THE PALLADIUM DEHYDROGEFATION OF FRIEDELINOL

BY

DAVID FAIRCHILD HOUSTON

Thesis subtmitted to the Paculty of the Graduate sahonl
of the University of Maryland in partial mlrulment
of the regquirements for the degres of f 5
Doctor of Fhilomophy.

1038,

CHEMISTRY LISRARY

UNIVERSITY OF MARYLAND



UMI Number: DP70406

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.

UMI

i
Dissertation Publishing

UMI DP70406
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

ProQQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M1 48106 - 1346



ACKNOWLREDGHENT

The writer wishes to express his
appreciation to Dr. N. L. Drake for the
suggestion of this problem and for his

counsel during the ccurse of the research.



TABLE OF CONTHENTS

HISTORICAL INTRODUCTION . .« « « & + « o« &
Devalopment of tritervenoid structure .
Receant use of palladium dehydrogenation

EXPERIMENTAL RESULTS & ¢ ¢ o ¢ o ¢ o o «
Preparation of material and catalyst .
Dehydrogenation ¢ + v e 4 e % s e e e

Apparatus R T T T T T Y
Procedure v s 8 2 s e e e s s e e e
Analysls of gaseous products . «» « « &
Examination of residual products .« «

DISCUSSICN OF RESULTS o o ¢ o ¢ « s o o« o

SUMMARY o o ¢ o o s ¢ ¢ o o o o o s o « =

LITERATUHE CITED o o « « ¢ o + « s = o =



HISTORICATL, IWTHONUCTION
Uevelopment of triterpenoid structurae

The gensral formulation of highly vrobable structurss
for the cyclic triterpenes and tritervenoids 1s largely
the result of extensions of rasgularities observed by Ruzicka
in the realm of sesgui- and diterpencs, This development
has been recently roviewed in sevoral comprehensive articles,
(24,26,27) and need only be briefly cutlined hera.

The predicated polymsthylataed pentacyclie carbon
skeleton arose from considsration of the products obtained
by dehydrogenation of various sapogenina, and apparently
related compounds, in the light of 1limitations imvosed by
the "isoprene rule”. This latter 1s an expression of the
fact that a2 great number of compounds from natural sources
mavy have their carbon skeletons oxpressed &s maltiplos of

that found in isopentane: (C~C-G=C). In & nmajority of in-
C

stances these units avpear to be joined in a regular order,
or "head-to=-tail", but in some csses they are connected in
an irregular manner. Regularities in thse field of the poly~-
terpenes were discovered only when thia architectural 1iso-
prene rule was applied in conjunction with the oexperimental
data obtained from dehydrogenation procossses. The resulting
hypothetical formulas have been somewhat modifled, and the

actual or relative positions of reactive groups determined,



through the information afforded by a third method of
attaek-<-oxidative degradation.,

Some exsmnles of the anvlication of the isoorene rule
to compounds ranging from the monotesrpenes through the tetra-

cyelic peolyterpenes ere shown in the followlng formulas:

(;Hs
w’§32 c—CW{;hP‘M 2& “'J}?C‘iz Mﬁﬁ fj ’ (*'1:;)0}:1
TT fernesol
Fe .
I liwonena
Cl"3
Iil sadinens IV eundasmol
Hoec cu3 K/Q
g /C.’"3
\ CH3
v ahietic scid squalene VII tetracvelosqualens

From this peolint it was a logical step to assume that
the closing of the centrsal ring of tetracyclosqualene (VII)
formed a pentacyclic triterpene. Ruzicks discussed(28) this
possibility in 19832 in connection with the products which

had been obtalned by dehydrogenation of a series of elighteen



compounds. All of these formed savnotalene (1,2,7-trimethyl
naphthalene). Other products frequently found were
2,7=dimethyl naphthalene, 1,2,5,6«tetramethyl naphtha-

lene, (30) and a hydrocarbon of the formula CggHpy or CoaHqp.
The hypothetical tritorpene {VIII) derived from tetracyclo=-
sgualaene was changed as little as was possible in order to
satisfactorily explain these products and yet follow the

isoprene rule. The result was formula IX.

ox .

T™wo other compounds were at times found which, though
incompletely characterized, were considered to be a hydroxy
sapotalene and a substituted dinaphthyl ethane. Later, a
further product was identified as 1,2,3,4~tetramsthyl
benzens. This last could be explained as arising from com-
pounds containing a hydroxyl group adjacent to a geminal
dinethyl group: when the hydroxyl was eliminated, there
followed 2 ahift of ons of ths mathyls.e This is the =same
type of shift as that found during the loss of ths sidechain
in the dehydrogenation of cholesterol(6) and has been axe-
pilained by Cook(4) s a specisl case of those transformations

including the pinacolone and Wagner-iieerwein rearrangements.



These consideratlions, in conifunction with the information
available from oxidative degradations of the triterpenocids,
gave rise to the bellef that the hydroxy sapotalene was
Bemathoxy«l,2,7-trimethyl naphthalene. The results of theaese
investigations were anplied to oleanclliec acid in 1836 by
Ruzicka and Hofmann,(33) and formula X wss presented for this

compound.

Ho

Ho

COOH

Synthesis of the five isomeric hydroxy aapotalenes, how-
ever, proved them all to differ from that obtainad by
dehydrogenations The formation of sapotalene from this
latter by zing-dust distillation was checked by palladium
dehydrogenation, and an alkyl shift was discoverad to have
occurrad in the earlier studles. Preventlon of the shift
led to what was apparently 7-hyvdroxy=-1,2,8-trimethyl naphtho-
lene. The ensuing protabls skeleton (XI) was, however,
rendered uncartain by ths dlscovery that nelther 3,3-dimethyl
nor &,0,10=trimethyl nicens of aynthstic orizgin was ldentical
with the alkyl picene from natural sources.{3®) The dis-
covery that synthetic 7-methoxy-1l,2,8-trimethyl navhthalense
was not identical with the ceorresponding compound from

dehydrogenation(36) emphasized the previously noted fact(29)



that mized melting voints of hydrocarbons, plerates and
trinitrobenzolatzs were not always depandabla, and led to
final proof that the comvound was Gehydroxy=1,2,5=-trimethyl
narhthaloans (S-hvdroxy arathalens). This in turn led to a

revision of thes olsarolic aclild structurs to formula XIT,

Ho
cooH
XIT

whiceh once more contained a structurae for rings A and B in
accord with that occurring in the majority of ditsrpensse.
T™his type of structure for the nins carbon ntoms

"3(: CH‘3

\Yf/
/ \V»f/CHz
HOH?

