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I. Review of Previcus Work.

1. Aluminium chloride as a dehydrating agent in orcanic
chemistry.

Aluminium chloride has been used as a dehydrating

agent in organic chemistry by a considerable number of
investigators: Waas (18t2) (1) prepared di and tri phenyl-
ethane by the action of alumirnium chloride on dichlorethyl
oxide and benzine. The course of the reaation was ex_ eri-
mentaliy shown to be as follows: the aluminium chloride
first converts the dichlorethyl oxide into mono chloralde-
hyde, which, reacling with bernztne, forms first mono
chlorodlphznylethane and finally triphenylethéne. lerz and
Weith (1&81) (2) prepared diphenylether by the action of
aluminium chloride on phenol. Graebe (1901) (3) prepared
aniline in small quantities by the action of hydroxylamine
on benzgne in the presence of aluminium or ferric chloride,
but not in the presence of zinc chloride. By the same method
Toluene gave a m.xture of p-toluldire with a little o-.
toluidine, o-xylei.e (ave a relztively good yield of s-arino-.
1:2 xylene; m-xylene gave 4~amino-l:S-xylere, and p-xylene pave
a 8mall amount of 2-émino-1:4xylene. Mesitylene was partial-
ly converted into mesidine. Naphthalene gave a small yield
of a- andfé naphthylamine. Jaubert (1901) (4) similarly
prepared the hydrochloride of the amine by using hydro-
€¢lamine hydrochloride. The yield however was low. Scholl &
8eer (1912) (5) succeeded in uniting arcmatic neuclei,
especlially in case of aromatic ketones eg. 1 part (1)
naphthylphenyiketon-z-carboyyagbid with 3 parts of

aluminium chloride and heated for 2 hours at 130 gave 1-2
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G. B. Frankforter & W. Kritchevsky (1614) (6) si=te
that the apjplicability of aluminium chloride as dihydra-
ting agent appears 10 ve al. ost as urnivers-+l as that of
sulphuric acid, and they have employed it in preraring
condensation products of the aliphatic, benciie, naphtho-
lere and anthracene series, rot only with chloral, but also
with chloral hydrote and bromasl. Benzine, tcluene and
xylene :roduced with chloral the same condensation products
a8 are obtaired by means of other condensation. agents,
formed accordirg to ¢he equation:

2RH%CCLL.CH0=CHRt.CCL;fHzg.
Peritane arnd chloral react very violeatly: the product is a
mixture of substances which is being investigated, but is
evidently produced by d¥hydrotim® Bginyz§l scohol, chloral,
and aluminium chloride at ordinary terperztures produces
benzaldehyde and a mixture of two.or more chlorinated
unidentified substances. Resorcinal and chloral in cold
carbon disulfide were ccnverted by aluminium chloride into
dichloro as duesoreylethylei.e,

CCLL:C @ H'a,(OH):i};n,
Phenetole, chloral, & alurinium chloride gave trichloro-
diphenethl ethene,

. L 5 CH( C H,. OCLH{)L
Phenetole, bro:al, and aluminium chloride give the similiar
tribromo compound.

Frankforter & Kokatnur (1214) (7) prepared diphenyl-

methane and anthracene by the action of aluminium chloride






the above reactiocn by the followirg eqguaticn:

4C H +(CH 0) . cH (C H )+C H - 2H 0:H .
\ = 5 A I Y S . 2
+

p

The react.cr betlween tclue:e snd Lricxymethylene in
fresence of aluminiur chlcr:de was sirmiliar, preducing
benzdne in small amounts and alsc ditalylrethane and
dimethylanthracene accoerding tc the ejyuation:

4C H CH i (CH 0) ,CH(S H CH ) 2 C H - 3H 0 .

O-xylene urder 8.miliar ccrndit orns yielded a m.xture of
substances from which was isclated; be:zfre, pcssivly
some toluere, dixylylethsne (gqﬂaﬁ) and tetsarethylanthe
racene. :'esitylene treaied in the sare way (ave; teiia-
methylanthrucene, benzine, tocluene, x-ylene, dimesitylre-
thane and durene.

Frarkforter & KEritcnevsky (1515) (&) externded their
researches t¢c the more comilex aromatlic derivatives and
fcund that they ccndernsed with chloral and bromal as well
a8 the les. complex corpounds. A rixture of naphthalene
and chloral when treszted with aluririum chloride gave

s.~dinaphthyldichlorcethylene (C H ) C CCL ) and pdiz=ph-
thyldichlorcethylene. It wcrked egually well wits broral
eiving dibromo ceorngound irstead cf the dichlcrc. Anthra-
cene treated in a 8i:ilisr ranner cave dianthraceie dichlcro-
ethylene, when the mixture was suspended in petrolic ether,
'&hen susp:nded in benzene or carbon disulphide it gave &,
10-arnthracenedichloroethylene. Fhe:anthrere pave girilizr
ccrpounds. Thenanthre:.e, benzaldenyde in carber. disulfide
cave dijfhenanthrene phenylmethane (waH?)L:CH.C&Hsand
dibenzalrmesctriphenanthrere (Q'H,CH ) -- (ngﬂf) (QL:H?)?:

Husten and Priedeman (1¢16) (9)wwere first to use

aluminium chloride as a ccndensing agent for arcrztic
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alcohcls w.th aromatic corjpounds. They prepared diphenylr-
ethane and anthracene fror benzere and benzyl alccnol in
presence of aluminium chlcride. They fourd thuatl the
amounts of rea_ents used ard ‘he tewjerature at which the
reacticn tcck place greatly influenced the yield. The
same authora'(ISIB) (1C) extended their experirmenis to
secondary alcohcls with benzene and alumirium chloride.
They used rethylihenyl C&rDiLOlFthyl rhenyl ¢wrbincl, and
Lenzhydrel and obtaived diphenylmethane, di;henyl projsie
and trijhenylmethane res;ectively. In (1l¢<4) R. C. Huston
(11) condensed benzyl alcchcl #ith phencl by reans of
aluminium chloride to form benzyl phencl. He alsc ccle=
densed benzyl alcchcl with anisol and phenetcl and obtairned
the methyl and ethyl esters respectively of terzyl phencl.
2. Condensation of alifhatic aslecchols with benzene.

