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ABSTRACT

A number of monomers were copolymerized with vinylene carbqnate*f
and ‘phenyl vinylene carbonate. These éopolfmers were ﬁydrolyzed and
the résulting 1,2-glycols were cleaved to form'polymeré with aldehyde
eh&groups,' The aldehyde groups were either oxidized to the acid ox
reduced to- the alcohol,

The feasibility of forming block copolymers by a carbonyl. di-
imidazole-activated esterification reaction was demonstfated by thé _
successful coupling of acid-terminated polystyrene-with l,4-cycio-

' hexanedioi and with alcohol-terminated polystyrene. The results of

sevefalvattempts to prepare blocks by this method are promising.




- INTRODUCT ION

Block copolymers have been the squect of considerable researéh
effort in recent years, Because they comsist of two or more different
polymers covalently bqﬁded toéether, they frequently exhibit propertieé‘
quite different from a blend of the respective homopolymers., A well=
known class of blockrcopolymers is the elastomeric "Spandex" fibers.

In this polymer, hard fibér=forming segments alﬁefnate with soft rub-
befy segments as fep;ésented_by’i in.which A and B are differentvmonome;

units,
«fvwﬁAaArA—A~A~B-B=B—B-B=B—B—A»A~A~AyArB—B~B«B-B’v1A¥
L

A number of methods have been developéd for the synthesis .of
block polymers and several révieWs are‘avéilable.(Ceresa 1965, Heﬁder-
son -and Séwarc 1968, Smets and Hért,l96Q)°

One meﬁhod_of forminé'block copolymeis'is to rupture‘a’baékﬁone
covalent bond of one polymér in the présence of a polymerizable monomer.
Procedures used for this purpose include subjecting the. polymer to cold
milling, high-~speed stifring; ultrasonic vibration, freezing and thawing,
vapor-phase swelling, ana,high-voltage spark discharge (Smets and Hart‘
1960, Gaylord and Ang 1964,~Ceresa 1965), 'These.techniques genérate
free-radicals by the homolytic cleavage of covalent bonds, The radi-

cals so formed may recombine or initiate the polymerization of a new




monomer, A trivial example of this phenomenon is seen in the brittle-
ness of a rubber band which has been repeatedly and frequently
stretched. A combination of the heat generated by internal friction
and the mechanical strain of stretching produces free radicals which
can then cause further cross-linking of the rubber, These additional
cross-links decrease the flexibility of the rubber and cause the ap-
parent brittleness, Heat and ultraviolet irradiation have similar ef-
fects on rubber,

Another method of generating radical chain ends on polymers is
the thermal decomposition of a polymer with either peroxide endgroups
or peroxide linkages in the chain backbone., If a monomer capable of
radical polymerization is present, block polymer is formed. Peroxide
linkages may be incorporated in polymers in several ways.

Oxygen copolymerizes with styrene, methyl methacrylate, and
vinyl acetate, and these copolymers upon thermal decomposition in the
presence of a second vinyl monomer (equation 1) form block copolymers

(Ceresa 1960),

n CH.=CH + o0,  —iRitiators .y _CH-0-0-CH,-CH~~~
2 | 2 2 | 2 |
R R
+ am CHy=CH Jheaty, G )= CH-0 Hz-lH
R' R "I'm equation 1

In a similar and perhaps more controllable reaction, initiation
of polymerization is caused by polymeric phthalyl peroxide yielding a

polymer containing short blocks of this peroxide. Thermal decomposition




of this copolymer in the presence of a new monomer again causes block
polymer formation (Woodward and Smets 1955),

Peroxide endgroups have been introduced in polymers by use of
bifunctional peroxide initiators and by conversion of other types of
endgroups into peroxides in a separate step. An example of the former
is the redox emulsion polymerization method of Orr and Williams (1956)
using m-diisopropylbenzene dihydroperoxide, The first peroxide group
of the initiator is decomposed in the aqueous phase and becomes at-
tached to a growing polymer chain in a monomer=-polymer droplet. Since
the remaining peroxide group is isolated from the water-soluble redox
agents, it is available for later initiation of a new monomer after
isolation of the first polymer.

Isopropylaryl endgroups have been converted into hydroperoxides
by Urwin (1958). Polymerization was initiated by m-diisopropylbenzene
monohydroperoxide and cumyl mercaptan was used as a chain transfer
agent., Both of these cumyl endgroups may be converted to hydroperox-
ides which can initiate the polymerization of a second monomer to form

an AAAAAABBBBB type block polymer as outlined in equation 2,

Hs@cu(cn3)2
— N
n GHECH + HOOC(CH3)@..CH(CH3)2 >

R
2 0,
H—C(CH:;-)—Ar—(CHE—{'IH)E—H —gov>  HOO-C(CH phAr—( CH—CHY i
R R
+ m CHECH ~heaty A CH 7Y 0-C( CH —Ar € CH i CHY- I
1
R ' R

R
equation 2
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The "living" polymer technique currentl? is the best method of
preparing block cppolymers of uniform size and sequence, A.comprehen—
éive review on "living" polymers is given by Hénderson and Szwarc -
(1968)° Usually there are threg basic steps in any addition polymeri-
zations iniﬁiatiou, propagatioﬁ, and termination, By careful control
.Of conditions, the termination Step can.be avoided in some anionic sys=
ltéms with the result ‘that the polymer chainsrremain_active for thé~dura-
tion of the éxperimeﬁt, Such active polymers are described as "living"
polymers and are capable of causing the polymerization of qertain new
monomers, If all traces of impurities are purged from the polymeriza-
tion mixture and the new monomer, £his,cycle.Cannbe_repeated unti1~é
block polymer of the desired size and sequénce has 5eeﬁ forﬁédo it‘is
by no means a simple task to obtain and maintain the high degree of
purity of monomers, solvents, and reaction vessels necessary for,good
"living"'polyﬁer preparations,. and high vacuum apparatus 1is essential;
Inﬁéddition to;thé technical difficulties,'another d;awback‘is'that;not
all "living".polymers will initiate the polymerization- of ali mbnorﬁers°
A,"living" ﬁolymer of styrene which has styryl anions on the chain ends
will initiéte the polyﬁerization of epoxides, but the alcdholaté anion
will not add to styrene so the process ;annotibe repeated to fdrﬁ an
alternating bloqk“polymér° Some ﬁonomers are completely unreactive
tbward nucleophiles and this is another~serious-limita;iono
In a typical "iiving"‘polymer preparation, anion radicals of
éﬁyrene.&%}'are formed by eiéct;on transfer from a solution of sodium

and néph'thale’ne-in.tetrahyd’rofUr_an° These anion radicals then combine

"




to form a dianion Qg) which then adds more monomer forming a polymeric

dianion,
_ Na, Naphthalene . - + - ey 1
2 CHz=CH + TF > 2 CH§ICH Na Na ?HCH-:ZCHZEJH Na
h Ph Ph Ph
2 3

When all of the styrene has been polymerized, the resulting
"living" polymer will add new monomer to produce a "living" block co-
polymer,

"Living" polymers can be converted into polymers with func-
tional endgroups. For example, treatment with phosgene produces poly-
mers with chlorocarbonate endgroups (Finaz, Rempp, and Parrod 1962).

The use of chain transfer agents to place functional groups on
polymers is a method which has wide potential application for a number
of different functional groups. A common chain transfer agent such as
a disulfide can be prepared with a variety of functional groups (Pier-
son, Costanza, and Weinstein 1955). The behavior of a disulfide during

a polymerization is shown in equation 3.

