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HISTORY AND INTRODUCTICXN

Cork, being an exceedingly complex nmaterial, has
been for more than a century the subjeet for the study
of a large number of chemical investigations,

To Chevreul® belongs perhaps the credit for the dis-
eovery of those particular compounds habitually referred
to in the ehemical literature as the cork alcochols, ile
deserives the isolation of a material, obtained by the
extraction of ground cork with aleohol, which he thought
to be a single pure substance, fle named it “"cerine" be-
cause it resembled a wax, However, it 4did not possess a
low melting point, was less soluble in alcohol than a wax
and furthermore the filtrate from the water treatment of
an alcoholic solution of the substance showed no acidity
to litmus, It remained unaltersd on treatment with hot
alecoholic potassium hydroxide and was decompossed by hot
nitrie aclid to giie oxalic acid, Although he reported
no analyses or melting point, Chevreul concluded that the
material was not a wax, Bouasinsalt“ later obtained a
similar material by extracting cork with ether, The brown
resinous sclid left upon evaporation of the ether, apparent-

ly without being further carefully purified, gave analyses



which corresponded to the formula CuzHzgO.

The following analytieal resultsa obtained for a color-
less crystalline m&tarial from cork were reported by Doepe
mng”{ Cy 76.63, 75,525 H, 10.55, 10.49. From these
values he conocluded the rarmulﬁ to be Cogliao0se This forme-
ula was furthar_modifiadﬂby 3iewart® who proposed Cy9HzgC
as best fitting the mean of eight analyses (C, 82.30; H,
11,39) which he obtained for a material extracted from
cork with aleohol and for which he greposed'the name phele
lyl alecohol,

Eﬁgler° ocbeerved that the exhaustive extraction of
200 grama of ground cork with chlorcform in a sealed tube
at 100° vielded za‘gruma of a 80lid material from whieh,
by recrystallization from absolute alcohol, he obtained
an amerphous substance malting at 126° and one that erys-
tallized in needles melting at 238°, e recorded the sole-
ubllity of the c¢rystalline material in various solvents as
shown in Table I, xsglar proposed for cerin the formula
Cz0H320« In a paper published somewhat later, Thoms® des-
oribes the extraction of 10 kilograms of ground cork with
ether, The extraoct, upon removal of the ether, yielded

475 grams of a 4dry, although somewhat pasty, brown mass,
This crude material was lesched with cold ether in two
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Tablg I, dSolubility of the grvstalline product obtained
by Xugler,

G. per 100 g. solvent,

£iC1 Calla Pet, Bih $9:4C ,ligOX
Hot Cold ot old ilo old Hot Zold
3.8 2.6 1.2 1,0 1.6 1.0 Ce 37 0.1l

main portions after which the remaining residue was boliled
with 55 sodium carbonate solution and then with 5. pot-
assium hydroxide., Following this treatment, the insolu-
ble matter was filtered off, washad with water and dried,
Upon recrystallization from ethyl acetate the substance

melted at 249° and gave the following series of analyses:

Subs, Ge H30 G. €Oy C AL

0.1234 0412685 0.3683 81.40 11.39
«1312 «1380 « 3914 81,36 11.88
« 1667 « 1726 « 9009 8l.94 11.50
«15654 «1638 « 4663 8l.83 11,6%
« 1338 + 1390 « 3998 81.50 11,54

Forrulas fitting these values are CaolgeQg (C, 81.38; H,
11.39) and CggHgeOa (Cp 81.723 H, 11.48)., Thoms states
he was able to prepare an acetyl and a benzoyl derivative,
although he does not descridve them further, Believing
cerin might be related to the plant sterols, he made two
color tests on his produet, The first, with acetic anhy-
dride and concentrated sulfuriec acid, gave a rose red col-

or and the second, with concantrated sulfuric acid and a
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chloroform sclution of the substance, he deseribes as
giving a yellow ecolor, which, after several hours standing,
becane violst,

The important faet that this erystalline material
from cork really consisted of two substances which could
be separated from each other by a series of recrystalllza-
tions from chloroform and which differed markedly in both
their solubllity in chloroform and pereentage composition,
was demonstrated by Istrati and Oastrogovieh®’, Friedel®,
in a note to Iastrati, had called the attention of the late
tar to the fact that Chevreul had previously isoclated cerin,
adding that he himself had observed that the substance melt-
ed at 248°, was soluble in both ethyl alcohol and ohloroform,
gave analyses corresponding to the formula C;3H;,0 and appear=
ed on further study to contain a eardonyl function, In
honor of Friedel, Istrati called the more soluble of the
two compounds, friedelin. These workers refluxed the arude
extracted material with alcohol, filtered off the insolu-
ble matter and washed it with moderately warm aleohol, The
part insoluble in the warm slechol was axtracted in a Sox-
hlet apparatus leaving in the thimble a quantity of brown

resinous material, The cooled filtrate was then filtersd
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%0 yield impure cerin which was further purified by seve
aral recorystallizations from chloroform to give long ailky
neadles melting nt 234-4,5°, Trom the filtrates, orude
friedelin melting at 250%, was obtained. This wus decolore
ized with charcoal in Vbenzene solution and then partially
extractad in o Doxhlet apparatus with ghloroform. iy re-
peating this operation several times there was obtalned

a product melting constantly at 263-3,5%, which crystalliczed
from alcohel ia perfeotly white brilliant flat needles,

The solubilities of the two compounds in ohloroform and
absolute slechol were given as Tollowa:

Ta?latll, aeluhg%%gngf Cerin and Friedelin acecording to

G. per 100 cc, oolvent

E g‘wua Aaﬁ ) )
R Bailing ' zoilling
Carin o . 1 l.1 ;.073 Da2d

¥riedelin 11,5 2645 Ge080(21%) 0437

Analysis of cerin gasve the values, C, 8C.86, 80.85,
80,753 iy 1le.47, 11.30, 11,80, which according to Istrati,
gorresponded to the formula Cuqlgelg (T 814003 I, 11,00)
with a moleoular welght of 450, Jne determination of the
noleocular welght by the ebulliscopic method gave 400,%.

