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1.0 BACKGftOUHD
Z vitterion ic  polymerization, also known as spontaneous 

polym erization, is  based upon the organic reaction  which occurs when a 

nucleophilic monomer (Xn) is  mixed with an e lec tro p h ilic  monomer ( Ie ) 

resu ltin g  in  the formation of a genetic zw itterion interm ediate, 

+ M „-M e~  > which proceeds to  polymerize. Since the zw itterions are 

responsible fo r  both in i t ia t io n  and propagation, i t  is  not necessary 

to  use a c a ta ly s t, in i t ia to r ,  or high-energy irrad ia tio n  to  induce the 

polymerization. Three d is tin c t approaches have been used to  

investiga te  polymerizations in which the propagating species is  a 

zw itterion . A discussion of the th ree  methods used seems necessary in 

order to  obtain a sense of the f ie ld  before presenting a d e ta iled  

discussion of the experimental re su lts .

1.1 D irect Mixing of Nucleophilic and E lectrooh ilic  Monomers

A s ig n ifican t portion of the work done in the f ie ld  of zw itterion  

polymerizations has been accomplished by the use of th is  approach.

The technique used in th is  approach is  f a i r ly  crude; i t  involves the 

d ire c t mixing of a nucleophilic and e lec tro p h ilic  monomer e ith e r  in 

solution or neat and allowing the reaction  mixture to  stand a t  the 

reaction  temperature fo r a specified  time. Zwitterions have been 

proposed as the interm ediates through which polymerization occurs. 

Several pa irs  of monomers possessing in te res tin g  functional groups 

which can be incorporated in to  the polymer backbone or pendant to  the 

polymer backbone have been investigated , i . e .  2-methyl-2-oxazoline 

(Mn )  and N-phenyl maleimide ( M e ) 1 , 2-phenoxy-l,3,2-dioxaphospholane
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(Mn) and acry lic  acid (Me) 2, and 2-methyl-2-oxazoline (Kn) and acry lic  

acid ( Ie)<3’4 The approach of reacting nucleophilic  and e lec tro p h ilic  

pa irs  d ire c tly  has lead without exception to  low molecular weight 

products, with the la rg est reported value found being Kn=19,000.s A

with th is  approach l ie s  in the fac t th a t many copolymer systems 

contains the seeds of th e ir  own destruction . This fac t was ’ 

demonstrated in a de ta iled  study of the zw itterion ic  polymerization of 

2-methyl-2-oxazoline with acry lic  a c id .3,4 For th is  system the 

genetic zw itterion (II)  (which is  responsible fo r in i t ia t io n  and 

propagation) can react with e ith e r  acry lic  acid or a betaine 

interm ediate (I) th a t forms, causing term ination to  be favored over 

chain growth (Scheme I ) .  The term ination reactions involved were 

derived by the analysis of the polymer end groups of the samples by 

the use of NMR spectroscopy.

Scheme I :

possible explanation fo r the fa ilu re  to  achieve high molecular weights

C— CH3 + CH2=CHC00H C—CHS

/CHj-CHCOOH

C ^ - C H j

A

t l ^pro ton  t r a n s f e r

^CH]CH]G00

C— CHj

I I I
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I I  + CH3=CHCOOH ► CHjCHCOOCHjCHa-N-CHaCHjCOOH
CHjC-0 

ACID/VINYL END GROUPS

I + I I  --------» CH3=CHCOOCH3CH2-N-CH2CH3COOCH2CH2-NH-€0-CH3
CHj C=0

ACETAIIDO/VINYI END GROUPS

I
1.2 Iso la tio n  of a Nonionic Adduct

A more successful approach being pursued to  achieve high molecular 

weight polymers involves the iso la tio n  and p u rifica tio n  of neu tral 

adducts which are capable of forming and propagating by means of 

zw itterion ic  interm ediates. By iso la tin g  and purifying the neu tral 

adduct, term ination by reaction  with excess reactan ts and by-products 

becomes obsolete and a stoichiom etric balance is  imposed upon the 

subsequent polymerization of the neu tra l adduct.

The neu tra l adducts of 2 -(mercaptoalkyl)-2-oxazolines and 

2 -(carboxyalkyl)-2- oxazoline have been iso la ted  by the reaction 

between 2- isopropenyl-2-oxazoline with hydrogen su lfide  or 

1 ,2-ethanedith io l and 2 -isopropenyl-2-oxazoline with 3-mercapto- 

propionic acid re sp ec tiv e ly .8,7 This approach has met with success as 

a molecular weight as high as 42,900 has been obtained from the adduct 

of 2 -isopropenyl-2-oxazoline/1 ,2-e thaned ith io l, s truc tu re  I I I  in 

Scheme I I .  The polymerization reaction i s  proposed to  go through the 

zw itterion , IV, to  form a polymer of struc tu re  V. The zw itterionic 

interm ediate has never been observed in th is  system.
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Scheme II:

II CHj || Cflj
^ -C=CH2 + HSCHjCHjSH -- ► <^~ V >- C H Ci HCH2SCHaCH2SH 

III

I I I

H
hea t  m CHj CHj ^

> < ^ + V c H C H 2SCH2CH2S '  ► [S C fljC H aSC H aC H j-N H C O -C H C H j]

0 IV V

1.3 Stable Zwitterions

The fin a l procedure used to study zwitterionic polymerizations 

involves the isolation and purification of the zwitterionic specie. 

Relatively l i t t l e  attention has been paid to zwitterion 

polymerizations involving stable (isolable) zwitterions. Two classes 

of zwitterionB which have been isolated and polymerized are the 

Bulphonium and ammonium zwitterions.

1.3.1 Sulphonium Zwitterions

Schmidt and coworkers synthesized and iso la ted  a c lass of 

zw itterions e n title d  tetrahydrothiophenium arene oxide (VI) by 

reacting  the appropriate phenol with tetrahydrothiophene (Scheme 

I I I ) . 8 This c lass of zw itterions have been iso la ted  as a hydrate in 

a l l  cases with the exception being the systems where the aromatic ring 

contains two chlorine atoms. These zw itterions polymerize through a 

ring  opening mechanism where the phenoxide anion a ttacks the a-carbon 

of the tetrahydrothiophenium ring  to  form an a lte rn a tin g  copolymer



5

Scheme III:

o < @ * hcl

Cl VI

(Scheme IV) with struc tu re  VII. Recently Odian, 0’Callaghan and

coworkers reported molecular weights of 67,800 fo r the tetrahydro- 

1-[4-hydroxy-3-(2-hydroxyethoxy)phenyl] thiophenium hydroxide inner 

s a l t  which represents the highest yet to  be reported fo r a zw itterion 

polym erization.9 Gunatillake, Odian, and Schmidt reported the 

synthesis and iso la tio n  of 1 -[(4 -carboxyphenyl)methyl]tetrahydro­

thiophenium hydroxide inner s a l t ,  V III, prepared by reacting 

tetrahydrothiophene with 4 - (chloromethyl)benzoic acid (Scheme V ).10

Scheme V:

Scheme IV:

;S< 0 > ,  (CHaCHaCHaCHaS -< Q > -0 )

VI VII

MOH

Cl

00

Cl VIII
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Z vitterion  VIII was also iso la ted  as a hydrate and on polymerizing 

resu lted  in  the formation of random copolymer IX (Scheme VI). The

Scheme VI:

2 — C00

VIII

[0C0-^O^>-CHa] — [0C0-<(g)-CH 2S(CH2)4]iii

IX

polymerization preceeds by attack  of the carboxylate anion on e ith e r  

the benzylic carbon or a-carbon of the tetrahydrothiophenium ring .

The copolymer was rich  in the oxycarbonyl-1 ,4-phenyleneraethylene un it. 

Molecular weights as high as 41,000 were obtained with th is  

zw itterion .

1.3.2 Jtmoniva Zwitterions

S. Hashimoto and T. Yamashita synthesized and iso la ted  ammonium 

zw itterions by reacting  1-benzylazetidine with cyclic  e s te r  such as 

propiolactone to  form 3 -(N-benzylazetidino)propionate (X) as shown 

in Scheme V II .11 Compound X polymerized when heated by ring  opening 

of the azetidinium ring  by the carboxylate anion to  form a polymer 

with struc tu re  XI with a molecular weight of 6000 as shown in



7

Scheme VII:

< > * < § > •  c r - o c S

Scheme VIII.

Scheme VIII:

< A V ' C H a^ 2 / >  (C H jC H j CH j - N - C H j CH j COO)
^  x JHj CH j COO" ^ „ 2

I  3

XI

1.4 lethodolgv

The purpose of th is  investigation was to  prepare new zw itterions 

by the m odification of tetrahydrothiophenium arene oxide systems. 

Information regarding the types of monomers which can successfully  be 

used to  obtain high molecular weight polymers can be obtained by 

understanding the term ination mechanism of the  polymerization. 

Tetrahydrothiophenium arene oxides represent an in te res tin g  c la ss  of 

zwitterionB to  study. Since they are iso lab le , they lend themselves 

to  m odification by reactions with e ith e r  e lec troph iles or 

nucleophiles. However, due to  the fac t th a t they are highly reactive  

and b ifunctiona l, attempts to  modify the e le c tro p h ilic  portion of the 

z v itte r io n , thiophenium ring , by the addition of a nucleophile would
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re su lt  in competition between the nucleophilic end of the zw itterion , 

phenoxide anion, and the added nucleophile fo r  the thiophenium ring . 

The reverse scenario is  a lso true  fo r  m odification of the nucleophilic 

end by the addition of an e lec tro p h ile . Modification of the 

hydrochloride s a l t  of the tetrahydrothiophenium arene oxide system 

represents a wiser route in the preparation of new zw itterion  systems. 

By blocking the phenoxide fu n c tio n a lity , the thiophenium ring could be 

modified by the addition of a nucleophile without any competing side 

reactions.

Cyclic amines have been reported by Vilson and Beaman to  be 

incorporated in to  the polymer main chain when used as in i t ia to r s  fo r 

the polymerization of p ivalo lac tone .13 Vhen the cyclic  amine was

1 ,4-ethylene piperidine up to  18 monomer un its  were incorporated into 

the polymer backbone. For th is  study te trahydro -1-(4-hydroxy-1- 

naphthyl)thiophenium hydroxide hydrochloride s a l t  was chosen as the 

tetrahydrothiophenium arene oxide system to  be modified since the 

polymer has been characterized previously and 1 ,4-ethylene piperidine 

as the nucleophlic monomer since i t s  quaternary s a l t  has been 

demonstrated to  undergo ring  opening reactions and i t  is  commercially 

av a ilab ile .

Since there is  no synthetic way to  reduce the re a c tiv ity  of the 

thiophenium ring , attem ptb to  modify the nucleophilic end of 

tetrahydrothiophenium arene oxides by the addition of e lec troph iles 

would require mild conditions in order to  avoid competition.

I-Lactones have been reported in the  l i te ra tu re  to  react with sodium 

phenoxides in water a t  25-30°C to  form 0-aroxy carboxylic a c id s .13
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The nucleophilic portion of tetrahydro-1-(4-hydroxy-1-naphthyl)- 

thiophenium hydroxide inner sa lt was reacted with jfc-butyrolactone.

(3- Butyrolactone was chosen as the  e lec troph ile  due to  i t s  low to x ic ity  

in  comparison to  other ^ la c to n e s  and i t s  commercial a v a ila b ili ty .

I
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2.0 EXPEKHENTAL

2.1 Experimental fo r 4 -(4 -[1.4-Ethvlenepjperidinium]butanethio^- 

1-naphthol Inner Salt

2 .1 .1  Synthesis

2 .1 .1 .1  Synthesis of Tetrahydro-1-(4-hydroxy-l-naphthyl)thiophenium 

Hydroxide Inner S a lt: 1-naphthol was pu rified  by vacuum sublimation 

(0.5 mm Hg) a t 85°C p rio r to  use. i l l  other reagents were used as 

received. Tetrahydro-1-(4-hydroxy-1-naphthyl)thiophenium hydroxide 

hydrochloride s a l t ,  herein referred  to  as NZ*IG1 s a l t ,  was prepared as 

reported by Schmidt.14 10.3 g of tetrahydrothiophene (0.12 moles) and 

approximately 0.003 g of iodine over nitrogen was cooled to  ~40°C 

a f te r  which approximately 33 g of su lfu r dioxide was condensed into 

the solution through a dry ice/acetone condenser. Approximately 3 g 

of gaseous hydrogen chloride was dissolved in to  the solution followed 

by the addition of 15 g of su lfu ry l chloride (0.11 mole). 16 g of 

1-naphthol (0.11 mole) was added to  the so lu tion , which was then 

allowed to  warm to  reflux  fo r th ree  hours a f te r  which 1 ml of 

d is t i l le d  water was added to  the so lu tion . The solvent, su lfu r 

dioxide, was removed under vacuum (water asp ira to r) a t ambient 

temperature, and the liqu id  was poured in to  excess acetone to  form a 

white p re c ip ita te , which was the NZ>HC1 s a l t  ( I I I ) .  The NZ*HC1 s a l t  

was co llected  by vacuum f i l t r a t io n ,  dissolved in to  methanol and 

rep rec ip ita ted  in to  acetone. The NZ*HC1 s a l t  was again co llected  by 

vacuum f i l t r a t io n  and stored in  the freezer u n til  used. The y ie ld  was
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ty p ica lly  757*.

The NZ'HCl s a l t  was converted to  the te trahydro -1-(4 -hydroxy-1- 

naphthyl)thiopheniun hydroxide inner s a l t ,  herein referred  to  as NZ 

zv itte r io n  or NZ monomer (X III), by dissolving 4.0 g of the NZ<HC1 

s a l t  in to  12 ml of CHjOI. The methanol so lu tion  was trea ted  with 

Dovex 1x2 200 anion-exchange res in  which was activa ted  by s t i r r in g  

over 31 sodium hydroxide. The res in  was co llected  by vacuum 1 

f i l t r a t io n ,  washed with d is t i l le d  water u n til  neu tra l (pH paper), and 

fu rth e r washed with methanol to  remove the water. The activated  resin  

was added slowly in to  the methanol solution of the NZ>HCL s a l t  to  a pH 

of 10.5 was obtained (monitored with a pH m eter). The resin  was 

f i l te r e d  o ff and the solution was added to  e ther to  p rec ip ita te  the 

crude NZ zw itterion  (Scheme IX).

Scheme IX:

-naphthol ♦

XII
an ipn-  exchange r e s i n  8

2 H30

XII XIII

The crude NZ zw itterion  was rec ry s ta llize d  from ethanol and 

d iethy l e th e r. Diethyl ether was added a t  ambient temperature to  a
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257i so lu tion  of the NZ zw itterion in ethanol, u n t i l  the solution 

turned s lig h tly  cloudy and then the so lu tion  was maintained overnight 

a t 0°C. A white powder was f i l te re d  and more e ther was added to  the 

f i l t r a t e  which was again maintained overnight a t 0°C. The second crop 

was used in  our experiments a f te r  drying overnight in a desiccato r in 

the dark a t atmospheric pressure a t ambient temperature. The purified  

NZ zw itterion , which is  sensitive  to  heat and l ig h t ,  was re frigera ted  

in  the dark.

2 .1 .1 .2  Synthesis of 4 -(4 -[l,4-Ethylenepiperidinium ]butanethio)- 

1-naphthol inner s a l t :  4-(4- [l,4-ethylenepiperidinium ]butanethio)- 

1-naphthol inner s a l t ,  herein referred  to  as the NEP zw itterion  or NEP 

monomer, was prepared from i t s  corresponding hydrochloride s a l t  as 

indicated in Scheme X. 1 ,4 -ethylene piperid ine was pu rified  p rio r to 

use by vacuum sublimation (0.5 mm flg) a t  room temperature. 

N,N-Dimethylformamide (DIF) was dried over 32 molecular sieves and 

d is t i l le d  under vacuum in a nitrogen atmosphere. DMF was stored in a 

dry box u n ti l  used. 6.0 g of the NZ«HC1 s a l t  (0.02 moles) and 3.3 g 

of 1 ,4-ethylene p iperid ine (0.03 moles) was added to  a round-bottom 

fla sk  to  which 37 ml of DXF was added. The heterogeneous mixture was 

s t i r r e d  overnight with nitrogen bubbling through i t .  The re su ltin g  

homogeneous lig h t yellow solution was added to  rap id ly  s t i r r in g  ether 

(400 ml) y ielding a white gum. The ether was decanted off and the 

residue was dried in a vacuum oven (1 mm Eg) a t 50°C overnight to  

afford  4-(4- [1 ,4-ethylenepiperidinium ]butanethio)-l- naphthol 

hydrochloride s a l t ,  XIV, herein referred  to  as the NEP*HC1 s a l t .  The
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y ie ld  was 90%.

4.0 g of the NBP'HCl s a l t  was dissolved in to  12 ml of methanol to

afford  a golden so lu tion . Dowex 1x2 200 anion exchange res in

(ac tivated  as described previously in section 2. 1. 1. 1) was added to  

the so lu tion . The resin  (approximately 35 g) was added to  the 

methanol solution of the NEP*HCL s a l t  u n til  a pH-of 10.5 was reached 

(monitered with a pH m eter). The resin  was f i l te r e d  off and the 1 

so lu tion  (a 30 ml) was added to  200 ml of acetone. The flask  was 

scratched with a glass rod to  induce c ry s ta lliz a tio n . Once the 

so lu tion  became cloudy i t  was placed in a freezer overnight. The NEP 

zw itterion , IV, which had a l ig h t green co lor, was iso la ted  by vacuum 

f i l t r a t io n  and then dried in a vacuum oven (1 mm Hg) a t room

temperature fo r 3 hours. The NEP zw itterion  was stored in the dry box

u n til  used. The y ield  was 58.3%.

Scheme X:

XII

+ C 1 "

^  V c H aCH2CH2CHaS
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C H j C H j C H j  C H j  S  

1.8 Ha0
I V

2 .1 .1 .3  Anhydrous 4 -(4 -[l,4-Ethylenepiperidinium ]butanethio)-

1-naphthol: Iso la tion  of the anhydrous NEP zw itterion  was achieved byI
the use of Thermogravimetric Analysis. 10-15 mg samples of the  NEP 

zw itterion was placed inside of an aluminum pan and weighed to  ±.01 

mg. The sample was heated to  175°C under a nitrogen atmosphere a t a 

ra te  of 10°C per minute to  observe weight loss due to  the water of 

hydration, cooled to  room temperature and then reheated to  175°C. On 

the second heating cycle no weight loss was observed. The sample was 

removed from the aluminum pan and dissolved in to  CD30D in order fo r *H 

N1R to  be taken to  ensure th a t no polymerization occurred.

2.1 .1 .4  Synthesis of Poly(l,4-piperidineylethyleneoxy-l,4- 

naphthylthiotetram ethylene): Poly(1 ,4 -piperidinedylethyleneoxy- 

1,4-naphthylenethiotetram ethylene), herein referred  to  as the  NEP 

polymer, was prepared by the bulk polymerization of the  NEP 

zw itterion . The polymerization was studied over a tem pera tu re  range 

of 175-225°C under both sealed tube and continuous vacuum conditions. 