Very lit le has been accoirplished along the lire of
condensing aliphatic alcchols with benzene by any dehy-
diating acent. Coldschridt (1lézz) (1) prerared hcrolcpues
of berize.e by the acticn of ziic chlcride c¢n m.xtures cf
alijhatic alcchols and benzere at high te:rjerstures. Thus
tenzene and 1scbuiyl slcenol gave iscbiailyl tenzene and tre
dibutyl terzene. Tcluene sand butyl alcchol ¢ ve meinyl
butyl berze:e. Fenzene and eithyl alcciicl _ave ethyl ber.zeie.
In the latter cese ithe yield w:s srall cwing to the difficulti
ies ¢f manipulation.

A. Broch€t and P. C. Boulenger (1:92) (2) found that
ethyl benzerne ard hexethyl benzene were forred when 1 pert
berizerre was hested with £ jsrts of ethyl alcchcl 2nd 4

©
parts sul_ huric scid in a sealed tube st 175 =200 fcr 3-4



.

hocurs. Similisr results were cbtained witn n-prclg/

alcchel eand alsc butyl zlechcl. The mechauism ¢f the react .on
apiesrs Lc be exhibited in the csge ¢f hexyl alcclicl. Fenzere
sulghonic scid was formed end reccgrized by ccnversicn into
its calcium 821t and phencl. The hydrcgen hexylic suljphzte
first formed apjears tc react with benzene according to

ithe equaticn:

OH.S0 . CC(’ H,, ;‘ Eco H(\’Q, Ig) So Co H3 C(’H_ _:J 320
The two references sbover are tne cnly two I have been aile
to find of aliphatic alcchols, saturated or unsaturated, being
coidensed w#ith benzere.

3¢ Allylation of benzene by other ietnodse.

In reviewing the literature there seems to he ccnsider-
able d:fferences cf cvpicicn as to the prcjerties of allyl
benzere. This ts8 probatly due to the furt that the allyl
benzerne was prepared 0ily in s:all quantities and not
sufficiently purif.ed. Also there has rnct been a clear disiire=
cticn made between allyl bernzene (QSHSCHLfCHvCHl) and pro-
ienyl benzeae (Q'HfCHﬂCH-CH&).

Wa,_ner and Tcliers {(1673) (1) atterited tc rake ellyl
bercere by hcating st e’ a rixwure ¢f 4t paris cf allyl (
broride, L& parts c¢f brom benzese, 1CZ parts of b-rizene and
73 pzris of sodium. “hey found that this ylielded prircipally
benzene and di-1lyl. f2nother experizent yielded diphicryl
and a dark cil. From th.s data trney ccrsidered it yprobstle
that 1 yl venzene w:s formed a2nd its polyrerizatiorn preducts
were corntaired in the dark cil. ©C. Choj-cki (1£72) (2) [
heated equal parts cf benzene and allyl icdide or breride

S
with 1/5 part of powdered zinc at 1C0O under pressure. The
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quar.tity of .henyl allyl was very small. It boiled at

15 .
Ari.lysis: Czlculated - Found.
C. §1.5 “1.0 & 91.2
H. bed 7.8 & &.3

He said that he wesnted 10 extend his researches in crder
to assure hinself of the constitution and projerties cf this
hydrocarbcr..

Rugheimer (1874) (3) prepared what he called allyl
benzene (QQHE-CH;CHCHi) by reducing cynaril alcohol with
sodium amalgam. The allyl benzene as he prepared it boiled 1
at 165 . The dibromderivative (G, H,~CHBrCHBrCH, ), made by

>

direct union with bromine melted at 66.5‘. Fiftig (1674) (4)
tried withcut success to prepare CAch L-CH:CH&.from brom-
benzene and allyl icdide, also from brcm benzere and allyl- /
bromide. He tried tc prepare the same ccmpound by heating
brcmberizene, allyl broride, scdium =znd a little ether in a
gealed cube but without success. He replaced the sodium in
the preceding experiment with pulverized silver but

obtaired no results. B. Radziszewski- (1674) (5) heaied

~henyl yroinne (C,H CH CHaCH, ) t¢ 150-160" «nd found that
it absorved 1 riclecule ¢ brorine. He fcurd that HBr was
given off when the product was distilled and that the entire
fraction care over between 165 -170° at 728 m.m. This fraction
after three fracticrations boiled at 162’-1655 et 7.8 m.m.
This on analysis Lroved to be C}g,CﬁH g_ne fcund that it
corwrbired easily with bromine in a cgloroform sclution. The
bromide sepsrated upon standing. “he bremide crystals relted

a @
at 65 -66 . This upon analysis gave the formula 7 I:f,H_Brz:

e -

R. Fittig (1874) (6) reviewed his unsuccessful stterptis to
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to prepare aliyl ben:ere, Q;H50H370H=CHL. He apjecred to
doubt thic correctness cf Chcjuacki's assertici. thatl Liis /
nydroczrben is reorred shcr a o:xture cf vrcrbenzene and
alliyl icdide #as8 treated ry Zirncke's rethcd.

