RTHER STUDIES ON CERIN AND PRIEDELIN

By
Leonard Smith

Thesis submitted to the Faculty of the Graduate School
of the University of Maryland in partial
fulfillment of the requirements for
the degree of Doctor of Philosophy
1941



UMI| Number: DP71115

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript

and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

el
Dissertation Publishing

UMI DP71115
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M| 48106 - 1346



ACKNOWLEDGMENT

The author is grateful for the many
helpful suggestiona offered by Dr. Nathan
Le Drake who directed this research,



TABLE OF CONTENTS

INTRODUCTION o« v o o o 4 2 % o 4 ¢ 8 5 o & @

DISCUSEION
DohydrogonaBlion + « ¢« ¢« ¢ s ¢+ ¢ 0 ¢ v o »
Fydrogoshtlion « « + o o 5 5 ¢ » 4 & ‘
Oxidablion o« s o o 2 o ¢ o 4 0 ¢ & ¢ & » o

EXPERINENTAL « o » « . .
Seleniwm magmhim of friadclinyl .
mothyl othor « .+ . » > 0 % .
Pulledivm dehydragenatlion af :mmw:t
mothyl ether . . . R
Bydrogenatieon of ¢erdnt 4 « o « ¢ o » » o
Oxidation s6udies o ¢ ¢« o o & ¢ % 5 0 o @«

M;icvcut!&lttd.tntt
BIBLIOGRAPHY o o o o s o o o ¢« 4 0 ¢ 8 o s »

*
-
»
L 4

L]

K I T I A N

e % e 3 & # &

-

L 2N

£ 8 & & & » £



INTRODUCTION

The first seriocus investigation of the strueture and properties
of cerim and friedslin, two pentecyeclic triterpencida extracted from
cork, was begun in the organic chemistry laboratorica of the Univer.
sity of Maryland inm 1932, Drake and Jecobsen (11) worked out a meth-
od of extraecting, separating and purifying these two compound:z inm
sdeguate quantities and determined their molecular weights and eme
pirioal formulae. That friedslin is &« resdily enolizable ketone,
and cerin an hydroxy ketone was established by Drake and Shrader
{12). By = series of oxidation studies Drake and Campbell (B) ob=
tained evidenoe for the existence of the group —-CHsCOCR{ in
frisdelin, The dehydrogenation studies of Drake and Haskins (10)
and of Drare and Houston (18) eocupled with the synthesis of 1,8
dimethyl ploene by Drake and Howard (19) have asteblished the basie
strueturo of friedelin as being that of & pentacyoclie triterpencid,
Dreke and Wolfe (13), by their surface film studies of derivatives
of cerin snd of friedelin, have tentatively located the functional
grouns in ring B, D or E of the moleculs, Moat recently, Drake and
Holmes (17) have advanced the study of the structure of cerin by de-
monstratioz thet the earbenyl group in cerin iz located in the same
position with respect to the rest of the molecule as is the earbonyl

group in friedelln, Finally they have shown that cerin is an alpha
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hydroxy ketone and therefore corin is alpha hydroxy friedelin., It
was originally the purpose of this research to locate the carbonyl
group in friedelin by dehydrogenaticn studies on friedelinyl methyl
ethar, The method attempted having been proven ins#feetive, furgher
studies were made on the hydrogenation of friedelin and cerin, and

the oxidation of ocerim by lead tetrsacetate.



DISCUSSION

Bahydrogpnntion

The psrent hydrocarbon of both cerin and friedelin es indicaeted
by analyses and molecular weight (11) and by dehydrogenstion studies
(10) (18) is an octamethyl perhydropicene with two of the eight methyl
groups loceted in the one and eight positions., The remaining methyl
groups have been tentatively located by application of the isoprene
rule, and of the many possibilities thus postuleted, two struotures

are preferred,

Structure I expleins satisfactorily the products obtained by
dehydrogenation whereas structure I1I, proposed by Haworth (16), fits
the surface film data more elosely. Previocus work done in this laborae

tory has been aimed at locating the carbonyl group, and hes been



successful to some extent, The work of Campbell showing the pree
sence of the group (=CHpCOCE< ) (9) and that of Wolfe on friedonio
acid (14) and surface films (13) has limited the possible locations
to positions 6, 9 and 14 in structure I; and 6, 10, 11 end 14 in
struoture II. The dehydrogenations of Haskins and of Houston were
disappointing insofar as locating the funotional group was cone
cerned because the hydroxyl group split out as water,

Houston cites Ruzicka's work (20) as evidence thet methoxyl
groups survive dehydrogenation, and it was hoped that by converting
friedelinol to the corresponding methyl ether, the functional group
would be gtabilized to sueh an extent that it would survive the
drastic dehydrogenation treeatment. In this particular reference,
however, the dehydrogenation was used in the syntheses of five
isomeric 1, 2, 7 trimethyl methoxy naphthalenes, but in every ine
stance, the methoxyl group was appended to an aromstlic ring and
henoce had no cherce to split out asz methyl aleohol.

