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SYNTHESIS OF CROSSLINKED POLYACRYLAMIDE 
GEL CONTAINING SALICYL ALDEHYDE FRAGMENTS* 
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Hetero-organic Compounds Institute, U.S.S.R. Academy of S c i e n c e s  

(Received 18 August 1977) 

The synthesis of 5-methaeryloylamidosalicyl aldehyde is described. I t  yielded 
potassium A- and A-bis-[N-(5-methacryloylamidosalicylidene)-8-valinato] eobaltate 
(-4- 3) (I) and cupric :N-(5-methacryloylamidosalieylidene)-s-valinate (d- 2) (II). Co- 
polymerization of I and II  with acrylamide and N,N'-methylene-bis-acrylamide, 
followed by decomposition of the complexes, yielded hydrophilic polymers con- 
taining salicyl aldehyde fragments chemically bound to the polymeric matrix. The 
capacities of the polymers obtained with respect to the carbonyl group were de- 
termined. 

THIS paper relates to the synthesis of hydrophilie crosslinked polymers based 
on acrylamide and containing salicyl aldehyde fragments. As the starting ma- 
terial we took N-methacryloyl derivative of aminosalicyl aldehyde. Papers have 
been published with descriptions of derivatives of 3-aminosalicyl [1] and 5-amino- 
salicyl [2] aldehydes with respect to the carbonyl group, although the foregoing 
aldehydes have not been isolated in the free state, since they undergo immediate 
transformation to insoluble polymeric products [1, 2]. We met with no success 
in attempts to acylate the reduction product of 5-nitrosalicyl aldehyde with 
methacrylic acid anhydride. We are therefore proposing the following route for 
the synthesis of 5-methacryloylaminosalicyl aldehyde: 
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Compounds I - V  are stable ~rystalline substances. Good yields (,-,80%) were 
obtained at all the stages, and no further purification of products is required. 
The use of screening groups (mesil and ethylene acetal groups} opens the way  
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FIG. 1. ORD curves: /--for the mixture of A-VI, acrylamide, N,N'-methylene-bis-acryl- 
amide, ammonium persulphate in water; 2--for the gel obtained from these same com- 

ponents. 

FIG. 2. ORD curves: /--for the polymeric film immediately after its preparation; 2--for 
the polymeric film after it has remained in water for 24 hr; 3--ditto, after being in water 

for 3-8 days. 

¢o catalytic reduction of the nitro group in compound I I  under very mild condi- 
tions. Hydrat ion must be brought to an end immediately after absorption of the 
theoretical amount of hydrogen, since exhaustive hydration (7 hr) results in the 
removal of both protective groups and in the formation of 2-hydroxy-5-amino- 
phenylcarbinol. In the PMR spectrum the latter has a characteristic singlet in the 
2.35 ppm region (CD30D as solvent, hexamethyldisiloxane (HMDS) as the exter- 
nal standard). Hydrolysis of compound IV likewise proceeds under mild condi- 
tions. A factor of importance here is the order of removal of screening groups. 
I f  one starts with acid hydrolysis, followed by  alkaline, the desired product V 
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fails to appear (thin layer chromatography (TCL) on silica gel in the presence of a 
tracer). 

