,3 
( XIX ).

Of the substances synthesized, compounds 
(XII), (XV), (XVIII), and (XIX) are potentially 
anti-cancer. Of these, (XII), (XV), and (XVIII) 
have structural relation to podophyllotoxin and 
(XIX) is a nitrogen mustard compound.

bis - lactone ofctone of hydroxymethyl - k  ~

and 1 - hydroxymethyl - 6 - carboxy





Por more than 200 years, references to po- 
dophyllin and related substances have appeared in 
the scientific literature. Although these mate
rials were popular about a century ago as medici
náis, chiefly as cathartics and cholagogues. In
19li2, however interest in these drugs was revived

29by the report of Kaplan that topical application 
of podophyllin cured condyloma acuminatum. Since 
then, a considerable number of papers have been 
published in many parts of the world on the cyto- 
logical, biochemical and pharmacological actions 
of podophyllin. Clinical investigations are being 
made of its usefulness for diseases of the skin, 
particularly verrucae and inflammatory lesions, 
and in the treatment of benign and malignant 
tumors. During this period, moreover, the com
position of podophyllin has been reexamined, and 
structural studies of the isolation products have 
been made. Three new crystalline components 
( a-peltatin, p-peltatin and ij.’ - demethylpodo- 
phyllotoxin ) have been isolated, and have been 
found to damage experimental tumors and to cause 
toxic symptoms in the host similar to those produced 
by podophyllin and podophyllotoxin.

2^I.W. Kaplan, M. & S. J., 9l+, 388 - 390 (19^2)
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The dried rhizomes and roots of the plant, 
PODOPHYLLUM PELTATUM, are known as American podo
phyllum or podophyllin. The dried rhizomes and roots 
of the related species, PODOPHYLLUM EMODI, constitute 
the Indian podophyllum. Both of these podophyllums 
are recognized by the British Pharmacopoeia and 
only the American species by the National Formulary.
A third species, PODOPHYLLUM SIKKIMENSIS, growing 

near the Himalayas, has recently been recognized and 
studied chemically.

When any of the podophyllums are extracted 
with alcohol, the concentrated extract precipitated 
with water acidified with hydrochloric acid and the 
precipitated solid washed thoroughly and dried at 
a low temperature, a light brown to greenish-yellow 
amorphous solid is obtained, this resin is recognized 
as podophyllin. Podophyllin has a characteristic 
odor, a bitter taste and is very irritating to the 
eyes and mucuous mebranes.

The pharmacological actions of podophyllin 
and podophyllotoxin on the gastrointestinal and 
cardiovascular systems of man and animals were 
studied extensively by the older investigators.

Administration of these drugs by oral or 
parenteral route causes catharsis. The peristaltic



activity of the gut is increased, there is gradual 
loss of tone, and, finally, disappearance of rhyth
mic contractions. The action appears to be peri
pheral. The cardiovascular effects of sublethal 
doses of podophyllin or its active crystalline 
isolation products are relatively mild and transi
tory. After lethal doses, fall in blood pressure 
and electrocardiographic evidence of myocardial 
damage has been obtained. There is little effect 
on the central nervous system, although hind-leg 
ataxia has been noted occasionally in dogs, and loss 
of righting reflex, and lack of co-ordination have 
been described in chickens.

However, new contributions to the pharmaco
logy of the podophyllin compounds have been made 
within the last decade. A cytotoxic action similar 
to that of colchicine has been demonstrated. This 
effect (mitotic arrest, nuclear fragmentation, other 
evidence of cellular damage) has been observed in 
skin, intestinal mucosa and tumor tissue after pa
renteral administration or topical application of 
these materials. At relatively nontoxic (no diar
rhea, no loss of weight) dose levels, the peripheral 
blood leukocytes are reduced, the bone marrow appears 
hypoplastic, spleen and other lymphatic tissue are



decreased in. size, the adrenal cortex is depleted of 
lipid, and marked necrosis and hemorrhage is produc
ed in experimental tumors« The respiratory enzymes 
of lymphatic tissue and of tumor implants in mice 
are depressed within a few hours after injection of 
the animal with podophyllin or one of its crystalline 
isolation products.

The extension of topical use of podophyllin 
to treatment of benign and malignant new growth 
followed demonstration of its therapeutic effect 
on condyloma, and recognition of its cytotoxic ac
tion on normal and pathological tissue.

A few attempts have been made to treat inoper
able systemic sarcoma 37 by parenteral or oral ad
ministration of podophyllin or one of its components« 
No evaluation can be made until more data have been 
accumulated. To date, however, no unequivocal the
rapeutic effect has been obtained« Some microscopic 
evidence (mitotic arrest, necrosis) of damage to 
tumor tissue has been described in biopsy and au
topsy material, but no effect on the hematopoietic 
system has been observed«

There has been some indication that podo
phyllin sensitizes tissue to the action of X-rays«
The usefulness of such an effect in the management
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of cancer and many other diseases now treated with 
X-rays is obvious, and it is that by this research, 
it might furnish a basis for future studies with 
the new crystalline isolation products which are now 
available.

