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1

GENERAL lOTEOOTOTXOlf

The first part of this thesis deals with the catalytic 
dehydrogenatlon of bensyl alcohol in the liquid phase* The 
importance of aldehydes to the field of organic chemistry 
makes it desirable to find more successful and reproducable 
methods of synthesis* the experiments described in this 
part were carried out with the expectation of developing a 
successful synthesis of aldehydes by using common hydrogen
ation catalysts and hydrogen acceptors to dehydrogenate al
cohols to the corresponding aldehydes*

the second part of this thesis deals with the synthesis 
of compounds which might have anti-carcinogenic activity*
The compounds chosen for synthesis were those which would 
serve as intermediates in the preparation of compounds re
lated to podophyllotoxin or even podophyllotoxin Itself* 
Podophyllotoxin and related materials have been shown to 
have anti-carcinogenic activity*



PART I
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FART 1* THE DEHYDKOGENAT10N OF BENZYL ALCOHOL 
IN THE LIQUID PHASE

The preparation of aldehydes is often a difficult prob
lem* Since the oxidation of alcohols containing more than 
four carbon atoms to aldehydes is usually unsatisfactory with 
the usual oxidizing agentsf attempts have been made to remove 
the hydrogen of the alcohol group by means other than oxida
tion. It has been s. -.own in previous work that alcohols can 
be dehydrogenated in both the liquid*-*2^  aB(j vapor phases** 
Vapor phase dehydrogenation Is in general used as a method of 
preparing aliphatic aldehydes and ketones5.

Liquid phase dehydrogenation of alcohols has been car
ried out with Raney nickel catalyst at reflux temperatures 
and also at higher temperatures under pressure^. Aliphatic 
secondary alcohols can be converted successfully to the cor
responding ketones by refluxing the alcohol in the presence 
of Raney nickel catalyst ♦ The method, however, gives poor 
yields in the case of aliphatic primary alcohols. The method 
Is not satisfactory for the dehydrogenation of a carbinol 
group attached to an aromatic ring*

Whan the alcohol to be dehydrogenated contains other 
function groups which can react with hydrogen, this may occur# 
Thus dehydrogenation of aliyl alcohol gives 82 per cent of 
the theoretical amount of propanal2♦3• Carbinol groups
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attached to an aromatic ring give about equal amounts of hy- 
drogenolysis product and aldehyde or ketone.

Since, as shorn above, hydrogenation catalysts add as 
well as remove hydrogen, it should be possible trader the in
fluence of these catalysts to transfer hydrogen from an easily

£.dehydrogenated to a readily hydrogenated compound* Kindler 
and Peschke? have used this principle to reduce cinnamic ni- 
trile almost quantitatively to hy&roclnnamic nltrile and 
£-chlorocinnamic acid to chlorohydroclnn&mlc acid by using
tetralin as a hydrogen donator and palladium-black as the 
catalyst. Reeve and Adkins* have shown that primary aliphatic 
alcohols can be dehydrogenated in the liquid phase at 280° 
over copper chromium oxide catalyst in the presence of ethy
lene. The ethylene combines with the hydrogen formed by the 
dehydrogenation of the alcohol and thereby shifts the equi
librium so that the dehydrogenation reaction goes more nearly 
to completion. This method is not applicable to aromatic 
alcohols. In this thesis, compounds which force a dehydro
genation reaction to go more nearly to completion by combin
ing with the hydrogen are called "hydrogen acceptors".

tttaeagaloa
The purpose of this research program was to study fur

ther the catalytic dehydrogenation of alcohols to aldehydes 
with the aid of a hydrogen acceptor, with the emphasis on 
aromatic alcohols and the use of catalysts which would be 
active around 100°. Bensyl alcohol was the aromatic alcohol 
chosen for study.



The first series of experiments were carried out to de
termine whether the dehydro-©nation reaction occured to an 
appreciable extent at temperatures below 100°, The following 
experiments indicate that dehydrogenation did take place to 
some extent at low temperatures- The reactions were performed 
using a three-necked flask*

TABLE I
Dehydrogenation at Low Temperatures

Rim
M -

Hydrogen
Acj£fi£t2£ Alcohol

Length 
of Run

Per Cent
SaEb.anyl

5 Haneynickel
non® Benzyl 3 hr s. 206° 1.6

6 Raney
nickel

non® Benzyl 3 days 25° trace

7 Palladium 
on carbon

none Benzyl 3*5 hrs. 
7 hr s.
6? hrs*

25°
25°
25°

0.8
1.912.4

10 Palladium 
on carbon

non® Benzyl 19 hrs. 
42 hrs* HH 88 0 

0 6.4
7.4

Hydrogen Peroxide as a Hydrogen^ccentor * Hydrogen per
oxide is a readily available low molecular weight oxidizing 
agentf and it was thought that it might be used as a hydrogen 
acceptor* The experiments in Table II were performed in a 
three-necked flask using tertbutyl alcohol as a solvent*

The amount of aldehyde obtained was small* The reaction 
mixtures were titrated for acid content with 0.1K sodium hy
droxide solution and no acid was detected. Apparently the dif
ficulty was that the dehydrogenation was so much slower than



the rate of decomposition of the peroxide that the peroxide 
decomposed leaving only water in the reaction mixture* This 
would also tend to slow up the dehydrogenation*

TABLE II 
Hydrogen Peroxide as Acceptor

Run
M * Catalyst

Hydrogen
Acceptor Alcohol

Length 
of Him Temp*

1 Raney
nickel H2°2 Benzyl 2 hrs. 30°

2 Haney
nickel H2°2 Benzyl 2 hrs* 8?°

0 Raney
nickel H2°2 Benzyl 7 hrs. 

11 hrs.
87°
87°

4 Raney
nickel , H2:V(no sol

vent)
Benzyl 3 hrs. 

6 hrs*
140°
140°

Per Cent 
S&i'fronyJ

1

2

0,80.8
tracetrace

Vinyl Ethers as Hydrogen Acceptors. It was next decided 
to use an unsaturated ether as a possible hydrogen acceptor* 
The first such compound tried was dihydropyran* A three
necked flask was used*

TABLE III 
Dihydropyran as Acceptor

Hun Mole* Hydrogen Length Par Cent
M2* Catalyst Batlo acceptor Alcohol of Bun Temp. Carbonyl
8 Palladio® .7 Dihydro- Benzyl 6 hrs. 25° 4.3

on carbon pyran

* Batio of the acceptor as compared to the alcohol*
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This gave some carbonyl test* however, the unstability of 

the dihydropyran caused a variety of products to be formed, so 
its use was discontinued.

Vinyl Isobutyl ether is commercially available, and it 
was tried as a possible hydrogen acceptor. The following ex
periments were performed using a three-necked flask.

TABLE IV
Vinyl Isobutyl Ether as Acceptor

Bun Mole Hydrogen Length Per Cent
Ho. Catalyst Ratio Accentor Alcohol ?X.&m IfiHE. fiatfesiaSk

19 Raney
nickel

1.14 Vinyl
Isobutyl
ether

Benzyl 18 hrs. 80° 10.5

20 Raneynickel 1.6? Vinyl
isobutyl
ether

Benzyl 5 hrs. 110° 9 .0

21 Raneynickelwith
MgO

1 .65 Vinyl
isobutylether

Benzyl 5 hrs. 110° trace

22 Eaneynickel
with

1 .65 Vinyl
isobutylether

Benzyl 15 hrs. 80° trace

MgO

The vinyl ethers were unstable and gave a mixture of pro
ducts. In view of this and the poor yields, the work on 
vinyl ethers was discontinued.

Dlallyl Ether and 2-Ethylhqxene-l as Hydrogen Acceptors. 
Diallyl ether, the next candidate hydrogen acceptor studied, 
is commercially available. It has a boiling point of 95° 
making it convenient to carry out dehydrogenation reactions



at its refluxing temperature. It is more stable to acid than 
the vinyl ethers and the double bonds are readily reduced#

2-Ethylhexene-l was also selected as a possible hydrogen 
acceptor# It is easily prepared by the dehydration of 2- 
ethylhexanol-1. It has a boiling point of 120°« The double 
bond is easily reduced.

