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I. ASYMMETRIC POLYMERIZATION



IHCRGDUCTION

It wss the purpose of this;investigation to prepare
an optlcally sctive polymer, one which owed 1ts optical
activity to an asctive center Inherent in the polymer
chain. ‘the approach thet was to be used employed an
optically sctive monomer. the polymerization of such
a mononmer, by the principle of asymmetric induction,
should produce a polymer which is richer in one opti-
cally active form than in the other. Removal of the
center which inlitilally produced the '‘asymmetric poly-
merizetion,'' to coin a new phrase, would then resalt

in the desired product.



HISPORICAL AND THXORZTICAL

The polymers derived from the esters nf acrylic
and o -methacrylic acids have beeﬁ known for some time
and have gained considerable cémmarcial importancs.
the fact that halogens substituted in unsaturated com-
rounds eccelerate their rate of resctions led “arvel
end Cowan®' to investigate the X -haloacrylate=s. This
work led to an important siructural dlscovery. Contrary
to the other types of vinyi polymers, thelir evidence
indicated that o -haloacrylatcs gave rise to a !'‘head to
head, tail to teil!'! mode of polymerization., In this
respect, they resembled the polysulfones? but theilr be-
havior was unigue iﬁ the vinyl series.

During the course of this investigation Marvel,
Dec, and Cooke” prepared the optically active ester,
gd-gec-butyl &-chloroacrylate, and found that the polymer
obtained gave a rotation that was materiaslly different
from the monomer. This was a revelation, and was im-
mediately used as a new and improved means of studying
the rate of pblymerization--with the\added implication
that a new insight into the mode of polymerization and
.the structure of the polymers would be gained, that the
''head to head, tall to tail'!! mechanism could be estab-

lished as being one hundred per cent complete, or only



2 result of a2 random additione.

‘his Insight has never been atlelnsd zlthough op-
tically active monomers have been used in seversl Iin-
vestigatinn34’5 to study rate of polymerizatlion.

It was fell that a different chemical approach
£2 the problem mlght prove more satisfuctory~~that
imvolving the principle of !lasymmetric inductinon.'!?
It has been kno n s3ince about the beginning of this
century that an asymmetric center within a molescule
tends to influence the course of rsaction. fﬁrtum“
definnasg this asymmetric induction

'ias the actlion of a force, arising in an optieslly

active molecule, which influences adjascent sym-
metrical molecules in such s way that they be-
come saymaabtric.t?

There then rsasults an '‘asymmetric synthesis'!!'!, g

phenomengnthat was first observed in 1894 by Emil
* 8

Fischer, and later defined by Marckwald as those

t'processes which produce optically active com-

pounds from symmetrically substituted mole-
cules by the intermediste use of an optically
active resgont, but without the use of any of
the methods of resolution.t?

4lthough many examples are known, the contributlons

of %cﬁenzie‘ sre noteworthy, and the following illus~

tration was tziten from his works

(2H)
CgHgCOCOH ~» CgHgCOCOg-1-menthyl ——>



wdm
Ac ;0
CeilgCH=COp=1~nenthyl — CoHgCHED z=1-mentihy

i {
OH CAc i HgO

1- menthyl l-mandalate {(excess) CeHgCHCOGH
l-menthyl d-mandelate
OH
l-mandslic acid (excess)
d-mantelic acid

It will be noted that during the polymerization of

an ascrylate an asymmetric center is formed:
T
CHy=CH ———> ~( CHp-C~ )
COLR éoza

If this comgpound were an optically active mononmer,
then under the Influence of this actlive center, an asym-
metric polymerizatlion would take place, and the resultant
polymer would bs richer in one optlcally sctive forn than
in the ot:er. Removal of the iInitial center would then
leave a polymer which was active in its own right, that
is, one which possessed optical sctivity inherent in
the polymeric chain.

Tne formulation of our problem may then be summar-

ized by the following series of equationas

H H
" ]
CHy=CH—> .(CHs-t"}- V> (-CHz-{‘;: )
i
co r* CoR" CO.H

Such & polymer, by the asnalogy of a pure active com-
pound to its racemate, might be expected to have proper-

ties quite different from that of its diasterolsomers,
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propefties such as nardness, higher point of fusion, stc.
#arvel, Frank, and Prilllo hoped to accomplish this by
using en opticelly aetiveAperoxide as a cabtalyst. Frankll
also prspared the brucine salt of acrylic acid, but was
unable to polymerize it successfully.

In seelting a suitable caméound for study, l-menthyl
&K =~chloroacrylate presented 1tself as a desirable possi-
bility. The reasons for this were ssveral: an alpha
haloester would polymerize more rapidly than an ordinary
acrylate, and the resultaent polymer woiuld also be an

& -haloaster with a much more resctive carbonyl groﬁp.
It was for thilsg latter reason that an ester of K-meth-
acrylate was not chosen. Such a polymer would possess

a carbonyl group attached to a tertiﬁry carbon atom and
would therefore be very unreasctive, The use of l-menthol
seemed appropriate because of its high rotatory power,
and also because of its availability. The size of the
l-menthyl group might al”b Introduce a steric effect to
promote the desired resction.

After having once obtained the polymer, there are
several means at ones disposal for degradating the poly-
mer. Levesquefz using liguid smmonia, was able to con-
vert polyesters into polyamides. This technique, how-
ever, would not be sultable for use on a polymer derived
from a haloacrylate inasmuchas 1t would csuse elimination
of the halogen and probably racemization of any centers

in the chain. Staudinger and Urechlavsnccessfully cleaved
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polyesters by an oxlidative cleavage using concentraled
nitric acid followed by dlalysis in a pyroxylin sac.
Probably the most obvious method of clesvage would be
that involving slzaline hydrolysis, howesver this method
would be onen to suestion becsise of the rossibility of
racemization.

it 1s the =suthor's intention to try both the oxi~
datlve cleavage and the hydrolytic approsch, and if
these fail; to devise another--possibly one based on

an ester interchangee.



DISCURIION

The preparation of l-menthyl & -chloroscrylate proved
to be much more difficult than wes anticipated. Follow-
ing the standard means as developed by Marvel and co-

&

1 .
workers the preparation of the following series of com-

pounds wog attempted:

1:1 SOC1g

CHp~CH~C040Hy — > CHg=Cli~00g% —>—
| I HCY 1 }
€1 ¢C1 Cl ¢1

H=0H =-HC1

!
€1 ¢C1 1 C1
C1
peroxide 1y, )

CHgmLaCOpR ———>—  {CHg=C
l | n
¢1 COLR
1-¥enthyl o, f -dichloropropionate was prepared as
a new compound, but dehydrohalogenation could not be
accomplished successfully. Both quinoline and pyridine
were used to eliminate the hydrogen chloride from l-menthyl
& , f -dichloropropionate while the conditions of the
reaction were varled from gentle heating to refluxing,
and from atmospheric conditions to a nitrogen atmosphere.
In some cases slightly lower boiling fractions were ob-
tained, but i1nazsmuchas these failed to decolorize 8 sol-

ution of bromine in csrbon tetraschlorlde, the variance

wag thought to be due to a difference in vacuum pressure
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end distillation conditions. 7This sssumntion later proved
to be 1ncorrecit, becsuse bromine in carbon tetrachloride
is.not decolorized by either l-menthyl X -chloro- or o ~bromo-
acrylates ismmedlstely, but only after standing overnight.
+he most successful preparation of a compound resembling
the lsater prepared,;-menthyllCimchlgrsacrylate was that
using cuinoline and heating the mixbture at 150° in an oil
bath for 30 minutes. Refluxing l-menthyl ol, B -dichloro-
pravionate with pyridine for one hour also ssemed to
2lve a product resembling the known compound, however a
fifteen minute treatment only regenerated the starting
meterial.

Under very strenuous conditions, that is refluxing
a mixturs of l-menthyl , e ~dichloropropionate and fresh-
ly distilled quinoline in a nitrogen atmosphere for 20
minutes, a chloroform soluble polymer was formed. It
was also soluble in ether snd dioxsne, and could be pre=-
cipitated as a light tan powder by adding any of the above
solutions dropwlise and with stirring to alcohol. The
solutions of the polymer, however were brown in color
and could neither be decolorized nor a polariscope resd=-
ing teken to determine any optical rotation. A halogen
determination, however showed 12.97% chlorine compared
to the theoretical of 14.51% calculated for poly-l-menthyl

K -chloroacrylate.
Because of the failure of the sbove attempts at

deshydrohalogenation, and because of the vigorous experi-
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mental conditions nacesssry, othar methods of eliminat-
ing hydrogen halide were tried on wathyl &, Q -dichloro~
progplonzte. Alcoholic potassium hydroxide gave an Im-
medlate precipitate with methyl &, P ~dichlororroplonate,
the weight of vhich indicated complete removal af.the
provionzte from solutlon. fhe}hature of the reaction was
not determined, nowever, potass;um chlorids had bssn forme-
ede. shis was indicated by an X-Hay patiern. Since methyl

X ~chloroscrylate had not bsen formed, the renction was
not investig:sted further. Likewise, with morrgholine in
sther solutlon, a precipitate formed which was flltered
off but upon working up th2 ether solution only s small
amount, 1if any, of maothyl K =chloroscriyleie héd been formed.

Before discussing the guccessful preparstion of

l-menthyl X =-chloroacrylate, it might be well to by-pass
at this polint and dlscuss an interesting phenomenon ob-
served In the preparation of o(, P -dicnlororropionic acid.
This preparation invariably led to low ylelds, and all
of the starting material could not be accounted for. In
trying to locate this loss, it was found thst an inert
gas was being emitted from the top of the condenser
during the hydrolysis process. This gas wag insoluble
in 57 sodium hydroxide; it failed to decolorize bromine
in carbon tetrachloride; it was very solubls in cold
ether and alcohol; and upon condensing some In a dry-ice
acetone trap, was found to boil at about -18° as esti-

msted on an ordinary thermometer. From this information
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1t was concludsd that the gas could cither bs methyl
chleride, bolling point of -27° or dimethyl ether,
boiling point of -25°. An attempt to burn some as it
isaued from the condenssr, hopling then to test for hydro=-
gzn chlorids, provad unsuccessful. The 1liguid does burn,
howaever, with a luminous flame. Another spproach met with
belbter success. 4Yhis consisted of scrubbing the gas with
a 107 solution of sodium hydroxide, Shen dlssolving it
in ¢5l1d aleshol, and treating the solution with silver
nitrate. »ithin five minutes 2 turbidity, which proved
to be silver chloride, had formed. This certainly con-
firms the presence of methyl chloride, although ths
possibility of some dimethyl ether has not completely
baan eliminated. In view of the fact that methyl slcohol
was tested and Tound not to give any such gas under
siniler experimental conditlons, 1t was felt thai elther
metnyl chloride had baen formed during the hydrolysls
according to equation I:

I. CH,-CH=CO,CH, +HCL CHLCH-CORH + 33301
€1 él él él
or else had been eliminated from the eater 1tself. (After
chleroform extraction, the solutlon always has a very
pleazant odor, perhaps due to a lactone}. Since this
was not the main interest, however, the reactlon was
not studied further. |
It should be noted that the‘jields of «, ? -dichloro-

proplonic acid were successfully Iincreased from 659 as
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reported by Marvsl, Dec, Coole, and Cowan to 804,
This was gccomplished by incressing the time of refluxing
end hy doubling the number of chloroform extrsctions. It
is felt thet the lower ylelds were dus largsly to an un-
favorable equilibrium distribution set up bstweon the
chloroform and water layers,

The successful preparation of l-menthyl & -chloro-
acrylate znd other related compounds listed as follows:

sec~butyl X -chilore=scrylate

sec-butyl & -bromoacrylate

evclohexyl &K ~chloroacrylate

cyclohexyl o ~bromoacrylate

1-menthyl -bromoscrylate
was accompllshed through a unicue method used in this

laboratory by the actlion of an alkoxymscnesium halide

on the gporopriste methyl K -haloacrylate, thus:

};’?nenth’}l ‘GTEE-"—GCJ.-COZCHs
CoHg¥ghr ————>—  Br¥gO-l-menthyl >

CHp=(C1=COp=1~menthyl

Four of these com ou:ds are listed in the literature.la

The physicsl constants were found to check setisfactorily.
Poly-l-menthyl &-chloro- and O(«bramo-acrylatés
were successfully prepared in dioxane solutlon using
benzoyl peroxide as the catalyst. P01y~;rﬁenthyl & -bromo=-
acrylate displayed the unusual property of preci itating
out of solution. It was so insoluble that an optical
rotstion could not be obtained even though 2 0.1 gram
ssmple in 50 ml. of dioxane was heated at 65° for 24

hours in an attempt to put it into aolution.
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Although the work was interrupted before a thorough
investigstion could be conducted, it should be pgintéd
out that the chemical propertics of the polymers derived
from o -haloacrylates are not all that could be desired.
in the brief work on oxidative.cleavage with nitric scidg,
it wss found that selimination of hydrogen halide occurred.
Analyasis of the resultant polymers showed ihat they still
contained halogen, of the order of 9%; they were insoluble
in water, but soluble in &7 sodium hydroxids, The imcom-
plete removal of halogen is suggestive of the work of
Harvel and Cowan1 and though it must represent some fun-
damental relationshlp, the results have not yel been
interpreted.