For the sealed tube method 0.20 g of the NEP zw itterion  was placed in 

a polymerization tube, evacuated a t  approximately 1 mm Hg fo r 20 

minutes, and sealed under vacuum. The polymerization tube was covered 

with aluminum f o i l  (to  keep out the l ig h t)  and heated a t the reaction
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temperature fo r a specified  time. Vater condensed a t the top of the 

polymerization tube as the NEP zw itterion lo s t i t s  va te r of hydration 

upon heating. The polymerization tube was broken and the green glass 

was s t ir re d  over methylene chloride and p rec ip ita ted  in to  rapidly 

s t i r r in g  methanol forming a beige so lid . The methanol/methylene 

chloride solution was decanted off and the polymer was dried in  a 

vacuum oven a t room temperature fo r 24 hours. The y ield  was typ ibally  

around 75%. The same procedure was followed fo r the samples 

polymerized under continuous vacuum except th a t the tube was not 

sealed but heated under continuous vacuum (approximately 1 mm Hg).

2 .1 .2  End Group Analysis

2 .1 .2 .1  Bromination of the NEP polymer: 0.050 g of the NEP polymer 

was added in to  0.5 ml of acetic  acid-d« and s t i r re d  fo r 1 hour.

After 1 hour methanol- d< was added dropvise to  afford a c lear lig h t 

tan  colored solution. On addition of a drop of Br2 the solution 

turned green in color and a green p rec ip ita te  formed on the bottom of 

the v ia l .  The solution was decanted off and the p rec ip ita te  was 

dissolved in to  0.50 ml of DXSO-dg. *11 NHL was performed on the 

DXSQ-de so lu tion .

2 .1 .2 .2  Acetylation of the NEP Polymer: The NEP polymer (0.15 g) 

was dissolved into CHjCla (1.0 ml) and triethylam ine (0.02 g) was 

added while s t i r r in g . Acetyl chloride (0.02 g) in  CHjCla (0.3 ml) was 

added while s t i r r in g  to  the polymer solution a t ambient temperature. 

A fter the reaction  mixture s tir re d  fo r four hours i t  was p rec ip ita ted
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in to  excess methanol. The methanol/methylene chloride so lu tion  was 

decanted off and the acetylated polymer was dried  in  a vacuum oven 

(1 mm Hg) a t room temperature overnight.

2 .1 .3  Spectroscopic Analysis

2 .1 .3 .1  Nuclear Magnetic Resonance Spectroscopy (NMR): 1

2 .1 .3 .1 .a. Proton ( lH) and Carbon ( 13C) NIR spectra  were obtained 

a t  25°C on an IBM VP 200SY FTNIR spectrometer using a 5-mm dual 13C/1H 

probe fo r *11 and a 10-mm dual ^ C /1!! probe fo r  1SC, operating a t 200 

H z  fo r  and 50 1Hz fo r 13C. The *11 spectra  of the NEP-HC1 s a l t  and 

NEP zw itterion  were obtained in  a 57* (w/v) solution of methanol- d« 

while 13C spectra were obtained in  a 107* (w/v) so lu tion  of 

methanol-d«, CDjOD. and 1SC spectra  of NEP polymer were obtained, 

respec tive ly , in  57. and 10% (w/v) solutions of chloroform -di, CDCla a t 

25°C. The spectra  were e ith e r  referenced to  an in te rn a l standard, 

te tram ethy lsilane , or to  the solvent s ig n a ls , 4.78 ppm fo r CD3O D, and 

7.24 ppm fo r CDCI3 fo r  the proton spectra  and 49.0 ppm fo r CD3OD and

77.0 ppm fo r CDCls fo r  the carbon spectra .

2 .1 .3 .1 .b  D isto rtion less Enhancement by Po larization  Transfer 

(DEPT) spectra fo r  the  NEP-HC1 s a l t ,  NEP zw itterion , and NEP polymer 

were obtained in  10% (w/v) solutions in th e ir  respective solvents at 

25°C in order to  determine the m u ltip lic it ie s  of each 13C resonance. 

The following standard pulse sequence was used (where Dl is  the 

relaxation  delay) : 16
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lH: D1— 00°— 1/2J-----180°— 1/2JC. h— P0------1/2JC-h— BB

i*C: ---------------------------- 90°------------- 180°---------------------FID

PO is  a variab le  depending on the desired m u ltip lic it ie s  se lec tion ; 

i . e .  fo r P0=135° signals of positive  in ten sity  represents methyl and 

methine carbons and signals of negative in te n s ity  represents methylene 

carbons. For a l l  reported DEPT re su lts  PO was chosen as 135°. Jc -h 

i s  the  one bond J scalar coupling constant between carbon and 1

hydrogen, i  value of 135 Hz was used fo r the experiments. Quaternary 

carbons have zero in te n s ity . A relaxation  delay, Dl, of 2 seconds was 

used between pulses.

2.1 .3 .1 .C  *H - ‘H Correlated Spectroscopy (COSY) were obtained on 

5% (w/v) so lu tions on the NEP«HC1 s a l t ,  NEP zw itterion  and NEP polymer 

in th e ir  respective solvents a t 25°C in order to  co rre la te  homonuclar 

coupling. The frequency axes FI and F2 contain the !H chemical sh if t  

values while the 1-D spectrum appears along the diagonal. Smaller 

off-diagonal cross peaks a rise  from coupling between the protons. The 

COSY spectrum was obtained by the use of the standard pulse 

sequence: 10

iH: Dl— 90°— DO— 90°— FID 

A to ta l  of 256 experiments of IK data  points were obtained. 16 scans 

were obtained fo r  each experiment with sweep widths of 1592.357 Hz fo r 

the NEP>HC1 s a lt  , 2202.643 Hz fo r  NEP zw itterion , and 1915.709 Hz for 

NEP polymer. A re laxation  delay, Dl, of 1 second was used between 

scans. The data was processed on a SON work s ta tio n . The raw FIDs 

were processed by using a phased sh ifted  sine apodization, with a
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phase of 0 .5 , endpoint of 1 and an in teger exponent of 2, function 

p rio r to  the f i r s t  Fourier transform ation. The resu ltin g  

interferogram  were processed by using a phased sh ifted  sine 

apodization fac to r with a phase of 0 .5 , endpoint of 1 and an in teger 

exponent of 2, followed by z e ro -f il l in g  to  512 data points before the 

second Fourier transform ation. The spectrum was symmetrized and 

p lo tted  as a contour map. 1

2 .1 .3 .1 .d  lH - 13C Correlated Spectroscopy (HCCORR) were obtained 

on 107. (w/v) solutions of the NEP>HC1 s a l t  and NEP polymer using the 

10 mm probe dual ^C ^H  probe and a 257. (w/v) solution of the NEP 

zw itterion  using the 5 mm dual ^ / ‘H probe a t 25°C in order to  

co rre la te  carbons with th e ir  d ire c tly  attached protons. The frequency 

axes FI and F2 contain the !H and 1SC chemical s h if t  values 

respective ly . Connectivities were determined by noting the frequency 

a t which the peak occurs on both the 7H and l3C chemical s h if t  axes. 

Quaternary carbons do not give any peaks since they are not attached 

to  a proton. The HCCORR spectra were obtained by use of the following 

pulse sequence: 17

lH: Dl— 00°— DO— D3— 90°— D4— BB

13C;---------------------180°------90°------------FID

A to ta l  of 512 experiments of IK data points were obtained fo r the 

NEP*IC1 s a l t ,  NEP zw itterion , and NEP polymer samples. A relaxation  

delay, Dl, of 2 seconds was used between scans. Correlations fo r the 

C-H bond are most e f f ic ie n t when the delay period, D3, is  

approximately 1 /(2 J ) , 3.3 msec, and D4 is  between 1/(3J) and 1 /(4 J ) ,
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1.7 msec. Twenty-four scans were obtained fo r the NEP*HC1 s a l t  and 

NEP polymer and 88 scans were obtained fo r the NEP zw itterion fo r each 

experiment with a sweep width of 1798.561 Hz fo r proton and 7462.687 

Hz fo r carbon fo r the NEP-HC1 s a l t ,  and 2202.643 Hz fo r proton and 

8064.516 Hz fo r carbon fo r both the NEP zw itterion and NEP polymer.

The data was processed on a SON work s ta tio n . The raw FIDs were 

processed by using a phased sh ifted  sine apodization function, with a 

phase of 0 .5 , endpoint of 1, and an in teger exponent of 2, p rio r to 

the f i r s t  Fourier transform ation. The resu ltin g  interferogram  were 

processed by using a phased sh ifted  sine apodization function, with a 

phase of 0 .5 , endpoint of 1, and an in teger exponent of 2, folowed by 

z e ro -f il l in g  to  IK data points fo r the NEP-HC1 s a l t ,  NEP zw itterion 

and NEP polymer p rio r to  the second transform ation. The spectrum was 

p lo tted  as a contour map.

2 .1 .3 .2  Infrared  Spectroscopy ( I -R .) : spectra  were recorded on

a Bio-Rad Digilab FTS-40 spectrometer. The NEP*HC1 s a l t  and NEP 

zw itterion  were deposited as a th in  film  on a NaCl p la te  from a d ilu te  

ethanol so lu tion; the solvent was evaporated in a vacuum oven (a t 

approximately 1 mm Hg) a t ambient temperature fo r  four hours. The NEP 

polymer and NEP acetylated polymer were deposited as a th in  film  on a 

NaCl p la te  from a methylene chloride so lu tion; the solvent was 

evaporated in  a vacuum oven (about 1 mm Hg) a t ambient temperature for 

4 hours.

2 .1 .4  Thermal Analysis
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2 .1 .4 .1  Them&l Gravimeteric Analysis (TGA): TGA was performed on 

the NEP zw itterion to  determine the amount of water of hydration 

presen t. A Dupont 990 Thermal Analyzer coupled to  a 950 

Thermogravimetric Analyzer module was used fo r the determ ination. The 

NEP zw itterion (6-10 mg) was weighed to  the nearest 0.01 mg a t ambient 

temperature in an aluminium pan in the TGA module, heated to  175°C a t 

a ra te  of 10°C per minute under a nitrogen atmosphere with a flow1ra te  

of 50 ml/min. The pan was cooled to  room temperature and reweighed to 

determine the amount of water lo s t .

•

2 .1 .4 .2  D iffe ren tia l Scanning Calorimetry (DSC): DSC was carried  

out with the Dupont 990 coupled with a 910 D iffe ren tia l Scanning 

Calorimeter module. DSC was performed on the NEP zw itterion  in  order 

to  determine the melting point of the monomer. 8 to  10 mg of the NEP 

zw itterion  was heated from room temperature to  225°C under a Nj 

atmosphere with a flow ra te  of 50 ml/min a t a ra te  of 10°C per minute, 

cooled slowly and subjected to  a second heating cycle. DSC was 

performed on the NEP polymer to  determine the presence of heat 

tra n s itio n s  ( i .e .  g lass tra n s itio n  temperature, melting tem perature). 

The NEP polymer sample (2 mg) was weighed to  the nearest 0.1 mg, 

compressed sealed in an aluminium pan and heated a t  10°C per minute 

under a nitrogen atmosphere (flow ra te  50 ml/min) to  160°C. The 

sample was cooled slowly or fa s t  cooled by use of an ice bath before a 

second heating scan was taken.

2 .1 .5  Molecular Veighi Determination
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2 .1 .5 .1  Nuclear Magnetic Resonance Spectroscopy (N1R): *11 N1R was 

used to  determine the number average molecular weight of the NEP 

polymer by comparing the sum of the in teg ra l value fo r the o le f in ic  

end group centered a t 5.02 ppm and 5.79 ppm with the main chain 

methylene proton signal adjacent to  the a ry l e ther linkage centered a t 

4.15 ppm. In using th is  procedure an assumption th a t each polymer 

molecule contains only one o le fin ic  end group was made. 1
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2.2 Experimental for_the_Copolvmerization of

Tetrahydro-1 -(4-hvdroxv-l-naphthyl)thiopheninn hydroxide inner s a l t  

and_5-Butyrolactone

2.2 .1  Materials

Tetrahydro-1-(4-hydroxy-l-naphthyl)thiophenium hydroxide inner
I

s a l t ,  herein referred  to  as the NZ monomer or NZ zw itterion , was 

prepared and pu rified  as reported in Section 2 .1 .1 .1 .

^-Butyrolactone, herein referred  to  as /J-BL, was purified  by 

fra c tio n a l d is t i l l a t io n  oyer calcium hydride, CaHj, under a nitrogen 

atmosphere a t reduced pressure. Grotonic acid was pu rified  by 

re c ry s ta ll iz a tio n  from water. N,N-Dimethylformamide, herein referred  

to  as DKT, was pu rified  by repeated drying over molecular sieves and 

d is t i l l a t io n  under a nitrogen atmosphere a t  reduced pressure. Toluene 

waB pu rified  by d is t i l la t io n  over CaHa under a nitrogen atmosphere at 

reduced pressure, i l l  the other reagents were used as received.

2 .2 .2  Synthesis

2 .2 .2 .1  Synthesis of Poly(oxytetram ethylenethio)-1,4-naphthalene: 

Poly(oxytetram ethylenethio)-1 ,4-naphthalene, herein referred  to  as 

poly-NZ or the naphthyl polymer, was prepared by the thermal 

polymerization of the NZ zw itterion . 0.20 g of the NZ zw itterion was 

placed in a polymerization tube, evacuated a t approximately 1 mm Hg 

fo r  15 minutes, and sealed under vacuum. The polymerization tube was 

covered with aluminum f o i l  (to  keep out the lig h t)  and then heated a t
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135°C fo r 20 hours. Vater condensed on top of the polymerization tube 

as the zw itterion  lo s t  i t s  va ter of hydration. The polymerization 

tube was broken and the l ig h t yellow reaction  mixture was s t ir re d  fo r 

4 hours over methylene chloride. The naphthyl polymer which 

p rec ip ita ted  as a white so lid , was collected  by vacuum f i l t r a t io n  and 

washed with methylene chloride followed by methanol. The naphthyl 

polymer was dried a t 40°C in a vacuum oven a t  approximately 1 mm Hg 

overnight.

2 .2 .2 .2  Synthesis of Poly[(oxycarbonyl)propylene]:

Poly[(oxycarbonyl)propylene], herein re fe rred  to  as poly-/?-BL, was 

prepared as described in the l i te r a tu r e . 18 0.50 ml of £-BL (6.13 

mmoles) was dissolved in 0.50 ml of toluene to  which 15.1 fil of boron 

t r if lu o r id e  e th e ra te , (CaHsJaO-BFj (2 mole 7«) was added. The reaction 

mixture was heated a t 60°C fo r 2 days under a nitrogen atmosphere. On 

heating, the reaction mixture turned from co lo rless to  gold. On 

cooling to  room temperature the reaction  mixture became extremely 

viscous. Poly-0-BL was iso lated  by d is t i l l in g  off the toluene to  

leave an o ily  product.

2 .2 .2 .3  Copolymerization of Tetrahydro-1- (4-hydroxy-1-naphthyl)- 

thiophenium hydroxide inner s a l t  and /J-Butyrolactone: The 

copolymerization of the NZ zw itterion and /7-B1 was investigated  in 

solution between the temperature range of 35-100°C. Equimolar 

mixtures of the NZ monomer and 0-BL were dissolved in DMF in a 

polymerization tube under a nitrogen atmosphere. The polymerization
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tube vas sealed under vacuua (approximately 1 mm Ig) by use of the 

freeze-thaw technique. The polymerization tube was covered by 

aluminum f o i l  (to  keep out the l ig h t) ,  and then heated a t the reaction 

temperature fo r the specified  time. The reaction  mixture turned from 

a l ig h t  green color to  a tan  color upon heating. The polymerization 

tube vas broken and the reaction  mixture vas p rec ip ita ted  in to  d iethyl 

e the r. After cen trifugation  a transparent film  formed on the bottom 

of the vesse l. The d ie thy l ether/DIF mixture vas decanted o ff . The 

resu ltin g  film  vas dissolved in to  a minimum of methylene chloride, 

C H j C l a ,  and rep rec ip ita ted  in to  excess methanol, CH3OH, a t 0° C .  After 

cen trifugation  the methanol/methylene chloride so lu tion  was decanted 

off and the resu ltin g  c le a r film  vas dried in  a vacuum oven 

(approximately 1 mm Hg) a t  40°C fo r  2 days.

2 .2 .2 .4  Preparation of 1 -(Tetram ethylenethio)-4-naphthol 0-methyl 

acry la te : The model end group compound 1 -(tetram ethylenethio)- 

4-naphthol /f-methyl ac ry la te , herein referred  to  as the vinyl-naphthol 

model compound, vas prepared by the reaction  between crotonic acid and 

the NZ monomer. 0.49 g of crotonic acid (5.5*10"* moles) vas 

dissolved in 3.0 ml of DIF and heated to  40°C. 1.00 g of the NZ 

zw itterion  (3.8*10‘ s moles) vas dissolved in 6.5 ml of DIF and added 

drop v ise in the crotonic acid solution a t 40°C. The reaction  mixture 

vas s t i r re d  a t 40°C fo r 4 hours. The DIF vas removed under vacuum 

(approximately 2 mm Hg) a t 40°C to  afford  a golden color o i l .  The 

ta rg e t compound vas iso la ted  from a s i l ic a  gel column using 90/10 

(v/v) e thy l acetate/methylene chloride mixture as the e lu ting  solvent.



25

2 .2 .2 .5  Acetylation of 1 -(Tetramethylenethio)-4-naphthol 0- methyl 

acry la te : 0.150 g of the vinyl-naphthol model compound vas dissolved 

in to  1.00 ml of CHjCla to  which 0.100 g of t r ie th y l  amine vas added 

while s t i r r in g . Acetyl chloride (0.070 g) dissolved in  0.50 ml of 

ClaCla vas added slowly to  the vinyl-naphthol model compound so lu tion . 

The reaction  mixture vas s tir re d  a t room temperature fo r 4 hours.

After the reaction  time vas complete, the reaction mixture vas pohred 

in to  excess hexane to  p rec ip ita te  the t r ie th y l  amine-HC1 s a l t .  The 

t r ie th y l  amine•HCl s a l t  vas collected by vacuum f i l t r a t io n .  The 

f i l t r a t e  was placed in a roto-vap and the solvent vas removed a t room 

temperature under reduced pressure. The ta rg e t compound vas iso la ted  

from a s i l ic a  gel column using e thy l ace ta te  as the e lu ting  solvent. 

The ta rg e t compound vas dried  a t 40°C in a vacuum oven (approximately 

1 mm Hg) overnight.

2 .2 .2 .6 Bromination of 1 -(tetram ethylenethio)-4-naphthol j9-methyl 

acry la te : A 107* (v/v) solution of bromine in C D C ls  vas added drop vise 

to  a 57. solution of the vinyl-naphthol model compound in CDCL3 in  an 

ice bath u n til  the color of bromine persisted . The solution vas 

allowed to  stand overnight a t  room temperature. The sample retained 

the color of the added bromine and vas not p u rified , but examined 

d ire c tly  by *H NMR.