HC

, AN
C
- ~
Nl
Hy
also egread with the results of oxldative degradation, a5
was shown by Fu=zicka in a review of the pertinent data.(386)
The racent synthesals of 1,8-dimethyl plcens by two
independent groups,(14,34) and the preoofl that this was 4idente
ical with the 2lkyl pleene from dehydrogenation, led to a
change in the structure of ring %, giving XIII. This formula

included, mor=over, the shifting of the deuhlza bhond and the



carboxyl sroupn fron ring T o ring €. This was basod on
avidence fros the oxidation experiments on oleanolic acid. (38)
mis formula sucecesafully asxplalined all the ldentified
products of dahydroganation, wasz in =zaeord with oxidative

degradations, and sabisfied the 1sovnrene ruls.

Ho

HooC

XIII

During the development of this formula, 1t was dise
covered thst gypsogenin (05034604) could be transformed into
oleanolic &cld by reduction of the ssmicarbazone of its
acetats, (52) and that it contained an aldehyde group instaad
of one of ths geminal dimethyls. VYoresver, the catalytioc
reduction of this group to an alceohol yielded another tri-
terpene, hederagenin.(32) 0leancliec acid haa also been
obtained by the oxidation of the dihydroxy triterpene,
erythrodiol.(58) Dehydrogenations in the amyrene ssries lead
to the probability that o~ and 3~amyrenes corresvonded to
cieanolic acid{40) with the carboxyl group renlaced by a
methyl (the position of the doubls bonds uncertain). This
seriss of five related compounds may he reprasented by the

generic formula XIVS



K R Compound
Cﬁa CH= amyrens
CHa CHo0H erythrodiol
CHx GOOH oleanolie scid

CHgOH  COOH hederagenin

CHO COOH gypsozenin

nvidence has been accurnulating, however, which shows
that this formulsa is not apnlicable to all cyelic triter-
penes. Beynon, Heilbron and Soring haeve recently shown(2)
thet basseol (CgznHgy0) is a tetracyclic triterpene alcohol
(such as is tetracyclosgualene) and becomes isomarized to
@=amyrencl. Heilbron, Kennedy and 3pring have also found (13)
that lupeol (CzpHgn0) apparently does not yleld sapotalens
or 1,8«~dimethyl plcens on dehydrogenation, and that reduct-
ion gave a parent hydrocarbon, lupane, differing from
amyranee. (40) The quinovie acid invastigated by VWieland,
Hartman and Dietrich,(51) and the sapogenins from senegs
root (Polygals senega) studled by Jacobs and Ialer,{15)
appesy to differ in some manner, for they do not yield the
smaller dehydrogenation fragments such as sapotalene. The
compounds lancosterol and agnostersl, unigue in arisinsg from
animal sources, have not been sufficisntly characterized to
allow definite concluslonsai however, they apvesar to have

rather unusual oroperties.



Hecent use of palladium denhydrogenation

The use of dehydrogensation resctions in the determine
ation of structure has become increasingly Imnortant in the
past decade, and the cheoice of pallialium as a catalyst for
the processes particularly so In the latter half of this
period. An excellent review of the subjiect has recently been
given by Linstead,(18) in whieh he 1imits the term "dshydro-
genation" to "the sonversion of slicyelie comvounds into
their aromatic counterparts by renoval of hydrogen (and also
in some cases of other atoms.or groups)?, The term alie-
cyvelic must now, however, he brosdened to includs sone
hydrogenated heterocveclicse.

As 18 pointed out by Linstesd, the catalyet is nro-
pared--often in the nresencs of a earrier--by reduction of
aqueous solution of salts of thy metal by hydrogen, (7)
formaidehyde, (20,585) orhformfé a;id.(50,55) Dahydrozenation
18 usually performed in the vapor phass for simple compounds,
but more eomnlax'onﬁa are generally treated at the bolling
point or in the liguid nhass. This lattor trsatment 1s
becoming much more widely used, snd temperatures of
300=350°C. are maintained. Comparatively 1ittle is known
with certalinty of the mechanism of the dehydrozenatién
processes. Accordins to Linstezd(1l8) it 1s probable that two
bastiec stages oceur in the catalvtic procass: "{1) activation

of the hydrogzen by the metal, followed by (23) alimination
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of thle hydrogen as such, or (2b) its addition %o an unsate
urated contra {(but not to an aromatic centre) in the same
or a neizhboring moleculsl.”

A conzaiderable, thoush scattered, literature has grown
up which contains some conflicts and a number of unsattled
problems; several general envirical conclusions are, however,
possible.

For instance, fully hydrogenated six-membered rings
usually dehydrogenate normally--without rupture or formation
of carbon-~to=-carben bhondse. Filve-membered rings, when come
pletely hydrpganated, are spparently attacked only under very
dratide aon@itions; then thare may occur a reductive flasion.
Rings of th#@& of four carbons are readlly opened to vlsld
unsaturﬁtedéimmm@ridaa whose subsequent behaviour depends on
their structure. Few experiments nave besn made on rings
larger thaniaix-membareﬁ. Indicative rasults are: (1) the
formation f#om 1,1,2=trimethyl cycloheptane(4l) of a hydro-
carbon which was oxidized to hemimallitic acld, and (2) the
formation o£ azulenes from 0,3,5=-bicyclodecane.(44)

The partially reduced six-msmbered compounds show &
somewhat different bshaviour. In such casss there ranidly
oceurs a disproportionation of nydrogen and the formation of
a mixture of aromatic and alicyclic compouairdss Ths latter
may in turn become denydrogenated to fors the aromatie hydroe-
cRrbona.

The position of the substituents on sixemesnberod rings
affects their behaviour. Thus, 7elinski(534) was unable to

dehydrogenate l,l=dimethyl c¢yclohexane, and hasg roecently
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corroborated this result using a very active catalyst.(57)

The generalization 1s sometimes made that palladium is

cannot be widely vpredicatsd. Thus, Linstsad and co-workers
found (19 ) S=methvl decalin wss rathner slowly dehydroponated,
and 4,9«dimethyl octalin very difficultly =so; yat, Buzlicka and
Waldmann obtained 90 and 85% yilelds of retene(42,43) from
abiatic acid and fichtelite respectively. These reactions
all involve removal of angular methyl groups.