Another disadvantage 1s the insolublility of poly-
l-menthyl X ~halosascrylates. The o -chlors compound 1s
solubleAin'dioxane only to the extent of 1.6, and the

ol =bromo compound is even less soluble.
In conclusion, then, the poly-l-menthyl o ~haloacry-

lstes seem to offer no promising characteristics.



EXPERIMENTAL

PREPARAYION OF X, f -DICHLOROPROPIONIC ACID

To 212 grsams (1.35 moles) of methyl «, § ~dichloro-
proplonate was added 400 ml. of 207 hydrochloric acid
(1:1) =2nd the mixture refluxed for nine hours. After
cobling,‘the small amount of solid which invariably foraed
wés renoved by flltretion, and the filtrate extracted

'seven times with 70 ml. portions of chloroform. ¥This
chloroform solution was dried over calcium chloride, then
the solvent removed by distillation (b.p. 58=-73°). The
welght of the residue, o, @’-diehlaropropionic,acid, was
154 grams {20%) and was used as such in its conversion

to the acid chloride.

ISOLATION OF PH: INLERT GAS

To 245 grams (1.56 moles) of methyl o(, é -dichloro~-
proplonate was added 250 ml. of concentrated hydrochloric
acid and 200 ml. of water, and the mixture refluxed for
eleven hours. During the process, the gas which escaped
through the top of the condenser was collected in a dry
ice-acetone trap, and found to weigh 28 grams (0.56 mole
1f methyl chloride, 34%). The approximate bolling roint
asestimated on an ordinery thermometer was -18°, which
checks qualitatively with that of methyl chloride, -23°,

or dimethyl ether, =25%,
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he gas was tested snd found Lo bs insoludle in
67 sodium hydroxide sclution, failed to decoloriszs s
solution of bromine in carben tetrachlorid:, and wss appre-
clably solubls 1n cold ether, and alcohol. £ cold alcohol
golution was treated with laf'silver nitrate, HNo preclipi-
tate formed Immadiately, hnwevef within five minutes the
solution became turbid. It was “boplered and placsd in
the ice Dox ovsrnlzhi. The slight precl.itzte was then
filtered off, dlssolved from the raper with dilute smmonium
hydroxide, snd thies zolution acidified ~ith halogen fres

nitric soii., S~ curay white precivitate formed in a sulfi-

hede

-

cient guantity to be considered s gnood snd positlve tes
for wmethyl chloride,
The A, g ~dichloropropionic :»cid obtained by working
up hydrochloric acid solution as Iin the above‘experiment
ez sf

wgs 170.5 grams, (76.3%).

FRiZP4A 108 OF O, F ~DICHLORQPROPIONIL CULJ ORIDE

To T0.5 grams (0.49¢ mole} of crude &, 6 ~dichloro-
propionic a2cid wes added 117 grams (0.98 mole) of thionyl
chloride. fWhe mixture was allowed to stsnd overnight, snd
then refluxed for one hour. The thionyl chloride was re-
moved by distillation to s temperature of 75°, then the

X, ? ~-dichloropropionyl chloride collected by vacuum
distillation. <The yleld of acid chloride boiling at
61-65° (20 mm.) was 56 graus (70.4%).

PiEPARATION OF 1-MENTHYL (X.4E»~DICHLOROPRDPEONATE

To 46.0 grems (0.269 mole) of l-menthol was added
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4G5 grans {(J.295 mole) of &, f ~dichloroprapion. 1
chloride. JAn sxothermic rsaction otcurred with the don-
current svolution of hydrogsn chloride gsse. Lhe resction
mixture was heated to very gently refluxing for thirty
minutes, then cooled, dissolved;in 120 =l. of chlorofora,
extracted =ith 5/ sulfuric acid, w-.shed with water, and
dried over calecium chloride., #emoval of the chloroform
and vecuum distillation gave €7 grams (877 of l-menthyl
X, f ~-dichloroproplionute .

ihe physical constunts are as follows: be.pe= 117=-120°/
© mm; ni°= 1.4707; dae = 1.0903; (CK);°~50.2 (1.092 &.
in 25 ml. carbon tetraphlbride solution, a = ~4.03%).

Ansli. Cslecd. for CigHgalgllzs CY, 25.27. Found:
Cl, 23.3. |

ATVEMRPTED PRAPARATVION OF 1-d88THYL X -CHLOHAOACAYLALE

A. zuinoline ITrestment.

To 60 grams (0.213 mole) of l-menthyl &, ﬁ-dichl"oro-
proplonate was added 35 grams (0.443 mole) of freshly dis-
tilled quinoline.. The mixbture w&s(heatéd in an oil bath
at 150° for 30 ainutes. At the end of thils time, the
flask was partlally cooled, water was added, then 200 al.
of ether, 1lhe layers were separatedj the sther one beling
retained, washad several times with 5% sulfuric acid, water,
and dried over calcium chloride.

Removal of the ether and subseguent vaecuum distil-

lation gave a product weighing 50 grams and boiling over

20
a considersble range, 98-122°/2 mm.; dao = 1,067%3
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iO(h ~E1ed (2,102 g in 285 ml. corbon tetrachloride
. o o LX
sxlutlion, = SR R DGl N

R

o B0 grams (00170 nole) af Lemanthyl » ( ~dichloro-
provionate was gdded O grasns (2.382 mole) of cuinaline,
snd the uizturse roflaxed for 3 zinutss. In coolin
wabsr wan addsd a3 8220 an 1t was exzedient In arder to
rravent the forsm-ooion of o 201lid cske. Then cold, 00
mls of eihier was added and a separanlon effected. “he
ether layer wssz vashed repeatsdly with ¢ 7% solution of
suluric =old, then water;, snd finally drisd over coloium
chlorido.

demoval of the ether and vacuum diszstillation gavs
only 7 grams of a oroduet bHoiling ot $4-1009/5 am, he
residus, 72 grams, wos Dleck and farry in nasture. fhe

following conetontas on the ligulild wers tz asq:

4 29
Ny F 1.47485 dao = 0494145 (O) = -6la0 (5,54 Ze in 5

iﬁ

ml. carbon tetrachlorids solutlion, a = -6.35).
D 2 5.5% ;ram aample in B2 ml. of carbon tetra-
chloride was ndded 2,263 grans of benzoyl nperoxide. 2t
the end of =ight days, no precisitste formad when the
golution was poursed into zlaeohol,
Co suinoline Ireatment in a Hitrogen Atmosphers

To 34 grans (0.430 mole) of freshly distilled guino-
line was added 65 grams (0.23 mole) of l-menthyl X, { ~-di-
chloroproplonats, Tﬁe mixture wsg heatad In & nitrogen

atmosphere gt the boliling proint for 20 minutes, then
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caaiedg teken up in cehloroforn, washed with a 13377 sulfurie
acld solution, water, dried over cslciwm chlorids, and
distilled vnder vacuun. {here was no dlstillate. The

residus in the flaszk, however, wss found to he soluble in

o

chlornfarm, dloxene, and ether. It could be precipitatzd

gg & light ten powder-li'te materiasl by eodding a dioxene

gnlution drrpwise to sleohol. It disszolvad in sach of
the snlvents Lo five a brown solvtion vhich did not lend

and could not be de-

Cl, 14.51, Founds

s 1! .gr;;.

c
D. Pyrldine Treatment

To 26 greus {0,093 mole) of l-menthyl &, ( ~di-

crloroprorionate wzs added 16 grams {(0.20 mole) of pyri-

[o7]

ine. A cloudy suspension resulted which wes refluxed
for 18 minutes. Upon cooling, the mixéure was dlissolved
in 100 ml. of chloroform, washed with 2 5% sulfuric acid
solution, water, and driéd over calclum chloride.
Removal of the chloroform and vecuum distillation
regenersted 16,5 grams of l-menthyl «, F~dichlorap?o-
pionate, b.p. = 115-123°/3 mm.
L, Pyridine Treatment.
o 31.5 grams (0.112 mole) of l-menthyl X, ? -di-
chloropro:ionate was added 19 grams (0,241 mole) of

pyridine snd the mixture refluxed for one hour. Upon
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cooling, the recsidus was dissolvec In 140 ml. of chiloro-
form, wzshed with a 5% sulfuric acid solution, water snd

aslcivm chloride.

£
4
(3
[+Y
e
)
<
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Gt

hloroform and vacuum distillgﬁion
gave 1o gramg of rroduct b&iling.at 190-110%/5 wne A
test with bromine in carbon tebtrachloride solution gave
a nsgabive resulv. It was therefore thought thst the

1

desirci compound had not been formed. “nis migh

ot

o
ne

guestioned now that the compound has been preparse and

found to boll at 66~85°/3 mm.

AYDAORT - 1D AnUieL O, f =DICHLus)-
L

io £0 grams (0.5 mole) of potesgsium hydroxidec dis-
solve: in 17 ml. of 904 ethyl alcohol was added €3 grams
{0ed mole) of methyl o, p -dichloropropionsic. «fter

or 15 minutes, the white precipitste (40 grams)

L'}

refiuxlug
which hsd formed ilmmediately, was filtersd off and the
alcohol worked up as follows. It was teken up in 200 uml.
of chloroform, washed with solutions of 10% sulfuric acid
and 5% sodium hydroxide, wster, and dried over calcium
chloride. Hemoval of the chloroform aend vacuum distil-
lation gave 7 grams of product boillng nesr the range of
methyl ®&-chlorouscrylate, 62-6¢°/40-28 mm.

This 7 grams was treated with benzoyl peroxide in
10 ml. of dioxane, end after several days gave O grams

of white polymer by precipitation 1n alcohol.

The above work wss repeated omitting the refluxing
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apar=stion. The emount of precipitate was grester, and

no methyl & ~chnlorcacrylate was obtsined,

SORCHOLINY AND MUTHYVL o, B ~DICHLOROFROPIOH AT
R
To 42 grams of methvl &, @ -dichlororropionste was
edd~d 75 ml. of ather, then 85 grams of mor-holine drop-
wige with astirring for the reaétion is exothermic. The
prz2ciritate which formed was flltered, washsd with ecthsr,

gnd found to welgh 28 grans. ‘the filltrate was washed with

%3}

7 sulfuric secild, then weter, snd the ether =olutin dried
over caleium chlovide, Hemoval of the ether snd vacuunm

distillation gave only 7 grams of product bnailing near

g

h

&

ronze of methyl X-chloroacrylate, 7Thare was 3 resi-

o

ue of 22 grams.

PREFARATION OF ¥ THYL O =BROIDAGKYLATHE

To 46 grems (0,350 mole) of crude quinoline was
added 20 grams (0,325 mole) of methyl &, § -aibromo-
-propionate, and the mixture distilled from an o0ll beth
sccording to: b,p. to 80°/20 mm. Redistillatlon gave
45 grams (R4%) of methyl X~bromoacrylate, b.p. 51-53°/

12 mm,

PRUEPARATION OF sec~-RITYL & «BROVDACRYLATE

Tthylmagnesium bromide was prepsred from 12 grams
{0.500 mole) of magnesium and 55 groms (0.501 mole) of
ethyl bromide in 100 ml. of anhydrous ether. To this
mixture in a 500 ml. three-necred round-bottomed flask
was a dded dropwise and with stirring 25 grams (0.337 mole)}

of sec-butyl alcohol in 100 ml. of anhydrous ether, then
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70 grams (0D.424 mole) of methyl &« -bromoacrylzte. lhe
contents were stirred at room teaperature overnight.