2 .2 .3  Bnd Group inalysis

2 .2 .3 .1  Bromination of the Copolymer: A 1% solution of bromine in 

chloroform (d i) , CDCI3, vas added drop v ise to  a 57. solution of the
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copolymer in  CDCI3 in  an ice bath u n til  the red color of bromine 

p e rs is ted , and then le t  stand overnight a t  room temperature. The 

copolymer solution retained the color of the added bromine and was not 

p u rified , but examined d irec tly  by ‘H NMR spectroscopy.

2. 2 .3 .2  Acetylation of the Copolymer: The copolymer (0.060 g) was 

dissolved in to  CH3CI3 (0.60 ml) to  which 0.20 g of pyridine was added 

while s t i r r in g .  Acetyl chloride (0.020 g) in  CH3CI3 (0.30 ml) was 

added slowly while s t i r r in g  to  the polymer so lu tion  a t ambient 

temperature. After the reaction mixture was s t i r re d  fo r 4 hours, i t  

was added to  excess methanol and centrifuged. The methanol/methylene 

chloride solution was decanted o ff  and the resu ltin g  film  was dried  in 

a vacuum oven a t 40°C fo r 2 days.

2 .2 .4  Spectroscopic Analysis

2 .2 .4 .1  Nuclear Magnetic Resonance Spectroscopy (NIK):

2 .2 .4 .1 .a Proton (*11) and ( 13C) NMR Bpectra were obtained a t 25°C 

on hit (w/v) solution and 107, (w/v) so lu tions, respec tive ly , in 

dimethyl sulfoxide, DISO (d«), fo r  the NZ//?-Bl monomer mixture, 

chloroform, CDClj (d i) , fo r poly-/?-BL, the copolymer and the 

vinyl-naphthol end group, and 1 ,1 ,2 ,2 -te trach lo roethane , TCG (d«) fo r 

poly-NZ a t  60°C as described in  Section 2 .1 .3 .1 .a.

2 .2 .4 .l .b  D isto rtion less Enhancement by Polarization  Transfer (DEPT) 

spectra  was obtained via the method described in  Section 2 .1 .3 .l .b  on 

the copolymer sample in a 107, (w/v) solution in  CDCI3 a t  25°C.
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2 .2 .4 .1.c ‘H-1!! Correlated Spectroscopy (COSY) spectra  was 

obtained on 57. (w/v) of the NZ monomer and poly-NZ in th e ir  respective 

solvent v ia  the method described in Section 2 .1 .3 . l . c .  A to ta l  of 256 

experiments of IK data points was obtained fo r  each. Sixteen scans 

were obtained fo r each experiment with a sweep width of 1851.852 Hz 

fo r the NZ monomer and 1639.344 Hz fo r poly-NZ. A one second delay, 

Dl, was used between scans. The data was processed in an id en tica l 

manner as described previously in Section 2 .1 .3 . l . c .

2 .2 .4 .1.d ‘H-^C Correlated Spectroscopy (HCCORR) were obtained 

on a 107. solution of the  NZ monomer in DMSO (dg) by using a 10- mm dual 

1SC/*H probe a t 25°C, and on a 257* (v/v) so lu tion  of poly-NZ in TCE 

(d<) a t 60°C by using a 5-mm dual 1SC/‘H probe v ia  the method 

described in  Section 2 .1 .3 . l .d .  A to ta l  of 512 experiments of IK data 

points were obtained fo r  the NZ monomer and 256 experiments of 512V 

points were obtained fo r  poly-NZ. A two second delay (Dl) was used 

between pulses. Twenty-four scans were obtained fo r  each experiment 

with a sweep width of 1650.165 Hz fo r proton and 7462.687 Hz fo r 

carbon fo r the  NZ monomer; 88 scans were obtained fo r each experiment 

with a sweep width of 2200.643 Hz fo r proton and 8064.515 Hz fo r 

carbon fo r  poly-NZ. The data was processed in  a manner id en tica l to  

th a t described in Section 2 .1 .3 .l .d .

2 .2 .4 .2  Infrared Spectroscopy (IR): IR spectra  were obtained on 

the instrument described in Section 2 .1 .3 .2  on samples of poly-NZ, and 

1:1 molar mixture of poly- NZ/poly- /?- BL deposited as a film  on a NaCl
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p la te  from a d ilu te  solution of broaobenzene. The film  was dried  in  a 

vacuum oven (approximately 1 an Hg) a t 40°C fo r 4 hours. The 

copolymer was deposited as a film  on a NaCl p la te  from a d ilu te  

so lu tion  of chloroform which was dried a t  room temperature fo r  4 hours 

in a vacuum oven (approximately 1 mm Hg).

2 .2 .5  Molecular Height Determination ’

2 .2 .5 .1  Gel Permeation Chromatography (GPC): GPC of the 

copolymer obtained by heating the NZ zw itterion with 0-BL was carried  

out on a Vaters 150C instrument with a 840 workstation using DIF 

containing 0.05 I  LiBr as the mobile phase a t a flow ra te  of 1.0 

ml/min a t 100°C. The sta tionary  phase consisted of four u ltra s try ag e l

columns of 10s , 104, 10s , and 5*102 A s izes . The GPC ca lib ra tio n s 

were based on polystyrene standards.



29

3.0 RESULTS HID DISCUSSION

3.1 Results and Discussion fo r 4 -(4 -[1.4-ethvlenepiDeridiniuml- 

butanethio)- 1- naphthol Inner Salt

3 .1 .1 . Synthesis of the SEP Hydrochloride Salt

NEP*HC1 (XlVa) was prepared by the nucleophilic attack  of the 

nitrogen atom, in  1 ,4 -ethylene p iperid ine , on e ith e r  carbons a to  the 

sulphonium center of the NZ*IC1 s a l t  to  cause ring  opening of the 

thiophenium ring  to  occur as shown in Scheme XI. Vhereas the

Scheme XI:

Cl"

+

XII
Cl'

[—CH3CH3CH3CH3S

XlVa

thiophenium ring in  the NZ*HC1 s a l t  has a high degree of re a c tiv ity  

due to  the ring  s tra in , the 1 ,4-ethylene piperidinium  ring in  the 

NEP-HC1 s a l t  was found to  be re la tiv e ly  s tab le  and was heated to  50°C 

without the  chloride ion opening the ring .
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3 .1 .2  Characterization of  the HEP Eydrochloride Salt

3 .1 .2 .1  NMR Spectroscopy: The NEP*HC1 s a l t  was characterized by the 

use oi 1H, and 1SC NMR, DEPT, COSY, and HCCORR techniques.

3 .1 .2 .1 .a Proton Assignments of the NEP-HC1 S a lt: Figure 1 and 

Table 1 show the *H spectrum and 6 values of the NEP*HC1 s a l t .  The 

signa l assignments shown in XlVb were based on the observed s p li t t in g  

p a tte rn , signal areas, and the re su lts  from the COSY experiment 

(Figure 2) .  The sharp s in g le t a t 4.89 ppm is  due to  the presence of

the  residual OH group from the solvent, methanol-d*. The solvent 

signal fo r  the methyl group is  hidden under the t r ip l e t  center a t 3.27 

ppm. The COSY spectrum (Figure 2) of the NEP-HC1 s a l t  contains a 

computer generated 1-D spectrum along the FI and F2 axes in order to  

aid  in  the  in te rp re ta tio n . Cross peaks indicating  coupling between 

proton p a irs  1 and 5, 2 and 6 , and 3 and 7 are evident. On closer 

examination of the spectrum cross peaks a lso  e x is t fo r proton pairs 1 

and 2, and 3 and 4. Cross peaks are also  present in the aromatic 

region fo r  proton p a irs  8 and 11, 9 and 12, and 10 and 13. A small 

cross peak is  even observed fo r the proton p a ir  9 and 10 even though 

th e i r  signals are p a r t ia l  overlapping in the proton spectrum. The

Cl'

f- 1CH2CH2 CHj CHjS- ^ ^ O H  

u \0 /n1 j \ 0 / i  j  

10 0
XlVb
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TABLE 1

Assignments of the XH Spectrum of the NEP.HCI Sait

P.rQtQn Number Chemical Shift fpoml

1
2
3
4
5
6
7
8 
9

10
11
12
13

1.49
1.73
1.92
2.09
2.84
2.95
3.27
6.82
7.46
7.53
7.60
8.25
8.43



FIGU1E 2 
COST SPECTMI OF NEP-ECI Salt 

CDiOD SOLVENT



34

assignments of protons 9 and 10, and 12 and 13 are made somewhat 

a rb i t r a r i ly  and hence may be interchanged, i . e .  protons 9 and 12 may 

be signals 10 and 13 and protons 10 and 13 may be signals 9 and 12. 

However i t  is  c lear from the COSY spectrum th a t protons 9 and 10 are 

adjacent to  protons 12 and 13, respectively .

3 .1 .2 .l .b  Carbon Assignments of the NEP*HC1 S a lt: The 1

proton-decoupled 13C spectrum (Figure 3, Table 2) of the NEP*HC1 s a l t  

supports struc tu re  XlVa. The carbon signals were assigned as shown in 

XIYc based on the re su lts  from DEPT (Figure 4, Table 3 ), HCCORR 

(Figure 5a and 5b) experiments, and chemical sh if ts  values fo r sim ilar 

carbons. 10 From the DEPT spectrum (Figure 4) the assignments of the

methine carbon, 1, a t 20.7 ppm and the four quaternary carbons, 9, 13, 

16, and 17 a t  122.1, 127.2, 136.6, and 155.6 ppm were obvious. Direct 

calcu la tions fo r the chemical s h if t  of carbons 9 and 17 could not be 

made fo r  the  NEP-HC1 s a lt  since the appropriate substituen t chemical 

s h i f t  parameters fo r the naphthalene ring  were not availab le.

However, chemical s h if ts  of 125.5 and 153.9 ppm were calculated fo r 

carbons 9 and 17, respective ly , assuming th a t the substituen t 

parameters fo r  substitu ted  benzenes were applicable to  substitu ted  

naphthalenes and the su b stitu ten ts  parameters fo r S-CHj and Ar-OH

Cl'
+ 7 4 2 5 9 1*
*-CHjCH2CH2CH3S -< O > 0 H

12 0̂ / 1 0  
14 11

XIVc
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TABLE 2

Assignments of the 13 C Spectrum of the NEP*HCI Salt 

■Carbon Number Chemical Shift fpprm

1 20.7
2 22.0
3 24.7
4 27.55 35.9
6 55.67 64.88 109.2
9 122.1

to 124.111 126.112 126.513 127.2
14 128.1
15 135.016 136.617 155.5

t
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TABLE 3

Assignments of the DEPT Spectrum of the NEP-HCI Salt 

Carbon Number Chemical shift ippmr

1 20.6
2 22.0
3 24.7
4 27.4
5 35.9
6 55.5
7 64.7
8 109.1

10 124.0
11 126.1
12 126.5
14 128.1
15 135.0
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simulate those of S-CHj and Ar'-OH where Ar represents benzene and Ar' 

represents naphthalene. 30 The observed chemical sh if t  of carbons 9 

and 17 were assigned as 122.1 and 155.6 ppm respective ly . The 

assigned valne of carbon 17 is  in good agreement with the calculated  

value. However, the calculated value fo r carbon 9 is  interm ediate 

between th a t of the assigned value, 122. 1, and a second quaternary 

carbon, 127.2 ppm hence the assignment is  not unambiguous and is  made 

a rb itra ry . The assignments of carbons 9, 13, and 16 were made 

a rb itra ry  and may be interchanged. Figure 5a and b shows the HCCOKR 

spectrum of the NEP-HC1 s a lt  with high reso lu tion  1-D spectrum fo r 

proton and carbon along the FI and F2 axes, respective ly , to  aid  in 

the in te rp re ta tio n  of the spectrum. For HCCOIR experiments the proton 

and carbon are re la ted  through sca la r coupling. Figure 5a represents 

the a lip h a tic  region of the NEP-HC1 s a l t .  The following proton/carbon 

connec tiv ities were deduced by using the lab e llin g  of the diagram XIYb 

fo r  the proton and XIVc fo r the carbon assignments: H-l/C-4, H-2/G-2, 

H-3/C-3, H-4/C-1, H-5/C-5, H-6/C-7, and H-7/C-6. Figure 5b represents 

the  HCCORR spectrum of the aromatic region of the NEP*HG1 s a l t .  Using 

the protocol established previously, the following connectiv ities were 

estab lished  fo r the aromatic region: H-8/C-8, H-9/C-11, H-10/C-14,

H-11/C-15, H-12/C-10, and H-13/C-12. Carbons 9, 13, 16, and 17 show 

no co rre la ting  peaks because they have no d ire c tly  attached protons 

and the long range l H-13C J coupling are too weak to  be observed. The 

assignment of carbons 11 and 12, and 10 and 14 were made somewhat 

a rb i t r a r i ly  and hence may be interchanged i . e .  carbons 10, 11, 12, and 

14 may be signals 14, 12, 11 and 10 respectively .
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3 .1 .2 .2  IE Spectroscopy: The IE spectrum of the NEP-HC1 s a l t  is  not 

well defined in the region between 4000 and 2000 cm' 1 due p a r t ia l ly  to  

the broad, overlapping absorption bands of -OH, from water and 

naphthol. Id en tif iab le  bands occur a t 3046.7 (aromatic C-H), 2950.8 

and 2881.4 (a lip h a tic  C-H and N-CHa), 1585.5 and 1503.5 (aromatic 

C-C), and 836.4 and 767.7 cm*1 (aromatic C-H).
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3.1 .3  Synthesis of the KBP Zwitterion

The NEP zw itterion  (XV&) nay be prepared by tre a tin g  the NEP-HC1 

(XlVa) with a strongly basic anion-exchange res in  (Scheme XII) in a 

manner sim ila r to  th a t used in  the preparation of the tetrahydro- 

thiophenium arene oxides z v itte r io n s . The NEP zw itterion is  a highly

Scheme XII:

Cl"

I- CHaCHaCHjCHjS-̂ O
an ion-exchange

XlVa
+
I- CHj CHj CHj CHj S- ̂  O  x  C"

XVa

stab le  molecule which had high so lu b ility  in  water and methanol and to 

a le sse r  extent in dimethyl sulfoxide and was insoluble in acetone and 

d ie thy l e th e r. I t  was in i t i a l ly  iso la ted  as a green tin te d  powder 

which discolored on storage periods exceeding one month. Unlike the 

sulfonium zw itterions which have been investigated previously, the NEP 

zw itterion  has equal s ta b i l i ty  regardless of the s ta te  in which i t  is  

iso la ted  (hydrated or anhydrous).

3 .1 .4  Characterization of the KBP Zwitterion

3 .1 .4 .1  NHL Spectroscopy: The NEP zw itterion  was characterized by
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the use of %  and 1SC NMt, DEPT, COSY, and ICCOU techniques.

3 .1 .4 .1 .a Proton Assignments of the NEP Zw itterion: Figure 6 and 

Table 4 show the *H spectrum and 6 values of the NEP zw itterion . The 

signal assignments shown in IVb were based on the observed s p l i t t in g  

p a tte rn , signal areas, and re su lts  from the COSY experiment (Figure

7 ). The sharp s in g le t a t 3.34 ppm was assigned to  water from the 

water of hydration of the NEP zw itterion . This assignment was 

confirmed by the absence of th is  signal in  the spectrum of the 

anhydrous NEP zw itterion . The small signal along side of the water 

peak belongs to  the methyl group of the solvent methanol-d4, and the 

sharp s in g le t a t 4.93 ppm is  a ttr ib u te d  to  the hydroxy group from the 

solvent. Figure 7 represents the COSY spectrum of the NEP zw itterion 

with a computer generated 1-D spectrum along the FI and F2 axes in 

order to  aid  in the in te rp re ta tio n . Off-diagonal cross peaks, 

indicating  coupling, occurs fo r  proton p a irs  3-7, 3-4, 6-1, and 5-2.

No cross peak was present fo r the proton p a ir  1-2 since th e ir  signals 

overlap completely in the *H spectrum. Analysis of the COSY spectrum 

fo r the aromatic region of the NEP zw itterion  revealed o ff diagonal 

cross peaks fo r proton pa irs  8-11, 9-13, and 10-12 . A cross peak fo r 

the proton p a ir  9-10 is  not c learly  evident. Possible explanations

\  5 2 1 1 . *-CH2CH2CH2CH2S - < ' 0 >  0

XVb



45

<o

oo

VI

t v )

C u

u

FZGU1E 6 
lH SPECTEUK OF IfEP ZVITTEUON 

CD,0D S9LTEHT



46

TABLE 4

Assignments of th e x H Spectrum of the NEP Zwitterion

■Eroton Number Chemical Shift fooml

1, 2
3
4
5
6
7
8 
9

10 
11
12, 13

1.50
1.70 
1.91 
2.57
2.70 
2.88 
6.56 
7.27 
7.41 
7.53 
8.34
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fo r the lack of a c lear contour signal fo r  the proton p a ir 9-10 were a 

sn a il coupling constant or in su ffic ien t d ig ita l  reso lu tion  to  resolve 

the coupling. The assignnent of signals 9 and 10 as well as 12 and 13 

were a rb itra ry  and may be interchanged i . e .  protons 9, 10, 12, and 13 

may correspond to  signals 10, 9, 13 and 12 respective ly .