That the mechanism of dehydrogenation of friadelinyl nethyl
ether involves the splitting out of methyl sloohol was effectuaslly
demonstrated, at least in the pslladium dehydrogenstion experiment,
by the isclation, chnrauterization and estimation of the methyl
aleohol produced in the resction. Though the guantitaﬁive eatima~
tion of the aloohol accoounted for only fifty per cent of the theo=
reticel smount, and thus leaves something to be desired from an
analytioal standpolnt, there are several possible reasons for the
deficiency., The methyl alcohol was estimated by a modifieation of

the ViBbock and Schwappach method for the microanalysis for methoxyl,



and gince the boiling point of methyl elcohol is very low, 1t is
unocertein thet all of it wes converted to methyl iodide,s During
the dehyirogenation experiment the trap twice became clogged,
csusing the nitrogen inlet éube to blow off with conseguent loss
of resction gases, and necessitating the removal of the trap for
draining, Purther, since thore was formedvsuch a small amount of
alcohol in comparison to the quantity of gases passing through the
system, it is Dy no meens eertain that all of the methanol was
céllacted in the trap evén ﬁiough it was cooled in earboa dioxide
8now,

3ince half of the methoxyl was eaccounted for, snd since no
mothoxyl could be determined present in any of the products of
the reaction, it seems quite certain that the mechanism of dehy-
drogsnation of {riedelinyl methyl ether, as in the ecase of
friedelincl, consists of a splitting out of the functional group,
in this instence as methyl alcohol,

If the mechsnisms of dehydrogenation of friedelinol &nd of
friedelinyl methyl ether ere the same, it follows thet the pro-
duots formed should be the same except in so fer as differences
in the experimentel condltions ceuse differeness in the quantities
of the various compounds produceds Confirmetion of thls statement
is indiceted by the isolation of 1, 8 dimethyl picene from hoth
dehydrogsuation experiments, With the eliminetion from the mole=
cule of the group to be located and the probability thet zo new
compounds were likely to be isolebted, 1t appeared that to carry

on the investigation would contribute nothing further to the



elucidation of the struature of friedelin, and the projest was
scoordingly discontinued,



gydrqgenation

The cetalytis hydrogenation of friedelin results in the produce
tion of two isomerisc friedelinols depending upon the conditions employed
in the reduction. Unquestionably the only difference in these two moles
ocules is the position of the hydroxyl group on one side or the other of
the carbon atom. A study of the conditions nesessary to produce either
of the two isomers at will has shown that reduction in dioxsne using
Raney nlokel catalyst invariably produces the lower melting isomer at
any of the temperatures used, The reduction does not proceed with
eppreciable gpeed below 120° C, and since reduction using dioxane as
solvent with Raney nickel at temperatures sbove 200° ¢ is dangerous,
the experiments were restricted to these limits.

Hydrogenation using the “oopper chromite™ catalyst of Adkins (1)
presents a different pioture, Depending upon the temperature &t which
the reaction is carried out, either of the two isomeric modificetions
is obtainable, If the reduction proceeds at a temperature between
140° C and 160° ¢, the product which results melts at 278 to 282° ¢
and the melting range is not changed either by reerystallizetion or
by further hydrogemation. If the reduction proceeds st 180° C or
above, the product obtained is identical with that obtained by the
reduotion of friedelin with sodium snd smyl aloohol. The melting
range of the product, as first isolated, is broader than that of
pure friedelinol, probably due to the presence of small quantities
of the lower melting isomer formed while the reaction temperature is

being obtained,



The satalytic hydrogenation of omrin is spparently a highly come
plex resction, Shrader has reported a dihydrocerin of melting point
293°C to 295°C which he prepared by reduction of cerin with sodium
and amyl aloohol; and Holmes hes reported another of melting point
251+254°C which he prepared onee by reduction of cerin in dloxane
solution at 150°C using a copper ohromite emtalyst, snd which he
was unable to prepare again in several subsequent attempts. An in-
vestigation wes therefore begun to determine a set of conditions
whish would result in formation of this isomer, Although four dif-
ferent catalysts, prepared under different conditions, were used at
temperstures varying from 100°¢ to 250°B, this preduct was never
isolated, While the produet of hydrogenation in some cases melted
in the range specifiled, in every instance reorystallization caused
a rise in the melting point. The oonclusion is therefore suggested
that perhapa the product obtained by Holmes was in reality a eutectio
sonsisting of a mixture of seversl or all of the possible isomers.

Dihydroocerin contains two hydroxyl groups on adjacent carbons;
there are, therefore, four possible isomers, two cis forms and two
trans forms, from the sterecchemistry of these two carbons only.
Obviously the separation of a mixzture of four compounds so similar
in struoture into its compenents would be extraordinarily difficult;
nor does this exhaust the possibilities. According to Adkins(2)
hydrogenolysis of & ocsrbomshydroxyl bond as in the equation