An attempt was mad© to carry out all the experiments 
evaluating these two substances under similar conditions with 
the hop© of obtaining a comparison between these hydrogen 
acceptors and between the different catalysts#

The first series of experiments were carried out in a 
three**necked flask, but it was soon found that it was easier 
to run the experiments in a closed hydrogenation vessel# This 
was selected for convenience! not for the use of high pressure. 
In some of the later experiments a glass liner was placed in
side the steel vessel. The results ar© given in Table V# 

Similar experiments ware performed using palladium on 
carbon catalyst. The results are given in Table VI.

The experiments using Haney nickel catalyst indicated 
that the amount of aldehyde obtained was greater with dxallyl 
ether than with 2-ethylhexene-l. There seemed to be no in
crease In aldehyde formed when the molar ratio of hydrogen 
acceptor was increased# In most cases the yield was not af
fected a great deal# In fact, the general trend was for the 
amount of carbonyl formed to decrease with a larger excess 
of hydrogen acceptor. The amount of aldehyde formed did not 
increase when the reaction was allowed to proceed for a long



TABLE ¥
Haney Mickel Catalyst

RWi "Cat.*
Drop. no.ff Accentor

Mole
Emtio Alcohol

Length 
o f Temn.

Per Cent
Carbonyl f@jsi.il

14 1 Diallyl
ether 0.9 Benzyl 15*5 hrs. 97° 21 3-necked

flask
15 1 Diallyl

ether 0.9 Benzyl 37 hrs. 97° 21.5 3-necked
flask

16 1 Diallyl
ether 0.9 Benzyl 11 hrs. 110° 25.6 bomb

17 2 Diallyl
ether 1.33 Benzyl 22 hrs. 98° 16.7 bomb

31 3 Diallyl
ether 1.33 Benzyl 22 hrs. 90° 7.8 bomb

30 3 2-Ethyl-
hexene-1 1.7 Benzyl 11 hrs. 150° 4.9 bomb

28 3 2-Ethyl-
hexene-1 1.5 Benzyl 24 hrs. 100° 1 bomb

* Catalyst preparation number

\0

mailto:f@jsi.il


TABLE VI 
Palladium on Carbon Catalyst

&32.J2* Acceptor
Mole
latlo Alcohol

Length
2 L M Tens*

Per Cent 
Carbonyl Xaas§1

11 Diallyl
ether 0.9 Benzyl 7 hrs. 

23 hrs. 97° 
97°

trace
10.6

3-necked
flask

12 Biallyl
ether 0.9 Benzyl 24 hrs. 9 7° 14.5 3-necked

flask
13 Biallyl

ether
3.6 Benzyl 18 hrs. 97° 9.7 3-necked

flask
23 Biallyl

ether
1*8 Benzyl 24 hrs. 80° trace bomb

24 Biallyl
ether

1.8 Benzyl 16 hrs. 110° 5 bomb

Ho
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period, of time# At the beginning of a run the amount of 
carbonyl increased until a certain amount of aldehyde was 
formed and then the formation of aldehyde stopped or increased 
very slowly*

Haney Nlokel and Palladium Catalyst#. The experiments
with Haney nickel and palladium on carbon catalysts are rear
ranged in Table ¥11 to show the effect of changing the cata
lyst and keeping the hydrogen acceptor constant*

This table gives a comparison between the nickel and 
palladium catalysts. Both seem to be effective as dehydrog
enation catalysts under these conditions, but neither gave 
the yields expected in a preparative method* Mickel gave con
sistently somewhat better yields than did palladium.

Platinum lletal Catalysts* A series of experiments were 
then performed using different platinum metals 'under similar 
conditions# Biallyl ether and 2-ethylhexene-l were used as 
hydrogen acceptors, and most of the experiments were run for 
14 to 16 hours at 100°. The results are given in Table VIII.

The only catalyst that showed promise as a dehydrogen
ation catalyst under the conditions used was ruthenium. While 
ruthenium gave encouraging yields of aldehyde, it caused the 
diallyl ether to polymerize. This liquid polymer decomposed 
to giv© diallyl ether upon heating. Ruthenium and 2-ethyl-
hexene-1 did not giv® an appreciable amount of aldehyde as 
did diallyl ether. When ruthenium and diallyl ether were used
with 2-ethylhexanol-l no appreciable amount of dehydrogenation
took place.



TABLE ¥11
Diallyl Ether as the Hydrogen Acceptor

HI HO*
Hydrogen
AfiSttSgE.

Mole
Ratio Alcohol

Length 
of Run Temp.

Per CentCarbonyl. Vessel
14 Raney

nickel 0*9 Benzyl 15.5 hrs. 97° 21 3-necked
flask

15 Raney
lickel 0.9 Benzyl 37 hrs. 97° 21.5 3-necked

flask
16

nickel 0.9 Benzyl 11 hrs. 110° 25.6 bomb

17 Eaney
nickel 1.33 Benzyl 22 hrs. 98° 16.7 bomb

31 Raney
nickel 1.33 Benzyl 22 hrs. 90° 7.8 bomb

11 Palladium
on carbon 0.9 Benzyl 7 hrs. 23 hrs. 97°

97
trace
10.6

3-necked
flask

12 Palladium
on carbon 0.9 Benzyl 24 hrs. 97 14.5 3-necked

flask
13 Palladium 

on carbon
3*6 Bansyl 18 hrs. 97° 9.7 3-necked

flask
23 Palladium

on carbon
1.8 Benzyl 24 hrs. 80° trace bomb

24 Palladium 
on carbon

1.8 Benzyl 16 hrs. 110° 5 bomb
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TABUS IX
Other Hydrogen Acceptors

Rub Ho . £ft£j£xai
Hydrogen
42S££&>£

Mole
SaSfo? Alcohol

Length
s>L.Isa Temp*

Per Cent
I s m l

25 Palladium 
on carbon

Cyclo-
hexene

1.85 Benzyl 22 hrs* 150° 10*2 bomb

26 Palladium 
on carbon

Cyclo-
hexene 1.85 Benzyl 4? hrs* 200° 1 bomb

27 Haney
nickel

Cyclo-
hexene

1.4 Benzyl 19 hrs* 100° trace bomb

29 Haney
nickel

Diethyl
maleate

1.0 Benzyl 20 hrs* 100° none bomb

18 Palladium 
on Haney

Diallyl
ether 1.33 Benzyl 22 hrs* 98° 10 bomb

nickel
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Other Hydrogen Acceptors* Miscellaneous experiments were 

performed and are listed in fable IX. In experiment 27, when 
the reaction vessel was opened a rather large pressure was 
observed. This Is presumed to be hydrogen. Upon distillation 
of the reaction mixture it was observed that the cyolohexene 
had been converted to benzene and eyelohexane.

Experimental
The reaction vassals used during these experiments were 

of three types* three-necked flasks, hydrogenation vessels 
without glass liners, and hydrogenation vessels with glass 
liners. The use of three-necked flasks .had the advantage of 
allowing on© to test for carbonyl at different time intervals 
without interrupting the experiment. With the mechanical stir
rer, the equipment had the disadvantage of needing periodic 
attention which was impractical for the length of time required 
for some experiments. In addition, when diallyl ether was used 
as a solvent, the water cooled condenser was unable to prevent 
the diallyl ether from slowly ©scaping, ©van though the end of 
the condenser was plugged with cotton or connected to a drying 
tube. For these reasons the three-nocked flasks were dis
carded in favor of the hydrogenation vessels.

