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ABSTRACT

Aromatic polyesters of 3,S-di-tert-butyl-A-hydroxybenzoic 

acid and 3 55-diisopropyl~4~hydroxybenzoic acid were prepared. The 

polymers were found to be high melting, but largely insoluble in 

organic solvents. The polymer based on 3,5-di-^2rt-butyl-4-hydroxy- 

benzoic acid was found to be extremely stable to acid hydrolysis,

A number of new aromatic polyesters were also prepared„

Several new monomers for aromatic polysters were synthesized 

including bis(2,5-di-tert-butyl-4~carbophenoxyphenyl) terephthalate, 

m- and p-phenylene bis(3,5-di-tgrt-hutyl-4-hydroxybenzoate), bis(2,6- 

di-tert-butyl-4-chlorocarboxyphenyl) terephthalate and ^phenylene 

bis(3,5-diisopropyl-4-hydroxybenzoate),

An aromatic polyester prepared from bis(2,6-di-tart-butyl-4- 

chlorocarboxyphenyl) terephthalate and resorcinol had a ^ (tri- 

chloroethylene) of 1.05 (0.5%, 30°) and a mp of 330*. Tough5 creasable 

films could be cast from trichloroethylene solution of this polymer.

Attempts to observe or to trap the keto-ketene that might 

result when 3,5-di-tert-butyl-4-hydroxybenzoyl chloride is treated 

with base were unsuccessful.

Copolymers of 4~methyl-5-vinylthiazole and 3,4-dimethy1-5- 

vinylthiazolium iodide were prepared with different degrees of 

quaternization and inherent viscosity.

x



The catalytic activity of these copolymers 5 in the formation 

of furoin from furfural, was. compared with several monomeric 

thiazolium salts and a monomeric model of the copolymers. The 

copolymers possess greater catalytic activity per thiazolium unit 

than either that of the monomeric thiazolium salts or the monomeric 

model of the copolymer.

An optically active polymer was prepared by partial quater- 

nization of poly-4-methy1-4-vinylthiazole with optically active 

$-£-menthoxyethyl tosylate. When this polymer was>used as a 

catalyst in the.benzoin condensation reaction, optically active 

benzoin with an optical purity of 0.77% was obtained.



PART I

SYNTHESIS OF AROMATIC POLYESTERS
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INTRODUCTION

Interest in completely aromatic polyesters has resulted from 

the desire to develop a material with high thermal stabilitys good 

hydrolytic stability and toughness. Aliphatic polyesters are low- 

melting and hydrolytically unstable (Morgan, 1965). The incorpor

ation of a p-phenylene ring in a polymer chain, however, leads to 

higher melting points. Poly(ethylene terephthalate) (Whinfield and 

Dickson, 1946) was the first polyester that possessed the necessary 

combination of high molecular weight and useful physical and chemical 

properties for fibers and films. This polymer has a mp of 260°

(Farrow, 1969). The aromatic polycarbonate based on 2,2-bis-(4-hydroxyr 

'phenyl)propane (bisphenol A), (Schnell, 1959) is another polymer 

which has gained great commercial use. It has a mp of 240° (Farrow, 

1969) .

A review of polyesters in general can be found in Encyclopedia 

of Polymer Science and Technology (Mark, Gaylord and Bikales, 1969). 

Morgan (1965) has given a good list of the aromatic polyesters pre

pared up to 1965.

It is evident from data given by Morgan (1965) that symmetry 

in polyesters increases thermal stability but decreases solubility. 

Polymers, such as those from hydroquinone and terephthaloyl chloride, 

have melting points over 400° but are infusible and insoluble, whereas

2



polymers formed from resorcinol and isophthaloyl chloride are 

soluble but have melting points below 250°.

Jedlinski and Sek (1969) have prepared by low temperature 

solution polycondensation, aromatic polyesters of dihydroxydinaphthyl 

derivatives with terephthaloyl chloride. One polyester, prepared 

from equal parts bisphenol A (1) and 4,4’-dihydroxydinaphthyl-l-l’

(2) with terephthaloyl chloride had mp 420° and formed good films.

H0OH + >•"
/ O H  || ||

+CA-C — C-C&-

(2)

-y* Polymer

Ehlers, Evers and Fisch (1969) have studied the thermal 

transitions of aromatic polyesters based on isophthaloyl chloride 

and 5-(n-amyloxy)isophthaloyl chloride with various diphenols.

Their studies showed that the side chain lowers the glass transition 

temperature (t^) by 30-80°; and the melting temperature (t^) by 10-100° 

Morgan (1964, 1965 and 1970) has studied the effect of the 

connecting methylene unit between the phenylene rings of bisphenols.

He found that the use of planar, polar units such as phenolphthalein

(3) imparted marked increases, in t values and softening temperature
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HO OH

(3)

of the polymers and that solubility in low-boiling solvents was 

increased compared to the corresponding polyesters based on bisphenol A. 

Whether the increase in thermal transition temperatures was due to 

polarity of the groups, their bulk, or steric hinderance was not 

established. Morgan (1970) also found that the use of large, planar, 

non-polar groups, such as (4) and (5) also improved the thermal pro

perties of the polyester compared to the polyester based on bisphenol A.

C

(4) (5)
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A polyester prepared from (4) [9,9-bis(4-hydroxyphenyl- 

fluorene)] and terephthaloyl chloride formed fibers which exhibited 

good thermal stability. The fibers were undamaged after 100 hr at 

300° in air.

Enonomy, Norvak and Cotier (1970) have described a polymer 

[believed to be based on poly-p-hydroxybenzoic acid plus hydroxy- 

undecylenic acid (Immergut, 1971)]that has metal-like properties.

The polymer has a melting point greater than 540° and has good 

chemical and physical properties. The metal-like properties have 

been attributed to the high degree of crystallinity of the polymer.

We are interested in the aromatic polyester based on 3,5- 

di-tert-butyl-4-hydroxybenzoic acid (6). Stacey et al. (1949) has 

reported the polymerization of p-hydroxybenzoic acid by trifluoro- 

acetic anhydride. The polymer was high melting (>400°) and insoluble.

OH

COOH

(6)
Eareckson (1965) reported the polymerization of 3-n-propyl-4-hydroxy- 

benzoic acid using trifluoroacetic anhydride to give a soluble polymer 

of high molecular weight and a polymer melting temperature of 230°.

We were also interested in possibly isolating the keto-ketene 

(8) that might form when 3 ,5-di-tez’£-butyl-4-hydroxybenzoyl chloride 

(7) is treated with a base.



6

->

f BH+ Q.%

(7) (8)



RESULTS AND DISCUSSION

An aromatic polyester (9) based on 3,S-di-tert-butyl-A-hydroxy- 

benzoic acid (6) would be expected to possess many desirable properties.

OH

COOH

(6) (9)

Polymer (9) should be hydrolytically stable, high melting and highly 

crystalline due to its symmetry.

It was hoped that treatment of 3,5-di-ter#-butyl-4-hydroxy- 

benzoyl chloride (7) with a base would produce the keto-ketene (8) 

which could then be purified and polymerized to polymer (9).

The acid chloride (7) was synthesized in 90% yield according 

to the method of Mueller et al. (1961) by treating the sodium salt 

of (6) with thionyl chloride. Bloomquist and Meinwald (1957) have 

prepared the bisketene (11) in 90% yield by treating (10) with 

triethylamine at room temperature in benzene under nitrogen.



2NEt
>

C

+ 2NEt HC&

(10) (11)
The acid chloride (7) was treated with triethylamine under 

the conditions described by Bloomquist and Meinwald (1957) . Tri- 

ethylamine hydrochloride was obtained in nearly quantitive yield but 

infrared (ir) examination of the filtrate showed no ketene. The 

product proved to be dimer (12) in 84% yield.

Hall (1966) investigated the reaction of 3,5-dimethy1-4- 

hydroxybenzenesulfonyl chloride (13) with various bases.
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Br
Io—s —0

OH
CH

0 — S—— 0
c&

(13)

CH CH CH-HC

CH.

(14)

OH
CH CH

0— i

However, his evidence indicated clearly that the sulfoquinone (14) 

did not form.

Our attempts to observe the keto-ketene (8) in the ir 

spectrum were unsuccessful. Treatment of dilute solutions of the 

acid chloride (7) with reagents such as triethylamine, sodium 

hydride triethylenediamine and boron trifluoride in solvents such 

as benzene, ether, chloroform and tetrahydrofuran, did not result 

in any detectable ketene by ir examination.

We also attempted to trap the keto-ketene (8) by using 

reagents which would react with the keto-ketene but not the acid 

chloride. Brady (1966) has trapped dibromoketene (15) by generating 

the ketene in a solution containing cyclopentadiene.
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CHBr^-—  C— -C& + NEt3 >

Br

J
j

Br + NEt.

(15)

Efforts to trap the keto-ketene (8) with cyclopentadiene,

1,3-diphenyl-ts<9-benzofuran (Cava and Pohlke, 1962) and an enamine 

(Hasik and Martin, 1963) were also unsuccessful.

Hall (1968) has shown that 3,5-dimethyl-4-hydroxybenzene 

dulfonyl chloride (13) can be polymerized to a high molecular weight 

polysulfonate (16) in nitrobenzene using* triethylenediamine (TEDA) 

as the HC& acceptor.

