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GENERAL INTRODUCTIOR

The first part of this theslis deals with the catalytic
dehydrogenation of bensyl aleohol 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
succcasful-syntkisis or'aIQchydes.by using common hydrogen-
ation catalysts and hydrogeh scceptors to dehydrogenate al-
aoho;s tb“tha @ogrgspondin;.aldchydeg.

“The second part of this thesis deals uf%g.ihé synth¢s1s
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 aoctivity.



PART 1
THE DERYDROGENATION OF BENZYL ALCOHOL
1IN THE LIQUID PHASE



PART I. THE DEHYDROGENATIUN OF BUNZYI ALCOHOL
IN THS LIYUID FHASE

Introduction

The preparation of aldehydes is often a difficult prob-
lem. Since the oxidation of alcohols contalning more than
four carbon atoms to aldehydes is usually unsatisfactory with
the usual oxidizing agents, attempts have been made to remove
tne hydrogan of the aleohol group by means other than oxida-
tion. It "ias been siown in previous work that alcohols can
be dehydrogenated in both the liqu1a1’2’3 and vapor phases4.
Vapor phase dehydrogenatlion iz in general used as a methiod of
preparing aliphatic aldehydes and keton@sg.

Liguid phase dehydrogenation of alcohols has been car-
ried out with Raney nickel catalyst at reflux temperatures
and also at nigher temperatures under pressurel. Aliphatic
secondary alcohols can be converted successfully to the core
responding ketones by reifluxing the alcohol in the presence
of Raney nickel eatalystz. The method, however, gilves poor
yvields in the case of aliphatic primary alcohiols. <The method
iz not satisfactor: for the dshydrogenation of a carbinol
group attached to an aromatic ring.

When the aleohol to be dehydrogenated contains other
functicon groups which can react with hydrozen, this may occur.
Thus dehvdrogenation of allyl aleohol gives 82 per cent of

the theoretical amount of prcpana12’3. Carbinol groups
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attached to an aromatic ring give about equal amounts of hy-
drogenolysis product and aldehyde or ketone.

Sinee, as shown above, bydrogenation catalysts add as
wall as remove hydrogen, it should be possible under the in-
fluence of these catalysts to transfer hydrogen from sn easily
dehydrogenated to a readily hydrogenated campoundé. Kindler
and Peschke’/ have used this principle to reduce cinnamic ni-
trile almost quantitatively to hydrocinnamic nitrile and
p-chlorocinnamic acid to p-chlorohydrocinnamic acid by using
tetralin as a hydrogen donator and palladium~black as the
catalyst. Reeve and Adk1n31 have shown that primary aliphatie
alcohols can be dehydrogenated in the liquid phase at 280°
over copper chromium oxide catalyst in the pressnce of ethy-
lens. 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, Thls method is not applicable to aromatic
alcohols. 1In this thesis, compounds which force a dehydro=-
genation reaction to go more nearly teo completion by combine

ing with the hydrogen are called "hydrogen acceptors®.

Piscussion
The purpose of this research program was to study fur-
ther the catalytic dehydrogenation of aleochols to aldehydes
with the aid of a hydrogen acceptor, with the emphasis on
aromatic alechols and the use of catalysts which would be
active around 100°., Bengyl aleohol was the aromatic alcohol
chosen for study.
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The first series of sxperiments were carried out to de-
termine whether the :shydrorenation reaction occured to an
appreclable extent at temperatures below 100°, The following
axperiments indicate that dehydrogenation did take place to
some extent at low tempsratures. The reactions were performed

using a three~necked flask,

TABLSE I

Dehydrogenation at Low Temperatures

Run Hydrogen Length Per Cent
No. Catalyst Acceptor Algohol of Run Temp. Carbon
5 Raney none Benzyl 3 hrs, 206° 1.6

nickel
6 Raney none Benzyl 3 days 259 trace
nickel
7  Palladium  none Benzyl 3.5 hrs. 250 0.8
on carbon 7 hrs, 25 1.9
67 hrs. 25° 12.4
10 Palladium none Benzyl 19 hrs. 1002 -
on carbon 42 hrs, 100 7.4

. IlHydrogen per=
oxlde is a readily available low molecular weight oxidizing
agent, and it was thought that it might Le used as a nydrogen
acceptor, The experiments in Table II were performed in a
three-neckad flask using tertbutyl aléohol as a solvent,

The amount of aldehyde obtalned was small., The reaction
mixtures were titrated for acid content with 0.1K sodium hy-
droxide solution and no acld was detected. Apparently the dif-

ficulty was that the dehydrogenation was so much slower than
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the rate of decomposition of the peroxide that the peroxlde
decomposed leaving only water in the reactlon mixture, This

would also tend to slow up the dehydrogenation,

TABLE IT

Hydrogen Peroxide as Acceptlor

Run Hydrogen Length Per Cent
No. Catalvst Acceptor Aleconol of Run Temp. Garbonyl
1 Raney Hy 0, Benzyl 2 hrs. 30° 1
nickel
2 Raney H,0n Benzyl 2 hrs, 87° 2
nickel
3 Raney H.O Benzyl 7 hrs. 879 0.8
niekel 272 11 hrs.  87° 0.8
4 Raney h Benzyl 3 hrs. 1400 trace
nickel  (no s%l- & hrs. 140 trace
vent)

It was next decided

to use an unsaturated ether as a possible hydrogen acceptor.
The first such compound tried was dihydropyran. A three-

necked f{lask was used,

TABLE ITI

Dihydropyran as Acceptor

Hole* Hydrogen Length Per Cent
ﬁo. Catalvst Ratlo Accertor Alconel of Run Temp. Carbonyl

8 Palladium .7 Dihydro- Benzyl 6 hrs., 25° 4.3
on carbon pPyTan

* Ratio of the acceptor as compared to the alcohol,
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This pave some carbonyl test; however, the unstability of
the dihydreopyran caused a variety of products to be lormed, 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 tiuree-necked f{lask.

TABLE IV
Vinyl Isobutyl Ether as Accaeptor

Run Mole Hydrogen Length Per Cent
lo. Cat st Hatig Acceptor 4lecoho of Run Iemp. Carbo
19 Raney l1.14 Vinyl Benzyl 18 hrs. 80° 10.5
nickel isobutyl
ether
20 Raney  1.65 Vinyl Benzyl 5 hrs. 110° 9.0
nickel isobutyl
ether
21 Raney  1.65 Vinyl Benzyl 5 hrs. 110°  trace
nickel isobutyl
with ether
HgO
22  Raney 1.65 Vinyl Benzyl 15 hrs. 80°  trace
nickel isobutyl
with ether
Mgl

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.

Diallyl ether, the next candidate hydrogen acceptor studied,

is commercially available. It has a boiling point of 95°

making 1t convenient to carry ocut dehydrogenation reactions
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at 1its 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=
ethvlihexanol~-l, It has a boiling point of 120°. The double
bond is easlily reduced.