Procedure Using. Three-necked Flask. Benzyl alcohol (15 
grams) and 0.75 grams of palladium on carbon catalyst were 
added to a 100 ml. three-necked flask. The flask was fitted 
with & mechanical stirrer and a reflux condenser protected by 
a calcium chloride drying tuba. The reaction mixture was
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stirred and heated to 100° • After 19 hours the stirring was 
stopped and the mixture cooled to room temperature* A 1 ml* 
sample was pipetted from the reaction mixture and the per cent 
aldehyde in the sample was determined by preeipating and weigh** 
ing it as the 2f4-dinitrophenylhyirazon@ according to the pro
cedure of H. A. Iddles^* the per cent aldehyde present was 
6.4* The stirring was continued and the reaction mixture 
heated at 100° for 42 hours at which time the stirring was dis
continued and the reaction mixture cooled to room temperature. 
The per cent aldehyde in a 1 ml. sample was again determined 
and found to be 7*4*

 Ban&yi alcohol
(10 ml.t 0*0925 mole), 15 ml. (0.1235 mole) of diallyl ether 
and 1.5 grams of Raney nickel catalyst were placed in a stand
ard American Instrument Company steel hydrogenation vessel 
having a capacity of 110 ml* The vessel was used as a reaction 
chamber by closing the hydrogen inlet tub© with a fitted solid 
steel rod. The reaction was rocked at 98° In an American In
strument Company small rocker* The te mperature was controlled 
by a heeds and Horthrup Co. Recording Micromax. After 22 hours 
the shaking was stopped and the reaction mixture cooled to 
room temperature, filtered with the aid of "Filter Cell"f and 
the filtrate distilled through a 12 inch Vigreux column. The 
fraction distilling at 188-199° was collected for analysis.
The volume of this fraction was 7*5 ml* There was a 2*5 ml* 
residue remaining In the distillation flask* The per cent 
aldehyde based upon the original volume was 16*7*
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The later experiments were carried out in a glass liner

within the hydrogenation vessel. The liner was a closed
glass ampule, fitted with a standard taper 19/38 removable
top that just fit inside the hydrogenation vessel. A piece
of Meoprene Rubber was placed at the top and bottom of the
glass liner, and 5-? ml. of the hydrogen acceptor was placed
in the area between the liner and the closed hydrogenation
vessel to keep the pressures on the inside and outside of
the liner equal.

Preparation of Catalyats. The catalysts were prepared
as described in the literature. Raney nickel was prepared by

8the method of Pavllc and Adkins . Palladium on carbon was 
prepared by the method of W. H. H&rtung^. The rest of the 
platinum metal catalysts were prepared by the method of A. A. 
Pollltt10.

Benayl Alcohol. The bensyl alcohol was purified by dis
tillation. The purified material gave a negative test for 
aldehyde.

Diallyl Ether. The diallyl ether was obtained fro® the
Shell Chemical Corporation. It was purified by distillation.

a-lttelhexeae-1. The 2-Gthylh@xene~l was prepared by
the dehydration of 2-ethyIhexanol-1 with aluminum oxide at 

o330-360 . The alcohol was passed over the hot aluminum oxide 
twice and converted to 95 per cent of the theoretical amount 
of 2-ethylhexene«l having a boiling point of 117-120°/760 mm. 
pressure.

Cvclohexen®. The cyclohexen© was prepared by the
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dehydration of cyclohexanol by aluminum oxide at 3^0 * A
conversion of 90 per cent of the theoretical amount of cyclo- 
hexane was obtained* The cyclohexene had a boiling point of 
9l*5-82°/760 mm* pressure*

Vinyl Isobutvl Ether* the vinyl isobutyl ether was ob
tained from the General Aniline Co# It was purified by dis
tillation*

Dihydropyran* The dihydropyran was obtained from Dr*
O. F* Woods of the University of Maryland.

Summary
The conversion of alcohols into aldehydes and hydrogen 

is catalyzed by metallic hydrogenation catalyst at tempera
tures as low as 100°* The presence of a hydrogen acceptor 
removes the hydrogen formed and causes the equilibrium to 
shift and an increased amount of aldehyde to be formed. Even 
under optimum conditions, twenty-five per cent or less of the 
alcohol is converted to aldehyde. Accordingly, the method 
appears to be of little interest for the practical synthesis 
of aldehydes.

It was observed that in general, the reaction proceeded 
slowly until a certain amount of aldehyde was formed, and then 
very little or no more aldehyde was formed even though the re
action was continued for a longer period of time. One explan
ation of this phenomenon is that the aldehyde poisons the ac
tive centers of the catalyst. That is, as the aldehyde is 
formed it is adsorbed on the surface of the catalyst until 
finally the catalytic surface is completely covered by the
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aldehyde and the alcohol cannot be adsorbed^.

If it is true that the reaction falls because the alde
hyde Is not satisfactorily desorbed by the catalyst, then it 
might be possible to continue the study along three possible 
pathss

1* Remove the aldehyde from the reaction mixture as it 
is formed*
2. Obtain a hydrogen acceptor which not only could to® 
reduced by the hydrogen from the alcohol but also would 
displace the aldehyde fro® the surface of the catalyst* 
3* Add a third component to the reaction mixture to 
displace the aldehyde from the surface of the catalyst 
by reacting with it or by being preferentially adsorbed* 
Another possible, but less likely cause of failure may 

be that small amounts of water set free during the reaction 
poison the catalyst* For example, when bensyl alcohol is 
refluxed over Haney nickel catalyst a considerable amount of 
toluene and water are formed* Even though the amount of 
toluene and water formed was small under the conditions used 
in this research, this small amount of water could be suf
ficient to stop the dehydrogenation reaction by toeing strong
ly adsorbed on the catalytic surface*
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P A M  II
THE SYNTHESIS OF INTERMEDIATES LEADING TO 

AHTI-GAHCINOGENIC COMPOUNDS



PAHT II, THE SYNTHESIS OF IHThh^DlATES LADING 
TO AKTI-CAHCIJSfOGdHIC COMPOUNDS

I^ro^Uetion
Chemistry and Pharmacology of Podophyllotoxin and Be- 

Podophyllln Is a resinous plant extract
which has long been used in India, Europe, and America as a 
powerful purgative, and was at one tine believed to benefi
cially affect the liver1. The drug is found in EMSStellM 
amodif which is a small, herbaceous plant that grows abun
dantly in Northern India, The root, or more strictly, the 
rhizome extract of this plant is the source of the drug used 
in Indian medicinal practice. The American plant, Podouhyl- 

pelt.atumt is employed in Europe and America, The active
principle of the drug is the lactone podophyllotoxin; also

P
present is the isomeric lactone picropodophyllin and other 
substances,

Podophyllotoxin is a highly toxic compound which causes
12mucosal inflammation and gastroenteritis ♦ It likewise in

volves the nervous system (in the cat) resulting in disturb
ance of coordination of the posterior extremities, rapidly 
increasing weakness, increased respiratory rate, violent 
colonic cramps and death in coma. The parenteral administra« 
tion of podophyllln to chickens likewise results in nervous 
system Involvement and damage to or complete degeneration of 
the cerebellar Purkinje cells and other nervous elements, 

in 1947 it was reported that placental serum from a



patient previously treated for Condylomata acuminata with 
podophyllln caused severe damage to mons© tumor cells growing 
in roller tubes without affecting normal cells growing in the 
same tubas#

Later, more extensive biochemical work showed that podo
phyllln was significantly more damaging in vitro to mouse 
tumors than to normal embryonic mouse tissue including fibro
blastic and epithelial elements# In vivo studies with tumor- 
bearing mice have confirmed the selective tumor damaging 
effects of podophyllln#

Podophyllotoxin, the constituent of podophyllln respon
sible for it® purgative action, was first obtained pure by 

2Kursten « He proved that three methoxyl groups are present 
in both compounds, which give the same hydroxy-acid^, podo- 
phylile acid# Podophyllotoxin crystallises with a variety of 
solvents of crystallisation and has the formula G22HP2l%^* 
two non-phenolic hydroxyl groups are present in podophyllic 
acid and th® lactones form a monoacetyl derivative# The 
acetyl derivative of pieropodophyllin loses acetic acid, giv
ing the unsaturated apopicropodophyllin# Borsch® also trea
ted podophyllotoxin with hydriodic acid in acetic acid and 
formed the acid, ^13^10^4» which is called podophyllomeronic 
acid (I).

