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Description 

This  invention  relates  to  compositions  curable  on  command,  e.g.  by  the  action  of  incident  energy  e.g.  light 
(ultraviolet  or  visible)  or  ultrasound  or  a  chemical  initiator.  Such  compositions  may  contain  inert  or  reactive 

5  fillers,  in  which  case  they  can  be  classed  as  cements,  and  may  be  particularly  useful  in  surgical,  especially 
dental,  applications. 

As  dental  cements,  glass  ionomers  as  described  in  for  example  GB  Patents  1422337  and  1484454  have 
attained  wide  popularity  for  their  compressive  strength,  their  inherent  adhesion  to  tooth  material,  their  rela- 
tively  fast  setting  time  and  their  anti-caries  action.  However,  a  drawback  in  clinical  practice  is  that,  once  mixed, 

10  the  glass  ionomer  cement  composition  stays  workable  for  a  strictly  limited  time  only,  and  sets  rapidly. 
EP-A-0  219  058  discloses  a  dental  cement  composition  comprising  polymerisable  unsaturated  monomers 

including  acid,  salt  etc.  groups,  fillers,  e.g.  glass  which  can  react  with  the  acid,  salt  etc.  groups,  and  a  hardener, 
e.g.  benzoyl  peroxide.  The  monomer  may  be  a  compound  with  at  least  two  phosphonate  groups  or  two  poly- 
merisable  groups  such  as  1-methacryloxyethane-1,1-diphosphonic  acid. 

15  According  to  the  present  invention,  a  command-curable  composition  comprises  (i)  a  phosphonate  ester 
which  is,  or  is  chemically  identical  to,  the  reaction  product  between  a  plurality  of  unsaturated  phosphonic  acid 
molecules  and  a  polyhydric  alcohol  molecule  in  the  mole  ratio  (0.2  -  2.0)  phosphonic  acid  groups:  1  hydroxyl 
groups,  (ii)  an  initiator,  and  (iii)  a  cross-linkable  polymeric  acid  capable  of  being  catalysed  by  any  multivalent 
cation,  said  acid  (iii)  containing  on  average  one  phosphonic  acid  group  per  one  to  three  backbone  carbon 

20  atoms.  The  initiator  is  suitably  a  light-activated  initiator  system  or  may  be  a  chemical  initiator  system.  The  said 
mole  ratio  is  preferably  (0.5  -  1  .5):1  such  as  (0.8  -  1  .2):1  .  The  hydroxyls  in  the  polyhydric  alcohol  are  preferably 
interconnected  via  from  two  to  twenty  such  as  two  to  six  carbon  atoms,  with  oxygen  atoms  optionally  inter- 
posed  at  (preferably)  a  frequency  of  at  least  one  per  five  carbon  atoms;  the  polyhydric  alcohol  is  preferably  a 
diol  e.g.  bis-(2-hydroxyethyl)  ether  (1,5-dihydroxy-3-oxa-pentane).  (i)  may  be  di(vinyl  phosphonic  acid)  ester. 

25  (iii)  may  be  polyvinyl  phosphonic  acid). 
Optionally  the  composition  additionally  comprises  any  one  or  more  of  cation-leachable  (e.g.  aluminosili- 

cate)  glass  powder,  amphoteric  or  basic  metal  oxide  (e.g.  MgO),  and  water. 
A  minor  proportion  of  poly(carboxylic  acid)  such  as  poly(acrylic  acid)  may  also  be  present. 

In  the  case  of  a  chemically  activated  initiator  system,  its  components  (unlike  the  light-initiated  case)  must 
30  be  kept  separate  until  the  composition  is  to  be  cured. 

The  invention  extends  to  a  pack  comprising  two  separated  pastes  which  when  mixed  form  a  curable  com- 
position  as  set  forth  above;  the  first  paste  may  be  the  acid(s)  plus  water  and  the  light-activated  initiator  system, 
and  the  second  paste  may  be  the  glass  powder  suspended  in  the  phosphonate  ester.  If  the  two  pastes  have 
been  formulated  to  appropriate  concentrations,  one  could  in  use  squeeze  out  equal  lengths  of  paste  from  two 

35  tubes,  or  scoop  out  equal  numbers  of  spoonfuls  from  two  tubs,  as  an  easy  way  to  ensure  that  the  mixture  is 
of  the  correct  composition. 

