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INTrROLUCTICON

In an attempt to prepzare hydratroponitrile (& -

phenylpropionitrile) I, Goermer and Hines (1)

S

CHg-CH-CN I
heated ¢-chloroethylbenzene with cuprous cyanide to a
temperature of 130°C. At this temperature a vigorous re-
action ensued with the evolution of hydrogen cyanide. The

product proved to be cis-1,3-diphenyl-l-butene, IT.
CH=CH-CH-CHzx

®

A search of the literature showed no previous report of

11

this reaction. The purpose of this investigation was to
prepare & -chloro-¢ -(p-brcmoohenyl)-ethane, to attempt to
react it with cuprous cyaniue, and to determiane the struc-
ture of any reaction products obtained.

A study of the paper mentioned zbove (1) togetler
with the report submitted by Lines obr.ings out the follow-
ing points:

l. The reaction betweenc(-chlor'oe‘chylbenzene
ana cuprous cyaniue proceeds quite vigorously at a tempera-

ture of about 130°C.



2. Lowering the tewmperature of reflux by the
use of a solveant with a boiling point below 130°C. inhibits
the reaction.

s+ An anhydrous medium is necessary. If water
is present, the hyarocarbon is not obtzined, but rather, di-
« -uethylbenzyl ether C"H‘-CH(CHJ)-O-CH(CHJ)-C‘I-y, I1I, (2).

4, The yi=ld of cis-l,3-diphenyl-l-butene is
about 40%.

5. The composition of the copoer-containing resi-
due has not been investigated.

Later work (2) has sliown that the reaction between tle
&, -chloroethylbenzzne and cuprous cyanide will proceed in a
solvent if the boiling point o1 the latter is sufficiently
high. Commercial xylene anu styrene have been used &s sol-
vents. The use of styrene h:-s brought about an increase in
the yield of the product. By using a large excess of the
latter, more cis-l,3-diphenyl-l-butene wzs obtained than
could be obtained from the &-chloroethylbcenzene clone. Ob-
viously soue of' the styrene used as a solvent was entering
into the formation of the ¢is-1l,3-diphenyl-l-butene.
The structure of the hydrocarbon obtained by Goerner

and Hines wes easily proved because of the following facts.

l. The physical properties of the.hydrocarbon
avproximeted those for the already described dimeric sty-
renes or distyrenes (3).

2. Hydroxslstion and degradation of the hydro-



carbon gave benzzlcehyde (charczcterized ss its Z,4-Ginitro-
phenylhydrezene). The position of the double bond in the
hyarocarbon was thus deteru.ncd, and on unis basis it be-
came asparent taat formula IV or V represented the coumpound

uncer consideration.

Ch=CH-CH=-CIg CH=CE-CHo-CH
OO O O
Iv \'4

No second degration product wes isclated.

3. A dibromide of IV, m.pe. 102°, wes Gescribed
in the literature (4).

4, The cowpound under consideration rormed a di-
browide melting et 105’0. when zlone or when mixed with an
authentic semole o1 the already described dibromide.

5. liarion (5) had shown that the trans form ot IV
melted at &700., whereas the cis form was a liquid.

Erlenuaeyer (7) prepared l,3-diphenyl-l-butene (IV) by
the action of HBr and cinnamic acid and Swartz (7) did the
same using ECl. Fittig ana braman (6) retluxed cinnamic
acld with various concentrations of sulphuric acid, extracted
the reaction wmixture with ether and recovered the daistyrene
(IV) from the extract.on.

Stobbe and Posnjak (9) repeated Lrdwsn's work and proved
the structure of the aistyrene (IV) on the besis of the iso-
lation of benzaldehyde and comparison of the ultra viclet
light absorption spectra data with other ethylenic compounds,

<
we



Storwer and Kootz (4) brominatea IV without signiiicant
substitution in cold Cob¢ scliution to give 1,z-dibromo-l,s-
diphenyl-butane (VI).

Br Br
HC « CE - CH-~ CH

O O

Three of four possible isomers were separated by crysta-
llization from petroleua ether. Two of the isomers were
shown on mixing to melt at ILE?CL, the reportea welting point
of the brouwinated c¢cis-l,3-diphenyl-l-butene (IV). They
turther showed isomerization of 1l,3-diphenyl-l-butene (IV)
to 1,3-aipnenyl-2-butene on long standing or heating with high
concentrations ot sulphuric acid.

Kénigs anu el (10) have prepsred the distyrene (IV) by
the action or gleccial acetic acid anu sul.auric acid on sty-
rens.

iiore recently 1l,3-aipheanyl-l-butesns has been _repared
by warion (o). Le prepared &, Y -digshenylbutyric acid by a
Clemunensen reauction of4(-phenyl-\#benzoylpropionic ecid. A
Bouvezault reuuction of the substitutzd butyric ester gave
O(,Y -aiplenylbutyl &lcohol. A potassiuw bisulphate dehydra-
tion yieluea 1l,3=-dlphenyl-c-butene which isomerized upon
stand.ag Lo lyolUiphenyl-l-butene (IV). Fe also observed that
1,3-diphenyl-l-butsne, upon sianuing with sulohuric acid,

lsomerized to l,3-diplienyl-L=butena,



ltaricn's proauct, a solia, melting at 47.C., WLE
assigned the trens coniiguration. FEe [lurther states that
the cis and treams forus of 1,3-diphenyl-l-butene (IV) each
heve two possible dibromides, the four melting points
being 79’, 86.5: 122°and 129°C. The last two are those
formed by the cis-distyrene, which ie & liquid. Further,

a mixture of the two cis-dibromides melts &t 102°C. This
is in agreewent with the results of Stoermer :zna Kootz (4).

Barber et al. (11) prepzred &-phenyl-€&-chloroethzne
and cundensed it to meso-2,3diphenyl-butane by means of
uagnesium in boiling ether. q-(p-Bromogrhenyl)-e&-chloro-
ethene was prepared from the corresponding czarbinol by
treatment with thionyl chloriue but would not react with
magnesium. A Wurtz type condensaticn was carried out by
refluxing this chloride with sodium wire in anhydrous benz-
ene for sixty hours. .eso-2,3-di(p-brocmophenyl)-butane
was obtained.

