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FOIi^CKO

Part I of this thesis deals with the synthesis of 
hydras tie sold and d* tormina fclon of some of its physical 
constants* the preparation of the Intermediates Involved 
In the synthesis are also described* Hydras tic acid was 
prepared for use as an Intermediate In the synthesis of 
3 , 4-ma thy lenedl oxy **8~ (5,4 f5~trims thoxy bens oy 1 } bens ole acid*

Part XI concerns some degradation studio# carried out 
on pleropodophyllln that were designed to gain more conclusive 
evidence concerning the position of the free hydroxyl group*

Part III deals with the attempted synthesis of podophyll- 
otoxin* redactions leading to the preparation of G,7~mafchylene- 
dl ©xy*4~( 3,4,5- trim# thoxypheny 1) *3«car bom® thoxy naph thol^l 
(an Intermediat« in the proposed symthesis) are described* 
Further reactions of the naphthol-l ester are also included*



FAET I

TBS SYMTHESIS OF 
hQXt)



Th# purpose of this phat© of' the research wt.g to develop 
m. meibod of preparing hydrasfclc acid (I) ana hydrastie 
anhydride (11} in overall yields largo enough to enable their 
use mm mu intermediate in the preparation of 4 ,5-raethylcsna- 
&iox;y^J3~(3t4 |l&~tFl:&ethoxyh«n»oyl)ben»olc aold (ill)#

oxidation of a disuba tl tubed dihydroisoqlnoline* Utilisation
of hydras vie mnhj&rid# (11} in the synthesis of H i  would 
Involve a Fried#l~Craf ts condone a tion with compound If to 
yield 4,o-sie t&ylene&iex;f-^~{3 ,$-*&! me thexy~4«*hydroxyben&oy 1}-

I X I

III

An earlier attempt by Sterling ' to prepare compound 1X1 
failed* Later, 'Sareckaon# did prepare small amounts by the
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bensole acid (IV)* A subsequent me thylatlon of the free 
phenolic group should then yield the k©to acid (III)

■GQOH

Th© main objective has been realised although the sub­
sequent use of hydras tie acid (I) and hydras tic anhydride (XI) 
to prepare the kefco acid {V) has been dropped In favor of 
another approach described tin a latter sect ion of this thesis# 

Hydras tic acid (I) was first obtained by Freund and 
Laehmann^ by the oxidation of hydras tine with potassium 
permanganate• Subsequent treatment of hydras tic acid (1) 
with phosphorous pentaohlorlde followed by an aqueousV
hydrolysis produced a compound that was identified as



norms tahemipinic acid® (VI) j the lattar being obtained from 
met&heralplnic acid (VJI) by treatment with hy&riodic acid 
and rod phosphorous^*®* Th® strueture of mefcahemlpinic acid 
as given in figure VII was based by Ooldachmiedt® on Its

coou
VQOti

COOH

GO OH

V I I

1-PClj
2~Ho0<>d

HI

COOH

COOH
VI

relation a hip to liemiplnie acid (VIII) j the latter having been
P ipreviously determined by Wegschnelder.* Both on potassium 

hydroxide fusion give protooabachuic acid (IX)• This could 
only have occurred if the two were positional Isomers* 
Wegachnel&er*s .proof of structure for hemlplnie acid (VIXI) 
was based on the number of isomers possible for the mono­
methyl ester. As can be seen, there is only one half eater 
possible for figure VII but two possible for figure ¥11I.
Both half esters of hemlplnic acid were prepared with the 
result that e true burs VIII was assigned* The alpha ester (X) 
was obtained by the oxidation of th® methyl eater of opianic 
acid (XII), m i l e  the beta ester (XI) was formed by treating
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coo.

coo

VII

V I I I

COOH 

GO Oil

,00 fu s io n

OH fusion
IX

c oo-

ne:aipinic acid In absolute nethanol with anhydrous hydrogen 
chloride* The two half esters have different crystal formst 
melting points and water solubilities* In this round about 
manner 9 the s true tore for hydras tic acid (I) was assigned

C*-
hj Freund0*

VIII

COOH

COOH

!mG 1 * a «w*s * o • I*;* Oii    »-*

0 H-tr 0
U ii 'S? O

O UUil

Y T

COGCH.

CiiO

KMnO ,

coco

co o ,



The following year* Perkin^ obtained. a dibasic acid 
with properties a1mlliar to those advanced by Freund for 
hydras tie acid (1) by t'nm oxidation of Berber in© with 
potassium peroangane fce• Ha subsequently prepared hydras tic 
acid (1) through a four step procedure that utilized 
plpero&al (xiix) as the starting laafcerial^#

,0 CHO

0

C‘riaC 00C B H8 >
l i f t

h 2c
0/

0

XIV

0

0

0XVI

0/
s

0

XV

&*<Hg)x

CHoG%C 00H

COOH

Sine© that time, hydras tic acid {1} has been obtained 
from the natural alkaloid Tasattin© by Spilth and Kahovee^°j



from alpha rmthy1protopin by L a n e k w o r from podophyllotoxin 
by Spath^ and syn thetically prepared by Konok and J&novlcs^, 
Oertly and Pictet**, and Stevens and Robertson^* K.onek and 
Janovica*® f ollowed Perkinsf**̂  procedure to compound XVI and 
then oxidised the oxime of this with nitric meld to give 
hydra®tic acid (1) in unstated yield* kn alkaline potassium 
permanganate oxidation of 4,5~methylenedloxyphthallde (XVII) 
enabled Stevens and Robertson^® to obtain email amounts of 
hydras tie acid (I)* Compound XVI1 was obtained by a neutral

0/

Qil(0

XV XX

o
/t?

fA2 °N
0

XVIII

potassium permanganate oxidation of a lactone formed by the 
action of formaldehyde on homoplperonylic acid (XVIII)*
Oertly ana Pictet** used a six step procedure, starting with 
plperonal (XIII) that required an oxidation to piperonylle 
acid followed by nitration to 6~nltroplperonylic acid; its 
subsequent re due tion to the amine; conversion to the nltrile
through the dlaao reaction and cuprous cyanide; and then a 
two step hydrolysis to th© end product* Ho yield is given for 
on© critical step, which suggests that the overall yield Is 
small.



DISCUSBIOM

The initial attempt to synthesis© hydras tic acid (I) 
involved th© preparation of 5,6-m©thylenedl<Mtyhydrlndenone-l 
(XIX) by the cycliaation of 3,4—a©thylenedloxyclnnamic acid 
(XIV)# Oxidation of compound XIX would than give hydras tie

acid# Tim eyelisatlon was attempted by using an excess of 
stannic chloride as the Friedel-Craft catalyst on th© acid 
chloride of compound XXV# Although a tin complex was formed, 
as evidenced by the formation of a yellow-brown precipitate, 
only 3,4-methylenedloxyelnnamle acid was Isolated upon it® 
decompose I tion# If compound X IV  had a els configure tion, or 
if It had a trans configuration and th© double bond was 
auffiently polarlead by the excess atannic chloride, the 
eycllaation should have been sucessful# Its failure indicates 
that like cinnamic acid, the methylenedioxy analogue has a 
traus structure of comparable stability#

,■..&© iiic t/iocxs prcvlo\isly i,i.s©d £ or the p*'© p© r a t x. or» of 
hydras tic acid, the four step scheme of Perkin and Robinson^ 
appeared to be the most promising for improvement even though 
the overall yield from plperonal (XIII) was 2 to 3 percent#



In the present work, these steps have been carried out by 
different means with the result that hydras tie acid has been 
obtained In an overall yield of 25 to 27 percent and hydrastic 
anhydride in an overall yield of 20 to 25 percent* The 
greatest Improvement has been realised in the oxidation step 
which was effected in 45 percent yield In contrast with less 
than 10 percent by th© old method*

The 3,4-methylcnedloxyclnnamic acid (XIV) was better
prepared by the 'Doeoner modification of the perkin reaction
t- »an by the C la I sen condensation of piperonal (XIII) and
ethyl acetate*^ as used by Perkin. This procedure gave leas
than 50 percent yield, while the reaction as carried out by

7th® method of Haworth at al proceeded smoothly to give the 
desired product In yields of OS percent and of sufficient 
purity for use in the next step.

Perkin*a .reduction of the cinnamic acid by sodium 
amalgam which was adequate only when carried out in small 
amounts has been replaced by the catalytic reduction of an 
aqueous slurry of Its sodium salt over Raney nickel. At a 
temperature of 150°, and with an inifclal hydrogen pressure 
of 200 atmospheres, the the ore Heal ©mount of hydrogen was 
taken up In one hour, resulting In a 90 percent yield of 3,4- 
methylenedioxydihydroclnnamic acid (XV). Longer reaction 
times, were found to slightly decrease the yield.

Th® preparation of 5,6-me thy lenedl oxyhydrlndone*»l (XVI) 
had been previously effected by Perkin and Robinson*® by the 
eyelisation of the dlhydroclnnamic acid with phosphorus
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penfcoxide, and in small yields, through th® acid chloride 
using phosphorus oxychlorla# and aluminum chloride# It was 
also prepared on a small scale b y  Bor8eh® and Etoerlein*4, by 
distillation of the acid chloride under £5 mm# pressure. Of 
these methods, none proved to be satisfactory* On following 
the phosphorus pentoxide procedure, a yellowish material was 
obtained in yields of less than 40 percent of the theoretical 
amount, hopea ted recrya talli&atlons of this crude material 
from ethanol using activated carbon failed to produce a white 
product* The yield of crude hydrlndone was increased to 
approximately 50 percent by using an Inverse procedure, i.e., 
adding, a bensene solution of th® acid to a mechanically 
stirred and refluxing slurry of phosphorus pentoxlde in 
hensone. However, the crude material was still incapable of 
of decoloration.

Th® hydrlndone was finally prepared satisfactorily by 
converting the cinnamic acid to th® acid chloride with 
phosphorus pentachlorid® and then closing th® ring with 
anhydrous stannic chloride utilising an inverse addition* In 
this manner, a tan material was obtained In yields of 35 to 
95 percent, depending on th# magnitude of the experiment*
This material was decolorised to a snow white product through 
one recrystallisation from ethanol with activated carbon#

The various phase® of th© reaction; the formation of the 
acid chloride, the formation of th® tin complex, and th® 
decomposition of the complex were separately Investigated*
Th® acid chloride was formed using both phosphorus pent&chlorlde
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M b  bhlonyl chloride* Equivalent results were obtained when 
an equimolar ratio of phosphorus pentachlorid© and meId were 
reac'oou, however, I t was found that increasing the quantity 
of phosphorus pantachlorida decreased th® yield of hydrindonej 
the excess phosphorus pa n tac hior id® attacking th® me thylena~ 
uloxy bridge5« The tin complex was formed by using both a 
direct and. inverse addition of anhydrous a tannic chloride In 
benzene• Th© latter method proved to be more satisfactory 
giving * 10 percent better yield* The usual method of decom~ 
posing die tin complex with ice and concentrated hydrochloric 
acid gave In low yields a slightly tarry product with a heavy 
hydrochloric mold odor that required a recrya talllzafclon from 
ethanol before obtaining material suitable for the next step*
A far ■•superior decomposition was effected by adding the 
reaction mixture to a mixture of ice and aquous a odium hydrox~ 
id®| the tin dissolving in .the aquous alkaline layer as 
sodium st&nnate# However, due to the limited solubility of 
th® hydrindon© in benzene, a three phase system resulted with 
th© undl&solved hydrindon# containing a. varying quantity of 
mechanically occluded salt# This Inorganic material was 
elemlmted by dissolving the hydrindon© In boiling benzene 
after Isolation by filtration#

The 5,6-methy l©nediaxy-2~bcnzylldenehydr Indon®-*! (XX) 
was prepared as a derivltlve according to the diractions of 
Perkins and Robinso n ^  by condensing the hydrindon© with 
bensaldehyde In the presence of concentrated aquoua potassium 
hydroxide as a catalyst* The melting point obtained agreed



with that given by Perkins. A eimillsr cleric it lire, 5,6-mefchy- 
lene-dioxy~2-( trims fchylg&llylidenejhydrindone-l (XXI) was 
attempted using trimsthylg&llaldehydef however, only a small 
amount of mstarial, insufficlent for analysis was obtained#

Ah® preparation of hydras tic acid (I) froai 5 ,6-me thylens- 
41oxy hy or1n&one*1 (XVI) Involved a two-fold problem} that of 
finding a suitable oxidising agent with appropriate conditions 
ana secondly, determining a satisfactory isolation and puri­
fication procedure* The Initial oxidation was carried out 
with nitric acid in the manner originally prescribed by Perkins 
and Robinson^* A yellow tarry material was obtained that 
yielded crude crystalline hydra®tie acid (1) after reerystal- 
Using from water• However, the quantity was lass than 10

