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Oligomers and Polymers of Polyethers and Polyformals 

A.S. Hay, F.J. Williams, H.M. Relles, and B.M. Boulette 

General Electric Co., Corporate Research & Development 
P.O. Box 8, Schenectady, New York 12301 

ABSTRACT 

Linear high molecular weight aromatic polyformals are readily 
obtained from biphenols and excess methylene chloride with solid 
sodium hydroxide or potassium hydroxide in the presence of a 
phase transfer catalyst or an aprotic dipolar solvent. By control 
of the stoichiometry bifunctional oligomers can be obtained which 
can subsequently be incorporated into a variety of block copolymers. 

INTRODUCTION 

Dehmlow and Schmidt'') found that methylene chloride would 

react with phenols or alcohols in the presence of solid KOH and a 

phase transfer catalyst (e.g. methyltricaprylyl ammonium chloride) 

to yield formals (I;R=Ary1 or Alkyl) as products. Yields of 

80-97% were 
2 ROH + CH2C12 ROCH20R 

obtained at room temperature when the reactions were run overnight 

i n  methylene chloride as solvent. The intermediate chloroethers 

(11). 

ROCH2C1 

I1 
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1066 HAY ET AL. 

were apparent ly  p r e s e n t  only i n  v e r y  s m a l l  amounts e a r l y  i n  t h e  

r e a c t i o n  which i n d i c a t e s  t h a t  they  are cons iderably  more reactive 

toward n u c l e o p h i l i c  s u b s t i t u t i o n  t h a n  methylene c h l o r i d e  and a l s o  

e x p l a i n s  why methylene c h l o r i d e  can be  used as both  r e a c t a n t  and 

s o l v e n t .  Alcohols are cons iderably  less r e a c t i v e ,  however, when 

t h e  r e a c t i o n s  are c a r r i e d  o u t  a t  t h e  temperature  of r e f l u x  f o r  

extended t i m e s ,  good y i e l d s  of t h e  formals  are obta ined .  

Earlier, McKillop, Fiaud & Hug,") i n  a t t e m p t i n g  t o  a l k y l a t e  

p-t-butylphenol w i t h  benzyl  c h l o r i d e  under phase t r a n s f e r  

condi t ions  had unexpectedly obta ined  as t h e  major product  

di-p-t-butylphenoxymethane. The expected benzyl  e t h e r  w a s  o b t a i n e d  

o n l y  i f  s t o i c h i o m e t r i c  amounts of t h e  q u a t e r n a r y  ammonium sal t  w e r e  

used. 

@OH + CH2X2 @ O - C t i z - O a  

HO-Ar-OH + CH2Xz -> 
111 

It appeared probable  that  by the use  of b i s p h e n o l s ,  under t h e  

condi t ions  descr ibed  by Dehmlow, l i n e a r  a romat ic  polyformals  (111) 

could be  synthes ized .  

Low molecular  weight  a romat ic  polyformals  have previous ly  been 
synthes ized  by Barclay ( 3 )  . 

I V  
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POLYETHERS AND POLYFORMALS 1067 

He found that oligomers (V: dp %17) were obtained when the disodium 
salt of bisphenol-A ( I V )  was reacted with bromochloromethane in DMSO 
solvent at elevated temperatures (up to 15OOC). The oligomers are 

hydroxyl terminated and high molecular weight formal carbonate 

copolymers ( V L )  can be obtained by reaction with phosgene and base. 

V I  

Polymerization of Bisphenol-A with Methylene Chloride 

When bisphenol-A is reacted with methylene chloride and excess 

potassium hydroxide pellets in the presence of monomethyltricaprylyl 

ammonium chloride (Aliquat 336) in methylene chloride as solvent 
a thick, pasty, precipate of the dipotassium salt is first obtained 

which gradually disappears over an 18 hour period leaving a viscous 
solution containing a precipitate of potassium chloride and excess 

potassium hydroxide. 

in chloroform at 25"C, is isolated by precipitation into 

methanol . 

