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PREFACE

It should be noted that in the following text, the
use of "Reaction (Roman Numeral)* refers to the experi=
mental rvesctions in their chronecmological sequence. On
the other hand, "Reaction (Arabic Numeral)" refers to
reactions 1isted in the discussion on pages 20 and 21,
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INTRODUCTION

The orininal project was concerned with the production
of artho~uttru%-pnra1@J~ {/wnaphthyl {]; ethyl-benzyl
aloohol or its alkyl-ether, This was to be accomplished by
following a five step synthesis, the first step of which
was a Priedel Crafts acylation of mothyl-benzyl ether ace
sording E@zrcaatlou (1)e \

In working up the produst, it became apparent that a
moderate dogroe of pﬂlrm-riaaﬁlen had takesn place. Altore
Ang the reactants only added to the degree of polmerization
and the appuroﬁe solecular weight, For this reason, 1t was
deslded that it would be more 1uﬁ;renﬁlns to investigate
the polymers that were being formed, and their various
propertiss, Tb‘rgf@g‘,AUhc problem was formulated as followss
What 1s the nature of the polymers that are formed when
methyl-benzyl ether and bemgyl alochol are acylated,

These studies were carried out by rumning various ree
lated remotions and analyzing the products with infra-red
and attenjated-total- reflsctance spsstrophotometry,

These resctions were carried out using anhydrous alue
minum shloride catalyst. Alwminum chloride is one of a
olass of substance called Lewis aclds (le. electrom palr

acoeptors).
only one literature reference to such a polymerization
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of benzyl systems (benzyl shloride, ethers aleohols or
S8ters) with Lewls scids was found, although the literaw
ture search carried out on thig aspect was not an exhaustive
one, Nolley (5) mentions polymerization of benzyl sleohol
With Lewi# acids or sulfuric ascid to give polymers.



BXPERIMENTAL

RIACTION I

The golvent used for this resction wag tetrachloro=-

ethane (Eastmgg'chemieal Company )« Approximately 200 ml. of
To this, 16424

solvent was sdded o a round potton Tlasks.

grams of scetic enhydride (Pisher Chemical Company )

grams of methylebenzyl ether (K and K Lavoratories) were adde

ed, The aluminum chloride (50.18 grams) (Plsher Chemical

Company ) wose added slowl&. A violent reaction occured

evolving much heat., An lce bath was uged to slow the reactlon.

Wydfogan chloride was glven off rapidly.
rad color éharaoterisaia of aluminum chloe=

The reaction guicks

1y took on a dull

ride complexess Upon oomplafion, the reaction was termine

this was followed by rapid evolution
The color turned green as »

ated with ice chips.

of hydrogen chloride and heab.
the sample was extracted with waber. After desanting off

the water, the sample was exbtracted with ether and the sole

vent was allowed to evaporate. The result was a light green

solution that showed no sharacterigtie carbonyl absorbtion in

the rather poor infra-red spectruia The aromatic C-H absorbe

tion at 3.32 u was weak but stronger than the 3.46 1 aliphatic
G-l gtretch, The aliphatile c-C streteh at 6.9 n was moderate-

1y weak, 8trong abqpfbﬁﬁfn at 785 u indicated CHpOH of A&ﬂ&gn
The
eatalysed hydrolysis of/ether. Broad absorbtion at 12«14



microns could be interpeted as due to 1,2-and 1,4-subsbitu-

tion, and to rocking of a phenyl-methyl low molecular welght

polymer chain. Other unexplained pands are 8,08 mlerons
{medium), 8.88 microns (strong) end 9.89 microns {strong).

BEACTION II
In this reaction, carbon disulfide was used as a sol=

vent, Approzimately 250ml. of golvent was placed in a

round~bottom flask. To this, 20ml. of methyl-henzyl ether

and 13.2ml. of acetyl bromide (Eastman Chemlcal Company) was

added, ™Mty grems of aluninum chloride (Pisher Chemlcal

Company) and 25 grams of sodium carbonate were added slowly
to the reactlon.

