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The chemica l  p r o p e r t i e s  of coumar in ,  C, and i ts  de r iva t ives  have been invest igated fa i r ly  well,  but 
informat ion  on the radica l  po lymer iza t ion  or  copolymer iza t ion  of C at the double bond of the a -py rone  ring 
is lacking.  Alfrey,  Lewis,  et al. ,  [1] studied the copolymer iza t ion  of C with vinylidene chlor ide and came  
to the conclusion that C does not take pa r t  in copolymer iza t ion .  Later ,  Lewis [2] s ta ted that C is absolutely 
incapable of radica l  copolymer iza t ion .  However,  an analys is  of informat ion on the capaci ty  of the double 
bond of the lactone ring for  taking pa r t  in addition reac t ions  {this bond is readi ly  b romina ted  [3] and r e -  
duced [4], while C r eac t s  with m e r c u r i c  aceta te  like s ty rene  and other  monomer s  of the vinyl type [5]) 
showed that  this conclusion is inadequately substant ia ted.  We have obtained copo lymer s  of C, and a lso  of 
a number  of its de r iva t ives ,  with N-vinylpyrrol idone (VP) and have shown that po lymer i za t ion  takes  place 
at the expense of the 3,4 double bond of the lactone ring. The copolymer iza t ion  of VP with coumar ins  was 
p e r f o r m e d  in bulk or in solution at 60-120°C using in i t ia tors  of the radical  type - azo isobutyroni t r i le  (AIBN) 
or  benzoyl  peroxide  (PB). Copo lymers  of var ious  composi t ions  and mo lecu l a r  weights (intrinsic v i scos i t i es  
[~? ] f r o m  0.1 to 4 dl /g)  were  obtained. The dependence of the ra te  of po lymer iza t ion  and the composi t ion  
of the copo lymers  on the reac t ion  conditions and the composi t ion of the initial mix ture  has been de te rmined .  
It was found that C, like the major i ty  of disubst i tuted ethylenes,  is incapable of radica l  homopolymer iza t ion  
and the re fo re  the number  of eoumar in  l inks in the copo lymers  does not exceed 50 mole  %. The copo lymers  
obtained a re  white odor less  powders  soluble in ethanol, dioxane, ch loroform,  and d imethy l fo rmamide .  With 
a smal l  content of C in the copo lymer  (less than 10 mole ~) the subs tances  a re  soluble in water .  The poly-  
m e r s  mel t  in the range f r o m  220 to 330°C. The s t ruc tu re  of the c o p o l y m e r s  was shown on the bas i s  of 
the i r  UV, IR, and NMR spec t r a  and the i r  composi t ions  were  de te rmined  by e l emen ta ry  analys is  and also 
by the i r  alkaline hydrolys is  with the subsequent t i t ra t ion of the excess  of alkali .  We give the synthes is  
andthe resu l t s  of a study of the s t ruc tu re  of copo lymers  of VP with coumar in  (I), osthole (IV) andgos fe ro l  
(xrv).  

Table  1 g ives  the s t r u c t u r e s  and composi t ions  of copo lymers  of VP with coumar in  C (1), umbel l i f -  
e rone  (Umb) (II), escu le t in  (Esc) (III), osthole COst) (IV), ostholic acid (OstA) (V), me ranz in  hydrate (MH) 
(VI), i so impe ra to r i n  (IIm) {VII), oxypeucedanin (OP) (VIII), oxypeucedanin hydrate  (OHP) (IX), i sooxypeuced-  
anin (IOP) (X), p ran fe ro l  (PF) (XI), m a r m e s i n  (M) (XII), p ranchimgin  (Pr) (XIII), and gos fe ro l  (GF) (XIV). 
As is well known [6], the UV spec t rum of C has m a x i m a  at ~. 275 and 325 nrn (log e 3.9 and 3.75), and the 
IR spec t rum of C shows cha rac t e r i s t i c  absorpt ion bands at 1706 cm -1 (laetone C =O) and 1620 and 1596 
cm -1 benzene ring), while in the UV spec t r a  of copo lymers  of C two absorp t ion  m a x i m a  are  found at ~, 268 
and 274 nm and in the IR spec t r a  there  a re  absorpt ion  bands at (cm -1) 1765 (C =O of an ~-dihydropyrone  
ring), 1675 (C =O in the ring of VP), and 1630 and 1580 (aromatic  ring).  The shift in the absorpt ion  band 
to 1765 cm -1 shows the d i sappearance  of the 3,4 double bond of the lactone ring of the coumar ins  (in the IR 
spec t rum of 3 ,4-d ihydrocoumar in ,  l ikewise,  the absorp t ion  band at 1765 cm -1 c h a r a c t e r i s t i c  for  the C =O 
grouping of an a~-pyrone has d isappeared) .  The copo lymers  of the coumar ins  readi ly  undergo alkaline 
hydrolys is  as the resul t  of reac t ion  a :  
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T A B L E  1 