4t the end of this time & whitish precipitate had
formed., ihe contants of the flask were poures Into an
ice-hydrochloric mixture and stirred until all precipi-
tate nad dissolved snd two homogeneous, clear layvers had
formed. fhese were separated, the wster layer extracted
with ether, and the ether extracts combined and dried
over cu«lcium chloride.

After filtering and removing the ether, the residue
was distilled giving 54 grams (59% of ester). ihe phy-

sical constants were as follows: b.p.= 78-81°/24 mmj

20 , £90

n = 1.4887; dgo = 1.3072.
o~
i

PHREPASATION OF CYCLOHWXYI, X -BROIODACHYLALE

Ethyluognesium bronides was prepared in a 500 mil,
three-necksed round-bottomed flask from 8 grams (0.333 mole)
ot magnesiun, 37 grams (0.340 mole) of ethy%ﬁrcﬁide in
75 ml. of anhydrous ether.

o this solution was added 6ropwise and with stirring
32 grams {0.320 mole) of cyclohexanol in 15 wml. of aninydrous
ether. A vhite precipitate formed which remained ingoluble
even when more anhydrous ether was added. Methyl o -bromo-
acrylate, 45 grams (0.273 mole), was now added and the mix-
ture astirred overnight. At the end of this aime it had
acquired a milky appearance. It was poured into an icé-
hydrochloric acid mixture and stirred until two homogen-~

eous layers had formed. These were separated, the water



lay:r sxirpchtad with 2thar, and the asther exhtrocts ¢ yvi-
ined ond dried avar czlciom chlorido.

il Fal - 7 . .
Afher flltratison and ranorel of the asther,

3 = S 271 1 E P ~ PRS- R oy I ol
Sus raw Aiztillad wmder voor s B opame 1727)

was worked uy bv rouring intos an lees-hydrenchloric acid

mizture and stirring until two howngsneocus levers had
formad. Ihe layers were sepsrated, the water layver
extrnﬂted with a2thar, and the combined ether extracts
dried ~ver cslciun chloride.

Aftar filtratiosn and removal of the ether, the
residue was d1gtilled under vacuum giviang 47 grams
€57) of l-menthyl &X-bromoscrylats as a very pale
vellow=-graen, viscous liguid.

It= physlcal constanty were a3 follows: Db.p.=
ao= 1.4859; dgo = 1.2007; (O(E ~74.1

100°/2 mny n
/ T’Kﬁ’ D



{Le27H ge In 706 mle carbon betrachlorids solutinn,
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for Gy ¥, . 0;7r: Br, 27.68; 3, molscu-

iy refractivity, €9.1. Found: RBr, 27.0%z3 A, 68.1.

W R OF L0 Snrvy _&— DA

I-monthyl K-bromocerylate was added

2 pivch of hanzowl neraxide, and the

mixture allowed to stand at roon btemmerature. ithin a

ones nnth, thisz orenipitste was remnved hy fllirabtion,

dried, and found %o welzh 18.7 grans. 4n additional

in ortlcal rotatlon could not he determinad. 4
00111 gram smmple heusted in 52 ml. of dioxana at &65° for
24 hours gave only s cloudy suspension.

LTI Ay A o £ ENTTY NRAACR ke
FPRTPANA L ITH R CTRTHEV X ~@GHLORDACRYLATE

Yo 70 grams (0.44% mole) of methyl &, P -dichloro-

nionate was added 57 grams {(0.4°2 mole) of rurifiled

Nel
o
[N
P
O
)
fte

ne and the mixture vacuum distilled using a fsirly
nigh pressurc. Forty four grems of cruds rethyl & ~-chloro-
acrylete wsz collected boiling at 90-100°/100 wm,

This was redistilled before use and the fractilon



boiling at 43-57°/18 wm. teken: 32 grams (79%).

PRAPAR TI0A OF sec=3UwYL O ~CHLORDAGHELALL

To 170 mls of ethylmagnesium bromide solution
(= 1,5, 0.21h5 mole) in a 500 ml. thras-nec-ed round=-
bottamed flask wss added dropwiss and ith stirring =«

anlution of 19 zvans (0,258 unle) of aec-butyl alecohol

o]

n 53 ml, of anhydrous cther. To this was added 30 graas
(3.257 mola) of methyl & -chloroacrylate and the mixture
stirred overnight.
ihe contents of the flask were now poured into an

ico=hydrochloric acid alxture and stirred untlil the pre-
cipitate dissolved and two clear layers head formed. These
were ssparated; the water layer extrascted with ether, =znd
the et er extracts combinsd snd dried over ealciﬁm chlor-
ido2. Filtraetion and removal of the ether followed by
vacuum distillstion gave 32 grams (7¢9%) of sec-butyl
& -chloroacrylate,

he physical constants were aa follows: D,.p.= 67=-

20

1.4362; dgo = 1.0480,

130_.

68°/12 wmg n_
&

POLYASR OF sec-BUTYL O -CHLORCACRYLALE

A 25 gram ssmple which had astood at room temperstiure
for six months solldified to a clesr, light amber solid.
Upon dlssolving this in dioxane and reprscipitating it by
adding the dioxsne solutlon dropwise to wuater, 22 grams
(857) of a stringy pdlymer was obtalned,

OXIDATION OF POLY-gec-BUTYL O ~CHLORQACRYLALY «ITH

NITRIG_ACID
A. To 5.0 grams of poly-sec-butyl X -chloroacrylate was
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added 85 ml. of concentrated nitric scid, snd the mixture
refluxed for one hour. During this pencess, a conious
evolubtion of anitric exide gas occurred, and the polymer
first fussd together and then dlseolvesd, 1he gases which
emitted from the ton of the condenser were testad with
157 silver nitrate solution and gave a positive halosen
tant.

Jron dilation of the nitric zcid solution, = white
precipitate formed which was removed by filtration, wssh-
ed, drlsd at R0° for % hours, and fouwnd to weizh 2.2 graas.
It wes powdery in nsture, insoluble in water, but soluble
in 5% sodiwm hydroxide solution.

Anal. Celed. for poly~sgec-butyl & -chlorascrylate:
Gl, £1.83., Caled. for poly-o-chloroscrylic acid: (€1,
535,54 Found: Cl, 8.9%1.

B. 1o 3.0 grams of poly-gec-butyl e -chloroacrylats

wag added 50 ml. of concentrated nitric acld and the mix-
ture refluxed for 3 hours. Upon & lution, a white rreci-
pitate formed which was removed by filtration, w=shed,
driea for % hours at 80°, and found to welgh 1.5 grans,
It was hard.and brittle, insoluble in water, but soluble
in 5% sodium hydroxide solution.

4nal., Caled. for poly-sec-butyl X-chlornacrylate:
€1, 21.83. Calecd. for poly- X-chloroacryllc ascid: C1,
33.,3. Found: Cl, 9.486,

PREPARATION OF CYCLOHEXY[, O -CHALOROACRYLATE

To 200 ml. of ethylmagnesium bromide solution (1.5 M.,
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320 mola) In s B0 ml. three-nockad rownd-hottore !
flasl wars added dropwvise and with stirrins s eslution of
7.8 prams 70,077 molel of cvelohexanol In 70 ml. of
anhydrous ebher. “Yhen 34 groms (7.292 mole’ of mathy]
o =chiloroserylaste wae inﬁ?nd"nsﬂ and the wmizture stirred
orernisht.,

;‘-:‘? o "}nt{.‘f’lt 8 ouare

seid mixture, shirrzad

ched, ihe water

combinad and
After £lltrotion and removal of the ~ther, ths ro-

gidus w5 veeuum listilled. Ths vield was 358 groms {(754)

P 1PN, o - CILIRNACH YT

Tn 145 ml, of ethylmagnesium bromide solutlon (1.2 M.,
0.717 m0le ) in a 520 ml, threc-necired round-bottonad
flask wea gdded drapwlse and ~1th etirring e solution
of 21 grama (0,169 mole) of l-menthol in 190 ml, of ar
hydrous ether. To this was added 2¢ grazs (29.243 mols)

of methyl X -chloroascrylete and the wmixture stirred over-

night. As the

-{13

erylate was added, the =solution acguirea
£ 7°1lo”iﬁh graeon color and some heat was evolved zg in-
dicated by an increase in reflux of the cther in the
condenser,

After stirring overnight, the mixture had acquired



-
vhits nrecinitate, She Ltobtal eontente wers poured

e i1 mixbu and stirrad until

o
o

into sn lce-hydrschlori
two homngenaocua 11 mid layers ragulted., The ethsr lavar
wag sanarate’t, the water washad =ith asther, and the ax-

Eracts combinad snd dreied over calcium chlorida. Hil-

tratinan, reuanval ~Af tha sthaer, ond vacuun diztillation

L]
0
2
by
bt
3
43
o3
or
Ly
4
o
t

of the regidue zave 40 oransg (65
ghlorouzcrvriaie,
the ohysical econalznts of thils product wera frind Yo

4 - o 2¢ 29 . \20
13’_3’ S De .= ,‘{:"’?Q /:7'} . ; n = 1 L) ‘1712; "ig - = 1005265 ( XJD
=A0,9% {£,38° =z, In 95 ml. dioxanz solution, a= ~15.4%),

Angl, walcd. for C.3ML0,C1: €L, 14,515 X, =molccu~

lar refrsctivity, £8.2. PFound:s €1, 14,70

i OF 1-TENTIVL o(~CHLORD ACRYTATE

To 10 gramg of lem=anthyl oC-chloroacrrlate In Y& ml,
of dioxsne weg added 2 vinch of benzovl reroxids and the

b

salution allowed to stand st room temperaiurs for a month

and 8 hMalf, Thias solution was to alconnl

snd the white rpracl it te which formed filtered off, dried,

end found to waigh 6 grams (609},

Anal. Calecd. for 0,37.,0,C1: €1, 14,51, Found:
Ci, 13. 7. (OC}31=73,7 (0.335 g. 1In 5D ml, dioxrne
SOthlOﬂ, a= ~0.2§ 2

A saturated solution of poly l-menthyl ol-chloro-
scrylate gove a rotation of -2,41°, The calculated solubi-
1ity ia therafore 1.647., Tmon evaporating a 2 ml., portion

to dryhess and drying at 100°, a weight of 0.0%19 gram



This corresponds to a =olubility of 1.60%.

POLY 1='0NTIYL o(~-CHLOROACRYLATE T

NITHRIC #0TID

To 0.5 grams of poly-l-menthyl @l-chloroscrylsate wus
added 10 ml. of concentrate: nitric ascid and 13 ml. of
dioxann (for ths purrposs of wetting), Oxidation was
inconglate ol tﬂé nd of two hourz 30 an sdditional 19
ml., of concentrsted nitric acid was added and the refluxe
ing continued for another two hours. I1he precipitate
which formad upon dilution was flltered; driled, aend found
to welgh 0.7 gram.

Anal. Caled, for polr-l-uenthyl el-chloroucrylate:
€l; 14,51, Caled. for poly~e&-chloroacrylic 2cid: (1,
B2, Pe Found: Cl, 5.95.

- The difference from poly-sec~-butyl al-cnloroacryl:zte
might be explaineu by an incomplete hydrolysis of the

ester grouping.



SUMHMARY

The preparation of l-menthyl o, F -dichloropro~
plonste as a new compound has been completed. in ztlempt
to dshydrohalogenate it to the corresponding & -chloro-
acrylate using both guinoline and pyridine proved to be
unsuccessfMil.

ine resction between an alkoxymagnesium bromide and
an 2ster to form a new 2ster has been extendsd to the
synthesis of the following compounds: gec-butyl oC~broumo-
serylate, sse-butyl «(-chloroacrylate, cyclohexyl oC -
bromoacryiate, and cyclohexyl o( -cnloroacrylate. shess
are known comgounds, and the physleal conslanis have ceen
found to check saotisfactorily. In a like mannsr, the
:ssters l-menthyl e(-bromozcrylate and l-menthyl o -chloro-
acrylate have also been prepasred as new compounds znd
characterized.