Spath^ showed that one hydroxyl group was present in 
podophyllotoxin and pieropodophyllin, and confirmed, the sug
gestion that the isomeric lactones differ, owing to the par
ticipation of different hydroxyl groups in laetanimation#
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s?Soon after this Borsch©-' proved the structure of the acid, 

podophyllomeronic acid (I)# It was fused with alkali to give 
phyllomeronlc acid (II)* This was decarboxylated to give 
phyllomerol (III), which when distilled from sine dust gave 
2~raethylnaphthal@ne (IV)* Oxidation studies were carried out 
to aid in the proof of structure of these acids. Phylloraer- 
onic acid (II) was oxidised to 2,4,5-toluenetricarboxylic 
acid (V), which was oxidised to pyroaellitic acid (VI)*. 
Pyromellitic acid was also obtained fro© the vigorous oxida
tion. of phyllomeronlc acid (II).

Pieropodophyllin and podophyllotoxin were both oxidised
to trimethylgallic acid (VII) with hot permanganate**
Hydrastic acid (VIII) was obtained by the oxidation of podo-

£phyllotoxin with alkaline permanganate0. By more careful oxi
dation of pieropodophyllin with alkaline permanganate at 50° 
Spath^ was able to isolate the acid IX* The structure of this 
acid was proven by d©carboxy1ation with copper-bronze to give 
ketone XIII* This ketone was synthesized in poor yield by th® 
action of 1,2-me thy lenedioxy benzene (XI) with trim®thyIg&l- 
loyl chloride (XII) with the aid of aluminum chloride cata- 
lyst (page 29)* The lactone X was Isolated by Borsch© from 
the oxidation products obtained from the oxidation of podo- 
phylllc acid and permanganate* Spath^ was also able to iso
late this lactone from the oxidation of pieropodophyllin with 
alkaline permanganate at 60° * He also converted the acid IX 
to the lactone X through reduction with sine dust in alkaline 
methyl alcohol-water solution* The lactone obtained from this
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reduction was identical with the lactone Borsch® obtained 
from the oxidation of pieropodophyllin* Th© isolation of th© 
above degradation products indicates that podophyllln con
sists of two isomers which are lactones differing only as to 
the group that enters into the formation of th© lactone ring* 
The isolation of trimathylgallic acid accounts for the three 
methoxyl groups present in the molecule, and the isolation of 
hydrastic acid indicates the presence of a methylenedioxy 
bridge in the molecule and its position with relation to 
other group attachments to that benzene ring* The Isolation 
also of acid IX and the lactone X would indicate that the 
molecule has the general structure as outlined by formula XI? 
which also must contain a free hydroxyl and a'lactone struc
ture *

The isolation of podophyllomeronic acid (I) indicates 
that the hy&riodic acid splits off th® 3,4,5-trimethoxy - 
phenyl group from, either carbon one or four* It also would 
seem that the hydroxyl groups ar© not present on either th® 
ring with the methylenedioxy group or on the 3,4,5-trimethoxy- 
phenyl group* The carbon containing the 3,4,5-trimethoxy- 
phenyl group cannot have a hydroxyl group since upon oxidation 
to give lactone X that carbon would be more easily oxidized 
than is indicated by the formation of this lactone* It also 
seems unlikely that carbon two or three could contain a hy
droxyl since on those carbons it could not enter into lactone 
formation. By elimination, one hydroxyl must be on carbon
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one| the 3,4,5-trim®thoxyphenyl group must be on carbon four, 
and the other hydroxyl on the methylene group attached at 
carbon two. The structure of podophyllic acid is accordingly 
believed to b© as indicated in formula XV.

This structure is also borne out by the dehydration and
qdehydrogenation work of Spath'h Both podophyllotoxin and

pieropodophyllin were heated at 230° with palladium to give a
lactone C „ H  o0 'melting at 266°. According to the proposed 2 2 lo /
formulas the lactone would have the structure as indicated in
formula XVI. This proposed formula was somewhat substantiated 

10by Haworth ' when he synthesized lactone XVII and proved that 
it was different from the lactone XVI obtained by Spath.
Both lactones, upon oxidation with permanganate, give the same 
dibasic acid XVIII.

Lactone XVII was prepared by th© following series of re
actions (page 31). Ethyl sodio-3,4,5-trlmethoxybenzo:/lacetate 
was reacted with ethyl bromoacetate in boiling: alcoholic 
solution to give after hydrolysis^7 (3,4,5-'trim®thoxybenzoyl) 
propionic acid (XIX). The sodium salt of that was condensed 
with piperonal (XXX) in acetic anhydride solution to give XX. 
Acid XX was reacted with formaldehyde in alkaline solution to 
give XXI, which was cyclised by a mixture of acetic and hy
drochloric acids to give XXII. After alkaline hydrolysis and 
lactonization the lactone XVII was obtained.

Later Haworth and Richardson^ were able to synthesize 
the lactone XVI and found that it was identical with the lac
tone obtained by Bpath from the oxidation of th© natural
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compound* Lactone XVI was synthesized by the following 
series of reactions (page 32)* Safrole oxide XXIII was reacted 
with ©thyl sodio&eeto&eet&te to give XXIVa, which upon reaction 
with trim©thylgalloy1 chloride followed by hydrolysis with 
cold sodium hydroxide solution, gave XXVa* Compound XXVawas 
cycllzed by treatment with hydrogen chloride in methyl alco
hol solution to give the lactone XXVIa* This was dehydrated 
with potassium hydrogen sulphate at l80° to give the lactone 
XXVIIcl. Upon treatment of this with either palladium-black or 
lead tetraacetate in acetic acid solution the desired lactone 
XVI was obtained which was identical with the one obtained by 
Spath from the oxidation of the natural product*

Lactone XXVI la was oxidized to give acid IX which was 
identical with the acid Spath obtained from the oxidation of 
the natural product*

From this work it seems quite definite that podophyllic 
acid would have th© structure XV. Podophyllotoxin and piero
podophyllin are then given the formulas XXIV and XXV respec
tively. These structures seem quite logical since picropodo- 
phyllin seems to be the more stable of the two and its free 
hydroxyl is more easily removed by dehydration* These are 
the accepted formulas; however, they are not proven by syn
thesis.
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Characteristics of the .-•iothylenodioxy Bridge.. Since the 
purpose of this work was to synthesise compounds of similar 
structure to podophyllotoxin, the characteristics of the 
methylenedioxy bridge and the 3,4,5-1rimethoxyphenyl group 
was an important consideration*

Compounds containing the methylenedioxy bridge react 
with concentrated aeid*^ to form insoluble, nonvolatile 
polymers of a carbon-like appearance* These substances are 
usually formed by the liberation of formaldehyde which con
denses with the phenolic parent substances*

Spath^ and Kafuku^* both found that me thy ima gne s ium 
iodide ruptures the me thylenedioxy bridge with the formation 
of the monoethyl ether of the dihydroxy compound and that 
this method could be used whenever the compound contains no 
other group that will react with methylmagneaium iodide*

Other acidic reagents such as aluminum chloride or alu- 
Is}imam bromide y can be used to split the methylenedioxy bridge 

to the corresponding dihydroxy compound at room temperature 
with nitrobenzene as a solvent* Aluminum chloride is less 
reactive than aluminum bromide* This method leaves methoxyl 
and ester groupings practically intact*

In contrast to the reactivity of the methylenedloxy 
bridge with acidic reagents, this group is stable toward 
basic reagents* This is in agreement with its acetal struc
ture* Sp&th*^ has shown that dihydros&frole is scarcely 
attacked by sodium ©thoxtd© at 175° or by sodium hydroxide 
at 200°.



