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m polyserization of unsubstituted styrenes bas been
studied by & numbor of workera, awong chem Wheland (11),
Stoermer snd Kootz (9), nnd Zlegler and sahr (13), but nene
ol these workers bave studied the effect of halogen sube
ﬁsmam ont the side chaln. This bhas been studled by

Worrell {(12), and he eonsluded that such nmumum
. blooke2 polymerizatiens |

It wes the purpose of the present work to prepare

aechlorostyrene, and to earey Lhe work of Worrell a siep
furthor by seeking some resgent whish would bring about the
Polymerisation of wechlorostyrens. A further purpose was to
prepare a new omghilorostyrens, determine the physical con-
stante, and study its ability vo polymerize.



HISTORICAL ASIECTS

Among the first workers to sffact the propsration of
seghlorogtyrene by the squimolsr resction of acetophenone
and phoaphorus pentashloride wore Dufralsse and Viel (3).
They observed that the
8dd coroes the ethylene i;ﬁ;v o of the owehlorostyrens
 Tormed in this reaction, 1rhthm hydrosen chlorides was alle
owed to remain in the resction veasel. They Tound that this
addition §@ulﬁ be prevented by carrviag out the resotion in
& solvent in which the hydrogen chloride wes insoluble and
by running the reactlon at a slightly eleveted temperature.
The same wvorkers also reported that aeshlorostyrone decompose
ed at room tempersture into formaliehyde and chlorobenzene
with subeequent resinifioation, and recommended stordge at

varopsn chloride miven off would :

reduced Dressures.

Bmerson and Agnew (4) reported the preparation of seve
eral ohloro substituted styrenes, thoss of particulsr inteprs
@st being the o- and B-chlorostyrenes which wers synthosiszed
by the removel of hydromen shlorilde from lephonylel, 2« ichloro-
~othane by the use of an slooholio solution of sodiun hye
droxide.

it was noted by Worrall (12) that halogens on the aide
ehain of styrene tended to block polymerization, end in his
paper he reported that no veaction took place in the sbasnce
of water, ond that wet reagents produced only unchanzed come
‘ponents, products resulting from hydrolyais, or destruciive
deoonposition,



‘ lore resently 1t has been reported by Bachmen and Helle
men (1) end by Brisgs and Wolfetirn (2) that the substis
tution of a methyl group on the alpha earbon Mﬁm of aty=
sound (wemothylatyrens) which cospolymerized
in smulsion systems with styrene, methyl methacrylate, and

malele anhyidride, bubt 4id not polymerize alone with pere
oxide oatalysts. It has olso besn found by Welling, Brisss,
Wolfstirm, and Maye (10) that bromine, as well as other
groups, when substituted on the bemzens ring of styrenos,
inoreased the reactivity of the double bend,



AFPPARATUS

Because of the large quantities of hyirogen chloride
svolved, both in the preparation of «eghlorostyrene and of
p-bromoscetophenons, 1t was found necessary to use the fole
lowing gas trap proposed in Gilman and Blatt (7), rether
than the usual one which consists merely of a glass tube
dipping beneath the surface of water in a flask. 1

d— SIPHN TO siake

Figure 1. Gas Trap for Hydresen Chloride.

A ealight modification was made on the design as found
in Gilman and Blatt, in that the end of the water-carrying
tube was orimped slightly to provide & spray rather than a
- 80114 stream of water. It was felt that this would provide
for more rapid absorption of the ges, and such seemed to be
the ocase, for no escape of hydrogen ohloride was noted at
any time after this trap was put into operstion,
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The short solumn salled for by Gilmen and Blatt in

their preparation of pe=iromsscetophenons (6) was not avalle

able, therefore the modiiied coiumn shown below was used

and proved somplesely sailszfestorys

[

THECMOMETE R

8" coLuMN
CRACKED

BorwnG
CHIPS

I \ HoF FmAan
e e lod MP
70 MANOMETER Anp ’ ; ==
YACOUM conwacTion/s

CRACKED 1ce
AND SALT

Soo w/ Feask,

BATH HEATING,

Plgure 2. Appoaratus for Vaouum Distillation of p=-BEromo=
-agoetophenone



The distillation of pebromo-c-chlorostyrens required
spesisl condensers shorter then those which were avallable,
for it was felt that the losses in a condenser of standard
‘length would be too high, therefore the following appare

atus was made and used sucgessfullys 8

MODFIED ZSwd
DISTILLATION
FLASK

3" 7€Es7-TuBE

Pigure 3. Distillation Apperatus for 5-10 ml. Sauples.