In the case of friedelin the analyses werye L, 83,52, 834,40,



83,365 I, 11,68, 11,56, 11,71, corresponding either to
Cg1Hae0 (Cy 83,443 H, 11.26) with a molecular weight of
302 or to Cgualoe0z (G, 83.493 H, 11,34) with a molecular
weight of 618, They found a molecular welght of 645,

Poth substances were found to be optically active,
the ap=cific rotation in chloroform changing with the
concentration to give the maxima, for cerin in 2 solution
containing 0.3306 gram percent, (a%)ia-84.69° and for
friedelin in a solution containing 0.8210 gram percent,
(o) ~48,72°,

In carrying ocut the two color tests described by Thome,
theae workers found that both substances in acetic anhydride
solution gave a red color with fuming sulfuric but only
a faint color with coneentrated sulfurie secld. The chlorce-
Torm soluticons in both cases when agltated with conegentrate
edsulfuric acld failed to give a violet color,

The ohiemiceal literature contalns no further record
of investigation into the question of the chemical cone
stitution of friedelin and cerin,

Seurti?®, in recording the findings of some studies
of the formaation of fats in oleaginocus plantsa, has made the
statement that the compound which earlier investigatoras
ealled enrin, is in reality identical with the so-called
cerose alcohols, "oleanol” (olive) ligustrol (Jupanese
privet), and fillirol (phillyrea media) having the formuls

Ca1ilgo0ae
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From the work of van der lUaar'“and otheras it is now
apparent that "oleancl® is a hydroxy aeld and not a tri-
hydroxy compgound as was first supposed., The name given
to this compound by van der ilaar and the one now accepted
in the chemical literature is oleanclic acid,

winterstein®? glassifies cerin among the sapogenins
as u dihydroxy triterpenoid, 4 close examination of the
litaratﬁre congerning these substances revenls soveral CoOme
pounds related to the triterpenes and sterols containing
thirty carbon atoms, A casual examination of the following
table of such compounds and thelr derivatives will serve
to show that carin and friedelin are among the very few

vhieh exhibit a laevo-rotation,

constants of some &
¥

Form, _ Subsg, CHCLa dePe ____ erivatives,
Caoliga®
. oxime 236.5°(234°);
ol ~Amyrongl3 144180 - 124-6°  iydrazone 25208 4nole- o
18e1b o benzoate 197=8"; Eromo=-190,
3 =Amyrone -- 177=-9"  Lromo- 198-8"; ‘inolw
B benzoate 1l81lw2 ; Oxine
- 268-79, _
Apobetulini®e1e -28,69%  186-7°  Acetate 203-4%(p-44,38°,
-511icap0o=-
betulin)
Apoallobetulint? 74.98° 1¢8-201° -
7/~ﬁ@ealla-

vetulint® - 24230



Iable I1I {continued)

N joo )N
S OYMy z.}'%_s__lbﬁq uu.v;,L ‘ M Lerlvat l?@ﬂ.
Lupeone3°=-% 63.19 170-2°  Dibromo- 248-§4°3 Oxime
(57.3°) fi,z-?ga? (274 )06,, 20,50
rgnosterol®” 70,5° 162° Acetate 173-4%C) 00, 40;
Lanoatenons®* " 9“ 116 Benzorte A0A0plONB, 2 ,
b # - t,. - e
Oleanonel? 96,8° ma-—va" -
Caoflasls
f} = Amyrone
oxide 114 143° 257° -
- lIEYTONnS
oxide 11** - 234° -
[} =nmyrone
oxide I1I'%* 125° 183° -
Hydroxy =~ o
amyronels - 215e7 Oxime 248-51°,
-Amyrilene
‘- dlioxide?® - 19¢=-201° -
Amyrone
oxideld 141° 193° -
Betulonel®» 15,97° 207-8° 3 getma 182-3%0p
‘!\
Allobetulonei®s36<28 o v ‘35
84,40 230-1%  Znolbenzoate 228-30° Xp
33,16 3 Oxine 9&:5-%{3‘3
Dibromo- 3@%334.75 ;
“henylhycirs.mene 2257,
sudarol?® - 176° Acetate 19E=59
aerpoatarol 68,59 189=80° -
Caoligo¥
Friedelin sppr =290 4° 255-51° nolbaproste 255-62°
Ol Be 2
anyrilene oxide - 126=7° -
2 P - o
o ~Amyrinid®i9,s: 82.8% 18169 scatage 220-590p77.9
(9le® Cgls) ' (7587 )5 Benzoate 191-4°



Table III {continued)

fzé)b
Form, Subs, HCla AePe Derivatives,
U ~rmyrin (eontinued) ibenmo&ta)aﬁ%ﬂﬁ
?%4§§ 21 o o Aromo= 1789
B -amyrin 8844 193-7° scetate 235-41%pa1,? i
(9&.1 Cellg) Benzoate ?anqu$blaQ.h :
o Dibromo~ 210«8
Jlesnol £9,1 216~?3 Acetate 209-10%0,44,7°,
uugeolék&’ﬁ’%a 27, &c 211=59 Acatiate 214-8 00045 259 o
(24,57°) (41.23° )3 Renzoate 270=-4°
Dﬁ@ 473 Bromow 13"‘0 CUD
3.8" % Ditromow= 210«6 d%
22:» 4 R
OO -Allo- -
lupaol - 191° Acetate 199 ;ﬂoéd,4$°é
Benzoate 2538 oip 42,82
-511lo=
lupsol’ a8 - 1ﬁl° Acatate 196 tﬁoﬁﬁ.ﬁ? F
kenzonte 23
Alnulin®® s 1289 Jastate n$§§i bBromoe- 2109,
winglii=-
06 carol®? 75 44° 2039 Benzoate 2u7°%,
"I&Ligtu“
40
carclga 28 53, 89 155° Genzoate 260" b
Lanosterol 5840 140-1° Acetate 113=-4 Oﬁaﬂ% 2°

Lanostarol Aa“
o) =Zinyiro-

agnosterol®®  60,9° 147-38°
/; -bihydro-
agnozterol 36467 14129
Caofis003
Cerin 00y, =4308° 247-51°
o =/ myrin
oxide? - 193°
B T det s 18 s 201-4°
(B -amyrin
diﬂaiﬁﬁ)