Barber et &l. brominated mego-2,3-diphenylbutene in a
glacicl wcetic acid-water mixture under reflux. A 25%
yield of & racemic 2,3-cibr.mo-2,3-di-(p-brouogrhenyl)=
butine wuas obtained. This tetrabromo compound was partially
debrominated with some difficulty by suspending it in
glacisl acetic wcid under reflux and adding zinc dust. Pre-
dominately cis-4,4iaibromo- q,ﬂ-dimethylstilbene was ob-

tzined. The tirens isomer wess obtained by refluxing the



cis isomer in nitrobenzene which contained « trice of
iodine.

The reactivity of the aromztic bromine was demon-
strated by conversiocn of trans-4,4loibromo-¢(,F?-di-
methylstilbene to 4,4Ldicyano-( ’ ﬂ -dimethylstilbene
by treatment of the former with cuprous cya ide in
boiling quinoline. CSeventy-four percent conversion to
the cyzno derivative wos obtzined.

In spite of the scarcity of information about
dimers of p-browostyrene, it wzs hoped to proceea with
the investization in & menner similar to theat used by
Goerner and Hines. Because of the discovery of several
discrepancies in the literature, it becaue necescary to

prepare two reference aldehydes and their cerivetives.



ZXPER TMHNT AL
CEEMICALS

The following chemicals were used in this investigationt
p-Dibromobenzene, Dow, m.p. && =~ 85.
Diethyl ether, C.p. dried over sodium wire
Magnesium turnings, for Grignard reagents
Ethyl bromide
Hydrogen chlorice gas, anhydrous from & cylinder
lethyl elcohol, C.p. anhydrous lMerck
Benzene, thiophene free, C.p. anhydrous
2,4-Dinitrophenylhydrazine, Eastman white lcbel
Cuprous cyeniae, J.T. Baker purified
Tertiary butyl zlcohol, Eastmen white lzbel
Hydrogen peroxide, 30% C.p., Bcker and Adszmson
Oemium tetroxide, Zastuman white label
p-Bromoaceto_henone, Zastman white leabel
wthyl chloroacetete, kastman white lzbel
Sodium metal, kerck, reagent
Ammonia, commnercial grade from cylinder
p-Bromotoluene, Dow, commercial grade
Bromine, Dow, N.F.
Acetaldehyde- acetaldehyde was prepared just before

use by depolymerizing parzldehyde. Toluene-



sulfonic acid and concentrated sulfuriec acid
were used in saall zmounts as depolymerizing
egents. Paralcehyce was heated with the de-
polymerizing cgents and acetalaehyde distilled
clowly from & 72 cm. Vigreux column at 20 - 2£°.

The receiver was chilled with crushed ice to

preveunt evaporation of acetaldehyde.



P-BRCLOFTENY LLETHY LCARBINCL

Parabromophenylmethylcz=rbinol IX has been prepared
previously by two different methods. Ziegler and Tiemann
(12) and leter Quelet (13) prepared the mono-Grignafd re-
agent of p-dibromobenzene and treated this with acetalde-
hyde. Quclet reported yields of 45 to 50%. Overberger
end co-workers (14) prepared the carbinol from p-bromo-
benzaldehyde and methylmagnesium bromide in yields of
64%.

Because of the availability of p-dibromobenzene,
the iormer method of preparation was used throughout this

work. The following eguations illustrate this prepera-

tion.

ary
BrOBr ¢4 vg —> Br NgBr
ether

VIiI
H
BrOmgBr + ch-CHO——>BrO-C-CH3
(SMgBI’
VIII
H BT H
BPO('I-CH3+ HoO — BrO(':-CH3
OiigBr CH
IX

9.



In a typical preparation, 108 gms. (4 moles) of
magnesium were placed in a 5-1. three-necked flask
equipped with mechaniczl gless stirrer, reflux condenser
and an externslly cooled Hershberg dropping funnel. To
the flask was added 150 ml. of anhydrous ether followed
by 5 ml. of ethyl bromide to serve as the "starter". To
this, a saturated solution of 944 gms. (4 moles) of p-Gi-
bromobenzene in about 1500 ml. of anhydrous ether wsas
edded over a period of six hours. The upper surface of
the flask was cooled from time to time with ice. After
the Grignard reagent had been stirred for two hours, the
flask was placed in an ice bath and a solution of 180 gms.
of freshly distilled acetaldehyde in 700 ml. of anhydrous
ether was added. The dropping funnel was chilled by an
ice-salt mixture to prevent evaporation of the acetalde-
hyde. The time of addition was 23 to 3 hours. Stirring
was continued for ome hour and the reaction mixture was
then permitted to stand about thirty-six hours. During
this time & dark green viscous layer separated from the
ether.

Eydrolysis was accom lished by pouring the reaction
mass upon crushed ice. The ether layer was decanted and
the aqueous layer acidified to Congo paper with dilute
HoZ04« The aqueous phase was extracted with three 5C0 wl.

portions of ether. These latter ether extracts were

10.



washeu with 10 sodium carbonate solution until zlkeline
and then added to the first etler decantate. The combined
ether coluticn was dried over anhydrous potassium carbon-
ete and the ether stripped from the solution.

The carbinol fracpion was aistillied under reduced
pressure through a 62 cm. Vigreux colunmn.

The following fractions were collected:

. - o
Fraction t. Gms. B.P.,C. P., miis nl8
ettt o A —
I - b= 74 13 -
II 2.3 75=106 P2 1.57¢&¢2
ITI 148.2 109-11C.5 0.5 1.57¢8
v 72.8 111-123 1.5 1.5730
\' 1280.0 residue - -

Uehyaration of the p-brouwo henylimethylcerbinol IX
could be minimizecC by wistillation through & shorter
column. A recsonably pure rrocuct wus obtained by uis-
tillation from & Cleisen flaske

Tre Tollowing teble of data summcrizes the results
of the preperation of p-bromophenylmethylcarbinol from

dibromobenzene.