The methylenedioxy bridge is stable when subjected to 
catalytic reduction^ >1*# Safrole (XXXVIII) can be reduced 
to dihydrosafrole using Raney nickel and platinum or palladium 
on carbon* The group is also stable to reduction using copper 
chromium oxide catalyst which will be discussed later*

There are several qualative^$19 tests for the methylene
dioxy bridge* These methods are based upon the fact that con
centrated sulfuric acid reacts to give formaldehyde which 
condenses with phlorogluclnol or gallic acid to for® a green 
or blue-green color. Th# methylenedioxy group can be deter
mined quantatively^® by weighing the condensation product from 
the liberated formaldehyde and phlorogluclnol*

Glmracteristica, of t  Prom*.
The 3,4*5-trimethoxyphenyl group is stable to alkali* The 
methoxyl groups can be split with acidic reagents, the center 
methoxyl being the one roost easily split to the correspond
ing hydroxyl compound* Bogert and Coyne*^ have employed this 
method to prepare syringic acid (XXVI) by treatment of tri- 
methylgallic acid with concentrated sulfuric acid for six 
hours at 40°*

c o2h

ch3o-

OH
X X V I
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Synthetic Work Planned# the overall research program 
was planned in such a manner that compounds similar to podo
phyllotoxin could be prepared* these compounds might have 
anti-carcinogenic activity and could also serve as intermedi
ates in the synthesis of podophyllotoxin Itself. Since the 
acid IX had been obtained fro® oxidation studies of podophyll

otoxin, It was decided to devise a syn
thesis of this compound which might be 
used in further synthetic studies. A 
series of reactions was outlined (page 
37) starting with this acid which might 
lead to the synthesis of podophyllo
toxin.

The first reaction of this series 
was one involving both a Stobb® and a Meckmann condensation. 
The ethyl ester of acid IX is condensed with diethyl succin
ate. There are a few similar compounds which undergo the

PIStobbe condensation . No examples have been found where
both a Stobbe and a Dieckmann condensation occur. However,
on® example was found where a keto-nitrile reacted with di-

22©thylsuccinate to form a six meiabered ring . Since th# ester 
group will react more easily than the nltrile group In alka
line condensations, the above outlined reaction should take 
place. Compound XXVII upon hydrolysis and reduction should 
give th® dibasic acid XXVIII. This dibasic acid is of in
terest sine® theoretically it could be derived fro®

CHp
'0=
/O-f^'^N.-COaHJ, -*C“0 

I

1^1CH3 -0CH3

och3
IX
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podophyllotoxin by th# oxidation of the primary alcohol group* 
It should also prove of value as an intermediate for the syn
thesis of podophyllotoxin*

■V.5*-Dimethoxy-4’-1 r lagthylgalloxy-2-ggthyl-4.5-methyl- 
ened1oxvbenzophenone* The following synthesis of acid IX 
was undertaken#

cihV)_

COgH
r ^ s .

CH30- 1 ^ JJ-°CH3
I
0CH3

FoOt?
benzene |
solvent v

U -
-G®0

CH3O- •OCB, c h-jO-

OCH' I
0CE->

-QCH-

IX XXIX
frimethylgallic acid (¥11) was prepared from gallic acid 

and dimethyl sulfate according to the method of M&uthner^# 
Piperonal (XXX) was reduced to piperonyl alcohol (XXXI) 

using copper chromium oxide catalyst* This was then reduced 
to 3#4—methylenedioxytoluene (XXXII) using the same catalyst 
but at a higher temperature*
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>0— -CHGH2 I H CuCrOv ch2 I * CuCrOy CH2 'o-U J] H2 'o-k U h2 '0-
160°  280°XXX XXXI XXXII

3|4~Methyleiiedloxytoluene had previously been prepared In 
thirty per cent yield by Wilhelm Schepss^ by the electroly
tic reduction of piperon&l# It also has been prepared by

24Ashbinazl and Rabinovich from 3 , 4-dihydroxytoluene« Methy
lene dichloride was reacted with 3,4-dihydroxytoluene in the 
presence of potassium hydroxide, bronze shavings and ethyl 
alcohol solvent to give sixty per cent of the theoretical 
amount *

The procedure followed in carrying out th© condensation 
of 3,4-methylenedloxytoluen© with trimethylgal11c acid in 
th© presence of phosphorous pentoxide was based upon the work 
of Kasoiapoff^ and Perkin and Robinson^?. The former con
densed acetic acid with various aromatic ethers such as ani- 
sole and phenetole in refluxing benzene with phosphorous 
pentoxide and obtained sixty to eighty per cent of the theor
etical amount of the expected aromatic ketones* Perkin and 
Robinson obtained 5»6-raethylanedioxyhy drindone-1 in quanti
tative yield by the following reactions

CH2 ^ AP Ô*
mrp benzene
I solvent

BO-CsQ
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In view of the above successful use of phosphorous pent

oxide in the preparation of related ketones, much time was 
devoted to trying to prepare ketone XXIX by this method* The 
product obtained was not the desired ketone but was mainly an 
ester formed by the replacement of one of the methyl groups 
of ketone XXIX by a if4$ 5-trimsthoxyphenyl group* Consider
able difficulty was encountered attempting to purify this 
material* It was partly purified by dissolving it in carbon 
tetrachloride and slowly adding this solution to stirring 
petroleum ether (b*p* 60-80°) which precipitated the compound 
as a tan colored solid* This was further purified by chrom
atographic absorption on an alumina column* The following 
reaction is believed to have taken placet

Correct carbon, hydrogen and methoxyl analyses were ob
tained for structure XXXI11* Upon oxidation highly colored

C02H

9.C-0

0CH3
XXXIII
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acetate of the corresponding carbinol. It was assumed th# 
latter would be more easily oxidized than the methyl group.
Host of the starting compound was recovered and a small amount 
of a dark brown alkali soluble material was obtained. Since 
the alkali soluble material no longer contained the methylene- 
dioxy bridge, It appeared that the lead tetraacetate had at
tacked the molecule at this point.

Potassium ferricyanide often is a specific reagent for 
the oxidation of a methyl group to the corresponding acicl^’̂ .  
Many examples are known where a methyl group attached to a 
ring preferentially attacked by most oxidizing agents can be 
oxidized to the corresponding acid without affecting th© ring. 
This reagent was reacted with the methyl compound XXIX using 
the method of Weissgerber^j however, the starting compound 
was recovered in practically quantitative amount.

Since the methyl group in compound XXIX could not be oxi
dized to the corresponding, acid, other methods of preparing 
the acid were considered, the stannic chloride catalyzed con
densation of triiaethylgalloyl chloride with substituted methy- 
lenedioxybenzenes should be applicable to the preparation of 
compounds other than XXIX. This condensation, reaction is suc
cessful because the desired product has a ketone group which 
forms a complex with stannic chloride, precipitating it from 
the reaction mixture. This prevents the acid catalyst from 
splitting the methoxy groups or the methylenedloxy bridge.

Safrole (XXXVIII) was reacted with triiaethylgalloyl 
chloride but no desired condensation product was obtained.
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Piperon&l (XXX), the ethyl acotal of plperonal (x&KV) , ethyl
piperdonate (XXXVI) and piperonyl 
acetate (XXXVII) all formed complexes 
with stannic chloride which ware not 
soluble in carbon disulfide* The 
complexes between stannic chloride 
and 3GQC? and XXXVI were soluble in 
tetrachloroethane; however, th© 
methylenedloxy bridge was readily 
split under such conditions#

This method of condensation is not applicable In those 
cases where the acid chloride is to condense with a compound 
containing a doubly bonded oxygen, since the compound itself 
forms insoluble complexes with stannic chloride* The method 
should be applicable to condensations between trimothylgalloyl 
chloride and compounds such as 1 ,2-methyieneeiioxybenzea©, af*- 
isole or phenetole. These reactions would be of interest be
cause of the previous difficulty encountered in preparing 
these ketonea^f^ #

In view of the failure to prepare acid IX by methods in
volving the direct condensation of two component parts to 
form a substituted benzophenonc, a more indirect synthesis 
was devised and one of the key intermediates (XIIII) synthe
sised* The synthesis is given on page® 44 and 45*

Ethyl 3,4,5-trimethoxybenzoylacetoacetate (XXXIX) was 
prepared by the action of trimcthylgalloyl chloride and ©thyl 
acatoacatate using sodium ethoxide catalyst according to the

XXX, H*CHO 
jQCXV, Bs C(0€2M^)2 
XXXVI, KSCO2C2H5 
XXXVIIf B*CH202COl3 
XXXVIII, Hs (CH2CR»CH2)



44
0

C-ClI

0-
IOCH3

OCH15«mT +
ch3
c=o
I
ch2 MaQGjBp yethar

CH*~C*0
3 IH-C-

i
c»0

-0CH*

OCH3

b u s h .