3 .1 .4 .1 .b  Carbon Assignments of the NEP Zwitterion: The 1

proton-decoupled 13C NX& spectrum (Figure 8 , Table 5) of the NEP 

zw itterion also  supported struc tu re  XVa. The carbon signals were 

assigned as shown in XVc based on re su lts  from DEPT (Figure 9, Table 

6) and HCCOll (Figure 10a and 10b) experiments, and the chemical s h if t

values fo r sim ila r carbons. 19 The following assignments were made 

based upon the DEPT spectrum (Figure 9) of the NEP zw itterion: the 

methine carbon, 1, of the piperidinium ring  a t  20.5 ppm,and the four 

quaternary carbons, 9, 14, 15, and 17, of the naphthalene ring  were 

assigned as 111.9, 131.9, 137.9, and 168.2 ppm. D irect calculations 

fo r  the chemical s h if t  of carbons 9 and 17 could not be made fo r the 

NEP zw itterion since the appropiate substituen t chemical sh if t  

parameters fo r the naphthalene ring were not availab le . However, 

chemical s h if ts  of 125.5 and 164.7 ppm were calculated fo r carbons 9 

and 17, respectively  assuming th a t the substituen t parameters fo r

+ 7 4 2 5 S y T T V T  ,
)f- C H jC H jC H aC H jS -^O y -0

IVc
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TABLE 5

Assignments of the 13 C Spectrum of the NEP Zwitterion

f ia rbon Number Chemical shift (ppm)
1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16 
17

20.4 
21.7
24.5
27.6 
36.4 
55.3
64.7 

111.8
111.9
123.6
125.9 
126.4
127.2
131.9 
137.8
138.6
168.2
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TABLE 6

Assignments of the DEPT Spectrum of the NEP Zwitterion

Carbon Number Chemical shift foorm

1 20.5
2 21.7
3 24.7
J  27.6
5  36-46 49.8
1 55.38

10
11
12

16

111.8
123.7
125.9
126.4

I?  127.2
138.6
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substitu ted  benzenes were applicable to  substitu ted  naphthalenes and 

the su b s titu ten ts  paraaeters fo r S-Ie and O-Na s ia u la te  those fo r the 

CHj-S and 0" respec tive ly . 20 The observed chenical sh if ts  fo r carbons 

9 and 17 were 111.8 and 168.2 ppm, respectively . Thus the signal for

carbon 9 exhibited an upfield  s h if t  of 13.4 ppm and the carbon 17

signal exhibited no s ig n ifican t s h if t .  In several of the 

tetrahydrothiophenium-arene oxides systems which have been previously 

investigated , the carbon analogous to  carbon 9 has shown a large 

upfield  sh if t  of 10-15 ppm and no s ig n ifican t sh if t  was observed fo r 

the analogous carbon 17. The carbon analogous to  9 from the 

tetrahydro-1-(4-hydroxy-l-naphthyl)thiophenium hydroxide inner s a l t  

showed an upfield  s h if t  of 28.9 ppm. This large upfield  s h if t  has 

been a ttr ib u te d  to  the  presence of a quinoid-type resonance. Although 

th is  type of resonance i s  not feasib le  with the NEP zw itterion , other

forms of resonance are possible within the aromatic ring  system. The

assignment of carbons 11 and 12, 14 and 15, and 10 and 13 were made 

a rb itra ry  and may be interchanged i . e .  carbons 10, 11, 12, 13, 14, and 

15 may correspond to  signals 13, 12, 11, 10, 15, and 14 respective ly .

Figure 10a and 10b shows the a lip h a tic  portion and the aromatic 

portion , respective ly , of the HCCOUt spectrum of the NEP zw itterion 

with a high reso lu tion  carbon spectrum lying along the F2 axes and a 

computer generated proton spectrum along the FI axes in  order to  aid 

in the in te rp re ta tio n . The following proton/carbon connectiv ities 

were deduced by using the labe lling  of s truc tu re  XVb fo r the proton 

and XVc fo r  the carbon assignments: I- l/C -2 , H-2/C-4, H-3/C-3,

H-4/C-1, I-5 /C -7, I - 6/C-5, and I-7 /C -6. The assignment of proton 6
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was based on the chemical sh if t  of i t s  co rre la ted  carbon which was 

assigned on the basis of the cheaical s h if t  of th a t reported fo r  an 

analogous carbon in other tetrahydrothiophenium arene oxides 

polymers. 14 Two contour signals with id en tica l proton chemical sh if t  

values but d iffe ren t carbon cheaical s h i f t  values indicated 

overlapping proton signals a t 1.48 ppa which were assigned to  the two 

se ts  of acyclic aethylene protons 0 to  the  ammonium and su lfu r atbms 

of the NEP zw itterion . Examination of Figure 10b reveals the 

following co rre la tions using the protocol established  previously:

H-8/C-8, H-11/C-16, H-9/C-10, H-10/C-13, H-12/C-12 and H-13/C-11. Two 

overlapping proton signals a t 8.34 ppm is  evident by the presence of

two contour with the same position  along the FI axis but d iffe ren t

positions along the F2 ax is . The assignment of carbons 10, 11, 12, 

and 13 were made some what a rb i tra r i ly  and hence may be interchanged 

i . e .  carbon 10, 11, 12, and 13 may be signals 13, 12, 11, and 10 

respectively .

3 .1 .4 .2  I I  Spectroscopy: The infrared spectrum of NEP zw itterion 

(Figure 11) showed Beveral absorption peaks. Some of the absorption 

peaks were easily  assigned: a broad signal a t 3374.7 ( water of

hydration), 3052.5 and 3025.4 (aromatic C-H), 2944.2 and 2879.0

(a lip h a tic  C-H), 1554.9, and 1492.9 (aromatic C-C), and 835.2 and

767.7 cm’ * (aromatic C-H).

3 .1 .4 .3  Thermal Analysis:

3 .1 .4 .3 .a Thermogravimetric Analysis (TGA): T6A was performed on
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the  NEP zw itterion to  determine the amount of water present. 1.82 + 

0.04 aoles of water per mole of zw itterion was found to  be present 

(Figure 12). The water was lo s t over the temperature range of 40 to 

150°C. The NEP zw itterion did not polymerize on losing i t s  water of 

hydration, as indicated by i t s  *H spectrum, even though the f in a l 

temperature in the TGA reached 180°C. However a color change to  a 

stronger shade of green occurred. '

3 .1 .4 .1 .b  D iffe ren tia l Scanning Calorimetry (DSC): DSC was carried  

out on the NEP zw itterion  in order to determine i t s  melting po in t. 

Figure 13 shows the DSC thermogram of the NEP zw itterion . Two 

endotherms were evident a t 144° and 104°C. Endotherm A (144°C) was 

assigned to  the AIVap of water and endotherm B (194°C) to  the melting 

point of the NEP zw itterion . The assignment of endotherm A as AHVap 

of water was confirmed by carrying out DSC on the anhydrous NEP 

zw itterion  which resu lted  in  only one endotherm a t 194°C. V isible 

confirmation of these assignment were made by taking a melting point 

of the NEP zw itterion where no physical change was apparent in the 

zw itterion  u n til  the temperature was above 190°C. On cooling the NEP 

zw itterion  slowly and reheating i t  no endotherms were present (Figure 

13b) indicating th a t c ry s ta lliz a tio n  did not occur although a s lig h t 

change in slope of the thermogram occurred a t approximately 60°C.
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3.1 .5  Polymerization of the KEP Zaitterion

The polymerization of the NEP z v itte rio n  was investigated  in bulk 

only and not in solution since a su itab le  solvent fo r both the NEP 

monomer and polymer was not found. The polymerization of the NEP 

zv itte rio n  was studied over a temperature range of 175-225°C under 

both sealed tube and continuous vacuum conditions (Table 7). On 

heating the NEP z v itte rio n  a t temperatures below 175°C ( i .e .  150°C for 

two days) no evidence of polymerization ex isted . The reaction  mixture

TABLE 7

POLYMERIZATION RESULTS OF NEP ZVITTERION

Sample
1

Temp.
(ocf

Reaction
Time

Molecular 
Veieht bv NMR

l a 175 20 1.3*10*

2b 175 20 1.1*104

3a 200 1 1.0*104

4a 200 2 8.7*103

5b 200 2 9.1*103

6a 200 4 8.5*103

?a 225 0.3 9.8*103

8a 225 0.67 8.6*103

9a 225 1 8.7*103

asealed tube; Continuous vacuum 

was a transparent so lid  containing a l ig h t green t i n t .  The NEP
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polymer was iso la ted  by s t i r r in g  the transparent so lid  over C H 2 C I3  

followed by p rec ip ita tio n  in to  CHjOH, a l l  a t  room temperature. The 

absence of any C H 2 C I3  insoluble m aterial was ind icative  of a 

quan tita tiv e  conversion to  polymer or oligomer since the NEP 

zw itterion  is  insoluble in C H 2 C I 3 .  In a ty p ica l polymerization a  

y ie ld  of 75% polymer (methanol insoluble) and 25% oligomer (methanol 

soluble) was obtained. This report w ill discuss the methanol 1 

insoluble frac tio n  only.

3 .1 .6  Characterization of the HEP Polymer

The polymer was characterized as struc tu re  XVIa by elemental 

an a ly sis , NIB and IB spectroscopy. The elemental analysis (Found: C, 

73.61; H, 7.94; S, 9.56; and N, 3.92) was in good agreement with th a t 

calculated  fo r  XVIa (Theory: C, 73.84; H, 7.98; S, 9.39; N, 4 .10).

The DSC thermogram obtained on the NEP zw itterion (Section 3 .1 .4 .3 .b) 

indicated  th a t polymerizations conducted below 190°C occurred in the

[CH2 CHa^  ^N—CH2 CH3CH2 CHa S

XVIa

so lid  s ta te  while polymerizations exceeding 190°C occurred in  the 

m elt. This was deduced since the NEP zw itterion did not melt u n til  

the temperature exceeded 194°C. Although the NEP zw itterion 

polymerized a t  175°C on prolong heating, i t  was found to  be unreactive
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on heating a t th is  temperature fo r  short in te rv a ls  of time. The 

s ta b i l i ty  of the NEP zw itterion was c lea rly  demonstrated by the LH 

spectrum of the anhydrous NEP zv itte r io n . The anhydrous NEP 

zw itterion  was prepared by heating the NEP z v itte r io n  to  180°C in  a 

Thermogravimetric Analysis Instrument (see T6A scan, Figure 12). The 

spectrum of the anhydrous NEP zw itterion showed no indication  of 

polymerization occurring. 1

3 .1 .6 .1  Nil Spectroscopy: The NEP polymer was characterized by the 

use of *11 and 13C NO, DEPT, COSY, HCC0&1, and IE spectroscopy.

3 .1 .6 .1 .a Proton Assignments of the NEP Polymer: Figure 14 and 

Table 8 show the spectrum and S values of the NEP polymer 

synthesized a t 200°C. The signal assignments shown in XVIb, where 

S'S* represents the polymer chain, were based on the observed

s p li t t in g  p a tte rn s , signals areas, COSY (Figure 15) and HCCOEE

experiments (Figure 16a and 16b). The ethylene group was drawn

i >
10

^>ch3ch2ch2ch2s
m b

12 IB

a rb i t r a r i ly  in the equatoria l position  in XVIb but may ex is t in the 

ax ia l position  since there  was no evidence indicating  support of 

e ith e r  position . The signals (Figure 14) fo r  protons 1 through 5 

(including 5 ')  and 8 overlap in  the region between 1.0 and 2.0 ppm.
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TABLE 8

Assignments of the *H Spectrum of the NEP Polymer

Proton Number Chemical Shift fppm)

1 1.83
2 1.56
3 1.56
4 1.83
5 1.37
5 1.82
6 2.25
7 2.83
8 1.86
8 2.90
9 4.13

10 6.71
11 7.60
12, 13 7.50
14 8.30
15 8.46
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Although several signals occur in th is  region, i t  was possible to  

assign certa in  proton resonances by the use of the  information 

obtained fro* the ICCORi spectrum (Figure 16a and 16b). The 1-D 

computer generated !H and 1*C spectrum are p lo tted  along the FI and F2 

axis respectively  in the ICC01R spectrum in order to  aid in the 

in te rp re ta tio n  of the spectrum. In in te rp re tin g  the information 

concerning the proton assignments from the HCCO&R spectrum the catbon 

assignments of the NEP polymer (Section 3 .1 .6 .1 .b ) were assumed to  be 

co rrec t. The m ultip let centered a t 1.37 ppm was assigned to  the ax ial 

protons, 5, 0 to  the nitrogen atom in the p iperid ine ring ; the 

corresponding equatorial protons, 5 ' , were assigned to  a signal 

s lig h tly  downfield from the ax ia l protons a t  approximately 1.82 ppm. 

The nonequivalence of the  ring protons was a ttr ib u te d  to  the r ig id ity  

of the  piperidine s truc tu re  in the polymer backbone. The piperidine 

struc tu re  probably ex is ts  exclusively in  one chair conformation since 

both ring  inversion and nitrogen inversion are re s is te d  strongly due 

to  the presence of bulky substituen t groups in  the 1 and 4 position  of 

the piperidine ring . I .  Booth and J.H L it t le  shoved th a t fo r  a 

conformationally biased N-alkyl derivative  of p iperid ine , 1- 1-b u ty l-4- 

cyclohexyl-piperidine, a difference of 1.05 ppm existed  between the 

ring  equatoria l and ax ia l protons a to  the nitrogen atom with the 

equatoria l protons occurring fu rth er downfield. 31 The HCCORR spectrum 

of the a lip h a tic  region of the NEP polymer (Figure 16a) shows two 

d is t in c t  se ts  of contours, corre lated  to  one carbon atom a t 32.0 ppm, 

approximately 0.4 ppm apart ascribed to  an increased chemical s h if t  

d ifference between ax ia l and equatoria l protons caused by the r ig id ity
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of the p iperid ine ring  in the polymer backbone. The chemical sh if t  

d ifference of the  d istereo top ic  ring  protons, equatoria l (8 ')  and 

ax ia l (8) ,  was even more pronounced fo r the ring protons a to  the 

nitrogen atom where two se ts  of contours occurred a t approximately 1.0 

ppm apart. In  general the ring  ax ia l protons a to  the nitrogen atom 

are shielded to  a higher extent than the equato ria l protons thus 

appearing fu rth e r u p fie ld . 33 1

The assignments of the a lip h a tic  protons were as follows: protons 

2 and 3 a t 1.56, 1, 4 and 5 ' a t approximately 1.8, 5 a t 1.37, 8 a t 1.9 

and 8 ' a t 2.90, 6 a t 2.25, 7 a t 2.83, and 9 a t 4.13 ppm. The COSY 

spectrum (Figure 15) of the NEP polymer was quite  complicated; proton 

p a irs  5 and 5% 3 and 6 , 2 and 7, 8 and 8 ' ,  and 4 and 9 showed cross 

peaks ind icating  coupling. Protons 7 and 8 ' are p a r tia lly  overlapping 

in the  proton spectrum (Figure 14) however from the COSY spectrum i t  

is  possible to  d if fe re n tia te  between the two protons and proton 8' was 

assigned as the shoulder adjacent to  the signal a t 2.8 ppm. For the 

d iastereo top ic  protons of the p iperidine ring  only geminal coupling 

was observed as no cross peaks were present which could be assigned to 

v ic inal a x ia l/a x ia l, ax ia l/eq u ato ria l or equato ria l/equato ria l 

coupling. The absence of cross peaks fo r  ax ia l/eq u a to ria l and 

eq u ato ria l/eq u ato ria l coupling may be due to  a small coupling constant 

(normally 0-5 Hz); an increase in the d ig i t i a l  reso lu tion  of the 

experiment or running the experiment a t higher f ie ld  could possible 

re su lt  in  the appearance of the cross peaks. However a x ia l/a x ia l 

coupling (normally 10-15 Hz) is  normally only s lig h tly  weaker than 

th a t fo r geminal coupling fo r  d istereo top ic  protons in r ig id  six
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menbered rings. A possible explanation i s  th a t the linev id ths of the 

signals are approximately as large as the coupling constants so the 

positive  and negative lobes of the cross peaks can overlap and begin 

to  cancel each other out. In addition , complex spin coupling patterns 

re su lt  in highly complex cross peaks th a t are even more lik e ly  to  

cancel as the linev id th  becomes la rg e . 23 Coupling constants were 

calculated fo r the ring protons of compound XVII to  determine th e ’ 

magnitude of the coupling constants fo r a compound sim ilar in 

s truc tu re  to  th a t of XVIb by the use of a computer program e n title d  

PCMODEL24 and are shown in Table 9 where "e" and "a" stand fo r 

equato ria l and ax ia l protons respectively  and Ar represents a benzene 

rin g . The exact linev id th  of the signalB were not possible to  measure

CALCULATED COUPLING CONSTANTS OF 1,4- DISUBSTITUTED PIPERIDINE RING

«

ArOCH2CH
^CH2CH2CH?CH2SCHi

XVII

TABLE 9

Type <?* Cpupling Magnitude of Coupling

He/Ha 

He/He

Ha/Ha 12.84 Hz

2.56 Hz

2.22 Hz

since each signal was composed of more than one type of proton. 

However, linev id ths of the order of approximately 10 Hz were measured
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fo r a m ajority of the a lip h a tic  signa ls . The absence of v ic in a l 

coupling fo r d istereo top ic  protons vere also  observed in the COSY 

spectrum of the NZ z v itte r io n  vhich shoved cross peaks fo r coupling 

among the geminal protons only (see Section 5 .1. 1. 1.a ) . The lack of 

any cross peaks involving coupling v ith  the ring methine proton, 1, in 

the NEP polymer is  explained by the the fa c t th a t the signal overlaps 

v ith  protons 4, 5 ' and 8. The lack of coupling betveen protons l 1 and 

5 vas a ttr ib u te d  to  e ith e r  small coupling constants, lov d ig i t ia l  

reso lu tion  of the experiment, or the linev id th  approaching the 

magnitude of the coupling constant.

The aromatic region of the NEP polymer vas assigned as fo llovs: 

proton 10 a t 6.70, 11 a t 7.59, and 12 and 13 overlap a t approximately 

7.48 ppm. Cross peaks fo r proton p a irs  10 and 11, 12 and 14, and 13 

and 15 are evident fo r the aromatic region in  the COSY spectrum. No 

cross peak vas present fo r the proton p a ir  12 and 13 because there 

signals vere overlapping in  the proton spectrum. The assignments of 

protons 12 and 13, and 14 and 15 vere made a rb itra ry  and may be 

interchanged, i . e  13 may be 12 and 15 may be 14.

3 .1 .6 .1 .b  Carbon Assignments of the NEP Polymer: The proton 

decoupled 13C spectrum (Figure 17, Table 10) of NEP polymer also 

supported struc tu re  XVIa. The carbon signals vere assigned as shovn 

in  XVIc based on the re s u lts  from DEPT (Figure 18) and HCCORB. (Figure 

16a and 16b) experiments, and the chemical s h if t  values of sim ilar 

carbons. 10 From the DEPT spectrum (Figure 18) the ring  methine 

carbon, 4, vas assigned a t 35.9 ppm and the four quaternary aromatic
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TABLE 10

Assignments of the 13 C Spectrum of the NEP Polymer

S a rbon Number Chemical shift rppmi
1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18 
19

26.0
27.5 
32.2 
33.0
35.7
35.8
53.8
58.5
65.8 

104.3
122.5
123.2
125.3
125.5
126.3 
126.9
132.5 
134.8 
155.0
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TABLE 11

Assignments of the DEPT Spectrum of the NEP Polymer

£ aEbon Number Chemical Shift fppml

1 26.02 27.53 32.24 33.05 35.7
6 35.87 53.88 58.59 65.810 104.311 122.513 125.314 125.5

16 126.917 132.5
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9 6 4 y—V 8 2 1 9  1
[CHaCHa-̂ J-CHaCHaCHaCEaS-

IVIc

carbons, 12, 15, 18 and 19, a t 123.3, 126.4, 134.8 and 155.1 ppm. 

Direct calculations fo r the chemical s h if t  of carbons 18 and 19 cpuld 

not be made fo r the NEP polymer since the appropiate substituen t 

chemical sh if t  parameters fo r the naphthalene ring  were not availab le . 