The above squipment was found to bs too large for dlge-
tillation of samples of 1-2 ml., therefore the following
gondenser was made for semples this size and amall@r, and

proved quite satlsfactory,
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Plozure 4, Distillation Appsratus for 0.5-1.5 ml. Gamplos.
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EXPERIMENTAL WORK

The first attempted preparation of x=chlorostyrene
following the prosedure of Dufraisse and Viel (3) gave a
poor yield dus to inexperiense, therefore this run was dlse
sarded, and & nmew start was made. In the second rum, 120 g
(1 mole) of meotophenons was sdded to 206 g. (1 mele) of
phosphorus pentachloride and 300 ml. of petroleum ether.

The mixture was refluxed for two and one-half hours at &
temperature of 57-63°C. in a one liter, three-necked flask
Titted with reflux condenser and thermometer. The liquid was
filtered, and the solid, unreacted phosphorus pentachloride
wag discarded. The liquid portlion was vacuum distilled and
the fraction beiling over & temperature range of B7-96°C.,

at a pressure of 18-2%5 mm. of meroury was collected. The
welasht of the distillate was 52,5 g« for a ylsld of 59.5%.
The distillate was stored in the presence of 0.1 g. of hydro-
quinene, in an attempt to prevent decomposition and poly~
merizations It was found that the inhibitor fallsd te pre-
vent oxidation, for the originally colorless compound turned
black in the space of one day, therefore repurification was
negossary. Sinee there were meany faulis to be found with the
apperatus availlable for vaouum distillation, advantage was
taken of the difference in melting pointes of acetophenone
(MsPe 20,5°0.) and o-chlorostyrens (M.P. = 235,0°0.), and they
were separated by ecrystallization, using dry loce to lower
the temperature. At the conolusion of this erystallization,
8245 g, of the aeohlorestyrene still remained, as practically

2



No acetophenone was present.

The ~Wﬁmi gonstents of omohlorostyrene were deters
mined, and it was found to have & boiling point yange of
19719804 (Lites 195°0s) at atmospherie pregsure, and &
mf‘rwmw index at 20°0s, of 1.5505 when reforred to the
sod fum ”D" Linme (Lit.s ny 5" 1, «5584)

In an mwmm to overcome the need for aam distill-
atlon of the amchlorostyrene, stering 1t at a pressure of
20-23 mms of meroury was attempted, and this proved to be
Quite some help, though it was far from perfects In this way
the oschlorostyrene would remain reasomably free from oxis
dation for a period of a weel, but after that time, it was
negﬁwxw to diatill whenever pure compound was desired.

Several different methods of polymerization of aeghlore-
~styrens wm attenpted, all of thom being sarried out in
tightly stoppered three ineh teat-tubes. The firet sttempts
wove mede at room tomperature, using in one cese 0.1 g
Potassium persulfate as sceelsrating sgent, and in the sece
ond case, 0.1 8+ of benzoyl peroxide, with )} ml. samples of
owhmaﬂmm; Whan both of these attempts gave no appe
- arent polymer, the sawe reagents were used and the mixtures
~ were heated to boiling, with the same results. Similar atte
oupts were made st co-polymerization between a=chlorostyrene
and the following: styrens, methyl methaorylate, vinyl ace-
tate, 41allyl phthlate, and vinyl isopropyl ether. The runs
wore made both at room temperature and at temperatures up to
100°04, ueing 1 ml, of omghlorostyrene and 1.0 wl. of esch
uonomer, plus 0.1 g of benzoyl peroxide. He polymorization

2



was noted iIn any case.

Furthor attempts at polymerisation were msde, ngain
using tightly stoppered three inch test-tubes, into which
were placed 1.0 mls of ceghlorostyrene and 0.1 g. of alusinmum
chlorides The testetubes were then plaged in a beaker filled
with oracked dry lce, which was replénished as needed during
the eight to ten hours of the run. These attompts wers alse
unsuscessful, though in one run & black, tarry substance
was found in the bottom of one of the teat-tubes. This sub-
stance was insolubdble in both acetone and dlethyl ethsr, fore
ming a bright yellow, floseulent precipitate in the former,
8aid precipitate ales being insoluble in the ether. The tar
dissolved in ethyl alsohol, and viscosity tests were made on
this aleohol solutiens 4 5 mls portion required 210.5 ses,
to flow through an Ostwald viscometer at 25°C., while 5 ml,
of the M aleohol required 230.4 sec. Therefore, 1t was
concluded that the tarry substance was not a polymer, as
polymers raise the viscosity of solutions. It was thousht
that the tar was quite probably some aluminum chloride adde
ition compound. This wduld mceocunt for ite solubility in &
slightly polar solvent, and the ineressed density of the
aleohollie solution of an aluminum chloride salt would acoe
ount for the Inoreased rate of flow throush the visoometer.