0
11

h 2c~c~oc2H5
DSC

HH4GI CH3O-
IOCH3
XL

CH2 '0~
CH2

H-.C-CO2C2H5
o=c

HaOCaHJ
>ch3

XL! I



XLII A t g U a ~ »

-0CH

L3
XLXII

oxidation^

XLIV



46
directions of Perkin and Welsm&nn^* this was reacted with 
ammonium hydroxide solution to give ethyl 3,4,5-trimethoxy- 
bensoylacet&te (XL) also according to the directions of 
Perkin and Wetzmann^#

Piperonyl bromide, prepared by the method of ftobinson 
and Robinson^, was reacted with XL using sodium ethoxlde 
catalyst to give compound XLII* Upon hydrolysis with barium 
hydroxide solution 3,4,5-trim@thoxy-0(-plperonylacetophenone 
(XLX1I), having the melting point of 146-147°, was obtained# 
This compound had been previously reported by Bargellini and 
Monti^ . However, the melting point listed by them was 96- 
98°# They reported the preparation of the compound by the re
duction of plperonylidene-3,4,5-trlmethoxyacetophenone (XL?)# 
The melting point of the unsaturated compound XLV listed by

Bargellini and Monti was 118-120°* 
The melting point of this material 
was reported by Harding*^* to be 
130-131°. In view of the differ
ences in the reported melting 
points of the Intermediate compound, 
the uncontrolled nature of their 
hydrogenation reaction., and the 
lack of evidence that their ketone 

was properly characterized, it is doubtful that they obtained 
ketone XLIII* The compound obtained during this research 
gave a positive ketone test with 2,4-dlnitrophenylhydrazine 
and a positive test for the methylenedioxy bridge# It gave

ch2 |
kQ=

CH
II
CH
I
c»o

Ch 0— -00M-

OCR-
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the correct carbon, hydrogen and mathoxyl analyses as demanded 
by formula XLIII*

Compounds XXXIII, XXIX and XLIII are to be tested for 
anti-carcinogenic properties,

Sxperimental
411 melting points listed have been corrected,

18Methvlenedloxy Bridge Test, To 2 ml, of concentrated
sulfuric acid was added three drops of an alcoholic solution
of the substance to be tested and three drops of a 5 per cent
solution of gallic acid. This solution was warmed on a steam
bath and a dark blue-green or deep blue color indicated the
presence of the group,

Plp.rcm?! Alcohol 00X1),39>4° Piperonal (90 g., 0.60
mole), 70 ml* of dloxane (purified toy r©fluxing over sodium
metal for two hours and distilling, the first fifth of the
distillate discarded and the middle three fifths saved) and
5 grams of copper chromium oxide catalyst were placed in a
hydrogenation vessel of approximately 300 ml, capacity.
Hydrogen was introduced into the reaction vessel until the

2pressure was 3000 lbs,/in, , The reaction vessel was then 
rocked and heated to 160°, at which temperature the reaction 
proceeded rapidly, and nearly the theoretical amount of hy
drogen was absorbed in fifteen minutes. The temperature was 
then raised to 175° end the reaction continued until there 
was no further drop in the hydrogen pressure. The hydrogen
ation vessel was allowed to cool to room temperature, emptied, 
rinsed with 50 ml, of dioxane, and the combined fractions
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filtered, to remove the catalyst* The dioxane was removed by 
distillation at 30-40 urn. pressure and the product distilled 
at 6 mm* pressure. Ninety grams of piperonyl alcohol (98*5 
per cent of the theoretical amount) which distilled at 125- 
128°/6mm* pressure was obtained. The literature gave the 
boiling point as l6l°/20mm. pressure and the melting point 
as 51°.

3.4-Methylenedioxytoluene (XXXIi)s3»24^ piperonyl alco
hol (76 g., 0*5 mole), 60 ml. of dioxane and 4 grams of copper 
chromium oxide catalyst were placed in a 300 ml. hydrogenation 
vessel. Hydrogen was Introduced into the reaction vessel un
til the pressure was 3000 Ibs./in.^. The reaction vessel was 
then heated and rocked at 280° until the theoretical amount of 
hydrogen was absorbed. The hydrogenation vessel was allowed 
to cool to room temperature, emptied, rinsed with 50 ml. of 
dioxane and the combined fractions filtered to remove the 
catalyst. The filtrate was shaken with anhydrous calcium 
chloride to remove most of the water, again filtered, and the 
dioxane removed by distillation at 30-40 mm* pressure. The 
product was fractionated at 12 mm. pressure. Fifty-eight 
grams of 3,4-methylenedioxytoluene (84.5 per cent of the 
theoretical amount) which distilled at ?8-8l°/12-14 mm. pres
sure was obtained. The literature gave the boiling point as 
8l-83°/ll mm. pressure.

Trinefchvlgalllc Acid. (¥11)2^* Sodium hydroxide (400 g., 
10 moles) and 2.5 1* of water were placed in a 5-1* three- 
necked flask. The flask was fitted with a mechanical stirrer,



4 0

a stopper containing a ** Bunsen valve“ and thermometer which 
extended below the level of the liquid, and a 500 ml* addi
tion funnel* The solution was cooled and stirred as the 
sodium hydroxide dissolved. After the sodium hydroxide solu
tion had cooled to 35°* 250 grams (1.33 moles) of gallic acid 
was added by first placing the gallic acid in an Erlenm&yer 
flask arid adding the acid through a rubber tube connected to 
one of the necks of the three-necked flask, him©thy1 sulfate 
(6?0 ml. ) was added dropwise from the addition funnel over 
a two hour period* The temperature during the addition of 
the first 400 ml. was maintained between 35-3$° by slight 
cooling. During the addition of the remainder of the dimethyl 
sulfate the temperature was allowed to rise to 48°.

After the addition of the dimethyl sulfate, the flask 
was fitted with a reflux condenser and the contents refluxed 
for two hours. A solution of 100 grams of sodium hydroxide 
in 150 ml. of water was then added, and the contents again 
refluxed for 2 hours to saponify the ester present. The re
action mixture was cooled and acidified with dilute hydro
chloric acid| the trimethylgallic acid was filtered, washed 
with cold water and crystallised from water or dilute alcohol. 
Two hundred and twenty-five grams (79 per cent of the theor
etical amount) of trimethylgallic acid was thus obtained*

3 * t  S ' r T l . ) im u t h Q ^ r .A lT r t * r iM t h y lg a l . la x y g .2 ^ ia t t e i ,r ,^ ,5 g ia ^ t t e -  

l̂ netiinxyhnasQ,phenQnft̂ iA;\X,I.J,I,). Trimethylgallic acid (26.5 g*$ 
0.125 mole), sixty-eight grams (0.5 mole) of 3,4-methylene- 
dioxytoluene and 500 ml. of anhydrous benzene were placed in
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a 1-1* three-necked flask* The flask was fitted with a mechan- 
leal stirrer and a reflux condenser protected by a calcium 
chloride drying tube* The mixture was stirred and heated un
til all the trimethylgallic acid dissolved* Phosphorous pent- 
oxlde (60 grams) was then added and the mixture stirred and 
refluxed for six hours*

The reaction mixture was cooledf and the benzene layer
decanted fro® the solid residue* The residue was washed with
benzene and the combined benzene solutions washed with water9 
then with potassium hydroxide solution and again with water* 
The benzene solution was dried with anhydrous magnesium sul
fate* and the benzene removed by distillation* The excess 
3 f4~aethylenedioxy toluene was distilled at 5 msu pressure and 
thirty-four grams were thus recovered* The residue was twice 
precipitated by dissolving it in 70 ml* of carton tetrachlor
ide and this solution slowly added to 800 ml* of stirring pe
troleum ether (b*p* 60-80°) * A tan solid separated which was 
filtered and dried* Fifteen grams (48*5 per cent of the theor
etical amount) of ester was thus obtained*

The compound could not be recrystallized but was further
purified by chromatographic absorption on an alumina column*
The compound did not have a definite melting point but the 
following behavior was quite characteristlct 

10 5°-darkened 
112°-started to melt 
120°-red liquid



5 1

It gave a positive test for the methylenedioxy bridge * The 
following analyses were obtained:

Found Theory
Carbon 63.78*

63.505?
63.48*

Hydrogen 5.45$
5.305?