‘he polymers of o« ~chloroacrylstes were found to be
unguited for chemical study in such reactions as oxlida-
tive cleavage of the ester grouping. Such reactions re-
sult in an elimination of hydrogen chloride as well as
the cleavage.

The solubilities of l-menthyl o(-chloro- and e -

bromo-&£crylates were found to be excesdingly low, too

low to make the compounds of any practical value,
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INTRODUCTION

The work of the W.P.B. Rubber desearch group at
the University of Illinols was concerned primsrily with
the determination of structure &nd the mechanism of
volymerlization of standsrd GR=8 rubber, ‘he authortls
particular problem followed along two lines: one, the
prepsration of very pure butadlene, end two, the pree
paration and study of new modifiers.”

Ae Pure Butadiene

It has been known for some time that the pressnce
of even traces of certain impurities will greastly alter
the rubber forsed in the standard GR-8 recipe, It was
therefore necagsary to develop a means of purifying
commercial butadiene in order to determine these im-
purities and their effect on the polymerization, This
purificstion was to be accomplished through ﬁhé prepara-
tion snd subsequent thermal decomposition of butadiene
cyclic sulfone, a method which at the present time was
considered to glive the most reliable results,

Having prépared the very pure butsadiene, the effects
of three known impurities, acetylene, vinylacetylens,
end methylallene, were to be studled. Thé preparation
of ethylscetylene was included in the present work.

Another problem which arose was a simple and quick

enslyticsl means of checking the purity of butadiene.



-31~
It wes proposed that & gas interferometer be tried as a
rossaible solution. It isg reported to have an ezcellent
accursey snd might possibly be useful in detecting traces
of impurities without beling able to identify them,
B, Hodifiers

It had been observed that commercial dodecyl mercap=-
tan (Haugatuck 0.E.I.) was used up in the early stages of
polynerization when it is not particularily needed and
thus produced an ovor-modifled producti 1t was therefore
exhausted in the final stages where it was critically
needsd with the ragult that an under-modified, or benzeane
insoluble, rubber was formed. A program, designed to
introduce the modifier gradually, was therefore proposed,
Two methods suggested themselves: one, to introduce the
modifier stepwlse, and two, to generate the modifier in
the polymerization system.

l. Uerivstives of dodecyl mercsptan,

The latter approach of generating the modifier

in the polymerizgstlon system, was undertaken., Several
thiolesters of commerclal n-dodecyl mercaptan (Naugatuck
O0.%.I,) were prepared and used as modifiers in the stand-
srd GR-S formuls. It wss hoped that these would hydrolyze
in the alkaline soap solution and thus constitute an
effective stepwise addition nf the modifier. Organic
acids of varying strengths were used becsuse this fac-

tor might determine the rate of hydrolysis of the thilol-



ester. Added alkall might also increase thls rate und
wus thersfore tried.

“he solubility of the thioclesters in the water layer
wasg thought to be an important factor. T.is solubility
could be increased by introduc%ng & solubilizing group.
Several half thioclesters of dibaslic organic acids, such
as dodecyl acld thiolsuccinate, were prepared to be used
g3 modifiers.

2. Other compoundse.

Several other compounds which were not derivatives
of dodecyl mercaptan were slso of interest. Dimercaptans,
according to the chain transfer mechanisz of polymeri-
zation, should product long chain polymers which might
or might not be insoluble, yet the effects of ethylene
dimercaptan and decamethylene dimercaptan were sufficliently
different to warrant the study of some Intermediate com-
pound. In this connection, hexamsthylene dimercaptan
was prepared and tested. Another point of interest wes
the comparlson of tertiasry snd normal mercaptsns. It had
been pointed out that tertiary mercaptasns were very
effective modifiers. There was a particular interest in
Esso 8.0.D. which 18 a tert-octyl mercaptan. A comparison
of this compound with n-octyl mercaptan was therefore
included in the present work.

Other compounds such as melissyl mercaptan were pre-

pared for usage by other members of the laboratory.



HISTORICAL AND THMORTTICAL

A. Purification of Butadiene.

There are seversl methods listed in the literature
for the purification of dienes. | As early as 1910, Badische
Anilin - und Scda Fabrik1 obtained a patent for the puri-
fication of dienes through the use of sulfur dioxlde.
ﬁarriesf and Hoffmann and Damm® likewise used sulfur
dloxide in thelr purification of dienes. Staudinger*
pointed out that the course of reactilon could be entirely
slterzd by the presence of peroxides. Thus in their
prasence, dlenes polymerize with sulfur dioxide to produce
a polysulfone. In the presence of such reagents as phenol,
resorcinol, phloroglucinol, hydroquinone, pyrocatschol,
and pyrogallol, liguids sulfur dioxide and butadiene
react to form a cyclic sulfone, monomeric in nature.
Pyrogallol wzs the best agent, however the same resuits
could be obtained using slightly larger amou:ts of hydro-
gquinone. |
| ‘ihe monomeric sulfones are stable‘ in concentrated
sulfuric and nitric acids, but are hydrolyged by alkalils.
Sulfones in general may be thermally decompose:! ét a tem=-
perature characteristic of their structure: monomeric
eyclic sulfones sre dscomposed at temperatures betwsen
100-150° whereas polymeric sulfoneé require a temperature

L
anywhere from 200° to 300°. Staudinger suggested a
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temperature of 1£0-130° for the decomposition of buta-
diene cyclic sulfone.

From a theoretical point of view, a thermal dscom=-
pogition yielding & pure materiszsl might be guestioned.
Certainly the butadiene must separate from the butadiene
cyclic sulfone as a fres radicai, snd as -such, would be
capable of any number of rearrangements. <The only argu-
ment in favor of this method is the fact that the tempera-
ture of decomposition 1s so low that eny radlcal change
in structure 1s unlikely, and anomolous results have not
yet bren obaerved.

B. Hodifiers.

The subject of modiflers and modifier activity in
the rrouaracion of aynthetic rubber is too recent to have
any extenslve historlcsl background. The fact that sulfur
compounds have long been used as accelerators in the
vulcanizatién of natural rubber may have led to thelr
investigation as modifiers for synthetic rubber. However,
a surprisingly larse nuasber of comgounds have now been
studied end thelr results summarized in an official
report?

l. Derivatives of dodecyl mercaptan.

Until recently, there has only been a limlited
amount of work done on mercapbtans and mercaptan deriva-
tives. This limitstion might be explained by the fact
that one of-the invarisble starting materlsls, the mer-

captan, is mildly toxic, may produce skin irritations
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gimliler to polson 1lvy, and at least the lowsr members
have penetrating odors, charscteristic and very unpleasant.

Gilman® 1ists several methods of praparing thiol=~

esters. Among lhsse are two which were of particular

interest:

I. RCOCL + {YSH —= RCOSRY + HC1

II. RCOC1 + R!Sia— RCOSH! + NaGl.

Although the acid chlorides of sromstic compounds react
with mercaptsns in agueous alkali asccording to eguation

II to give satisfactory results,‘iichlerz snd Jones and
Tagker® have pointed out thst aliphatic derivatives
hydrolyze too rapidly for ﬁhis method to be used. Oxalyl
chloridef nowever, reacts violently with mercsptsns, even in
ether solution at 0°, according to equation I. Holmberglg
and Ralston, Segebrecht, and Bauer ' have pointed out

thet scylstion proceeds much more smoothly and 1ln accor-
dance with egustlion I in the presence of tertiary aemines
such as pyridine or trimethylamine. It was this modi-
fication which w-s largely used in the following work.

The reaction betmeanlanhydrides snd mercaptans appar-
ently have never been studied. There were no directlions
in the litersture for the preparation of half thiolesters
of orgenic dibasic acids, and only a few references where
anhydrides have been used for any acylatlons of mercap-

tans. Wertheimlaproposed 3-nitrophthalic anhydrilide as s
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agang for identliflicstinsn of mepecaphsng.  Lhssesvartil snd

:3
i

. 13 . o : , .
Cuhe condensad thisphenol and gnthalic :nhydride nnd

abtained two 1issworic produeis:  diphenyl cithiophtha

and a counpound shoss atructurs woas piven as Q@ﬁﬁ-ﬁ\li—dﬁﬂﬁ.

> G
| | Al
iness ssme products zere abt«ined Crom A%“Hal?l chloride
ans thilaphsnol, tard and 111%ams™® used ¥mtene, an
intaprnal snhydrilde, to prapszre thinlacatates. Finsliy,
mxlele snhvdride unigue bhacausas of 1ts double bond, wsa
found to renct’’ with thiolsceitle acid £2 form en ~thin-
succinig aciad derivative., ven eilatein lista no helf
thinslestars of =ithsr sueecinic, melaics, fumﬁvia; shthelic,
or oxalic acids,.
the uge of pyriding in conjuncilon with succlnic
anhydrids ta ;rq;ﬁré these helf thinlesters wss new, how-
ever 1t does find some Justificailon in the sork of lhs
suser chemists in the prerparciion of orxyesters. It has
since besn lfound that Kuzicks, Goldbery, and irobt® used
suc- inic enhydrids and absolute pyvridinas %o prapare the
gsuceinic scld half sater of dihydrotazsiosterones,
Yo Wther compounds.

Frow a thearstical naint of visw, 41 jercaptsns,
according to the chain trensfer machanism of polymariza-
tion should nroducs long c¢hsin polymers whlch sey or ﬁay
nat b+ benzene soluble. ihs variance of etn;lene and deca-

w2ihivlans wmercaptans were sufficlently differ-nt to wsrrant

the pra2osratlion snd study of an Intermedilats
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such as hexsmethylene dimercaptan. ‘‘hls compound had
first hosn prepsred, snd charscterized, by von dpaun®’
from l,6-diiodohexsne and ammonium dithiocarbamate,
hnowever the aciion of thioursa on 1,&-dibromohcxane was
tried and found to bes a good method of preparation.

sthyl and octyl thioglycolétes have beson studied
as modiflers, but were not Tound to he satisfactory.
Gyclonexyl thioglycolate was studied to deteraline the
effect of tie cyclice structure. Ite preparation was
not given in the literature, however as a typical ester
it was prepsred in the standard way.

ifielissyl mercaptan was also prepsared but not studied
as a wmodifler. +The g'nthesis was interosting because it
began with the saponificaiion of carnsube wax to obtaln
the sleohol, then the bromide, and finally the merc ptan
by mesns of thilourea. Hailduschke and Gariesla used bro-
mine and phosghorus on the alcohol to prepsre the broaide,
however, two methods glven in Orgenic Syntheses for other
alkyl bromides wers tried snd seemed very satisfactory.
felissyl mercaptan has not previously been prepared.

Ihe other compounds atudied were avallable from the

laboratory's supply of chemicals.