58,7° 142,5-3,5%

secetatbe

$
Fenzoante 191, g*wo74. O-
Acatate 126-7°dp590,.4

Acatate 163w :5 wD J%.‘i -

reetats 1330 45,9%

gl"') ™
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Table 111 (continued)

Lod)p « |
Form, Subse CHOl A He P derivatives,
Dihydro- ,
betulone®® 10,43° 130-33 -
Hederabetulinl?  55.1° 276-8°  Diacgtate 190°%p
i3=1s o 58.6 . o
Betulin 19.96CHsN)  251-5°  Dincefate 219-20°0p
21.996 Dibenzoate
145=7 fl@l*)cﬁoas.aaﬁ.
1749 Promo= 215°,
BBuB? 0 . . O 7o ,
Allobetulin 48,35 RB9=65 Acetate 275-6%0p64,61°
u o Benzoate 275-6%0,70,26%,
Heterobatulin®*’ 11,59 267-8°  Diacetate 248-9°olp o
2WB.29 7 3 giban%oate 228«8",
19, U p 35,49
. 43 . o . ) Ve . 9
Brein®?, 5845 216=9 Dincetate 196°; Di-
an o ° benzoate 20y=-10°,
Arnidiol®’ 62.8"{CHy) 00 249-50" o/ -Diucetate 181-3];
- " 1C0=1 .
Faradiol®*® 41,0° 238° Dlacgtate 14@—55000
(45,0 {CHg) 3C0) 63,58°,
Caollpal
o) ~Dihydiro- .
lanostero1®®s %% 531,5° 149-50°  Acetate 118-20%%,52,5°,
. o (183)
Jihydrolupsol -1?.50 201=-2 -
, {=16,18") o
CaoHygO(lo name) - 251 scntate 237°%.
Caolpals
Dihydrobetulin®® -19,34° 277° Diacefate 263-5°Cp
{(=22,0 CgHgH) “85.,50"
Dihydro- i1 o o o
hederabetulin 17.7 2359 Diacgtate 131-2" 06,

42,27
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As a result of some recent unpublished observations
goncerning friedelin and gerin made by Cooke in this
labvoratory it became apparent, both on the basis of melte
ing points and percentage composition, that the early
workers, with the probable exception of Thoms, who undoubte
edly Bud succeeded in obtalning pure cerin, had not iso-
lated perfectly homogensous compounds, By sevaral resorys-
tallizations from chloroform, Cooke obtainad cerin melting
at 247-8° which gave the following analytical values:

C - - - 81.41, 81;41’ al.QG
H e = « 12,08, 11,66, 11.88

The friedelin obtalned in this manner melted at 262,5«23°
and Zave upon analysis;

- - 84.48’ 84.50’ 83.81
- = 12,08, 12.26, 12,17

jnll 1

He further repcrted that the two compounds when refluxed
with acetic anhydride containing a little conecentrated

sulfuric acid yielded the same acetate, the identity being

eatablished by analysis snd saponification values;

Acetylataed friedelin Acetylated cerin

-

w - - @3‘54' 82.54 had hnd had 32‘82' 32,91
ﬁ - - 11.57’ 11626 - - - 110683 ll;?@
ﬁOln Wtu @4§.% K@lg wt. 454'0

That neither of these products is identical with friedelin

acetate, has been shown by Shrader®®,
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1

e invagtigalion herelan deseribed wis undertakean
with the adm of studying the propertios of friedelin
and ecerin as o primary step in o further study of the

chemicenl constitution of theas compounds,
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BEXTRACTION

Upon the recommendation and following the practice
of Cooke, ethyl acetute was chosen as the extraction sol-
vent, The commercial product of 895 purity manufactured
by the U, 3, Industrial Chemigal Co, was found suitable,
The cork powder used in ths preliminary trial extractions
and the 20«30 nmesh ground cork used in all subsequent ex-
tractions as a source of friedelin and cerin wams supplied
through the courteay of the Armetrong Cork Co,, Lancaster,
Tennsylvanlia,

For an initial series of trial extractions a percol-
ator type apparatus designed and built by Drake and Gples®”
was employed., Using cork powder, a charge of about two
pounds ylelded upon extraction 1.5+ ita weight of a brown
colored solid material, Difficulty was immedliately en-
countered in the extraction process due to the very poor
poroaity of the cork powder, iloreover, the extract wus
dark reddish-brown in cclor and the s0lid material obtaine
able from it was seriously contaminated with brown colloid=-
al matter, ‘When the charge was changed to a fifty-fifty
mixture of powder and 20«30 mesh ground cork, the porosity
of the mass ilmproved but the solid product was atill quite
dark ocelored, With 20-30 mesh ground cork alone, the ex-
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traect was light orange-brown in color even after twenty
hours percolation and the solid material aeparatiug from
it appeared nearly white, Due to the bulkiness of the
ground cork s charge of only aboutl 500700 grams eeuldvba
extracted each tinme, so it was thought advisable to carry
out the process on a much larger scale,

Through the courtesy of the Bureau of Chemisiry and
30ils of the U, 5. Department of Agriculture there was
obtained an extraction apparatus consisting of two kettles
fitted with riveted ateam jackeats and suspended, by means
of pivots riveted to the sides of each, on a heavy steel
frame so that they could de tipped for discharginz, The
kettlea, being 37" deep with an internal diameter of 186"
at the top and 10" at the bottom could be charged, when
about two~-thirds fillled, with five pounds of ground ocork,
Both jackets were fitted with f/‘* steam connections and
the covers with ﬁ/s" vapor outlet pipes in such a manner
that one kettle could be used for hot extracticn while
the other served as a solvent recovery still, Tha1§;ad~
lined copper covers were made vapor tight by using 1/*“
by 1*/3" rubber gaskets 18" in outelde diameter and were

held in place by six or eight 4" standard stesl clamps,
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‘The vapor line led from the covers in series to a straight
condenser, 45" long and constructed of 10 mm, standard
copper tubing with a gless water Jacket, inelined down-
ward %o mgk@ connection with a secondary condenser of sime
ilar tubing wound in the form of a apiral and eocoled by
circulating water in a five gallon erock. With such & cone
densing system the ethyl acetate could he distilled without
appreciable loss at a rate greater ﬁhma five galleons per
hourl The bottom of the extraction kettle was flitted with
a round perforated disk of lead covered with copper gause
to support the charge. The steam inlet snd vapor outlet
of this kettle were made through pipe unions so tﬁmt the
extractor eould be made to swing free on its pivots during
the discharging operation,