The direct use of 5-methacryloylaminosalicyl aldehyde itself for copolymeriza- 
tion with acrylamide and N,N'-methylene-bis-acrylamide is impracticable for 
the following reasons: a) ph3nolic oxygen is an inhibitor of radical reactions; 
b) the aldehyde is insoluble in water. We therefore synthesized potassium bis- 
[N-(5-methacryloylaminosalicylidene)-s-valinato]cobaltate (-b3) (VI) which dis- 
solves readily in water, and cupric N-(5-methacryloylaminosalicylidene)-s-valinate 
(VII), which dissolves in pyridine mixed with water. In these solvents the acryl- 
amide forms gels in presence of the cross agent (N,N'-methylene-bis-aerylamide). 
Identical ORD curves were obtained for a mixture of components A-VI, acryl- 
amide, N,N'-methylene-bis-acrylamide, ammonium persulphate in water, and the 
gel obtained by adding to this mixture a small amount of N,N,N',N'-tetramethyl- 
ethylenediamine (Fig. 1); this means that  no raoemization of the complex takes 
place during polymerization. Moreover, prolonged retention in water did not  
reduce the optical activity of polymeric films prepared from the foregoing com- 
ponents (Fig. 2), which evidences the incorporation of VI in the polymer chain. 
I t  should be noted tha t  similar films based on potassium A-bis-[N-salicylideue-s- 
valinato]cobaltate (-b 3) containing no groups capable of eopolymerization suffer 
a complete loss of their optical activity after remaining in water for 30-40 rain. 

By copolymerization of IV and VII  with acrylamide and N,N'-methylene- 
bis-aerylamide followed by  decomposition of the complexes we obtained polymers 
VII I  and IX respectively containing free functions of salicyl aldehyde. The 
presence of these fragments was confirmed by qualitative reactions to the car- 
bonyl group (yellow colouring with amines and amino acids and red eolouring 
with 2,4-dinitrophenylhydrazine and to the phenol group (blue eolouring with 
FeCl~), these reactions being typical for salicyl aldehyde. Quantitative determina- 
tions of carbonyl groups were based on reactions with Ntt~O[-I.HCI. Values 
obtained for capacities of the polymers in respect to carbonyl groups were similar 
(0.121-0.130 for VIII  and 0.136-140 mmole/g of dry polymer for IX), the theore- 
tical capacities being identical (0.173-0.174 mmolc/g), providing evidence tha t  
hydrolysis of the amide bond did not  take place under conditions of decompo- 
sition of the cobalt complex (dilute acetic acid, FeSO 4- 7/-LO, 60-70 °, 2~ hr). Oa 
the other hand, decomposition of th~ copper complex takes place under very 
mild conditions, under the action of dilute hydrochloric acid or with a solution 
of  disodium salt of EDTA at room temperature. 

Polymers VII[  and IX swell readily in water and in pyridine-water mixtures, 
but  do not swell in alcohol, CHC13, CC14, D ~ F  or et.hgr. The chemical properties 
of the obtained hydrophilie gels are now being investigated. 

The absorption spectra and ORD curves were roeorded with a Hitachi E PS-3 spectre- 
photometer and Jasco-ORD/UV-5 instrume~lt; Hit.aehi-Perkin-Ehner 1~-20 .and PoE'kin- 
Elmer I~-l. ~ .and 1~Ya-2308 instruments were use~l for the PYIg spectra. A g~diom~er 
TTT-lc ins~rumen~ was used for the poten~iometric titr.ation. 
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5-1gltro-2-methanesulphvnylvxybe~zaldehyde(I). To a suspension of  15 g (0-09 mole)  o f  
l i -ni trosalicyl  a ldehyde  in 100 Inl of  absolu te  pyr id ine  was added  dropwise,  whilst  s t i r r ing,  
l 0  ml  (15 g, 0.125 mole) of  me thanesu lpheny l  chloride. This  led to  dissolut ion of  the  5-ni t ro-  
~alicyl a ldehyde .  Af te r  t he  to ta l  a m o u n t  of  me thanesu lphony l  chloride had  been added ,  
t h e  react ion m i x t u r e  was once a~ain st i rred for 15 rain and was decan ted  into  water .  T h e  
depos i t  t h a t  separa ted  out  was fil tered, washed  wa te r  and  dr ied  over  P=O5. Yield  of  I 21.1 g 
(95.5~();  m . p .  98-99  ° (CCI,). 