It has been stated by Ruzicka and co-workars(35) that
no alkyl migrations occur from ths l- to the 2-position in
napthalene, or from the 3~ to the 4-position in phenanthrene,
up to 350 Ce provided that no neighboring groun is elimi-
nated. Corroboration of this is found in recent dehydro=-
genations in the anmyrene series of trltarpenes.{40)

Carhoxvl and other oxygensted groups are likaely to be
removed, thousgh ketonlce and alccholic groups are sometimes
reduced.(5,39) ¥Vethoxyl groups survive dehydrogenation.(38)

The use of palledium offers the advantage over selenium
that evolved gases may bz collscted, uged as a measurs of
the reactlon, and analyzed for methane, hydrogen and carbon
dioxide. Vhen several reaclions occir slmiltaneously, the
value of such resalta barcounss lass,

A rather uricun racant aovlicatior of palladium in
dehydrogenation 18 that of Halopsl'sicil and uksimov, (1)
who heated casgtor o1l with palladlum hlack snd transfocrued

the content of ricinoleic seild to 12-ketostearic acid in
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good vield. Tevina(l7) recaently obhained renthane snd cymene
from carane ovar palladium-asbBastos in curbon dioxide at
160-180°Cs Under these conditions Aw=fonchone and 1,1,3-tri-
methyl evelocharane were unchangsd. Turova-Pollak{4¢) found
disprovortisnation of trans~Lfepcialin ovar shis cubxlyst in
carbon dioxide at 200-205°C,

That heterocyclic compounds nmay resct in a manner
analogous to the alicyvelics Lis shown by ths investigations of
Spath and Galinovsky, who dehydrogenaled oy¥tosine wiin
moderats suceass, and tetrahyvironsrleytisylene in a very
smooth manner, over w»allsdiun snonge at 270-20807C.{46) They
were able to show that the dshvdrogamation of mydrogmenated
of=pyridones and thelr gquinolire and isoquineline derivatives
wes a general reaction,{(47) and obtsined ?ielﬂﬁ of the
desired products as high as 90%. ‘oreover, they wers abls
to dehvdrogsenate hydrogenated coumarin derivatives at
200-250°2, in 4-8 hours{48) with yields of 40-80%, There
was & 31light side~rsaction, with rupture of the lactone ring.
Reichert and Hoffmann dehydrogenated a series of subastituted

tetrshydroisoquinolines(€3) on palladium~agbestos to give the

n his studlies on ths triterpenes, Huzlcks has made cone
gideranle use of »allsdium for ‘shydrogenation(d1,37) but

has concluded (P55} that selenium is preferable for compounds
contalning guatsrnary $ atons or for rings holding secondary

alecorolle grouns. This iz in sccord with the statement of
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Wieland and co-workers(51) that the products from palladium
dehydrogenation of pyrogulnovic scid are more difficult to
purify thar: those from the selenlium process bacause of low
yields &nd increased resin formation. Huzicka has, however,
recently msade considerable use of palladium in prepavative
work, (35,36,58,3¢) and it has besn similarly employed in
this laboratory in connection with the aynthesis of
picene(21) and 1,8-dimethyl picene.{14)



FAPERINRRTAL RES5ULTS
Preparation of materlial and catalyst

Friedelinol was made by batch reduction of frisdelin as
follows: (8)

To 25 g of friedelin dissolved in 2500 ml of boliling
n-amyl alcohol, 50 g of sodium was added in small vieces as
rapldly as the heat of reaction would allow. Polling was
continued until the sodium was dissolved. Ths amyl aleohol
was then removed by steam distlllation snd the alkaline
liquid, after cooling, removed by filtration. The crude
product was washed free from alkall with water, and rscrys-
tallized from ethyl acetate-benzoene or amyl slicohol. Vhen
using "friedelin-rich" materisl for reduction,{ll) the crude
product was sometimes felted instead of grarmlar, and was
very difficult to filter. This was found to be caused by
incomplete reduction and could be remedied by again reducing
such material.

A total of 175 g of friedelinol was prepared which
melted at 296-299°C.(ecorr.) and was considered satisfactory
for dehvdrogenation.

The catalyst used was palladiium-charcoal. It was pre=-
pared hy reducing palladium chloride with hydrogen in an
agueous suspension of charcoal according to the method of

Diels and Gddke, (7)



Dehydrogenation

Apparatus. The apparatus consistsd ecasentiaslly of a

resaction bulb and air condsnser, a bubbler to indicats the
rate of gss svolution, 8 manometer to measura the pressure

in the apraratus, and a gas resservoir to collsct and disnense
the gaseous wnroducts of the reaction.

The reaction buldb was in all cases sealed to the con=-
densgser and to & side-arm having s stopcock by means of which
the system could be opened to a stroam of nitrogen. For
preliminary runs 200-ml buldbs were used, and for the main run
2 l=liter bulb. Hach small buldb was fitted with a 40 cm
condensser of 8-mm tubing, and the large bulb with one of
15-mm tubing 125 e¢m in length. The condenser was stoppered
at the top, and shortly below this was affiXed a sidse-arm of
6-mm tubing. This led through a trap and bubbler, past an
oven-and water-fllled manometer, by means of a 3-way stopcock
into the gas reserveir. The inverted 3~liter flask serving
as a roeservoir was filled with a saturated scolution of
magnesium sulfate and fltted with a leveling bulb. By mesans
of the 3~way stopcock, gas could be collected in the reser-
voir, removed for analysis, or by-passed. (Gas samples were
taken by displacement of mercury. The resaction flask was
heated by means of & bath of Wood's metal in all runs.

Procedure. Three separate dehydrogenations were made,

using 5, 10, and 153 g of friedelinol, respectively. The

two small-scale exXperiments were made for the examination of
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gaseous products, and the large one for determination of
dehydrogenated producte ss well. Bacause tha three pro=-
ceaduress were essentially the sarne, only that for tho largaest
sxperiment 1s given hera, and any imvortant dsviations for
the other two ars noted at the point of occurrence.

The friedelinol was thoroughly nmixed with the catalyst
(407 by weight in run 1, 15% in run 2, and 20% initial,
307 finel, in run 3) in the resction bulb. The condenser
wazs sealed on, and the apparsatus was thoroughly swapt out
with 6 stream of nitrogen. Heat was then avplied; the tene
perature of the bath was brought to 325°C. in about 13 hours.
The flow of nitrogen was stopped in the first two runs when
haeating was bexuni in the third, a slow stream was continued
for several hours to assist in ths removal of volatile
products. As the temperature rose ahove 250°C,.,, water vapor
was evplvaed and collected on the walls of the condenser. Thia
was continually driven over into the tran by heating, for 1if
any dropped back into ths rgaction hulb 1t was explosively
vaporlzed and material was snattersd out of the reaction zone.
When the bath had been hald at 325°C, for some timae this
gvolution of water vavor cceased and the reaction orocaeded
smoothlye

Syolution of gas was vigorous during tho initial portion
of an experiment and then graduslly decrossad; as this
cceurred, the tompersbture was increased. The maximum teme
perature in each run was: 380°C. A meamuremant of the

temparature of the reaction mixture showed 1t to he 325°C.
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when the bath temperature was 355°C, During the large-scale
experiment an additional 5 g of catalyst was added after

195 hours and 10 g after 290 hours; no extrsa catalyst was
addsed in tha othor runs. Gas was collucted during the tétal
denydrogenaticn of the small amounts, and hetwesen the 340
and 400th hours of the large onae.

When gas svolution became very slow at a 360°C. bath
temperature, heating was discontinued and the residual
material cooled in a stream of nitrogen. The total dehydro-
genation time was 85 hours for the first experiment, 240

hours for the second, and 500 hours for the third.