ROE 4 Hp —=) RH & Hy0
is o definite possibility. He states thet this reaction does not
normally ocour below 250°C unless, (as in the compound under dis-

cussion), the radical R oontains a phenyl, carbonyl or hydroxyl



group, Should hydrogenolysis oecour, four possible isomers might
result, If the carbonyl should ocause hydrogenolysis of the hydroxyl
group of cerin, the subsequent reduction of the carbonyl group would
result in formation of one of the two friedelinols; if the carbonyl
should be first reduced, and one of the hydroxyls should cause hydro-
genolysis of the other, thenr two isomers of the friedelinols would be
added possibllities, The writer is of the opinion that the former
elternative motually takes plasce for the reasons which follow,
Experimentelly, the producta of hydrogenation were found to
melt over & long rangs, and in some cases to be very diffiocult te
orystallize, separating eas gelatinous substances. Only two pure
ocompounde were isolated; the lower melting isomer of friedelincl was
obtained in very small yield from one reduction whish was oarried out
at 12506, while the higher melting isomer of friedelinol was obtsined
in somewhat higher yield from a reduction st 250°C., It is interesting
that in eaoch instance the isomer of friedelinol was obtained which
would have been formed by reduction of friedelin under the ssme cone
ditiona, The signifiocance of this fact may be that the carbonyl group
in ocerin causes hydrogenolysis of the hydroxyl group. The isolation
of friedelinol from the oatalytio hydrogenation of cerin substantiates
the relationship between cerin and friedelin esteblished by Holmes,
The oerin used in these reduotions wes prepared in the usual mene
ner except that it was erystalliszed twice from chloroform, in which
friedelin is very soluble, before it was purified by the five reoryse
tallizations from pyridine, Analyses of the product were guite satise

faotory. 1t hardly seems oredidle that the cerin so prepared could



have contained enough friedelin to make possible the isoclation of
friedelinol from the reduction product,



Oxidation

The oxidation by lead itetrsacetate of the products of satalytio
reduotion of cerin proceeds at a more rapid rate than does the oxida=
tion of dihydrocerin prepared by reduction with sodium and amyl aloohol,
Holmes found that st a temperature of 50°C, 0.57 mols of lead tetrae
scstate was consumed per mol of dihydro cerin after fourteen days; the
writer found that &t the same temperature after 35 hours 0,91 mols of
lead tetramcetate was consumed per mol of catalytieally hydrogenated
cerin, The inference is that the hydrogenated preduct used consisted
predominately of the two cis forms, The hydrogenated materiel used
was reduced under the seme conditions ss that reported by Holmes to
melt at 251-254°C but it actually melted from 258«268°C, It was obe
served that the reaction veloeity of the oxidation varied with dife
ferent samples of hydrogensted product, but no attempt was mede to
sorrelate conditions of reduction with speed of reection, The dif=-
ference may heave been due to & difference in the retioc of ois to trens
forms.

The reaction between lead tetraacetate and hydrogenated cerin was
found to be more complex thsn was expected., Hormelly the reagent is
used at room temperature, end it is known to reect with 1, 2 glyecols
under these conditions to form disldehydes. Use of an excess has
been known to oxidize glyeols to dibasic aside but not normally in
ecetio acid solution; in this medium the resction stops elmost ine

variebly after the dialdehyde has been formed. In order to incresse
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the concentration of the hydrogsneted cerin and to ircreass the rete
of reaction, the temperatures used in thic rescsrch were varied from
40° ¢ to 80° €, and the abnormslities observed mey have been csueed
by this ohenge of conditions.

Threes products were ilasolated Irom the various oxidatlons. The
expected product, the dimldohyde obtained Ly Holmes, wes obteinoed
and further stiempts made to demonstrate its structure. The amount
obtained wes small, and the expserimonts therefore were limitsd., An
attempted roduction to the corresponding dihydrio slcohol wae unauce
csessful., Conversisn of the dibssic ecid obtained from the oxidetion
of cerin into the dialdehyds by use of the Rogsenmund roduction alse
failed because the dibasic acid, on being refluxed with thionyl
chloride, forms the anhydride insteed of the expecsted discyl chloride.
However, the disldehyde, whnen refluxed in aleohslic potaseium hydroxide
and then poured into dilute acid , forme & new compournd which 1s aocldic
and whish eontains three instead of two oxygen aioms. This compound
has a ssponlfication equivalent of 480, end the product recovered from
the saponificetion is identioel with the starting msterisl.,. Thoe new
compound cen be expluined on the basis of the following reection, an

intramolecular Cammizesro reaction:

Saponify >
Ac:dnf«s CH,OH

COON
CHO
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The gecond product of lead tetramcetate oxidation of hydrogenated
cerin proved to be identical with the dibasic acid obteined from the
oxidetion of cerin with chromic anhydride. It is the product which
would be expecoted to result from the further coxidation of the dialde-
hyde, and its isolation probably indicates that the disldehyds sotually
has the structure suggested because the dialdehyde results from the
oxidation of dihydrocsrin by one mol of lead tetrescetats, and the
dibesic aeld results from oxidation by three mols of lead tetrascetate
per mol of dihydreserin., Although the dibasie acid on pyrolysis forms
a pyroketone instead of an amhydride, omn being roefluxed with thionyl
ehloride 1t forms an anhydride instead of & diacyl chloride., The ane
hydride, on being refluxed with potessium methylate end poured into
dilute hydrochlorie acid forms again & divasic acid, or a mixture of
dibasic amclds, for the meltiing range of the product varies with the
length of time it is refluxed in elkaline sclution. Unquestionably
there are several possible lsomers; that obtained by oxidetion belng
probably a trans form, and that formed by regeneration from the an-
hydride being probably e cis form.

In an attempt to obtain more dialdehyde for further study,
dihydrocerin identical with that used by Holmes in his experiment
was prepared by the reduction of cerin with scdium and elcohel.