A 49% yield of polymer (VII), (nl=0.31 dec./g 

( 4 )  

The structure of the polymer is confirmed by Proton and 13C-NMR. 

V I I  
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1068 HAY ET AL. 

In Table I we see that by raising the temperature to 35°C 
somewhat higher yields of a higher molecular weight polymer are 

formed. When a mixed solvent of methylene chloride and chlorobenzene 

is used the reaction can conveniently be performed at 75OC and much 

higher yields are obtained. If even higher temperatures are used 
lower yields and lower molecular weight polymers are obtained 

presumably because of decomposition of the phase transfer catalyst. 

If a dipolar aprotic solvent such as N-methylpyrrolidone as a 
cosolvent with methylene chloride is used in the absence of a phase 

transfer catalyst the reaction is much faster and high yields are 

obtained. The optimum reaction temperature is about 70'C. In 
these cases it is also necessary t o  add a monofunctional phenol as 

a chain stopper to limit the molecular weight obtained. Similar 

results are obtained with sodium hydroxide. 

When these isolated polymers are compression molded the 

molded pieces are hazy indicating the presence of some crystalline 

material. Subsequent analysis of the mother liquors obtained after 

precipitation of the polymer in methanol indicated the presence of 

low molecularlar weight products which were identified by mass 

spectrometry and 13C-NMR as principally the cyclic dimer and 
trimer (VLII;n=l,Z). 

V I I I  

By gradient elution liquid chromatography all the cyclic oligomers 

can be identified (Fig. 1) and if a chromatogram of a reaction 
.mixture is taken in the early stages of a polymerization it shows, 
in addition, the presence of linear oligomers and cyclic oligomers 

(Fig. 2 ) .  
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1070 HAY ET AL. 
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Fig. 1 

Under the conditions of the polymerization reaction the formal 

linkage has been shown to be stable hence the cyclic oligomers 

that are formed initially persist. The initial formation of the 

insoluble disodium o r  dipotassium salts apparently creates 

essentially the conditions for a high dilution reaction which 

favors cyclic formation, Higher temperature, higher concentration 

of phase transfe catalyst or the use of a more polar solvent 

minimizes, but does not eliminate, the formation of cyclic oligomers 

The properties of the polyformal of bisphenol-A are shown in 
Table 11. 

Compression or injection molded pieces of the polymer are 
tough and transparent, comparable in many properties to the 

corresponding polycarbonate but with a much lower glass transition 

temper at ur e . 
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POLYETHERS AND POLYFORMALS 1071 

BPA 

C2 = CYCLIC DlMER 

L2 = LINEAR DlMER 

L-2 Cg = CYCLIC TRIMER I 
ETC. 
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F i g .  2 

TABLE I1 

BPA POLYCARBONATE VS. BPA POLYFORMAL 

S p e c i f i c  Gravi ty  (g /cc)  

Tg ( " C )  

Oxygen Index 

Y i e l d  S t r e s s  ( p s i )  

F l e x u r a l  Modulus ( p s i  x 10 ) 
3 F l e x u r a l  S t r e n g t h  ( p s i  x 10 ) 

% Elongat ion  

Gardner Impact ( f t  l b s )  

Notched Izod Impact 
( f t  l b s / i n  notch)  

3 

Polyformal  

1.10 

94 

20 

7100 

370 

1 2  

80 

>320 

1 

Polycarbonate  

1.20 

149 

27 

9400 

335 

14.4 

110 

> 320 

1 6  
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1072 HAY ET AL. 

Synthesis of Other Polyformals 
A large number of other polyformals have been synthesized 

(Table 111) and in general the glass transition temperatures 

are 40-60’C lower then the corresponding polycarbonate. In  the 

preparation of polymers from less reactive bisphenols, such as 

4,4’dihydroxydiphenylsulfone, the use of methylene bromide rather 

than methylene chloride is advantageous. 

