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DISCUSSIOH

Dehydrogenation

The parent hydrocarbon of both cerin and friedelin as indioated 
by analyses and molecular weight (11) and by dehydrogenation studies 
(10) (IS) is an octamethyl perhydropicon© with two of the eight methyl 
groups located in the one and eight positions* The remaining methyl 
groups have been tentatively located by application of the isopreme 
rule, and of the many possibilities thus postulated, two structures 
are preferred*

X XX

Structure I explains satisfactorily the products obtained by 
dehydrogenation whereas structure II, proposed by Haworth (16), fits 
the surface film data more closely* Previous work done in this labora­
tory has been aimed at locating the carbonyl group, and has been
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successful to some extent* the work of Campbell showing the pre­
sence of the group (-CHgGOOH^ ) (9) and that of Wolfe on friedonio 
acid (14) and surface films (13) has limited the possible locations 
to positions 8* 9 and 14 in structure I; and 6, 10* 11 and 14 in 
structure XX* The dehy dr ogenatlons of Haskins and of Houston were 
disappointing insofar as locating the functional group was con­
cerned because the hydroxyl group split out as water#

Houston cites Hueloka1a work (20) as eridenee that methoxyl 
groups survive dehydrogenation* and it was hoped that by converting 
friedelinol to the corresponding methyl ether* the functional group 
would be stabilised to such an extent that it would survive the 
drastic dehydrogenation treatment* In this particular reference* 
however, the dehydrogenation was used in the syntheses of five 
isomeric 1, 2* 7 trimethyl methoxy naphthalenes, but in every in­
stance* the methoxyl group was appended to an aromatic ring and 
hence had no chance to split out as methyl alcohol*

fhat the mechanism of dehydrogenation of frisdelinyl methyl 
ether involves the splitting out of methyl alcohol was effectually 
demonstrated* at least in the palladium dehydrogenation experiment* 
by the isolation* characterisation end estimation of the methyl 
alcohol produced in the reaction* though the quantitative estima­
tion of the alcohol accounted for only fifty per cent of the theo­
retical amount, and thus leaves something to be desired from an 
analytical standpoint* there are several possible reasons for the 
deficiency* the methyl alcohol was estimated by a modification of 
the Vieboek and Schwappach method for the mioroanalysis for methoxyl*



and since the boiling point of methyl alcohol is very low, It is 
uncertain that all of it was converted to methyl iodido* During 
the dehydrogenation experiment the trap twice become clogged* 
causing the nitrogen inlet tube to blow off with consequent loss 
of reaction gases, and necessitating the removal of the trap for 
draining* Further, since there was formed such a small amount of 
alcohol in comparison to the quantity" of gases passing through the 
system, it is by no means certain that all of the methanol was 
collected in the trap even though it was cooled in carbon dioxide 
snow*

Since half of the methoxyl was accounted for, and since no 
methoxyl could be determined present in any of the products of 
the reaction, it seems quite certain that the mechanism of iehy- 
drogenntion of friedelinyl methyl ether, as in the ease of 
friedelinol, consists of a splitting out of the .functional group, 
in this instance as methyl alcohol*

If the mechanisms of dehydrogenation of friedelinol and of 
friedelinyl methyl ether are the eame. It follows that the pro­
ducts formed should b© the same except in so far as differences 
in the experimental conditions cause differences in the quantities 
of the various compounds produced* Confirmation of this statement 
is indicated by the isolation of 1, 8 dimethyl picene from both 
dehy&rog©nation experiments. With the elimination from the mole­
cule of the group to be located and the probability that no new 
compounds were likely to be isolated, it appeared that to carry* 
on the investigation would contribute nothing further to the



elucidation ot th« structure of friedolin, and the project 
accordingly discontinued.
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Hydrogenation

fhe catalytic hydrogenation of friedelin results in the produc­
tion of two isomerlQ friedelinols depending upon the eonditions ©alloyed 
in the reduction* Unquestionably the only dlfferenoe in these two mole* 
oules Is the position of the hydroxyl group on one side or the other of 
the earbon atom* A study of the conditions necessary to produce either 
of the two isomers at will has shown that reduction in dioxane using 
Raney nickel catalyst invariably produces the lower melting Isomer at 
any of the temperatures used* the reduction does not proceed with 
appreciable speed below 120° 8, and sines reduction using dioxane as 
solvent with Baney niokel at temperatures above 200° C is dangerous* 
the experiments were restricted to these limits*

