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I, IRTRODUCTION

It was the purpose of this investigation to study the
preparation of new arylsiesric acids Trom oleie acid and an
aromatio gompound by vhe Friedel and Urafts resction. lagh
compounds have & possible ntilization (1) as adcition apents
4o lubricants, (£) as soaps by conversion to salts of tri-
ethano lamine or related bases, (J) as wetting arsents by con-
vercion to & sulfonated derivative (4) as synthetic wares by
g¢ouversien to high molecular weight esters. The conversion
of these arylstearic acids inte such socaps, webtting agents,
or waxes, 48 not here Leen studled, but is contemplated for
the future. “he pregent invectigation desls with the vrepar-~
ation of r~tolylstearie, p-chloroshenylstsarice, p-bromophenyl-
stearie, r-methoxyrohenylastearic, and p-xenylstearic acids.

Fheny lestearie sceld was made by Dicolet znd de 111l (&7)
from benzene and oleic acid i the presence of slominum
¢hloride. There is an irdication this aeid had been esrlier
srepared by Farocusson {30) by the mame meuns in the course
of an investigation of the yolymerization of fatty oils by
air and by chenicals. Since 19287 reference %o this seid has
spreared in conmection with a study in the rate of vhenylation
of oleic aeid (49), the propertles of lubricating gzreaves male
from soups of the aeid (19), the estsblishment that phenyl-
gtearie acid prerared by the Friedel asnd Crafts remetion is
a nixtare of apuroximately egual proportions of 9- znd lu-

pneny loctadecanoic selds (24), claing for improvementie in



compounded lubrieating olls (4H,s06,04) wmd improvements in
the metinod of vreparation (52) of phen lstearie acid.

Hicolet and de ! 11t (57) stated that "under conditions
snalogous to those used in the preparstion of phenylstesrie
401d, oleic acid also reaets with boluene and naphthalene.

In the lat r caso, carvon disulfide war used as solvent,

these cases, but the vroducts were rot further studied.”
“he preparation of xylystearic acid and of g~naputhylstearic
aseid hes since been reported.

Xylyetearic acid was vade by Schmidt (49) from xylene,
oleic geid, and aluminum chloride as an experiment rarsllel-~
ing his etudy of the rate of phenylation of oleic uweid. The
pvroduct after hydrolysisg and removal of solvent was not Lfurth-
er rarified. It had an iodine rumber of 13, & neutralization
equivalent of 389.6 [theoretical=z38B8.4) and the silver salt
snalyzed 21.777 ag (theoretical==£2.U2) agl. 7he guallity of
the pleic acid used was not stateds. Yresumably it was a Ceole
grade or vetier, ctherwise impuritics in {he original oleie
a0id would rewain in the final produet, since this was not
vurified by distillation. The orientation of substituents
inn the benzene ring of xylylstearic acid was not established.

d- aphtyylstearic ascid was vrepared by cenlutids {(48)
from rapnbhalene, olele acid and aluminum chloride. It was
then sulfonated and Ffound to be identiocal with Tvitenell’s
rearent.,. On the busis of the oxidation wrodactes of the sal-

fonsted naphthylstearie useid the PTwitcewell resgent is eitner
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Ii, HISTORICAL

The reaction between sn oleflin and an aromatic com-
pound, in the presence of aluminum c¢iloride, to yield s
sgaturated eondensation product, by the avparent addition
of an aryl radical at one of the doubly tound carbon atons,
and a hydrogen aton at the other, was known at an early
stage in the history of the iriedel and Crafte reaction (o).
The simvles?t case, and the sarliest known is the reaction

between ethylene and benzene to yield athylbensene.

AlC1g
C~u2“ Ju.g + O )" ,12{355

4lkylavions effected by such means apparently proceed

through the intermediate formation or an alkyl chioride (35).
q. ) ] AalCl, o

Gﬁgzﬁﬁg + HCL —_— CI 001
Uydrogen chloyide is present as an impurity in the alumlinum
chloride, is produced by veaoction of aluminum chloride with
traces of moisture in the system, may be produced by s side-
reaction between aluminum chloride and one of the resoction
gomponents, or is introduced deliberately by passing in dry
hydregen chloride. Theoretically only a trace would be suf-

ficient, for it is regenerated on alkylation.
CHp=Clg & HC1 —— (L, 0i01

CHzCHLCL & —_— Oc 12CHy + 0L



L

Alkylations by means of an olefin are gsimilsr to sle
kylations with alkyl halides in requiring only a catalytic
guantity of slominum ¢hloride and in producing & nixtwre of
mono- und polyalkxy lated benzenes. The foctors involved in
efficient alkylation have bheen studied by Heid and co-workers
(5, 33, 34).

?he eyclio olefins (6, 29) behave similar to «inylene
and the resction hss been generalized to sll substances having
a double bond susceptible Lo resetion with an aromatic rucleus
in the presence of aluminum chloride.

Aryliatty acide were made by Mykman (15, 14, 1&, 16)
from lactones, unsaturated aclds, and halogenofatty aeids by
meang of the ’riedel and Craifts reaction. Ienzene, toluene
and sthylbenzene were the aromatic compounds employed, and
he worked for the most part with acids containing from 3 to
& carbon atoms., He began his study with }-lactones, snd pre=-
pared »-methyl-?-phenylbutyric acid, Pemetihyl-J=tolylbutyrie
acid, and 7, 7=diphenylbutyric acidz:

CHLGIIHCI,E=0 ¢ Cgiy —— CHECI(Cyi )OIpClgtoph
y}
101,

3 Y ; 7 x e oo e = o Tz

101,
HpOTIoC=0 & Cyify — o (Gl ) gCiCH, 000 5

2

L

At this time {15) he thought the reaetion to proceed by



Oe
the mecghanisn:
&101,
CTLLOTI0ILC IL0m0 & 0L e (1.0 HC MO0 IOl
ST 2 2] 5 SV gvve
glCls

CILCHOLC 0 p005H + Oyl ——— Cliz0H(Cgiy JCIpCHaC0 5T 101

in a following paper (l4) he extended this reaction to

paraconic scids,

v x T 10N i 5 7 (00 IO
gaﬁﬁﬁdﬁﬁ(gﬁai)ﬂﬁzio ¥ Csnﬁ —_— {Cﬁdﬁ)QCEﬂu(302£)u&2bﬁgn
4
31313

G Gfiﬁil‘L?'{C (c izi{} GI‘{%Q # Cgligl .313 —— Uil Z{ ¢ 614CHy I C oo gf}:) CiiglOgH

G

A4l1C 15

Calgls 3H(C0gd)C ?gj 0 + CgiipCailp —— CelpCli(CqilgCplg ) CII(CO L) ClipCO

0

Hde later found (15) thst the presence of an &~ or B-COCH or a
2-CH in a 2-lactone would frequently prevent a successful
Friedel and Crafts reaction.