Analysis of gaseous products

Gas snalyses were macde with an Oraat tvne of annaratus
eguipped with a Vilbrandt compensator, Shenherd oxygenw
absorption pipet,(45) and a slow=-combustion pipet for
ignition of hydrogen and methane. Thess gases were burned
gimultaneously in the pipet, and tha respective amounts were
calculated from the carbon dioxide formad and the total
contraction(TC) occurring after combustion.{45) The calcu~
lation of re=sults may best be illustrated by an example of
the procedure; methane and hydrogen were assumed to be the

only combustible gases present.

Quan tity measured Volume in ml

S&Iﬂplﬁ (Euﬂ l) o @ & @ B ¥ & B E & B SR ST NN A E 5o er s D 74 ¢65
Aftﬂl" a}}SOI‘Dtion Of 002 ® & % 5 B 2 R e S ¥ P B O®S o5 opeg e 75 ‘85
Ai‘ter abSDX‘pLiOZ’"J Of 02 444444 LR TN TR Y R SRR R I I K Y BRI A S Y ’73‘25

Oxygen taken for combustion .+cseivievceersanss 91,10
(contains 0.34% COg &nd 0.68% No)

Aft@r C!O’i"lb"lsti()n LI TE 2N T Y A 2 T TR R TN Y B ST RN T DY I B B B - T R 49‘15
After absorptlon of COg from combustion ...... 21.10

Af“te‘l"’ 8bSOI‘DtiOH Of I"eSidual 02 LR BRI B AR B BN ) 7.30
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Caleulation Parcent

TC = 73480 ¢ 9110 = 4915 = 11520 ml
74465 = 73480 _ H50.0 _

FCOp = 100 ~""ggrge™" = g5~ 1.07

fop = 100 TR TR = Rup = 0.80

Volume of CHyg = volume Glg formed by comiustion

, 4915 = 21410 = (0,34 » §1.10) _

dCHy = 100° = - ~vy4,ér +12) 37.08

Volume of Hy = 2/3(TC = 2C0,)

Ty = 2(115.20 = 55.42) _ e e
“ X TLES 55«58

Sty = 2207 (0208 % 21.10) — 8495

101.28
For the preasent purposes the intersst lies in the total
amount of methane nlus hydrogen svolved during the dehydro-

zenation, and in the ratio of thess gases pressnt. Thase

data are glven In the following table:

T it i 1 g+ 4

How Total gae Fers~ Hydrozen ¥oles of Molar ratblo
of BIP cent and methane Hy and CHy
™an Mo nTP per mole mathana
liters ) liters friedsllnel Nydrogen
1 Zal? B9 1.93 75 F.68
2 .74 11.8 2.44 4.7 2.1
3 30 {eat.) - 50 (ast.) G2 1.0
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These values readily made it evident that no asssistance
in structure determination was available from this source.
Tris 1s 1In apgreenent with the conclusions of Kuzicka In the

treatnent of triterpenoid comnounds.(37)



Exanination of residual products

The fnvestigation of thse reslduas from the two amall
runs was limited to extraction from the catalyst, partlsal
fractionation of the extract, and tests for the oressnce of
plcecrate~forming materis) In the fractions. The lower~bolling
fractions vielded what appenrszd to be a mixture of »icratesy
the higher-boiling gave no picrats, but contained solld
substances. This information was ased 38 3 zulde in treating
the residual materiasl from thz large run.

The flask was cut from the condenser and the contents
were extracted with 8500 ml1 of hot toluene In three nortionse.
The extracts ware filtered through the fillter of & Soxhlet
extractor into a dlistillation flask having 2 sausage-type
side~arm, The residual catalyst was transferred to the
Soxhlet, and was further extracted with toluene. The extract
was sdded to ths main solution.

¥ost of the toluens was renoved from the extract by
distillation at atmospvhers pressurs. Than the pressure was
reduced and the fractions listed In the folliowing bable

ware obtained.


mailto:r@sid.uas

Frac- Pressure Temp. ned Yeloht Apnearance
tion mm °Ce D e
l atmos. - ~ 1 Obtained In trap and
bubbler during
dshydrogenation
2 30 to 100 1.4838 9.0 Mobile, yellow

slightly flucrascent
liculd with soms
toluene odor

3 ) to 125 1.5B032 143 Reddlish-yallow
fluecrescant
moblle liguid

4 3 125=175 1.3584 125 Red, fluorescent
slirsnhtly viascous
liguid

5 3 175-210 1.5825 Ba1 Rad«brown
fluorzscent

viscous liquid

] 3 210-2680 1.5828 123 Red=brown
: filuvorasacent
stiff gum
7 & 250~-2856 - 24,5 Darkx red-browm

aolid resini final
vortlon scolidifiecs to
2 ye2llow =o0lid

8 - still - 27 DNisgk, brittcle
residue glosay resin
Approximate total welght 107 g

Practions 1 to 5 of the above were then rafractionated
to remove any colored matter carried over, and to chtain
further separation. The results are ziven below.

Frection l¢ (This is the iigull canght in the trap and

budbhlaer in all three dehydrogenations.) Distillation from a

small Clalsen flask at atmospheric pressure gave a ysllow,
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mobile liguid boiling at 70-210°C. Kedistillation over
godium at atmospherie vpressure gave & light yellow liquid
voiling at BO=215°C.

Thls fraction may have contained some liquild corres-
ponding to the alkyl cvelohaxsne (Gllﬁzg) previously
found{10) by a selenium dehydrozanation of friedelinols. The
amount, howevor, was too small for vwove complete charscters
ization, and no further examination of this naterial was
made,

Praction 2. %Whon distilled ot 7681 rm fron o Clajsen

flask having a Vigresux slde-arm, this geve the following
fracticns, none of whieh showed forwatlion of so0lid material

after standing 6 hours at =-15°C.:

fraction Temps. Welght 25 Apnearance
- 5 ..
SR 110.5-121 - - {added to sclvent)
2B 121125 2.5 1.4870 Water white
2C 125-175 le3 1.4703 “ater whits
20 rasidue 0.8 1.4583 hed-hrown liguid

Fraction 3. This was disgtillsd at 7681 mm in the same

apnarabus. Wona of the fruactions formed any solid after

standing 20 hours at -15°0a,



-

Fraction TAmn e Valshi n85 Aopearance
Ce £ D
34 216=~230 2.8 1.4840 Very light yaellow
3B 230=-250 4.3 1.4940 Lemon-yellow
3C 250=270 4.5 15038 Lenon-~-yellow
3D rasidue - v -

tfraction 4. The residues from fractions 2 and 3 were

added, and the liguld was fractlonated at the indicated

pressuree:

Praction Pressure Tompe n25 Walght Apnearance
reisd] C. D 24

4 A 23 80=90 1.4520 D5 Colorless
45 23 124-150 1.5113 3el T.amon~yellow
40 23 145-155 1.6205 0.5 Lenon-yellow
4D 1 B85=117 1.5484 De6 Lemon~yellow
47 2 125=140 1.5430 1.4 Yollow
3 - residue - - -

R

Practions 44, B and § arnrnarently corraespondaed Lo
previous fractions 2D and 3D. %“hen held at -15 C, for 6
hours, only 40 showed any =o0lid formation; this amount was
not increased at the end of 49 hours.