In the typieal extraction procedure the extractor was
charged with five pounds of ground cork, the cover clampad
in place and 17-20 gallons of solvent pumped through the
top by means of a simple blower arrangement, 7The kettle
was heated so that 2-3 gallons of solvent was distilled
over during a perlod of about 1l-2 hours, The steam was
then shut off and, after allowing the kettle to cool some-
whaty & small stopoock in the cover was opened and the
warm extract drawn off through a 3/, * brass stopecock at

the bottom, The warm extract{about 10 gallons) was then
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blown into the rescovery still and concentrated t¢ 7-10
liters. Iuring thias interval the extractor was charged
with an addlitional 10 gallons of solvent for the second
extraction of the sane éork charge, The concentrated
extract in the recovery still was drawn off slowly while
8till boiling, filtered and colleoted in a 12 liter flask
to cool, The orystalline material was filtered off and
washed with a quantity of ethyl acetate to yleld 10-20
grams of d4dry, nearly white needlea, The filtrate was put
back into the solvent recovery still with the second extract
for further concentraticn. These filtrates became yuite
dark colored after four extractions (two charges of eork),
and so after every fourth orop had been filtered off, were
regarved for final concentration, Hach éurk charge, after
being twice extractad in the manner descrided, was removed
by tipping the extractor and expressed in a clder press

to recover an additional 10«15 liters of solvent, This
very uneconomical method of recovering the ethyl acetate
from the wet cork was used since no facilities for steam-
ing so large an amount of the extracted cork were availe

adble, The loss per charge was about 2 gallonsa,
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PURIFICATICE

The great difference in the solubility of friedelin
and earln~1n chloroform cbaserved by Istrati and Catrogoe-
vich would lead one atl onece to ceonslder the recrystallizaw
tionof the crude extracted solid from this solvent as a
means of affecting the separation of the twe compounds,

The process was carried oul by dissolving 2%»30“
grama of the orude in the minimum quantity of boiling
okloroform under reflux, filtering the hot solution and
cooling. The solid separating from this solution, to-
gether with an additional small quantity of the less sole
uble material obtained by concentration of the c¢hlorofornm
sclution to about one half its original volume, was fil=
tered off and recrystallized from ehloroform. The ¢erys-—
talline material obtained in thias second treatment was
nearly free of friedelin but contained & small amount of
brown colloidal matter, the removal of which was completo-
ly asoconmplished by rearystalliization from benszene, The

material thus obtzined gave a rotation in chlorsform sol-

L R 3 2 2 X X E_E_ B _X_X_ J

&?ha quantity of material employed need only be an amount
convenient to manipulate,



as ' b
ution of (o0 )5653-45.3° {e=0,300), Further recryastalli-
zation Trom ehloroform did not greatly alter the material,

the rotation changing only within the precision of the
as
8461

~44,5° (g=0,954) and after further reorystallization,

determination for such dilute solutions to give (00 )

Qoo)zié; -42,4%° {e=1,18)., Cerin obtained in this manner
eéyatalliaed from chloroform or benzena in silky needles
nalting with apparent doeomgaaittan at Eévnﬁloa. The
amount of cerin obtalnable was 5-104 the total weight of
the crude extiracted material,

The friedelin, which makes up the bulk of the crude,
together with some of ithe brown colored matter, ra@aina
dissolved in the above chloroform filtratel ?heaé were
congentrated until so0lid began to saparate from tﬁa hot
solution, whereupon the addition of an squal volume of
acetone to the warm sludge precipitated orude friedelin
in the form of a white erystalline powder, The small am-
ount of btrown color which remained could then be removed
from this solid if necessary by leaching it with hot ace-
tone in whieh the friedelin is only very aparingly soluble,

hIt is unnecessary to pre-~treat the grude with 1,0#0H in

804%t03., The above rotations were detarmined for cerin
from, glkall tgaatad crude, while that from untreated was
(00) ggay~237"(e=1,18),

411 melting points were made with a calibrated thermometer
and are corracted for emergent stem,
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Pure friedelin was obtained from this *friledslin rieh*
material by converslon teo an ester and subseguent sapon-
ificntion,
smublimation in vacuo was used in many cases as a

means for the final purification of samples feor analysis,
The apparatus used conaisted of a sublimation chamber con-
structed of two mections, one 10 om, and tha'athsr 0 om,
long, of 50 mm, pyrex tubing euch sealed on one end, The
cpan ends were fitted with brass cecllars sealed to the
glass with "Pigein*, The contacting surfaces of the brass
collars were machined to a plane so that with the ald of

a thin film of Lubriseal a vacuum tight connection between
the two sections was possible, The longsr bottom section
served to hold the material to be sublimed, In the top
sagtion was sealed a condenser of 2& mm, pyrex tublng 34 om,
in length through whieh cold water gould be ciroulated,
and which, when the apparatus was uguamhxad._@xtnndad to
within 6,5 em, of the bottom of the sublimation chamber,
The lstter was evacuanted through a side cutlet in the upe-
per section leading through a trap immersed in a cooling
nixture to a mereuyry vapor pump backed by an oil pump,

The sublimation chamber was heated by means of an eslectric

furnace, ths temperature of which was followed by meana of
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an ordinary 360° thermometar, The chareze of material
to be successfully sublimed was not te exceed LWO Zrams,
After partial sudblimation had taken place the sublinate
could ba chipped off of the cold tube and the procans
continued, The time rsgquirsd for the sudblimation of 1,0
to 1.9 graums of nalerial was, depending upon the tenpere

ature enployed, 20=-60 hours,
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DIBCU3SING

Cerin, purified by recrystallization from chloroform
eould be sublimed in vacuc without chuange in composition
at a temperature of Qleusmoa; The carbon and hydrogen
values obtained upon the ocombustion of this sublimed mate
arial correnpond to those calculated for (CsaoHge0ss the
formula first propossd by Thoms,

Dre Se Be Hendricks of the Pixed Hitrogen Ladboratory
of the U, 3. Department of Asgriculture very kindly consentesd
to measure the refractiive indices of both friedelin and
cerin, The data he obitained upon the examination of cerin
Was

