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1. INTRODUCTION

The war.prompted search for substitutes for the soap uasel
ag an emulsifier in the production of GR-S led to the extensiw
use of dehydrogenated rosin socap. This material, manufactured
under the name of Dresinate 731 by the Hercules Powder Company
and consisting largely of godium dehydroablietate, has proved
espeuially desireble as an emulgifier because 1t produces a
rubber with high ftack. As first manufactured i1t had the dle.
sdvantage that 1t made necessary the use of long polymeriszatim
eycles to bring about the deszired conversion of rubber. Althaigh
‘this 4ifficulty was later corrected, 1t was of interest to in-
vestigate the substance causing the retarded polymerization,
from the standpoint of both determining ite structure and of

uging 1% or 2 similar materisl as an inhibitor in monémar»atornga,



II. HISTORICAL AND THEORETICAL

The nature of the polymerization reterder in Herocules
Resin 731 has been investigated by Hays (1), and by Hays, Dreke,
and Pratt (2); they employed the Pfollowing soheme in lsolating
phenolie eoncentrates which they found to be powerful retarders:

Dehydrogenpted Rogin (in ether)

Extract with gedium hydroxide

q :
Acidie Material Neutrsl Meterial
{ag eodium salt)
Pegtroleum ether
solution; extraot
with aqueous-
alecholio

potassium hydroxids.

| | 1
Alkeline Solution Petroleum Ether
Solution of Neutral
Bodles

Dilute with water;
extrast with petroleum

sther.
Alkaline Solution Phenol
Asidify I

Phenol
I
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Phenolg I and IXI were dark ollg which could not be
erystallized, but from ultraviolet gpeetra 1t waae concluded that I,
with maxime at 281 and 287 gbm, regembled p-cresol or menthylphenol,
and that II, with maxime at 276 end 282 mu., resembled resoreinol.

Although no other work hes been reported on dehydrogenated
ropin, Erdtman (3) working with pine heart-wood i1golated 3,5-d%iw
hydroxystilbene, and its monomethylether. Cox (4) investigating the
neutral fractions of geversl commercial rogins, isgolated 3,6-die
‘methoxystilbene. Thue it hae been egstablighed that resorcinols are
pregent in pine wood end in roein, and 1%t is possible that they
would appear in dehydrogenated rosin, although probably in modifled
form.

Numerous rhenols have been reported as products of the
destruetive digtillation of wood, and it ie provable that some are
present ae guch in the wood before pyrolysie and henpe would be
found in rosin. Among those reported are phenol, g-, m~, and p-
oresol, 1,3-xylencl=5, pyroeatechol, gualacol, pyrogallal, and
eugenol.

In addition to the phenole¢ whioch are known to be present
in wood or rosin there 1s the poselbility that phenols are present
in dehydrogenated roein 2g a regult of the hydrogenstion-dshydro-
genatlon process. l-Abletic mecid, V, which las the prineipal con-

stituent of rosin might be OH
COuH

2 !
s ,




b
expeated to ex&ﬁiae to a elight extent in the pregence of air in
e manner similar to thet observed with tetralin to yleld hydro-
peroxides. An attack by oxygen at an allylin poeition 10 would upon
subsequent hydrogenation-dehydrogenation yield the phenol VI. By &
similar mechanism phenols VII and VIII might also be expected from
aﬁietic,and ﬁihyﬁréubietic aeiés,'reapeutlvaly.

It vIII

It was the purpose of thie work to &ﬁvastigat@ further
th§ aﬁture of phenolic materisl from dehydrogensted rosin with a
view toward ébt#ining 8 pure enough smmpi@ of the phenolie concen~
tratgix to alicy S fu?thér_ah@ruotarizatian. Rore gpecifically 1t
was deeided to prepare compounds struoturally related to those
vhich might be axpaaﬁaﬁ in dehydrogenated rosin in view of the
accumulated knowledge of the constituents of rosin and pine wood,
and to sompare the ultraviolet spectra and other properties of
these compounds with those of the phenol presgent in Heroules Resin
731,
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IIX. DISCUSSION

A. Isolstion and Purification of the Phemolic Goncentrate.

A4 logioal point of departure in the iselsation of ths
phenollie retarder in Heroules Dresinate 731 was an attempt to
duplicate the results of Heys (1), and Hays, Drake, and Pratt (2),
who had worked with this problem previously. Since the experimental
details of their extraction procedure were not available, 1t waas not
expested that their resulte could be duplicated exmetly. The parent
80id, Hercules Resin 731, rather then the sodium galt was used &g
a starting material. The phenolie product isolated was very lmpure
and oconelderable further purification was necessary. Ten kilogrems
of resin wers treated, and 18.7 g. of & phenolic eoncentritte wag
obtained. I{ was found that the purity of the concentrate sould de
irproved considerably by ehromatography on an'amtivatéa slumina
ecolumn, but & further purification weg necessary hetara a material
eomparable to that reparted by the previous 1nvesﬁigaﬁars wag
obtalned. This materisl was obtained in & yield of only 0.27 g.

Several modificatlions of the extragtion proocedure were
investigated with a view toward improving the purlity of the phenolle
concentrate, and a sahéma waa developed whish yi@l&éﬁ & product
which hed & sharp and welle-defined ultraviolet spectrum. Thls pro-
cedure is repregented aﬁh@m&tiaally ag followss
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Dehydrogenated Rosin
(Petroleum ether molution)

Extract with aqueoug~
alooholiec sodium ecarbonate

| 5 1
Acldlie Material Petroleum ether solution
(as godlum aalt)

Extract with aqueous-
aleochollie potasesium

hrydroxide
I ]
Phenollie Majerial Neutral Bodies
(&1k&11qﬁ gsolution) (Petroleum ether solution)
- | BAZute with water,
Extract with petroleum
¢ther. i
_ ' « j
Alkeline Solution Phenol {petroleum ether
, sclution,
Dilute with water, _
Extrast with petroleum IIX
: ﬂ'ﬁhﬁr‘f ‘
) - " — —
Alkaline Solution | ‘ Phenol (petroleum ether
golution)

v
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The spectrum of frection IV from the gecond 4ilution is shown in
Figure 1. This materisl, although obtalned in low yield (0.017 per
cent), had a better defined gpectrum than that obtalned by cther
methods. Eahla I ghowg a comparison of the analytical data obtained
on thieg soncentrate with that rapa%t@a by Hays, Drake and Pratt (2)
on the two phenolic fraections (I snd II) which they obtained.

TABLE I

Anslytical Data on Fhenolle Fractions

Phenol Phenol Phenol
Fraotion Fraction Fraction
;4 Ix iv

¢ 80.1 6.7 7.8
B 10.2 9.6 0.3
OOH, 5.1 4.8 2.5
K.¥. (Rast) 320 262 207
Miraviolet abaorption , ,
Maxims za10 X o760 &  gre0 R
2870 & 2880 A 2880 A

The analysis of IV eorregponds to the empirical formula
Oia.aflar.90n.4n, #nd 1t 1a apparent that this materisl recembles
moat al@sel?»pﬁahaiie fraction II although there 1s » sonsiderabdle
ﬁlrfarwnae in the rer cent &aznaxyi. Tt ig 8leo appufunt from the
@mpirieal fq?m&lu‘tha? although phenolic fraction IV hae & well-
dofined ultraviazat spectrum, it 48 a mixture of two or more

- materials,. .
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The preparation of a erystalline derivative from IV
followed by rescovery of the phenol offered sn attractive route to
obtaining a pure specimen of the phenol. However, it was not
pogsible to cobtain & erystalline derivative although the preparation
of the phenyl-, g~naphthyls and diphenylurethanss, the benzoate,
aryloxyacetlis aeid, plerate, nitro-, and brama~&ariVBt1Va'was
attempted., In every case elther a glags or an oll which could not
be erystallized resulted, |

The proceges of fractional extraction aes utilized by Craig
{6) and others has proved very successful in the separatian of
diffioulty aeparable mixtures; thls procedure was investigated in
an attempt to further resolve phenolic fraction IV. Since the
problem wag one of geparating the kryptophencli in the resin from
neutral and acldle material present, an experiment was firet,
designed in which it wag demonstrated that the krypﬁﬁph&ﬂ@l menthyle
phenol sould be efflciently separated from the nsutral materisl
prezent in the resin. Thus an equal weight mixture of ménthyxphnnel
and néutrnl hodles wag geparated in an eight-plate extraction set~up
with the golvent palr xsa~aatana; /0.5 per vent ethenoliic potassium
hydroxide. It wes found thay th#a system wag very efficlent in
separating the two saterial éﬁ; the menthylphenol {98 per vent) con~
eentreted in fubes seven and eight of the set~up, while only 10 per
ocent of the neutral bodies wae found in these tﬁhﬂSg"Qhﬁéﬁ date
are rﬁprnaentaﬁ'graphiaalxr in Figure 2. The een#ﬁ&ﬁraﬁibﬁa‘af the

* Igo-ootane 1g Rohm #nﬁ_ﬁnaé 2,2,4-trimethylpentane.
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songtituents in each of the tubes wog estimated by ultraviolet
gpeotrophotometry.