Fraction 5. This was added to thse residuc of the

previous fraction (4F) and distilled in vacuoc.
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Frace Pressure Tempe 25 Helpght Apnesrance
tion mm Ce np z
B5A 1 125-145 1.5641 5«8 Yellow liquid,

3lightly viscous
and fluorescent

5B 1 145-185 1.5615 3.4 Golden yellow, viscous
(110.) fluorescent 1liquid
forms solid on stande
ing at room tempe.

5C - pasty - - Added to fraction 8
residue

B e

Investigation of fractions obtainad.

Fractions 2B and C. These did not form any solid

bromide, nor more than traces of pleratss. They were not

further examined.

Fractions 34, B and C, Yhen treated in hot methancol

with equal welghts of picrie acid, and their solutions cone-
centrated and cooled in the refrigerator, the fractions all
vielded orange~-yellow pleratss. These, together wlth excess
picric aclid, were filtered off and comblned with simllar
material from 44, B and C.

Fractions 44 to 48. Portions 4, B and C were combined

and treated with piecric acid in hot methanol to obtain all
vossible plcrates. These were filtered, dried, mnd com=-
bined with thoss from fraction 3. The vicratss from 4D and
41 were formed separately, using equal welghts of vicric

acid as before. Those from 4D were subjected to six
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crystallizations from ethyl aleohol. At this point the
melting point (141.5~145°C. uncorr.) had not becone constant,
and the amount was becoming too small for further purifi-
c_mticm..'i’r The bshaviour was thet of 3 mixture. iccordingly,
the hydrocarbon was regenerated by dissolving the combined
pierates of 4D in ether in a separatory funnel, and washing
out the picric acid with 5% ammonia followed by water. The
ether solution of the hydrocarbons was transferred to =a
small Clalsen flssk, and the ether removed. The hydrocarbon
was dlsastilled at 3 mm pressure, and ylelded the following

fractions.

[ ———N EIURE T L e T R e

Praction Fath temp. Vapor tampe Welght n=0
°Ce °Ce. g D

4D1 to 135 to 102 - -
4D8 135~1860 110-3118 0.9 15905
4D3 180=175 116-122 1.3 1.5925
4D4 175-205 125=-129 1.0 1.5957

o L N el IS 55 o i it e PV e P AR e . o e R Ay ot

“hen these fractions were held at =15°C. for 6 hours,
only 4D4 contained any sclld material. The crystals formed

in this froction were filtered st =15°C. after 48 hourse.

AR SRR 11 A e SR, GO TR,

¥rhe fact was noted that, 1if the picratns were exposad
to the air for any extended veriod, some of the hydrocarhon
volatilized and left an excess of pleric acid; this has also
been noted by Hurlcka.
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The crude product welghed 30 mg and had a melting range of
97-105°C. After three roecrystallizations from methanol
there waa obtained 16 mg of white neodle-like c¢rystals with
a constant melting point of 115.5=118.0°C.{corr.). This was
troated in methanol with 20 mg of piloric acid. The rpicrate
formed was raddish-orance and had a melting voint of
154-155°C. (corr.) after four crystallizations from methanol.
Furzicka(30) gives 116-118.5°C, and 154-154.5°C, as the melt-
ing noints of 1,2,5,6~tetramethyl naphthaolene and its
nierate, respectively. The amount of the hydrocarbon regenw
erated from the plerate was too amall for purification and
analysis. No further amounts of this hydrocarbon were found.

The filtrate from the -15°C. filtration of 4D4 was again
converted to plicrate. On raecrystallization from methanol the
melting range rose gradually to 141-144°C. without indiecation
of resching constancy.

Fraction 4D2 was converted to the ovicrate, and rscrys-
tallized several times from methanol. A substance with an
approxirately constant melting point of 136°C. (corr.) was
ocbtained. This indlcatcd the presence of 1,2,5«trimethyl
naphthalens {sgathalens), the melting polunt of which 1s re-
corded (40) as 137.5-138°C. All the picrates of 402 except
the best fraction were then dissolved in 30«30° pstrolsum

ether, and the hydrocarbon was ragenerated by passage through
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a colurmn of &1905.% Ths hydrocarbon was freed from pvetro-
leum ether and treated in mathanol with the theoretical
cuantlty of styokhnic scid for a trimothvl nanhthalsme. Lo
crystallizacions from methanol and ethanol gave only products
having the chsracteristics of nixtures. \

Ag 1,2,7«tvimethyl naphthalene (sapotalena) has bﬁﬂﬁ
shown to be a dehvdrogonation product of friedsiinoel,{10) it
was considered probable that & mixture of azathalene and
sanotnlene was presents Accordingly, all vortions of frac-
tlon 4, including 48 which gave a picrate similar to the
others, ware dissolved zogetner in petroleum ether, and the
corresoonding hydrocarbon was regenerateds

The nydrocarbon regeneratad from fraction 3 was added

to this, and the combinad material was ecarafully fractionated

at 2 mm from a Clalsen flask, glving the following fractionsi

Fraction Dath temp. Vanor tempe “aisrht 21
Co Co g N
4-1 121-128 8495 0.8 1.5445
4-2 122-134 292-100 l.1 1.5810
G 131-142 28-110 1.15 1.5860

44 %% 140=200 to 150 - 1.5905

**The flask was here immarsed in the o0il-bath complately
to the slde-arm to force over all possible materisl. This
fraction of distillate tended to form some anlid at «18 C.,
but not in isolable amounts.

L

%Thia nrocadure has also heaen used by L. ¥, Pleser at
Harvard University, snd a publication giving this and similar
chromatograrhic purifications has apoeared by Kondo.(18)

This glves & cisansy, more satisfactory regeoneracvion than by

the use of ammonisa or othar bsases,
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Fraction 4-1 was treated with 9.8 g of nierie acid and
the »nicrate erystallized repeastedly fron methanol. By this
procedure, a3 fraction of yellow~orange unierats having a
constant meltling noint of 130~131°C.(oo?r.) wag obbained.
Ruzicka gives 128-130°C. for the melting polnt of aspotalene
picrate.{40) A mixed melting point of the present substance
with sapotalene plerate from dehydrogenation of ursoclic
acid(9) showed no depression. However, Ruzickszs has nointed
out(29) that meltinz point devressions of plerates are not
always rellabls. lence the confirmation of the presence of
sapotalene must depend on formation of Tha stvnhnate, for
which the depressions safely serva e anmiin. . “herafore, the
hydrocarbon from the residual nicrates waa r#qnﬁarateﬁ with
AlaDa and treated with an equal walhg c% styprr’o acld. The
styphnates were fractionally - ra3tsl dzed froe xmeld =nol and
the head fraction reserved. e reonsining mﬂt§T311 A8 I'Gw
crystallized from ethanol by = nvrone s that exgsis o, in a
complete apontaneous evaporation Icllowed bg_ggﬁh&bieal
sclection of well=crystallized nortions. :H5fter several ronew
titions of this procnss & yellow atynhnate with 4 constant
melting point of 155-157°C.(corr.) was obtained. This core
responded tc the value 157°C. gilven by Huzicka(es) for
sarotalene styphnate. A =ixtura of tha styphnats with a
known samnle, melting at 157-157.5°Ce{corr,), obtained from
ursolic acid,(9) gave a molting point of 156.5=157°Ce(corr.)e