Ethylene acetal of 5.nitro-2-methanesulphonyloxybemaldehyde(II), I n t o  a flask f i t t ed  
wi th  a Dean -S t a rk  a t t a c h m e n t  were placed 21.1 g (0.086 mole) of  I ,  l0  ml  (11.2 g, 0.18 mole} 
o f  e thy lene  glycol,  100 ml  of  benzene and 0.4 ml  of  85~o I-I81~O4. The  mix tu r e  was  boi led  
un t i l  t he  evo lu t ion  of  wa t e r  s topped,  and was then  decanted  into  water .  The  benzene l aye r  
was  separa ted ,  washed w i t h a  small  a m o u n t  of  water ,  and dr ied over  MgSO~. Benzene  was  
dist i l led cff  and the  residue was recrystal] ized t,~ice f rom alcohol. Yield of  I I  17.7 g (72~o), 
m.p .  89.5-90.5 ° (E tOt t ) .  Found ,  ~/o: C 41.45, I-I 3.64, N 4.84. C10I-InNO~S. Calculated,  ~/o: 
C 41.52, I-] 3.81, N 4.84. £ M R  spec t rum,  ppm (pyr idine-D 5 as solvent ,  ex te rna l  s t a n d a r d  
t]~l]2S):  2.95 e. (CSO~Clffs), 3'40 e. (O£:~I~CI-I=O), 5.85 c. (OCI-IO), 7.81 m. (ArI-I). 

l~thylene acaal of 5-ar~ino-2-methanesidT/w~ylo~cybemaldehyde(lI1 }. A solut ion of  5 g o f  
I I  in 100 ml  of  absolute  me thano l  was hyd ra t ed  a t  a tmospher ic  pressure and  room t e m -  
p e r a t u r e  in the  presence of  1.25 g of  5~o Pd/Al~Os.  Af t e r  absorp t ion  of  the  theore t ica l  
a m o u n t  of  hydrogen  the  react ion was s tepped,  and the  ca ta lys t  was fi l tered and  washed  
~ i t h  e thanol .  Af t e r  d ry ing  in air  3.52 g of  I I I  (80~o) was obtained.  The  pur i ty  of  the  produce  
~ a s  verified by TLC using silica gel ( e l u e n t -  pe t ro leum e ther  : a c e t o n e =  1 : 1). P M R  spec t rum 
( s o l v e n t -  (D:~CD, externa l  s tandard  I-]]MDS), ppm:  2.85 c. (OSO=Ctts), 3.72 c. (OCIlzCIt~O), 
5-70 c. ( C ( t t O ) ,  6.2-7.2 In. (ArI-]). 

JEthylene acelal of 5-~ethae~yIcylan~i~o.2-~ethanes~lpho~yloxybemaldehyde(1V). To 
~oluticn of  3.25 g of  I I I  in ~0 ml  of  absolute  pyr id ine  was added,  while s t i r r ing a t  room 
tezrpezoture ,  5 ml  of  n~ethacrylic acid anhydr ide .  The  mix tu r e  "aas left  s tanding  for 2 h r  
a t  : c ( m  t f m p e r a t u l e ,  and "aas then  di luted "aith ~ a t e r  and  ex t rac ted  wi th  chloroform.  
"Ib.e ex tzac t  was dl ied  over  ~ O 4 ,  ch lo re fc lm and pyr id ine  were evapora ted  off unde r  
low plessure.  The  residue t e e k  the  fc~m of a viscous oil on t r i tu ra t ion  with  alcohol. 3.47 g o f  
]V (~-8(.~/o) "aas obtained.  M.lo. 115.5-116.5 ° (water  : a l c o h o l = l  : 1). Found,  ~c: C 51.47~ 
I-I 5.24. ~ 4.37. C~4I-I~::NO~S. Calculated,  ~,: C 51.38, t t  5.20, N 4.28. 