11.



Run
No.
1.
2.
3.
4,
6.
7.

REACTANTS
« ColigETD .
S G
944 /180 108
708/1356 81
708/135 81
785/167 90
944 /180 108
944/180 108

Y LELD

Gus.

451.6
22'7.7
115.7
278.0
247.7
368.2

a) temperature 20

Run numper 7 was refluxed one

%

56.4
37.8
17.5
41.7
30.8
45.3

Ce

18 Gas
nD Residue

1.5700 145
1.57¢8 180
1.5745 171.6
1.5710 183.3
1.5706 263.3
1.57008  90.0

hour zfter the dibromo-

benzene had been added and the carbinol residue was dis-

tilled from a Claisen flask.

Numbers 6 and 7 were sampled before addition of ace-

teldehyde and an aliquot was titrated for yield of p-brouo-

phenylmagnesium bromide using stanaard acid-base titration.

Yield of p-brouwophenylmegnesium bromide in run no. 6 was

89.9%, in Nno. 7, 91.6%.

12.



o =CHLOKO - & - (p-BROLUPHENYL) ~STHANS

Barber et al. (11) have prepared o{-chloro-« -(n-
bromophenyl)-ethane X in 81% yield by heating p-bromo-
phenylmethylcarbinol IX cnd thionyl chloride on a steam
bath. They reported the product to be a Pinkish pung-
ent o0il boiling at 115-120°/ 11-12mm.

In this work, p-bromophenylmethylcarbinol IX was

converted to X-chloro-X -(p-bromophenyl)-etrzane X accord-

ing to the following reaction:

BPOEIH - CHz4 dry HCl gas —» BrOgH - CHg¢ HcO
OH

Cl
X X

This reaction was wlweys carried out in a well
ventilated hood. A typical run is as follows: Cne
hundred to three hundred gramns of p-bromophenylmethyl-
carbinol IX was plzced in a 500 ml. three-necked round
bottom flask equipped with a mechanical stirrer, an in-
let tube which wzs submerged below the surface of the
p-bromophenylmethylcarbinol, an outlet tube attached to
a calcium chloride drying tube, and a thermometer. The
flask and its contents were chilled to 0°C. by means
of & sodium chloride-ice bath. HCl gas from & cylinder
wes passed first through = trep, through a concentrated

sulphuric acid wash bottle, through a second trap

13.



and finally into the reaction flask at a slow, con-
tinuous rate so that bubbling could be detected. The
reaction teupersture was not permitted to change appre-
ciably from 0°C. 1Introduction of HCl gas was continued
until there was no appreciable increase in weight of the
reaction flzsk. Two phases separated, the heavier, a
dark red oil which wes the crude product X, and the
lighter, a transparent aqueous layer. The dark oil was
separated and stored in a well-stoppered bottle over an-
hydrous calcium chloride for at least 24 hours in a re-
frigerator. At -10°C. this crude product was a solid.

The crude & -cnloro-o -(p-bromo henyl)-ethane X was
distilled in vacuo through an unpacked column of 31 cm.
height. o forerun was collected. The fraction boiling
92 - 105°at 1.5 mm. was collected, n50 1.5687 and repre-
sented 100 of theoretical yield.

The following teble lists the results of a series

of runs.

Run Gms. of ECl gas Gms. X Yield,% n%o B.P.5C.
No. Ii used

256.,3 154 hr. 223.6 80.0 1.5695  91-37/Lu.

o Q@ o »

14,

100 14 hr. 87.8 8C.4  1.5620 107-112/2um.
100 13 hr. 10l1l.4 93.2 1.5681  91-104/lmiy

113.3 14 hr. 123.8 1C0.0 1.5087 92-105/1.5mm,



In 211 czses the distilled « -chloro-o«-(p-
brouwophenyl)-ethane was a water white oily liguid,
stable at 20°C. when stored well-stop.ered in & re-
frigerator ror 6 months. IFCl was not aetected when the
bottle wes unstoppered occesionelly auring thet pericd
of time.

Using the procedure of Cheronis zand wsntrikin (15),
the preparation of the S-alkylisothiourea picrate deriva-
tive of o(-chloro-a -(p-btromophenyl)-ethane was attempted.
All fractions of recrystallized material obtained were

found to melt &bove 300°C. No further characterization

w.s attempted.

15.



1,3-DI-(p=-BROsOrIZNYL) -1-BUTERNE

In the preparztion of 1,3-dai-(p-bromo henyl)-1-
butene, the procedure of Goerner and Hines (1) wcs
followed closely. The course of the reaction mzy be re-

presentea by the following eqgustion:

2Br<:jj>CH-CH3 4+ CuCN . H-C=CH-CE-CH3
¢1 + CHCN 4 £CuCl(?)
Rr Ir

X XI

In a typical preparetion using no solvent, &8 gus.
of CuCN wus pleced in & 500 ml., three-necked flack
equipped with a reflux condenser, Hershberg stirrer and
tnermometer. A glass tube connected the top of the con-
denser to & coll and receiver pecked in ice. A dropping
funnel weas fitted in the top of the reflux condenser and
142.5 gms. (V.65 moles) of oféchloro-<X-(p-bromophenyl)-
ethazne X pleced in the dropping funnel was allowed to
drop slowly into the f'lask. An o0il bath surrounding the
flack wes he ted slowly end at 126° mild evolution of HCN
began to take place. Approximately 10 minutes after
completion of the wadition of o&-chloro-« -(p-bromophenyl)-
etfane, LECN evolution ceased and the reaction subsided.
The o0il bath was removed and stirring continuea for cne

hour. The coolecd reaction mass was extracted with three

16.



150 wl. cortions of beunzene.
The benzene wes re.ioved under reduced rescure
(as-irator) ond the resicue wa. distilled in vacuo through

an ungacked column or ol cme. The following fractions were

ccllected.
frzction Boiling itange Lte Guug. rressure s
' o
A Y - 143 z2l.5 S
B 178 - 218’ 04.8 3
C 216 - 225° 5.5 3

Frection B solidiried on standing overnight &t room
temperature. The oily tolids were recrystallized from
methyl zlcohol znd 24.1 gus. of 2 white crystzlline solid
melting at 67.5 - 63.0"and 38 gus. of a material of lower
selting point were isolated. “Yield, calculateda &s I, wzs
47.2% bzeeda on recrystallizea soiids.