XX

001%
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percent of th# theoretical yield thereby making the step 
infeasible for our use#

As a result, other oxidizing agents were investigated# 
Ingold and PIgg.ottĉ had moderate success in oxidizing th® 
6-nitrohydrindone-l to the corresponding phthalic acid with 
potassium permanganate at room temperature# With S,6~m@thylene- 
dloxyhydrIndone~l (XVI), under the same condifelons, the theo­
retical amount of potassium permanganate was consumed but no 
acid whatsoever was isolated# Apparently, this type of oxida­
tion ruptured the 'bridge before the fIve-membered ring and 
hone® destroyed th© molecule or formed non-acldle materials* 

Me^ativ© results war# also obtained uain-t nitric acid 
with osmium tefcraoxi&e as catalyst# Here a small amount of 
addle material, difficultly soluble in boiling water and 
melting over 235° was Isolated# It may have been homohydras tic 
acid which Is reported to melt at 235°, but because the 
properties ware so unlike hydras tic acid, the compound hold 
no Interest and it was not investigated#

The addition of vanadium pentoxide to th# nitric acid 
oxidation procedure Increased the yield of crude material 
from less than 10 percent to over 55 percent, thus giving a 
satisfactory procedure for the preparation of hydras tic sold 
(I)* During the course of Investigating th® reaction, the 
nitric acid concentration was kept constant at 5 percent, but 
the molar ratio of hydrlndone to vanadium pentoxide was varied 
from 3 to 1 to 30 to 1 and the reaction time from 20 minutes 
to 4 hours» It was found that with the 5 percent nitric acid
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coneontvm11 on , th# best conditions war# a 50 to 1 mol# ratio 
or hydrindon© to vanadium pentoxlde and a 2 hour reaction 
time* The use of more vanadium pentoxlde than that was 
superfluous# Other reaction periods resulted in decreased
yields#

Perkins1 isolation procedure consisted in neutralising
the reaction mixture, then acidifying it to congo red paper 
and evaporating to dryness# Extraction of the residue with 
ether in a Soxlet apparatus for 48 hours followed by evapora­
tion of th® solvent yielded th# crude acid# This procedure 
proved to be unwieldy# It required the use of & highly 
volatile and flammable solvent over an extended period of 
time# In Its place, a comparatively short and simple .means 
of isolation was developed* The acid was removed from the 
reaction mixture by precipitation as the lead salt; the free 
acid being recovered as yellow crystals by dissolving th® 
precipitate In hot 10 percent nitric acid and cooling in an 
lee-bath# Th® removal Is almost quantitative* Experiments 
have shown that precipitation occurs with as little as 0*3 mg* 
of acid per ml# nevertheless, it was not possible to use the 
weight of th© precipitate ms a means of quantltalively 
estimating the amount of hydras tic acid obitf tied, for exper­
iments carried out on th® composition of th© lead hydra®tat© 
indicated that it was not precipitated In a constant manner 
and carried a varying amount of eopreel.pl ta ted vanadium# Th® 
structure of lead hydrastate is given as In figure XXXI*
X^ad analysis of samples precipitated from pur® hydras tic acid 
with an excess of lead acetate showed a varying composition of
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around a 4 to 1 ratio of lead hydras late to lead acetate*
However, try dissolving the lead hydras tat e in hot dilute nitric

acid and reprecipita ting by the dropwise addition of alkali, 
an analysis closely approximating the theoretical for figure 
XXII was obtained Indicating th© assumed structure to be 
correct*

The purification of hydras tic acid to a pure white solid 
was accomplished through three preclpltailone as the lead 
salt followed by two recrystallibations from water in th® 
presence of activated carbon# However, to obtain material 
suitable for us® in the next step, only one recrystallization 
from water was necessary*

0 5 igVarious melting points ranging from 172 to 185 * ,
have been reported for hydrastic acid# It has been noted 
that hydras tic acid loses water so rapidly that the reported 
inciting points represented nothing more than the melting 
point of the particular anhydride-acid mixture at the time of 
melting* The melting point Is greatly dependent upon the 
rate at which the temperature of th© melting point bath is 
raised, since this determines the composition of the mixture* 
If hydras tic acid can be said to have a true melting point.

0 = 0



1©

It is approximately 225° as shown in irsph I where the time 
necessary f o r  a, ample to melt at any f i x e d  temperature la 
plotted against the temperature (Table 1)# These data war® 
determined by placing samples of pur# hydras tie acid In th# 
usual malting point tube® and placing these in a melting point 
bath held at a fixed temperature# Th© straight line A3 
represents the time required for th# heat to flow through th© 
glass capillary tub© and tbs sample* If allowance is made for 
this, then th© temperature where Immediate melting occurs is 
about 225°.

In view of the unsuitability of the melting point a® a
14measure of purity, th# solubility temperature was determined 

and f ound to be 86#5° at a 12si ratio of water to hydras tic 
meld# Th© solubility temperature at oilier ratios were also 
determined (fable 11} giving rise to th# curve In Graph XI 
where the logarithm of th# solubility in grams per liter is 
plotted against the temperature* From this data the following 
solubility equation was calculated*

log S a 0.2879 + 0.013S4t ■*• 5.82 x X05tE
S Z solubility In grams per liter of water 
t s temperature In degree® centigrade

Th© maximum deviation between th# observed and. the cal­
culated solubility data using th© above equation is 2 percent* 
By differentiation of the above equation and substitution of 
the appropriate constants, It can b® shown that the solubility
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temperature i» lowered 0*18° for m h  percent of soluble Im­
purity# S'ome solubility oafea calculated from, bho equation 
are gliren in fable III#

®he eonverslon of hjdrastic mold 'to the anhydride {IX) , 
was ef fee ted by heating to a temperature of 190° • The email 
amount of acid that remained was separated, by reeryatallielng 
the anhydride from bene an e In irihieh the aold has a limited 
solubility# In this manner9 hydras tie anhydride was obtained 
as pure white needles#
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x

fixm of Hydras tic 4cid 
with Varying Temperaturea

tempera fcura °C

183.S 124
193.5 ao
197.5 55
£04.5 54
213.0 23
215.5 IS
220.0 ,13
o o % *GL £*&\3m*J 7
226.5 jm6
231*0 6
240.5 5
251.0 2
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TABLE IX
Experimentally Determined Solubilities

of Hydrastie Acid in Water

Gram® Solid per
1000 (treats Water Temperature °C

33*3 86 *5
40*0 73.3
2 0 .0  3 8 .7

10.0 42.8
6*67 33.9

TABLE III
Solubility of Hydras tic Acid In Water

g»/l. water 
3.9 
0.6 

21.3
57.0

180.0100°
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All melting points are corrected*
Preparation of 3.4-Methylenedloxycinnamle Acid (XIV)*

rJIts is procedure is the same as that outlined by Haworth' hu 
on a larger scale* Six hundred and seventy-five grans (4. 
mole) piperonal, 900 grams (8*65 mole) maIonic acid, 1700 
ml* drj pyridine and 45 ml* piperidine were used giving a 
yield of 728 grams {84 per cent of the theoretical amount) 
of a light yellow pro&uct melt*ng at £33*5-240°* The 
recorded melting point is variously reported to be from 
233-2*8°.w»7

Attempted Cycligation of 3«4-M©thylene&loxyoi.nnaralo 
Acid (XIV)* In preparing the a d d  chloride of 5,4-methy- 
lenedloxycInnaalc acid (XIV), 7*3 grams (0*037 mole) of 
phosphorus pentachlorIda was added in increments to a 
mechanically stirred and chilled solution of b grams 
(0*028 mol©) of acid in 200 ml* anhydrous benzene* The 
reaction mixture was then stirred at room temperature for 
5 hours in attempt to drive it to completion* However 
a small quantity of material failed to dissolve* This 
was filtered off, and on recryatalllsing from ethyl 
alcohol, a white material, m#p* 254-238° was obtained.
The residue was shown to be the cinnamic acid since the 
material showed no depression in the melting point when 
mixed with an authentic sample*

The cyclization was attempted by adding 22 grams
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{0.035 mole) of anhydrous stannic chloride in 50 ml* dry 
benaene to the chilled filtrate and mechanically s tiried 
for 15 minutes* k brown tin complex was formed almost 
Immediately. The complex was decomposed with ice and 75 
ml* of concentrated hydrochloric acid to gJLv© a three 
phase system* an acidic aqueous layer, a b©n*en© phase and 
an insoluble residue* The residue proved to be a tin salt of 
the cinnamic acid for after treating it with sodium 
hydroxide, acidifying and recry©talliaing the precipitate 
from ethyl alcohol, no depression In the melting point was 
obtained when mixed with an authentic sample• The henaene 
was separated from the aqueous layer and washed with 10 
per cent aqueous sodium hydroxide. Acidification of the 
alkaline washings produced a material that again gave no 
depression In the melting point when mixed with a pure 
sample of the starting -material* Evaporation of the 
benzene layer after washing with, water gave only © ©light 
tarry residue from which nothing was obtained. In summary, 
there was no evidence that any 5 , u-methylenedloxyhydrindenone- 
1 {XIX} was formed*

Preparation of 3.4~M©thylenedloxydlhydrocinnamle Acid 
(XV)♦ A slurry of the ©odium salt of o,4-methylenedloxy- 
cinnamic acid (XXV), prepared by adding 580 grams (1*98 

mole) of the acid to 1500 ml* distilled water containing 
80 grams (2*00 mole) sodium hydroxide, was placed In a 
steel hydrogen©tlon vessel ©long with 50 grams of Haney 
nickel catalyst. Hydrogen was admitted until a pressure



of 2000 pounds per square Inch was reaehed# The vassal 
was shaken and heated to 150°# The reset!on started at 
100°, and the theoretical amount of hydrogen was absorbed 
in 90 minutes# the vessel was washed out with distilled 
water and the catalyst filtered off# Ifc# filtrate was 
acidified with concentre ted hydrochloric acid to congo 
red paper# later was added as necessary to thin th© thick 
slurry of th® insoluble acid which precipitated# After 
filtering and air-drying, 345 grams (90 per cent of the 
theoretical amount) was obtsi ned melting at 53-84°# The 
literature reports a of 87-83°*^ This light tan
colored material was satisfactory for,the next step# A 
pure whit© product, m*p# 87-88°, was obtained after two 
recryatallizations from water using 2 gratae acid and 0#4 
gram® .hareo G—60 per 100 ml. water# The yield after two 
re©ryetalllsatione was 1*4 grams*

Preparation of 5t6-Mefchylenedloxyhydrlndone-l (XVI)*
" 5 Oyc l i s a  t lo n  v-1 th Anhydrous Stannic C h lo r id e #  

th e  acid chloride o f  the d ih y & r  o© Inn&m l© a c id  (XV)  was 
prepared by adding £08 grains Cl aiol®) o f  phosphorus p e n ta -  

c h lo r id e  In. s m a ll increments to  a c h i l l e d  and me©h a n i© a l ly  

stirred solution of 134 grams (1  mole) o f  th e  crude 3 , 4 -  

me th y le n e d i  o x y d ih y d ro © in n a m ic  acid, dissolved In 1500  ml# 
of dry, th lo p h e n e  free bensene* After the addition was 

c o m p le te , th# reaction mixture was stirred f o r  1 *5  h o u rs  

a t room tempera t u r e •
The eyelisatlon was carried out by the dropwise 

addition over a 5 hour period of the above benzene solution



to a chilled and stirred solution of 521 gratae (2*0 mole) 
of anhydrous stannic chloride dissolved in 500 jlI# of dry 
thlophene free benzene* A brown insoluble tin complex 
foraad almost lazssdiately* After the addition was complete, 
t!i# stirring «ft« continued for 16 minutes, end then 500 ml* 
of ordinary ether was added, this changed th© solid tin 
complex to a liquid, although it was still Insoluble in 
benzene. The complex was decomposed by pouring this re* 
action mixture into a mixture of 4 1* of 6 I! sodium hydroxide 
and £ to 3 liters of chopped ice and stirring for 15 minutes* 
This gave a three phase system consisting of a benzene sol­
ution of the hy&rin&one and © suspension of the hydrlndon*
In the alkaline aqueous layer. Th© benzene layer was 
separated, m d  the hy dr lad one suspended in th# alkaline 
solution allowed to stand overnight* It was then filtered, 
washed id. th tap water, thoroughly sir-dried, dissolved in 
5 liters of boiling benzene to remove the inorganic salts, 
and filtered while hot* Th® benzene solutions were com­
bined m d steam distilled to remove the benzene, and the 
resulting Insoluble hydrlndone filtered mid washed with 
water. A light yellow .material of 148 grams (83 per cent 
of the theoretical amount) melting at 159*164° was ob­
tained which was pur® enough for the next step* A pur® 
whit# product was obtained by crystallizing 10 grama of 
the hydrlndone from 150 ml* of a 2*1 ethan ol«water mixture 
In the presence of 3.5 grams of activated carbon* The
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was obtained 3*2 gratis, m*p* 163-164°* Th© previously
nS Olreported values were 160 end 161 •

The above inverse addition procedure m e n  applied 
on a 20 gram (0.11 mole) seal® gave © yield of 94.5 per cent 
of th© theoretical amount* A slightly lower yield of 36.5 
per cent was obtained iti m  the direct addition of anhydrous 
stannic chloride In bensene to th© benzene solution of the 
acid chloride was used on a comparative scale*

Hie acid chloride of 3,4-aethylenedIoxydlhydro- 
eimmmle acid was also prepared using thiony 1 chloride.
To a chilled solution of 50 ml* of dry ether containing 
5 drop® pyrlcline f 10 ml* (0*125 mole) commercial thi ony 1 
chloride and 20*0 grams (0.11 mole) of the acid was added. 
The reaction was allowed to proceed wl tfe periodic swirling 
until the solid had gone into solution m d  then swirled 
occasionally at room temperature for 16 minutes* The 
ether was removed under vacuum leaving a slightly viscous 
yellow liquid that was dissolved in 100 ml* of anhydrous 
thiophene free benzene and chilled. Cyclisa fci on was 
effected by adding to this solution, at one time, 65 grams 
(0*25 mole) anhydrous stannic chloride in 50 ml. dry 
banaene with mechanical stirring. Th© remainder of th© 
reaction and Isolation procedure was carried out as pre­
viously described yielding 16.1 gram (3B per cent of the 
theoretical amount) of a pale yellow product melting at 
158-161°.