Praction 4-3 z7ave a red nicrato wheon treated in riethanol

with an equal quantity of plceric acid. PFractlonal
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erystallization from methanol, followed by recrysiallization
of the most inzoluble nortion from tha same solvent, gave an
oranze vicratz with a constant meliine range of 137.5-
140.508.(cmpr.). Miae was vary siailar to the materiel
melting at 138°C. obtained from fractiorn 4D2 (n. 26), and
apnearsd to be an agathalene vicrate still contaninated with
2 1ittle ssnotalene vicrate. PFurther recrystallizations of
the residusal picrates from methanol finally yielded an orange
pierate” with 2 constant melting point of 138.3=137.5°C.(corn),
which agreed with tne value 137.3~138°C. rocordesd by
Fuzieks{40) for agathalens nicrate.

T™e hrdrocarbon was regenerated fron the residual nice
rates, convarted into styphnates in the usual manner, and
recrystaliized by the svpontaneous eavaporatlon tschnic nre-
viouely indicated. P®inally a =zolden-yellow styphnate with a
sonstant malting noint of 127-128°C,.{corr.) was obtained.
ruzicka gives 128-130°C. as the melting voint of »nure agathae
lone stynhnate.(40) ¥e indicates, howevsr, that a fraction
molting at 126-128°C, was obtalned from a sapotalsne-
agathalene mixture, and that it did not depress the melting
point of the stypvhnate of synthstic 1,2,5~-trimethyl

naphthalone. (40)

L LR P P

Firhe eolor change during this purification, aoparently
caused by romoval of a slight excess of oleric acid, is
sirmiler to the change from scarlat to orunge racently noted
by Bogert snd co~workers(22) for 1l,4-dimethyl wvhenanthrene
picerats,
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The following analyses were found for ths apathalsne
dgrivatives:
inalysis. Calc'd. for Coghymfnligs  C, 57.14; H, 4.29
Found: (, B7.08, 57.07: H, 4.05, 4.20
Cale'd. for CygHynOg¥st ©, 54.94; H, 4.13
Found: €, 54.76, 54.493 B, 4.01, 4.27
Insofar as eould be estimated, the twn trimethyl
naphthalenes occur in equal amounts,

Practions B4 and B. PFraction BA was treated with an

aqual walght of pleriec acid, and the reddish-brown pilcrate
which formed was recrystallized from methannl. The how-
haviour was that of a mixture. The hydrocarbon raeconerated
by AlpQa tended to form a small amount of solid which had
the same characteristics as that in 5B. HNo further investi-
gation of 5A was made.

¥raction 5B became almost comnletsly solid at 0°C. It
was f1ltered and the filtrate treated with 30-50°patroleum
ather., Yore solld was obtained at 0°C. and filtered off.
Aftar one recryetallization from methanel there was obtalned
90 mg of material melting at 137-138°C.(corr.). This was
not soluble in Clalsen's alkalil, and could not be hvdroxy
sgathelene. TParther recrystallizations from methanol zave a
nowdery, white crystalline substancs with a constant malting
noint of 144-145°C, This is the molting noint recorded by
Taworth and Mavin(1l2) for 1,2,8«trimathyl phananthrene. Some
of the matarial was mixed wlth an eoqual quantity of

1,2,8«trimethyl rhenanthrene from selenlum dashvdrossenation
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of friedelinol(10) which melted at 141-142°C.; the melting
point of the mixture was 141.5~142°C.(corr.).

A ricerate, formed from 10 my of the purificd hydrocarbon
and 185 mg of pleric acld, wes vrecryriallized from ethanol
which was saturated with pilceric &clid 2t the temnerature of
the refripgerater in order to prevent the dissceiation which
tended to oceur.(10) The resulting vrotuct melted at
164-166°C. (corr.), and at 162-164°C.{corr,) when mixed with
gn equal amount of the 1,2,8«trimethyl phenanthrene ricrate
of Drake and Faskins,(10) which melted at 162-183°C. TJiaworth
and ¥avin(12) cive 163°C. sz the meltins roint of this
plcrate.

Farther Investigation of fraections 3, 4 and 5, There

remalned about 8 & of material from these fractions after re-
moviny vicrate-~forming substances and ereess nieric scid.

An attemnt was made to further dshydrogenate this. 7Tt was
treated with 2 g of palladiumn=-charccal for 24 houars st
395°%¢,, and 3 hours further at 350°C. (bath tempersture}. A
slight evolutlon of gas was noted., after cooling, the rosl-
due was ertracted with ather. On removal of the ether there
remalined a mobile liculd ressembling a light lubricating oil.
Treatmert of this with 8 g of vierice ascid in methenol gave
no srnreciable samount of pliorats. Mo {dentiflable subatance
war found,

Practlion 8. This portion showed s tandency to crys-

talllies after the oripinal frucitionaticn. T4 was dlsseolved

In warm tolusne, treated with metnanol, and allowed to cool
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slowly to room btemmeraturcs It was bthen further cooled in
the refrigoretor. Plltration yiclded 0.4 g of =ray,
cryatalline zolid.  This was treated wilth MNuchar In petroleum
ather. Hecerystalllzatlon Trom the same sclvent gave bhrile

T 4 y ) e 8 . . i 40
liant, whits, latheghaond eryaials ~melting at 247-240°C. {corn)e.

They were only slisghtly solunle in cold soncentraisd sule
furic zeild, =nd gsve ne coloration with it. No nicrate could
be Tormad from the substance in methanol or benzene. It was
ingoluble iIn eoid Jlaisen's solution. Wo coloration was
given hy tetranitromethans in ehloreform. These provertiss
indicated 1¢ to be a mydroaromatic hydrocarbon, which was
confirmed by furtisr exanlnation of the larger arount obtalne
ed Trown fraction 7 (see pe 34).

Preatmont of the residusl fractlon 8 zave an orangs-
brown plorate which toendsd to dissociate upon recryatalll-
zation from methanol. The hydrocarbon was regsnerated by 5%
armonia, and racrystallized from methansl. The nicrate was
again formed; after two recrystallizations from sthanole
methanol, countaining a bit of »icric scid to provent dis-
sociation, 1t melted at 1862-164°C. This indicated the sube
stance to he additional 1,2,3=trimethyl phenanthrenc. The
hydrocarbon was agalin resmsnerated from a porition of the
viecrate, ~ndéd vns recrystalllized from methanol to give a
powiary, whiis ervaialline product moelting at 133-141°C.
Yhen thig waz wixed «with oan agual »nortlon of ths 1,8,8-tri-
methyl phenanthrsne from fraction 5, no denrsasicon cof the

melting nolint occurred. Approxinmately 0.9 g of the cerude
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hydrocarbon was found in frasction 7, making & total yicld of
about 1 2.

o other compvound could be isolated from the rest of
fraction 8.