The influence of ring substituents on the properties of the 

polyformals was a l so  studied. The introduction of one methyl 

substituent (Table IV) on the aromatic ring has little effect on 

the glass transition temperature and the introduction of two 

substituents in two cases gives a modest increase in Tg and in one 

case a modest decrease in Tg. By contrast, the polycarbonate from 

the tetramethyl derivative of BPA has a T 
over 50’C above that of the unsubstituted polymer. 

The polycarbonate prepared from l,l-dichloro-2,2-bis(4-hydroxy- 

o€ 2 0 3 O C ,  an increase of 
g 

pheny1)ethylene (IX) has properties very similar to BPA polycarbonate 

c?? 
I X  

except that it has a very high oxygen index of 57 and is  an 

excellent char former. The monomer is prepared by acid-catalyzed 

condensation of chloral with phenol and subsequent dehydrohalo- 

genation of the intermediate bisphenol (X) , 

O t i  

2 6 + CC13CHO 
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POLYETHERS AND POLYFORMALS 

TABLE I 1 1  

Aromat i c P o l  y f  o rmal  s 

Ho%-@oH 

.71 

1.48 

0.47 

0.47 

0.48 

0.75 

0.64 

1073 

Tg°C (TmOC) 
POlY f om1 

4 1  (200) 

63 (164) 

87 

106 

116 

120 

136 (250) 

179 

218 

(324) 
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TABLE I V  

Substituent Effects on Polyformals 

H H 

CH3 C"3 

HAY ET AL. 

JQ!Y 
93 

90 

121 

107 

105 

136 

179 

169 

The polyformal X I  can be prepared from I X  o r  from t h e  i n t e r -  

mediate  bisphenol  X by u s i n g  excess  base  t o  c a r r y  o u t  t h e  dehydro- 

ha logenat ion  s imultaneously.  

an oxygen index of 37. 

copolymers prepared by f i r s t  forming an ol igomer,  X I ,  and sub- 

sequent ly  c o r e a c t i n g  w i t h  an e q u i v a l e n t  amount of BPA both  showed 

s i n g l e  g l a s s  t r a n s i t i o n  temperature  i n t e r m e d i a t e  between t h o s e  of 

t h e  two homopolymers. 

The polymer obta ined  h a s  Tg=122'C and 

Random 50/50 copolymers w i t h  BPA o r  b l o c k  

X I  
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POLYETHERS AND POLYFORMALS 1075 

P o l y e t h e r s  and P o l y a c e t a l s  

The r e a c t i o n  has been extended t o  t h e  s y n t h e s i s  of p o l y e t h e r s  

and p o l y a c e t a l s  (XII)  by r e p l a c i n g  t h e  methylene c h l o r i d e  w i t h  

o t h e r  d i h a l i d e s .  

X-R-X + HO-Ar-OH 

X I  I 

In a l l  of t h e s e  cases, s i n c e  t h e  i n i t i a l  d i h a l i d e  h a s  t h e  same 

r e a c t i v i t y  as t h e  once r e a c t e d  i n t e r m e d i a t e ,  i t  becomes impor tan t  

t o  c a r e f u l l y  c o n t r o l  t h e  s to ich iometry  i f  a h igh  molecular  weight  

l i n e a r  polymer i s  t o  b.e synthes ized .  With a a ' - d i c h l o r o  p-xylene 

and bisphenol-A a polye ther  

(XII ;  Ar=BPA; R= -CH w2 In1 = 0.31 dec /g . ;  

T ,89"C) is obta ined  which i s  i n s o l u b l e  i n  chloroform b u t  s o l u b l e  
' g  
i n  h o t  N-methylpyrrolidone. From benza l  bromide a p o l y a c e t a l  (XII ;  

Ar=BPA; R= 0CH; T 103OC; In1 = 0.26 d e c . / g ) i s  formed. 
g' 

Copolymers 

I f  r e a c t i v e  d iha loa lkanes ,  e.g. 1,lO-dibromodecane, are used 

t h e  r e a c t i o n  can b e  c a r r i e d  out  w i t h  excess  BPA i n  methylene 

c h l o r i d e  s o l u t i o n  s o  t h a t  the i n i t i a l l y  formed ol igomer,  X I I I ,  

t h e n  reacts w i t h  methylene c h l o r i d e  t o  g i v e  a h i g h  molecular  

weight  l i n e a r  polymer X I V  c o n t a i n i n g  e t h e r  and formal  l i n k a g e s .  