2 ) dye lisa ti on w 1 th Ph. os phorus Pen box id©* ill©
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procedure of Perkin m  & Hobinson was used in this
preparetion* One hundred grams (0*7 mole) of phosphorus 
pentoxide was added over a one hour period to a mechanically 
stirred end reflux!ng solution of 20 grams (0*11 mole) of 
3,4-m©fchylenedloxydlhydrocInnamle acid (XV) in 100 ml* of 
anhydrous benaene* The solution was ref lusted for 3 hours 
during which time a. red purple complex was formed* lie- 
composition of this complex was effected by the addition 
of Ice and resulted in a. 3 phase system, an acidic aqueous 
layer, a bensene layer and a brown Insoluble material*
The precipitate was filtered off and the aqueous and ben- 
itn® layers separated* Bj washing th© bensen* layer with 
500 ml* of 5 per cent potassium hydroxide followed by 250 
ml* of water and evaporating to dryness, 2*5 grams of a 
yellow material melting at 158-161° was obtained* An 
additional 5*5 grams of a brown product melting at 156- 
160° was Isolated from the insoluble material by washing 
with 5 per cent potassium hydroxide until the washings 
were colorless, followed by washing with water and air- 
drying* Tills gave a total of 5*5 grams (51*3 per cent
of the theoretical amount) of the crude hydrlndone-1*

By using an inverse procedure, i. adding
a benzene solution of the acid to a refluxlng and
mechanically stirred suspension of the phosphorus pent- 
oxide iii benzenet a yield of 48*5 per cent of the theo- 
refclcal amount was obtained*



Condensation of 5«6-Methylenedioxyhydrindona-1 (XVI)*
1} With 3ensaldehyde» The direc tions of Perkins 

and Koblnson*^ ware followed In this preparation* Two 
grama (0*0114 mole) of 5,S~methylenedloxyhyctrln&one-l (XVI) 
and 3 grass (0*028 mole) of freshly distilled bensaldehyde 
were dissolved In 25 is 1* of ethyl alcohol id th gentle heatln 
Three drops of concentrated potassium hydroxide was added 
.anci the mixture warmed for 5 minutes# A yellow solid crys­
tallised out almost immediately* This was filtered off, 
washed with 50 per cent ethyl alcohol m d air-dried giving 
2*8 gram® (96*5 per cent of the theoretical amount) of 
crude 5, 6-a©thylenedioxy-2-beMylldenehydrlndone-1 (XX) 
m#p* 199-201°* Crystallisation of the crude material 
gave a pale yellow product, m*p* 201-202°*

2) With Trim©fchylgallaldehyde« In a similar 
manner 1 gram (0*006 mole) hydrlndone-1 (XVII) and 2*9 
gram (0*075 mole) trimethyl&allaldehyde was reacted in th© 
presence of 5 drops concentrated potassium hydroxide. 
However, only 0*1 gram (5*1 per cent of the theoretical 
amount) of crude 5,6-methylenedloxy 2-trim©thylgallyll&en© 
hydrindone ( X X X ), melting at £14-220° was obtained# Crys­
tallisation from benzene gave a yellow powder, a#p. 213- 
220° *

Preparation of Hydras tic Acid (I)*
1) Oxidation th Nitric Acid and Vanadium 

Pmnfcoxide* A mixture of 100 grams (0*57 mole) of 5,6-
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aaethylenedloxyhydrindone-l (XVI), 6 graias (0*03 mol©) 
vanadium pentoxide, 1200 ml* distilled Mt@r, and 300 ml*
eonc®n.tr a ted nitric acid was heated In a 5 liter flask 
under reflux until the reaction started, and then .for 1*5 
hours with occasional swirling, after the violent phase of 
the reaction had subsided. The hot reaction mixture was 
quickly filtered through asbestos to remove the vanadium 
pentoxide before some of the hydras tic acid crystallised* 
The filtrate was neutr& l«e& to litmus paper with 15 per 
cent sodium hydroxide solution,, acidified with, glacial 
acetic acid to a congo red end-point, and then heated to 
boiling. lead acetate solution (300 ml* of a 10 per cent 
solution) was added until th® lead salt of hydras tic acid 
was completely precipitated, the mixture allowed to cool, 
filtered and the yellowish-white precipitate washed with 
three 100 ml* portions of 3 per cent acetic acid*

The lead salt was converted to crude hydras tic 
acid by making a slurry with 900 si* of tap water, heating 
to boiling, and adding concentrated nifcrlc acid (75 ml.) 
dr opt*la# from a burette until solution was effected* The 
hot solution was filtered by gravity through a heated 
funnel, m d th# filtrate cooled slowly to iee-hath temper­
ature. The resulting crystals were filtered, washed with
two 75 ml* portions of ice-wefcer, and air-dried giving (56 
grams of a yellow product. An additional 17 grams of
crude hydrastic acid was obtained from th® filtrate and
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washings by neutralising as before to preclpi tats the 
hydrastie acid as lead hydrasbate, filtering, washing, and 
converting this to th# crude hydrastie acid as ©hove# The 
crude materials obtained in. this manner were often eon tarn- 
Ina ted with small amounts of lead hydras tate«

Th# coiblntd crude fractions of hydras tie acid 
were purified by two precipitations as the lead salt and a 
reorystalllsafclon from water* This was done by dissolving 
the material in 300 ml* boiling tap water (adding a little 
nitric acid if an appreciable amount of the insoluble lead 
hydras tats was present) and preeipitating th# lead hydras tat# 
with 500 ml* ten per cent lead acetate solution. The lead 
salt was filtered, dissolved agai n in dilute nitric acid, 
filtered, neutralised to litmus paper with sodium hydroxide 
solution, acidified, to eongo red paper with acetic acid as 
before, and th# lead hydras tat# then converted to hydras tic 
acid as before. The yield was ©7 grams of a pale yellow 
product with a solubility temperature of 88*1° at ISil 
ratio (corresponding to a purity of 93 per cent). An 
additional 5 grams was recovered from, the filtrate by 
precipitating the lead salt, etc., as previously described. 
Th« combined 62 grams of hydras tic acid was recrystallised 
from 620 ml* of distilled water, using 6 grams of Oareo 
0—60 to remove the color. In this manner, 55 grams 
(44*5 per cent of th# theoretical amount) of m  almost 
white pro-due fc with a solubility temperature of 36*5° at
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12I1 was obtained. This materia! was used to prepare the 
anhydride•

A pur# white product* having the same solubility 
temperature, was obtained after three morm reorystalliaatS. ons 
from water with act lira ted carbon.

Analyses Calculated for C-nHpOa Found1#m HIM'I! jli.WlilWniWiniiil>-|-W*i-WlUli Vr* WWW >i H»n • *1*1
Carbon 51.44& 5l.3*v

51*4J,J
Hydrogen 2*88$ 2.94p

2. sal'

Neutralisation equivalent© of 104*7 and 104*8 
{Theory, 105.0) were obtained by dissolving the hydra.©tica
acid In hot distilled water and titrating while hot id th 
a standard solution of sodium hydroxide using the usual 
precautionary measures to eleminafce the interference of 
carbon dioxide*

2) Oxidation with Ml.trie Acid with no Catalyst*
13•The method of Perkin arid Kobinson was used in this pro­

cedure* Five grams {0*028 mole) of 5,6-methylened1oxy- 
hydrindona-l (XVX) was digested with 15 ml* of concentrated 
nitric acid in 60 ml* of distilled water for four hour® 
during which time the solid completely dissolved giving a 
yellow solution* Ihe reaction mixture warn cooled, neutra­
lized with 10 per cent sodium hydroxide, acidified to 
oongo red paper with 5 per cent hydrochloric acid and 
evaporated to dryness* The resulting residue was
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©xir&e ted in a Soxlet apparatus for four days with diethyl 
ether» Evaporation of the © ther on a steam bath 'yielded 
2.5 gratae of brown tarry residue. Three reeryfitallizatlona 
of this residue from water in the presence of Dareo 0-60 
resulted in 0*5 grass (8*4 per cent of the theoretical aaounfc) 
of a white product melting at X71*S-r?2*0°* Various melting 
point® ranging from 172° to 188°°*^** were previously re­
ported for hydras tic acid*

3) Oxidation bith Potassium ffermanganate» Six 
hundred milliliters of a 3 per cent potassium pertaangsnafee 
solution was added dropwis© to a mechanically stirred sus­
pension of 5 grams (0*028 mole) of 5 ,6-caethylenedioxy- 
hydrlndone-1 (XVI) In 30 ml* of 2 M sodium hydroxide at 
room temperature* Tit© voluminous quantity of manganese 
dioxide formed was filtered off and washed with hot water*
The combined filtrate and washings was ©eJdifled to congo 
red with dilute- hydrochloric acid and evaporated to dryness.
A two day ether extraction of this residue employing a 
Soxlet apparatus gave only a slight yellow residue an 
evaporation of the solvent*

4) Ox 1 da 11 on w i th If i trie Ac i d and 0 a sal um
Tetroxide* Five grams (0*028 mole) of 5#6~m©thylenedioxy-
hy dr i nd one -1 (XVI) was dl ^ested for four hours with 15 ml. 
concentrated nitric acid in 50 ml. distilled water and 
0*1 g* osmium tetroxide in 10 ml* distilled, water. ih# 
reaction solution was chilled, neutralised with 10 per 
cent sodium hydroxide, ©elfifled to congo red paper with
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5 per cent hydrochloric acid and then evaporated to dryness. 
Th# residue was digested, wl. th four 25 ml# portions of 
boiling dloxane to separate th® organic from th# inorganic 
material# On evaporation of th# dioxane to dryness, 0.65 
grass of material with a salting point greater than 250° 
and only slightly soluble In water was obtained# These 
properties did not correspond to hydras tic acid#

Preparation of Hydras ti c Anhydride (XI)# f 1 f ty
grass (0*24 mole) of hydras tic acid (X) was plaeed in a
1 liter beaker and heated with hand stirring in an oil
hath && Intel ned at 190° for five xainutea after the entire
mass had melted* The beaker was then removed and the melt
was allowed to slowly solidify with constant stirring by
hand* In this manner, 44*1 grama (94*6 per cent of the
theoretical amount) of a light ten product, m*p* 178*5- 

o181 was obtained* The literature reports the melting 
point as 175°^*

The crude hydras tic anhydride was purified by 
reerye talliesting from 1 liter of benaene in the presence 
of 9 grams of Barca 8-60* This yielded 29*2 grams of a 
pur© whit® product, with t melting point 179-100°* to 
additional 9 grams of white material, m*p# 177*5-179*5° 
was Isolated by concentrating the filtrate to 200 ml*

Analysis Calculated for C9H4O5 Found.
Carbon 56*59$ 56*54:1

50.42$
Hydrogen 2*11$ 2.31$

2*28$
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JNurfc II

Studies on the Degradation of 
Ficropodophyllln



IKfEODUCTION

The early work on podophyllofcoxln, Its chemistry and 
its relationship to picropodophyllln that have led to the
postulated structure® given In figures X and IA has been 
reviewed In the British Annual Heport® on the Progress of 
Chemistry®*^ and more recently by Sterling^* Consequently

O C \’i Q 0/Cc.a«... V Oi vo
ii oO <&•
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no expansive review on this early work will he attempted in 
this thesis*