Praction 7. This wag dissolved in warm toluene and

treated wich methanol to the nolnt of oloudinesas. Flliration
of the solution, after cooling in the refrigerator, ylelded
.8 g of materisal consisting of s tan granular solid admixed
with a samall amount of 5 powdery substance. HRecrystallle
zation from toluene, coupled with a charcoal deecolorization,
zave wnite crystalline material which was apparently the same
solid hydrocarbon found in fraction 6 accomnanied by a sacond
conpound. Some of the large crystals were machnanically
saparated, They melted st 235-2453°C4 (0orr.) which indicated
they waere the suspacted saturated hyidrocarbon. Some of the
gecond componsnt was gimilarly isolated; it showed a molting

range of 260-295°

Ce, suggesting that 1t probably was
1,3=dinethyl picene.

Eatiafactory aeparation of this mixture into 1tz son=~
stlituents proved vary troublesome., The final scparation come
prisad judlielous combination of four procedures:

1. Crystallization from 30-50° petroleum ether. The
aaturated hydrocarbon was more solubls and aliowed martial
enrichment of cach material,. Further separation was poor,
however, wnen silther substange was contaminstaed with minor

amounts of ths other,

2, Spontaneous svaporation from benzena,., This nrocoess



34

denosited the seturated hydrocarbon in larme crvsitzls which
conld hHa separated falriy free from contaminaticn by the
sceond component.

3. Chromatograchic treatvent in dry benzena on Ale0
(Prockman)e. Thiz not only affordzd an earichwmasnt of the
saturated hydrocarbon, hat ramoved from the zoubiasation other
adhsring impurities. The lluorescencs of thae "sicene” and
lack of fluorescence of the saturatsd hydrocarbon served,
morzover, as an indication of the complatensas of separation.

4., Vractlonal sudblimation. 4 =ixture of ths two sube-
staneas, wher subjectcd to sublimation st 170°C. In the
vaouun of 2 marcury ourp, deponsited chlefly the saturated
hydroecarhon,.  Continuad treatmont at 230=-250°C. then sublimed
the "nicone” from any non-volatile ixmpuritiss. This pro-
codure was tha most favorable for purifying the highemaelting
compound.

Ty the use of thece procesaes there was obtained a frace
tion of the saturated hydrocarbon which maelbtasd at 244-244,5°C,
and which 22ve no davreasion when mixed with the corresponding
material from fraction 6. Continued recrystalligation Trom
banzeune ralsed tha molting=noint ho 247-240°0, {corr.), whieh
was ohanged to 247=-248°C.(corr.) by ecrystallizations {rom
prridine and from glacial scebic scid. Opticul exanlination

N

of thie msuhsgtanece ahowad propevrtlies agrecinz with thoss of

the oeroent hydrecarvon (Tgeqilgy) of 2spin uni friedelin, apvare

ently @ ceobamethyl nerhydranicens.(1l) A mixed melting voint
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wlth the Czngligs obtainad from friadalin by Cleamanson raduse
tinn showed no devraasion. Analybtical Aats agrasd with thlse
inalysis.” Cale'd. for Caplgot C, 87.283 4, 12.71
Pounds €, 37.383 H, 12.52
Tha sublimsd portions rich in the high-maliing componont
woere subjected to svontansous evystallization from benzene,
and ag auch of the Czglge was ploked oub &3 vossible. The
remaining naterial was disasolved in dry benzene and Truace
tlonated chromatographically on & column of AlgOg (Brockman) «
Tho bset fractiorns obtalned by this procsses melited at
305=306°GC. (corr.), which is in excellunt agrecment with the
value generally found for the alkyl pilcene from ths dehydro=-
ganetion of btriterpenoids,(£8) which has recently beon proven
hy two independent syntheses to be 1,8-diunethyl picene.(14,34)
Tha total solid hydrocarbon isolated from fraction 7
was approximately 3 g, of which at least 2.0 g was Uznligp.
ko other gouatituent could be ldentilfiesd in thnis fraction.

Fractlion 8. There were Indleatlong that the varlous

gammy, resinous fractions obtained from {raction 8 might con-
tain further amounts of the 1,8-dinotnyl plcens, but no dure

substancs was isolataede.

o ——

“the writer wishes to thank C. J. koddsn for tiils



DYISCURSTIONN OF KIE3ULTS

The evolution of water vapor during the initial period
of the dehydrogenation, together wlth the ahsence of it
during the remainder of the exreriment, is most readily
exnlainable ag a dehydration of friedellinol to friedelens.
Although this unsaturated hydrocarbon could not be obtained
in a8 crystallizable condlitlion directly from friedelinol by
varied dehydrating agzents, Drake and Campbell{s) were able
to obtain 1t by a pyrolysis of friedelinyl benzoate in
nitrogen at 280~320°C. in 3% hours. They were also able to
form methyl friedelene directly from methyl friedelinol by
refluxing in acetlc anhydride. It therefore appears a ten=-
able hypothesis that friedelene is formsd by the thermal or
catalytic dehydration of friedelinol at 250-325°C. in the
presence of palladium-charccal. This is, moreover, similar
to the formation of cholatrienic acid from cholic acid.(8)

The formation of the completely identifled aromatic
products may be explainsd equally as well from friedelene as
from frisdelinol. Also, the vresence of considerable amounts
of the CzpHgs hydrocarbon (an octamethyl perhydronicene,
which we may call friedelane) is more logically exvlained as
a resnlt of disproportionation than of direct reduction of s
hydroxyl group. Thers is ample evidence that disproportion-
ation does occur(l8,40) during the dshydrogenation of

partially unssturated compounds, while there are many
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instances of & hydroxyl group surviving dshydrogenation, (3,
18,40} or being formed in the procass.

The prasence of 1,2,7-trimethyl naphthalene, 1,2,8~tri=
methyl nhenanthrene, and 1,8-dimathyl picens among the pro=-
ducts confirms the formation of these three compounds
previocusly isolated upon dehydrogenation of friedelinol.(10)
As pointed out in the introductory sectlions, the formation
of the naphthalene and picene hydrocarbons has heen adegqu-
ately connected with the hydrogensted picene skeleton of the
majority of the triterpenclds. The classification of frie-
delin 8s a triterpencid compound is, therefore, corroborated,

The isolation of 1,2,5-trimethyl naphthalene and the
octamethyl perhydropicene (CzoHzg) from the mixture, in
addition to the above three compounds, makes 1t evident that
at least four competing reactlons occur during the dehydro-
genation. The formation of the five non-gaseous products may

be outlined by the following scheme of reactions:
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NN, + CpoH; g+ BCH, + 2R
II .
b--b \cl
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The friedelene hypothetized as an intermsediatse may carry
the double bond as shown, or betwsen carbon atoms 5 and 63
the svidence does not allow a final choice between th= two
positions. A portion of the friedelene then sorves a3 a
hydrogen acceoptor for gas givon in the aromatizations, and
gives rige to reaction IV in conjunction with any one of the
other thres.