Anclysis of & samn.le of ths £0lid welting at <7.5-
68° for bromine by the Farr bomb method (lo) gzve 43.5%,
43.6/0 und 40.85. Cezlculuted for CighHigire: bBry 40.6.

Stobbe end Foenjzk (o) found that halogenzticn in
Clo as & colvent aluost coupletely elim.nzted siue chain
substitution reactions for compounds of tyne XI; for that
recson thelir procedure wzs used ia the aduition of bromine
to UI. Two ana five tenths gus. (.0068 woles) of 1,5-Gi-

(.-browo henyl)-l-butene wzs dissolvea in CSo in a test tube



which wzs excluded from light by wrapping with a

cloth and a &% solution of Brg in CSo was zdded drop-
wice to the solution. Bromine discoloration was slow
and only enough bromine wzs added to maintain a brown
color in the reesction mixture. One half hour wzs neces-
sary to reach the point of the persistent bromine color.
The CS¢ mixture was poured on a watch gluss and allowed
to evzporete. The solid residue was taken up in C.P,
benzene and the benzene volume reduced to approximate
saturation. Petroleum ether was added and a solid
separated. Recrystallization from benzene-petroleum
ether yielded 3.1 gims. of a white solid melting point
154 - 160°. This corresponded to a yield of 833%. A
bromine analysis by the Farr bowb method (16) gave
61.0% cnd 61.1% compeared with a theoretical value of
60.8% for XII. It thus appears that tne course of the

browination reaction may be represented by the following

eqguation:
EC = CH -CHCHg Br  Br
© + Bro HC - CH - é—CHB
Cto
Br r B r

XI XI1T

wolecular weight dsterminations on 1,3-di(p-broimo-

phenyl)-l-butene were attempted using the Qrocedure of

18.



Shriner and rfuson (17) based on the melting point
depression of czmphene znd pinene hydrochloride.
Fowever, results were not reproducible for the depressed
melting point of the mixture and so the procedure was
abandoned. Freezing point de;ressions further in benzene
as a means of determining molecular weight were attemptead,
using the procedure of Daniels, wiathews and Willicms (18).
It was found, however, that at the freezing point of
benzene 1,3 di-(p-broimoohenyl)-l-butene began to display
an insolubility whi ch would not permit its use for a re-
liable determination. No other solvenis were tried.
1,3-Di-(p-bromophenyl)-l-butene when stored in a
stoppered glcss vial for a period of 6 wonths in a place
where incidental sunlight struck it showed a continuous
loss in melting point velue. It finally became an oily
semi-solid material. ©No investigation was made of this
because of the lack of time. Two possible explanations
may be offered, however.

l. Possible cis-trans isomerism is potentially
existent. One of the isomers may be represented by this
preparation and light may supply sufficient energy to
convert it to the other. The oily mixture may represent
some depressed melting range of mixtures of the two iso-
mers.

2. idarion (&) end Stoermer and Kootz (4)

1¢c.



observed isomerization of 1,3-diphenyl-l-butene to
1,3-diphenyl-2-butene upon standing with HoSO4. Light
may be sufficient to cause a slow isomerization of the
double bond position of 1,3-di-(p-bromopheiryl)-l-butene.
A digerization of o -chloro-o-(p-vromo tenyl)-

ethane was run using redistilled tertiary amylbenzene cs
a solvent. Using the szie conditions deccribed in &
typical preparation, 50 gms. of CuCli, 120 gms.(0.548 moles)
of o¢-chloro- X-(.-bromophenyl)-ethene and¢ 150 wml. of
terticry cmybenzene were used. Thre reection teook place &t
125°C., but precticelly no LHCN was obtained. The rezacticn
wes maintained at 128°for two and one half hours. It was

cooled and filtered. The filtrzate was stripped of solvent

using the reduced prescure of an aspirator. Distilletion
in vacuo gave the following fractions:
Iraction Boiling Eenge Wt. Gias. Pressure, mm.
. Q
a 64 - 100 23.6 6
L:o* =
b 100 - 180 15.4 4
c 150 - 205° 32.3 2

*.ajor portion received at 128°/ 4um.
Fraction ¢ re_ resenteda the crude yield of dimer XI.
Yield 2€.65. From this cata the use of a solvent cecreases
the yield of dimer. Lcck of time prevented a further

investigation of this product.

20.



DEGRACATION STUDILS ON 1,3-DI{p-Bi0.0PrmYL)~-1-BUTLNE

A. Hyaroxyletion.
The procedure of iilas and Sussimen (19) wes
used in the hydroxylation of the double bond of 1l,3-di-(p-
bromophenyl)-l-butene XI. The course of the reaction may

be represented by the following equation.

Oh u
HC <= C C CH3 - C - CHg
O + H202+ 0804 5 ©
* t-BuCH
Br

XTI XIT1

Preparation of the niydrogen peroxide reagent was
accouplished in the following mcnner (12). Four hundred
milliliters of redistilled tertiary butyl alcohol was
added to 100 ml. of 30% hydrogen peroxide and to the so-
lution was added emall portions of anhydrous sodium sul-
rhate until two layers eppeared. TlLe tertiary butyl
alcohol containing most of the hydrozen peroxide weas
separated and dried over anhydrous sodium sulphate and
finally stored over anhydrous cazlcium sulphate (Urierite)
in the cola at epproximately 10°C. A solution of &JproX=-
imately 6-7% EcOg was obtained. If zll of the weter were

not separated properly, the EoOos content decreased slowly



on storaze. If, however, 21l wzter was removed the
solution of hoOo in tertiary butyl zlcohol wus stable
for periods up to six months.