In (1675) M. Fesivitz and RB. Aranneim (7) atterjpted
1o prepare allyl benzere. “hey diluted, #ith etuer, a
mixture of vinyl brcmide and benzyl chloride and tresied the
r.ixture with scdium. Crcionylene and ditenzyl were fcrred,
lhey fcund that allyl cy:nide and bcrnzyl chleride dc nct
react at a terperature cf zooéi Rinder (1&677) (&) chowed
that hydrobremo or hydricdo cinnam.c acid, snen trested
#ith bases, not only lost hydro bro-ic or hydicdia a2ciis, but
elsc carbouic anhyS;de, chericslly pure cinnamene beirg 2
rroduced in ccnsiderable quantities. W. H. Perkin (1€77) (&)
8i;,lied the avove pzrinciral tc the hydro bromc derivat ves
of phenylcrotcric, rhenyl ancelic ecids end others. lle y
cbta.red allyl benzens (?) (J 3.P{ CICHi) frcem the jrenyl
crcto:.1c cid zccording Lo the ejuatic:a

C H -CII ("I <CHCOCH + 7. C H CH,_ "}ms(‘h ,TCoCH

fl -~

C r{ i “"'c""{ CooH» '{ ,CH’»"H C:! CC +HPe~

A

The al!,l beicens (?) b led at 174 2175° +nd hzd & SlLe Te
N

.S1&. Its dicroride melted at 67 .

Analysis _ave thne fcllowin, resulis:

Thecrit.c-1 Found.
C. 1,52 €l.28
He .47 E.43

Trizan (18.8) (1.) prerared phenyl prciyleng along with
CorrtAnds t 84 Coat (,.,4* “ 54 M)'
toluene by neaun6 10 vcls>1o fumin,HI in 2 scaled tuhe n-

at 180 -200 for 4-5 hours. The phenyl propylere beils at
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o
165 . It was ident:ified by its boili:y peint aline.
In (1tc4) “aener (11) cbia.ned allyl benzere (7)
(- 1 CH CHCH ) by treating ethyl pnenyl cariincl with h_
Hcl. Th.s ali.yl benzene (7) beiled at 174(;1755 and
yielded a dibrcride 7nich relted at Cf.b’. G. Frera (1&.5)
(12) prepered the unsaturated hydro carbon CGH,C,Hﬁby
trestiing the ncnochloro proryl benzene with hot ssturated
alccholic KOjle This boiled at 17c -1¢o and gave a 2/
dibrciide 4h ch melted at €5 :
N. H. ferkin, Jr. =nd J. Stenhouse (1&%31) (12) pre-
pared allyl benzene (?) C, HJ?CH?CH-CH by heating methyl,
rhenyl hydroxy, crionic acid. They gave the bcilirg
yoint as 174 =175 . They treated the hydro carton w.th e
calculated amncunt c¢f bromine in & chleoroform solution and e
allowed it to siand at ordinary temperatures. This gave
them dibromprcpyl benzene, which rmelted at 66.5,1
X« F. Genvresse (1.53) (14) prepared allyl benzene (?)
by heating J6 grams c¢f preopyl benzene up to 150” and adding
50 grams of bromine dreop by drcp. After all the bremine wua H
sdded the heating was ccrniliued until nc mcre HBr #ss
clven c¢ff, The usultii, mixture w:3 then distilled. The
fraction boiling between lﬁﬁﬁ-IEO’ wad redistilled several
times until finally it came over between 172’;175A. This
consisted mcstly of allyl benzene (?) of which the dibroride
melted at 65 i He gave the following equaticn fer this re-
action:
COH(CH’_CH,LCH_;%Br > C’_H‘J CH%CHBICH,;HBr
C H_CH CiPrCH>C H Cit CHCHHPr.

~
i

Senfter and Tafel (1-54) {1&) prepared :rcjenyl- 1?
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benzene QIH;sn:P -CHlfrom rhenyl prcpyl trirethyl
ammonium iodide. “hey warred tne icdide on a weier bath
with an excess of silver oxide and strong alkali. Tne
resulting syrul was distilled on an oil bath until the
residue was a dark jitchy rass. the distillaze w=8 treated

with strong H SO, until an cil seisrated out which w=zs

extrzcted with etzer. "he etlher scluticn #-=8 washed several

tizes with dilute H SO s&nd taen reutral zed wiih K CO_.
A fraction boiling between 174 =176 was cbtained from the
ether solut.cn sfter several fracticnations. It was

analyzed for c,H .

Calculated. Found.
c. g1l.52 91.21
Ho 8.47 8.51

Alfons Luib (1&94) (1€) prepsred phenyl jrc;yle:e
Q’H,CH CH'CH‘_by refluxirg phenyl bresbutyrix acid »ith
iOO arts of~ﬁater and then distilling #ith stear. The
bremine derivative of th.s melted &t 900-1000(?). Augast
Kl-.es (1902) (17) prerared rrop.ryl benzene. ‘e reduced
Erciionyl benzens #ith sodium zni ~1lcc .0l, according 1o
the me'hod werket out by ¥dog:s and Alléécrff. e tien
tock the rezsultiing cartinzl &nd formed the chloride wnich
treated wiih pyridin under a reflux condenser. "he hydro
carbcrn Was dissclved with ether. The e . her was washed with
water and dried with sodium sulfate. "he jrcpenyl Lerzene
wag distilled over scdium and urder reduced pressure. It

[ [N bl
boiled at 74 =t 13 m.m., snd had a sp. g£r. .$083 1. /4@

2z



Calculated. found.
H. &.47 .42

C. iicll and H. Bauer (1-C3) (l&) rrepared l-phenyl prcjene

by treating etnyl jaenyl carbincl wit:x hil, and ‘hen tciling
with #water free pyridin. :he le-phenyl ;rojene toc:led at ;i,
174-175 and forme:d a dibromide in chloroform soluticn

with bromina. The dibrom:de melted at 66 .

August Kla,es (1-03) (19) centinuing his researches
yrepared allyl benzene (?) or propenyl benzene from phenyl
ethyl carbinol. The carbinol was converted into the chloride.
The chloride was treated with two mcl. of pyr:din urder é/’
pressure at 125 , Thnis caused the addit:cn product of pyridine
and the chleride to b: conple.ely decocnmpesed. The jreienyl
benzene boiled at 7c ;74'.&1 15 m.m. 2nd had a 8p. gr. of
9228, 14}4“. At crdinary terierature it bciled at 1740-1?50.