~A~n~M* + R-$-5-R —/>» ~M-5-R + °*S-R

R~S* + M —>» R-S-M* + M —> R-S~~~M*

equation 3

In this work a polystyrene containing carboxylic acid terminal
groups was prepared via the appropriate disulfide, Furthermore, radi-

cal copolymers containing a small amount of vinylene carbonate have




6
been prepared. Vinylene carbonate copolymerizes with a wide variety of

other vinyl monomers to produce copolymers such as 4.

0 X
e

| H
0 0

fVV\P‘?H—:XH—%CHE~?H}H—?H——EH—«AAr

4
~

The average value of n may be controlled by regulating the
amount of vinylene carbonate in the feed. Cyclic carbonates are readily
hydrolyzed to 1l,2-glycols Qg). Periodic acid is known to cleave 1,2~

glycols to aldehyde groups (6).

O™ or OR™_

NN — SR,
A HOH, HOR 7 i“ CH—CH3 fH)F?H“(fH”W‘
H OH X OH OH
5
~
5 + Periodic acid H-ﬁ—(Cﬂf—?H)E—ﬁ-H
0 X 0
6
~

The resulting aldehyde-terminated polymer gg) can be oxidized
by potassium permanganate to a polymer terminated by carboxyl groups or
it can be reduced by sodium borohydride to a hydroxy-terminated polymer.
By using one of the various esterification methods available, a polymer
with acid endgroups could be coupled to a hydroxy-terminated polymer in
which the repeating group is different, The result is a perfectly al-
ternating block copolymer in which the average length of the blocks is

known,




RESULTS AND DISCUSSION

Vic-glycols are cleaved by periodic acid to produce aldehydes
or ketones (Fieser and Fieser 1967). Poly(vinylene carbonate) and co-
polymers containing vinylene carbonate have been hydrolyzed (Schaefgen
and Field 1966, Marder and Schuerch 1960) to yield products containing
vinylene glycol units,

Two of the copolymers prepared in this investigation, poly(N-
vinyl carbazole-co-vinylene carbonate) and poly(acenaphthylene-co-
phenyl vinylene carbonate) have not been reported previously., Styrene
and vinylene carbonate have been copolymerized by Judge and Price
(1959) and by Hayashi and Smets (1958). Poly(N-vinyl pyrrolidone-co-
vinylene carbonate) has been studied by Judge and Price (1959).

Vinylene carbonate is a 1,2-disubstituted vinyl monomer which
is not very reactive in copolymerizations due to steric effects and the
fact that it is difficult to form the very reactive radical. Accord-
ingly, copolymers of vinylene carbonate with styrene such as 7] contain

long blocks of polystyrene connected by vinylene carbonate linkages.

CH—?H}E—?H—-EH
Ph O\ p;

@

o=
b

7
~/
When a mixture of acenaphthylene and vinylene carbonate was
polymerized free-radically, polyacenaphthylene was formed but no

7




copolymer was isolated,. An uncharacterized precipitate formed during
the bolymerizationo The-Copolymer of acenaphthylene and phenyl vinyl~
ene carbonate was prepared. ,Thisvspecific copolymer has not been re-
ported, but Forgione (1968) prepared pdly(phehyl vinylene carbonate)
and suggested that'phenyl vinylgne cgrbonate was readily copolyﬁerized
with ‘a variety of ¢omonqmers, | |

In order to decrease the size oflthe étyrene blocks in the co~-
polYﬁer of styrene and vinylene carbonate (7) the method used by Goll-
mar (1969) was employed, The initial polymerization mixture contained
an excess of vinylene carbonatg_over styrene° Twiqe»duriﬂg:tﬁe two~
week polymerization period, styrene andrinitiator were added,

The copolymer (7) was hydrolyzed by sodium methoxide in tetra-
hydrofuran (THF) to yiéld‘the corresponding copolymer of styrene and
vinylene glycol (8). Copolymer (8) wés»cleaved by‘periodic acid in
tetréhydrofuran}to iield polystyrene terﬁinatea by éldéhyde gfqups (2)0
Reductién of the aldehyde groups with sodium bofohydride (NaBH4)
yielded polystyrene with hydroxy endgroups (}9) (SeevFigure 1.

f»Altéfnatively,Acleavage by periodic acid and potgssium permaﬁ—
ganate in tetrahydfofuran, containing a‘little'water, yielded poly-
sfyrene terminated by carboxylic acid éﬁdgréups‘(ﬁ}) (seeAFigﬁre i)o

Another method of preparing an acid-terminated polystyrene is
to uég dithiodigiycolig_acid as a chain transfer agent in‘giradical.
poiymérizatioh (seé équétion 3). The‘molecuiar Weight.is'éontrolled by_‘
the amount of transfer agent in the feed, éolymer i} was prepared in

this manner (see Figﬁré'l)o




CHZ—E:.)TEH_?H CH—Z— H—}n— ?H— H

NaOMe, MeOH

\ /0 THF rd Ph OH OH
G X
H
0 X
7 [9] = 0.354 8 [] =o0.308
~  Mv = 64000
HIO, *H,0 - H»-(|:——€CHZ— CH)— C—H
< THF 7 b bh 0
9 [1] = o.101,
Mv = 13000
NaBH - — —
5 4 S HO CHZ—(-CH2 ICH—)—-—n CH2 OH
~ benzene Ph
10 (1] = 0.16
Mv = 23000”
. HIOA'HZO’ KMnOQA HC—ﬁ—(CHZ—CH-)—n—ﬁ—OH
~ THF - 0 h
11A [?] = 0.102,
Mv = 130007
11B [7] = 0.095
~ Mv = 12000%
initiation
n CH=CH + HOCCH;S-SCH-COH > HOCCH=S—CH-—CH)— SCH;COH
Y 2 2jj - i 2 2 ] 'n 24
Ph 0 0 0 Ph 0
12 7] = 0.58
~ Mv = 1230007
Figure 1. Preparation of polymers 8 through }3.
* Calculated from [7] = 6.3 x 10'-5ﬁv0'78 (Cantow, Meyerhoff, and
Schulz 1961).
*% Calculated from [7] = 1,13 x IO-QFI—VO'?’? (Bawn, Freeman, and

Kamaliddin 1950),
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N-vinyl pyrrolidone copolymerizes with vinylene carbonate to
yield the copolymer l}. Poly(N-vinyl pyrrolidone) is very hygroscopic
and in several instances, after treating this copolymer in water, the
weight of absorbed water exceeded the weight of the original polymer,
Drying in a vacuum oven at 75° for several days removed only a fraction
of the water, which interfered with later reactions. The copolymer (l})
was hydrolyzed in methanol with sodium methoxide to yield the corres-
ponding vic-glycol copolymer (}3). Copolymer (lﬁ) was cleaved in water
by periodic acid and either oxidized to the acid-terminated polymer
(}?) by potassium permanganate or the intermediate aldehyde (16) was
isolated, redissolved in dry dimethylformamide (DMF), and reduced to
the alcohol (17) with sodium borohydride (see Figure 2).

The copolymer of N-vinyl carbazole and vinylene carbonate (18)
was hydrolyzed (19) and cleaved to acid (20) and alcohol (3}) end-
groups by conditions similar to those employed for the copolymer of
styrene and vinylene carbonate (see Figure 2), The copolymer Ql§) was
of low molecular weight, ﬂinh, in benzene 0.105 at 0.5 g/dl. Cleavage
of 18 to the acid-terminated polymer (29) resulted in a viscosity in-
crease, Tinh 0.152. Intermolecular hydrogen bonding may account for
this increase as the alcohol-terminated polymer (E}) had ‘linh 0.079.
Acetic acid is known to form a dimer (23).