On continuing nis investigations (1%, 16) he used un-
saturated acids and halogenofatty acids instead of lactones.
4 number of &= and P-rmno}:mlogsnateﬁ fatty acidec were found io
be unreactive. The sosumption that the asddition of sromatic
hydrocarbons to an unsaturated acid or lactone depends upon s
preliminary formation of the hydrogen chloride gddition product
was not therefore considered a satisfactory explanation of the

reaction.
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any ol the simple and variously substituted crotonic,
cimmamic and acrylic scids were found %o yield am arylfatty
gceld with benzene and aluminum chloride. In some cases the
product could not be made to crystallize, for instance
B,?ahyﬂresorbia acid, CﬁsﬁﬁzﬁﬁzGﬁCEECGEE, gave a phenylated
acid, probably a nixture of B~ and F-phenylhexancic acid.
Reactions with toluene did not always parsllel resctions suc-
gesgful with benzene, Tor instance toluene and eroctonic scid
would not react, and tvne product irom Bemethylerotonie acid
and toluene was not erystallizable whereas the g-phenyl-B-meth-
ylerotonic aecid so produced from benzene melied at £8-L9C,

The frieidel and (rafts resction was first extended to
the higher olefinic fatty acide by lsrcusson in 1%20. (30).
Tnis investigsitor had been concerned with the effect of chem-
iecal agents on the polymerization of fatty oils. 0Oleic acid
when treated in benzene solution with aluminum chloride 4id not
appear to rolymerize, but instead, judged from neutralization
equivalent, cryoscoplc determination of the molecular weight,
znd the very low iodine number, the viscous 0il formed wuas
petnylstearic acide Hlaildic, erucic, Binoleiec and clupsnodonic
acids were stabted to behave in g similar manner, and s reasction
machanlsm was sucgesteds, The reaction was believed to be of
genersl applicability to benzene homologs such as toluene and
xylene, as well as naphthalene, anthracene, nitrobenzene, ani-
sole, phenetole, eto.

“he exveriments of ilarcusson were lncomplete in proving



Be
the constitution of the phenylstearie acid he prepared and
nis product was rather impure (neutralization equivalent,
found-=-336; theoretiecal--360). [iis results were 1n general
indicative rather thuan conclusive for he was primarily inter-
ested in the rolymerization of fatty olls.

Fhenylstearic scid was definitively prepared by
liieolet and de Vilt (57). The phenylstearic acid, prepared
from benzene snd oleic soid, in the vpresence of aluminum
chloride, was isolated aiter fractlonation under reduced
pressure as a8 clear, viseous o0il which could not be made %o
cerystallize., Numerous attempts at preparing a crystalline
derivative were unsucesessiul, for in sll capes the products,
slthouph glving satislusctory analyses, were likewise oils.
The salts of phenylstesriec scid were the only solids oblain-
ed and none of these were found suitasble for recrystulliza-
tion. It was coneidered most likely the product, prevared
in 38 yield, was 1l0-vhenylsteariec acld, but the position of
the vhenyl group could not be proven. hoenyletesric seld
wag very resistant to oxidation with hot slksline permasngan-

ate; bvenzoice =acid was the only product isoclated. The suthors

riote "Oleie acid is by far the most complex olefin %o which -~

the reaction with benzene and sluminum chloride hag been ap-
nlieds™

Later references to phernylstesric ascid (49,19, 24, 38,
56, b4, 32) to xylylstearic scid (49) and %to naphtiylstesric

acid (48] have been podved in the INTROLIJOCTIOH.

/"
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deveral vhenyl snbstituted sliphetic acids were prepared
by Harmon and llarvel (24) for the purpeose of making then availe
able for tests of Kuooop's theory of B-oxidations 4.methed
other than the ‘rledel and Urafts resction was uged and both
9= and lO-vhenyloctadecunocic agids were made, sg well ug the
gorrespondin. P-bromorhenacyl esters, The p-bvromophenacyl
eagter of the phenylietesric acid from oleic sueid, benzene and
alunimm chloride was also prepared. Comparing the melting-
pointg of the three suters, it wue Judged that the product
from the “riedel and Crﬁfia reacbion was a ~ixture contain-
ing about equal amounts of the two liomers.

It has been found that esters of olefinic higher fate
ty acids cun Le ased a8 well s the aelids thenmelves in the
Friedel snd Crsfte reaatlon.

Fournesu and Larsnger (18] prepared several aryluted
esbers from etihyl undecylenate and ety l hydrocarpate und
aromatic compounds in the presence of sluminum chloride.

The parpose of this study was to meke these compounds avail-
anle for tests as therapeutie agents in the treatment of
leprosgy.

The olefinic compounds uged were W-undeeylenic acid and
the ethyl ester, @d-undecenyl acetate, ethyl hydnocarpate and
ethyl allylmalonate. 7The aromatic compounds were benszene,
aniseole, phenylacetic acid, phenylpropionic acid, and benzyl
cyanide. A mnixtare of isomers was obtained, and the product

was generaliy san oil which could not be made fto orystsllize and
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wnoge derivatives were likewise Irequently oils., The suthors
noted that the double bond might migrate, to increase the
number of isomers.

Prom the ethyl d-undecylenste and benzene, two ethyl
rhenylundecy lates were obvialined by fractionation under re-
duced pressure, evidently the esters of &phenylundecylic
and W-l-phenylundecylic acids. Ithyl &-bromoundeoylate lLike-
wise produced a nmixbure of at least two isomers in the
Pricdel snd Crafts reaction.

The following observations vere made: (1) The yield
incoressed the further the double bond was removed Irom the
carbOXy L group.

{2) Por tne same acld the yield increased i the acid was
esterified.

{3) "he yield of the monosubstituted derivutive was . reater
1f the pars position waes occupied (8E yield with anisols,
BEQ yicld with benzene, in the case of undeeylenic acid).

Jhenylsvearyl acetate and phenylstesryl slcohol have
recently been made by the rriedel snd CUrafts reaction using
oleyl acetate, benzeme and asluminum chloride {£l). ‘“his
work wac sbimulated by the inorezsing cconomic inmportance
of high molecunlar welght aleohols.

Both the phenylstearyl scetate (49 yield) and the
aleohol obtsined by Bydrolysis were olls, apparently mizitares
of the Y9« and 1lU- isomers, “he author noted his intention

o comntinue his research and attempt to szeparate the isomers
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ag well as to apply the reaction to other aromatic hydrocar-
bons and stuéy the products to be obhtalined on sulfonstion.

Tne above resumé completes the asccount of past con=-
tributions germane to the subject of this thesis. It should
be noted, however, that arylstearie acids have been made by
synthesfls other than the Fricdel and Crafts. The methods
employed by Harmon and Marvel (24), alinough involving s
long series of steps before the final product was obtained,
led to the preparation of chemical individuals and not s
mixture of lsomers. The rescgtions leading to 9~ and to 10~

pheny loctadecancic acids are iilusirated:

9~ nenyloctadecanoic ascid

— e CQE{lgjlm}I — - {‘}92{ BRebi1e) ]

19

Eaﬁcgﬁﬁ ( ) Hydrolyeis
- Cqil HEH{CO L0, —_ e G L LCHCH O
61 A(COC 1) 9719 g7z’ -80 9 "19 2772
2 27e'e’'g 1 2 1

b 6P

6

¢ 23150 50 ) e ila ‘
_T__:_.O___,— {39.11.19 HG ;:&2{30 2@ 2‘:{5 ;_W CgHyo #{ Cllp ) s0H
.1.2;.} 4: urg,n 5 il
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g-pheny loctadecanoic acid

10-Fheny loctadecanoie acid
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10~phenylocetadecanoic acid

henolic long chain fatty acids and alcohols have been
prepared by Niederl and co-workers, Irom the phenol, the un-
saturated acid or alocohol, and a cationoid condensing agent

{sulfuric and glacial ascetic acid mixtures). (358,59,40).
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Zechanism

Thne alkylation of benzene by means of ethylene in the
presence of aluminum chioride has been assumed to involve
the intermediate formation of ethyl chloride (3). Such an
interpretation has bteen reasonably satisfaetory for reasctions
between an clefinic and an aromatic hydrocarbon. The reaction
between ethylene and bengene slows down when too rapid a
strean of ethiyylene carries sway hydrogen chloride. ’‘he ini-
tial @peed may be resztored by passing in dry hydrogen chloride
(5).