Podophyllotoxin is a colorless, crystalline
26substance first isolated and named by Podwyssotzki

in 1880. It was first separated from the plant In
27a non-crystalline form by Umney in 1892 and in a

qO
crystalline form by Dunstan and Henry in 1898»
The structure was proposed independently by Borsche 
and Niemann and by Spath and co-workers'5 and 
was revised by Hartwell and Schrecker,^ who pro
posed the following formula:

26V. Podwyssotzki, Bern, 15, 377 - 378 (1882), 
(Abstract)

27J.G. Umney, Pharm, J „, 23, 207 - 210 (1892).
pQ
^°W. Dunstan and T, Henry, J. Am, Chem. Soc., 

73, 209 - 226 (1898). -------------------
29W, Borsche and J. Niemann, Ann. Chem., I4.9I1,

126 - llp2 (1932). -------------

^ E .  Spath, P. Wessely and E. Nadler, Ber.,
6 5 ,  1773 - 1777 (1932). ----

31J. Hartwell and A. Schrecker, J. Am. Chem. 
Soc., 73, 2909 - 2916 (1951)o
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OH

The four asymmetric carbon atoms imply many stereo
isomers of which the above structure is considered
to have the trans (1:2) trans (2:3) cis (3:JLp) con- 

32figuration.
The compound picropodophyllin, is a deri

vative of podophyllotoxin and is presumed not to 
exist as such in podophyllin,

Picropodophyllin is a colorless, crystalline 
compound, melting at 215 - 232°C„ Its accepted 
structure as elucidated by Borsche, Spath and their 
co-workers, is given by the formula for podophyllo- 
toxin,

Hartwell and Schrecker believe that the two 
compounds are stereisomers, differing only in

32J, Hartwell and A. Schrecker, J. Am, Chem. 
Soc,, 75, 5916 - 5921; (1953).



configuration around C^J in other words, that picro- 
podophyllin has the trans (1:2) cis (2:3) trans (3:ij.) 
configuration.

Due to its close structural similarity of 
podophyllotoxin, it is of considerable interest 
for biological research, because it does not occur 
naturally in podophyllin.

Podophyllic acid has been used to designate 
two products: a) the hydroxyacid formed by opening 
the lactone ring of picropodophyllin and b) the 
fraction of podophyllin obtained by precipitating 
the chloroform-soluble portion with ether.

The product is a definite crystalline compound
with
ture

a melting point of 163 - 165°C. having the struc
33reported by Borsche and Niemann.OH

2
\ 3 x COOH0

OCH3
33W.Borsche and J. Niemann, pp0 126 - li|_20



50

In unpublished work from the laboratory of Chemical
3 kPharmacology at the National Cancer Institute it 

has been found that this product contains a signi
ficant portion of the tumor-necrotizing potency of 
the podophyllin.

The a-peltatin compound is one of the tumor- 
necrotizing components of podophyllin in which it 
occurs to the extent of 6 percent. The only point 
of doubt in its structure is the position of the 
lactone group on the hydroaromatic ring."

OH

M. Kelly and J. Hartwell, Laboratory of 
Chemical Pharmacology, National Cancer Institute, 
Bethesda, Maryland.

J. Hartwell and W. Schrecker, pp. 592i|.-27o35



51

Chemically the B-peltatin is the If.1 - mono
methyl ether of a-peltatin; expressed by the follow
ing formula:

The structure for if.’ - demethylpodophyllo- 
toxin was deduced from the fact that méthylation 
with diazo methane yielded podophyllotoxin, while 
oxidation of the phenolic ethyl ether gave syringic 
acid ethyl ether*

OH

36R.Nadkarni and J.
7 k t 280 (1952)»

Hartwell, J. % ,  Chem» Soc*,
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The only reported study for a new lignan
in this species is sikkirnotoxin by Chatterjee and

37his associates. Chemical studies make it appear 
probable that sikkirnotoxin is related to podophyllo- 
toxin configurationally and has the structure repre
sented by the following formula*

OHI

Sikkirnotoxin has been isolated in if? percent yield
as a colorless crystalline substance with a melting 

opoint of 120 Co It is highly soluble in ethanol, 
methanol and chloroform.

Dr. Chatterjee has shown in his experimental 
work that sikkirnotoxin exhibited as high an activity 
in damaging Sarcoma 37 in mice as did the resins of 
other species of podophyllin0

-^R. Chatterjee and S. Chakravarti, J. Am. 
Pharm«, i+1, ¿4.15 - W  (1952).
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