
Polymers and Copolymers of Unsaturated Derivatives 

of Di-O-isopropylidene-D-galactopyranose 

by 

Joseph Adams Coiquhoun B.Sc. 

Thesis presented for the degree of Doctor of Philosophy 

U '? 

12 
University of Edinburgh 	 May 1969 



SU?MAR I 

* 	The purpose of this study was the synthesis of new 

derivatives of galactose of possible industrial potential. 

It is believed that the preparation of synthetic polymers 

and copolymers based on galactose monomers is a promising 

method of introducing galactose to the chemical industry. 

In order to ensure the formation of linear polymers, 

only monofunctional monomers of galactose have been 

considered. 	For this reason, 1, 2 :3,4_di_0_isopropirlidene_ 

cz-D-galactopyranose was used as starting material. 

Crystalline 

a-D-galactopyranose (diisopropylicieneqlacto3e cryla.te, 1XA) 

was prepared by transe sterification with ethyl acrylate in 

the presence of titanium isopropoxide as catalyst, 

The crystalline mathacryloyl ester,  

I sopropylidene...6...O...e tha cryioyl-_D_galactoprraa05 

(diisopropylidenegalact0se meth-acrylat.e, WM) was prepared 

in a similar manner using methyl methacrylate as the 

.transe sterifying agent. 

6.-0-ttflyl/ 



6-0-Allyl-1,2:3,4-di-0-isopropylidenc.-a-12-. 

ga1actopyrano;e (allyl diisopropylidenegalactose, ADG) was 

prepared by a modification of the standard allylation 

procedure. Distillation under high vacuum gave the pure 

compound. as a colourless oil which failed to crystallise. 

2, 3-O.-Isopropylidene-l-O-raethacryloyl-Dji-glvcerjtol 

(isopropylideneglycerrl methacrylate, 1G114) was prepared for 

comparison purposes. 

Deacetonation of diisopropylidenegalactose 

methacrylate yielded the crystalline, water-soluble monomer, 

6-O-:nethacryloyl--D-galactopyranose (a-Gill). 	This monomer 

was prepared f or polyrnerisation in theoretical yield as an 

aqueous syrup (GM). 

The molecular structures of all five 1rLonoers 

- 	were confirmed by proton magnetic resonance spectroscopy. 

Diisopropylidene -alactose methacrylate and 

diisoprooylidenegalactose acrylate were polyerised in 

benzene solution, under nitrogen with azobisisobutyronitrile 

as initiator, to give póliers (P-DGM and P-WA) of high 

molecular wight. 

Removal,1 



Removal of the isopropylidene residues from these 

polymers was achieved by hydrolysis at 200  with aqueous 

formic acid to give the novel, water-soluble, synthetic 

"polysaccharicic s", poly(6-Q-2ethacryloyl-gEtlactose) 

[poly-(g2.lactose methacrylate) (P-GM)] and poly-(6-0-

acryloyl---galactose) [poly-(galactose acrylate) (P-GA)). 

The deacetonated polyriers vere characterised by 

standard carbohydrate reactions and the products of 

acetylation, henzoylation, phenylcarb:-imoylation, nitration, 

phenylhydrazone formation, phen4oazone fornation, 

oxidation and reduction are described. 

- 	Three deacetonation procedures for the conversion 

of poly-(isopropylideneglyceryl methacrvlate) (P_IGII.1) 

into lin3ar, wa ter- soluble poly-(glyceryl methacrylate) 

(P-GLI) were worked out and the extent of reaction 

detrrnined by the formaldehyde released on quantitative 

periodate oxidation. 

By comparing the properties (e.g. glass transition 

temperature, hydrolysis of isopropylidene residues, and 

cross-linking reaction) of galactose and glycerol polymers, 

it was possible to assess the influence of the heterocyclic 

ring! 



ring and glycosidic hydroxyl group of the galactose moiety 

in synthetic polymer systems. 

Some solution properties of poly-(galactose 

methacrylate) are described. 

The reactivity ratios for the free radical 

copo1yineristion, methyl rnethacrylate (i1)- diisoprooylidene-

galactose methacrylate (DGIi), wer'c determined and were: 

r1  0.93 ± 0.03 (i21) 

r2  = 1.30 ± 0.19 (DGi) 

This agreed with the general principle that increase in 

size of the alkyl group in an ester of an a.-unsaturated 

acid does not greatly influence the reactivity ratios of 

such esters with many vinyl monomers. 	These values also 

showed that D3N could be copolymerised in any proportion 

with i to give a final copolyiner containing these units 

in approxinately the initial monomer ratio. 	This ws 

found in practice. 

A series of gilactose methacry1te-mcthyl 

methacrylate random cooiymers, containing different 

proportions! 



proportions of sugar residues, was prepared and it was shown 

that the hydrophilic propertis could be accurately,  

controlled by the amount of galactose rn ethacrylate in the 

copolymer. 	'fle industrial significance of this reaction 

is discussed. 

Successful copolymerisations of diisopropylidene-

galactose acrylate and methyl acrylate, dii soprop.ylidene-

galactose methacrylte and styrene, diisopropylidene-

ga]Actose acrylate and acrylonitrile, diisopropylidene-

galactose methacrylate and vinyl acetate, rnd allyl 

diisopropylidenegalactose and maleic anhydride, are 

described, and in most cases, the copolymrs were readily 

deacetonated and characterised by phenylhydrazone formation. 

Evidence is presented to show that, in general, 

the introduction of reducing sugar units is a convenient 

method of increasing the reactivity and hydrophilicity of 

synthetic polymers and copolymers. 

Possible industrial applications of galactoe 

polymers and copolymers are discussed. 
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1. 	INTRODUCTION 

Naturally occurring polymeric materials have fed, clothed 

and given shelter to mankind from Creation. However, lack of 

understanding of the structures of these important materials 

thwarted classical organic chemists for many years. 	In the last 

fifty years, however, after the pioneering researches of those 

such as Staudinger, Carothers and Flory, a vast world-wide synthetic 

polymer industry has been formed and continues to grow. The 

synthetic polymer production in the U.K. alone nears two million tons 

annually. 

Synthetic polymers have many economic and physical 

advantages over naturally occurring materials. 	A variety of 

monomeric building units at man's disposal can be hornopolymerised 

or copolymerised to give products with specific properties, determined 

by the chemical strücture of the monomer or monomers. The principal 

products are fibres, synthetic rubbers, thermosetting resins 

(adhésives, surface coatings, composites, etc.) and thermoplastics 

(mouldings, transparent sheet, surgical implants, packaging etc.). 

The heavy organic chemical industry is now comnitted to 

existing monomers for the production of cheap materials and it is 

unlikely that any new monomer with only marginally better properties 

will emerge because of the enormous capital investment required. 

Therefore any new polymer system must necessarily have novel properties 

and! 	 - 
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and as such be used as a high-cost, specialised product. 	Current 

research in polymer science is directed towards the preparation of 

polymer systems which maintain their shape and strength up to 

about 500C and to systems which maintain elastorneric properties 

at extremely low temperatures. As these systems would be used 

in supersonic aircraft or spacecraft, cost would be of secondary 

importance. 

There are, however, certain fields at the present time 

where synthetic polymers cannot compete with natural materials 

such as the polysaccharides. 	Cellulose is the most important of 

these. The comfortable, moisture absorbing properties of cotton 

fabrics and the huge consumption of cellulose in paper manufacture 

will always ensure that this cheap, readily available material will 

be used by the chemical industry. The novel, thermally-reversible 

gefling properties of the water-soluble, algal polysaccharides, 

agar, and kappa-carrageenan have not yet been equalled by synthetic 

systems, although the limited availability, both actual and 

political, of the parent seaweeds is causing concern to the food 

industry at the present time. 

Several attempts have been made to combine the properties 

of synthetic polymerswith those of the polysaccharides by the 

preparation and polymerisation of vinyl monomer5 containing 

carbohydrate residues. 	These will be reviewed later. 	The first 

successful preparation of linear polymers combining these 

properties, natural with synthetic, hydrophilic with hydrophobic, 

resulted/ 	 - 
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resulted from the study of Black, Dewar and ttutherford1 on 

unsaturated derivatives of 1,2:5 ,6-.di-O-isopropylidene-a-D-glucofUranoSe. 

The 3-0-methacryloyl derivative of this compound yielded linear, 

organic soluble, raethacrylate polymer containing the bulky 

diisopropylideneglucofUranOSe residue on every second carbon atom 

of the polymer chain. Removal of the protecting isopropylidene 

groups yielded the novel, water-soluble, synthetic "polysaccharide, 

poly-(glucose methacrylate), which was characterised by standard 

carbohydrate reactions. This polymer differed from natural 

polysaccharides in that every pc•lymer unit contained the reactive 

glycosidic hydroxyl group at C1. Oxidation gave poly-(gluconic 

acid methacrylate) vinich had properties comparable with those of 

natural polyuronides. 	The research described in this thesis is a 

consequence of this work and is concerned with polymers and 

copolyTners of unsaturated derivatives of 1,2:3,4-di-0-isopropylidene-

a--.galactopyranose. 

Although D-galactose occurs widely in nature as a 

constituent of polysaccharides, the only economic source for its 

production is 4-0-3-D-galactopyranosyl-D-g1ucopyranose (lactose) 

from which it is easily prepared by acidic hydrolysis and 

fractional crystallisation from the concentrated, neutralised 

hydrolysate. Lactose is produced commercially as the crystalline 

a-rnonohydrate in about 3% yield from whey, a by-product of cheese 

production. According to Harding2 , the total annual production 

of vkiey in the U.K. is about 200 million gallons. 	Of this total 

only 40 million gallons are currently utilised in lactose 

production,! 
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production, but if all available Wney were used for lactose 

production and this material hydrolysed to galactose, the 

maximum production of galactose, based on a 25% yield (theory 

5) from lactose, would be approximately 7,000 tons annually 

in the U.K. 	The current price of galact.ose is about £1,750/ton. 

Obviously galactose can never compete with glucose (76/ton) on 

grounds of cost or availability, and if it is ever to be introduced 

to the chemical industry, it could conceivably be in the form of 

pure galactose monomers, for the plastics and polymer industry 

frequently uses expensive monomers for the production of materials 

with unique chemical and physical properties or for modifying the 

properties of cheap polymers by copolymerisation. 	A typical 

example of an expensive polymer with unique, heat-resistant 

properties is poly(tetraflUOroethYlefle). 	It is possible that 

b1ocked" galactose monomers could give rise to polymers and 

copolymers with special properties. 

Acetone condenses with neighbouring cis hydroxyl groups 

of the cyclic aldoses to form isopropylidene derivatives. 	These 

compounds have been reviewed by Mills3 and de Be1der. Under the 

reversible conditions of reaction, the composition of the products 

is quite independent of the mechanism of reaction, and is 

determined solely by the relative thermodynamic stabilities of the 

constituents, even though the rate of the individual reactions may 

be very different. 

The commonest structure formed has the 1,3-dioxolane 

r ing/ 

- 4 - 



ring fused cis to a furanose ring either on the 1,2 or 2,3 positions 

of the aldofuranose. 	The other isopropylidene group (5,6, or  3,5 

- as in xylofuranose) is extremely acid labile and may be removed by 

partial acid hydrolysis to give the stable structure (I) or (II) 

R 0 )(HoH ) 

Me 

2 	>---OMe rHU 	 0 0 
OH 

(I) 	 Me Me 

(II) 

The ring junction is cis and the two rings are in the shape of a 

V- into the plane of the paper. Heavy lines are exo-substituents 

(outside the V) and dotted lines are endo-substituents (inside the 

V). Hence a structure with the least number of endo substituents 

is. preferred. 	This is shown by the preferential formation of 

2 ,3-9-isopropylidene-43-D-ribofuranose in ½hich all substituents 

other than one i'ie group are exo. 	Similar arguments can explain 

the observed formation of 2,3:5 1 6-di-0-isopropylidene-a-D-rnanno_ 

furanose and the 2,3:5,6-derivatives of gulose and talose. 

The only examples Wnerc the aldose reacts in its 

pyranose form with acetone under equilibrium conditions are the 

1,2: 3,14_di_O_isopropylidene derivatives of arabinosc, alactose 

and altrose. 

- 5 - 



R2  It' 

Me H O )Me2  

It' R2 	H, L-arabinose 

It' = H,R2  = CH OH, D-galactose 
2 

It' 	CH 2OH, It2  = H, L-altrose 

(III) 

The steric arrangement is cis-anti-cis (III). 	This involves 

much smaller repulsions between substituents than the isomeric 

cis-syn-cis arrangement as evidenced by the failure of ribose to 

form a 1,2:3,4-.di-0-isopropylidene derivative. 

• 	The major products formed on condensation of acetone 

with the aldoses are given below. 

Tetrose 

OH 
0) 

3DErythrofurano se 

2,3-Q- 

OH 

-D-thre ofuranose 

Pentoses/ 



Pentoses 

HOHC 	OH 
2) 

-D-Ribofuranose 

a-D-Xylofuranose 

1,2: 3,5-di-Q-.  

0-~ 
-L--Arabinopyranose 

1 1 2:3,4-di-0- 

HOH 2C 
V) x 
\LIOH 

a-D-Lrxofur ano se 

Hexose S 

.vTh 
1 	Ii 

HOO- 
 

a-D-Allofurano se 

1,2:5 ,6-di-.Q-- 

2,3:5,6-predicted (a) 

0 

' OA  

'I 
OH 

-D-kLtrofuranose 

1 9 2:5 ,6-di-Q- 

and 1,2:3,4-pyranose 

-7-. 



x O-CH2 	
> )OH 

a-D.-Glucofuranose 	 o.-D-Mannofurano se 

1,2:5 ,6-di-Q- 	 2,3:5 ,6-di.-O- 

fç' 
°NJHOH 

H2  C - 

D-Gulofuranose 

20:5,6-di-0- 
ätid 1;2:5,6-di-O- 

CH.OH 

a-D-Galactopyranose 

1 9 2: 3,4.-di-O-. 

and 1,2:5,6-furanose 

OV  

H C — 2 	0 

-D-Idofuranose 
1,2: 5, 6-di-O- 

0 T 
OH 

H2C-0 

-D-Ta1ofuranose 

1,2:5 ,6-di--O- 

and 2 ,3:5,6-di_0- 

(a) 1,2:5 ,ô-Di--isopropy1ideri_a_D_aflofuranose was orepared 

by Inversion at C3of the corresponding glucose derivative. 	The 

2 9 3:5,6- compound has not been prepared. 

FWAR 



Cyclic acetals of the aldoses are also formed by 

condensation with other aldehydes and ketonos e.g. with 

formaldehyde (me thylene derivatives), acetaldehyde (ethyliderie 

derivatives) and benzaldehyde (benzylidene derivatives). 	The 

rates of acid hydrolysis of these acetals are benzylidene> 

isopropylidefle > ethylidene > methylcne and this should be taken 

into account when preparing blocked, monofunctional monomers for 

the ultimate production of water-soluble polymers. It can be 

seen that only the tetroses and the hexoses will give monofuctional 

monomers and of these only altrose and galactose will exist in the 

pyranose form. This may be an important factor in view of 

subsequent polymerisation reactions. The extra carbon linkage at 

C-ómay decrease steric overcrowding between the bulky carbohydrate 

residue and the polyrnerisable vinyl group. Galactose is a 

reaaiiy crystallisable sugar as are many of its derivatives. 

This. is an important factor Wnen purifying monomers for 

polymerisation as it is well knom that purity of the monomer is 

perhaps the most important factor in determining high molecular 

weight. 



2 . MONOMEdS 

2.1 Literature Survei'r 

Many examples of unsaturated derivatives of carbo-

hydrates'have appeared in the literature but only those 

derivatives Wnich are polymerisablc will be reviewed here.. 

Acryloyl and methacroyloyl derivatives have had most attention 

in this respect due to their ease of polymerisation with .,free 

radical initiators or by heat alone. Earlier work in this field 

was mainly concerned with making insoluble cross-linked polymers 

for use in surface coatings and resins, rather than with well-

defined linear polymers; consequently, no special care was taken 

to control the degree of substitution. 	In certain cases 

complete substitution of all the free hydroxyl groups in the 

sugar unit was achieved in an effort to gain the highest degree of 

cross-linking in the final polymer. 

Treadway and Yanovsky 5  prepared tnethacrylic esters of 

several carbohydrates. 	Glucose, for example, then heated at 65 0  

with methacrylic anhydride in pyridiric, formed a pentarnethacrylate 

ithich gelled in the presence of benzoyl peroxide or copper 

naphthenate in solution in organic solvents. The derivative 

became insoluble in organic solvents kien it was heated in air 

at 100° for two hours. Other derivatives reported, all with 

the/ 
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the same tendency to polymerise, were the fully methacrylated 

derivatives of maltose, dextrin and starch. 

Haworth et a16  formed dimethacrylate and diacrylate 

esters from derivatives of D-rnannitol and D-glucitol, including 

the 1,4:3 ,6-dianhydrides and 2,4:3 ,5-.di-Q-rne.thylene acetals of 

both hexitols, by treatment in sodium hydroxide solution with 

rnethacryloyl or acryloyl chloride. The outstanding feature of 

these di-esters was their ready polymerisation to form hard, 

transparent, insoluble resins. 

Interest in nitrated polymers led Woifrom et a1 7  to 

synthesie the 3-0-acryloyl and 3-0-methacryloyl derivatives 

of Q.-mannitol pentanitrate. Reaction with acryloyl chloride in 

acetonitrile containing N,N-dimethylaniline gave in 721 yield the 

crystalline 3-0-acryloyl derivative, which polyrnerised with benzoyl 

peroxide, but only low molecular weight, gumming polymers were 

obtained. The syrupy 3-0-methacryloyl derivative, similarly 

prepared in 40C yield, polynl3riscd to a hard polymer on exposure 

to light and air. 

Wnistler, Panzer and Roberts 8  discussed the advantages 

of polymers containing sugar units attached to every second 

carbon atom in a hydrocarbon chain and emphasised the commercial 

importance of synthetic polymers of a hydrophilic nature. 

Preferring a straight chain sugar to a ring form for this 

purpose, they synthesised N-acryloyl and N-methacryloyl 

derivative s/ 

 -II- 



derivatives of 1- amino-l-deoxy--glUcitOl by -acy1ation with 

the appropriate acid anhydrides in methanol at temperatures 

below 0° :- 

CH2OH 

H 

OH OH 

where R = CH2 :CHCO 

or 

CH2 : C21le CO 

These authors found that saturated aqueous solutions of the 

unsaturated amides were polymerised to-viscous solutions by 

ultraviolet and gamma irradiation and to insoluble gels with 

ammoniusn persuiphate; treatment of the monomers in 

dimethylfor!narnide solution with azobisisobutyronitrile or 

benzoyl peroxide initiators at 60-100 °  gave high yields of 

water-soluble, but low molecular weight, polymers. 

In a preliminary note Bird et a1 9  described the 

preparation, polymerisation and deacetonation to water-soluble 

polymer of the monomer, 1,2:5 ,6_di-Q-isopropylidene-3-Q-rflethaCrYlOYl -

aD-glucofuranose. 

0—  CH 2  
Me 2C.I. J 

0' 	- 
OMe 

MeC:CH2 	2 

CH 2QH 

H 2 OH 

HO 

CO 	OH 

&:1e CH 

These/ 

10 



These authors described, in a later publication10 , the 

characterisation of the deacetonated homopolymer, 

poly_(3_0_rnethacryloyl_p_glUcose) by standard carbohydrate 

reactions. 	Complete substitution of all four free hydroxyl 

groups was difficult and acetylation, methylation and 

phenylcarbamoylatiofl yielded approximately tn substituted 

derivatives. Oxidation with chlorous acid yielded the polymeric 

aldonic acid which had certain similarities to the naturally 

occurring polyuronic acids such as alginic acid. 	deactions 

of the reducing group in the polymer led to partly substituted 

derivatives, complete substitution being prevented by precipitation 

of the polymer derivative before the reaction had gone to 

completion. Thus a partially substituted polymer 

phenylhydrazone, diphenylformazan and dithioacetal were described. 

Kimura et alli  prepared 2,3:4,6-di-0-isopropylidene-

1_0_methacryloy1_a__sorbofuraflOSe from the sorbose diacetal and 

methacryloyl chloride. 

Vie 

0 	0 

0 	0 	60QV1e:CH 2 
\/  

'1e 2  
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A later publication12  showed that they had difficulty in the 

preparation of the fully deacetonated polymer as reducing power 

and periodate oxidation gave low results. This was explained by 

acid reversion. 

Anikeeva and Danilov13  prepared monomethacryloyl esters 

from xylitol derivatives. These were the 2 ,4:3,5-dimethylene, 

2,4: 3,5-dibenzylidene, 2,3:4,5-diisopropylidene, 1,4-anhydro-3,5-

methylene, 1,4-anhydro-3 ,5-benzylidene and 1,4-anhydro-3 , 5-

isopropylidene acetals. The mono-esters were prepared from the 

corresponding acetal in pyridine with methacrylic anhydride or 

with methacryloyl chloride in the presence of 2 aqueous alkali 

at 00. 	The polymerisation of these monomers was not reported. 

DNA type macromolecules have been prepared by Cassidy 

/ 	
/ 

and Jones1  from 5 _Q_acryloylthymidlne and 5 -Q-acryloyluridine. 

0 

Me 	NH 

CHCHC00CH 2  

D 
 

O 

OH 

0 

(N,10 

CU 2: CHCOOCH 
 2

.10 

HO OH 

Treatment of thymidine with one molecular proportion of acrylic 

anhydride gave the 5''-Q-acry1oyl derivative as the major product. 

The/ 
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The 5" _0_acryloyl-uridifle derivative was prepared from 

1/ 
2,37Q_isopropylideneur1d1ne followed by deacetonation with 

dilute acid. These monomers were copolytnerised with acrylamide 

to give a series of water-soluble copolymers. 	A fraction of 

the copolyirter of 5 "_Q-acryloyluridifle and acrylarnide formed a 

hybrid with denatured DNA. 

Commercial interest in monomeric sugar derivatives is 

shown by a recent U.S. Patent' 5 . 	A number of vinyl monomers 

were prepared by a Koenigs-Knorr reaction of 2,3,4,6-tetra-0-

acetylgiucopyraflOsyl halide with methacrylic and acrylic acid, 

and their hydroxyethyl and hydroxypropyl esters. 

CH 20A c 

O\OR 	 R = CH 2: 1eCO, CH 2 : CHCO, 

~ OAc 	 CHCMeCOO(CH 2 , CHCHCOO(CH 2) 2  

AcO 	 CHMeCOO(CH2) 3 , CHCHCOO(CH 23  

OAc 

The crystalline 3-glycosides were polymerised in benzene solution 

with azobisisobutyronitrile to give organic soluble polymers. 

Poly_(tetra_Q_acetylglucosyloXYethYl methacrylate) was deacetylated 

with sodium methoxide in chloroform to yield water-soluble polymer, 

poly_(glucosyloxyethyl methacrylate) which was not characterised. 

Three new sugar monomers have been reported16  recently 

from Japan. Tetra_0_acetyl_1_0_methaCry]-oYl__glUC0Se_ described 

above -, and te tra_0_acetyl_1__methacryloYl_-.galaCto5e were 

prepared! 
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prepared by glycosidation of the corresponding glycosyl bromide. 

1,2,3, 4_Tetra_.acetyl_b_Q_rnethacry1oyLQ-glUCoSe was prepared 

from glucose tetraacetate with methacryloyl chloride, using 

triethylamine as hydrogen chloride acceptor. 	The polymethacrylates 

obtained were converted into water-soluble polymers on deacetylation 

with sodium methoxide. 1,2:3 ,4-Di-O-isopropy1idene-6--methacry1oyl-

a_-galactopyranose was prepared by esterification of 

diisopropylideflegalactOSe with methacryloyl chloride. 

N_Methacryloyl-D-glucosarnifle was prepared by esterification of 

2_amino-2-deoxyD-glucose with methacrylic anhydride. 

Alkyl vinyl ethers, CH 2:CH 0 R, are generally polyrnerised 

with cationic catalysts such as boron trifluoride and modified 

Ziegler-Natta catalysts. Vinyl carbohydrate ethers have been 

reviewed by utherford1and several examples of polymerisation 

quoted. However, histler and Seib17  have shown that 

isopropylidene derivatives of D-glucofuranose, particularly the 

1,2-0-isopropylidene derivative, eliminated acetone with boron 

trifluoride to form a highly branched, water-soluble glucan. 

The polymerisation of mono allyl ethers of carbohydrates 

to polymers of high molecular weight has not been reported. 

Helferich and Heffman synthesised -nydroxystyrene 

3-D-g1ucoside from -ethylphenyl tetra-0-acetyl-a-Q-glucoside. 

Details of polymerisation were reported. 

Synthetic/ 
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Synthetic carbohydrate polymers may also be prepared 

from carbohydrate derivatives other than vinyl-type derivatives. 

Previous work19  in this Institute has demonstrated that a range 

of high molecular weight nylon-type linear carbohydrate polyamides 

can be synthesised from substituted carbohydrate diamines and 

diacid chlorides by interfacial polycondensation. The hydroxyl 

groups in the sugar monomers were protected by methylene, 

benzylidene, and isopropylidene residues, and in some cases it was 

possible to remove the blocking groups from the polymers to yield 

hydroxypolyamide s. 

Mention may also be given to the synthetic 

polysaccharides prepared from monosaccharide units. Examples 

of these are the acid catalysed polyrnerisation of 

1,6_anhydro_a_-ga1actopyranose 20, the basic polymerisation of 

2  5 ,6_anhydro-3--Q-methyl-1 ,2_O_isopropylidene_a_P_glucofuranose1 

and the polycondensation of free sugars when heated above their 

melting point under vacuum22 . 

An interesting development has been the first chemical 

synthesis of a stereoregular polysaccharide. 	f?.uckel and Schuerch23  

prepared poly-a-(l--- 6)_anhydro--glucopyranose (dextran) by 

the phosphorus pentafluoride-catalysed polymerisation of 

1, 6-anhydro-2 , 3, 4-tr i-O-benzyl--.-D-glucoPyraflO se and subsequent 

debenzylation. The chemical synthesis of polysaccharides has 

been revied by Goldstein and Hullar 24 . 
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2.2 Results and Discussion 

Di-O-isopropylidene-D-galactose has been shown by 

mass spectrornetry to be a mixture 25 , the major component 

(>97%) under normal conditions of preparation being the syrupy 

isomer, 1,2:3 ,4-di-Q-isopropylidene-a.-D-galactopyranose, and the 

minor being crystalline 1, 9 

 i4r. Torn Bird and Dr. David iutherford in this 

laboratory first prepared the ô-.O-nethacryloyl and ó-O--acryloyl 

derivatives of the galactopyranose aceta1 2 ' 2 . .Treatnt of 

crude diisopropylidenegalactose in pyridine with methacrylic 

anhydride at 65'  yielded the crystalline monomer, 1,2:3,4-di-0-

i sopropylidene-6-O-methacryloyl--a-D-galactopyranose 

(diisopropylidenegalactose methacrylate, DGiI,IV) in 47.5% yield. 

CH COi1e:CH 2 	 CH 2000CH: CR 2  

Me 2C,iK:III1; 

	

Ne 2C 	 0 
0- ele2 

	 0-Q1e 2  

(Iv) 
	 (v) 

The 6-0-acryloyl derivative could not be prepared directly 

frornf 



from acrylic anhydride. Hickinott 28  showed that acryloyl chloride 

reacts with alcohols (kWH) in the presence of pyridine or other 

tertiary arnines in a different way from methacryloyl chloride. 

The main product of the reaction is the water-soluble 

1-2 / _alkoxycarbonylethylpyrid)-fliUm chloride fnich breaks down 

with cold sodium hydroxide to give the acrylate ester by 

elimination of pyridine hydrochloride. 

1OH 4w CH CH COC1 + C.H 5N 	> RO CH 2 CH 2 NC 5H 5Cl 

- OH 	R0 2CCH:CH 2  + HNC 5H 5C1 

DiisopropylidenegalaCtOSe reacted with acrylic anhydride in 

a similar manner to give a water-soluble adduct ithich was broken 

down with sodium hydroxide to give the crystalline ester (V) in 

low (14%) yield. 

6-0-Acryloyl-1,2:3, 4-di-O-isopropylidene-cL-D-galacto-

pyranose (diisopropylidenegalactose acrylate, DGA, V) was best 

prepared (52,61.) by a transesterification reaction between ethyl 

acrylate and diisopropylidenegalaCtose in the presence of 

titanium isopropóxide as cata1rst and -rnethoxypheno1 as 

polymerisation inhibitor. 

AU other monomer synthese. and modifications of 

,cnown Lyntheses re carried out for the first time by the author. 

As methacrylic anhydride is such an expensive chemical, 

an alternative method for the preparation of DGi4 was sought. 

It' 
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efficiency. 

- 	CHDH 

Me20 

It was found that the transesterification reaction for the 

preparation of 0IA could be successfully applied to the 

preparation of DGM using methyl methacrylate as the 

transesterifying agent. The first report of this method29  

described the use of -methoxyphenol as polymerisation inhibitor. 

This procedure, however, had the disadvantage of requiring a 

charcoal decolorisation step. By using tetrachloroquinol as 

polymerisation inhibitor, this step was not required and it is 

recommended that this inhibitor be used in transesterjficatjon 

reactions of the above type owing to its low volatility and 

G4e:CH 2  

COOCH 2  

o—o 
Tj(OPr1 ) 	I 

+'Ie:CH2 c 	 0 	+ MeOH 

COOMe 	 f CO 

	

Me 2C 	I I 
2 	 Oa1e 2  

(IV) 

Continuous removal of methanol by distillation drcve the 

equilibrium to the right and reaction was essentially complete 

after 1 hr. at flO e . Pure DGM was isolated in 75.2% yield by 

a recrystallisation procedure using ethanol/water. The high 

yield of the pure crystalline monomer, together with the 

cheapness and availability of methyl methacrylate, indicates 

that/ 

- 20 - 



that this method of preparation could be used on an industrial 

scale. 

Aflyl ethers of carbohydrates are readily synthesised 

by direct allylation with allyl bromide in the presence of 

excess sodium hydroxide. 

kOH + CH 2:CHCH 2Br -4 kOCH 2CH:CH 2  + HBr 

Although aflyl compounds do not readily homopolymerise, they 

copolyrnerise with compounds such as maleic anhydride and vinyl 

acetate t/nere the reactivity ratios are favourable. 	With this 

objective in mind, the 6-0-aflyl ether of dilsopropylidene-

galactose, 6-0-allyl-1,2: 3,4-di-O-isopropylidene-a_D-galacto_ 

pyranose (ADG, \1I) was prepared29 . 

CH 2OCH 2 H: CH 2  

Me2 	 I 
O-cMe 2  

(vi) 

Two treatments of diisopropylidenegalactose in 2-dioxane with 

allyl bromide, in the presence of an excess of powdered 

sodium hydroxide, were necessary for complete reaction. 

The! 
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The pure compound was isolated in 91.8% yield as a colourless 

oil after distillation. 

In order to evaluate the effect of heterocyclic 

structure and the glycosidic hydroxyl group on the physical 

and chemical properties of galactose polymers, the monomer, 

2, 3_O-isopropylidene-1-O-methacryloyl-DL-glyceritol 

(isopropylideneglyceryl methacryl.ate, IGLM, ¶111) was prepared 

for comparison. 

CHMeCOOCHH 	2 

0 0 
"C ,  
Me 2  

(vii) 

Wnen a ketone (kiVCO) condenses with glycerol, two possible 

products may result, either the 2,2-disubstituted-1,3-dioxolane-

4-methanol (VIII, Ix) or the 2,2-disubstituted-rn-dioxan-5-ol 

(X, xI) 30 . 

H r_ 1~  4 k2 
H 	

o 1  

? 	H° '  

H 

HO 

O R  

(s1IiI) 	(Ix) 
	

(x) 	(XI) 
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In (X) the hydroxyl group is axial and stabilised by hydrogen 

bonding while in (XI) it is stabilised by being in an 

equatorial position, but in both geometrical isomers and both 

conformations one of the substituent groups on the 2-position 

is always axial. Thus the whole structure is sterically 

unfavoured relative to the dioxolane structures (VIII) and (IX) 

in which all groups occupy similar conformational positions and 

are relatively more stable, so that when ketones condense with 

glycerol, only the 2 ,2_disubstituted-1,3-diOxOlarle-4-rflethanolS 

are obtained. 

en R = R, these compounds exist as optical isomers 

and D-.(_)-2 ,2-dimethyl-1, 3-dioxolane-4.-methanol has been 

synthesised31  from 1,2:5 ,6_di_Q_isopropylidene--mannitol. 

hen R and R 
/
are dissimilar, there are four isomers, each 

geometrical isomer (VIII) and (IX) possessing D and L forms30 . 

IGJ4 (VII) was first described by Fegley and 

Rowland 2  and was prepared under identical conditions to that 

of DGI1. 	IGL1 is a colourless liquid and, as it is a racemic 

mixture, is optically inactive. 

The water-soluble monomer, 6-O-methacryloyl-- 

galactose (GM, XII) was also prepared33 . 
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CHJC0Me:CH 2  

P IHI 

(XII) 

D3M (ic) was deacetonated in 80 formic acid, containing 

_methoxyphenol as polymerisation inhibitor, the hydrolysis 

at 20 being followed polarimetricafly in a 2 drn tube. The 

molecular rotation, defined as 

MD = [a1xM =  
100 	Cxl 

where C is the concentration in g-mol/lOOml solution, a is the 

rotation in circular degrees and 1 the length of the tube in 

din, was used: 

t(hr.) 0.25 0.5 1.0 1.5 2.5 3.5 4.5 6.0 24.0 

MD -100 -66.7 -13.9 27.2 32.3 120.8 144.6 167.2 202.0 

The extrapolated value at zero time for DGM was -133.  After 

24 hr. .formic acid was removed by repeated evaporation at 35S 

and addition of water. D-Galactose 6-methacrylate (GM) was 

isolated in 48. yield as a white crystafline compound 

(rn.p./ 



(rn.p. 108-118') from ethanol solution. This compound was mainly 

the a-anomer of (XII) as it mutarotated from L1D + 91.5 °—+ 53.8°  

in water. GM was further purified.by recrystallisation from 9CRc  

ethanol to give the pure monomer, 6-0-methacryloyl-a-D-galacto-

pyranose (a-GM), m.p. 142-145 ° , in 22.WS yield. 

The infrared spectrum of a-GM showed hydrorl absorption 

as a broad band between 3500 and 3100 cm and as a sharp peak at 

3560 cm, ester carbonyl at 1710 cm, and double bond 

unsaturation at 1638 cm. The a-anomer was indicated 34  by 

anomeric C-H equatorial deformation at 844 cm, and non-anomeric 

equatorial deformation was present at 880 cm. 

Proton magnetic resonance spectroscopy (p.m.r.) was 

used to confirm the molecular structures of DGM(IV)29 , 	A(V),• 

ADG(VI)29 , IGLN(VII) and a-GM(XII) 33 . 	Cone and Hough35  have 

analysed the p.m.r. spectra of a seri3s of derivatives of 

1,2:3 ,4_di__isopropy1idene-a-D-ga1actoPyraflOse at 60 MHz. 	It 

s claimed that the pyranose ring adopts a non-chair conforrna-

tion in these derivatives. However, an X-ray analysis of the 

molecular structure of 1, 2-O-aminoi sopr opy1idene-a--g1u co- 

69  
pyranose hydroiodide8  sho'ed that the non-chair conformation 

assigned to 1 ,2--alkylidene-a-D-glucopyranose derivatives °  

from p.m.r. evidence was incorrect. 	Assignments for the above 

monomers iv.ere made by comparison with these spectra and with 

those of methyl acryiate 6 , methyl mcthacrylate 37  and allyl 

alcoho1 8 . 
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Hb 	Me 
\=/ 

'PC  
\ 

Ha 	C.=0 

Me 2C 

0-Q1e2  
D3M, 0 16H 40 7  

Hb 

\ 
Hc 
/ 

C 
/ 
/ 
a 

= C 
\ 
C0.. 
/ 
0 
\ 

Me 

DGA, C 15H 27  

Hb 	No / C 

CC 

1 a 

\. 
.CH 2  

0N 0  

H 	H 

Me 2C 

0-Q1e2  

IGLN, C 0H 160 4 	 AW, C• 1 -i 24O 6  

Spectra were recorded in carbon tetrachioride solution on a 

Perkin-Elmer RIO (60MHz) NMH Spectrophotometer and chemical 

shifts (T) were measured relative to tetramethylsilane (iMS). 