The next phase of the work wes to synthesize an
smghlorostyrene with a halogen substituted on the ring, oince
ring halogens were known to spevd the polyserization of stye
rene (10}« The preparatiocn of p-bromoeosahlorostyrens was
sarried out, again following the procedure of Dufraisse and

10




Viel (3). Por this preparstion p-bromoscetophencns wes
neede, and this compound was prepared acoording to the Pro-
cedure of Gilman and Dlaty (6) as follows: ‘mm a one liter
thres-noeked flask fitted with reflux condenser, dropping
funnel, aud mechanieal stirrer were pluced 78.4 ge (0.5 mole)
of bromobensens, 150 g. (112 mﬁmi of aluminus chloride,
and 200 mls of carbon disulfide., The reflux condenser wes
connected to an efficent gas trap (see Pigure 1, page 5),
and 4048 ga (0vh mole) of acetic anhydride were placed in
the dropping funsels The mixture in the flask was heated on
‘the steam bath until gentle refluxing started, following
which the acetis anmrm waa cdded over a poriocd of one
hour, and refluxing wmzmm for one hour after the sdde
1tion wes complete. At the end of that time, the condenser
was reversed, snd the mejority of the carbon disulfide was
d1st11led off on the ‘stean baths The resstion mixture was
allowed %o eool, but while still warm was poured over app-
roximately 750 se. of a mixture of gracked ice and hydroe
ehloric acid. The leavings in the resction flask were also
treated with the lce~acid mixture, and were added to the
maln product, bringing the total voluve up to about one
liter. Zach 400 co. portior was extracted twiee with 60
and &0 ml. portions of dlethyl ether, following whish the
extrasts were ocombined and washed twloe with 100 ml. pore
tlons of water, once with 100 ml. of 107 sodium hydroxide,
and twlee more with 100 ml. porticns of water. The extrast
was dried overnight with 6-10 g« of caleiunm ahloride, file
tered, and the solvent distilled from the atesm bath. The



resldue was dlstilled at o pressurs of 18«22 mm. of mercury,
using s short solumn (see Pigure 2, page 6)s Some low boile
g mathr sane over first, and was removed. After that,

the temperature rose rapildly, and the distillate ceme over
solorless, erystallizing to a white solld in the receiving
flask. The yield wes 27.2%, as 2715 g« of pebromoss
phenone with a melting point of 49-50°C. were obtained.

(Lites 49-50.5°0,)

For the ohlorinmation of this compound , a W mle three
necked flask was used as the resetion vessel, end waas fitted
with & thermoweter and reflux condemser with gas traps In
this wore plaged 18420 ge (0.095 moles) of pebromoacetophene
- one, 1948 go (0,095 woles) of phos-horus pentachloride,
and 80 ul. of peiroleun ethers The nixsure wes refluxe
two and one-balf hours at & temperature ranging from 39-43°C.,
then cooled and filtered to remove say excess phosphorus
pentachlorides The liquid peitlen was dlstilled and 4,40 g,

- of a straw colored 1liquid wore obtained. A chlorine snalysis
was run on this solution, by boiling a 045100 g« semple

of it with a 3% silver nitrate solution (alocholie). The sile
vor nitrate was added until no mere precipitete was seen
forming, then approximatel) 045 ml. was added in excess.

ihe silver ehloride formed was filtered through a wolshe
Gooch quum and the precipitate was washed with ether
and water to enaure that &Mm wore no organie or soluble.
Inorganic residues adhering to ity dried and found to weligh
0s3321 g« To find the peveent of ohlorine in the sample, -
these flgures were substibtuted in the following equation

a2
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which gives the pergent of chlorine directly:

v ... Whe AzCl X O.247H

This wes dome, and the velus founi to be 18.1f, Since the
ealoulated value for the ohlorine content of pP=-bromno=de
chlorostyrene was 16.3%, it was concluded that the liquid

was indeed p-bromoeo-ohlorostyrens. The yeild of this ree
action was 18,37, The compound was found to have n density
of 1.203 go/mls at 25°0., a bolling point of 211-212°C,,

and a refractive &ﬁﬁox‘at 1.87695 at 25°0, when compared
with the "D" line of sodium. The dnnaity was Tound by weilghe
ing & 0,40 ml., sample as messursd by a pipet, a procedure
made negessary by the small smount of the compound availé
able. Beosuse of the small quantitios, all neocossary dige
ti1llations were carried out in the apparntus shown in Pige
ures 3 and 4 on page T.