However, chemical sh if ts  of 130.3 and 155.8 ppm were calculated  fo r 

carbons 18 and 19 respectively  assuming th a t the substituen t 

parameters fo r  substitu ted  benzenes were applicable to  substitu ted  

naphthalenes and the su b s titu ten ts  parameters fo r S-Me and O-Me 

simulate those for the Cla-S and 0-CHj resp ec tiv e ly . 20 The observed 

chemical s h if ts  fo r carbons 18 and 19 vere 134.8 and 155.1 ppm 

respective ly . The disagreement between the observed and calculated 

chemical s h if t  fo r carbon 19 was in s ig n ific an t; however the calculated 

value fo r carbon 18 was interm ediate between the assigned value of 18 

and th a t of a second quaternary carbon, 126.4 ppm. The assignment of 

carbons 12, 15, and 18 hence were made a rb itra ry  and may be 

interchanged. Figure 16a represents HCCOHR spectrum of the a lip h a tic  

portion of the NEP polymer. Due to  the  presence of the d istereo top ic  

protons in  the piperid ine rin g , the carbon signals a t 32.0 and

53.7 ppm each had two se ts  of contours correlated  to  i t  which appeared 

a t d iffe ren t chemical sh if t  positions along the FI axes. The ring 

carbon to  the nitrogen, 3, occurred a t 32.0 and the carbon a to  the
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nitrogen fu rth e r downfield a t 53.7 ppm. Using the labeling shown in 

struc tu res XYIb and XVIc to  represent the proton and carbon atoms 

respectively  the following connectivity were established: H-1/C-4, 

H-2/C-1, H-3/C-2, H-4/C-6, H-5/C-3, H-5'/C-3, H-6/C-8, H-7/C-5,

H-8/C-7, H-8'/C-7, and H-9/C-9- The assignment of carbon signals 5 

and 6 may be interchanged since they are quite  close together 

(d ifference of 0.15 ppm in  the carbon spectrum) and not c learly  1 

d iscern ib le  in the HCCORR spectrum due to  the d ig ita l  reso lu tion  used 

in th is  experiment. The HCCORR spectrum of the aromatic region of the 

NEP polymer shown in Figure 16b indicates the following 

connec tiv ities : H-10/C-10, H-12/C-14, H-13/C-13, H-14/C-16, and 

H-15,/C-17. The four quaternary carbons do not show a cross peak 

since there  are no attached protons and the long range J c-h coupling 

is  much too small to  be v is ib le .

3 .1 .6 .2  IR Spectroscopy of the NEP Polymer: The I.R . spectrum 

(Figure 19) supports s truc tu re  XVIa as the polymer s tru c tu re . The IR 

spectrum was compared to  th a t of poly(oxytetram ethylenethio-l,4- 

naphthylene), herein referred  to  as naphthyl polymer, fo r which the 

I.R . spectrum has previously been assigned (see Section 5 .1 .4 .2 ) . 14 

The major d ifference between the naphthyl polymer and the NEP polymer 

is  the presence of a p iperid ine ring in  the polymer backbone fo r the 

NEP polymer therefore any differences in the IR spectrum were 

a ttr ib u te d  to  the presence of th is  ring . The two I.R . spectra were 

sim ilar with the exception of absorption bands a t 2804.5, 2769.8, and 

2669.5 cm' 1 fo r the NEP polymer spectrum. These th ree  absorption were
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a ttr ib u ted  to  N-CHj stre tch ing . The remaining absorption were 

assigned sim ilar to  those of the naphthyl polymer: 3030 (aromatic 

C-H), 2882 (a lip h a tic  C-H), 1585 and 1505 (aromatic C-C), 1254, and 

1083 (C-0), and 810 and 760cm'1 (aromatic C-H). Several other signals 

a t 1453, 1424, 1365, 1319, and 1235 cm' 1 are consistent v ith  C-0, CHa, 

aromatic C-I, S-CHj, and other moieties of s truc tu re  XVIa.

3 .1 .6 .3  Thermal Analysis of the NEP Polymer:

3 .1 .6 .3 .a D iffe ren tia l Scanning Calorimetry (DSC): DSC was 

conducted on the NEP polymer in order to  determine the presence of any 

thermal tra n s itio n s . The NEP polymer was heated from room temperature 

to  85°C. The DSC thermogram reveals the presence of only one 

tra n s itio n , A, (Figure 20), an endotherm a t  56°C. On cooling the NEP 

polymer slowly and reheating no endotherm occurred but ra th e r a change 

in slope, B. For samples of the NEP polymer preheated p rio r to  DSC at

40°C fo r one hour in a vacuum oven no endotherm appeared in the DSC

thermogram.

3.1.7 Polymerization Mechanism of the MSP Zwitterion 

Polymerization is  in it ia te d  by ring-opening nucleophilic attack  

of the arene oxide end of one NEP z v itte rio n  (XVII) on the a-carbon of

the ammonium ring of a second zw itterion (Scheme X III), where Ar

represents the naphthalene ring to  form the dimer, XVIII. Propagation 

proceeds by the reaction of XVIII with i t s e l f  and XVII to
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Scheme XIII:

[-CH2CH2 CH]CH2S—Ar—0 [-CH2CH2CH2CH2S-Ar-0

XVII XVII
eq (1)

f—CH2CBjCH2CH2S—Ar—0

XVIII

produce lin e a r  tetram er and trim er, respec tive ly . The l a t t e r  can 

react v ith  themselves, or XVII and XVIII. Growth continues in a step 

reaction  manner v ith  the formation of d iffe ren t-s iz ed  m acrozvitterions 

of type XIX. Termination occurs by a /?-elim ination reaction .

Termination by elim ination can p o ten tia lly  occur along two s i te s  of 

the NEP macrozvitterion XIX as shown in  Scheme XIV. One, a t the 0 

methylene carbon of the 1,4-ethylenepiperidinium  ring  to  form 

struc tu re  XX and two, a t the 0 carbon of the s tra ig h t chain a lkyl 

group to  form struc tu re  XXI and 1,4-ethylenepiperidine. However,

^ ^ M J H 2CH2CH2CH2S-Ar [-0-(CH2) 2- ^ ^ V ( C H 2) 4-S-Ar] -0

XIX

Scheme XIV:
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^^MJHaCKaCHaCHaS-Ar [0-(CHa) ) 4-S-Ar}0

I I I

^^^CHaCHaCHaCHaS-Arffl-CCHa) a -< ^ )f-(C H 3) 4-S-Ar}0

XIX

CHa=CH-^^r-CHaCHaCHaCHaS-Ar-pl-(CH3) 3- < ^ V ( C H a ) 4-S-Ar}0H

XX

C H 3 = C H C H a C H 3 S -A r fO - (C H a )3 -^ ^ ) l- (C H a )4 -S -A r^ H  +

XXI

^ E lim ination  was found to  occur exclusively a t the 1 ,4-ethylene- 

p iperid in iun  ring by abstrac tion  of a H+ by the phenoxide center to 

form struc tu re  XX based on NMR analysis fo r  th is  type of double bond 

end group (Section 3 .1 .8 ) . This is  in lin e  with studies on simple 

piperidinium s a l ts .  The p o ss ib ility  of elim ination occurring by 

abstrac tion  of H+ from the main chain a lky l group was ruled out by the 

ease of opening a piperidinium ring  in re la tio n  to  elim ination of 

simple a lky l groups, i . e .  elim ination of N-butyl-N-methyl- 

piperidinium hydroxide y ields approximately a s t a t i s t i c a l  ra t io  of 2:1 

fo r ring  opening versus loss of the alky l group. 35 The term ination 

process may occur in tra -  and/or interm olecularly to  form the end 

groups.
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3.1 .8  Polymer End Eroupa

3.1 .8 .1  C haracterization by and 1SC N il: The *H and 13C Nil 

spectra  provided evidence th a t o le fin ic  and naphtholic groups were the 

predominant polymer end groups aB shown in XXIIa where represents 

the polymer backbone. The expanded region in the proton spectrum of
I

XXIIa

the NEP polymer represents the signals due to  the presence of the 

vinyl end group (see Figure 14 signals 16-17). The ex is ten t of 

signals 16 and 17 in  s truc tu re  XXIIb aB belonging to  o le fin ic  protons 

was confirmed by the addition of Br3 across the double bond of the 

amine protonated NEP polymer. Attempts to  add Brj across the double

18 17 / —
CH2=C H -< N-CH2CH2CH2CH2S'

XXIIb

bond of the nonprotonated NEP polymer resu lted  in  fa i lu re  since 

te r t ia ry  amines produce N-halo quaternary halides with molecular 

bromine. 38 The amine was protonated by dissolving the NEP polymer 

in to  an ace tic  acid-d</methanol-d« so lu tion . On the addition of Br2 a 

p re c ip ita te  formed; the p rec ip ita te  was iso la ted . Attempts to
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dissolve the p rec ip ita te  in to  CDClj (a good solvent fo r the NEP 

polymer) were unsuccessful; however, the p re c ip ita te  dissolved readily  

in to  DMSO-dg (a poor solvent fo r the nonprotonated NEP polyner) and *H 

N1R was taken on the so lu tion . Figure 21 shows the *11 spectrum of the 

protonated NEP polyner to  which Bra was added (s tru c tu re  XXIII). The 

signals fo r protons 16 (4.97, 5.02, and 5.05 ppm) and 17 (m ultip let 

from 5.65 to  6.00 ppm) were c learly  missing. Several new signa ls1 

appeared in the aromatic region which were a ttr ib u te d  to  the 

bromination of the naphthalene ring . Analysis of the o le fin

s p l i t t in g  pattern  was supportive of term ination occurring by path 1 

only and not path 2, as shown in Scheme XIV in Section 3 .1 .7 . The 

observed m u ltip lic ity  in the s p li t t in g  pa ttern  of the o le fin ic  region 

in  Figure 14 is  not ind icative  of an o le fin  with struc tu re  XXI. This 

was confirmed by observing the s p l i t t in g  pa ttern  of the o le fin ic  

protons of 1-pentene which should have a s p l i t t in g  pa ttern  sim ilar to 

s truc tu re  XXI. The single o le fin ic  proton appears as four se ts  of 

t r ip l e t  and the term inal methylene protons appear as an overlapped 

m ultip le t.

Although there was no evidence of naphtholic end groups in the *11 

spectrum of the NEP polymer, the 15C spectra  of the NEP polymer

CHjCOO CHjCOO

[-CHaCHjCHjCHjS-Ar-OCHjCHs 
I

XXIII
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indicated the presence of a naphtholic end group. The l3C spectrum of 

the NEP polymer (Figure 17) showed several signals (20-28) which were 

assigned to  both o le fin ic  and naphtholic end groups; the assignments 

of the end group signals are shown in XXIV. Signal 26 a t 108.1 ppm 

was in agreement fo r a carbon a to  a naphthol, and signals 27 and 28 

a t 115.9 and 136.6 ppm respectively  were assigned as the o le fin ic  

carbons. Several other signals present in  the spectrum were assigned 

to  carbons of the end group: 23.8 (20, 21), 34.7 (22), 33.6 (23),

133.6 (24), 135.5 ppm (25). No assignment was made fo r the signal at

67.9 ppm.

3 .1 .8 .2  Acetylation of the NEP Polymer: The NEP polymer was 

acety lated  as shown in struc tu re  XXV (Ar represents the naphthalene

ring  and A  the polymer backbone). Acetylation of the NEP polymer

34 SB
27 23 30 31 22
CH2=CH^^N-CHaCHjCH3CB2

XXIV

CHa=CH-^ ^N—CH2CH2CH2CH3S—Ar—QCHaCHj

resu lted  in  formation of a random copolymer containing u n its  of 

piperidinium  hydrochloride s a l t  in the polymer backbone. The 

formation of the piperidinium hydrochloride s a l t  in  the polymer
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backbone resu lted  from the re lease  of HCL which is  a by-product of the 

acety lation  reaction . Although tr ie th y l  aaine was added to  the 

acety lation  reaction mixture to  react with the released HC1 by 

formation of the amine*HC1 s a l t ,  the ring  nitrogen of p iperid ine 

competes favorably with the t r ie th y l  aaine fo r the released HC1 hence 

the nitrogen in p iperid ine becomes protonated. No b as ic ity  constant 

was found fo r a 1 ,4-d isubstitu ted  p iperid ine hence no comparison bould 

be made between i t s  b a s ic ity  re la tiv e  to  t r ie th y l  amine. I f  a weak 

base, i . e .  pyridine, was used, the NEP polymer would p rec ip ita te  out 

during the acety lation  reaction  due to  the extent of the protonation 

of the nitrogen atom. The proton spectrum of the acety lated  polymer 

shoved no differences from th a t of the unacetylated polymer. The 

methyl protons from the acety l group would be expected to  show a 

proton signal a t approximately 2.4 ppm but th is  is  in a congested area 

in  the proton spectrum of the NEP polymer. However evidence fo r 

ace ty lation  and the protonation of the nitrogen atom was seen in  both 

the IK spectrum (Figure 22) and the 1SC spectrum (Figure 23) of the 

NEP polymer. Due to  the molecular weight of the NEP polymer the 

presence of the naphtholic end group (3300 cm'1) was not observed in 

the IK spectrum of the  NEP polymer (Figure 19). However, the IK 

spectrum of the acety lated  polymer (Figure 22) contained two signals 

which vaB a ttr ib u te d  to  the acetylated end group: 1761.91 cm'1, 

carbonyl stre tch ing  v ib ra tion , and 1194.68 cm'1, C-0 stre tch ing  

v ib ra tion . A small broad signal was observed between 2559.45 and 

2194.34 cm' 1 which was assigned to  the presence of a te r t ia ry  amine 

s a l t .
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The 1SC NO spectra (30% w/v in CDCls) of the acety lated  NEP 

polymer (XXV), Figure 23, revealed several signals which were 

a ttr ib u te d  to  the presence of an acety lated  end group of which only 

two were assigned as shown in struc tu re  XXVI: 20.63 (carbon 30), and 

117.57 (carbon 31).

C1‘ 31

CHa=CH-<X —i-ArOCH3CH3- ^ ^ f - C H j C H 3CH3CHaS ^ ^ ^ - 0|CH s 1

XXVI

3.1 .9  Bffect of Temperature on Polymerization

Table 9 in Section 3 .1 .5  shows the number average molecular 

weight of the NEP polymer prepared by the sealed-tube and vacuum 

methods as determined by NO. The degree of polymerization (DP) 

was determined by comparison of the sum of the in teg ra l values of the 

o le fin ic  signal to  th a t of the methylene protons adjacent to  an aryl 

e the r. The DP was then m ultiplied by the molecular weight of one 

repeat un it to  give the molecular weight of the polymer. The 

molecular weight of the NEP polymer showed no s ig n ifican t va ria tion  

dependent on the polymerization rou te, sealed tube or continuous 

vacuum. The absence of any s ig n ifican t varia tions suggests th a t the 

water of hydration present in the NEP zw itterion  is  not a determining 

fac to r  in lim iting  the molecular weight, i . e .  water is  not involved in 

term ination. This fa c t is  substantiated  by the absence of any signals 

in  the lH and 1SC spectra  which could be due to  the presence of an 

a lip h a tic  hydroxy group. This observation has been previously seen in
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the polymerization of the NZ zw itterion where the molecular weight is  

independent of the polymerization route above 100°C but is  strongly 

dependent below 100°C. 14 Above 100°C water is  rap id ly  expelled from 

the reaction mixture (and condenses a t the top of the polymerization 

tube) and term ination by water i s  non-existent.

The maximum molecular weight was achieved a t  175°C. The decrease 

in the  molecular weight of the NEP polymer obtained a t  temperatures 

exceeding 175°C under both sealed-tubed and vacuum conditions is  

ascribed to  the increased extent of P- e lim ination . Since 

/?-elim ination reactions generally have high ac tiva tion  energies as the 

temperature increases so does the ra te  of term ination. At 200°C the 

molecular weight shows no s ig n ifican t change as the reaction time 

increases from one to  four hours. However, a t 225°G the molecular 

weight reaches i t s  maximum value a f te r  only 0.3 hour and shows a large 

drop in  the molecular weight on heating fo r  periods exceeding 1 hour. 

Heating a polymer sample previously prepared a t 175°C fo r 2 hours a t 

225°C in a sealed tube also  resu lted  in a s ig n ifican t decrease in the 

molecular weight. The molecular weight decreased from 1.3*104 to  

5.3»109. This drop in  molecular weight with time could be do to  the 

decomposition of the NEP polymer. Elemental analysis of a NEP polymer 

sample which was prepared a t  175°C and heat a t  225°C fo r two hours 

shoved no s ig n ifican t d ifference in comparison to  a sample which was 

not heated a t 225°C a f te r  polymerization.
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4.0 CONCLUSION I
A new iso lab le  zw itterion , 4 - (4 - [1,4-ethylenepiperidinium ]- 

butanethio)-l-naphthol inner s a l t  (NEP zw itte rion ), was prepared by 

the ring  opening reaction  between te trahydro -1 -(4-hydroxy-1-naphthyl)- 

thiopheniun hydroxide hydrochloride s a lt  (NZ-HC1 s a l t)  and

1.4-ethylenepiperidine to  form 4 -(4 - [1,4-ethylenepiperidinium ]-
I

butanethio)-l-naphthol hydrochloride s a l t  which was trea ted  with anion 

exchange res in  to  give the NEP zw itterion . The NEP zw itterion  was not 

prepared d ire c tly  by m odification of te trahydro-1- (4 -hydroxy-1- 

naphthyl)thiophenium hydroxide inner s a l t  (NZ zw itterion) by

1.4-ethylenepiperidine in  order to  avoid competition between the 

phenoxide end of the NZ zw itterion  and 1,4-ethylenepiperidine fo r the 

thiophenium center. The NEP zw itterion  was iso la ted  as a hydrate 

containing 1.8 moles of water as demonstrated by TGA; however, i t  is  

also  stab le  in i t s  anhydrous form. The struc tu re  of the NEP 

zw itterion  was deduced by the use of 1-D *H and >3C NU, 2-D NVR (COSY 

and HCCORR), Spectral Editing Techniques (DEPT), and IE spectroscopy.

Polymerization of the NEP zw itterion  was investigated  over the 

temperature range of 175-225°C under both sealed tube and continuous 

vacuum conditions. DSC showed th a t polymerizations conducted below 

190°C occurred in the so lid  s ta te  and polymerizations exceeding 190°C 

occurred in the m elt. Polymerization of the NEP zw itterion  occurs by 

a ring opening mechanism whereby the phenoxide end of one molecule 

a ttacks the ring methylene carbon a to  the ammonium atom to  form a 

dimer. The dimer may react with e ith e r  a second molecule of dimer or
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the NEP zw itterion to  form tetram er and trim er, respective ly , 

Polymerization proceeds in  th is  manner to  form an a lte rn a tin g  

copolymer containing a p iperid ine ring in  the polymer backbone. 

Termination of the polymeriztion reaction occurs by a elim ination 

mechanism. The phenoxide anion of one macrozwitterion abstrac ts  a H+ 

from the 0 carbon of the 1,4-ethylenepiperidinium  ring  to  form 

o le fin ic  end groups on one end and naphtholic end groups a t the other 

end.