This compound, dissolved in scetio acid, was oxidized at 70° C using
an excess of lead tetramcetate, The chief product obtained was epe
parently an ester for it hed a saponificzution equivalent of 475,
whereas the product recovered from the saponification had no saponie

fieble group and contained one less oxygen atom. The best conoclusion
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to be drewn from the anslytical dala is +that the ester is the monoe
acetate of cerin or an isomer of cerin end thet the produet obtained
by saponification is cerin or an izomsr of eerin, Cerin, ss it is
usually purified, molis at 27519 Z; but by sxtensive racryvstellie-
gationsg Troa ehlorofornm and from pyridine, a product aan be obtalined
whieh melts at 251«57° ¢, This observation was first wade by Shrader
(12) and has baen confirmed by the writsr. The product obtained by
saponlification of the muterial resulting from eaction of dihydro=
serin with lead tetrascstats at 70° € melts at 258-64° ¢, and two
mixed @slting voints with perin of melting point 251=57° € meltad at
254-81° ¢4 That osorin sand friedelin are mixturss of isomers has long
been suspected because cf the rather long ranges of tempersziure over
whieh they melt; this evidencs zeems tc confirm that suspicion,

It should bs noted that this momoacetate rspresents only twenty
per cent oF the total materizal usesd snd dose rot szecunt for the
three mols of leaxd tstrascetste comzumaed in the resetion; ir the
formstion of this groduct only oms mol would be used. Cne mechenism
by which the monoscetate might te formed is a dehydrogenetion at one
of the hydroxyl croups to form & ketone followed by direet scetylation

of the remaining hydroxyl.

Pb @Ae)v

Dehydrogenate

Acetylate




Sdponfy

OAc oH

Cerin soetate Cerin

The resetion involved in the mechanism postulated above is a well-

known resction of lead tetrascetate. (3)
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BAPLRIWENTAL

Preparation of rrigcdeclin

The friedelin used in this research was oblained by a modificae
tion of the method used by Drake and Jacobsen., The "frisdelin rich"
material, obteained bty addition of acetone to the concentrated chloro-
form filtrate from the preeipitation of cerin, was filtered off, then
erystallized five times from pyridine and dried over phosphorous
pentoxide or sﬁlfuric ecid, The slimination of the purification as
the enol-benzoats, and substitution of orysteliization from pyridine
was suprgested by Holmes, and contributes a preat saving in tims,

yield and effort. The product melts at 257 to 263° (,

Friedelinol

1) 0.05 mols (21.3 g.) of friedelin (M.P. 257-63° C¢), dissolved
in 700 o.e0., of dioxane, was reduced in the high pressure hydrogenator
at 160 C with three grams of copper chromite catalyst, After two
hours the temperatucs was raised to 180° ¢, end after one hour merse to
200°% ¢, The maximum pressure recorded was 2200 pounds per square inch,
After allowing the bomb to evol, the mixture of contents was removed
end heated on the stoam beth to dissolve the product, the catalyst was

filtered off, the {iltrate was concentrated, and the friedelinol
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allowed to orystallize. The product melted at 278-82° C, Several
crystallizations from amyl alecohol feiled to change the melting point,

Further hydrogenstion camused no change in the preduct,

&nnlyais:l
Caloulated for CgoHg,0 C - 84,04
52 H =T 12,25
Found ¢ S 83,97 , 83,71

T u

12,22 , 12.25

2) Five grams of friedelin was dissolved in 200 c.c, of dioxane
and reduced for six hours over three grams of copper chrumite catalyst
at @ temperature of 200° C end e pressure of 2400 1bs, per sq. in.

The product of hydrogenation was obtained es above and found to mslt
at 291-300° C., A mixed melting point with friedelinol prepared by
reduction of friedelin with sodium and amyl alcohol showed no depres-
sion, Several erystallizations from amyl aloohol raised the melting

point to 2§5-301° C,

3) Twenty grams of friedelin dissolved in 700 ¢.c. of dioxane
was reduced for four hours over Raney nickel catalyst at 150° C using
@ pressure of 2000 1bs, per sq. in. The product melted at 278-82°

C.

4) Five grams of friedelin dissolved in 200 c,c. of dioxane

was reduced at 200° C over Raney nickel catalysts for four hours at a

1 The author thanks Mr, W, A, Stanton for these analyses,
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pressure of 3000 lbs, ver sg, in, The nroduct melted at 278-82° ¢,

§) An attempted reduction over Haney nickel catalyst ai room
temperature failed completely., Reduction at 100° ¢ wes incomplete

sfter six hours,

A total of 155 grams of the lowsr melting lsomer of Iriedelinol
end 25 grams of the higher melting form were prepased oy catalytic

hydrogenation., The yields were quantitative,

Friodoligyl Acetate

One gram of friedelinol (M.P. = 278-82° C) in 100 c.c. of acetic
snhydride was bolled under reflux for three hours. After four recrys=-
tallizations from bensene ths product was found to melt with decomposi-
tion from 273° to 288° C. Placed in the melting point bath at 288° ¢,
the substance melts from 285° to 287° C with decomposition, A mixed

melting point with friedelinol melted at 240° C,

Lnalyaia:z
Caloulated for C32Hg,02 C = 81,64
H=1l.58
Found 81,50 , 81,80

o
un

11.85 , 11,70

2 The author thanks Mr. P, J, Wingate for these anslyses,
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Friedelinyl Methyl Ethhs