The sxtraction procedurs when apprli=d to phenclic fraction
IV effected. the removal of retene from the samole; in this instanee
as wlth menthylphenol the phenol aéneantratea in Yubeg geven and
elght. The speotrum of the phenol recoversd from tube eight is
pregented in Figure 3 and showg that the extractlion procedure cauged
the disappearsnce of the retens peak 8%t 2600 ﬁ,

The fractlonal extraction procedure while effeative as &an
analytiocal tool could not be uged as & preparative method for
obtalning quantitlee of the purified phenole from the erude concen-
trate, sinee to be effective the procedure had to be operited with
extremely dilute golutions.

B. Zrsparagion of Terpens Fhemols and Comparigon with the
Besin Fhenol.
‘To investigate further the possibility suggested by Hays
{1) that the resin phenol might be B terpens phenol such as

8ra

manthylphenol several terpene phenols were preparsd and thelir
ultraviolet spectra examined.

mnﬁhﬁ», bornyl-, end fenehylphenols were prepared by
resoting tﬁé-ﬁarraspan&ing ﬁhlarxaeé»thh a large ﬁ#ﬂnsa of phennl
&t reflux temperature aceording to the procedure of xuéaﬂaﬁgw {8)
. Tor menthylphenol. Finylphenol w&a prepéared by a aan&nngutiua of
pinene and phenol in the presence of petoluenesulfonic aeid ag
desoribed by Rummelsburg (7) for allo-osimene and phemol. The
Yerpens phaaéla were readlly sepsrable from phenol by virtue of their
inmlu’&ility in aqumﬁé podium Mm:xmﬁ All the phenols were
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inltially obteined as vigooug olle by dlstillation. Menthylphenol
was vurified via the vhenylurethane and wag obtained 1nAerystalllaa
form. Fenchylphenol erystallized after nine months etanding., The
name menthylphenol 1g used for ¢anvenience; although formed from
menthyl chloride, the compound has Héen shown to be 4~ (p~hydroxy-
phenyl)menthans . Kurssanow (8) showed that the point of attsechment
of the benzene ring to the menthéne portion was in the 4 positilon,
and the infrared meagurements, Figuree 14 and 16, indicated thet
attachment to the benzens ring wag para to the hydroxyl group.

The speotra of the four terpene phenolé, Figures 4, 5, 6,
and 7 were similar in shape with only slight differenses in the
loeation of the sbgorption maxima, Menthylphenol with maxima at
2765 and 3856'3 most closely resembled the resin phenol; however,
the two epectra were guffielently different in the 2000-2250 &
reglon to warranty the conelusion that the resin vhenol wes not &n-
tirely,manthylyhanﬁl. Whereas thé terpens phenole had a maximum in
the 20002250 ﬁ ragian, the regin phenol had only an inflection. The
inflention 1s eharacteristic of resorsinol, oreinol, 2-prepyles,6-
dimethylphenol, and 2«propyl-4,Bedimethylphenol but eould alsec heve
been the resull of & mixture of an seld such ap dilhydroabletie or
dextropimaric #eld, which hes no inflection or maximum, with menthyle
phenol, which has & Aefinite maximus,

An indirect spproash to the problem of obtaining the
spectra of the phenols whiech might result from oxidized rosin seoide
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was considersd best. Strueturally VI is a £2,3,4,56-tetraalkylphencl;
YII 1s & 2,4,6-trialkylphenol end VIII & 2,3,6-trislkylphencl.
Although the Abeorption coeffisients vary depending on ths alkyl
group, the wave length at which the meximum absorption ocours ie

vI VI vIIZ

relatively independent of the size of the alkyl group} hense the
spectrum af any 2,3,4,5-tetraalkylphenol weuld be expested to
resemble that of phemol VI gt least ingofar ne the position of the
abeorption pesks. With this soneept in mind 2,3,4,B-tetramethyl-
phencl (prehnitenol), 2-propyl-4,S5-dimethylphenol, and 2-propyl-3,6-
dimethylvhenol were syntheslised as model compounde. Their spectra,
Figures 8, 9, and 10, slthough similar to thet of the resin phenol
in having an Inflegtion in the 2100 R rarge, were quite different
in the 2700 A region,

2y 3y 4, 5~ Tetramethylphenol wae eynthesized from Lsodurens,
Isodurenesulfonic aeid wag prepared and euhﬁadtgd to & Jacobeen
rearrangement essentially as desorlbed by Smith and &&sa (8) tor
durenesulfonis asid. Prehmitenesulfonic aeid thus obtalned wag
papified s the sodium salt, whish was then fused with | . alkall to
yield after s0ldif foation the dasired phenol,
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anprﬁpylws,Gmﬁimetﬁylphﬁnel wag prepared from S~hydroxy-
1,4-dimethylbenzene; the allyl ether wae first prepared, and this
wag rearrsanged to g-allyl-5,6-dimethylphencl in boiling dlethylane
iline. Thia-aempeuna wag hy&rogenateﬁ over Raney nlekel to giva D
propyl=3, 6~dimethyliphencl, m.p. 4?° ; in an overall yleld of 36 per
asent . |

2~?rapy1~4,5-@1me§hylphs§al waa prepsred from 4-hydraxy-
1,2+dimethylbentene by the same praea&nre; The produect, m.p. &9’,
wag obtalined in 21 per cent yleld.

Sines in thle cage two ortho positions were open to whieh
the allyl group eculd migrate during the Glaisan'rea??angemant, it
wag neoessiry to prove the structure of the produet. The firat

route investigeted wes wnsucossafull

oR OH 50000 8
N o CGsfly  gw, 00010
a . )
) ~ g S ¥ 0sE,0000,8
ng GH*

flad 1t been posaible to sarry the gynthesls through and prove the
pregence of pyruvaldshyde, the structure of the starting material
would have been definitely eatablighed, since the ifgomsrio p&enel
with the propyl group in the § poeition would yleld no pyruvaldehyde.
However, it wag not posalble k@‘éxi&iae the éminaghenal to the
cograegponding quinone in gaaa'yiala with ferrlie chloride or potagshum
dichromate. A

The structnré’was éuﬁé&ﬁafully proved by the following
scheme ¢
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Allyl 4,B«dimethylphenyl ether woag subjeoted to & Clalgen
rearrangement and the product igomerized by potResium hydroxide
treatment. Ozonolysis and subsequent trestment with water ylelded
mainly 4,8-dimethylealisylaldehyde, a known compound. In eddition
a quantity of 8,8-dimethylsalioylaldehyde was also igolated; the
sombined yleld of aldehydes was 84 per sent. The relative amounts
of thege ftwo isomers obtalned indlonted that in the resrrangement
of 8llyl 4,5-dimethylphenyl ether the ellyl group migrated about 70
per gent to the unhindersd 2 positlon and about 30 per cent to the
8 poaition,

In the astual preparation of 2-propyl-4,S-8imethylphenol
the Clalgen mamngw&uﬁ mixture wag hydrogenated snd allowed %o
erystallize. Only one Leomer erystallized, but thie amounted to
about B0 per eent of the material and hence must have been the S
propyl isomer.
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Ag a Turther proof of the idantity of the aldehydes

obtained they were geparately oxidized ¢o the corresponding acids.
D. ZGhemical and Infrared Studies on the Reain Phenol.

Chemical and infreared studles have glven the moast Anfopre
mation about the aotusl nature of ﬁhé'rssin phencl IV,

Catalytic dshydrogenation over pealladium ghowed that
there waa present a eongidersble guantity of material having a
hydrophenanthrene gkeleton. This was evidenced by the appesrance
in the gpeotrum (Flgure 11) of the dehydrogenated materisl of a
gtrong maximum near 2800 3fand by a general resgemblence to the
gpeotra of phenanthrene derivatives. This evidence coupled with the
faot that the infrared speotrum of IV showed & strong oarboxyl
absorption, indicated thet a resin acid wag still present in IV
despite the faot that the extraetlon prosedure waﬁ designed to
eliminate asids. It has been found that there are at least three of
the reein apids which are extremely insoluble in all concentrations
of aqueous alkali at 25 , dihydroabletic (IX), tetrahydrosbietio (X),
end g-pimaric acid (XI). Thus any of these would be expected to oon-

eentrate with the phenol.
00 H COuH
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The high over-all abgorption in the 1000-1500 om. * reglon of the
infrared spectrum Indicateeg that in fact there iz & mixture of suech
soldeg present.