Hydrogenation using the "copper chromite" catalyst of Adkins (1) 
presents a different picture* Suspending upon the temperature at which 
the reaction is carried out* either of the two isomeric modifications 
Is obtainable* If the reduction proceeds at a temperature between 
140° C and 160° 0* the product which results melts at 278 to 282° C 
and the melting range is not changed either by recrystallization or 
by further hydrogenation* If the reduction proceeds at 180° 0 or 
above* the product obtained is identical with that obtained by the 
reduction of friedelin with sodium and amyl alcohol* The melting 
range of the product, as first isolated, is broader than that of 
pure frledelinol, probably due to the presence of small quantities 
of the lower melting isomer formed while the reaction temperature is 
being obtained#
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The catalytic hydrogenation of oar in i® apparently a highly com­
plex reaction* Shrader ha® reported a dihydrocerin of melting point 
29S°C to 295°C which he prepared by reduction of cerin with sodium 
and amyl alcohol} and Holme® ha® reported another of melting point 
261-254°C which he prepared once by reduction of cerin in dioxane 
solution at 1S0°C using a copper ehroaite catalyst, and which he 
was unable to prepare again in several subsequent attempts* An in­
vestigation was therefore begun to determine a set of conditions 
which would result in formation of this isomer* Although four dif­
ferent catalysts, prepared under different conditions, were used at 
temperatures varying from 1Q0°C to 25Q°C, this product was never 
isolated* While the product of hydrogenation in some oases melted 
in the range specified, in every instance reorystallisatlon caused 
a rise in the melting point* fhs conclusion is therefore suggested 
that perhaps the product obtained by Holmes was in reality a eutectio 
consisting of a mixture of several or all of the possible isomers* 

Dihydrocerin contains two hydroxyl groups on adjacent carbon®} 
there are, therefore, four possible Isomers, two els forms and two 
trams forms, from the stereochemistry of these two carbons only* 
Obviously the separation of a mixture of four compounds so similar 
in structure into its components would be extraordinarily difficult} 
nor does this exhaust the possibilities* According to Adklns(2) 
hydrogenolysis of a carbon-hydroxyl bond as in the equation

BQH-f-Hg 4 % 0
is a definite possibility* He states that this reaction does not 
normally occur below 250°C unless, (as in the compound under dis­
cussion), the radical B contains a phenyl, carbonyl or hydroxyl
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group* Should hydrogen©lysis occur, four possible isomers might
result* If the carbonyl should o&use hydro geno lysis of the hydroxyl
group of cerin, the subsequent reduction of the carbonyl group would
result in formation of one of the two friedelinols j if the carbonyl
should be first reduced* and one of the hydroxyls should cause hydro-
genolysis of the other, then two isomers of the friedelinols would be
added possibilities* The writer is of the opinion that the former
alternative actually takes place for the reasons which follow*

Experimentally, the products of hydrogenation were found to
melt over a long range, and in some cases to be very difficult to
crystallise, separating as gelatinous substances* Only two pure
compounds were Isolated% the lower melting isomer of friedelinol was
obtained in very small yield from one reduction which was carried out 

oat 125 C, while the higher melting isomer of friedelinol was obtained 
in somewhat higher yield from a reduction at 250°C* It is interesting 
that in each instance the isomer of friedelinol was obtained which 
would have been formed by reduction of friedelin under the same con* 
ditions* The significance of this fact may be that the carbonyl group 
in cerin causes hydrogonolysis of the hydroxyl group* The isolation 
of friedelinol fro® the catalytic hydrogenation of cerin substantiates 
the relationship between cerin and friedelin established by Holmes*

The cerin used in these reductions was prepared in the usual man** 
nor except that it was crystallised twice from chloroform, in which 
friedelin is very soluble, before it was purified by the five reorys- 
tallisations from pyridine* Analyses of the product were quite satis* 
factory* It hardly seems credibly that the cerin so prepared could
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have contained enough friedelin to sake possible the isolation of
friedelinol from the reduction produet*
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Oxidation

The oxidation by load tetraacetate of th® products of catalytic 
reduction of cerin proceeds at a more rapid rate than does the oxida- 
tlon of dihydrocerin prepared by reduction with sodium and amyl alcohol* 
Holmes found that at a temperature of S0°0# 0*87 mols of lead tetra­
acetate was consumed per mol of dihydro cerin after fourteen days; the 
writer found that at the same temperature after 38 hours 0*91 mols of 
lead tetraacetate was consumed per mol of eatalytieally hydrogenated 
cerin* The inference is that the hydrogenated product used consisted 
predominately of the two ois forms* The hydrogenated material used 
was reduced under the same conditions as that reported by Holmes to 
melt at 251-254°C but it actually melted from 25£-2G8°C* It was ob­
served that the reaction velocity of the oxidation varied with dif­
ferent samples of hydrogenated product, but no attempt was made to 
correlate conditions of reduction with speed of reaction* The dif­
ference may have been due to a difference in the ratio of ois to trans 
forms.

The reaction between lead tetraacetate and hydrogenated cerin was 
found to be more complex than was expected* normally th© reagent is 
used at room temperature* and it is known to react with 1# 2 glycols 
under these conditions to form dialdehydes* Use of an ©xoess has 
been known to oxidise glyeols to dibasic acids but not normally in 
aoetio acid solution; in this medium the reaction stops almost in­
variably after the dialdehyde has been formed* In order to increase
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the concentration of the hydrogenated cerin and to Increase the rat© 
of reaction, th© temperatures used in this research were varied from 
40° G to 80° G, and the abnormalities observed may have been caused 
by this change of conditions.