The extension of this mechanism to the reaction between
an olafinie carboxylic acid and an aromatic hydrocarbon has
not been as satisfactory. ISykman discarded this interpreta-
tion when he found that a number of g~ and B-halogenotatty
acide would not react in the Friedel and Crafts reaction,
de #1lt (8) found that the deliberate introduction of hydro-
gen chloride did not improve the yield of phenylstearic acid.

Laronason (30) suggested a mechanism for the reaction
between oleic scid snd benzene as follows:

c%(m ), 0H=C(CT ) 7CO0H 4 AlCL, —» CH,(CIL,) ,?(iﬁ—i‘i(c ) nCO0I
Cl AlClp

The chlorine atom is then replaced by the phenyl radical with
the evolution of iCl.

o xg(etzzijz-\i(vz ,,cnc}’fz $ HCL

s—lb alCle
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The evolution of HC1l is very nmarked during the reaction.
On final hydrolysie the ~-AlCls is displaced by hydrogens
e (i) CH-(Ct : o1
(G, ) Ol 6£318800ﬁ % &l<:gi
66
A wvery similar mechanism was proposed by de Liilt (8).
"Phe addition of HC1l at the double bond of oleisc acid takes
rlace with very considerable difficulty; and it is, moreover
not easy to see how imporignt amounts of free hydrogen chlore
ide could be present until after the reaction is under way.
Perhaps the simplest assumption as to the mechanism would be
that outlined in the following scheme:”

CiL,(Clip) pCHTCI{CI5) yCOOH  41C13 . _—
CiglUig) pln=0itt G 1g ) gUUOH ~—usm Gﬂﬁ‘¢£2)?c““?ﬁ(ﬂ82}?cgag

i ﬁ}ﬂlz

0.1
676 T % Tea{d7 " : Y
=0 . c;ig{ ME)VIM %{(CHE}VCE}OH + JC1

3H_{o: HaOH (T 30 ; iq ¥ q OCH 4+ 4
cxs(czig},?;)g \ (0&2}?3001:1 +$ HCL — zsfc 2)?1331 fc,,aa)gc OH + alﬁlﬁ
C

It is believed that a modification in the de iiilt mechanism
would sccount for the rapid evolution of HCl observed when
olefinic amcids are condensed, and, on the other hand, the
hardly perceptible produetion of hydrogen ehicride, when,

instead, an olefinic ester iz used:
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CL (T, 1, CIR0C L ) p0O0T & 4101y — i {0lig) g0 BCH{ 0l ) yCO0ALC Ly & rerfraridly evalved,

c{}{g( Clgl 7/{; T{eilg)9CO0ALC Ly

&\1:5}(&*&3)?{3“ a‘xfskng),?m.f@.uﬁlg + ALCL, \ Gl nl(‘lg
CiL (e ), oGt e 004101
uﬂﬁfé‘* g),? gl g}?wmmxg
e O
‘aﬁr}o&}lg 1

Clig( Gl ) qOHICgH JCH(A FOLo) (0 (5] p000LL0L, & 30
5“‘»@)3}@ e, 51313“5 33317 QO%I;{)L, / < 2t : 61{7’ ,F 7 2
* Gé}aﬁuﬁ

:3 Gl *2 ) 73”( 4101} 0001 (¢ ';‘Eg) 7C00ALC e

\ it {AX01.)c R IR EEPNAS BRI o TR Ty :
3( } Ch(&;ﬁlzmﬂ( i‘} é7__1,, ,g}? D0 ALS 12 + Wcl

. . ) o . o ;,‘5{(3 13)?(3 {{Gﬁﬁ&) {¢c “ 353’“”‘ W10 I.g + M,Cl;; .
G :@é(ﬁ;xg)v(«x;{fﬂgﬁé 16l 410 12) {{3:13) 7 SODALG 1.2

(Citg) 40t A1C Ly )0 gitg) (C1Tg) }”m\

Cila{Ci CH{ALC L, ICHIC I UlglpCOlALCLly

arrratt 2 65 & oL ((:""ﬂ} ch{{c iy ¢ "‘u:?ﬁ MUAICL, & 4101,

acgording to this scheme part of the ilCl; goes to form a aixe& ..

sgalt of albuminum with the almost iLimediste evolution of HGIL, while

& part becomes engsged in a catulytie reaction by means of whiok an

aryletesric sold is prepared and ilCly re-generated. On final wmit.-»

yels the nixed salt iz decomposed: o

61, (€l ) pCi( G g ) (OHy ) gUOOST + -L(0H)C L,

a%mz{g),,mi(cf:z‘;}(a.;za:g)gmmwlg } s e 575! %l |
Lo ) gt e, ) 40004101,
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€:7

\ ey 7o ey oy ; r g . Qv: i}
\,__N,L.(x,,vayach(c,ﬁmswfﬁz}?gm;,,4 Llomel,

The application of this schems o a reaction such ag that M

ethyl upndecylenate, ethyl olesate, or oleyl acetate with benzene
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differs from the case of an olelinic acid in that no sipnifis

cant evolution of HC1 btakes place:

| OsALCLy
Z1 ) ei=ci{on 300G ¥ A10 MG {01, ) B e 00
CRC L), O CHCIL, ), 0000, 7 & 4101, —= CIL (0 o) ,CHSCI(CTL,) ‘-*9%“5
b E”“m!a
. Cizl{cig)ptue e alﬂlw)(ﬂhg)vlcnﬁﬂﬁ
oo e {4y _‘ v.,} » A \
c..f.ﬁ(é,,,*a),?cg c,‘.(cug)?é’ L A .Al(}l:ﬁ\ .;u.exn
Cir, (01 i, f (41015 CHOL ( CRg) oC o%
A0
) {ﬁ. Al}.\#lg *
1@.&13.313 Ciiy(Clip) pCil(Cglg )CH(ALC1 ) A CiLy ) nC=0CpEy & O
CE{E*(C‘E:E )?e T1CH (d.mlz’){s ) C=0C 5 /
¢ ¢4
66
CI, (o1 Ig)yC: I(Alﬁl )¢ acuc;,,,zg 7ﬁ~(J02hﬁ \ Qe dlCly
0. 101, CiLz(Cilp ) pCTI(al0 L JCRICgHG )~ Cily) yC=OC gl & HCL
~ X - e ey g ";:'.;a // ) &1‘? lg % }-
i;oa&xlv la ’ CL@(V‘LE)vﬁ.(Gé%I{eiagéj-g’ca.\{ﬁ L 'ﬁlc 5
{231%({35‘{2)763{(@ 62{5)(;:;«:{ AL0L)(CH, ) o C=0C i, L o1
G (Clip)p Ca( 21015 }0H(C, 15) (Cl 5)9 000y Hy \ D, 4101y
;2 1 o e ; P )
0. 4101, Ciy(ci, ) gCrlC sﬂs,};‘?ﬁz’v C=0Cglg # alCly

On finsl hydrolysis the complex of the Alcls with ethyl aryle
stesrate 1g decomposed,.