CHg_C/OH....QQh_CH

N
S

22

~



?H-—CH A I‘H——-CH GH-CH 2.)“4':}1_(':}{
N

| Sodium
Ny
0 . — > N0 OH OH
i

0 X X
13 [1] = 0.76 144 Tinh = 0,55
~ [4B Winh = 0.4147
KMnO HO—C—€ CH-CH .—C~0H

i,

HIO4 H,0 4

14 ;
~ i~ 154 vinh = 0,218
2 15C vinh = 0,0847

NaBH,, HO-CH :—¢CH~ CH 5~ CH=—OH
F 27 2 2

C70

178 ?inh = 0,057%

(fH—CH o CH—c';H

H
I
0 NaOMe, MeOH H OH

N
benzene -

Figure 2. Preparation of polymers 13 through ’23.

% Measured at a concentration of 0.5 g/dl and at 25°,
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>

HO- —)— CH—
0 CHZ—(-(lZH—CH2 = CH2 OH

HIO,
HO-C—+ CH—CH=)—— C-OH <———— 19
I i 27 i Rin0, =~

20 Minh = 0.152%
”~

N

eole

21 Minh = 0.079%
A

1. HIO,
L s, ks

HO—CH é—‘(' CH—CH'}H—CH"OH

Figure 2,--Continued.

(::)!:::’ gh

[M] = 0.128
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Poly(acenaphthylene-co-phenyl vinylene carbonate) (2;) was
hydrolyzed to the corresponding homopolymer (Zé) having vinylene glycol
linkages, Polymer 24 was then cleaved and reduced to a polymer ter-
minated with primary and secondary alcohol groups (;9) (see Figure 2).
Copolymer 29 was of a low, less than 20,000, molecular weight as evi=-
denced by the [V] 0.095 in benzene at 25°, Upon cleavage and reduction
of 23 to alcohol endgroups, a slight viscosity increase was obtained,
] o.128,

Poly(methyl methacrylate-co-vinylene carbonate), (26), was pre-
pared by a procedure similar to that used for the copolymer of styrene
and vinylene carbonate, The initial polymerization solution contained
an excess of vinylene carbonate over methyl methacrylate and four times
during the sixteen-day polymerization period, initiator and methyl
methacrylate were added. The carbonate carbonyl band appeared at
1810 cm_l in the ir spectrum of the copolymer which had EQJ 0.414 Mv

110,000 (Fox et al, 1962),

— — -CH Ht—
—<CH2 (I: —%r;—i
C=0
5 A4
CH, I 26
0 x ~

Treatment of 26 with 0.45 M sodium methoxide in tetrahydrofuran
for four days caused the polymer to precipitate. The recovered polymer
was insoluble in all of the usual solvents for poly(methyl methacrylate).

The ir spectrum showed the absence of the carbonate carbonyl band so
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hydrolysis was essentially complete, Reducing the base concentration
and reaction time resulted in incomplete hydrolysis of the carbonate
and an insoluble polymer. Acid-catalyzed hydrolysis with p-toluene-
sulfonic acid resulted in incomplete hydrolysis and a partially insol=-
uble polymer.

It was proposed that the insolubility of the hydrolyzed copoly-
mer from Eﬁ was a result of cross-linking by transesterification between
ester groups on one polymer chain with hydroxy groups on adjacent
chains, A control experiment was carried out in which a mixture of
pure poly(methyl methacrylate) and ethylene carbonate was treated with
sodium methoxide in tetrahydrofuran under the same conditions as the
copolymer. The recovered polymer was readily soluble in acetone, show-
that no cross-linking occurred, This result does not rule out cross-
linking by transesterification in the copolymer, as the pathway to
cross-linking is much shorter in the copolymer than in a mixture of
homopolymer and ethylene carbonate.

Carbonyl diimidazole (27) has been used as an activating group
to prepare high molecular weight polyesters (Morgan 1965). It provides
a pathway to esterification under extremely mild conditions, Carbonyl

diimidazole (CDI) reacts reversibly with alcohols to form carbonates

(28),
~/
N=CH (0 HC=N 0 HC=N
i/ ~ I /7
N-C-N\ + 2 R-OH —— R-0-C-O-R + 2 H-N ‘
HC=CH HC=CH C=CH
27 28

~ ~
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A trace of base catalyzes the esterification reaction; either
the alkoxide of the alcohol to be esterified or a trace of sodium
imidazolide may be used. Carbonyl diimidazole reacts with a carboxylic
acid to form an intermediate acid azolide (2?). Since imidazole and

carbon dioxide are formed the reaction is forced to the ester (30).
Pa 4

0 0 HC=N HC=N
y . s /
27 + RL-C-oH — R-C-N + H—N\ + co,
~)
}c:cu HC=CH
29
~J
(ﬁ HC=N
29 + R-OH —D23%¢ 5 RLC-0R + HN
~ AN
HC=CH
30
~J

The feasibility of preparing block copolymers by a CDI-catalyzed
esterification reaction was demonstrated by the chain extension of an
acid-terminated polystyrene (;}) with l,4-cyclohexanediol and with an
alcohol-terminated polystyrene (10) (see Figure 3).

The copolymer 31 had [ﬂ] 0.74, This viscosity increase corres-
ponded to a 43% increase in molecular weight, from Mv 123,000 to Mv
176,000 calculated from [7] = 1.13 x 107% ﬂv°'73 (Bawn et al. 1950),

The plot of inherent viscosity versus concentration for copolymer 2}
was strange in that it had a positive slope. Normally, extrapolation
to infinite dilution results in [W] being greater than 'Tinh; however,

in this case ‘linh = 0.95 at 0.5 g/dl. Calculated at this point, Mv =

245,000 for a 1007 increase in molecular weight from ;2. A molecular
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CDI
HO-CCH —S—{CH—CH)}—SCH—C-OH + >
gZ.(ZI}n_- Zﬁo HOO_OH base ~
Ph "0
12 [9] = 0.58
~  Mv = 123000
ﬁCHE-S—(-CH—Z—EHé?l—SCH-Z— ﬁ--O»O 0
h 0
X
31 M]=0.74
™~ My = 176000
12 + HOCHZ-—-(-CHZ——('IH}E—CH—ZOH DI
Ph base E
10 [1] =o0.101
~  Mv = 13000
i;cn——s—éca ?H)—SCH—!C' oca—écu fl‘H-}—— CH0
Ph 0 Ph
X
32 [1] =0.70
~ Mv = 158000
N=CH 0 <|) /CH::N
!
HO-C-(-(.JH-CH 9——c-0H + I ——> l N—C-{(‘?H—CH-)- C-N + €O,
0 :N 0 0 CH=CH :N 0 CH=CH
15 9inh = 0,084 33
~ Fad

Figure 3. Preparation of polymers 31 through 35,
~ ~
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0 0

base i I
33 + HOOOH —_—> —-»c-(—fH-CH %C—OQO-._
~ 2'n
Cy) X

34 "inh = 0,12
~

base
= > —_—
33 + Hoc:Hé——ef,H CHZ-)m—CHZOH
Y
17 “1inh = 0.057
~/

-

——t C-G?H-CH—}——C—OCH-—%CH-CH—}—-CH 0
Q“°<j

35 “inh = 0,087
~t

Figure 3.,--Continued.
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weight distribution study would have been helpful in determining the
actual.amount of coupling whiph did oécurn

ACopolymer 2}, resulting from coupling aﬁid—terminated poly-
styrene (ig)‘with hydroxy-terminated pblystyrene (19), hadrﬁ?] 0.70
for Mv 158,000, This gorresponded to a 41% increase in moiecular
weight from fhe average moleéular wéight‘of the stérting pblymersn ‘As
in the above case,‘the viscosity~concentration plot had a”pésitive
.siope,}?inh = 0,87 at 0,5 g/dl,