Structures of copolymers 
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T A B L E  1. (Continued) 

Structure of copolymers 
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* It is no t  the m a x i m u m  poss ib le  y ie lds  that a re  shown but 
those which c o r r e s p o n d  to the values  of the c h a r a c t e r i s t i c  
v i s c o s i t i e s  g iven  in the p r e c e d i n g  co lumn.  
t T h e  f r a c t i o n s  w e r e  obtained by p rec ip i t a t i on  with e t h e r  f r o m  
e thanol ic  so lu t ions .  
$ V i s c o s i t y  m e a s u r e d  in wa te r  at 25°C. 
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In substance (XV), the opening of the lactone ring of C is shown by the d i sappearance  f rom the IR 
spec t r a  of the band at 1765 cm -~ (lactone C =O), while in the UV spec t r a  the bands at 268 and 274 nm are  
absent and a band has appeared  at kmax 276 nm. The occur rence  of reac t ion  a is also shown by the change 
in the phys icochemica l  p r o p e r t i e s  of the copo lymer  (the mel t ing point and the intr insic  v i scos i ty  change, 
the prev ious ly  wate r - inso lub le  copo lymer  becomes  soluble, and so on). When compound (XV) was acidified 
(react ion c) no opening of the lactone ring took place  (as was observed  for  the monomer i c  C) - in the IR 
spec t rum of (XVI) there  is no band at 1765 cm -~, and in the UV spec t rum there  is only an absorpt ion  max-  
imum at ~'max 276 nm. 

The fact that coumar ins  take pa r t  in copolymer iza t ion  through the 3,4 double bond of the lactone ring 
is shown by the i r  behav ior  on react ion  with ammonia  and amines .  As is well known, the initial C does not 
reac t  with ammonia  even at e levated t e m p e r a t u r e s  and p r e s s u r e s  [7]. At the same  t ime,  3 ,4-dihydroeou-  
m a r i n  (in which there  is no 3,4 double bond) readi ly  r eac t s  with ammonia  and amines .  The po lymer i c  cou-  
ma r in s  also reac t  with amines ,  giving the cor responding  amides .  

This is  shown by the inc rease  of the ni t rogen content in the amides  obtained as compared  with the 
initial p o l y m e r s .  Fu r the rmore ,  the water - inso luble  substances  have become wate r - so lub le ,  which shows 
the fo rmat ion  of amides .  

~ONH 2 
I 

~ C H - C H  ~ 

I NH3 ~ O H  

xvll 
Scheme 2 

In the UV spec t rum of fXVII) there  is a s t rong absorpt ion  band with its m a x i m u m  at Xmax 276 rim, 
and in the IR spec t rum there  is no absorpt ion  band at 1765 em -1. Since the copo lymers  invest igated are  
hygroscopic  and readi ly  absorb  water ,  the i r  IR spec t r a  show an absorpt ion band at 3450 cm -~. Copo lymers  
with hydroxy groups  fIII, VI, IX, XI, XII, and XIV) and also the products  of the hydrolys is  and aminolys is  
of the eopo lymers  (types XV, XVI, and XVII) adsorb  more  s trongly at 3450 em -1. 

In the NMR spec t rum of compound (I) in the weak-f ie ld  region there  is a broad singlet  with its cen te r  
at 6.98 ppm due to a romat i c  pro tons .  In the s t rong-f ie ld  region there  is a broad signal in the 2.02-2.06 
ppm range due to the protons  of the methylene groups of the pyrro l idone  ring and to the - C H - C H -  group-  
ing in the d ihydropyran ring. The signals  f r o m  the protons of the 3,4 double bond of the oz-pyrone ring 
usually observed  in the spec t r a  of monomer i e  eoumar ins  at 6.0-6.45 and 7.40-8.20 ppm, respect ive ly ,  a re  
absent .  This  shows that the eopolymer iza t ion  of C with VP takes  place at the 3,4 double bond of the laetone 
ring, which leads to the d i sappearance  of the double bond in the ~-pyrone  ring. 