The struc tu re  of the NEP polymer was confirmed by elemental 

ana ly sis , 1-D (*H and 13C) NIR, 2-D (COSY and HCCORR) NMR, Spectral 

Editing Techniques (DEPT), and IR spectroscopy. The piperid ine ring 

in the polymer backbone was shown to  be rig id  by the re su lts  from the 

2-D NIR experiments; hence, i t  did not undergo e ith e r  cha ir-cha ir or 

nitrogen inversion. Evidence of polymer end groups (o le fin  and 

naphthol) was seen in the !H and 13C spectra . The presence of 

o le fin ic  end groups was confirmed by the addition of bromine across 

the double bond of the protonated NEP polymer; the assignment of the 

o le fin  end groups were also based on th e ir  chemical s h if t  in both the 

proton and carbon spectra  . The presence of the naphthol end group 

was confirmed by an acylation reaction . Acylation of the NEP polymer 

resu lted  in  the formation of a random copolymer containing 

piperidinium hydrogen chloride u n its . The IR spectrum of the acylated 

NEP polymer was id en tica l to  the NEP polymer with two exceptions.

One, i t  contained a small sharp absorption a t 1761.61 cm' 1 which was 

assigned to  the C-0 stre tch ing  v ibration  due to  the carbonyl group 

and, two, a small broad absorption band between 2559.45 and 2194.34
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cm' 1 which was assigned to  a te r t ia ry  amine s a l t .

The number average molecular weight of the  polymer was determined 

by *H NIR by comparing the sum of the in teg ra ls  of the o le fin ic  

signals with the in teg ra l fo r the methylene protons adjacent to  the 

a ry l e ther linkage. The presence of water was determined not to  be a 

deciding fac to r in the term ination reaction  since the molecular weight 

did not vary s ig n ifican tly  i f  the polymerization occurred in a sealed 

tube or under continuous vacuum. The highest molecular weight, 

1.3*104, was achieved fo r the sample polymerized a t the lowest 

tem perature, 175°C, indicating  th a t term ination became more favored a t 

higher tem peratures.

I t  was thought th a t by iso la tin g  the zw itterion , polymers of high 

molecular weight could be obtained since the zw itterion ic  interm ediate 

could not undergo term ination by reaction  with excess reactan ts or 

by-products. The fa ilu re  of th is  system to  achieve higher molecular 

weight polymer than 1.3*104, even though the zw itterion  was iso lab le , 

can p a r t ia l ly  be blamed on the s ta b il i ty  of the b icyclic  ammonium 

rin g . The ring  was exceptionally stab le  to  polymerizations below 

175°C and on increasing the temperature the ra te  of term ination 

increased fa s te r  than th a t of propagation. I t  i s  thought th a t other 

s ta r tin g  b icyc lic  amine monomers, i . e .  conidine, which form more 

highly stra ined  ammonium compounds o ffe r promise in  obtaining higher 

molecular weight polymers.



96

5.0 RRSUITS and DISCUSSION II

5.1 Results and Discussion fo r the Copolvmerization of 

Tetrahvdro-1- (4-hydroxy-1- naphthyl)thiophenium hydroxide inner sa lt

aud

Tetrahydro-1-(4-hydroxy-1-naphthyl)thiophenium hydroxide inner 

s a l t ,  herein refe rred  to  as the NZ aonomer or NZ zw itterion , was , 

chosen as the nucleophilic mononer and /?-butyrolactone as the 

e lec tro p h ilic  monomer fo r th is  system. Previously the NZ zw itterion 

has been characterized by and 13C NMR spectra , chemical s h if t  

values fo r sim ilar carbons, single-frequency off-resonance decoupling 

(SFOR) experiments, and data fo r several other tetrahydrothiophenium- 

arene oxide systems. 14 The NZ zw itterion was fu rth e r characterized by 

the use of 2-D NIR techniques (COSY and HCCORR) in order to  confirm 

the assignments made previously. The assignments of the !H and 13C 

spectra of 0-butyrolactone have been well documented so no fu rth er 

experiments w ill be done in order to  e lucidate  the s tru c tu re . 37

5.1 .1  Characterization of the K2 zwitterion

The NZ zw itterion  was prepared as described in Section 2 .1 .1 .1  

and iso la ted  as a dihydrate as shown in s tru c tu re  XXVIIa.

XIYIIa
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5.1 .1 .1  NIR Spectroscopy of the NZ Zwitterion: The NZ zw itterion 

was characterized by the combination of 1-D NIR (*& and 13C) and 2-D 

NIR (COSY and HCCORR) experiments.

5 .1 .1 .1 .a Proton Assignment of the NZ Zwitterion: Figure 24 and 

Table 12 show the proton spectrum and 6 values of the NZ zw itterion . 

The signal assignment shown in struc tu re  XXYIIb was based on the 

observed sp litt in g  p a tte rn , signal areas, and re su lts  from the COSY

experiment (Figure 25). The sharp signal a t 3.48 ppm belongs to  the 

water of hydration of the NZ zw itterion . The solvent signal fo r DXSO 

is  hidden under the signal fo r proton 1. The signal assignment of 

protons 1 and 1' ,  and 2 and 2'  were made a rb i tr a r i ly  and may be 

interchanged. The COSY spectrum of the NZ zw itterion contains a high 

resolu tion  1-D spectrum along the FI and F2 axes in order to aid in 

the  in te rp re ta tio n  of the spectrum. The ring protons on the carbons a 

and /? to  the sulphonium atom are d istereo top ic . Coupling between the 

geminal proton is  c learly  shown by the presence of cross peaks fo r the 

proton pairs 1/ 1' and 2/ 2 ' ;  however there is  no indication  of coupling 

among the v ic inal protons. The lack of cross peaks fo r  coupling among 

v ic in a l protons was a lso  observed fo r the d istereo top ic  protons in the

s 4

XXVIIb
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TABLE 12

Assignments of the 1H Spectrum of the NZ Monomer

Chemical Shift (ooml

2.22, 2.43 
3.36, 3.84 
6.20 
7.14 
7.43 
7.54 
7.87 
8.22

Proton Number

1« I.’2, 2*
3
4
5
6
7
8
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NEP polymer system (see Section 3 .1 .6 .1 .a ) . The absence of cross 

peaks fo r v ic inal coupling may be due to  a small coupling constant; an 

increase in d ig i t ia l  reso lu tion  of the experiment or running the 

experiment a t higher f ie ld  could possible re su lt in the appearance of 

the cross peaks. Cross peaks were also present in the aromatic region 

fo r  the proton pairs 3/6, 4/5 , 4 /8 , and 5/7. Although the assignments 

of proton pairs 4/5 and 7/8 vere made a rb itra ry , hence may be 

interchanged, i . e .  protons 4, 5, 7 and 8 may correspond to  signals 5, 

4, 8 , and 7 respectively , from the COSY spectrum i t  is  c lear th a t 

protons 4 and 7, and 5 and 8 are adjacent to  each other. Previously 

i t  was thought th a t protons 4 and 5 was adjacent to  protons 8 and 7, 

resp ec tiv e ly . 14

5 .1 .1 .1 .b  Carbon Assignments of the NZ Zwitterion: The proton- 

decoupled 13C spectrum (Figure 26 and Table 13) of the NZ zw itterion 

supports s truc tu re  XXVIIa. The carbon signals were assigned as shown 

in XXVIIc based on the chemical s h if t  of sim ilar carbons and the 

re su lts  from the HCCORR experiment. 10 The HCCORR spectrum was divided

XXVIIc

in to  two p a rts , the a lip h a tic  region (Figure 27a) and the aromatic
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TABLE 13

Assignments of the 13C Spectrum of the NZ Monomer

.Carbon Number Chemical shift fppmi

1 28.0\ 48.0A 84.7i 113.3
° 120.5
® 120.8
ft 125.8
5 127.6

10 130’5133.6
11 136.312 175.2
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region (Figure 27b). High reso lu tion  carbon and proton 1-D spectrum 

of the NZ zw itterion  appear along the F2 and FI axes in order to  aid 

in  the in te rp re ta tio n . The following proton/carbon connectiv ities 

were deduced fo r  the  a lip h a tic  region by using the lab e llin g  of the 

struc tu re  of XXVIIb fo r  the proton and XXVIIc fo r the carbon 

assignments: H-l/C-1, H -l '/C - l, H-2/C-2, and H-2/ /C-2. The HCCORR 

spectrum c lea rly  shows the presence of d is te reo top ic  protons in the 

thiophenium ring  by the presence of two se ts  of d is t in c t  proton 

signals corre la ted  to  the carbons a t 28.0 and 48.0 ppm. Using the 

protocol estab lished  previously, the following proton/carbon 

connectiv ities were estab lished  fo r  the aromatic region from Figure 

27b: H-3/C-4, H-4/C-0, H-5/C-8, H-6/C-10, H-7/C-5, and H-8/C-7. 

Previously the following connectiv ities were thought to  be correct:

H-3/C-10, H- 4/C-5, H-5/C-0, H-0/C-4, H-7/C-7 and B- 8/C- 8 .14 The 

carbon assignments of 5, 0, 7, and 8 were made somewhat a rb i tr a r i ly  

hence may be interchanged i . e .  carbons 5, 0, 7, and 8 may be 7, 8 , 5, 

and 0 respec tive ly . The four quaternary ring  carbons were assigned on 

the basis of no co rre la tin g  peak along the proton axes. D irect 

calcu lations fo r the  chemical s h if t  of carbons 3 and 12 could not be 

made fo r  the NZ zw itterion  since the appropriate substituen t chemical 

s h if t  parameters fo r  the naphthalene ring were not availab le .

However, chemical sh ifts  of 113.5 and 174.0 were calculated for 

carbons 3 and 12 respectively, assuming tha t the Bubstituent

parameters fo r substitu ted  benzenes were applicable to  substitu ted
+

naphthalenes and the su b s titu ten ts  parameters fo r  S-CH$ and Ar-0"Na
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simulate those of S-CHj and Ar'-O" where Ar represents benzene and Ar/ 

naphthalene. 30 The observed chemical s h if t  of carbons 3 and 12 were

84.6 and 175.3 ppm. There is  no s ig n ifican t d iffe ren t between the 

observed and calculated chemical sh if t  fo r carbon 12. However fo r 

carbon 3 there  is  a d ifference of 28.9 ppm between the observed and 

calculated  value. This large difference between the observed and
I

calculated  chemical s h if t  was a ttr ib u ted  to  the formation of a 

quinoid-type resonance. Carbons 9 and 11 were assigned a rb itra r i ly  

hence may be interchanged.

5 .1 .2  Characterization of the HZ and fi-BL Monomer System

5 .1 .2 .1  Nil Spectroscopy: An equal molar mixture of NZ and /?-BL was 

characterized by the use of the *H and 19C Nil assignments of the 

individual monomers. The characterization  of the monomers was 

e sse n tia l to  ensure th a t no s ta r tin g  m aterial remained in the reaction 

mixture and to  determine i f  the monomers reacted immediately upon 

mixing.

5 .1 .2 .1 .a Proton Assignment of the NZ and /7-BL lonomer System: 

Figure 28 iB a *H spectrum of an equal molar mixture of the NZ 

zw itterion  and 0-BL. The signal assignments shown in struc tu res 

XXVIIb and XVIIIa (5 values l is te d  in Table 14) were based upon signal 

area, s p l i t t in g  p a tte rn s , and the proton spectrum of the individual 

monomers. The assignments of the proton spectrum of the NZ
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TABLE 14

Assignments of the XH Spectrum of the NZffi -BL System

Carbon Number Chemical shift rppmi

1. 1,' 2.14, 2.49
2. 2 3.34, 3.57
3 6.19
J  7.13
5 7.42
6 7.53I 7.85
8 8.22
9 1.45

29 2.43, 3.32
11 4.69



XXVIIb XVIIIa

zw itterion  was discussed in  Section 5 .1. 1. 1.a.

5 .1 .2 .1 .b  Carbon Assignments of the NZ and /9*BL Monomer System:

The proton-decoupled l3C spectrum of the NZ and /7-BL monomer system is  

shovn in  Figure 29. The carbon signals were assigned as shown in 

s tru c tu res  XVIIc and XVIIIb (6 values l is te d  in  Table 15). The 

assignments were based on the 1SC spectrum of the individual monomers.

XVIIc XVIIIb

The assignment of the t3C spectrum of the NZ zw itterion  was discussed 

in  Section 5 .1 .1 .1 .b .
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TABLE 15

Assignments of the 13 C Spectrum of the NZ/>ff-BL System

£ a rbon Number Chemical shift roomi
1
2
3
4

7
8
9

10 
11 
12
13
14
15
16

28.0
48.0
84.3

113.3
f  120.4
2 120.7

125.8
127.6
130.6
133.6 
136.4
175.1
20.1
43.7
68.0

168.8
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5.1 .3  Copolymerization of K2 and P~BL

The solution copolymerization of NZ and /ML was investigated in 

an apro tic  d ipolar solvent, DIF, over a temperature range of 35-100°C 

in  sealed tubes (Table 2). The reaction mixture was a c lea r lime 

green

TABLE 16 

NZ/0-BL COPOLYIER RESULTS

Sample
# __

Temp.
(oQ)

Reaction 
Time fhrs)

Copolymer Composition 
NZ:tf-BL Homo#-BL:CoDOlvmer

Wolecular 
Weight (M„)

1 35 168 1.5:1 .0 43:57 3.1*10*

2 50 20 1.4:1 .0 42:58 3.5*10*

3 50 72 1.5:1 .0 46:54 1.9*10*

4 100 20 1.4:1 .0 45:55 3.4*10*

5 100 72 1. 6:1.0 41:59 4.0*10*

color. The copolymer was iso la ted  from the reaction  mixture by 

p rec ip ita tin g  in to  d iethy l e ther. Following centrifugation  of the 

reaction  mixture the d iethy l ether/DIF mixture was decanted off 

leaving a beige film . The beige film  was redissolved in to  CB3CI2 and 

rep rec ip ita ted  in to  CI3OH. After centrifuging , the CHjCIj/CHjOH 

solu tion  mixture was decanted off leaving a beige film . The absence 

of any s ta r tin g  monomer was confirmed by the use of *H NIR on the 

o rig in a l reaction mixture. In a ty p ica l polymerization a y ie ld  of 31% 

copolymer (CH3OH insoluble) was obtained. The remaining 69% was 

mostly oligomer. The copolymer was soluble in common organic
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solvents, i . e .  C H j C l a ,  acetone, DIP, and DXSO, and insoluble in most 

alcohols and d iethyl e ther.

The copolymer was characterized as s tru c tu re  XXIXa based on the 

re su lts  of !I  and > 3 C NXR Spectroscopy, sp ec tra l ed iting  techniques

CH2CH2CH2CH2S- HCH2COOCH2CH2CH2CH2S- 0)

(DEPT), IR Spectroscopy, and preparation and charac teriza tion  of the 

comonomers homopolymers. A discussion of the charac teriza tion  of the 

homopolymers w ill be offered f i r s t  before th a t of the copolymer.

5 .1 .4  Characterization of Poly-NZ

Poly-NZ was prepared by the polymerization of the NZ zw itterion  

a t 135°C in a sealed tube. The NZ polymer has been previously 

characterized as s truc tu re  XXXa by and 13C NXR, Single Frequency 

Off-Resonance Decoupling (SFOR) experiments, and IR spectroscopy. 14

CHS

(CH2CH2CH2CH2S- OCH2CH2CH2CH2S- HCH2COO

CH3 CH3

XXIXa
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[CHaCHjCHjCIjS-^O/^]

The naphthalene ring in  the polymer backbone caused the aromatic 

region in  both the *H and 1SC spectra  to  be complicated thus 

preventing the assignment of ce rta in  signals without ambiguity. 2-D 

NIR experiments (COSY and HCCORR) were performed on the NZ-polymer in 

order to  substan tia te  the assignments and to  c la r ify  any ex isting  

am biguities.

5 .1 .4 .1  NMR Spectroscopy of Poly-NZ: Poly-NZ was characterized by 

the use of 1-D ( JH and 13C) NIR, 2-D (COSY and HCCORR) NMR and IR 

spectroscopy.

5 .1 .4 .1 .a Proton Assignment of Poly-NZ: Figure 30 and Table 17 

show the ‘H spectrum and 6 values of poly-NZ with various signals fo r 

the repeat u n it as shown in XXXb based on the re su lts  from the COSY 

experiment, chemical s h if t  values, s p l i t t in g  p a tte rn s , and signal

[CH3CH2CHaCHaS-^p>0]
to ®

7 0
XXXb

areas. The COSY spectrum (Figure 31) of poly-NZ has a computer



FIGU1E 30 
iH SPECT1UI OF POIT-NZ 

1, 1, 2 , 2 , - TETUCILOKOETIANE SOLVENT



TABLE 17

Assignments of the LH Spectrum of the Poly-NZ

■Ecotpn Number Chemical Shift fpoml

1 1.882 1.983 2.934 4.055 6.62
6, 7 7.488 7.559 8.1810 8.42
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FIGUKE 31 
COSY SPECT101 0? POLY-NZ 
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generated 1-D spectrum along both the FI and F2 axes in order to  aid  

in  the in te rp re ta tio n . The COSY spectrum c lea rly  shows th a t coupling 

e x is ts  between proton pairs El/12, E1/H3, H2/H4, H5/H8, I6/H9, and 

H7/H10. A small contour is  also observed fo r  the proton p a ir  H6/H7. 

From the 1-D spectrum (Figure 30) of poly-NZ, protons 16 and H7 are

indistinguishable  from each other due to  overlapping of the signals to 

give a m u ltip le t. By distinguishing protons H6 and 17 coupling tb  H9 

and 110 is  determined. Although the assignments of protons H6 and 17, 

and H9 and H10 are made some what a rb itra ry  and may be interchanged, 

the proton pa irs  H6/H9 and E7/E10 must remain adjacent to each other 

in order fo r the correct coupling patterns as determined by the COSY 

experiment to  e x is t.

5 .1 .4 .l .b  Carbon Assignments of Poly-NZ: The proton-decoupled 13C 

spectrum (Figure 32, Table 18) of poly-NZ supports stru c tu re  I I I c .

The carbon signals were assigned as shown in XXXc based on the re su lts  

from the ECC0R& experiments (Figure 33a and 33b), and chemical sh if t  

values of sim ilar carbons. 18 The ECC0R1 spectrum is  shown in Figures

33a and 33b with computer generated 1-D spectrum fo r  proton and carbon 

along the FI and F2 axes, respectively , to  aid in the  in te rp re ta tio n

t i l s
[CEj CE] CHj CBj S -^  Q  V fl]

XXXc 11 *
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TABLE 18

Assignments of the 13 C Spectrum of the Poly-NZ 

Carbon Number ChomigaLSbifUppm)
1 26.2
2 28.3
3 35.7
4 67.8
5 104.8
6 122.6
7 123.5
8 125.4
9 125.5

10 126.5
11 127.0
12 132.2
13 134.7
14 154.9
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ALIPHATIC REGION QF ICC0K1 SPECTRUM OF POLY-HZ 
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of the spectrum. The following proton/carbon connectiv ities were 

deduced by using the labe lling  of the diagram XXXb fo r  the proton and 

XXXc fo r the carbon assignments: 91/Cl, I 2/C2, H3/C3, H4/C4, H5/C5, 

H6/C8, H7/C11, H8/C12, E0/C6, and H10/C9. Carbons 7, 10, 13, and 14 

show no co rre la ting  peaks since they lack any d ire c tly  attached 

protons and long range ^ - ^ C  J coupling are too weak to  be observed. 