Recently, podophyllotoxln was found to possess anti- 
carcinogenic a c  fcivi with the result that Interest in
it® structure was revived* Considerable doubt 'has now been 
cast upon the position of the lactone ring as pictured In 
figure X for podophyllotoxln* Price**, at this Institution, 
has succeeded in obtaining two different trihydroxy compounds 
by the lithium aluminum hydride reduction of podophyllotoxln 
and plcropodophyllin* If th© structures as presented were 
correct, assuming both podophyllotoxln and picropodophyIlia 
to have the same steric configuration at carbon 3, then the
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same trihydroxy compound should have been obtained from both 
sources• In addition* Hartwell and Schrecker^ have obtained 
acetylpleropodophyllln and benxoylpieropodopfcyllin In good 
yields by refluxing th© corresponding derivatives of podo- 
phyllotoxin with sodium acetate in various solvents# these 
reactions can only be aatiafac tor lly explained by Inversion 
of th© carboxyl group through enollzatlon* It is now believed 
that podophyllotoxin and picropodophyllln are not structural 
isomers but diastereolsouera represented by IA and differing 
only in the oonfiguratlon around carbon 3«



PISOt!S-SX0M

Th© structure of podophyllotoxin, as It is bellaved to 
be at this him* (Ik), eon tains a free hydroxyl .^oup at th© 

position# It has been placed there by virtu© of eliminat­
ing the other possible positions rather than by direct 
evidence* Attempts to date to oxidise or dehydrogenate the 
hydroxyl croup to a m  tone have fail© a. podophy1 lotoxin, and 
picropociophyllln were ooth oxidised to trim© thy 1 gal lie acid 
(II) with hot potassium pemji ̂ anafce solution***^# hydras tic

COOil

C 1:1̂ 0
OC II
XI

COOii

COOH

III

acid. (I'll) was obtained by th© oxidation of p od ophy H o t  ox in 
with alk»line potassium permanganate solution*^# By more 
careful oxidation of plcropodophyllln with alkaline potassium 
permangate at 50°, Spafch*^ was able to isolate th© keto acid 
XV# This showed teat th© hydroxyl group was not on carbon 4* 
numerous attempts were also made by Frlee^ to oxidise plcro- 
podophyllin and th© an hydro compound V by using potassium 
diehrornate and chromic oxide In glacial acetic acid and in 
acetone, by using aluminum tertiary butoxide and cyclohexanon®, 
and with oensoqulnone under ultra-violet Irradiation# In
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most cases, a theoretical amount of the oxidising agent was 
consumed, however, as much as 60 percent of the starting 
material was recovered after ©11 the oxidising agent was con-

q oo a
IlOw

oca
I V

HoC/
0

OC
oca

sume-d* This fact Indlc © ted extensive degrade tl on, and that 
the tetralone first formed (assuaing a secondary alcohol) was 
more easily oxidised than the alcohol itself# Dehydrogenation

n *14attempts by Spath.A* using both podophyllotoxin and plero** 
podophyllin with palladium at 230° yielded only the lactone VI.

0

0
“ 2
0
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OC 11*
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On the other h&nd$ attempts to prove the existence of a
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tertiary alcohol (i*e*» the hydroxyl .^.roup at the Cg or C 3
£$position) have slso fsiled* Hartwell and Cchrecker 

attempted to oxidise p:l e r 0 0 o-Iophy 11 In wl th pe r 1 oulc acid#
If a tertiary alcohol were present* then 1 or eia 1 de It yd o exuld 
have been liberated by the reaction* hone was detected*

Th 1 s phaa0 of th.e research reprcsente anoth© ij a t to;upt to 
obtain direct evidence as to the position of the Tree hy­
droxyl group* The picropodophy 11 in used in this worn was 
prepared from podophyHotoxIn in three ways* Treafcment with 
sod lira acetate* giving a 55 percent yield of crude picro- 
podophyllln; treatment id th sodium carbonate* giving a 91 
percent yield or crude material and treetmenfc with piperidine*^ 
giving a 20 percent yield of crude material* Of th© three 
methods* the use of sodium acetate proved to be best for the 
produe t obtained bad a higher melting point and was more 
easily purified than those obtained by the other methods* 
Considerable difficulty was encountered In obtaining a mmfchod 
for satisfactorily purifying the picropodophyllln* A white 
product melting at 229° was finally Isolated by recrystal- 
U s ing th® crude material from 60 percent ethanol followed 
by a slow recrystalllsatlon from ethyl acetate* This melting, 
point was slightly higher than those reported by other 
Investiga tors** **#*3.

The purified picropodophyllln was shaken with a copper 
Ciiromlt© catalyst in an ethylene atmosphere of 150 psl* at 
£50° for 'two hours (the e thy lene acting a a a hydrogen 
acceptor) In an attempt to dehydrogenate th® compound to a
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12ketone• Reeve and Adkins have successfully used this method 
in preparing aliphatic aldehydes and ketones from the corres­
ponding primary and secondary alcohols. In this case, the 
crude material ofetal ned from the reaction appeared to be a 
mixture of two products* By utilising a fractional crys­
talline fclon from aqueous ethanol, a white solid melting at 
270-271° was Isolated* 'Ihis corresponded fairly closely 
to the melting point of dehydroanhydropieropodophyllin 
(VI) previously obtained fey Spath** fey the deh j d r o Q G nation 
of plcropodophyllln wi th palladium* Tri© carbon, hydrogen 
and methoxyl analysis obtained differed slightly from th© 
theoretical values for compound VI but were close enough 
to enable one to assume th© two to fee identical, A small 
amount of a second substance melting at 254-255° with 
decomposition was also Isolated* However its purl fey was 
unknown, and there was wot enough material for an analysis* 
Qualitatively, it appeared to form a 2,4-dlnitrophenyl- 
hydrasone that melted with decompoaItlon at 254°* But 
again there was no absolute proof for the hydrazone 
formation* In short, a ketone might have been formed 
In the reaction* If It was formed, It was isolated In 
too small an an aunt to permit obtaining any conclusive 
evidence* A further Investigation into this reaction 
would necessitate the us© of a larger quantity of 
starting material aid th© development of a more satis­
factory means of Isolation and purifies tion*
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fh e  re m a in d e r  o f  the <?e p re d a t io n  w o rk  c o m p ris e d  th e  

o x id a t io n  o f  p ie r o p o d o p h y l l ln  in  d i f f e r e n t  s o lv e n ts  u s in g

le a d  t e t r a a c e t a t e * .  T h is  was a n o th e r  a t te m p t  to  b re a k  o f f  

fo rm & ldehyd ©  if  a t e r t ia r y  a lc o h o l  was p r e s e n t*  There was 

a ls o  the  p o s s i b i l i t y  t h a t  w i t h  a s e c o n d a ry  a lc o h o l ,  © 

dehy& rog enefc lon  a d ^ h t o c c u r to  g iv e  a n a p h & h o l- l  d e r iv a t i v e #
rM

U r & t u m n n ^  d is c o v e r e d  t h a t  th e  t e t r a l l n  d e r i v a t i v e  V I I  was 

s m o o th ly  d a h y d ro ^ a n a te d  In t o  a n a p h th a le n e  d e r i v a t i v e *

P tc r o p o d o p h y l l in  was t r e a t e d  w i t h  le a d  te  t r a a c e  ta t©  u s in g  

b o th  bmnzmnm  and  g l a c i a l  a c e t ic  a c id  as s o lv e n t s .  I n  b o th  

c a s e s , more th a n  60  p e r  c e n t  o f  the  s t a r t i n g  m a t e r ia l  was 

re c o v e re d *  i n  a d d i t i o n ,  no t r a c e  o f  fo rm a ld e h y d e  was d e ­

te c te d  u s in g  d liaedone and B , 4 - d l n l  t r o p h a n y lh y d r a s ln *  as  

r e a g e n ts .  S im i la r  r e s u l t s  w ere  o b ta in e d  eh en sodium  p o d o - 

p h y l la t e  was a u b je c te d  to  th e  le a d  t e t r a a c e t a t e  t r e a tm e n t  

In  d i l u t e  a c e t ic  a c id *  These n e g a t iv e  r e s u l t s  a r e  in c o n ­

c lu s iv e  In  r e s p e c t  t h a t  th e y  do n o t  e n t i r e l y  e l im in a t e  the  

p o s s i b i l i t y  o f  a t e r t i a r y  a lc o h o l*  Under th e  c o n d it io n s

GH3O
rt j-j5 rxwii^w coon

COOH

VII



imposed, the methyls! group may have been In the lactone 
form making oxidation to the formaldehyde difficult* A much 
.sore satisfactory compound for us© would have been the tri- 
hydroxy compound from which the anhydro compound V was derived, 
Again further investigation into this possibility was left 
for the future*
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All melting points are corr®c ted*
Preparation of Picropodophyllln (XA)»

1} Wi th Sodium. Ac e tm t© * The method of dorse tie 
and Niemann* was followed in this preparation* Fifteen grama 
(0*0363 mole) of podophyllotoxin (IA) as obtained from G* B# 
Peniok Company, 333 ml* 95 per cent ethanol ©rid 170 ml# 5 per 
cent sodium acetate solution were refluxed for 23 hours* At 
the end of this period, 200 ail* of solvent was distilled off, 
and remainder being filtered and chilled in an Ice-bath.
In this manner, 8*05 grams (54 per cent of the theoretical 
amount) of crude material was obtained* ihe product had a 
melting point of 219-223° after drying under 1 mm* pressure 
at 116°*

2) With Sodium Carbonate* In the maimer of 
Borsch© and Hiemann^, 10 grams (0*0145 mole) po&ophyllotoxin
(IA) that had been dried at 100° for 3 hours, 250 ml* 
methanol and 100 ml* 211 sodium carbonate were r#fluxed for 
3 hours* the reaction mixture was then acidified to oongo 
red paper with 2S hydrochloric acid and 100 ml* of solvent 
distilled off* The remainder was filtered and chiliad 
in an lee-b&th giving 6*9 grams of product after drying 
at 115° for 3 hours under 1 aim* pressure* This melted 
at 218—-227°. An additional S*20 grams melting at 202- 
205° was obtained by concentrating the filtrate to 
100 mlm A total of 9*1 grams (91 per cent of the theoretical.
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amount) of crude material thus was obtained*
3) hith Piperidine* Ten grams (0.0145 mole) of

i>*n» \»* <K*»iitBiiinn wfru i ii(jBli*n». i mhi» i.w ii— i*j.i H. tmmmm—** "**“■

podophyllotoxin (IA) that had prcviously been recrystallised
from 50 per cent ethanol and dried under 1 rasa, pressure 

at 116° was refluxed with 600 ml* 60 per cent ethanol and 
2 ml# piperidine as prescribed by Robertson and haters* ^
The reaction mixture was than filtered and chilled In an 
ice-bath. The resulting crystals were filtered off and 
dried yielding 2.0 grams (20 per cent of the theoretical 
amount) melting., at 220-225°*

The crude material in all cases was purified by 
reorystallising from 50 per cent ethanol followed by a 
slow recrystallisation from ethyl acetate* A 60 per cent 
overall recryatalllzation yield was obtained with the 
crude material from the sodium acetate and piperidine con­
versions but less than 30 per cent was obtained from the 
sodium carbonate conversion. ihe material obtained thusly# 
melted at 228.5-229°. Previously reported values ranged 
from 223-227°*11,1,1,5

Due to the tendency to dec osmose at the melting& <*•
poi nfc, a sealed evacuated tube was used to determine this 
physical constant for plcropodophyllin.

'"I**M  * o9
c * 1.030 g. / 10O ml. chloroform



Preparation of Sodium Po&oghyllate* The method of 
Borsche and iil©^nni' was followed# Three grams (0*0072 
mole) of ploropodophyllln (14) malting at 228**229°, 45 
ml# absolute ethanol and 9 ml* saturated alcoholic a odium 
hydroxide solution were heated on a water bath for 15 minutes*
A white solid precipitated almost Immediately# At the end 
of the reaction period, the mixture was cooled to room 
temperafcure and 10 ml* ether added to decrease the solubility 
of the sodium podophyllafco* ihe resulting white precipitate 
was JTIXfceredd off, washed with ether and dried in vacuo at 
room tempera two* In this manner, 5*1 grama (99 per cent 
of trie theoretical amount) was obtained*

Oehydro^enafclon of Pioropo&ophyllln (IA)* Three grama 
(0*0072 mole) of plcropo&ophyllin (IA) melting at 2£3**2£9° 
and 0*2 gram copper chromite catalyst was placed in a 100 
ml* steel reaction vessel# kthylene was introduced to a 
pressure of 150 pal* The vessel was then shaken at 230° for 
2 hours# At the end of this time, the vessel was cooled to 
room temper & fcure, the contents washed out with .-five -SO uxl* 
portions of chloroform aid the catalyst filtered off* Addition 
of an equal volume of petroleum ether to the filtrate pre** 
cipitated a tan colored material* This material was purified 
by dissolving In 100 ml# absolute ethanol and then adding 
enough distilled water to make a 70 per cant ethanol solution* 
Upon refrigeration, a white material crya fcallised out that 
was separated with a centrifuge# The supernatant liquid



was further diluted to 40 per cent ethanol with additional 
water and another fraction was obtained. fills purification 
procedure was repeated twice more on each fraction* As a 
result, a white material was isolated from the 70 per cent 
alcohol that melted at 271-272°. Spafch^ reported 266° for 
dahydr oanhydropIcropodophy11 in (\fI} •

Analysis Calculated for C22^18^7 Found
Carbon 67*00;! 66.39^f*t y-* W £»O O •
Hy dr o pen 4 * 60^ 4*791

4 *88;!
fe thoxyl £2*03lS 23.14;!