Thro® products were isolated from, the various oxidations. The 
expected product, the dialdohydo obtained by Holmes, was obtained 
and further attempts mad® to demonstrate its structure. The amount 
obtained was small, and the experiments therefore were limited. An 
attempted reduction to th© corresponding dihydrlo alcohol was unauc* 
oessful. Conversion of the dibasic acid obtained from the oxidation 
of cerin into the dialdehyde by use of the Bosenmsnd reduction also 
failed because the dibasic acid, on being refluxed with thtcnyl 
chloride, forms the anhydride instead of th© expected diacyl chloride. 
However, the di&ldehyde, when refluxed in alcoholic potassium hydroxide 
and then poured into dilute acid , forms a new compound which is acidic 
and which contains three instead of two oxygen atoms. This compound 
has a saponification equivalent of 480, and the product recovered from 
the saponification is identical with th© starting material. The new 
compound ©an be explained on the basis of the following reaction, m  

Intramolecular Caxxnlscaro reaction*

CMO
C06H

,CHO
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Th.® second product of load tetraacetate oxidation of hydrogenated 
cerin proved to be identical with the dibasic acid obtained from the 
oxidation of oerin with chromic anhydride# It is the product which, 
would be expected to reeult from the further oxidation of th© dialde­
hyde, and its isolation probably indicates that th® dlaldehyde actually 
has the structure suggested because the dialdehyde results from th© 
oxidation of dihydrocorin by one mol of lead tetraacetate, and the 
dibasic acid results from oxidation by three mols of lead tetraacetate 
per mol of dihydrooerin# Although the dibasic acid on pyrolysis forms 
a pyroketon© instead of an anhydride, on being refluxed with thionyl 
chloride it forms an anhydride instead of a diacyl chloride# The an­
hydride, on being refluxed with potassium methylate and poured into 
dilute hydrochloric acid forms again a dibasic acid, or a mixture of 
dibasic acids, for the melting range of the product varies with the 
length of time it is r©fluxed in alkaline solution# bnquestionably 
there are several possible isomers; that obtained by oxidation being 
probably a trans form, and that formed by regeneration from the an­
hydride being probably a ois form#

In an attempt to obtain more dialdehyde for further study, 
dihydrooerin identical with that used by Holmes in his experiment 
was prepared by the reduotion of oerin with sodium and alcohol.
This compound, dissolved in acetic acid, was oxidised at 70° C using 
an excess of lead teira&oetate# Th© chief product obtained was ap­
parently an ©star for it had a saponification equivalent of 475# 
ah areas the product recovered from, the saponification had no saponi­
fiable group and contained one less oxygen atom# The beet conclusion
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to bo drawn from th® analytical data is that the ester is th® mono- 
acetate of oerin or an isomer of cerin and that th® product obtained 
by saponifioation is cerin or an Isomer of eerin* Cerin, s.e it is 
usually purified, molts at 847-51° C; but by extensive reorystalli- 
jg&tions from chloroform and from pyridine, a product can be obtained 
•which melts at 851-57° C* This observation was first mad® by Shrader 
(18) and has boen confirmed by the •writer# Th® product obtained by 
saponification of tho material resulting from reaction of dihydro- 
eeri n with load t e t r aa c at at ® at 70° 0 melts at 858-84° 0, and two 
mixed melting points with oerin of melting point 251-57° 0 melted at 
254-81° C# That oerin and friedelin are mixtures of isomers has long 
been suspected because of.the rather long ranges of temperature over 
which they melt; this evidence seems to confirm that suspicion*

It should be noted that this monoacetate represents only twenty 
per cent of the total material need and does not account for the 
three mole of lead tetr&aoet&te consumed in th® reaction; in th® 
formation of this product only one mol would be used. One mechanism 
by which the nionoac state might be formed is a dehydrogenation at one 
of the hydroxyl groups to form a ketone followed by direct acetylation
of the remaining hydroxyl#

oh

AcekyUiz    >■
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p o ti

Oerin aoetate

fh e  reaction involved in the mechanism postulated above is a well- 
known reaction of lead tetraacetate. (S)
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Preparation of friodelin

The friedelin used in this research was obtained by a modifica­
tion of the method used by Drake and Jacobsen, The “friedelin rich” 
material, obtained by addition of acetone to the concentrated chloro­
form filtrate from the precipitation of oerin, was filtered off, then 
crystallised five times from pyridine and dried over phosphorous 
pentoxide or sulfuric acid. The elimination, of the purification as 
the enol-bensoate, and substitution of crystallisation from pyridine 
was suggested by Holmes, and- contributes a great saving in time, 
yield and effort. The product melts at 257 to 263° C,

jfrledeiinol'