5.10*

BJethoxyl 30.34|
30.255?

30.35*

Compound XXXIII was hydrolyzed with aqueous potassium 
hydroxide solution* Trimethylgallic acid was isolated from 
the hydrolyzed material by extraction with sodium hydrogen 
carbonate solution* The following analyses were obtained for 
the trimethylgallic acid:

Fouag Sliasa:
Carbon 56.40?? 56.65$

56.56*
Hydrogen 5.72$ 5.67??

5.94*
Halting point 166-8° 167°
Compound XXXIII was also hydrolyzed with potassium hy

droxide In methyl alcohol to give chiefly alkali soluble 
materials plus some methyl trimethylgailate• The following 
analyses were obtained for this ester*

Found Theory
Carbon 58*47$ 58.40$

58.637?
Hydrogen 6.27% 6.20$

6.34*
Melting point 82-3° 82.5°
Trimsthylgallovl Chloride (XII) .  Trimethylgallic acid



(60 g., 0*283 sol©) and 125 nil* of anhydrous benzene w©r© 
added to a 200 ml* three-necked flask* the flask was fitted 
with a mechanical stirrer and a reflux condenser protected by
a calcium chloride drying tube. This suspension was stirred
and 55 ml. (90 g.f 0.753 mole) of thionyl chloride was then 
added. The stirred suspension was heated at 60° for five 
hours after which time all the trimethylgallic acid had re
acted and was in solution* The reflux condenser was then re
placed with a downward condenser, and most of the excess 
thionyl chloride and benzene were distilled at 30 mm* pres
sure. The distillation was continued until 125 ml* of dis
tillate had been collected. The residue was then transferred 
to a Ion Braun distilling flask. The remainder of the sol
vent and excess thionyl chloride were removed by distillation
at 30 mm. pressure. The product was then distilled. Fifty- 
five grass (84 per cent of the theoretical amount) was ob
tained which distilled at 130°/2iam. pressure. This product 
was pure enough for most purposesf however, it could be re- 
crystallized from cyclohexan© or petroleum ether (b.p. 60- 
80°) to give a white crystalline solid which melted at 77-
30. The literature gave the boiling point as l68-?0°/14
mm. pressure and the melting point as 77-78°•

31.41.5*-Trime thoxv-2-methy1-4 *5-methylenedloxybenzo- 
phenone. (XXIX). 3»4*Methylenedloxytoluene (10 ml., 0.0835
mole), 50 ml. of anhydrous carbon disulfide and 4*5 ml. of 
anhydrous stannic chloride were placed in a 250 ml. three
necked flask* The flask was fitted w|th a dropping funnel, 
mechanical stirrer, and reflux condenser protected by a c&leiuia



chloride drying tube* The reaction was cooled in an ice- 
water bath and 10 grams (0*0434 mole) of freshly distilled 
trimethylgalloyl chloride dissolved in 50 ml* of carbon di
sulfide was slowly added from the dropping funnel to the 
stirred solution* The reaction was stirred at ice bath tem
perature for 6 hours| as the reaction proceeded the product 
separated as a red complex*

To the reaction mixture was added 30 grams of ice-water 
mixture and 6 ml* of concentrated hydrochloric acid* The 
resulting mixture was extracted well with ether* The ether 
solution was washed with dilute hydrochloric acid, twice with 
water, dilute sodium hydroxide solution and finally with water* 
The ether solution was dried with calcium chloride, and the 
ether removed by distillation* The residue was refluxed with 
a solution of potassium hydroxide in methyl alcohol for 20 
minutes. The resulting mixture was diluted and extracted with 
ether* The ether solution was washed with water, dried with 
calcium chloride, and the ether removed by distillation. The 
residue was crystallised from cydohexane giving 6*2 grams 
(43*3 per cent of the theoretical amount) having the melting 
point of 108-110°. It gave a positive test for the methylene- 
dioxy bridge* The compound gave the following analysess

Found
Carbon 65.45%

Hydrogen 5*45$

Methoxy 27.67% 28.03$
28.15#
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Oxidation of XXIX With Potassium Permanganate. Compound 
XXIX (0*5 g., 1*52 x 1<T3 mole) was stirred with water at 80°. 
A saturated solution of potassium permanganate (0.6 g., 3.8 x 
10*“3 mole) was slowly added as it was reduced. After all the 
potassium permanganate had been added and reduced, the reac
tion mixture was cooled to room temperature and sulfur dioxide 
added until no more manganese dioxide remained. The solution 
was acidified with dilute sulfuric acid and filtered. The 
starting compound (0.4 grams, m.p. 108-110°) was recovered, 
and no alkali soluble materials were obtained.

This method was modified using excess oxidising agent 
and purified acetone and terthutyl alcohol as solvents, but 
no appreciable amount of alkali soluble material was obtained.

Oxidation, of XXIX...With atooMum..T.rioxide* Compound XXIX 
(0.557 g*, 1.69 x 10*3 mole) was dissolved in 10 ml. of 
glacial acetic acid and placed in a 100 ml. three-necked flask 
and heated, to 60°. The flask was fitted with a reflux conden
ser protected by a calcium chloride drying tube and a drop
ping funnel* The chromium trioxide (0.375 g«, 3*?2 x 10“3 
mole) was dissolved in 25 ml. of glacial acetic acid, placed 
in the dropping funnel and added to the ketone solution over 
a 2 hour period. The reaction mixture was then cooled to 
room temperature, diluted with water and extracted with ether. 
The ether solution was extracted with sodium hydroxide solu
tion. The sodium hydroxide solution was warmed to expel the 
dissolved ether, cooled and acidified. Only 0.06 grams of a 
dark brown precipitate was obtained. The starting compound



remained in the ether solution.
Oxidation of XXIX With head Tetraacetate ". Compound 

XXIX (2.0 g. 0.006 mol©) and 55 ml* of glacial acetic acid 
were placed in a 100 ml. three-necked flask. The flask was 
fitted with a mechanical stirrer and a reflux condenser pro
tected by a calcium chloride drying tube. The mixture was 
heated to 60° and 5.3 grams of red lead (Pb-̂  o+> added. The 
t@mperat1.1r0 was maintained until a negative test was obtained 
for the lead tetraacetate using moist starch-iodide paper.

The reaction mixture was diluted with water and ex
tracted with ether. The ether layer was washed with sodium 
hydrogon carbonate solution, then with, water and dried with 
calcium chloride. The ether was removed by distillation 
leaving an oil residue. Tills residue was warmed with a dil
ute alcohol solution of potassium hydroxide. After one-half 
hour the mixture was diluted with water, filtered, and the 
precipitate recrystallised from methyl alcohol. This gave
1.2 grams melting at 110-111°. A mixed melting point with 
the starting compound was 109-111° indicating that the start
ing compound had been unchanged.

The alkalis© filtrate was acidified with dilute hydro
chloric acid and a small dark brown precipitate was obtained. 
This material gave a negative test for the methylenedioxy 
bridge.

Oxidation of ..XXIX. w ith  Potassium Ferrlcanlde32. Com- 
pound XXIX (0.5 g.), 190 ml. of water, 75 grams of potassium 
ferricyanide and 5*6 grams of potassium hydroxide were placed
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in a 1-1. three-necked flask. The flask was fitted with a 
mechanical stirrer and a reflux condenser. The reaction mix
ture was stirred for 24 hours at 80°, and then 30 grams of po
tassium ferricyanide and 5*3 grams of potassium hydroxide were 
added. After 36 additional hours, 15.5 grams of potassium 
ferricyanide and 2.5 grams of potassium hydroxide were added 
and the reaction continued for 36 more hours.