Integration! 
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 if 
H 

1H_I 

LU - 

A. 
10 

6 	 1 	 8 	 9 

Integration of all peaks in the p.m.r. spectrum of DGA 

(Plate I) showed the expected twenty-two protons. 	The pattern 

of peaks between 3.3 - 4.4T corresponded to three protons and 

was identical to that of the three olefinic protons in the 

p.rn.r. spectrum of methyl acrylate. 

Plate I. 	The p.m.r. spectrum of 6-O-acryloyl-1,2:3,b-di--- 
isopropylidene-c-D-galactoprranose (1) 

The/ 
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The one proton doublet at 4.57T  was readily assigned to H-i and 

the spacing gave the coupling constant J 2  = 5.0 Hz• 	The one 

proton quartet at 5.43T  was assigned to H-3,  J 3 ,2  = 2.4 Hz and 

J34 = 7.8 Hz. 	The remaining protons could not be assigned as 

the two H-6 protons had been shifted donfield by the deshielding 

effect of the ester carbonyl to give the coiplex multiplet between 

5.5 - 6.2Thich corresponded to five protons. 	The dorifield shift 

of H-S proved that the acryloyl residue was attached to C-6. The 

tive isopropylidene C-Me protons appeared as three peaks at 

.55 0  8.57 and 8.71T, the last being twice the intensity of the 

other two peaks. 

'II 

Tft[ 
- 

LI 	I 	 Li 	- 

10 

Plate II. 	The p.m.r. sDectrun of l,2:3,4-di--isopropyljdene_ 
6-O-ethacryloyl-D_ala:topyranose (P1) 



Integration of all peaks in the p.m.r. spectrum of 

DGM showed the expected twenty-four protons. 	Itwas possible 

to distinguish the H-i doublet (J 1,2  = 5.0 Hz) in the pattern of 

peaks corresponding to two protons at 4.5T. 	The other proton 

was assigned to Hb. The one proton peak at 3.91T was identical 

to that of methyl methacrylate and was assigned Ha•  The 

a-methyl group (Hc) was readily detected at 3.J7T. The 

rèrnainder.of the spectrum was identical-to DGA:- H-3, 5.44T 

was a quartet (J 3 	2.4 Hz, J34  = 7.8 Hz) and H-61  and 

H-6 2  were again moved downfield by the ester carbonyl. 

IGJI'i showed the three charactistic methacrylate signals 

at 3.91, 4.43 and 8.10T. The two non-equivalent isopropylidene 

C-Me groups gave equal signals at 8.63 and 8.69T. The two 

primary methylene protons (H-a were contained in the complex 

five proton multiplet 5.5 - 6.4T. 	The deshielding effect of 	the 

ester carbonyl had moved this signal downiield from. 6.35 T 

(deuterated isopropylideneglycerol) to a superimposed position 

assigned tentatively as 5.5T. 	These values are of the order- 

expected for a methylene group adjacent to a hydroxyl and ester 

group respectively and prove that the methacryloyl group is 

exclusively at position 1 of the isopropylideneglycerol residue. 
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Plate III. 	The p.m.r. spectrum of b-0-alJ_yl-1,2:3.4-di-Q- 
i sopropylidene-c4--galactoPYraflose ('11) 

Integration of all peaks in the p.rn.r. spectrum of 

AUG showed the expected tvnty-f our protons. The pattern of 

peaks centred at 4.0, 4.75 and 4.7T corresponded to three protons 

which were identical in shape and position to that of aflyl 

alcohol and were assigned H, Ha and  Hb respectively. The H-i 

doublet at 4.55T was distorted by a part of the signal from 

H.H-3, 5.44T was a quartet (J 3 , 2  = 2.4 Hz and J 3,4  = 7.8 Hz). 

H-6 / 
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H-6 1  and H-6 2  were assigned 6.44 and 6.55T  by comparison with 

other diisopropylidenegalactoSe derivatives. The complex 

multiplet, 5.6 - 6•3T contained the two aflylic protons Hd 

and H-2. H-4 and H-5. 

Assignments are shown in Table I and they are in good 

agreement with the resits of Cone and Hough35  who found H-i, 

4•40T (J 1 ,2  = 5.0 Hz) and H-3, 5.34T (J 3,2  = 2.4 Hz and 

1 ,4  = . 0 Hz) for diisopropylidenegalactose in CD1 3 . 

In deuteriurn oxide solution, protons attached to ogen 

form an exchanging pool with residual water in deuteriurn oxide 

and have a single sharp resonance at 5.25T in the p.m.r. spectrum. 

The p.m.r. spectrum of a-GM (XII) in deuterium oxide was 

complicated however by two variables; (i) mutarotation and 

(ii) gradual polyrrterisation. 	This is represented in Fig. I, 

where OD groups have been omitted for convenience. 
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TABLE I. Chemical Shifts (T-values) 

Compound Ha  Hb Hc  Hd H-I H-2 H-3 H-4 H-5 H-6 Isopropylidene C-Me 

DGA 3.55 4.23 3.85 - 4.57 i 5.43 1 i i 8.55, 8.58, 8.71x2 

DGM 3.91 ca. 4.5 8.07 - 4.50 i 5.44 1 1 1 8.57, 	8.59, 8.71 x 2 

IGLM 3.91 4.43 8.10 - ii ii: ii - - - 8.63, 	8.69 

ADG 4.75 4.87 ca. 4.0 iii 4.55 iii 5.44 iii iii 6.44, 6.55 8.51, 	8.61, 	8.71x2 

Complex five proton multiplet 5.6 - 6. 2T 

ii 	Complex five proton multiplet 5.5 - 6. 4T 

iii Complex five proton multiplet 5.6 - 6. 3r 



H 

pJ 

Me 
/ 

OC? \H 

H2 

0; 

Me 	H 
Me 

Ha 	C— CH 2--j-- 
oco 

c 2  

a-GM  

C 1 H 12D 4O 7 	 (C 10 H 12D 4o 7 ) 

Fig. I. Mutarotation and polymerisation of a-GM in deuteriurn 
oxide 

An axially oriented hydrogen (He) is more shielded than 

an equatorially oriented hydrogen (Ha) and resonated at a higher 

applied magnetic field39. Van der Veen °  has studied the 

mutarotation of D-galactoe in deuterium oxide by p.m.r. and 

found the following T_values and coupling constants between 

H 1-H 2: Ha, 4.77T 0,2  2.7 Hz)  and H, 5.43T (J,2  6.7 Hz). 

The difference in coupling constants is a measure of the dihedral 

angle between H-land H-2and is a consequence of the more effective 

coupling of two axially oriented hydroger.s (He-H 2)  than axial-

equator ial/ 
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equatorial coupling (11a-H 2) 39 . 

Table II shows T  -values and the change in the number of 

protons contributing to these values with time, thus confirming 

the reaction scheme of Fig. I. T-values were measured relative 

to the single resonance due to water at 5.25T. 	The first 

spectrum was recorded immediately after a-C?I had dissolved in 

deuterium oxide. 

TABLE II 

T-values and number of protons in the mutarotation and 
polymerisation of a-(?1 in deuteriurn oxide. 

Ha Hb Ha H0,H 2_H 6  aMe -(GMe.CH 2)n 

T_values 3.0 4.20 4.66 5.4 -6.6 8.00 3.5 	- 9.5 

o. of protons 1 1 1 0 	, 	6 3 0 
aGI 

10. of protons 0 0 7 0 5 
• 	P-GM 

No. of protons 0.71 0.71 0.35 6.07 2.25 1.41 
t = 0 

Ic. of protons 0.22 0.22 0.60 6.56 0.3 3.54' 
t = 24 hr. 

o. of protons 0 0 0.64 6.65 0 4.71 
't=96hr. 

At/ 
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At t = 0, a distinct doublet at 4.64T (1 1,2  3.0 Hz) 

indicated Ha. The integral showed that 85% of the compound was 

in the a-form at this time and aftermutarotation had taken place, 

approximately 60% was still in this anomeric state. The gradual 

decrease in the number of vinyl protons (Ha, Hb and a-Me) with 

the concomitant appearance of these protons at higher field 

proved that polymerisation was taking place and after 96 hr. 

there was 94% conversion into polymer. The gradual decrease 

in resolution of the spectra was also a consequence of polymerisatiori. 

As the inhibitor-free monomer polymerised so readily 

in aqueous solution and the yield of crystalline material was only 

48%, the monomer was best prepared for polymerisation as an 

aqueous solution containing 2-rnethoxyphenol as inhibitor. 
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2,3 Experimental 

Materials 

Allyl Bromide 
	 B.D.H. reagent, redistilled. 

Anhydrous Acetone 	 Analar B.D.H. reagent was dried over 
calcium chloride and filtered 
immediately before use. 

Anhydrous Copper Sulphate 	Copper sulphate pentahydrate was 
crushed, heated in an oven at 105 0  for 
three days, and finally heated 
cautiously with a bunsen until it was 
a 'thite and free-flowing powder. 

Anhydrous p-Dioxan 	 B.D.H. reagent, dried over sodium 
hydroxide and sodium wire, refluxed 
and.distifled over sodium wire. 

Ethyl Acrylate 	 B.D.H. reagent. 

Formic Acid 	 Analar B.D.H. reagent. 

D-Galactose 	 B.D.H. reagent. 

Glycerol 	 Analar B.D.H. reagent. 

p-Methohenol 	 B.D.H. reagent. 

Methyl Methacrylate 	 B.D.H. reagent. 

Tetrachlorocuinol 	 Eastman Organic Chemical, 

TetraisoororTl Titanate 	Eastman Organic Chemical. 
(Titanium isopropoxide) 

General/ 
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General Methods 

Elementar\r Analyses were carried out by A. Bernhardt, 

4t1lheim, Germany. 

Infrared Spectra were measured with a Perkjn-Elmer 

"Infracord" 137 and a Perkin-Elmer 257 Grating Infrared 

Spectrophotometer in potassium chloride discs. 

Specific totations were measured ma 2 drn. tube. 

Melting Points were determined with a hot stage 

microscope. 

Refractive Index was measured with an Abbe refracto- 

meter. 

Thin Layer Chromatrography, T.L.C. was performed on 

Silica Gel G with chloroform-ethanol (99:1); spray reagent, 9 

sulphuric acid (10 mm. at 1400). 

All evaporations were carried out under reduced 

pressure below 40 °  and all crystalline materials dried to 

constant weight in vac. over phosphoric oxide at 200. 
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1 2: 3. 4_Dj__jsooropy1idene_cL_D_galaCtOPYrafl05e41 

D-Galactose (2.39), anhydrous copper sulphate (200g) 

anhydrous acetone (2 litres), and concentrated sulphuric acid (10 ml.) 

were shaken together for 24 hr. 	The copper sulphate was filtered, 

washed with acetone (200 ml), and the combined filtrate and 

washings neutralised by shaking with powdered calcium hydroxide 

(100 g) for 24 hr., lAtien the solution was shown to be neutral to an 

aqueous solution of Congo Red. Solids were filtered and washed 

with acetone, and the filtrate and washings concentrated and 

distilled (b.p. 100 0 /0.04 mm) to give a greenish yellow, 

viscous syrup ( 83-58 g, 70.3%) Wriich had [aiD -57.4°  (c 2.0 in 

chloroform). 	Lit [aiD -° (c 3.5 in chloroform). 

6-0-A cryloyl-1 .2:3 ,4.dj_0_isooroP1Tlidefle_a_galaCtOPVTaflOSe 

(DGA. \r) 

Diisopropylidenegalactose (21.72 g), ethyl acrylate (180 ml), 

2-methorphenol (4 g) and titanium.isopr.bpoxide (4 ml), were heated 

at 110' for 2 hr. with stirring in an atmosphere of nitrogen. 

During the course of the transesterification, the ethyl acrylate-

ethanol azeotrope (15 ml) was collected; this had a b.p. of ca. 72 °  

at the distilling head, and when the temperature dropped to 300 

it was assumed that all of the azeotrope had been removed. 	The 

condenser was then fitted vertically, water (16 ml) and light 

petroleum (b.p. 60-80 ° , 80 ml) added and the mixture cooled to 

20° . 	The gelatinous titanium dioxide was centrifuged, washed 

with! 



with light petroleum, and the supernatant and washings concentrated 

to a sticky yellow solid (19.46 g). 	This was dissolved in 

methanol (100 ritl) water (40 ml) added and left to crystallise at 

06  for 18 hr. This crystalline product was dissolved in 

methanol (50 ml), water (20 ml) and tetr.achloroqu±nol (2 mg) 

added, and the solution heated under reflux for 5 min with 

charcoal (5 g). 	The mixture was filtered through celite, washed 

with methanol (10 ml), water (30 ml) added and the solution left 

at 0°  for. 18 hr. to give the acrylate as needles (8.93 g) 

m.p. 56.5570, [alD -50.2° (c 1.0 in chloroform). 	Infrared 

analyses showed ester C:0, 1737  crn, C:C, 1640 cm, and 

-dimethyl, 1380 cm - . (Found: 	C, 57.5; 	H, 7.0. 

C 15H 22  07  requires C, 	57.3;  H, 7.05%). Mother liquors were 

worked up to give a second crop (5.82 g, m.p. 55-56.5 ° ) thus 

giving a total yield of 14.75 g (56.2%). 	For polymerisations, 

the monomer was recrystallised three times fror methanol-water. 

1 • 2: 3 ,4-Di-0-i 5QØroDy1idefle_6_O_mthacrT1O1Tl_a_D_.ga1aCtopVrafloSe 

Iv) 

Diisopropylidenegalactose (80 g) was dissolved in 

methyl methacrylate (480 ml) containing tetrachloroquinol (4 g). 

Titanium isopropoxide. (16 nil) was added, the flask flushed 

with nitrogen for 10 mm, and the temperature raised to 110 0 . 

A methanol-methyl methacrylate azeotroe distilled at 82-85 ° . 

After 1 hr., water (16 ml) and light petroleum (b.p. 60-80' 2  

80 ml)/ 

MPAC 



0 ml) were added and the mixture allowed to come to 20 ° . 

After 2 hr., titanium compounds were filtered, washed with 

light petroleum, the filtrate and washings washed with water 

0 x 20-ml), and the solution evaporated to a syrup. This was 

dissolved in ethanol (400 ml) and recrystallised with water (400 ml) 

at 0° . 	The pure methacrylate was a Wnite, crystalline compound 

(75.7 g, 75.2%), rn.p. 62 .5-63 ° , [a]D -49.3°  ( c 1.12 in 

chloroform), and infrared analysis showed ester C:0, 1730  cm-, 

C:C, 1640 cm- and 	-cthnethyl, 130 cnr1 . (Found: 	C, 5.1; 

H, 7.21. C16H24 0 7  requires C, 5.5; H, 7.36%). The monomer 

was purified further for polymerisation by recrystallisation from 

5 	ethanol:- yield, 90.3%. 

6-0-Allyl-1. 2:3 • 4-di-0-i sopropylidene-a-D-galactopyranose 

(ADG. vi) 

Diisopropylidenegalactose (19.9 g) was dissolved in 

anhydrous 2-dioxane (100 ml) and powdered sodium hydroxide (8 .g) 

added. Allyl bromide (80 ml) was added over 20 min to the 

stirred mixture at 45 ° . 	Heating was increased to 50 °  for 

30 mm, and finally to bO °  for 2 hr. 	Water (100 ml) was added, 

and the mixture was extracted with chloroform 0 x 100 ml). 

The chloroform extract was washed with water (3 x 250 ml), dried 

• over anhydrous sodium sulphate, and evaporated to a yellow oil 

(22.1 g). This material was re-allylated as before to give 

the crude allyl ether (22.08 g) Wnich was distilled to give a 

colourle ss/ 
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colourless oil (21.0 g, 91.%), bp. 86 0 /0.03 mm. 	T.l.c. showed 

one component (RF  0.9), and infrared analysis showed absorptions 

at 300 (=CH) and 1645 cm- (C;C); OH absorption was absent. 

-71.8°  (c 1.0 in chloroform) and riD25  The allyl ether had [aID  

1.4595. 	(Found: C, 60.2; H, 8.13. 	C15 H24 0 6  requires 

C, 60.0; H, 8.o6). 

1L0' 	 rito142 it ol 

Dry hydrogen chloride was passed through a mixture of 

glycerol (104 g) and acetone (200. ml) until a homogeneous 

solution was obtained (30 mm). 	The solution was neutralised 

with anhydrous sodium carbonate, filtered and evaporated to a 

syrup which was dissolved in water (100 ml) and extracted with 

chloroform 0 x 100 ml). Chloroform was removed by evaporation 

and the syrup distilled (b.p. 81 0 /12 mm) in the presence of. 

silver oxide to give a colourless oil (81.68 g., 54.6%) which 

had nD25  1.4330 (lit.13n 
D25 

 1.4326). 	Infrared analysis showed 

sharp hydroxyl absorption at 3500  cm'- and the 	-dimethyl 

doublet at 1380-1360 cm. 

2, 3_O_Isopropylidene_1_0_rnethacryloyl_Dj-i_glVCCritOl 

(1G114. VII) 

Isopropylideneglycerol (20.2 g) was transésterified 

with methyl methacrylate (120 ml) in the presence of 

tetrachloroquinol/ 
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tetrachloroquinol (1 g), with titanium isopr.op6xide(4 .ril)., 

as catalyst, under identical conditions to those described above 

for the preparation of DGM. The monomer oil was distilled 

(b.p. 65 0 /0.01 mm); approximately the first gram of distillate 

was discarded. 	The methacrylate (21.54 g) was further purified 

by a second distillation in the presence of tetrachloroquinol to 

give the pure monomer as a colourless oil (20.65 g., , 7.5%) 

Wcuich had n D25 
 1.4435 (lit.,32 D° 1.44 2 ) and was optically 

inactive; infrared analysis showed ester C:0 at 1730  cm- and 

C:C, 1645 cm- (OH absent). 	(Found: C, 60.4; H,  8 .51. 

Caic. for C0H1604:C, 60.0; H, 3.06%). 

__thacryloyi_a_D_ga1actoPVraflOSe (a-Gil XII ) 

DiisopropylidenegalaCtOSe methacrylate (DGM, 10.02 g, 

0.0305 mol) and _methoxypheno1 (0.5 g) were dissolved in formic 

acid (80 ml) and the solution made up to 100 ml with water. 

The deacetonation was followed polarimetrically (2-dm tube) 

at 20°, and after 24 hr., the solution was diluted to 5 with 

water and formic acid removed by repeated evaporation at 35 °  and 

addition of water. 	The thick syrup was dissolved in ethanol 

(100 ml) and polymeric material (403 ing) filtered off. 	The 

clear ethanol solution was evaporated at 20° to ca. 20 ml and 

left at 0°  for three days. 	The white crystalline material was 

filtered, washed with ethanol (2 x 2 ml), and dried to give the 

.methacrylate as plates (rn.p.108-11 ° , 3.63 g, 	Wnich 

mutarotated/ 
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mutarotated from [aiD + 91.5 0 	- + 53. °  ( c 1.516 in water). 

This material (2.50 g) was dissolved in water (10 ml) and 

ethanol (90 ml) added and the solution left at 00  for three 

days to give the a-anomer as white plates (rn.p. 142-145 ° , 551 rng, 

22.). 	(Found: C, 4.1; H, 6.39. 	C 11 H 1607  requires 

C, 4.4; H, 6.5G3 ). 

_0_MethacrY]oYl--Ga1&Ct0Se (GM) 25 w/w%. Acueous Solution 

DOM (41 g) with 2-methoxyphenol (1.5 g) was 

deacetonated in 8 formic acid (400 ml) and after 24 hr. at. 

20°, formic acid removed as before. 	A weighed amount of water 

was added to the monomer syrup to give a solution which was 

25 w/v with respect to GM and 1.21% with respect to inhibitor. 

- 43 - 



3.. POLYiilRS 

3.1 Free-Radical Polymerisation: General Introduction 

F1ory 4  showed that a free-radical polymerisation 

reaction, like other radical processes, is a typical chain 

reaction requiring three distinct steps: 

l) initiation, vihich is dissociation of the initiator 

and addition of the initiator fragment to the first 

monomer molecule, 

kd 	. 	 k 
12 	 21.I. + M 	-> LN 	 (1) 

where M = H 2C = CHY 

propagation, which is the addition of a free-radical 

to a double bond, and is the mechanism of polymer 

chain-growth, 

MXCH2CHY + CH 2= CHY 	 >' + 1 CH 2CHY 	 (2) 

and termination, which is the coreaction of two polymer 

chain radicals by combination, 

ktc 
2MCH 2CH1 	. 	MCH 21H—CH C I 	 (3) 

Y 	Y 

or/ 



or disproportionation 

kt 
2MCH2CHY 	 •> MCH = CHI + MCHH2Y 	(3) 

In general, there are three limiting conditions 

for the polymerisation of olef in monomers by a free-radical 

process. 	As the propagation step requires a "head to tall" 

monomer to radical addition, only those monomers containing 

, =CHF, 	CF or = 2  group are suitable on steric grounds. the =CH 2   

Secondly, the substituent Y must be electron-withdrawing to 

facilitate the formation of a free radical. 	These 

substituents include Cl, Ph, 000R, COd, COOR, CN. 	Finally, 

the free-radical must be resonance stabilised. 	For these 

reasons monomers such as 1,2-dichloroethylene, 

C1HC = CHC1, propylene, H 2  C = CHMe, and vinyl ethers, 

H 2 C = CHOR, show no tendency to polymerise under free-radical 

conditions. 

The usual free-radical -  initiators are benzoyl 

peroxide and azobisisobutyronitrile (AIBN), but as the latter 

dissociates in the lor temperature range (40 - £0 ° ), i%IBN 

was used exclusively in this work for polymerisations in 

bulk or benzene solution. 	- 

Me 2  C—N = 

	

Me 2 	 2Me 2  . + N2  

I 	f 
Bulk/ 
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Bulk polymerisation is the simplest technique for 

converting monomer into polymer. 	In this method initiator 

is added to undiluted monomer and polymerisation is carried 

out in a sealed tube in an atmosphere of nitrogen. 

Crystalline monomers are best polymerised in solution in benzene 

or water-solvents Wnich show small tendency to enter into 

transfer reactions with the growing polymer chain. 	iere 

polymerisation is violently exothermic, the reaction is best 

carried out in aqueous emulsion using a water-soluble initiator 

such as ammonium persulphate. 

___ 
NH4OSO—OONii 4 	 ') 2 NH4OSO  

11 
0 	 0 

These three techniques were used for the polymerisation and 

copolyrnerisation of galactose monomers. 
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3.2 Results and 1)iscussion 

The optinurn conditions for the polymerisation of 

diisopropylidenegalactose methacrylate (DGiI) and 

diisopropylidenegalactose acrylate (DGA) to the acetonated 

polymers, P-DGM (XIII) and P-DGA (XI'!), were worked out by 

Mr. Tom Bird
27  • He also successfully deacetonated these 

polymers by hydrolysis in aqueous formic acid at 200  to give the 

water-soluble, synthetic upolysaccharide stt , poly-(6-0-methacryioyl-

D-galactose) (P_GM, XV) and poly-(6-0-acryioyl-D-galactose) 

(P_GA, Xvi) Wriich had the reducing, glycosidic hydroxrl group, 

free on every polymer unit. 

- 	_____ 

oJ 

OCH2  

OH 	H, OH 

bH In 

 R 	Me) (X'!: R 	Me) 

 R = H) (XVI: R = H) 
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DOM and DGA were polymerised in benzene solution 

(22.5% of monomer) under nitrogen with AIBN (0.1 - 0.2%) at 

500. The clear polymer glass was dissolved in chloroform 

and reprecipitated with methanol to give high yields of 

polymer with inherent viscosity comparable with that of 

commercial poly-(methyl methacrylate). 

Unlike poly_(diisopropylideneglucofuranose) 10, these 

acetonated polymers rere resistant to hydrolysis with 

N-hydrochloric acid at 100° . 	The significance of this will 

be discussed later. 	However, dissolution of the Dolymer in 

anhydrous formic acid, followed by the controlled addition of 

water to 66.7% formic acid, brought about the smooth hydrolysis 

of the isopropylidene residues to give the fully unsubstituted, 

water-soluble polymers which were isolated by freeze-drying, 

after the removal of formic acid by dialysis. 

All further work on galactose polymers and copolymers 

was carried out by the author. 

It was observed that these deacetonated polymers 

became water-insoluble, i.e. and, therefore, presumably 

cross-linked, after periods of 1 - 2 years at 20 ° . 	The 

same effect could be observed after heating at 60 °  in vac. 

over phosphoric odde. 	It was thought that traces of 

formic acid in te freeze-driöd polymer, detected at 1600 cm 

in the infrared spectrum, catalysed condensation between a 

glycosidic hydroxyl group and another secondary hydroxyl 

group! 



group of a neighbouring polymer chain. 	This process is of course 

made more probable under the forcing conditions at 600. 	In order 

to eliminate this acid catalysed condensation, .a sample of acid-

free poly-(galactose methacrylate) was prepared from P-DM by the 

formic acid method, by introducing a bicarbonate neutralisation 

step. 	P-G1 was isolated from neutral aqueous solution by 

precipitation with isopropanol. and further purified by a second 

reprecipitation. 	The infrared spectrum of the polymer did not 

show absorption at 1600cm, but cross-linking still occurred at 

60°  in vac. over phosphoric oxide although it is predicted that 

the ushelf_lifeU  water-solubility of the polymer will be greatly 

increased. 	Crystalline Q-galactose is stable indefinitely at 20 °  

but polymerises by a poly-condensation reaction when heated under 

vacuum above its melting point. 	In a similar manner it can be 

visualised that in amorphous, i.e. non-crystalline, P-GM and 

P-GA, galactose units of neighbouring polymer chains come into 

intimate contact at 600  and only a small amount of condensation 

would be required to bring about i. solubility. 	Polycondensation 

of reducing sugars has been reviewed by Mora 22  and one possibility, 

a -1 >4 linkage, is represented as follows for the P-GM and 

P-GA polymers: 

R-CCO 

r14 

	

—OCH 	 OH Q 	 000-R 

	

H, OH 	
OH2

OH 

OH  

polymer chain 	 polymer chain 
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Confirmation of this type of mechanism was shown by the fact that 

poly-(glyceryl met'nacrylate), described later, remained water-

soluble after identical treatment at 60 0 . 

Water-soluble monomers, such as glyceryl methacrylate, 

hydroxyethyl methacrylate and the N-acryloyl and N-methacryloyl 

derivatives of 1arnino-l-deoxy-D-glucito1, give three-dimensional 

cross-linked hydrogels when polymerised in concentrated aqueous 

solution. The 25 w/4 aqueous solution of'6-0-methacryloyl-

D-galactose (GM, XII) also polyrnerised with ainoniurn persulphate 

to a cross-linked hydrogel 33 . 	However, the mechanismS  of this 

cross-linking reaction is not known and is probably different 

from that outlined above. 

Poly-(galactose methacrylate) and poly-(galactose 

acrylate) have been characterised by standard carbohydrate 

reactions. 	Esterification reactions ijere carried out in 

dimethylformamide solution27 . 

P-GM was acetylated in dimethylforrnamide solution by 

two treatments with acetic anhydride-pyridine for 24 hr at 200  to 

give the nite acetate derivtivc (X'JII) in 82.6% yield. 	The 

specific rotation was + 47 °  and the polymer had an inherent 

viscosity inh 
 of 5.2 dl/g in tetrachioroethane. The acetyl 

content was 39.1%  and this corresponded to a degree of substitution 

(D.S.) of 3.65. 

P-GA/ 
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P-GA was acetylated under identical conditions to give 

the polymer acetate (xx) in 84.2% yield. 	The acetyl content of 

40.1% corresponded to a D.S. of 3.6 and infrared analysis showed 

negligible hydror1 content; the spectrum was almost identical 

to that of the methacrylate polymer. The acrylate polymer had a 

siiiilar specific rotation of +520  but did not show the high 

inherent viscosity of the methacrylate polymer in tetrachloro-

ethane. 

Benzoylation of P-GM in dimethylformamide solution 

with benzoyl chloride-pyridine for 7 days at 20°  yielded 

essentially the tribenzoate derivative (XVIII). 	The degree of 

substitution was calculated from carbon analysis as follows: 

let the degree of substitution = n 

The repeating unit is C 10H16 07 .(C6H5 CO) 

H 	0 
-+'- n+ 7  

... Weight of unit = 104n + 248 

(7n + 10) x 12 x 100 
and 	%C= 

lO4n + 248 

The degrce of substitution was 2.7 and the benzoate had [aID + 100°  

in tetrachioroethane and a high inherent viscosity, 90 dl/g. 

In marked contrast to the methacrylate polymer, the 

benzoate derivative of the acrylate polymer (XXII) had a degree 

of substitution of 3.7. 	The acrylate had a similar specific 

rotation/ 

Z. 
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rotation, [alD + 94 ° , but, as with the acetate derivative, did 

not show a large increase in inherent viscosity. 

Reaction of carbohydrates with phenylisocyanate in 

pyridine solution gives the phenylcarbamate drivativc: 

HCOH 	 ) HCOC—NHPh 

The phenylcarbaniate derivative of P-G1 (XIX) was prepared by 

two treatments of the polymer in dimethylformamide solution 

with phenylisocyanatC, at 1000  for 3 hr. 	The D.S., 3,2, was 

determined by nitrogen analysis. 

The phenylcarbamate of P-GA was prepared essentially 

as described for the methacrylate polymer. However, the 

polymer derivative (XXII) did not precipitate from dimethyl-

formamide solution with ethanol but it precipitated with 

isopropanol. 	The D.S. was 3.6. 	The acrylate polymer showed 

a remarkable difference in solubility from the methacrylate 

polymer in that it gave an insoluble gel in chloroform and 

tetrachloroethane. 	It was, however, cxtreely soluble in 

dimethylformamide and acetone. 	 - 
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C.CH -  

HO 	CO 

H1  0 

OH'  I n  
 P. Me, 

/ 
P. 

it 
= P. = Ac) 

 P. Me, R' = Bz, P." 	= H) 
 P. = Me, P.' = PhNH•CO, S' 	= H) 

 P. = H, R' = P." = Ac) 
 P. = H, P.' H" = Bz) 

 R = H, R" = P." PhNH.CO) 

These results indicated that, in general, acetylation 

of P-Gi and P-GA tended to give the fully acetylated derivative 

(XVII, X(). 	Howcvcr, benzoylation and phenylcarbmoylation 

tended to give the fully substituted derivatives (XXI) and (XXII), 

with P-GA only, while the methacrylate polymers (XVIII) and (XIX) 

were trisubstituted. The galactose residue exists in 

the/... 
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the stable Cl conformation in which the 4-hydroxyl group is axial 

and substituents on C-2 and C-3 are equatorial. 	It is well-known 

that axial hydroxyl groups are generally less rapidly acylated 

than equatorial hydroxyl groups. ftichardson and Williams 45 have 

shown that reaction of methyl -D-galactopyTanoside, in which the 

4-hydroxyl group is axial, with 4.1 moles of benzoyl chloride in 

pyridine at _400 gives methyl 2,3,6-tri-O-benzoyl-a-Q-galacto- 

pyranoside in 56% yield. 	The generalisation, however, did not 

apply to the axial 2-hydroxyl group of methyl a-D-mannopyranoside. 

It would appear that the additional C-methyl group of P-I 

introduces a steric factor. 	It is, therefore, suggested that, 

in the benzoylatiori and phenylcarbamoylation of the acrylate 

polymer, the difficulty in obtaining a tetrasubstituted 

derivative is governed by the lower reactivity of the axial 

4-hydroxyl group, whereas with the methacrylate polymer, the 

combined effects of steric hindrance and the lower reactivity of 

the 4-11ydroxyl grip result in trisubstitution. 	However, in the 

acctylation reaction, the smaller size of the attacking acetyl 

radical would render steric hindrance of less importance and the 

D. S. would be governed largely by the reactivity of the 

4-hydroxyl group. Rutherford-' -° showed that p01y-(3-O-

methacryloyl-D-glucose) gives trisubstituted products on 

acetylation, methylation and phenylcarbamoylation. In this 

polymer, however, the glucose residue is one carbon-bond length 

nearer the polymer chain with the result that one of the 

hydr oxyl/ 
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hydroxyl groups may be completely shielded. 

Caesar and Goldfrank46  prepared fully suhsttuted 

starch nitrates, soluble in ethyl acetate, with no depolymerisa-

tion, using nitrogen pentoxide in chloroform in the presence of 

sodium fluoride. P-G11 gave essentially the tn-nitrate with 

this system but as it was insoluble in organic liquids, it was 

not characterised further. 

All the above substitution reactions can be applied 

to natural polysaccharides. Hence, reactions specific to the 

reducing group at lof the galactose residues were carried out. 

As these reactions are impossible for normal polysaccharides, 

except at the reducing and of each polymer, a number of novel 

polymers resulted. 

Rutherford1 ' 1°  prepared a phenyihydrazone of 

poly-(glucose methacrylate) in which two out of three units in 

the polymer chain were substituted. 	As addition of 

phenyihydrazine to an aqueous solution of P-GM or P-GA caused 

immediate precipitation, dimethylformamide was used as solvent 

in an effort to drive the reaction to completion. 	This was 

achieved, and treatment of P-GM and P-GA in dimethylformamide, 

with phenyihydrazine in the presence of glacial acetic acid, 

gave high yields of the fully substituted, polymeric 

phenylhydrazones (XXIII) and (XXI'!): 
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CR CH 2  

Co 

OCH 2  

HeOHC

H: 

H 

 NNHPh 

OH 
n 

()CXIII: R 	Me) 
(XXIV: R=H) 

Elemental analysis showed the reaction to be complete and 

strong infrared absorption at 1610cnfa  indicated C:N.NHPh. 

Although originally soluble in the reaction mixture, the  polymer 

phenyihydrazones failed to redissolve in dimethylformarnide 

after isolation. 	This reaction has proved valuable for the 

chemical cha,racterisation of copolymers of galactose monomers 

with various industrial monomers. 

Water proved to he the only successful medium for 

preparing the phenylosazone derivatives. Treatment of aqueous 

solutions of P-GM and P-GA at 900  with excess of 

phenyihydrazine and glacial acetic acid gave phenylosazone 

derivatives but reaction was incomplete owing to precipitation 

of! 
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of the polymer from solution. Analysis was consistent with 

substitution of one in three galactose units as D-ly -xo-hexose 

phenylosazone (XXV, XXVI), the other two remaining as the 

phenyihydrazone (XXIII, XXIV). 	The infrared spectrum showed 

four bands at 1610, 1570, 1530 and  1500cm 1  which are believed 

to be characteristic of a phenylosazone structure47 . 

Ph 	 - 

N N H  

HO_p 

HO 

C—OH 

CH2Q0 
- 	 CR.CH —  - 

R = Me) 
R H) 

Chiorous acid at pH3 oxidised P-( and P-GA to 

soluble poly-(6-O-methacryloyl-D-galactonic acid) (XXVII) and 

poly.-(6--0-acryloyl-D-galactonic acid) (XXVIII) respectively. 

Freshly prepared solutions of these poly-acids showed no 

measurable/ 
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measurable optical rotation but a negative value was obtained 

on standing. During isolation and drying, a molecule of 

water was lost from each repeating unit to yield the water-

insoluble polymer lactones (XXIX, XXX) with characteristic 

infrared absorption at 170crn due to the 1,4-lactonc 

carbonyl group. 