5-21Jethacryl~yla~ai~esalicyl aldehyde (V). A solut ion of 1.5 g of  IV  in 200 ml  of  alz 
EICI-]-I-]~O-1 1~ E O t t  n~ixture (12 : 4 : 3) "aas s t i rred for 48 hr  a t  room tempera tu re ,  a f t e r  
"ahich a ] N solution of I-]Cl u a s  added  till an acid react ion was obta ined,  wa te r  was then  
added ,  follo 'aed by ex t rac t ion  ~ i t h  cMorofozm. The ex t r ac t  ~ a s  dried over  M~SO~. A f t e r  
dist i l l ing oft chloroform 0.82 g (83~)  of V ~ a s  obta ined;  m.p.  115 °. Found ,  %: C 64.19, 
I t  5.(4, N 6.92. CnI-lla:NOs. Calculated,  ~ :  C E4.39, I-I 5-37, N 6.83. I~Nt l -spec t rum (CI-I3OD 
solvent ,  in ternal  s tandard ,  t11~]2S), plcm: 2.00 c. ((I-Is), 5.58 c. and  5-90 c. ( =  CI-I2), 6.9-9.1 In  
(A]B) ,  10.16c ((I-]O). 

Pc tass i~m bis-I :N-(5-n:et t :acryloylan~incsalicylidene)-3-valinato]cobaltate ( +  3) (VI) was: 
prepared f i l m  Ce(Ct l )a ,  V and s - re l ine  in ,~ a ter  [3]. Dias teHrcers  "a, ere separated chromato-  
[~z~FhieMly cn a~ty, d l cus  a l rn - in ivm oxide ( e luen t - -9 (  ~ etl~anol). F u r t h e r  purif icat ion was  
t a l l i e d  cu t  cn  SeFLadex II-1-20, elut ion ~ i t h  an a lcohol -benzene  mix tu re  (3 : 1). Yield o f  

F o r  t he  A-ss-i~cn~er found,  ~c: C 51.09, I-I 5.22, N 7'37. Cs~I-I~N~O~CcK'3/-I~O. 
Calculated,  %: C 50.79, t t  5.g5, N 7.41. 

F o r  the  A-ss-iscrrer feund,  ~ :  C 51.97, t t  5.~2, N 7-75. Ca~I-Is~N~O~CoI~2.2I-I20. 
Calculated,  %: C 52.03, I-I 5.42, N 7-59. 

"1 t;e 12V ~Icect~a and C ~ D  craves  for A-~'] and A-¥1 are displayed in Fig.  3. The  absolu te  
eonf ipurat icn ef  the dia~ter((Ir  ezs "aas fixed Ly ( ( I ITaz ing  C:BD curves  "aith the  respective- 
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O R D  cu rves  of  t h e  A- a n d  A-b i s - [N-sa l i cy l ideneg lyc ina to ]coba l t a t e  ( +  3) ions  h a v i n g  k n o w n .  
a b s o l u t e  con f igu ra t ions  [3]. F u r t h e r  c o r r o b o r a t i o n  of  t h e  cor rec t  a s s i g n m e n t  of  t h e  a b s o l u t e  
conf igu ra t ions  is t h e  f ac t  t h a t  R1a-~>RIn-ss on  Al~O3 [4]. P M R - s p e c t r a  (CD,OD so lven t ,  
i n t e r n a l  s t a n d a r d ,  H M D S ) ,  p p m :  A-ss: 1.18 d. (CH3CHCH3), 1.95 c. (H3C--C),  2 .1-2.9 m,  
(fl-CH), 4.48 d. (~-CH), 5"47 c. a n d  5.86 c. (H=C----), 6 .4-8 .0  m.  (ArH) ,  8.50 c. ( - - C H = N ) ;  
.4-ss: 1.24 t .  (CH3CHCH3), 1.94 c. (CH3--C) ,  2 .3-3 .0  m.  (fl-CH), 4.35 d. (g-CH), 4.80 c .  
a n d  4.95 c. (H=C----), 6"6-7.8 m.  (ArH) ,  8.40 c. ( - - C H = N ) .  

loq e [MJ. 10-* [oge 
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F l a .  3. O R D  curves  a n d  U V  s pec t r a  of  V I  in  wa te r :  1 - - O R D  for t h e  A-(ss)-isomer; 2 - - O R D ~  
for  A-(ss); 3 - - U V - s p e c t r u m  of  A-ss; 4 - - U V  s p e c t r u m  of  A-ss. 