An eftempt to prove the presence of depimarie meld (XI)
by ozonolyele and deteotion of formeldehyde wes unsucoessful besause
it waa found that any phenols pregent would sleo give formaldehyde.
However, 1t ig significant that & vigorous alkaline permangenate
oxidation of IV geve & vigeousz scidiec 0il having a neutralization
equivalent of 172+3. Vigorous permangsnate oxidation of d-pimerie
a0ld would yield the asid XAII, neutralization eguivalent 177,

CO.H

XIr

Further evidence for the presence of d-vimaris Bo’d in
IV 1s the relstively high absorption of light in the 2400-2500 A
region; having two double bonds (not eonjugsted) d~pilmaric Roid
would be expseted to absorb in this regien to an observable extent.

The poseibllity that the resin phenol wag 8 resorolinol
derivative sueh as the 3,B-d1lhydroxystilbene 13@1&#@& from roslin by
Erdtman was investigated by & series of tests whiech have been
desoribed by Butenandt and Stodols (Q). The reslg'phcnéivgava none
of the eolor remcstions characteristic of 1;aa;x;$~,~ar 1,4~dihydroxy~
bonxones,‘?urﬁhgr, there was no resemblence between the epsatrum of
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the regin phenol and the gpeotrum of sny of the substituted
regorsinols avallable for eomparigon (See Tsble V).

E. Zvalustion of the Resin Fhenol as 2 Folymerization Retarder.

It wae sssential to sacertain whether the phenolis con-

centrate igolated wasg setually gapabia of retarding polymerisation
when sdded to the GR~3-10 recipe. Thig was determined by the son-
ventional bottle volymerizetion technique, uging the twelri~howr
converaion ag an indiestion of retarding action. Teble II shows
that the addition of 0.72 per cent (basged on emuleifier) of phenolie
fraotion IV produced s significent deorease in conversion. A% the
same concentration the terpene phenole had about the same effeet,
while 2-propyl-4,bedimethyle~, Zepropyle«3,;6~dimethyle-, and 2,3,4,0~
tetramethylphencl exhibited very atrong inhibitory astion.

TABLE XX
Effaet of Varous Phenolas on Conversion in the GR~510
Heoalpe
Fhenol Eer Quny
Resin phenol IV 0,72 1.
BePropyle4, bedimethyle i 22.8
DaPropyle3, G- ime thyle " 20,4
2,3,4, b-tetranothyl~ » 40.4
Bornylis " 2.4
Henthylw " 2é
1’1!13’ ¢ I L 3.8
Fenohyle L 2.3

The retasdation sbserved in the ecnes of the resin phenol
IV cannot be attributed to the presence of resin scids (IX, X, or XI)
in the ooncentrate, minoe it has been ghown by Hays, Drake, and
Pratt (2) that'thaén solide are nx@&l&euh.aﬁulaitiara An the GR-5-10

recipe, promoting twelve-hour eonveraions of neerly 80 per sent.
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IV, EXPERIMERTAL

ZIsolation of Phenolic Qoncentrate from Hercules Rsein 731.-
Five hundred grams (1.48 moles) of Hercules Resin 731 (sampla

45-772) was dissolved in 2 1. of refluxing petrsleum ether (b.p.
24 ‘
35-46 ), filtered, and extracted with four 1-1, and four 500-ml,

no iﬁ

portions of 10 per cent sodium ocarbonate saturaté&~xith ethanol.,
This extraction ouaaumed a total of 429 g. (B.35 times the theoret-
le2]l quantity) of sodium earbonate. The petruleu& ether solutlon
wag then extracted with three 100-ml. and elight 50-ml. parti&#a of
11 ver ocent potagsivm hydroxide in B0 per cent ethanol. The
extraet (700 ml) wae washed with five 200-ml. portions of petroleum
ether (b.p. 36-45°), diluted with 380 ml. of water, and extracted
with three 100-ml. portions of petroleum ether, Thie extract was
dried with anhydrous godium sulfsate and evaporated to dryneas to
yield 0,0034 g. of phenolle material, III. The aqueous aléahnlie
layer wag diluted again an equal amount and more phenolic material,
Iv, 0.0856 g, lsolated as bheforse. Both of these Jracticn. wére
light yellow vigcous olls whish did not eryetallize. The wemmm‘
of IV ig ghown in Figure 1.

Angl.® (IV) Found: O©, wx;as; H, 9.30; OCHy, 2.48, 2. 343
Nol. Wt. (Rast) 297, [m]'SJ D+o. 8 in ethmnﬁl,

‘?rua-&oual‘sxtrnugiag»*wha @r&un&yie and aporatiam ar the fractionsl
extrastion procedure may be botter understood by refarence to the

* Microanalyses were run by H. 8. Olark, and by the Clark
Analytieal Laboratory.
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work of Oralg (6), who has applied this method to the regolution of
somplex mixtures.

It waz negegsary before attempting a geparation of menthyl-
phenol fromlthﬁ resin neutral bodies to establish & method by which
the amount of sach constituent in the individual tubes could he
determined after the Fractionstion wag complete. The moat attractive
method wae ultraviolel speotrophotometry, sinee this did not involve
actual isolation of the minute amounts of material which were
pregent. For somplete accuraey it is nscegsary to make measurements
on one component of the mixture at a point in the apeotrum at whieh
the other component does not absorb; this wes not Possible with thig
partiscular pair of materisls, but it wae possible to meke measure~
mentg on eaﬁh subpténee at & point where the abgorption of the
other was relatively quite low. Thus in the determination ¢f menthyl-
phenol memgurements were mede on the aloohol phases of all tubes at
2960 g,(a'maximum in the gpeotrum when aloocholio potassium hydroxide
is the solvent) where the neutral bodlies, Figure 12, do not absorb
strongly. The neutrel bodlesg were egtimated from the optical
danaiﬁiaa of the iso-cetane phases of all the tubes at 2440 K, where
the abgorption of menthylphenol 1a very low.

The motunl fractional extraction was carried out with nine
gepareatory funnele (an eight-plate fractionation); the fumnsla, all
of 60-ml. capasity, wuré arranged in a row and numbered from zero to
eight. The two golvents employed, 0.5 per cent potagsium hydroxide
in 95 per sent ethanol aaalxaacaaﬁana, were Tirat sutuslly saturated
one in the other, and 10 ml. of iso-ootane phege added to sach

funnel. To funmel gero was sdded 10 ml. of &loohol phase containing
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26 mg. each of menthylphenel and neutral hodles. The funnel wag
ghaken, allowed to stand until the layers had geparated, and the
lower {ethanol) layer drained oleanly into funnel one. MNext 10 ml.
of ethanol phage was added to funnel serc, both funnel gero and one
ghaken, and both allowed to stand un%il the layers geparated., Then
the lower layer of funnel one was added to two, énd the lower of
zero added to one. Another 2liquot of ethanol phise was added to
terg and the process continued until eventuelly the ethanol layer
initially in funnel zerc reached funnel elght.

The l&yers of all funnels were geparated and the optieal
densities meagured at é fiverold dilution, using & Beckmsn Ultra-
violet Spectrophotemeter. The sum of the opiloal densities for the
iso~octane layers was considered to repregent all of the neutral
bodies (26 mg.), and the fraction present in esoh tube was obtained
by dividing the optical denslty found for that partleular tube by |
the total optioanl density. The results are presentsd in Figure 2.
Resin Phenol from Neutral Bodles by

tion .- wigh the same solvents employed for gepsr-

Ersstional Extracti
ation of manﬁhxiphanal and neutral bodles and the same sonditions,
26 mg. of phenai;e fraction IV wag subjooted to & frastional extrag~

tion. In this ocsge the evaluation of the fradtionstion waa neoces~
arily limited to a defermination of the amount of resin phansl
pregent in sach tube; the regin Phencl content of esch tube was
determined from ﬁﬁa»ﬁyﬁiegi densities of the aleohol layers diluted
fiverold at 2080 & (the wpeotrum of the resin phenol in 0.5 per
eent potassium Nydroxide in ethenol is 4ifferent from thag in Jdso-
ootene, the maximum oesurring at 2080 4).
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Neutrel bodlss could not be determined because there was no wave
length at which they absorbed strongly and the reein phenol did not.
The results of this extraetion are ghown in Pigure 13, and the
gpeetrum of the meterial in tube ‘a&ght 1s ghown in mgum 3.