1) Ten grems of friedelinol (%.F, 278~8:2° C) was dissolved in
250 c.c, of speclally purified dioxane in s twoenecked, oms liter
flask with standard iapered glass connections and Titted with a Hersie
berg stirrer., Four grams of potassium metal was added, and the mixture
was heated under reflux for five hours with vigorous stirring, At the
end of this period, three portions of methyl iodide, each consisting
of 20 c.c., wore added at one hour intervals, and ths mixture wes then
allowed toc reflux for four hours longer, The excess potassium was
then dosztroved by the addition of alcohol followed by a little water,
and the methyl iodide was recovered by fractional distilletion throush
an efficisnt fractionating column, The dioxans soclution of the »nro-
duct was evaporated bto dryness undsr roduced pressure on thes stesn
bath to yiold a white powder which was stirred viporously with water.
at & tompsrature of about 30°% ¢, filtered, washed thoroughly with
water and dried. The extent to which friedelinol was converted to
methyl ether was estimated by gquantitative determination of the me-
thoxyl contert of this white powder and wus found to average 80 to
96 per ocent of the theoretical amount, The white powder wes recrys-
tallized several times from oyridine to vield a white, nlicely corys-
talline muterial which melted from 253-64° C, The product is
undoubtedly & mixture of two isomeric methyl ethers sines refluxins
either frisdelinol with an alkell metal would probably ceruse racemi-

gsation,
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3) The following methods of synthesis of methyl sthers were
sttempted bul wore found to yleld little or no methoxyl sontaining
sompound,

1) Addivion of dimethyl sulfate to & quinoline solution of
friedelinol.

2) Preparation of friedelinyl p-toluens sulfomate and heating
it with methyl aloohnl in & sealed tube at 2009 C for four hours,

3) Rarming & mixture of frisdelinel, dimethyl sulfate and
powdered caloium ocarbonate,

4) Preparation of friedelinyl chloride and reaciing it with
sodium methylato,

§) Refluxing friedelinol with methyl lodide over silver ozide.

€} Eeacting friedelinol with methyl magnesium iodide eand the
product of thig resction with methyl iodide,

7) Zeaoting [riedelinol with sodium followed by additiom of
moethyl iodide,

8) Hesoting frisielinol in bensene solution with potassium
followed by addition of methyl lodidae,



Selenium Dehydrogenation

The apparatus used in the dehydrogenation experiments was similar
to those used by Haskins and by ilouston., It consisted of & 125 c.c.
round bottom flask semled to an air condenser which was 16 mm, in
diameter and one meter long. 4 capillary side arm was sealed into the
top of the bulb and a six mm, side arm wes #ealed iuto ths air con=
denser about 10 om, from the top, which was closed by & rubber stopper,
The upper, or oxit side arm, led to a trap of the cold flnger tyve,
which was immersed in ice water, The gases were lasd Sroun the bran
through & bubble counter to a 15 mm, tube, 50 em, long, filled with
bleaching powder, the purnose of which was to docompose the hydrozsn
selenide formed iu the experiment. 4 stream of nitrogen was passcd
through the sppareatus to remove the gaseous products and thus Lo ine
erease %he speed of reactlion.

Ten grams of friedelinyl metihyl stheor was mixed thoroughly with
one gran of powdered selenivm axnd placed in the reactlon bulb, The
aepparatus was swept out with nitrogen, and the sai¥uath in which the
reaction flask was pleced was heated to u teﬁggratur@ of 300° C in
ebout one hour, iihen, after a short period, no evidsnce of resotion
wae observed, the temperature wes gradually increassd to 380° ¢ ot
which temperature resctior apparently bezan. It was desmed advisaltle
to keep the reactior at es low a temperaturs as pocsiltle in order to
prevent, if possible, cleavage of the functional group. The ﬁempera—

ture was maintained for fifty hours during which 20 grams of selenium



in four gram pertions was added at intervals.

#When no further evolution of hydrogen selenide was obsarved, the
flesk was cut off and broken; the product wes a dark brown, almost
black tar, The tar was ground up, placed in a Soxhlet apparatus and
extracted with ether., This solutlon was evaporatdd to a red oil,
which was treated with strong sodium cyanide sclution to remove any
colloidal selerium which mipght be present, The red oil was dissolved
in benzene, washod free of cyanide, dried over calcium chloride and
evaporated, then sepersted by distillation at a preasure of three mm,
of mercury into four frsotions. Methoxyl determinations were rude on
each of these fractions, dbut no methoxyl was iound.

The residue from esther extraction was exhaustively extracted
with benzene, and the solution was evaporated to drymess to yield a
red powder, This was sublimed at 350° C, but the red selenium present
was not removed. It wes then heated for three hours on the steam bath
with strong sodium cyanide solution. The yellowish powder which re=-
sulted was washed thorougnly with water, dried and crystalliszed from
benzene., A methoxyl determinstion showed that no methoxyl wee pre-
sent, This product, which melted at 292-93° C, was crystallize
once from acetic =nhydride, three times from benzene, and thrsec times
from pyridine., The melting point gredually rose to 305-05%° ¢ when
scarcity of material prevented further purification. A mixed melting
peint with synthetioc 1, & dimetihyl pieene prepared by rloward showsd
no depression.