Cupric N-(5-Methacryloylaminosalicylidene)-s-valinate (VII) .  To a so lu t ion  of  0.7 g 
(3.43 mmole )  of  V a n d  0.43 g (3.7 mmole)  of  s -va l ine  in 50 ml  of  a n  a l c o h o l - w a t e r  m i x t u r e  
(1 : l) was  added ,  whi le  s t i r r ing  v igorous ly  a n d  h e a t i n g  a t  60 °, 0-7 g (3.5 m m o l e s  ) of  
Cu(CHaCGO)~.I-I20 c o m m i n u t e d  to  a powder .  S t i r r ing  a n d  h e a t i n g  were  c o n t i n u e d  for  a 
f u r t h e r  1.5 hr .  The  r eac t i on  m i x t u r e  was e v a p o r a t e d  off u n d e r  v a c u u m ,  a n d  t he  o b t a i n e d  
a m o r p h o u s  p r o d u c t  was  inso luble  in  w a t e r  a n d  alcohol.  The  res idue  was  d issolved in ~ 20 ml  
of  py r id ine  a n d  was  passed  t h r o u g h  a c o l u m n  c o n t a i n i n g  S e p h a d e x  L H - 2 0  (36×  18 cm);  
e lu t ion  w i t h  alcohol .  Af t e r  e v a p o r a t i o n  a n d  d r y i n g  u n d e r  v a c u u m  over  P205 a t  80 ° 1.5 g of  
¥ I I  was  ob t a ined .  ~ o u n d ,  ~o: C 54.90, H 5.52, C 1 6 H l s - N ~ O 4 C u ' C s H ~ ' N ' H 2 0 .  Ca lcu la ted ,  
e/o: C 54.47, I-I 5.40. 

Separation of V from VI I .  A smal l  a m o u n t  of V I I  was  d issolved in 1 ml  of  py r id ine ,  
a n d  20 ml  of  2 z~ ]-IC1 were  added .  T he  m i x t u r e  was e x t r a c t e d  w i t h  ch loroform,  a n d  t h e  
e x t r a c t s  were  dr ied  e v e r  MgSO~. A f t e r  t h e  e l imina t ion  of  so lven t  t he  p r o d u c t  o b t a i n e d  was  
pu re  V (TLC on silica gel, u s ing  as so lven t  a n  o c t a n e - a c e t o n e  m i x t u r e  in  1 : 1 rat io) ,  w h i c h  
s u b s t n n t i a t e s  t h e  m o n o m e r i c  s t r u c t u r e  of V I I .  

Polymeric f i lm preparation from VI,  acrylamide and N,N'-methylene-bis-acrylamide. I n  
25 ml  of  w a t e r  c o n t a i n i n g  no  CO~ were d issolved 0.025 g (3.31 × l0  -5 mole) of A-VI,  0.0522 g 
(33.8 × 10 -5 mole) of N , N ' - m e t h y l e n e - b i s - a c r y l a m i d e ,  1.749 g (2 .36× 10 -2 mole} of  ac ry l -  
a m i d e  a n d  0.0172 g of  a m m o n i u m  pe r su lpha t e .  The  so lu t ion  was d e c a n t e d  in to  a Pe t r i  
dish,  2 d rops  of  N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e  were  added ,  a f t e r  wh ich  t h e  solu- 
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¢ion was st irred and left  unti l  polymerizat ion ended ( ~ 2 hr). A translucent  polymeric film of  
~hickness 2-3 mm was obtained.  