H. CH2  

CO 

OCH 2  

H0c 

OH 

C 

ZO 
I  \V ~ 

OH OH 

CII 20 

CO 

- 

 
I- 
GR - CHi--  

(XXVII-: R = Me) 
	

(kXI 	H Me) 

(XXVIII: H = H) 
	

(XXX: 	H 	H) 

The course of oxidation was followed polarir:ietrically. 

PM (1%) in 0.4 N-sodium chlorite and 2 M-acetic acid gave: 

Time (hi') 	0.25 0.50 0.75 1.17 2.17 5.0 24.0 

[a]D 	+42°  27 ° 	22° 	17 0 	15 0 	140  12 0  

c 1.15, calculated as poly-(sodium 6-0-methacryloyl--galactonate) 

P_GA/ 
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P-GA (1%) in 0.4 M-sodium chlorite and 2 M-acctic acid gave: 

Time (hr) 	0.13 0.27 0.50 0.70 1.10 2.0 24.0 

+3 0  310 	19 0 	150 	100 	80 	70 

c 1.172 , calculated as poly-(sodiurn 6-0--acryloyl-D-galactonate) 

Inorganic material was removed by dialysis and the free-acid 

liberated by Amberlite IR-120 (H) resin. 

Hudson's lactone rule48  states that a lactone, in which 

the oxide ring, as represented in the conventional Fischer 

projection formula with the C01 group at the top, lies to the 

left, is more laevorotatory than the parent acid, while with the 

oxide ring to the right the lactone is more dextrorotatory. 

CO 

T 	H. 

—0H 

CH 20R 

Co .  

CH 2OR 

The negative rotations of the water-soluble partial lactones 

point exclusively to the 1,4-lactone structure. 	This reaction 

parallels the ready conversion of D- or L-galactonic acid into 

its 1,4-lactone49  and agrees with the fact that a carbonyl group 

in:a five-membered ring represents a highly stable arrangement, 

whereas a similar arrangement in a pyrano:;e (1,5-lactone) 

introduce s/ 
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introduces an element of instability50 . 

The sodium salts-of these polyacids behaved as 

typical polyelectrolytes. They exhibited high inherent 

viscosities in water which were drastically lowered on the 

addition of sodium chloride - a characteristic of all water-

soluble polyanions such as carrageenan 51  etc. 	Addition of 

Ag+, 	Ca'', 'Co, Cu", Pb,Al...  andFe. 	caused 

immediate precipitation of the polymer. 

An unsuccessful attempt was made to prepare an 

amide 2  from the polymeric lactone (XXX) by treatment with 

liquid-ammonia at 20° . 	However, ammoholysis resulted, and 

the ester linkage joining the galactose residues to the 

poly-(acrylic acid) backbone was cleaved. 

The reducing group of P-GM was readily reduced with 

sodium borohydride in aqueous solution, to give 

poly_(6_0_methacryloyl__galactitol) (XXXI) in high yield; - 

the course of the reaction was followed by oxidising the 

isolated products with periodate. 	The fully reduced polymer, 

on oxidation with 10 excess of 0.05 M-sodium periodate for 

2 hours at 20° , consumed 3.7 mol. of periodate and released 

0.9 mol. of formaldehyde, conpared with the. theoretical 

values of 4 and 1, respectively, for each galactitol 

6-methacrylate unit: 	This suggests the presence of either 

l w/w sodium methacrylate units or 10,  water. 

S. 



CMeCH2 	 CMe 

Co 

OCH2 
	 4.nI O 
	

0CH2  

HO 

K'OHH ICH 2.OH 

	 CHO 

+n CH2O 
OR 	in 

+ 3n 1iCO-i 

(XXXI) 

p_v1 liberated no formaldehyde on oxidation with periodate and 

2.92 mol. of periodate was consumed after 24 hr. 

Oxidation time f or P-GM (hr.) 0.3 1.0 2.0 2.0 

Periodate consumed (mol.) 
	

1.34 1.7 2.22 2.92 

—1eCH 2  

Co 

OCH2 	 3nIO 

HO/L H, 0H OH 

ale• CH 

co 

OCH 2 	I 

CH 

HO J 
+2nHCO 2H 

Poly-(galactitol rnethâcrylate )/ 
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Poly-(galactitol methacrylate) was nitrated 6  with 

nitrogen pentoxide in chloroform in the presence of sodium 

fluoride, to give essentially the tetranitrate in 93.5% yield. 

In oder to evaluate the effect of ring structure and 

the glycocidic hydroxyl group on the physical and chemical 

properties of galactose polymers, methacrylate polymers 

containing glyceryl residue were made for comparison. 

Isopropylideneglyceryl raethacrylate (IGLM, VII) 

polymerises readily with free-radical initiators to form a 

linear thermoplastic polymer (P-IGLM, XXXII) iich has high 

optical clarity and can be cross-linked by the action of heat 

or by a catalyst such as boron triflüoride. 	The cross-linked 

polymer has the properties of a tliermoset resin and it ha been 

claimed that cross-linking occurs by opening of the 1,3-dioxolane 

ring32 ' 53 . 

The removal of the protecting isopropylidene group from 

organic-soluble P-IGU1 to form linear, water-soluble 

poly-(glyceryl methacrylate) (P-GLL4, XXXIII) does not appear to 

have been previously described. However, the water-soluble 

monomer, l_Q_methacryloyl_pj._glyceritOl, has been prepared by 

deacetonation of IGU"I with dilute mineral acid. 	It can also 

be prepared by the acid hydrolysis of the cormercially available 

glycidyl methacrylate. Refojo 5  found that glyceryl methacrylate, 

polymer i sed/ 
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polymerised in bulk or concentrated aqueous solutions, yielded 

water-insoluble polymers with variable swelling power (70-90), 

indicating the formation of cross-links. He pointed out that 

these hydrogels would be particularly useful in the field of 

ophtha]inology because of their softness, transparency and ability 

to be cast in any shape. 

CMeCH 	 - CMeCH 

	

2 	 1 	2 

Co 	 Co 
'I 

OCH CHCH 	 OCH CHOHCH OH 
21 	1 2 	 2 	 2 

\/ 

Me 
2 

	

(XXXII) 	 (XXXIII) 

nIO '  

CMe CH 
2 

CO 	 +nCH 0 
2  

OCH CHO 
2 
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It has been found that the isopropylidene group 
11 

of P-IGLN is more resistant to formic acid hydrolysis than 

the isopropylidene groups of P-DGM and P-DGA as the formic 

acid hydrolysis conditions worked out for the acetonated 

galactose polymers did not produce a water-soluble glycerol 

polymer when applied, to P-IGLI. 

Table III. Deacetonation of poly-(isopropylideneglyceryl 
methacrylate) to poly-(glyceryl methacrylate) 

Method 
P-IGLi'i 

inh (di/g,  
c 0.5 in 

chloroform) 

P-GLM 
inh  (dug, 
c 0.1 in 
water) 

Molar 
Consurription 
of periodate 
(mol./mol.) 

Molar 
Release of 

Formaldehyde 
(mol./mol.) 

50.c 	Formic 
acid at 1000 1.8 1.4 0.70 0.70 
for 8 hr. 

N-Hydro- 
chloric acid 3.66 8.25 0.86 0.88 
at 100°  for 
30 mm. 

2-Methoxy- 
e ti-i anol/ 
hydrochloric 1.8 1.0 0.96 1.04 
acid at 1000 
for 2 hr. 

3€ 

C 0.5 in water. 

It' 
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It can be seen from Table III that forr1üc acid is not 

a good medium for deacetonation of this polymer as these vigorous 

conditions, although producing a water-soluble polymer, gave only 

reaction. 

The glass transition temperature (TG)  of a polymer 

represents the boundary between its glassy and rubbery state. 

All linear polymers will undergo this transition unless thermal 

degradation occurs first. 	Polymers having crystalline regions 

show both TG  and a crystalline melting point (Tm)  which is much 

higher than TG, whereas amorphous polymers show only TG.  A 

complex theoretical treatment of TG  has been given by Gibbs and 

DiMarzio55 , but in simple terms, second order transitions in 

properties such as specific volume and specific heat occur at 

this teriiperature and this is a result of the breaking down of the 

secondary valence forces holding the polymer chains together in 

the glassy state. Above TG the polymer chains have free movement 

and solution properties are shown. 	A correlation beten TG  and 

chemical structure has been found in terms of polar and steric 

factors. Polar polymers have relatively high values of TG,  but 

a more important factor is the steric effect of the chain 

substituent groups. 	Stiff and bulky side groups, which inhibit 

free rotation of the chain segments, increase TG,  whereas flexible 

side groups, which serve to hold the chains apart, free their 

motions and decrease TG 
56 . 	The effect of flexible side groups 

on' 
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on TG has been shown by Wiley and Brauer57  for a series of 

poly_(n-alkylacrylates) TG becomes progressively lower as the 

length of the n-alkyl side chain is increased; e.g., they 

reported TG values for poly-(methyl acrylate) and 

poly-(ethyl acrylate) as 0°  and -23 °  respectively. 

The Ts of P-DGI and P-DGA vre measured at the 

Royal Aircraft Establishment, Farnborough, with an automated 

dilatornetric apparatus and were found to be 126 0  and 9 0  

respectiveiy. 

TGS were also determined by the author using 

differential thermal analysis (DTA). This technique measures 

the heat energy change occurring in a substance as a function 

of temperature. Experimentally, the sample is heated side by 

side with an inert reference material at a uniform ratë• -) and 

the temperature difference between thern ( L T) measured as a 

function of temperature (T). 	The result.ing curve, which is a 

plot of T against / T, is called a thermogram and the TG  is 

detected as a base-line shift, caused by the sudden changes of 

specific heat, free volume and thermal conduction of the 

polymer at this temperature 59 . 	The acetonated polymers 

showed well-defined, repeatable base-line shifts at 

130°  for P-DGM, 104 °  for P-DGA and 61.50  for P-IGL. 

Base-line shifts were not detected for the deacetonated 

polymers. 	 - 

The/ 
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The T values for P-D4 and P-DGA are the highest 

yet recorded for a methacrylate or acrylate poiymeróO,  and this 

fact must be attributed to the presence of the bulky, tricyclic 

diisopropyIidenegalactose groups attached to otherwise flexible 

carbon-carbon main chains. 	The higher TG  of the methacrylate 

may be attributed to the a-methyl groups nich give rise to an 

increased barrier to rotation about the polymer main chain. These 

differences in TG can be correlated with differences in two of 

the chemical properties of the acetonated 'polymers: 

(1) 	Unlike P-DG'1, Wnich is resistant to heterogeneous 

acid hydrôlyis and can be recovered almost unchanged after 

prolonged heating in hydrochloric acid at 100°, P-IGII'l is 

readily deacetonated to P-GU'I on heating at 1000  with 

N-hydrochloric acid alone. Obviously this effect is not due 

to a difference in the acid stability of the respective 

isopropylidene rings as it was found (Table III) that the 

1,3-dioxolan ring of P-IGLM was more resistant to acid hydrolysis 

in solution than tho3e of P-DGM and P-DGA. However, if the 

physical state of the two pOlymers in this heterogeneous 

reaction at 1000  is considered, it will be seen that P-1G114 

(TG, 61.5 0 ) will ethibit solution properties whereas P-M 

(TG, 126 ° ) will still be in its glassy, rigid state in which 

the secondary valence forces holding the chains together inhibit 

the deacetonation reaction, 	illustrating this, P-WA 

(TG, 9 ° )/ 
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(TG, 9°) yielded water-soluble polymer after heating at 1000 

in N-hydrochloric acid for 2 hr, and IGUi:EGM cop olymers6l 

could only be de.acetonated heterogeneously with ease below 

15 mol.% of 1DM. 

(2). 	Secondly, it was found that P-IGUI croes-linked 

(became chloroform-insoluble) on heating at 105 °  in air. 

P-DGA cross-linked after 3 days at 105 0  iereas -1DF1 was 

completely chloroform-soluble after this treatment. It 

would appear, therefore, that cross-linking by heating 

polymers containing the isopropylidene group will occur only 

at temperatures above their TG. 

Some solution properties of poly-(ga.lactose 

methacrylate) re studied. 	The reducing power of P-, 

determined with alkaline iodine 62 , was 9.6%. This value 

was used to convert all weights in subsequent measurements 

into the anhydrous values by multiplication by 0.966. The 

specific rotation of the polymer in water was 

The intrinsic viscosity[]is defined as the limit 

of! 



of the inherent viscosity Tjflh at zero concentration:- 

L'n] urn 1,1c ln(t/t 0 ) 

C - 0 

Wnere c = concentration of polymer in g1100 nil solution 

t. = solvent flow time 

and t = solution flow time. 

A plot of the change of inherent viscosity with concentration 

gives the intrinsic viscosity at zero concentration. A 

convenient method of following this change is by using an 

Ubbelohde dilution or suspended-level viscorneter. }esu1ts for P-GM 

in •mt.er, 0.11-1-sodium chloride and dimethyl sulphoxide in 

viscometers of different bore are given in Table IV. 

It can be seen from the graph that below c 0.06 

the change of I., with c increases more rapidly in every 

case except in 0.114 sodium-chloride. 	Consequently, the 

intrinsic viscosity was extrapolated from the linear part 

of the curve between c 0.2 - 0.1. 	The extrapolated values 

were:- No. 3 viscorneter, dimethyl sulphoxide, 	J = 3.73 dl/g; 

No. 2 viscometer, water, []= 2.1 dug; 	No. 3 viscometer, 

water, [r] = 2.54 dug; and No. 2 viscorneter 0.114 sodium 

chloride, [] = 2.43 dl/g. 	These results show the 

importance/ 
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TABLE IV. The intrinsic viscosity of poly—(galactose methacrylat.e) 

Dirnet1y1 Suiphoxide - No. 3 BS/IP/SL(S)5573 \Iisccyiieter 

c(g/100 ml) 0.1936 0.1291 0.0968 0.0484 

71 01/60') 3.348 3.45 3.533 3.7w 

Water - No. 2 BS/IP/SL(S)336 Viscorneter 

c 0.130 0.1307 0.0915 0.045 	0.029 	0.0057 

linh 2.483 2.580 2.647 2.838 	3.037 	3.251 

Water - No. 3  BS/IP/.SL(S)573 Viscorieter 

c 0.1830 0.0915 0.0605 0.0458 

inh 2.262 2.403 2.448 2 .493 

0.1M—Sodiuni Chloride - No. 2 BS/IP/SL(S)336 Vjsconoter 

c 	0.0940 0.0470 0.35 

inh 	2.279 	2.351 	2.k00 
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FIG. II Intrinsic viscosity of poly-(galactoso 
methacrylate) in water, 0.114-sodium chloride 
and dir1iethyl suiphoxide (DMSO) 



importance of using the same viscometer for all viscosity 

measurements and the validity, for general purposes, of 

using inherent viscosity values between c 0.1 - 0.2 as 

these values are not far removed from the extrapolated 

intrinsic viscosity. 

A correlation of intrinsic viscosity with 

molecular weight for linear polymers can he achieved 

through the empirical equation proposed by Mark and 

Houwink63 , based on earlier work by Staudinger64 . 

[ii] = 

where M is molecular weight, and K and a are constants 

for the particular polymer-solvent system. The value of 

a for most polymers has been found to be around 0.7. 

The determination of molecular height in 

polymeric materials yields a value which is always an 

average of the molecular weights of the molecules present. 

hat kind of average is obtained depends on the method 

of measurement. One of the most common average molecular 

weights is the average, M. 	it is defined as:- 

= 2T 	2 NM 

where/ 
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where N = number of molecules of molecular weight M. 

The 	of P-c was determined in aqueous solution by 

the light scattering technique of Zirni 91 . 	The SOFICA 

Photo Gonio Diffusometer was used and DI calculated 

from the equation92  

1- 	 .(l) 
T M 	RT 

where 'r = turbidity due to polymer, 

c = concentration of polymer in g/ml water, 

H a cdnstant = 
	

N n2.n)2, 

n = refractive index of water = 1.340 1% 

X = wavelength of incident light = 4.358 x 10-5  cm, 

No  Avogadros number = 6.023 x 1023 , 

and dn/dc = refractive index increment due to increase in 

concentration of polymer. 	The dn/dc of P-€T 

in water was measured by a differential 

refractometer at 4.358 x 10 5  cm and found to 

be 0.1430. 

- 	The SOFICA was first calibrated with aqueous 

silica so1. 	The turbidity of the sol was determined 

at 4.358 x 10 cm on a visible spectrophotometer, 

according/ 
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according to the equation: 

I = Ie 
- TC 

This value was related to the intensity of scatter of the 

sol at 90°  (190)  by the ratio T/100  = 0.0013. 	Hence 

the scale deflections obtained with polymer solution could 

he related to polymer turbidity. 

Subtraction of the observed scale deflections 

for water from those of polymer solution at the corresponding 

angle gave a measure of the intensity of scatter due to 

polymer. This value was multiplied by the coefficient 

sin 01(1 + cos2  ) to give the corrected intensity of 

scatter 

Equation (1) can now be re-written as 

c 	H 	.l 	2Bc 
I0. 0013 M + RT 

was measured at several angles for each concentration 

of the polymer and the results were plotted as a mesh of 

points using as axis c/I a  and sin2  0/2 + Kc --- K'is a 

constant (i&) arbitrarily chosen to give an open 

di solay/ 
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display of the experimental data, and to enable the two 

extrapolations to c = 0 and B = 0 to be carried out with 

comparable accuracy. 

Experimental data are shown in Fig. III. 

The common intercept c/Ia  5.0 x 10 

and H/0.0013 = 4.29 x 10 

.. M 	4.66 x io 

The Zimrn-plot obtained is not normal. At 

higher concentrations the plot tended to fold back on 

itself, however, it was felt that further investigation 

into the cause of this behaviour was berond the scope 

of this thesis. 
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FIG, III Zimm—plot of poly—(galactose methacrylate) 
in water 
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3.3 Experimental 

Materials 

Azobisisobutvroflitrile (AIBNJ .  Polymer Consultants Ltd. 

Acetic Anh'dride 	 M & B Laboratory Chemicals 

Arnmonium Persulohate 	 Analar B.D.H. reagent 

Anhydrous Dimethvlforriamide 	B.D.H. reagent, distilled over 
barium oxide 

Anhydrous Pyridine Analar B.D.H. reagent, distilled 
over phosphoric oxide 

Benzene . 
. 	 Analar B !  D.H. reagent, washed 

with concentrated sulphuric 
acid and water to. remove 
thiophene, dried over sodium 
sulphate and sodium wire, and 
distilled over phosphoric oxide 

Benzoyl Chloride B.D.H. reagent 

2-Methoxrethanol B.D.H. reagent 

Phenylhydrazine B.D.H. reagent, distilled 
immediately before use 

Phenylisocyanate B.D.H. reagent 

Sodium Borohydride B.D.H. reagent 

Sodium Chlorite B.D.H. technical reagent 
recrystaflised from 5 	aqueous 
solution 

Methods/ 
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Methods 

Acetvl Content was determined by the method of 

1%histler and jeanes6 . 

Periodate Consumption was measured by Aspinall and 

Ferrier 	spectrophotoraetric method66 . 

Formaldehyde Release was determined by the direct 

colorimetric method of Frisell et a1 6  with chromotropic acid. 

Differential Thermal Analysis (DTA). Poljmer samples 

(10 mg) were heated under vacuum (0.1 nun) relative to.glass beads 

in a DuPont 900 Differential Thermal Analyser at T = 20'/min and 

= 0.2 and 0.5 ° /in from -40°  until the removal of solvent. 

The removal of solvent showed as a large endothermic peak at about 

TG 	
On second and subsequent heating, TG  was shown as a well- 

defined, repeatable base-line shift. 

Inherent viscosity (or logarithmic viscosity number) 

was measured in a BSU-tube viscometer (size 1) at 25 ° . 

inh = c'-  in (t50i/t501) 

iInere inh = inherent viscosity in dl/g 

c = concentration of polymer in g/100nl 

t= time of flow for the polymer solution 

t 01 = time of flow for the solvent 

Other iaterial and methods were described previously. 

: 



Poly-(l.2: 3 ,4_di.-0-isopropylidene-6-0-methaCryloyl-a-D-
galactopyranose) (P-0G11. XIII) 

DGM (20g) and AIBN (20 mg) were dissolved in 

thiophene-free benzene (4.5 g) and the solution frozen at 

_00 • 	The tube was evacuated, filled with nitrogen and 

then allowed to come to 200. 	This degassing procedure was 

repeated three times after which the tube was sealed and 

heated at 50° for 4 hr. 	The polymer plug was dissolved in 

chloroform (400 ml) and the polymer reprecipitated with 

methanol (4 lis), washed with methanol and dried to a white 

pover 	(18.90 g, 94.5%), [aD_60° (c 0.5 in chloroform), 

7 1j 	317 (c 0.1 in chloroform). 
	[Found: C, 59.1; H, 7.4. 

(C 16H240 7) requires C, 58.5; H, 7.4fl. 

Poly_(6-0-niethacryloyl-D-galactose) (P-Gil. XV) 

P-DGM (14 g) was dissolved in formic acid (1400 ml) 

and water (70 ml) added, and the solution stirred at 20 °  for 

18 hi', when more water (630 ml) was added and the solution 

stirred a further 6 hr; the rotation was now constant 

+76 ° , calculated on P_GM). 	The bulk of the formic acid was 

removed by dialysis against running water for 3 days, and the 

solution concentrated under reduced pressure to 500 ml 

Sodium bicarbonate (5 g) was added and the solution stirred 

at 20°  for 18 hr, dialysed against running water and 

in soluble/ 
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Insoluble carbonates removed at the centrifuge. The solution 

was taken to pH7 with hydrochloric acid and the polymer 

precipitated with isopropanol (2.51 1 tres), washed with isopropanol, 

ether and dried. The polymer was reprecipitated from water 

solution (250 ml) with isopropanol (1.25 litres) to give a Wnite 

powder (9.80 g, 92.6%) -iich had a reducing power of 96.6% 

and [aID  +64°  (c 0.14 59 in water). 	Infrared analysis showed 

strong hydroxyl absorption at 3400cm 1 , ester carbonyl at 1730cm 1 

(-dimethyl absent). [Found: C, 48.75; H, 6.6. 	(C1OH1607)n  

requires C, 48.4; H, 6.5%], 

Poly-(6-0-acrylovl-1 ,2: 3 ,4_di-0-isopropylidene-a-D-
galactopl,rranose) (P-DUA. XI 

J3A (10 g) and AIBN (20 mg) in benzene (2.25 g) were 

heated Linder nitrogen at 500  for 24 hr. The polymer was 

reprecipitated from chloroform solution as before with methanol 

to give a Wnite powder (9.10  g, 91%) Wnich had [aID -50°  

(c 0.5 in tetrachloroethane), 71 inh  0.9 (in tetrachloroethane). 

[Found: C, 57.6; H, 7.05. 	(C 15H 2 0 7) requires C, 57.3; 

H, 7.05%]. 

Poly_(6_0-acryloyl-D-galactose) (P-GA. XVI) 

P-DGA (8.8 g) was dissolved in formic acid (1160 ml) 

and/ 



and water (70  ml) added. 	To this solution during 2.5 hr, 

water (530 ml) was added gradually, and the solution stirred 

for 3 days at 20° , When the specific rotation was constant 

°'1D 
+710). The solution was dialysed, concentrated and 

freeze-dried to a white powder (6.90g, 105%) which had a 

reducing power of 90.9% and [aID  +56° (c 0.5 in water), 

inn • 0 6 	(c 0.5 in water). 	[Found: C, 45.3; H, 6.05. 

(C,H14 0? ) fl  requires C, 46.15; H, 6.0]. 

Polymerisation of 6-01ethacryloyl-D-alactose () 25 w/w % 
Agueous solution 

G'4 25 w/w % aqueous solution (19.1 g) was washed 

with chloroform (4 x 5  ml). The chloroform washings were 

optically inactive and consisted mainly of p-methoxypheriol. 

The inhibitor-free solution was evaporated at 20°  under reduced 

pressure until free from chloroform and water added to 25 w/w % 

solution. 

Arnrnonium persulphate (50 mg) was added and the 

solution heated at 100 0  under reflux for 4 hr. 	The thick 

polymer gel was broken down with isopropanol (100 ml), filtered, 

washed with isopropanol and ether and dried to a white poer 

(4.39 g, 91.) which was swellable but not soluble in water 

although it had identical infrared absorption to authentic, 

water-soluble pJ:i  described above. 

- 	Acetylation/ 



Acetylat.ion of Poly-(6-0-methacryloy]--2-galactose) (LVII) 

A 5olution of P-GM (1 g) in anhydrous 

dimethylformaxnide (100 nil) was treated with dry pyridine 

(12 ml) and acetic anhydride (24 ml) at 200  for 24 hr. 

On careful addition to water, a white precipitate formed, 

which was washed with water and dried. The product was 

acetylated again with pyridine (25 ml) - acetic anhydridé 

(50 ml), isolated by pouring into water, and purified by 

reprecipitation of a dimethylformarnide solution (100 nil) 

with water (400 ml). Vlashing with water gave the po1nner 

acetate as a. white powder (1.335 g, 82.6%), [a]D  +47 °  

(c 0.5 in tetrachioroethane), nith 5.2 (c 0.1 in tetrachioro-

ethane). 	[Found: C, 51.6; H, 5.85; Ac, 39.1. 

(CH 124 Ac 36 O7 ) requires C, 51.7;  H,  5.85;  Ac,  39.1%]. 

Acetylation of ?olv-(6-0-acryloyl-D-galactose) (xx) 

P-GA (303  mg) was converted into its acetate in 

the manner described above for the polymethacrylate. 	It was 

purified by dissolution in chloroform and reprecipitation 

with light petroleum (b.p. 40-60 ° ) (5 vol). 	The polymeric 

acetate (420 mg,  84.2%) had. [aID +52° (c 0.5 in tetra- 

chioroethane), 71 	 0.9 (in tetrachloroethane). 	[Found:
inh  

C, 50.8; H, 5.4; Ac, 40.1, 	(C 9H 10 . 4 Ac 3 . 6 07 ) requires 

C, 50.5;  H,  5.55;  Ac,  



Benzoylation of Polv_(6_0_methacry1oy1-Q-:alactose) (Xviii) 

p_1 (252 mg) was dissolved in anhydrous dimethyl-

formamnide (25 ml) and dry pyridine (5 ml) was added. 	The 

solution was cooled to 0° , benzyl chloride (2.5 ml) added 

dropwise, and after 7 days at 20°  the red solution was added 

slowly with stirring to ice-water. The resulting sticky 

precipitate was washed with water, hardened with methanol, 

dissolved as far as possible in acetone. (50 ml), and an 

insoluble gel removed at the centrifuge. The viscous 

supernatant was added dropwise with stirring to water, and 

the white precipitate washed and dried. The polymer 

benzoate (422 mg, 78.690.) had [a]D  +100°  1 5 0  (c 0.1 

tetrachloroethane), 1inh 9.3 (c 0.1 in tetrachloroethane) 

[Found: C, 65.5; H, 4.5; (Ci,H13.3Bz2.707)n requires 

C, 65.6; H, 5.1%]. 

Benzoylation of Poly- (6-O-acryloyl-D-galacto se) (XXI 

P-GA (207 mg) was benzoylated in the manner described 

above for the polyrnethacrylate. 	The polymeric benzoate 

(368 zrig, 67.3%), which was purified by dissolution in 

chloroform and reprecipitation with light petroleum 

(b.p. 40_600) (5 vol), had [a]D +94°  (c 0.5 in 

tétrachioroethane), ' inh 1.5 (in tetrachloroethane) 

[Found:/ 
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[Found: C, 67.7;  H, 5.25, (C 9 113  Bz3 . 7 07 ) requires 

C, 67.7; H, 4.7%1. 

Pheny1carbnoy1at ion of Poly- (6-0.-metha cryloyl-D-galacto se 
(XIX) 	 = 

A solution of P-GM (0.4 g) in dirnethylforrnarnide 

(20 ml) was heated with phenyl isocyanate (2 ml) at 1000  for 

3 hr and poured into ethanol. The precipitate was treated 

again in the sante way and purified by solution in acetone 

(100 ml) and reprecipitation with light petroleum (b.p. 40-60 0 ) 

(400 ml). The light brown triphenylcarbamate (45 mg; 

had [a] +2ö° (c 0.1 in tetrachioroethane), 11 inh 1.3 (a 0.1 in 

tetrachioroethane) [Found: C, 61.9;  H, 5.1; N, 7.2. 

(CS1H31N3010)n requires C, 61.5; H, 5.2; N, 6.9%]. 

Phenylcarbarnoylation of Poly-(6-0-acryloyl-D-galactose) (XXII ) 

P-GA (0.2 g) was converted into its phenylcarbamate 

in the manner described above for the polymethacrylate, using 

propan-2-ol-ether (5:1) instead of ethanol to precipitate the 

product from the reaction solution. The polymeric 

phenylcarbamate (352 mg, 62.2%), after being purified by 

dissolution in dimethylforrnamide and reprecipitation with 
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water (10 vol), had [aID  +30' (c 0.52 in dimethylformamide), 

1.0 (in dimethylformamide), 	3400 (NH), 1750-1720 

(C==O), 1610 cn -  ( conjugated =-C) f Found: C, 61.9; 

H, 5.1; N, 7.6. 	[C 9H 140 7 (PhNC0) 3 ] requires C, 61.9; 

H, 4.5; N, 7.6fl. 	This derivative was insoluble in 

tetrachloroethane. 

Nitration of Poly_(6_0_methacrr1ov1__galactose) 

Sodium fluoride (0.2 g) was added to a solution of 

nitrogen pentoxide (1.32  g)in chloroform (10 ml), prepared as 

described by Caesar and Go1dfrank 6 2  the mixture cooled to 00, 

and polymer(XiU) (211 mg) added. The mixture was stirred for 

45 mm; the final temperature was 100 . 	The product was 

washed with chloroform and hot water, dialysed against running 

water for 3  days, and the insoluble trinitrate isolated as a 

Aiite powder (25 mg, 7.4%), V TUax  1660 cm- (ester 0.N0) 

[Found: C, 30.0; H, 3.2; N, 10.5. 	(CH13 N3 0 13 ) 

requires C, 31.3; H,  3.4; N, 11.]. 

Phenylhydrazone of Po1v_(6_0_methacry1ov1_-galaCtose) 
(XXIIfl 	 - 

A solution of P-'1 (306 mg) in dimethylformanüde 

(27 ml) was treated with glacial acetic acid 0 ml) and 
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freshly distilled phenyihydrazine (3 ml), and after 24 hr 

at 200  the yellow solution was poured into water. The 

pol3nner phenyihydrazone was washed thoroughly with water 

and ethanol, and dried to a yellow powder (357 mg,  85.6%), 

which was now completely insoluble in organic liquids 

including dimethylformarnide and dirnethyl sulphoxide 

[Pound: C, 55.4; H, 6.6; N, 8.2. 	(C12211206) 
n 
 requires 

C, 56.8; H, 6.55; N, 8.3%., 	1610 .cnf 	(PhNHN:). 

Phenyihydrazone of Poly- (6-0-acryloyl-D-galacto se) (XXIV) 

P-GA (102 mg) was converted into its phenylhydrazone 

(120 mg, 85%) in the manner described for the polyrnethacrylate; 

'niax 3500-3300 (OH),  1730  (ester C0), and 1610 cm' 

(PhNH.N:) 	[Found: C. 54.0; H, 6.35; N, 8.0. 	(C 15H 20N 20 6 ) 

requires C, 55.6; H, 6.6;; N o  8.6%]. 	The hydrazone was 

Insoluble. 

P'nenylosazone Formation of ?oly-(6-0-methacryloyl-D-galactose) 
(xxV) 	 = 

A solution of P-GM (204 mg) in water (20 ml) at 90 °  was 

treated with glacial acetic acid (0.2 ml) and phenyihydrazine 

(0.35 ml) with vigorous stirring; 	a precipitate separated 

aimost/ 



almost immediately. The mixture was stirred at 90 0  for 

2 hr,and the orange product (248 mg) washed with ethanol 

and ether 	Found: C, 58.7; H, 6.55; N,  10.3. 

Substitution of two units as phenyihydrazone and one unit 

as phenylosazone, i.e. [(Cld-i22N2O6)2C22H2sN40s] requires 

C, 58.5; H, 6.4; N, 10.21,3. 

Phenylosazone Formation of Poly- (6-0-acryloyl-D--galacto se) 
(XXVI) 

P-GA (0.1 g) was converted into a mixed phenyl-

hyclrazone-phenylosazone (2:1)(136 mg)in the manner described 

for the polyrnethacrylate 	fFound: C, 58.9;  H, 6.15; N, 10.4. 

Substitution of two units as phenylhydrazone and one unit as 

phenylosazone, [(C 1BH20N206 )2 C21 H 24N4G S ], requires C, 57.6; 

H,.6.25; N, 10.5%1. 

Oxidation of Poly- (6 -0-me thacryloyl-D-galacto se) 

M-Sodiurn chlorite (40 nil) was added toa solution of 

P-GM (991  mg) in 4 H-acetic acid (50 ml), the solution diluted 

to 100 ml with water, and the oxidation allowed to proceed at 

20°  for 24 hr. Acetic acid and inorganic ions were 

removed by dialysis, first against tap-water and then against 
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distilled water, and cations were removed by passage through 

an Amberlite resin IR-120-H column (20 ml). The eluate 

(170 ml) contained poly-(6-0-methacryloyl-Q-galactonic acid) 

and showed no measurable optical rotation in a 2-dm tube. 

One half of this solution was freeze-dried to a white powder 

(330 mg,  67.1%),  which was partly converted into the 

polymeric 1,4-lactone on drying at 20/O,l mm over phosphoric 

oxide for 18 hr. 	It had [a]D  -36 °  ( C 0.5 in H 20 after 

5 days), 71 ith 7.4 (c 0.11 in H20). 	Complete conversion 

into the water-insoluble poly-(6-0-methacryloyl--D-galactono- 

1,4-lactone), V 	1780 (y-lactone Q-0) and 1730 cm-1  
max 

(ester C==O), was effected by drying at 60 °  [Found: .C, 48.9; 

H, 5.95. 	(C 1(,H40 7 ) requires C, 48.8; H, 5.75%]. 

The other half of the polyacid solution was titrated 

to pH 9 with 0,1 N-sodium hydroxide (20 ml), and the solution 

dialysed, concentrated, and freeze-dried, to give the 

polymeric sodium salt as a monohydrate (350 mg, 61.2%), 

[a]D +17 °  (c 0.5 in H 20), T1 inh  14.9 (c 0.1 i n H 20) and 2.2 

(c 0.1 in 0.1 M-NaC1), V max 1730 (ester C==O) and 1600 cm 1

(CO 2 ) 	[Found: C, 39.0;  H, 6.0; Na, 7.6. 	(CH 15Na0 8 ,H 20) 

requires C, 39.5; H, 5.65; Na, 7.6%]. 
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Oxidation of poly_(6_0_acrvlgyl-D-galactose) 

P-GA (504 mg) was oxidised with chiorous acid at 

pH 3 in the manner described for the polyrnethacrylate, to 

give a uhite powder (402 mg), Wnich was partly lactonised 

even by freeze-drying. Drying at 600/0.1  mm gave po]y-

j_O_acryloyl_D_galactono-1 14-lactone), '' max 1780 

(y -lactone c-O) and 1740 cm (ester C===0), vthich was 

insoluble in water 	[Found: C, 45.9; H, 5.35. 	(C9H1207)n 

requires C, 46.6; H, 5.2%]. 	Poly(sodium 6-0-acryloyl-D- 

galactonate) had [a]D 
 +10 (c 0.5 in He), " inh 12.2 

-  

(c 0.1 in H2 0) and 1.4 (c 0.1 in 0.1 M-NaC1). 