"he need for an approximately stolchiometrical amoumt
of AlCl; ie explained in the case of carboxylic acids by thp

formation, perhaps only vartially complete, of a mixed salt
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and the r&piﬁ evolution of HCl. The evolution of HC1l can be
cbserved for instance if 41C1l; be added %o a solutlon of acetie
zr stearie seld in benzence, or %o oleie aseid in an inert solv-
ent,

The reaction in the case of an ester is nresumed to
parallel thst in which a ketone is Tormed in the Friedel and
Crafts reaction. Conmplexes such as CHLCO0CLl.AlClz, CHzCOCgHR®AlCly
and C H 0000, +41C1; have been isclated (23,27,28,45,44,45).

Strocture of the Asrylestearic acilds

Oxidetion. By oxidative degradation and from valnes of

the moleculer refrsctivity the structure of the arylsteariec
acids wegs pertislly estsblished. Ho proof of the pogition of
the aryl grour in the ckain can be offered. In each of the
oxiﬁati&n’ex@erim@nts the only product whiceh could ve isolat-
ed wag the gimple sa&aﬁitutad aromatic acid. The identifica-
tion ¢f p-chlerebenzole, p~bromobenzoie, p~anisie, terephthalie
and p-pkhenylbenzoic seid from the oryidation of c¢hlorophenyl=-
stegrie, bromorhenylstesrie, methoxyphenylstearie, tolylstearie
and xenyletearic acidg respectively demonsirated the expectled
pare crientatior. I% ip poesible the oritho derivative 1is also
present, in arounts iteco small to bhe recognized by this method.

:'oltecular rofractivity. The molecular refraetivity of

the oily arylstearic acide prepared wasg caleulated from index
of refraction and density measurements and the result compared

with the sum of appropriaste atomig refractivities. The agreement
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wag sufficiently close to confirm the structure assumed.

lligration of the double bond. 1If during the Friedel

and Crafts reaction a nmigration of the double bond in cleilc
acld takes place, the number of possible arylstesric acids

will inorease. The final produet would then be a nore come
plex mixture of isomers and would be even more difficult to
crystallize.

The migration of the double bond under the conditions
uped in carrying out the friedel and Crafts reasetion has not
been demonstrated, but it is not impossibles. Bauer and
Panagoulias {4) established s shift of the double bond in
oleie mcid under the influence of zinc chloride, a catalyst
having properties gsimilar %o aluminum ohloride. PFifty grams
of oleic acid, ten grams of zine ehloride, and one hundred
grams of glaclal acetie acid were refluxed sixtsen hours. The
isomer obtuained wae 10,ll-octadecencic scid.

Harmon and llarvel (24) concluded on comparing the
p~bromephenacyl esters of 9« agnd of 1lO0-phenyloctadecancic
acids with the ester of licolet snd de iHilt's acid that the
phenylstearic acid prepared by the Friedel and Crafte reaction
was roughly & nixbture of equal parts of the two isomers. It
can therefore be assumed that there is little or no nigration
of the double bond snd the arylstearic acids here prepared are
probably likewise mixtures of sbout egual amounis of the 9=

and l0-isomers.



IVe BATERLENTAL
Vaterisls

The oleic acid uced was U. 5. Fo grade excepi in one
gxperiment when C. P. oleile acid, free from linolic acid, was
used. The ethyl oleate used ln experiments designed to prepare
ethyl arylstearstes by the Friedel and Crsfts resction was (1)
purchased from the Zastnan Xodak Company, or 02) prepared from
Use Se Pu oleic moid and 957 ethyl alcohol by & modification of

the method of Hllis (12). The data of Table I describes the

ester.

TABLE 1. SUIY L QLBAYE

H Source of : ¢ Acidity,: Corr. : Iodine: Distillstion:
3 the : Sapon.: eale’d.: Gapone: number: Ilange, 9C. @
: Stnyl Oleate : Squive: a8 & : Hquiv.: : :
: : :oleic acid: : : :
- » L3 - L] L ] -~
- - L3 - - - .
: Zasiman Xodak 1 304.8 : 3668 1 317.0: 79,0 : - - - H
: (Tecnnical) : : : : : s
: " s : : : : :
: tgterification H 3 : b H
: of UaSuFa : : : : : H
: olele acid. 3 H 3 : : s
: Ister frsotionated: 50B.3 @ 13 1 3lElBi  B3l.E @ 1??-32/2 e *
H under rednced : : : : 3
H pressure : : : : : H

Theoretical gsaponification equivalent = 310.3

Theoretical Iodine numbeyr = E8l.8

Corrected saponification eguivslent calculated from the saponification
egquivalent and the free acld present.

The aluminum chloride used was a good commereisl grade,

yellow in color, and consisted of particles the size of a pea
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{(except in one experinent when C.7. aluninum chloride powder
from the Zastman Hodak Company was used).

The aromatic componnds and sclvents used were of good
gommeroisl grade and were purified by fractionstion or by re-
eryatallizing. Bengene wae driled over sodium. Yetrolemm
ether snd petroleum naphtha were purifiled sz follows: (1)
agitation with portions of concentrated sulfuric scid until
the sulfuric acid was no longer eolored; (2) renovsl of acid
by wmashing with water; {(3) drying over caleium chloride; (4)
agitation with powdered potaseium permanranate; (H) filitra=-

tion and dismtillation.
The Priedel and Crafts Reacgtion
“ith Cleie acid

l. Heactions using an exceps

of the aromablc reacgtant

The experipente are conveniently classified Into three
typea: (1) those in whiech an excess of the aromatic eompound
being condensed eonsiituted the solvent; (£2) those in which
an inert solvent wss used; and () reactions without s sol-
vent using the ballemill resctor. Thosme of the first typve
were the moet successful and are first reported.

Yhe resctions were carried out im Z-liter S-neck flasks
egalpped with aglistion and ocarrying s reflux condenser., It

wag convenient to use oclelo acid in place of mercury in the
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seals The oll-bath eguipped with thermostat control snd de-~
signed to agcommodate Tour experiments at one time has been
described (21).

After the reacltion was completed the conled contents
of the reactlion flask were hydrolyzed in iced hydrochloric
acid, the solvent layer separated and washed until free of
hydrochloric acid, and then distilled with steam. The none
volatile oily residue was recovered with ether, the ether
solution dried over anhydrous sodium sulfate, the solution
filtered, the ether removed at reduced pressure on the water-
bath, and the residual oil subjected to fractional distilla~-
tion under about 1-2 mm. of mercury presgsure (iigure lle 4
phosphorie scid bath was used ag the heating medium (7).

The lower fractions consilsted largely of solid satura-
ted fatty seclids and had a neutralization eguivalent of about
30U "he next higher frsciions ceontained the orude aryl-
gtearie acid, and the repidue in the flask was apparently a
polymerization product. (30, 31, £5) 7The orude arylsteariec
acid was fTurther frachtionated by one or more re-distillations.
The f£inal product was in each case a clear viscous oil,
slightly yellow in color, which it has not bveen possible to
obtain in cryatalline form.