Discrepancies existed between the proton/carbon connectivity derived 

from the COSY and HCCORR experiments and th a t previously assigned.

Only the co rre la tion  of 95/C5 was in  agreement in both assignments. 

Previously H8 , H9, and H10 were correlated  to  C6, C12, and C ll, 

respec tive ly . No correlations were previously made fo r 96 and 97 

since they were indistinguishable in the 1-D spectrum. Direct 

calcu lations of the chemical sh if t  of carbons 13 and 14 could not be 

made fo r  poly-NZ since the appropriate subsstituen t chemical sh if t  

parameters fo r  the naphthalene ring  were not availab le , however, 

chemical s h if ts  of 130.2 and 156.8 ppm were calculated fo r carbons 13
i

and 14 , respectively , assuming th a t the substituen t parameters fo r 

substitu ted  benzenes were applicable to  substitu ted  naphthalenes and 

the su b s titu ten ts  parameters fo r S-C83 and ir-0C9j simulate those of 

S-CHj and Ar'-0CH2 where Ar represents benzene and Ar' represents 

naphthalene. 30 The observed chemical s h if t  of carbons 13 and 14 were

134.7 and 154.9 ppm. There existed  no s ig n ifican t difference between 

the observed and calculated chemical s h if t  of carbon 14. Although the 

difference between the observed and calculated  chemical s h if t  fo r 

carbon 13 was only 4.5 ppm, the value calcu lated  was intermediate 

between the assigned value of carbon 13 and a second quaternary carbon
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a t  126.5 ppm. The assignment of carbons 7, 10 and 13 were made 

a rb i t r a r i ly  and hence may be interchanged.

5 .1 .4 .2  IS Spectroscopy of Poly-NZ: The IS spectrum of poly-NZ is  

shown in Figure 34. The assignments were in good agreement with the 

assignments made previously: 3060 (aromatic C - H ) ,  2940, 2865 

(a lip h a tic  C - H ) ,  1585, 1505 (aromatic C - C ) ,  1265, 1080 ( C - 0- C ) ,  810, 

765 cm' 1 (aromatic C - I ) .  Additional absorption a t  1454, 1424, 1365, 

1319, and 1234 cm*1 were consistent with, C H a ,  aromatic C - H ,  S - C H a ,  

and other moieties of s truc tu re  XXXa.

5 .1 .5  Characterization of Poly-fi-BL

Poly-0-BL was prepared by the cationic polymerization of 

0- butyrolactone a t 60°C using boron tr if lu o r id e  e thera te  as the 

in i t i a to r .  The polymer struc tu re  of poly-/ML has previously been 

characterized by several authors so no attempt was made to  fu rth e r 

characterized the s tru c tu re . 38,29

The spectra of poly-/3-BL are shown as an equimolar mixture with 

poly-NZ in order th a t they may be compared with the spectra  of the 

NZ//7-BL copolymer.

5 .1 .5 .1  N1R Spectroscopy of a Equimolar Mixture of 

Poly-NZ/Poly-/? BL: The mixture of poly-NZ/poly-fi-BL was characterized 

by the use of !H and 19C NMR, IR spectroscopy, and preparation and 

characteriza tion  of the respective homopolymers.
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TABLE 19

Assignments of the Spectrum of the Poly-NZ/Poly-^-BL System

Proton Number Chemical Shift (opm)
1.86 
1.99 
2.93
4.05 
6.62 
7.45 
7.55 
8.18 
8.42 
1.28 
2.51 
5.23

1
2
3
4
5
6, 7 
8 
9 

10 
11 
12 
13
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5.1.5.1.&  Proton Assignments of Poly-NZ/Poly-0-BL: Figure 35 and 

Table 19 show the lH spectrum and 6 values of a equimolar mixture of 

poly-NZ/poly-/?-Bl with the assignments l is te d  in struc tu res XXIb and 

XXXIa. The assignments of poly-NZ was based on the re su lts  obtained 

from Section 5 .1 .4 .1 .a and poly-^-BL from s p l i t t in g  patterns and 

signal areas.

l i
ch3

[CH-CH2C00]
13  13

XXXIa

5 .1 .5 .1 .b  Carbon Assignments of Poly-NZ/Poly-0-Bt: Figure 36 and 

Table 20 show the proton-decoupled 13C spectrum and 8 values of an 

equimola mixture of poly-NZ/poly-^BL with the assignments l is te d  in 

s truc tu res XXXc and XXXIb. The carbon assignments fo r poly-NZ was

15
CB8

[CH -CH3 COO]
1 7  16  18

XXXIb

discussed in  Section 5 .1 .4 .1 .b  and fo r poly-0-BL the assignments was 

based on the chemical s h if t  of sim ilar carbons.

4 3 i 3 i 3  y r r v  14
[ch2 cHa ch2 ch3 s - ^ O y - ° ]

i o / - \  7 
9 8

XXXc 1 1  8

4 3 1 3
[CH2CH2CH2CH2S

XXXb

5 .1 .5 .2  IR Spectroscopy of Poly-NZ/Poly-0-Bl Equimola Mixture:
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TABLE 20

Assignments of the 13C Spectrum of the Poly-NZ/Poly-/’-BL System

Carbon Number Chemical Shift fppr

1 26.2
2 28.2
3 35.6
4 67.6
5 104.8
6 122.6
7 123.5
8 125.3
9 125.4

10 126.4
11 127.0
12 132.1
13 134.7
14 154.9
15 19.7
16 40.8
17 67.8
18 169.0, 169.2
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FIGURE 37
I I  SPECTRUM OF P0LY-NZ/P0LY-y3-BL SYSTEM
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Figure 37 shows the I I  spectrin  of a molar mixture of 

poly-NZ/poly-/?-BL. The assignment of the I I  spectrum of poly-NZ was 

discussed in  Section 5 .1 .4 .2 . The following assignments were made fo r 

th is  mixture: 3060 (aromatic C-H), 2962, 2940, 2922, 2862 (a lipha tic  

C-H), 1730 (C=0), 1S8S, 1505 (aromatic C-C), 1265, 1080 (C-0-C), 1180 

cm' 1 (C-0), and 810 and 760 cm' 1 (aromatic C-H). Additional 

absorptions a t 1453, 1424, 1365, 1319, and 1235 cm' 1 are consistent 

with CH2, aromatic C-H, S-CH2, and other m oieties of the s tru c tu res .

5 .1 .6 . Characterization of HZjfi-BL Copolymer

The NZ//?- BL copolymer was characterized as s truc tu re  XXIXa by 

and 1SC N1R, DEPT, and IH spectroscopy. The copolymer was found

CH3CH2CH2CH2S- HCH2COOCH3CH2CH2CH2S- 0)

(CH2CH2CH2CH3S- OCH3CH3CH3CH2S- HCH3C00

CH, CH3

XXIXa

to  possess a random struc tu re  which was rich  in NZ u n its .

5 .1 .6 .1  NHR Spectroscopy of NZ//J-BL Copolymer:
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TABLE 21

Assignments of the 1H Spectrum of the NZ/^-BL Copolymer

Proton Number Chemical Shift (ppm)

1, 2, 3 1.19, 1.30, 1.43
1.67, 1.80, 1.99

4 2.58
5 2.90
6, 7 4.00
8 4,97
9 5.23

10 6.60
11 6.77
12, 13 7.54
14 8.21
15 8.43
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5 .1 .6 .1 .a Proton Assignments oi the NZ/^-BL Copolymer: Figure 38 

and Table 21 shov the ‘I  spectrum and 6 values of the copolymer 

prepared a t  100°C with the assignments l is te d  in  s truc tu re  XXIXb. The 

copolymer was found to  be random based upon comparison of the *1 

spectrum (Figure 35) of the molar mixture of poly-NZ/poly-j5-BL. Due 

to  the random nature of the copolymer the *1 spectrum was quite

11 to
0 3 * 5 6 3 2 5

(CH2CH2CH3CH2S-CO VOfl^CHaCHsCHjS- OCHCHaCOO8

1 2  1 2

1
CHs 13 10

CHaCHaCHaCHaS-̂ Ô ^HCHaCOoilHCHaCOOCHaCHaCHaCHaS-̂ Ô '®)x '  8 9
o

1 2  12

XXIXb

complicated in  comparison to  the *11 spectrum of the mixture of the two 

homopolymers. The most obvious indication  of the formation of a 

random copolymer was the presence of two signa ls , 8 and 0 , between the 

region of 4.5 to  5.5 ppm. I f  the  copolymer was indeed a lte rn a tin g  

then only one signal a t 4.97 ppm (signal 8 from struc tu re  XXIXb) 

should be present. Signal 8 represents a methine proton adjacent to 

an a ry l e ther linkage, which i s  a copolymer linkage. The presence of 

a second siganl a t 5.22 ppm (signal 9 from struc tu re  XXIXb) was 

assigned as a methine proton adjacent to  an e s te r  linkage, which is  a
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homopolymer linkage from poly-/S-BL. The assignment of signal 9 was 

confirmed by comparison with the *11 spectrum of poly-NZ/poly-/9-BL 

(Figure 35) which shows the corresponding proton signa l, 13, to  occur 

a t 5.23 ppm. Although signals 6 and 7 which represents the methylene 

protons adjacent to  an ary l ether and e s te r  linkage, respective ly , 

were overlapping in Figure 38, a !H spectrum taken a t 50°C in D1S0 

(d®) shows a c lea r separation of the signa ls . Signals 10 and 11 were 

assigned as the naphthalene ring proton a to  the phenoxide group. 

Signal 10 was j  to  the methylene protons fo r  the NZ homopolymer 

linkage and signal 11 was 7 to  the methine proton fo r a copolymer 

linkage. The assignment of 10 was based on the chemical s h if t  of the 

corresponding proton in poly-NZ (proton 5) which appeared a t  6.60 ppm 

in Figure 35. The region between 1.0 and 2.3 ppm was quite 

complicated (Figure 38) so no corre la tion  was deduced between chemical 

s h if t  and proton type. The formation of a block copolymer was ruled 

out due to  the in ten sity  of the junction signa ls . The most obvious 

junction signal belong to  the methine proton adjacent to  the ary l 

e ther linkage (4.97 ppm). The in ten sity  of th is  signal was on the 

same order of magnitude as the signal corresponding to  the methine 

proton of successive /7-BL moieties (5.32 ppm).

5 .1 .6 .1 .b  Carbon Assignments of the NZ/0-BL Copolymer: The 

proton-decoupled 13C spectrum (Figure 39, Table 22) of the NZ//S-BL 

copolymer supported struc tu re  IXIXa. The carbon signals were assigned 

as shown in stru c tu re  XXIIc based on the re su lts  from DEPT (Figure 40, 

Table 23), chemical s h if t  values of sim ilar carbons, and the 13C
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TABLE 22

Assignments of the 13 C Spectrum of the NZ/4 -BL Copolymer 

Carbon Number Chemical Shift fopml

1 19.7
2, 2 25.7, 26.1
3, 3 27.4, 28.1
4, 4 35.3, 35.6
5, 5 40.6, 41.7
6 67.5
6 64.2
7 67.5
7 71.0
8 104.4
8 106.1
9, 9 122.6, 122.7

10, 10 122.9, 123.6
11 125.4
12 125.4
13 126.3
14 127.0
15, 15 132.2, 132.7
16, 16 134.8, 134.9
17, 17 153.4, 155.0
18, 18 170.0, 170.8
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assignments oi the poly-NZ/poly- BL mixture (Figure 36). The 

randomness oi the copolymer vas even more pronounced in  the 13C. 

There ex isted  a m ultitude of signals in  the 1SC spectrum of the 

copolymer. I f  the copolymer vas a lte rn a tin g , only 18 signals should

appear; however there is  in  excess of 30 major signals present in the 

actual 13C spectrum. A m ajority of the carbon signals shoved some 

degree of s p li t t in g  in  response to  the se n s itiv ity  of the carbons to  

d if fe re n t enviroments. The only carbons which showed no se n s itiv ity  

to  th e ir  environment were 1, 11, 12, 13, and 14. A case could be made 

fo r  the lack of se n s itiv ity  of carbons 11 through 14 due to  th e ir  

d istance in separation between d iffe re n t u n its . However the lack of 

s e n s itiv ity  to  i t s  enviroment of carbon 1 was surprising  since i t s  

enviroment i s  en tire ly  d iffe ren t i f  i t  is  proceeded by a NZ or 0-BL 

u n it.

The random copolymer is  composed of four junction  carbons: (1) 

methylene carbon adjacent to  an a ry l e th e r, 6 , (successive NZ

is s 15 8 CHj
5 3 2 4 18y— V1 1 8 3 2 4 1 8S ~ \ l  7 I 5 '  18'

(CH3CH2CH2CH2S - ^ O > 0CH2CH2CH2CHas- \ O / - 0CHCH3C00
• 4 J 1 " t 4 A 1 1 i  C t A '

14 11 1 4  11

8 3 2 4 1 6 / T V l ?  I 5 1 8 1 5  1 8  6 3 2 4 1 8 y T T V 7 „
CH3CH2CH2CH2SVO>0CHCH2C00CHCH2C00CH2CH2CH2CH2SVO>0) 

u V - c i o ' v  7 
12 <0> 12 <0>

1 1is's' CH3 CH3

14  11 XXIXc 14 I t



141

n o itie s ) ,  (2) methine carbon adjacent to  an e s te r ,  7, (successive 0-HL 

m oities), (3) methylene carbon adjacent to  an e s te r ,  6 ' ,  (copolymer 

linkage) and (4) methine carbon adjacent to  an ary l e ther, 7 ',  

(copolymer linkage). The signals fo r these four junction linkages 

occur between 60 to  73 ppm in Figure 39. The p o ss ib ility  of a block 

copolymer was ruled out based on the signal in te n s it ie s  of the block 

junction linkages which would be the methylene carbon adjacent to1 an 

e s te r  a t  64.2 ppm (signal 6' from stru c tu re  XXIXc ) ,  and the methine 

carbon adjacent to  an ary l e ther a t 71.1 ppm (signal 7 ' from structure  

XXIXc). Signal 6 '  was assigned by comparison of the chemical sh if t  of 

the methylene carbon adjacent to  an e s te r  linkage in 

poly-0-propiolactone, which was a t  60.4 ppm. Signal 7 ' was assigned 

by the process of elim ination since the assignment of the methine 

carbon adjacent to  an e s te r , 7, and a methylene carbon adjacent to  an 

a ry l e th e r, 6 , were read ily  assigned by comparison of the carbon 

assignments in  the spectrum of the mixture of the two homopolymers 

(Figure 36). The overlapping of signals 6 and 7 was evident in  the 

DEPT spectrum (Figure 40) of the copolymer in  which the methine 

carbon, 7, gives a signal of positive  in te n s ity  and the methylene 

carbon, 6 , gives a signal of negative in te n s ity  a t 67.7 and 67.5 ppm 

respective ly . Also from the DEPT spectrum the assignment of the 

methyl carbon, 1, a t  19.7 ppm, the four quaternary ring  carbons, 10, 

1 0 ', 13, 16, 16' and 17, 1 7 ', a t  122.9, 123.6, 126.3, 134.8, 134.9, 

155.0, and 153.4 ppm, respective ly , and the carbonyl carbon 18 and 18' 

a t 170.0 and 170.8 ppm. For certa in  aromatic carbon signals i t  was 

easy to  d if fe re n tia te  between successive NZ u n its  and a NZ moiety
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TABLE 23

Assignments of the DEPT Spectrum of the NZ/^-BL Copolymer

Carbon Number Chemical Shift fppml

1 19.7
2, 2 25.7, 26.1
3, 3 27.4, 28.1
4, 4 35.3, 35.6
5, 5 40.8, 41.7
6 64.2
6 67.5
7 67.7
7 71.0
8 104.4
8 106.1
9, 9 122.6, 122.7

11 125.5
12 125.7
14 127.1
15, 15 132.3, 132.8
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followed by a /J-BL moiety by comparison with the 13C of the 

homopolymer mixture (Figure 36) The most obvious signals 

corresponding to  successive NZ m oieties occurred a t 104.4, and 155.0 

ppm fo r carbons 8 and 17 which indicates th a t the signals a t 106.1 and 

153.4, 8 ' and 17' respectively , corresponds to  a NZ un it followed by a 

/J-BL moiety. Signal 5 a t 40.6 ppm was assigned to  the methylene 

carbon from the /7-BL moiety based upon the chemical s h if t  of the 1 

corresponding carbon from poly-/?-BL, carbon 16, in Figure 36 which vas 

40.8 ppm. The assignment of the remaining carbons were based on the 

chemical sh if ts  of the corresponding homopolymers. The number 

assignments of each carbon and i t s  prime were made a rb i tr a r i ly  and may 

be interchanged unless other wise s ta ted .

5 .1 .6 .2  IE Spectroscopy of the NZ//7-BL Copolymer: There existed  

some obvious differences between the IE spectrum of poly-NZ/poly-^-BL 

(Figure 37) and th a t of the copolymer (Figure 41); there  were new 

signals a t  3300 which was due to  the phenol end group, and 1678 and 

1663 cm' 1 which were assigned to  the o le fin ic  bond in  conjugation with 

a carbonyl group. The absorptions in the 1660 to  1680 cm' 1 region was 

a lso  seen fo r ethyl crotonate which has a sim ilar s tru c tu re . The 

remaining assignments were based on the assignments made fo r  the  IE 

spectrum of poly-NZ/poly-j9-BL (Section 5 .1 .5 .3 ): 3056 (aromatic C-H), 

2933, 2872 (a lip h a tic  C-H), 1732 (C=0), 1585, and 1505 (aromatic C-C) 

1184 (C-0), and 814 and 765 cm' 1 (aromatic C-H).