DISCUSSIoH

A search of Chemical Abstractas revealed several methods
for the prevaration of aechlorestyrene, among them the pothe
ol of Gmerson and Agnew (4}, end the method of Dufraisse
and Viel (3). The second reaction gove promise of being the
more interesting, ana.aunsaquﬁntiy'waa chosen. This prep-
pretion enlled for sn equimolar reaction between scetophen-
one and phosphoérus pentachloride in a solvent of petroleun
other, It is thought that the veaction provesds through the
formation of an intermediste dichlore addition product.

Tnia gompound is probably thermelly unstoble, and at the
tempersture of the reaction, spontansously decomnposes Lo

give the desired a~chlorostyrene as Tollows:

0 T e
Qm, ' | am‘:«aﬁj
@ ot Mg~ @ + POCL5
o1 o
am»énaﬁ3 o cuiy

A
Q:] + Hﬂlf
Fioure 5S¢

The chief disadvantage of this reaction ls that precau-
tions must be taken to insure agelinst the possibility of the
addition across ihe daublalhmnﬁ of the hydrogen chloride fore
med in the resstion. This fnu&ﬁ was overcome by using an
olovated temperature, snd a solvent (potreleum ether) in
which hydrogen chloride was insoluble. It was thought at

14



one time that the yleld of 59.5% could be improved by the
use o a larger quantity of phosphorus pentachloride, but
such was not the case, for with she use of phosphorus pentae
ohloride in an'excess of equimdler proportions, thers wes a
groator tendency to add meross the doublo bondj in fast it
Wes neceasary to filter end remove the mmﬁaﬁa.yhnaphmrua
pentachloride at the conclusion of the resction.

The preparation of p-bromo-oechlorcstyrenc negeasitated
the use of pe-bromoscetophenone, and this compound wss pro-
pared by the use of a Friedel-Urafts synihesis outlined by
Gilmen end Blatt (6). As may be seen from the following
equations, it was nesessary to use an smount of aluminum
ahloride slightly in excess of two equivalents in order that
free roagent be present to perform the fumetlon of A eata-

0Hy 020 H #‘%ﬁl ?Bal
~ OH=z Ozo%eply:
3 % + 2 ALOY3 — 2 ”,3 ol PP OgHshr -2 | Bp ast
OHs 020 OHy 0209401 Rc1y
*+4101p
| {:\m:5 o1 g P>
By 020" |+ 3 Hoo —> By g20 +AL(oH) s +3 Hort
o ‘agatg” " H Q 'J !
r 1@1“ B

With the p~bromomcetophenone available, the suceceeding
reaction Tor the preparation of pehromo-c-ghlorostyrens was
aarried out exactly as was ths preparation of the unsube
atituted owshlorcatyrene.

The procedure in Gillman and Blatt (6) salled for the
use of a flve~to=four ratic of hWronobensene to ncotis
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anhydride, though es may be seen from Mgure 6, the stoi-
chiometrie retio shonld m ﬁm»twm; erb&m this serves
Lo explain the low (27.2%) yield obtained.

Tt had been fownd by Worrall (12) thas the substitution
_ of halogens on the side chain of siyrene tonded very marke
adly to a;nhibw both gximnim reastions and polymerizastion,
but 1t was net pointed out in his paper spesifically wbat
acoolarators were used, nor under what conditlons of temper-
ature the reastions were carried out. Wheland (11) has pointe
ed out that the polymerization of unsubstituted siyrens
could be bmugm about elither by alaﬁ%mphiimi, nueleo=
philie, or radiesl reagents, ond Bachman and Hellman (1)
noted that the ammlmﬂ'm'zum of a=mathylstyrens could
be brousht about by radiesl vesgents, but thatquite active
ixwlmphiua reagents were required to cause this sompound
Lo polymerize with itself. Sparks, Kellos, snd Meld (8)
discovered that styreme or a mixture of atyrene and
wmothylatyrens could be made to polymenize By the metion
of aluminum chleride st a tempsrature of -100°0. With the
work of these men in wmind, numerous m#esusatzms were