The rssidual tar from benzene extraction was refluxed with pyri-
dine and the mixture filtered, but no crystalline material was obtain-

able from the filtrate,
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3) Dehydrogsnation

Fifteen grams of friedelinyl methyl ether was mixed
thoroughly with five grams of pallsdiumecharcoal ocatalyst end placed
in the reaction flask, and the apparatus was swept out with niirogen,
The heating bath, & sodium nitrite=potassium nitrate equi-molar mix-
ture, was ther heated to 300° 0, the flask was immersed and the bath
temperature was regulated to 320° ¢, Three three gram portions of
catalyst wore added at intervalg, the total length ol the experiment
being 62 hours, During the courss of the run the trep clogged twice,
causing the nitrogenm inlet tube to blow off, and necessitating ree
moval of the trap for clearing. ¥This mishap undoubtedly ocaused a
loss of some of the most volatlile products,

At the end of the experiment the trap was found to contain
about 0,5 c.c. of an oll and several cublc centimebers of an agueous
solution, The sclution was washed from the oll in & separatory fun-
nel using several small portions of water, and the washiags wers
made up to & total volume of 10 ¢.0. Fivs c.c, of this sclution
wes teasted gualitatively for methyl alcohol by Denige's method,

The aleohol was oxidized by potassium permanganate in phosphorioe
acid; the exeess permanganate was redused by oxalic acid in 50 per
cent agueous sulfuric aecid, end Schiffs reagent wes added, The
intense red coclor which resulted even in the presence of sulfurie
acid could only be due to the presence of formaldehyds, demonstrating
that ths tested solution contained methyl alcochol.

The remaining five c.¢. of solution was diluted to 10 e.c, and

one ¢.c, of this was again diluted to 80 c.c. so that the final



solution reprezented a tobtal dilution of omne part of the original in
1000 c.¢e of solution, A micro methoxyl deteimination wes mede on

one c.c. of this final solution by adding it to previocusly chilled
hydrogen iodide solution in the reaction flask of the Vieb®ck and
Schwappach methoxyl apparatus, allowing the mixture to warm to room
temperature, snd finally heating as in the normal Jdeotermination., The
estimstion accounted for about B0 per cent of the theoretically possie
ble amount of methyl aleohol; the other EC per cent may have been lost
in the mishap previously described, 1t seems certain that there is
little hope of isolating a methoxyl derivative by dehydrogenation,

Az a check, the residue in the dehydrogenation {lask was ex=-
haustively extraoted with benzene, the solution was evaporated to
dryness and methoxyl content wes determined on a 300 mg, sample,
Similarly, a determination was made on the o¢il found in the trap.

No methoxyl was found to be present in either case, <ence the dehy-

drogenation study was abandoned,



BEYDEOGENATIOR OF CERIE

Agggzgtus

The hydrogenator used consisted of a:heating jacket mounted on
8 sheker in such & manner that the reaotion bomb could be tilted
back and forth to the extent of about 15 degrees on eithar side of
the horizontsl., Two interchangeable bombs heving capscities of 100
c.ce and of 1200 c.o0, wers available, The apperatus was suitable
for use at any pressure up to 6000 lbs, per sqg. in, and any temperae
ture hstween room temperature amd 400° ¢, The temperature wos cone
trolled by a themocouple inserted in a hole drilled well into the
bottom of the bormb and connected to a regulating potentiomster, A4
cumpressor was available for obtaining pressures hirher than could

be obtained from a hydrogen cylinder,

Preparation of Catalyst

The ocopper chromite catalyst was prepared acsording to the di-
rections of Adkins (1), Before decomposition, the orange precipitate
formed in the process was divided into two portions one of which was
decomposed at as low a temperature as possible, and the other was
decomposed at hizi: temperature, The object was to prepare catalysta
differing in activity in an attempt toc prepare the dihydro cerin re-

ported by Holmes which melted at 251-54° C, In addition to these two



catalysts, two othser copper shromite catalysts prepared by Wolie and

by Mozingo were used,

Purification of Dioxane

The dioxane used in these experimsnts wes carefully purified by
allowing it to stand for 30 dewvs with 10 por cent of its volume of
10 per cent hydrochloric acid, The water and hydrochloriec acid were
removed by addition of solid potassium hydroxide, and the dioxane

was then refluxed over sodium for two hours bafore distillation,

Priedelincl from Reduetion of Cerin

1) One gram of cerin (M., 247-51° C) was dissolved in 60 cwo.
of dioxane and reduced over ons gram of copper chromite catalyst for
eix hours at 250° € using & pressure of 3000 lbe, per sq. in. &5ix
crystaillizations of the product ylelded apuroximately 50 milligrams
of friedelinol melting at 299=3020 (¢, A mixed melting point with
friedelinol prepared by catalytic hydrogenmation of friedelin showed
ne déprsssian.

Analysis:

84,04

Caloulated for GSQH o =
52
= 12,23

o

Found 83.80 » 83.?9

12,32 , 12,27

il o)
" e

2) Ome gram of corin (M.P. 247=51® () dissolved in 80 ce.2. of

dioxane was made acid to litmus by addition of one drop of scetie

&)

0y

-
o
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acid, One gram of ocopper chromite ocatalyst was added and the mixture
shaken for seven hours at 120° C at a pressure of 1800 1lbs. per sq.
in., Four orystallizations from dioxane yielded 20 milligrams of crys-
tals which melted from 277-82°% C, A mixed melting point with the
lower melting lsomer of friedelinol prepared by catalytic hydrogens-
tion of friedelin showed no depression,

Analysis:

Caloulated for Cgolgy0 84,04

12,23

¢
H

Found iB3.64 , 83,14

C m ¢
H= 12,35 , 12.14

The catalytie hydrogenation of cerin is highly oomplex, The
only pure compounds which have been isclated are those do?cribod
above, The table on page 28 is presented as a summary to show the
socope of the conditions studied, Even when conditions are as care-
fully oontrolled as possidble, the product formed cannot be duplicated

in melting range.