The  glass  powder  preferably  consists  of  particles  substantially  all  of  which  are  smaller  than  100  microns, 
preferably  smaller  than  60  microns.  The  Si:AI  range  of  0.6  -  2:1  yields  an  opaque  product,  which  may  be  ac- 
ceptable  in  appropriate  cases,  but  0.2  -  0.6:1  can  also  be  used.  In  place  of  glass,  MgO  deactivated  at  at  least 

40  9  00°C  may  be  used. 
The  invention  also  extends  to  a  pack  comprising  the  components  of  the  curable  composition  set  forth 

above,  so  packed  that  when  unpacked  and  mixed  they  form  the  composition. 
The  invention  will  now  be  described  by  way  of  example. 
Various  esters  of  vinyl  phosphonic  acid 

45 

0 
II 

CH2  =  CH  -  P(0H)2 
50 

with  polyhydric  alcohols  were  formed,  using  the  reaction  of  a  precursor  of  this  acid  (vinyl  phosphonic  dichloride) 
with  the  alcohol  in  the  presence  of  water,  thus: 

55 

2 
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2CH2  =  CH  +  HO-R-OH  +  H,0 
I 
P0Cl2 

4- 

CH.=CH  HC-CH,  +  HClt 
\   I 

0=P-0 -R-0 -P -0  
/  I 

OH  OH 

15  R  =  -C2_6-  with  optional  intervening  oxygens  e.g.  -C2H4-O-C2H4-  or  -C2H4-  or  -nC4H8-  or 

-C2H4CHCH3  . 

20 
We  term  this  reaction  product  a  divinylphosphonic  acid  ester  (DVPA  ester). 

Preferably,  an  intervening  oxygen  is  provided  after  at  most  five  consecutive  carbon  atoms.  Thus,  R(OH)2 
may  (in  addition)  be  butane  1  ,3  diol,  pentane  1  ,5  diol,  neopentylglycol,  or  H(OCH2CH2)nOH  having  a  molecular 
weight  of  200-600,  i.e.  n  =  7  to  20  (approximately). 

25  The  DVPA  ester  can  be  induced  to  polymerise  by  the  action  of  suitable  initiator  systems,  a  polymerisation 
taking  place  through  the  vinyl  groups,  like  the  dimethacrylate  resins  currently  used  in  other  dental  restorative 
materials.  Since  the  DVPA  ester  has  two  vinyl  groups,  crosslinking  will  also  occur.  The  acid  groups  contained 
by  DVPA  ester  confer  water  solubility  on  it. 

These  DVPA  esters  were  mixed  with  visible-light-activated  initiators  (camphorquinone  CQ,  plus  ethyl  di- 
30  methylaminobenzoate  EDMAB,  plus  sodium  p^-toluenesulphinate  NaTS)  and  exposed  to  visible  light.  They 

cured  within  60  seconds  to  hard,  water  resistant  materials.  The  presence  of  water  in  the  DVPA  ester  did  not 
prevent  setting,  although  a  high  proportion  of  water  resulted  in  softer  materials  initially,  but  which  set  over  a 
longer  period  (about  1  hour).  Similarly  the  presence  of  glass  powder  in  the  DVPA  ester/water  mix  had  no  effect 
on  the  curing  of  the  materials. 

35  in  the  foregoing  reaction,  it  will  be  appreciated  that  the  ratio  of  (dibasic)  vinylmonophosphonic  acid  mol- 
ecules  CH2=CH-PO(OH)2  or  CH2=CH-POCI2  molecules  to  dihydric  alcohol  molecules  can  be  varied;  where  this 
ratio  is  >1:1  i.e.  the  degree  of  esterification  is  correspondingly  less  than  100%,  some  acid  function  will  remain 
on  the  DVPA  ester.  When,  as  in  the  reaction  scheme  above,  the  ratio  is  2:1,  the  degree  of  esterification  will 
be  50%  and  the  other  50%  of  the  acid  OH  groups  remain.  We  can  express  this  more  generally  in  terms  of  the 

40  ratio  between  phosphonic  acid  groups  -PO(OH)2  and  alcohol  -OH  groups;  when  this  ratio  is  1:1  the  degree  of 
esterification  will  be  50%.  DVPA  ester  in  the  presence  of  suitable  initiators  and  activators  will  form  a  cross- 
linked  polymer  still  containing  some  acid  groups.  In  addition,  in  the  presence  of  an  ion-leachable  glass  and  a 
polyvinyl  phosphonic  acid),  acid-base  reactions  will  also  occur. 

The  presence  of  a  water-soluble  oxygen-containing  unsaturated  phosphonated  monomer  (i.e.  the  ester) 
45  has  the  useful  additional  effect  of  slowing  down  the  acid-base  (PVPA-glass)  reaction,  which  is  normally  too 

fast  unless  other  measures  are  taken,  e.g.  heat-deactivation  of  the  glass. 