An attempt was made to carry out all the experimonts
gvaluating these {wo substances under gimilar conditions with
the hope of obtaining a comparison between these hydrogen
acceptors and between the different catalysts,

The {irst series of experiments were carried out in a
three-necked Ilask, but it was soon found that it was easler
to Tun the experinents in & closed hydrogenation vessel, This
was selescted for convenlencej not for the use of high pressure.
In some of the later experiments a glass liner was plsced ine
slide ths steel vessel. The results are giver in Table V,

S8imilar experiwments were performed using palladium on
carbon catalyst., The results are riven in Tatle VI.

The experiments using Raney nickel catalyst indicsted
that the amount of aldehyde obtained was greater with diallyl
ether than with 2-ethylhexene-l., There seemed to be no ine
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. 1In 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 314 not

increase when the reaction was allowed to proceed for a long



Run
No.
14
15
16
17
n
3¢

28

"Cat.*
prep, no."

Acceptor

Dlallyl
ether

Diallyl
ether

Diallyl
ether

Diallyl
ather

Diallyl
ether

2-Ethyl-
hexene-l

2-Ethyl~-
hexene-l

TABLE V

Raney Nickel Catalyst

Hole

RBatio
0,9
0.9
0.9
1.33
1.33

1.7

1.5

* Catalyst preparation number

Alecohol
Benzyl

Benzyl
Benzyl
Benzyl
Benzyl
Benzyl

Benzyl

Length
of Run ZTemp.
15.5 hrs. 97°
37 hrs. 970
11 hrs. 110°
22 hrs. 98 °
22 hrs. 90 °
11 hrs. 150°
(o]
24 hrs, 100

Per Cent

Carbonyl

21
21.5
25.6
16.7
7.8

4,9

Yessel

J-necked

flask

J~necked

flask
bomb

bomb

bomb

bomb

bomb


mailto:f@jsi.il

11

12

13

23

24

Diallyl
ether

Diallyl
aether

Diallyl
ether

Diallyl
ether

Diallyl
ather

TABLE VI

Palladium on Carbon Catalyst

0.9

0.9
3.6
1.8

1.8

Algohol

Benzyl

Benzyl

Benzyl

Benzyl

Benzyl

Leng
of Run

7 hrs,
23 hrs.
24 hrs,
18 hra.

24 hrs.

16 hrs.

Temp.

97
97°

Per Cent
trace
10.6
14,5

9.7

trace

Vessel

3-necked

flask

3-necked

flask

J-necked

flask
bomb

bomb

o1
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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.

The experiments

with Raney nickel and palladium on carbon catalysts are reare
ranged in Table VII to show the effect of changing the cata-
lyst and keeping the hydrogen acceptor constant.

This table gives a comparison between the nickel and
palladlium catalysts., Both sesm to be effective as dehydrog-
enation catalysts under these conditlons, but neither gave
the yields expectsd in a preparative method, HNickel gave cone

sistently somewhat better yilelds than did palladium.

A series of experiments were
then performed using different platinum metals under similar
conditions., Diallyl 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 aldshyde, it caused the
diallyl ether to polymerize. This liquid polymer decomposed
to glve diallyl ether upon heating. BRuthenium and 2-ethyl-

hexene-1l d4id not give an appreciable amount of aldehyde as
did diallyl ether. When ruthenium and diallyl ether were used

with 2-ethylhexanol~l no appreciable amount of dahydrogenation

took place.



Run HNo.
14

15

16

17

31

11

12

13

23

24

TABLE VII

Diallyl Bther as the Hydrogen Acceptor

Hydrogen
Acceptor

Raney
nickel

Raney
Nickel

Raney
nickel

Raneay
nickel

Raney
nickel

Palladium
on carbon

Palladium
on carbon

Palladium
on carbon

Palladium
on carbon

Palladium
on carbon

Mole

Ratio
0.9
0.9
0.9
1.33
1.33
0.9
0.9
3.6

1.8

1.8

Alcohol
Benzyl

Benzyl

Benzyl

Benzyl

Benzyl

Benzyl

Benzyl

Benzyl

Benzyl

Benzyl

Length
of Rg} Tﬁ!ﬂo

15.5 nrs. 97°

37 hrs.  97°
11 hrs, 110°
22 nrs.  98°
22 hrs, 900
23 hre. g;g
24 nrs.  97°
18 hrs,  97°
24 nrs. 80°
16 hrs. 110°

Per Cent

Carbonyl
21

trace
10.6
14.5

9.7

trace

Vessel

3-necked
flask

J=-necked
flask

bomb

bomb

bomb
3-necked

flask

3-nacked
flask

3-necked
flask

bomb

bomb

[
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TABLE 1X
dther Hydrogen Acceptors

Hydrogen lHMole Length Per Cent
Run No. Catalvst ptop Ratio Alconol of Run Iemp. Carbonyl Vegsel
25 Palladium Cyclo- 1.85  Benzyl 22 hrs. 150° 10.2 bomb
on carbon hsexene
26 Palladium Cyclo- 1.85  Benzyl 45 hrs. 200° 1 bomb
on carbon hexene
27 Raney Cyclo- 1.4 Benzyl 19 hrs., 100° trace bomb
nickel hexene
29 Raney Diethyl 1.0 Benzyl 20 hrs. 100° none bomb
nickel maleate
18 Palladium Diallyl  1.33  Benzyl 22 hrs, 98° 10 bomb
on Raney ether :

nickel

¥1
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Qther Hydrogen Accgeptors. HMiscellaneous experiments were
performed and are listed in Table IX. In experiment 27, when
the reaction vessel was opened a rather large pressure was
obgerved, This i3 presumed to be hydrogen, Vpon distillation
of the reaction mixture 1t was obgerved that the cyclohexene

had been converted to benzene and cyclohexane,

The reaction vessels used during these experiments were
of three types: three-necked (lasks, hydrogenation vessels
without glags liners, and hydrogenation vessels with glass
liners. The use of three-necked {lasks had the advantaze of
allowing one {to test for carbonyl at different time Intervals
without interrupting the experiment., %With the mechanical stir-
rer, the =squipment had the disadvantage of needing periociic
attention which was impractical for tie 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 escaping, evan though the end of
the condenser was plugged with cotton or connected to a drying
tube, Por these reasons the three-nocked f{lasks were dise
carded in favor of the hydrogenation vessels.

o Benzyl alcohol (15

grams) and 0,75 grams of palladium on carbon catalvst were
added to a 100 ml. three~necked flask, The flagk was {itted
with a mechanical stirrer and a reflux condenser protected by

a calelum chloride drying tube. The reaction mixture was
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gtirred and hesgted to 1@00‘ After 19 hours the stirring was
stopped and the mixture cooled to room temperature. 4 1 ml,
sample was pipetted from the reaction mixture and the per cent
aldehyde in the sample was determined by precipating and welgh-
ing it as the 2,4~dinitrophenylhyirazone according to the pro-
cedurs of H., A. Iﬁdlesll. The per cent aldehyde present was
6.4, The stirring was continued and the reaction mixture
heated at 100°2 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,

ion Vegsal, Bsnzyl alechol

(10 ml., 0.0925 mole), 15 ml. (0.1235 mole) of dilallyl ether
and 1.5 grams of Raney nickel catalyst were placed in a stande
ard Americsn Instrument Company steel hydrogenation vegsel
having a capaclity of 110 ml, The vessel was used as a reaction
chamber by closing the hydrogen inlet tube 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 Leeds and Northrup Co., Recording ¥lcromax. After 22 hours
the shakling was stopped and the resction mlixture cooled teo
room temperature, filtered with the aid of "Filter Cell", and
the filtrate distilled through a 12 inch Vigreux column. The
fraction 4distilling at 188-1990 was collected for analyvsis.