1) 0,05 mols (21,3 g. ) of friedelin (M,P, 257-63° C), dissolved
in 700 o,o, of diox&ne, was reduced in the high pressure hydrogenator 
at 150° C with three grams of copper chromite catalyst, After two 
hours the temperature was raised to 180° 0, and after one hour more to 
200° G, The maxi/me pressure recorded was 2200 pounds per square inch. 
After allowing the bomb to cool, the mixture of contents was removed 
and heated on the steam bath to dissolve th® product, the catalyst was 
filtered off, the filtrate was concentrated, and the friedelinol
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allowed to orystalllse. The product melted at 278-82° C. Several 
crystallizations from amyl alcohol failed to change the melting point. 
Further hydrogenation caused no change in the product.

Analysis
Calculated for CgQHggO C ~ @4,04

M r  12,25
Found 0 a 85*97 # 85.71

H z 12.22 , 12.25

2) Five grams of friedelin was dissolved in 200 e«c, of dioxane 
and reduced for six hours over three grams of copper chromite catalyst 
at a temperature of 200® C and a pressure of 2400 Its. per sq. in.
The product of hydrogenation was obtained as above and found to melt 
at 291-500° 0. A mixed melting point with friedelinol prepared by 
reduction of friedelin with sodium and amyl alcohol showed no depres­
sion. Several crystallisations from amyl alcohol raised the melting 
point to 285-501° 0.

5) Twenty grams of friedelin dissolved in 700 o.o. of dioxane 
was reduced for four hours over Eaney niokel catalyst at 150° C using 
a pressure of 2000 lbs. per sq. in. The product melted at 278-82®
0.

4) Five grams of friedelin dissolved in 200 o.c, of dioxane 
was reduced at 200® 0 over Raney niokel catalysts for four hours at a

* The author thanks Mr. W. A, Stanton for these analyses.
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pressure of 3000 lbs* par sq. In. th# product me1tad at 378-82° C.

5) An attempted reduction over Haney nickel catalyst at room 
temperature failed completely. Keduction at 100° C was incomplete 
after six hours.

A total of 158 grams of the lower melting isomer of friedelinol 
and 25 grams of the higher melting form were prepared by catalytic 
hydrogenation, fhe yields were quantitative.

Friedelinyl Acetate

(hie gram of friedelinol (M.F. a 278*82° 0) in 100 e.e. of acetic
anhydride was boiled under reflux for three hours. After four recrys­
tallisations from bemsene the product was found to melt with decomposi­
tion from 273° to 285° C. Placed in the melting point bath at 285° 0, 
the substance melts from 285° to 287° C with decomposition. A mixed
melting point with friedelinol melted at 240° 0.

gAnalysis!*
Calculated for C z 81.64

II = 11.56
Found C s 81.50 , @1.80

H s 11.65 , 11.70

 ̂the author thanks Mr. P. J. Wingate for these analyses.
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Friedelinyl Methyl Kthks—T-.Trl .. ~ ~  ........--

X) Sen grans of friedelinol (JS.f. 278-82° 0) m s  dissolved in 
250 e.e, of specially purified dioxane in a two-necked, one liter 
flask with standard tapered glass connections and fitted with a Hersh- 
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.e., were added at one hour intervals, and the mixture m s  then 
allowed to reflux for four hours longer, fhe excess potassium was 
then destroyed by the addition of alcohol followed by a little water, 
and the methyl iodide was recovered by fractional distillation through 
an efficient fractionating column, fhe dioxane solution of the pro­
duct was evaporated fco dryness under reduced pressure on th® steam 
bath to yield a white powder which was stirred vigorously with water, 
at a temperature of about 30° C, filtered, washed thoroughly with 
water and dried, fhe extent to which friedelinol was converted to 
methyl ether was estimated by quantitative determination of the me­
thoxyl content of this white powder and was found to average 20 to 
95 per cent of the theoretical amount, fhe white powder was reerys- 
tallised several times fro:m pyridine to yield a white, nicely crys­
talline material which melted from 253-64° C. fhe product is 
undoubtedly a mixture of two isomeric methyl others since refluxlng 
either friedelinol with an alkali metal would probably cause raeemi- 
satlon.
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3} The following method* of synthesis of mm thy I ether* wore 
attempted but were found to yield little or no methoxyl containing 
eompound*

1) Addition of dimethyl sulfate to a quinoline solution of 
friedelinol*

2) Preparation of fried* liny 1 p-toluene sulfonate and heating
it with, methyl alcohol In a sealed tube at 200° C for four hour*.