TEDA
nitrobenzene

—rO

(16)
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A 90% yield of polysulfonate mp 225-250° with an intrinsic viscosity 

of 0.5-0.9 (25°, nitrobenzene) was produced. Films, remarkably 

stable to hydrolysis, could be made.

nitrobenzene for 48 hr gave a 100% yield of polymer (9). The white 

polymer was high melting (>400°) but was insoluble in all solvents 

except strong acids such as hot sulfuric, chlorosulfonic and tri- 

fluoromethane sulfonic acid. The polymer was also partially soluble 

in trichloroethylene and the soluble portion had an inherent viscosity 

of 0.1 (0.25%, 25°) in this solvent. The ir and nmr spectra were 

consistent with the polymer structure. There was no phenolic (OH) 

absorption in the ir spectrum.

anhydride (Stacey et al. 1949) was unsuccessful. This was surprising 

because Parish and Stock (1965) have reported the coupling of hindered 

aromatic acids and hindered phenols in good yields using trifluoro- 

acetic anhydride. As an example, the aromatic acid (17) and phenol 

(18) were coupled to give (19) in 94% yield after 20 minutes at 

room temperature.

Reaction of acid chloride (7) with triethylene diamine in

Attempted polymerization of acid (6) using tribluoroacetic

C00H OH CH3 CH
CH 25°

20 min;> CH;

3 3 3 3

(17) (18) (19)
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Although insoluble materials are difficult to process,

Enonomy, Norvak and Cotier (1970) have reported that their polymer 

(see Introduction) can be converted easily into billet shapes or 

forms with compression-molding techniques.

In an attempt to prepare aromatic polyesters that would be 

more soluble and easier to characterize, new monomers were synthesized. 

The reaction of acid chloride (7) with resorcinol in the melt gave 

m-phenylene bis(3,5-di-£ert-butyl-4-hydroxybenzoate) (20) in 87% yield.

HO
(7) +

OH
120°

Inert- -> HO

A'

q

-L„-
>~

(20)
Polymerization of (20) with terephthaloyl chloride in nitro

benzene and using triethylenediamine as the HC& acceptor gave a 75% 

yield of the ordered block copolymer (21).

(20) + f Q  TEDA___
nitrobenzene

(21)

n
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The polymer (21) had a softening point of 330° and an 

inherent viscosity of 0.40 (0.5%, 25°) in chloroform. The nmr and 

ir spectra were consistent with the structure expected. Polymer (21) 

was soluble- in a number of organic solvents such as chloroform, hot 

nitrobenzene, hot o-dichlorobenzene and trichloroethylene. Brittle 

films were cast from chloroform.

In an attempt to increase the molecular weight of the polymer 

a study was made of the effect of solvent (Table I) and the catalysts 

(Table II). The results show that a polar solvent such as nitro

benzene or tetrahydrofuraq, give polymers with higher viscosities.

Aluminum trichloride was used because Hill (1953, 1954) has 

reported that it is an extremely efficient catalyst for esterfi- 

cation of acidic alchols by acid chlorides.

Attempted interfacial polymerization of (20) and terephthaloyl 

chloride was unsuccessful. This was not surprising since the slow 

reaction of the, hindered phenolate anion with the acid chloride 

causes partial acid chloride hydrolysis (Morgan, 1965).

The p isomer of monomer (20), p-phenylene bis (3,5-di-tepit- 

butyl-4-hydroxybenzoate) (22) was prepared in 96% yield in a manner 

similar to that of (20). The p isomer (22) has a mp of 320° and 

is insoluble in organic solvents. A polymerization of (22) with 

isophthaloyl chloride was attempted in nitrobenzene using tri- 

ethylenediamine as acid acceptor but was not successfule
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TABLE I

Polymerization of m-Phenylene Bis(3$S-di-teyt-butyl-A- 
hydroxybenzoate) With Terephthaloyl Chloride in Various

Solvents3

■, Softening
Solvent Time Yield : A n h

Nitrobenzene 48 hr 75% 0.40 330

o-Dichlorobenzene 48 hr 66% 0.04 207

Chloroform 48 hr <20% 0.038 205

Tetrahydrofuran 48 hr 63% 0.118 220

a Triethylenediamine was used as the acid acceptor.

b the inherent viscosity, is [̂ 3prel]/c at 30° where
c is the polymer concentration of 0.5 g/100 ml and chloro
form is the solvent.
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TABLE II

Polymerization of m-Phenylene Bis (3,5-di-te2’*-butyl-4- 
hydroxybenzoate) With. Terephthaloyl Chloride Using Various

Catalysts

Catalysis Time/temp Yield nlnhb
Softening 

• Temp

Aluminum
trichloride

48 hr 
150°

tar - —

Tetraethylammonium
chloride

60 hr 
150° .

<10% 0.06 180°

Triethylenediamine 48 hr 
25°

75% 0.40 330°

Triethylamine ' 72 hr 
25°

<10% 205°

a Solvent was nitrobenzene 

b At 0.5 g/100 ml in chloroform



16

(7) + HOX OH" 150'
melt ->H0

(22)

The insolubility of (22) is puzzling, especially since compound 

(23) (discussed later) is soluble in chloroform.

(23)
We seemed to have reached the maximum viscosity possible 

using the hindered diphenol (20). We therefore synthesized some 

less hindered monomers such as bis(2,S-di-tez^-butyl-A-carbo- 
phenoxyphenyl)terephthalate (23) and bis(2,S-di-tert-butyl-A- 

carbomethoxy-phenyl)terephthalate (24) as shown below.

-HC& _ 
heat

TEDA

(6)0
R

(23) (R = C6H5) (24) (R = CH3)

— OR
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Polyester formation by ester interchange of (23) with 

resorcinol using tetraisopropyl titanate was unsuccessful.

The failure of the ester interchange reaction led us to look 

at bis(2,b-di-tert-butyl-A-carboxyphenyl)terephthalate (25) as a

precursor to bis(2,G-di-tert-butyl-A-chlorocarboxylphenyl)terephthalate 
(26). Attempted direct synthesis of (25) by reaction of (6), terephthaloyl 
chloride and triethylamine in trichloroethylene was unsuccessful.

Instead of the expected diacid (25) , dimer (12) was recovered from 

the reaction in 30% yield.

(6) (25)

(12) 30%

The dimer could result if the reaction proceeds through a mixed 

anhydride intermediate such as (27).

H0- < O V c-

(27)
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The diacid chloride (26) was successfully synthesized 

as outlined below.

(24) KOH _
CH OH

H2 °

H001 COOH

(25)
1. NaHCO,
2. CJl-g-|-C£

G - C J l

(26)

The yields of the saponification and oxalyl chloride reactions 

were 60 and 67% respectively.

Interfacial polymerization of (26) with resorcinol accord

ing to procedures used by Eareckson (1959) and Morgan (1965) gave 

a high molecular weight polymer (29) (0^ ^  1.05) in 93% yield 

(softening point 330°).

(26) +
HO. /OH

IF

(29)
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Tough, flexible, creasable films .could be cast from trichloroethylene. 

The structure of this polymer (29) obtained by interfacial polymeri

zation of (26) and resorcinol is the same as polymer (21) obtained 

from the solution polymerization of (20) with terephthaloyl chloride.
In an attempt to raise the mp but also maintain solubility, 

(26) was polymerized interfacially with a 1:1 mixture of resorcinol 
and hydroquinone. The resulting polymer (30) obtained in 81% yield 

was indeed higher melting with a mp of 400° but only approximately

OH

(26) + HO -/f^j K)H+H0 ' f ;   — ----- > Polymer

(30) 
(26)

half of the polymer was soluble. The soluble fraction of (30) had 

an inherent viscosity of 0.35 (0.5%, 30°) in chloroform.

Solution polymerization of (26) with (20) gave polymer (31) 

which had an inherent viscosity of 0.10 and a softening point of 320°.

: - o .

(26) + (20) (31)

o
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This polymer is interesting in that there are five para sub

stituted aromatic rings in sequence before a meta link occurs. 

Although (31) is of low viscosity it still has quite a higher 

softening point than other polymers of similar viscosity (see Table 

III) .
Polymers based on 3 ,5-di-iso-propyl-4-hydroxybenzoic acid

(32) were investigated. Acid (32) was prepared in 40% yield 

according to the procedure of Coffield et al. (1957) as shown below,

+Na i
toluene L>— Z

30 atm CO,
15 hr, 250' 
then HC&

OH

>

:ooh
(32)

Whereas 3,5-di-£ert-butyl-4-hydroxybenzoic acid (6) would 
not polymerize using trifluoroacetic anhydride, 3,5-di-iso-propyl- 

4-hydroxybenzoic acid (32) does polymerize in 94% yield to polymer

(33) with mp >400°.