The volume of this fraction was 7.5 ml. There was a 2.5 nl.
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 glasgs 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 plece
of Neoprene Rubber was placed at the top and bottom of the
glass liner, and 5-7 ml. of the hydrogen acceptor was placed
in the area between the liner and the c¢losed hydrogenation
vessel to keep the prassures on the inside and outside of
the liner equal.

Preparation of Catalvstg. The catalysts were prepared
as described in the literature. Raney nickel was prepared by
the method of Pavliic and ﬁakinsg. Palladium on carbon was
prepared by the method of W, H. Hartungg. The rest of the
platinum metal catalysts were prepared by the method of A, A,
Po111tt10,

Benzyl Aleohol. The benzyl alcchol was purified by dis-
tillation. The purified material gave a negative test for
aldehyde.

Dlallvl Ether. The diallyl ether was obtalined from the
Shell Chemical Corporation, It was purlified by distillation,

e=bthy -1, The 2-ethylhexene-~l was prepared by
the dehydration of 2-ethylhexanol-l with aluminum oxide at
33Q~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 117-1206/760 M.
pressure,

Cyelcohexsne. The cyclohexene was prepared by the
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dehydration of cyeclohexanol by aluminum oxide at 360°%. A
conversion of 90 per cent of the theoretical amount of cyclo-
hexene was obtalned. The cyclohexene had a bolling point of
£1,5-82°/760 mm, pressure.

Vipyl Isobutyl Ether. The vinyl isobutyl ether was obe
tained from the General Aniline Co, It was purified by dis-
tillation.

ihydrop: e The dihydropyran was obtained from Dr.

G. F. Woods of the University of Maryland.

2ummary

The conversion of alcohols into aldehiydes and hydrogen
is ecatalyzed by metalllic hydrogenation catalyst st tenmpera-
tures as low as 100°, The presence of a hydrogen acceptor
removes the hydrogen formed and causes the eguilibrium 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 practicsl gynthesis
of aldshydes.

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 thouph 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 alecohol cannot be adsorbed3.

If it is true that the reactlion fails because the alde=-
hyde iz not satisfactorily desorbed by tihe catalyst, then it
might be posgsible to continue the study along three pogsible
paths:

1. Hemove the aldehyde from the reasction mixture as it

is formed.

2., Obtain a hydrogen accsptor which not only could be

reduced by the hydrogen from the alcohol but also would

displace the aldehyde from the surface of the catalyst.
3¢ Add a third component to the reaction mixture to
displace the aldehyde from the surface of the catulyst
by reacting with 1t or by beilng preferentially adsorbed.

Another possible, but less likely cause of failure may
be thaet small amounts of water set [ree during the reaction
poison the catalyst, For example, when benzyl alcohol is
refluxed over Raney 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-
fleient to stop the dehydrogenation reacticn by being strong=-

ly adsorbed on the catalytic surface,
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PART IIX
THE SYNTHESIS OF INTERMEDIATES LEADING TO
ANTI-CARCINOGENIC COMPOUNDS



PAKT 1II, THE SYNTHRESIS OF IHTLGNEDIATES LIADIKRG

TO AHNTI-CANCINOGSRIC CUXPOURDS

lated Compounds. Podophyllin 1s a resinous plant extiract
which has long been used in India, Europe, and America as a
powerful purgative, and was at one time believed to benefi-
cially affect the livert. The drug 1s found in Podophyllum
amodi, which 1s 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 druyr used
in Indian medicinal practice. The American plant, Podophyl-
Junm peitastum, 1is employed in Hurope and aAmerica. The active
principle of the drug 1s the lactone podophyllotoxing also

present 1s the isomeric lactone picrapodaphyllina

and other
substances,

Podophyllotoxin is a highly toxie compound whicio causes
mucosal inflammation and gastroenteritislz. It likewilse in-
volves the nervous system (in the cat) resulting in disturde
ance of coordination of the posterior extremities, rapidly
inereasing weakness, increased resplratory rate, violent
¢olonic cramps and death in coma. The parenteral administra-
tion of podophyllin to chickens likewise resulis in nervous
system Iinvolvement and damage to or complete degeneration of
the cerebellar Purkinje cells and other nervous elements.

In 1947 1t was reported that placental serum from &
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patient previously treated {or Condylomala acuminata with

podophyllin caussd severe damags $o mouse tumor cells growing
in roller tubes wilithout aflfecting normal cells growing in the
same tubes.

Later, more axtensive biochemical work showed thait podo-
hyllin was significantly wors damaging vitro to mouse
umors than to normal enbryonic mouse htlssue Including [ibro-

blastlc and epithelial elsments. In vivo studies with tuwor-
bearing mice have confirmed the selscilve tumor damaging
a@ffects of podophyllin.

Podophyllotoxin, the constituent of podophylliin respon-
gible for its purgative action, was {irst obtained purs by
Kursteng. He proved that three methoxyl groups are presant
in both compounds, which give the same hydroxy~ac1dl, podo=-
phyllic acid. Podophyllotoxin e¢erystalllzes with a variety of
solvents of crystallization and has the formula 622H22633.
Two non-phenolle hydroxyl groups ars present in podophyllic
acid and the lactones form a monoacetyl derivatlve, The
acetyl derivative of picropodophyllin loses acetic acid, giv-
ing the unsaturated apopicropodophyllin. Borsche alsc trea-
ted podophyllotoxin with hydriodic acid in acetlic acid and
formed the acid, 01331004, which is called podophyllomercnie
acid (I).

Sgéth4 showed that one hydroxyl gzroup was present in
podophyllotoxin and pileropodophyllin, and confirmed the suge
gestion that the isomeric lactones differ, owing to the par-

ticipation of different hydroxyl groups in lactonizatior,



24
Soon after this Borschas proved the structure of the acid,
podophyllomeronic acid (I). It was fused with alkali to give
phyllomeronic acid (II). Tiuis was decarboxylated to give
phyllomerol (I1I), which when distllled from zinc dust gave
2-methylnaphthalene (IV). Oxidation studies were carried out
to aid in the proof of structure of these scids. Phyliomere
onic acid (II) was oxidized to 2,4,5-toluenetricarboxylic
acid (V), which was oxidized to pyromesllitie acid (VI)4.
Fyromellitic recid was also obtained from the vigorcus oxida-
tion of phyllomeronic acid (II).