He found that the jro:enyl benrene was rot eazsily reduced to
n-iprc;hyl venzene. F. Kunekell and #. Tettmar (19CZ) (2C) r=de
the agsu:. iicn that _rc¢ienyl tenzene .3 e:zgily jclyrerined
cw.ng ic the d.fferences in hboiling point and also differeances
i 8fe ¢ re. heretofcre recorded. They added tc 10 grs. cf
chlor,é-brcm;rc;yl Lenzene, dissclved 1 1CC c.co ©f ether,
10 ¢rans cf sodium. They heated this for 4 1/2 hours con a
water bath under a reflux condenser. The ether socluticn was éb/
filtered off &and washed #ith water and finally dried cver
calciunm chleride. Tney chteiried 4 grams of propenyl benzene
that boiled at 65A-67L at 10 me.m. “hen they distilled this
at ordirary pressure they cobtained cre drop at 165 =1€~ ;

4

ost of rerainder carme over at 167 «1%C . *fter three d:still-
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ations they cbiained threcz grams at 167 =17C » wnich had
a sgecific ¢ravity of .08 at 15 . “he fracticn at 1€7 -

17C they cz1lled pure prcjyl benzere.

Calculsated Found.
Analysis C cl.5% ¢l1.47
H 8.57 &.857

A. Kla.es (190¢) (£1) in replying tc Kunckell (:C)
ascerted that allyl benzene rrepared by the two methcds
described by him in other papers possessed the fcllowing

o

Fhycial prcperties: Sy. gr. .9141 at 21/4 , N 1.5427 at

N

1z , R, It. 176‘—178 at 754 m.m. He cl:ired this d-ta
z¢grees wiih FPerkins (8) but not with Kurckell. Kloges @1so
claired this was due to ihe presence of small amounts of
Keprogyl benzene in Kunckell's prepar. ition as to the presence
of an isomeric hydro carbon. F. Kunckell (19C3) (2<) in
reply to Kloges (21) ssid that the n-propyl benzene was easil.
removed from his preparation by fractional distillaticn. He
claimed alco that his allyl benzene (%) gave a normal yield
of the dibron:.:de.

M. Tiffeneau (1504) (22) obtained allyl benzerne
CQHSCH;9H?CHﬁﬁby the acticn of allyl bromide on Q‘Hggbur.
It possessed the foliow.n. physical data: BPL. 156 <157 ,
D -0.9012, N 1.5143. Tre allyl benzene was characterized //
by its trans formaticn wnen boiled with alcoholic KOH, to
propenyl benzene, CijiCH:CHCH%LThe dibrom derivertive of
the latter melted at 70 i E. Chabloy (19C7) (24) reduced ji/'
cinuanmyl :lcchol by Naﬂu’at-BO(: This reduction gave a
small quantit, of phenyl prcpylene (allyl benzene) which
boiled at 165:;170 . The dibrom derivative melted at ﬁ?ki
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He Fmdi (1511) (25) in reviewing the prerar=tion of propenyl
benzene by the reduction cf quarteruary ciwnn;-h,yl amronium
salta wiinh sodium amol?am considered i‘he possibility cf the
raterial so prepared ;cntaining allyl venzene or projyl
benzene. The Lprejarsticn was divided into four equal rarts
end each c¢f these deccmposed by czone. In 1o case was
phenyl acetaldehyde or phenyl acetic zcid obtained. All four
rarts gave benzaldehyde or berzoic zcid. Hernce allyl benzerne
was nct present.
4. TFreparstion cof chloreorraiyl benzene.

Ge Trrera (1) in order to deterrine ine ccnstitution
of ihe chlorcyrciyl benzene cobisined by the action of
chlorine cn ithe boiling hydro carten, prepared the three
alcohols derivably frcm prepyl benzene and converted tlem
into their corres;onding chloro derivations. Fhenyl prc:yl
alcchol C H CH ©H CHCH, when heated in a sealed tube with
concentrafed hel acid yielded ihe chaoro derivative
CLH5QH:FH29H121° He descri??d this ccmpoeund as a jale yellow
liquid whicn boiled at 219 . ethyl benzyl carbincl
CCHHCHchégﬂ_ﬁhen hesnted with hel acid in & sealed iutbe

3.
<
ylelded C H CY CHc1SH._ a yellowsish liguid which be:led at 204

(e
[ ]

«~07 with partial deccrposition into allyl benzene. Fthyl
phenyl carbinol cH CHOH“HLCHa—was corverted by gasecus hel,
even at ordinary te~perstures into QXL(H§ICH19H,_a yellow

. ) v 7 -

’

liquid wzich boiled at 20C -ECSF, but with cconsideratbtle de-
ccmposition into "allyl btenzene". The QQ3IC§FICHL?EiiWES dis-
tinguished from the cther two by the readiness with which it
reacted with silver aceto¥e yielding ine acetyl derivative

)
beiling at 227.
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P. Genvresse (1693) (=) subjected ihe vapours of
boiling propyl benzene to the actlicn of a slcw current of
chlorire in a reflux ap.aratus, until a . errometer jlaced
in the vapour indicated & Ob. The product #:8 a chloro-
kropyl venzene which boiled at <C8 :410 with a slight
deccrposition. It did not attack he eyes and had a sp. ¢r.
of 1.0667. ‘Vhen he:ted wlth a concentrated solution of K CO‘
in s sealed tube at 1ltQ ~rCC for 2 days, allyl benzene and
a=chloro prc¢;yl benzene boiling at 208 ;205‘ was obiained.
Tne lattier resisted the acticn of KZCOLbut was converted into
allyl berzene by KCH and yielded benzcic mscid when beiled
w.th alkaline KnoO..

E. Yerck (1212) (2) prepared QQH5CHMCH‘CH\91, a cclor-
less o0il with a penetrating odor, B.Ft. 219:220° or lloi‘at
21 m.m. in a S€% yield by diazotizing / cloro prcpyl aniline
and then reduciuLg with staunocus chloride in alkeline solutici.
J. fraun and F. 2ust (1916) (4) prepared v ehloro propyl
benzene, RBR.Ft. 1i0 at 2C m.m., but the aétion of phospnorus

chloride on the platinum salt ¢f methyl animo-prcryl benzene.
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IX. Allylation of Penzene and Fcrrnat cn of}fchloro;rcpyl
in the Fresencecf Alunminium Chlcride.