Attempted Preparation of Poly- (6-0-acryloyl-D-galactonarnide) 

The above polymeric lactone (105 mg) was shaken with 

liquid ammonia (10 ml) in a sealed tube at 200  for 3  days. 

The lactone partly dissolved to give a mobile supernatant and 

an insoluble gel Wnich adhered to the sides of the tube. 

The supernatant was decanted, the ammonia removed, and the 

solid recrystallised from ethanol, to give D-galactonaraide 

(50 mg), m.p. 171-173 ° , [ aID +26' (c 3.2 in H20) (lit, 18  

m.p. 1760, 
[aID +31.8° ) 	(Found: C, 36.9; H, 6.8; N, 7.0. 

Calc. for C 6H 13N0 6: C, 36.9;  H,  6.7;  N, 7.2). 	The 

insoluble residue (35 mg) was presumably chiefly polyacrylaraide. 
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Poiy_(6_0_methacryloyl_D_galactitol) (X.XXI 

P-.GM (0.5 g, 2.01 rnmoles of C 10H 160 7) in water 

(45 ml) was cooled to 0, sodium borohydride (152  rng, 

4.02.mmoles) in water (5 ml) added dropwise with stirring, 

and the solution left at 20° for 24 hr. After acidification 

with acetic acid, the solution was dialysed, concentrated, 

and freeze-dried, to give a white, non-reducing poly-(6-0-

methacryioyi_D_galactitol) (419 mg,  83.]), [a]D +150 

(c 0 1 5 in H20), r inh 2.7. (in H2 0) 	[Found: C, 47.9; 

H, 7.2. 	(CH,. 90,) requires C, 4.0; H, 7.25%]. 

Nitration of Po1y__0-methacry1oy1-D-ga1actito1) 

The above reduced polymer (15 2  mg) was nitrated with 

nitrogen pentoxide in chloroform as described above for poly-

(6-0-methacryloyl-D-galactose), to give a tetranitrate 

(244 rng, 93.5%), which was only partly soluble (4) in 

boiling ethyl acetate [Found: C, 26.9;  H, 325; K, 13.4. 

(C 10 H 14N4 ó 15) requires C, 27.9; H, 3.3; N, 13.]. 

Poly-(2,3-0-isopropylidene-1-0-rnethacryloyl-DL-lvcerito1) 
(P-IGLM) (XXXII) 	 - 

- IGU1 (5 g) was polymerised in bulk under nitrogen 

at! 
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at 500  for 24 hr with azobisisobutyroñitrile (25 mg) as 

initiator. The polymeric glass was broken down with some 

mechanical loss and this material (4.23  g) dissolved in 

chloroform (100 ml), filtered and reprecipitated with 

methanol (1 litre). 	The polymer was a '/nite powder. (4.07 g, 

96.2%) which was optically inactive and had 71 inh 3.66 

(c 0.509 in chloroform). 	[Found: C, 59.7; H, 8.01, 

Caic. for (C1H1604)  C, 60.0; H, 

Poly-(1-0_methacryloyl-DIglyceritoi) (P-GLM) (XXXIII) 

Hydrolysis with (a) 50 Formic Acid 

P-IGII1 (992 mg) was dissolved in formic acid 

(50 ml) and water (50  ml) added to give a 5 aqueous 

formic acid solution. 	This solution was stirred at 1000 

under reflux for 8 hr and the solution dialysed against 

running water for 3 days, concentrated, and freeze-dried 

to give a white powder (810 rug, l02.C%) which had T1jil 

1.4 (c 0.1 in water). 

Hydrolysis with (b) N-Hydrochloric Acid 

P-IGU4 (1 g) was stirred vigorously with 

N-hydrochloric acid (20 ml) at 1000.  The polymer dissolved 

qui ckly/ 
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quickly with the evolution of acetone. After 30 mm, the 

solution was neutralised with N-sodium hydroxide, filtered, 

and the deacetonated polymer precipitated with ethanol 

(400 ml), centrifuged, washed with ethanol and ether and 

dried in vac over phosphoric oxide to give a ite powder 

(670 mg, 83.) Wnich had 	Ilinh  8.25 (c 0.103 in water). 

[Found: C O  51.4; 	H, 7.72. 	Calc. for (C 7H 1204 ) C, 	52.5; 

H, 7.53]. 

hydrolysis with (c) 2_Methoxrethanol/Hydrochloric Acid 

P-IGLM (1.02 g) was dissolved in 2-methoxyet.hanol 

(45 ml) and the solution heated to 1000  on a water bath. 

The solution was stirred vigorously and 5 N-hydrochloric acid 

(5 ml) added dropwise over 30 min to ensure that precipitation 

of the polymer did not occur. Water (50 ml) was then added 

dropwise over a further 30 rain vinen the solution was heated 

for another hour. 2-Methoxyethanol and hydrochloric acid 

were removed by dialysis against running water for 3 days 

when the solution was concentrated under reduced pressure 

and freeze-dried to give a vhite powder (800 mg )  98.0%) 

nich had inh  1.0 	
(c 0.5 in water). 	Polymers from 

methods (a), (b), and •(c) had identical infrared spectra and 

showed strong hydrorl absorption at 3400 cm-1 , and eser 

C:0 at 1730  cm- (-dimethyl at 1380 c.rir- absent). 

- 



4. COPOLYMRS 

4.1 Free-Radical Copolnerisation: 	General Introduction 

Copolymers have great industrial importance. The 

simultaneous polymerisation of two or more monomers in the 

same reaction mixture leads to products with significantly 

different properties from those possessed by the individual 

homopolyrners or their mixtures. Free-radical copolymerisa-

tion reactions are very closely related to radical-initiated 

polymerisation reactions of single olef in monomers in that 

both proceed by a typical chain reaction with discrete 

initiation, propagation and termination steps. 	However, 

the rate of copolymerisation may vary considerably from 

that of the homopolymerisation reactions of either monomer 

alone. 	These rate differences are a consequence of the 

differences in rates of addition of a monomer to itself or 

to a comonomer (reactivity ratios) and are responsible for 

the final chemical composition of the copolymer. Hence the 

usual industrial practice is to copolymerise monomers iich 

are not widely different in rate characteristics. For this 

reason, it is difficult to copolymerise hydrophobic with 

hydrophilic monomers. Apart from differences in their 

solubility, their reactivities are generally very different 

with the result that a wide spectrum of copolymer 

compositions! 
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compositions is obtained in the final copolymer. 

The object of this work was the preparation of 

hydrophilic copolyiners of industrial, hydrophobic monomers 

and galactose monomers. It was thought that the 

acetonated galactose monomers would copolymerise with 

monomers such as methyl met.hacrylate, styrene, 

acrylonitrile etc. to give copolymers with a narrow 

spectrum of copolyrner compositions and that deacetonation 

of those copolymers would give reactive, hydrophilic 

copolymers of potential commercial value. 

Several examples of the copolymerisation of 

carbohydrate monomers with industrial monomers have 

appeared in the literature. Wriistler and Goatley 6  

described the copolymerisation of l-acrylamido-l-deoxy-

D-glucitol (A) and l-deoxy-l-methacrylamido-D-glucitol (B) 

with vinyl acetate, methyl methacrylate and styrene. 

Copolymerisations with vinyl acetate were performed in 

water with arnmoniurn persulphate initiator, nile copolymeri-

sations with methyl methacrylate and styrene were done in 

aqueous methanol solvent and benzoyl peroxide initiator. 

The reaction temperature was 500.  The following 

reactivity ratios were found: 

(A)/ 
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M 	 M2 	 r1 	r2  

vinyl acetate 	 2.41 	0.1 

styrene 	 0.056 	2.72 

methyl methacrylate 	0.206 	4.22 

vinyl acetate 	 0.56 	0.16 

st.yrene 	 0.005 	2.09 

methyl methacrylate 	0.036 	4.20 

It can be seen that both of these water-soluble, carbo-

hydrate monomers are much less reactive in copolymerisa-

tion than their parent monomers, acrylamide and rnetha-

crylarinde - the reactivity ratios 69  in the copolymerisa-

tion of methacrylamide (M 1 ) and methyl methacrylate (M 2 ) 

are r 1  = 0.47 and r 2  = 1.5. 	histler also pointed out that 

the different solubility properties of the very water-

soluble amides and the other water-insoluble monomers 

greatly limited the choice of solvent for the polymerisa-

tion. 

Kirnura and Imoto 
70 copolymerised 1,2:5,6-di-0- 

i sopr opylidene-3-O-me thacryloyl-a-)-gluc ofurano se with varying 

proportions of acrylonitrile. 	The copolymers were 

deacetonated in acidic zinc chloride solution to give hydro-

philic copolymers vhich had better dyeing properties than 

poly/ 
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poly_(acrylonitrile). 	They also quoted reactivity ratios 

for the copolymerisation of the glucose monomer (M1 ) and 

acrylonitrile (M 2) as r 1  = 0 and r 2  0.25. 	These values 

were calculated on three copolymerisations only. In view 

of subsequent work in this thesis it seemed strange that 

the glucose monomer should show no tendency to 'nomopoly- 

merise in the presence of acrylonitrile. 	The results of 

Kimura and Irnoto were, therefore, recalculated on the five 

copolymerisations quoted - Table 2 of their paper70. It 

was found that r 1  was then considerably negative and, as this 

is impossible, it is suggested that the above values are 

rather optimistic. 

Copolymers of 3-0-afly1-1,2: 5 ,6-di-Q-isopropylidene-

a-D-glucofuranose and acrylonitrile have been prepared in 

this laboratory' . The maximum content of the aflyl 

monomer in the copolymr was 2 mole - %, which represented 

10.35% on a weight basis. 	The copolymers were deacetonated 

in suipholane solution with hydrochloric acid at 30° , the 

specific rotation changing from a negative to a positive 

value in agreerent with the formation of deacetonated 

glucopyranose residues in the copolymers. 

Recent industrial interest in hydrophilic 

copolymers lies in the production of semi-permeable membranes 

f on 
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for the desalination of salt and brackish waters by reverse 

osmosis and for haernodialysis in artificial kidney machines, 

although the permeability of the membranes for the two 

processes is quite different. Membranes of low salt 

permeation are required for reverse osmosis desalination, 

Wnile high salt permeability is desired for haemodialysis 

membranes. 
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4.2 Results and Discussion 

It is will 	that increase in size of the 

alkyl group in an ester of an a,3-unsaturated acid does not 

greatly influence the reactivity ratios of such esters with 

many vinyl monomers, although a few exceptions to. this 

general rule have been noted73 . It has also been shown74  

that the relative reactivity of these esters to reference 

radicals is influenced by a steric effect if the alkyl 

group in the a-position is varied. Bevington and 

Malpass75  have determined the monomer reactivity ratios for 

the radical copolymerisation of various esters of 

methacrylic acid with riethyl methacrylate using tracer 

techniques. It was found that these reactivity ratios 

were approxiiately unity and their products not far from 

unity and, with one exception, the higher esters had a 

higher reactivity than the methyl ester. 

The copolymerisation of two monomers M 1  and M 2  

may be described schematically as follows, where M 1 and M 2  

represent their respective radicals: 

M I  + M i 	k> M, 

+ M 2  

+ 

+ 

The/ 
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The mono.ier reactivity r atios are given by 

r = k 11/k 12  and r2  = k 22/k 21, and the copolymer composition 

equation which relates the polymer composition to the monomer 

composition is given by: 

dM i 	M1r 1 M 1+M2 	= mi  for low conversion (1) 

dM 2 	M 2  r2M 2+ M 1 	 in 2  

Wnere M. and N 2  refer to monomer composition and m 1  and m 2  to 

the polymer composition 6 . 

This equation can be rearranged to a straight line 

form 77 . 	If f = (m 1/m 2 ) and F = (M 1/I 2), then equation (1) 

can be rewritten as: 

r 1F+l 
f = 

r 2  + F 

or fr 2  + fF = r1F 2 +  F 

2 
or fF - F = r 1 F - fr2  Dividing each side of this equation by f 

one obtains: 
.2 

F(f - l) 	= 	r 1F -r 2 	 (2) 
f 	 f 

2 
A plot of (F/f)(f-l) as ordinate and (F /f) as abscissa is 

a straight line whose slope is r 1  and whose intercept is -r 2 . 

This plot was used to determine the reactivity ratios 78  

r 1  and r 2  of methyl methacrylate (N 1) and diisoropylidene-

galactose/ 
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galactose methacrylate (M 2) in their copolymerisation to low 

conversion, in bulk, at 50°  with AIBN as initiator. 

Experimental conditions are shown in Table V the copolyrnerisa-

tion being stopped after the time indicated by precipitation 

of the copolymer with methanol. 

TABLE V. Copolymerisation of MM with DGM to Low Conversion 

1M DM MM:DGM AIBN Time Yield of 
(mg.) (mg.) Mole Ratio (mg.) (mm.) Copolymer 

(mg.) 

1027.0 - - 2.0 120 841 .1 
546.0 202.6 8.843 1.6 60 50.2 
604.4 246.9 8.031 1.5 60 71.6 
467.0 255.5 5.996 1.5 60 57.7 
458.8 299.6 5.024 1.6 60 59.2 
381.0 4.03.0 3.102 1.5 45 43,9 
318.0 521.0 2.003 1.6 45 92.3 

The composition of the copolymers was determined 

from methorl content as follows:- 

If the copolymer is represented by the average 

unit, C 16H 240 7 (C 5H 80 2), where n is the ratio MM:DGM, 

then the weight of each repeating unit is 328.4 + 100.ln 

and the percentage methorl is: 

% ct4 	 3103n 
328.4 + 100.1n 

Hen ce/ 
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TABLE VI. Analysis of Copolymers 

F 
(1\41 /M) 

molar ratio 

OMe Content of 
nonomer mixture, 

% 

OMe+ Content 
of copolymers 

% 

f 
(m1 /m2 ) 

molar ratio 

(F/f)(f-l) 
(Y 1) 

F2/f 
(X1) X1  Yj  X12  

8.843 22.60 2243 8.183 7.764 9.556 74.19 91.32 

8.031 22.01 21.17 7.065 6.896 9.130 62.96 83.36 

5.996 20.04 19.47 5.541 4.913 6.488 31.88 42.09 

5.024 18.75 18.06 4.580 3.927 5.511 21.64 30.37 

3.102 15.07 13.71 2.601 1.910 :3.699 7.07 13.68 

2.003 11.75 10.89 1.776 0.875 2.259 1.98 5.10 

+ corrected value 
26.285 36.643 7199.72 7265.92 



Hence ñcan be calculated from the methoxyl coitents 

determined experimentally and corresponds to the values 

of F and f in Table VI. Methoxyl estimations were 

carried out in duplicate and corrected with the value 

determined for poly-(methyl methacrylate) prepared under 

the same conditions. This value was 30.71% and as 

poly-(methyl methacrylate) requires 94e, 31.00, the 

observed copolymer methoxyl contents were increased by 

division of the observed value by 0.991. 

The data (Table vi), in the Fineman-Ross form, 

were treated by the method of least squares to get the 

best fit to the experimental values as follows: 

Let Y = (F/f)(f-l) and X = F 2/f, then the 

coefficients m and c of the equation Y = mX + c are found 

from the simultaneous equations: 

= nc + m 	.. ....... .(3) 
and 	

2
XjYj = c 	Xj+ m 	X 1  .....(4) 

where n is the number of points and i = 1 .......n. 

ibstitution of these values (Table.VI) in the above equations 

gives: 
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26.285 = ôc + 36.643m. . 	. ...(5) 

199.72 = 36.643c + 265.92m..........(6) 

Multiplying (5) x 36.643 and (6) x 6 and subtraction gives m = 0.93 

Substitution of this value in (5) gives c = -1.30 

The straight line with gradient 0.93 and intercept 

-1.30 is shown drawn through the experimental values 

(Table vi) in Fig. III. 

The deviation from the fitted line is given by 

d i = Yj - (mXj + c) 

and S, the standard error of estimate, equals the root mean 

square of the y deviations about the fitted line, i.e. 

SI  =fd/n 

The deviation from the fitted gradient m is given 

by 

d. = m - Yj/X. (where Y = Y-c and X = X.) 

and the standard error of estimate S, equals the root mean 

square deviation, i.e. 

m 1L2/ 

These errors were calculated from Table VII. 
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Fig. III. 	Firietnan—Ross plot in the copolymerisation 
F = [MM 1/ [DGM J, f = d [MM ]/a [ixM] 

6.0 

4.0 

F/f(f-1) 

2.0 

0 

2.0 

IN 
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TABLE vii 

d 
2 

d d d 
2 

7.764 9.556 0457 0.05 0.020 0.0004 
6.896 9.130 -0.295 0.087 -0.032 0.0010 
4.913 6.488 0.179 0.032 0.8 0.0008 
3.927 5.511 0.1 0.010 0.019 0.0004 
1.910 3.699 -0.230 0.053 -0.062 0.0038 
0.875 2.259 0.074 0.005 0.033 0.0011 

>0.212 0.0075 

S = ±0 19 and S 	03 

Hence the copolymerisation reactivity ratios of methyl 

methacrylate, r 1 , and diisopropylidenegalactose methacrylate, 

r 2 , are 0.93  t  0.03 and 1.30 ± 0.19 respectively. 

These results prove that diisopropylidenegalactose 

methacrylate can be copolyrnerised to completion with any 

proportion of methyl methacrylate to give a copolymer, in 

which the units are arranged in a random manner and in the 

same molar :ratio to that of the initial monomers, as their 

reactivity ratios and the product79  of these ratios is 

approximately unity. This has been found in practice80. 

DCLThI was copolymerised in bulk at 50°  with five 

different molar ratios (x) of NM to giie a series of 

DGM:ill'ix random copolymers (xxxiv) in high yield and with 

high/ 

- 104 - 



high inherent viscosities. 	The protecting isopropylidene 

groups re removed from XXXIV by hydrolysis in aqueous 

formic acid at 200  to give the series of water-insoluble, 

hydrophilic GM:MMx random copolyrners (XXX1). 

r / 
CFCH2 	 CRCH2  

x 	 Co 

OCH 2  

'-4 

Me2 C 

n 

I 
XXXIV: R = R = Me, Y = C0Ie 

/ 
XXXVII: R = R = H, Y = C0e 

/ 
XXXIX: R=Me,R =H, Y=Ph 

/ 
XLII; IR =H, 1=CN,:x6 

XLV: R = Me,R = H, Y = OAc, 	x 

HCO2 H 	HO 
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/ 
XXXIV: R = R 	= Me, Y = CO4e 

XXXVII: R 
/ 

= R 	= H, Y = CO 21,le 

XXXIX: 11 
/ 

= Me, R 	= H, Y = Ph 

XLII: R=R 
/ 

=H, Y=CN,x=6 

XLV: R=Me, R=H, Y=OAc, 	x=O.46 

1-iCO2 H HJ 

/ 
cCH CHCH 2  

lx 	 Go A. 	

0?H2 

COH 

- 	

-. 	
H, OH 

I 

XXXV: R 
/ 

= R 	= ivie,  y = tOMe 
/ 

XXXVIII: R = R 	= H, Y = CO 2 Me 

XL: R=Me, R" =H, Y=Ph, 	x = 1 

XLIII: R=R =H, Y=CN, x=6 
/ 

XLSII: R=Me, R =H, Y=OAc,x=1 

PhNH.NH 2 	HOAc 



/ 
XXXV: R = R = Me, Y = CO2Me 

XXXVIII: R = it"  H, Y=CO2Me 

XL: kt=Me,R" =H, Y=Ph, 	x=l 

XLIII: R=R" =H, Y=CN, 	x = 6 
/ 

XLVI: It = Me, It = H, 	Y = OA c, 	x = 1 

PhNH. NH2 	HOAc 

V 

RCH 2 	 CiCH2 	 - 

I 	 1 
Y 	x 	 CO 

OCH2  

HO )—OH 

V 	CN=N.NHPh 
OH 

41H 

n 

XXXVI: 	It 	It ' 	Me, Y = CO.iIe 

XLI: 	R=Me, R 1 =H, Y=Ph, x = 1 	 - 

XLIV: 	R = 	= H, Y = CN, x = 6 

XLVII: 	R=Me, R' =H, Y=OAc, x = 1 

Yield s/ 
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Yields, analysis and physical properties of 

DGM:NMx and GM:MMx random copolyrner series are shown in 

Tables VIII and IX. Chemical analysis of all copolymers 

showed that approximately initial DGM:MM monomer ratio had 

been maintained in the final copolymer. The high yields 

of water-insoluble GM:'1x copolyrners showed that none of 

the water-soluble GM units had been lost in the preparation 

and they were, therefore, chemically bound to MM units, 

Tatersolub1e PGM was not detected at any stage in the 

deacetonation procedure. GM:MMx copolymers were insolublein 

methyl n-propyl ketone and no P-'1M was extracted with this 

solvent. The deacetonated copolymers were, however, readily 

soluble in chloroform-ethanol and acetone-water mixtures 

although they were insoluble in each single component of 

these systems. They were also soluble in dimethylformamide. 

It has been found that the NM units in IM:flMx 

and GM:MMx copolymers did not influence the optical activity 

of the DGM and GM units in the copolymers but acted merely 

as a diluent of optical activity. Specific rotations were 

calculated by rrtultiplying the specific rotation of the 

hornopolymer in the appropriate solvent by the weight fraction 

of the sugar units in the copolymer. The uncertainty in 

[aID was ± 1 0 . 
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TABLE VIII. Ijiisopropylidencgalactose methacrylate - methyl 
methacrylate system of copolymers 

DGM:MMx Copolymer [ C16H2407. (CsH8O2) 	] 	()'XXIV) 

DC1: i'Mx 
Monomer D! Analysis Calcd.Analysis Found 
Molar Yield y 

r  
L °1D Found 

Ratio 5 in Calcd. c,0.5 
x CHO in C O 	H, 	(Xfip-%l C, 	H, 	ale% 

CH1 3  

0 95.1 1-60' 58.5 7.4 	0 159.1 7.4 	0 

3.07 80.1 4.1 -31.0°  -31 59.2  7.7 	15,0 58.9 7.95 14.8 

4.0 89.3 2.3 -27.0 -27 1 59.3 7.75 17.0 58.6 7.28 16.8 

6.2 9 2.6 -20.8 -20 59.5 7.82 20.3 59.5 7.83 19.3 

9.0 96.9 2,2 -16.0 -18 59.6 7.87 22.7 58.6 7.52 23.7 

12.0 93.0 i-12.9  1-12 
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TABL.0 IX. 	Galactose methacrylate - methyl rnethacrylate 
system of copolymers 	- 

GM:iiMx Copolymer [C 101607 (C 5H 90 2)] 	(XXXV) 

DGM:I'tNx 
Monomer I [a] Analysis Calcd, Analysis Found 
Molar Yield 11irth Found Water 
Ratio % in.. Calcd. c,0.5 Uptake 
x in C, 	H, 	OMe% C, 	H-, 	CMe% 	% 

DMF 

0 96.8 450 48.4 6.5 	0 148-75 6.6 	0 SOluble 

3.07 83.1 4.4 +20.10 +21 54.8 7.36 17.1 53.5 	.79551641 

4.0 89.1 2.2 1  +17.2 +15 55.5 7.46 19.1 55.6 	7.64 17.3 19.1 

1  6.2 99.1  2.0 +12.9 +15 56.7 7.61 22.1 56.6 	7.71 2094 14.0 

9.0 95.4 2.3 + 9.7, + 8 57.5 7.72 24.3 56.6 	7.87 23.4 10.0 

12 0 0 94.0 + 7.7 + 8 7.7 
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The percentage water uptake of GM:1INx random 

copolyriers in the form of thin, transparent films (Table Ix) 

could be expressed linearly as a function of the mol. % GM 

units in the copolymer. 	Above 20 inol. % GM, hpver, this 

value increased rapidly and it is predicted that at a certain 

critical (4:I4 ratio a water-soluble copolner will be 

produced. 	It is, therefore, possible to prepare (:MMx 

random copolyrner films with any desired water uptake between 

0 - 2 by copolymerising .DGM with iVIM in the appropriate 

molar ratio and removing the isopropylidene groups. 

GM:i'ix random copolymer films are successful membranes 

for the desalination of brine by the process of reverse 

osmosis. Values for desalination of up to 9% have been 

obtained with water-throughput comparable with that of 

cellulose acetate. 	A GL-I:4 4  copolymer membrane was 

unsuccessful owing to compaction of the membrane under the 

high pressure necessary for reverse osmosis. 	It is thought 

that the heterocyclic galactose residues inpart rigidity 

to the system, vthereas acyclic, flexible glycerol residues 

may in fact reduce the resistance of the methacrylic 

backbone to compaction. 

GM:iIMx random copolymers (x = 3.07 and 6.2) were 

characterised by phenylhydrazone (XXXfl) formation (Table x), 
Elemental/ 
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Elemental analysis agreed with the expected copolyrner 

ratios. The copolymer phenylhydrazones became isoluble 

after isolation (phenylhydrazones ofP-('i and P-GA are also 

insoluble) and showed strong infrared absorption at 

1610 (CH:N.NHPh), 1730  (ester C:0)and 3400 cm 	(OH). 

TABLE X. Phenylhydrazones of the galactose rnethacrylate-
methyl methacrylate system of copolymers (XX)CVI) 

Copolymer Yield (%) Analysis 

. 0 	
copolymer 97.0 Found: 	C, 57.4; 	H, 7.55; 	N, 4.1 

[Cl-i22N20B.(CsHe02)307]fl 

requires C, 58.3; 	H, 7.27; N, 4.3 

GM;MM6 2 	copolymer 92.0 Found: 	C, 57.9; 	H,  7.47; 	N, 3.2 
S  [C16H 2 2N2 0 6 .(c 5H 80 2 )62 1 

requires C, 58.9; 	H, 7.53; N o  2.9 

The bulk copolymerisation of DGA..(V).with methyl 

acrylate (MA) under free-radical conditions is a violent 

exothermic reaction. Hence DGA was copolymerised with MA in 

aqueous emulsion under reflux conditions. 	(Plate I\T). 

DGá:MAx copolymers (XXXVII)are described in Table XI. 	The 

deacetonation procedure for these copolymers had to be 

modified as they were insoluble in formic acid. However, 

addition of formic acid (9  vol.) to a solution of the 

copolymer in acetone (l w/v) followed by the addition of 

water/ 
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PLATE IV. 	.iu1sion copolymerisation of 
galactose acrylate with nethyl acrylate 
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TABLE XI. Diisopropylidenegalactose acrylate-methyl 
acrylate system of copolymers 

DGA:MAx Copolymer [C 1220 7 .(C4H0 2)] 	(xxxvii) 
DGA:MAx ________________________________ 

I  

[ 0 1D Analysis Caicd Analysis Found 
Monomer 
Molar 
Ratio Yield Tujn °-1D Found 
x in c 0.5 i C, 	H, 	OMe% C, 	H, 	cMe 

CHC1 3  
ICalcd. 

CHC1 
3 

0 91.0 -56 0  57.3 7.05 	0 1 57.6 7.05 	0 

9 89.7 2.7 -16 11  1 -15 56.2 7.03 25.6 56.2 7.20 22.9 

20 92.6 3.6 -9 - 56.2 7.03 30.5 56.0 7.05 29. 

TABLE XII. Galactose acrylatenethyl acr.ylate system of 
copolymer s 

GA:IviAx Copolymer [c9H1407. (C4H 0 2) 	(Xxxviii) 
DGA:MAx  

[al 
Monomer 
Molar 

Ec' ]j) Found 
Analysis Calcd Analysis Found 

Ratio 
x 

Yield 
% in Calcd. c 0.5 C O 	H, 	C, 	H, 	1e% 

DIF aviF 

0 105.0 . +43' 465 6.0 	0 	45.3 6.05 	0 

9 101.1 2.3 +10' +17 53.6 6.79 27.7 54.0 7.26 24.4 

20 90.5 37 +5 +9 54.6 6.9131.7 54.75 7.11 31.7 

- 114 - 



water (1 vol.) did not cause precipitation and deacetonation 

was taken to be complete after three days at 20 ° . GA:MAx 

copolymers (XxxViiI) are described in Table XII. They re 

insoluble in chloroform-ethanol and acetone-water (unlike 

G,14:PR-bc random copolyrners) but re soluble in dimethyl-

formamide. Analysis shod that approximately the initial 

monomer ratios had been maintained in the final copolymer. 

The optical activity of DGA:MAx copolymers was near to the 

calculated value if it was assumed that MA units acted as a 

diluent of optical activity. This relationship, however, 

did not hold for the deacetonated copolymers. 

The TGS  of copolymers show a number of interesting 

features. Block and graft copolyrners may have two transition 

temperatures, one close to the TG for each homopolymer. 

Ordinary random vinyl copolymers show only a single TG  1nich 

is between the TG of the corresponding homopoiymers 56 . 

DGA:MAx and GA:MAx copolymers showed a single TG  on DTA 

(Table XIII). 

TABLE XIII. Glass transition temperature in the JJGA:MAx 
and GA:HAx system of copolymers 

Copolymer 

DGA:MA20 	25 

GA:MA20 	29 

DA.: MA9 	34 

GA:MA9 	39 
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Fig. IV. 	Thermogram of DGA:MA20  Copolyrner 
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- Fig. V. 	Thermogram of LX2A.MA 9  Copolymer - 
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Thermograms for 1XA:MAx copolyiners are shown in 

Figs IV and V. The TG  for P-MA prepared under identical 

conditions, was 14 ° . 	The usually reported value is 

TG = 00. 

The similarity of DGM and DGA to 11 11 and MA 

respectively has also been shown by copolymerisation with 

other vinyl monomers. 	The reactivity ratios for T'I and 

styrene (S) are 0.46 and 0.52 respectively 3 . 	The 

azeotropic or constant copolymer composition from initial 

monomer ratios MM:S is about 1:1. DM was copolymerised 

with S to give a series of D4:Sx copolymers (XXXIX, 

Table XIV). Only the initial monomer ratios of DGM:S, 

x = 1 gave a constant copolymer composition. The ratio 

11M: S in these c000lymers was calculated from oxygen analysis 

as follows:- 

If an average repeating unit in the copolymer be 

represented as C 1 6H24 0 7, (C-ie )x  .-there x is the 

molar ratio of S to DGM, then the weight of each 

unit is 32 + 104x and 	= 7 x 16 x 100 
328 +104x 

It can be seen from Table XIV that the optical rotation of 

these copolymers is not that expected if the styrene units 

act merely as a diluent. 
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TABLE XI'!. The Diisopropylidenegalactose methacrylate-
styrene system of copolymers (XXXIX) 

DGM:Sx Copoly- Oxygen Copolymer a  [a]D [a]D 
Monomer merisation Yield 71inh  in content composition Calcd. Found 
Molar Time % toliTiene (%) (S:DN) c 0.5 
iatio (hr) toluerie 
x 

5.74 18 67.1 1.3 14.1 4.48 -24.8 °  -32 0  

3.03 72 89.1 1.8 17.7 2.93 -31.1 -400  

1.01 
72b 

89.7 0.6 26.1 0.97 -45.9 -56° 

(a) P-DI has [aID  -.60°  in toluene. (b) Copolymerised in 31.3% 
benzene solution. 

The deacetonation of DC4:S448 and DGN:S293  

copolymers was unsuccessful as both were insoluble in 

formic acid. Attempts at deacetonation in other 

organic solvents were also unsuccessful as addition of 

water caused immediate precipitation. However, DGM:S1 

copolymer was soluble in formic acid owing to the high 

concentration of 0GM (75.8 w/w%) and deacetonation 

proceeded normally to give water-insoluble, benzene-

insoluble GM:Sl  copolymer (XL, Table XV), Jnich was 

characterised by phenylhydrazone (XLI) formation. 
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TABLE XV. Galactose methacrylate-styrene-l:l--copolyrner 
(XL) and phenyihydrazone (I) 

GM:S Yield Tlinh Oçjgen Content [a]D [a]D 
Copolymer .% in Calcd. Found 
Ratio D1' Calcd., 	Found c 0.5 

JIF 

1.0 82.2 0.9 31.7 	31.5 +32 0 
 +24' 

GM:Sj copolymer phenylhydrazone was isolated at 91.7% yield 

[Found: C, 65.3; H,  6.97;  N, 6.2 (Cja2N206.CeHe n . 

requiresC, 65.1;  H, 6.4; N, 6.3%]. 

The optical rotation of GM:S1  copolymer was not the 

calculated value. 

The reactivity ratios for the system methyl acrylate-

acrylonitrile (MA - AN) are 0.95 and 1.4 respectively 4 . 

WA was copolyrnerised with AN in bulk at 50' with AIBN as 

initiator in the molar ratio AN:WA, x = 6 to give a white 

powder which was partially (63%) soluble in dimethylformamide.. 

Eaemental analysis (Table XVI showed that the initial monomer 

ratio had been maintained in the soluble copo.lyrner fraction) 

(XLII). The insoluble fraction 1.6% showed identical 

infrared absorption to (XLII) and had the same nitrogen 

content. The insolubility of this fraction suggested that 

cross-linking/ 
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cross-linking had occurred probably at "hot spots" in the 

exothermic polymerisatlon. Soluble DGA:AN 8  copolymer was 

deacetonated in formic acid to give water-insoluble GA:AN 6  

copolymer (XLIII). 	Infrared analysis showed strong 

hydrorl absorption at 3400, nitrile absorption at 2260 

and ester C:0 at 1730  cm 1. Elemental analysis showed 

that the initial monomer ratio had been approximately 

maintained. The optical rotation of both copolymers was 

near to the calculated values. GA:AN6  copolymer was 

characterised by phenylhydrazone 1IV) formation which 

showed the characteristic absorption at 1610 cm 1 . 

TABLE XVI. Diisopropylidenegalactose acrylate-acrylonitrile- 
1:6-copolymer (DGP:AN 6  copolymer, XLII) 
Galactose Acrylate-acrylonitrile-l: 6-copolymer 
(GA:AN 6  copolymer, XLIII) and Phenyihydrazone (XLIV) 

• 

inhrala 
L  

[a] 
 D 

Copolymer Yield in D Found Analysis 
(%) DIdF Calcd C 0.5 

DMF 

• 	. Found C, 62.5; 	H, 6.57; N, 12.8. 
A:AN 6  63.0  2.0  -246  -24°  EC j5H22O?.(C3H3N)B] 	reauires 

C, 	62.6; 	H, 	6.37; 	N 	13.8. 

Found C, 57.5;. H,  6.19;  N,  14.3. 
GA:AN 6  95.4 2.6 +18° +21 EC9H1 407 .(C 3H 3N)61 	requires 

C, 	58.7; 	H, 	5.84; 	R, 15.2. 

GA:AN 6  Found C, 61.5; 	H, 6.58; 	N, 16.1. 
Phenyl- 96.4 IC 15"2,,N2C6 (CT'13 N)S I n  requires 
hydrazone C, 61.7;  H, 5.96; N, 17.0o. 

a P-DGA has 	-49°  in dimethylformamide 
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The reluctance of vinyl acetate (VA) to copolymerise 

with esters of a,-unsaturated acids is evidenced by the 

reactivity ratios for the system 4-VA which are 20 and 0.015 

respectively8 . 	I is used up quickly in bulk copolymerisa- 

tion leaving the system rich in VA towards the end of reaction. 

DGM was copolymerised with VA in 18 w/w % benzene solution with 

the initial molar ratio VA:JXM = 3:1. 	The resulting sticky 

copolymer plug was dissolved in benzene and reprecipitated 

with methanol to remove vinyl acetate homopolyrner. The acetyl 

content (Table XVII) of the precipitated copolymer was 5.4% 

which corresponds to an DCY1:VA ratio of 1:0.46 (DCM:VA0 , 46 

copolymer )CLV) showing that only 15% of original vinyl acetate 

had reacted to form copolymer. 