LISCURSTION

A, Pure Dutadiene,
l. frepsracion
The directions for the preparaiion of but:dilsne
cyclic sulfons were obtained from the du Pont Lxgerimental

Stution, howaver, they resquired adaptation to the eguip-

ment in ocur laboratory. iheress the instructlons cslled
for a 10-l1litsr stainless steel autoclsve, we had 2 l=-
liter uigh preasure hydrogenation bhowmbj; and where pPyYro=-
&allol ws= used azs an inhibitor to polysulfone foraation,
this same pyrogsllol rescted with the iron of the bomb

to form a blue black, ink—like, colorec materizl which
could not be succesafully Pfemoved from the crysialline
sulfone elther chemicslly or by recrystsllization. sl-
though this eoior would probably have made litile differ-
ence in the final zroducticn of pure butadiene, it hardly
rendored the cyecllie sulfone a useful looklng materilal.
The problem was successfully solved by substltuting
hydroguinone for pyrogallol. ‘the cyclic sulfoné cnme

out white with yields equally as good ss those using
pyrogallol. It was found that the cyelic sulfone. could
be recrystallized more successfully from methenol than
water; the loss was less and the color stability greater,
that 1s, it d1d not change color upon ~tanding. There

was probably traces of hydrogquinone stlll present, however,
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its nrescnce was probably wmore beneficial than hamful
becouss 1t would exclude any posaibility of a transforma-
tion £o the nolysulfons,

Becansge of the lsrge number of nrepars lons of buta-
dlene ecyclic salfone necegsary, the experimental conditions
could bs carefully studiled, It'wes frund that considsr-
zble polysulfone was formed in the absence of the methanol
solvent. Hdxpariments conducted using recovered methansl
from the recrystallizaéion step showed that this proce-
dure was not exjpedient. t wag slso found that shortening
the hzzting per.od was not advisanle.

he regeneralfion of pure butadiene wmas es3ily accom~
plisicd by thermal decomposition of the cyclic sulfone
b 143-150° gg given in the experimentsl part.

in esch prerarsilion of butadlene cyclic sulfone,
there wag Invariably formed & smell amount of methanol
ingoluble materisl. This could either be butudiene poly-
sulfone, or a polysulfone formed from impurlties present
in the commerclsl butadiene., These were saved, although
the amount in the preparstion of two and one half kilos
of butadiene cyelic sulfone corresponded to only & faw
grems, with the thought in mind of decomposing it and
identifying the se possible impurities. ihls decomposi-
tion wes poszoned pending the development of a successful
infra-red spectral method of analysis. "A small amount
of butadiene polysulfone was prepared and compared with

the above sample. It scemed to be identicsal, but exact
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comparisons were not essily csrried out bacsuse of thas
1nsoluble choracter of the'materials.

ihe residuess from therm-l daconmposition of buta-
diene cyclic =ulfone have =2lso besn saved with a similar
thought in mind--tn 1identify the impurities still present
in the cyelik sulfone. N
2o Ztudy of Impurities
“thylacetylene is one of the lmpurities known to
be present in commercial butsdiens. Its synthesle was
asceomplished by the method of Hurd and eﬁilliamsle which
consisted of coadeonsing diethyl sulfate with sodium scety-
ide in liguid smmonis. Although the limproved technisue
of adiing the sodium and acetvylene concurrently was used,
the yielde were nn bettar than they reportsd. The cruds
sthylacetylene wes purifled by distillatﬂon through a
nodifie Davis o colwan. A 1% residue of a 1ijuid bolling
somewh»t above room temperature remained 1n the rlask,
and wes thought to be diethylacetylene. Pending work on
very pure storting mst-rlals, the effect of ethylacetylene
on the GB~% polymerizetion has not yet been determined.
%e Uze of the Gas Interferameter'for testing rfurity
The use of a gas interferometer was also tried
as a method of testling for, without identifying, Impurities
in butadiens. It is said that such sn interferometer will

detect the carbon dloxide in air with an accuracy of 1/50

+ The author wishes to express his thanks to the
Analyticsl Division of the Unilversity of 1llinsis for the .
use of their portable interferometer.



-i]e
of 1¥. Such pracision should bs useful in the above ro-
blam, ‘han tried, butadiene gnd athylacatylene showed
s Aalffarence of some 2800 unitsgs. ‘the author was unable
to find = sultable standard, however alihough methyl
bromnide, cethylacetylens, and even butaediens itself ware
tried. “he method w=s therefore sbandoned.
B. “odifievs.
1. Derivatives of Lodecyl Mercspian

The following derivabives of commerclsl dodecyl
merconban (Nauzatucek 0.E,I.) were 21l prepsared by ths
wethod of Holmberglc wirich consisted of condensing the
marespbn and acid chloride in the presence of pyridine:
dndacyl thiolbenzoate, dodecyl p-nitrothiolbenzoate,
dodecyl monochlorothiolacetate, and dodecyl thioloxalate.
It 18 better to omit pyridine in the reactlion mixture
in the preparation of the monochlorothiolacetate. 1Its
uge necessitates a weshing step which results in exten-
sive hydrolysis of the thiolester and greatly reduces the
vield.

Sulfur snalyses on thsss compounds were Inverisbly
low. & mercapbsn anslysisQl on the original O.%.I. showed
its average molecular welight to be 245 as compared to
207 for dodecyl mercaptan. This value 1is in agreement
with, and explsins, the lower;gulfur results on the
thlolesters.

Ihess compounds with the excepgion_pf p-nitrothiol~

benzoste were also tried as modifilers in the standsard



UN-8 foprmulsn, dbut all gave unsatisfaciory resultsa.
Dodsnr] monnehloroacetate was a promoter, but not o

modifier. Uodecyl thiolozslabe was a promotor, but gave

lowar wislds than the atandsrd and wodified only in three
crulvalent concentratlons. Dodeerl thlolhenzoats wan an
Inninhitor.

“hae dodseyl thiolacetate wag prepared from Deie L.,
scotic snhydrids, and pyridine, By itself, dodecrl thiol-
acatrts was a nromoitor, bubt not g modiflsr,. ‘ihe nrasasnce
of added alltall made little difference on ths yileld, hut
it d4id alter the uproduct, 423 the concentrsition of aluall
inceraased, the solubility of the corrsoagponding rubbers
slao incressed, particularily with the high:r awounta of
alkall., ifle can be cxplained by assuming the incresse
in alkall rasulte In a more rapid rate of hydrolysis of
the thiolacet te thus making the mercaptan avallable
for modlifving action,

Dodecyl trithlocarbonate was also used with alkall,
but the results could not bhe int@rpreted. Alone, it acts
as a promotor, but not a modifisr. ‘

2. Other Hodiflers

Hexasmethylene dimercaptan was prepared and identi-
fisd by 1ts dibenzoate. It was found to be a good pro-
motor snd behaved as a falr modifier in three molar equiva-
lent concentration.

Cyclohexyl thioglycolate was prepared by a standard

method using thioglyeolic acid, cyclohexanol, and p-
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tolusnegulforic =cld =3 the eantalvyet, It was @ now cone
pmund and wes thersfore charascterized and snalyzed, Its

wee sneloznus o ethvyl znd oetyl

concentrations, 1t behaved 28 a

zrazatar, but in thros ejulvalant concantrations, bhecane
ithe compovison of tertlary and normal mevcaptans

gave rother unexpectsd results. n=-0Octyl mercaptan gave a

rubber thst was superior &0 the standard, but in lowsre

yizlds, =haress taorteoctyl mercspbtan gave an Iafarlor

product, also in lowsr ylelds

o

the Be Goodrich method of mercaptan asnslysis along

~

vh zore tygileal results has bsen Included as o sourcs

55
N

}.a.

of refarence,
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PReEaALTON OF RFASTENE G¥OLIC SULEONT

asnna

A solution of Z.0 grams of hydroguinone in 50 ml,
of msethesnol was nlaced in the glass liner of a liter-
cepacity high-pressure hyﬁrogeﬂétion boub and cooled in
a dry lce-scetone bothe o this was added 121.5 grams
(1.50 moles) of liguid sulfur dioxide, obtained from =
comnarcisl tank by condensation in a dry lce-zcetone irap,
snd 127°.3 greos (1.91 moles) of liguid butadlene, obtained
in 2 eimilar wav. The cold cylinder was immediately
graled in ths bomb which was then heated for 24 hours iIn
a wgter bath maintsined st 20-30° by wmesns of a sbeam
cone. -t the end of this time, the water in the bath
was replaced by cold tap water, and the bomb allorad to
conl vefore orealng. dihe contents of the cylinder ware
voured into a 400 ml. beaker, heated to boliling, and
filtered through a flutted filter psper. Upon cooling
the methanol filitrste in en lce-salt bath, butadlene
eyelic sulfone sepsrated as a coplous, yellowish preci-
ritate which was filtere? and washed to a white product
with cold methenol. An additionsal quantity of butadlene
cyeclic sulfone was obtained by washing the interior of
the bomb with hot water, filtering, and recrystalllizing
from an ice bath. The totsl yleld Qf butadiene cyclic
sulfone was 182.7 grams (81.4%).

The results of numerous preparations are listed 1n
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ihe heasting period was reduced from twenty four hours

to sesven hours.
The solvent was omitted; 18 grams of insoluble poly-

sulfone was formed.

ihen the C4Hg.505 ppt.

was recrystullized once from



;ield dronqod Lo 6%.27,

1 hanol used in these syntheses consisted of

the iltrate of (he recrystallizatlinn of the buta-

diene cyclic sulfone from the preceding deteraination.,

De Ihoere wos sico obtzined 31,82 grams of butzdiens pnly-
sulfone (14,3).

the effect of pyvrogallol 1s indicasted in the following:
4¢ proms of ligquid sulfur dioxide snd 22 grems of 1iquid“
hutedisne in 30 ml, of methanol containing T.5 grams of

2y

cyrogallol gave 48 grams {73%) of blsck colored butadiene
cyelic sulfone. After three recrystallizations, thse product

was whlte snd welghed 22 gr:oms (36%).

]

WOy

STALLIZATION OF BUTADIEANT CYCLIC SULKONE

Two thousand six hundred and nineteen grama of crude
butadiene cyclice sulfone of m.p..el-eisQ wag recrystalliged
from 2,5 liters of methsnol by the process of warming,
dacolorization with carbon, filtering, =nd cooling in an
ice~-s21t bsth. The precipitate wee then washed with an
additional liter of cold methanol.

There was recovered 2410 grams of white product, or
$27, IThe melting point ss recorded on a Fisher lelting
Folnt apraratus wss 62,5-65%,

PROPARATION OF BUTADIENY POLYSULEOUE

To 5 ml. of methanol ﬁas added a plnch of Lucidol
{benzoyl peroxide) and the solutlion placed in a 10 mm.
Pyrex tube. To this was added 2.9 grams (0.13¢ mole)
of liquid sulfur dioxide =nd 6.2 grams (9,115 mole) of
liquid butsdiene, and the tube seales off.

The contents were heated st 50° for one day, at the



and of which Hime, a white 2114 ned Lowrred, :hie btube

Lrovvan snd the

the product wsa pure whilte in color snd wely
l.-:.l N ‘(}.1 )
Ic woe found o vo Lngoluble In such zolvents as

walel, slcononl, sbther, methansl, chlorcfory, disxans

{B
-

I-7%1, and scetons, and therefore could not Bs .uprifisd
further by rserystallization. 1Mis behavior was chaciag
with that of ths polysulfone obtained in the prepsar-iinn

of butadisne cyclic sulfones and found Lo be the szns,.

Y Nur
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JSrenty five grams of butadiene cyclic sulfons was
yleced in a 1028 ml. distilling flask snd therually dscome
poead b 10-150°% by hestlag Sthe flask in an oil bath.
e effluent gsseos vwoere purlified by psssing then through
2 wesaing trein consisting of 20 potassium hydroxids
2plution, solid czlciuam chlorids, solid sodiwn hydrozilide,
and eollecting the pure butadiene in a dry ice-aceloas
bathe. <The yield wan 10 grems (80.57).

SRS PASAIION QF T YLACTIYL RN &

Seven hundred and fifty milliliters of liquid ammonia
in a ong-liter thres-necked flask cooled by a dry lcs
bath was saturated with commercial scetylene which had
becn purified by passing it through e train conszlstlng
of a tower of water and one of‘concentraﬁed sulfuric scid,.
During this and the additlion of the sodium, stirring was

continuous and the outlet tube of the flask wes connected



to & weter asplrzior which reuovad any esco. ing amaonla

ge3e dorty three grans (l.o7 moles; of sodium metal which

Sy

1@l bren serapged clzan and cut Into small pileces was added.
The fargatioﬂ of ths undesiravle blue color wss avoided

by the concurrent introduction of zcetylene gas.

After all of the sodium had been sdded, the inlet

tube was replaced by 8 drop:. ing funnel with a pressure

[

regulstor; and the inlet tube, by = &rasin consisting o
s Lrap, scrubbing towers of wabter {(a lilter separsatory funnel

Y

wes used In which water could be introduced 1ato the to

#4

"and withdreen from the bottom in g continuous fasnion)
and 107 sulfuric acid, & calcium chloride drying tube,
z1d & dry lics-scotone condanser trap.

T this sodium acetylide wss then added, dropwise
and with stirring, 288 grams {(1.837 moles) of diethyl sule
frte. the bath temperaturs wszs sllowed to rise to about
=40%; dry ice was addsd only when the evolution of amsionla
bscame too rapid.

Finally the flask was heated on a water bath to drive
off all remaining ethylacetylens. A fluffy residue, water
soluble, remalned in the flask. The yield of crude pro-
duct was 60.7 grams (60%).