22.34;!

A small quantity of whit© material was also isolated 
from the 40 per cent ethanol fraction that melted at 255-258° 
with decomposi t.lon* Ihe amount, however, was too small for 
an element analysis but it did appear to give a qualitative
2 ,4-dinifcraphonyIhydrazlne teat. Here again, the results
war© Inc onelus1ve*

Ox 1da11on of Pieropodophy11In (XAS with Head Tetraaeetate»
1) In 3enzene» One gram (0*0034 mole) picro- 

podophy111n (XA) and 2*5 grams (0*006 mole) load tetraacetate 
were dissolved in 600 ml. hot anhydrous benzene. Ihe solution 
was refluxed for -J- hour, at which time, it was cooled to 
room temperature by standing overnight, luring this period, 
an orange-brown solid appeared that was filtered off. lha 
residue appeared to be entirely inorganic for it gave no 
carbonization on ignition. fhe benzene filtrate was
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cashed fch five 100 ml* portions of water and ev&pora ted to 
dryness giving 0*7 ,;ram of a solid yellow residue* The aqueous 
layer 0ave a posi Live test for lead, a negative test for the 
phenolic .roup using ferric chloride and a negative tost for 
formaldehyde using both dinedone and 2,4-dinitrophenylhydra- 
aine• die residue obtained by the evaporation of the bensone 
was dissolved in 25 ml. 95 per cent ethanol. On chilling, 
a white material crystallized out that weighed 0.4 gram and 
melted at 205-210° after filtering and drying, in vacuo* Di­
lution of the filtrate with an equal volume of water -jave 
an additional 0*2 grans of material melting at 198-202°• 
loth solids <£«ve no depression in the melting point when 
mixed with a pure sample of pieropodophyllin•

2) In glacial Acetic Acid* To 1 gram (0*0024 
mole) picropodophyllin dissolved in GO ml* of glacial acetic 
acid, 2*6 gram (0.0056 mole) lead tetraacetate in 70 ml* 
glacial acetic acid was added and mechanically stirred for 
20 i&inutes at 70-75°• At the end of this time, the reaction 
mixture was poured into 400 ml. distilled water and allowed 
to stand overnight* Durln.-. this time, a tan insoluble 
material appeared that was filtered off. On drying in 
vacuo, 0*6 gram of material was obtained that melted at 
204-212°* A mixture of this product with pure picropo- 
dophyllin melted at 219-223°* Hie filtrate gave a negative 
teat for the phenolic group using ferric chloride, and 
also gave a negative test for formaldehyde using dimeJon©
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and 2 f 4-dlni tr ©pheny Ihy&ras la# •
Treatment of Sodium Po&ophyllafce with Load Tetraacetate* 

A solution of 3.5 gram (0*009 mol#) load tetra&cetato la 
50 ml* warm glacial acetic acid was added dropwlse over a 
one hour period to a mechanically stirred solution of 3*3 
grams (0*0072 mole) of sodium podophyllate In 100 ml* water 
maintained at 30**5§°# An orange-red color developed* On 
standing overnight* a white solid appeared* After filtering 
and drying la vacuo* the material weighed 0*3 grams and 
melted at 210*219°. The filtrate was diluted with 300 ml* 
of water producing an additional quantity of a light tan 
solid that weighed. 2*2 grams and melted at 200-204°* loth 
solids Isolated gave no depression in the melting point 
when mixed with pure pleropodophylXln* Again no trace of 
formaldehyde was detected*
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Part III

Studies on the Synthesis of 
Podophy11o toxIn



DI3CUS3IQH

The attested synthesis of pod ophy 11 o toxin Cl) was 
carried on with two purposes In minds a proof of structure 
throuw i synthesis mid a development of a general method for 
obtaining compounds of similar structure* •.Po&ophyllotoxin

c> q i *7(1) has been shown to have tumor damaging activity' * * 
hut has proved to be too toxic for the human system* Conse­
quently, it would be of interest to synthesise similar 
structures with the hope of obtaining one with the same-- 
activity but with none of the toxicity of podophyllotoxin {!)• 

despite the fact that the exact position of the hydroxyl 
group In ring 2 lias never been definitely established, the 
evidence accumulated so strongly indicates the linkage to 
be At carbon 1 that the synthesis has been developed along 
lines leading to figure I *

H<gC

OH
0 ll|j
fi ’
CtQ

OClh
0011

fh© following is the proposed synthesis
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YTT 1 ) Saponification 
2) UCUO *

och3
1} Reduction XXXI
2} Sapo&lflorn tion 
5) lajrtonization

0000%

011*0

Reduc tlozi

(Or on# of the ei&ht 
isomers of podophyllo toxin)

Compound XIX has boon prepared and attempts hav# boon 
mad# toward both compounds XXXX and XXV*

Until vary recently* tho attempt# to develop a am tie* 
factory procoduro for tho preparation of the koto acid (X) 
had been only partially successful* Ear11or attempt# to 
prepare this koto acid by the oxidation of XV* prepared by a 
Fr1ede1-Crafta condensation of 5 ,4~methylenedioxytoluene end 
3,4t5«triM#tbĉ *V^#t:ls®7^ chloride were failure#*^* Attempt#



to ore care comnounda similar to XV ’out with a Gli^OCOCH**,•i" *- &, V-'
GQOG^Hs^$ CH{<JCgHgGiiO and CH^GHsCHr^ Oj*oup In the on#

o n •«

*s U

OCH.
XV

GCtl3 yy o

posi Lion in a similar manner tjave no condensa tlon produc tA°.
"when this approach failed, other means were attempted by
Hareckaon'*'. He tried to prepare compound XVI without success*
OxIdation of this compound would piv© th© koto acid X. He
succeeded In obtaining small amounts of X by the oxidative
degradation of compound VII and a series of derivatives of

7this basic structure* recently, densler prepared the keto
acid in t‘Ooa yielus by a Hoffman degradation of VII followed 
by an oxidation of the resulting uneaturated k© ton© (VIII} •

fh© k©to ©old (X) prepared in this phase of th© research
ehas Involved the work of Ha reck son'' in obtaining th© substi­

tuted dihyurolsoquinolln© (VII) and a variation of the 
7Gensler reaction to reach the keto acid (X) • Flperonal (II) 

was hydrogenated to piperonyl alcohol (111) usinr copper 
chromtt© as catalyst and dloxan© as solvent* Treatmcnt of



57

the alcohol with concentrated hydrochloric acid produced 
the chloride which was reacted without isolation with sodium 
eyanlde in the presence of mercuric cyanide to yield the 
nitrlle (IV)# Reduction of the nitrlle to the amine (¥} toy 
hydrogenation over Raney cobalt followed toy a modified 
Sehotten**Seamen reaction with trimefchylgalloyl chloride (XIX) 
In the presence of calcium oxide gave the amide (¥1). Ihe 
trim©thylgalloyl chloride (XXX) was prepared toy me thylating 
gallic acid (XV1X) with dimethyl sulfate and sodium hydroxide 
and converting to the acid chloride with thlonyl chloride*

COOH CQOJI

I® OH
0C %

XVII XVIII

SOClg

C0C1

XIX

Cycllzafcion of the amide (VI) to the dihydrelaoqulnol1ne 
(VII) was effected with phosphorus oxychloride In toluene*



■On treating t he hthv arol hon/a:Inol:lne (VII) with, uhnothyl 
sulfa te and aof.luu hydroxide, a XolTnan taps ke ,.ufahr th on 
occurs yleldinr the ha to styrene {VIII)* this novel one 
step conversion Is pos tula ted to proceed through several 
Inter aehlata stages* It is lively that the first step Involves 
the ihrrnailon of a h  » Irol s oq.ui.nol i niura cat 1021 {.XVII ) •

/
O

OCH

0

XVII XVIII

©
CligCi'igvU 0213)3

OCH

>i Ud
o 5 v

OCli•? d

On treetv;ient with alkalit soon, compounds are Xiown to yield 
vve c or j; es^onuin,, caroinol a -1,110 (XVI; t) which Is In ©null-
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ibrlum wi th the era in o ketone (XIX)« In the presence of
dimethyl sulfate and alkali, tho quaternary ammonium compound 
(XX) would he formed and then decomposed to the vinyl compound 
{VIII) In a normal Hoffman exhaustive methyl©tion process#

r*Oensler used ethyl alcohol as the solvent and obtained 
the k@io styrene (VIII) in 80-35 per cent yield. 3y changing 
the solvent to clioxane, the yield was increased to 97-98 
per cent. This increased, yield is probably the result of 
eliminating the side reaction between dimethyl sulfate and 
ethanol and Increasing the reaction temperature.

Hie keto acid (X) was obtained by oxidising the keto 
styrene (VIII) In It 1 tertiary butyl a1cohol-water with 
potassium perraanganafce• &h#n the theoretical amount of 
potassium pam&sn^ant© was used, an equal qusntity of the 
keto aldehyde (IX) was also formed. Increasing the mole 
ratio of potassium permanganate to keto styrene decreased 
the amount of aldehyde formed but also decreased the yield 
of th© keto acid. At a 10i1 ratio, the quantity of aldehyde 
recovered was small but the yield of keto acid was only 29 
per cent. It is apparent that the potassium permanganate 
attacks some other part of the molecule causing extensive 
degradation along with rupturing the double bond. A com­
promise St 1 mole ratio was finally used with th© recovered 
aldehyde being reoxi&lsed in a similar manner. In this 
way, an overall conversion of 60 per cent was obtained.

The acid {X) was converted to the methyl ester (XI) 
with dlasom©thane In methylene dichloride. Ihe reaction
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proceeded smoothly to give a.n almost quantlta tl ve yield of 
the ester* Th© use of methylene dlchloride as solvent had 
two advantages over diethyl ether# 3oth the aci the
ester were soluble In methylene dichloride but neither showed 
much solubility in ether# As a result, the reaction proceeded 
more rap Sully In the first case* In addition, th© hazard of 
fire, which too often occurs In the preparation of dlasomethane 
when ether is used as th© solvent, was eliminated*

A® a result of this series of reactions, the koto fiter 
(XI) was obtained in an overall yield of £4 per cent*

The naphfchol-1 ester (XXI) was obtained by means of a 
modified Stobbe condensetion of the keto ©star (XI) and di­
methyl succinate with sodium hydride as the basic catalyst.
The compound was white when pur® and melted at 204-205°#
It was only difficultly soluble in hot 95 per cent ethanol, 
ethyl acetate, and benzene but quite soluble In chloroform, 
hot dioxan© and glacial acetic acid* Xh© bast recrystalli­
zation medium was found to be the latter* it was also noted 
that Its alkali salt® tart rather insoluble in water* Ihe 
free carbon 2 position was demonstrated qualitatively by Its 
coupling reaction with dlazotized p-toluidln© producing an 
orange colored dye*

The alkoxld© catalyzed ©Idol condensation of succinic 
ester with a ketone (or aldehyde) was discovered by Stobbe 
In 1893. Originally sodium ©thoxlde was used as the cata­
lyst, but Johnson has found that the use of potassium tertiary

11 % butoxlde or sodium hydride'* generally gave higher yields
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and purer product® cluring shorter reaction periods*
Johnson12'* was able to condense a keto-niJbril* with diethyl 
succinat© to form a six memo®red ring* In the reaction 
carried out in this research, both a Stood© and a Claisen 
condensation have occurred to yield a naphthol-l derivative 
( X I I } *  Only one other such condensation has been reported* 
Turner2® has Isolated a cyellcised half~©ster from, the Stobbe 
condensation with methyl t -anisoyl butyrate in yields of 
about 15 per cent*

In studying this reaction, both potasslum tertiary 
butoxlde and sodium hydride were used as catalysts with ben- 
sen® and toluene as solvents* Potassium tertiary but oat Ids 
yielded none of the desired compound while the higher reaction 
temperature obtained with toluene gave a slightly higher 
yield In one-tenth of the reaction time required when ben- 
sea® was used*

Two routes are possible la this reaction* Either a 
Sfcohbe condensation occurs first followed by a ClaIsen or* 
the Gl&isen condensation occurs first followed 'by a Stobbe*
It appears from the evidence that both of these possibilities 
are In competition with each other In the Initial stages, 
with th® velocity of the Sfcobbe condensation being sorewhat 
greater than that of the Clalsen. as evidence for th©
Gla!sen condensation occurring first, we have th© Isolation 
of th# naphthol-1 derivative (XIj. }* This could only have 
occurred If compound X X I  was formed Initially* Cyclisation 
of this via th© Stobbe condensation would then give
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XX Glaisen
Condensation

Stobbe
Condensation

GOOCH,
CHgCOOH

OCH-

0II

CH*0

U “ C *'Iv U'Jy IX >x
I JCHgCOOC%

CaO

00%

Stobbe
Condensetlon

XXXII

u 001:1a.