In reviewsing the literature cne fi:.ds thsat there has
been nc atierpt to allylate berzerne by the condenssaticn
of benzene and allyl alcohcl.

“hen a mixture of allyl alcc~ol and benzene was rech-
anically stirred during the adaiticn of aluminium c¢hloride
it was found that (Lhe temperature rose and that hydro-
chloric acid fumes were cc_icusly evolved. After the evcluticn
of hel . as nhad ceased the r.xture was decorjosed ir. firely
cracked ice. The bernzene Lortion was sepsrated from the water
portion and tne lattier extracted w#ith ether. The ether, benze..
and 8llyl alccriol were removes: by distillaticn. The residue
when fracticrated yielded a distinct fraction from 157”-
1599 at ordinzr; pressure, one at 90.5192.56;t 18 m.r., and
ore at 148L:1553 atl 16 mem. The first of ithese fractions
is allyl ternzere and the second isf/chloro rrcryl berzere,
while the third :8 prcbably a m.xture of the chleride and
higher hydro c. rtvens. This will be prcven in the experi-
rental rart of th.a i1reBis.

Experirental.

l. leihod.

In all the condernszt.ons that were run: 1 mol (€7 .rs)
allyl aiconcl, five rols (5&5 grs.) benzene, and one helf
mol (99) alurinium chloride were used. The &llyl slcohcl was
m.xed witn ihe berzene and cocled to the required terjer=ture
ty placing an ice solution around it. “he mi:xture w#as stirred

mechanically. The aluminium chloride was =added slowly so

that the terperature would net rise. The add.tion of the
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aluminium chloride tock, in general, from two hours to two
and one half rnours. Hydrcchloric zcid fures were cc:icusly
elven off in all c:ses8, starling shortly after ti:e addit.cn
¢f ‘he alurinium chloride. the rixture was stirred for
ei ht-nine hcurs during wh.cn t.~e it gradually tock cn a
dark reddish brown color. 7he next morning, when the
evolution of Hcl fumes had considerably slowed down, the
m:xture was decomjosed in ice and a little Hcl =cid. The
benzene layer was separated from the water layer. "he
water port.cr. wss extracted three times with 200-2<40c.c.
of ether each tire. After the ether, benzere and allyl
alconol was removed the residue was fractional7distilled.
Hote( 1y variation from atove method or reculiar ;he:orenon
will be recorded with the ccndensaticn in ahich :t cccurs).

I. Terperature 10';15 ;
(A dark heavy solution sectiled to the bottom comprising
about ore half of the total volume.
Recovered 4%8 grams Renzene.
. 15 ¢rams allyl alcchel.
lGOU—17O?- b grars.
14031so; at 18 meme 2 cra:s.
I1. Teriersture 10 =15 .
(s~:me as I orly II was decomposed after eicht hours
stirring).
Recovered 515 grams benzere.
. 40 grams allyl alcohol.
Very litile tarry residue left after allyl alcohol
was removed.

)

III. Terrperature 0 =25 .
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(¥o heavy layer se s:=ted cut as in the two jrevicus
coudensations).

Recovered 4.5 ¢rams uvencene

» €0 Lrars &llyl alccncl.

160 =170 Sommmmmcmmmmmmmm o m e mm e -8 yrs.

Up to 10G (r08tly 90-1CC) &t 16 M., .-eceee-meeme3d ¢r8.

104 ;140' Bt 18 MeMeecmeccacaaa R --==1 1/2 yrs.

140A-190 8L 18 NefMiew-ecccccccccncccccacaccnce===? ¢rs,
1V. 1le:rperature 20'-;3>.

160 =170 mmmmmmmm———- cmmccmcreccccceccm—————— 10 irs.

§C =1CC &t 16 MuMeme—ecceococeeecceeemeeaceee=8 §T8.

100.-140' 8t 15 NMefemcecccccacncaccccccccccan==a? T8,

140 =170 at 18 MuMeeme-secececececccecceceeaca=b (8.

V. Te:jperature Z0 =25 .

a~ .~
160 =170 =emmmcemcccecace—- T . 5T
90 =100 8t 18 MeMiw=emecccecccceacecaeeaa- ---4 grs.

100 =140 &l 1€ feleemmeccccccccccccccecceceenee? T8,

140 =19G at 15 Mefleememeeecseceeccececcncae -—e-2 grs.

- P

The fracticns bciling between 1601;170L were corbined.
To this w~s ~ddied about 10 grams of distillate corming cver
a little below 1SC : asking a total of 3t grars. This was
fraftionated into the fcllowing fractions: 150t1160;.
160 =17G , 170 =160 . After a considerable number of fraction-
ations (at least eight) the fractions between leor;17ch arnd
170f-180', dissareared. 2% grams c~re over at lboﬂ-leoh. The
distil ‘'ate boiling abvove 180‘ was put in the fraction boiling
at S0 -100 at 1€ m.m.

The fractions boiling at 90 «1CC at 18 m.m. were ccr-

bined. Those that tciled at 140 =190 were corbined. This
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cave:

§0 =1G¢ st 16 mem. 15 grs.

106 =146 " * = 1C. .rs.
1.0 -190. « ® » 1 grs.

These were repeatedly fructicrated until it was
evident that tre main fractions were 90’-100. at 18 r.n2.
and 140 =150 at 16 m.m. The fractioms 10. -1a0 at
1& m.ms kept get:ing a=aller. In order to reduce tne
1C¢ ;140 fraction as ruch 88 poscible we collected btetween
&5 =105 (1= mem.) =nd 135 -175“(18 melie )o After a lurie
nuzber of fracticuations (abcut twelve) we obtained .he

followliiy rosultis:

Up to &5 at 16 meMimeccccccncaxnx S £ ers.
85 =105 " % % mmmmececccemcccocoeee 15 gre.
105 =135 " % % mcmmccceeccmeccemcem—=-1} crs.
185 =176 % % " emmceeeeeee I P

Above 175 " * ® (tarry residue 5-8 grs.