Bartz, mner, an& mamg {m) far the Wapamtwn of 2-isodbutyl-
3,6=d3methylphenel wag followed.

ethanol in & emmms.., thraa»makm fl&sk, Titted with stirrer, dropp~
ing funnel, and condenger, were added 11.5 g« (0.6 mole) of sodium
chips. When golution wasg effected, 61.0 g. (0.5 mole) of 2«hydroxy-
1,4~d1imethylbenteone wag added and the fleagk heated in an oll bath to
85-90 . The mixture wae stirred, and 41.8 g. (0.55 mole) of dig-
t1llsd allyl ochloride wag added glowly. The reaction mixture wap
heated for fifteen hours, atirring being dissontinued after seven
hours. The eoeled reactlon mixture was poured into 1 1. of water in
a geparatory funnel and the layers geparated. The agqueous layer wag
extraoted with twe 100-ml. portions of petreleum ether (b.p. Mwﬁﬁ),
the extract being ocombined with the previous organie i&nm This
golution was vashed with 10 per esnt sodium hydroxids selution to
remove unrescted starting material, dried over anhydrous Wea&m
gulfate, and aa;m.azaa\m & modified Clatsen flask., The &i};ﬂ- By B
dimethylphenyl ether, boiled at 83-64 ({1 mm.), n D 1.5177,
4y’ 0.9636. The yleld was 42.9 g. (85 per sent).

Anal. Celod. for OyyBy,0: €, 81,455 H, 8.70; MR, 49.87,
Found: ©, 81.68; M, B8.88; MR, 51.52.
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henol.~The allyl ether, 42.9 g. (0.26

mole) wae rearranged by heating with one-half ite welght of freshly
dletlilled diethylaniline in a 2&59 bath for one-hslf hour. The
boiling point of the mlxture roese gradually during thie time from
215° to 2280. The cooled mixturse waa;ﬁisealvea in petroleum ether
{b.p. 35n45°) and the dlethylaniline removed by several waghes with
dilute sulfuric acid. The product wae then removed as the potassium
salt by extraction with aguedue-aleoholic potassium hydroxide (35 g.
of potassium hydroxide, 25 g. of water, 90 g. of methanol) in four
equal portions. The alkaline eolution was washed with petroleun
ether, scidified, and extracted exhaustively with petroleum ethsr,
The petroleum ether solntion wae dried over anhydrous magnesium
sulfate and dletilled in a modified Clalsen flask to yleld 32.1 ge
(75 per cent) of z~a11y1~5?6«éimethylphsnal, b.p. 75-77° ({1 mn. , )
n D 1.5383, Gy 0.9838, m.p. 15 .

Anal. Caled. for C3,H,,0: ©, 81.45 H, 8.70; MR, 49,.76.
Pound C, 79.94; H, 8.70; MR, 51.82.

2-Bropyl-3,8-dimethylphensl.~2-A11yl-3, 6-dimethylphenocl,
32.1 g., wae hydrogenated in ethanol et 26° over Raney nickel, the
theoretical quantity of hydrogen for eaturation of the allyllc
double bond being abeorbed in fifteen minutes. The catalyst was
removed by filtration and the mixture disztilled in a modified
Claisen flask to yield 28.7 g. (89 per cent) of Z-propyl-3,6~-di=
mathylghaaai, MPe 4?°.

Anal. Calod. for C,,H,40: O, 80.45; H, 9.75. Found:
¢, 80.83; H, 9.91.
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The ultraviolet speotrum of 2-propyl-3,6-dimethylphenol
o
showed a epecific abeorption coefficlent, k, of 10,7 at 2780 A,

tion of this compound was carried out in a manner ldentical with

.~The prepara~

that of 2-propyl-3,6&-dimethylphenol. =
W jmet nyl Ethep.~-To 175 ml. of abeolute
‘aledohoel in a 500-ml., three-necked flask, fitted with stirrsr,

dropping funnel, and condenser were added 11.5 g. (0.5 mole) of
sodium chips. When solution was effected, 61.0 g. (0.5 mole) of
4-hydroxy~1l,2-dimethylbenzene wasg adﬁeﬁ and the flask heated in an
ell bath to éﬁ~9@a. The mixture was stirred, and 41.8 g- {0.65
mole) of distilled aliyl chloride was added slowly. The reaction
mixture wae heated for fifteen hours, etirring being discontl nued
after eeven houre. The cooled reaction mixture was poured into 1.1.
of water in a separatory funnel and the layers separated. The
aqueoue layer wae extracted with two 100-ml. portione of petroleum
ether (b.p.A56*45Q}, the extract being combined with the previous
organic layer. Tﬁia solution uaa'waehé& with 10 per cent eodium
hydroxide solution to remove unreacted starting material, dried over
snhydroue magnesium eulfate and distilled in a modified Claieen
flaek, The allyl;i,ﬁ—aimeﬁhylphznyl ether, 66.1 g., B.p. 75-79"
(3ma.), n D 1.5200, dy 0.9543, was obtained in 82 per oent yleld.

Anal. Calod. for Oy Hy,0: C, B1.48; H, B.70; MR, 49.87.
Found: C, 81.40; H, 8.70; MR, 51.28. |

Hized 2= and §-Allvl-4,5-3imethylphenols.~Allyl 4,5-di-
uethylphouyl’eaaar, ﬁﬁ.tTg; (0.41 mole),was rearranged by heating

with one-half 1ts welght of freshly dietilled dlethylanliline in a



245  bath for one-half hour. The boiling point of the mixture roee
gradually during thies time from 218n teo 231? The cooled mixture
wae dlesolved in petroleum ether (b.p. 55*4&01 and the dlethyle
aniline removed by sevefal washos with dllute sulfurlc scid. The
product wae then removed as the p&tagaium salt by extraoction with
aqueouvs ~aleoholic notaseium hydrexide (38 g. of potassium hydroxide,
25 g. of water, 9@73. of methanol) in fow equal portions. The
alkaline solution wae washed wilith petroleum athaf, apldified, and
extracted exhaustively with petroleum ether. The petroleum ether
golution was dried over anhydrous magneelum sulfate and dletilled in
a modified Clalsen flask. The mized 2~ and 6-allyl-4,5-dlmethyl-
phenole distilled at 82-85° (1 mm.), n D 1.5454,'41,‘:6' 0.9871. The
yield war 46.8 g. or 71 per cent of the theoretlical amount.

¥ixed 2- apd S~Propyl-4.B-dimethylphencls.~Hydroagenation
of 48.8 g. of the mixed 2~ and 8~gllyl~4,5-dimethylphenale in
ethanol solution at 25: with a Rmney.niaksl catalyet proceeded
smoothly, the theoretical amount of hydrogen being absorbed in
twenty minutes. The catalyet was removed by filtration and the
mixture dlstilled in a modiflied Clalsen flask to yleld 30.6 g. (68
per oent) of mixzed 2- and 8~propyle4,5-dimethylphenols, b.p. | -
m-77.8° ({1 mm.).

2-Propyl-4,5-dimethylphenol .~The mixture of 2« and 6~
propyléd S-dimethylphenole was & very viessous oil. Vhen this
material had stond for two weeks, orystals began to form; orystal
graw%h pruaaedea,’but the whéla of the materisl 414 not crystalllze.
The erystals were removed by filtration through a sintered glase

filter; thus abowt half (16 g.) of the material was dta ined as a
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white erystalline solid. This was recrystallliszed four times from
petroleum ether (b.p. 35-45 ) to a constant melting point of 69" .
Apsl. Galed. for CsyHygO: C. 80.46; H, 9.75. Found:
¢, 80.49; K, 9.83. ’
The following specifle abseéﬁti&n coefflclients at maxima
were found: k (2770 A) 12,1; k (2810 K} 12.2; k (2880 1) 12.3,
Sulfanilic Acid.~To a solution of 1.08 g. (0.0l mole) of sodium
sarbonate in 20 ml, of weter 5#5& g. (0,02 mole) of sulfanilic acid

monohydrate wae clowly added. The eolution wee cooled gnd to it
wae added a oold solution of l.48 g. (0.022 mole) of sedium nitrite
in 4.0 ml. of water. The mixture wee ewirled and quickly poured
into 24 g. of lce contelning 4.3 ml, of concentrated hydrochlorie
acid (0,058 mole). After fifteen minutes thie slurry wae quickly
poursd into a eoclution of 3.3 g. (0.02 mole) of 2epronyl-4,H=
dimethylphenol dlssolved in a solution of 4.4 g. (0.1l mole) of
sodium hydroxide in 24 ml. of water cooled %o 5° by the sddition of
20 g. of ice. A dark red euspension of ago coupling product
resul ted. |

loride.-The red

reaction mixture was allowed to stand for one hour in an ice-bath,
26 ml, of 10 per gent sodium hydroxide added, the mixture heated
%o 60, end 9.2 g. (0.044 mole) of sodlum hydrosulfits dihydrate
added in smal)l portions. neaﬁing was continued for rifteen minutes
during which the mixture elowly oleared and begame straw-yellow

in coler. 'Anéthar sddition of hydrosulfite (0.8 g.) was mada and
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the solution cosled %o 250. Thie wae poured into a solution of
8.0 g. of hydrosulfite dleeolved in 200 ml, of water, filtered, a
small lump of so0lid carbon dloxide added, znd the reaction mixture
placed in the refrigerator overnight. The cryetale of sminophenol
which formed were removed by euction filtratiun, inmediately trazne=-
ferred to s esolution of 0.08 g. of stannoue chloride dihydrate and
2.1 ml. of concentrated hydrochleric acid in 40 ml, of weter ax&&n».
The sclution wae decolorized with 0,08 g. of Norite, flltered, 8.0
ml. of comcentrated hydroshloric acld adled, and the solutlon
ellowed %0 cool glowly. The orystals which formed were removed by
filtration and dried in a vacuum desiccator. The Z-propyl-4,565-di-~
math vyl ~6-aminophenol hydroochloride thuse obtained weighed 2.8 g.
(65 per cent),