Polymerization of VI with acrylamide and N,N'-methylen~-bi~-acrylamide. To a solu- 
t ion of 2.0014 g (12"98 mmole) of N,N'-methylene-bis-aerylamide,  8.0056 g (112.6 mmole) of  

.acrylamide,  0-6849 g (0.928 mmole) of a mixture  of A- and zi-VI, 0.1882 g of ammonium 
persulphate  and 40 ml of water  were added 0.2 ml of N,N,N' ,N ' - te t ramethyle thylenedi -  
amine. Polymerizat ion took place rapidly,  accompanied by  warm up of the mixture.  After  
cooling the polymer  was comminuted and washed with water.  The complex in the polymer 
was reduced with an excess of FeSOd- 7H~O in acetic acid for 24 hr a t  60-70 °, af ter  which 
the  polymer  was again washed with water  and placed in a sa tura ted  solution of  disodium 

s a l t  of EDTA to remove metal  ions. Next,  i t  was washed with water  and  alcohol and dried 
under  vacuum over P205 a t  room temperature  to constant  weight. A yield of 7 g, of br ight  
ye l low polymer V I I I  was obtained. The swelling coefficient in water  was 3.5. 

Polymerization of VII  with acrylamide and N,N'-methylene.bis-acrylamide. To a solu- 
t ion of 1.0007 g (6.5 × 10 -S mole) of N,N'-methylene-bis-acrylamide,  4.0 g (5.63 X 10 -3 mole) 
o f  acrylamide,  0.4294 g (9.07 × 10 -4 mole) of VI I  and 0.0982 g of ammonium persulphate in a 
water -pyr id ine  mixture  (1 : 1) was added 0.1 ml of N,N,N' ,N ' - te t ramethyle thylenediamine.  
Rap id  polymerizat ion accompanied by  warm up of the mixture  took place. After  cooling 
the  polymer  was comminuted,  t rea ted  to the point  of loss of  colouration with a sa tura ted  
so lu t ion  of disodium salt  of EDTA,  washed with water  and alcohol and  vacuum dried over 
P205 to constant  weight. A yield of 4 g of a yellow polymer  I X  was obtained. The swelling 
coefficient in water  was 3.8. 

Capacities of the obtained polymers. A w e i g h e d  p o r t i o n  o f  p o l y m e r ,  a b o u t  

0 . 5  g,  w a s  p l a c e d  in  a s m a l l  a m o u n t  o f  w a t e r  f ree  f r o m  C02 a n d  w a s  l e f t  s t a n d i n g  

o v e r n i g h t  b e f o r e  b e i n g  t r a n s f e r r e d  q u a n t i t a t i v e l y  t o  a cel l  f o r  p o t e n t i o m e t r i e  

t i t r a t i o n ,  w h e r e  10 m l  o f  a 4.76 × 10 -S M s o l u t i o n  o f  h y d r o x y l a m i d e  h y d r o c h l o r i d e  

w a s  a d d e d .  T h i s  w a s  f o l l o w e d  b y  t i t r a t i o n  w i t h  a n  N a O H  s o l u t i o n  o f  k n o w n  

. c o n c e n t r a t i o n .  A f t e r  e a c h  a l k a l i  a d d i t i o n  t h e  m i x t u r e  w a s  k e p t  fo r  2 0 - 3 0  m i n  

u n t i l  t h e  e q u i l i b r i u m  w a s  e s t a b l i s h e d .  On  t h e  b a s i s  o f  t h e  f lex p o i n t s  on  p l o t s  

o f  p H  vs .  t h e  N a O H  v o l u m e  w e  f o u n d  t h e  a m o u n t  o f  HC1 t h a t  is  e v o l v e d  in  

t h e  r e a c t i o n  a n d  is e q u a l  t o  t h e  c a p a c i t y  o f  t h e  res in .  

D e t e r m i n a t i o n  r e s u l t s ,  m m o l e / g  o f  d r y  p o l y m e r :  V I I - -  0.121, 0.130; I X - -  0.136,  

~0.140. 
Translated by R. J .  A. I-IENDRY 
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