Pieropodophyllin and podophyllotoxin were both oxidized
to trimethylgallic acid (VII) with hot parmanganate435.
Hydrastic acid (VIII) was obtained by the oxidation of podo=-
phyllotoxin with mslkaline garmanganate6. By more careful oxi-
dation of picropodophyllin with alkaline permanganate at 50°
G§§th7 was able to isolate the acid IX. The structure of this
acld was vroven by decarboxylation with copper-bronze to zive
ketone XII1, This ketone was synthesized in poor rield by the
action of l,2-methylenedioxybanzene (X1) with trimoethylgale
loyl chloride (XII) with the ald of aluminum chloride cata-

& from

lyst (page 29). The lactone X was isolated by Sorsche
the oxidation products obtalned from the oxidation of podo-
pityliic acid and permanganate. Spéth7 was also able to is50=-
late this lactone from the oxidation of pleropodophyllin with
alkallne permanganate at 60°, le also converted the acld IX
to the lactone X through reduction with zinc dust in alkaline

methyl alcohol-water solution., The lactone obtalned from this
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reduction was identical with the lzcetone Borschs obtained
from the oxidation of pleropodophyllin., The isolation of the
above degradation products indicates that podophyllin cone
sists of two isomers which are lactones differing only as to
the group that enters into the formati~n of the lactone ring.
The 1solation of trimethylgallic acid accounts for the three
methoxyl groups present in the moleculey, and the isolation of
hydrastic acid indicates the pressence of a methylenedioxy
bridge in the molecule and 1ts position with relation to
other group attachments to that benzene ring. The isclation
also of acid IX and the lactone X would indicate that the
molacule has the reneral structure as outlined by formula XIV
which also must contain a free hydroxyl and a lactone struc-
ture.

The lsolation of podophrllomeronic acid (I) indicates
that the hvdriodlie acid splits off the 3,4,5-trimethoxy -
phenyl group from either carbon ons or four., It also would
seem that the hydroxyl groups are not present on seither the
ring with the methylernedioxy group or on the 3,4,%trimethoxy-
phenyl group. The carbon containing the 3,4,5-trimethoxy-
shienyl group cannot have a hydroxyl group since upon sxidation
to plve lactone X that carbon wonld be more easily oxidized
than 1s 1indicated by the formation of this lactone, It also
seenms unlilkaely 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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onej the 3,4,5-trimethoxyphenyl group must be on carbon four,
and the outher hydroxyl on tne wethylene group attacueu at
carbon two. The structure of podeophylilic acid is accordingly
believed to be as Indicated in formla XV,

This structure is also vorne ouil by the dehydration and
dehyirogenation work of $p§th9. Both podophyllotoxin ana
picropodophyllin were heated at 230° with palladium to give a

1éctcne C melting at 266, According to the proposed

H .0
2271877
foranlas the lactong would have the structure as indicated in
Tormule #VI. This proposed formula was somewhat substantiated

by Haw&rtth

when he gyntheslzed lactone XVII and proved that
it was different irom the lactone XVI obtained by Spath.

Both lactounes, upon oxidation with vermanganate, give the same
dibasic acid XVIII.

Lactone XVII was prepared by the following series of re-
actions (page 31). Ethyl sodio=3,4,5-trimethoxybenzoylacetate
was reacted with ethyl browmcacetate in bolilin: alcoholic
solution to give after hydrolysia/é?(3,4,SQtrimethoxybenzoyl)
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 solutlon to
give XXI, which was cyclized by a mixture of acetic =zni hy-
drochloric acids to give XXI1I., After alkalins hydrolysis and
lactonization the lactone XVII was obtained.

Later Haworth and Richardsonll Wwere able to synthesize
the lactone XVI and found that 1t was identical witi. the lace

tone obtained by opith from tine oxidation of the natural
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compound. Lactons XVI was syntheslzed by the following
series of reactions (page 32). 3afrole oxide XXIII was rsacted
with ethyl sodioacetoacetate to give AXiIVq, which upon reaction
with trimethylgallceyl chlorids followed by hydrolysis with
cold sodium hydroxlde solution, gave XXVa. Compound XXVawas
cyclized by treatment with hydrogen chloride in methyl alco-
hol solution to give the lactone XXVIa. This was dehydrated
with potassium hydrogen sulphate at 180° to give the lactone
XXVIIg.. Upon treatment of this with either palladlum-black or
lead tetraacetate in acetic zcid solution the desired lazctone
AVI was obtained which was identicsl with the one obtained by
Spath from the oxidation of the natural product.

Lactone XXVIJawas oxldized to give acid IX which was
identical with the aci?! Spath obtained froum the oxidation of
the natural product,

From thls work it seems gulte definite that podophyllic
acid would have the structure XV, Podophyllotoxin and picro-
podophyllin are then given the formulas LXIV and XXV respec-
tively. These structures sgsaeem quite loglecal since pleropodo-
rhyllin seems to be the more stable of the two and itz free
hydroxyl 1ls more easily removed by dehydration. These ars
the accepted formulasj; however, they are not proven by syn-

thesis.,
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Since tie

purpose of this work was to synthesize compounds of simllar
structure to podophyllotoxin, the characteristics of the
methylenedioxy bridge and the 3,4,5~trimethoxyphenyl group
was an important considerstion,

Compounds contalning the methylenedioxy bridge react
with concentrated acid’> to form inscluble, non-volatile
polymers of a carbon-like appearence., These substances are
ususlly formed by the liberation of formaldehyde which cone
denses with the phenolic parent substances.

Spﬁthl3 and Kafukul? both found that methylmagnesium
1odide ruptures the methylenedioxy bridge with the formatlon
of the monoethyl ether of the dihydroxy compound and that
this method could be used whenever the compound containz no
other group that will react with methylmagnesium lodide.

Other acidic reagents such as alumlinum c¢hloride or alu-
inum bromi&els can be used to split the methylenedioxy bridge
to the corresponiing dihydroxy compound at room temperature
with: nitrobenzene as a solvent. Alumlnum chloride is iless
reactive than aluninum bromide. This method leaves methozxyl
and ester groupings practiczlly intact,

In contrast to the reactiviiy of ths methylenedioxy
bridge with acidic reagents, thls group 1s stable toward
basic reagents. This iz in agreement with its acetal struc-
ture, 8p§th13 has shown that dihydrosafrole is scarcely
attacked by sodium ethoxide at 175° or by soiium hydroxide
at 200°,
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The methylenedioxy bridge 1s stable when subjected to
catalytic reductionl3sl4, garrole (XXXVIII) can be reduced
to dihydrosafrole uging Raney nickel and platinum or nalladium
on carbon. The groupn is also stable to reduction using copper
chromium oxide catalyst which will be discussed later.