In the region of aliphatic protons  in the NMR spec t rum of (IV), broadened singlets  a re  observed at 
1.62 and 1.74 ppm which are  due to the protons  of methyl  groups  on a double bond. A broad signal at 2.39 
ppm belongs to the protons  of the methylene groups  in VP. A signal with i ts  cen te r  at 3.29 ppm is due to 
the protons  of the methylene groups at tached to an a romat ic  ring. A singlet  at 3.78 ppm is due to the p r o -  
tons of methoxy groups .  In the weak-f ie ld  region there  a re  two broadened signals  at 5.14 and 6.58 ppm, 
corresponding to olefinic and a romat i c  protons,  respec t ive ly .  

The NMR s p e c t r u m  of (XIV) shows the s ignals  of the protons  of methyl  groups on a double bond (1.86 
ppm), of methylene groups  in the r ing of VP (2o06 ppm), and of hydroxy groups (3.36 ppm).  A signal with 
its cen te r  at 4 . 2 6 p p m  is due to the protons in a Ar- -O--CH2--CH--grouping .  The spec t rum also shows the 
signals  of methylene protons  on a double bond (4.95 and 5.12 ppm), of the 4 ' ,5 '  protons  of the furan ring 
(6.68 and 7.51 ppm), and of the protons  in posi t ion 8 of the coumar in  ring (6.88 ppm).  

On the bas i s  of the fea tu res  of the NMR spec t r a  of (IV) and (XIV), which also lack the signals  f r o m  
protons  on the 3,4 double bond of an o~-pyrone ring and f r o m  a compar i son  of the spec t r a  of the monomer ic  
and po lymer i c  compounds it may  be concluded that the double bonds of the side chains of osthole and gos-  
fero l  do not take pa r t  in the copolymer iza t ion  react ion,  since all the s ignals  due to the aliphatic protons  
of the monomer ic  eoumar ins  a re  observed  in the spec t r a .  

With the product ion of po lymer i c  de r iva t ives ,  a s e r i e s  of new poss ib i l i t i es  for  the d i rec ted  modi f ica-  
tion of the i r  proper{ies  is opened up for  the c h e m i s t r y  of coumar in  compounds.  For  example ,  by regulat ing 
the composi t ion of the copo lymers  it is poss ib le  to obtain wa te r - so lub le  compounds which can be used as 
sur fae tants .  The product ion of wa te r - so lub le  copo lymers  of VP with coumar in  d e r i v a t i v e s  a lso  opens up 
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poss ib i l i t i e s  for  the b road  pha rmaco log ica l  invest igat ion of the l a t t e r .  The solubili ty of the c o p o l y m e r s  de-  
p e n d s  on the content of coumar in  de r iva t ives  and the i r  nature .  The major i ty  of the copo lymer s  that we ob-  
tained, which contained about 10-15 mole  70 of subst i tuted coumar ins ,  p roved  to be readi ly  soluble in wate r .  

In a pha rmaco log ica l  study of the po lymer i c  der ivat ive ,  it was found that when the m o n o m e r i c  cou-  
m a r i n s  a re  copo lymer ized  with VP the i r  hypotensive and spasmoly t i c  p r o p e r t i e s  a re  comple te ly  retained,  
and the durat ion of the i r  act ion on admin is t ra t ion  in equ imola r  doses  i n c r e a s e s  5- to 10-fold [8]. 

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

The ni t rogen contents were  de te rmined  by the Dumas method and f r o m  the r e su l t s  obtained the weight 
and m o l a r  composi t ions  of the copo lymer s  were  calcula ted.  The intr insic  v i scos i t i es  were  de te rmined  
with the aid of an Ubbelohde v i s c o m e t e r  in DMFA at 25°C. The UV spec t r a  were  taken on a SF-4A s p e c t r o -  
pho tome te r  (in DMFA), the IR s p e c t r a  on a UR-20 s p e c t r o m e t e r  (tablets with KBr), and the NMR s p e c t r a  
on Var ian  HA-100D (I, IV) and Bruker  HX-90 (XIV) s p e c t r o m e t e r s  (in CDCI~ with HMDS as internal  s tandard) .  