TABLE XVII. 	Copolyrnerisation of diisopropylidenegalactose 
methacrylate with vinyl acetate (XLV), 
copolymer deacetonat.ion (tCLVI) and phenyl-
hydrazone formation (XLVII) 

Copolymer yield ECL I 
D I ICL 10

CalcdJFound 
Analysis 

- 

2.9 -52° Found C, 58.0; 	H, 7.29; 	Ac, 5.4. 
D'12 	-13 :VA 97.0 in -54°  c 0.5 [Cjei2 4O 7.(C2H!c)0 	1 

CHl CH1 3  requires 0, 58.2; 
Ac, 	5.4% .  

.7.1.. +31 Found C, 49.2;.H, 6.77, Ac, 12.8. 

0 c 0.1 +33 °  Q•5 (C 1 H 160 7.CH30Ac) 	requires 
DMF C, 	50.3; 	H, 6 e 63; 	c 12.9. 

GM:VA Found C, 55.4; 	H, 6.56; 	N, 6.7. 
Phenyl— 93.0 (ClGH22N20•Ci3 0AC) r, requires 
hydrazone C, 	56.6; 	H, 6.65;  
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Deacetonation of WM:VA046  copolymer with 66.7% 

formic acid yielded a gel fraction (77%)  which analysed as 

I:VA10  copolyrner (XLVI), and was soluble in dirnethyl-

formamide. The remainder of the copolymer was water-' 

soluble and elemental analysis and optical rotation shoved 

a high proportion of P-GM as expected. 1 I:VA10  copolymer 

was characterised by phenylhydrazone (XLVII) formation. 

(Table X1II). 

The failure of monomers possessing allylic hydrogens 

to form high molecular Aeight hoiiopolymers through a free-

radical process is due to chain transfer with monomer. 

The growing polymer chain is terminated early in its 

existence by abstraction of a labile aflylic hydrogen from 

giving a new radical which is too stable to the monomer,  

initiate a new chain 6  

Wnere copolymerisation occurs, e.g. the alternating 

copolymers of maleic arihydride which will not homopolymerise, 

the cross-piopagation step is able to compete very 

effectively with such allylic terminations, as high molecular 

weight copolymers are produced. Walling 87  explained 

alternation in terms of transition state stabilisatiori 

resulting from electron transfer between radical and olef in 

in the styrene-maleic anhydride system. However, Martin 

and/ 
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and Jensen80  have claimed that this view is not consistent 

with the alternation of 3-phenylprop-l-ene, 4-phenylbut--l-ene 

and 5-phenylpent-l-ene with rna.leic anhyride, as the 

transition state postulated by Walling, would be insufficiently 

stabilised. Price explained alternation in terms of 

monomer and radical polarity, stating that substituents 

attached to the double bond or radical centre lead to 

electron-rich and electron-poor centres, the interaction of 

which increases or decreases the energy required £ or the two 

species to react. Martin and Jensen 86  favour this 

explanation. Maleic anhydride has a very strong dipole 

with the postive end towards the double bond. The radical 

is also electron-poor, i.e., it will be the positive end of 

a dipole. A simple olef in has a weak dipole with the 

negative end towards the double bond. An aJicyl radical is 

more poiar in character, the radical carbon being the 

negative end of a dipole. Alternation then is explained 

simply as dipolar attraction. 

It has already been sho1i that the diisopropylidene-

galactose residue behaves as an alkyl group in polymerisation 

reactions. 	It was of interest, théref ore, to determine 

whether the 6-0-allyl ether of diisoropylidenegalactose 

(vi) formed an alternating 1:1-copolymr with rnaleic 

anhydride, regardless of the initial monomer ratio. A1Y 

and! 
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and maleic anhydride, in .the molar ratio ADG: maleic anhydride = 2:1, 

were copolymerised under nitrogen in bulk '.vith AIBN at 60 for three d. 

days. The copolymer was isolated by reprecipitation with methanol from 

dioxan solution. Anhydride in the copolymer was detected by infrared 

analysis as a strong doublet at 1860 and 1780 cm, and the amount of 

anhydride was determined by hydrolysis in dioxan/water (2:1) to the 

diacid (XLIX) which was neutralised. with 0.1 N-sodium hydroxide. 	The 

acid equivalent showed the presence of 50.6 mol. b of maleic anhydride 

units in the copolymer and elemental analysis also indicated an 

approximately 1: 1-co polymer structure (XLvIIi). 
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43 ExperL'nental 

JvLaterials and Methods 

Methyl Acrlate, Stene, Acrylonitrile, and 

Vinyl Acetate were all B.D.H. reagents and were distilled 

imnediately before use to remove inhibitor. 

Maleic Anhydride (B.D.H, 54 g) was dissolved as 

far as possible in refluxing chloroform-carbon tetrachloride 

(1:1, 100 ml), filtered and the filtrate left to crystallise 

at 00  for 18 hr. 	The pure arihydride was filtered, washed 

with carbon tetrachioride and dried to yield 38.2 g of pure 

material '/nich was used in copo1erisation. 

Other materials and methods have been described 

previously. 

Copolmierisation of Methyl Methacrylate with l,2:3.4-di-0- 
to 

Low Conversion (Table) 

DGM was dissolved in R4 in a 75 x 10 mm test tube, 

and the solution, containing approxinately 0.2 wt.-% AIBN, 

frozen and the tube sealed. The tube was heated at 500 , and 

after the time indicated (Table V), opened and the contents 

poured into methanol (50 ml). 	The ?nite precipitate was 

washed! 
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washed thoroughly with methanol, dissolved in chloroform 

(5 ml) and reprecipitated with methanol (50 ml). 	This 

precipitate was washed thoroughly with methanol, dried, 

ground to a white powder, and finally dried in vac. over 

phosphoric oxide at 600  for 8 hr, to remove traces of 

methanol. 

1.2:3 L1._Dj_Q_isoorooylidene-b-0-methacrvlo'Tl-a--galacto- 
nrrpncs - Methyl M3thacrrlate Random Cojo1imers (DGI'i:MMx 

In a typical experiment, DON (1 g) and AIBN (8 mg) 

ire dissolved in M (1.89 g) (molar ratio 11I'1:DGN, x = 6.2:1) 

and the solution frozen at -80°. The tube was evacuated, then 

filled with nitrogen, and allowed to varra to 20 ° .. This 

degassing process was repeated three times, after which the 

tube was sealed and heated at 50 °  for 18 hr. 	The clear 

copolymer plug was broken down, the product (2.75 g) dissolved 

in chloroform (250 ml) and the copolymer reprecipitated with 

methanol (2.5 litres), filtered, washed with methanol and dried 

to a white powder (2.55 g, 92.7%). 	Infrared analysis showed 

ester C:0 at 1730  and 	-dimethyl absorption at 1380 cm-. 

6-ethacryIorl-D-actose-Methvl Methacrvlate Random 
Copolymers (G14:i'Ukx andom opolymers. 	XXXV) 

In a typical experiment, the above DGM:MM6 2  random 

copolymer/ 
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copolymer (2.32 g) was dissolved in formic acid (230 ml) and 

stirred at 20° for 18 hr. water (115 ml) was added dropwise 

and the solution stirred at 20 °  for a further 24 hr.to  constant 

rotation, [aID +26 °  c 0.614, calculated on the theoretical 

yield (2.12 g) of deacetonated copolymer XXXV, x = 6.2; P-GM 

has [a]D  +76° in 66.7% formic acid . 	Formic acid was removed 

by dialysis against running water for three days during which 

the decetonated copolymer precipitated. 	This was filtered, 

washed thoroughly with water, and, dried to a white powder 

(2.1 g, 99.l). 	Infrared analysis showed strong hydro'l 

absorption at 3400 cm, and ester C:0 at 1730  cm 

(g-dimethy1 absent). 	Copolymers withx> 9 were deacetonated 

in 8 formic acid. 

Copolymer Phenyihydrazones (XXXVI, XLI, XLIV 1  XLVII) 

In a typical experiment, GM:L1N62  random copolymer 

(0.2 g) was dissolved in dimethylformamide (18 ml), glacial' 

acetic acid (1 ml) and phenylhydrazine (1 ml) added, and the 

solution left in the dark at 20 °  for 24 hr. The solution 

was added dropwise to water, the yellow precipitate washed 

thoroughly with ethanol, and the copolymer phenylhydrazone 

(XXXVI, x = 6.2) dried to a yellow powder (202 mg.92.C). 	It 

was insoluble in dimethylformamide. All copolymer phenyl-

hydrazones were prepared under the same conditions. 
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_O_Isopropy1idenc_l_0_ethacrYlOYi-1L-glYCeritOl 
Methyl Nethacrylate-1: 4-OoDoler (IGLI.1:i4ts1 4  Cpp1raer) 

IGLM (2.057 g) was copolymerised with MM (4.14 g) 

with AIBN (31 mg) at 60 °  under air for 24 hr. 	The 

copolymer plug was broken dolom with some mechanical loss, 

and this material (6.24 g) dissolved in chloroform. (120 ml), 

reprecipitatcd withmethanol, and dried to a white powder 

(6.1 g, 97.) i.thich had inh  of 1.0 (in chloroform). 

fFound: C, 60.1; H, 8.00; 
	C 10 H 604  (C 5H 90 2 41 requires 

C, 60.0; H, 

l_Q-.Methacrylorl_iL-alycerito1_Heth:Tl F:iethacrvlate 
Copolymcr (GL :i?i Copolr:ier) 

IGLM:1V1M4  Copolymer (5.01 g) was dissolved in 

2-methoxyethanol (225 ml) and the solution heated to 100 °  

and stirred vigorously. 	5N-Hydrochloric acid (25 ml) was 

added dropwise over a period of 30 min to ensure that 

precipitation of the copolyaier did not occur. 	The solution 

was stirred at 100°  for a further 90 min and 2-methoxyethanol 

and hydrochloric acid removed by dialysis. The water-

insoluble, hydrophilic copolymer (4.47  g, 95.5) had Tlinh 

0.9 (in dimethylformamide). 	Infrared analysis showed 

strong hydroxyl absorption at 3500 and ester C:0 at 1730  cm - . 

Methoxyl could not be accurately determined owing to 

int.erference/ 
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interference from the glyceryl residues. 	f Found: C, 5.0; 

H, 8.38; C.7H 1204 (C5 H8 02 )4 ] requires C, 57.8; H, 7.91%). 

Emulsion Copoljmerisation of 6-0-AcrylQy1-1.2:3.4-di-0.. 
I s rnv1 idr1e-j-D-a1actorranose with Meth:rl A crvlate 

ma typical experiment, a five-necked, 100 ml 

reaction vessel, fitted with stirrer, condenser, nitrogen 

inlet tube, thermometer and stopper, was charged with 

distilled water (20 g),, containing sodium lauryl sulphate 

(250 mg) and ammonium persulphate (10 mg), DGA (1.63g) and 

MA (8.99 g) (molar ratio MA:DGA, x = 20:1). 	The mixture was 

stirred slowly and the apparatus flushed for 30 min with a 

flow of nitrogen. A water bath was placed under the 

reaction vessel and heated to 70° . 	' hen the eiiulsion 

attained this temperature, refluxing began and the temperature 

rose rapidly to 80 ° . 	This temperature was maintained for 

2 min when refluxing stopped and the temperature began to 

fall. The bath temperature was then raised to 100 °  for 

30 rain and the hot polymer emulsion added dropwise to hot 

Z w/v sodium chloride solution. The sticky white polymer 

was washed free of sodium chloride with hot water and air 

dried. This material was reprecipitated from acetone 

solution (400,11)  with water (2 litres), filtered, and dried 

to give the white, rubbery copolyrner (9.87 g, 92.2%). 
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6_0_Acr]oTl_D_actose_Methrl Acr2flate Copolymers 
(GA:MAx C000lyfers. 	XXXVIII) 

In a typical experiment D.jA.j'1A 21, copoly!ner (1.0 g) 

was dissolved in acetone (10 nil) and formic acid (90 ml) 

added dropwise. Water (10 ml) was added slowly and the 

solution stirred at 20° for 3 days, filtered, and dialysed 

against running water for 24 hr. The precipitated copolymer 

(XXXVIII, x = 20) was filtered, washed with water, and dried 

to give a hard, white polymer (0.7 g, 90.5). 	A film of 

this material was cast from dLmethylformamide, washed with 

water and dried. Infrared analysis shod sharp hydroxyl 

absorption at 3500 and ester C:0 at 1730  cm - . 

1,2: 3, 4-Di-0-isopropylidene-ô-0-nethacryloyl--cL-D-galacto-
pyranose - Stvrerie Copolmiers (DG: Sx Coplymer. 	XXXIX) 

M:Sx monomer ratios x = 5.74 and 3.03 were 

copolymerised in bulk with AIBN at 50°  for 13 hr and 72 hr 

respectively. 	DGI:S 1  copolymer was prepared as follows. 

DGM (499 mg) was copolymerised with S (160 mg) in benzene' 

(0.3 g, 31,3 w/%) with AIBN (3 :ig) at 50°  for 3 days. 

The copolymer plug was dissolved in benzene (10 ml) and 

reprecipitated with methanol (100 ml). 	The copolymer was 	a 

white powder (591 rug, 
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6_0-Methacrylovl-.D-.galac tose-Styrene-1: l-C000lymer 
(GM:S 1  Copolymer. 	)cL) 

DGM:S 1  copoler (0.2 g) was shaken with formic 

acid (20 ml) for 18 hr at 20 0 . 	The copolymer dissolved and 

had [a]D  +50°  (c 0.815 calculated on the theoretical yield 

of GM:S copolymer, )CL). 	Water (10 ml) was added dropwise, 

and the solution stirred a further 24 hr at 20° Ahen [CL]D 

was +46 °  (c 0.543). 	Formic acid was removed by dialysis 

against running water for 3 days during which the copolymer 

precipitated. This was filtered, washed with water, and 

dried to give a white powder (134  mg, 82.25.) which was 

insoluble in benzene. 	Infrared analysis showed strong 

hydroxyl absorption (3400 cm-l) and benzenoid absorption at 

1600, 760 and 700 cm 1 . 

k0-Acry1o'1_1 2: 3 4-di-0--i soropr1idene-a-Q--ga1actopyranose - 
Acrylonitri1e-1:6-opo]7mer (DA: AN Copo1rTer. 	XLII) 

WA (506 rng) was copolymerised in bulk with AN (513 mg) 

with AIBN (2.3 mg) at 50°  for 5 hr. 	The copolymer powder (1.015 g) 

was dissolved as far as possible in dinethylformamide (50 ml) 

and methanol (20 ml) added to harden the insoluble gel for 

ease of filtration. 	The insoluble gel was filtered off, 

washed with methanol, and dried to a white powder (189 mg, 

18.6%), which had a nitrogen content of 13.3  and identical 

infrared! 
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infrared absorption to that of the soluble fraction below. 

The filtrate was added dropwise to methanol (500 ml) to 

give a white precipitate which was filtered, washed with 

methanol, and dried to a white powder (639 mg, 63.0%). 

Infrared analysis shod nitrile at 2260 cm 
-1 
 and ester 

C:0 at 1730  crn. 

_Acrylo1__ga1actose_AcrYlOflitrile-1: 
.A1 	 VTTTT 

DGA:AN 6  Copolymer (250 rag) was shaken withformic 

acid (25 ml) at 20°  for 18 hr and water (12.5 ml) added 

dropwise to the clear solution which was stirred a further 

24 hr at 20°  when the final rotation was [aID  29° [c 0.581 

calculated on the theoretical yield (218 mg) of GA:AN 6  

copolymer, XLIII.. Formic acid was removed by dialysis as 

before and the water-insoluble copolymer was isolated as a 

white powder (208 mg, 95.4%). 

Copolymerisation of 1 2 :3 .i-Di--0-isoorooylidene-6-0-
methacry1or1_a_D_alactojranose with inyl A cetate. 
(DCI:VA0 

6 
 C000lver. XLV) 

DGM (3.08 g) was copolymerised with VA (2.43 g) 

in benzene (1.25 g) with AIBN (12 mg) under nitrogen at 50 °  

for 18 hr (initial monomer ratio VA:OM = 3:1). 	The 

re sulting/ 
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resulting sticky copolymer plug was dissolved in benzene 

(100 ml) and the solution added dropwise to :nethanol to 

give a Wnite precipitate, '!nich was filtered, washed with 

methanol, and dried to a FInite powder (3.35 g, 97.1%; 

calculated on the theoretical yield of DGM:VA046 copolymer, 

XLV). 

Deacetonation of 221:jL446  Copolmer with Formic Acid 

DG4:VA046 copolymer (1 g) was dissolved in formic 

acid (100 rl), and after 18 hr at 200  water (50 ml) was 

added and the solution stirred a further 24 hr at 20° when 

the final rotation was [aID +48°  [c 0.538, calculated on the 

theoretical yield (807 mg) of I:VA046 copolymer]. 	Formic 

acid was removed by dialysis to give a cloudy solution, which 

was concentrated to 100 ml and centrifuged to give a gel and 

a clear supernatant.. 	The gel was dried in vac. over calcium 

chloride to give a white poer (526 mg) which analysed as 

GM:VA1 0 copolymer XLVI. The water soluble fraction was 

freeze dried (154  ig) and had 	+47°  (c 0.5 water), 

knh 0.6 (c 0.5 water). 	[Found: C, 48.6; H, 6.60; 

(CiH 63 9) (P-GM) requires C, 48.4; H, 6.501 
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6.-0-Allyl--1 2:3 , 4-di-0-isooropyliderie-a.-D-galactop, -ranose 
Maleic Anhydrcje-1:l-c000lyner. (LVIUJ 

Maleic anhydride (0.204 g, 2.08 mraol) and AIBN 

(1 rng, 0.1 mol%) were dissolved in ADG (1.237 •g, 4.12 mmol) 

in a tube which was evacuated to 0.1 mm at 20 °  and I ifled 

with nitrogen to atmospheric pressure. Polymerisation was 

carried out at 600  for 3 days to give a clear glass, which 

was dissolved in dioxan (2 ml), precipitated with methanol 

(50 nil), centrifuged and dried to a Wnite powder (560 rag). 

This material was redissolved in dioxan (2 ml) and 

reprecipitated with methanol (50  ml) to give a white powder 

(502 mg, 60.5%)  which had [a]D  51°  (c 0.5 in chloroform) 

and inh  0.1 in chloroform. Infrared analysis shod 

anhydridé (C4H 20 3) as a strong doublet at 160 and 170 cm-

with no evidence of urisaturation. 	[Pound: C, 57.95;. 

H, 6.93;  C4H203 ,25.1. (C 15H34 06 .c4 H203 ) requires C. 57.3; 

H, 6.5; C4H203,24.6%1 

Determination of Anhydridé in ADG-Maleic Anhydride-1:1-
Copo1,'mer 

The copolymer (120.5 mg) was dissolved in dioxan 

(10 ml) when addition of water (5 ml) caused precipitation. 

The mixture was heated at 60 °  for 8 hr to give a cloudy 

solution which was titrated with 0.1 N-sodium hydroxide 

(6.6 ml)/ 
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(6.6 ml) to a phenolphthalein end point. This value was 

corrected for a blank titration (0.52  ml 0.1 N-NaOH) of 

dioxan (10 ml) and. water (5 ml) to give an actual titre of 

6.16 ntl 0.1 N-NaOH which was equivalent to 0.308  rn equiv. 

diacid or 25.1  wt % C 4H 203  in copolymer (XLVIII). 
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5. POSSIBLE INDUSTRIAL APPLICATIONS 

From the outset, the purpose of this study was the 

synthesis of new derivatives of galactose of possible 

industrial potential and the characterisation of these 

derivatives by physical and chemical methods. The physical 

and cherical evidence presented, suggest the following 

possible industrial applications of galactose polyners and 

copolymers. 

Use as hydrophiic plastics in medicine and 

surgery; e.g. in the form of dressings,contact lenses, 

external prostheses, and surgical implants. 

Use as hydrophilic coatings on various plastics 

and photosensitive films to improve sensitivity towards 

such things as printing ink and dyes. 

Use in fibres to improve tiioisture absorbing 

properties and dyeability. 

Use as cross-linking agents in eiulsicn poiyers 

enployed in the textile and paper industries. 

Use as new gelling agents. Water-soluble 

galactose polymers and copolymers can be oxidised to form 

line ar/ 
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linear, water-soluble viscous solutions which give strong 

gels on the addition of multivalent cations. 

Use as semi-permeable riembranes f or the desalina- 

tion of sea or brackish water by the process of reverse 

osmosis and for hae.odialysis in artificial kidney machines. 

Use as transparent plastics of high softening- 

point. 

- 138- 



6. CONCLUSION 

Suitable unsaturated derivatives of di-O-isopropy-

lidene-D-galactopyranose can be polymerised by a free-radical 

mechanism to polymers of high molecular ight which contain 

the bulky, tricyclic sugar derivative on every second carbon 

atom of the polymer chain. The dilsopropylidenegalactose 

residue does not inhibit the polyierisation reaction by a 

steric effect but behaves as an alkyl substituent in radical 

polymerisation. Hover, use of this carbohydrate 

substituent has several advantages over siiple eJ.kyl vinyl 

monomers in that polymers with exceptionally high glass 

transition temperatures are produced which can then be cross-

linked as an after-treatment if desired. 

A significant feature of these polymers is that 

they can be niodified i.e. "deblocked", to produce water-

soluble, synthetic "polysaccharides" which differ from all 

other natural polysaccharides, such as cellulose and starch, 

in being much more reactive. For exaple, they are readily 

oxidised without degradation and the resulting polyacids 

resemble alginic acid, pectic acid and poly-(methacrylic 

acid). In general, these synthetic polysaccharides wiU 

undergo niost of the reactions of galactose while at the sane 

tL-ne/ 
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tine they possess the physical properties of a typical 

macromole cule. 

The alkyl-type properties of the diisopropy-

lidenegalactose residue are retained on copolymerisation. 

Diisopropylidenegalactose methacrylate and diisopropyli-

denegalactose acrylate copolyierise with methyl 

methacrylate and methyl acrylate respectively to form 

random copolymers which contain these units in the same 

proportion to that of the initial monomer mixture. 

vidence is given that monomers containing the 

diisopropylidenegalactose residue will copolymerise in a 

sinilar monomer with any other monomer which will 

copolymerise with the parent monomer, i.e. methyl 

methacrylate, etc.. 

Dacetonation of these copolyrners yields 

reactive, hydrophilic copolymers with novel and useful 

properties. 	This modification shows that these 

materials are true copolymers and not fnixtures of 

homopolymers as their properties combine those of each 

homopolymer, hydrophilic with hydrophobic, and homopolymer 

is not detected at any stage of the deacetonation 

procedure. 
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Synthetic Polymers Containing Galactose Residues 

By T. P. Bird, W. A. P. Black, J. A. Coiquhoun, E. T. Dewar and D. R utherford* 

Art/jar D. Little Research Institute, In veresk Gate, Masse/burgh, Midlothian 

The synthesis and polyrnerisation of several un-
saturated derivatives of I ,2:5,6-di- O-isopropylidene-.i.- 
D-glucofuranose have been described recently.' We 
report now the preparation of two crystalline mono-
mers from galactose and their polymerisation to 
polymers of high molecular weight. 2  

CH2OR CR'C- I 	 H2 

/O_O\ C:O 

CH2 0 

OCMe2 

R=H) HOOH 
H2OH 

(,R=C0'CM :CH2) 
IV, R=COCH:CH2) OH 

(rv:, R'=Me) 
(VIE, R'=H) 

1,2: 3,4-Di- O-isopropylidene - - D - galactopyranose 
was esterified with methacrylic anhydride in 

pyridine solution to give the crystalline 6-methacrylate 
in 47.5%yield, rn.p. 625-63°, [•]D -49.2°(CHC1 ). 

Monomer (II) was polymerised in oxygen-free benzene 
solution with azobisisobutyronitrile as catalyst, and 
the product purified by solution in chloroform and 
reprecipitation with methanol to give the polyrnetha-
crylate (III) in near quantitative yield with an inherent 
viscosity kmnh. = c'1fl(,rei.)] of 28 dl./g. in syin. 
-tetrachioroethane (C., 05 g. 100 ml. - '; 25°). The 
isopropylidene blocking groups in polymer (Ill) were 
removed by solution in formic acid and gradual 
addition of water, and the 'water-soluble poly(6-0-
methacryloyl-D-galactose)(IV) was isolated after d ialy-
sis. It had [c]D + 62° (H 20) and 	19 dl./g.  

(c., 05 in H 20, 25 0), and a quantitative determination 
of reducing power with sodium hypoiodite 3  gave a 
value of 91 2% calculated on the basis of structure 1V. 

The crystalline acrylate (V) (m.p. 575°, [] —502° 
in CHC1 3) was synthesised in 54% yield by trans-
esterification between ethyl acrylate and diisopropyli-
dene-galactose (I) in the presence of tetraisopropyl 
titanate as catalyst. 4  Free-radical polymerisation in 
benzene solution readily furnished polyacrylate (VI) 
with inherent viscosity of 15 dl./g. in tetrachloro-
ethane. Deacetonation of polymer (VI) was effected as 
described for the polymethacrylate and the resulting 
poly(6-0-acryloyl-D-galactose)(VII) had [clD ± 56 
(H20) and 06 dl./g. in water. 

Satisfactory analyses were obtained for all com-
pounds. Derivatives of the hydroxylated polymers 
(IV) and (VII) are being prepared and will be described 
elsewhere. 

This research on the utilisation of whey products is 
supported by the Milk Marketing Board, to whom we 
are indebted for permission to publish. 
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Preparation and Derivatives of PoIy-(6O-methacryIoyI...o..gaJactose) and 
PoIy-(6-O-acryloyl-D-galactose) 

By T. P. Bird, W. A. P. Black, J. A. Colquhoun, E. T. Dewar, and D. Rutherford 

The 6-methacryloyl and 6-acryloyl esters of 1 . 2 : 3 .4- di -0-isopropylideneogalactopyrano 	have been 
synthesised and polymerised to polymers of high molecular weight. The isopropylidene blocking groups have 
been removed by treatment with formic acid—water at 20% to give poly - (6-OmethacryloylDgalactose) and poly-
(6-0-acryloyl-D-galactose), which are linear, water-soluble, and reducing polymers with novel properties not 
possessed by natural polysaccharides. Various derivatives of these polymers are described. Chiorous acid at 
pH 3 oxidises the reducing group at C-i of these polymers to give poly-(6-O-methacryloylD..galactonic acid) 
and poly-(6-O-acryloyl-o-galactonjc acid), which exist in solution only; isolation and drying leads to loss of 
water from each galactonic acid residue with formation of the poly-1,4-lactones. The sodium salts of these 
polyacids are viscous polyelectrolytes which precipitate in the presence of many metal ions. 

THE synthesis and polymerisation of several unsaturated 
derivatives of 1,2 :S.6-di-O-isopropylidene-aDg1uco.. 
furanose 1-5 and 2,3 :4,6-di-O-isopropyljdene-aLsorbo 
furanose 4  have been described recently. The main 
interest in these polymers lies in the fact that acidic 
hydrolysis removes the isopropylidene protecting groups 
and liberates water-soluble, linear, and reducing polymers 
with novel properties not possessed by natural poly -
saccharides. For example, poly-(1 ,2 :5,6-di-O-iso- 
propylidene-3-O-methacryloyl-c-Dg1ucofuranose) was 
converted into poly-(3-O-methacryloyl-D-glucopyranose) 
with its reducing hemiacetal group at C-i free, and 
various derivatives of this polymer were described.' 
We now report the preparation of two .crystalline mono-
mers of 1,2:3,4-di-0-isopropylidene-aDga1actopyranose 
(I) and their polymerisation to polymers of high mole-
cular weight. A preliminary note on part of this work 
has been published. 6  

Di-O-isopropylidene-D-galactose has recently been 
shown 7  by gas chromatography to be a mixture, the 
major component (>97%) under normal conditions of 
preparation 8  being syrupy isomer (I), and the minor 
being crystalline 1 ,2:5,6-di-O-isopropylidene-a-D 
galactofuranose (II). 

1 W. A. P. Black, E. T. Dewar, and D. Rutherford, J. Chem. 
Soc., 1963, 4433. 

W. A. P. Black, E. T. Dewar, and D. Rutherford, Makromol. 
Chem., 1964, 71, 189. 

S. Kimura and M. Imoto, Makronzol. Che,n., 1961, 50, 155; 
1962, 53, 210. 

The 6-methaciylate (III) was prepared in 47.5% yield 
by esterifying crude di-O-isopropylidene-D-galactose 8 

with methacrylic anhydnde and pyridine by essentially 
the same method used to synthesise the 3-0-meth-
acryloyl ester of di-isopropylideneglucose,' with the 
modification that high-vacuum distillation was dispensed 
with. The galactose monomer readily crystallised and 
was obtained in very pure form by repeated recrystallis-
ations from ethanol—water mixtures. The monomer 
polymerised readily, both in bulk and in the presence of 
benzene, with a free-radical catalyst, such as azobis-
isobutyronitnie, and the effect of varying the amount of 
benzene on yield and inherent viscosity is shown in the 
Table. Polymerisations were carried out at 700 with 
0.2% of catalyst. A compromise between yield and 
Benzene (wt. % of monomer) 	90 	60 	30 	0 Yield (%) 	........................... 96'7 	97'4 	86'9 	438 
Inherent viscosity (dl./g.) ......... 0'90 	1'62 	2'07 	3'28 

viscosity was reached by using 22.5% of oxygen-free 
benzene, and polymerisations were carried out at 500 
rather than 70°. Poly(1 , 2:3,4-di-O-isopropylidene..60 
methacryloylaDgalactopyranose) (IV) was soluble in a 

Kimura, K. Hirai, and M. Imoto, J. Chem. Soc. Japan, 
lad. Chem. Sect., 1962, 65, 688; S. Kimura and K. Hirai, 
Makromol, Chem., 1962, 58, 232. 

E. E. Fisher and J. L. Harper, U.S.P. 3,103,508/1963. 
P. Bird, W. A. P. Black, J. A. Coiquhoun, E. T. Dewar, 

and D. Rutherford, Chem. and lad., 1965, 1073. 
D. C. De Jongh and K. Biemann, J. Amer. Chem. Soc., 1964, 

86, 67. 
8 o, T. Schmidt, Methods Carbohydrate Chem., 1963, 2, 324. 
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range of organic solvents but insoluble in water and simple 
alcohols. The specific rotation (-54° in tetrachioroeth-
ane) was independent of viscosity and general polymerisa-
tion conditions, such as concentration of benzene and 

CHOR

O>c  Ko' Me2C< 	
O - CMe2 	 6-CMe 2  

	

(I:R-H) 	 0 
(III: R- C0'CMe:CH1) 	 CMe; 
(IX:R'COCH:CH2) 	 CH20 	(II) 

CR1CH2 -- 
	

CR' CH 2  

CO 	 CO 

	

CH2 0 	 CH1 0 

HO(> H ,OH 

O-CMe 2 	 OH 
n 	 in  

(IV: R'- Me) 	 (V: R' Me) 

	

(XI: R" H) 	 (XII: R' = H) 

catalyst. The viscosity (2.8 dl./g.) of polymer (IV) was 
much higher than that (0.5 dl./g.) of poly-(12:5,6-di-0-
isopropylidene-3-0-methacryloyl--D-glucofuranO5e) 1 

because the galactose monomer (III) is crystalline 
(m. p.  63°) and can be obtained purer than the glucose 
monomer. 

The removal of the isopropylidezie residues from 
polymer (IV) to give poly-(6-0-methacryloyl-D 7galact6se) 
(V) was more difficult than in the case of the glucose 
polymer.' Heating with N-hydrochloflc acid at 100° 
forseveral hours failed to dissolve the polymer, and the 
acetone–sulphuric acid procedure 3 was also unsuccessful. 
The blocking groups, however, were hydrolysed by 
dissolution in anhydrous formic acid and careful addition 
of water to give an acid concentration of 94%, the 
hydrolysis at 200  being followed polarimetrically when 
the specific rotation changed from a negative to a 
positive value. With polymers of very high viscosity, 
it was. necessary to add further water to reduce the 
concentration of acid to 66% and allow the deaceton-
ation to proceed for a further 3 hour. The solution was 
finally dialysed, and polymer (V) isolated by freeze-
drying or by precipitation with ethanol. 

Deacetonated polymer (V) was a white powder with a 
positive rotation ([]D  +62°  in water) and ahigh viscosity 
(. 1•9 dl./g. in water). It was readily soluble in 
water and dimethyl suiphoxide but less soluble in di-
methylformamide. It strongly reduced Fehling's 
solution, and quantitative determination of reducing 
power with hypoiodite 9  gave a value of 91.2% calculated 
on structure (V). Treatment with cold 1% methanolic 
hydrogen chioride gave a derivative that had the 

E. L. Hirst, L. Hough, and J. K. N. Jones, J. Chem. Soc., 
1949, 928.  

analysis required for a poly(methyl 6-0-methacryloyl-
D-galactoside), but its insolubility in water suggested 
that, some cross-linking had occurred. Polymer (V) 
was readily acetylated, benzoylated, and phenylcarb-
amoylated by standard procedures, the degree of sub-
stitution being 36, 27, and 30, respectively; in no 
case was complete substitution of all four hydroxyl 
groups effected. The polymeric acetate and benzoate 
showed greatly increased viscosities compared with the 
acetonated and hydroxylated polymers. Nitration with 
nitrogen pentoxide in chloroform 10  gave a trinitrate 
derivative which was insoluble in organic solvents. 

Reactions at the reducing group of these synthetic 
polymers are important because they are not possible 
with natural polysaccharides except at the reducing 
unit at the ends of polymer chains. Thus, the fully 
substituted poly-(6-0-methacryloyl-D-galactose phenyl-
hydrazone) (VI) was prepared by treating polymer (V) 
in solution in dimethylformamide with phenyihydrazine 
in the presence of acetic acid. Although originally 
soluble in the reaction medium, the isolated phenyl-
hydrazone failed to redissolve in dimethylformamide. 

CR'CH1  

CH1 	 kH°> 0 

• HO ,CH:N.NHPh 
	 OH 

OH 	 CH1OCO 

(VI:R'-Me) 	 CR'CHI 

• 	(xIII:R'-H) 
(VII: R'Me) 

(XIV: R'"H) 

A phenylosazone derivative was prepared by treating 
polymer (V) in aqueous solution at 90° with an excess of 
phenyihydrazine and acetic acid, but reaction was 
incomplete owing to precipitation of the polymer from 
solution. Analysis was consistent with substitution of 
one in three galactose units as the phenylosazone, the 
other two remaining as the phenylhydra.zone. The infra-
red spectrum showed four bands at 1610, 1570, 1530, 
and 1500 cm.' which are believed to be characteristic 
of a phenylosazone structure." 

Chiorous acid at pH 3 oxidised polymer (V) to soluble 
poly-(6-0-methacryloyl-D-galactonic acid), which, on 
isolation and drying, lost a molecule of water from each 
repeating unit to yield the water-insoluble polymeric 
lactone (VII) with its characteristic absorption at 1780 
cm.' in the infrared due to the y-lactone carbonyl 
group. The extent of lactonisation was determined by 
the drying conditions; for example, the product 
immediately after freeze-drying was essentially the 
polyacid, while drying at 60°/0.1 mm. over phosphoric 
oxide gave the lactone (VII). This reaction parallels 

10 G. V. Caesar and M. Goldfrank, J. Amer. Chem. Soc., 1946, 
68, 372. 

" L. Mester, Angew. Chem., Iniernat. Edn., 1965, 4. 574. 
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the ready conversion of D- or L-galactonic acid into its 
1 ,4-lactone.'2  The sodium salt of the polyacid, which 
was isolated as a monohydrate, behaved as a typical 
polyelectrolyte, giving extremely viscous solutions in 
water (. 149 dl./g.) but becoming less viscous in 
the presence of an electrolyte (. 22 in 0'lM-sodium 
chloride). Replacement of the sodium with silver and 
many multivalent cations caused precipitation. 