Due to the large amount of absorbed water présent in the poly-
mers of N—vinylipyrrolidone prepared in this investigation, a large
excess of carbonyl diimidazole was ne;essary to cause esterification,
Carbonyl diimidazbie reacts pfeferentially ana irreversibly»with-water,
forming garbon dioxide and imidazole. Acid-terminated poly(N-Vinyl
pyrroliddne) (13). was réacted with an excess of CDI to give the inter-
mediate acid azolide-terminated polymer (33) (see Figure 3). A sharp
carbonyl:bahd appeared in the ir sPéctrum‘of 33 at'l760‘cﬁ"l where . one
was not -evident in the spectrum of L;;' The carboxyl carbonyl.band~was
apparéntly ovérlapped with the'large:1a¢tam‘carbonyLAbanda

.PolYmer_§§ was chain-extended with l,4—cycloh§xan¢diolﬂto give
copolymer 34 with a 42%.increase iﬁ viscosity, f?om 9inh 0.084 for
polymer 15 to Minh 0,12 for»polymér 34,

Similarly, 33 was coupled with hydroxy—terminatgd poly(N-vinyl
.pyffolidong) (LZ) to give %é, Oinﬁ 0,087ffor a 38% increase.in Viscos-

>

ity from-the‘average of - the starting’polymers (see Figure 3)0
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Partial success was obtained when carboﬁyl diimidazole was used
as the activating ageﬁt in esterifications between differeot homopoly-
mers. Polystyrene-with acid endgroups (l})-was coupled toApolyacenaph-'
thylene with hydroxy.endgroﬁps (z;) to give a polymer having a viscosity
9i greater than the mixture of‘starting polymers. Since there was 1007
recovery of polymer, thlS viscosity 1ncrease 1nd1cated that a small
'amount of block copolymer (36) was formed (see Flgure 4)
When polystyrene and poly(N-vinyl cerbazole) were coupled using
"the CDI reection'(see Table 1), viscosity increases*of 2.8% to 287 were
recorded. These percente:were calculated from the - average viscosity of
the starting materials as the solvent (benzene) was the same in all‘
cases, The small increases are notlsignificantvSince less than 100% of
the polymer was recoverea after reaction, One fact is obvious from ex-
.>am1n1ng Table 1--the greatest v1scos1ty 1ncrease was obtained when
polystyrene with acid endgroups (12) was used in the synthe51s ‘of block
copolymer 2]° 'This'indiea;es that there are probably-more_reactive
endgroups on- the polymer prepared by chain transfer than on the acid-
vterminated polymers prepared by cleavage of the vinylene carbonate co-
polymer (see Figure 4). |
In all phaSes of this iﬁvestigation, the molecular meight dis-
tribution of the polymers would have been extremely valuable in assess-
Ving the extent and type'of'cleavage'and couplingo’lln further work,
»eﬁdgroup analysis by:one of the available”methods isisllggeétedo The
‘general feasibility ofvthis method of making bloek copolymers has been
demonstrated, but much more.sﬁudy could be‘carriedlout along the lines

mentioned above.
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HO-C~ CHo—CHY— c—on + HOCH —(—CH—-CH?—— cnou 1. CDI -
(IJ 2| | 2. base 7
Ph
11 [7] =o0.101 25 [7] = 0,128
~ P

II—(—CH—CH)— C—OCHZ—GCH-CI-H— CHO
v =
Ph 36 [%] =0.13
X

HOC—CH>—S €CH~CH)}—S~CH>-COH + HO—CH—GCH-CH——)— CH oi L. CDIy
|2 2 n 2 | 2, base

12 “inh = 0,57 21 Yinh = 0,078
~ rad

-

-

-1 Cf—CHES —('CHZ—?H)n—SCHZ_ ﬁ—OCH é“({']H“CH é‘)[—n"CH'iO —

T oo |

37 %inh = 0,606
~

Figure 4, Preparation of polymers 36 and 37,
-~ lad




TABLE 1

POLY(STYRENE~-b-N~-VINYL CARBAZOLE) BY ESTERIFICATION -

a Average b Reaction Time Percent c Percent
Attempt Acid® | Alcohol verag { CDI, mg~ | Before After Viscosity |Viscosity
: . Viscosity : Recovery A
Base Base : ‘ Increase
1 PS 12} PC 2l lqinn 0.472 25 | 17 hrs | 24.5 hrs | 100 Ninh 0.606 | 28.4
: - 400 mg 100 mg R , : N : : . :
y PC 20 PS 108 | | r |
2 150 | 150 g (%] 0.156 25 13 28 100 M) 0,176 | 12.8
3 PS5 11A PC 23 Minh 0,092} 130 23.5 22 .83 Vinh 0,0945 2.8
» 150 mg 100 mg . : ,
S - No base used, :
4 PS LA 1 PC 2L 1 vimn 0.002| 65 | refluxing toluene 82 | %inh 0,095 3.3
150 mg 100 mg : - : :
v ) 24 hours
5 PS LIA | PC 2} 9inh 0.093| &0 12 17 85 Vinh 0,103 | 11.0
150 mg. 80 mg ‘
a. PS = polystyrene; PC = poly(N-vinyl carbazole).
b. CDI = carbonyl diimidazole., ‘

¢, Yinh measured at 0.5 g/dl.
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EXPERIMENTAL

Materialé

Styrene and N-vinyl=-2-pyrrolidomne (Matheson,'Coleman, and Bell
_ qu) were purified by vécuum distillation, = Acenaphthylene (J. T. Baker
Chemical Co.) and N-vinyl carbazole (XK, ana K, Laboratories) were re-
‘crystallized prior to use, Benzene (Allied Chemical Co.) was distilled.
. from sodium, Dimethylformamide was driéd over anhydrous magnesium‘sul—
fate énd then distilled from phosphorous¢péhtao£ide.;-Dioxane was re-
fluxed over sodium for 24 héurs and then:,distill'edo |

Vinylene carbonate was prepared from ethylenekcarbonate (Mathe-
son, queman, and Béll Coe)‘by fhe method of Johnson and Patton (1960)
and purified by distillation from sodium borohydride, Phenyl vinylene
carbbnate was preparéd by tﬁe method of Forgione (1968) from acetophe-
' none (Matﬁeson, Coleman,_and Bell Co,) in a féur-étep synthesis,
Azobisisobﬁtyronitrile (AIBN) (ﬁatheson, Coleman, and Bell Cof),
. carbonyl diimidazole (Colﬁmbia Organic Chemicals), and l,4-cyclohexane-
diol (Aldrich Cﬁemical Co.) were used without further purificationw
Theroiidizing agénté, poﬁassium perméngéﬁéte (J; iq Béker Chemicéi Co;)9
and périodic acié (Matheson, Coleman, andeeil C§,), were used without
purification as was'the reducing agent, SOQium borohydride<(Matheson;‘A

Coleman, ‘and Bell Co,).