Angl. Caled. Tor Oy H,,0NC01: (,61.26; H, 8.42; Q1, 18.46,
Found: €, 61.19; H, 8.45; €1, 16.43,

Method.~One gram {0.0047 mole) of 2-propyl~

4,5-dimethyl ~6~aminophenol hydrochloride was dissolved in 30 ml.

of water eontaining = drop of concentrated hydrochleric acld., To
the filtered eovlution was added 2 cold solution of 2.3 g. (0.014
mole) of ferric chloride and 0.9 ml. of concentrated hydroohloric
acld in 5.0 ml. of water. The resotion mifure darkened lmmedlately
and a dark oll eeparated; the mixture was heated with agitation a
few minutes on a steam cone. This material was not the desired

guinone; when the cooled, solidified oll wae removed by filtrstion

it was found o be aamgletplx insoluble in pefroleum ether, (b.p.



55-48 ).

The zzme result was obtained when the procedurs of adding
ferric chloride eolution to 2 eolution of the amine hydrochloride
wae reversed.-

Potageium Dichromate Me
mole) of P~propyl-4,5-dimethyl-B-aminophensl hydrochloride in 10 ml.

hod.~A solution of 0.2 g. {0.001

of water wae sovered with 20 ml. of sther, end to thile wzr sdded
dropwlee and with vigoroue shsking between additions 12 ml., of 10
per cent sulfuric seld containing 2.0 g. (0.0068 mole) of potassium
dlchromate. VWren the edditlon wae complete, the ether layer war
eeparated and the zgueous layer extracted with two 10-ml. portions
of ether. The combined sther extracte were dried over snhydrous
magnesium sulfate and the solvent removed by & stillation to yleld
0.11 g. of a dark red gum. This meterial wees eoluble in alcohols,
benzene, chlorcform, and ether but could not be crystalllzed from
any of these colvente.

The materisl wse gublimed under h&gﬁ vaahag 8% a bath
temperature of 195“, the gublimate was a rad tar alén and could not
be oryetalllzed.

Apal. Csled, for CysHieOu: €, 74.20; H, 7.92. Found:
¢, 68.87; H, 7.42. '

It ie apparent thet this material vas nat the ﬁmimd
guinone. |

ﬁiagﬂigxyagg;;mv:&;mguyeﬂ'ifg,a;@fifsfmgy 3. ~To a 600-ml.
round-bottomed flask contelning iﬁﬂ‘@.‘mr n-amyl alechol was added
106 g. of polacsium hyﬁroxiﬁa zlmkaa. The mixture was refluxed for



& short time, the clsar supernatant liquid decanted, and to it wae
added 40 g. (0.247 mole) of the rearrangement product from sllyl
4,B5~dimethylphenyl ather {2~ ané 6-allyl-4,5-dimethylphenols).

The solutlion was heated at the bolling point for twenty~four howre,
the amyl aleohol removed by tteam &18%113&119n, and the remaining
golution acidiflied with pbogphoric acid., The zoidified eolution
was extracted with four 100-ml. portions of ether end the ether
eolution drded over anhylrour mognerium sulfate end dlstilled with-
out fractionation. A yleld of 24.6 g. (61.6 per cent) of 2~ and 6-
propenyl-4,B-dimethyiphenols war & tained,

Apal. Caled. for 0;,H.,40: O, 81.46; H, 8.70. Found: ¢,
81.90; H, 8.89.

4.5~ and 8,6-Dimethylsalicylaldehvdes.~A eolution of 8.4 g.
{0082 mole) of mixed 2~ and B-propenyl-4,5-dimethylphenols in
400 ml. of chloroform wag ozonlzed for six homrs at Qﬂ with approxi-
mately 4 per cent ozone. The chleroform golutien of the oxonide
wa e trested with 120 ml. of water, and the ochloroform was Aistilled
from the mixture under reduced precssure. After the chloroform had
been completely rempved, the flaek was heated vigorously and the
contents distilled. A yleld of 4.95 g. (63.8 per eent) of aldehyas
was obialned from ﬁhe'ataamvdlatzllaﬁs by'utber extraction, while
1.4 g. of material remained in the pot,

The aldehyde thus oblained wae converted %o the bleulfite
addition product by shaking vigorously with mesrly paturated sodium
bloulfite solution at abowt 40 . The white orystalline additl om
produst wae removed by suetion filﬁra%xan, wached repestedly ui#h
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ether, and finally decomposed with 150 ml. of warm 3 per ¢ent hydro-
chlorio avid. The purified aldehyde was recovered by ether
extraction drying of the extraet, and removal of the solvent by
distillation. The solid, light-yellow aldehyde thus obtained wap
reoryatallized from petroleum ether (.ﬁ;p, 55-45“), the solution
being allowed to cool very slowly so that large erystals formed.
Two types of erystale were formed, long splke~like needles of 5,6«
dimethylsalieylaldehyde and lustrous plates of the 4,5 lsomer; a
quantity the material was separated into itas component eorystals
mechenically. Thus it was determined that 70 % 5 per oent of the
material orystelll,ed as plates and 30 + B per cent as needles.
The two orops of corystals were separately raarynmlnxm firnt Jvom
dtlute eloohol and then from petroleum ether (b.p. 3645 ). The
plates of 4,B-dimethylgalloylaldehyde melted at 89° &nd the needles
of 5,6-dimethylealioylaldenyde at 70 .

. Ansl. Caled. for OgH, 05 €, 72,00} H, 6.72. Found:
Plates - O, 72.04; H, 6.88. Needles - C, 72.10; H, 6.80.

Olayton (11) who prepared a similar mixture of aldehydes

from & Reimer-Tieman reastion on 4,5-dimethylphenol found that 4,8«
dimethylaslloylaldehyde orystallized in plages, n.p. ?1”, and the
5,6 1asomer in needles, m.p. ma,

f ” ;g;ghﬁéhﬁnﬁa~a Aﬂid»%ﬁbaut 0.1 g. of 4,5~
Mmmlnlmylam#hy&a was sprinkled into 0.6 g. of fuged sodlum
potassium hydroxide (50-B0 emtaining & 1ittle water) at am ina
nickel orueible. 'gé 800N &8 gR8 evolution had ssaged the mixture
weg Malaﬂl dlgsolved in fﬁﬁw, filtered, and moldified. Tha &~
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hydroxy-3,4~dimethylbenzole acid which precipiltated was collected on
a filter, dried, and recrystallized from aqueous methenol. The
purified product melted at 19?;69. The llterature (11) reports a
melting point of 198~9°.

i Agid.-This material was

prepared from 5,6~dimethylsalioylaldehyde exactly as described above

for 8-hydroxy~3,4~dimethylbenzolec acid. The 6~-hydroxy-2,3~dimethyl~
o

benzole acid melted at 140 . Clayton (11) Qescribes thie solid as

@
melting at 142~3 .
e Acld.~To 100 g. (0.745 mole) of isodurene

and 67 ml., of concentrated sulfuric sclid in a 1l-1. Erlenmeyer flask
gocled in an ice bath war added, slowly and with shaking, 33 ml. of
80 per cent fuming sulfuric scid. The flask wasg removed from the
ice bath, allowed to warm to 236, and shaken vigorously for five
minutee. The mixture was then heated at 3¢u, looeely et oppered,
for nine hours. The black, nearly solld masé wgs p&rtly broken
up, ard poured over BO0 g. of erushed ice. The solld was further
broken up, and after fifteen minutes the mixture was flltered.
The filtrate was cooled %o ma, al the sulfonlc acid was precipi-
tated at that temperature by the slow addition o afm} »l. of con-
eentrated sulfuric scid. The orude prehnitenssulfonlie acld, m.p.
98«-1@@@. weighed 115.8 g, The yield wag 72 per cent of the
theoretical amount.