HYDROGENATION TABLE

Temp. Pressure in Time in Catalyst ¥elting Range of
°c ibs,/sq. in,  hours first product °¢C
80 108 8 Raney Hickel 251-48 (mostly,

80 97 1 " " 257-81
100 100 16 w . 251=80
100 2400 4 . n 257-71
160 2400 7 " " 264~T4
100 3000 5 o “ 270=-84
110 2980 8 Copper Chromite (Mozinge) 243=54
120 2000 4 " " " 267=T0
120 2400 7 " " « 244-57
125 2000 5 " " " 255=60
128 2100 7 " " " 246-52
150 2400 6 " b . 270-77
180 2000 8 " " " 266-32
280 2400 6 " " " 255=72
240 2000 24 n " " 251=67
150 2000 4 Copper Chromite (iiolfe) 251=60
150 2000 4 " " " 255=72
280 2000 4 " " " 251=70
160 2000 4 Copper Chromite (High temp,) 27579
160 2000 4 » " (Low temp.) 266-32
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The iodine libemated from the potassium lodide by the lead tetrae
agetats of the aliquot was taen titrated with standard sodium
thiosulfate solution, For the blank 21,8 ¢.c, of 0.0183 normal
thiosuliate was used by each five c.c, aliquot and, for the sample
3¢l Cece of thiosulfate was used for each 10 c,c, sligquot, Calcu=
lation showsd that 2,985 mole of lead tetraacstats was used up per
mol of hydrogenated cerin present, This corresponds to the theo-
retical quantity of oxident reguired to econvert dihydrocerin into
dibasic acld,

The acetic acid solution wes poured into 1.5 liters of hot
water, cooled and filtered, The precipitate, which was liberally
contaminated with lead dioxide, wae extracted six times with boil-
ing benzene, The bensene solution was concentrated to about 100
0s6, and filtered several times through hardened filter paper to

remove a small quantity of leed dioxide. The filtrate was ooncen-

trated and allowed to crystallisze %o yleld about 500 mp. of a product

which sintored at 265° and melted with decomposition at 273-77° ¢,
Several crystalliszations from benzene raized the melting point to
279=82° ¢, A mixed mslting point with the dibasioc acid obtained
by Holmes from the chromic acid oxidation of cerin showed no de=-
pression,

Analysis:

Calculated for G59K50Q4

Found e
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Oxidation of Hrdrogonatsd Cerin to Dialdehyde

1,56 grams of hydrogerated cerin, dissclved in 500 c.c. of acetic
acid, was oxidized at 60° C by a measursd quantity of lead tetraacetate
equal to & ten per cent excess of the theoretical quantity necessary
to oxidige dihydro cerin to the corresponding dialdehyde, At the end
of 60 hours no unused lesad totrascetste could be detested, and the
solution was poured into 1500 c.c. of hot water (90°), cooled, and
filtered, Purification, which was effected as descritad above, was
simplified by the absenss of any lead dloxide. After ssveral crystale
lizations from benzene, the reaction product was found to melt from
310-14° €. A mixed melting point with the dialdehyde obtalned by

Holmes snowed no deprassion,

MYonobasic Acld from Dialdehyde

0.1 gram of dieldehyde (M.P. 310-14° C) was refluxed in alcoe
holic poteselum hydroxide until solution wes achieved and then the
refluxing was continued for 30 minutes. The solution was poured into
dilute hydrochlorlc acid, and the white precipitate was filtered off
and crystallized from acetone to yleld a white solid melting at 312
179 €, A mixed meliing point with the dialdehyde showed the product
to be a different compound. A ssponification equivalent determination
was mede and the product was recovered and crystallized twice from
scetone. The melting point of this product was 322-25° ¢, Three
mixed melting points with the material used in the saponification

were all intermediate between those of the two substances themselves.



Analysis:
Caleuleted for -’33{)'35293 G = 78,20
He 11,37
Found C = 78,24 , 78,50
72 11,18, 11.11

Seponification Bouivalent
Calouleted for C 3@352(’3 460

Found 449, 453

Dibasic Acid from Oxidation of Hydrogenated Cerin

Four grams of hydrorenated cerin, dissolved in 1500 c.c, of
glacial ecetic acid, was allowed to stand at roum tbemperature with
a large excess of lead tetrascetete for 27 days. Ths product was
obtained in exactly the same way as previously dezeribed and was Tound
to be identiocal with *he dibasie acid formed in the oxidation of cerin

by chromiec acid,

Aphydride of Dibasic Acld

To show, if posaible, the relationship between the dibasic acild
and the dialdehyde, an attempt was made to reduce the acid (as the
diaecyl chloride) to the diealdehyde by the Rosenmund method, 1.8
grams of dibaslec aoid was dissolved in 25 c.c. of thionyl chloride
and refluxed for omne hour on the steam bath, The thionyl chlouride
was distilled off under reduced pressure and the solid residue was
dissolved in 20 c.c. of dry, thlophene~fyee bantene which was then