(32) + sealed tube 
100°, 24 hr -> C --

(33)



TABLE III

..Polymers .Prepared

Method of
Monomers Polymerization Yield ^

^ Softening
Temp

1. ■3,5-Di-ter£-butyl-4-hydroxybenzoyl Chloride 100% 0.10v >400'

2„ m-Phenylene Bis(3,S-di-tert^butyl-A-hydroxy- 
benzoate) (20) and Terephthaloyl Chloride

75% 0.40 330'

3. (20) and Phosgene 30% 0.11 185-200'

4. (20) and Isophthaloyl Chloride 71% 0.175 215'

5. Resorincol and Bis(2,6-di-tearfc-butyl-4-chloro-* 
carboxyphenyl) Terephthalate (26)

96% 0.30 230'

6. Resorincol and (26) IF 92.5% 1.05 330'



Table III, Continued - Polymers Prepared

Monomers
Method of 

Polymerization Yield .ninh
Softening

Temp

7. (20) and (26) S 20% 0.10 . 330°

8? Hydroquinone, Resorincol and (26) IF 81.06 0.35 >400°

9. 3,5-Diisopropyl-4-hydroxybenzoic Acid TFAAf 94% - >400°

10. m-Phenylene Bis(3,5-diisopropyl-4-hydroxy- 
benzoate( (35) and Terephthaloyl Chloride

s ' 84% 0.22 250°

11. (35) and (26) S 84% 0.16 270°

a. S-solution; IF-interfacial.
b. c, Q.5g/100 ml in chloroform unless stated otherwise.
c. Determined in trichloroethylene.
d. A one-to-one mixture of phenols.
e . Approximately half of the polymer formed was insoluble.
f . Trifluoroacetic anhydride.
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This polymer (33) was insoluble in all solvents except strong acids 

such as sulfuric, chlorosulfonic and trifluoromethane sulfonic. 

Polymer (33) was not as inert to acid hydrolysis as polymer (9). When 

polymer (33) was dissolved in sulfuric acid and poured into water, 

monomer (32) crystallized after 24 hr. When the polymer (9) based 

on 3,S-di-tert-butyl-A-hydroxybenzoic acid (9) was subjected to the 

same treatment, no monomer was obtained.

fM-Phenylene bis (3,5-di--tso-propyl-4-hydroxybenzoate) (35)

was synthesized in a manner similar to (20). The procedure is 

outlined below.

melt, -HC&
COONa

Solution polymerization of (35) with terephthaloyl chloride 

in nitrobenzene, using triethylenediamine, gave polymer (36) in 

84% yield, (n^^ 0.22) softening point 250°.

C&

TEDA

(36)
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Solution polymerization of diphenol (35)- and diacid chloride

(26) gave polymer (36) in 84% yield, (n. 0.16), softening pointxnh
270°.

A list of the polymers prepared in this study and their 

properties is given in Table III.



EXPERIMENTAL

Melting points were determined either on a Fisher-Johns 

melting point apparatus or a Mel-Temp and are uncorrected. Polymer 

softening temperatures were recorded at the range in which the 

polymers became plastic and turned to a clear melt„ Nuclear magnetic 

resonance (nmr) spectra were determined on either a Varian Model-A-bQ 

spectrometer at 60 MHz or a Varian Model HA-100 spectrometer at 100 

MHz 5 or a Varian Model T-60 at 60 MHz.using.tetramethylsilane as an 
internal standard0 Nmr spectra are presented in tau (t) units with 

peak description and integration in parentheses 5 followed by assign
ment 6 The solvent used in also presented in parentheses preceding 

the T value. Either a Perkin-Elmer Infracord or Perkin-Elmer Model 

337 was used to determine infrared (ir) spectra. The spectra were 

calibrated with a polystyrene reference. Microanalyses were performed 

either by Micro-Tech Laboratories, Skokie5 Illinois, or by Huffman 
Laboratories, Wheatridge, Colorado. Viscosities were determined, using , 

Cannon-Fenske viscometers.

3,5-Di-tgrt-butyl-4-hydroxy- 
benzoyl Chloride'(7)

This compound was prepared in 65% yield according to the . 

procedure of Mueller et al.(1961). The product had mp 98-99°

[lit.(Mueller et al. 1961) mp 96°].

\  25
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3,5^Di-tg^t^butyl"4^hydroxyb6nzoyl. •■

Chloride and Triethylamine in Benzene

In a typical experiment acid chloride (4.3 g s 0.016 mol) 

dissolved in 75 ml of benzene was added to a stirred solution of 

triethylamine (8.0 g, 0.08 mol) in 25 ml benzene. The addition was 

carried out at 10° under a sweep of nitrogen. A white precipitate 

formed immediately. The reaction mixture was stirred 24 hr and 

filtered under nitrogen to yield 1.6 g of a white solid, soluble 
in water and a small amount of material insoluble in water or 

benzene. The yellow filtrate was freeze dried to yield 3.5 g (92%) 

of a pale yellow powder which was recrystallized from benzene-ligroine 

to give the dimer (12) mp 307-310°. The nmr spectrum.(CDC£^) showed 

peaks centered at T 1.84 (singlet, 2H) assigned as the two 

aromatic protons on the phenyl ring containing the free acid; x 1,92 

(singlet, 2H) assigned to the remaining aromatic protons; T 4.22 

(broad, 1H) assigned to the phenolic proton; T 8.52 (singlet 24H) 

assigned to the tert-butyl protons attached to the phenyl ring 

containing the free acid; 8.63 (singlet, 24H) assigned to the 

remaining tspt-butyl protons. The infrared (KBr) showed peaks at 

3650 cm ^ (phenolic OH); broad peak 3450 cm ^ (- llL o -H ); 1725 cm  ̂
(ester carbonyl); 1690 (acid carbonyl) and 1220 cm and 1185 cm 

(ester linkage). The inherent viscosity determined in benzene was 

0.04 (0.5%, 25°). Neutralization equivalent calculated for 

^30^42^5' 482; found 483.5.
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Calcd for C, 74.70; K, 8.85.

Found: C, 75*02; H, 8.89.

3,5-Di-t2rt-butyl~4-hydroxybenzoyl 
Chloride and Triethylamlne in Toluene

The same procedure as ..in the case of benzene and triethyl-

amine was used except that the reaction was carried put at room

temperature for 36 hr. The yield of dimer (12) was 83%.

3 ̂ 5-Di-tart-butyl-4-hydroxybenzoyl 
Chloride and Potassium'tart-Butoxide 
in Toluene

A 100 ml solution of acid chloride (7.1 g, 0.026 mol) in

toluene was added over a period of 20 min to a 300 ml solution of
potassium tart-butoxide (3.36 g, 0.03 mol) in toluene, keeping the

temperature at -40*. The yellow solution was stirred for 24 hr

under nitrogen at room temperature. An ir spectrum of the solution,
-1 -1using toluene as the reference, showed peaks at 3650 cm , 1740 cm 

—1and 1710 cm . There was no indication of a ketene. Removal of the 

solvent under vacuum gave a yellow solid which was washed with water, 

acetone and ethanol to give 5.0 g (83%) of product 350-400°. The 

inherent viscosity determined in chloroform was 0.06 (0.5%, 26°).
The.spectra indicated-some polymer as well as a small amount of 

ester formed by reaction of tert-butoxide with the acid chloride.

' Interfacial'Polymerization .of3,5-Di- 
' t~butyl-4-hydroxybenz6yl'Chloride

V  *

To a cooled solution of acid chloride (8.0 g , 0.03 mol) 

and tetra-n-butylammonium iodide (1.3 g, 0.003 mol) in 60 ml of
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trlchloroethylene9 was added a solution of sodium hydroxide in 50 
ml of water with good stirring e The temperature of the mixture rose 

to 30° but cooled quickly to 15°, The bright yellow mixture was 

stirred for 12 hr. At this time, it was very viscous due to the 

amount of precipitate. Trichloroethylene and dilute ECU were added 

and the layer separated. The trichloroethylene was evaporated 

leaving a yellow substance which was taken up in benzene and preci

pitated into ligorine to give 5.4 g (74%) of a white powder mp 280- 

305°, the spectra of which showed it was mostly the dimer (12).

Polymerization of 3,5-Di-tgrt-butyl- 
4-hydroxybenzoyl Chloride Using Tri- 
ethylenediamine in Nitrobenzene

In a typical polymerization reaction, the acid chloride (8.0 

g, 0.03 mol) was dissolved in 20 ml of dry nitrobenzene. Triethylene- 

diamine (5.6 g , 0.05 mol) was then slowly added to the solution and 

the viscous reaction mixture was stirred for 48 hr. Ether (200 ml) 

was added and the mixture filtered. The precipitate was washed with 

hot water and refluxed in acetone to yield 6,9 g (100%) of white 

polymer mp >400*. Half of the polymer was soluble in trichloroethylene 

and had an inherent viscosity of 0.1 (0.25%, 25*). The polymer was 

insoluble in all other solvents except hot sulfuric acid and chloro- 

sulfonic acid, from which it was reprecipitated into water. The nmr 

spectrum (trichloroethylene) showed peaks at T 1.70 (broad, 2H) 

assigned to the aromatic protons; T 3.62 (solvent proton); and T 

8.58 (broad, 42H) assigned to the tert-butyl protons. The ir spectrum
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(KBr) showed peaks at 2970 cm ^ (tert^butyl group)5 1740 cm ^ (ester

carbonyl)s 1220 cm \  1170 cm  ̂and 1740 cm" ̂  (ester linkage)e The

ir (KBr) of polymer reprecipitated from chlorosulfonic acid was 

identical to the original»

Calcd for 02)^: C, 77.58; H, 8.69.

Found: C, 76.70; H, 8.59,

Phenyl 3 5 5-Di-tgpifc-butyl~4- 
hydroxybenzoate

This compound was prepared according to the procedure of

Mueller et al. (1961). It was obtained in 40% yield mp 137-138°

[lit„ (Mueller et al. 1961) mp 132°].

Attempted Melt Polymerization of 
Phenyl 3,5-Di~tgrt-butyl-4~hydroxy~ 
benzoate

This procedure was similar to that described by Sorenson and 

Campbell (1968) for the preparation of poly(ethylene terephthalate). 