' The fractions boiling at 85 =105 at 18 m.m. and
135.-175 nat 16 mem. obtaiied from the three prelirminzry
condensa i ious were fricticornated twice and tinen were added
ébcve fractic..s.

The preceding condensat.cns vwere run cn allyl alcchicl
vrepared b; “astman Co. The following ccndensaticns were
run on allyl alcchol prejpared by ryself zccording to ihe
éethod cf Oliver Kamm and C, 3. Taylor srd checked by H. T.
Clarke and . R. Taylor.

VI. Terperature 20:-25';

Fecovered 545 grs. benzene.

" =7 ¢rs. allyl slcchel.

Residue 1% (rarms.
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VII. (Used 55 grams benzene) Terperature <0 -:5 .

Recovered 480 grs. benzene.

" - 31.-grs. 8liyl alcchncl.

Residue 27 grans.

ViiI. (Used: 120 grs. «1llyl alccrol.
€07 grs. benzene.
128 grs. aluminium chloride).

Reccvered 635 grs. benzerne.

. 46 g¢rs. allyl alcclrol.

Residue 30 grs.

The residues from the atove four condensations were
corbined g.ving 93 brams. They nere run three fol]owint
fractlonations' 1606 -1 i, lub -165 , up to ¢5 at 186 r.r
85 =105 at 16 m.m., 105 -136 at 16 m.m., 135 =175 at
18 m.m. The first fracticnation did not give a very good
separation. Twelve grams of tarry residue remained. The
second fracticn gave a fair separatic.i with two grars
of rcsidue. The third gave a gocd se_araticn with cnly orne
gram cf residue.

The three fracticunat.cns yielded:

100U =18y =-=c-mccsccccncccccncccanaall (ra: 8o{,,;,
150 =100 e=mccecceccccccccccccccccaa 6 gravg.”

165 ordinary pressure- 85 at 1l& r.m.l gran.

&5 =105 at 18 MeMem=cecccccecccaoao- 7% erans.
105 -13% at 18 miMi-eemccccccccaea- 3L ¢rars.
135 -170 at 18 Mellwemmmeececcnaan 17 graxns.

The fraction 105 -135 at 18 mor. w=s distilled &

fourth time when only one half a gram care over under 1001
N .
at 18 m.m. The remainder came over 105 -135 at 16 m.m.
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The freciicu 135‘-165A frem 511 the cceirdensaticns
Jere cenbred ard froctionated 1nte the fclleain, fracticos:
135 =156 , 16% -lce , 106 -1€1 , 1€1 -1¢u . Afier four
fraci.cuailons trne ccellect:.cn ter;er=tures of fract.cns
15€6-158 , and 1&8 ~-1€1 were chu.,ed becnusc they vere
the larc.est aad‘rainzalued thelr velure. The terperatures
120 =187 , 187 -1L9 , 10¢ =171 , 1¢1l =1€6C were used
assur.-ng the beiling joint ¢f the liguid tc be 188 ; After
twe fractionatiowns this yielded:

135 =167 (mestl, 124 =157 Jmmmemccmcecooee- -7 irers.

157 =1cv  (m681ly 10€)mmmmmceemecccoceacaaen2? grers.

154 =1 1 eemce-mcemeecceccacaccm-ea-na- ---- ncne.
161 =1f5 =meccccaccccccccccscmecca-meeceeee=f ; TANS.

The beiling point cf the liquid 157.-139 cr mosat 1luE ,
Far. 746 m.m. indicatcd s1liyl ieuzene C H CH CH CH . ( i
Tiffeneau (19%C4) Cooj. Fend. 132, 4:2).

The frzcticns bo:lis. frerm &5 tc 103“ at 18 m.m. frem
all the cindens:iicn were ccricined ard frrcticizied intc the
fclloaiiy fracticns: €5 =$G , €0 -5 , 5 =10C , 10C -105 o
After three fracti.contions i1 #as a};-rent i(naiv lne pure
‘;%a.o « Hence the Llergp-

. . é [ g :
eratures wsere changced 1c: &L =5C.b , 10.5 -4:2.5 , Sc.5 =4E ,

0
[}
(&)

curpeund care cver chiefly at

~

95’;100 « Two distillations ,ave the following results:
8 =Y0eDH [1E mefe) mmececcccccccccccccccccncea=l ¢ rans.
GCub =45 (mestly $1 =92 ) ecemcccccacaccaaadf grars.
Yeeb =t mecccmccm e mmccccccecec e ccccaeead cTAMS,
95 «l00 ewmccecccccccnecncnceccncccrccnccnccae=l (TZI S,
Combiried all the fract.ons bo.lirg frorm 135- to 175. at

18 memi. and fracticratedi thenm irntc the fellewing frecilicrs at
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16 mermes up tc 12, 188 -145., 145~-155 , 1Lc =1rE ,
lﬁb'-17b o A fair sciaraticn resulted con the first fracticn=
at cn. 2fter ‘hree fract onaticrs the terperstures were
chanced to: 13& =145 , 148 =153 , 1£3 =165 . ffter four
fractioiat.cne rost of ihe 1lbtd -1fE had drc, ;ed ic lne
148 =183 fraction but tizere aas Lot - uch ¢ .once in the
vclure of the 130‘-145 fracticrn. Trhe resulis of ihe atcve
fract.craticr are:
1& mer.

Up t0 1il eeccccccccccccncacaccrccccccnncancnaa-y 4 TEI 8.
lSsq-148 e atmabale el © SR 3 E
146 =133 (mostly 150 =1ll]l ) eccccccccccccceeaa;3 grars.
155:-165 D L LT T et I &1 - 1Y
Fesidu@ewrencccnncnanncncnnccnccccncnccccccccceal s rars,
<. FPrepsaration c¢f jrcrenyl benrene and aibromo propyl
benzene.