Sodium Prehnitenesulfonate.-The orude px*thnﬁ.tan&wltnﬁia
acld, 116.5 g. (0.54 mole), wae dlesolved in 540 ml. of wﬂe‘r, 22 g

(0.26 mole) of andimr-mwx*bpnma wae added, and the mixture was

heated to bolling. The eolution was saturated with sodium chloride,
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boiled five minutes, and cooled in ice. The precipitate of sodium
prehnitenesulfonate was collected by guotion filtration and recrys=-
tallized from salt water (25 per cent). The yleld of recrystaliized
product wae 73.2 g. (B7.5 per cent).

)1.-To 87 g. (1.07 doles) of potaselum hydroxide

in an iron crucible fitted with an iron etirrer anl a copper-
Jacketed thermometer wae adﬁﬁd 4 ml. of water. The temperature wae
brought to 2599 and 36.8 g. {G.iﬁ mole) of sodium prehnitenseulfon-
ate added as rapldly ae feasidle. The mixture frothed badly, and
1t wae nesessary to push the matériax down repeatedly. Stlrring
wag started and the temperature brought to sse“ in ten minutes;
heating and etirring were continued for five minutes. After being
allowed to cool slightly the melt was poured into 2560 g. of dve.
The mixture was acidified with hydroshloric acid, and exhaustively
extracted with petroleum ether (b.p. ﬁﬁ»&&ﬁ). The petroleum ether
saiation was“ﬁrieﬁ over anhydroue godium eulfate and the solvent
dietilled. A yileld of 7.3 g. (32 per cent) of crude prehnitenocl was
obtained. Thle was recrystallized first from petroleum ether (b.p.
35-&5“), then from benzene, and once agaln from petroleus ether to
a congtant melting point of 85.5“.

Apal. Caled. for Cioly40: ¢, 80.,00; K, $.39. Found:
¢, 80.20; H, 9.38.

The following speecific absorption coeffliclents at maxinma
vere fund: k (2778 4) 15.4; k (2625 &) 14.0; k (2868 £) 14.1.

6-Bromoprehnitenol.~This material wae prepersd from pre-
hnitenol by the hrnminatibn'préaiﬁuré‘éasarlbad by Shriner an&

Fuson (12). After recryetallisation from aqueous ethanol te
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derivative melted at 103 .5

Angal. Caled. for 0,,H140Br: Br, 34.80; Found: Br, 34.67.

Prehnitenol has been prepared previously by Tohl (13) and
by limpach {14). Tﬁhl reported a melting polnt of 3? and for the
bromo derivative 1&1 but he gave no supporting sanalyses. Limpach
reported the melting point of the phencl &e 319 and offered a
supporting analyeis. The melting point of isodurencl (2,3,4,6-
tetremethylphenol) is reported as aeuaigg but ite bromo~derivative
nelte at 13&°. It appears, thﬁ:&fara, that the ocompound syntheesised
is the 2,3,4,5~1eomer, even through the melting point of ite bromo~-
derivative does not agree with that reported in the literaturs.

Menthyl Chlorigde.-Te 130 g. (0.6235 mole) of phosphorus
pentachloride covered with petroleum ether (b.p. a&-&ﬁ“) in a three-

necked flask equipped with condenser and dropping funnel wae added
95.0 g. (0,607 mole) of gi-menthol Alesolved in &5 g. of the came
eolvent. The addition was regulated =0 g8 to maintain a conetant
and rapld evolution of hydrogen chloride. When the addition was
complete and evolution of hydrogen chloride had ceased, the reaction
mixture was poursd onto ice, the water layer separated, anﬁ‘tha
hydrocarben layer washed with 200 ml. of 10 per sent spdlium carbonate
and three 206-ml. portione of water. The organic solution was then
dried cver calclum chloride and dletilled from a moadifled Olaleen
flaek. The menthyl chloride, 75.0 g. Aistilled at 88-04° (14 mm.),
a‘en 1.4628, and was & tained in 60 per cent yleld.

ylpbenol.~To a 2~1., round-bottomed flask, equipped

with a reflux air-condenser, were added ?3.0 g. (0.410 mole) of
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menthyl chloride and 438 g. (4.65 moles) of phenol. The mixture
wae heated under reflux for sixteen houre. Hydrogen chlorlde was
evolved rapidly at filret, then mare slowly, untll after sixteen
hours the evolution had cescsed. The reactlon mixture was cooled
and poured ihta 2 sdlution of 321 g. éf potaesium hydroxide in £ 1,
of water., This wee extrected with tiree BO0-ml. portions of ather,
the ether ecolution drled over snhydrous magnesium sulfate, and the
mixture dletilled. The erude menthylphenol was 2 vircoue light-
yellow oil beilimg st 196-108° (13 mm.). |
Henthylphenol.~The product wae purified

via the phenylurethsne. Twenty grase (0.096 mole) of orude menthyl-
phenol and 16.0 g. (0.126 mole) of phenyl )socyanate were mixed and
heated in the absence of molistwe a4 1Q$n for twengy-four hours,
The s0lld obtained vwhen the resotion mlxture was cooled was re-
orystalll zed twiéa from Bkelly=olve B; a yield of 18.0 g. (82 per
cent) of the phenylurethane of menthylphenol, m.p. 1530, VAR
obtained. Kurmesnow {6) reported a melting point of 141° for this
compound.

Epre x?ﬁgt*fﬁgé@*;.‘ﬁﬁ 8.3 g. of the phenylurethane in 100
ml. of ethanol was added 20.0 g. of potassium hydroxide. The mixture
was refluxed overnight, oooled in fve, and ncldified with BO per
cent sulfurie acid, keeping the temperature below iﬂe. The acidifiled
mixture wae extraected with three 100-ml. pertioms of ether, tie
ether solution washsd with water, dried over ashydrous magneslum
suitéte, and Plaeh distilled, The produst, 4.7 g. of a colorless,
visoous 5i1l, dAletilling at 15@9 {{ 0.8 am.), orystallised on stand~

ing overnight. A orystal of this material was used to seed the



erude product, which then crystallized: The combined eryctalline
material wes recryesiallized from Skellysolve B. The yleld was 18.4
g. (19 per cent), m.p. go’. Kuresanov (8) reported & melting point
of 899 for menthylvhenol. The ultrsviolet spectrum of menthylphenol,
1e shown in Plgure 4; specific absarpﬁian coefficiente at maxima,
k (2210 &) 28.0; k (2766 4) 7.48; k (2830 ) 6.65.

Apal. Caled. for CO,gHg 0t C, 82.60; H, 10.40, Found:
C, 82.B4; H, 10.46.

Fenehyl Chloride.~To 132 g. {0.666 mole) of phosphorus
pentachloride covered with petrolsum ether (b.p. 35-48 ) in & one~
liter, three-necked flask eguipped with dropping funnel and reflux
condenger was added over a period of three hours 100 g. (0.65 mole)
of fenchyl alookol diseolved in 200 ml. of petroleum ether (b.p.
$$~4ﬁg). The reaction mixtuwre wae a2llowved to stand two hous, re-
fluxed two houre, and poured onto ice. The hydroocarbon lsyer was
washed with 10 per cent sodlum carbonste until free from aclid and
then with water. The solution wae dried over anhydroue calolium
chloride and dletilled, the fraction bolling at &ﬁ~8?° (16 mm.) wae
oolleoted ar fenchyl chloride. The yield was 61.0 g. (54 per oent).

Pepchylphenol.~To 61.0 g. (0.38 mole) of fenchyl ciloride
wae sdded 330 g. {3.% moles) of phenol. The dark mlxture was heated
at XB@? for sixtesn howrs and finally boiled for two hours %o
complete the removal of hydrogen chloride. The cooled solution was
poured inteé a solution of 268 g. of potassium hyiroxide diseolved
in 2 1. of water, extracted with three £00-ml. portlone of ether and
the extract decolorized with Rorits, drled over anhydrous meghesium

sulfate, and dletilled from s modified Claisen flssk. The orude



fenchylphenol boiled st 120-145 ({1 mm.); the yield was 60.0 g.
{74 per cent based on the chloride).

Ansl. Caled. for CygHga0: €, 83.11; H, 9.50. Found:
¢, 82.92; H, 9.63. .

Fenchylphenol was & 11gh5~yaiiaw, extremely vicscous oil;
after atanding for nine monthg some ceryetale formed, but the gother
liquor wae too viegcous to permit separation by filiration.