In reaction II, splitting at b=b, there is predicated a
product CIGHIB correspondingzg to the alkyleyclohexene Cllﬁzo
of Drake and Haskins.{(10). “hersas the 011 hydrocarbon is
the logical fragment from ths triterpens skeletal formula
advanced by Ruzicka in 1936 (ssc fornula XI, p. 4), in which
the alkyl vhenanthrene was supnosedly generated from rings
C-%, the Cqiq fragment 1s ths expected one from the currently
accepted skeleton, which gives rise tn the alkyl phenanthrene
from rings A-C. The anslytical date presentsad(10) do not
distinguish between the closely similar carbon end hydrogen
percaentages of the two formulas, thoupgh the molecular weight
determination favor the latter.

Cale'de for CyqHgg: C, 86.76; H, 13.24 ¥. W. 152.3

Ciof1gt ©, 86.873 H, 13.13 M. W. 138.3

Found: G, 86.60, 86.32; H, 13.62, 13.61

. We 149, 152
No abttempt was made to isolate thiaz hydrocarbon, since it 1s
rather unreactive and the smount to bhe exvacted iIn =
molecular ratio to the alkyl nhsnanthrene would bs small.

Feaction I, splitting the molecule at a-a, pmives rise to
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1,2,5-trimethyl naphthalene (agathalene) from A and B, and
to 1,2,7=trimethyl naphthalens (sanotalene) from rings D and
Ee The identification of both of thsse hydrocarhbons among
the dehydrogenation products in apparently equal provortions
further corroborates the pronosed triteroene sksleton.

The number of nmoles of gas evolved ner mole of frisdale
inol, and ths molecular ratic of methane to hydrogen, for

gach of the four reactions given is a3s follows:

Feoaction ¥olas of gus per dolecular ratio of
mole of frliesdelinol mathane to hydrogsn
T 7 1.33
11 & 1.50
11X 10 1.50
IV -1 -

A conslidevation of these valuss, togasther with the recogni-
tion of orobhable incomplets demethylation and dehydrogsnation
in the large unidentified portion of the products, rsadily
explains the differing values found in different sxperiments.
The skeletal formula presented by Zuzicka for the majore
1ty of triterpennld compounds, a3 based on evidence from
dehvdrogensation and oxidative degradation, places all substi-
tusnts but three methyl groups; these have been placed in the
formula by use of ths isoprene rale. The compounds isolated
in the prosent study fit those data ssatisfactorilye They do
not add any information concerning the position of any carbon

atom, unless it be to somewhat strengthen the location of one
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at the hridge~head adjacent to carbon 6.

The possible locations of the carbonyl group of frie-
delin in this wolecular frame are limited to three if the
nresence of the groupling >GH~CO~CH2~, shown by Drake and
Carpbell,(8) is to be maintained. These are at carbons 5, 9
and 14. Of these vositions, that on carbon & ias favored by
the simaltaneous presence of sapotalene and agsthalsne among
the reaction productse. This 18 also in accord with & similar
result obtailned by Ruzicke when dehydrogenating (3-amyrene, {40)
in which the only reactive point is the doubls bond at carhon
B« The formation of the trimethyl phenanthrene also argues
againat the locatlion of the carbonyl group &t carbon 1l4. In
addition, recent measurements on friedelinol in this labe
oratory(b53) with a film balance indicate that the hydrophilic
nortion of the molecule 1s centrally located. The combination
of these factors makea the locatiorn of the carbonyl group st
garbon 5 very plausible.

The Cﬁaﬁﬁe hydrocarbon friedelane, an octamethyl per-
hydronicene, is of veculliar interest from two standpoints.

The first of these 1s that the compound obtained in the do-
hydrogenation process is identical with the broduct from the
reduction of friedelin. This is 3 strong corroboration of the
conclusion that the triterpene skeletal siructure withstands
the drastic treatment of the dehydrogenation process. The
gacond interest lies in the differences exlsting between its

melting noint and those of other hydrocarbons of the same
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molecular formuls and arising from similar sources. Three
such hydrocarbons have been found:
1. Aimyrene, CzoHgg, Mep. 226-227°C., formed
by selenium dehydrogesnation of (3 ~amyrene.(49)
2+ Lupane, CxoHgo, mep. 184°C., formed by
catalytic reduction of aC~lunane, which 1a a dohy-
drated lupeol.(13)
3. Cryntostene, Czoliggs MeDs 7445~76°C.,
formed by successive oxidstions and reductions of
cryptosterol (C3OH500) from yeast.(52)
0f these hydrocarbons, cryptostene arisss from an un-
identifled carbon skeleton and lupane from a triterpenocid
skeleton which spparently differs somewhat from that of the
anmyrin-olesncllic acld groups. However, (3-amyrene has the same
substituents as those vostulated for friedelene; thus they
can differ only in the position of the double hond or in
stereochemical rslationship. The corresponding satursatsd
hydrocarbons, § -amyrane and friedelane, can only bs atereo=

1somers.,



SUMMARY

le The i1sclation and identification of 1,2,7-trimethyl
naphthalene (sapotalene), 1,2,8-trimethyl phenanthrene, and
1,8-dimethyl picene from the producits of palladium dehydro=-
genation of friedelinol confirm the previous discovery of
these compounds by Drake and Hasgltins, and corroborates the
clagsiflication of friedelin as a triterpenocide.

2. Two additional compounds have beon isclated: 1,2,0e
trimethyl naphthalene (agathalenc), and the Czgllgy parent
hydrocarbon {(friedelane). They have been identified by
comparison with known materials and by snalysis.

3e A sixth compound has besen found in small amounve.
This has been indicated, by the melting points of the hydro=
carbon and its picrate, to e 1,2,5,8~tetramethyl naphthalsne.

4. The wildely differing ratios of methane to hydrogen
obtained from several dehydrogsesnations show that the prow-
portiona of the gases evolved depend upon the conditions of
the experiment. This 1s Interpreted as being caused by the
prevonderance of ones or the other of the several conpeting
reactions which occur during the dehydrogenatione.

5« The courss of the reaction is interporeted as a
preliminary dehydration to the unsaturated hydrocarbon, frie-

delenes, and the subsecguent dehydrosenation of this wroduct.
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6. From a2 consideration of the products formed, coupled
with other pertinent information, the following formule is

tentatively postulated for friedelin:

7. The Czpfgs parent hydrocsrbon, frisdelune, is shown
to be a probable stersolsomer of the CazpHgo hydrosarbon

formed from (3eamyrene.
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