The method employed by Ilcolet and de 11ilt was compar-
ed with that used by Schmidt gnd 1t was found the former was
more satisfactory when it was the purpose to use an oleic
gcid of commerce (U.S.F. grade) and %o isolate the product by

distillatione.
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The manner of bringing the reasctants together, the reso-
tion temperature, and the golvent ratio were shtudied. The
best resulis were obtained by adding sluninum chloride in
rortions at room temperature %o & solution of oleic scid in
the aromstiec compound, the latter being present in large ex-
seas. The tompersture was then ralged to 80° and held there
six hours. Ilechaniesl agitation was continuous., 7Thesge are
the conditions used by Hicolet and de Iilt in making phenyle
stearic acid and they were found Ho be the most sulitable for
making tolylstearie, xylyistearie, chlorophenylstearic and
bromnophenylstesric acgide, Some experiments under different
reaction conditions sre summarized in Table II. %able III
sumnmarizes the opbinum conditions for five arylstearic acids.

Abtempts were mede to condense o-dichlorobenzene and
L,2,4-trichlorobenzens with oleic agid bhut these were unsug-
cessfuls The reactants were brought together in the ususl
manner, uging excess of the aromstic compound s8 the solvent,
and the reaction was c¢arried out for aix hours at 80°, a
crude yield csonsidersbly lower than the nsual was obtained,
Cn vacuumnm distillation frections of low pentrallzation equive
alent were obitained (284.F to 344.8) and the bulk of the mat-
erial could not be distilled even at 500°., This suggested
that the only resctlon was one between clele acid and alumine
um c¢hloride. Since o-dichlorobenzene and 1,2,4-irichloro-
bengene are known to be less reactive than the aromatic
gompounds usually employed in the Friedel and Crafts reaction,

these condensabtionsg were not furither studied.
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lisaetlon Conditions

£b.

7AaBLE I
aromatic
Zxpt:Compound

sHeaction Conditions:Grams
: :Crude
2 thefore
: :dizt'n

¥Yield . on

2nd
Distillstion

lieut.
Baouiv,

-
.

‘“

found:theory

9 2% 0% 9% 40 83 SR 0 24 I A0 ¥ ¢

10leie acid dissolved

bﬁxaﬂzg .§ram&.
Hia :

2% &8 & &% AL P ¥ R4V BE 20

s 238 30 8% ee

Ve 4P 42 HEIEP ar BT HEk 4P S ¥R [0 &% & W6 3 0

17 :Bensene :in benzene added to: : s : : :
imixture of benzene : 227 1280=50/1: 86 134:1564.5:560.3

: and 4L1C1 : s : : : :

talowly auriﬂ& 1 “hre : : : 3 :

cat ﬁﬁ then 6 hr@.* : : - I : H

1at BOO, H H : : : :

1 ;41C1lz amdded to athﬂr : : 2 : :
: 2 :Benzene :remstante during 15: 2351 :1220-30/1: 97 :138:564.7:1360.3 :
: tminutes at room H : : HE- : :
: *temu. Then 6 hrg w 3 : : : 3 : :
: : : 8009 : : : HIER : H
: : Tolueme:  ditto : 240 :232-8/1 : 101 :13B:58048:57443 1
: : thpluene sSolution O1: : 1 Tt : :
t 4 : Tolueneioleic acid added i 231 :243-B5/8: V1 187:58l.8:574.5
: : tduring 40 min « 737 : : : e 5 :
: H tto toluene suspen- : H : : ¢ 3 :
3 : tgion of AlCly; then: : : T : :
: 3 16 hrse & 800 : 3 : s : :
D : TAI0T3 added during : : T TR : 3
: 8 : Toluene:ls minutes st room : 217 :222-40/1: 90 :34:386.7:374.5 3
: : :temperature, %nen : : : H : : :
: i :1% hrs, w 105° : : : : : :
: :Chloro- :A4lC1l; added duaring : : T 2 : :
: 6 :benzene :1b minutes at room : 225 :1240-5/.5: 71 :125:300,1:594.8 :
: : tben p,then 6 hrs, « : : I : s
: : : 809 : : : 3 : s
: 7Y :¢uloro- : iditto v 180 l~8/¢5: CE 122:390.9:894.8 @
: tbengene : : : R : 2
: tBroénoe- : : H : : : :
: 8% :venzene : ditto : 216 :1230~40/.2 39 :13:454,5:439.8 :
ik sBromo- ¢ : H : L 3 :
: 9% :venzene : ditto : 218  :241-B50/8: 68 :182:439,5:4539.2 3

T = i )

Repregonte the averape of three experiments
Ce o pleic aeid used instead of Usdel.

Zatilo mols Bromobenzene

/ﬁleic acid =

Ratio mﬂlg Brsmabe zene /ﬁleia acid -«

®atlio mols

4,496
6.500
Benzene/Oleic 0na1d87,.233; nols
mo 1 %hlerobeawenefelele acid=6,273

alaane/bleic acid=6,899;

200 grams Oleic acid {.7085 mols) anﬁ 100 grame AlClz{(.75 mols) in

enchh caso.



TaBLT I1i. Cutimum Conditions
For Five Arylstearic aclide

s tilolg o : :
H ; H = fto o Tield : Hleuta :
: Acid to 02 #:_on 2nd Distillation 1 Zqunive :
H sl @ L H O ® : s . : .
. » + . O b - [ * =

L - E! S - (o'-"‘ +* Q - s ; ; : :
: 5 Is :%:;IQ: bepe ~Ce igrams:theory:found:theory:
: 5= a 3 : : : : :
- l4 P &"’D.H . : .
: : He oI : : : : :
:¥heny letsarie 17,2531 231 :1220-30/1 mme: 97 @ B8 :564.7: 560,3:
s : : : : : : 2 :
: : : : B : : : 3
: Tolylastearie :5.,899: 240 :ﬁ§2~ﬁﬁ/l e s 101 3 S8 15808 5Td4658
:Xylylstearic 16.655: 255 :236-536/4mme: 1288 1 47 :1592.9: 566.4:
:Calorophenysteariebl. 275, 226 :géﬁ-éﬁjlﬁmm.: 71 = 26 109901 SB4.4:
; i — ] :
Brouophenylstearlic: 6,500 218 :%@l-ﬁﬁﬁéamm.: 63 3 22 14599 409482
- - * a - « * » .

Conditions: 100 grams AlCl, added in portvions at room tempersature dur-
ing 16 minutes to solution 6f 200 grams oleic zcid in excess of the
aromatic compound. Tempersture slowly rsised to 80% and held there &
hrse. Jievhanical agitetion continuous.

2, Use of an inert solvent
anisole, xenene (diphenyl) and diphenyl ether were the
ecompounds experimented with using an additional and inert
naterial for the solvent,.