The ultraviolst sppetrum showed the followlng specifie
absorption cosfflcients at the maxlma: k (2200 3) 32.8; k (2760 X)
8.42; k (2730 3) 8,30,
te.~To 1.0 g. of fenchylphenol

diseolved in 6.0 ml. of anhydrous pyridine was added 0.5 ml. of
benzoyl chloride. The rolutlon wae heated fifteen minutee on a
steam cone, poured into 16 ml. of water, and the supernatant liguid
decanted. The reecidual o011 was wached well with B per cent szodium
hydroxide, diessolved in 2 ml. of ethanol, and cooled overnight in
the refrigerator. The prude benzoate which orystalllzed wae
renoved by filtration and recrystallized from ethanol. The purl®isd
material melted at 1&%:5».56.

Angl. Caled. for Caelyueyr €, 82.60; B, 7.84. Found:
¢, 82.75; H, 7.68.

Fenchylphenol 41 d not yisld a orystalline phenyl- or
a-paphthylurethone. |
Bonnylphenel.~4 mixture of 6.4 g. (0.388 mole) of freshly
dietilled bornyl ;@hl.arma and 374 g. (a‘,m méie_g) of pbenol was
refluxed for twenty hourse. The "mix'ﬁwg %&-é' é@ze& anl poursd inte
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a esolution of 266 g. of potaeceium hydéroxide dlseolved in 2 1. of
water, Thies ves extracteé with four 50C-m), portions of ethex; the
ether solution wae warhad With two 500eml, portione of 2 per cent
sodium hydroxide and 6500 ml. of water. The ether was removed by
distillation, and the recidue was disedlved in a solution of 40 Ze
potageium hydroxide 1n 320 ml. of BO p&r cent melhanol. This
solution was extracted with p-hexane to remove aay neutral material
present., The alkalline solution wes ecidified in the cold and tie
bornylphenol extracted with n-hexane,

The eolution wae dried with anhydrous magneeium eulfate
and the 63 g. (B0 per ¢ent) of orude bornylphensl purified by
dlgtillation. A heart-cut of 20 g. bolling at 110-121° (0.5 mm.)
was taken se bornylphenol and submitted for analysis.

Ansl. Usled. for CygHea0: 0O, 83.11; H, 9.50. Found:
¢, 83.19; H, 9.88.

The purifled hornylvhenol did not form e orystalline phenyl-
or a-naphthylurethane, plorate, or aryloxyacetic acid. The molecular
welght ss determined by Zerswitinov aotive hydrogen was 183 (theory
231) indicating that phenol was probably present as an impurity.

The ultraviolet spectrum showed the following specific
sbsorption coefriclents at maxina: k (2190 &) 36.8; k (2730 &) 0.48;
x (2780 1} 8.72.

yirkenol.~To 138 g. (1.0 mole) of pinene amd 480 g.
(4.8 mlas) of phenol in a flask sguipped with o reflux condenser

wae added 1.4 g. (0,007 nmole) of p-toluenesulfonic meid mono-
hydrate. The mixture wae heated on a steam cone far one hour; ithe



mixture, colorleszs during the first thirty minutes, darkensd
sppreclably before the hesting wae etopped. The cooolsed solution
wag poured ints a cold selution of 300 g. of sodium hydroxide in

Z 1, of wvater and extraated with fowr 600-ml. portions of ether.
The ether solution wac washed With two 500-ml. portione of £ pur
cent godium hydroxide and 500 ml, of water, the cther removed by
dlstillation, and the residue Algsolved in 200 ml, of Skellycolve B,
This solution was extracted with two 100- and two 200-ml. portione
of 10 per cent pot&ssium hydrexide in B0 per ocant ethanol. After
an extraction with 100 ml. of Skellysolve B the enlution was
acidified in the oold with 50 per cent sulfuric acid and extraoted
with three 100-ml. portions of ether. The ether rolution wae dried
over anhydrous eodium sulfate and dletilled from a modified Clalsen
flask. After a small forerun of phenol, 21.9 g. {2 9.5 per cent
yield beased on pinene) of pinylphenel, & viscous ol), was obtalned,
Bup. ms-—mza {21 am.).

&nal. Caled. for OyeHzg0: €, 83.11; H, 9.80. Found:
¢, 81.87; H, 2.61.

The ultraviolet speotrum showed the following specifias
absorption cosffictente at the maxima: k (2170 ) 24.0; k (2720 A)
7.83; k (2785 4) 7.86.

Tnie material formed glaesy phenyl- and g~nephthylurethanes
whish eonld no§ ha aﬁystgllisaﬁ,v&aaélorizma bromine water rapldly
but 414 not yield a oryetslline dlbromo-derivative, formed an
ineoluble, amorphous sodium phenolate when treated vith 20 per cent
sodium hydroxide, and gave an intense red color when goupled with
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diezotized sulfanlilie scld. The materlsl was thought %o be a
nixture of Isomerc.

olymerization Evaluation of the Besin Phepol anl Other
Phenols ca Delarders Ln $he GR-S-10

the resin phenol and other phenole was evalusted with the 72-10

lpg.-The retarding action of

Mol

R~7-10 reeipe. The polymerlzatione wers run in olean, dry, 4-0z.,
serew~cap bottlers equipped with punchad caps fitted with Buna-N
molded gasketa. In preparing the polymerizatlons, U5 ml. of eodium
resinate solution was placed in eczch bottle, followed by 2 ml, o
3 per cent aqueous potassium persulfate. The szodium resinate eolu-
tion wes prepered by prolenged shaking of Herculee Reein 701 (456-771)
with the theoretieal quantity of 1 J =o0dium hydroxide. The solutlon
was then diluted with water to such an sxfent that T5 ml, of solution
would gonteln exastly 1.0 g. of sodlwn esoap. To each bottle was
then added 8.40 ml. of a solubion o dodecyl mersaptan ih redie-
tilled Dow N-100 styrene, conlalning 0.100 g. of dodecyl mercaptan
andd Q,0072 g. of the phenol in 6.4 wl. of solution. Phillips
Epeecizl Purity butadliene wses then added 1ln sbout 0.5 g. exaesa of
the deslred 14.4 g. regulred, the cop was 1ighlly:plased on the |
bottle, and the excees butadxgna wae sllowsd to evaporats, The
bottle wze then eapped and allawéﬁ,ﬁo etand until the addition of
butadlene so'therremaining bottles in the eeries was complete. All
ot ﬁna'bmﬁtlea'wera‘%hen,&hakan~ﬂniﬁ>rmly to émaleify the contents
and wura-ratated'eni#avar~ena in g polymerization bath ab 5@§ x,la.
After twélve houre the bottles were removed from the bath
and 1 ml. of benzene contaiming 0.0l g. of P-naphthal injestsd.



A hypodermic needle carrying a closed etopcock wae ineerted into
the bottle and the total sseembly welghed to the nearest 10 mg.

The bottle wae shaken vigorously, and the latex war allowed to
flow through the opened stopcosk into & short-stop antioxidant
eclution in a tared pan. The shar%*mfbp antioxidant solution con-
elsted of & ml. of a solution of 1.2 g. of phenyl~§~naphthy1amine
and 0.8 g, of g~naphthol made up to 1 1. of solution with ether.
After 5~8 g, of latex was removed, the stopoock was closed, the
asgsembly wae rewelghed, and the welght of latex dstermined by
difference. After most of the water had evsporated from the pan
the resldue was dried in a clrculating-alr oven at ?ﬁ° for a minimum
of twelve hours. The pan and contents were then weighed, and the
weight of s0lld residue was obtained by difference to 1 mg.
Hydrocarbon convereslone were calculated from the following formula:

% BCC = B(wWa/1 - w)

vhere:
W = Welght of total latex, caloulated from the recipe.
w = Welght of non-hydrocarbon materisl in the total latex.

4 = Obeerved welght of dry sollide minus weight of short~
gtop and antioxidant.

1 = Welight of the latex allguot.
In the avaiﬁatiaﬂ of the phenols two polymerigation runs were made
at different tim@a; & control which contained no phenole was
included with each run. The convereions in Tables III and IV

reprecent the average value obtained from two polymerization bottles.
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TABLE IIX
HH-p7-9, 10 Reegin Phenol IV 86,6 ¢ 0.9
HH~07-7, 8 None .- 87.4 + 0.6
TABLE IV
Run No. Phenol fresent W
NH-II-71~1,2 2=-Propyl=4,5~-dimethyl- 41,5 + 3.2
NH-II~-71-11,12 2«Propyl-~3,6-dimethyl~ 43.9 * 1.1
NK"II"H.‘?},Q g‘ 3' 4, 5*’?3%3&‘&!&3‘@1‘@1“ 23’.9 :‘ ﬂ.e
NH=-11~71-6,8 Bornyl- 61.9 * l.1
NH-II-71-7,8 Menthyl- 61.9 ¥ 0.6
NH-11-71-9,10 Pinyl- 681.2 ¢+ 0.0
NH-II-71-13,14 Fenchyl~- 62.0 ¢ 0.5
NH-II~71~15,16 None 64.3 3 0.7

0.4091 g., wae mixed with 0.05 g. of 10 per cent palladium on

idon IV.-Phenolic frastion IV,

charcoal in the &#hydrngantti@a apparatus deseribed by Fieser (15)
and heating started at aﬁﬁg. The temperature was ralsed rapidly
until there was some svidence of gae evolution (360°). Thie
temperature was maintained for two hours, during which time only
10 ml. of alkali-insoluble, inflammsble gae wae collected. The
reaction wae not aﬁaalcrut#d by ralsing the temperatire %o &&GQ, a0
heating was diaqénzinuaa. The cooled ma%arial was dliegolved in
athar; filtered to remove catalyet, and the ether removed by die~
tillation to leave a resifue of ﬁehydragonatnd product.