Usmium tetroxide dissolves rezdily in terticry
butyl ¢lcohcl znd is perfectly stable proviced no iso-
butylene is yresent. CQCtherwise, it is reduced to an
insoluble bleck oxide which cun be oxidized by HgOo.
When a 0.5% solution of osmium tetroxide in t-butyl
alcohol wzs prepared and stored in the light, the
chareacteristic black precipitate formed. It was found
that the addition of a emall amount of EoOgo in tertiary
butyl alcohol caused the black precipitzte to dissolve
and restored the catalyst to an zctive condition.

In the actual hydroxylation of 1l,3-di-(p-broiio-
phenyl)-1l-butene, un excess of OgO4 wzs used in contrast
to 1 ml. of catalyst solution recommenaea for each 0.1
mole of double bond. For a typical reaction, 2 ml. of
0.5%0804 solution in tertiary butyl alcohol wzs ucsed for
0.0274 moles of double bond. Further, nine-tenths of
the theoretical zmount of H-0o was found to peruit
fragmentation of the glycol XII possibly by svoiding
an excess of resgent which mizht cause extensive oxida-
tion.

Ten grauns (0.0274 moles) of 1,3-di-(p-browo-henyl)-



l-butene was dissolvea in 175 wl. of tertiary but,l
alcohol. Two wl. of 0.85% Us04 solution was auded at
roou temperature. o teag.erature chcnge was noted. Ten
and eleven hundredths gms. (14.5 ml.), (0.0246 moles) of
a 7.36% LoOg soiution was adaed in increments, first 5 ml.,
15 minutes later, 5 ml., and ten minutes af'ter the second
addition, 4.5 ml. The reaction was very mildly exother-
mic with no more thean a three degres temperzture rise of
the mixture noted in any run. The reaction was then all-
owed to stand until the next day with jpartial exclusion
of light.
B. Listillation

Previous to distillation the hydroxyla-
tion reaction mixture wes trestea with € gus. of zinc
dust end 3 ml. of water to destroy any L20o which might
still have been preseant.

Distillation was carried out in vecuo
in a 50 ml. 24/40 standard taper flask eguipped with a
finger condenser type distilling head. Solvents were

first removed &t room temperature with a water aspirator.
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The following fractions were collected:

fiiysical Appear-

Fraction Boiling Range Pressure n%o ance at Room
g Temperature
1 76 - £6° 2 mm. - solid
2 89 - 90° 2 mu. - "
3 97 -107° 1} mm. 1.5760 green liquid
4 115° 2 mm. 1.5760 L "
5 125 -147° 1% mm, - " L
6 160 -192° 2 mm. - liquid slowly

solidfying

Fractions 1, 24 3, 4 and 5 gave an orange precipi-
tate with a &% solution of 2,4-dinitrophenylhydrazine
in 20% perchloric acid.

Previous runs which had been trecated with ceric per-
chlorate to cleave the glycol gave results similar to
those recorded above. Thus, because the heat of distilla-
tion appeered to be sufficient to cleave the glycol XII.
it was felt unnecessary to continue the ceric perchlor-

ete procedure.
C. Characterization of Fractiouas.
2,4-Dinitrophenylhydrazones were
preparea for fractions 1 and 3. The procedure cof

Cheronis znd Entrikin (20) was used.

b



oo &mall guzntity of fraction 1 was discsolved
in 10 ml. of methyl clcohol znd zaaed to £L0 ml. of
methyl szlcolol saturated with £,4-c¢initrorhenylnydra-
zine. wmila reflux was allowed for about 3 minutes and
several dro.:s of concentratzd ECl were zduea to the roint
of incipient _.recipitstion. Refluxing was continued Tive
minutes and 2 wmle. of weter wcs caced. The insoluble hycra-
zone precipitatea. After the solution stood overnight at
rooin temperzture, the derivative w:s filtered, wzshed with
water znd sowe methyl zlcohol znd aried, m.p. £53-254°.
Recrystallization from methyl @lcohol rcised the melting
point to &b7-2& °, A mixed melting point with «n zuthentice
sample of the Z2,4-ainitrophenylnydrazore of p-bromobenzzlde-
hyde, reported to uwelt &t £60~26l°(21), (see cection ¢n
lererence Aldenydes), meltea at 2577,

rrzcetion 3 was treated by the swwe grocedure &s
described for fraction 1. After the first crop of crystals,
A was filtered, water was edded dropwise and a second
Similar treatuent gave Co The addi-

The

crop B wus obtained.

tion of excess water cauced crop D to precipitate.

melting points of the fractions were:
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40 C.
190°C.
1z1°c.
1e5°¢.
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PUEFARATICH CF REFLHENCI ALLZIYDES

In the early ghases of this investigation, the
proof of structure of 1,3-di(p-bromophenyl)-l-butene XI
was contemplated by the characterization of 2,4-dinitro-
phenylhycrazone derivatives of carbonyl components ob-
tained by fragmentation of the hydroxylated butene XII.

p-bromobenzaldehyde had been previously prepared
(13) and Eeilbron (19) reported the melting point of its
2,4-dinitrovhenylbydrazone as 128°. This Gid not compare
with the derivative isolated in our reaction and was
later found to be in error (14). Further, en error of
10 cegrees in the melting point of p-bromobenzzaldehyde
was found in Coleman anc Loneywell's procedure (13) for
its oreparation. p-Bromohydratrojsaldehycde had not been
reported or characterized in the literature previously.

For these reasons, it was decideda to prepare these
aldehyces and characterize them in order thzt they might
be used for comparison purgoses with those isolated in
the degrzdation studies of 1,3-di(p-drowoshenyl)-1-

butene. ,



PARA BrO. Op WiALLFYDE

p-Brouwobenzalaehyde was prepared according to
the procedure oi Coleman end :oneywell (22). Tre
cource of the reection may be reoresented by the

following equations:
erd Ycrgt 2rp — e cibros 2ibr

XT11 XIV
sr Yo + 1,0 —> Br)cro + 2w

KIV A

In & 1l-1. three-necked flesk equipped with mecheni-
cal stirrer, reflux concenser, thermometer and dropping
funnel wus placed 200 gme. (1.16 moles) p-bromotoluene
whick was commercially availszsble. Flask and contents
were illuwinateu with an unfrosted 150 watt lamp and
heating of the contents was commenced. Addition of
394 gms. (2.46 moles) of bromine was started &t such
a rate that there wus not a large excess present at any
time. The bromine was introduced under the surfzce of
the reaction mixture. About one-hzlf of the bromine
wes added in the first hour &t 105-110°C. The rest

was added over zbout 3 hours at a temperature of 135°C.