Ther: are several qualativalg*lg tests for the methylens-
dioxy bridge, These methods are based upon the fact that cone
centrated sulfuric acld reacts to give formaldehyds which
condenses wlth phloroglucinol or gallic acld to form a green
or bDlue-green color. The methylenedioxy group can be deter-

20 by

mined quantatively welghlng the condensatlon product from

the liberated formaldehyde and phloroglucinol.

The 3,4,9-trimethoxyphenyl group is stable to alkali., The
methoxyl groups can be split with acidic reagents, the center
methoxyl belny the one most esasily s3plit to the correspond-
ing hydroxyl compound, Bogeri and Coynel7 have employed this
method to prepare syringic acid (XXVI) Ly treatment of tri-
methylgallic acid with ¢oncentrated sulfuric acid for six

hours at 40°.
€|§ Dok

CH20- -0OCH?

OH
XAVI
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Discussion
ynt iec Wo p ned. 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., 8Since the
acid IX had bheen obtained from oxidation studies of podophyll=-

otoxin, 1t was declded to devise a syn-

s 0= -CQOsH thesis of this compound which might be
CHp
M- «-C20 used in further synthetic studies. A

saries of reactions was outlined (page

37) starting with this seid which might
CBBG -06}13

|
OGH3 toxin,

lead to the synthesis of podophyllo=

IX he first reactlon of this series
was one involving both a 8tobbe and a Dieckmann condensation,
The ethyl ester of acid IX i3 condensed with diethyl sucecine
ate., There are a few similar compounds which undergo the
Stobbe condeﬁsationZI. No examples have been found where
both a 5tobbe and a Dieckmann condensation oceur, Howsver,
one example was found where a keto-nitrile reacted with di-
ethylsuccinate to form a six membered ringaz. 8ince the ester
group will react more easily than the nitrile group in alka=-
line condensatlions, the above outlined reaction should take
place. Compound XXVII upon hydrolysis and reduction should
give the dibasic acid XXVIII. This dibasic acid i3 of ine

terest since theoretically it could be derived {rom
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podophyllotoxin by the oxidation of the primary aleohol group.

It should also prove of value as an intermediate for the syne

thesis of podophyllotoxin,.

was undertaken,

ook
/53"' “'CHS
CHo PoOg
Miw €H3O~ ~OCH3 benzehe
solvent
|
f}CﬁB
/0w =G0 /0 =CH
CHy 2" Ciiy 3
o< -Cz0 ‘o= -C=0
| oxidats |
Oﬁ30- ~0¢H3 CH3Q~ ~G€ﬁ3
| |
0&33 DCH3
IX XXIX

Trimethylgallic acid (VII) was prepared from galliec acid
and dimethyl sulfate according to the method of Eauthnarag.

Piperonal (XXX) was reduced to piperonyl alechol (XXXI)
using copper chromium oxlde catalvst. This was then reduced

to 3,4-methylenedioxytoluene (AXXII) using the same catalyst

but at a higher temperature.
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/gﬁ' ‘g /{3‘ 'GHZ Gﬁ: ,O"' "'CZH 3
C uCro, CH Cucro, CH
o2 'QE'L"?_ %02 Ho ‘o2
160° 220°
XXX XXXTI FAXIT

3y4~lethylenedloxytoluene had previously been prepared in
thirty per cent yleld by ¥ilhelm 80&9@@333 by the electrolye
tie reduction of piperonal., It alzo has been prepared by
Ashblnazi and Rabinovich24 from 3,4~dihydroxytoluene., ilethy-
lere dichloride was reacted with 3,4-dihiydroxytoluene in the
presence of potassium hydroxide, bronze shavings and ethyl
alcohol solvent to give sixty per cent of the theoretical
amount,

The procedure {ollowed in carrying out the condensation
of 3,4-methylenedioxytoluene with trimethylgalllc acid in
the presence of phosphorous pentoxide was based upon the work
of Kasolapoffzé and Perkin and Robinson27. The former cone
densed acetic acid with various aromatic ethers such as ani-
sole and phenatole 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 9,6-methylenedioxyhydrindone-1 in quanti-
tative yield by the following reactlon:

0= — CH2 (9=
éﬁg | F20g > C\X’I 2
\Ow CH2 benzehe 0= — CH2
solvent C

|
HO=C2=0
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In view of the above successful use of phosphorous pente
oxide in the preparation of related ketones, much time was
devoted to trving 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 3,4,5=-trimethoxyphenyl group. Consider-
able difficulty was encountered attempting to purify this
material. It was partly purified by dissolving 1t 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 1is believed tc have taken place:

?025
& T &
: 2
‘o= * cr3o- ~och3 Fenaena™ “0- -C=0
: solvent |
OCH3
CH30- -0CH3
[
Q-
C=-0
{
CH30- ~0CH3
|
OCH3
XXXIIX

Correct carbon, hydrogen and methoxyl analyses were ob-

tained for structure XXXIII. Upon oxidation highly colored
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acetate of the corresponding carbinol. 1%t was assumed the
lattaer would be more easily oxidized than the methyl group.
idost of the starting compound was recovered and &« small amount
of a dar: brown alkall soluble material was nbtained. 3ince
the alkall soluble =aterial no longer contained the methylene-
dioxy bridge, it appeared that the lead tetraacetate had ate
tackad the molecule st this point,

Fotasslum ferricyanide often 1s a specific reagent for
the oxidation of a methyl group to the corresponding acial3l»32,
hiany exemples are known where a methyl group attached to a
ring preferentially attacked by most oxidizing agents can be
oxidized to the corresponding acid without affacting the ring.
This reagent was reacted with the methyl compound XAIX using
tiie method of Weissgerher3zg however, the starting compound
was recovered in practically gquantitative amount.

S8ince the methyl group in compound XXIX could not be oxl-
dized to tne corresponding acild, other methods of preparing
the acld were considered, The stannic c¢hlorids catalyzed cone
dernsation of trimethylgaelloyl chloride with substituted methy-
lenedloxybenzenes should be applicable to the preparastion of
compounds other than XXIX., This condensation reaction is suce-
caessful because the dssired product has a ketons group which
forms a complex with stannic chloride, precipitating it from
the reactlon mixture, This prevents the acld catalyst from
splitting the methoxy groups or the methylenedioxy bridge.

Safrole (XXAXVIII) was rsacted with trimethylgalloyl

chloride bhut no desired condensation product was obtained.
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Piperonal (x:X), the ethyl acetzl of niperonal (L.XV) 4 ethyl

pipericnate (COXVI) and piperonyl

S0 -H acetate (XXXVII) all formed complexes
Cit
\ag with stannic chloride which were not

seluble in carbon disulfiide. The
Xisg (=CHO
complexes between stannic chloride

XXV, R=C(UC2Hg) 2 | |
and XXXV and XXXVI were soluble in

AXXVI, R=CICHHg
ALVIT, R=CHpIpCCHy
JULVITI, RS (CHpCHECHD)

tetrachloroethanes howaver, the
methylenedioxy bridge was readily
split undser szuch conditions.