The reducing group of polymer (V) was readily reduced 
with sodium borohydride in aqueous solution, to give 
poly-(6-0-methacryloyl-D-galactitol) (VIII) in high yield; 
the course of the reaction was followed by oxidising the 
isolated products with periodate. The fully reduced 
polymer (VIII), on oxidation with 100% excess of 005M-
sodium periodate for 2 hours at 20°, consumed 37 mol. 
of periodate and released 089 mol. of formaldehyde, 
compared with the theoretical values of 4 and 1, 
respectively, for each galactitol 6-methacrylate unit. 

r 	CMeCH2_-1 	1 I I 	I 	 I 	I 
Co 	

104> 	

Co 
CHO 	

- 	CH20 

2.OHJ 	
[cHo 

[Ho T OH 	CH 	
+ nCH2O 

'7 	 + 3n HCO2H 

(\'III) 

The reducing polymer (V) liberated no formaldehyde on 
oxidation with periodate. On treatment with nitrogen 
pentoxide in chloroform, 10  polymer (VIII) gave a 
tetranitrate, which, however, was only partly soluble 
in ethyl acetate, thus indicating that nitration has caused 
some cross-linking. 

An unsuccessful attempt was made to synthesise 
6-0-acryloyl-1 ,2:3,4-di-O-isopropylidene-a-n-galacto-
pyranose (IX) by reaction of di-O-isopropylidenegalactose 
with acrylic anhydride in pyridine solution using the 
method developed for the methacrylate (III). A 
crystalline solid was isolated in low yield, but infrared 
and elemental analyses showed clearly that it was not 
the correct compound; Hickmott 18  recently showed 
that acryloyl chloride reacts with alcohols (R"OH) in 
the presence of pyridine or other tertiary amines in a 
different way from methacryloyl chloride. The main 
product of the reaction is the water-soluble 1-2'-alkoxy-
carbonylethylpyridinium chloride, which breaks down 
with cold sodium hydroxide to give the acrylate ester 
by elimination of pyridine hydrochloride. It is suggested 

R"OH + cH3:cHcocI  + C6H 6N 	10 
+ 	OH- 

R"O3C'CH 3 CH3 NC5H 1  Cl-  -- 	+ 
R"o3c•cH:cH, + HNC 5H 5  C1 

that a similar alkoxycarbonylethylpyridinium acrylate 
adduct (X) is formed from di-O-isopropylidenegalactose 
and acrylic anhydride. Evidence for this hypothesis 
was obtained by decomposing the water-soluble adduct 
(X) by careful addition of cold N-sodium hydroxide to 

raise the pH of the acylation solution to 95, when 
subsequent extraction with light petroleum gave the 
crystalline ester (IX) in 14% yield. 

+ 
CH1 0C0CH2 CH2  NC5 H5  

	

K 	
o CH2:CH.0O2

/r, 	l 	 0H 	 (IX) 

+ 
Me,C 	TT I 	 + 

	

(X) 	
0 -CMe2 	 (HNC5H 5 ) ( CH, CH CO2 ) 

The 6-acrylate (IX), however, was more readily syn-
thesised (52.6%) by a transesterification reaction between 
ethyl acrylate and di-O-isopropylidenegalactose in the 
presence of tetraisopropyl titanate as catalyst and 
p-methoxyphenol as polymerisation inhibitor. 5  Like 
the methacrylate, monomer (IX) is a solid (m. p.  57.5°) 
that can be readily purified by repeated recrystallisations. 
It polymerised with azobisisobutyronitrile in the presence 
of benzene (22.5%). to poly-(6-0-acryloyl-1 ,2:3,4-di-O-
isopropylidene-o-D-galactopyranose) (XI), although the 
viscosity was generally lower than that of the meth-
acrylate polymer (IV). Despite the precautions taken 
to remove oxygen from the system, viscosities were 
dependent on the scale of the experiment; for example, 
there was a gradual decrease in viscosity with increase 
in the amount of monomer being polymerised. Polymer 
(XI), with an inherent viscosity of 091 (in tetrachioro-
ethane), was converted into water-soluble poly-(6-0-
acryloyl-n-galactose) (XII), with a viscosity of 0'58 
(in water), by treatment with formic acid-water at 20°, 
as described for the polymethacrylate. Polymer (XII) 
readily yielded an acetate, benzoate, and phenylcarb-
amate, and the degree of substitution (3•6-3.7) was 
higher than in the case of the polymethacrylate, although 
complete substitution was not achieved. The fully 
substituted poly-(6-0-acryloyl-n-galactose phenyl-
hydrazone) (XIII) and a partly substituted phenyl-
osazone derivative were also prepared. 

The behaviour of poly-(6-0-acryloyl-n-galactose) (XII) 
towards chiorous acid at pH 3 was similar to that of 
the polymethacrylate (V). Poly-(6-0-acryloyl-D-galac-
tonic acid) existed in solution only; isolation and drying 
gave the water-insoluble poly-1 ,4-lactone (XIV). The 
sodium salt of the polyacid was a viscous polyelectrolyte, 
and replacement of the sodium with many cations caused 
immediate precipitation. An unsuccessful attempt was 
made to prepare an amide from the polymeric lactone 
(XIV) by treatment with liquid amonia at 20 0 . How-
ever, ammonolysis resulted, and the ester linkage joining 
the galactose residues to the poly(acrylic acid) backbone 
was cleaved. 

EXPERIMENTAL 
General Methods and Materials .—Concentrations were 

carried out under reduced pressure. M. ps. and polymer 
melt temperatures were recorded on a Kofler hot-stage. 

" N. K. Richtmyer, R. M. Hann, and C. S. Hudson, J. A mer. 
Chern. Soc., 1939. 61, 340. 

13 P. W. Hickmott, J. Chem. Soc., 1964. 883. 
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Compounds and polymers were dried at 20 °/0. 1 mm. over 
phosphoric oxide. Specific rotations were measured at 
200  in a 2-dm. tube. Infrared spectra were determined as 
potassium chloride discs. Inherent viscosity 

was measured at 25° at a concentration 
(c) of 05 g. of polymer per 100 ml.; results are expressed 
in dl./g. Acetyl content was determined by the method of 
Whistler and jeanes." Consumption of periodate was 
measured by Aspinall and Ferrier's spectrophotometric 
method,'5  and formaldehyde was estimated colorimetrically 
with chromotropic acid. 16  

Acrylic and methacrylic anhydrides (Monomer-Polymer 
Laboratories, Borden Chemical Co., Philadelphia, U.S.A.), 
ethyl acrylate (British Drug Houses Ltd.), and tetraiso-
propyl titanate (Eastman Organic Chemicals) were used as 
received. Benzene used as solvent in polymerisations was 
freed from oxygen with white spot" nitrogen in a Hersch 
deration apparatus as described by Gilroy and Mayne. 17  

1,2:3,4-Di-O-isopropylidene-6-O-methacryloyl-a-D-
galactopyranose (III) .-A solution of di-0-isopropylidene-D-
galactose 8  (26.8 g.) in anhydrous pyridine (135 ml.) was 
heated at 65° for 3'5 hr. with methacrylic anhydride (27 ml.), 
water (135 ml.) added, the solution heated at 65° for 1 hr. 
and at 30° for 17 hr., and the mixture extracted with light 
petroleum (b. p. 30-40°) (3 x 50 ml.). The extracts were 
washed with water (3 x 140 ml.) and 5% sodium hydrogen 
carbonate solution (3 x 140 ml.), dried (Na5SO4), tetra-
chloroquinol (28 mg.) was added, and the solvent removed. 
The solid residue was recrystallised from ethanol (140 ml.)-
water (100 ml.), to give the methacrylate as needles (16.1 g., 
47.5%), m. p. 625-63°, [cuD -492° (c 113 in CHC13), 

1730 (unsat. ester O) and 1640 cm:' (C=C) (OH 
absorption absent) (Found: C, 584; H, 74. C,6H2407  
requires C, 58'5; H, 7•4%). For polymerisations, the 
crystalline monomer (35.4 g.) was further purified by a 
second recrystallisation from ethanol-water, to give needles 
(27.6 g., 781%). 

Poly-( 1,2:3,4di-O-isoropylidene-6-O-,nethacryloyl-(L-D-
galactopyranose) (IV) .-The above crystalline monomer 
(10.13g.), azobisisobutyronitrile (20 mg.), and deoxygenated 
benzene (2.5 ml.; 225 wt. % of monomer) were heated at 
500  for 24 hr. in a glass-stoppered flask, the polymer dis-
solved in chloroform (400 ml.), and the solution added slowly 
with stirring to methanol (4 1.). The supernatant was 
decanted, and the white precipitate washed thoroughly 
by decantation with methanol, to yield pure polymer 
(9.60 g., 95.1%), [s]D  -54° (c 05 in tetrachloroethane), 

282 (in tetrachioroethane), polymer melt temperature 
162-1650 . There was no evidence of unsaturation at 
1640 cm:' in the infrared spectrum [Found: C, 59'1; 
H. 7.4. (C,6H3407) requires C, 585; H, 74%J. 

Poly-(6-0-methacryloyl-n-galactose) (V) .-The above poly-
mer (3•3 g.) was dissolved at 20° in formic acid (396 ml.), 
water (24 ml.) added, and the solution stirred at 20° for 
22 hr. ([cu]D + 59°). Further water (180 ml.) was then added, 
and the solution stirred for 3 hr., when the rotation was 
constant ([JD +58°). The solution was dialysed against 
running water until free from acid, concentrated to small 
volume, and poly-(6-0 -methacryloyl-D-galactose) isolated 
after freeze-drying as a white powder (2.42 g., 968%), 
[cu]D +624°  (c 0•5 in H20), 71j.h. 191 (in H50) [Found: 
C, 48•75; H, 6•6. (C,0H,60,) 4  requires C, 484; H, 6.5%]. 

"R. L. Whistler and A. Jeanes, md. Eng. Chem., Analyt., 
1943. 15, 317. 

15 G. 0. Aspinall and R. J. Ferrier, Chem. and md., 1957, 1218. 

The product strongly reduced Fehling's solution; quantita-
tive determination of reducing power with sodium 
hypoiodite 9  gave a value of 91.2%. The polymer was 
soluble in water and dimethyl sulphoxide. 

Methyl Glycoside Formation.-The above polymer (V) 
(1.05 g.) was shaken for 4 days at 20° with 1% methanolic 
hydrogen chloride (100 ml.); there was no evidence of 
solution. The acid was neutralised with 01N-sodium 
hydroxide, the mixture dialysed against running water, 
and the insoluble poly(methyl galadoside) centrifuged and 
isolated as a non-reducing, white powder (802 mg., 72.3%) 
[Found: C, 490; H, 705; OMe, 110. (C,,H, 807 )0  
requires C, 50•4; H, 6•9; OMe, 11.8%]. 

A cetylation of Poly-(6-0 -methacryloyl-ri-galactose) .-A 
solution of the above polymer (V) (1 g.) in anhydrous 
dimethylformamide (100 ml.) was treated with dry pyridine 
(12 ml.) and acetic anhydride (24 ml.) at 20° for 24 hr. 
On careful addition to water, a white precipitate formed, 
which was washed with water and dried. The product 
was acetylated again with pyridine (25 ml.)-acetic anhydride 
(50 ml.), isolated by pouring into water, and purified by 
reprecipitation of a dimethylformamide solution (100 ml.) 
with water (400 ml.). Washing with water gave the polymer 
acetate as a white powder (1.335 g., 82.6%), []D +470  
(c 05 in tetrachloroethane), 71i nh. 52 (c 0.1 in tetrachloro-
ethane) [Found: C, 516; H, 585; Ac, 39•1. 
(C,0H12 . 4Ac5 . 60,)6  requires C, 517; H, 585; Ac, 39•1%]. 

Benzoylation of Poly-(6-0-methacryloyl-D-galactose) 
Polymer (V) (252 mg.) was dissolved in anhydrous dimethyl. 
formamide (25 ml.), and dry pyridine (5 ml.) was added. 
The solution was cooled to 00, benzoyl chloride (2.5 ml.) 
added dropwise, and after 7 days at 20° the red solution was 
added slowly with stirring to ice-water. The resulting 
sticky precipitate was washed with water, hardened with 
methanol, dissolved as far as possible in acetone (50 ml.), 
and an insoluble gel removed at the centrifuge. The vis-
cous supernatant was added dropwise with stirring to 
water, and the white precipitate washed and dried. The 
polymer bensoate (422 mg., 78.6%) had [aI D  + 100° ± 5° 
(c 0.1 in tetrachloroethane), 93 (c 0.1 in tetrachloro-
ethane) [Found: C, 855; H, 4'85. (C, 0H,3 . 3Bz2 . 7O7 ) 
requires C, 65•6; H, 51%]. 

Phenylcarbamoylation of Poly-(6-0-methacryloyl-D-galac.. 
tose).-A solution of polymer (V) (0.4 g.) in dimethyl-
formamide (20 ml.) was heated with phenyl isocyanate 
(2 ml.) at 100° for 3 hr. and poured into ethanol. The 
precipitate was treated again in the same way and purified 
by solution in acetone (100 ml.) and reprecipitation with 
light petroleum (b. p. 40-60°) (400 ml.). The light 
brown triphenylcarbamate (845 mg.; 82.8%) had [a] D  + 20° 
(c 0.1 in tetrachloroethane), ij 13 (c 01 in tetrachloro-
ethane) [Found: C. 619; H, 51; N, 72. (C31H31N3010 ) 0  
requires C, 61'5; H, 52; N, 6.9%]. 

Nitration of Poly-(6-0-methacryloyl-n-galactose) .-Sodium 
fluoride (0.2 g.) was added to a solution of nitrogen pentoxide 
(1.32 g.) in chloroform (10 ml.), prepared as described by 
Caesar and Goldfrank,'° the mixture cooled to 0 0, and 
polymer (V) (211 mg.) added. The mixture was stirred for 
45 miii.; the final temperature was 10 0. The product 
was washed with chloroform and hot water, dialysed against 
running water for 3 days, and the insoluble trinitrate 

' W. R. FriseU, L. A. Meech, and C. G. Mackenzie, J. Bid. 
Chem., 1954, 207. 709. 

"D. Gilroy and J. E. 0. Mayne, j  Appl. C/cern., 1962, 12, 
382. 



Org. 	 1917 

isolated as a white powder (285 mg., 87.4%), v., 1660 cm. 1  
(ester ONO 2) [Found: C, 300; H, 3-2; N, 10-5. 
(C 10H13N3013) requires C, 313; H, 3-4; N, 11.0%]. 

Phenyihydrazone Forrnation.-Poly-(6.0-methacryloyl-D-
galactose) (306 mg.) in dimethylforma.mide (27 ml.) was 
treated with glacial acetic acid (3 ml.) and freshly distilled 
phenylhydrazine (3 ml.), and after 24 hr. at 20° the yellow 
solution was poured into, water. The polymer phenyl-
hydrazone was washed thoroughly with water and ethanol, 
and dried to a yellow.  powder (357 ing., 85.6%), which 
was now completely. insoluble in organic liquids including 
dimethylformarnide and dimethyl sulphoxide [Found: 
C, 554; H, 6-6; N, 8-2. (ç16H22N2O6) requires C, 56-8; 
H, 6-55; N, 83%],.vL  1610 cm.'1  (PhNH.N:). 

Phenylosazone Formaiion.-Poly-(6-0-methacryloyl-n-
galactose) (204 mg.) in water (20 ml.) at 90° was treated 
with glacial acetic acid (Q.2 ml.) and phenyLhydrazine 
(0.35 ml.), with vigorous stirring; a precipitate separated 
almost immediately. The mixture was stirred at 90° for 
2 hr., and the orange product 248 mg.) washed with ethanol 
and ether {Found: C, 587; H, 655; N, 103. Sub 
stitution of two units as phenylhydrazone and one unit as 
phenylosazone, i.e., [(C16H22N2O6) 2C22H26N4O5] requires 
C, 585; H, 64; N, 10.2%). 

Oxidation of P61y-(6-0-methacryloyl-D-galaciose).-M-
Sodium chlorite (40 ml.) was added to a solution of polymer 
(V) (991 mg.) in 4M-acetic acid (50 ml.), the solution diluted 
to 100 ml. with water, and the oxidation allowed to pro-
ceed at 20° for 24 hr. Acetic acid and inorganic ions were 
removed by dialysis, first against tap-water and then against 
distilled water, and cations were removed by passage through 
an Amberlite resin IR-120-H column (20 ml.). The eluate 
(170 ml.) contained poly-(6-0-methacryloyl-D-galactonic 
acid) and showed no measurable optical rotation in a 
2-dm. Aube. One half of this solution was freeze-dried 
to awhite powder (330 mg., 67.1%), whichwas partly 
converted into the polymeric 1,4-lactone on drying at 
20°/0.1 mm. over phosphoric oxide for 18 hr. It had 
[a]0  -36° (c 0-5 in H20 after 5 days), Iib.  7-4,(c 0-11 in 
H20). Complete conversion into the water-insoluble 
poly-(6-0-methacryloyl-n7galactono-1,4-lactone),. vmaL  1780 
(y-lactone 'C=O) and 1730 cm:' (ester C=O), was effected 
by drying at 60° [Found: C, 489; .H, 5-95. (C1OHI407) II  
requires C, 488; H, 5.75%]. 

The other half of the polyacid solution was titrated to 
pH 9 with 0-1N-sodium hydroxide (20 ml.), and the solution 
dialysed, concentrated, and freeze-dried, to give the 
polymeric sodium salt as a monohydrat (350 mg., 61.2%), 
[a]0  +17°  (c 0-5 in H 20), 	14-0 (c 0.1 in H20) and 2-2 
(c 0.1 in 0.1MNaC1), v 	1730 (ester C0) and 1600 cm: 1  
(CO,- ) 	[Found': 	C, 390; 	H, 	6-0; 	Na, 	7-6. 
(C,0H,5NaO8 ,H2O) requires C, 395; H, 5-65; Na, 7.6%]. 

Poly-(6-0-methacryloyl-n-galactiiol) (VIII) .-Polymer (V) 
(0.5 g., 2-01 mmoles of C 1OH,607) in water (45 ml.) was 
cooled to 0°, sodium borohydride (152 mg., 402 mmoles) 
in water (5 ml.) added dropwise with stirring, and the solu-
tion left at 20° for 24 hr. After acidification with acetic 
acid, the solution was dialysed, concentrated, and freeze-
dried, to give a white, non-reducing poly-(6-0 -mel hacryloyl-
D-gal4ctitol) (419 mg., 83.1%), a 0  +15 °  (c 0-5 in H20), 
i 2-7 (in H20) [Found: C, 479; H, 72. (C 10H1807 ) 
requires C, 48-0; H, 7.25/] 

Nitration of Poly-(6-0-methacryloyl-D-galactitol) .-The 
above reduced polymer (152 mg.) was nitrated with nitrogen 
pentoxide in chloroform as described above for poly- 

6L  

(6-0-methacryloyl-n-galactose), to give a teiranitrale (244 
mg., 93.5%), which was only partly soluble (40%) in, boiling 
ethyl acetate [Found: C, 26-9; H, 3-25; N, 134. 
(Cj0H14N4Oi5)n requires C, 27.9; .H, 3-3; N, 13.0%]. 

Preparation of 6-0-A cryloyl-1,2:3,4-di-O-isopropylidene-
rL-D-galactopyranose (IX) .-(a) With acrylic anhydride and 
pyridine. A. solution of di-O-isopropylidene-D-galactose 
(2.81 g.) in dry pyridine (15 ml.) was heated at 65° for 
3.5 hr.. with acrylic anhydride (3 ml.), water (25 ml.). was 
added, and the solution heated at 65° for .1 br. and at 30° 
for 17 hr. The .pyridinium acrylate adduct (X) was 
decomposed by adding cold N-sodium hydroxide (15 ml.) 
to pH 9.5, and the solution -immediately extracted with 
light petroleum (b. p. 30-40°) (3 x .25 ml.). The extracts 
were washed with 5% sodium hydroxide (25 ml.) and water 
(3 x 25 ml.), dried (Na 2504), tetrachloroquinol (5 mg.) 
added, and the solvent removed, to give a yellow syrup 
(2.32 g.). Distillation (bath temp. 130-135°/0015 mm.) 
yielded a colourless syrup (1.38 g.), which crystallised' from 
ethanol-water (1 : 1;. 18 ml.), to give the acrylate ester as 
long needles (487 mg., 14.3%), m. p.  575750 , [a]0  -50-8 0  
(c 1 in CHC13) v rMX  1725 (unsat. ester C=O), 1635---1615 cm: 1  
(CC) (OH absorption absent) (Found: C, 57-8; H, 71. 
C,5H2207  requires C, 573; H, 7.05%). 

(b). By iransesterification with ethyl acrylate. . Di-iso-
propylidenegalactose 8 (5-5 g.), ethyl acrylate (33 ml.), 
p-methoxyphenol (1-1 g.), and tetraisopropyl titanate 
(1-1 ml.) were heated at 110° for 2 hr. with stirring in an 
atmosphere of nitrogen. . During the course of the trans-
esterification, the ethyl acrylate-ethanol azeotrope (15 ml.) - 
was collected; this had a b. p. of ca. 72° at the distilling 
head, and when the temperature dropped to 30° it was 
assumed that all of the azeotrope had been removed. 
The condenser was then fitted vertically, water (4 ml.) 
and light petroleum (b. p.  60-80°) (20 ml.) were added 
to the refluxing mixture, and the mixture was cooled to 
20°. The gelatinous titanium dioxide was centrifuged, 
washed with light petroleum, and the supernatant liquid 
and washings were washed with water (3 x 50 ml.), 0-5N-
potassium hydroxide (3 x 50 ml.), and water (3 x 50 ml.). 
Removal of the solvent gave a syrup (6.05 g.), which was 
dissolved in methanol (20 ml); water (10 ml.) was added 
to a slight turbidity, and the solution kept at 0° overnight, 
when an. orange-red oil had, separated. On decantation, 
the supernatant.crystallised to give needles (2.69 g., 40.6%), 
m. p. 57•50,  [] -502° (c 1 in .CHC13), identical with those 
described in (a) (Found: C, 57-5; H, 7.0%). The mother-
liquor was worked upto give a second crop (0-80 g.. 12%), 
making a total yield of 52.6%. . For polymerisations, the 
monomer was recrystallised three times from methanol-
water. 

Poly-(6.0-acryloyl- 1,2: 3,4-di-O-isopropylidene-a-n-
galactopyranose) (XI).-The above monomer (10 g.) azo-
bisisobutyronitrile (20 mg.), and oxygen-free benzene (2.5 
ml.; 225 wt. % of monomer) were heated at 50° for 24 hr. 
in a glass-stoppered flask, and the polymerised product 
was isolated as described for the polymethacrylate, to yield 
the polymer (9.10g., 91%), [0t10 -50-1° (c 0-5 in tetrachioro-
ethane), ij 091 (in tetrachloroethane) [Found: C, 576; 
H, 7-05. (C15H8207)0  requires C, 57-3; H, 7.05%]. 

Poly-(6-0-acryloyl-D-galactose) (XII) .-The above poly-
mer (8-8 g.) was dissolved in formic acid (1160 ml.), and 
water (70 ml.) added to give an acid concentration of 94%. 
To this solution, during 25 hr., water (530 ml.) was added 
gradually, and the solution stirred for 3 days at 20°, when 
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the specific rotation was constant (+ 530). The solution 
was dialysed, concentrated, and freeze-dried, to give 
poly-(6-0-acryloyl-D-galactose) as a white powder (6•90 g., 
105%), [RiD +563°  (c 05 in H20), i, 058 (in H20) 
[Found: C, 45•3; H, 605. (C9H,407) requires C, 46•15; 
H, 6.0%. Reducing power (with sodium hypoiodite 9), 

909%]. The polymer was soluble in water, dimethyl 
sulphoxide, and N-methyl-2-pyrrolidone. 

Acetylation of Poly-(6-0-acryloyl-n-galac€ose) .—Polymer 
(XII) (303 mg.) was converted into its acetate in the manner 
described above for the polymethacrylate. It was purified 
by dissolution in chloroform and reprecipitation with light 
petroleum (b. p. 40-60°) (5 vol.). The polymeric acetate 
(420 mg., 84.2%) had [oc] +52 0  (c 05 in tetrachioroethane), 

09 (in tetrachloroethane) [Found: C, 508; H, 5•4; 
Ac, 401. (C9H,0 . 4Ac3 . 607 ) 0  requires C, 50•5; H, 555; 
Ac, 40.2%]. 

Benzoylation of Poly-(6-0-acryloyl-D-galactose) .—Polymer 
(XII) (207 mg.) was benzoylated in the manner described 
above for the polymethacrylate. The polymeric benzoate 
(368 mg., 673%), which was purified by dissolution in 
chloroform and reprecipitation with light petroleum (b. p. 
40-60°) (5 vol.), had [RiD  +94°  (c 0.5 in tetrachioroethane), 
, 15 (in tetrachioroethane) [Found: C, 677; H, 525. 
(C9H,0 . 3Bz3 . 707) requires C, 677; H, 47%]. 

Phenylcarbamoylation of Poly-(6-0-acryloyl-D-galactose) 
Polymer (XII) (0.2 g.) was converted into its phenylcarb-
amate in the manner described above for the polymeth-
acrylate, using propan-2-ol-ether (5:1) instead of ethanol 
to precipitate the product from the reaction solution. 
The polymeric phenylcarbamate ( 352 mg., 62.2%), after 
being purified by dissolution in dimethylformamide and 
reprecipitation with water (10 vol.), had [a] 0  +30°  (c 052 
in dimethylformamide), 10 (in dimethylformamide), 

3400 (NH), 1750-1720 (C0), 1610 cm:' (conjugated 
C=C) {Found: C, 619; H, 51; N, 7•6. 
[C9H1407 (PhNC0) 3 . 6]0  requires C, 619; H, 485; N, 7.6%). 
This derivative was insoluble in tetrachioroethane. 

Phenylhydrazone Formation.— Poly-(6-0-acryloyl-n-
galactose) (102 mg.) was converted into its phenyihydrazone 
(120 mg., 85%) in the manner described for the polymeth-
acrylate; 3500-3300 (OH), 1730 (ester C=O), and  

1610 cm:' (PhNHN:) [Found: C, 54•0; H, 635; N, 80. 
(C,5H20N206) 0  requires C, 556; H, 66; N, 8.6%]. The 
hydrazone was insoluble. 

Phenylosazone Formation.— Poly-(6-O-acryloyl-D-galac 
tose) (0.1 g.) was converted into a mixed phenylhydrazoiw-
phenylosazone (2: 1) (136 mg.) in the manner described for 
the polymethacrylate {Found: C, 58•9; H, 615; N, 10•4. 
Substitution of two units as phenylliydrazone and one unit 
as phenylosazone, [(C, 5H20N206) 2C21H24N405]0, requires 
C, 576; H, 625; N, 10.5%}. 

Oxidation of Poly-(6-O-acryloyl-D-galactose) .—Polymer 
(XII) (504 mg.) was oxidised with chiorous acid at pH 3 
in the manner described for the polymetliacrylate, to give 
a white powder (402 mg.), which was partly lactonised even 
by freeze-drying. Drying at 60°/01 mm. gave poly-
(6-0-acryloyl-D-galactono.1,4-lactone), v0  1780 (y-lactone 
C=O) and 1740 cm:' (ester C0), which was insoluble in 
water [Found: C, 459; H, 535. (C 9H 1207 )0  requires C. 
466; H, 52%]. Poly(sodium 6-0-acryloyl-D-galactonate) 
had [a]0  +10°  (c 05 in H20), 122 (c 0.1 in 1120) and 
14 (c 0.1 in 01M-NaC1). 

Attempted Preparation of Poly-(6-O-acryloyl-D-galacton 
amide).—The above polymeric lactone (105 mg.) was shaken 
with liquid ammonia (10 ml.) in a sealed tube at 20° for 
3 days. The lactone partly dissolved to give a mobile 
supernatant and an insoluble gel which adhered to the 
sides of the tube. The supernatant was decanted, the 
ammonia removed, and the solid recrystaUised from ethanol, 
to give D-galactonamide (50 mg.), m. p. 171-1730, [0C]0 

+26°  (c 32 in H20) (lit.,18 m. p. 176°, [a] 0  +318°) (Found: 
C, 369; H, 68; N, 70. Caic. for C 9H,3NO6 : C, 369; 
H, 6•7; N, 7.2%). The insoluble residue (35 mg.) was 
presumably chiefly polyacrylamide. 

This research is supported by the Milk Marketing Board. 
We thank Dr. D. A. Rees and Dr. P. W. Hickmott for 
advice. 

ARTHUR D. LITTLE RESEARCH INSTITUTE, 
INvEREsK GATE, MUSSELBURGH, 

MIDLOTHIAN. 	 [6/546 Received, May 51h, 1966] 
18 J. W. E. Glattfeld and D. Macmillan, J. Amer. Chem. Soc., 

1934, 56. 2481. 



Sonderdruck aus 

DIE MAKROMOLEKULARE CHEMIE 

Band 102 	 1967 	 Seite 266-268 

Kurzmitteilung 

Monomer Reactivity Ratios in the Copolymerisation of 
1.2 :3.4-Di- 0 -isopropylidene-6- 0 -methacryloyl-cc-D-galacto- 

pyranose with Methyl Methacrylate 

by 

W. A. P. BLACK, J. A. COLQUHOUN, and E. T. DEWAR 

HUTHIG & WEPF VERLAG • BASEL 



Die Makromolekulare Chemie 102 (1967) 266-268 (Nr 2469) 

From the Arthur D. Little Research Institute, Inveresk, Musselburgh, Midlothian, Scotland 

Kurzmitteilung 

Monomer Reactivity Ratios in the Copolymerisation of 
I .2:3.4-Di-O-isopropylidene-6- 0 -methaeryloyl-x-D-galacto- 

pyranose with Methyl Methacrylate 

By W. A. P. BLACK, J. A. COLQUHOUN, and E. T. DEWAR 

(Eingegangen am 9. Dezember 1966) 



It is well khown 13)  that increase in size of the alkyl group in an ester 
of an oc.f3-unsaturated acid does not greatly influence the reactivity ratios 
of such 'esters with many vinyl monomers, although a few exceptions to 
this general rule have been noted 4 ' 5). It has also been shown 6) that the 
relative reactivity of these esters to reference radicals is influenced by 
a steric effect if the alkyl group in the oc-position is varied. BEVIINGTON 

and MALPASS 7) have determined the monomer reactivity ratios for the 
radical copolymerisation of various esters of methacrylic acid with methyl 
metliacrylate using tracer techniques. It was found that these reactivity 
ratios were approximately unity and their product not far from unity and, 
with one exception, the higher esters had a higher reactivity than the 

MeC= CH2  methyl ester. The preparation and free-radical polymeri- 
CO 	sation to polymer of high molecular, weight of the 

C H20 	crystalline monomer, 1.2 : 3.4-di-0-isopropylidene -6-0 - 
/0 0 	., methacryloyl - - D - galactopyranose (diisopropylidene- 

Me2C" 0 	galactose methacrylate, (I)), have been described re- 
cently 8). A study of the copolymerisation of this mono- 

0-CM e2 
mer with industrial monomers, such as methyl methacry- 
late, acrylonitrile, styrene, etc., is currently in progress 

C 16 H24 07  (32 8. in this laboratory. It was of importance, therefore, to 
(I) determine whether this complex, carbohydrate mono-

mer, which is essentially a rigid, tricycic alkyl ester of methacrylic acid, 
was comparable in reactivity with methyl methacrylate. 

The copolymerisation of two monomers can be adequately described 
by four propagation steps which constitute the basis for the development 
of the well known copolymer composition equation 9). The FINEMAN and 
Ross 10) modification, Eq. (1), was used to evaluate all of the copolymeri-
sation data obtained in this investigation (Table 1). 

(F/f)(f-1) = r 1F2/f—r2 	 (1) 
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Monomer Reactivity Ratios in Copolymerisation 

Table 1. Bulk copolymerisationof MM with DGM at 50 °C to lowconversions 

- F Yield of OMe - 	 f 
I1I1 DGM (M1/M2) AIBN Time Co. content of (ml/m2) 
M1  M2  molar ratio polymer copolymers molar ratio 

in monomer in 
(mg) (mg) mixture (rng) (mm) (mg) (%) copolymer 

1027.0 - - 2.0 120 84.1 31.00 - 

546.0 202.6 8.843 	- 1.6 60 50.2 22.13 8.183 
604.4 246.9 8.031 1.5 60 71.6 21.17 7.065 
467.0 255.5 5.996 1.5 60 57.7 19.47 5.541 
458.8 299.6 5.024 1.6 60 59.2 18.06 4.580 
381.0 403.0 3.102 1.5 45 43.9 13.71 2.601 
318.0 521.0 2.003 1.6 45 92.3 10.89 1.776 

A plot of (F/f)(f-1) as ordinate and (F 2 /f) as abscissa is a straight line 
whose slope is r 1  and whose intercept is -r 2. This plot was used to deter-
mine the reactivity ratios r 1  and r2  of methyl methacrylate (MM, M 1) and 
cliisopropylidenegalactose methacrylate (DGM, M 2 ) in their bulk copoly-
merisation at 50°C to low conversions with azobisisobutyronitrile (AIBN) 
as catalyst. The results are given in Table 1. V  

The composition of the copolymers was determined from methoxyl 
content as follows. If the copolymer is represented by the average repeat-
ing unit, C16H2407  (C5H802 ), where n is the molar ratio of MM to DGM, 
then the weight of each repeating unit is (328.4 + 100.1 n). and the per-
centage methoxyl is given by 31.03 .n.100/(328.4 + 100.1 n). DGM 
contains no methoxyl. Hence n can be calculated from the methoxyl 
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Fig. 1. FJNEMAN-ROSS plot in the 
copolymerisation 

F = [MM]/[DGM], 
f= d[I4M]/d[DGM] 
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contents determined experimentally and corresponds to the values of f 
in Table 1. 

The reactivity ratios were deternuned from Fig. 1 and were 

r1  = 0.93 ± 0.03 (MM) 

r3  = 1.30 ± 0.19 (DGM) 

These figures show that diisopropylidenegalactose methacrylate behaves 
as an alkyl methacrylate in radical polymerisation and agrees with the 
fact'1) that it can be copolymerised in any proportion with methyl meth-
acrylate to give a final copolymer containing these units in approximately 
the initial monomer ratio. 

Experimental 
Materials and methods 

Methyl methacrylate (MM) was purified by distifiation at 30 °C under reduced pressure 
immediately before use. 1.2: 3.4-Di-O-isopropylidene-6-O-methacryloyl-cc-n-galactopyra-
nose (DGM) (I) was prepared and purified as previously described 8). Methoxyl estimations 
were determined by the ZEI5EL method in duplicate. 

Copolymerisation of MM with DGM to low conversion 
DGM was dissolved in MM in a 75 x 10 mm test tube, and the solution, containing ap-

proximately 0.2 wt.-% AIBN, frozen and the tube sealed. The tube was heated at 50 °C and, 
after the time indicated (Table 1), opened and the contents poured into methanol (50 ml). 
The white precipitate was filtered, washed thoroughly with methanol, dissolved in chloro-
form (5 ml), and reprecipitated with methanol (50 ml). This precipitate was washed 
thoroughly with methanol, dried i.vac. over phosphoric oxide, ground to a white powder, 
and finally dried i. vac. over phosphoric oxide at 60 °C for 8 his, to remove traces of methanol. 

This research on the utilisation of whey products is supported by the 
MILK MARKETING BOARD OF ENGLAND AND WALES to whom we are 
indebted for permission to publish. 
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NOTES 

Polymerisable monomers of 1,2: 3,4-di-O-isopropyIidene--D-gaIacto-

pyranose 

The preparation and free-radical polymerisation of the crystalline monomer, 
1 ,2:3,4-di- O-isopropylidene-6- O-methacryloyl-oc-o-galactopyranose (1) have been 
described recently 1 . Deacetoriation ofthe homopolymer with aqueous formic acid yielded 
the novel, water-soluble, synthetic "polysaccharide", poly(6- O-methacryloyl-D-galact-
ose)'. Determination of the reactivity ratios 2  in the radical copolymerisation of 

acetal 1 with methyl methacrylate showed that this complex, carbohydrate monomer 
behaves as a simple alkyl methacrylate in radical polymerisation, and subsequent 
work3  has shown it to be a valuable intermediate for the introduction of hydrophilic 
properties into hydrophobic polymers. We now report an improved and much cheaper 
synthesis of acetal 1, together with the synthesis of a new monomer, 6-0-allyl-1,2:3,4-
di- O-isopropylidene-x-D-galactopyranose (2). 