22
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Viscosities
The viscosities were measured at 25 & O°l°,"The5leW:times

were recorded with a stopwatch and a range of 0.4 seconds per sample
waS'aécepted; The inherent viscosities,'ﬁinh, are for a concentration
of Q,5 g per 100 ml,unless otherwise noted., The viscosities of poly-
éty;ene, pblyacenaphthylene, and poly(N—vinyl‘carbazole) were measuredl
in benzene and those of pply(N-vinyl pyrrolidone) were measured in dis-

tilled water,

Instfumental Analyses -

 _ Al1Viﬁfrared épectranWere recorded on a Perkin-Elmer Model 337
spectrophotometer from potaSéium bromide pellets unless specified as
from a film, The polymer films were prepared by allowing a 10% solu-
tion éf.the polymer to dry on a metal gauze. The nuclear magnetic
resonance spectra (NMR) were”;ecorded on either a Varian Model HA-100
or_aJVarian Model AP6O,s§ectromete§ with tetraméthylsilane as an 'in-

ternal standard,

Vihylene»Carbonate

Chloroethylene carbonate was prepared by thermethod of Schaef~
gen and Field (1966), starting with 220 g (2.5 moleé) of ethylene car-
bonate in 200 g of carbon tetraéhloride° An external ultraviolet light
130q:cé (GE RS~type) was uéed’instead of an internal souréeo',Since~the
réactibﬁ ti@e dééénds upén-théfrate of chlorine»additioﬁ, a double
Liébig condenser with ice water was used so the'fotal reaction time was

shortened to 3.5 hours., The most reliable indication of the end of the
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reaétidn is the disappearance of two 1aYers,in the reaction flask,
Ethylene carbonate is only pa;tially soluble in carbon tetrachloride
while mon§~chloroethylene»carbonate is completely miscible, After re-
moval pf the solvent under reduced preésure,-the product was disﬁilled
at 7 mm, -The lower boiling fraction-(64—9l°) consisting of polychlor-
inated products ﬁeighed 6308 g, whiie ﬁhe Higﬁér boiliﬁg fractibn
(91-103°) containing}mono—chloroethylene ca:bénate and starting mater-
ial weighed 244 g, A complete éeparation of these components with a
25 cm Vigreux column was not possible so the miiture‘was used in the
nex£ step of the synthesis,

Vinylene carbbnate<Was prepared from the high boiling fraction
from above by the thermal dehydrohalogenation:method of Johnson and
Patton (1960), Thevfraction to be pyrolyzed was dissolved in 100 ml of
vdry tblﬁene and added dropwise to the column at the rate of appréxi-
mately 2 ml per minute., -Since. a 30-cm heated column was used instead .
of the.recommendea 90=-cm célumn, the~teﬁperature was raised 5° so thaﬁl
the column was maintained between 255 and"26.5.°° Distillatidh“of.the
pyrolyzate .afforded vin?leﬁe carbonate (34.3 g) and_unreacted startiﬁg
material (75 g). Another 10.4 g of vinyléne carbonate was obtained by
reéyrolyzing’the recoverea'starting_materialg‘ The technique of thermal
»dehydrohalogenatioﬁ is much easier than the base-catalyzed method of
Schaefgen and Field, although the yield (20%) is lower. The product
wag confirmed by the strbng straiﬁedAring cg;bonyi in the ir"and-ﬁy-a

singlet centered at 2.87% in the NMR spectrum;-
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Phenyl Vinylene Carbonate

Phenacyl acetate was prepared in 51% yield from acetophenone by
the method of Ruggli and Knecht (1944); except ;hat the product‘was
purified by vacuum distillation inSteadvof réérystallization as it
tended to form an oil, _Treatment of the acetate with barium carbonate -
in boiling water, according to Fischer“and Buéch (1891), gave phengcyl.
alcohol J'.n"85°Z,'yield'° Phosgeﬁe was condenSed>with phenacyl alcohol us-
ing the method of Forgione (1968) to_giVe‘phenyl vinylene caibbnate in
39% yield. In order for this reaction to proceed satisfactorily, the
_Vreaction vessel was fiame dried under nitrogen and- the o&erall reaction
time was incrgased several hours?_ The corrected melting poin£ of'8l-82°
corresponded‘exactly to the litérature value?-and the produqt waé con-
firmed Py infrared and NMR spectra." Phenyi vinylene carbonatermust—be
stored in the cold’fpr it becomes yellow upon.standing_at rooﬁ temper-

ature., .

Poly(styrene-co-vinylene carbonate) &Z):

Freéhly distilled styrene (3.4 g, 0.033 mol) and vinylene car-
bonaten(8°6 g, 0.1 mol) were dissolved in 15 ml o‘f:benzene° After the
addition of azobisisobutyrdnitrile (AIBN) (0,018 g, 10.8 mmole), ﬁhe
bottle and contents were fiushed with dry nitrogen for 15 miﬁutesa The
'bottle was sealed and placed in an oil. bath at460 T 2°, on the-fourth
~ and ninth days the bottle was charged with styrene (3.4 g) and AIBN

(OQ-C)15,g)° After a polymerization period of fourteen days, the copoly-
imer was preéipitéted in methanol ﬁith aboutv4,0 g of éal¢ium nitfafe

added to salt out the low molecular weight polymer. After two
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reprecipitations, 7.5 g (40%) of a white.pol?merbwas obtained, [d]
0,354 in béﬁZene, Mv 64,000 (Cantow et al, 1961), The ir spectrum
(film) showed the carbonate carbonyl band at 1820 crrl-1 overlapping an
existing band in polystyrene, |

Poly(styrene—co?vinylené glycol) From
Tetrahydrofuran Solution (8A)

A solution of 3.0 g Ql), sodiﬁm (0.6 g, 0,024 mol), 15 ﬁl of
methanol, apd 75 ml of tetfaﬁydrofuran was stirred-at‘35«40°,for 34
- hours, Precipitétion in methanol yielded 3.0 g for 100%'re¢overy° The
Y inh = O°308,aﬁd the it sbectrum (film) showed the diséppearance of the
carbonate'cérbonyl band,

Pdly(styrene—co~vinylene glycol):

From Dioxane Solution (8B)
o

In an analogous manner to 8A a solution of QZ) (3.5 g) in 50 ml
of dioxane was treated with‘sodium (0.6 gs 0,024 mol) in 10 ml of
methanol at Troom temperaturebfor,3 days. The polymér'Was worked up as
"before for 100% recovery., The polymer was tan colored while the diox5
ane turned a dark orange. Benzene is a more satiéfactofy soivent fof

this reaction,

Polystyrene With Aldehyde Endgroups (9A)

A solutlon of perlodlc acid (1.5 g, 4,5 mmole) and 8A.(l 5 g)
in 30 ml of tetrahydrofuran was stlrred for 3 days at room temperature..
.~ The éolymer was worked7up’byAprecipitation into methanol to give an SO%.
yield, [1] 0.101, Mv 13,000,(Cantowret al, 1961). The aldehyde car-

bonyl appeared as a small sharp peak at l7lO-cm“l in the ir,
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Polystjrene With Aldehyde Endgroups QE?)

" The cleavage of Qé.(lfo g) with periodic acid (1.0 g, 3.0
mmole) in 20 ml of dipxane was attém’pted0 ‘After 9.5 houré the polymer
had precipitated_so the mixture,was.poured into ﬁethanol énd the iso-
lated polymervredissolvgd in 20 ml pf tetrahydrofuran, Another‘0°5 g
df periodic acid was added and fhe rééctién céntinued fbf:lé hoﬁrs,'
Only 58% of the isolated polymer was soluble in benzene with ¥linh
0.101. The remainder was an insoluble powder which was identical to
polystyreﬁe in the ir. Dioxane ié-not a géod solvent_for.ﬁhis oxida~

- tion,

Polystyrene With Hydroxy Endgroups (10A)
R~

A solution of 212'mg of 9B in 15 ml of benzene was treated with
sodium borohydride (0,2 g) for 48 hours at room temperature. The poly-
styrene was recovered in the usualj-waybfor,97"/,,-recoverya The hydroxyl
groups were confirmed by tﬁe'éuccessful'coupling of this polymer wiﬁh'

" an acid-terminated polystyrene.