Habit: Harreow laths; nearly needle like,
Extingtion: Parallel elongation,

t Character positive, angle less than friedelin
and perpendlicular to the samea fage, b
Indices of refractionicdl =1,550, (3 =1,580, 7/ =1,515,
(Bxafigura centered)

Cerin, tresnted with dry HC1 in ehloreform solution at
15-20° gave & halogen containing derivative which wan very
soluble in all the usual solvents and isolaiable only as

8 colorless aticky resin or an amoryhous solld, It was

GO A W N S W W . U S

Brhis is the temperaturs in the furnace cutside the sublime
ation chamber, The temperature in the material being sude
%1msd is perhaps 20«30° Lower,

White light,



impossible to obtain & ys&feetly pure monochloro derivative
from this resin due probably to the very lablle character
of the chlorine atom in the cerin molecule, The material
geparates from 1l:l sther-absolute alcohol mixture as &
white amorphous solid melting at 196-201°% with the raplid
evolution of HC1.

»Friedelin rich” materiazl treated with benszoyl chloride
formed an ester, the reamgtion proceeding smoothly at a
temperature between 180-86% to give = solid product, which
upon rserystallization from bsnsangnatnyl aaaﬁata mixture,
appaared in the form of flat needles or leaves melting at

265-62°, This material upen sublimation in vaouo showed no
change in melting point, Friedelin benzoate ia dextiroe
as 65.2°{c=

8461
1.804)., The ester may be saponified in pyridine with aloo-

rotatory, the value in chloroform being (o)

helic sodium hydroxide, in benzene~ethyl alcohol mixture
with sodium ethylate, or with sodium ne-propylate in n~pro-
Pyl alcohol, The latter method is bazt for the purifica-
tion of friedelin since it eorystallizes well from thia
aolvent,

Friedelin may %e esterified in a similar manner with
phenylacetyl chioride, ()=-phenylpropionyl chloride, and p-

fodobenzoyl e¢hloride, The former, being a more vigorous
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acylating agent thaﬁ benzeyl chloride, was used extenw
sively for the purification of friedelin.

Friedelin phenylacetate orystallized from benzene-
ethyl ucetate in short heavy needles which melted without
apparent decomposition at 244~51° and sublimed in vacuo

without alteration at 253~4ﬁ°. This ester ia also dextro-
36
5461

rotatory, the value in chloroform being (0() 57.1% (o=
1.654).

Friedelin (5 =phenylpropionate orystallized from ac-
etone-benzene mixture in small short nesdles whioch melted
after sublimation in vacuo at 229-350. The temperature
in the furnace during sublimation was 230-8°, The ester
is dextroe-rcotatory, the value in chloroform belng some-
what lower than the others, (06)::6:§3.8°(0ﬁ1.022). It
is interesting to note that as the phenyl group is each time
removed one CHg= further from the frisdelin molecule, the
rotation decreases markedly,

Friedelin p-iocdobenzoate erystallized in the form of
amall needles from aloohel-benzene mixture to melt at 271-
4%, The rotation in chleroform was (06):25361.2°(ea1.258).
do attempt was made to sublime the substance in vscuo,

Priedalin phenylacetate may be saponified easily and

cleanly with sodium nepropylate in n-propyl aleohol to yield
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a orystalline product, Friedelin thus purified by con-
version to an eater and subseguent saponification crys-
tallizad from ethyl acetate, alone or with benzene, in
brilliant flat needlaes melting at 255-61° with very gradual
decomposition, the mslting point remaining the same after
sublimation in vacuo at 225-30°%, Glementary analysis

of friedelin indloated the formula CyoHggO.

The optical data in the case of friedelin is as fol~

lowas
Habits Broad laths,
Hxtinetion: Parallel elongation,
Bx?: Character positive; angle moderately
la¥ge and perpendicular to the broad face of
the lath, . a
Indices of refractions o( =1,550,(3 =1.675,7 =1,620
(B, figure centered)
DenBitys 1.078,

From the root mean sjuare index of refraction and the
density, the value i = 132,0, while that calculated®?,
assuming one doulle bond and ketonie oxygen was 131,89, The
presence of a double bond in the friedelin molecule was
further demonstrated by the yellow color produced when a
chleoroform sclution of the material was treatesd with tetra-
nitro methane,

Pure friedelin when subjeoted to the action of the

LA A X B K B R X X _E R 1 2 1

% wnhite light.
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Grignard reagent in the Zerwitenoff determination™ showed
no active hydrogen. The material is not then an alcoheol
as was at first supposed, but probably a ketone, This
conjecture has recently been shown %o be the true case

as a result of the work of Shrader?? who has succeeded in

preparing several carbonyl derivatives of friedelin, and by

‘Campbell who has reduced friedelin to the corresponding

carbinol,

Since friedelin is a ketone it is necessary for ester-
ifioation to také place through an encl form, This faot
seems in acoord with a cunaideraiian of the rather drastic
treatment to which the friedelin must be subJected in order
for ester formation to ogocur. A sample of friedelin ob-
tained directly from the orude extracted material by a ted-
ious series of recrystallizations and one which had been
purified through the phenyvlacetate were identical in every
reapect with a sample of the latter which had further dbeen
vartad to the benzoate and saponified, o unexpacted alt-
aration is therefore undergone by the friedelin molecule
during these tranaformations and saponification of the

friedelin easters ragenerates the ketone,

P W W W S S B N WD e

®The author is indebted to Dr. 4. l. Blatt of Howard Unive
ersity for this determination.