A polymer prepared i n  th i s  f a s h i o n  w i t h  a 2 : l  r a t i o  of BPA t o  1,lO- 
dibromodecane h a s  a Tg of 41°C and i s  a rubbery material. 
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1076 HAY ET AL. 

i i a O H  1 PTC 
CH2C 12 

X I 1 1  

The dihalides listed in Table V were used without success 
in the synthesis o f  high molecular weight polymers. 

A similiar procedure has been used to produce polyethersulfone- 
formals. Polysulfone oligomers (XV) can first be synthesized by 
reaction of excess of the disodium salt of RPA with 4,4-dichloro- 

TABLE V 
Dihalides Which Do Not Produce Polymers 

Dichloroacetic Acid 

c t , c ~ '  Dichloroacetophenone 

1,l-Dichloroethane 

2,2-Dichloroethanol 

l,l-Dichloro-Z,Z-diethoxyethane 

a,a'-Dichloromethylether 

Methyl dichloroacetate 

1,2-Dibromoethane 
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POLYETHERS AND POLYFORMALS 1077 

diphenylsulfone i n  dimethylsulfoxide. 

oligomers can then be converted to high molecular weight polymers 

by reaction with methylene chloride or to block copolymers (XVI) by 
coreaction with BPA and methylene chloride. 

These hydroxy terminated 

DMSO 

CH2CH2 
xv 1 BPA 

xv I 

Oligomeric BPA-Polyformals can be conveniently prepared by 

controlling the amount of base added to the reaction mixture 

(Table ( V I ) .  

In all cases a few percent of the NaOH is lost by hydrolytic side 

reactions. 

TABLE VI 

Oligomeric BPA-Polyformals 
- 

Moles NaOH Inl Mn 
Moles BPA Z Yield (dec/g ,CHC13) (G.P.C.) 

1.97  73 0.14 6,120 

2.00 73  0.15 5,210 

2.04 75 0.17 8,360 

2.10 81 0.27 11,500 
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1078 HAY ET AL. 

TABLE VII 

Block Copolyformal-carbonates 

Polyformal Weight Ratio In1 Tg 
Oligomer Mn 0ligomer:BPA % Yield (dec/g;CHC17) (“c) 

6000 75:25 9 1  0.82 106 

5200 50 : 50 94 0.52 112 

6000 50 : 50 90 0.66 120 

6000 25~75 85 1.06 130 

These oligomers can then be copolymerized with BPA and phosgene 

to yield copolyformal-carbonates. (Table VII) 

In all cases a single glass temperature is observed which is 

in between that of the homopolymers. Blends of the homopolymers 

are however immiscible since the glass temperatures of the 

individual homopolymers are retained and compression molded samples 

of the blends are not transparent. 

Polyphenylene oxides (XVII) prepared by oxidative coupling of 

2,h-dimethylphenol are terminated on one end by hydroxyl. 

X V I  I 

White(5) has shown that by equilibration with 3,3’ ,5,5’-tetramethyl- 

diphenoquinone (XVIII) bifunctional polyphenylene oxides (XIX) can 
be prepared. 

X V I l I  
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POLYETHERS AND POLYFORMALS 1079 

X I X  

When these oligomers are coupled with polyformal oligomers by 

means of isophthaloyl/chloride and base under phase transfer 

conditions block copolymers are obtained(6). 

copolymers give transparent films on compression molding which show 

two distinct glass transition temperatures. A blend of the 

two homopolymers is not transparent and also shows two glass 

transition temperatures. 

I n  this case the 
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