Polystyrene With Hydroxy Endgrbupg (l9?>-‘
| | Poly(styréne—co-vinylenérglycolj (8B, 1.5 g) was dissolved in
40 ml of tetrahydrofuran and periodic acid (1.0 g, 3.0 mmole) was.
added., After 60 hours the polymer was isolated by precipitation into
methahol9,dried, and‘redissolyed in 40 ml of tetrahydrofu‘ran° Sodium
boroﬁydride (1.0 g) was addéd:and the mixture:stirred for_68 hours,

Precipitation in methanol gave 1.0 g of soluble polymer with DQ] 0,16,
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Mv 23,000, &nd 1.0 g of insoluble material resembling polystyrene in

the ir,_

' Polystyrene With Acid Enderoups (11A)
- ==

Poly(styfene-co-vinylene giycol) (84), 1.0 g, was dissolved in
75 ml of tetrahydrofuran and treated with periodic acid (1,0 g, 3.0
mmole) and potassium permanganate (1.0 g, 6.3 mmole), Distiilgd water
(0.6 ml) Waé added té cause partial dissolution .of the permangénate°
After stirring for 6 days at room temperéture, the polymer was precipi;
tated in 4 N HC1l and wasﬁed with. 30 ml of methanol plus 10 ml of con-
centrated HC1 énd'then-with methanol, followed by drying in vacuo to
give 60% of poiymer, [ﬂ] 0,12,' Mv 13,060° The ir épectrum was identi-

cal to polystyrene except for a small sharp peak at 172070milo

Polystyrene With AcidEndgroups>(£E§>

As in the above case, 1.5 g of 8B was ﬁreated with the same
amounts of the oxidizing agents in tetrahydrofuran,only this time the
polymer was pteéipitated in methanol. after 46 hours., About 2.0 g of
calcium‘nitraté was added to the'ﬁonsblvent to salt out the 1ow’moleéu—
lar weight polymer, Reprecipitation from benzene to methanol yielded

1.0 g for 66% recovery., The ir spectrum was as before and [?] = 0,095,

"My 12,000,

Polystyrene With Acid Endgroups

* by Chain Transfer (12)

~

The chain transfer agent, dithiodiglycolic acid (2.5 g, 13.7°

mmole), was dissolved in 20 ml of pyridine in an 8-oz wide mouth,
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screw—cap bottle, Freshly disfilled styrene (50 g 0048‘m015'and AIBN
. (50 mg, 0.3 mmole) were added and the solution Waslflushed‘with dry
. nitrogen for 20 minutes. The bot?le was éealed and placed in an oii
‘bafh at 50 i 2° for 44 hours with occasional swirling, The_polymer .
was workéd ﬁp in the usual way to yield 8.0 g (16%) of a white-polymer

4 ﬁ&0°73

[?] 0.58, Mv 120,000, obtained from [¥] 1.13 x 10~ (Bawn et

al, 1950),

~ Preparation of Poly(N-vinyl pyrrol-
idone-co-vinylene carbonate) (13)
. ~7

A - 2-oz wide mouth, screw-cap bottle was charged with freshly
distilled N-vinyl pyrrolidone (33.9 g, 0,305'moij, vinyleﬁe carbonate
(1,005 g, 11,7 mmole), and ézobisisobutyroﬁitrile (36,0 mg, 0,18 mmole),
The bottle was flushed with dry nitfogen for 15 minutes,‘sealed, ;nd
placed in an oil baﬁh at 60 * 2° fora13°5~hours; The softﬁgiug:of
clear,polymer-was’dissoived in 100 ml of 1:1 acetoneeméthaﬁol and .pre-
| cipitated in 500 ml of dry ether and reprécipitéted twice, 'Affér dry-
ing, thé weight was 16.1 g 46% conversion, EQ].OQ758d The ir spectrum
(film) showed fhé carboﬁéte'carbonyl band at”iSZb_cm-lo |

Poly(N-vinyl pyrrolidOﬁé?v
co-vinylene glycol) (14A) -

A Poly(N-vinyl pyrrolidonefco—vinylene carbonate) (4.0 g, [7] .
0.758) was dissolved in 20 ml of methanol. A solution of sodium (100'g)
+.in 25 ml'of methanoliwas'added,and the solution stirred at room teméer-
ature for 4 days. The'péiyme: was precipitated in dry. ether énd Te-

precipitated from methanol ‘into ether twice td yield 2.9 g (72%), Vinh
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0,55, The ir spectrum (film) showed the absence of the carbonate car-
 bony1 band,

"~ Poly(N-vinyl pyrrolidone-
co=vinylene glycol) (14B)
. L Y

A solution of ;; (6.0 g) in 25 mi of methanol was treated with
’éodium (l,S:g) dissolved in 25 ml of methanol at 50° with stirring for
‘24 hours, After dilution with 50 ml of acetoﬁe, the polymer was pre-
cipitaﬁed.in dry ether, Reprecipitation from‘wafer into acetone
yielded'7.8 g Poly(N;vinyl pyrrolidone) is.very hygroscopic and three
aays in a vacuum oven at 72° removed only 0.6 g of water frém_the poly-
mer. As a consequence of the adsorbed water, the inh = 0,414, The
ir spectrum (£film) showed'a very pronouncéd oH stretching fréqﬁeﬁcy'and
' the.absénce of the carbonate carbonyl band, |

Poly(N-vinyl pyrrolidone)
With Acid Enderoups (15A)

Poly(N—&inyl'pyrrolidone-co—vinylene glycol) (0,75 g, finh
'0,55) was dissolved in 25.ml of distilled water, Periodic acid (0.2 g,
0.6 mﬁole) aﬁd potassium permanganate (OQZ'g, 1,3 mmole) were added‘énd
Athe soiution was stirred>at»room temperature foi 32 hours. The solu~
tion was filteréd and the polymer precipitated in acetone and repfecipi-j
tated from methanol into dry ether.to yield 0.35 g for 47% récoverye |
' The‘ﬂinh was 0.218, indicating that cleavage occurred, although'the

acid carbonyl was not apparent in the ir.
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Poly(N-vinyl pyrrolidone)
With Acid Endgroups (15B)
. P ™

A solution of %Qé'(0°75 g) in 25 ml of pyriaine and 2 ml of
water was treated with periodic acid (0,2 g, 0.6 mmole) and potassium
permaﬁganate (0,2 gy 1.3 mmole), After stirring at room temperature
for 41 hours, the solution was filtered and diluted with 25 ml ofrace—_
tone, The polymer was precipitatea in 3QO ml- of . dry ether té yield
0.3 g for 40%7recoveryp This polymer was not characterizédo |

Poly(N-vinyl pyrrolidone)
With Acid Endgroups (15C)
Pl

Poly(N-vinyl ﬁyrrolidone~co~vinylené glycol) (2.5 g, Winh
0.414) was dissolved in 50 ml of distilled water, and periodic acid
(1.0 g, 4.4 mmole) and potassium permanganate (1.0 g, 5.3 mmolé)VWere
.adaed, After stir:ing at room temperature for 2 days, the polymer was

precipitated in acetone and reprecipitated to yield 2.0 g (80%), Yinh

. 0.084,

 Poly(N-vinyl pyrrolidone) With
- Hydroxy Endgroups (17A)
' . NS

To 25 ml of distilled water were added 0.5 g of'%&ﬁ.aﬁd periodic
_ acid (0.2 g, 0.6 mmolé)° After stirring at room temperatﬁre for 14
days, the polymer was ptecipitated in acetone, After vgcuum-drying,

the polymer was dissolved in 15 ml of dimethylformamide and treated

with 0.5 g of sodiﬁm borohydride for 2 days at room temperature, . After
: precipitation in acetone and. vacuum dryiﬁg, the weight was leb gy in-
dicating a lafge amoun't of.adsdrbed solvént° The ir spectrum shoved a

very broad OH stretching frequency.
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Poly(N-vinyl pyrrolidone) With
Hydroxy Endgroups (17B)
Y