Thnis method of condensation is not applicable in those
cases whare tha scid chloride ls to condense with a compound
containing a doubly bonded oxygen, since the compound itself
forms insolublie complexes with stannic chlaride., The method
should be anplicable to condensations between trimethylgalloyl
chloride and compounds such as l,2-methylenedioxybenzene, an-
isole or phenetole. Th=se reactions would be of interest bhe-
cause of the previous 4ifficulty encountered in preparing
these ketones33'34.

In view of the fallure to prepavre acid IX by methods ine

volving the direct condensation of two component parts <o

form & substituted benzophenone, a more indirect synthesis
was devised and one of the key intermediates (ALIII) synthe=-
gsized, The synthesis is given un pages 44 and 45,

Ethyl 3,4,5-trimethoxybenzoylacetoacetate (XXAIX) was
nrepared by the action of trimethylgalloyl chloride and ethyl

acétoacatate using sodium ethoxide catalrsst according to the
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directions of Perkin and Weizmann3?, This was reacted with
amnonium hydroxide solutlon to give ethyl 3,4,5-trimethoxy=-
banzoylacetate (XL) also asccording to the directions of
Perkin and ﬁeizmann35.

Piperonyl bromide, prepared by the method of Robinson
and Rabinson36, was reacted with XL using sodium ethoxide
catalyst to give compound XLII. Upon hydrolysis with barium
hydreoxide solution 3,4, 5~trimethoxy- (-piperonylacetophenone
(XLIII), having the melting point of 146~147°, was obtained.
This compound hsd been previously reported by Bargellini and
%ont137. However, the melting point listed by them was 96~
989, They reported the preparation of the compound by the re-
duction of plperonylidene-3,4,5-trimethoxyacetophenone (XLV),
The malting polnt of the unsaturated compound XLV listed by

Bargellini and Monti was 118-120°,

pie 2 — CH The melting point of this material

CHo H &

‘o= ?H was reported by Harding3 to be
C=0 130-131° In view of the differ-

enceg in the reported melting

points of the intermediate compound,

CH, Om -DGHE
- the uncontrolled nature of their
|
QCHB hydrogenation reaction, and the
ALY lack of evidence that their ketone

was proparly characterized, it is doubtful that they obtailned
ketone ALIII. The compound obtained during tiils research
gave a positive ketone test with 2,4-dinitrophenylhydrazine
and a positive test for the methylenedioxy bridge. It gave
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the correct carbon, hydrogen and methoxyl analyses as demanded
by formula XLIII.

Compounds XXXIII, XXIX and XLIII are to be tested for

anti-carcinogenlc properties,

Ixpe an

All melting points listed have been corrected,

dethylenes xy Br y .18 To 2 ml. of concentrsted
sulfuric acid was added three drops of an alcohollic 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
batih and a dark blue-grsen or deep blue color indicated the
presence of the group.

g;gggggz;_glggggg_izﬂzll.39’40 Piperonal (90 g., 0.60
mole), 70 ml. of dioxane (purified by refluxing over socdium
metal for two hours and distilling, the first fifth of the
distillate discarded and the middle three [ifths 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
pressure was 3000 lbs./in.z. The resction vessel was then
rocked and heated to 1600, 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 1750 and the reaction continued untll there
was no further drop in the hydrogen pressure. 7The hydrozenw
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 dloxane was removed by
distillation at 30-40 mm. pressure and the product distilled
at 6 mm, pressure. HNinety grams of »iperonvl aleochol (98,5
per cent of the theoretical amount) which distilled at 125=-
128°/6mm, pressure was obtained. The literature gave the
boiling point as 161°/20mnm. pressure and the melting point
as 519,

3,4-Methylenedioxytoluens (Xxx11)%3924, 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
vesael, Hydrogen was introduced into the reaction vegsel un-
til the pressure was 3000 1bs./in.2. The reactlion vessel was
then heated and rocked at 280° until the theoretical amount of
hydrogen was absorbed. The hydrogenation vessel wus allowed
to cool to room temperature, emptied, rinsed with 50 ml,., of
dioxane and the comblned 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. Tha
product was fractionated at 12 mm. pressure, Fifty-eight
grams of 3,4-methylenedioxytoluene (84.5 per cent cof the
theoretical amount) which distilled at 78-81°/12-14 mm. pres-
sure was obtained. The literature gave the bolling point as
81-83°/11 mm. pressure.

Trimeth e Aeid, (VID)??. Sodium hydroxide (400 g.,

10 moles) and 2.5 1. of water were placed in a 5«l. three-

necked flask, The flask was fitted with a mechanical stirrer,
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-

a stoppar contalning a "Dunsen valveY arnd thermomster wiilch
extended Lelow tho leavel of the 1igulid, and a 50¢ ml, addi-

K

tion funnel. The solatlon was cooled and stirred asz the
sodlum hydroxide dilsselved., After the sodlum hydroxide solu-
tion nhald cooled to 359, 250 grams (1.33 wmoles) of gallilc acid
was added by first placing the gallic .cid in an SErlenmeyer
flask and adding the acid through a rubber tuhe connected to
one of the necks of the three-necked flask. Dimethyl suliate
(670 ml, ) was added dropwise from the addition funnel over
a two hour perliod. The temperature during the addition of

he first 400 ml. was maintained betwesn 35=389 by slight
cocoling. Durinpg the addition of the remainder of the dimethyl
sulfate the temperature was allowed to rise to 489,

After the addition of the dimethyl sullate, the Ilask
wes fitted with a reflux condenser and the contents refluxed
for two hours, A solution of 100 grams of godlium 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 mixturs was cooled and acidified with dilute hydro-
chloric acidj the trimethyligallic acid was filtersd, washed
with cold water and crystalilzed fron water or dilute alcohol.
Two hundred and twenty-five grams (79 per cant of the theor-

etical amount) of trimethylgallic acid was thus obtzined.

leredigxyhenzonhenane (XXXI11)., Trimethylgallic acid (26.5 g.,
0.12% molel, 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-
ical stirrer and a reflux condenser protected by a calcium
chlorids drying tube. The mixture was stirred and heated um-
"t1l1 all the trimethylgallic acid dissolved. Phosphorous pente
oxide (60 grams) was then added and the mixture stirred and
refluxed for six hours.

The reaction mixture was cooled, and the benzene layer
decanted from the solid residue, The residue was washed with
benzene and the combined benzene sclutions washed with water,
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
3,4-methylenedloxytoluene was distilled at 5 mm. pressure and
thirty~four grams were thus recovered. The residue was twice
precipitated by dissolving it in 70 ml. of carbon tetrachlor-
ide and this solution slowly added toc 800 ml. of stirring pe-
troleum ether (b.p. 60-809), 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 recrystalliged but was further
purified by chromatographic absorptiocn on an alumina coluam.
The compound did not have a definite melting point but the
following behavior was quite characteristic:

105°-darkened

112%started to melt

120°-red 1iquid



It zave a positive test for the methvlenedioxy bridge. “he

following analyses were obtained:

Foun Theopr:
Carbon 63.78% 63,40%
3.5
Hydrogen 5.45% 5.10%
5e30%
HMethoxyl 30.34% 30.35%
30.25

Compound XXXIII was hydrolyzed with aqueous potassium
hydroxide solution. Trimethylgallic acid was 1solated from
the hvdrolyzed materlal by extraction with sodium hydrogen
carbonate solution. The following analyses were obtained for

the trimethylzallic acid:

FPound Theory
Carbon 56.40% 56.,65%
56.56%
Hydrogen 5¢72% 5,675
5.94%
¥elting point 166-8° 167°

Compound X¥XXIII was also hvdrolyzed with potassium hy-
droxide in methyl alcochol to give ehiefly alkall soluble
materials plus some methyl trimethylgallate. The following

analyses were obtained for thils ester.