Ghemisel Tests on Pasnelle Erestion IY.-Butenandt and
S8todela (9) ha#é prep ared various subetituted resorolnols and have

reported their speotrs and the results of several chemical tests on
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the compounde. The spectrum of each reeoreinol pr epared chows a
gingle maximum in the 2770-2860 ﬁ range (the spectrum below about
2300 3 was not reported)., The chemical teets which they employed
with theee resorcinols along with the results obteined in this
laboratory on the resin phencl are shékn in Table V,

The teets uced in this work were conducted as follewa:

lybéic agid.-The phenol (5 mg.) wae dlgeolved in

1l ml. of ethenol, a orystal of phoephomolybdic acid added, and the
color of the solution obeerved. Then & few drope of ammonium
hydroxide were added and the color observed. Under these condltione
1,2~dihydroxybenszene enmﬁaunﬁs give s greencolor changing to blue
on addition of ammonium hydroxide, 1,3-dilhydroxy compounde colorlese
changing %o blue, and 1,4~dihydroxy compounds blue remsining blue.
¥ost monohydroxybenzenes give a colorless solution chmngingaﬁn blue.

Eerric Chloride.~-This test is well known and requires no
discus sion. |

Elugrespein.-The phenol (2 mg.} vas heated for five
minutes over a microflame thh.a.mlxﬁura of 4 mg., of phthal&a
anhydride and three drope of concentrated sulfuric asid. A small
drop of the reeulting solution was added %o aleohslioc ﬁatausiun'
hydroxide. Resorcinols having an unsubstituted position geta to the
hydroxyls ordinarily give a green fludrescence in this vest.

sbermann.~To 1 mg. of the phencl diesolved in two drops

of acetic acld were added 1 ml. of abn&antrat&ﬁ sulfurioc ascld and e
eryetal of sodium mitrite. Nost phenols having an unhindered 9riho
or para poeition open give blue colors in thie test.
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Guarsschi.~Several milligrams of the phenol were discolved
in 0.5 ml. of chloroform and a small erystal of so0dlum or potassium
hydroxide added. A positive test 1s indleated by the development
of a red color when the reactlion mixture is heated.

¥apillin.-One milligram of the phenol diesolved in 0.5
ml., of agetic meld was treated with several dropes of a solution of
vanillin in acetlo acld and two drope of sulfurie scid. The
development of a red eolor ie characteristic of resorcinsls, but
thymol alseo glves a poslitive test.

¥ercurie Hitrste.~A solution of 0.5 mg. of the phenol in
76 per cent e¢thanol was trested with geversl drops of mercurle -
nitrate in the same eolvent. The formatlon of s white precipitate
in this reasction is unigue to resorcinvle.

The resgults of thege teste as applled to the rezin phenvl
etrongly indlcate that it is not a substituted resorocihol of any

typ’ .

Figures 14 and 15 present the infrared spectra of phenolic fraction
IV and menthylphenol. The measurements wers made on thin smeare
of the pure materials (no solvent) with a Perkin-Elmer resording
gpectrophotometer.

Figureg 12 and 16 ghow that the phenolic concentrate IV
exhibite the following:

1) BStrong bonded OH absorption at ca. 3400 om.

2) “Normal G-H stretching frequencies at ¢s. 2000 om.

5) A O=0H stretohing frequency sbove om.”*, probably
a phenyl-hydrogen.
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4) Beveral ~CHg- bending frequencies at ca. 14850 om. "

; ~3
) Two -CH bending freguencles at 1383 om. and 1363 @&?
6) FPhenyl ring abeorption at 1814, 1595, 1504 am.‘“"‘i and
in the long wave-length reglon at about 823 om.~*. The
hast bond 1e in the region assigned to & para-
substituted §henyl group, and 1t iz between the regions
ageigned to 1,2,4~ and 1,3,8~substituted rings.
7) Strong C=0 absorption at 1683 QM¢*} and a wezker
abeorption at 1720 om.™ . These bands could be due
to an acld, ketone, or aldshyde.
) i - - 3
8) Strong absorption in the -U-0 region {about 1250 om., )
of acide, eeters, phenole, and other vompounde con~-
taining an unsaturated carbon atom. There are aleo
two medlum stringth,h%nﬁs in the saturated ~(~0 region
st 1049 and 1058 om.
The infrered absorption spectrum of menthylphenol in
carbon digulfide was found %o be the szame ae that of the pure solid
materlial.
The infrared abrorptlon epectra of dehydre-, dlhydro-,
and ﬁetrahydroabietia acids wers ales obtained but are not reported,
! -k
In all casesg the 0=0 ocourred at 1693 om. , snd go might account
for the eimilar abeorption in phendlic fraction IV; other strong
sbeorption bands swh as the =0-0 band at about 1EBO em.”” were
osbecured in the spectrum of the phenolie concentrate. Ths high
over~all abeeorption in ﬁhevlﬂﬂa*ieﬁm‘em."* region indlnated that
actually a mixturs of reein acids was present.
A comparieon of the speotra of phenolic fraotion IV amd
menthylphenol shows that thers are similaritles in the OH
(3350 om.” ), phenyl (1610, 1895, 1616, 860 om.” ), = 0-0 (1237 on™Y)
-ty ; , s -l .
CHy (1370 om.” '), and ~CHe- {1350, 2860, 2050 om.” ) reglons.
However, the strong substituted phn&ylf@bauﬁgti@n of the menthyl-



phenol occure at & higher wave number than the 823 em,*l absorption
of the phenolic concentrate, as does its phenyl abeorption at 1518
¢m.”*, Other differerces in the »g—a region (1176-1280 cm.ﬁil and
elsewhere indl cate that the phencl preeent in the concentrate
probably ie not menthylphenol, but is piobably qﬂita‘slﬂilar;
Oxidation of Phenolic Frestion IV with Poesslup Perpangans
To 45 ml. of water contalning 3 ml, of § per cent sadium hydrexids
was added 0.1810 g. of IV. The mixture was heated on a stesm bath

and 3 per cent potassium permanganate added dropwise with vigoroue
shaking. A total of 17 ml. wase aldded over a twenty~hour perioed,

The cooled reaoctlon mixture was carefully acidified with sulfurie
acld and heated for thirty minutes with B ml. more potassium per-
manganaste solution. The mixture was then clarified by treatment
with sulfur dloxide and extracted with two 25-ml. portions of ether.
The ether solution was extracted with four S-ml. portions of 5 per
cent eodium carbomate; this extract wae in %urn washed with 5-ml. of
ether and acidified. The combined ether solutions were dried and
the solvent removed by distillation to yleld 0.1202 g. of neutral
material. The acidified agueous solullon wee then sxtracted with
five 10-ml. portions of ether. The ether eolution was dried over
anhydrous sodium exlfate and the ether removed by dietillation to
yisld 0.070 g. of a slear ﬁar#'vieaaaa 011, neutralizaition
equivalent 172 % 3, which could not ve erystallized.
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V. BUMMARY

A procedure for isolation of the phenclic polymerization
retarder in Hercules Resin 731 (dehydrogenated rosin) which yielded
a concentrate richer in phenolic material than that reported by
previous investigators has been developed.

This phenolie concentrate has been shown to retard the ¢o-
polymerization of butadiens and styrene in the GR.8.10 reeipe.

From & study of the ultraviolet spuetfa, infrared spectra,
snd from the general physical and chemical properties it has been
concluded that the phenolic constituent resembles menthylphenol.
It has slsge been shown that the retarding effects of menthylphenol
end the resin phenol are of the same magnitude.

It has been shown that in addition to the phenol there is
present in the phenolic oconcentrate a mixture of resin acids,
probably predominently d-pimarle acld,

Incidental to the investigation it has been ghown that in
the Clalsen rearrangement of allyl 4,5*aimatnylphany1 ether the
allyl group migrates approximately 70 per cent %o the unhindered
2 position and 30 per cent to the 8 position.
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