The temperature was then raised slowly to 150°C.

The chilled crude p-bromobenzal browide was trans-
ferred to a 5 1. round bottom ilask cnc was mixea with
450 gms. of CaCO3. £ix huncred milliters of water was
added and the mixture was heated under reflux for twenty-
six hours to effect hydrolysis. The hydrolyzed mixture
wes then stecm aistilled, insuring complete &gitation
of the heavy so0lids, through a llopkins still head to
minimize bumping over into the condenser. The {irst 3
1. contained most of the product but an additionzl 3 1.

of distillate was collected.

Yield:  148.5 gus. bePe 67-68°
£4.6 gus. 65-64°
total 173.1 gms. 78% yield

The 2,4-di-nitroghenylhydrazone (xVa) of p-bromo-
benzaldehyde XV was prepeared by the method of Cheronis
and Entrikin (20) previously described. The melting
noint wuas 257-258° after one recrystallization from methyl
alcohol. Enyder and Eandricx (21) report the melting
point of the 2,4-dinitrophenylhydraszone of p-brouwobenz-

aldehyde as £60-1°.

<
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PAxfy BrOLOEYLFATIOPALLSLYLE

The Darzens glycidic ester condensation was used
for the synthesis of p-bromohydratropaldehyde. p=-cromo=-
acetophenone XVI and ethyl chlorozcetate XVII are com=-
mercially zvailable so this appeered to be the shortest
route. Allen and Van Allen (23) had jsreviously converted
ethyl- ﬁ -methyl-ﬁ -phenyl-glycida.te to hydratropaldaehyde
in 50% yield and Newmen &nd Closson (24) had carried out
the ssiwe reaction with minor modifications of coauitions.

The course of the reaction mey be represented by the

following eguations:

Q
BrOC CHg+ CLCHoCOOEt — Br{ )C-CH-COOEt
NalHg CHg
WI XVII XVIIT
Br c;’O‘CH COOBL liaQH Br@ Sok_coona + BtOH
-CH- ' -ChE- &
XVITT XIX

o) ET H
Br{_)§-CH-C00Na  ——— Br{_)¢-CHO
G -COg

XIX XX

Sodamide was prepared by the procedure of Hencock znd

30.



Cope (25). The preparation was carried out in a well
ventilated hood. A 1-1. three-necked flask equipped with
a reflux condenser, which was stopgered with a soda lime
drying tube ana a glass inlet tube)for introducing ammonia
wzs chilled in an acetone-carbon dioxide bath. Ammonia
frem a cylinder was introduced slowly to &llow liguifac-
tion of the gas. When approximately 500 ml. of liquid
NEghad been collected the flesk was removed, a crystal of
Fe(NGg)3 added, followed by 92 gms. (4 moles) of sodium
metal cut in swall pieces. Stirring was continued through-
out the aduition. When the liquid NHq had evaporated the
s0l1lid sodamide was removed and stored unaer dry nitrogen
in wax sealed rutber stoppered bottles. Yield 138. gms.,
or 87.1%.

Ethyl 4 -(p-bromophenyl)-p -methylglycidate XVIII was
next prepared using sodamide as the condenesing agent. One
hundred grams (0.5 moles ) of p-bromoacetophenone XVI,

62 gms. (0.5 moles) of ethyl chloroacetate XVII and 130 ml.
of anhydrous C.p. benzne were mixed in a 2 l. three-
necked flask equirped with theruwometer, mechanicel stirrer
and a reflux condenser cerrying a soda lime drying tube.
Twenty-three and six-tenths grams (0.6 moles) of soca-
wide, which was well powdered, was added in smzll incre-

ments over a two hour period maintaining a reaction
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temperature of 15-20°C. by means of a cruched ice bath.
Stirring was continued two hours after coiletion of
sodamice aadition.

The contents of the flask were poured into 350 gums.
of crushed ice and the benzene legyer separzated. The
aqueous layer was extracted twice with 200 ml. of benzene.
The combined extractions wsre washed three times with
100 ml. portions of water, the last portion containing
10 ml. of glccial acetic acid. The washed extract was
dried over anhyarous sodium sulfate overnight.

The benzene solution was transferred to a 150 ml.
24/40 standard tapered, round bottom flask and the ben-
zene evaporzted at room temperature under the reduced
cressure of an aspirator using a Claisen head. For the
distillation of the glyciuic ester XVIII a distilling
head of the [linger condenser type wes used. Listilla-
tion was carried out in vacuo using a Cenco LiVac puup.

The following fractions were obtzined:

LISTILLATE

Fraction Wt. Gmns. Boiling Range Pressure ggg
A £l.78 38 -113 C. 3 mu. solid

B - 113° 2. mm. L

c - 113-120° 2 mm. . "
D 6.8 125-127" 2% ma. 1.5530
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10.7 130-136° S mm. 1.5400

o
F  18.0 137° 1% mam. 1.5561
G 17.1 138-140° 1} ma. 1.5360
H 7.6 140-140.5° 15 ma. 1.5372
I 6.4 141-146° 2 ma. 1.5380
J 0.7 to 150° 2 mm. 1.5414

a)=-compbined wei ht of fractions A,B &nd C.

Analysis of fraction G using the Parr bomb method
(18) gz=ve 28.0% bromine coupared with a theoretical
value of 28.0% for ethyl ﬁ -(p-br’omophenyl)-ﬁ -methyl-
glycidate XVIII.

This glyciaic ester XVIII appeared to be gquite
etable when stored in a well stoppered vial for periods
of one to two months. It is a straw-colored, viscous
0il, b.p. 139°C. at 1.5 mu nfO 1.5360. The yield was
30.6% based on fractions F tnrough I.