Phenyl 395-di~tert-butyl-4-hydroxybenzoate (0.5 g, 0.0015 mol) and 

cadmium acetate dihydrate (0.005 g, 2x10  ̂mol) were placed in a 

test tube equipped with a side arm and a capillary tube leading to 

the bottom. The tube was evacuated and filled 3 times with nitrogen. 

With a slow stream of nitrogen flowing, the tube was placed in a 

bath at 235° for 24 hr. Vacuum was applied to the. brown melt for 

2 hr at 235°. The mp of the product was 130°. The nmr spectrum 

showed the material to be starting phenyl. 3,5-di~t6z,t-butyl~4- 

hydroxybenzoate.

) .
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Bis(2,6-di^^2^t-butyl-4-carbo-. .
phenoxyphenyl) Terephthalate (23)

Phenyl 3s5~di-tert--butyl~4~hydroxybenzoate (10.4 g9 0.032 
mol) and triethylenedlamine (9.4 g? 0.084 mol) were dissolved in 

50 ml of nitrobenzene. To this red solution was added slowly 

terephthaloyl chloride (2.85 g, 0.014 mol) dissolved in 50 ml nitro

benzene. After stirring for 4 days, the pale yellow mixture was 

filtered. The precipitate was taken up in chloroform and washed 

respectively with dilute HC&, sodium bicarbonate solution and 

water. The chloroform was dried over sodium sulfate,. filtered and 

concentrated to yield a white powder. Recrystallizing from chloro

form gave 6.2 g (57%) of the desired product (23), mp 322-323°. The 

nmr spectrum showed peaks at T 1.53 (singlet, 3H) assigned to the 

protons attached to the terephthalate ring; T 1,70 (singlet, 3H) 

assigned to the aromatic protons attached to the same ring as the 

tgrt-butyl groups; T 2.42-2.70 (multiplet, 10H) assigned to the 

protons attached to the terminal phenoxy rings, and T 8.59 (singlet,

40H) assigned to the tert-butyl protons. The ir spectrum (KBr) showed
-1 -1carbonyl peaks at 1740 cm and 1730 cm (assigned to the ester, 

carbonyls).

Anal. Calcd for C, 76.57; H. 6.95.

Found: C, 76.08; H, 7.00.
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Attempted Polycortderisation.'bf Bis- 
'(2g6-di-^grt-butyl-4-carbdphenoxy- .. 
phenyl) 'Terephthalate -and- Resorcinol 
Usin# Tetraisopropyl Titanate

This procedure was similar to the one described by Sorenson

and Campbell (1968), The diphenyl ester (0.5 g, 0.0006 mol),

resorcinol (0.143 g, 0.0013 mol), and 0.5 ml of. benzene solution

containing tetraisopropyl titanate (0.068 g, 0.2 mol%) was added
to a tube along with 5.0 ml of benzene. The tube was sealed under

vacuum and placed in a vapor, bath at 197° for 24 hr. The resulting

orange mixture was freeze dried to remove the benzene. The powder

was then heated under vacuum, with good stirring, at 240° for 12 hr

and then at 315° for 15 hr. Some resorcinol distilled. The orange-

brown material was partly soluble in chloroform and this material

had mp 250-280°. The ir spectrum (KBr) of this material showed peaks
—1 —1 — 1at 2960 cm (tert-butyl groups), 1730 cm and 1705 cm (carbonyls

of almost equal intensity) 1230 cm \  1095 cm ^ and 1055 cm (ester

linkage). The red insoluble material did not melt under 400°. The
—1ir spectrum (KBr) of this material showed peaks at 2960 cm (tevt- . 

butyl); 1730 cm ^ (carbonyl) 1245 cm \  1170 cm ^ and 1095 cm ^ (ester 

linkage).

P-Phenylene Bis(3,5-di-fert-butyl- 
4-hydfoxybenzoate) (22) ,

Hydroquinone (0.6 g, 0.0054 mol) and 3,5-di-fert-butyl-4-

hydroxybenzoyl chloride (3.0 g, 0.0112 mol) were mixed well and

then placed in an oil bath at 120°. With good stirring the temperature
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was increased gradually to a maximum of 180° and'maintained at 

this temperature for 0.5 hr. After cooling the white material was 

ground into a powder and refluxed in sodium bicarbonate solution.

It was then rinsed with water and dried under vacuum. The powder 

was washed with chloroform and acetone.to give 2.9 g (96%) of white 

powder insoluble in chloroform, trichloroethylene, acetone, benzene, 

sym-tetrachloroethane, hexafluoroisopropanol, trifluoroacetic acid, 

and dimethylformamide. It was soluble in cone sulfuric acid and 

cone potassium hydroxide after heating. The ir spectrum showed 

peaks at 3600 cm (phenyl 0-H); 2960 (tart-butyl group); 1715 cm 

(ester carbonyl); 1215 cm \  1160 cm ^ and 1100 cm ^ (due to ester 

linkage).

Calcd for C, 75.18; H, 8.09.

Found: C, 75.32; H, 8.12.

M?-Phenylene Bis (3,5~di-^grt-butyl- 
4-hydroxybenzoate) (20)

Resorcinol (0.3 g? 0.9928 mol) and 3,5-di-tgrt-butyl-4-hydroxy

benzoyl chloride (1.5 g, 0.0056 mol) were mixed well in a three-necked

flask fitted with a nitrogen inlet, mechanical stirrer and a calcium

chloride tube. The flask was then placed in an oil bath set at 115°.

The mixture melted and the HC& was driven out by the nitrogen flow.

The bath temperature was gradually increased at 140° after 0.5 hr.

The solid which formed was stirred an additional 0.5 hr and was

taken up in 125 ml of chloroform. The material was washed with
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warm sodium bicarbonate solution and the chloroform solution was 

dried over sodium sulfate. The chloroform was removed under vacuum

and the remaining material was recrystallized from benzene and hexane
“

to give 1.4 g (87%) of ?M-phenylene bis(3,5-di-t2rt-butyl-4~hydroxy- 
benzoate) mp 204-205°. The nmr spectrum (CDC^) showed peaks centered 

at T 1.97 (singlet 4.4H) assigned to the aromatic protons of the 

benzene ring containing the free hydroxy.groups 5 T 2.60—2.98 (multiplet 
4H) assigned to the aromatic protons on the resorcinol ring, T 4.28 

(singlet 1.6H) assigned to the free phenoxy protons, and t 8.56 (singlet

40H) assigned to the tert-butyl protons. The ir (KBr) showed peaks
-1 -1 -1 at 3600 cm (phenolic OH), 2960 cm (tert-butyls), 1710 cm (ester

—1 —1 carbonyl), 1215 cm and 1125 cm (due to ester).

Anal. Calcd for G36H4606 : c » 75.18; H s 8.09. •

Found: C, 74.91; H, 8.20.

Polymerization of m-Phenylene Bis- 
(3,5-di-tert-butyl-4-hydroxybenzoate) 
and Phosgene

The diphenol (20) (1.0 g , 0.007 mol) and triethylenediamine 

(0.56 g, 0.005 mol) were dissolved in 30 ml of nitrobenzene. Phosgene 

(0.2 g, 0.0025 mol) in 50 ml of methylene chloride was added slowly 

to the solution with cooling. The mixture was stirred for 24 hr, 

filtered and the filtrate was poured into hexane. The polymer pre

cipitated to give 0.32 g (30%). This material had softening point 

185-200°. The nmr showed peaks at T 1.86 (broad singlet 4H) assigned 

to the protons attached to the aromatic ring with the tert-butyl



34
groups, T 2,80-2,90 (broad 5H) assigned to the'remaining aromatic 

protons and T 8,63 (singlet 48H) assigned to the tert-butyl proton. 

The ir spectrum (KBr) showed peaks at .2960 cm (tert-butyl group),

1770 cm ^ (small shoulder assigned to the carbonate carbonyl) 1730
"1 __2 __2 cm (ester carbonyl) and 1210 cm , 1120 cm and 1105 cm (ester

linkage). The inherent viscosity determined in chloroform was 0.11

(0.5%, 30°).

,3v5^Dieteyt-butyl-4-hydroxybenzoic 
Acid, Terephthaloyl Chloride and 

' Tfiethylamine in Trichloroethylene :

The desired product bis (2,6-di.-tez,t-butyl-4-carboxyphenyl)

terephthalate (25) was not obtained. The dimer (12) was isolated

from the reaction in 30% yield. Spectra, neutralization equivalent

and analyses all were in agreement for the dimer.

Methyl 3 ,5-Di-terf-butyl- 
hydroxybenzoate

This compound was prepared according to the procedure of

Mueller et al. (1961). It was obtained in 70% yield mp 167° [lit.

(Mueller et al. 1961) mp 161°].