Zxperiments with arniscle. Three experiments, only one

of which wae succesaful {:3) may be described.
Axperiment l. To a scolubtion contalning 8l grams (.7E
mol) of anisole and 200 grams of olele meid dimsolved in 400

ce. of carbon disulfide there was sdded 100 grams of aluninum
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chloride during 4L minutes at 10-15°. “he tempersture was
then kept at»%ﬁ’ for one hour, then 30=-38° for two hours,
and finally at 36-40° for one hour. The contents were hydro=-
lyzed and itreated as usual. Two hundred and eight grams of
produet were Irsctionally diebilled at 8~l.8 mme Decomposie
tion wag evident throughout the distillation. The oil previ-
ous to distlllation was dark red and the distillate was red
to violet and ranidly solidified. .cild vapors came through
the pump and distillation was discontinued at 220°, 7“he dis-
tillste had a neubtrslization egquivalent of 313.0 (theoretical
=390.3) and the residue gave positive tests for aluminum and
chlorine and evolved hydrogen sulfide. These conditions were
gvidently 1ll-adapted to produce the desired arylstearic aéid,

Zxperiment 2, To a solution econtaining 200 grams of
anisole (1.861 mols) and 141 grasms of oleic acid (& nmol) dis-
golved in 300 grams of petroleum ether there was zdded 71
grans of sluninum chleride (.536 mol) during half an hour at
10°, The temperature was then kept at 15-200 for three and
g hall hours. Complete removal of nidnersl scid and inorganie
material by hydrolysis, washing, introduction of stesan and
golution in alkall followed by reprecipitetion with scid was
practically impossible. The Tinal produect was & very siticky
orange~-yellow materisl, difficult to pour even when hot.

It nad s neutralization equivalent of 4885.0. The presence of
aluminum was shown by ignitione. This material was not distill-
ad since it could not be expected to yield the desired aryil-

gtearic acid.
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Sxperiment 3. To 81 gramg of anisole and 200 grams of
oleic acid dissolved in 300 grams of petroleum ether there was
added 100 grams of aluminum chloride during one hour st 10°%,
The bemperature was raived and held at 10-20° for an hour and
a half, then at 28° for three hours. The contents were hydro=-
lyzed to yiseld 195 grams of oil. 4 fLraction distilling at
240-280°/5 mm. was redistilled to give 40 grams b.p. 240-246°/2
mm. of neutralization eguivalent 595.0 {theorstical = 590.3).
(ther evidence confirms this product as p-methoxyphenylsteario
aeid. Yield 14%.

Yrperiments with xenene. lixperiment l. To 109 grams

of xenene and 200 grams of oleic acid dissoived in 400 co. of
garbon disulfide there was added 100 grams of aluminum chloride
during an nour and s half at 1b=30°, “he temperature was then
raised to 60° and held there one hour. The black resction
mase solidified during heating at 60° and agitation was inef-
fective. Ilost of the carbon disulfide was removed on the
gteam-bath, and steam introduced directly. The plastic yellow
mags was washed, extrsoted with alcohol to remove Xenene, boil-
ed and macerated with concentrated hydreoehloric acid to conm=-
plete hydrolysis. The black oil was wasgshed acild free and

dried as ugsual. From 183 grams of product 40 srrams lDepe 200
300°/2 mm. were obtained on fractional vacuum distillation.
This fraction was orange with slight fluorescence and had a
neutralization equivalent of 420.2 (theoretical = 436.4)s 1y

may have c¢ontsined the desired xzenylstearic acid but was
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obyviocusly guite impure. I% begame much darker in color on
gtandinge.

Zxperiment 2. To 218 grams of xsnene and 200 grams of
nleie scid dissolved in 600 grams of o-dichlorobenzene there
was added 100 grams of aluminum chloride (Zastman, resublimed)
dnring one nalf hour at 35-60°, Reasction was strongly exo=-
tnermic. The temperature was raised to 80° and held tisre
three nours. The contenis were hydrolyzed and treated as
usuale The orude product (204 grams) was fractionated under
reduced rprogsure. 4fter two re-~distillations 36 grams DeDe
297-290%/1.6 rm., neutralization eguivalent 441.4 {theoret-
ical = 45644} were obtained. Other evidence confirmed this

produet as =-xenylstearic acid. Yield 124,

3e Heactions without a solvent,

The Friedel and Crafts resction can somotimes be effeet~!
ed without use of a golvent, by means of a ball-mill reactor.
Thig procedure is fregquently successful when each of the three
reactants are =molids, or even when one is a liguid (22). Suc-
cess of this method depends upon the eventual formation of
the aluminum chloride oomplex of the reaction product ss a ho-
mogeneous dry powder which can then be delivered from the mill
(20}.

An abttempt to use this procedure in preparing xenyle
stearic acld was unsuccessful,

Two hundred and thirty-one grams of xenene (1.5 mols)

and 147 grasms of aluminum chloride (l.l mols) were ground
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together in the mill at 28° for one hour. Two nundred and
eighty-two grsme of oleiec scid (1l mol) was then sdded. The
grinding noise ilmmedistely diminighed and there was copious
evolution of hydrogen chloride. The temperature was gradnal-
ly raised to 30-35° and the mill was run for 22 hours. The
product was a gummy, red-brown msses which was hydrolyzed with
gsome difficulty and then treated as usualse On vacuum distile
lation at 1.5 rme. the bulk remsined in the rebtort flask at
500°, A small fraction distilling at 280-300°/1.5 mm. had a
neatralization egquivalent of 548,

Behaviour of the reaction product suggested the only
reaction was 8 polymerization of oleie acid by the sluminum
chloride. Zvidently vrepsration of xenylstearic acid in the
ball-mill reactor is not feasible.

Exveriments with diphenyl ether. .an attempt to prepare

vhenoxyphenylstearic acid was unsuccessful,

To 170 grams of (CgHg)iy0 (1 mol) and 200 grams of olsie
acld dissolved in 300 grams of tetrachloroethane there was added
100 grams of sluminum chloride during ¥ minntes at room tenper-
ature. The tempersture was then raised and heating and aglta-
tion continued for six hours at 80%°., The contents were hydro=
lyzed and treated in the usual fashion. Hlthsr very little or
no phenoxyphenylstearic acid was formed or else it cannot be
distilled at or below 300° under 1 mm. pressure. One hundred
and ninety-eipht grams were submitted to vacuum distillation.

L

"he Traction D.pe 210»500“/1 mme had a neutralization equivalent
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of 508.%. The black viscoug residue hsd a neutralization
equivalent of 61l8.5. ‘theoreticsl for vphenoxyphenylstearic
acid = 482.4

The suacessful preparations of methoxyphenylstearic

acld and xenylstearic souid are summarized in Table IV,

TABLE IV. Use of an Inert Solvent
- -, » * %M a - -
: Jlols * ‘o O ; :
: o P g "m o Yield :  Heut,
: teid P ol iBolvent thowion final fractionation @ Zavive
» . 1O, O . - «
. . 108 - . Q — ¢ ﬂv - . . -
: - P : @Y bepe Co igrams: uwommm“w:@el
: HI=] e todQ : ttheo~ Ty
» - M e * !r 01. * - v -
. . - > R} 3 . . . rys .
: I : : : : : 3
P-ligthoxyphen-: 1300 gmge: H : : : :
: a :Yetroleum : e : : H
¢ ylstearic :1.089: ether : 203 "wﬁoiwm\m rme: 40 : 14 :1595.0:390.3
: P=Xenylstear=: 1600 gmee: : : : : :
: b H to~Di~ H : H : : 3
: ic 2,000:ehloro- : 210 :277-90/l.5mm: 36 : 12 :1441.4:436.4
: : tbenzene @ : H H : :

S 94 4% 2P RS 4SS 20 2% B aé A& S8 %D 8 AP av B4 IS e

Reaotion Conaitiong:

4 4101, added during 1l hr. at 10°; then temperature at 10-20° for
1i hrs., Tinally at 2EC for 3 hrs.
b Zastman resublimed 4lCGl, {powder) added during 4 hre. at 55-60°,
‘‘emperature then kept at 80° for 3 hrs.
/(.75 mol)
In esch am&a 200 grams oleic acid {7085 mol) and 100 grams a& &wqw
were used. LJechanical agitetion continuous.