3) Warming a mixture of friedelinolf dimethyl sulfate and 
powdered calcium carbonate*

4) Preparation of friedelinyl chloride and reacting it with 
* odium aethylate*

5) Eefliming friedelinol with, methyl iodide ever. silver oxide* 
6} Reacting friedelinol with methyl impie*ium iodide and -the

product of this reaction with methyl iodide*
f) &eaetitt£ friedelinol with * odium followed try addition of 

methyl iodide*
8) Reacting frWelinol in bemsene solution with potassium 

followed by addition of methyl iodide*
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Selenium Pshydr o,ggmatl on

the apparatus used in the dehydrogenation esEperiiaents was similar 
to those used by Baskins and by Houston. It consisted of a 125 c.o. 
round bottom flask sealed to an air condenser which was 15 mi» .in 
diameter and on® raster long. A capillary side a m  was sealed into the 
top of the bulb and a six mm. side arm was- sealed into the air con­
denser about 10 cm. from the top. which was closed by a .rubber stopper. 
The upper, or exit side am. led to a trap of the cold finger type, 
which was immersed in ice water. The gases were- led from tb.a trap 
through a bubble counter to a 15 mot. tube. 50 cm. long, filled with 
bleaching powder, the purpose of which was to docompose the hydrogen 
selemide formed in the experiment. A •stream of nitrogen was passed 
through the apparatus to remove the gaseous products and thus to in­
crease the speed of reaction.

Ten grams of friedelinyl methyl ether was mixed thoroughly with 
one gram of powdered selenium and placed in the reaction bulb. The 
apparatus was swept out with nitrogen, .and the saJ&hath in which the 
reaction flask was placed m s  heated to a temperature of 500° C in 
about one hour. $hen.- after a short period,- no evidence of reaction 
was observed, the temperature was gradually increased to 550° C at 
which temperature reaction apparently began. It was deemed advisable 
to keep the reaction at b.b low a temperature as possible in order to 
prevent,'If possible, cleavage of the functional group. The tempera­
ture was maintained for fifty hours during which 20 grams of selenium
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In four gram portions was added at intervals.
When no further evolution of hydrogen solenid© was observedc the 

flask was cut off and broken; the product was a dark brown, almost 
blaok tar# The tar was ground up, placed in a Soxhlot apparatus and 
extracted with ether* this solution was -evaporatdd to a red oil, 
which was treated with strong sodium cyanide solution to remove any 
colloidal selenium which might be present# The red oil was dissolved 
in benzene, washed free of cyanide, dried over calcium chloride and 
evaporated, then separated by distillation at a pressure of three ysm» 
of mercury into four fractions* Methoxyl determinations wore made on 
each of these fractions, but no methoxyl was found#

The residue from ether extraction was exhaustively extracted 
with benzene, and the solution was evaporated to dryness to yield a 
red powder# This was sublimed at 350° G, but the red selenium present 
was not removed# It was then heated for three hours on the steam bath 
with strong sodium cyanide solution* The yellowish powder which re­
sulted was washed thoroughly with water, dried and crystallised from 
benzene• A methoxyl determination showed that no methoxyl was pre­
sent# This product, which melted at 292-93° C, was crystallised 
once from acetic anhydride, three times from benzene, and throe times 
from pyridine* The melting point gradually rose to 303-05° 0 when 
scarcity of material prevented further purification# A mixed melting 
point with synthetic 1, 8 dimethyl pioene prepared by 'Howard showed 
no depression*

The residual' 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 ) Dehydrogenati on
Fifteen grams of friedelinyl methyl ether was mixed 

thoroughly with five grams of pal l&dium-ch&r c ©al catalyst and placed 
is the reaction flask, and the apparatus was swept out with nitrogen. 
The heating bath* a sodium nitrlte-potasslum nitrate equi-molar mix­
ture, was then heated to 300° C, the flask was Immersed and the bath 
temperature was regulated to 320° C. Three three gram portions of 
catalyst were added at intervals, the total length of the experiment 
being 52 hours• During the course of the run the trap clogged twice, 
causing the nitrogen inlet tub© to blow off, and necessitating re­
moval of the trap for clearing, this mishap undoubtedly caused a 
loss of some of the most volatile products.

Art the end of the experiment th© trap was f ound to contain 
about 0.5 c.o. of an oil and several cubic oontimetors of an aqueous 
solution. Th® solution was washed from the oil in a separatory fun­
nel using several small portions of water, and the washings were 
made up to a total volume of 10 c.o. Five c.c. of this solution 
was tested qualitatively for methyl alcohol by Denigo's method.
The alcohol was oxidised by potassium permanganate in phosphoric 
acid; the excess permanganate was reduced by oxalic acid in SO per 
cent aqueous sulfuric acid, and Schiffs reagent was added. The 
intense red color which resulted even in the presence of sulfuric 
acid could only be due to the presence of formaldehyde, demonstrating 
that the tested solution contained methyl alcohol.