Fractions A, B and C consist mostly of unreacted
p-bromoacetophenone &and ethyl chloroacetate. This is
characteristic of previous reports of the condensation
reaction for preparction of other glycidic esters.

Hydrolysis ana decarboxylation of ths glycidic
ester JVIII essentizlly followed the procedure of
Allen znd Van Allen (23). The p-browmohydratropalce-

hyde XX was distilled in vacuo, however, beczuze of its
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ovrobebie liquid cherzcter.,

To 25.6 gzus. (.U885 molas) of ethyl tg-(g-bromo-
phenyl)-gg-methylglycidate (from visls ¥ and EF), con-
tained in 1-1. three-necked flask equipped with mechani-
cal stirrer, reflux condenser and thermometer, was added
a solution of 8.4 gms. (.210 moles) of sodium hydroxide
in 24 ml. of water. Alinost immediately an exothermic
reaction set in and the teuperature of the rezction
mixture rose to 65 C. The flask was chilled and the
temperature maintained at 45-50°C. by wmeans of a water-
ice bath. An insoluble white so0lid J2recipitated.

After stirring for five hours, the reaction mixture
wes acidified with 6 N. EC1 until blue to Congo paper.
ixternal cooling of the flask was necessary. The acidi-
fied mixture was refluxed for two and one half hours end
upon cooling, an oily layer separated. The water layer
was extracted with two 30 ml. benzene portions and the
combined oily layer and extracts placed unéer tie re-
duced pressure of an zspirator to remove the benzerne.
The residue was distilled in vacuo using a ringer
condenser type distilling head.

The following fractions were collectea:
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Fraction t. ums, Boiling Rznge Fresgure np
1 2.2 90- 96°C. 2 mm. 1.5604
2 6.2 98-100°C. 2 mon.  1.5602
3 2.3 104-110°C. 2 mm., 1.5602
4 1.3 117-127°C. 2 mm, 1.5605
5 1.2 150-146°C. 2 2 mm. 1.58%
6 1.8 147-165°C.a 2 mn. 1.5701

a) Decom) osition noted during daistillestion

Fractious 1l-4 represent a 65.7% yield of aldehyde
X from the glycidic ester XVIII. The distillate was a
green-white liquid in the first four fractions. A drop
of fractions 1 and 3 gave precipyitates when mixed with
S5 ml. of a &6 phenylhydrazine solution in 20% perchloric
acid.

promine analysis of Iractions 1 and 3 by the Parr
bomb method (16) gzve respectively, 39.6% and 39.1% as
compared with a theoretical value of 43.2% browmine for
p-browohydratropaldehyde xX. If XX may be compared
with hydratropaldehyde, its stability would be expected
to be very poor because of susceptibility to oxidative
influences. This would explain the poor comparison of
halogen analysis with the theoretical.

A 2,4-dinitrophenylhyarazone XXa of p-bromohydra-

tropaldehyde was prepereda by the method of Cheronis

(VY]
n
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end Entrikin (20) and recrystellized from glacial
acetic acid to remove excess Z,4-ainitrophenyl-
hydrazine. A brouwine analysis of this phenylhydra-
zone (XXa2) (16) indicated 20.1 and 20.5% bromine
combared with 20.3% theoreticzl bromiae.
p-Bromohydratropaldehyde-2,4-dinitrophenyl-

hydrazone (xXa)

H HO
Br<:j>-C—CH=N;$-%::>NOL
¢ H

h3

N - r
AANS

is a yellow crystalline solid melting 123-124"C. It
crystallizes as needles from methyl alcohol and
prisms frow glecial acetic acid. Its comparative
solubility in methyl alcohol is greater than p-bromo-
benzaldehyde-2,4-dinitrophenylhydrazone (X{Va).

XXa wes mined with tre 2,4-cdinitroghenylnydre-
zone of crop (C) (see page 26) and a melting point of
118-1192° was observed. A bit of crop (C) was seeded
in a saturated soluticn of X{a in glacial acetic acid
anad crystallization took place. The driea crystels
melted at 123-124°. Thus crop (C) and XXe must be
identical und the second com>onent of the hydroxyla-

tion degradation is p-bromohydraztropslcehyde.
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DISCUSSION

The work of Goerner and Eines (1) has been extended
to O(-chloro-0(-(p-bromophenyl)-ethane X which weas pre-
pared from p-bromophenylmethylcerbinol IX (see ZIxceri-
mental for preparetion). It is interesting to note, that
0(-chloro-0&(p-bromopbenyl)-ethane, preparea in the
manner described (page 14) gave averace yields of 10%
higher than that reported by Barber et al. (11) who used
thionyl chloride instead of IiCl for converting the alcohol
to the chloriie. Further, Barber reported & -chloro-a-(p-
brouwophenyl)-ethane in what would seem to be its more
cruae state. Wwe have found it to be a pinkish pungent
oil in tlie cruue state, whereas upon distillation, thiis
crude proauct gave & water white oil of physical proper-
ties comparable to those described by Barber (11).

It seews highly probable that analysis of the
aliphatic chlorine in o&(-chloro- X -(p-broumophenyl)-
etnane is feazsible by a sodium hydroxide reflux technigue.
e were able to titrate an aliquot which had been re-
tluxed for twenty-six hours in 6 molar excess of 6u.
alcoholic aqueous NaOH and obiained results only within
1% of the calculated values. It was felt that question-

able purivy or the originel sample might add to une

S



explanation of low resulcis.