If the assumpticn that the fractici beiling ot
1571-159 wis correct ther, U would be trznsferred tc proenyl
benzene C H CH'CHTHd by veciling with alccriclic KCH.

Four (rs:s cf the al yl cenzese #-8 added to a lit-le
sore than Lo .ce ‘he :clecular quantity or fcur gre-s of
¥0iH dissolved in &0 c.c. of 949 alcciol. This was he:sted
for one nour orn a boiling water bath. Then four grars rore
of KC!l were sdied ard the rixture %as he-=ted for two hLcurs.
Tr:e next rcrrnirg rcest ¢f the alccrcl sas distilled off c¢n
a water bathne. Tie reraln.ng zrlcercl wes diluted with <E0 c.c.
of water ard the solut:cn made reutral with dilute Hcl. T is
was extracted with ether. The ether scluticn wzs dr:i:ed cver

ccclm,for two hours. "“he ether wrs distilled cff and 2¢ c.c.
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cf Cﬂcla_and & Ce.Ce €I brendne were adied. After four d ys
a gocd yleld cf crystuls wss cbiciged. Trey were dried
betwecvn filter paper. ¥%Wien dry avcut a fc rth of tuer aee
dissclved 1u 20 CeCege Warm alco ¢l. Tne alcciclic scluticn
wng filiered and aliowed 1o stand at ordinary terjerature
for 8ix d.ys inen & covd yield ¢f crystals #as cbtaiced.
Ticey melied at €5 :ﬁf.b « Uitn recrystasllizaticn from
aslechicl larce udles were fecrred shich relted sharply at
€6 /. “he rmelting pcint was checked twice. Hence ihe crycstals
were dibrem pre,yl bornze:e. The compound beiling at

E7 «1t¢ w ¢ allyl buizere G H,CHQCH:CHQL
,v N .

e TYregparat on of,. +dibrem prcryl tenzene.

Tnenty grarmg of ;llyl venzene wsere dissclves irn 1Lu
erars of CHlel »  Tronine wes added . «£0 €.C. porticrns until
10 c.c. were added. 1cis amcunt of vrerine wes a lit:le in
excess of tie theoreticszl arount or =27 ¢rarms. “rne chlcro-
ferm scluticn was vl . cwed 1o stand for eigcht days durirg
which tire rcei ¢f tie chlerefcrm had evajorated. On dis-

t11liny practic=1ly 11 ¢ re cver tetween lee and 1:0G at

O rene  Tnae residue crystallized c¢i ccclin.. The crystizls

O

relied gt lal.& -1@6-'9fter tnree cryswa. iz:t:cns fro
eleencl checks fro. thre- oither crystalliizaticns relted at
126.5‘-127 « This cormpcund (z2ve a ocd test for hcicgen.
Further ideuntificatic: wzs not astie jpted.

Tie frastion bo.ling at 1.& =150 al b r.r. yiclded
after 1wo fractl:.ciaticus8 ¢ gra 3 ¢ d:breride beiling at
114 «11%5 &t §& merme This #8 :ithout doubt - » ditrerjrciyl
Beasene -
s2o@2el becsuse the nllyl terzene atsotbed the thecritical

amount of Lrcrine. Tnis posit.cn of the brcrmine is without
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doubt.;y bec=use c¢f ithe structure cf sllyl benzene. T!:e
/45 Ll( dibromide bcils at 243 =244 with considerable de-n )
deceorposition. It has a specific gravitly of 1.€20(86 <G /4
This docs not agree with ?. Luib. ain <83, 4C4.
4. Preparation ¢f p-nitro benzoic acid and rethyl ester
of p=rditro benzv.c acid, end proparaticn of benzcic acid.

In order to identif. the fracticn boiling at ¢6.5 -
S<.5 at 1& ir.m. 1\ was8 dist lled at crdinary Ires,ure. It
boiled at 217h-2. e« (G. Frrera, Garett- (16) le -&75,
E. .erck, Jr. Am. Them. Soctety (1%12) Z143). A Tasunigre's
test was run givirg a geod test for hcolegen. Three carius

detlerminaticng were Ul whnicn cave thne followsing results:

Thecretical < cl. Fcund ¢ cl.
L< o€ l. &£l.2

2. 2£le44

e 1,78
From the wheov data it was corcluded inat e coerpound #48

chloroproryl berniene, 7, H.CH CH, PH cl. In order tc¢ further
substantiate tnis, 1lU g¢ranms of tne ceorjcurd woas ghnetly beiled
xith a cilcul:wcd =rcunt ¢ "Oa. CrI £ gra: s in tnree
velu: ¢ ¢ Hzﬁf ‘fter tac d.y. & ceg HHOJJand 1d c.c.-cf Hap
were added an . U, soiuticrn o led cne rcre daye. Crystals

forned whor the zcluticn coclede These wers filtered off and

Wisned aitn H1£§ Cie grar cof { riirc vei: fic was obtalned

upcCrh recrys.aliizaliGne HeltlnL peint €36 (Peilstein Honde-
cuchj). "his preéparsziion was rejealed and alfter one recrystel-
lizsticn cne gram of p-nitro beonzoic aeid w:s coblaired.

Helting pcirg =87 -258,. T"he filtrates frem 1nhils was eveaporzted
dcwne The crystals cbtained frcoin thexs were recrysiallized.

welting point 137 .



In order to try to oxidise trne-/chloro prepyl
tenzene to benzoic acid with HNO_, five grams of the
i
chloride was treated as -tove #ith nine grams of H‘JO2 in

>

six volumes of H}p for cne d y. The crystalls formed when
solution was cold. They melted at 233 :23é) after cne
recrystallization.