The Friedel and Crafts Reaction
Fith Bithyl Cleate

A number of exveriments were carried out in an atitenpt
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to prepare the ethyl arylstearate from ethyl oleate, aluminum
chloride, and the aromatic compound, under conditions similar
to those chosen for preparing the corresponding arylstearic
acids. Athyl tolylstearste was prepared in this manner buat
the results were not promising or else clearly unsucgessful
in the case of bromobenzene, naphthalene, xenene, anisole
and diphenyl ether.

The condensation of ethyl oleate with aniscle was
tried at lower temperatures, with petroleum ether as the sole-
vent, but the produot was largely unconverbted ethywl oleate,

The ethyl tolylstearate of Tsble V was fructionated

ag followus:

Fraaetion ZRange, °c./1 11140 grams Saponification Zquiv.
1 206-12 16 - - - -
2 212-20 37 398.6
3 220=-22 20 403.0

liplecular refractivity and amalyses for carbon and hydrogen
on fraction 3 agreed with the theoreticasl values for ethyl

tolylestearate.

Oxidation
1. Gaﬁalyfis oxidation
The catalytic oxidation of an arylstesric aecid for the
purpose of establishing the position of the aryl grour was
considered. Hxperiments with the catalyst manganese dioxide

sugpended in the arylstesric mcid and air or oxygen as the



Table V. The Friedel and Urafts

Teaction With Zthyl Cleate

: Aol Ratio: : Yield on : : ] : : :
:Areﬁatie:a sdolventilst Ddstillation:sep™n: 7 @rlorreitnec. :
:Gcnbcunazgromatia: : : thguilv:ieldity isap'nisap'n.:
: H : o : : sHguliv: nudives
: : “l&ate' .:kma.: Hunge, Ce o : : : :
!oluene®: 9.584 : === 1 87 1216-30/2 mm:594.9% <48 :13598.0:402.4 :
. : : H : p H . : :
‘Bromoben< : : : : : : : :
f genefd 10,000 ¢ e~= 1 40 :ElS—ﬁﬁ/.ﬁmm:é&E.é: oAl tARBD L 40T, 50
: ve . 1441 gms: : : : : : :
chnisole” ! 1800 : -gdi- ¢ 73 :230-&5/2 Mt 360e 8 Jed40 10HB4E: 41844
: : :ghloro=-: : : : : : :
. : tbenzene: : : : : : :
$ z : H 3 : : : : :
v:ﬁipnaﬁgll : 3 : : : : : :
Sither ¢ 1l.500 : " : 16 :“2”-&0/1 mtd2he:  4eb4 14ET.0: 480.4:
‘Faphtha-: : : : : : : : :
$f lene U 3 1,500 : " 1 30 :230=85/1l tmidS6.5% £.60 1446.0: 456.4:
t N R ) : P oo v P :
1Xenens :  1l.bCO i t 44 :12355-80/1 mm:i439.0: 2465 145751 464441
: : 1509 gms: : 1 : : : :
:Xenene® 1 1,500 initro- 121E~5300/1 mmd0L.5: 2410 1418,4: 4054,.40
: : henzene: 18 : : : : : H
: N T 1350 gms: : : : : R )
tXenene” : 1 B00 t3kellye-: 37 1216300/ eErm 425,812 29T 142064 LO4.412
: : taplve Tt 3 : : : : :

Conditions: ALCL; (4630 mol) added in portione during 1P minutes to the
solution eantdining atngl ﬁl&dﬁe (500 mol)s Pemperabure then raised o
80° and held there 6 hours. lechanieal agitatien continuous. The reace
tion maes was nydrolyzed on ica and treated as Iin the arylsteasric acid
experinments.

ol
it
[ 4

2 3thyl cleste prepared by esterification of Ue . Yo oleic ase
b uastnan Zodsk (fechnical) Ithyl Oleate

Acidity wass eslounlated assuming the free acid was olele ascid. From
this value the corrected saponification eguivalent was obtained.
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oxidiszing agent, showed such a large asnd continucus evolution

of carbon dloxide ai various temperatures that the isolation

of seids suech as eaprylic e‘z:g(c:f«zz) gCO0H, pelargonie czzz(cﬁg)vcooﬁ,
suberle (CH,) (COCH),, or azelale (Ciy)q(COOH)p was not feasible.

Catalytio oxidation was used, however, to establish the orients-
tion of a substitubed arylsteario acld and was preferred to per-
manganste oxildsation in tlwe isolation of {ihe p-anigic acid from
me thoxyphenylstesaric acid. The mangsnese dloxlide wvastalyet was
kindly supplied by J. Je. 3tubbs and has been described (HU).
The oxidation was carried out by simply bubbling oxygen into =&
mixture of the e¢atalyst and the arylstearic ascid in a 800 CC.
b=neck Llask equivped with ¢ thermometer and carrying a lead-
off tube for tesiting for carbon dioxide. The long tube with
gintered glass dise for oxygen dispersion, deseribed by Studbbs
and Sengeman (53) was tried but because of foaming the simpler
apparatus was vreferred.

A% the end of the experiment a clear reddish oil was
left (all of the catalyst had dissolved}. The cil was subject-
ad to repeated extrasetion with hot water, the aguecus extracis
seﬁaraﬁeé and exitrscted with ether, and the ether evaporated.
Yellow erystales remaining, m.p. 178°, were redissolved in hot
water and reorystallized on cocoling. The product then hsd @
melting point of 183°%, and a mixed melting point with a kmown

sample showed no depression. It was therefore p-asnisic acid.

2. Oxidation with potassium permanganate.

Polylstearic, ohlororhenylstearie, bromophenylstearie,



3be
and xenylstearic amcids ware oxlidized by potussiunm permangan-
ate %o terepihthaliec, p-chlorobenzole, p~bromobenzoic, and
p=phenylbenzoic acids, respectivelye Theee experimenies are
sumnarized in Table VI,

The arylstearic acid was converbed to the potassium
goap {in experiments 32 and 4) by neutrslizing the alcoholie
golution with alcchollic potaseium hydroxide and evaporating
the aleohol. The soap was then re~dissolved in hot water.

411 of the oxidatlons were carried out in a l-liter J-neck
flask eguipped with mechanical ggitation and carrying a re-
flux condenser. 4quecus potassium permanganate could be add-
¢d gradually through a dropping funnel. On completion of the
run the excess of permanganate was destroyed with sullfur diox-
ide und the contents of the flask were filtered. 7ie clear
filsrate eventually obtained was acidified with suliuric acid.
Prom this peint on the procedure wes slightly different in
each case. \

Perevhthalic acids. The white precipitate obtained on

seildification was redissolved in hwt sodium hydroxide. s4n oil
appcared whioh was removed by adding ether and separsting the
agueous alkaline scliution, which was then again acldified,
vielding a white preeipitate which melted near 300%. “he dried
g0lid was esterified by the methed of Hisson (41) a vrocedure
giving bebtter results than the use of puogphorus pentachloride.
The white orystzls obbtained nad the mepe. of dimethyl terephtha-

liste, léﬁa, and the oxidstion preduct was therefore terephithalic
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Iindex of refraction was messured in an ibbe refracto-
meter in a constant temperature room (20%C.). Density was

likewise determined at 20°, from the expression

© fi =w) { W, ~¥)
(%’w“,& } { ‘ﬁ-w“‘i“ }
where D = &@nﬁity of water at 266’ = .098235

w
W_ = pbserved welight of 1liguid + density botile

g;{w = 1 " " water # " 1
v = " " " density bottle

and 0012 is the mean density of air,

The results are set forth in Table VIiI. The error is
lese than 17 in most cases. "In caleulating the moleculsy
refractive power of a substance of high molecular weight, the
error involved in each atomic value is muldtiplied many times,
g0 that the finsl result may dlffer by as much se two units

from the observed value.” (BZ2).