‘he total time of synthesls was 2-1/2 hours. %he
purification of 83 grams of crude ethylacetylene by dis-
tillation through s Davls column left & residue of 1 gram

whose boiling point was above room tempsrature.
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SOAEAEE LOL Lables interferomstor was used. sAasding 8

for veriosus suostinees are listed in the follovwing:

Lir Ve BEXD 0Ln
Alry, fras from 0Jg and U350 Uedi2

aitrogen . ~3eli

SXYyEan Rend

sutedlens off scale.

s refraciivl of butadiene 1s so difder

4

e

gir that the lattsr can nob 2 standard, owobayl
1 acetylone, and butsdlene 1tssli werc =iso

1 * . e £ 2 Py K e e e
trisd ss standards: Zspo wolnt for sothyvl bromics = 3,01

Lero point for ebhylecebylene = -0.413 97.47 T0.5

{or commercial butudiene., {Jould be iandistingulshable

&

B e B LT G 8
1000 oulre Jusodisn jo

oint For bubtsdiens= ~-0.79; fadzg, snd could
not be reproducszd.
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Yo %45 gpraus (0.945 mole) of dodscyl browmlds in a

&

two~liter thres-necked round-boticaed Tlagk was added
470 ml. of ©57 ethanosl, and 71l.7 grams (0,945 mole) of
thioursa. ‘thls mixture wns heate with stirring for three
hours, 2t the end of which time & solution of 5&.% graus
of sodium nydroxide in 565 ml. of water was adde.., and
the neating continued for an addiflonal Two hours.

Upon cooling two layers formed which were separated.

ifne water layer was acidified by a solution of 13.% ul.
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of concentrsted sulfuric ascid in 94 =ml, of water and
extracted once with 142 ml. of banzene. ‘ihis was added
tn the crude mercantsn, the solution washed twice with
275 mle portions of water and dried over o7 groms of

anhydrous sodium aulfszie.

Aewovsl of the golvent and distillstisn in g nitro-

sen stmosphere abt reduced rressure ;ave 164.7 grams (46%)
© Fa BT o - om0 [ . 20 A
of dodecyl meorcazptan, Bep., 113=115°/3 mmg nD = la4ET70,

ihe resldue In the distilling flssk, 14.9 grans,
wag recrystsllizsd from the mizxed solveont, absolute
aleohoel, and low boiling petroleun sther. It was found
to hsve a melting point of 32°, and assumed b2 be the
disulfide.

In the following polymerizations, the tsram ''standard
-8 formule'' is undersgtood to mesan the following pro-
caadures 3b.0 grams of soap solution snd 2.2 ml. of
catalyst sre admixed, and cooled in an ice-bath. Tthe
modifier, dissolved in 5.0 grams of styrene, is added
5o the soap solution, which is then cooled in an ice-
a2lt buth. 1o this is addad 15.0 grams of liguld buta-
dlene, the polymerizatlion bottle sealed and placed In a
cege. After hesting with rotatory aglsation iIn s waber
bsth maintazined at 59° for 10 hours, the bobttles are
cooled to room temperature, opened and short-stopped with
5 grams of 10% inax solution (Phenyl=- @-naphthylamine).
Coagulation is accomplished by titrating with a saturated

and acidified solution of sodium chloride (2110 grams
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waigiat af dried product and multizlyiag by .
£z o201unility is obizined by placing g 2,5%00

sron saazls In a 4 ounce bottle

B Y SN - et P R
songanz, snd robating in an alir ovon abt 1050YE

(5790) far 16 hours. & 10

Lorael uzteh glase and dried for 2 hours ab 70-82° gives

-

the naeczsaary date

£

far caleculating the solubllity,

i intringle vigeosity is obtsined by diluting

&)

1 2ls of the above zolution with 17 mle of

viscoaibty on this solution:
In 4
rel

n [ —JUEREE_5 2

G

¢ = grams /100 ml, solution.

Crit AN

‘the sarples
of dodecyl morcept:in were welghed out and to each
L)

wne adlad H.5H1 nle of purc ctyrene, ihe results

are listed in the following tabl



Toly. Sompls, dolax Yelgh
No. srems Zogalve  gra

1. SL.108e Lo 1 1€, 1.3
2. J,}_O;‘f*} 1 160 ::o 6?
S e 1074 1 172 . i.82
o Ge113% 1 177 EERAE 2,02
e Do 2a1% 1 17,7 T .&1
G Te1357 1 lu.w 5.5 d.ul
Te . J.106G1 1 172 7565 G0 1.96
e Ja1126 1 16,7 T5.2 135,73 1.97
e Ja00GU4 1 12,2 G5 GG P.14
The time of hesting in fhe waler Hach wan 120 hours;

4 e s 5 Ay vy 0
L@:ﬁf,}uf"g W2 g DT e

RE S Dimorcsptan)

Ty 24.4 grans (2.10 mols) of hexansthylene dibronide

~ < - o g ) ey
wag adicd 130 ml. of €87 ethannl, then 15.2 grans [0.70

for 2 rilod of filve hours, st the =md of wialch time, a
solution of C.2 graus of sodium hydroxids iIn 7 al. of water
lor

change of w2llow, Lo orange, to raddish-

g

nag &dded.e A cCo
brown reaulted., The refluxing end stirring waszs then
coontinued for an additionsl three hours.

“Yhe gnlutlon was then cooled in an lce bzih., Two
layars forme’! 3hd were separated. <he wa'er layer was
scidifioed by 2 solution of 15 ml. of concentrated sulfuric
acid in 157 nml. of water ond extracted with three t'enty~
five ml. poritlonz of be =NZene. The benzene extrecbs were
conhined with the crude mercaptsn, and dried over 4 graoms
of anhydrous sodium sulfate. & 67% yield of hexane-1,6-

dithiol was obtained by vacuum distillstion after decanta-
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Two grams of hexsne-l,6-d1ithiol was Alssolved in

0 nle of pslacicsl seotic acld and 0 ml. of woter. Chlorine

& 2 oo bubbled into thlpg sclullon for 50 nminutss, Uhle
preciyzitate which foroed upson dllution with waler was

roerystallized from 957 ethonol. wne and one half sraas

T3 of a fluffy whilts product mslting ot "1-82° was

107
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of hexane-1,0-41thiol in styrene =~md measuring out the
propar volume by means of & burette. Zufficilent pure
styrens wss then a’dsd bto maXke the totul volume of
styrens 5.52 ml.

ine results of a 10 hour run at 50° are given iIn

the followlng tzbles
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Poly.  famnle, g i S:}l,,‘ Yzf
Vo agreoms ¥isld  gm./10° ce.
Cellg
57 TL0207 DM 1 17,8 81,5 G4 1.84
5G . 10200 1 12,0 2.5 09,8 1.81
60 Ta 1000 1 Bef D38 038 2423
€1 $: 5> O3 1¢qn 760 OB.6 1.80
S ; & 1€6.4 74, QR 1,98
63 DeE2H 3 175 750 SUel 2.03
c4 D0747 1 17.7 “Lel GPe% 1.18
65 03,0743 1 17.5 8340 B35 1.30
ors D.0TAB 1 17.7° “lets e -
i:/ri Oo k}lgﬁ l/‘j. 16.? . 7&:03 fi"?l:oa hand
en D.21%€¢ 1/4 1.0 72,0 E547 1.54
6% 0.017¢ 1/4 14,7 © 6870 509 1.87
70 2.0018 1/5% 12.6 ¢ B5.5 20,1 -
71 2.0015 1/50 11.3 | 49.0 48,3 -
7 T OB 1/80 P.85 . BBT 2E€,.5 -
PREPAT IO OF PNIOGLYCOLIC sctn
T H
i i ;

To 04.5 grams (1.0 mole) of monnchloroacetic scid
mas adlad 200 ml. of ©BY ethanol, 78 grams (1.0 mola)
of thiouyres and 5 grams of hridroquinome. After rafluxing
for 7 houre; the whlte, crrstelline 201138 wasge renoved by
filtration. It w3 placed in a B0 ml, round bottomed
flaglt and trested with a s=olution of 20 grams of sodiun

hydroxid2 In 230 wl., of water,.

the

houre,

After refluxing for 1-1/2

enlubion was acidified with 200 ml. of concen-

troted hydrochlorie scid;, and extracted with two 150 mli

nortions of ather

s

Qvar 80

rasidue talken ava

e

r under reduced nrassy

The corihinsd aether extracts were drisd
Atum aulfate; the sther distillad off and the

re in a nitrogen

atmosphere. The welght of acld was 46.0 grams (50%),

RO 21
b.p., 109-111°/15 =13 dao, 143169 n

» 1&49999

D
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added 14,5 groms [0.145 mole) of cyclohexsnol, 2 trace
of p=tolusnesulfonic mscid, snd 170 ml. »f bonzene.
After reofluxing in 2 water- ;@xar;nf apparatus for 3 hours,
the benzene was distillaed off, ~nd the racidus taken over
under reduced pressurc,. (he vield of ester was 15.4 & ams
(RO}, Depe, 120-122°/15 wm.; n§°, 1.488%; dag 5 1.00%.

It was insoluble in 57 sodium hydroxlde solubtion.

fnal. Calcde for UgHi,0,8: 5, 10,40 Founds B, 13.31,

POLYN RIZATTION MODIRPTIEN “TTH CYCLOHNXYTL TTIOGLYOOL:

the stendard GR-8 formula wes userd. Cyclohexyl

thioglycolate wnss measured out volumetrically in styrene

i)

and sufficient vure styrenz added to make the totsal volume

A

5430 nl., e results of a 10 hour run ot 50% are licted
in the followlng tables

PARLE IV

Poly. Sample, Molur Yeight ¥ % Sol. , Ne
No. = grems Wouive groms  Yield §m./16 ec.

605 ?:‘01- -~

10, 59 2.9,
52 3 2.0, 7.0 '
5 5.8,

1
£

0
12 0 -
13 060261 1 9.9 4240 GG.5 2
14 5.0861 1 19.2 43,5 94.5 2
‘15 0.0861 1 11.¢ 52,0 9243 1
18 00,0017 1/50 0.7 41,0 70.4 2,03
w7 00017 1/50 9.1 E8,0 8G.¢ 1.%4
19 00017 1/50 8.8 36.5 84.3 1.78
16 . 0.1000 DDM 1 17.3 7940 7.7 2419
20 0.1010 1 17.3 79.0 97.6 2.14
21 20,1010 1 17.3 750 Q7.6 2,98

i

GeD He

£ P

1; fat weighta
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{Hmen 3,0,0, ) PR
Ry - ) % . - - o~ . - Nan ¥
dha etonderd 3R-8 Poyrauls wse uead.,  Tamples wars

measured oub volwmetrically in styrsne and dilovted =ith

pre stireane Lo o tot:l voluma 2 5,2 =ml, The vesulis »F

s

5 12 homr ron st 81,59 sre given in the followin table:

il
Nle

=7 20,1000 DN 1 13,7 2B >, 01
30 e 1000 1 19.¢ G5 T.P9
"o D100 1 17.5 2540 1.94
40 5.217 50D 3 164¢ 72,5 @f,l a6
&1 J.217 3 165 TH.D  9R.2 SeT4
£o 0,217 (17,7 (86.0) 9540 3,76
A% 2.07273 15.7 T1.0 QU5 1.59
4 0,0723 15,8 1.5 1.82
45 D.0TER 15.9 78,0 ple 1.59
{_C \300014: /5O ngs 35.5 6‘23“‘ -
4 2.0014 /50 ﬂ. BELD i -
R ﬂ.oa14 /50 B8 345

IS RS T 15, :) BTe5H Ce 25

3.217
Y,9017
"O 0723
N, 2702
0.,0723
D.0014
0.0014
D,0014

1%5.8 8575
blew un
2.4 54,5 03,0
17.9 B7.0 GU LA £.91
14.7 E3%.5 GGa8 De4R
B .4 59.5 0.6 2,06
50 e aé.J 0,5 3.38

6072
2.94

fod fod o food b O U CR B d el B 8 B 0

RGP A TON DR MU TR

1. i

e . e

“To 194,33 greome of ground cernoubs wax in oa l-liter
round hattsmad flask wos £3ded 374 ml. of ¢57 ethenol,
and =2 solution 5? A7.4 graas of s;d Ium hydroxids in $1 ﬁl.
of wnter. After refluxing for 3& hours, U
mush w2 noured int§ 3.75 liters of cold water with stirring.

the conbent of the flaslk which falled to come out was
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dissolved in 999 aleohol und atved vo the watare Yhis
was bthen Uiltarcd by sucbtion and the bulky preclilitale

sct azlide to drye. «ofter seversl days, tne dgrisd product

snd osth extrached with the ssme 200 ml. of hot banzene,
Lue exurscblion was reuvaste . with anobthar “ho ml., whic
wes Goabinew with the filrst. vpon conling in an ice buth,
the wmellssyl sleohol wrecipitated as & pale yellow solild

Lo welish 5L srans (44

U
el

i PR B Ty S IR B P xS iy o + 53 oy e
ihe rosidus Insoluble in benssne welgnsd 62 ETE LS.