Example  1 

so  Vinyl  phosphonyl  chloride  was  reacted  with  half  the  number  of  moles  of  bis-(2-hydroxyethyl)ethertoform 
DVPA  ester 

CH,  =  CH  HC  =  CH, 
I  I 

55  0  =  P  -  0  -  C,H,  -  0  -  C,H,  -  0  -  P  =  0  
I  

2  4  2  4  
I 

OH  OH 

This  DVPA  ester  was  mixed  with  CQ  +  EDMAB  +  NaTS  (as  light-activated  initiators),  to  form  a  composition 

3 
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according  to  the  invention,  and  exposed  to  60  seconds'  white  light.  The  resulting  cement  was  hard  and  resistant 
to  water. 

In  an  identical  example  except  that  the  composition  also  included  a  minor  proportion  of  water,  similar  re- 
5  suits  were  obtained. 

Example  2 

A  composition  was  made  up  consisting  of  4  parts  by  weight  of  the  ester  of  Example  1,  water  (1  part),  an 
10  aluminosilicate  glass  powder  (8  parts)  and  CQ  +  EDMAB  +  NaTS.  The  glass  is  prepared  by  mixing  together 

437  parts  by  weight  silica,  230  parts  by  weight  alumina,  129  parts  by  weight  calcium  fluoride,  175  parts  by 
weight  cryolite  and  29  parts  by  weight  aluminium  phosphate  and  heating  to  1300°C  for  75  minutes.  The  melt 
is  cooled  rapidly  by  pouring  into  water.  The  resulting  glass  is  ground  and  sieved,  and  the  fraction  of  particle 
size  less  than  45  microns  used  in  the  composition.  It  was  exposed  to  60  seconds'  white  light,  and  the  resulting 

15  cement  was  hard,  opaque  and  resistant  to  water. 

Example  3 

A  composition  was  made  up  consisting  of 
20  0.25g  of  the  DVPA  ester  of  Example  1 

0.02ml  water 
0.04g  polyvinyl  phosphonic  acid) 
0.5g  of  the  glass  of  Example  2 
0.01g  of  light-activated  initiator  (consisting  of  CQ+EDMAB+NaTS). 

25  The  whole  was  thoroughly  mixed  to  form  a  paste,  in  which  the  polyvinyl  phosphonic  acid)  solid  was  dis- 
solved  in  a  mixture  of  the  water  and  the  ester. 

One  portion  of  this  composition  remained  workable  for  about  30  minutes  in  normal  indoors  light.  Another 
portion,  exposed  to  60  seconds'  white  light,  was  immediately  stable  against  water.  Afurther  composition  (not 
according  to  the  invention)  was  made  up  according  to  this  Example  but  without  the  initiators;  that  composition 

30  hardened  overnight  to  a  water-stable  cement. 

Example  4 

Atwo  paste  composition  was  devised  comprising  firstly  a  concentrated  solution  (80%  by  mass  and  hence 
35  adequately  viscous)  of  polyvinyl  phosphonic  acid)  in  water,  additionally  containing  CQ  +  EDMAB  +  NaTS;  and 

secondly  a  paste  containing  the  phosphonate  ester  of  Example  1  (0.5g)  and  the  glass  powder  (1  .0g)  of  Example 
2.  Equal  volumes  of  the  two  pastes  were  mixed  and  on  exposure  to  white  light  the  mixture  set  to  a  hard,  water 
stable  cement. 

Claims 

1.  A  command-curable  composition,  comprising  (i)  a  phosphonate  ester  which  is,  or  is  chemically  identical 
to,  the  reaction  product  between  a  plurality  of  unsaturated  phosphonic  acid  molecules  and  a  polyhydric 

45  alcohol  molecule  in  the  mole  ratio  (0.2  -  2.0)  phosphonic  acid  groups:l  hydroxyl  groups,  (ii)  an  initiator, 
and  (iii)  a  cross-linkable  polymeric  acid  capable  of  being  catalysed  by  any  multivalent  cation,  said  acid 
(iii)  containing  on  average  one  phosphonic  acid  group  per  one  to  three  backbone  carbon  atoms. 

2.  A  composition  according  to  Claim  1  ,  wherein  said  mole  ratio  is  (from  0.5  to  1  .5):1  . 
50 

3.  A  composition  according  to  Claim  1  or  2,  wherein  the  hydroxyls  in  the  polyhydric  alcohol  are  intercon- 
nected  via  from  two  to  twenty  carbon  atoms. 

4.  A  composition  according  to  Claim  3,  wherein  the  hydroxyls  in  the  polyhydric  alcohol  are  interconnected 
via  from  two  to  six  carbon  atoms. 55 

5.  A  composition  according  to  Claim  3  or  4,  wherein  oxygen  atoms  are  interposed  in  the  alcohol. 

6.  A  composition  according  to  Claim  5,  wherein  an  oxygen  atom  is  interposed  at  a  frequency  of  at  least  one 

4 
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per  five  carbon  atoms. 

