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The r e su l t s  of a study of the modif icat ion of lignin have shown that  phosphorus-conta in ing  p repa ra t ions  
based  on lignin p o s s e s s  ion-exchange and bac te r i c ida l  p rope r t i e s  [1], and n i t rogen-conta in ing de r iva t ives  a r e  
b io s t imu la to r s  of plant growth [2]. 

TO obtain biological ly  act ive  subs tances  and modi f i e r s  (conver te rs )  of rus t  we have studied the changes 
in the functional groups  taking place in the wa te r - inso lub le  pa r t  hydro lys i s  ammonia ted  lignin (HAL) a f t e r  p h o s -  
phoryla t ion with phosphorus  t r i ch lo r ide  followed by aminat ion by n i t rogen-conta in ing he te rocycl ic  compounds .  

I t  is known [3] that  the chemica l  act ivi ty of lignin r i s e s  a f t e r  its act ivat ion by chlorinat ion or  by t r e a t m e n t  
with a lkal is .  Act ivat ion is accompanied  by a change in the quanti tat ive composi t ion  of the  functional groups  of 
the m a c r o m o l e c u l e s :  the amount of alcohol and carboxy groups  r i s e s .  This  is brought  about pa r t i cu l a r ly  by 
oxidative ammono lys i s  [4], and t h e r e f o r e  for  syntheses  we se lec ted  HAL, into the m a c r o m o l e c u l e  of which it is 
poss ib le  to introduce cons iderably  l a r g e r  amounts  of phosphorus  and ni t rogen,  than into hydro lys i s  tignin (HL). 

The phosphoryla t ion  of HL with va r ious  reagen ts  has  been  studied fa i r ly  b roadly  [5, 6]. The interact ion 
of HAL with PC13 takes  place  mainly  in two di rec t ions:  

a) The [o rmat ion  of e s t e r s  of phosphor ic  acid through the p r i m a r y  alcoholic and phenolic hydroxy groups:  
3 l ignin-OH + PCI 3 ~ p-( l ignin-O)3 + 3HC1; and 

b) the fo rmat ion  of carbonyl  ch lor ides  f rom carboxy groups:  
3 l ignin-C-OH + PC13 ~ 3 l ign in-C-Ct  + P(OH)3. (D 

II !! 
O O 

The reac t ion  of l ignincarbonyl  chlor ide  (I) with p iper id inylpiper id ines  apparent ly  takes  place in the fol low- 
ing way: 

l ignin-C-C1 + piper idinylpyr idine  ~ l ign in-C-NH-piper id iny lpyr id ine ,  while with bipiper idinyls  (II) 
H II 
O O 

the fo rmat ion  of mono and di de r iva t ives  of lignin is poss ible :  

b ip iper id iny 1-NH-C -l ignin (IV). 
tl 
() 

l ign in-C-NH-bip iper id iny l  (III) and l i gn in -C-NH-  

O O 

In actual  fact,  the e l emen ta ry  and functional ana lys is  (Table 1) and a lso  the IR s p e c t r a  of phosphoryla ted 
hydro lys i s  ammonia ted  lignin (PHAL) and the products  of its aminat ion (am-PHAL) with anabasine,  4 - (p ipe r id in -  
4 ' -y l ) -py r id ine ,  and 4 ,4 ' -b ip iper id iny l  conf i rm these  assumpt ions .  

The IR spec t r a  of PHAL convincingly show that  the phosphoryla t ion of HAL takes  place at al iphatic and 
phenolic hydroxy groups.  The absorpt ion band in the region of the s t re tching v ibra t ions  of phenolic groups  at 
1220 c m  -1 and the deformat ion  v ibra t ions  at 1378 cm -1, and also the bands at 1070 and 1030 c m  -1 c h a r a c t e r i s t i c  
of C - O  in secondary  and p r i m a r y  alcohols ,  have a lmos t  d i sappeared .  A new broad band has  appeared  in the 
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TABLE 1 

Compound 

Elementary 
. composition, % 

I Nto t p Ci 

4,62 
3,97 

3,90 

3,37 

Functional groups, qo 

HL t 
HAL 4~-38 
PHAL 3,12 
Anabasine- PHAL 8.64 
4-( Pipe~idtn-4'- yl)py- 

ridinyl7 PHA.L 9,21 

4,4'-bipiperidinyl-PHAL* i l 1,40 

OH C~ I 
tOt Phen] COOH 

4.96 3,95 
4,11 14034 
3.20 2,40 
3,12 2,27 

3,17 2,30 

3,00 I 2,15 

- 9 , 4 4  

1,12 I 3,74 

0.97 I 3.12 

OCH~ 

15,41 
10,36 
3,12 
3,00 

3.10 

2,96 

*Mixture of mono and di der ivat ives .  