Six ond three tenths graas of tas 2selissyl alceohol
was nisced in a 148 ml. 30xnlat extractor and savraclied

witin 1oy wl. of high boiling petroleum sther for 17 asurs.
gnly s dark stein was left in ths cup indicabting com late
extrscblion. kg mellazyl aleohol crystsllized ouv upon

eonliang, =2nd wes fil+srad, and found to welgh B8.1 gras
& » & »

Sale B

Jp e LIT

Ae Gamsedus hydr ogen braﬁide

Vwanty five grams (0.05b4 mole) of melis 35yl alcohol
in e 125 mle distilling flask was placed in a metsl bath
meintained st 125°, Gaseous hydrogen bromlde, generaied
by aduing #¢ grams (0.143 wmole) of bromine to 26 grans (0.2
mole) of tetralin, wss passed into this molten alcohol
over a period of six hourse. the color chunged from &

psle yollow to a dark brown.
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I~ 318 grars

raung bobtior
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ad with waeter; and

ok - sArrat ol Y N (o ,
criecde It woa racrystallizsd from o 577 solution of

Ty, gy = ~ oo YR e -
GUNEZAng NG 1765 STLE (UO] ),

o P I B ¥a g
angd .3 grang (J.3303

r3 rafliuxed Tor 10 hours.

Q

2
& galution of 1.9 grans (0,045 mole) of sodium hydroxids

in 570 mle. of watsr was now cdicd and the r~fluxing con-

tinusd for nine hours, The precipitate which formed dur-

g 25 7ition of the sondium hydroxids solatlion was

light nd fluffy; suring the rofluxiag, the cnlor changed

to g glari Lrown.

The hot mixturs wass noured Into

tate removed by filtration and washed with alcohol. A
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lumpy vroduct welgh asfter drying
osvernight, Yhils was rocrystallized from & 537 bLenzene-
ahlgolute aleohnl mixbture by dlgsnlving In benmene and

ng the nlcohol to the point of precinitutinsn.  ihe
yinld of melias=yl mercaptan was 1l.3 grazs (79Y), m.p.
Ti-4%, 4 pond melting point wez never obtsined. Dne
fractlion from absolute aleohol melted at 71-747,

Snal. Caled. for C51HgaS: S, €.843 H.d,, 478,
Pound: S, 6.943 M.4. 467 (0.191 gram sample in & ml. of

noint 0,202°).

&

chloroform =lsvated the boiling

‘A TGO

1

R PR

(]

2o Benzoyl chlorids, Haugstuck De%elas ond 7

M)

To £4,0 ml. (2.1 mole) of VNaugatuck 0.,%.1. was added
14,0 grems (8.10 mole) of benzoyl chloride and S+ ml. of
pyridine, A shite precirltate formed zad heal was zen-
eratsd, The conitenis were then hested st 65° for 24 hours,
at the end of which time, they were poured Iinto cold,
diluted sulfuric acid and extracted with ether. The
ether sextract was weshed =ith 107 sulfurie acld, 5% sodium
carbonate, water, and dried over anhydrous sodium sulfate.
Removal of the solvent, snd dlstillation under reduced
pressure gave 26.7 grams (87.3%) of the thilolester, b.p.
28 - 20
205-2132/1-2 mm; a5, 1.51305 daos 0,963,
. . , o
Anal. OCaled. for 0.5.I. benzoate (M.w., 347 ): 3, 922.
¥ The composition of 0.E.I. varles, however, the aver-
sge egquivelent welght can be determined by a mercaptsn analy-

sis and this value used in the determinaiion of the mole~
cular wsight.
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e thilolestor oy be rserystalllzsd from msthanol
solution a3 a crystallins shite mroduci, but sz2lts con=-
sidorably bolow room hempsratura.

Be Pobassiu lMercsptide and Benzoyl Chloride
20 Z4.0 ml. (Z20.8 srams, Q.1 acle) of Huugatuck Dellele

e o
Wi

Se6 yrang (0.10 mols) of potassiuvm hydroxide in
€0 1l. of walsr, and B0 ml, of benzmene. After refluxing
in a wetap rewoving apparsbus for 2-1/2 hours, 14.0 graas
(0.1 mole] of baazmnyl chlorids wrs added and the mixture
refluxed for 3 hours. pon conling, washing withh 5% sod-
iaw carbonate, water, and dryving over anlydrosus sodium
sulfate, the benzene was distlllad off snd the residus
distilled under reduced pressure.

A yisld of thiolester was 23.5 grams (753), DeDe,

£G5=212°/1-5 mm.; nD‘,Z 1.5141; dog, OsG64.

The agreement with the product obtaiued in Part A

is excellent.

POLYMWRIZACION MODIFIHD W ITH THE BUdZ0ATE OF O 8.1,

The stendard formula was used. the one and three.
molar egquivalent portioﬁa of thionlbenzoate were weighed
out and aissolved in 5.80 ml. of pure styrene. Ihe
1/50 molar equivalent was prepared volumetrically. The
results of a ten-hour run at 48,0° are listed in the

following table:
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Paty, Semmla, Tolsr  ieiont, 7 7 8ol., N

40, £rans Bouive Hrams ¥ield gm./1d =G

s /
NelR1N 1 1 S1,5 Pnl.
‘3015.;.:’ l tJ.'»l‘ ll.\) ;Snln
‘ 3 1 Had 16,3 Sal,
3 "‘i‘.‘:L 1‘;:&:) HOL e
3 Ded 1595 Hol.
: 4ol 100 3ol.
1/50 2.9 g.5  Sol.
1/53 Da0 7eb  Sol.
1/553 2.0 7.3 Gl

{5 i 1 1 r(. ) '?El\’ . 9] GG ° i

1 1%, 3 TGald G

1 1":’0?:{ !76‘*.5 9}/‘.‘194

1 17.0 T e PR

z., The intrineglc. viscogitv was nou istamiined Daganuse
the yield was low.

-

Cadnraisu g OF WAl peN IVI0 AU sl UF Uekala

Five and six tenths grams (0,04 mole) of p-nitro-

benzoyl chioride, veb ml. (L0 grams, 0,03 mole) of

o]

PR DD

®

1.76
9,15
1.74

LeB3

Nnugetuck U,4.l. and 12 mi. of pyridine were sadaixed and

o Q

heats: at ¢5° for ¢4 hours., Freciypitation in cold diluted

hydrochloric acid followed by filtration and recrystallil-

zablon of the =mroduct from s 10w =solution of mcetone in

methenol zave .1 grams {0.0244 mola)} of & pale yellow
s0iid, YR yields m.pe. 353%
ihe compound had decomposed before an analysls co

be mada.

uld

A smuall scals determinazion indicated that the sawme

reaults could be obtalned by hesting benzoyl chloride

Naugstuck O.E.I. together over an open flane.

and



FRECARAVION OF THE AONOCHLOAQACELALY OF 0,H. L

To 5.8 grams (0,051 mole) of monochloroacetyl chloride,
prepared by the action of thionyl chloride on monochloro-
acetic acid, wasg added 19.9 ml. (2.4 grams, 0.06 mole) of
Nsugetuck 0.8.I.. & conious evolution of hydrogen chloride
resulted and hest wsos g@nerateﬁ. The solutlon was heated
at 65° for 24 hours, and then distilled giving 11.0 grams
(77%) of the monochlorothiolacetate, b.p., 190-205°/20-25 mm.;

18 20
nD s Le4T7433 dgg, 0973,
Ansl. Caled. for 0.E.I. monochloroacetate (¥.V., 320)

S, 10.901. Pound: 8, 10.06, 9.23.

FQLYM%HIZATION/H%DIFIID SIUH CWHE UONGCHLORODAC TATH OF O.Hl. 1.
The stendard GR-S formula was used. The one and three

molar equivslents wers welghed out and dissolved in 5.80

nl., of styrene, vhe 1/50 ecuivalent wns prepsrsd volumetri-

¢slly. ‘The results of a 10 hour run at 42° are glven in

the following tsablet

FARLE VII

Poly. Sample, Molar Weight % 7 Sol., ]@
No., grams Equiv. grams Yield gm./10%c.
C ol

~

115 0.1379 DDCLAC 1 12.1 53.0 3763
1186 0.1379 1 12.1 53,0 33.6
117 0.1379 1 15.4 88D 26.4
11% 0.4137 3 14.8 66.5 28.8
119 0.4137 3 14.2 63.5 20.5
120 0.4137 3 14.4 64.5 62.1
121 0.0023 i

122 0.0028

/50 4.4 14.5 Sol,
/50 3.7 11.0 Sol.
3.6

MDD DD R

123 0,00928 1/50 3. 10.5 Sol.

133  0.1000 DDM 1 17.3  79.0 96.2 .76
134  0.1000 1 17.3 79.0 97.6 .13
135 0.1000 1 16.8 76.5 $9.4 74

136 0.1000 1 17.0 T7e5 OB.3 1.81
&, The yields and solublility were so low that the intrinsic
viscosity values were not determined, except to check standard.
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To %2.8 grams (0.20 mole) of trichloroacetic acid
was added 42,4 (0.40 mole) of dimethylanaline. Heat was
avolved and solution effected. Tovthis wag added with
cooling, 23,3 grams (0.20 mole) of thionyl chlorids. A
color change to amber, brown, then grnen resulted. The
golution was taken up i B0 ml. of chloroform, 25%.8 granms
(0.12 mole) of Naugatuek 0.%.I. sdded, and the mixture
refluxed for 3 houré. Upon cooling it wa2s washed with
diluted hydrochléric acld, water, dried over caleium
chloride, and the chloroform removed by distillation. A
crude residus of 34.6 grams resulted which could not be
crystallized upon cooling 1in an 1ce—bnth, nor could 1t
be distllied under reduced pressure maintained by a mer-
cury vapor pung.

FREPARATION OF DODECYL THIOLOXALATE

To 3.0 groms (0.024 mole) of ox=lyl chloride in 10 ml.
of anhydrous ether was added 10 ml. of pyridine, 15.0 groms
(0,074 mole) of rure dodecyl mercaptan, and the mixture
heated at 65° overnight. The precipitste which formed
upon scidificetion was removed by filtration, washed with
water, and rescrystallized from acetone, ‘There was ob-
tained iG.l grams (74%) of white product, m.p., 60-61°.

Ansl. Caled. for Coefso0aSa¢ S, 13.67. Found: 8,
13.60.

Dodecyl thioloxylate prepared from Naugatuck 0.E.I.
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in a similar way and recrystallized from scetone had a
sharr melting polnt of 529,

POLYMURIZAVION AODIFTE - ITH DIDRCYL i IQLOYALALY

i‘he standerd GR-S formula wss used. Dodecyl thiol-
oralate was weighed out dirsctly, =2nd dissolved in 5.80 ml.
of styrene. 1ne results of 2 10 hour run at a tenperature
of ©1° are listed in the following table:
TABLY VIII

Foly. Sample, Molsr  weight, i % S0l., )
No. grams Bouive greoms ¥leld gm./10 cc. G

C eﬁs
oo 0.2267 DDTO 1 16.8 T6ebH 573,92
23 0.226%7 1 16.6 75.5 6.6
24 0.2267 1 17.2 72,5 36.2
25 0.6801 3 17.8 1.5 99.4 1.53
2 0.6801 3 15.4 69.5 RS, G 1.65
o7 Q€201 3 15.1 £8.0  100.1 2,04
o8 0. 2045 1/50 Re3 24,0 RG.8 1.85
25 0.0045 1/80 foamed over
20 0.0045 1/50 10,9 47.0 37.4 1.36
a1 0.1000 DY 1 17.6 80.5 Y9.2 2,29
32 0.1000 1 1R.4 R4,.5 9%.2 £.68
33 041000 1 17.5 0.5 93,2 2,20
34 0.086% DDTO ‘1/4 15.% 71.0 16.5 :
35 0.0567 1/4 15,9 72,0 15.5
36 0.0567 1/4 15.8 71.5 15,7

In the one and three molar equivalent polymerization
hottles, a residue floated on the top at the end of the
reaction period. It was removed prior Lo coagulation,
recrystallized from acetone, and found to melt at 56-60°.
This corresponds to the original thioloxalate.