At the end of this period the reaction mixture was cooled 
to room temperature, acidified and extracted with ether* The 
ether solution was washed with water and dried with calcium 
chloride. The ether was removed by distillation leaving a 
residue which soon crystallised* The residue was extracted 
with warm potassium hydroxide solution and filtered* The 
alkaline filtrate was acidified but practically no precipi
tate was obtained indicating the absence of any organic acid. 
The alkali insoluble material was recrystallised fir® 80 per 
cent methyl alcohol yielding 0.4 grams of starting compound, 
m.p. 108-110°.

Ethyl 1.4.5-Triiaethoxytxmzoylacetoaeetat;e OCXXIX)W. 
Sodium (9*2 g., 0.4 mole) was dissolved in 150 ml. of abso
lute alcohol. Tthyl acetoacetate (2? g., 0.208 mole) and 
150 ml. of anhydrous ether wore added to a 1-1, three-necked 
flask. The flask was fitted with a reflux condenser pro
tected by a calcium chloride drying tube and & mechanical 
stirrer. Seventy-five milliters of the sodium ethoxlde 
solution was ad-led to the stirred acetoacetic aster solution. 
Trimethylgalley1 chloride (23 g*, 0.1 mole) was dissolved in
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150 ffll# of anhydrous ether and 75 ml. of this solution was 
slowly added to the ethereal solution of the sodium deriva
tive of ethyl aeetoacetate. After half an hour, half of the 
remaining ethoxide and half the acid chloride solution were 
added, and after 15 minutes the rest of these solutions was 
added. The stirring was discontinued and the reaction al
lowed to stand for 24 hours.

the reaction mixture was then filtered by suction, the 
precipitate washed with anhydrous ether and acidified with 
dilute hydrochloric add. An oil separated which soon solid
ified. The solid was filtered and recrystallised from methyl 
alcohol. Twenty-six grams (76.5 per cent of the theoretical 
amount) of ethyl 3,4,5-trlinethoxybenzoylaceto&G6tate was ob
tained having a melting point of 83-85°# The literature gave 
the melting point as 85°.

The purification with methyl alcohol was not necessary 
for hydrolysis with ammonium hydroxide.

Ethyl 3.4.5-Trl»ethoxybepgoylacetate ( X L ) ^ The 
crude ethyl 3*4,5-trim@thoxybenzoyl&cetoacetate obtained from 
the reaction of 23 grams (0.1 mole) of trimethy1ga11oy1 chlor
ide with ethylacetoacetat© was shaken with 1.25 1. of water,
50 grams of ammonium chloride and 250 ml. of a 15 per cent 
solution of ammonia. A crystalline solid soon formed. The 
reaction mixture was warmed on a steam bath and then shaken 
for 15 minutes or until no more crystals separated from the 
solution.

The solid ester was filtered, washed with water and 
dried* Twenty-two grams (78 per cent of the theoretical
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amount for the two steps) was obtained having a melting point 
of 90-92°* The ester was further purified by recrystalliza
tion from eyelohexane giving a melting point of 93-95°♦ The 
literature gave the melting point as 95°*

Plparonyl Bromide (XLX)^ *  Piperonyl alcohol (10 g.,
0.068 mole) was shaken with 50 ml. of concentrated hydrobrom- 
ic acid* An oil formed which soon began to crystallize.
After it had all crystallized, water was added and the addi
tional precipitated bromide was allowed to crystallize. The 
bromide was filtered, dried between filter paper and recrystal
lized from petroleum ether (b.p# 30-60°)* Fourteen grams 
(95 per cent of the theoretical amount) of piperonyl bromide 
was obtained* It was a white crystalline material melting 
at 47-49°• The literature gave the melting point as 49°.
This bromide is unstable and should be used soon after it 
has been prepared.

3.4.5-Trlme.thoxy- of - pi per ony lac e t q ph.none (XLIII).
Sodium (0.46 g.t 0.02 mol.) was dissolved in 50 ml. of ab- 
solute ethyl alcohol in a 100 ml. flask fitted with a reflux 
condenser protected by a calcium chloride drying tube. The 
alcohol solution was cooled with an lee bath and 5*64 grams 
(0*02 mole) of ethyl 3,4,5-trimethoxybenzoylacetate was ad
ded. Piperonyl bromide (4*5 g«, 0*029 mol©) was dissolved 
in 10 ml* of absolute ether and added to the cold alcohol 
solution. Sodium bromide soon began to preelpat®. After 
ten minutes th© Ice bath was removed, and the reaction al
lowed to proceed until the solution was acid which was 
about one-half hour* The reaction mixture was diluted with
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water and extracted with ether* Th© ether solution was dried 
with calcium chloride and the ether removed by distillation 
leaving a viscous oil. The oil was assumed to be chiefly XLI.

The ester group on compound XUl' was removed by hy
drolysis using barium hydroxide solution. The oil was dis
solved in 400 ml. of methyl alcohol and this solution, placed 
in a 1.5 1* Erlenmeyer flask. To this solution was added a 
solution of 45 grams of barium hydroxide octahydrat© in 300 
ml. of water. A white solid soon formed; the reaction mix
ture was allowed to stand for 12 hours. The solid was fil
tered and extracted with chloroform. The chloroform solution 
was dried with anhydrous magnesium sulfate and the chloroform 
removed by distillation. A white crystalline mass remained 
which weighed 3.8 grmms (55 per cent of the theoretical 
amount for th© two steps). This was r©crystallized from 
methyl alcohol giving 3*4 grams having a melting point of 
146-147°.

This gave a positive ketone test with 2,4-dinitrophenyl- 
hydrazlne and a positive test for the methylenedioxy group.
It was stable to both hot dilute alkali and acid. It gave 
the following analyses:

FoiffiS Theory
Carbon 66.94$ 66.78J? 66.27$

Hydrogen 6.18S?
5.6?$ 5.83$

Methoxyl 26.47$27.28$ 27.03$
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Summary
1, A discussion of podophyllotoxin and related compounds 

la given. A number of possible syntheses of compound XXYXXI,

C02H
•CO-jH ch2 I]

Ll~c*o

CH «5 0-
CHoO- -0GH-

-OCH

C«0iOCB3
XXVIII

0CII3
XXXIII

chosen because of its similarity to podophyllotoxin, have 
been investigated, and certain Important Intermediates pre
pared.

2. A synthesis of piperonyl alcohol by reducing pip- 
eronal using copper chromium oxide catalysts was developed.

3# A practical synthesis of 3,4-methylenedioxytoluene 
was developed Involving the hydrogenolysls of piperonyl alco
hol using copper chromium oxide catalyst.

4. Compound XXXIII was prepared by the condensation of 
3,4-methylenedioxytoluene with trimethylgallic acid using 
phosphorous pentoxide.

5. Compound XXIX was synthesised by condensing



6 1

trimathyIgalloy1 chloride with methylenedioxytoluene using 
stannic chloride catalyst* This is a new synthetic method of 
preparing mathoxy and methylenedioxy substituted bensophenones# 
The reaction was shown to fail when the methyl group of the 
usetay1oned1oxy toluene was replaced by an unsaturated or a 
negative group#

-CSO
GH2 II

Clip
I 2
f z
c=o

CH ̂ O' -OGH*
CHv3-

OCH-
-0€I1

XXIX. OCHj 
XLIII

6# Oxidation studies demonstrated that the methyl group 
of compound XXIX could not be oxidized to the corresponding 
earboxylic acid# A variety of oxidising agents were studied# 

7# Compound XLIII was synthesised by an acetoacetic 
ester type synthesis# Physical properties do not agree with 
those reported by Italian workers who attempted its synthesis 
by another method and apparently obtained another material#

8# Compounds XXXIII* XXIX and XLIII are to be tested 
for anti-carcinogenic properties#
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