5 .1 .7  Polymerization Mechanism of  the NZj0-BL Copolymer
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NZ and £-BI polymerizes thermally by means of zw itterion 

formation to  form a random copolymer somewhat rich e r in the NZ monomer 

than $-VL. Polymerization is  in it ia te d  by a ring-opening nucleophilic 

a ttack  of the arene oxide end of one NZ zw itterion , where Ar 

represents a naphthalene group, on e ith e r  the a-carbon of the 

tetrahydrothiophenium ring of a second molecule of the NZ zw itterion 

to form the NZ homo-dimer (Gq (1) struc tu re  XXXII) or on the /?-carbon 

of the /J-BL to  form a co-dimer (Eq (2) struc tu re  XXXIII). Both path 

ways are demonstrated in Scheme XV. Polymerization proceeds e ith e r  by

Scheme XV:

the NZ homo-dimer reacting  with a second molecule of NZ homo-dimer, a 

co-dimer, a NZ zw itterion , or 0-BL monomer or the co-dimer reacting  

with a second molecule of co-dimer, NZ homo-dimer, a NZ zw itterion , or 

0-BL monomer to  form a random copolymer. The nucleophilic end of both 

the homo- and co-dimer favor reaction with the tetrahydrothiophenium 

end of e ith e r  the propagating specie or the NZ monomer over the /7-BL 

monomer as evident by formation of a copolymer struc tu re  rich  in NZ

r

hch2coo

2Hj O XXXIII
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u n its . Termination occurs by a chain tra n s fe r  mechanism. The 

p o s s ib il i ty  ex is ts  fo r the term ination reaction to  occur by four 

d iffe re n t routes: 1) the phenoxide end of the macrozwitterion (XXXIV)

Scheme XVI) or 2) from the 0 carbon of the tetrahydrothiophenium ring 

(Eq 2 Scheme XVI) to  form o le fin ic  and naphtholic end groups of 

s tru c tu res  XXXV and XXXVI, respectively ; 3) the carboxylic end of1 the 

macrozwitterion (XXXVII), ab strac ts  a H+ from e ith e r  the a-carbon of 

th e  0-BL monomer (Eq 3 Scheme XVI) or 4) from the 0 carbon of the 

tetrahydrothiophenium ring (Eq 4 Scheme XVI) to  form o le fin ic  and acid 

end groups struc tu res XXXVIII and XXXIX, respectively  where / s / s  

represents the polymer backbone and Ar represents the naphthalene 

rin g , as shown in Scheme XVI. For eq 2 and 4 term ination occurs 

Scheme XVI:

ab strac ts  a H+ from e ith e r  the a-carbon of the >9- BL monomer (Eq 1

XXXIV

CI]CI=CIC00CB]CI]Cl2CI]

XXXV

( 1)

o S ^ ^ A r - 0  +oS ^ V ^ A r-0  — ►

XXXIV XXXIV
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CHa =CHCHa CHa S ^ ^ -A r-O H (2)

I I I V I

(^^S ^V N JO O  + H~ Q  0 “ * CHsCH^HCOOCHaCHaCHaCBa-S^^NJOOH (3)

independently of the nucleophilic group on the macrozwitterion so one 

molecule of struc tu re  XXXVII may be substitu ted  in to  Eq 1 and one 

molecule of struc tu re  XXXIV in to  Eq 4. For reaction  temperatures

in sig n ifican t since fo r  the homopolymerization of the NZ monomer 

term ination by elim ination is  not present u n t i l  the reaction  exceeds 

100°C.14

5 .1 .8  Polymer End Croups

Ihe copolymer end groups were determined by the use of l H and 13C 

NMR, IR spectroscopy, and the preparation and characteriza tion  of a 

model compound, 1 -(tetram ethylenethio)-4-naphthol 0- methyl ac ry la te .

XXXVII XXXVIII

0S-/VNJ00 +0S ^ \ / \ C 00 - - - - - - ► CHa =CHCHa CHa OH ( 4)

XXXVII XXXVII XXXIX

below 100°C term ination by routes 2 and 4 are believed to  be

5 .1 .8 .1  Preparation of 1 -(tetram ethylenethio)- 4-naphthol 0- methyl 

acry la te : Ihe vinyl naphthol model compound was prepared in order to
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FIGU1E 42‘H SPECT1UI OF T i m  NAPITBOL COMPOUNDCDCL, SOLVENT
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TABLE 24

Assignments of the 1H Spectrum of the Vinyl Naphthol Compound

Proton Number Chemical Shift fppml

1 1.61
2 1.75
3 1.83
4 2.82
5 4.10
6 5.80
7 6.75
8 6.85
9 6.95

10 7.46
11 7.54
12 8.25
13 8.46
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aid in the assignment of the end group signals . The *H spectrum 

(Figure 42, Table 24) of the vinyl naphthol compound supported 

stru c tu re  XXIX with the proton assignments l is te d  in the stru c tu re .

The p u rifica tio n  of the vinyl naphthol compound was not 100% effec tive  

as can be seen in  the NX& spectrum (Figure 42). A trace  of 

possibly cyclic  NZ is  p resen t. The pu rity  is  g rea te r than 85%, 

however, and the e ffe c t of the vinyl group is  seen in  signals centered 

a t 5.80 and 6.95 ppm. The naphtholic proton is  seen as a s in g le t a t 

6.85 ppm. The 1SC spectrum (Figure 43, Table 25) of the vinyl 

naphthol compound is  a lso  consistent with the expected stru c tu re  and 

the assignments are shown in s truc tu re  XXIXI.

5 .1 .8 .2  Bromination of 1 -(tetram ethylenethio)-4-naphthol p-methyl 

acry la te : The vinyl naphthol was trea ted  with bromine in  order to  

determine the chemical s h if t  of the formed v ic inal dibromide protons. 

Bromine was added u n til  the solution retained  the red color. The *11 

spectrum of th is  sampled revealed th a t the proton a to  the a ry l ether

CHsCH=CHC00CIj CH3CH3OTj- S - < O  >  08

10 10

1 8 10 18 5 3 3 4 15>“ Sv 11
CHsCH=CHC00CH3CH3CH3CH2- S ^ O y  OH

13 ( U )  T
XXXII

1 3  10
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FIGURE 43“ C SPECTRUM OF VINYL NAPHTHOL COMPOUNDCDCLj SOLVENT
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TABLE 25

Assignments of the 13 C Spectrum of the Vinyl Naphthol Compound

Carbon Number Chemical Shift (Dpml

1 18.0
2 25.8
3 27.5
4 35.5
5 64.0
6 108.3
7 122.4
8 122.5
9 122.7

10 125.2
11 125.3
12 125.6
13 127.0
14 133.0
15 135.2
16 145.4
17 152.6
18 167.3
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in  the naphthalene ring  underwent complete su b s titu tio n  with the 

bronine as indicated by the disappearance of i t s  corresponding proton 

signal (proton 7 in s truc tu re  XXIX) and the presence of a s in g le t fo r 

proton 11 in s truc tu re  XXXX.

5 .1 .8 .3  ice ty la tio n  of 1 -(tetram ethylenethio)-4-naphthol methyl 

acry la te : The vinyl naphthol compound was acety lated  in  order to  1 

confirm the presence of a naphthol end group. The acety lated  vinyl 

naphthol compound was not pu rified  1007. e ffe c tiv e ly  as can be seen in 

the *H NIB, spectrum (Figure 44, Table 26), however, the e ffe c t of the 

ace ty l group is  c learly  evident. The *H spectrum of the acetylated 

vinyl naphthol compound supports struc tu re  XXXXII. The methyl protons 

from the acety l group appears as a s ing le t a t  2.46 ppm. The

naphthalene proton a to  the acety l group (9) s h if t  fu rth er downfield 

to  7.19 ppm and proton 12 sh ifted  fu rther upfield  to  7.89 ppm in 

comparison to  the analogous protons in the vinyl naphthol model 

compound (Figure 42). The naphthol proton signal a t  6.85 ppm in the 

vinyl naphthol model compound is  absent in the  acety lated  vinyl 

naphthol compound ' I  spectrum. The 13C spectrum and 6 values of the 

acetylated vinyl naphthol compound, shown in  Figure 45 and Table 27, 

is  supportive of struc tu re  XXXXIII with the carbon assignments l is te d

CHj CI=CHC00CH2 CHa CHa CHj-S 33 8 7 8 3 1 5

13
XXXXII 10 10
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TABLE 26

Assignments of the 1H Spectrum of the Acetylated 
Vinyl Naphthol Compound

Proton Number Chemical Shift fppml

1. 2 1.78
3 1.84
4 2.46
5 2.87
6 4.12
7 5.80
8 6.91
9 7.19

10 7.56
11 7.58
12 7.89
13 8.44



FIGURE 45
OF ACETYLATED V IN Y L NAPHTHOL COMPOUND 

C D C Li SOLVENT
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TABLE 27

Assignments of the 13 C Spectrum of the Acetylated 
Vinyl Naphthol Compound

Carbon Number Chemical Shift foom)

1 17.7
2 20.8
3 25.5
4 27.6
5 34.1
6 63.3
7 117.7
8 121.6
9 122.4

10 125.4
11 126.5
12 126.7
13 127.1
14 128.1
15 131.1
16 133.9
17 144.5
18 145.8
19 166.3
20 169.1
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on the s tru c tu re . The signal a t 20.8 ppm belongs to  the methyl

m i n i  12 10

carbon, 1, of the acety l group and the acety l carbonyl, 20, appears a t 

166.1 ppm.

5 .1 .8 .4  Characterization of the Copolymer End Groups by NHR 

Spectroscopy: Both the *H and 1SC NHL spectra  provided evidence th a t 

the predominant term ination mechanism was route 1 (see Section 5 .1 .7  

Scheme XVI) to  form a polymer with o le fin ic  and naphtholic end groups 

as shown in s truc tu re  XXIV. The o le fin ic  end group signals were

c learly  v is ib le  in  the  *11 spectrum of the copolymer (Figure 38) as a 

doublet a t 5.75 and 5.83 ppm and a m ultip let seen as a shoulder 

centered a t approximately 6.95 ppm. No signal fo r the naphtholic 

proton was v is ib le  in  the *H spectrum of the copolymer. I t  is  

believed th a t the naphtholic proton is  hidden under the signals a t 

approximately 6.7 ppm. Termination by routes 2 and 4 to  form 

struc tu res XXXVI and XXXIX is  d if f ic u l t  to  prove since th e ir  

corresponding o le fin ic  protons occur in the region of 5.0 ppm where

1 4 _ 7  u  31 0 17 IB S 4 3 5 1# I8| I ✓CHjĈ CHCOOCHaCHjCHaCHa-Ŝ  ŷ OCCHj. . \ _ /  ..20

1 4  7 0  2

1 8  17CIj CH—CHCOOCH2 CHjCH3CH2-S
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the proton signals fo r  a nethine adjacent to  an e s te r  and methine 

adjacent to  an ary l e ther occurs. No evidence ex isted  in  e ith e r  the 

*1, 1SC, or IE spectrum fo r the presence of carboxylic

CI3=CHCH3 CH2S-^VV.Ar-0H CHa =CHCH2 CHa S^^MJOOH

XXIVI XXXIX I

acid end groups e ith e r . The assignment of the doublet a t  5.75 and 

5.83 ppm and the m ultip le t a t 6.95 ppm as o le fin ic  protons, as shown 

in s tru c tu re  XXXV, was confirmed by the addition of bromine to  the 

sample. I n i t ia l ly  the naphthalene ring  underwent bromination a t  a 

ra te  su b s tan tia lly  quicker than the addition to  the double bond. The 

bromination reaction occurred to  a large extent a t the position  a to  

the a ry l e th e r. The slow addition of bromine to  the double bond is  

not surprising  since the presence of the carbonyl group lowers the 

re a c tiv ity  of the carbon-carbon double bond toward e lec tro p h ilic  

ad d itio n .30 There was a large decrease in  the in ten sity  of the 

doublet a t  5.75 and 5.83 ppm. No new signals were detected fo r  the 

v ic in a l dibromide protons in  the *11 spectrum. Normally v ic in a l 

dibromide protons occur in  the region between 4.1 and 4 .4  ppm so i t  

may be hidden under a signal fo r the copolymer in  th is  region. The 

chemical s h if t  of the o le fin ic  protons in the copolymer is  in good 

agreement with the assigned value of the analogous protons in the 

vinyl naphthol model compound (Section 5 .1 .8 .3 ) .

The 13C spectrum of the copolymer (Figure 39) contains several
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small signals which were a ttr ib u te d  to  the presence of o le f in ic  and 

naphtholic end groups as shown in  s tru c tu re  XXXXIV. Carbon signals at

Ci]CE=CiCOOCH]CI]CI]CI}'

17.9, 63.7, 108.3, 144.6 and 152.6 ppm were assigned to  carbons 19, 

20, 21, 22, and 23 respectively .

The presence of naphtholic end groups were confirmed by 

ace ty la tion  of the copolymer. The *11 spectrum of the acetylated 

copolymer (Figure 46) showed new signals centered a t 7.16 and 7.87 

ppm; the signals were assigned to  protons 15 and 16, respective ly , in 

stru c tu re  XXXXV based on the chemical s h if t  of the  analogous protons 

of the acety lated  vinyl naphthol compound (Section 5 .1 .8 .3 ) . The 13C 

spectrum of the

CH|CH=CIC00CH2CIaCl2CH2
XXXXV

0 > occh3

acety lated  copolymer (Figure 47) contained several new signals a t 

21.0, 117.8, 121.7, 126.7, and 128.4, ppm which were assigned to  

carbons 24, 25, 26, 27, and 28, respec tive ly , as shown in  struc tu re  

XIXXVI based on the chemical s h if ts  of the analogous carbons in the 

acety lated  vinyl naphthol model compound (Section 5 .1 .8 .3 ) .
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CIgCH—CHCOOC&j CHsCHj CH]

XIXIVI

5 .1 .9  Bffect of temperature on Polymerization

Table 16 in Section 5 .1 .3  shows the number average molecular 

weights of the copolymer as determined by GPC analysis by the use1 of 

polystyrene as the standard. A ty p ica l GPC chromatogram is  shown in 

Figure 48. The t a i l  end of the chromatogram is  hidden under a peak 

which i s  due to  the  presence of LiBr in the solvent (DMF). The 

molecular weight of the copolymer was found to  be low, not exceeding 

more than 4000 in any of the  investigated  samples.

No co rre la tion  was observed between the copolymer struc tu re  and 

the reaction  temperature as indicated by the re su lts  shown in  Table 

16. In a l l  instances, the copolymer was rich  in  NZ u n its . The ra tio  

of NZ//MJL un its  contained in the copolymer was determined by 

comparison of the in teg ra l value fo r the methylene proton adjacent to  

an a ry l e ther and an e s te r  linkage (protons 6 and 7 in  s truc tu re  

XXIXb) a t 4.00 ppm to  th a t of the methine protons (protons 8 and 9 in 

stru c tu re  XXIXb) a t 4.97 and 5.23 ppm, respec tive ly . The re la tiv e  

amountB of homopolymer linkages and copolymer linkages involving the 

0-BL moiety was a lso  determined fo r the copolymer by comparison of the 

in te g ra l values of the two methine signals a t  4.97 and 5.23 ppm fo r 

the copolymer and homopolymer linkages, respec tive ly . In each 

instance the  copolymer contained a higher percentage of copolymer 

linkages than homopolymer linkages as demonstrated by the re su lts
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shovn in  Table 16. No a ttenp t was made to  determine the re la tiv e  

percentages of copolymer linkages to  homopolymer linkages fo r the NZ 

moiety due to  the lack of two d iscern ib le  baseline resolved signals .

The formation of a random copolymer instead of an a lte rn a tin g  

copolymer may be explained by two fa c ts . F i r s t ,  the generated 

nucleophilic end of the zw itterion (e ith e r  a phenoxide or a carboxylic 

anion) may react with one of the two e le c tro p h ilic  specie present in 

excess in  the reaction  mixture (thiophenium ring  or 0-VL monomer). 

Second, the /3-BL monomer is  known to  undergo hydrolysis when heated in 

the presence of water to  form 0 t 0 ' - oxydibutyric a c id .31 This 

compound was never iso la ted  in  th is  reaction  system since only the 

methanol insoluble frac tio n  of the reaction  mixture was investigated . 

By the 0-BL monomer reacting  with the water, the system would no 

longer contain a stoichiom etric molar equivalent of the two monomers. 

The NZ monomer would be present in excess in  the reaction system, 

hence possibly explaining why the copolymer is  rich  in NZ u n its . The 

presence of water in th is  system is  unavoidable since the NZ monomer 

is  iso la ted  as a dihydrate and attempts to  remove the water of 

hydration has resu lted  in polymerization of the NZ zw itte r io n .14
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6 .0  CONCLUSION I I

The copolymerization of tetrahydro-1-(4-hydroxy-1-naphthyl)- 

thiopheniun hydroxide inner s a l t  (NZ zw itterion) with p-butyrolactone 

(0-BL) resu lted  in  the formation of a random copolymer rich  in the NZ 

moiety. The copolymerization was conducted in  so lu tion  (N,

N- dimethyl-formamide) over a temperature range varying from 35 to, 

100°C. The copolymer structu re  was characterized by the use of *11 and 

1SC NHL, a Spectral Editing Technique (DEPT), Ik  spectroscopy, and the 

preparation and characterization  of the monomers and the respective 

homopolymers. The copolymer ra t io  was found to  vary between 

1 .4 -1 .6 :1 .0  as shown in Table 16. The re la tiv e  percentages of /7-BL 

homopolymer and copolymer linkages was found to  vary between 41:59 to 

46:54. In a l l  cases there  existed  a higher percentage of copolymer 

linkages to  homopolymer linkages. The molecular weight of the 

copolymer, as determined by GPC, was low, never exceeding 4000.

Polymerization occurred by a ring opening mechanism whereby the 

phenoxide end of the NZ zw itterion a ttacks e ith e r  the  a carbon on the 

thiophenium ring  to  form a NZ-NZ homopolymer linkage or the P carbon 

of the 0-BL monomer to  form a NZ//J-BL copolymer linkage.

Polymerization proceeds in th is  manner with the generated nucleophilic 

end always having a choice of two e lec troph iles (thiophenium ring  or 

p-VL monomer) to  react with to  form a random copolymer. Termination 

occurs predominately by a chain tran s fe r  mechanism whereby the 

phenoxide end of the macrozwitterion abstrac ts  a H+ from the P carbon 

of the 0-BL monomer to  form o le fin ic  and naphtholic end groups. The
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polymer end group vas v e rif ied  by the preparation of a model end group 

compound, 1- (tetram ethylenethio)-4-naphthol /?-methyl acry la te  (vinyl 

naphthol compound), acylation of the naphthol group and by the 

addition of bromine across the double bond. The chemical s h if t  of the 

o le fin ic  protons of the  vinyl naphthol compound vas in good agreement 

with the assigned copolymer signals . Acylation of the copolymer vas 

deemed successful by the appearance of a signal a t  21.0 ppm in the  13C 

spectrum vhich vas assigned to  the methyl carbon of the acyl group. 

Acylation of the vinyl naphthol compound also  resu lted  in  a signal at

20.8 ppm in  the 13C spectrum.

The formation of a random copolymer fo r  th is  system vas not 

e n tire ly  surprising  since the /7-Bl monomer can also  reac t v ith  the 

vater present from the va te r of hydration of the z v itte r io n  to  form 0, 

jfl'-oxydibutyric acid; thuB destroying the stoichiom etric equivalent 

molar ra t io  of the tvo monomers. The decrease in concentration of the 

0-Bl monomer could possibly explain vhy the copolymer s tru c tu re  is  

random and rich  in the NZ moiety. Since tvo e lec troph iles 

(thiophenium ring  and 0-WL) are present in  excess in so lu tion , 

competition ex is ts  betveen the e lec troph iles  and the nucleophilic  end 

of the z v itte r io n .
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