The Synthesis of a Copolymer  of VP with Coumar in  C (Copolymer I). A mix tu re  of 2.22 g of VP, 1.46 
g of C, 0.015 g of AIBN, and 2.5 ml of ethanol was charged into a 10-cm ~ tube. The tube was sealed in a 
cu r ren t  of a rgon and placed in a t h e r m o s t a t  at 70°C. It was opened a f t e r  7 h, and the copo lymer  obtained 
was prec ip i ta ted  with diethyl e ther .  It separa ted  out in the fo rm of a fine white powder .  The p rec ip i t a te  
was f i l te red  off, d issolved in ethanol,  and reprec ip i ta ted  with e ther .  The f i l t e red -o f f  ma t e r i a l  was washed 
with e the r  and dried in vacuum at 40°C. The yield of copo lymer  was 3.1 g (85%). 

Synthesis of a Copo lymer  of VP with Osthole (Ost) (Copolymer IV). In a tube sealed in a cu r r en t  of 
a r g o n a  mix tu re  of 31 g of VP, 3.44 g of Ost, 0.034 g of AIBN, and 30 ml  of ethanol was heated in a t h e r m o -  
s ta t  at 70°C for  6 h. The f rac t ional  prec ip i ta t ion  of an ethanolic solution of the copo lymer  with d i e thy le the r  
gave th ree  f rac t ions  with a total yield of copo lymer  of 41%. 

Synthesis of a Copo lymer  of VP with Gosferol  (GF) Copolymer  XIV. A m i x t u r e  of  1.1 g o t  VP, 0.041 g of 
GF, 0.005 g of AIBN, and 1.1 ml  of ethanol was heated in a sealed tube at 70°C for  50 rain. The copo tymer  
was prec ip i ta ted  with dlethyl e ther ,  and the p rec ip i ta te  was f i l tered off, washed with e ther ,  and dried in 
vacuum. Yield 41%. 

Alkaline Hydrolys is  of Copo lymer  (I). A f lask containing 500 ml of a 570 aqueous solution of caus t ic  
soda was charged  with 40 g of a copo lymer  of VP with C (amount of C in the copo lymer  5070). The solution 
was s t i r r ed  in a cu r r en t  of a rgon  at room t e m p e r a t u r e  for  2 h. After  this t ime,  the whole of the copo lymer  
had pa s sed  into solution, coloring it pink. The solution was acidified with 1070 hydrochlor ic  acid to pH 2. 
The copo lymer  was isolated in the f o r m  of a white p rec ip i ta te ,  which was centr i fuged off. The saponified 
copo lymer  was washed with wa te r  and acetone and dried in vacuum. Yield 99%. The amount of saponified 
coumar in  in the chain (5070) was de te rmined  by di rec t  t i t ra t ion  of ~he f ree  carboxy  groups .  

React ion of the Copo lymer  I with Ammonia .  A f lask  fitted with a s t i r r e r  and reflux condenser  and 
containing 300 ml  of a 1070 solution of ammonia  in dioxane was charged with 10 g of a copo lymer  of VP with 
C (37 mole  70 of C). The reac t ion  was p e r f o r m e d  at room t e m p e r a t u r e  under  homogeneous conditions.  The 
t ime  of the reac t ion  was 72 h. The product  was pur i f ied by dialysis  and was f r e e z e - d r i e d .  Yield 9670. The 
pe rcen tage  conver s ion  of the copo lymer  was de te rmined  f r o m  its n i t rogen content.  After  72 h, the amino ly-  
sis react ion  had taken place  comple te ly .  The ni t rogen content had inc reased  f rom 7.2 to 9.9670. 

S U M M A R Y  

Copo lymers  of v inylpyrrol idone with coumarin ,  umbel l i ferone,  esculet in,  osthole,  ostholic acid, 
meranz in  hydrate ,  i so impera to r in ,  oxypeucedanin hydrate ,  isooxypeucedanin,  gosfero l ,  p ranchimgin ,  and 
m a r m e s i n  have been synthesized and the i r  s t r uc tu r e s  have been studied. 

On the bas i s  of a study of UV, IR, and N'MR spec t ra ,  and also of chemica l  p rope r t i e s ,  it has been 
es tab l i shed  that copo lymer iza t ion  takes  place at the 3,4 double bond of the lactone ring and side chains do 
not par t i c ipa te  in po lymer iza t ion .  

In a pha rmaco log ica l  study of monomer i c  coumar ins  and the i r  eopo lymers  it was found that  they all 
p o s s e s s  wel l -def ined spasmoly t ic  and hypotensive p r o p e r t i e s .  
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