Cone
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¥riedelin is much less optically active than cerin,
the rotation in chloeroform like that of cerin is about one
half the value reported by Iastrati and Ostrogovich being
(0C)oae,~29.4°(0m3.086), (00) ¢4,
over, as can be saen, the rotation of friedelin as well

~20.4% (0=7,267). ilore-

as that of cerin does not appear to change with concentra-~
tion as reported Ly these workers,

Friedelin reaots readily with bromine with the evolu=-
tion of MBr. 3everal bromo derivatives are apparently
formed concurrently sinoce the products are complex mixtures
containing varying amounts of bromine depanding upon the
bromination solvent and temperature and the guantity of
bromine used, Mo pure mono-, di- or tribromo~ derivative
could be 1solated although in eavery case the product was
crystalline,

The molecular welght of friedelin was determined
from the saponification of certain esters and from the
analysis of the p=-icdobenzoats,

The method employad for the quantitative saponifica-
tion of the friedelin esters was essentially that of Chare
gaft“. Operating in this manner the molecular weight
could essily be determined with enough preeision to defin-
itely settle the gquestion of the number of carbon atoms in

the friedelin molecule, The following table presents a



surmary of the data from the saponification studles,

caloulated back to give the rounded off values for the

molacular weizht of friedelin,

in the saponifi-

Bster L fol, Wt, Friedelin,

Friedalin acetate = - - - 422, 430, 423,
» benzoate - - - 419, 430, 4238, 422,
» phenylacetate - - 420, 428, 430, 429, 427,
" @ ~phanylproplonate -~ 427, 424,

Hean valus «~ « 425,
Calecd., for cagggge - 426,

The difference in the iodine content of the p-iodo-
benzoates of friedelin of the two possible formulas, CgzgoHggO
and CgoHgoOy i8 0.,44%. Analysis of friedelin p~iodobenzoate
gave values varying only 0.167 and 0,01Z from that cal-
culated for CaoHHgo0C0CgIH I,

Carbon and hydrogen valuea ares more helpful in dise
tinguishing between the possible formulas, CaoliagCs Capligo0
and CpoHpsa0 than in declding between Cyoligg0 and CaoHgo0
wheré the difference is one cg;ﬁ group, The obaserved ane-
alytical values for friedelin coincide closely with those
calculated for CugqHgoC but do not definitely exclude the

¢ther two possible formulas, each of which differs from the



above by but two hydrogen atoms.

Neither friedelin nor cerin diasplays the true sterol
colors, though cerin does give a falnt red color in the
Liebermann-Burchard reaction., The fact that the early
workers obtained a positive test for sterol with cerin
was undoubtedly due to the presence of some impurity of
sterol nature,

In the treatment of 220 grams of ths e¢rude. extracted
80114 with alcoholic potassium hydroxide, 1t was noted that
the concentration of the alcohollic alkaline filtrate de-
posited some gelatinous material which gave strong colors
in the Lisbermann test, The rmaterial was very soluble
in aleohol and,after repeated attempts to erystalllize it
from this solvent, was obtained in the form of a color-
less gel which dried, in vacuo over phoaphorous pentoxide,
to a pasty amorphous white selid, 3ublimation in vacuo
at 130-40° yielded an amorphous white solid melting at
66-70° to a turbid liquid which became clear at 14:°,

The substance appeared on the basis of carbon and hydrogen
analyses to have the formula CggHgeOge The total weight
of material isolated was 2% milligrame, It absorbed bromine
in earbon tetrachloride solution and gave the following

results when subjected to the sterol color tests:
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&ggkgrm&nn-gggqhgggagi Rose red color changing te purple,
then deap blue and finally bright emerald green.

owsk 8
rifschutz®®; Falnt pink changing slowly to a light purpe

lish brown,

Yellow which changed to a deep orange rad,
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50 pounds of 20«30 mesh ground cork axtracted with
athyl acetate as already described, yielded about 1,55
ite weight of dry nearly white crude cerin and friedelin
mixture, Two reerystallizations or'thia material from
echloroform sufficed to separate most of the friedelin,
The leas soludble cerin, after one rec¢rystallization from
benzena followed by two further recrystallizations from
ohloroform was obtained in the form of fine silky needles
which melted atl 247~51°. A sample of this material was
sublimed in vacuo at 210-30° for analysis,

Anal, Jubs., 3,130, 3,112, 2,534 mg.3 CO3, 9.357, $.31C,
7.561 mge; HzOy 3.268, 3,201, 2,619 mg.

Calod. for Cpoleglas C, 81.74; H, 10,99,

Caled, for CguoHselgt C, 8l.38; H, 11,385,

Caled. for Cpoliga0zt €, 81,013 H, 11.75.

Founds C, 81.53, B1.58, 81.38; i, 11.88, 11,51, 11,56,
isolation of “friedelin rich® material,

Dy concentrating the chloroform filtrates, from the
first two reorystallizations of the orude, until solid
material separated and then adding an egual volume of ac-
etone, the crude friedelin was precipitated as a orystal-

line powder, This solid, contalning some colored matter,
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yvielded pure friedelin upon conversion to the benzoate
or phenylacetate and saponifying.
Friedelin benzoate-,

10,0 g. of "friedelin rich® material was heated with
20,0 ml, of benzoyl chloride on an oil bath from 150-88"
during an interval of 45 min, To the somewhat coolsd re-
action mixture was cautiously added 150 mle. of 954 alcchol.
The gsolid material was broken up and digested on the stean
bath for 10-15 min, after which the warm suspension was
filtered and the solid re-treated with 100 ml. alcohol,
Feerystallization from ethyl acetate-benzene ylelded 7.0 g.
of brilliant flal nesdles or leaves, a sample of which
after sublimation in vacuo at 240-5" melted at 255-62°,
Anal, OSubs,, 4.032, 3,895, 3,761 mg.s CO;, 12,366, 11,943,
11.823 mges HzgO0, 3.724, 3.596, 3,453 mg.
Caled, for Caaﬂégﬂsﬁcgﬂgz Cy 83713 H, 10,286,
Found: C, 83.‘;54. 83,62, 83,863 H, 10,33, 10,33, 10,27,

Saponification of friedelin benzoate with alcoholic HaOH

2.0 go of frisdelin benzoate was refluxed in 2& ml,
of pyridine containlng 80 ml, of 0.1% alechsoliec Nad}N., The
solution was homogenacus after 19 min. whereupon the 1ibe

erated friedelin began to separate froem the solution,
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After heating for one hour the solution was cooled, the
yellow orystalline material filtered off, :edissolved in
CHCly and washed with dilute {330, and water, The chloro=-
form layer was then dried and evaporated and the solld
residue reorystallized from ethyl scetate to yleld 1.3 g.
of white needles, A sample on sublimation in vacuo at
226-30° melted at 255-81°,

Anal. Subs., 3,423, 4,087, 4.943 mg.: COz, 10.584, 12,579,

54332 mg.s HzOp 3.612, 4,303, 5,248 mg.