Hb 	/MeC 	 Hb 	H 

c=c 

	

/ \ = 	
>= )CH Ha 	/CO 	 2d  

0 	 0 

	

CH2 	 CH2 

oJ—o 

o 	 I_) 
Me2 C 	 Me2C 

0 — CMe2 	 O—CMe 2  

	

1 	 2 

Acetal 1 was prepared previously' by treatment of 1,2:3,4-di-0-isopropylidene-
z-D-galactose (3) in pyridine with the expensive chemical, methacrylic anhydride. It 
has now been prepared in better yield (65.5%) by a simple transesterification between 
compound 3 and the readily available methyl methacrylate, in the presence of tetra-
isopropyl titanate as catalyst and p-methoxyphenol as polymerisation inhibitor 4 . 

Continuous removal by distillation of methanol formed in the reaction drove the 
equilibrium to the right, and reaction was essentially complete after 1 h. 

6-0-Allyl-1,2:3,4-di-0-isopropylidene--D-galactose (2) was prepared by a 
modification of the allylation procedure of Bladon and Owen 5 . Two treatments of 
compound 3 in p-dioxane with allyl bromide, in the presence of an excess of powdered 
sodium hydroxide, were necessary for complete reaction. The pure compound was 
obtained in 91 .8% yield as a colourless Oil. 

The molecular structures of compounds 1 and 2 were confirmed by p.m.r. 
spectroscopy. Cone and Hough 6  have analysed the p.m.r. spectra of a series of 
derivatives of 1,2:3,4-di-0-isopropylidene-cc-D-galactose, and assignments for corn- 
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pounds 1 and 2 (Table I) were made by comparison with these spectra and with those 
of methyl methacrylate 7  and allyl alcohol8 . 

Integration of all peaks in the p.m.r. spectrum of acetal 1 showed the expected 
24 protons. The one-proton peak at r 3.91 was identical to that of methyl methacrylate 

and was assigned to H a . it was possible to distinguish the H-i doublet (J1 , 2  5.0 Hz) 

in the pattern of peaks corresponding to two protons at.r Ca. 4.5. The other proton 

was assigned to Hb. The -methy1 group (H e) was readily detected at r 8.07. The signal 

for H-3 at r 5.44 was a quartet (J32  2.4 and J3 ,4  7.8 Hz). The remaining ring protons 
could not be detected, as the two H-6 protons had been moved downfield by the 
deshielding effect of the ester carbonyl group. 

TABLE I 

CHEMICAL SHWS (r-VALUES) 

Compound" H0  Hb 	He  I-fe H-i 	H-2 H-3 H4 H-i H-6 Isopropylidene C-Me 

1 3.91 ca.4.5 	8.07 - 	 4.50 	b 544 	b b 	b 8.57 	8.59 	8.71 x2 

2 4.75 4.87 Ca. 4.0 C 	4•55 	C 544 	C C 	6.44, 6.55 8.51 	8.61 	8.71 x2 

"1, 1 	 2, 6-0-allyI-1 ,2:3,4-di-O-isoprO- 

py1idene-x-D-ga1actopyranose. bComplex multiplet, 5.6-6.2. C()mp1ex multiplet, 5.6-6.3. 

The pattern of peaks in the p.m.r. spectrum of compound 2 centred at r 4.0, 
4.75, and 4.87 corresponded to three protons which were identical in shape and 
position to the olefinic protons of allyl alcohol and were assigned to H, H 0, and H,,, 

respectively. The H-I doublet at t 4.55 was distorted by a part of the signal from H 0 . 

The signal for H-3, at r 5.44, was a quartet (J3 , 2  2.4 and J3 ,4  7.8 Hz). The two 

H-6 protons were assigned to the signals at r 6.44 and 6.55, by comparison with other 
derivatives of 1,2:3,4di-0-isopropy1idene--D-galactOse. The complex multiplet at 
r 5.6-6.3, corresponding to five protons, contained the two allylic protons H,,, and 
H-2, H-4, and H-5. The total integral showed 24 protons. 

EXPERIMENTAL 

P.m.r. spectra were recorded in carbon tetrachioride solution on a Perkin- 
Elmer RlO (60 MHz) n.m.r. spectrophotometer, and chemical shifts (r) were 
measured relative to tetramethyisilane. T.l.c. was performed on Silica Gel G with 
chloroform-ethanol (99:1); spray reagent, 90% sulphuric acid (10 min at 1400). 

(1).- 1,2:3,4- 

Di- 0isopropylidene-z-D-galaCtoSe 9  (6.45 g) and p-methoxyphenol (1.3 g) were 
dissolved in methyl methacrylate (39 ml), and tetraisopropyl titanate (1.3 ml) was 
added. The flask was flushed with nitrogen for 10 mm, and the temperature was 
raised to 110°. A methanol-methyl methacrylate azeotrope distilled at 82-85° and 
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ceased after Ca. 30 mm (final volume, 4 ml). The bath temperature was maintained 
at 110° for a further 30 mm, the condenser was then fitted vertically, water (4 ml) and 
light petroleum (20 ml, b.p. 60-80°) were added, and the temperature was allowed to 
fall to 20° (18 h). The resulting orange precipitate was centrifuged, and washed with 
light petroleum, and the yellow supernatant and washings were evaporated under 
reduced pressure at 30°. A solution of the thin, syrupy residue in 50% aqueous ethanol 
(40 ml) deposited the crude methacrylate (6.20 g) as yellow crystals after 18 h at 0°. 
This material was purified with charcoal in the presence oftetrachloroquinol(6Omg) 
in ethanol (30 ml) and water (3 ml) for 15 min at 70°. The colourless filtrate was made 
up to 50% ethanol with water, and the pure methacrylate then crystallised, as before, 
as needles (5.33 g, 65.5%), m.p. 62.5-63°, [z]D —49.3°(c 1.12, chloroform), and showed 
the same i.r. spectrum as the authentic material 1  (Found: C, 58.1; H, 7.21. C 16 H 240 7  
caic.: C, 58.5; H, 7.36%). Polymerisation of the monomer in benzene solution, with 
azobisisobutyronitrile as catalyst, as previously described 1 , gave polymer having 
an inherent viscosity of 3.2 dl/g (c 0.5, chloroform, 25 0) .  

6-0-Allyl-1,2:3,4-di-0-isopropylidene-c.-D-ga/actopyranose ( 2). - 1 ,2:3,4-Di- 0-
isopropylidene--D-galactose 9  (19.9 g) was dissolved in anhydrousp-dioxane (100 ml), 
and powdered sodium hydroxide (8 g) was added. Allyl bromide (80 ml) was added 
over 20 min to the stirred mixture at 45°. Heating was increased to 50° for 30 mm, 
and finally to 60° for 2 h. Water (100 ml) was added, and the mixture was extracted 
with chloroform (3 x 100 ml). The chloroform extract was washed with water 
(3 x 250 ml), dried over anhydrous sodium sulphate, and evaporated to a yellow 
oil (22.1 g). This material was re-allylated as before to give the crude allyl ether 
(22.08 g) which was distilled to give a colourless oil (21.08 g, 91.8%), b.p. 86°/0.03 mm. 
T.l:c. showed one component (R F  0.89), and infrared analyses showed absorptions 
at 3080 (=CH.) and 1645 cm (C=C); OH absorption was absent. The ailyl ether 
had [x]D  —7 1.8° (c 1, chloroform) and n 5  1.4595 (Found: C, 60.2; H, 8.13. C 1 5 H 2406  
calc.: C, 60.0; H, 8.06%). 
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SUMMARY: 

Deacetonation of the crystalline monomer, 1.2 : 3.4-di-O-isopropylidene-6-O-methacrylo-
yl-n-o-galactopyranose (DGM, I) in 80% formic acid solution at 20 °C gave the syrupy, 
water-soluble monomer 6-0-methacryloyl-D-galactose (GM, II) in quantitative yield. The 
n-anomer of GM, 6-0-methacryloyl-n-o-galactopyranose (cc-GM) was a white crystalline 
compound which showed characteristic infrared absorption. The NMR spectrum of n-GM 
in deuteriuin oxide was complicated by two variables: (i) mutarotation and (ii) gradual 
polymerisation. Syrupy GM was polymerised with ammonium persuiphate to a water-
insoluble, cross-linked hydrogel. 

ZUSAMMENFASSUNG: 

Die bei 20 ° C in 80-proz. Ameisensäurelosung vorgenoinmene Acetonabspaltung vom 
kristallineri Monoineren, der 1.2; 3.4-Di-O-isopropyliden-6-O-methacryloylccDgalacto 
pyranose (DGM, I) ergab in quantitativer Ausbeute das sirupartige, wasserlösliche Mono-
mere, die 6-0-Methacryloyl-n-galactose (GM, II). Das n-Anomere von GM, die 6-0-Meth-
acryloyl-cc-D-galactopyranose (cc-GM), ist eine weit3e, kristalline Verbindung, die eine cha-
rakteristische JR-Absorption zeigt. Das NMR-Spektrum von n-GM in Deuteriumoxid wird 
durch zwei Variable beeinflul3t, 1. durch die Mutarotation und 2. durch die langsam fort-
schreitende Polyrnerisation. Das sirupartige Monomere GM wurde mit Ammoniumpersulfat 
zu einem wasserunlöslichen, vernetzten Hydrogel polymerisiert. 

The preparation" 2), and free-radical polymerisation 2) of the crystalline 
monomer, 1.2 :3 .4-di-O-isopropylidene-6-O-methacryloyl-oc-n-galactopy.. 
ranose (DGM, I) have been described previously. Deacetonation of the ho-
mopolymer with aqueous formic acid yielded the novel, water-soluble, syn-
thetic "polysaccharide", poly-(ó-O-methacryloyl-n-galactose) (P-GM) 2) 

Determination of the reactivity ratios 3)  in the radical copolymerisation 
of DGM with methyl methacrylate showed that this complex, carbo-
hydrate monomer behaves as a simple alkyl methacrylate in radical poly-
merisation and subsequent work 4) has shown DGM to be a valuable inter-
mediate for the introduction of hydrophilic properties into hydrophobic 
polymers. We now report the synthesis and polymerisation to a cross-
linked hydrogel of the reactive, water-soluble monomer, 6-0-methacryl-
oyl-p-galactose (GM, II). 
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6-0-Methacryloyl-n-galactose: A Reactive, Water-soluble Monomer 

CH2O-CO-C=CH 2 CH2O-CO- CH2 

0 'O 	Me • 	HO )  Me 

IYo l 	 OH HOH 

Me2Cf 9 
O-CMe2 	 OH 

(I) 	 (II) 

DGM 1) was deactonated in 80 % formic acid, containing p-methoxy-
phenol, the hydrolysis at 20°C being followed polarimetrically when the 
molecular rotation changed from a negative (MD - 133) to a positive 
(MD + 202) value after 24 hrs. Formic acid was removed by repeated eva-
porations at 35°C under reduced pressure and additions of water. GM 
was isolated in 48 % yield as a white crystalline compound (mp 108 to 
118 °C) from ethanol solution and was mainly the a-anomer as it muta-
rotated from [aID + 91.5° -> + 53.8° in water. The compound was further 
purified by recrystallisation from 90 % ethanol to give the pure monomer, 
6-0-methacryloyl-a-D-galactopyranose (a-GM), mp 142-145 °C. 

The infrared spectrum of a-GM showed hydroxyl absorption as a broad 
band between 3500 and 3100 cm 1, ester carbonyl at 1710 cm 1  and 
double bond unsaturation at 1638 cm 1 . The a-anomer was indicated 5) 
by anomeric C—H equatorial deformation at 844 cm 1  and non-anomeric 
equatorial C—H deformation was present at 880 cm 1 . 

In deuterium oxide solution, the protons attached to oxygen form an 
exchanging pool with residual water in deuterium oxide and have a single 

sharp resonance at 5.25 t-  in the NMR spectrum. The NMR spectrum 
of a-GM in deuterium oxide was complicated however by two variables: 
(i) mutarotation and (ii) gradual polymerisation. This is represent in Fig. 1, ' 
where OD groups have been omitted for convenience. 

MeHb 

c=c 	 c=c 
I \ 	 / \ 	 Me 

	

O=C Ha 	 0C\ 	Ha 	 c—ci-i2. 

	

H2 4  = 

 H2 H 	
H 0 

HCE 

	

H a-GM 	 3-GM 	 P-GM 

CH120407 	 - (CH12 D407 ) 

Fig. 1. Mutarotation and polymerisation of a-GM in deuteriuin oxide 
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An axially oriented hydrogen (Ha) is more shielded than an equatorially 
oriented hydrogen (IP) and resonates at a higher applied magnetic field 6). 

VAN DER VEEN 7) has studied the mutarotation of D-galactose in deutérium 
oxide by NMR and found the following T-values and coupling constants 
between 111-112: Ha,  4.77 -r (J1,2 2.7 Hz) and H, 5.43 -t• (J1,2 6.7 Hz). 
The difference in coupling constants is a measure of the dihedral angle 
between Hi  and 112 and is a consequence of the more effective coupling 
of two axially oriented Itydrogens (H-H 2) compared with axial-equa-
torial coupling (Ha_112)6). Table 1 shows -r-values and the change in the 
number of protons contributing to these values with time, thus confirming 
the reaction scheme of Fig. 1. -r-values were measured relative to the 
single resonance signal due to water at 5.25 

Table 1. r-Values) and number of protons in the mutarotation and polymerisation of 
a-GM in deuterium oxide 	 - 

1 H H,H2-H6 a-Me -(CMeC112)- 

T-Values 3.80 4.20 4.66 5.4-6.6 8.00 8.5-9.5 
No. of protons a-GM 1 1 1 0, 6 3 0 
No. of protons P-GM 0 0 7 0 5 
No. of protons t = 0 0.71 0.71 0.85 6.07 2.25 1.41 
No. of protons t = 24 hr 0.22 0.22 0.60 6.56 0.83 3.54 
No. of protons t = 96 hr 0 0 0.64 6.65 0 4.71 

) See ref. 1) 

The first spectrum was recorded immediately after a-GM had dissolved 
in deuterium oxide. At t = 0, a distinct doublet at 4.64 -r (J1,2  3.0 Hz) 
indicated H. The integral showed that 85 % of the compound was in the 
a-form at this time and after mutarotation had taken place approximately 
60 % was still in this anomeric state. The gradual decrease in the number 
of vinyl protons (Ha,Hb  and a-Me) with the concomitant appearance of 
these protons at higher field proved that polymerisation was taking place 
and after 96 hrs there was 94 % conversion into polymer. The gradual 
decrease in resolution of the spectra was also a consequence of polymeri-
sation. 

As the inhibitor-free monomer polymerised so readily in aqueous solu-
tion and as the yield of crystalline material was only 48 %, the monomer 

was prepared for polymerisation in theoretical yield as an aqueous syrup 
(25 wt.- % GM) containing p-methoxyphenol (1.21 %) as inhibitor. In-
hibitor was removed with chloroform and residual chloroform removed 
from the syrup by evaporation. The syrup was polymerised with am- 
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monium persuiphate to give a 91.8 % yield of cross-linked, hydrophilic 
but water-insoluble polymer, which showed identical infrared absorption 

to authentic, water-soluble PGM 2). 

It is known that water-soluble monomers such as glyceryl methacryl-

ate 8 , hydroxyethyl methacrylate and the N-acryloyl and N-methacryloyl 

derivatives 9) of 1 -amino-i -deoxy-n-glucitol give cross-linked hydrogels 
when polymerised in concentrated aqueous solution and water-soluble 

polymers in dilute solution. Water-soluble P-GM 2)  may be cross-linked 

simply.by  heating at 60°C i. vac. over phosphoric oxide. It is considered 

that this cross-linking is analogous to the polycondensation of reducing 
sugars when they are heated above their melting point under vac. 10) 

Hence for P-GM, condensation is believed to occur via the anomeric 

hydroxyl group and a secondary hydroxyl group on a neighbouring poly-
mer chain. The exact mechanism of cross-linking when GM is polymerised 
is not known but it is thought that this monomer may be a valuable cross-

linking agent for many polymer systems. 

Experimental 

Materials and methods 

1.2 : 3.4Di.Oisopropylidene-6-O.methacryloyl.c(.D-galaCtoPYrafloSe (DGM, I) was pre-. 

pared and purified as previously described 1)•  Formic acid was Analar B.D.H. reagent. 

IR spectra were recorded in potassium chloride discs on a Perkin-Elmer 257 Grating Infra-
red Spectrophotometer and NMR spectra on a Perkin-Elmer RiO (60 MHz) NMR Spectro-

photometer. All products were dried i. vac. over phosphoric oxide at 20 °C. 

6-0-.Methacryloyl-ct-D-galactopyrafloSe (ct-GM) 

DGM (10.02 g) and p-methoxyphenol (0.5 g) were dissolved in formic acid (80 ml) and 
the solution made up to 100 ml with water. The deacetonation was followed polarimetri-

cally (2-dm tube) at 20 °C, and after 24 hrs the solution was diluted to 50% with water and 

formic acid removed by repeated evaporation at 35 °C and addition of water. The thick 

syrup was dissolved in ethanol (100 ml) and polymeric material (0.4 g) filtered off. The clear 

ethanol solution was evaporated at 20 °C to Ca. 20 ml and left at 0 °C for 3 days. The white 

crystalline material was filtered and washed with ethanol (2 x 2 ml) to give the meth-

acrylate as plates (mp, 108-118 °C, 3.63 g, 48.0%) which mutarotated from [aiD + 91.5 0  -+ 

+53.8 0  (c 1.5 in water). This material (2.50 g) was dissolved in water (10 ml) and ethanol 

(90 ml) added and the solution left at 0 °C for 3 days to give the x-anomer of II as white 

plates (mp, 142-145 °C, 0.55 g, 22.0%). 

C10H1607 (248.2, II) Calcd. C 48.4 H 6.50 

Found C 48.1 H 6.39 
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6-0-Methaeryloyl-D-galactose (GM) 25 wt.- % aqueous solution 

DGM (41 g) with p-methoxyphenol (1.5 g) as inhibitor was deacetonated in 80% formic 
acid (400 nil) and after 24 hrs at 20 °C, formic acid removed as before. A weighed amount 
of water was added to the monomer syrup to give a solution which was 25 wt.-% with 
respect to GM and 1.21% with respect to inhibitor. 

Polymerisation of GM 25 wt. - % aqueous solution 

The above monomer syrup (19.1 g) was extracted with chloroform (4x 5 ml) to remove 
inhibitor. The inhibitor-free aqueous solution was evaporated at 20 °C under reduced pres-
sure until free from chloroform and water added to 25 wt.-% solution. Ammonium per-
sulphate (50 mg) was added and the solution heated at 100 °C under reflux for 4 hrs. The 
thick polymer gel was broken down with isopropanol (100 ml), and washed with isopropanol 
and ether to give a white powder (4.39 g, 91.8%) which was swellable but insoluble in water 
although it had identical JR absorption to authentic, water-soluble PGM 2 ). 
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We MILK MARKETING BOARD, a British 
Body Corporate established by statute, of 
Thames Ditton, Surrey, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu-
larly described in and by the following state-
ment: - 

This invention relates to new synthetic co-
polymers containing carbohydrate residues, and 
a method of preparing same. 

According to the present invention there 
is provided a method of preparing a synthetic 
copolymer containing a carbohydrate residue, 
comprising polymerising together in the pre-
sence of a catalyst a vinylidene or a vinyl 
monomer and a polymerisable ester of galactose 
formed by reaction of an ,/3-olefinically un-
saturated mono- or di-carboxylic acid with 
the hydroxyl group in the 6-position of galac-
tose. 

Preferably the polymerisable ester of galac-
tose is formed by reacting a 1,2: 3,4-diketal 
or galactose with an i,/3-olefinically unsatur-
ated polymerisable mono- or dicarboxylic acid. 

Preferably the ketal residues are removed 
from the galactose units in the copolymer by 
controlled hydrolysis. 

Our pending British Patent Application No. 
9065/65 (Final Number 1,099,372), proposes 
the synthesis of high-molecular weight homo-
polymers containing carbohydrate residues by 
treating suitably substituted carbohydrate 
methacrvlates and acrylates with free-radical 
catalysts. Examples of such sugar monomers 
are 1,2: 3,4 - di-0-isopropvlidene-6-0-meth-
acryloyl--D-gaiactopyranose and 6-0-acry- 

[Price 4:. 6d.]  

ioyl-1,2: 3,4 - di - 0 - isopropylidene - - D-
galactopyranose, hereafter described as diiso-
propylidene-galactose methacrylate (II) and 
acrylate respectively, the synthesis and poly -
merisation of which are disclosed in the above 
application. 

It is further proposed in our pending British• 
Patent Application No. 9065/65 . (Final 
Number 1,099,372) to remove the protecting 
isopropylidene residues from the above poiy-
merised products by dissolving the poly(diiso-
propylidenegalactose methacrylatc) and poly 
(diisopropylidcnegalactose acrylate) in an 
organic acid preferably formic acid, and di-
luting the solutions gradually with water. In 
this way novel water-soluble, high-molecular-
weight polymers are formed, i.e. poly(galactose 
methacrylate) and poly(ga]actose acrylateand. 
these can be reacted with well-known reagents 
to give useful derivatives. 
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By virtue of the present invention reactive 
copolymers are provided having exceptional 
commercial promise. 60 

Preferably the synthetic copolymers of the 
present invention contain substituted or un-
substituted D-galactose residues. Kimura and 
Imoto (Makromol. Chem., 1961, 50, 155) 
showed that the copolymer of acrylonitrile and 65 
glucose 3-methacrylate had better dyeing pro-
perties than the polyacrylonitrile hornopolymer 
itself, and this effect can be attributed to the 
presence of the hydroxyl groups in the glu- 
cose residues of the copolymer. Similarly, 70 
Black, Dewar, and Rutherford (Makromol. 
Chem., 1964, 71, 189) modified the proper- 
ties of polyacrylonitrile by forming high-mole- 
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cular-weight copolymers of acrylonitrile and 
3-07allyl-D-glucose. 

The method of the present invention pro-
vides for an increase in the usefulness of 
synthetic polymers by altering their chemical 
and physical properties. It is well-known that 
many industrial synthetic fibres and plastics 
are chemically inert owing to the absence of 
reactive groups in their polymer chains, but 
their reactivity can be increased by incorpor-
ating galactose units that contain a reactive 
aldehydic group and several hydroxyl groups. 
The hydrophilicity, i.e. affinity for water, of 
many synthetic fibres can also be increased by 
copolymerisation with galactose. Therefore 
the present invention enables the preparation 
of synthetic copIymcrs which are capable of 
taking up water in much the same way as 
cellulose and its derivatives. 

We have discovered that copolymers con-
taining galactose residues possess higher mole-
cular weights than those containing other sugar 
units, such as glucose. This is attributed to 
the fact that the galactose monomers used in 
this invention are well-defined, crystalline com-
pounds that can be obtained in an exception-
ally pure state by repeated recrystallisation. 

A typical copolymerisation within the scope 
of this invention is represented structurally 
in the following scheme. The monomers de-
picted in this scheme are methyl methacrylate 
(I) and diisopropylidenegalactose methacrylate 
(II), although it must be emphasised that the 
invention is not restricted to these monomers. 
(I) may be any vinylidene or vinyl monomer, 
such as styrene, acrylonitrile, vinyl chloride, or 
vinyl acetate, while (II) may be any galactose 
ester monomer disclosed in pending British 
Patent Application No. 9065/65 (Final 
Number 1,099,372). (III) represents the 
methyl methacrylate/diisopropylidene - galac -
tose methacrylate random copolymer before 
the removal of the diisopropylidene (diketal) 
residues, while (IV) is the methyl methacry-
late/galactose methacrylate random cpolymer 
after the removal of the diisopropylidcne 
residues. 

cMe: eq2  

(02  Me 

(I) 11) 

CAfe. 

ICO2 4 

'ILL, 

11CO211/1120 

ftf/. CH - 	 f/k. C1I2 

[CO,,4fe I 
C/I 0 

(Lv) 	 50 

The extent of polymerisation of the random 
copolyiners may be indicated from the inherent 
viscosity (jinh.), which is measured at 25 0  in 
an Ostwald viscometer and is defined by the 
equation: 55 

i1inh.=— In (,rel.) 
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60 

wherein c represents the grams of copolymer 
in 100 millilitres of solution and ijrel. repre-
sents the relative viscosity of the solution. 
When the above equation is used to define 
the inherent viscosity, the term may be con-
veniently expressed in units such as decilitres 
per gram (dl./g.). 

The random copolymers are conveniently 
characterised by their specific rotation ((a)l)), 

which is measured at 20° C in a suitable sol-
vent and is defined by: 

lOOX4x 
[a],i 

cX 1 
wherein c represents the grams of copolymer 
in 100 millilitres of solution, a is the observed 
optical rotation of the co-polymer solution in 
circular degrees, and 1 represents the length 
of the polarimeter tube in decimetres. The 
copolymers are also characterised by chemical 
analysis and by characteristic bands in their 
infrared absorption spectra. 

The following examples are included to illu-
strate the practice of the present invention. 

EXAMPLE 1 
Preparation of 6: 1 Methyl Methacrylate/ 

Diisopropylidcnegalactose 	Methacrylate 
Random Copolymer (III, x=6.2). 
Diisopropylidenegalactose methacrylate (1 

g.), prepared as described in pending British 
Patent Application No. 9065/65 (Final 
Number 1,099,372) and azobisisobutyronitrile 
(8 mg.) were dissolved in inhibitor-free methyl 
methacrylate (1.89 g.) (molar ratio 6.2: 1), and 
the solution frozen at —80° C. The tube 
was evacuated, then filled with nitrogen, and 
allowed to warm to 20° C. This dc-gassing 
process was repeated three times, after which 
the tube was sealed and heated at 50° C for 
18 hr. The clear copolymer plug was broken 
down, the product (2.75 g.) dissolved in ben-
zene (250 ml.), and the copolymer reprecipi-
tated with methanol (2.51). After being 
washed with methanol and dried in vacuo, the 
copolymer was isolated as a white powder 
(2.55 g.; 92.7% yield), which had N] -18°  
(c 0.5 in tetrachioroethane) and 'huh  2.6 dl./g. 
(c 0.1 in tetrachloroethane). Anal.: C, 59.5; 
II, 7.83; OMe, 19.3 CaIc. for [(CH sO 2)u , 2 . 

C, 6H240 71: C, 59.5; H, 7.82; OMe, 20.3%. 

Preparation of 6: 1-Methyl Methacrylate/ 
Galactose Methacrylate Random Copoly-
mer (IV, x6.2). 
The above acetonated copolymer (III) (2.32 

g.) was shaken with formic acid (232 ml.) at 
20D C for 18 hr. to give a clear solution, 
water (115 ml.) was added dropwise with 
stirring, and the solution was stirred at 20° 
C for a further 24 hr. to constant rotation, 
[a] 1,+ 261  [cO.614, calculated on the theoretical 
yield (2.12g.) of deacetonated copolymer (IV)]. 
Formic acid was removed by dialysis against 
running water for 3 days during which the  

deacetonated copolymer (IV) precipitated. This 
was filtered and dried in vauo to give a white 
powder (2.1 g.; 99.1% yield). The copolymer 
was completely insoluble in water, which is a 
solvent for poly(galactose methacrylate) homo-. 
polymer, and in methyl n-propyl ketone, which 
is a solvent for poly(methyl methacrylate) 
homopolymer. It had []D+ 16° (c 0.5 in di-
methylformamide) and 2.0 dl./g (c. 0.5 in 
dimethylformamide). Anal.: C, 56.6; H, 7.71; 
OMe, 20.4. CaIc. for [(CH g O 2).2 . 

C, 0H,O 7 ]: C, 56.7; H, 7.61; OMe, 22.1%. 
The copolymer showed an absorption tband at 
3500 cnr' in its infrared spectrum due to the 
presence of hydroxyl groups in the galactose 
methacrylate residues of copolymer (IV). 

This copolymer material is capable of taking 
up water without dissolving, and films cast 
from this copolymer formed useful membranes 
for desalting brackish and sea water by the 
process of reverse osmosis. At the present time 
cellulose acetate is the' only polymer which is 
capable of giving commercially suitable mem-
branes for reverse osmosis. 

Preparation of Phenyihydrazone of 6: 1 Methyl 
Methacrylate / Galactose Methacrylate 
Random Copolymer 
The above deacetonated copolymer can be 

characterised further by treatment with phenyl-
hydrazine, which reacts specifically with the 
C—i reducing group in the galactose meth-
acrylate residues. 

The above copolymer (IV) (0.2 g.) was 
dissolved in dimethylformamide (18 ml.), 
glacial acetic acid (1 ml.) and phenyihydra-
zine (1 ml.) added, and the solution left at 
20° C in the dark for 24 hr. The solution 
was added dropwise to water the yellow pre-
cipitate washed thoroughly with ethanol and 
water, and the copolvmer phenylhydrazone 
dried to a yellow powder weighing 202 mg. 
(92% yield). It was insoluble in dimethyl-
formamide. Anal.: C, 57.9; H, 7.47; N, 
3.2. CaIc. for [(CH 102)6.2 .C16H22N20] u : 

C, 58.9; H, 7.53; N, 2.9%. Its infrared 
spectrum showed at 1610 cm - ' (CH: N 
NHph). 

EXAMPLE 2 
Preparation of 3: i Methyl Methacrylate/ 

Diisopropylidenegalactose 	Methacrylate 
Random Copolymer (III, x3.1). 
Diisopropylidenegalactose methacrylate 

(501 mg.) was copolymerised in bulk with 
methyl methacrylare (469 mg.) with azobisiso-
butyronitrile (3 mg.) as catalyst as described in 
Example 1. After purification by solution in 
benzene and reprecipitation with methanol, 
the white powder, recovered in 80% yield, 
had [al-31 0  (c 0.5 in chloroform) and 
jinh. 4.1 dl./g. (c 0.5 in chloroform). Anal.: 
C, 58.9; H, 7.95; OMe, 14.8. CaIc. for 

C, 6H2407 ],,: C, 59.2; H, 7.70; 
OMe, 15.0%. 
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Preparation of 3: 1 Methyl Mcthacrylate/ 
Galactose Methacrylate Random Copolymer 
(IV, x=3.1). 
The above acetonated copolymer (III) (0.5 

5 g) was dissolved in formic acid (50 ml) and 
the solution stirred at 200  C for 24 hr. Water 
(25 ml) was added dropwise with stirring and 
the solution stirred for a further 24 hr., when 
the specific rotation was +31 0  (c 0.583, calcu- 

10 lated on the theoretical yield (437 mg.) of 
deacetonated copolymer (IV)). The solution 
was worked up as described in Example 1 
to give copolymer (IV) as a white powder 
weighing 363 mg. (83.1% yield), and exhibit- 

15 ing [a] n +21 0  (c 0.5 in dimethylformamide) 
and jjiii.  4.4 dl./g. (c 0.1 in dimethylform-
amide). The infrared spectrum showed strong 
hydroxyl absorption at 3500-3400 cm -1. The 
copolymer was insoluble in water and methyl 

20 n-propyl ketone. Anal.: C, 53.5; H, 7.55; 
OMe, 16.1. Calc. for [(CHO,),. 1  
C i1,H, 60 7 ]: C, 54.8; H, 7.36; OMe, 17.1%. 

The specific rotation (+21 0) was signi-
ficantly higher than that of the 6: 1 copolymer 

25 described in Example 1 owing to the increased 
content of galactose methacrylate. 

Films cast from this copolymer formed suit-
able membranes for desalination by the process 
of reverse osmosis. 

30 Preparation of Phenylhydrazone of 3: 1 
Methyl Methacrylate/Galactose Methacry-
late Random Copolymer. 
The above copolymer (IV) was charac-

tensed by conversion into its phenyihydrazone 
35 as described in Example 1. The copolymer 

phenylhydrazone was isolated in 97% yield 
and its infrared spectrum showed at 1610 
cnr'. Anal.: C, 57.4: H, 7.55; N, 4.1. 
CaIc. for [(CHO,),, . C 16H22N,0 6 1 : C, 

40 58.3; H, 7.27; N, 4.3%. 

EXAMPLE 3 
Preparation of 9: 1 Methyl Methacrylate/ 

Diisopropylidenegalactose 	Methacrylate 

45 
	Random Copolymer (III, x=9). 

Diisopropvlidenegalactose methacrvlate 
(2.34 g.) was copolymerised in bulk 
with methyl methacrylate (6.4 g.) with azo-
bisisobutyronitrile (18 mg.) as catalyst as 
described in Example 1. After purification 

50 by solution in benzene and reprecipitation with 
methanol the white copolymer powder, isolated 
in 97% yield, had [2] D -18 0  (c 0.5 in chloro-
form) and )jnh.  2.2 dl./g. (c 0.5 in chloroform). 
Anal.: C, 58.6; H, 7.52; OMe, 23.7. CaIc. 
for [(C 1H102)9  . CH.OJ: C, 59.6; H, 55 
7.87; O11e, 22.7%. 

Preparation of 9: 1 Methyl Methacie/ 
Galactose Methacrylate Random Copolymer 
(IV, x9). 

60 	The above acetonated copolymer (III) (6.7 
g.) was dissolved in formic acid (670 ml) and 
the solution stirred at 20° C for 24 hr. Water 

(335 ml.) was added dropwise with stirring 
and the solution stirred for a further 24 hr., 
when the specific rotation was +15 0  (c 0.0623, 
calculated on the theoretical yield (6.26 g.) of 
deacetonated copolymer (IV)). The solution 
was worked up as described in Example 1 to 
give copolymer (IV) as a white powder weigh-
ing 5.97 g. (95.4%), and exhibiting [a],,+8 0  
(c 0.5 in dimethylformamide) and 'ljrii. 2.3 
dl./g. (c. 0.1 in dimethylformamide); 
3500-3400 cm. -1 . The copolymer was in-
soluble in water and methyl n-propyl ketone. 
Anal.: C, 56.6; H, 7.87; OMe, 23.4. Caic. 
for [(C5H1O), . C,H i 0 7 } 11 : C, 57.5; H, 
7.72; OMe, 24.3%. 

Films cast from this product formed Suit-
able membranes for desalination by the pro-
cess of reverse osmosis. 

EXAMPLE 4. 
Preparation of 4: 1 Methyl Methacrylatc/ 

Diisopropylidencgalactose 	Methacrylate 
Random Copolymer (III, x=4). 
Diisopropylidenegalactose methacrylate 

(3.28 g.) and methyl methacrylate (4 g.) were 
copolymerised in bulk with azobisisobutyroni-
trile (14 mg.) as catalyst as described in 
Example 1. After purification by solution 
in benzene and reprecipitation in methanol, 
the white copolymer, isolated 89% yield, had 
[a]-270  (c 0.5 in chloroform) and ij, 2.3 
dl./g. (c 0.5 in chloroform). Anal.: C, 58.6; 
H, 7.28; OMe, 16.8. Calc. for [(CH 1 O)., 
C16H,.0 7 1: C, 59.3; H, 7.75; OMe, 17.0%. 