The remaining five c.c. of solution was diluted to 10 c.c. and 
one c.c. of this was again diluted to 50 o.c. so that the final.
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sortition represented a total dilution of on© part of the original in 
1000 c.c* of solution. A micro meihoxyl dotemination was tmd© on 
one c.c. of this final solution by adding it to previously chilled 
hydrogen iodide solution in the reaction flask of the ViebUck and 
Sehwappach methoxyl apparatus, allowing the mixture to warm to room 
temperature, and finally heating as in the normal determination. The 
estimation accounted for about 50 per cent of the theoretically possi­
ble amount of methyl alcohol| the other 50 per cent may haw been lost 
in the mishap previously described* It seems certain that there is 
little hope of isolating a methoxyl derivative by dehydr©genation•

As a check, the residue in the dehydrogenation flask was ex­
haustively extracted with benzene, the solution was evaporated to 
dryness and methoxyl content was determined on a 300 mg. sample. 
Similarly, a determination was made on the oil found in the trap.
Ho sethoxyl was found to be present in either case* d©n©© the dehy­
dr oronati on study was abandoned.



ffirDROGEHAXIOW OF CBRIB

Apparatus

The hydrogemtor used consisted of a* heating: jaeket mounted on 
a shaker in such & manner that the reaction bomb could be tilted 
back and forth to the extent of about IS degrees on either side of 
the horizontal• Two interchangeable bomb3 having capacities of 100 
c.c. and of 1200 c.o. were available. The apparatus was suitable 
for use at any pressure up to 6000 lbs. per sq. in. and any tempera­
ture between room temperature and 400° C. The temperature was con­
trolled by a themocoupl© inserted in a hoi© drilled well into the 
bottom of the bomb and connected to a regulating potentiometer. A 
compressor was available for obtaining; pressures higher than could 
be obtained from a hydrogen cylinder.

Preparation of Catalyst

The oopper chromite catalyst was prepared according to the di­
rections of Adkins (!)• Before decomposition, the orange precipitate 
formed in the process was divided into tiro portions one of which was 
decomposed at as low a temperature as possible, and the other was 
decomposed at high temperature. The object was to prepare catalysts 
differing in activity in an attempt to prepare the dihydro oeria re­
ported by Holmes which melted at 251-54° G. In addition to these two



catalysts, two other copper chromite catalysts propared by Wolfe and 
by Koslngo were used.

Purification, of Dioxaae

the dioxane used in these experiments was carefully purified by 
allowing It to stand for SO days with 10 per cent of its volume of 
10 per cent hydrochloric acid. The water and hydrochloric acid were 
removed by addition of solid potassium hydroxide, and the dloxame 
was then refluxed over sodium for two hours before distillation.

Friedelinoi from. .Reduction of Garin

1) One gram of oarin (M.P. 247«S1° C) was dissolved in 60 c*o. 
of diox&ne and reduced over one gram of copper chromite catalyst for 
six hours at 250° C using a pressure of SQGO lbs, per *q. in. Six 
crystallizations of the product yielded approximately 60 milligrams 
of friedelinol melting at 2*9-302® 0. A mixed melting point with 
friedelinol prepared by catalytic hydrogenation of friedelin showed 
no depression.

Analysis s
Calculated for Og^SggO C a 84.04 

H s 12.23
Found C Z 83.80 , 83*79 

1 « 12.22 , 12.27

2} On© gram of corln (M.P* 847-81° C) dissolved in 60 c.c. of 
dioxane was mad© acid to litmus by addition of on© drop of acetic
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acid* Qua gram of copper chromite catalyst was added and the mixture 
shaken for seven hours at 120° C at a pressure of 1900 lbs. per sq.
In. Four crystallisations from dioxame yielded 20 milligrams of crys­
tals which melted from 277-82° 0. A mixed melting point with the 
lower melting isomer of friedellnol prepared by catalytic hydrogena­
tion of frledellm showed no depression.

Analysisi
Calculated for Gg0%g0 0 = 84.04

1 a 12.23
Found C • 83.04 , 83.14

H r 12.35 , 12.14

The catalytic hydrogenation of eerln is highly complex, the 
only pure compounds which have been isolated are those described 
above. The table on page 28 is presented as a summary to show the 
scope of the conditions studied. Even when conditions are as care­
fully controlled as possible, the product formed cannot be duplicated 
In melting range.