.Poly(N?viﬁyl pyrrolidone~co-vinylene glycol) (1&?) (200 g, Zinh -

0.414) was dissolved in 25 ml of dimethyiformaﬁide, and periodic acid
(0.8 g, 2.4 mmole)vwas added. After stirring at room temperature for

3 days, sodium borohydride was added untilrno ﬁore hydrogen was evolved
and then an additional 0.8 g of sodiumvbofohydride Qas addéd; After a
reduction time of 36 hours the pblymer was precipitated in acetone for
100% recovery, The ir spectrum showed a very p;onounced OH st;etching
frequency, ¥inh 0,057, |

" Poly(N=-vinyl carbazole=co-
vinylene carbonate) (18A4)
P vd

. N-vinyl carbazole (4.83 g, 25 mmole) was.dissolvédkin 60 ml of
'chlorofofm, and &inyiene carbonate (4;3 g, Q,OS ﬁol) énd AIBN (20 mg;
0,10 mmole) were added, Theasolution Waé_degassed by two cycles of
freeze-thaw and placed in an oil bath at 50 X 2°. On the second and
' foufth‘days the flask was Chargea'ﬁith N-vinyl carbazole (4;8‘g)1and |
.AIBN (20 mg and 15 mg), respectively. After six days thé polymer was
' precipitated in‘methanol aﬁd reérecipitated four times from toluene
into methanol, The poiymer Wasbyélldw-oraﬁge aﬁd the yiéld was 2.0 g
for 11% conversion, The ir épectfum sﬁowed the carbonate carbonyl at
1812 em” .

© Poly(N-vinyl carbazole~-co-
vinylene carbonate) (18B)
: ~7

. N-vinyl carbazole (14.5 g,.75 mmole) was dissolved in 100 ml

of benzene and recrystallized vinylene carbonate (4.3 g, 0.05 mol) .and
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AIBN (75~mg, 0.45 mmole) were added to theesolutidﬁ. After degassing
by a freeee~thaw cycle, the f}ask was.placed in an o0il bath at 50 + g0
under yacuuﬁ° After five days AIBN (35 mg) was added and the flask
degassed and repieced in the oil bath for anotﬁer nine days, EPtecipi~
tating the polymer in methanol and repre01p1tat1ng from benzene into
methanol yielded 8.5 g (45%) of a nearly Whlte polymer unlike the above
attempt,V?inh 0,105 (benzene), The ir spectrum showed the sharp car-
bonyl band at 1812 cm—l, confirming the presence of vinyiene carbonate,

Poly(N-vinyl carbazole-co-
vinylene glycol) (19A)
P

To 3.0 g of 18B dissolved in‘75 ml of dioxane was added 0.75 g
of sodium dissoived.in 15 ml of methanol, After stirring at room tem~
perature for SIdayS the-polymer was precipitated iﬁ.methanol and re-
precipitated from,benzene.into methanoi to yield'3,5 g of polymef, % inh
0,116, after drying in a vacuum oven. ‘There mey have been adsorbed
methanol since the OH stretching frequency in the ir was quite pro-
nounced, |

Poly(N-vinyl carbazole-co=
vinylene glycol) (19B)

A solution of 18B (5.0 g) in 75 ml of benzene was treated with
0,8 g of sodium dissolved in 15 ml of methanol for 4 days at 40 *2°,
After~pretipitation,and reprecipitation into methanolfthe yield was
Lol G (85%), Winhboalh. The ir spectrﬁm'éhOWed the ebsence of the

carbonate carbonyl,
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Poly(N-vinyl carbazole) .
With Acid Endgroups (20) .

Poly(N-vinyl cérﬁazoie—co—vinylene glyéol)-£2§.(1°2 g,.ﬂinh ,
00116) Wa§'aissolved'in 50 ml of benzene p1u3725 ml of tetrahydrofuran,
Periodic-acid (0.8 gs 3¢5 mmole); potassium pérmangaﬁate'(008-g,v500
mmole), and distilled‘wéter (0.6 ml) were added, and the mixture was
stifred-at_roomitemperatu;e for 4.,5‘da}'rs’o The polymer was précipitatéd'
Cin methanol to yield 0,73 g~fqr 61% recovery, [ﬂ] 0,152,

Poly(N-vinyl carbazole) With .
Hydroxy Endgroups;(21)_A‘ '

Aééolution of 19A (1.2 g) and periodic acid7(008 g) ih-ZS ml of
tetrahydrofuran\pius 10 m1 of benzene ﬁas'étiried at room tempéréture
‘for,6 days. lThe aldehyd§~terminated polymerrwas precipitatedjin metha-
nol, dried, and redissolved in 25 ml of benzene plus 10 ml of dimethyl-
formamiaerfor tréatﬁent with sodium borohydride (1.0 g). After a
reduétion time of 36 hou£s; 0.78 g was trecovered for 65%, [V] 0,079,

Attempt to Prepare Poly(acenaph-
thylene~-co-vinylene carbonate)

Recrystallized acenaphthylene (15,2 g, 0.1 mol), vinylené car-
bonate (1,0 g, 0,012 mol); and AIBN (50 ﬁg, 0.3 mmole) were dissolved
in 50 ml~6f benzene, The éolution”was degassed by two freeze-théw
cycles, and the flask WéS filled with nitrogen and placed in an oil
ba£h at 50 £ 2°, Om the:fifth, eighth, and tenth days, 50 mg of AIBN
_was- added and the solution flushed with drybnitrbgen, On the four-
teenfh'daf'the solutionfﬁés'filteréd‘to>remove a white precipitate

(0.5 g) and the polymer was precipitated in methanol to yield 6.4 g
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(397} of a yellow polymer, The ir spectrum of this polymer was identi-
.cal to that of polyécénéphthylene,>meaning that.né copolymer was-
formed, Tﬁe unidentified white precipitate showed both a.carbonyl bané
at 1612 cmml and a broad OH stretching frequency in the ir,

Poly(acenaphthylene-co-phenyl

vinylene carbonate) (23)
: : ey

Recrystallized acenaphfhylene (7.6 g5450 mmole) and.phenyl vinyl-
ene carbonate (0.8.g, 5 mmole) were dissolved in 35 ml Qf>benzene°'
.'After the.addition of AIBN (40 mg,;OQZ mmole) the solﬁtion Was>degassed
'by freeze—thaw.and'plaped in an. oil bath at 50 £ 5°, On the fifth day
AlBN (25_mg) was added under a streém of dry nitrogen and the pblyﬁeri€
zation was continued for thréebmore days. Précipitation'inVmethanol
and two reprécipitations ffom benzene to methénol yielded 2.6 g (31%)
of light orange polymer, (7] 00095, and the ir spectrum showed the car-

bonate carbonyl at 1815 cm"lo , : o : .