As in the first case, the reaction was exothermic in

nature, The hydrogen chlori
thig was due to the neutralizing effect of

de gas was given off at a much

reduced rate.

the sodium carbonate. The reaction color was again a dull

rod.,

Upon completion of the reaction, le
The result was a dark

e was added and the

product was extracted with waters
yellow gummy material floating on the water., This tacky
subgtance was heated under partial waguum and the resulting
olear liguid, approximately 2ml., was separated. A 244-
dinitro-phenylhydrazine derrivative was prepared, (M.P. 178).
This indicated the carbonyl nature of the product. Because

of the nature of the reactants, the carbonyl must have been
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& ketone,

BEACTION IIX

, ,‘ The solvent was again asrbon diaulfida.
200ml, of solvent was placed in a rounﬁ bottom flask.
this was added 11.70 grams of methyl-benzyl ether (K and K
Laboratories). Slowly, 49.20 grams of aluminum chloride

) was aadnd and, alang with this,
whla reaation was treaﬁsd in

Apprbzimﬁtsly
To

(Flsher Chemical Company
‘26 grams of sodium oarbonaﬁaé

a similar menner to the ocharz. The raacticn was found to

bure and some hydrogen uhlermaa
l1etion of the reaeﬁian. the water
The water and the product were
The result was a water
The water

be quite exothermic in na
was evolved, Upon the somp
extraction was carried oub.
allowed to stand 4n an open dish.

layer sovered with a thick yellow gummy maberial.

was poured off and the solid was found to be soluable in

product was analysed by infra-red apaatrephotu-
1&tar in this report in

ather. The
metry snd the results are digoussed

disoussion section.

REACTION IV
Tn this reaction as in the others, carbon disulfide

was used as the solvent. In this €288, 40 grems of benzyl

. aleohol (Fisher Chemical Company) end 27 sruma of acetyl ohlo=

rido were added. For this case, a vast excess of aluminum

nhlarida (Pisher Chemical Company) was slowly added« The

reaction was treated in the same way as before and the product

wag g large amount of light yellow polymeric substance. This

was boiled in ether but was found to be insoluables It was



number (1v),

then heated with trituration in nydroehloric acid, but this

had no effect, PFinally, the solid was dried throughly and

suspended in hydrochloris asid for twelve hours, An ash

eontent was taken onm this solld after trestment and was

found to be 1.8 percent. The softening point of this plie
able material was 1“5«1509 Ce ' ‘

SOLUBILITY OF THE POLYMER MADE FROM
BENZYL ALCOHOLw-ACETYL CHLORIDE

Ethenol

Bengene

ﬂ&ﬁh@nol

Tolvene (e
Dimethyl formamide
Dimethylacetamide
Dimethyl-guifoxide

Lo =Cregol

Hethyl-ethyl-ketone
Camphor

BEACTION V¥

This reac
with only the temperature dhnnswd. Carbon di-

Porty grams of benzyl aloohol

tion was carried out exactly the same as

sulfide was the aglvent.

{PLsher Chemical Company) and 27 grams of asetyl chloride
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were added. The flask was then jmmersed in a trough eontalin-
Only 92.54 grams of

ing a dry lce-agsetone bath (=73° C)«

aluminum chloride were added because the complexes had coms

pletely tied up the reaction in a gravel-like matrix with

that amount. The reasction took place, however, and the

lar to that formed in ro-

produst formed was somewhab simi |
anoe was stickier in nabure

action (IV). This polymerie subst
and was partially goluable in ethexr.

REACTION VI
Resskion (VI) was an attempt to polygarizc benzyl ale
s a catalyst in

eohol by itself using aluminum chloride &
alcohol (Fisher

\carbon disulfide. Twenty-five grems of penzyl
solvent and 52.5 grams of

‘Chemlcal Company) was added %o the
added slowly.

aluminum ohloride (Fisher Chemical Company) was
the reaction was kept under control
by use of an ioe Bathy After the standand treatment, the
found to be & reddish blask solid that was sole
of this product was

Az in the other cases,

product was

uable in toluene. The goftening point
found to be 85-90° C.j this time the naterial became fluid

more readily than in earlier producta.

REACTION VII

Benzyl acetabte was
with asetic anhydride.
acetic anhydride and 51 &

produced by reacting benzyl aleohol
Por this reactlon, 54,43 grams of
vams of acedic ahhydride were re-



fluxed. The unrveasted benzyl alcohol was distilled off
(b.p, 205°C.) and the resulting benzyl acetate was re~

fcted with B6.1 grams of aluminum chloride (Fisher Chemical

Company). The resulting product, after treating the reaction
1 4

mixture with ice énn vater in the usual manner; was very
Similar 4n appear*naﬁ to the product formed in veaction (VI).
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DISCUSSION

ation was an attempted acylation of

sluminum chloride catalyst.