Oone ¢ram cf theﬁnitro benzcic acid wes heated with
14 grams of Pcl;‘on a water bath for four hours. Fifteen
c.c. of Cﬁﬁpﬂ was added and the scluticn was f.ltered
while warm. During the heating with Pclg the sclid mixture
changed to a liquid. %hen the Cﬁﬁoﬂfwas added the m.xture
warred up considerably. On cocling crystals separated

out in the shape of nudles. These were recrystallized

from CH OH and melted at 96 . Hence they wereAEeilste}n
4 ;o o ) .

., . . o ————

Handbuch. qujfpfj::> cﬁwvc;%éj
Three grams of the chloride were suspended in 200 c.c.
‘of H,0. Three grars of NocK were added and the r xture w:s
heated on a water b th. §.5% KfinO,_solution was added in
10 c.c. portions until no more KinQ was reduced or (155 c.c.)
On acidifying with Hcl no crystals separated out. A few
crystals sepsrated out however orn evaporaticr.. These were
dissolved in a little hot H, O. This was exlracted with
ether. The crystals obtained from the ether were recrystzl-
lized fror a little Hﬁg: They relted at 120 Dhence they
were benzoic acid.
. Atterpts to identify the high bciling fracticr.
The first step in identificaticn of the high bo:ling
fraction was A..j;ssaigne's test. The test gave fair results.

A ¢ rius determinaticn suowed that chlides were present only

as an irjpurity. The analysis gave £.534%7 chlor.ne. The



-iGm

whole fraction was trested #with cne gr-r of socdiumr.
The mixture wus ie~ted fer cne nour over & 8~wll flzme and
allowed 1G sta:d cver righte The scdium was deccrjressed by
jouring the :dixture 1irnto H;Q. The water rixture was scid-
ified with dilute Hcl and then extracted oith ether. Tae
ether was d.lt1lled cff. “he remalisrirng sclut.cn wes frectici-
ated cuee at 15.5 mer. Tnis gave the fcllor.ng results:

1:5 14l wmccccccncsccccccncmcnccncccasmneel, [ TEIS,

148 «]llZ ~emeccccccccccaccccacccnccncancna]lsy £T805.

108 «llil ecccecncncaccccccnccncccaccccccacea)d (14arE,
Tre frocticn 148 <102 &t 1940 ner. boiled at 250 -20C  at
crdinsry pressure. A carius aetermirnzl cn w28 run on this
equz tion with the following results: . Jd.6L37 ¢l, 17,
2.87C7 ¢l. Recause cf tie facl hat ihese resulis nere 8¢
rucil leyer than tne first analys.s the tracticr &8 wgein
treated with sodium. Twenty-three greirs boiling at 138 =185
at 1s.C m.n. were dissclved in 1UL c.c. of ether. Cue granm
of inely cnhi;_ ed 8ciiur was =zdded. Thne ~.xiure #-85 w.rred or
8 #iter L.th for several hours. Ater two days .ihe scdiu  was
fileered off and wesned ®iti a little ciher. T.e oclutlon #-8
wagied wiin dilutle Hele. “fter tne ether was disitclied ofrf toe
cenpcunt veilsd ot 225(¥k65 (ime8ily = 0 -.7bv) av crdinary
pressure. *fter thnree fracticraticns it gave tae fcllcwing
divisio::

LEl =RdD mmemeencccccaccacancccnaccee==] gram.
S35 *al( memecccccccncccc e ccanccccaae e,
<0 -27?‘ (irostly 260A—270 emmemeeaalt (rars.
277 =202 mmmmmmmcemmmcceccecaee -==-€: gracs.

The &77 -. 8¢ frecticn gave crl,; a cl.gnt trace of tzlcren.
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It .s protavly diphenyl .reopane C d =70 2°=C, 14 .. Dolllng
N ’, s . g ‘. f, ( 4
v i A Dl A N 3 '~ -
jelit 20 =icl {cerre £33 =233 ). (V. leyer and F.o Jooci-

sc:., Ieheiuch der QOr.azischen Chnesie, Tupe 1ou).
€. 25 niterst te ccidence L=Lropyl alcohol with beanZeae in
the jreseace ol aluuadidalc.: cualeride.

Oone ~ole (10 gra.a) n=prcpyl alccicl xzs o .xed v.ta
five zcls (760 grars) of benczene. Drg n:ll a scle (133 grs)
of alusinium chleride w-8 adied 28 in tihe coiher condensa-
ticans. There @as very litile rise in terperature., Ver, few
Fcl f.uee were given off. Thnere was very lit.le cliarnge in the
color of the r.xture exceul for a light brewndsa ccler.

Fesulis of fracticral.ons:

Recoevered 710 grans benzere,
" (b?ﬂ-lcéa) €5 grans n=-proupyl zlcelcl.

e -

(2

150 =210 (40 nmely )o===e== O prams,
TE&rly TeSidUlm-ececmcmeees § £Tar8.
» 2

the fracticn beiling et iVu =-<1U had no deflinite

[eia TN R

bo.ling pceinte Cnly cune dicy care cgver ut L0 <100 o There
%a8 no evidence of lhe fermatici. of pre; ¥yl benzene uider

the conditiong described.






III. Conclusicn end Sumrar..

l. A1yl benzcus rescts with benzene in the preserce

L)

c¢f elurmii:iium chloride to form allyi tenzene cccerding teo
the eruaticn:

CHErECT OIFC. H. o~ OHECHCH N HEH O,
j_ .' i} . . L g "

g - L

e
44

« "he formst on of censiderable quantities of

b

chlcro preopyl beanrese indicates that el will edd cn the

dcutls bend ¢f allyl benzene in the presence of alur inlum

chlcride.

. Uassturated alijhatic a'ecnols cerdense vith tenzene

in thiz presence of alu ‘rniv chleride ’ great desl escier
than satursted ali:hatie slecrels, if indeed the lotter

condearsen at all.

43/?“/ dibrcmiro: vl bernzane w=s rers~red from glliyl uvenzene.

I3
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