C O 0 C %

ca^o

-co2

'V

XII

compound XXII which would decar boxy la te to the compound. XII 
that was obtained# The decarboxylation probably occurs 
during the reaction, for when the reaction mixture was 
acidified In the isolation procedure, no evolution ofcarbon
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dioxide we$ noted*
If the Stobbe had occurred first, than tho end product 

would not have teen the naphthol-l derivative (XII}* Instead 
compound XXIII would have formed initially and the reaction 
would have stopped at tills point.

Accordingly* there is evidence for the 5tobbe condensa­
tion occurring first# Ihe itaconie acid derivative {XXV} we® 
Isolated fro® the sodium bicarbonate fraction* Ihls would 
have been formed, If after the initial Stobbe condensation, 
saponlfioation had occurred. Ihe evidence obtained for this

structure la as follows5 a carbon, hydrogen and methoxyl
analysis that checks the theoretical fairly well, a posi­
tive qualitative test for the methylene&ioxy bridge and 
the piperonyllc acid group, a positive potassium permangan­
ate test for th# double bond, an effervescence it the 
melting point that would be accounted for by anhydride 
formation and a neutral equivalent Indicative of a trl- 
baaic acid*

0001
CHgCOOH

CiCCOOH

G C %
xxv



A statement was sias In a previous paragraph that the 
velocity of the $tobbe condensation was believed to be greater 
than that of the GlaIson reaction* Ibis was based on the
fa©t that In all cases, the weight of the mmfcerlal obtained
froia the sodium hi carbonate fraction we© twice that of the 
naphtbol-l (XIX) Isolated* It Is believed that the greater 
part of this weight was due to compound XXV* Only one other 
product has been Isolated from this fraction, mnd that in 
only small amounts* Hi#re was a good possibility that others 
regained unisolated* This other product was a white solid; 
melting above 2 7 5 giving a brilliant emerald green color 
with ferric chloride and a negative mefchylene&loxy bridge 
test and methoxyl test*. Its element analysis fitted that
of a composition of ^ * «sju5» s did not agree with any of
the possible degradation products that could be visualised*

A self-condensation product (XXVI) of dimethyl succinate 
was also isolated* the ethyl ester of this compound had 
beep; previously reported by Johnson#*2*

0
II
c 

%yO^ ^cacoocHk
cn&oocxc^ ^ o n 2

0

x x v i

The remainder of this research has been directed toward
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putting a ssethylol or il4eh|d,e group into th# two position 
of the naphthol-1 derivative (XU)* The first attempt was ti 
the base catalysed formaldehyde condensation with the free 
acid of XII* prepared by the saponification with potassium 
hydroxide in Isl ethylene glycol ~ water. In the second 
attempt, M-m© thy If omanilide and phosphorus oxychloride were 
used in an effort to introduce an aldehyde group.

Two variations of th© formaldehyde reaction were carried 
out. In th© first case, the free acid of XII* base and 
formaldehyde were mixed together and allowed to stand st 
room tempera tors for 14 days* It was with this type of a

■*» eprocedure that Manasse prepared aaligenin* The same green 
coloration that Manasa© observed also occurred here and a 
neutral compound with a melting point of 275° was Isolated* 
However * th© analysis did not correspond with the theoretical 
for compound XIII* In th© second ease, the same mixture was 
heated under reflux tor 24 hours In a nitrogen atmosphere*
Ho coloration occurred, but ©'white solid preelpitated* Th© 
reaction mixture was also found to be slightly acid* 
Apparently, the formaldehyde'had undergone a Canisarro re­
action at th© elevated temperature. On filtering off the 
precipitate, it was found to be In the smme high melting 
solid previously obtained* It was noted that when this 
solid was allowed to stand in base, the surface turned green 
and when left in acid, It turned pink* Evidently the green 
color© t-ion observed by both Manas©e and us was due to some 
alr-oxidatlon product that was acting ®s an acid-base



Indicator. Hone of the usual formaldehyde-phenol condensation
products fitted the analysis obtained. The methoxyl deter­
mination placed the molecular weight in the range of 345 which 
would mean that more than one group had been added. Consequent­
ly, the structure appears to be one that involves the free 
acid group in some complex manner.

The use of N-methyIformanillde and phosphorus oxychloride 
for the introduction of an aldehyde group has been success­
fully used in the qh® reaction was run vi th and
without o-dichlorobenzene as solvent, and although a color 
change was noted and acidic vapor evolved, only starting 
material was recovered.

Although the work to date has not resulted in the 
synthesis of podophyllotoxin (I), plans call for a continued 
effort along the same lines. Further reactions will he tried 
in order to place a group in the two position of compound 
XXI. If compound XIII is obtained, a selective reduction of 
th© B ring will give the desired product. If compound XIV 
is obtained, a reduction to the alcohol followed by a saponi­
fication and lac tonization would be required before the 
selective hydrogenstlon.

The natural product podophyllotoxin Is an optically 
active compound, with the structure assigned having four 
centers of asymmetry. The synthetic product will of course 
be optically inactive. Consequently some other means than 
physical properties will have to be used to compare the two*
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Infra-red studies do not as a rule show any difference between 
optical isomers, end It la planned to nee this means for 
comparing the two products*
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411 melting points are corrected.
Preparation of Piperonyl Alcohol (III)* She procedure 

of He eve and Sterling-*^ was followed employing 720 grams 
( 4 • S3 mole) piperonal (IX ) that had been purlfled by dietil- 
latiori under a nitrogen a tmosphere* Along with an 80 per 
cent yield of the desired piperonyl alcohol, an additional 
fraction, In the boiling range 72-02° at 2 ml111metors and 
amounting to 15 per cent by weight was also obtained* Ihis 
boiling point corresponded to the hydrogenolosla product 
4,5-mefchylenedloxjtoluene, previously obtained by 'the hydro­
genation of plperoaal using the same catalyst but it a tem­
pera ture of 280°. Share Is no explanation for the consid­
erable quantity formed'at the lower temperature used In this 
preparation#

F ro  pa r a 1 1on o f  P1per o a y 1 C yan ido  ( I V ) #  The d I r e c t !one
of Eareckeon5 were employed but on a larger scale# Four 
hundred and ten grams (£#7 mole) piperonyl alcohol (III) 
wos converted to the chloride wi th 675 ml* concentrated 
hydrochloric acid and then added dropwise, without Isolating, 
to a solution of 475 grams (9*7 mole) of sodium cyanide and 
15*7 grams mercuric cyanide in 715 ml* of distilled water# 
After maintaining the reaction for 7 hours at 30°, the 

layers were separated, washed and the organic solvent removed 
at water pump pressure * The nitrile distilled at 140-150°



uiidar 2 millimeters pressure to ^ive 360 grams (03#5 per cent 
of the theoretical amount) of a yellow liquid that slowly 
solidified* This product contained a small amount of chloride* 
As a result, a crystallization from ethanol and © redistilla- 
tlon was required, before it was pure enough for use in the 
next step* In this manner, a white solid melting at 42-43° 
was obtained* fhe previously reported values were 38*40° ® 
ana 42° 16.

Preparation of Homoplperonylamina (V)»
1) 11ox&ns-Ai&aonla Solvent* Forty-two grans (0*26 

mole) of piperonyl cyanide (IV), 100 ml* dioxane saturated 
with ammonia and two grams of Haney cobalt catalyst were 
placed in a steel reaction vessel* Hydrogen was admitted at 
room temperature until a pressure of 3025 pounds per square 
Inch was reached* Hie vessel was then rocked and heated*
At 100°, the pressure started to drop rapidly with the 
theoretical amount of hydrogen being absorbed in 15 minutes* 
Luring this time, the temperature rose to 150° and. was main­
tained there until no further d ro p  in pressure was noted*
The vessel was cooled to room temper©cure, washed out with 
two £0 ml* portions of dioxane and the catalyst filtered off* 
Ha© solvent was removed at water pump pressure, and the 
amine was distilled at 122° under 5 millimeters pressure in 
a nitrogen atmosphere glvlrn 39 grams (91 per cent of the 
theoretical amount) of a colorless liquid*

2) i.-ioxane Solvent* In a similar Planner, 42 grams 
(0*262 mole) of piperonyl oyani&e (IV) was hydrogenated using
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2 grams liana y cobalt catalyst and 100 ml* dloxsne as solvent#
oThe reaction star feed at 100 and was complete In 20 minutes. 

After washing out the vessel with dloxane, filtering off the 
catalyst and removing the solvent at water pump pressure, the 
homopiperony 1 amine was distilled to yield 39*6 grams (92 per 
cent of the theoretical amount) of a water whit© liquid* As 
can be noted, there appeared to be no advantage in using s 
dloxane-ammonia solvent.

Jhrepara tion of Trimsthyl&alllc acid (XVIII)* This pro­
cedure la the seme as that outlined by Baracks on** but on a 
larger scale* Seven hundred and fifty grams (4*41 mol©) of 
gallic acid (XVII) was dissolved In a solution of 1200 grams 
of sodium hydroxide in 7 liters of we ter. Two liters of di­
methyl sulfate were added dropwlse over a 3 hour period with 
mechan ioal stirring# The temperature was maintained below 
35° for the first two hours but allowed to rise to 50° for 
the remainder of the addition* The mixture wee then heated 
under reflux for B hours, at which time,1 an additional 300 
grams of sodium hydroxide In 600 ml* water was added* The 
refluxing was then continued for another hour* After acidi­
fying the alkaline reaction mixture with lil hydrochloric acid, 
the precipitated acid was filtered off and washed with 5 liters 
of water* On air-drying, 720 grams (.86*2 per cent of the
theoretical amount) of a light tan product melting at 161- 

o164 was obtained# ^ecryatallizafclon from water In the 
presence of activated carbon yielded a white solid melting at 
107-163.8°.



Prepara tlon of Trim© thylgalloyl Chloride (XIX) > "%e
imethod prescribed bj Asano and Tas&gutl" was followed* A 

solution of 320 &rias Cl,51 mole) of trim©thy1gallic acid 
(aVIII) In 1500 ml* of anhydrous bensene and 410 ml, of 
thlonyl chloride was heated under reflux for 4 hours, fh© 
b©ns#ne was re oved. at water pump pressure, and the acid 
chloride distilled at 155-15*7° at 6 millimeters pressure 
yielding a colorless liquid that slowly solidified on stan&in 
Previously reported boiling points were 158-159° at £ mm, 
pressure^ and 130° at 8 so* pressure*^

Pro para fcjon of H~3.4.S~l!rlmethoxyheiigoydhom©Dlperonyl~ 
amine t VI)» "this preparation was a variation of the one used 
by hareekson0 and involved an inverse addition* Sixty-six 
grams (0,230 mole) of trim®thylgaXloyl chloride (XIX) dis­
solved in 300 ml* anhydrous bensene was added dropwls© over 
a one hour period to a mechsn ically agitated slurry of 47*0 
grams (0*236 mole) homoplperonylanine (V) dissolved In 300 
ml* of sr*hydrous hen®an© end 28 grams of 150 mesh calcium 
oxide. The mixture was heated under reflux for one hour, 
then filtered by gravity eh l i e  hot. On coding the b© risen© 
solution, a whit© solid appeared that was filtered off aid. 
dried, yielding 34*5 gram® of the as Id© melting at 136- 
156,5°, fhe original residue from the reaction mixture was 
ex;racted vith four 150 ml* portions of boiling 95 per cent 
e th a nol and filtered. fhe filtrate on cooling, yielded 32*6 
grams of a light tan solid melting at 136*5-137,5°, An 
additional 3*0 grams melting at 134-136° was obtained by



consents* a tin-, the © than ol solution to 50 ail* this 0a?e a 
total yield of 75*0 grans (73 per cent of the theoretical 
amount) *