PREPARAZION OF THE ACRIATE OF Q.H.I.

Twenty four milliliters (0,1 mole) of Haugatuck 0.E.I.,
10.2 grams (0.10 mole) of acetic ennydride, and 10 ml. of

pyridine wers admixed and heated at 65° for 24 hours. The
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solutlon wes poured into cold, diluted sulfuric acid und
extractei with ether. The ether extrasct was washed with
wyter; dried over anhydrous sodium sulfate, and the ethsr
removed by ovaporation. ‘he residue, upon distillation.
under rsduced pressure,gsve 17.3 grams {62%) of thiolacetate,
Depe, 130-145°/1-2 mm.; ng", 1.4617; dog, 0.89%4.

Anal. Caled. for 0.E.I. acetate (M.&., 285) &, 11,12.
Founrds: 3, 11.3, 1l.2.

POLYMARTIZAVION “ODIRIED wI0H THR ACTIATTE: OF D, FeLe IH

VAGYING CONCENTRAYCIONS ﬁW ALEAL T

The stsndard GR-S formulas was used. The sanples of
thiolacetate were welighed out directly and dissolved in
5,80 ml, of g tyrens. The catalyst concentrstion was
doubled so that one insteéd,of the usual two milliliters
could be used; the sodium hydroxlde was then added in one
milliliter of soiution. ihe results of s ten-hour run at

48° are summsrized in the followilng table:

TARLE IX
Poly. Sample, Na0i, Molar Weight, % 4 Sol, YH
No. grams grsms fAquiv. grams Yield g./10
) CCa Cegg

103 0.1208 0.40 1 14,1 63.0 7763 -
104 Of Dhlac, 0,40 1 12.6 60,5 65.1 -
105, 1t 0,40 1 13.5 - 60.0 61.0 -
106 " 0.06 1 13.1 58.0  38.6 -
137 LR 0,08 1 10,7 46,0 30.6 -
108 'y Q.06 1l 13,2 583.5 28.2 -
109 L 0.02 1 16.9 (77.0) 20,3 -
110 LR 3,02 1l 14,6 6H.5 25.8 -
111 vy 0.02 1 1%.6 60.5 237 -
112 1 none, 1 14,3 64,0 34.8 -
113 $a 1 ml. 1 14.2 63.5 21.9 -
114 L BEO 1 12.2 53.5 2966 L
16-) O. 10‘30 Dmﬁ none ’ 1 1'7. 3 7990 96,2 1. 76
134 0.1000 none, 1l 175 32‘2 gg.z ?.%ﬁ

none 1 16.8 . . .
13 %450 mone, 1 . 17.0  77.5 98.3 1.51
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In amother run, the following were obtained:

Poly. Sample,
Ho. grams gram

<

100 0.120° .1
101 Of UDLAC. D60
109 o .0
o7 0.1000 o
98 0.1000

OO
O

i

POLyMERTIZATION JQDIVISE

NanH, “olar

b o o ot ok

4 iweight,
dguiv. grams

12,6
12,0
12.4

- 1%.2

18,58

i

Yield

5940
52.5
5445
7545
T&ed

% Sol.
g/10 cc.
CS}IS

21.8
2363
BTG
95.2
G5.%

I8 DODACYL WRICHIQCARBOMATE

TP AND L TRIOUWE ADDED ALXALI

The standard GR-S formuls was use:.

weighed out and dissolved in

sults of two 10 hour runs at 50°

following table:

1aRLy X

Polv. Sample,

75 0.,1000 DDM -
76 0.1000 -
77 0,1000 -
e 0,2008 DDIC -
79 0, 2208 -
80  0.,2209 -
81  0,6624 -
se 0.6624 -
o 0.6624 -
84 0,.0044 -
85  0.0044 -
86  0.0044 -
89y 0.6624 0.10
90, 0.6€24 0.10
91 0.6624 0.10
92  0.2208 0.10
93, 0.2208 0.10
94, 0.2208 0.10
95, 0.2208 0.01
96, 0.2208 1.00

Q%7 0.1000 DD =~
98 0.1000 -
99 0.,1000 -

 Na0H, Molar
Ho. grams DD grams Equiv. grams

1

L
1

i et bt P e e e el O3 O G B b 2 G0 R O B e et e
SNONWN
GRS
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«30 ml., of styrene.

are summarized Iin the

7 %S0l.
Yield g/10% cec.
Cols
8l.5 9G.4
32,5 9%.8
21.0 100.0
56.5 24.4
€0,5 25.7
59.5 357
47,0 2545
53.0 25.8
60,0 (17.1)
26.5 98.4
10.5 98.4
30.D 93.0
7.0 €5.5
67.5 1.0
44,5 29.4
48,0 (51.0)
67.0 35.4
66840 20.6
T0.5 14.2
52.5  43.2
78,5 95.2
76.5 5.4
76,0 94.1
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the samples were

ihe ree-

(3

1.82
2e 206
2.056

15
« 30

«82
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2.81
2.46

-

1. An older and apparently less pure material was used in

¥ 0 =3
2 ol s
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these ru:s,
?s The sodium hydroxide was sdded in 1 ml. of solution.
In such casss, halfl the volume of doubled the concen-~
tration of cgtalyst waas used.
In most of the polymerlization bottles before coagu-
lation, 2 yellow residue of unre:.cted =modifier flosted
on top.

FREPARATION OF DODECYL ACID <ONOTUIOLSUCCINA L {Fure and from

-

» ..E:. In }

£

To 5.4 grams (0,054 mole) of succinlc annydride was
addsd 11.0 grums (0.054 mole) of ,ure dodecyl mercaptan,
11 wl. of -ure nyridine, and the ﬁixture heatad at 65°
for 24 hours. At the end of this time, ths solution was
pours® into cold, diluted hydrachlofic acid; the white
preciritate which formed was filtered off, washed thoroughly
with weter, trasnsfered to a beaker, washed with alcohol,
filterad, driéd, and foundlto welgh 13.7 grams., An additlonal
2.0 gprams wess rascovered from the alcohol by pouring it into
water, The totsl yleld’'was 15.7 grams (96%), m.p., 74-75°,

Ansl. Caled. for CygHzoD0s8: 8, 10.62; neutral
eguivelent, 302, Found: S, 10.6U; neutral equivalent,
304,

A sample of dodscyl acld mnnbﬁhiolsuqcinate prepared
from Naugatuck 0.E,I, in & similar manner, was found to
hzve a melting point of 61-63°. Samples were recrystallized
from a dilute acetic acid solution and slcohol, however
the product ssemed sufficlently pure from the washing
process to omit this step. The white precipitate feels,

waxy and retains water tenaciously.
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To 3,7 groms (0.925 mole) of shthalle snhydride was
sdde’ 2,0 grams (0.02% mole) of Haugsatuck dodscyl mercup-
tan, 5 ml. of nyridine, and the =mixtare hestes at 65°
for 24 hours, After gouring into cold, dilute hydro-
chloric geid, an o1l formed which was extractad with ether,
and dried over anhydrous sodium sulfate., Filtration and
removal of the ether gave 7,0 grams of a ligquild which very
slowly crystallized to a white =01id; waxy in neturs. It
secmed hebterogeneous, and could not be purified by re-
erystallization from any of txhe common organic salvents
including methanol, which excluded the possibllity of
it being the dlsuilfide.

SALTIC ANTYDRIBT AND HATSAUCH Q,%.1.
- -1}

To 12,4 géﬁns {0,001 mole) of Naugatuck Q.E.I;'W&S
addel T.R gramé‘{@.ogl mole ) of pyridine. HWo resction
took lacc until the pyridine wo s introduced, then heat
wag evolvad and the solution turned dark brown In color.
After hestling for one hour =2t 65°, the solution was
precipitated in a cold, diluted solution of s 1lfuric acid
and extracted with several 50 ml. portions of evher.

(If precipitated by an ice-hydrochloric acid mixture,
the product comes out ag a solid and can be removed by
filtration), The ether extracts were combined, dried
over anhydrous sodium sulfate, and the ether removsd by

distillstion. The residue of 21.5 grams was recrystsllized
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from high boiling netrolewn ather as & finely divided
waay mate-isl. Other organie solvenis were unsaiisfac-
tory.

It wss soluble in 5% sodimm hydroxidn.

inal, Calcd. for dodecyl acid thiomslesate: ﬁeutral
aguivalent, 30, Calcd. for ;dndeeylthiowaleic acid:
neutral equivalent, 159, Found: neutral equivalent,
175,

GODDRICH WuBECAYLAN ANALYZTS

A 0.3-0.5 gram sample is welghed into 50 ml, of
isopropansl. Ten ml. of »yridine and 10-15 ml. of 57
silver nitrate gsolutlion ars sadded, and the mixbture shsaken
thoroughly. At ieast £5=30 ml. of water are now added to
21d coagulation, 4-5 drops of indicstor intrqduéed, and
the suspenslon titrated with stsndard 0.1 N sodium hy~
droxide. The end point 1s 2 color change of y=llow to
pale greén. The blank ususlly corresponds to 0.3 ml..

3.2 x Vb x Nb
78 = ¥ seample

The indicstor 1s prepared by mixing one part of
.57 thymol blue 1hv50f ethenol and 3 parts of 0,5%
phenolrhthalein in 50% ethanol,

fhe results of & series of analyses are given in

the following table:
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Hercartan veight, Vol, of Alkalil houiv,. Yelghb
groms in ml. (N=0,106) found theory

O.f.Ts {1l=t.
bateh ) J.4002 1549 21z 208
t 0.403%5 17.9 212 208
0.4, 1. {ond. ;
bsteh) 0.,3724 17.27 243 202
(R 0.3465 14,79 242 202
SQO. Dc (E‘ '
octyl) 0.3282 21.658 146 146
' 0.3143 20.67 145 14¢
. Ue321¢ 21,40 144 146
n-Octyl 0.318¢ 21.22 148 146
UeB16% 21.10 148 1486
03579 25,71 148 146
28 (t-dodecyl) 0.4104 19,00 204 200
039656 153,58 202 202
D D2EL 15.02 LoE 20

Blanlt = 0,30 ml,.



5. Butadiene

‘he pre. araticn of seversl kilos of butadiene cyelic
sulf ne to be used gs the starting materlal for very cure
butsdiene hag bewn completed, and a satlisfsctory method
of preparstion developed.

‘he possibility of using a gas interferoucter as a
assns of checiting Tthe purity of butadiene was tried, but
could not be made to give satigivactory results.

Ethylacetylenas was prepared in order to astudy its
effect ag an imrurity in commercial butadiene, but was
not tried,

B, ‘odifiers
1. berivatives of Dodecyl HMercaptan

The thiolesters of acetic, monochloroacetic, ben-
zoic, p-nitrobenzolc, oxalic, and the half thiolester of
succinic acids have been prepared from elther pure or
commercial dodecyl mercaptan, With the exception of the
thiolsuccinate, they show no promise of beling goocd modi-
fioers. ‘he thiolacetate, however, in the presence of
added alkali, did show an 1n§reased modifying activily
in a mannsr proportional to the amount of alkali used,

The investigatlon of dodecyl acid thiolsuccinate

as a modifier was conducted by Hr. George Inskeep and
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by dr. P. V. Smith who found it to glve excellent re-
sults.

Ze lscellaneous Compounds

Hexsne 1,8-~dithiol was'found to he & good gro-
motor with some modifving sctivity in higher concentra-
tions.

‘Czelohexyl thlolglycolste was Tound to be a pro-
motor in lower concentrations, but a powverful innibitor
in high concentrations.

A comparison of n-octyl mercaptan and tert-octyl
mercapten in the stazndard GL-5 recipe indlcated thst
n-octyl mercaptrn gives a more uniform and better product.
~hen compared to the standeard, the vields were somswhat
lower, but the intrinsic viscosity for equivslent con-
centrations was higher. tert-Octyl mercaptan is not as

good a modifier,
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