The reaction of & =-chloro- X{p-browoohenyl)=-
ethane with cuprous cyaniae can be coupared favorably
with ihe rezcvion of o -chloroethylbenzene. Goeraer
ana Hines reported yields of 40% for their dimer. In
this investigation we have obtuined yields of dimer of
the swiie orcder of magnitude. Tt would ap.ear that this
dimerization reuction is cheracteristic of o(-halo-
ethylbenzenes. The reaction does not, howsver, seemn to
be &s violent in this case as thct observed by Goerner
end Fines (1). It sterts at approximctely the same
teuperature but there is not the violence of filling the
condenser with LCN or its rapid generation noted in the
orevious instance. This mcy be partially explained
through the fact thet molecular ratios of Cull end & -
chloro-X -(p-bromoghenyl)-ethane do not require &as much
CuCll as was needed in the case of o-chloro-<(-gchenyl
ethaene. Thus the actual generation of rCN on a weight
basis would be much less in the preparation of 1,3-di(p-
bromophenyl)-1l-butene.

The structure of 1,3-di(o-bromophenyl)-l-butene
seemis to be reasonably well estublished. '“hen sharply
melting crystale were hydroxylated end cleaved either
by hect or ceric perchlorate znd heat, the carbonyl

coinponents were Isolated end characterized as their



2,4~-dinitroplenyltydrazones.
p-Bromobenzaldehyde had previously been prepared

end characterized as tle 2y4=-dinitrophenylhydrazone.

It wzs easily isolated in the distillzte of = hydroxy-

lation degradation and precipitated as the £,4-dianitro-

phenylhydrazone. Cn comparison with &n authentic sample

of p-bromobenz1lcehyde-2,4-dinitrophenylhydrazone there

w28 no melting point uevression.

Isolation of p-bromohydratropzldehyde &as a component
of the hydroxylation Iraguentation wus more difficult. It
had not been previously reported in tie literature. .re-
paration through the Darzens glycidic ester condensation
was accoum>lished during this investigztion. It wzs
charecterized zs the z,4-ainitrophenyluydrazone.

Once p-bromohydratropalaehyde had been grepared and
charecterizea, sufficient information was availeble to
choose daistillate fractions of the hydroxylation frag-
mentztion which were richer in this com .onent. By oHre-
ciositation =s the 2,4-dinitro-henylhyurzazone and frac-
tional crystellizetion from methyl alcohol o-bromo-
benzuluehyde-2,4~-dinitrophenylhydrazone waec isoleated
from the Lydroxylsztion fraguentation mixture and com-
cared by mixea amelting point with the prepered szugle.

o degression wzs noted.
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Faving established the structure of 1,3-di(p-
bromoghenyl)-l-butene, bromination in CSg, which is &n
accepted methoa of adding to the double bonu, undoubted-
1y yields l,2-dibrowo-1,3-ci(p-bromophenyl)-butane.
Ezlogen cnalycis compared with calculatea values for the
brominated butane derivative ceems to beer this out.

Little aeccurate inlormation is actually known ebout
tlre mechanism of this dimerization reacticn. Coerner (2)
hes obcerved thot the use of styrene as a solvent in the
dimerization of oK-clhloro-« -phenylethene greatly increcses
the yield of dimer. If sufficient styrene were .
present, yields greater then 100% of theoretical vesed on
dimerization (eg. see p. 16) were obtzined. Frurther,
p-bromostyrene nust be present in the dimerization re-
zction of e« -chloro-e -(p-brouophenyl) ethane. Wwhen a
forerun of the aistilletion wes refluxed with a saturated
solution of mzleic anhyuriae in benzene and a trace of
benzoylperoxiae, in about ten minutes a polyneric preci-
pitate fcrmed.

It is & well knovn fact that K -chloroethylbanzene
decomposes to form styrene. Ry anclogy we could expect
the following reacticn:

13

H C-Cl HC1 4
—>

CxQ
fasjay
A"

t
e
)
i}
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p-Eromostyrene may exist in at least the inuiczted

posecible resonance forms.

é,{rz (-)('?Hz

CH a CH

b.) © (+£)
Br

If reaction (a.) takes place & possible intermecicte
step in the formation of p-bromostyrene might be the for-

mation of a carbonium ion.

B ]
%:113 CI".\.S
H-C-C1 H-C(4)
:
C.o) Cl-
Br Br

Reaction of the carbonium ion in (c.) =nd the resonance

structure given in (b.) would give a diuer

p— ——

CHy (-)CHg —
H-C () ' CHy CH~CHo-gH |

Cr
o1y — ( c1-
a.) Q + O O
br

_Er L_ Br Br

In the presence of a molecule of Culi & molecule
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of ECL would tend to eplit out of the ionic form of

the dimer =zccompanied by rezrrangeucent.

e.) CF3-CH-CHg=-CH Clii#CH-Cn=CH
CuCN 3
C1”

+ EC1
Br

Br Er

In en atteumpt to convert the diwmer from the cis to
the trang forme or the revercse, 1 gran of 1,3ci(p=-bro..o-
phenyl)-l-butene was cissolved in 25 ml. of nitrobenzene
and refluxed for twenty-six hours with a trece of iodine
(11). A polymeric materisl was obtzined. This would
further help to explain the tendency of the double bond

in the dimer to unaergo ad.ition tyce of polymerization.
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SULIARY

1. o - Chloro- & -(p-bromophenyl)-ethane has been
prepared and coagares favorably with the psreparation

reported by Barber et al.(1l).
2. o -Chloro-«-(p-bromophenyl)-ethane has been

dimerized to 1l,5-di(p-brcmophenyl)-l-butene by the treat-
ment with CuCik in yielas of the order of 47%.

3. The structure of 1,3-di(p-bromophenyl)-l-butene
has been estzablishea by hydrcxylation and fraguentation
of the alinhatic double bond to carbonyl components.

4. The cearbonyl comzonents, p-bromobenzaldehyde and
p-bromohydratropaldehyde, were characterized as their
2,4-dinitrophenylhydrazones and conpared with prepared
samples of each.

5. p-Brouobenzaldehyde wzs prepared and charecteri-
zed as previously reported in the literature (20) (£2).

6. p=-Bromohydratropalaehyde had not been greviously
reyorted in the literature. It was prepared through a
Darzens glycidic ester condensation and characterized cs
the ¢,4-dinitrophenylhydrazone.

7. 1,3=Di(p-bromoghenyl)~-l-butene was brominated to

1,2 dibromo-1l,3-di(p-bromoprhenyl)-butane.
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