Attempted Preparation of Bis- 
(2,6-di-fgrf-butyl-4-carbomethOxy- 
phenyl) Terephthalate (24) Using 
Trichloroethylene as Solvent

The preparation of (24) from methyl 3,5-di-ter*-butyl-4-

hydroxybenzoate, triethylenediamine and terephthaloyl chloride using

trichloroethylene as the solvent was not successful. Methyl 3,5-

di-tert-butyl-4-hydroxybenzoate was recovered in 92% yield.
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Bis (2,6-di^*2rt-biityl-4-carbo-: «
methoxyphenyl) Terephthalate'(24)

Methyl 395~di-*spt-butyl"-4-hydroxybenzoate (12.32 g ? 0.046 

mol) and triethylenediamine (8.96 g, 0.08 mol) were dissolved in 

70 ml of nitrobenzene. To this red solution was added terephthaloyl 

chloride (6.66.g, 0.022 mol) in 30 ml of nitrobenzene. The reaction 

mixture was stirred at room temperature for 24 hr and then at 45° 

for an additional 24 hr. Chloroform was added and the mixture was 

filtered. The filtrate was concentrated and poured into hexane to 

precipitate the crude product which was recrystallized from benzene- 

ligraine to give 11.2 g (78%) of bis(2,6-di-»t2rt-butyl-4-carbomethoxy- 

phenyl) terephthalate mp 287-290°. The nmr spectrum showed peaks 

centered at T 1.60 (singlet5 3.7H) assigned to the aromatic protons 

attached to the terephthalate ring; T 1.90 (singlet, 3.7H) assigned 

to the remaining aromatic protons; T 6.10 (singlet, 6H) assigned to 

the protons on the carbomethoxy group; T 8.62 (singlet 40H) assigned 

to the tart-butyl protons. The ir spectrum (KBr) showed peaks at

2950 cm 1 (tsrt-butyl group) 1750 cm ^ and 1725 cm ^ (due to the
—1 —1 —1 ester carbonyls) and 1220 cm , 1170 cm and 1060 cm (due to

ester linkage).

Anal. Calcd for C ^ H ^ O g :  C, 72.90; H, 7.65.

Found: C, 72.45; H, 7.49.
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Di-sodium -Salt of. Bis( 2 6-di-, 
tert-butyl-4-carboxyphetiyl)
Terephthalate

-This procedure was adopted from that of Tarbell, Wilson and

Fanta (1955) for the saponification of ethyl 3 s 5-dichloro-4-hydroxy-

benzoate. Bis(2,6-di-tert-butyl-4-carbomethoxyphenyl) terephthalate

(12o0 gs 0,018 mol) was refluxed in a solution of potassium hydroxide

(14,5 g, 0,21 mol), water (12 ml) and methanol (360 ml) for 6 hr.

The reaction.mixture was filtered and. poured into dilute hydrochloric

acid to give a white precipitate. The precipitate was filtered, dried

in a vacuum over and refluxed in a solution of sodium bicarbonate

(3.5 g, 0,04 mol), water (75 ml) and methanol (300 ml) for 2 hr. The

solution was filtered and concentrated to 150 ml to give a precipitate.

Recrystallization of the precipitate from methanol-ether gave 7,1 g

(60%) clear white crystals of di-sodium salt of (25), mp over 400°,

The ir spectrum (KBr) showed peaks at 3600-3100 cm ^ (broad peak)

2960 cm ^ (tevt-hutyl. group) , 1725 cm ^ (ester carbonyl) 1600 cm ^
—1 —1(carboxylate carbonyl) 1250 cm and 109.5 cm (due to ester linkage) „ 

Anal. Calcd for ^38^44^8^ 2: C, 67.61; H, 6.68.

Found: C, 67.72; H, 6.91.

Bis (2,6-dir-f grt-butyl-4- 
chlorocarboxyphenyl)
Terephthalate (26)

The di-sodium salt of bis (2, 6^di-tez’f-butyl-4-carboxyphenyl)

terephthalate (2.50 g, 0.0037 mol) was dried at 120* and 0.1 torr

for 3 hr. . The salt was then suspended in 40 ml of dry benzene.
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Freshly distilled oxalyl chloride (1.5 g, 0.012 mol) was mixed with 

30 ml of benzene and added to the benzene suspension at ice bath 

temperature. The reaction mixture was stirred for 12 hr and filtered. 

Benzene and excess oxalyl chloride were removed by freeze-drying to 

give 1.76 g (67.5%) of white diacid chloride (26), mp 300°. This 

was used as prepared without further purification. The nmr spectrum 

(CDC&g) showed peaks at T 1.60 (singlet, 4H) assigned to the aromatic 

protons on the terephthalate ring; T 1.78 (singlet, 4H) assigned to 

the remaining aromatic protons; and T 8.60 (singlet, 38H) assigned 

to the tert-butyl protons. This compound was refluxed in methanol 

and the nmr spectrum of the product and also the mp were identical 

to bis(2,6-di-tez,£-butyl-4~carbomethoxyphenyl) terephthalate.

3,5-Diisopropyl-4-hydroxybenzoic Acid ' (32)

This compound was prepared in 40% yield according to the 

procedure of Coffield et al. (1957).

Polymerization of 3,5-Diisopropyl- 
4-hydroxybenzoic Acid Using Trifluoro- 
acetic Anhydride

This procedure was adopted from Eareckson (1965) . 3,5-Di-

isopropyl-4-hydroxybenzoic acid (1.0 g, 0.0045 mol).and trifluoro- 

acetic anhydried (6.9 g, 0.033 mol) were heated in a sealed polymer

ization tube at 100° for 24 hr. The white polymer (0.87 g, 94%) 

obtained had a mp over 400*. The polymer was insoluble in all 

solvents except acids such as sulfuric or trifluoromethanesulfuric.
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”1The xr spectrum (KBr) showed peaks at 2965 cm -(isopropyl group)

— I __ I j
1735 cm (ester carbonyl); 1260 cm „ 1200 cm , 1150 cm and 

1120 cm""̂  (ester linkage) .

Anal. Calcd for Cc13H1602)n J 0, 76.44; H, 7.90 .

Found: C. 75.70; H, 7.73.

Attempted Polymerization of 3,5-Dl- 
^2rt-butyl-4-hydroxybenzoic■Acid (6) 
and 2,6-Di-fert-butyl-4-carboxyphenyl- 
3 1 < 5 ,.-di-ferf-butyl-4f -hydf oxybenzoate 
(12) Using Trifluoroacetlc Anhydride

Attempted polymerization of (6) and (12) according to the

procedure described for the polymerization of 3s5-diisopropyl-4-

hydroxybenzoic acid with trifluoroacetic anhydride was unsuccessful.

3 ,5-Diisopropyl-4-hydroxybenzoyl 
' Chloride (34)

Sodium 3,5-diisopropyl-4-hydroxybenzoate (5.64 g, 0.024 mol) 

was heated in vacuum at 120* for 3 hr and suspended in 75 ml of benzene. 

Oxalyl chloride (5.0 g, 0.04 mol) in 50 ml of benzene was added to 

the suspension at 0°. The reaction mixture was stirred for 12 hr, 

filtered and the benzene removed by freeze drying. The crude acid 

chloride was recrystallized from hexane to give (4.5 g, 77%) clear 

crystals mp 85*. The nmr spectrum showed peaks at T 2.2 (singlet,

1.9E) assigned to the aromatic protons, T 4.0 (broad single, 1H) 

assigned to the phenoxy proton; x 6.7-7.1 (septet, 2H) assigned to 

the methine protons; and x 8.70-8.82 (doublet, 15H) assigned to the 

methyl protons of the isopropyl group.
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w-Ptienylene Big (3,5-diisopfopyl-4- 
hydroxybenzoate)'(35)

Resorcinol (0.45 g, 0.0041 mol) and 3,5-diisopropyl-4- 

hydroxybenzoyl chloride (2.0 -g,- 0.0083 mol) were mixed, well and 

placed in an oil bath at 120°. The well-stirred melt turned into 

a sticky gum. After 45 min chloroform was added and the chloroform 

solution was washed with aqueous sodium bicarbonate and water, dried 

over sodium sulfate, and the solvent was removed under vacuum. The 

remaining material was recrystallized from benzene to give 1.1 g 
(52.5%) of white m-phenylene bis(3,5-diisopropyl-4-hydroxybenzoate), 

mp 219-220°. The nmr spectrum (CDCJ^) showed peaks at T 2.10 (singlet 

3.8H) assigned to the aromatic protons on the rings containing the 

isopropyl groups;T 2.60-2.66 (broad, 1H) assigned to the aromatic 

proton at the 2-position on the resorcinol ring; x 2.80-2.90 (broad 

3H) assigned to the remaining aromatic protons on the resorcinol ring; 

T 4.50-4.60 (broad singlet, 1.8H) assigned to the phenolic proton;

T 6.60 7.10 (multiplet, 3.8H).assigned to the methine proton of the 

isopropyl groups; T 8.66-8.80 (doublet 23.4H) assigned to the methyl 

"protons of the isopropyl group. The ir spectrum (KBr) showed peaks 

at 3450 cm (phenolic 0-H), 2950 cm and 2850 cm (isopropyl group) 

1705 cm (ester carbonyl); 1290 cm 1225 cm 1180 cm ^ and 1130 

cm (ester linkage) .

Anal, Calcd for C32H38°6 : c » 74.09; H, 7.38.

Found; C, 74.24;. H, 7.35.
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Solution'Polymerization °

The polymerizations were carried out' in flame dried 50 ml 

three-necked flask , equipped with a nitrogen inlet 9 mechanical 
stirrer and a calcium chloride tube. The diphenols were purified 

by recrystallizing at least 3 times from benzene-hexane» Isophthaloyl 

and terephthaloyl chloride were recrystallized 3 times from hexane 
and then sublimed„ Resorcinol was recrystallized 4 times from toluene. 

Triethylenediamine was recrystallized twice from ether and then 

sublimed'from potassium hydroxide. Triethylamine was refluxed over 

calcium hydride overnight, filtered and refluxed with 10% phenyl 
isocyanate, filtered and distilled from calcium hydride. Aluminum 

chloride was sublimed and tetraethyl ammonium chloride was recrystallized 

4 times from methanol.ether followed by drying in a vacuum desicator.