HYDROGENATION TABLE

°c
Pressor*
lbsf/aq.

in 
in•

Tine in 
hours

Catalyst Melting Range of 
first produot °C

SO 106 5 Raney Hiaksl 281-48 (*gg|g)
30 67 1 « n 257-81
100 100 16 tf a 281-80
100 2400 4 « ft 257*71
160 2400 7 it w 264-74
100 3000 8 » t« 270-84
110 2980 8 Copper Chromite (Hosing©) 245-34
120 2000 4 w n « 257-70
120 2400 7 « tt tt 244-57
125 2000 6 St a a 253—60
123 2100 7 » « tt 216-32
150 2400 6 tt tt tt 270-77
150 2000 8 ft n t» 266-82
250 2400 6 ft tt tt 235-72
240 4000 24 « a tt 251-67
ISO 2000 4 Copper Chromite (Vicare) 231-60
150 WOO 4 *t ft 255-72
250 WOO 4 a tt 251-70
160 2000 4 Copper Chromit© (High tengu) 275-79
160 2000 4 n * (Low temp*) 266-82
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The iodin© libemted from the potassium iodide by the lead tetra­
acetate of the aliquot was then titrated with standard sodium 
tUiosulfat© solution. For the blank 21*6 c.o, of 0.0135 normal 
thiosulf&te was used by each five c.c. aliquot and, for the sample 
3*1 o.o* of thiosulf&t© was used for each 10 c.c. aliquot. Calcu­
lation showed that 2,38 mols of lead tetraacetate was used up per 
mol of hydrogenated eerin present. This corresponds to the theo­
retical quantity of oxidant required to convert dihydrocerin into 
dibasic acid.

The acetic acid solution was poured into 1,5 liters of hot 
water, oooled and filtered. The precipitate, which was liberally 
contaminated with lead dioxide, was extracted six times with boil­
ing benzene. The benzene solution was concentrated to about 100 
o.c. and filtered several times through hardened filter paper to 
remove a small quantity of lead dioxide. The filtrate was concen­
trated and allowed to crystallise to yield about 500 mg. of a product 
which sintered at 265° and melted with decomposition at 273-77° 0. 
Several crystallisations from bensene raised the melting point to 
273-82° C. A mixed melting point with the dibasic acid obtained 
by Holmes from the chromic acid oxidation of cerin showed no de­
pression.

Analysis:
Calculated for c * 78.89

H S 10.71
Found C Z 75.65 , 75.59

H Z 10.56 , 10.65
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Oxidation of Hydrogonated Serin to Pi aldehyde

1.56 grams of hydrogenated carin. dissolved in 500 o.c. of aeetio 
aoid. was oxidised at 60° C by a measured quantity of lead tetraacetate 
equal to a ten per cent excess of the theoretical quantity necessary 
to oxidise dihydro oerin to the corresponding dialdehyde, At the end 
of 60 hours mo unused lead tetraacetate could be detected, and the 
solution was poured into 1500 o.c. of hot water (90°), cooled, and 
filtered* Purification, which was effected as described above, was 
simplified by the absence of any lead dioxide. After several crystal­
lisations from benzene, the reaction product was found to melt from 
310-14° G. A mixed melting point with the dialdehyde obtained 
Holmes showed no depression.

Monobasic Acid from Dialdehyde

0.1 gram of dialdehyd© (tl.P* 310-14° C) was re fluxed in alco­
holic potassium hydroxide until solution was achieved and then the 
refluxlng was continued for SO minutes. The solution was poured into 
dilute hydrochloric acid, and the white precipitate was filtered off 
and crystallised from acetone to yield a white solid melting at 312- 
17° G. A mixed melting point with the di aldehyde showed the product 
to be a different compound. A saponification equivalent determination 
was made and the product was recovered and crystallised twice from 
aoetone. The melting point of this product was 322-35° G. Three 
mixed melting points with the material used in the saponification 
were all intermediate between those of the two substances themselves.
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Analysts*
Calculated for Cg-qHjggOg C Z 78.20 

H s 11.37
Found 0 5

h  r
78.24 , 78.50 
11.18 , 11.11

Saponification Equivalent
Calculated for CgQHggOg 460
Found 449, 453

Dibasic Acid from Oxidation of Hydrogenated Corim

Four grams of hydrogenated cor in, dissolved in 1500 c.c. of 
glacial acetic acid, was allowed to stand at room temperature with 
a large excess of lead tetraacetate for 27 days. The product was 
obtained in exactly the same way as previously described and was found 
to be identical with the dibasic acid formed in the oxidation of carin 
by chromic acid.

Anhydride of Dibasic Acid

To show, if possible, the relationship between the dibasic acid 
and the dialdehyde, an attempt was made to reduce the acid (as the 
di&oyl chloride) to the dialdehyde by the Hosenmund method, 1.6 
grams of dibasic aoid was dissolved in 25 c.c. of thionyl chloride 
and refluxed for one hour on the steam bath. The thionyl chloride 
was distilled off under reduced pressure and the solid residue was 
dissolved in 20 c.o* of dry, thiopheneplire© bamseme which m s  them 
distilled off. This evaporation of the bensem® solution was repeated
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three times to insure removal of ell thionyl chloride* Finally, the 
solid was dried over sodium hydroxide in a vacuum desiccator* When 
three separate experiments, using varying conditions and different 
preparations, failed to evolve hydrogen chloride the product of the 
reaction between dibasic acid and thionyl chloride was isolated and 
crystallised from bensene. After four recrystallisations the pro­
duct melted at 274-78° Cj a mixed melting point with the dibasic 
acid melted at 266°,