The original rea
methyl-benzyl ether with

The resotion was intended to proeeed as shown in reaction £}

This resction can be grouped with the general class known as

Priedel«Crafts reactionS, The aluminum chloride rescts with

the acetyl chloride to form & sarbonium ion. The ion is

and perhaps somewhat by
sk
/

stabilized by the pi bond system,
hyperconjugation. ‘0
/// /¥ I
CHy e — CHICn
acylations are found to require
¢ of an electrophilic cata~

The Friedel-Crafts
more than a mole~for-mole amoun
lyst, The product of an aeylation is o ketone which is in
itself basic and may inhibit the reaction by tying up the

ALCE
i
(lf{g(i;"/Qr'
retard the reaction as well as

catalyst ag shown below?

This of sourse will
ness of aluminum shloridé.

The overall reaction would ideally progress as in re-
was not the case however; the final product

liniting the effective

action (2), This

was a gummx,polymar»liko gubstance ¥
gtill retained its plyablility. Fér

hat was soluable in ether.

The solid, when dried,

hia resson, it wad Espessary to look further for & pogsibia

explanation. It is concelvable that the acetyl chloride
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Polymerized with itself to some exbent aa;ahmwn in reaction
{(3)s It is more likely, since the asetyl ohloride was added
Slowly, that the scebyl shloride collided with the methyl
benzyl ether as given in reaction (%) '

The ether would be cleaved by the aa@glyav forming the
carbonium lon (resetion 5) and the polymer formed probably

would best be rsgyesentsd semewhat as rollawst
lepmePa = o nts

This mechanism could be used to axpzain the apparently
low molseular weight‘ef the products as suggested by its
ether solubility. The ether oleavage should be the rate de-
termining step and this oould easily slow the reaction. This
Would ineresse the probaebility of tevmination because this
is o gtepwise reaction and dependent upon ghe aancen%ragggn
of sarbonium ion for eash step.

In 811, three different reactions were run with methyl
benzyl sther. Reaction (I), involving acetic anhydride, was
8oversd emrlier in the experimental section. By analysis of
the infrawred spectrum 1t waes possible to conclude that the
acetie anhydride did not enter into this reaction. The weak
CH, at about 3.5n stretoh and the weak §<C strefoh at about
5~2n suggested a phanylnmebhyl~phanyl atruonnru. The fact
that the produat'waa e non=viscous liguid indicated the
formation of some dimer, trimer, and/or some low degres of
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Pelymerization. The aaetyl bramidi.reaatiom (D) was very

8imilar to reaction () in regard to physical properties
of the product., Therefore, for this reason, reaction (IJ)
eould be explained by the medhanism already discussed.
Infra-red spectra were taken on many of the products
of the experimental reaction of methyl-benzyl ether and
Were compared with the methyl-benzyl ether spectrum (I).
Absoﬁbtions labeled X are those caused by mathyl groups..
The ¥ peaks denote the O~0 streteh (ether linkages) ond the
Z peaks.are probably those caused by ring structure. The
8mall peaks between five ond six mierons are caused hy mouns-—
Substitution of the aromatic ring. Spectrum number (II) is
that of the product of reaction (I1I). Absorbtions, similar
to those of spectrum (I), are labeled in the same code. The
largest difference occured near six mlcrons (c). This was
due to the carboxyl absorbtion of the acetyl group. Peaks
&t 6.2 and 6.7 microns were oaused by aromatic ortho-di-
substitytion or unsymetrical—/ssubstitution (o). This

Supported the structure previously given for the polymer

tha in.
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When benzyl aleohol was used in place of the methyle
benzyl ether; the apparent molecular welght of the rasulte
ing polymer seemed to ineresse, This could be explained by
examining the dlffarenoe between the two chemicals, As
stated before, the ether was cleaved by the aluminum chlo~
ride, In the case of benzyl aleohol, the aluminum chloride
pleked up the (0~H) group as in reaction (6). This was
followed by the rapid evolution of hydrogen chloride gas.
This reaction should proceed quite rapidly, and with the
acetyl chloride asetylating the aromatic rings, it should
form a moderately high molecular weight polymer,.