The nitrobenzene was washed with an equal volume of water and dried 

over calcium hydride. It was then distilled from twice at

atmospheric pressure and once under vacuum. It was stored in the dark 

over activated molecular sieves, and under a nitrogen atmosphere. The 

pr^Tzo-dichlorobenzene was distilled from B^O^ and stored over activated 

molecular sieves. Tetrahydrofuran was distilled twice from lithium 

aluminum hydride and stored over activated molecular sieves. Reagent 

grade chloroform was washed 3 times with an equal volume of water, 

dried over calcium chloride for 48 hr and finally distilled from 

calcium hydride. It was stored in the dark.



The polymerizations were usually run for 48 hrs. The 

polymers were precipitated by pouring into hexane and were repreci

pitated from chloroform solutions into methanol.

Inherent viscosities were taken on 0.5% solutions in chloro

form at 30% unless otherwise stated. Table III gives a list of 

polymers prepared.

In a typical polymerization, m-phenylene bis(3,5-di-tart- 

butyl-4-hydroxybenzoate) (l.Og, 0.00174 mol) and triethylenediamine 

(Q06g, 0.006 mol) were dissolved in 15-20 ml of nitrobenzene. 
Terephthaloyl chloride (0.353 g, 0.00174 mol) was dissolved in 15 

ml of nitrobenzene and added to the previous solution. After stirring 

at 25° for 24 hr, the reaction was stirred an additional 24 hr at 45°. 

Chloroform was then added to the viscous solution and the solution 

was filtered. The filtrate was poured into hexane to give a course 

white precipitate. The precipitate was washed with water and methanol 

Redissolving and precipitation into methanol gave 0.9 g (75%) of white 

polymer (sp 330-360% . " The polymer was soluble in chloroform, hot 

nitrobenzene, hot o-dichlorobenzene and trichloroethylene. The 

inherent viscosity determined in chloroform was 0.40 (0.5%, 25°). 

Brittle films were cast from chloroform. The nmr spectrum (CDCjl̂ ) 

showed peaks at T 1.50 (broad 3H) assigned to the aromatic protons 

on the terephthalate ring; T 1.73 (broad, 3.5H) assigned to the 

aromatic protons attached to the rings containing the tert-butyl 

groups; T 2.47 (broad, 1H) assigned to the proton in the 2-position
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on the resorcinol ring; T 2.73 (broad, 3H) assigned to the remaining 

aromatic protons on the resorcinol ring; and T 8.60 (singlet, 34H) 

assigned to the tert-butyl protons. The ir spectrum (KBr) showed 

peaks at 2960 cm (tert-butyl group) 1735 cm (ester carbonyls),

1210 cm \  1100 cm and 1060 cm (ester linkage) .

Anal. Calcd for (C^^gOg)^: C, 74.90; H, 6.88.
Found: C, 74.31; H, 6.99.

Interfacial Polymerizations

The procedure for these polymerizations were similar to those 

described by Eareckson (1959). A Waring blendor was used. Resorcinol 

was purified as described in the solution polymerization section. 

Hydroquinone was purified by recrystallizlng 4 times from deoxygenated 

water. The acid chlorides were purified as described in.the solution 

polymerization section or used directly as prepared. The detergent 

was sodium lauryl sulfate, used at 10% w/w based on acid chloride.
The accelerator (tetra M-butylammonium iodide, used at 30% w/w based 

on acid chloride) was purified by recrystallizlng 3 times from 

methanol-ether. The chloroform was purified as described in the 

solution polymerizations section. Deoxygenated water was used and 

a dash of sodium hydrosulfite was used as an antioxidant. The 

sodium hydroxide was added as a standarized solution. The polymeri

zations were carried out for 10 to 50 min. Chloroform was added 

at the end of the reaction and the mixture was poured into acetone • 

to precipitate the polymer. The polymers were then redissolved in 

chloroform and precipitated into methanol.
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In a typical interfacial polymerization3 bis(2 9 G-di-tert-butyl-
4-chlorocarboxyphenyl) terephthalate (1.73 g5 0.0026 mol) dissolved 

in 10-15 ml of chloroform was added quickly to the high-speed blendor 

containing resorcinol (0.286 g, 0.0026 mol), detergent (0.17 g), a 

dash of sodium hydrosulfite and sodium hydroxide (0.208 g, 0.0052 mol) 

dissolved in 35-40 ml of water. After one or two minutes, the tetra- 

n-butyl ammonium iodide (0.16 g) was added along with 5.0 ml of water. 

The reaction was stirred at maxiumum speed for 10 min. After this 

time, .10 ml of chloroform was added. At  ̂the end of 15 min, the 

mixture was poured into 600 ml of acetone to give white strands of 

polymer. Redissolving in trichloroethylene and precipitation into 

methanol gave 1.69 g (92.5%) of polymer (sp 330-360°). The polymer 

was soluble in chloroform and trichloroethylene. The inherent 

viscosity determined in trichloroethylene was 1.05 (0.5% cone, 30°). 

Flexible, creasable films could be casted from trichloroethylene.

The nmr and ir spectra were identical to those of the polymer 

described in the solution polymerizations section.

AnaZ. Calcd for (€44^ 202)^: C, 74.90; H, 6.88.
Found: C, 74.83; R, 6.89.



PART II
CATALYTIC ACTIVITY OF POLYVINYLTHIAZOLES
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INTRODUCTION

Thiamine pyrophosphate (1) is a coenzyme for a number of 

reactions.

CH

JO' 2" CH.

CH N NH2
N- OH

CH; CH:

OH

(1)
OP 0 P-i s

For example, (1) catalyzes the acyloin condensation.

OH 0

- 1 . 6.2 RCHO  Thiamine. ̂  r - cti - C - R

A number of thiamine dependent nonenzymic reactions which are 

closely similar to the enzymatic process have been discovered 

and the mechanism of this process has been elaborated by Breslow 

(1957, 1958) and Breslow and McNellis(1959) with the discovery 

that the hydrogen at the 2-position of the thiazolium ring 
exchanges with deuterium oxide to neutral pH. The generally 

accepted sequence of events is shown in Scheme I.

45
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SCHEME I

R CHO

R ’CHO

H—  jJ— 0 
R'



Breslow and McNeills (1959) have shown in the case of the

acetoin condensation, 3-benzyl-2-(1-hydroxyethyl)-4-methylthiazolium 

bromide (3) is more reactive than 3-benzyl-4-methylthiazolium 

bromide (4). However, (4) was not as effective as thiamine, and 

therefore steps C, D and E (Scheme I) are probably important in 

determining the rate of reaction.

related to the catalytic activity of thiazolium salts. Sheehan and 

Hunneman (1966) prepared optically active benzoin from benzaldehyde 

using a thiazolium salt catalyst (5) containing an optically active 

side chain.

3
OH

(3) (4)

A number of other groups have been active in research

Br
CH3
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Lienhard (1966), Bruice and Kundu (1966), Daigo and Reed 

(1962), and White and Ingraham (1962) have studied various aspects 

of the preparation, reactions and kinetics of solvolyses of 

certain reactive 2-acylthialolium salts which are proposed inter
mediates in the phosphoketolase reaction. Eyles, Sykes and Downes 

(1965) have prepared a number of possibly active thiazolium inter

mediates for acyloin condensations.

■ The examination of the catalytic activity of polymers con

taining recurring partially quaternized thiazole units was of 

interest to determine if there was any enhanced reactivity due to 

the polymeric structure. The presence of a high concentration of 

basic unquaternized thiazole rings in the vicinity of the polymer 

coil could facilitate steps A, F and E by internal proton removal, 

just as the. presence of the amino group on the pyrimidine ring in 

thiamine may be responsible for the enhanced reactivity of thiamine 

relative to simple model compounds (Breslow and McNellis, 1959). 

Mulvaney and Schilling (1968) have reported preliminary results on 

the catalytic activity of quaternized polyvinylthiazoles. Morawetz 

(1970) has reviewed some of the reactions catalyzed by polymers and 

has studied the effect of polymer conformation on reactivity. 

Overberger, and Salamone (1969) have reviewed the literature bn 

polymeric catalysts and have also described the esterolytic 

reactions catalyzed by synthetic, imidazole-containing polymers.



49

RESULTS AND DISCUSSION

Mulvaney and Schilling (1968) have shown that partially 

quaternized poly-4-methyl-5-vinylthiazole (6) is a better catalyst 

for a furoin condensation than monomeric thiazolium salts (Table IV) . 

We have also investigated the catalytic activity of partially 

quaternized poly-4-methyl-5-vinylthiazole (6) and compared its 

catalytic activity to monomeric thiazolium salts and monomeric models 

of the polymer. ,

synthesized quite easily (Scheme II) and it is unsubstituted at the 

reactive 2-position of the thiazole ring (Breslow, 1957, 1958).