Analysis s ®
Calculated for ^30®48®3 C 2 78*89

H 2 10.59
Found C S 79.05 , 79,10

H s 10.49 , 10.68

Dibasic Acid from Anhydride

0.1 grams of anhydride was refluxed for 30 minutes with methyl- 
alcoholic potassium hydroxide, than poured into dilute hydrochloric 
acid to yield a whit© precipitate which was filtered off and crys­
tallised from acetone* The product crystallised in beautiful needles 
melting at 249-57° 0. A portion of this product was refluxed again 
in alcoholic potassium hydroxide t© yield a product melting at 269- 
84° 0. Both product® were apparently mixtures of dibasic acids* 

Analysiss
Calculated for O-^SgQO^ C Z 75.89

H 2 10.71

6 The author thanks Hr. 1. 0. Young for these analyses
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Found 0 5 75.42 , 75.65
E Z 10.61 , 10*52

Eihydrocerin

Twenty-four grams of cerin (in two batches) was dissolved in 
2400 o.c. of hot amyl alcohol, to this was added 25 grams of fin© 
sodium shot in small portions* The amyl alcohol was distilled off, 
and the gel-like solid obtained was crystallised many times from an 
ethyl alcohol-benzene mixture to yield 1.8 grams of dlhydroeerin 
melting at 295-98° 0. A mixed molting point with dihydrooorin pre­
pared by Holmes, and used by him in his experiment, showed no de­
pression.

Load Tetraacetate Oxidation of Slhydrcoerin

1*86 grams of dihydrooerin was dissolved In hot acetic acid in 
a on® liter volumetric flask. Into this was pipetted 100 c.c. of a 
lead tetraacetate solution which had been saturated at 70° 0. Fifty 
c.c* of the same solution was pipetted into a 250 c.o, volumetric 
flask, and both flasks were mad© up to volume at 70° C» After 48 
hours, aliquots were withdrawn and titrated with 0.0235 normal sodium, 
thlosulfat® solution. Five c.c. of blank used 15.50 c.o., while 10 
c.c. of dihydrocerin solution used 6.60 c.c. Calculation shows that 
5.07 mols of lead tetraacetate were used per mol of dihydrocerin.

The product was worked up in the usual manner and raoryst&llized 
several times by dissolving It in benzene and evaporating with simul­
taneous addition of ethyl alcohol. The white needles thus obtained



malted at 254-57° 0. A mixed malting paint with cerin showod a marked 
dapressioa. the yield of product obtained, 550 milligrams, represents 
only 20 per cent of the total material present and does not account 
for the total amount of lead tetraacetate used up in the reaction. 

Analysis s
Calculated for 05gSfegOg 0 s 79.29

i — io.ox
Found C « 79.15, 73.53

H Z 10.71 , 10.85

Saponification Equivalent:
Calculated for CggllggOg 484
Found 470, 478

The product of saponification was re coir© red and re c ry s tal 1 i so d 
from benzene and ethyl alcohol. It was found to melt at 258-64° 6 
and a mixed melting point with the original showed a marked depres­
sion. A saponification experiment on the recovered product showed 
that this product was not acidic and did not possess a saponifiable 
group. Carbon and hydrogen analyses, combined with the data on the 
product saponified, Indicate that the recovered material is cerin or 
an isomer of cerin. The indication is confirmed by mixed melting 
points. Two mixtures of the product recovered from saponification 
with cerin of molting point 251-57° C melted from £54—61° 0.

Analysiss

Calculated for C Z 81.37
H Z 11.39

found <3 5 80.97 # 81.02 , 81*19.
1 Z 10.06 , 10.92 , 10.95
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X) An isomeric friedellnol has been isolated, and the conditions 
necessary to produce either lamer at will have been ascertained,

2) The isolation of friedellnol from the hydrogenation of cerin 
has demonstrated again the close relationship between the two o<a- 
pounds,

$) Location of the carbonyl group in friedelin by dehydrogenation 
of friedelloyl methyl ether has been proven Impossible,

4) Supporting evidence for the structure of the dialdehyde ob­
tained by lead tetraacetate oxidation of dihydrocerin has been obtained,

5) The existence of several stereoisomerlc dibasic acids has been 
demonstrated •

6) Two new products of lead tetraacetate oxidation have been iso­
lated, These are the dibasic acid which has been obtained previously 
by the oxidation of cerin with chromic anhydride, and the monoacetate 
of cerin or a compound which is Isomeric with cerin.
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(If) %om*r&§ F. footor*# Eaivarsity of Maryland, (1933)
(30) Buaioka, Ho all, m i  Hof*«um, Solve tie* Chiaiea Acta, If * 3T0

(1 9 3 3 )

(21) Bnolftie* and Hofaann, Helvetica Cklmio* Acta, 20, 1138 (1 9 3 T )