nade to aseertain the effest of bemzoyl peroxide and slunie
num ehloride ss ascolsrsiing agents upon the polymerisation
of amchlorostyrens, The former dssomposes thermally to give
the sctive phonyl radieal, while the latter is an 2leotrow
phillie compound, Both veagents wers trisd at room tenpore
ature as well as at elevated tenperatures, with no polymer-
ization noted, and the aluminum ghloride accelerator was
tried at temperatures around = 70°C. to = 80°C+y also with
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negative results. The benzoyl peroxide was not tried at low
temperatures, as 16 reguires hesting te produce the actlve
phenyl redicsls The only sonclusion that could be drawn from
the above waa ﬁmz the amﬁim&im of o mm;m, ab least

in the alphs position, completely prevented the polymerizatlon
of styvene undor the influence of elestrophiile or redicsl
ressents. Ho triels wers made with nucleophilic reagents, as
none of suffisent aotlvity such as triphenylmethyl sodlium
ware svalluble. ‘

A possible explanation for the failurs of ochlorostyre
ene to elther polymerize or co-polymerize may be had by com~
paring the aleatMﬁ: strustures of styrens, ceuathylstyr-
ens, and owghlorosiyrens ss seen in Figure 7.

B H ‘ . O :01: B
X ex i LA % X ox
ﬁﬁ,: G:H B:0<H {3‘: : O:H
0 e O
Styrene w=ma bhylotyrony a=~alilorostyrens
Figure T

: It is known that styrene will polyrerise and co-polymers
ize under the influence of eleotrophillie, nueleophilie, or
radicel resgents, while ocemethylstyrene will polymerize only
with nuoleophilic reagents, though it will co~polymerize

with radicel resgents. As hag been noted before, this presw
ont work fouad that oechlorostyrene falled to polymerlize

or gospolymerize using elther electrophilic or radical cata~
lynts. Some explanation may be hed by noting differences in

iz



~elestrenogativity of the various groups attached to the
alphs oarbon atow. Of the three, hylrogen is the leaat
= amm@mm end ehlorine the wmest elsotrinegative,
With the methyl greup eecupying an intermediate positions
Thus it 38 seon that while styreme's electron arrengement
is such that pelymerizstion is possible using all three
types of mtmmg in cwmethylotyrens only anionis oatae
© lyste will produce the proper eleotronlc sonfiguration
Bround the alphn sarbon stom to permit polymerisstions The
smothylatyrens will sopolymerize under the influsnce of
redlcal estalysta, becsuse it ‘1s the other monomer that
besomes activeted by the eatalyst, and the semethylstyrene
tas no trouble polymerizinc ence there is en setivated
complex presents Howsver, the oawchlorsstyrenc pressnts a
- differont problem. Bars, the elsetvomegativiiy of the uhlore
ine atom mey be so greab as to prevent the Tormation of an
sebivated genter st the alpha cerbon sbom, consequently, no
polynerization or co-polymorization son otours

Another feotor tending to inhibit polymerization of
the substituted siyrenes is the steric offects of the
nethyl group snd of the chlorine atoms The size of the
chlorine atom is absut the same as that of the methyl group,
therefore its hinderance would be expeeted to be sbout the

One further factar that ndefds to be taken inte agse
oumt in the dlscussion of cemethylotyrene 1s the possibe
111ty of hyperoonjusation botween a hydrogen atom of the
8lpha substituted methyl group and the bota oarbon atom,

a8




Such hyporeonjugation inoresses the stability of the
aeatiyletyrene mélecule, and mekes more difficult the fore
metion of the activated complex necessary in order that
‘polymerization mey take plages



SUMMARY

1) The preparation of x-chlorostyrene and of p-bromo~
~o=ghlorostyreno by the equimolar reactlion bLetween the '&zm-
Poﬁriaﬁe_aaabaphnnana and phosphorus pentachloride have been
carried out, and the physical constants of these o-chloroe
~atyrenes have been determined. _

2) Both of these chloro ﬂubatituied styrenes were
found to be quite unstable in the prosence of alr, oxid~
lzing during the spsce @f:bn& aay even 1n the presence of
an iﬁh@bitérﬁ They were found to require storage under red-
uced preseures. |

3) Unsuccessful attempts were wade to bring about
“the polymerization of ahahl@r@#tyrana by the uaa'ﬁf &lume
inum chloride and benzoyl peroxide as accelerators. ihe
attempted polymerizations were carried out at temperatures
ranging from - 80°¢. to 200°C.
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