1280-1030 cm -1 region which combines the bands of P - O - C a l i p ( 1 0 5 0 - 9 9 0  cm-1), P - O - C a r o m ( 1 2 4 0 - 1 1 9 0  cm-1), 
and P = O  (1300-1250 era-i),  and there  is also a P - C 1  band at 530 cm -i. The band due to the C - C 1  bond in the 
earbonyl  chloride grouping is shifted as a resul t  of interaction of the bonds in the high-frequency direction - to 
820 cm -1. The re  is a weak band at 2935 cm -1, and the band at 2850 cm -1 which cha rac t e r i ze s  the a symmet r i ca l  
and symmet r i ca l  s t re tching vibrat ions of methylene groups,  has completely disappeared.  Consequently, the 
phosphorylat ion of HAL is accompanied by intensive demethylation. 

A compar i son  of the amounts of hydroxy groups and carboxy groups in the HA L that have reacted  with 
PCI 3 (81.0% and 83.5%, respectively) shows that the react ion leading to the formation of carbonyl  chlor ides  takes 
place in p re fe rence  to that leading to phosphate es te r s .  

E X P E R I M E N T A L  

The samples  for  analysis  were  washed with water  to neutral i ty and dried to constant  weight in a vacuum 
des icca to r  over  P206. The IR spec t ra  of the samples were  recorded  on a UR-10 spect rophotometer  in the 3 6 0 0 :  
500 cm -'l region in tablets with KBr (5 mg of substance and 300 mg of KBr). 

Methoxy groups were  determined by a volumetr ic  method of analysis  [7], carboxy groups by the oximation 
method [8], and the total hydroxy groups by a modification of the method of acetylation in the presence  of p e r -  
ehlor ic  acid as cata lyst  [9]. Fo r  the quantitative analysis  of the phenolic hydroxyls we used the method of poten-  
t iomet r ic  t i t ra t ion with potass ium methanolate in a nonaqueous medium [10], and for the carboxy groups poten- 
t iomet r ic  t i trat ion.  

The initial anabasine, 4-(piperid in-4'  -yl) pyridine, and 4 ,4 ' -b ipiper id inyl  were  obtained byknown methods,  
and the resul t ing compounds were  charac te r i zed  by proper t i es  corresponding to those given in the l i terature  
[11, 12]. 

The ammoniated lignin was obtained on the equipment of the Zaporozh 'e  hydro lys i s -yeas t  factory,  using 
for  this purpose  the hydrolysis  apparatus in which the hydrolysis  of plant raw mater ia l  is usually per formed in 
o rde r  to obtain ethanol o r  protein fodder yeast .  A 1 : 1 mixture of maize stumps and sunflower husks (8 tons) 
was subjected to percola t ion with sulfuric acid at 11 atm and 200-220°Co After  the press ing  out of the hydro ly -  
zate, the HL remaining in the apparatus was washed with water  until SO~ + had disappeared and was ammoniated 
with a 25% solution of ammonia  (1000 liters) at 12 atm for  4 h. Then it was washed, p ressed  out, and dried. 
The proper t i es  of the HAL obtained are  given in Table 1. 

The react ion of the HAL (1 par t  by weight) with phosphorus t r ich lor ide  was per formed in dioxane (10 par t s  
by weight) at 25-30°C (14-16 h) and the PHAL obtained (see Table 1), af ter  being washed on the f i l ter  with ch lo -  
roform,  was subjected to amination. To the PHAL (1 par t  by weight) in ch lo roform (10 par t s  by weight) was 
added 0.2 par t s  by weight of an amine - anabasine, 4- (p iper id in-4 ' -y l )pyr id ine ,  o r 4 , 4 ' - b i p i p e r i d i n y l -  and the mix-  
tu re  was heated at 65-70°C for  6 h. The am-PHAL (see Table 1) was washed on the f i l ter  with hot water  until 
the react ion for  CI -  was negative. 

P re l imina ry  t r ia l s  of the am-PHAL for  ant icorros ion activity gave positive resul ts .  Thus, comparat ive  
resul ts  with HAL, which is the basic  rus t  conver te r  PRL-2  [13], showed that preparat ions  based on phosphoryl -  
ated ammoniated lignin a re  capable of readi ly forming salts with iron cations and that the i r  ion-exchange capa -  
city is 2.5 t imes  g r ea t e r  than that of HAL, and, consequently, the i r  an t icor ros ion  activity is higher. 
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SUMMARY 

On reaction with phosphorus trichloride, hydrolysis-ammoniatedlignin forms products containing phos- 
phate ester  and carbonyl chloride groups. 

Lignincarbonyl chloride reacts with anabasine, 4-(piperidin-4'-yl)pyridine and 4,4'-bipiperidinyl to form 
the corresponding amides of phosphorylated lignins. 
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