,Poly(aéenaphthflene-coﬁphenYl
vinylene glycol) (24)

Alsolution of gg (1,5Vg) in 50 ml 6f~benzene Was.tréated»with
- sodium (0,5 g) dissolved in 10 ml of methanol for 2 days‘at room tem=
perature, Therpolymer was precipitated in methanol for 100% recovery,
Winh 0,115, The ir spectrum showed the absence éf the carbonate car-

bonyl band,

Polyacenaphthylene With
Hydroxy Endgroups.(25)

A solution of 24 (1.0 g) in 20 ml of benzene plus 5 ml of di-

methylformamide was stirred with periodicvacid (1.0 g) for 42 hours at
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room temperature, Sodium borohydride was added until no more hydrogen
was evolved and then another 1.0 g was added along with 10 ml of ben-

" zene, After 3 days the'pélymer was precipitated in methanol for-lOO%
 re¢overy,'[Q] 0,128, | | |

Poly(methyl methacrylate-co-

vinylene carbonate) (26)
- A

Freshly distilled ﬁethyl methacr?later(S,O g, 0,03 mol), vinyl-
ene carbonate (8.6 g, 0.1 mol), and AIBN (20 mg, 0.1 mmole) were dis-
solfed_in 15 ml of rédiétilled benzéne-in a 4-oz screw=-cap bottle. Dry
nitrbgen was. bubbled,tﬁiough the.éolution'for 20 minutes .and the bottle
was sealed and placed in an 0il bath at 60 £ 2°, On the fourtﬁ, sixth,
ninth, and thirteenth days, methy1 methacrylafe (3.0 g, 0,03 mol) was
added'along with AIBNV(IS, 15, 10, and 11 mg,»respectively)° The éoly-
mer sélution was dilptea)with 50 ml of benzene and pbuféd into excessA
methanol. The tanfcolored'Polymer Waé repreciéitated twice fﬁdm'ace-
tone iﬁto methanol and then vaCuuﬁ drieao The dry weight was 11,7 "
(50%),;EQ] 0,414, Mv 110,000, A.peakﬂat 1810 cm“l in the ir spectrum
ponfirmed the presence‘of vinylene carboﬁate'in the copqumero

Attempts to Prepare Poly(methyl
methacrylate-co-vinylene glycol)

A solution Qf %9 (3.0 g) in 75 mi of tet?ahydrofuran,was treated
- with sodium (1.0 g) dissolved in 20 ml of methanol for 4 days at room

téﬁpefature°  Muchldf the poiyﬁer precipitated;after 3 days and the mix-
fure’was>poured into exceSs'methanolsl The recovered polymer was insolu-~.
':blé in écetone, tetrahydfofuran, benzene, and dimethylformamidéo ‘The ir:'

speétrum showed the absence of the carbonate garbdnyl band.,
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Sodium (0.6 g) dissolved in 15 ml of methanol was used to treat
3,6 g of 26 in 75 ml of tetrahYdrofuran for 2 days at.room‘temp'erature°
The.recovered‘polymer was insoluble iﬁ.acetone,'although it did swell
noticéably in thé solvent, The carbonate carbonyl baod‘was visible in
‘the ir so hydrolysis was incomoietem

Treating 0,5 g of 26 dissolved in 25 ml of benzene plus 50 ml of
acetone with R-toluenesulfonlc acid (0.5 g) for 2 days at 50° resulted
in a soluble polymer. The ir spectrum showed the carbonate band indi-
cating.incomplete hydrolysis, When the'recovered polymer was treated
with 1.5 g of Eftoluenesulfonic_acid in bénzene-scetone for one day at
50°, a-precipitate formed which did not redissolve inl'ace‘tone'° The ir
spectrﬁm showeo that hydrolysis was incompletea

Copolymerization of Acid-Terminated Poly-
styrene With 1,4~Cyclohexanediol (31)
. ~s

- To 1.0 g of ag dissolved in 40 ml of tstrahydrofuran were added
1,4-cyclohexanediol (13,5 mg, 1.16 x 10> mol) and carbonyl diimidazole
(CDI) (76 mg, 1.16 x 10 -3 mol). After stirring at room tempefature for
6 hours, ‘the basic catalyst. (0 2 ml of 0. 5 g sodium in 10 ml of methanol)
was added and the reaction continued for 14 hourss The polystyrene was
precipitated in methanol for 100% récovery, [W] 0,74,'ﬂ% 1_76,000o The
inherent viscosity-concentration plot had a large positivs slope,'ﬂinh

0.952 at 0.5 g/dl,




38

. Coupling of Acid-Terminated Polystyrene
With Hydroxy-Terminated Polystyrene (32)

A solution of 12 (2.37 g [9] 0.58) and 10A (200 mg) in 40 ml of

benzene. was stirred at room temperature for 14 hours with CDI (44 mg,

2.7 x 1074 mol). A trace of methoxide (0.4 ml of 0,25 g sodium in 13

-ml of methanol) was added and the reaction continued for 18 hours., The

polymer was precipitated in methanol for 100% récovefy, [?] 0.70, My
158,000, As in the .above case, the viscosity plot had a positive slope
‘with the.Qinh at 0.5 g/dl being 0.87.

Poly(N=-vinyl pyrrolidone) With '
Acid Azolide Fndgroups (33)

Poly(N-vinyl pyrrolldone) with acid endgroups (15C 0.8 g) and
"an’ excess of'CDI (0.5 g) were dissolved in 15 ml of dry dimethylforma—
mide., After sfirring for 25 hours, the polymer-was recbvered'in anhy-
drous ether as a gummy coating in the beaker. :Afﬁer vacuum drying,the
tough, horny élastic'wgs chipped off of the beaker with difficultyo>
The ir spectrum showed a small carbonyl band'ét,1760 cmfl which_could
, .be attributed to the acid azolide group or to excess CDI, Due to the
instability of the endgroups, this polymerrwas used immediateiy in the
following two copolymerizatibns; | |

Copolymerization of 33 With
 1lg4- Cyclohexanedlol (34)

A solutlon of .33 (310 mg) and 1l,4- cyclohexanedlol (20 mg, 1,7 x
10-4 mol) in 10 ml of dry dlmethylformamlde was catalyzed by 0.4 ml of

a solutlon of sodlum 1m1dazollde prepared by treatlng 60 mg of: 1m1da-

zole 1n 5 ml of dlmethylformamlde'w1th excess sodium. After 46 hours
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the polymer was precipitated in dry acetone for 75% récovery,'ﬂinh 0.12
(in watér), This corfesﬁond§ to a 42% viscosity increase and indicaﬁes
that the acid azolide inﬁermediate actuaily was isolated,

Copolymerization of 33 With Hydroxy-
Terminated Poly(N-vinyl pyrrolidone) (35) -
. _ AL

To 200 mg of 33 and 200 mg of 178 (7inh 03057) dissolved in 10
ml of dry dimethylformamide was added 0.4 ml of the,imidazolidefsolﬁ—
tion prepared above., The polymer was precipitated in acetone for 55%

recovery after 42 hours, Y)inh 0,097,

Poly(styrene—bFacenéthhylene) (2?)'

Polystyrene with acid endgroups (LlB, 100 mg), pdlyaéenaphthy—
lene with hydroxy endgroups (%9, 60 mg),»and'CDI (60 mg; 1.85 x 10-4
mol) Qere dissolved in 15 ml Qf benzene plus 5 ml dimethylfbrmamide9
Affe; stirfing for 23 hours, 0,2 ml of -an imidézolidevsolution prepared
as above was added. 1In 4,5 hours, another 0,2 ml of imidazolide solu-

fiqh Was.added, and the.solution was stirred for 25.5 hours. The poly=-

mer was precipitated in methanol for 100% recovery, [V] 0.l3o

Poly(styrene-b-N-vinyl carbazole)

The results of a series of attempts to prepare this block by

, the.carbonyl diimidazole reaction arevoutlined in Table 1, Whileka
viscpsity increase was recordedfin alincéses, ranging from 2.8 to 28%,
only two -of the caseéAmay be the result of coupling as less than 1007

of the polymer was recovered in the other cases,
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