Foun Theory

Carbon 58 .47% 58 . 40%
58.637%

Hydrogen 6.27¢ 6.,20%
6.34%

Melting point 82-3° 82.5°

o Trimethylgallic acld
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(60 Zey 0.283 mole) and 125 ml, of anhydrous benzene were
added to a 200 ml. three-necked flask. The flask was fitted
with a mechanical stirrer and a reflux condenser protected by
a caleium chloride drying tube, This suspension was stirred
and 59 ml. (90 g., 0.758 mole) of thionyl chloride was then
added. The stirred suspension was heated at 60° for five
hours after which time all the trimethylgalliec acid had re-
acted and was in solution., The reflux condsnser 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 Von Braun dlstilling flask. The remainder of the sol-
vaent and excesa thionyl chloride were removed by distillation
at 30 mm. pressure. The product was then dlstilled., Fifty-
five grams (84 per cent of the theoretical amount) was obe
tained which distilled at 1300/2mm. pregsure., This product
was pure enough for most purposes; however, it could be re-
crystallized from cyclohexane or petroleum sther (b.p. 60-

£0°%) to give a white erystalline solid which melted at 77-
8%, The literature gave the boilling point as 168-70%/14

mm. pressure and the melting point as 77-78°,

3! 4! 5t -Trimethoxy=-2-mathy
phienone (XXIX). 3,4=-Hethylenediloxytoluene (10 ml., 0.0835
mole), 50 ml. of anhydrous carbon disulfide and 4.5 ml. of

anhvdrous stannic chloride were placed in a 250 ml, threse-
necked flask. The flask was fitted w%th a dropping funnel,

mechanical stirrer, and reflux condenser protected by a calcium
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chloride drying tube. The reaction was cooled in an ice=
water bath and 10 grams (00,0434 mole) of froshly distilled
trimethylgalloyl chloride dissolved in 50 ml. of carbon di-
sulfide was slowly added from the dropping funnel to the
stirred solution., The rescticn was stirred at ice bath tem-
perature for 6 hourss 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 nl. of concentrated hydrochloric acid. The
resulting mixture was extracted well with ether. The ether
solutlon was washed with dilute hydrochloric acid, twice with
%ater, dilute sodium hydroxide soluticn and finally with water.
The ether solution was driled with calcium chloride, and the
atiier removed by distillation. The residue was refluxed with
a golution of potassium hydroxide in methyl alcohol for 20
minutes. The resulting mixture was diluted and extracted with
ethsr. The ether solution was washed with water, dried with
calcium chloride, and the ether removed by distillation. The
residue was c¢rystallized from cyclohsxane 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 analyses:

Found Theory

Carbon 65.75% 65.45%
65.45%

Hydrogen 5.67% 5.45%
5.55%

Hethoxy 27.87% 28.15%

23 ,.,01%



Oridation of XXIX With FPotassiw

tg. Compound

XIX (0.5 go, 1.52 % 1073 mole) was stirred with water at £0°,
A saturated solution of potassium permanganate (0.6 g., 3.8 x
1073 mole) was slowly added as it was reduced. After all the
potassium permanganate had been added an: reduced, the reac-
tion mixture wasz cooled to room temperature and sulfur dioxide
adied until no more manganese dioxide remained. %The solution
was acidified with dilute sulfuric acid and filtered, The
starting compound (0.4 grams, m.pe. 108-110%) was recovered,
and no alkali soluble materials were obtained,

This method was rmodified using excess oxidizing agent
and purified acetone and tertbutyl alcchol as solvents, but
no aprreciable amount of alkali 3oluble material was obttained.

| ; mium Trioxide. Compound XXIX
(C.557 8ey 1.69 x 10 3 mole) was dissolved in 10 ml., of

glaclial acetic scid and placed in a 100 ml. three-necked flask
and heated to 60°, The flask was Titted with a reflux conden~
ser protected by a calclum chloride drying tube and a 4rop-
ping funnel. The chromium trioxide (0.379 g., 3.72 X 10"3
mole) was dissolved in 29 ml. of glacial acetic acid, placed
in the dropping funnel and added to the ketone solution over

a 2 hour geriod, The reaction mixture was then cooled to
room temperature, diluted with water ani extracted with ether.
The ether solution was extracted with sodium hydroxide solu-
tion. The sodium hydroxide solution was warmed to expel the
dissolved ether, coocled and acidified., Only 0.06 grams of a

dark brown preclpitate was obtained, The starting compound
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remained in the ether solution.

Duxidation of X IX With Tead Tetraac t&t@zg. Compound
AinIX (2.0 ge 0,006 mole) and §5 ml. of glacial acetic acid
were placed in a 100 ml., threec-necked flask. The flask was
fitted with a mechanical stirrer and a reflix condenser pro=-
tectel by a calcium chloride drylng tube. The mixture was
heated to 60° and 5.3 grams of red lead (Pb30,) added. The
temperatiure was maintalned until a negative test was obtained
for the lead tetraacetate using molst starcii=-iodide paper.

The reaction mixture was diluted with water and ex-
tracted with ether., The ether layer was washed with sodium
hydrogen carbonate solution, then with water and dried with
calecium chloride. The ether was removed by distillation
leaving an oll residue. This residue was warmed with a dil-
ute alceohol solution of potassium hrdroxide., After one~half
hour the nixture was diluted with water, filtered, and the
precipitate recrystallized from methyl aleohol. This gave
1.2 grams melting at 110-111°, A mixed melting point with
the starting compound was 109-111° indicating that the starte
inz compound had besn unchanged.

The alkaline filtrate was ascidified with dilute hrdro-
chloric acid and a small dark brown precipitate was obtained,
This materlal gave a negative test for the methylenedioxy
bridge.

Oxldation of XXIx With Potass
pound XXIX (0.5 g.), 190 ml. of water, 75 grams of potassiunm

ferricyanide and 5.6 grams of potassiun 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 reactlion mix-
ture was stirred for 24 hours at 809, and then 30 grams of po-
tassium ferriecyanide and 5.3 grams of potassiuz hydroxide were
added, After 36 additional hours, 15.5 grams of potassium
ferricyanide and 2.5 grams of potassium hydroxlide were added
and the reaction continued for 36 more hours.