Colede £OT CaoHes®: Cp 84.823 H, 11,40,

Calod. for C3gHge0s C, 84,433 H, 11.82,

Caled, for CaoHga0: C, 84,033 H, 12,23,

Found: C, 84.33, 84.57, 84.59; i, 11.81, 11.87, 11.88.
Friasdellin phenylacetate,

26,0 g« of vfriedelin rich” material was heated with

40,0 ml, of phenylacetlyl chloride on an o0il bath from 150«
ap’ during an interval of 45 min, To the warm melt was
cautiously added 200 ml, of 954 alcohol, The solid was
broken up and digested for 10-186 ﬁin. on the steam bath,
filtered off and re~treated with 200 ml, aleohol, HRecrys=-
tallization from benzenewathyl acetate yielded 19.0 g.
of atubby white needles, a sample of which after sublima-
tion in vacuo at 230-40° melted at 344—510.
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Anale SubSe, 3,220, 4.535 mg.: COzs $.897, 13.950 mg.s
HgOp 340351, 4.241 mg.

Calad. for CaollgoOCOCHzCeHgs C, 83.77; H, 10,36,
Found: C, 83.81, 83.89; I, 10.53, 10.46.

acetate with sodium ne-

n_ne=pr ,
10,0 g« of friadalin phenylacetate was refluxed for
one hour in 500 ml, of nwﬁreﬁyl aloohol containing 0.6 ge.
of abdium. The mixture was hbmageucaua after 10 min,
bailing whareupbn o%yat@llinn material bégan to separate,
The reaction mixture was eéolad and filt@rad to give 6.5 g.
of nearly white needles, An additional 0.5 g. was obtained
by eane@ntrating the filtrate, Racrystallization from
athyl acetate ylelded perfectly white flat needles melting
at 255-61°,
Friggal;n /3~Eh§nz;2raziogato,

2.0 g+ "friedelin rieh* materlial was heated with 5,0 ml,

of [S-Fhsnylgragianyl chloride on an oil bath from 150-88°
During a 45 min. interval, The reaction mixture was coocled
somewnat, treated with ethyl alecohol to destroy the excess
agld chloride and the solid product recrystallized from
ethyl acetate., OJublimation of the solid material in vacuc

at 240-5° followed by further recrystallization from ac-



- 34 =

etone-benzsene mixture yieldad fine white needles melting
at 229-33°,

Anal, Oubs., 3,861, 4,626 mg.s Oz, 11.866, 14,222 mge;
HiOp 3.674, 4.339 mg.

Calod, for CaoileeQCOCHCHaCelgs C, 83.63; H, 10.46.
Pounds C, 83.81, 83.87; H, 10.65, 10,50,

1.0 g« of friedelin was mixed with 3,0 g. of molten
p~iodobenzoyl chlorlde, after which the mixture was heated
on an oil bath from 1560-75° during an interval of 30 min,
The resulting solid was worked up in a manner similar to
that for the other esters., Reorystallization from benzene-
aleohol yielded 0.7 g. of flat white needles, which after
further recrystallization from benzene-ethyl acetate melted
at 271-4°,

Anal.® Subs., 3,915, 2.889 mg.: COz, 9750, 7.190 mza;
HaOys 2,901, 2,067 mg.

Cnled. for Cyoliy90C0CgHiIs C, 67.65; H, 8.14,

Founds C, 67,92, 67.873 i, 8.29, 8.01.

Anal, 3ubs,, 11,508, 12,917 mg.: Agl, 4.115, 4.583 mg.

alocd. for Ca R‘gqcecsﬁﬂli I. 19.34, Calod, f@r CQQH‘QO”
03‘353%13 I’ gg.?&u

Founds I; 19;383 18.18,

R A S e M~ S S W S S D W N

a
The writer wishes to thank 3,A, Shrader for these Carbone
hydrogen analysas,



Saponification s vyalents of the friedelin eaters,
?ha method used for the determination of the saponif-

fjeation equivalents was that of churgafr*a with sligzht
maditieatien as folléws: 40=~80C mg. 0f the ester was sape=
onified by refluxing for 30 min, with 10 ml, of 0,06X
aodium n-yroyyiaﬁa in n;prapylvaloahal. ‘The-grauad glass
tip of tha'candensay"waa washed down with 10 mi. of water;
the agueous alcohol eontaining aunpanded‘rriedaiin wag then
cooled and titrated, | |

Table V, glves a summary of the saponificatian data
obtained,
HCY treatment of cerin-,

3.0 Be of cariﬁ wan snaénnde& in 70 ml, of enhloroform

and dry HCl passed into the suspension at 156-20°, All the
cerin had dissclved after 10-15 min. treatment, HCl was
Passed in for one hour after which the reaction flask was
closed with a CaCl; tube and allowed to stand over night
at room temperature. The chloroform was then removed by
aspirating dry alr through the solution and the sticky
white residue washed out of the reaetion flask with 5O mi,
of dry ether, This sclution was filtarad and diluted with
an equal volume of absolute alcohole. By aiiernately evap~

orating the solution and gooling it in a Dewar flask with
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Table V, Saponification data obtalned for thse friedelin
2sters,

Blank Acid Cologi 140i.  ii0l,

ml * -A-‘ tQ ‘E‘; t‘ e’!“ft »
Ister gubg&igg&légig‘&gg, used, scid ister Friedelin
Benzoate 71,152 4,75 2433 0.2337 £23,0 419,90
55.768 " 1.79 A £33.8 429,.8
46,301 6,08 1.49 ¢« 2319 530,0 426,.0
67,248 . 2.18 " 538,1 422,1
Phanyl~
acetate 73,760 8.14 2.38 «e 2337 537,55 416.4
734185 " 2,29 » 347.4 429, 3
86, 930 " 2,09 . Hi8.4 430, 3
&a.BBQ il 2,07 « 38358 546,9 A426.8
39a 58& hadendhd 1 ™ 40 " 54@, 5 425. 5
~Then=
¥lpropion=
ate 77688 8.14 2438 e 2337 556941 427,0
82,494 » 2.54 o 556, 3 424.2
Aaatatab 56,023 6407 2,086 e 2318 463.9 421,9
85 824 3;13 :5‘14 b 4’”‘-&5 4?9.6
ﬁs.@za " 2.52 " 464,5 4BR.5

solid CO3, the following orops of white amorphous solid

were obtalined:

1 - - - - - - O,& Be MePe 33?"?}& (uneor;)
4 - - - - - - 0. 2 185‘*999

The combined solid materiel from orops 2, 3, 4, and §,
aggregating 2.2 g. was reerystallized from 1:1 ethere

absolute alecohol to give_an_amorphous white solid(I)

Tha author wishes to thank S.A. Shrader for the last two
gstarmiaatioﬂs made on the phenylacetate,
A sample of ester prepared by IJ.A. 3hrader,
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melting at 1$6-201° with the rapid evolution of :Cl, When
a portion of I was sublimed in vacuo at a temperature of
l§0~290°, the sudblimate consiated of a brittle, non-grys-
talline f£ilm{II) which melted partially at 100~-X’, re-
aclidified below 150° and remelted to a clear liguid at
195-200° with the rapid evolution of JiCl, A small amount
of hdbgen free residue melting at 240°(unuor.) was left
in the sublimation chamber, When a sample of II was heat-

ed to 160° and then mixed with I, the mixture was observed
to melt clear, with the evolution of HCl, at 19$3-200°,
Anal, 3ubs,, (I) 3,344, 4,430 mg.t CO3z, %.663, 12,8589;
HzOp 3.29%, 4.304, mg., Caled, for CuoHgae0Cls C, 78.11;
H, 10,72, Found: 79,05, 78.073 H, 11,03, 10,86,

Subs., (II) 2,797 mg.s COg, 8.231 mg.; 130, 2,845 mg.
Founds C, 80,283 H, 11.38,
Subse.ey (I) 8.476 mges AgCl, 2,497 mg. Caled. for Cgolee0Cls
Cly 7470, TFound: Cl, 7.39,
bBromination of friedelin,

In the typieal bromination experiment, 0,5 to 2,0 g.

of friedelin was suspended or disselved in 200 ml., of the
solvent and a calculated amount of bromine in CHCl,a, CCl,
or HOAg added, The resnction mixture was stirred for cne

hour after the addition and the soclid material obtained



was reorystallized from dry benzene mixed with ethyl acew
tate, ncetone, or absclute alsohel, The products obtalned
ware crystalline but possessed varyving melting poeints and
composition, depending upon the solvent, tempersature sand

guantity of bromine used, as shown in Table VI,

V%@ A summery of the studies of the brominstion of
elin,

aePoeProdugt ZEEr
108HOA0 in o | o
ether 2 mols 0=20, 176=7, 1E.563, 15,35
" " 20-30° 182«5 20,47, 20,686
Chloroform XBguimol, 10-1§ 215«69 10,855, 10,69
» 4 mols 20", 210,98, 24,40 a

HOAce Egquimol, 4§~5§ 2@1-59 16,43, 16,28
CClg. 4 nmols 80 168-9 30,64
Anal, Subs, mg,. AEZBYr mg. B

4,180 1,518 15,863

5,388 1.943 15.35

G753 34 249 20, 4%

7.201 3.486 20,68

4,809 1.163 10,58

Del65 2,303 10,39

Ga T30 54580 24,40

$.161 3,535 16.4%

PelB4 34508 16,27

8.850 6,374 30.68
Calod, far Cscﬁggc}%rt B’r‘ 1§.BI§ calede. for 030343‘331‘33

By, 27,34,

Caled, for C :;OHQ?QB? a8

LR R B R X B 2 2 2%

Br,

36421,

Bona author takes this opportunity to thank W%,
for these bromine analyses,

*

Campbell
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Upon the recovery of the aloohol from the alknline
filtrates left after the alcohollie potassium hydroxide
treatment of 220 g. of the grude extracted material, there
remained a gelatinous residue. The material was very solu-
ble in aleohol and could be precipitated from cold alecohol
as a gelatinous solid, The bulk of the brown colored matter
was removed from this material by repeated attemptis to rew
oryatallize it from absolute aleohel, The white gel thus
obtained was dried in vacuo and sublimed in vaocuo at 130-40°
to yield about 25 milligrams of a fluffy amorphous solid,
which melted at 65~?Gd to a turbid liquid which cleared at
1456. The same melting point was observed on remelting.
Anal., 3Subs., 2,860, 2.428 ﬁg.e CO32y Bo441l, 7.164 mg,:

Ha0, 3.081, 2.630 mg.

Caleds, for CgoHagOst C, 80,123 H, 11.97.
Caled. for CgeHsoOz: C, 80,30; H, 12,05,

Founds <, 80.48, 80,463 i, 12,08, 12,12,



SUMHARY

1, The extraction of cork with ethyl acetate ylelds a
erystalline materiazl consisting of a mixture of friedelin
and cerin, separable, as observed by Istratl and Ostrogovieh,
by virtue of the difference in solubility of the twe come-
pounds in ehloroform,

2, Cerisn purified by recrystallization from chloroform
and Lenzene and sublimation in vacuo, appears, on the bus-
is of carbon and hydrogen analyses to have the formula
C3oHpoOa first proposed by Thoms.

3« Friedelin, s ketone, most easily purified through the
anolbenzoute or enolphsuylacsestate, is considered, on the
basis of analytical data and the saponification of certain
of its esters, to have the formula CsoHgeO.

4, TFriedelin rescts with bromine with the evolution of
HAr to yield a mixture of bromination products, the halogen
content of whicgh varied with the bromination,sclvent, teme-
serature and chevquantity of bromine used, o pure mono-,
di=, or tribromec~ derivative could be isolated,

E. Cerin appears to contaln a tertiary hydroxyl group. It
reacts wlth dry HCl to give a scluble halogen containing
derivative, It 9#0?@& 1m§oa$1bla'ta isolate a perfectly

pure monoehlore derivative due probably to the lability
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of the chlorine atom in the cerin moleculse,

6+, A third compound, of sterocl natura, has baeen found as
a constituent of the crude extracted material from cork.
The substance appears, on the basis of carboen and hydrogen

analyses Lo have the formula CgzaHgeOzes
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