Preparation of 4: 1 Methyl Methacrylate/ 
Galactose Methacrylate Random Copolymer 
(IV, x=4). 
The above acetonated copolymer (III) 

(4.87 g) was dissolved in formic acid (500 
ml.), and after 24 hr. water (250 ml.) was 
added dropwise with stirring. The solution 
was stirred for a further 24 hr., when the 
specific rotation was +26° (c 0.577, calculated 
on the theoretical yield (4.33 g.) of deaccto-
nated copolvmer (IV)). The solution was 
worked up as described in Example 1 to give 
copolymer (IV) as a white powder weighing 
3.86 g. (89.1% yield), and exhibiting [a]fl+ 
15 0  (c 0.5 in dimethylformamide) and tj 

2.2 di./g. (c 0.5 in dimethvlformamide). The 
copolymer was insoluble in water and methyl 
n-propyl ketone. Anal.: C, 55.6; H, 7.64; 
OMe, 17.3. Calc. for [(C5HO,), 
C10H 1 0 7 1: C, 55.5; H, 7.46; OMe,19.1%. 

Films cast from this product formed suit-
able membranes for desalination by the process 
of reverse osmosis. 

We have determined experimentally the 
reactivity ratios of the monomers in the co-
polymerisation of methyl methacrylate with di-
isopropylidenegalactose methacrylate and found 
them to be very similar: 

r 1 0.93 ± 0.03 (methyl methacrylate). 
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r2  130 ±0. 19 	(diisopropylidenegalactose 
methacrylate). 

This; means that diisopropylidenegalactose 
methacrylate behaves as an alkyl methacrylate 
in radical copolymerisations and can thus be 
copolymerised in any proportion with methyl 
methacrylate to give a final copolymer con-
raining, these units in approximately their 
initial monomer ratio. Examples 1 con-
firm that this in fact occurs in practice at high 
conversions. 

It is thus possible to prepare by the prac-
tice of this invention a series of methyl meth-
acrylate/galacrose methacrylate random co-
polymers containing any desired ratio of mono-
mers. The water-uptake, i.e. hydrophiicity, 
of the ccpolymers increases as the amount 
of galactose methacrylate in the copolymer 
increases When the molar ratio of methyl 
methacrylate to galactose methacrylate is 
greater than 3: 1, the copolyrners are insoluble 
in. water although they are capable of taking 
up considerable amounts of water in much the 
same was as cellulose and cellulose acetate can 
absorb water without dissolving. However, 
when the molar ratio of methyl methacrylate to 
galactose methacrylate falls much below 3: 1, 
the copolymers become water-soluble. It is 
thus possible by the practice of this invention 
to prepare random copolymers containing any 
desired level of water-swell. It is also possible 
to control the reactivity of the copolymers by 
increasing, or decreasing the proportion of 
galactose methac'rylate. 

EXAMPLE 5 
Preparation of 20: 1 Methyl Acrylate/Diiso_ 

propylidenegalactose Acrylate Random 
Copolymer. 
A five-necked, 100 ml reaction vessel, fitted 

with a stirrer, condenser, nitrogen-inlet and 
thermometer, was charged with water (20 ml.), 
sodium lauryl sulphate (0.25 g.), ammonium 
persulphate (001 g.), freshly-distilled methyl 
acrylate (8.99 g.), and diisopropylidenegalac-
tose acrylate (1.63 g.), prepared as described 
in pending British Patent Application No. 
9065/65 (Final Number 1,099,372). The 
mixture was slowly stirred to give an emulsion 

50 
and the reaction flask was flushed with a stream 
of nitrogen. After 30 mm. the emulsion was 
heated. to 70° C, when refluxing began and 
the temperature rose ra.pidly to 80° C. 
Refluxing stopped after about 2 mm. and 
the temperature began to fall. The polymer 
emulsion was finally heated. to 100° C for 
30. mm. and added dropwise to. hot 5% 
sodium chloride solution (100 ml.). The 
white rubbery copolymer was washed with 
hot water, air-dried, dissolved in acetone (400 
ml.), and reprecipitated with water (21.). 
Washing with water and drying in vacuo gave 
a stiff, white rubber weighing 9.83 g. (92.6% 
yield), and exhibiting [a] D -80  (c 0.5 in chloro-
form) and 3.6 dl./g. (c 0.5 in chloro- 

form). Anal.: C, 56.0; H, 7.05; OMe, 29.8. 65 
Calc. for [(C,H G O 	. C,.H220 7 1 ; C, 560; 
H, 7.03; OMe, 30.5%. 

Preparation of 20: 1 Methyl Acrylate/ 
Galactose Acrylate Random Copolymer. 
The above acetonated copolymer (1 g.) was 

dissolved in acetone (10 ml.) and formic 
acid (90 ml.) was added gradually with stirring 
to the solution so that precipitation was pre-
vented. Water (10 ml.) was then added 
drcpvise and the solution stirred at 20° C 
for 3 days to effect deacetonation, after which 
the solution was filtered and dialysed aga.inst 
running water for 24 hr. The precipitated 
copolymer was filtered, washed with water, 
and dried in vacuo to yield a hard, white pro-
duct, which weighed 0.87 g. (90.5% yield) 
and exhibited [a]n+9 0  (c 0.5 in dimethyl-
formamide) and ij,,, 3.7 dl./g. (c 0.1 in di-
methylformamide). The infrared spectrum of 
a film of this material, cast from dimethyl-
formamide solution, showed a sharp hydroxyl 
peak at 3550 cm.'. Anal.: C, 54.7; H, 
7.11; OMe, 31.7. CaIc. for [(C ; H6 O ()  
C,I-I i ,OJ: C, 54.6; H, 6.91; OMe, 31.7%. 

The analysis shows that the initial mono-
mer ratio (20: 1) has been maintained in the 
copolymer. 
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EXAMPLE 6 
Preparation of. 9: 1 Methyl Acrylate/Diiso_ 

propylidcnegalactose Acrylate Random 
Copolymer. 
Diisopropylidenegalactose acrylate (2.89 g.) 

and methyl acrylate (7.11 g.) were emulsified 
in water (20 ml.) with sodium latiryl sulphate 
(250 mg.), and copolymerjsatjon initiated with 
amnlonium persulphate (10 mg.) as described 
in Example S. The copolymer ''as 'isolated 
as before by coagulation with 5% sodium 
chloride solution and. purified by solution in 
acetcne and reprecipitation with water. The 
white rubbery product weighed 8.97 g. (89.7% 
yield) and showed [a} n -15 0  (c 0.5 chloro-
form) and 'j' , ,. 2.7 dl./g. (c 0.5 in chloroform). 
Anal.: C, 56.2; H, 7.20; OMe, 219. CaIc. 
for [(C4HO), . C, 56.2; H, 
7.03; OMe, 25.6%. 

Preparation of 9': 1 Methyl Acrylate/Galac-
tose Acrylate Random Copolymer. 
The above acetonated copolymer (2.01 g.) 

was dissolved in acetone (20 ml.), and to the 
solution were added gradually with- stirring 
first formic acid (ISO ml.) and then water 
(20 ml.). The solution was worked up as 
described in Example 5 to give a white pro-
duct weighing 1.88 g., and exhibiting [a]n+ 
171  (c 1 in dimethylformamide) and 

'huh 
2.3 dl./g. (c 0.2 in dimethylformamide). 
Anal.: C, 54.0; H, 7.26; OMe, 24.4. CaIc. 
for [(C.H2O..)., . C,11, 40]0 : C, 53.6; H, 6.79; 
OMe, 27.7%. 

Fractional precipitation of this product in 
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dimethylformamide solution with water proved 
the absence of methyl acrylate homopolymer, 
thus confirming that the material is a true 
random copolymer. 

EXAMPLE 7 
Preparation of 6: 1 Acrylonitrile/DiiSOPrO-

pylidenegalactose Acrylate Random 
Copolymer. 
Acrylonitrile (513 mg.) and diisopropyli-

denegalactose acrylate (506 mg.) were copoly-
merised in bulk with azobisisobutyrOflitrile 
(2.3 mg.) as catalyst at 50 0  C for 5 hr. in 
a sealed tube in the usual manner. The pro-
duct (0.015 g.) was taken up in dimethyl-
formamide (50 ml.), methanol (20 ml.) was 
added, and the insoluble gel removed by filtra-
tion. The filtrate was added slowly with 
stirring to methanol (500 ml.), and the pre-
cipitate was filtered, washed with methanol, 
and dried in vaciw to yield a white powder 
weighing 639 mg. (63% yield), and exhibiting 
[a]n-240  (c 0.5 in dimethylforman)ide) and 
1II1. 2.0 dl./g. (c 0.5 in dimethylformamide). 
The infrared spectrum showed 1'max. 2260 
cm.- ' (CN). Anal.: C, 62.5; H, 6.57; N, 
12.8. Calc. for [(C,H,N)G . C, 
62.6; H, 6.37; N, 13.8%. 

Preparation of 6: 1 Acrylonitrile/GalactoSe 
Acrylate Random Copolymer. 

The above acetonated copolymer (0.25 g.) 
was dissolved in formic acid (25 ml.) by 
shaking for 18 hr. at 20 0, water (12.5 ml.) 
was added dropwise with stirring, and the 
solution was stirred for a further 24 hr. at 
20° C when the final specific rotation was 
+290  (c 0.581, calculated on the theoretical 
yield (218 mg.) of deacetonated copolymer). 
Formic acid was removed by dialysis against 
running water for 3 days, during which time 
the deactonated copolymer precipitated. It 
was filtered, washed with water, and dried 
in vacuo to a white powder, which weighed 
208 mg. (95.4% yield) and showed [} D +21 0  
(c 0.5 in dimethylforinamide) and 2.6 
dl./g. (c 0.1 in dimethylformamide). The 
infrared spectrum showed n,,,, at 3400 (OH) 
and 2260 cm. -' (CN). Anal.: C, 57.5; H, 
6.19; N, 14.3. Calc. for [(C,H,N) 6  
C9H, 40 7 1 0 : C, 58.7; H, 5.84; N, 15.2%. 

It is thus possible to increase the reactivity 
of poly(acrylonitrile) by introducing hydroxyl 
groups in the manner described. The capa-
city of the polymerised product to take up 
water is also increased by this copolymerisa-
tiOn. 

sGlutlOfl was kept in the dark at 20° C for 
24 hr. The copolymer phcnylhydrazone was 
precipitated in water, washed thoroughly with 
water and ethanol, and dried to a pale yellow 
powder weighing 56.4 mg. (96.4% yield), 
which showed V,i,a. at 1610 cm.- ' (CH: N 
NHPh). Anal.: C, 61.5; H, 6.58; N, 16.1. 
Caic. for [(C,H,N)G . C,,H, 0N,06 ] : C, 
61.7; H, 5.96; N, 17.4%. 

65 

70 

EXAMPLE 8 
Copolymerisation of Diisopropylidenegalac- 

It is well known that vinyl acetate does 
tose Methacrylate with Vinyl Acetate. 	

75 
not readily .copolymerise with esters of vj-
unsaturated acids; for example, for the system 
methyl methacrylate/vinyl acetate, the reac-
tivity ratios have been reported (Mayo, 80 
\Valling, Lewis and Hulse, J. Amer. chem. 
Soc., 1948, 70, 1523) as 20±3 and 0.015 
± 0.015 respectively. Despite the unfavour-
able reactivity ratios, it is possible to copoly- 
merise diisopropylidenegalactose methacrylate 

85 and vinyl acetate, as described in the following 
example. 

Vinyl acetate (2.43 g.) and diisopropylidene-
galactose methacrylate (3.08 g.) (initial mono-
mer molar ratio 3: 1) were copolymerised in 
benzene (1.25 g.) with azobisisobutyronitrile 90 
(12 nig.) as catalyst at 50 0  C for 18 hr. under 
nitrogen. The sticky polymer plug was dis-
solved in benzene (100 ml.), the solution added 
dropwise with stirring to methanol (1 1.) and 
the white 	precipitate 	filtered, washed 95 
thoroughly with methanol to remove vinyl 
acetate homopolyrner, and dried in vacuo. The •  
white copolvmer weighed 3.35 g., which cor-. 
responds to a yield of 97% based on the 
weight of diisopropylidenegalactoSe methacry-  100 
late and on a 2.17: 1 diisopropylidenegalactose 
methacrylate/vinyl acetate copolyrner com-
position, which was determined from the 
analysis given below. 	The copolymer had 105 
[a]D-SZ°  (c 0.5 in chloroform) and 7/Ih. 

2.9 dl./g. (c 0.5 in chloroform). Anal.: C, 
58.0, 	H. 	7.29; 	Ac, 	5.4. 	CaIc. 	for 

CH,OAcJ 11 : C, 58.2; H, 
7.33; Ac, 5.4%. 

Preparation of Vinyl Acetate/Galactose 

	

Methacrylate Copolymer. 
	110 

The above acétonated copolyrner (1 g.) was 
dissolved in formic acid (100 ml.), and after 
18 hr. at 20° C water (50 ml.) was added 115 
dropwise and the solution stirred for 24 hr. 
at 20° C, when the specific rotation was 
+480  (c 0.538, calculated on the theoretical 
yield (807 mg.) of 2.17: 1 galactose methacry-
late/vinyl acetate copolymer). Formic acid 120 
was removed by dialysis against running water 
for 3 days, the cloudy solution concentrated to 
100 ml. and centrifuged, and the insoluble 
gel was dried in vacuo. The resulting white 
powder weighed 526 mg., and had [a] o +31 1  

	

c 0.5 in diinethylformamide) and 	7. 1 125 
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• Preparation of Phcnylhydrazone of 6: 1 
Acrylonitrile/GalactOSe Acrylate Random 
Copolymer. 
The above deacetonated copolymer (50 mg.) 

60 was dissolved in dimethylformamide (4.5 ml.), 
glacial acetic acid (0.5 ml.) and phenyihydra- 
zinc 0.25 ml.) were added, and the yellow 
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dl./g. (c 0.1 in dimethylformanhide). Analysis 
showed this was a 1: 1 galactose niethacrylate/ 
vinyl acetate copolymer. Anal.: C, 49.2; H, 
6.77; Ac, 12.8. CaIc for [C, 0H1O 7 . 

C2HOA]: C, 50.3; H, 6.63; Ac, 12.9%. 
The water-soluble fraction was essentially 

galactose methacrylate homopolymer. 

Preparation of Phcnylhydrazone of 1: 1 Vinyl 
Acetate/Galactose Merhacrylate Copolymer. 

The above dcacetonated copolymer (52 mg.) 
was dissolved in dimethylformamide (4.5 ml.), 
glacial acid (0.5 ml.) and phenythydrazine 
(0.5 ml.) added, and the yellow solution kept 
in the dark at 200  C. for 24 hr. The copoly-
mer phenyllaydrazone was precipitated in 
water, washed with water and ethanol, and 
dried to a pale yellow powder weighing 62 
mg. (93% yield). Anal.: C, 55.4; H, 6.56; 
N, 6.7. Caic. for [C 1 ,1-I, 2N20, . 
C, 56.6; H, 6.65; N, 6.6%. 

EXAMPLE 9 
Preparation of 6: 1 Styrene/Diisopropylidefle-

galactose Methacrylate Random Copolymer. 
Inhibitor-free styrene (914 mg.) and diiso-

propylidenegalactose methacrylate (502 mg.) 
(i.e. molar ratio of monomers 5.7: 1) were co-
polymerised in bulk with azobisisobutyroni-
true (4 mg.) as catalyst by heating 50 0  C 
for 18 hr. in a sealed tube under nitrogen. 
The polyrnerised plug was dissolved in benzene 
(150 ml.), repreeipitated with methanol (1.51), 
and the precipitate washed with methanol and 
dried to a white poivder weighing 950 mg. 
(67.1% yield), which showed [aID-32 0  (c 0.5 
in toluenc) and 71inh.  1.3 dl./g. (c 0.5 in 
toluene). Anal.: 0, 14.1. CaIc. for 

C,,I-I 2 ,0 7 ]: 0, 12.1%. 

EXAMPLE 10 
Preparation of 3: 1 Styrcne/Diisopropylidefle- 
galactose Methacrylate Random Compolymer. 

Sryrcne (482 mg.) and diisopropylidenegalac-
tose methacrylate (501 mg.) were copoly-
merised in bulk at 50 0  C for 3 days with 
azobisisobutyronitrile (4 ing.) as catalyst. The 
hard glass was broken down with some mech-
anical loss, and the product (940 mg.) was 
dissolved in benzcne (50 ml.) and reprecipitated 
with methanol (500 ml.). The dry copolymer 
weighed 838 mg. (S9.1% yield), and gave 
[a] n 4O°  (c 0.5 in toluene) and 1h.h. 1.8 
dl./g. (c 0.5 in toluene). Anal.: 0, 17.7. 
Caic. for [(CI-I), . C,H,,0,] 1 : 0, 17.4%. 

EXAMPLE 11 
Preparation of 1: 1 Styrene/Diisopropylidene-

galactose Methacrylate Random Copolymer. - 
Strene (160 mg.) and diisopropylidene-

galactose methacrylate (499 mg.) were copoly -
merised in benzene (0.3 g.) at 50° C for 3 
days with azobisisobutyronitrile (3 mg.) as 
catalyst. The coolvmer plug was dissolved 
in benzene (10 ml.), reprecipitated with  

methanol (100 ml.), and dried to give 591 
mg. (89.7% yield) of white powder, which 
showed [a] n -Sfi° (c 0.5 in toluene) and 
0.6 dl./g. (c 0.5 in toluene). Anal.: 0, 26.1. 
Calc. for (CH, . C,H 210,): 0, 25.8%. 

Preparation of 1: 1 Styrene/Galactose Meth- 
acrylate Random Copolymer. 

The above acetonated copolymer (0.2 g.) was 
dissolved in formic acid (20 ml.) and after 
18 hr. at 20° C water (10 ml.) was added 
dropwise and the solution stirred for 24 hr. 
at 20° C, when the specific rotation was ±46 0  
(c 0.543, calculated on the theoretical yield 
(163 mg.) of deacetonated copolymer). Formic 
acid was removed by dialysis against running 
water for 3 days, during which the copolymer 
precipitated. It was filtered, washed with 
water, and dried to give a white powder 
weighing 134 mg. (82.2% yield), which was 
insoluble in benzene and had [aJ,+24 0  (c 
0.5 in dimethylformamide) and 0.9 dl./g. 
(c 0.5 in dimethylformamide). The infrared 
spectrum showed strong hydroxyl absorption 
at 3400 cm. -' and benzenoid absorption at 
1600, 760, and 700 cm. - '. Anal.: 31.5. CaIc. 
for (C S H S  . C,,H,,0 7): 0, 3 1.7%. 

Preparation of Phenylhydrazone of 1: 1 
Styrene/Galactose Methacrylate Copolymer. 
The above dcacetonated copolymer (50 mg.) 

was dissolved in dirnethylformamide (4.5 ml.), 
glacial acetic acid (0.5 ml.) and phenylhydra-
zine (0.5 ml.) added, and the solution kept 
in the dark at 20° C for 24 hr. The co-
polymer phenylhydrazone was precipitated in 
water, washed with water and ethanol, and 
dried to a pale yellow powder weighing 58 
mg. (92% yield). Anal.: C, 65.3; H, 6.97; 
N, 6.2 CaIc. for (C,H . C,H,,NO G)II : C, 
65.1; H, 6.84; N, 6.2%. 

WHAT WE CLAIM IS : - 
A method of preparing a synthetic co-

polymer containing a carbohydrate residue, 
comprising polymerising together in the pre-
sence of a catalyst a vinylidene or a vinyl 
monomer and a polyrnerisable ester of galactose 
formed by reaction of an a,f-olefinically un-
saturated mono- or di-carboxylic acid with the 
the hydroxyl group in the 6-position of galac-
tose. 

A method as claimed in claim 1, wherein 
the catalyst is a free-radical catalyst. 

A method as claimed in claim 1 or 
claim 2 wherein the polymerisable ester of 
galactose is formed by reacting a 1,2: 3,4- 
diketal of galactose with an ,/3-olefinically 
unsaturated polymerisable acid. 

A method as claimed in claim 3 wherein 
the ketal residues are removed from the 
galactose units in the copolymer by controlled 
hydrolysis. 

A method as claimed in any one of 
the preceding claims, wherein the vinylidene or 
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vinyl monomer is an alkyl: methacrylate or an 
alkyl acrylate or acrylcnitrile or vinyL acetate 
or styrene. 

A method as claimed in any one of the 
Wj preceding claims; wherein the vinylidene or 

vinyl monomer is methyl methacrylate or 
methyl acrylate. 

A method: as claimed in any one of the 
preceding claims, wherein the polymerisable 

10 ester of galactose is any one of those disclosed 
in pending British Patent .Application No. 
9065:/65 (Final Number 1,099,372). 

S. A. method as. claimed in any one of the 
preceding claims wherein the controlled hydro- 

15 .lysis is effected by dissolving the polymerised 
product in an organic acid and diluting the 
solution gradually with water. 

9; A. method as claimed in claim 8 wherein 
the organic acid is formic acid. 

20 
	

10. A method as claimed in any one of 
the preceding claims wherein a free-radical 
catalyst comprising azobisisobutyronitrile is 
used to catalyse the polymerisation. 

Li. A- copolymer containing a vinylidene or 
25 vinyl monomer and an ester between the 

hydroxy group in the 6-position of galactose 
and an a,/3-olefinically unsaturated. mono- or 
di-carboxylic acid. 

A copolymer containing a vinylidene or 
30 vinyl, monomer and an ester between the 

hydroxy group in the 6.position of galactose 
and an a,/3-olefinically unsaturated mono- or 
di-carboxylic acid, positions one, two, three, 
and four of the galactose molecule containing 

35 hydroxyl groups; 
A methyl methacrylate/diisopropylidene-

galactose 6-methacrylate random copolymer. 
A methyl methacrylate/galacrose 6-

methacrylate random copolymer. 
40 
	

15. A phenythydrazone of a methyl meth- 

acrylate/galactose 6-methacrylate random co-
polymer; 

16. A methyl acrylate/diisopropylidene-
galactose 6-acrylate random copolymer. 

17 A methyl acrylate/galactose 6-acrylate 45 
random copolymer. 

An 	acrylonitrile/diisopropylidene- 
galactose 6-acrylate random copolymer. 

An acrylonitrile/galactose 6-acrylate 
random copolymer. 	 50 

A phenyihydrazone of an acrylonitrile/ 
galactose 6-acrylate random copolymer. 

A vinyl acetate/diisopropylidenegalac-
tose 6-methacrylate copolymer. 

A vinyl acetate/galactose 6-methacrylate 55 
copolymer: 

A phenyihydrazone of a vinyl acetate/ 
galactose 6-methacrylate cepolymer. 

A styrene/diisopropylidcnegalactose 6- 
methacrylate random copolymer. 	 - 60 

A styrenc/galactose 6-methacrylate ran-
dom copolymer. 

A phenyihydrazone of 'a styrene/ 
galactose 6-methacrylate random ccpolymer. 

A method of preparing a new synthetic 65 
copolymer containing a carbohydrate residue, 
according to any one. of the Examples. 

28°. A new synthetic copolymer containing 
a carbohydrate residue, whenever prepared by 
the method of any one of claims 1 to 10 70 
or 27. 

29. A phcnylhydrazone of the copolymer.. 
claimed in claim 28. 

n: D. FITZPATRICK & Co., 
Chartered Patent Agents 

5 Park Gardens, Glasgow C.3. 
and 

27 Chancery Lane, London W.C.2. 
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Synthetic Sugar Polymers 
J. A. Colquhoun* B.Sc., and E. T. Dewart Ph.D. 

The synthesis of carbohydrate polymers from sugar monomers might lead to the production of films and 
membranes. This article discusses the polymerisation of sugar monomers to polyamides, polyesters, 
polyacrylates giving products with better hydrophilic properties for potential use as membranes, 
contact lenses, etc. 

THE idea of synthesising carbohydrate 
polymers using sugar monomers is not 
new. In 1939,   Walter Reppe, working in 
the laboratories of I. G. Farbenindustrie in 
Germany, was granted a patent 1  for the 
production and polymerisation of vinyl 
ethers derived from glucose and fructose, 
and many attempts were made during the 
1 940s and 1 950s by the late Sir Norman 
Haworth and his colleagues at Birmingham 
University and elsewhere to prepare nylon-
type polyamides and polyacrylics from 
sugar monomers. These attempts, how-
ever, were mainly unsuccessful owing to 
the inadequate polymerisation techniques 
existing at the time. For example, the high 
temperature (nearly 300C) necessary in 
the conventional melt-polymerisation used 
for the production of nylon from hexa-
methylenediamine and adipic acid is quite 
unsuitable for the preparation of carbo-
hydrate polyamides. 

Sugar nylons 

The new technique of interfacial 
polycondensation. 2  in which the dibasic 
acid (e.g. adipic acid) is replaced by its 
acid dichloride, is well suited to carbo-
hydrate monomers because of the low 
temperatures required for polymerisation, 
and we have used it to prepare carbo-
hydrate polyamides with viscosities com-
parable to those of commercial nylons. 
Two series of high-viscosity methyl-
enedioxy-nylons have been prepared: (i) 
from a 1.6-diamino-1,6-dideoxy-di-0-
methylenehexitol, e.g. diamines (I) to (IV), 
and sebacoyl or adipoyl dichloride, and 
(ii) from hexamethylenediamine or deca-
methylenediamine and a di-O-methyl-
enehexaroyl dichloride. e.g. (V) to 
(VII). The synthesis of substituted sugar 
diamines and diacid chlorides from readily 
available hexose sugars, e.g. glucose, 
mannose and galactose, has been ex-
tensively investigated in this institute, 3  and 

a range of methylene-, benzylidene-, and 
isopropylidene-blocked monomers is now 
available for polycondensation. It is 
necessary to protect the hydroxyl groups  

of the sugar monomer before poly-
condensation to prevent cross-linking, 
which would lead to insoluble, infusible 
and intractable polymers. 

As a typical example, the di-O-methy -
lene hexitol diamines, (I) to (IV), were 
synthesised from galactitol (dulcitol). 
D-mannitol, D-glucitol (sorbitol). and 
L-iditol respectively. These four stereo-
isomeric diamines all have the same 
molecular formula (C 8 H, 6 N 7 0 4 ) and differ 
only in the configuration of the oxygen 
atoms and in the linking of the methylene 
bridges. These dimethylenedioxy-dia-
mines were condensed with sebacoyl 
dichloride, and it was observed that the 
polymer melt temperature (pmt) and 
solubility of the resulting dimethylene-
dioxy-6. 10-nylons were markedly de-
pendent on thestructure and conforma-
tion of the sugar diamine. The polyamides 
containing the /J-gluco (Ill) and L-ido 
(IV) structures had high pmts ( >270), 
which can be attributed to the ridigity 
imposed by the fused, bicylic, 2,4:3,5-di-
methylenedioxy ring system. 

Pmt and solubility also depended on the 
size of the blocking group; e.g. when 
1 ,6-diamino-1 ,6-dideoxy-2,3 :4,5 -di -0-
isopropylidenegalactitol (I, IR =Me) was 
condensed with sebacoyl dichloride, the 
polymer melted at a lower temperature than 
the corresponding dimethylenedioxy-nylon 
prepared from (I. R=H), and was more 
soluble in organic solvents. The protecting 
isopropylidene residues were readily re-
moved from this polymer by treatment with 
acid to give the tetrahydroxy-nylon 6, 10, 
which, however, failed to dissolve in water, 
due presumably to hydrogen bonding 
interaction between the polymer chains 
(see below). 

The sugar nylon systems offer the 
polymer chemist and technologist a 
unique opportunity to study property -
structure relationships, and it is suggested 
that such a study could lead to the pro-
duction of hydrophilic or soluble poly -
amides, which could be used in films, 
membranes, and many other fields from  

which the present industrial nylons are 
excluded because of their inability to take 
up water and their general lack of 
reactivity. 

Polyesters 
Interfacial polycondensation cannot be 

used for the preparation of linear polyesters 
of the Teryle,ie type by reaction of aliphatic 
glycols with acid dichiorides, because the 
condensation is too slow, relative to 
competing hydrolysis of the acid chloride, 
for the formation of high polymers. How-
ever, polyphenyl esters of high molecular 
weight can be prepared by mixing an 
aqueous solution of the sodium salt of a 
bisphenol, 4  e.g. 4,4'-isopropylidenedi-
phenol (BisphenolA), with a solution of a 
diacid chloride, e.g. terephthaloyl dichlor-
ide, in a water-immiscible organic solvent. 
Sugar polyphenyl esters were prepared by 
condensation of B,spheno/A with 2,3:4.5-
di-0-methylenegalactaroyl (V), and 2,4:3, 
5-di-0-methylene-D-glucaroyl (VI) and-
L-idaroyl dichloride (VlI). 5  

In general, viscosities were higher than 
those for polyesters prepared from simple 
acyl chlorides (adipoyl and sebacoyl 
dichloride), but lower than those of 
polymers from terephthaloyl and iso-
phthaloyl dichloride. As in the case of the 
polyamides, pmt and solubility varied over 
a wide range depending on the structure 
of the sugar acid chloride. 

Addition polymers 

One of the most successful synthetic 
plastics is poly (methyl methacrylate), 
known as Perspex or Plexiglas. It is made 
by polymerising the unsaturated liquid, 
methyl methacrylate, H 2 C:CMe. CO 5 Me, 
with a free-radical initiator. Work in this 
institute 5  and in Japan 7  has resulted in the 
synthesis of a number of substituted sugar 
acrylates and methacrylates, which can be 
polymerised to polymers of high molecular 
weight. In order to prepare a useful 
monomer from a sugar such as glucose. 

OHH H OH 

CH 3—C —c —c —c —CH 3 . 

L I 	I 	I 
H OHOHH 

Tetrahydroxy-nylon 6. 10 

NH . CO. (CH 3 ) 8 . Co . NH 

In 

•J A. Cotquhoun graduated in chemistry 
from Edinburgh in 1962, and has since been 
employed by the Arthur D. Little Research 
Institute. He is particularly interested in 
natural and synthetic carbohydrate polymers. 

tE. T. Dewar, before ioining ADL in 1958 
was research chemist for the Institute of 
Seaweed Research. He is now Head of the 
carbohydrate section in the chemical sciences 
division of ADL 
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it is necessary to block four of the five 
hydroxyl groups to convert the glucose 
into a monohydric alcohol. An ideal 
starting compound is 1 ,2:5,6-di-O-iso-
propylidene-ct-D-glucofuranose (VIII), a 
beautifully crystalline compound that is 
easily prepared from glucose and acetone. 
The hydroxyl group on C-3 was then 
esterified and the methacrylate monomer 
(IX) polymerised in benzene solution to 
the high-molecular-weight polymer (X). 

An interesting feature of this poly-
methacrylate (X) is that on treatment with 
acid the protecting isopropylidene groups 
are removed, and the water-soluble poly 
(glucose 3-methacrylate) (XI) is obtained. 
The reaction is accompanied by a change 
in optical rotation and by a furanose -* 
pyranose ring conversion. This is a com-
pletely new type of glucose polymer for it 
has a free reducing group at C-i on every 
glucose unit, while in all natural glucose 
polysaccharides, such as starch, cellulose, 
dextran, etc., the hemi-acetal hydroxyl 
group is combined in the glycosidic 
linkage (except in the one reducing unit at 
the end of each polysaccharide molecule). 

Reactions at the reducing group of these 
synthetic polymers are thus important 
because they are not possible with natural 
polysaccharides. For example, oxidation 
of poly(glucose methacrylate) (XI) gave 
poly-(3-O-methacryloyl-D-gluconic acid) 
(XII), the sodium salt of which behaved as 
a typical polyelectrolyte, yielding ex-
tremely viscous solutions in water but 
becoming less viscous in the presence of 
an electrolyte. These polyacids in some 
respects resemble the natural polyuron-
ides, alginic and pectic acid, which are 
widely used in industry. Other reactions 
at the reducing group are also possible, 
such as reduction, phenylhydrazone and 
phenylosazone formation, but in some 
cases reaction was incomplete owing to 
precipitation of the polymer from solut.on. 
Similarly, galactose reacted with acetone 
to give 1,2:3,4-di-0-isopropyIidene--D-
galactopyranose (XIII), which was easily 
converted into its crystalline 6-acrylate 
(XIV) and 6-methacrylate (XV). Poly-
merisation of these monomers produced 
the acetonated polyacrylate (XVI) and 
polymethacrylate (XVII), and these poly-
mers were then deacetonated with acid as 
in the case of the glucose polymer to 
yield the viscous, water-soluble poly 
(galactose 6-acrylate) (XVIII) and poly 
(galactose 6-methacrylate) (XIX). These 
water-soluble galactose polymers undergo 
all the reactions described previously for 
the glucose polymer (XI). The fact that 
these synthetic sugar polymers are water- 

soluble is interesting and important, 
because polymerisation of water-soluble 
methacrylate monomers, such as hy-
droxyethyl methacrylate (XX), glyceryl 
methacrylate (XXI) and 6-0-methacry-
IoyI-D-galactose (XXII), invariably leads 
to cross-linked, insoluble hydrogels. 

Copolymers 
The successful utilisation of these 

carbohydrate monomers will undoubtedly 
be found in their copolymerisation with 
cheap industrial monomers, such as 
styrene, methyl methacrylate, acrylonitrile, 
etc., asa means of upgrading the chemical 
and physical properties of many industrial 
plastics, films, and fibres. For example, 
the properties of the hydrophilic galactose 
6-methacrylate have been studied in 
copolymers of methyl methacrylate with 
the specific object of producing mem-
branes suitable for desalting sea-water- by 
the process of reverse osmosis—now 
seriously challenging distillation as a 
method of desalination. This work on the 
synthesis of new membranes is being 
carried out in this institute by Dr. Allan 
Sharples under a contract from the US 
Office of Saline Water. Cellulose acetate 
is the only polymer used for reverse 
osmosis at the present time, and suitable 
membranes were developed only after 
many years of research. 

Briefly, reverse osmosis involves forcing 
a salt solution through a hydrophilic 
membrane by means of high pressure 
(100 atm), when pure water is 'squeezed' 
out of the solution. The membrane 
operates by selectively dissolving the 
water and rejecting the salt because of its 
Ic.wer affinity for the membrane. The 
reactivity ratios of methyl methacrylate and 
diisopropylidenegalactose methacrylate 
(XV) have been shown to be quite 
similar, and a series of random copolymers 
with different monomer ratios has been 
prepared. The acetone blocking groups 
on the sugar units are then removed as 
before by acid treatment to give the methyl 
methacrylate-galactose methacrylate hy-
drophilic copolymers (XXIII). The hydro-
philic-hydrophobic balance can be ac-
curately controlled from the monomer 
ratios in the original feedstock. It is too 
early to say whether membranes made 
from these copolymers will be competitive 
in performance and cost with those pre-
pared from cellulose acetate, but the 
advantages of an entirely synthetic system 
from an industrial point of view are obvious. 

The medical and surgical applications 
of synthetic plastics and polymers have 
greatly increased in recent years, although  

the question of compatibility of the plastic 
with the living tissue has only rarely been 
considered. Incompatibility and im-
permeability to water - and metabolites 
frequently lead to local irritation or a 
tumourous growth. 8  Hydrogels prepared 
from polymers of hydroxyethyl meth-
acrylate (XX) and glyceryl methacrylate 
(XXI) may soon replace poly(methyl 
methacrylate) in the manufacture of soft 
contact lenses, 8  and this trend to synthesise 
plastics with specific chemical and physical 
properties will continue in the future. It is 
suggested that there is an outlet for 
synthetic sugar polymers and copolymers 
as hydrophilic plastics in medicine and 
surgery, e.g. in the form of dressings, 
orthopaedic appliances, contact lenses, 
external prostheses, and surgical impIants 
It seems reasonable that a sugar-containing 
material will represent less of a- foreign 
body to living tissues than Perspex. 
Terylene. Teflon, and the other commercial 
plastics presently being used. 

Successful copolymerisations of sugar 
monomers with styrene, acrylonitrile, vinyl 
acetate, methyl acrylate, maleic anhydride, 
etc., have also been effected, and, the 
physical and chemical properties of these 
new products are being studied. The 
introduction of hydroxyl-containing sugar 
units into cheap, readily available plastics 
and polymers is an excellent method of 
increasing chemical reactivity (e.g. dyeing) 
and water-uptake, and the potential of this 
technique is being actively assessed in a 
number of industrial fields. 
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