At the end of this perilod the reaction mixture was cooled
to room temperaturs, azacidified and extracted with ether. The
ether solution was washed with water and dried with calcium
chloride., The sther was removed by distillation leaving a
raesiduwe which soon crystallized, 7The residue was extracted
with warm pobassium hydroxide solution and filtered. Tiae
slkaline [iltrate was acidified but practically no precipi-
tate was obtalned indicatling the absence of any organic acld.
The alkali insoluble material was recrystallized fr m &0 per
cent methyl alcohol 7ielding 0.4 grams of starting compound,
m.p. 108-110°.
Cthyl 3.4 35,

Sodium (9.2 g., 0.4 mole) was dissolved in 150 ml. of abso=

A A LA

~irimethoxybenzoylacetoacetate

lute alcohol, Ztiiyl acetoacetate (27 g., 0.20f mole) and
150 ml. of anhydrous ether were added to a l-1l, thiree-necked
flask., The [lasit was fittaed with a re’lux condenser proe-
tected by a calclum chloride drying tubes and & mechanical
stirrer. Seventy-five milliters of the sodium ethoxlide
solution was adled to the stirred aceloacetlic ester solution.

Trimethylgalloyl chloride (23 g., 0.1 mole) was dissolved in
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150 ml, of anhydrous ether and 7% ml. of this solution wss
slowly sdded to the ethiereal solution of the sodium deriva=-
tive of ethyl acetoacetate. After half an hour, half of the
remuining ethoxide and halfl the acid chloride solution were
added, and after 1% 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
precipltate washed with anhydrous ether and acidifled with
dilute hydrochloric acid. 4An oil separated which soon sollde-
ified, The g0lild was filtered and recrystallized from methyl
alcohol, Twenty-six grams (76.5 per cent of the theoretical
amount) of ethyl 3,4,5-trinmethoxybenzoylacetoacatate 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.

Bthvl 3,4,9%-Trimethoxybenzoylacetate g§L235’42. The

crude ethyl 3,4,5-trimethoxybeonzoylacetoacetate obtained from

the reaction of 23 grams (0.1 mole) of trimethylgalloyl chlor-
ide with ethylacetoacetate was shaken with 1,25 1. of water,
50 grams of ammonium chloride and 250 ml. of s 15 per cant
solution of ammonia. A c¢rystalline 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 {iltered, 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 90-920. The ester was further purified by recrystallizaw
tion from cyeclohexans giving a melting point of 93-95°, The
literature gave the melting point as 95°,

Piperonyl Bromide (XLI)36. Piperconyl 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 erystallized, water was added and the addi-
tional precipitated bromide was allowed to crystallize. The
bromide was flltered, drled between filter paper and recrystal-
lized from petroleum ether (b.p. 30-609), Fourteen grams

(95 per cent of the theoretical amount) of piperonyl bromide
was obtained. It was a white c¢rystalline material melting

at 47-49°, The literature gave the ielting point as 49°,

This bromide i3 unstable and should be used soon after it

has been prepared.
’-T 1€

Sodium (0.46 g., 0.02 mole) was dissolved in 50 ml, of ab-
solute ethyl alcohol in a 100 ml. flask fitted with s reflux
condenser protected by a calcium chloride drving tube. The
aleohol solution was cooled with an ice bath and 5.64 grams
(0,02 mole) of ethyl 3,4,5-trimethoxybenzoylacetate was ad-
ded. Piperonyl bromide (4.5 g., 0.029 mole) was dissolved
in 10 ml, of absolute ether and added Lo the cold alcohol
solution. &Sodium bromide soon began to precipate. A4After
ten minutes the ice bath was removed, and the reaction gle
lowed to proceed until the solution was acld wihich was

about one-half hour. The reaction mixture was diluted with
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water and extracted with ether. The ether solution was driled
with calcium chloride and the ether removed by distillation
leaving a viscous oll. The oll was assumed to be chiefly XLI.

The esgter group on compound Xl was removed by hye
drolysiz using barium hydroxide solution. The oil was dis-
solved in 400 nl. of methyl alcohol and this solution placed
in a 1.5 1. Erlenmeyer flask. 7To this solution was adied a
solution of 45 grams of barium hydroxide octahydrate in £00
ml, of water, A white solid soon formedj tihe reactlion mixe
ture was allowed to stand for 12 hours, The solid was fil-
tered and extracted with chloroform. The chloroform solution
was dried with anhyvdrous magnesium sulfate and the chloroform
removed by distillation. A white crystalline mass remained
which welghed 3.8 grams (5% per cent of the theoretical
amount for the two steps). This was recrystallized from
methyl alcohol glving 3.4 grams having a melting point of
146-147°,

This gave a posltive ketone test with 2,4-dinitrophenyl=-
hydrazine and a positive test for the methylenedioxy group.
It was stable to both hot dilute alkali arnd acid. It gave

the following analyses:

Found fheory

Carbon 66.94% 66,27%
66.78%

Hydrogen 6.18% 5.83%
5.65%

Hethoxyl 26,47% 27.034%

27.28%
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Summary
1. 4 discussion of podophyllotoxin and related compounds

is given. A number of possible syntheses of compound XXVIII,

OH
| K .
/0= £Coon /0= y-Cliq
CRo CHp |
‘oz -CO,H ‘ozl U-c=o
g \B I
Nyr
I H
CHa0- - OCH
CH30- -0CHy 3 3
| ?:0
OCH
XAVIIT
CH30- ~0CH3
|
OCH 3
KAHITI

chogen because of its similarity to podophyllotoxin, have
been investigated, and certain important Intermedlates 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 hydrogenolysis of piperonyl alco-
hol wusing copper chromium oxide catalyast.

4, Compound XZXIII was prepasred by the condensation of
Jyb4=-metiiylenedioxytoluene with trimethylgallic acid using
phosphorous pentoxide,

5. Compound XXIX was syntheslized by condensing
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trimethylgalloyl chloride with methylenedioxvtoluene using
stannic chloride catalyst. This 1s a new aynthetic meithiod of
preparing methoxy and methylenedioxy substituted benzophenones,
The reaction was shown to fall when the methyl group of the
methiylenedioxytoluene was replaced by an unsaturated or a

negaltive Zroup.

/0= ~CHg /0= — (i.:ﬁz
CH CH
o2 -C=0 o2 <|:ﬁ2
| c=0
|
CHqO= - OCH 3
[ CH4 0= -OCH
OCH 3 3 : 3
XXIX OCh3y
XLIII

6o Oxidation studies demonstrated that the methyl group
of compound XXIX could not be oxidlzed to the corresponding
carboxylic acid, A wvariety of oxidlizing agents were studied.

7. Compcocund XLIII was synthesized by an acetoacetic
ester type synthesls. Physical properties do not agree with
those reported by Italian workers who attempted 1ts synthesis
by another method and apparently obtained another material.

8, Compounds XXXIII, XXIX and XLIII are to be tested

fer anti-carcinogenic properties.
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