According to the literature, benzyl alecohol selfw
polymerizes with en acid eatalyst. (5) This high molecular
weight polymer is produced as shown in reaction number (7).
The product is the result of ortho-para self-condensabion.
Condensation polymerization proceeds by stepwise intermoleg-
ular condensing of funectional groupss This particular re-
action was initiated as indicated in sesction (8)s The
sarbonium ion is stabilized by resonence and the structures
are shown as reaction {9}: Because of this stabilization,
the carbonium ion can retain its identity long enough to
collide with another benzyl alecohol molecule, thus causing
the polymerization, .

The spectra of the benzyl aleohol self-polymerization
product and the polymer formed from benzyl aleohol and
acetyl chloride are included in the following pages.
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Spectrum III, (the benzyl aleohol polymer) was intorprctoa
as followss A= alaohol {this could be terminal cagaﬁ~sruupa)z
BP= ring structure; B'= ortho and unsymetrical-disuhstitution
of the ring; C= G=C streteh; D= aromatiec hydvogen; and E=
hindeved CHp sbsorbtion, The latter could be attributed to
the faect thet the nethyl 5roupu are npaaod between large,
bulky benzene rings.

Spectrum IV, the product of reaction txvlﬂ.(bonnyi ale
cohol and acetyl ehloride) shows a similar abosrbtion to
that of Spestrum IIT between 3 and 3.5 microns, This however,
is not very well resolved possibly due to absorbtion caused
by moisture in the sample., The most signifiecant Gifference
is the absorbtion at approximstely 5@99 microns {X). This
is significant in that it shows that the asetyl chloride
does ente: into the polymerization as vostulated earlier,
The peak labled F is most 1likely due to aliphatic ketone.
This would tend to back up the idea that acetyl chloride
polymerizes with 1tself to some extents It should be pointed
out that spectrum IV is an A.T.R. {atternuated~total-reflect-
ance) curve, There is no significant difference is the way
a partisular peak is shown between this method and transe
mittance methods. The remainder of the peaks are labeled
using the seme code as stated for spectrum III.
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The fact that the polymer produced in reaction (IV)
was o hard to put into solution indiested a moderately
high molecular weight. This was _a:lao a reason that no
effective moleeular weight determination was mmpiima
ginee freezing point depression (Bast method) and viscosity
determinations were unsuccessful, One of the pro:*}oemd
means of analysis that was not earried out due to 2 lack of
time wes to submit the product of resotion (IV) to the iodo=
form test, Using sodium hydroxide and iodine (iodine=po=
taseium lodide solution) the acetyl groups could have been
sonverted to carboxylis ions, Titration would then have
given en sverage number of carbonyl groups per known amount
of polymer, This information coupled with a carbon oxygen
analysis would have shed some light on the actusl strusture
of the chain,




2504

REACTION (1)

CH"?JOCH3

A:LC].3
+ CHSCOCl \

CH3
REACTION (2)
CH,-0-CH 78 - S
% g > # - CH50CHj
+ CH30001
5 AlCl n
i Y —
CH!
3 4
+ HCL +A1Cl,
o
"
[~
REACTION (3)
(9] (9)
4 o ST
'CHB—C* +'CH§-CCl P :CAj—cb“é-V01 +i*
REACTION (4)
CH20CH,
7 Y Hy 0-CH,
CH3 C* 6113 AN C; + H+
A
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REACTION (5)

AlCl3

‘. + . _ =
@ CHy Q CHj i _CHp  [ALC14
+ [OCH
AR

REACTION (5)

N ALl
" . + ‘
CH,OH g, -
\ | |
+[AL- OH-C1] ~

DO

REACTION (7)
CH20H
<§] H?SOih

H REACTION (8)
HC=OH -
//
"REACTION (9) _CHp A§H2

CHp
@4_; LN R el
+
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The polymers formed during the amsylation of both
methyl-benzyl ethér and benzyl alcohol were the result of

earbonium ion formation in the Friedel~Crafts reactions

These polymers eontained both the acyl and the benzyl
groups in undetermined relative amountss |
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