Poly-4-methyl-5-vinylthiazole was studied because it can be

SCHEME II+
NH CA

+

2 2

KOH 
heat 
30 atm

(7)



TABLE.IV

Results - of Furoin Test: Mulvaney and Schilling3
(In Methanol Containing.2.00 M Furfural and .0,020.Thiazolium Salt a t .50°)

Run no. Catalyst b '[tea] mol/1 Time 
(hr)

Yield of 
Furion %

Mol
per
ium

of Furoin 
mol Thiazol- 
unit

1C Copolymer of 4-vinylthiazole and 3-methyl-4- 
vinylthiazolium iodide 0.050 24 33+3 17

2 3-Methyl-4-isopropenyl-thiazolium iodide 0.050 24 26+1 13

3 3-Methyl-4-(l-benzoxy-ethyl)thiazolium iodide 0.050 24 42+2 22
4 3-AllyIthiazolium bromide 0.050 24 37+5 19

5 3-Benzyl-4-methyl-thiazolium bromide 0.050 24 24+2 13

6 Thiamine chloride hydrochloride 0.050 24 5.7+0.6 2.9

7d Copolymer of 4-methyl-5-vinylthiazole and 3,4- 
dimethyl-5-vinylthiazolium iodide 0.050 24 72+1 37

a Work done in 1968. 
b tea is triethanolamine 
c 42 mol % quaternized 
d 78 mol % quaternized
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Polymerization of (7) with azobisisobutylronitrile in bulk gave 

polymers in approximately 25% conversion with inherent viscosities 

of 0.034 (0.5%, 30°) (DMSO) and 0.33 (0.5%, 30°) (chloroform).

The polymers were quaternized by refluxing in methyl iodide. 

The degree of quaternization of the polymers was calculated from 

elemental analysis.

CH CHChloroform

CHI

(6)

The catalytic activity of the partially quaternized polymer 

(6) was examined in the furoin condensation.

Results are presented in Table y, and reveal that the copolymer based 

on 4-vinylthiazole and 3-methyl-4-vinylthiazolium iodide was not 

much different in activity than monomeric thiazolium compounds.

The copolymer based on 4-methy1-5-vinylthiazole and 3,4-dimethyl-

5-vinylthiazolium iodide (6) is by far the best catalyst. The 

degree of quaternization of (6) did not seem to effect the activity



TABLE V

Results of Furoin Test: Present Research
(In Methanol Containing 2.00 M. -Furfural and 0.020 Thiazolium Salt at 50°)

Run No. ,Catalyst [tea] mol/1 Time 
(hr)

Yield o f . 
Furoin %

Mol
per
ium

of Furoin 
mol Thiazol- 
unit

8 3 ,4-Dimethylthiazolium iodide 0.050 24 37±2 19

9 3,4-Dimethy1-5(2-acetoxyethyl) thiazolium iodide 0.050 24 33+3 17

10 3,4-Dimethyl-5(2-acetoxyethyl) thiazolium iodide 0.050 1 4.8 , 2.5

11 Copolymer 4-methyl-5-vinylthiazole and 3,4-di^ 
methyl-5-vinylthiazolium iodide 0.050 24 93+0.2 46

12 Copolymer 4-methyl-4-vinylthiazole and 3,4-di- 
methyl-5-vinylthiazolium iodide . 0.050 24 93+0.2 46

13 Copolymer 4-methyl-4-vinylthiazole and 3,4-di 
methyl-5-vinylthiazolium iodide 0.050 1 27.8 14

14 . Copolymer 4-methyl-5-vinylthiazole and 3,4-di
me thyl-5-vinyl thiazolium iodide 0.050 16 93 46

15 Copolymer 4-methyl-5-vinylthiazole and 3,4-di
me thy 1-5-vinyl thiazolium iodide 0.050 24 ■ 0.0 0.0

16 4-Methyl-5-ethylthiazole and 3,4-dimethy1-5- 
ethyl thiazolium iodide 0.050 . 24 54±2 27

17 None 0.050 24 0.0 0.0
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of the copolymer (compare run 11 with 12). The amount of furoin 

produced after one hour by (6) was almost as much as the amount 
produced by monomeric thiazolium compound after 24 hr.

The great difference between run 11 and 16 shows that there

is a polymeric effect on the activity. No furoin is formed in the 

absence of triethanolamine which indicates that the unquaternized 

thiazole units in the copolymer (6) are not basic enough to form 
ylid (2) (Scheme I) to a sufficient extent. The enhancement of 

activity may result from neighboring thiazole units assisting in 

later steps of the reaction such as F and E (Scheme I) by internal 

proton removal.

It was of interest to see if we could incorporate a stronger

basic unit in copolymer (6) and test to see if furoin could be formed 
in the absence of outside base. 3 ,4-Dimethyl-5-vinylthiazolium iodide 

(8) was prepared in 35% yield by refluxing (7) with methyl iodide in 

ethanol.

CH„ I

3

(8)

MuIvaney and Schilling (1968) have reported that polymeric material 

was obtained when quaternization of 4-vinylthiazole was attempted.
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Attempted radical copolymerization of (8) with 2-methyl-5-vinyl- 
pyridine was unsuccessful as was the attempted homopolymerization 

of (8) .
Sheehan and Hunneman (1966) have reported the formation 

of optically active benzoin from benzaldehyde by using the optical 

active thiazolium catalyst (9).

Br"■CH CH2C

0

(9)

The first fraction of benzoin was obtained in about 0.77% optical 

purity.

It was of interest to determine the activity of partially 

quaternized polyvinylthiazole containing an optically active site.

8-&-Menthoxyethyl tosylate (10) was synthesized as outlined 
below and continued on the following page.

Na ->Toluene '
OH QNa

LiAlH.4
COOH
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Pyridine

Compound (IQ) ( -  55.1) was refluxed in chloroform 

with poly-4-methy1-5-vinylthiazole to give copolymer (11) with a 

degree of quaternization of 15% and [ a ] - 9.77 (c. 1.32, methanol). 
Polymer (11) was used as a catalyst in the benzoin formation 

according to the procedure of Sheehan and Hunneman (1966). Benzoin 

with an optical purity + 2.1 (c. 0.3 chloroform) (optical

purity 0.77%) was produced. Further purification did not increase 

the rotation. Control test using non-optically active polymer (6) 
gave benzoin which was not optically active. Our catalyst (11) might 

not be expected to be as good an asymmetric catalyst as (9) since 

the optically active site is further removed from the reaction site.
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CH., / X  CH

CH2
f a

/ °

(ii)

Further work with a catalyst having the optically active 

site closer to the reaction center would be of interest.



EXPERIMENTAL

Melting points were determined on a Fisher-Johns melting 

point apparatus and are uncorrected. Nuclear magnetic resonance 

(nmr) spectra were determined on either a Varian Model A-60 spectro

meter at 60 MHz or a Varian Model HA-100 spectrometer at 100 MHz 

using tetramethylsilane as an external or internal standard. Nmr 

spectra are presented in tau (t) units5 with peak description and 
integration in parentheses followed by assignment. The solvent 

used is also presented in parentheses preceding the T values. 

Infrared (ir) spectra were taken with either a Perkin-Elmer Infra

cord or a Perkin-Elmer Model 337. A polystyrene film was used to 

calibrate the instruments. Viscosities were determined at 30° 

using Cannon-Fenske viscometers. Optical rotations were determined 

on a Cary 60 recording spectropolarimeter and concentrations (c) 

are given in g per 100 ml of solvent.
Microanalyses were performed by either the Micro-Tech 

Laboratories, Skokies Illinois, or the Huffman Laboratories, 

Wheatridge, Colorado.

'4-Methyl-5~(2-hydroxyethyl)thiazole

Thiamine chloride hydrochloride was cleaved by sodium 

sulfite according to the method of Williams et al. (1935). The

hydrochloride (126 g, 0.374 mol) was added to a solution of sodium

■



sulfite (240 g ,1.9 mol) in 1600 ml of distilled water. The pH 

was decreased to approximately 5.0 by bubbling sulfur dioxide into 
the solution and the solution was stirred overnight. The white 

precipitate was filtered and the aqueous solution made basic with 

50% sodium hydroxide solution and saturated with sodium chloride 

followed by extraction 5 times with 700 ml portions of chloroform.

Solvent removal and vacuum distillation gave 43.7 g (82.0%) of
' ■ 264-methyl~5-(2~hydroxyethyl)thiazole5 bp 88° (0.3 torr), n^ 1.5475,

25[lit. (Williams . et al. 1935) bp 93-95° (2.0 torr), n^ 1.5475].

The nmr and ir spectra were consistent with the expected structure.

’4-Methyl~4-(2-acetoxyethy1)thiazole
. This compound was prepared is 62.5% yield according to the 

method of Thiel, Asinger and Stengler (1958). The bp was 85-89°

(0.5 torr) [lit. (Thiel, Asinger and Stengler, 1958) bp 117-118°

(6.0 torr)].

3,4-Dimethyl-5-(2-acetoxyethyl)- . . 
thiazolium Iodide

4-Methyl-5-(2-acetoxyethyl)thiazole (10.0 g, 0.054 mol)
was refluxed in methyl iodide (20 g, 0.15 mol) for 24 hr. The

yellow precipitate was filtered, washed with ether and recrystallized

from methanol-ether to give 12.4 g (71%) of 3,4-dimethyl-5-(2-
acetoxyethyl)thiazolium iodide, mp 138-139°. The nmr and ir spectra 

were consistent with the expected structure.
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4-Hethyl^5^-vinylthiazole

This compound was prepared according to the procedure of

Bachman and Hersey (1949). It was obtained in 41% yield, bp 45-47°
26(4.0 torr), n^ 1.5644 [lit. (Bachman and Hersey, 1949) bp 66° (10

torr) n ^  1.5621].
v

'3,4-Dimetbyl-5-Vinylthiazolium Iodide

4-Methyl~5-vinylthiazole (2.0 g5 0.016 mol) and methyl 

iodide (6.82 g 3 0.048 mol) were refluxed in 15 ml of absolute 
enthanol for 24 hr. Ether was added to the brown solution to give 

a brown precipitate which was collected on a filter and recrystallized 

twice from n-propyl alcohol ether to give 1,5 g (35%) of 3,4-dimethyl-

5-vinylthiazolium iodide, mp 131-133°« The nmr and ir spectra were 

consistent with the. structure expected.