distilled off, Thls evaporation of ths benszene solution was repeated
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three times to insure rewmoval of all thionyl chleride. Finally, the
golid was dried over sodium hydroxide in a veouum desieccator, ihen
three separate experiments, using varying conditions snd different
preparations, falled to evolve hydrogen chloride the product of the
reaction between dlbaslic acid end thionyl chleride was iscolated and
erystelliized from benzene., Aflter four resrystallizations the pro-
duct melted at £74=-789 ¢; a mixed melting point with the dibasie

aoid melted at 265°,

Analysis; 6
Calculated for 630:&4803 Cc = 78,89
B = 10,59
Found

£ 79,05 , 79,10

c
H 2 10,49 , 10,68

Dibasic Acid from Anhydride

04l grams of enhydride waszs refluxed for 30 minutes with methyl-
alcoholic potassium hydroxide, then poured into dllute hydrochloris
acid to yvield e white precipitate which was filtered off and eryse
tallized from scetone., The preoduct erystellized in beauvtiful needles
melting at 249=857° C. A portion of this product was refluxed azain
in slooholic potassium hydroxids to yvield s product melting at 269~

84° ¢. Both nroducts were apparently mixtures of dibasic acids,

Analysisse
Calaulated for GSQHiSOo'% C o TH,82
Hs 0.2

6 The author thanks Mr, E. G, Young for these analyses,



Found 2 754,42 , 75.65

= 10,61 , 10,382

pex o

Dihydrocerin

Twenty-four grams of cerin (in twoe batchos) was dissolved in
2400 co.c. of hot amyl alcohols To this was added 25 grams of fine
sodiuwm shot in small portions, The amyl alcohol was distilled off,
and the gelelike s0lid obtained was orystallized many times from sn
ethyl aloohol=bonzene mixture to yleld 1,8 grams of dihydrocerin
melting at 283=96° C., A mixed melting peint with dihydrocerin pre=-
pared by Holmes, and ussed by him in his experinent, showed no de=

pression,

Load Tetrassetots Oxidetion of Dihydrocsrin

1.88 grams of dihydrocerin was dlssolved in hot acetic mcid in
2 one liter volumeiric flask, Into this was pipetited 100 c.¢. of a
lead tetraamcetate solution which had been saturated at 70° C. Fifby
cece ©f the same solution was pipetted into e 250 c.c. volumetiric
flesk, and both flasks were made up o volume at 709 C. Aifter 48
“hours, alicguots were withdrawn and titrated with 0,0255 normal sodium
thiosulfete solution, PFive c.c. of blank used 15,30 c¢.0e, while 10
c.0, of dihydrocerin solution used .60 c.s, Calculation shows that
3,07 mols of lead tetrascotate were uszzd per mol of dihydrocerin,

The product was worked up in the ususl menner and rscrystallized
geveral times by dissolving it in benzere and evaporating with simule

taneous addition of ethyl alcohol, The whits needlss thus obitained



melted at 254«57° ¢, A mixed melting peint with cerin showed & marked
depreasion, The yleld of produet obtalned, 380 milligrams, represents
only 20 per cent of the total materiel pressan®t and does not sccount

for the total amount of lead telraasstate used up in the reaction,

Analysis:
Calculated for Cg,lgs0 C = 79.29
82 3 I = 10.81
Found C = 79,18, 72.33
T 2 10,71 , 10.38

Saponiflication Bquivalent:
Caleulated for szﬂsz@s 484

Found 470, 478

The product of saponification was recovered and recrystallized
from benzens and ethyl aleshol, It was found to melt at 258-64°% ¢
and & aixed melting point with the original showed a marked depres-
sion., A saponification experiment on the recovered preoduct showsd
that this product was not acidice and did not possess a saponifiable
group. Carbon and hLy.drogen analyses, combined with the data on the
produet saponified, ilndicate that the recovered matsrial is cerin or
an isomer of cerim., The indicatlon iz conlirmed by mixed melbing
points, Two mixtures of the product recovered from seponificatlon
with cerin of melting point 251-57° ¢ melted from 254=061° ¢,

Aralysies:

Caleulated for Czpliggls C S Bla37
HZ= 11,39

Found = 80,97 4 Ble02 , BlddQ

10.96 , 10,92 , 10,95

wmQ



SUMMARY

1) An isameric friedelinol has been isolsted, and the conditions
necessary to produce either isomer at will have been ascertained.

2) The isolation of friedelinol from the hydrogenation of cerin
has demonstrated sagsin the close relasticnship between the two ocom-
pounds,

3) Location of the earbonyl group in friedelin by dshydrogenation
of friedelinyl methyl ether has been proven impossible,

4) Supporting evidence for the strueture of the dialdehyde ob-
tained by lead tetramcetate oxidation of dlhydrogerin has besen obtained,

§) The existence of several stereoiseomeric dibasic acids has been

demonstrated,

§) Two new products of lead tetramcetate oxidation have been iso=
lated, These sre the dibasic acid whioh has been obtained previously
by the oxidation of cerin with chromie anhydride, snd the monceagetate

of oerin or s compound which is isomerie with cerin,
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