An easier method of isolation was effected bp dissolving 
the calcium oxide residue in cold 10 per cent hydrochloric 
acid Instead of extracting it with boiling ethanol# In the 
experiment in which this Isolation procedure was applied,
£10 grams (1*28 mol®) of homo pi per onyl am ine (7), 290 gramas 
(1*28 mole) of trlmethylgalloy1 chloride and 110 grams of 
calcium oxide were used* The resulting calcium oxide residue, 
after filtering off the benfcen© solution, was added to a. mix** 
fcure of 1 liter water and 1 liter Ice and acidified to 
Congo red paper with 10 per cent hydrochloric acid* !Bie pre­
cipitated amide was filtered, off .and washed with on® liter 
cold b per cent hydrochloric acid, on® 11 ter 10 per cent 
eodi u;a bicarhonate and one liter water* After air—drying,
IPS grams of material smelting st 134-135° was obtained. An 
additional 187 grams were isolated from the beusenc solution 
giving a total of 535 grains (73 per cent of the theoretical 
a.jii o uu t j *

Preparation of l-(3*4*5-Trim.etboxypheny1)-6 *7-irethy 1«»
enedioxg-3 »4-dI hydro! sou ulrioline (¥11)« The prepare tlon as

f ioutlined by mareckionw was used* three hundred and fifty- 
five grans (0*987 mole) of 11-3,4,5-trinethoxybenaoylhoiao- 
plperonyl amine (VI) was dissolved in 2 liters of anhydrous 
toluene and 600 ml* phosphorus oxjcfcloride was added* The 
solution was heated under reflux for 3 hours, during which
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time, a yellow solid proatpltetod* On cooling to room tem­
pera fcure, more of the yellow solid appeared* die cooled 
reaction mixture was poured Into 5 liters of petroleum ether, 
and after standing one hour, the supernatant liquid was de­
canted* The yummy residue that remained was treated v/i th one 
liter of 95 per cent ethenol with th© flask teeing placed in 
an ice-bath to keep the resulting viporous reaction under 
control* After all the ethanol had been added, the initial 
reaction had subsided, the mixture was heated to boiling and 
then cooled In m  1.c e-tee tte. Itee bydroetelor1de that was 
obtained after filtering, was dissolved in one liter of 
boiling water and made alkaline with sodium hydroxide. Peri­
odic additions of water were required to thin the resulting 
slurry* After ft 1 taring, washing with 5 per cent sodium 
hydroxide end w ater, 515 grama (93*5 per cent of the theoret­
ical ©mount) of a light tan solid melting at 159~I€Q° was 
obtained. Larecks on® report© a melting point of 150.5-150° 
for material that had beer recryat&lllsed from © tha n o1-wo ter *

Preparation of 4,5-llethylenedioxy-£-(3*4.5-trimethoxy-- ~ r » i  m r r f >iT n i    m iH f l h i -*i-nii| |i n if u  « m r t t i r  ii r f u r  n r . n i . T i i w     . t i if 111- r  i h m h A  1*1 ■ w r . i m i i M m u J T i i i  m i n n ' - n i. n n ii ^ii iiHti ffiVM W  i «  n i.ir  i t » i  r * n  i r m  if f l w m t  i u r t f !  W W T i - r T n - i i m n i  m a in  . i m m  n ii î i ilJ f n m n « i W

teensoyl) a fcyren© (VI11).
1) With Ethanol Solvent. This procedure wag

ryadopted from the outline published by Cenaler. timethyl
sulfate (11*3 ml*) was added dropwlee over a SO minute £>erlod 
to a siec helically stirred solution of 5*0 gr&ms (0*006 mole) 
of the dlhydroiacquinoline derivative (VII) in 30 ml. of hot 
95 per cent ethanol. This was followed by a solution of 5 
grams of sodium hydroxide in BO ml. of dlstilled water and
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the mixture wa* heated on a a team-bath under reflux and with
mechanical stirring for 5 hours* A white solid precipitated
during th© heating* The mixture was cooled and poured into
300 ml* of water* The white solid was apparenfely sodium

«#sulfate for it dissolved completely# The precipitate that 
formed on dilution was filtered off and air-dried giving 
1*72 grams (85 per cent of the theoretical amount) of a 
yellow solid that melted at 139.5-140*5°* densler7 reported 
a value of 138-139°#

fthen the quantity of the starting material was Increased 
ten-fold, a gummy solid was obtained as the end-product*
Upon recrystallising this from ethanol, a yellow solid was 
isolated, m* p* 159-140°, but only in s 10 per cent yield*

2) With oloxaa© Solvent* One hundred grams 
(0*293 mole) of the dihydroisoqulnoline derivative (VII) was
dissolved in 600 ml* of boiling dioxsne, and 200 grams of

!

sodium hydroxide in 400 ml* of water was added* id methyl 
sulfate (272 .ml*) was added to this solution dropwis© over a 
90 minute period with vigorous mechanical agitation and then 
heated under reflux for 4 hours# During this period, both 
th® etyrem© derivative mud sodium sulfate precipitated giving 
an accumulation of yellow and white crystals* At the end 
of the reaction time, 2500 ml# of water were added# the 
resulting slurry was allowed to stand overnight and then 
filtered and washed with one liter of hot water# To elim­
inate tha lest trace of occluded inorganic salt, the residue 
was swirled with one liter of boiling water and refiltered*
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On drying, 97*5 ^rasa (97*2 par cant of the theoretical amount) 
of a yellow product melting at 153-1,39° was obtained*

Preparation of 4 , S-Methylenedloxy-2-(3*4*5-trim©thoxy- 
benaoyI) Dens ole acid (X )»

1) \VIth Potassium Permanganate in Glacial Acetic9         t * ,«■■.... ......
Acid* Fifty milliliters of a 5 per cent potassium permangan­
ate solution was added dropwlae to a mechanically stirred 
solution of 8 graia.fi (0*0058 mole) of the k©to styrene (¥1X1) 
in 50 ml. of glacial acetic acid maintained at 60—C5§°*
After the final addition, the reaction solution was kept at 
this temperature for an additional two hours and than refluxed 
for on© hour* during this period, th© solution became orange­
red in color* Uhe solution was then poured into 300 ml. of 
water and allowed to stand overnight* The resulting precip­
itate was filtered off, washed with water and dried giving 
1*0 gram of a reddish-brown material with a melting point of 
less than 120°. fills substance was insoluble In sodium bi­
carbonate and consequently was of no Interest.

2) Alkaline Potassium Peraaan^anat© In lil tertiary 
ijutyl Alcohol and hater* Fifty grama (0*146 mole) of trie
keto styrene (VIII) was added to 1500 ml* of tertiary butyl 
alcohol alon^ with 42.5 grams (1*05 mole) of solid sodium 
hydroxide and heated with mechanical stirring to 00°* On© 
hundred and fifteen grams (0*730 mole) of potassium permangan­
ate In 1600 ml* of warm water was added through an addition 
funnel as rapidly as th# reaction would allow. After the 
final addition, the reaction mixture was heated under reflux



76

for 20 minutes and the m&nganes® dioxide forced in the re­
action filtered off and washed with one liter of boiling water# 
The filtrate was cooled to room temperatur# and acidified to 
conga-red paper with concentrated hydrochloric acid. An 
additional 50 ml* of acid was then added# The resulting pre­
cipitate was allowed to stand overntght and then filtered 
m O  washed with one liter of water* On air-drying, 37*5 grams 
of a tan solid was obtained that melted at 198-000°# This 
residue was triturated thrice with 150 ml* portion© of 10 
per cent sodium bicarbonate and the Insoluble material fil­
tered off and washed with 500 ml* of water* After air-drying, 
the residue weighed 18*5 grams and melted at 003-010°* The 
sodium bicarbonate filtrate was acidified with It 1 hydro­
chloric acid* Additional water was necessary to thin the 
slurry of precipitated acid* After filtering, washing with 
water and air-drying, 18*0 grams of a white produc t melting 
st 214-216° was obtained# This material gave no depression 
in the melting point when mixed with a pure sample of the 
koto acid (X) obtained by E&reekson^ from the oxidation of 
compound ¥11* Hecryatalliestlon from aqueous ethanol gave 
a fluffy white solid melting at 216-217°# Previously re- 
ported value# were 216-216° 5, 214-216° 19 and £15-2-215.7°7.

Analysis showed th©t the sodium bicarbonate in­
soluble material was the ke to  aldehyde (IX)* She sample 
was purified for analysis through 5 recrystallisations from 
chloroform-®thanol mixture yielding a white solid melting 
at 222.5-223°.
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Calculated for OxaHx^O? Found
68.791? €£.641?

62*71$
4*69< 4.711

4.90X
??ethoxyI £7.041? 26*41$

2b »1 'S/&

Analysis
t; arc
rmrogen

The keto aldehyde (IX) was further oxidised to the 
ket© acid (X) in an analagous manner using a 2tl mole ratio 
of potassium permanganate t© aldehyde* In this manner, an 
additional 15.5 grass of th# ket© acid melting at 215-216° 
was obtained. fwo mid one-half grama of aldehyde was also 
recovered* This gave a total of 31*5 grama ( 60 per cent of 
the theoretical amount cased on moles acid recovered and moles 
of starting amterial used).

Preparation of Methyl 4.5-Methylenedlaxy-2«»($«4.5-trl- 
me thoxyommoyl) Omizomtm (XI) * A solution of diaaom© than© in 
me thylen* die hi or Id© prepared from 20 ml* of K-ni troa ome thy X- 
urethane was added to a solution of 15 grams (0*0415 mole) 
keto acid (X) in 250 ml* of methylene bichloride. A rapid 
evolution of nitrogen occurred with the reaction being com­
plete in a few minutes. A email quantity of insoluble mater­
ial was filtered off, and th© solvent was removed by steam 
distillation leaving an aqueous suspension of a yellow gummy 
solid that crystallised on standing overnight. Xhis was 
filtered off, triturated wlth 100 ml. of 5 per cent sodium 
bicarbonate, refiltered and washed with on© liter of water, 
fh© filteafc© gave no precipitate when acidified with
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hydrochloric acid* On air-drying, 14*8 grams (95.0 per cant 
of the theoretical amount) of a pal# tan solid melting at 
129-130° was obtained* Her rysfcallS settlor* from methanol in 
the presence of activated carbon yielded pure white needles 
melting at 151*132°* literature report® 128-129°*^ and
127-128°10.

Xhe -prepare fci on of 6 *7~Me thvlenedloxy-4*(3*4,5* trim© th**  i n * * i n n w n  _ i j m11 — i r r r r n <n " ~ * B r t T r n r — i ' H  — rj»i u m i .  u M ( «  n r  'in r r i r  i n w r ~ n  ii i 1 1 i n r l n f r r  ii —  ~  ' i T  ~ i'ii i r 1 n ~ n  in  T ‘ n r — iit i i ii "mr f r  n i r  - n r  \ n • n f r i w i i - T r i H i i i n  m i    n . ” r  n r  —  - T r  - i t h t i t i w  t  -■ —  • —  •i i r t r Q i f W

oxyhenzoyl)-3-car bom© tlioarm&phthol-l (XII) —  The 8 tohbe 
Condensation*

1) With Sodium Hydride a® Catalyst* Hie con&ensa-
t r r n r i r r r r  ~ n n y i  i m  ' ' r u r t n T n n t f . r - i  i w r ' i m i ~ f i i i i ) O T M i f K i n  i t i ^ * " t t h r r - r r n " T T  i r j t y i i ■— r  T w n m r m i r - i T  i r r t r - r r "  r.‘ i- n r r  f - r r ^ w f T r i T i ' i r n t i

tion was carried out in a three-necked, two liter flask 
equipped with a sealed stirrer, a tube for admitting dry 
nitrogen and a condenser connected through a calcium chloride 
tube in a mercury trap* Hie flask was char gad with 25 grama 
(0*067 mol©) of the keto ester (XX)» 700 ml* of anhydrous 
toluene and 100 grams (0*67 mole) of dimethyl succinate*
After sweeping the system with dry nitrogen, 35 grams (1*52 
mole) of sodltra hydride was added at one time and th© mix-*
ture heated to reflux* On© milliliter of methanol was then
added to start the reaction which was allowed to proceed at
115° for two hours* At the end- of that timm, the flow of
hydrogen had s topped indicating the reaction to be over* A 
yellow-orange color appeared in the initial stage that 
deepened to a red-orange as th© reaction proceeded* That 
reaction mixture was chilled in an ioe-beth and th® excess 
sodium hydride decomposed by the cautious addition of water# 
The mixture was then transferred to a separatory funnel,
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acidified with 100 sal# of concentrated hydrochloric acid and 
shaken with 2 liters of ether# Moat of the solid dissolved 
in the organic phase, the reminder being removed with the 
acid layer and filtered off# Hi© © fcher-toluene solution was 
successively washed with two 150 ml* portions of water to 
remove the last traces of hydrochloric acid, three 150 ml# 
portions of 5 per cent sodium bicarbonate and two 150 ml* 
portions of waterj the sodium bicarbonate fraction and its 
washings being put aside for further treatment# An aqueous 
suspension of a yellow solid was obtained on removing th© 
organic solvent by a team distillation* lhl» precipitate was 
filtered off, washed with water, triturated with 400 ml# of 
5 per cent sodium hydroxide and refiltered# The residue was 
washed with water til th# washings were colorless, and then 
with 500 ml# of 5 per cent hydrochloric acid and 500 ml# of 
water# fhis gave 5*1 gram® of the n&phthol-l derivative (XII) 
melting at 195-200°# Further purification was effected by 
swirling the product with 100 ml* of boiling 95 per cent 
ethanol and filtering* 2ha white solid obtained weighed 4*1 
grams (16 per cent of th© theoretical amount) and melted at 
201-202°* Ihe sea pie eubsaitted for analysis was recrystal- 
U s e d  from 95 per cent ethanol and melted at 204-205°#