Derivatives

Hiceolet and de 1Iilt noted & fallure to obtain crystale
1ine derivatives from phenylstearic acid (37). Humerous prepe-
arstions were studied but in each case the products, as list-
ed below, were viccous oils.
p~nitrobvenszyl phenylstearate
phenylstearylanide
phenylstearylanilide
phenyletearyl~p -tolylaniltide
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phenylstearyl- a-naphthylamide
dinitrophenylstesric gcld
diaminophenylsitearic acid
diacetylaminophenylstearic acid
dibvenzoylaminophenylstearic acld

tribromodianminophenylstearic ascid

Later, Harmon and liarvel prepared the ester of this
acid, p-bromophenacyl phenylstearate, m.p. 79-82°%, after
fourteen recrystallizations (84). This had been the only
successful preparation of a solid derivative (with the ex-
clusion of metal salts) of arylsteariec scids obtained from
oleic acid by the Priedel and Crafts rescetion.

Sehlutins (48) was unsuccessfal when he attempted to
charascterize naphthylatearie scid as the amide, and again
when he tried 1o make naphthylstearyl aldehyde from the aecid
ehloride, with the purpose of obtuining erystslline deriva-

tives of the aldehyde.

N s MR e m s Se W we

One of the arylstearic acids of 4thig thesls was exanin-
ed with the purpose of forming a solid derivative. The re-
agents p-bromophenacyl bromide (25) and p-phenylphenacyl
bromide (10} were tried in sn atbtempt to charscterize p-~
chlorophenylatearic acid. The method of ¥imura {(26) was em~

ployed, The preoduets, slthough precipitated as whilte semi-
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crystalline solids on storing ithe aleoholic solution in the
ice-box, were =slowly converted to cils during the process of
filtering at room temperaiure.

Another reagent, d-benzylthiunronium ciloride (9) was
selected and the sszlt S-bengylthiuroniom p-chulorophenylstear-
ate formed after the method of anderson (l). The prodact is
a white solid, shown to be crystzalline when examined under
the microscope. The melting point is 129%,  I4% was analyzed
ag describved wmider .analyticesl Jethods. Tuls zald ls prob-

ably a mixtuare of Lthe two lisomers:
f -

NETT 2
E HgCHyS-CZ i, o-C -(.CH,,),.,%R (©H2)5CHy
ce M..CL

NLTTT 2
‘_c,,Hscui-s-cf\.m‘1 o2 (chy) CH(CHa),CHs

angalytical llethods
1. fHentralization Sguivalent,
4 one gram sample was dissolved in 785 eo. of neutral-
ized sloohol, Z-4 drope of a 1. sclution of neutralized
titrated
phenoleohtnalein were added, zwnd the alcoholic golution/with
1/10 nadH to s faint pink. The neutralization equivalents
obtained have been 3sbulatede. (Pables II, 11X, IV, VII).
2o HBaponification Hquivalent,
7o a one gram suanple 10 ce. of 46 I glecholie YOI
and 40 ¢o of alcolhol were mdded. The Tlask was equipped

with an ailr condenser and placed on the steam bath to boil



gently for nalf an hour. The exocess of X0H was titrated
with ﬁ/lﬂ 61 to a puenolphibhalein end-point. Blanké were
run under parallel conditions. “he gsponification eguiva-
lents obtained hwive been conpared wiith the theoretiocsl in
Tables I, ¥V and VIi.

3. Ipodine number {(Hanus method--Cfficial). {(2)

The Jodine numbers of the arylstearie aclds and of ethyl
tolylstearate were very low (about 1.0 or 2.0) and these
have not been tabulated.

4. .inlogen.

dalogen was determined gravimetrically on samples of
ehloxrophenyl= and bromoephenylstearic scids, using the rarr
boub and following the customary procedure (17).

F. Carbon and dydrogen

The per cent of carbon and hydrogen in the arylstear-
iIc acids and in ethyl tolylstearate was determined by com-
bustion, using the apparatus of Ihillips and Hellbach (46).
The resulis are set forth in Table IX.

6s liitrogen.

Yer eent nitrogen was determined on samples of 3-ben-~
zylthiuronium p-chlorophenylstearate by a semi-micre meodifi-
gcation of the Xjeldahl method. Apparatus similar to that of
Farnas and Vagner (42) was employed. The indieator used
was Benzoyl aduramine G (47). Blanks were run to correct for
nitrogen in the reagents and the 1/3 cigarette paper used to

weigh the sample.



4ie
Grams sanmple = 03068, 03080, 03055 va. (08822 Lia0Hd used
in back titration = .46, 6.12, 6.18; cc. OB3382 HkaOHd
used in baok titration of blank = 9,.32; ¢ X found = 4.88,

4,88, 4.92. Theoretical X in C 0N, CLS = 5.00.

solas

TABLE VIII. Halogen Determinations.

L

: seid ! Heute:Bepe®Cet & : Grams: deight: 4 Halogen :
: tBguivetate2om.: :sample: AgX® :
: K : H : : s found: theos:
: p=-Chlorophenyl=-: : : : s : H :
H ategrie : H : : H : : :
: Cpyilz00,01 : 394,23 217-233 {1} : .304a3 .109&3 3,903 8.983
: : : : (2) 3 JBL1B: JL117: 8.87: 8.98:
! p-Bromophenyl- : s : : 3 : : :
: gstearie : b H H : : : :
z Cpy g0 BT § 439.3§ 341—503 {1) ; .28?03 .x204§1v.aﬁfi3.203
: : s s {(2) 1t J5271: «137H: l?.u@ 18,80:
: : : : {B) 1 .28B86: .1218 17, 9@ 18420:

8mhese are the weights of the precipitate after .001l3 grams
{vrecipitate found in blank) had been subtracted.
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Ve SULLIARY

Pive new arylstearic scids, p-methoxyphenylstesarie,
p=tolylatearic, p-chlorophenylstesric, p-bromophenylstearic
and p-xenylstearic have been prepared from oleiec acid and
the appropriate aromatic compound in the presence of aslumin-
um chloride. Zthyl oleate behaves similarly in sach a re-
action. The acids in all cases sre viscous oils after
isolation under reduced pressure, probably becsuse they rep-
resent a mixtare of the 9- and l0-arylstesric ascids. Iartisl
proof of structure has been obtained by oxidation to the
aimple substituted aromatio acid and by values of nolecular
refractivities, 7The acids form solid derivatives with S5-
bengylthluronium chloride. “he arylstearie scids may find
uges (1) us an addition agent to lubriocants (2) as soaps by
convergion to salts of triethanolamine or related bases (3)
a8 wetting agents by conversion to & sulfonated derivative
(4) as synthetic waxes by conversion to high molecular

weisght esters.
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