Calcd for CyH^N S I: C, 31.47; H, 3.77; I, 47.50.

Found: C, 31.69; H, 3.95; I, 47.70.

'Thieformamide

The procedure of Erlenmeyer and Menzi (1948) was used with 

the exception that the supernatant ethyl ether layer was exchanged 

periodically with fresh anhydrous ethyl ether. This resulted in 

an improvement of the yield from 24 to 35%,

'3-Bromo-2-pentanone

This compound was prepared according to the procedure of 

Catch, Hey and Jones 0-948). Distillation using a spinning band
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26column gave 33% of 3-^romo-2-pentanone, bp 65° (45 torr) 1.4581,

00
[lit. (Catch, Hey and Jones, 1948) bp 78° (50 torr), n 1.4563].■L)

4~Methyl~5~ethylthiazole.

•This compound was synthesized by a method similar to that 

used by Buchman and Richardson (1945). 3-Bromo-2~pentanone (26.5 g 5 
0.163 mol) and thioformamide (19.5 g, 0.32 mol) were stirred in 400 ’• 

ml of ethyl ether at ice bath temperature for 4 days. Dilute HC&

(200 ml) was added and the layers separated. The aqueous layer was 

washed with ether, made basic with sodium hydroxide and extracted 

with ether, made basic with sodium hydroxide and extracted with 

ethyl ether o The ether solution was dried over sodium carbonate, 

solvent was removed under vacuum and the residue was distilled to 

give 13.4 g (65%) of 4-methyl-5-ethylthiazole, bp 67-68° (11 torr), 
nD^ 1-5100 [lit. (Buchman and Richardson, 1945) bp 78-79° (25 torr)]. 

The nmr and ir spectra were consistent with the structure expected.

3",4-Dimethyl-'5-ethylthiazolium Iodide

4-Methyl-5-ethylthiazole (13.4 g, 0.105 mol) and methyl 

iodide (28.4 g, 0.2 mol) were refluxed in 75 ml of ether for 24 hr.
The white crystals were filtered and recrystallized twice from 

methanol and ether to give 14.39 g (68%) of 3,4-dimethyl-5-ethyl- 
thiazolium iodide, mp 132-133° [lit. (Buchman and Richardson, 1945) 

130.5-131.5°]. Nmr and ir spectra were consistent with the 

structure expected.



Poly-4-methy1~ 5-viny11hia zd1e

Freshly distilled 4-methyl-5-vinylthiazole (9.7 g, 0,077
o

mol) and azob1sisobutyronltr11e (0.0127 g, 0.077 x 10 mol) were

mixed in a flask and degassed by 3 freeze-thaw cycles. The flask 

was stirred at 71° for 66 hrs. The clear yellow polymer was dis

solved in chloroform and precipitated into hexane to give 2.5 g 

(25.6%) of white polymer, mp 150-180°, inherent viscosity (chloro

form), 0.33 (0.5%, 30°). Nmr and ir spectra were consistent with 

expected structure. In another polymerization, using the same 

conditions except for a higher azobisisobutyronitrile concentration 

a polymer with inherent viscosity (DMSO) 0.034 (0.5%, 30°) was 

produced.

Anal. Calcd for (C^NS)^: C, 57.60; H, 5.60.

Found: C, 57.56; H, 5.62.

Copolymer of 4-Methyl-5-vinyl- 
thiazole and 3,4-Dimethyl-5- 
vinylthiazolium Iodide

Poly(4-methy1-5-vinylthiazole) (0.68 g, 0.0054 mol) with 

inherent viscosity 0.034, was dissolved in 10 ml of chloroform 

and methyl iodide (7.0 g, 0.05 mol) was added. The mixture was 

heated at reflux for 12 hr and the solid product collected, ground, 
washed with chloroform and ethyl ether and vacuum dried. The 

degree of quaternization was calculated to be 78.0%.

Anal. Found: I, 42.18; 41.94%.
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In a similar reaction poly(4-methyl-5-vinylthiazole) with 

inherent viscosity 0.33, was treated with methyl.iodide for 24 hr 

to give a polymer with a degree of quaternization calculated to be 89%.

Anal. Found: I, 45.01; 44.95%.

Attempted Copolymer1zat1on of.2- 
Methyl-5-vinylpyfidine and 3,4-Di- 
methyl-5-vinylthiazdlium Iodide

2-Methyl-5-vinylpyridine (3.474 g, 0.0282 mol), 3 ,4-dimethyl-

5-vinylthiazolium iodide (2.49 g, 0.0094 mol), benzoyl peroxide 

(0.020 g, 0.9 x 10 mol) and 15 ml of methanol were degassed by 

3 freeze--thaw cycles and placed in an oil bath at 93° for 5 hr.

The black reaction mixture was poured into 200 ml of ether to give 
a black.oil. The ether was decanted, evaporated and the residue 

was distilled to give some 4-methyl-5-vinylthiazole» The black oil 

was not characterized. '

Attempted Polymerization of 3,4- 
Dimethyl-5-vinylthiazolium Iodide

The procedure of Price and Duling (1962) for the polymeri

zation of il^-vinylpyridinium salts was followed. 3,4-Dimethyl-5- 

vinylthiazolium iodide (1.034 g, 0.0039 mol) 10 ml of 99.7% acetic 

acid, 0.5 ml water and azobisisobutyronitrile (0.0368 g, 2.2 x 10  ̂

mol) were degassed by 3 freeze-thaw cycles and then placed in an 
oil bath at 61° for 41 hr. The black oil was taken up in methanol 

and poured into ether but only the original oil was recovered.
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^"-Meiithoxyacetic Acid

This compound was prepared in 89% yield according to the 

procedure of Leffeler and Calkins (1955)e The product has bp 123°

(0.2 torr) [lite (Leffeler and Calkins, 1955) bp 134-137° (2.0 torr)].

' 3~&-Menthoxyethanol

This compound was prepared according to the procedure of 

Glazer, Harris .and Turner (1950). It was obtained in 87% yield, bp 

99° (1.2 torr) -85.4 (c 0.96, acetone) {lit. (elazer^ Harris

...and: Turner, 1950) bp 100-101° (3.5 torr), [a]^.^ -18.29 in a 2 dm 
■ tube}. The nmr spectrum (002^) showed peaks at t 6.36-6.75 (multiplet, 

4.8H) assigned to the methine hydrogen attached to the same carbon as 

an oxygen and to the methylenes between the oxygens; T 7.00 center 

(broad, 1H) assigned to alcohol proton; T 7.75-8.06 (broad multiplet, 

2.6H) assigned to the remaining 3 methine protons; T 8.30-8.42 (broad 

doublet, 2H) assigned to the ring methylene adjacent to the carbon 

attached to oxygen; T 8.80-8.90 (broad doublet, 4H) assigned to the 

2 remaining ring methylenes; and T 9.00-9.28 (multiplet, 9.6H) 

assigned to the 3 methyl groups.

' ' (3-2-Menthoxyethyl Tosylate

' This compound was prepared according to a procedure described 

by Tips on (1944) . (3-2-Methoxyethanol (50 g, 0.25 mol) and pyridine 

C79 g, 1.0 mol) were cooled to 10° while powdered p-toluene sulfonyl 

chloride (53 g, 0.275 mol) was added. The reaction mixture was
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stirred for 3 hr in an ice bath and-17 hr at 25*. Hydrochloric

acid (150 ml) in 500 ml ice water was added and the mixture was

extracted with 500 ml of ethyl ether. The ether solution was

washed with water, dried over magnesium sulfate and the ether was

evaporated. The remaining pale yellow oil was taken up in 200 ml

of dry hexane, stirred with charcoal and filtered through anhydrous

sodium sulfate. The hexane solution was cooled slowly to -70* to

give a white paste. The hexane was decanted and the procedure was

repeated twice before the remaining oil was dried under vacuum to

remove the last trace of hexane. The yield of product was 70.8 g 
25(80%), -55.1 (c 0.8, acetone). The nmr and ir spectra

were consistent with the expected product.

Calcd for C, 64,30; H, 8.53; S, 9.05.

Found: C, 64.14; H, 8.30; S, 8.76.

Partial Quaternization' of Poly- 
(4-methyl-5~vinylthiaz6le) With 
'3-&-Menthoxyethyl Tbgylate

Poly(4-methy1-5-vinylthiazole) (0.6 g , 0.005 mol) with an

inherent viscosity (chloroform) of 0.33 (0,5%, 30*) and $-&~menthoxy-

ethyl tosylate (17.0 g, 0.05 mol) were stirred in 30 ml of chloroform

at 65* for 3 days. The gum that resulted was dissolved in methanol

and precipitated by pouring into ether to give 0.4 g of white polymer
26with. inherent viscosity (chloroform) 0.24 (0.5%, 30*), M ^ g g g  -9 .77 

(c 1.32, methanol). The nmr (CHCJ^) indicated that some quaterni

zation had occurred. The degree of quaternization was calculated
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to be 15,2%.

Found: N, 7,96, 7.71%; S, 20.76, 20.72.

Furoin Test

The procedure described by Mulvaney and Schilling (1968) 

was used.

Benzoin Test

The procedure described by Sheehan and Hunneman (1966) 

was used.
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