Calculated for CggifajOg Found
64*07,4? 64*10x

64#2S&
4 * 39/ d.OlJg

5*03;!30*10^ 2 9 . 9
50.20-1

Analysis

Eydro&en
efchoxyl
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On acidifying th© alkal In© filtrate, 11*7 grams of 
crude dimethyl l,4-cyel0h©xandIon®-2 ,5-dIeartmxylate melting 
at 143-140° and giving an intense violet color with ferric 
chloride was obtained* the material purified by two recrys-
tall lea tl one frosa aqueous ethanol in the presence of activated 
carbon was pure whit© and melted at 155*5-157°* "Hie ether

Analysis Calculated for ^ i o % 2 %  hound

Carbon 52*70)6 S2*73|C
Hydrogen 5*30£ 5.34$

Insoluble material (3 grains) originally filtered off proved 
to be this compound* Ileeryetalliestion from ethanol gave a 
whit# solid that melted at 134-155° and gave no depression 
in th# melting point when mixed with the above sample*

Acidification of the eodium bicarbonate fraction 
with lil hydrochloric acid, followed by extract!on wlfch 300 
ml* of ether and evaporatlon of the solvent, yielded 10*0 
grams of an orange gummy solid* Two products were separated 
by fractional crystallisation from aqueous methanol* CM© 
melted above 275° and gave th# following element analysist 
C, 48*54$, H, 3*42$. fh© analysis and properties of th© 
compound did not fit any of the possible degradation products 
visualised# The other compound tael ted at 185° with efferves­
cence and proved to be compound XXV* 'Ihe material was found 
to be ©lightly hydroscopic, and a trace of water In the 
sample would account for the slight dlserepences In the



comparison between calculated and determined values in the 
analysis«

Analysis Calculated lor bund

Carbon
Hydrogen
Methoxyl

20*31$

2} With Potassium fcertlary-Ik1t0xl.de as Catalyst#
A 200 ml* flask fitted with. & condenser connected through a 
calcium chloride tub© to a mercury trap was charged with a 
solution of potassium tertiary butoxid© prepared from 0*8 
grams of potassium in 20 ml* of tertiary butyl alcohol, 4*0 
grama (0*027 mole) of dimethyl succinate and 2*0 grama (0*0054 
mole) of the keto eater (XI)* Ihe flask was swept with nitro­
gen and heated under reflux for three hours• A color change 
to a reddish-purple and the formation of an orange precipitate 
occurred during this time* At the end of this reae tlon per­
iod, the mixture was cooled, acidified with 10 ml. of concen­
trated hydrochloric acid in 50 ml. of water and. transferred 
to a separatory funnel with the aid of two volumes of water* 
fhe aqueous phase was extracted with two 60 ml* portions of 
ether* Ih© ether, in turn, was washed with two 50 ml* por­
tions of water to remove the last trace of hydrochloric acid* 
three 60 ml. portions of 6 per cent sodium bicarbonate and 
two 50 ml* portions of water* On steam distilling off th© 
solvent, a sticky yellow solid was obtained* On# hundred



milliliter# of 10 per cent sodium hydroxide was added* Some 
of the material dissolved and the remaining solid filtered 
off* th© residue was reery#talllsed from SO per cent ethanol 
giving 0*5 grams of a cream colored solid iaelting at 120-140°* 
Hi is neutral material was probably a mixture of starting 
material, naphthol and dlsuecinete* fihe sodium hydroxide 
filtrate yielded 0*05 grams of the dlsuccinate (XXVI) cm 
acidification with hydrochloric acid* fhe sodium bicarbonate 
fraction whan acidified with hydrochloric acid, extracted with 
100 ml* of ether and th® ether evaporated, yielded 1*3 grams 
of a brown juauy substance* Ihi# was not further investigated* 

Saponification of Compound XII., Four grams (0*0096 mole) 
of the naphthol*»l ester (XIX) was heated with 72 ml* of a *25 
N solution of potassium hydroxide in Isl ethylene glycol - 
water until solution was effected and then for five minutes 
more* One hundred milliliters of water were then added; the 
solution cooled to room temperature and filtered* Xhe small 
amount of residue left was discarded* Aoldlfleation of the 
filtrate with It! hydrochloric acid produced a gelatinous 
precipitate that was filtered off, washed with water and 
triturated with 300 ml* of a sodium- bicarbonate solution*
The insoluble material was filtered off, washed and air- 
dried to give 2*53 grams of grey material that had an Inde- 
fcerminat# melting point* On acidifying the filtrate with 
hydrochloric acid, 1*75 grams of the free acid melting at 
238° with effervescence was obtained* Purification of this 
material for analysis was effected by swirling with SO ml*



of boiling bensen© and filtering followed by two recrystal- 
llzatlons of th© residue from aqueous di octane in. the presence 
of activated carbon* 1h© pure white ®map 1© melted at 245° 
with effervescence#

Calculated for OjbiHx sGg Found
S3.* 31|l 63*12$

63*05$
4*55$ 4*78$

% m O*i /o
23*59$ 23*34$

25*53$

Crystallisation of the aodium bicarbonate insoluble 
fraction from 30 ml* of glacial acetic acid yielded 1*15 grama 
of a whit# material salting at 233° with effervescence* A 
mixed a# 1 ting point with a pure a ample of the naphthol-1 
©aid gave no depression* Ihus, an overall yield of 3*30 grams 
(76 per cent of the theoretical amount) was isolated* It is 
believed that the sodium bicarbonate insoluol© material was 
a mixture of the sodium salt of th# acid and unsaponified 
ester*

Attempted Preparation of Compound XIII** * * « ■ > « *  i H i  i i* *    . ■ » i M h * w # * i’ » i i i i w n . i.a w fti w n m * * !  ,.-1 iiaa w i w m M > iwin il B * iii. »*u n i > M M i « iw. i .-ii i i iim w .■w * m » * iW f « * i n  n  1 u *  m w i w iiiw inniiw i i m m  m u m

1) With Forml&ehyde at doom Temperature* Seven 
milliliters of a 3*7 per cent formaldehyde solution was added 
to a solution of 1 gram (0*0026 mole) of the naphthol-! 
acid In 65 .ml* of 0*1 1 sodium hydroxide and. allowed to 
stand 14 days with occassional swirling* A green coloration 
developed during this time* On acidification with hydro­
chloric acid, a blue-grey precipitate appeared* She slurry

Analysis
Carbon 
hydrogen 
14# tlioxyl



was transferred to a separatory funnel and was dissolved in 
100 ml* of chloroform* A snail a noun t of insoluble material 
was filtered off and discarded* Ihe organic layer was sepa­
rated, washed with four 25 ml* portions of 10 sodium bicar­
bonate ana two 25 ml* portions of water* On sfceam-dlstilling 
off the solvent, 0*25 grams of a tan material melting at 
855-855° (sealed evacuated tube) was obtained. By reerys- 
talllxlng from glacial acetic acid, a white product melting 
at 285-887° (sealed evacuated tube) was isolated. Th# anal­
ysis on this material was* C, 67*8d**j II, 5*24^; and methoxyl, 
20*92^* Further reerystallixatlon did not change the analysis* 
Mo possible structure fitting these figures could be visualised* 
Acidifiestlon of the sodium bicarbonate fraction gave 0*62 
grama of a tan solid that melted with effervescence at 255°.
This corresponded to th© starting material*

2) hlfch Formaldehyde under a Nitrogen Atmosphere 
at 100°* A solution of 0.75 grama (0*0019 mole) of the 
naphthol-1 meld in 50 ml. of 0*1 H sodium hydroxide and 5*5 
ml* of 37 per cent formal&ehyde was heated under reflux In a 
nitrogen atmosphere with mechanica1 stirring for 24 hours* 
during this time, no green coloration appeared, but a 'cream 
colored solid precipitated. At the end of th© reaction period, 
the solid was filtered off and dried to give 0*4 gram of 
material that melted at 870-275° (sealed evacuated tube)*
A mixed melting point with the high malting solid obtained 
In the previous experiment showed no depression* Acidifi­
cation of th© filtrate produced a gelatinous precipitate



that weighed. 0*2 grams after drying* It melted afc 235 ̂ with 
effervescence and gave no depression when mixed with, a sample 
of the starting material*

Attempted Preparation of -Compound XIV#
1) M~^e fchylformanlllde and Phosphorus Oxjchlorlde 

with no Solvent* A mixtore of 1*0 gram (0*0024 mole) of the 
iiaphfchol-l ester (XII), 0*90 grams (0*0032 mole) of phosphorus 
oxychlorlde and 0*44 grams (0*0032 mole) of H-misthyIformanll- 
id# was heated la a test tube cm a m fceam-hath for 6 hours* 
Although the mixture remained as such, the color changed to 
reddish-purple color and evolved an acidic gas* At the end
of this time, the reactlon mixture was transferred to a 
filter with th© aid of water and washed with 100 ml* of 6 II 
hydrochloric acid followed by 100 ml* of water* On reerya- 
talliaing this residue from glacial acetic acid In th© presence 
of activated carbon, 0*5 grams of a. tan material was obtained 
that melted at 201-203° and gave no depression In th® 
melting point when mixed with a pure a ample of starting 
ms torial*

2) K-MethyIformanlllde and phosphorus Oxycfclorlde
ml tii o—Dlchlorobeneene ts Solvent» A mixture of 1 gram 
(0*0024 mol®) of the naphthol-1 ester (XU), 0*65 grass 
(0*0048 mole) of l-methylforfaanllI.de, 0*65 grams (0*0043 
mole) of phosphorus oxychlorlde and 2 ml* of o-dlchloro- 
bens'Cne were placed In a test tube and heated on a a team- 
bath along with mechanical stirring for one-half hour* A 
reddish-purple solution formed ana the ©volution of an
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acidic vapor was notad# ©ie solution was then cooled and 
neutralised with 5 grama of aodium a©atat# in 10 ml# of 
water# 4 steam distillation was then carried out# "Hi® 
resulting solid was filtered off and washed with 00 ml* of 
6 II hydrochloric acid and 100 ml# of water* the product 
was brown# weighed 0*85 grams and melted at 185-195°# 4
recrystallt&atlon from glacial acetic acid gave a light tan 
material that melted at 198-901° and gave■no depression when 
mixed with a sample of the naphthol-1 ester#
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bo t tor of foe tod bj preparing *h® acid chloride and t hmi closing 
the ring with stannic chloride rather than using phosphorus 
pent oxide on th® acid* Iha nitric acid oxidation step taa 
Improved by using vanadium pentoxid® ab a catalyst and a 
different isolation procedure, so that a. 45 par cent yield 
of hydras tic acid was oOtai n«4 in this step* Xhe hydras tie 
acid easily loses water on heating to give the anhydride.

fh© studios on th# degradation of pieropodophy 111.n con­
cerned an attempt to obtain conclusive evidence regarding th# 
position of the free hydroxy1 group in that molecule. A de- 
hydrogen*tlon was attempted using copper chromic# as catalyst 
and ethylene as a hydrogen acceptor* Unde? these eondltlon®, 
a secondary alcohol would have led to a ketone* Ihe only 
identifiable product obtained'was dehydroanhydrDpierapodophy11in 
&1 though there was incana 1ue1v* Inuioatiass the t a ke ton# had 
also been formed. Hi© remainder of th# work in tills section 
involved the oxidation of pieropodophy11in In various solvents 
with lead tetraacetate* If th© hydroxyl group was on carbon 
2 , formaldehyde would have been liberated* hone was do tee ted# 

Ihe work on the synthesis of podophpllotoxin was curried 
out with a view towards proving the structure of podophyllo- 
toxin through synthesis and developing a general method for 
obtaining similar molecules* Tae synthesis of podophy11otoxIn 
has not been accomplished although of6-methylenedioxy-4-(3,
4,5-trim® thoxyphenyl)-2-carhemethoxynephfchol-l, an Inter­
mediate In the proposed synthesis, was obtained. This was
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