7.  A  composition  according  to  any  preceding  claim,  wherein  the  ester  (i)  is  or  comprises  di(vinyl  phosphonic 
acid)  ester. 

8.  Acomposition  according  to  any  preceding  claim,  wherein  the  polymeric  acid  (iii)  is  or  comprises  polyvinyl 
phosphonic  acid). 

9.  Acomposition  according  to  any  preceding  claim,  further  comprising  any  one  or  more  of  cation-leachable 
glass  powder,  amphoteric  or  basic  metal  oxide,  and  water. 

10.  Acomposition  according  to  Claim  9,  wherein  the  glass  powder  is  of  particles  substantially  all  smaller  than 
100  microns. 

Revendications 

1.  Composition  durcissable  sur  commande,  comprenant  (i)  un  ester  phosphonate  qui  est  le  produit  de  reac- 
tion  entre  une  mult  iplicite  de  molecules  d'acide  phosphonique  insature  et  une  molecule  de  polyol  dans 
le  rapport  molaire  (0,2-2,0)  groupes  d'acide  phosphonique  pour  un  groupe  hydroxyle,  ou  qui  lui  est  chi- 
miquement  identique,  (ii)  un  initiateur,  et  (iii)  un  acide  polymere  reticulable  susceptible  d'etre  catalyse  par 
tout  cation  multivalent,  cet  acide  (iii)  contenant  en  moyenne  un  groupe  acide  phosphonique  pour  1  a  3 
atomes  de  carbone  du  squelette. 

2.  Composition  selon  la  revendication  1,  dans  laquelle  ledit  rapport  molaire  est  (0,5  a  1,5):1. 

3.  Composition  selon  la  revendication  1  ou  la  revendication  2,  dans  laquelle  les  groupes  hydroxyle  dans  le 
polyol  sont  relies  entre  eux  par  I'intermediaire  de  2  a  20  atomes  de  carbone. 

4.  Composition  selon  la  revendication  3,  dans  laquelle  les  groupes  hydroxyle  dans  le  polyol  sont  relies  entre 
eux  par  I'intermediaire  de  2  a  6  atomes  de  carbone. 

5.  Composition  selon  la  revendication  3  ou  la  revendication  4,  dans  laquelle  des  atomes  d'oxygene  sont  in- 
terposes  dans  I'alcool. 

6.  Composition  selon  la  revendication  5,  dans  laquelle  un  atome  d'oxygene  est  interpose  a  une  frequence 
d'au  moins  1  pour  5  atomes  de  carbone. 

7.  Composition  selon  I'une  des  revendications  precedentes,  dans  laquelle  Tester  (i)  est  ou  contient  un  ester 
d'acide  divinyl  phosphonique. 

8.  Composition  selon  I'une  des  revendications  precedentes,  dans  laquelle  I'acide  polymere  (iii)  est  ou 
contient  un  acide  polyvinyl  phosphonique. 

9.  Composition  selon  I'une  des  revendications  precedentes,  contenant  en  outre  toute  poudre  de  verre  conte- 
nant  un  ou  plusieurs  cations  lessivables,  un  oxyde  metallique  amphotere  ou  basique  et  de  I'eau. 

10.  Composition  selon  la  revendication  9,  dans  laquelle  pratiquement  toutes  les  particules  de  la  poudre  de 
verre  sont  plus  petites  que  100  urn. 

Patentanspruche 

1.  Auf  Befehl  hartbare  Masse,  umfassend  (i)  einen  Phosphonatester,  derdas  Reaktionsprodukt  zwischen 
einer  Anzahl  von  ungesattigten  Phosphonsaure-Molekulen  und  einem  mehrwertigen  Alkoholmolekul  im 
Molverhaltnis  (0,2  -  2,0)  Phosphonsauregruppen  zu  einer  Hydroxylgruppe  ist  oderdamit  chemisch  iden- 
tisch  ist,  (ii)  einen  Initiator  und  (iii)  eine  polymere  vernetzbare  Saure,  die  katalysiert  werden  kann  durch 
ein  mehrwertiges  Kation,  wobei  die  Saure  (iii)  im  Mittel  eine  Phosphonsauregruppe  auf  ein  bis  drei  Haupt- 
ketten-Kohlenstoffatome  enthalt. 
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Masse  nach  Anspruch  1,  wobei  das  Molverhaltnis  (0,5  bis  1,5):1  ist. 

Masse  nach  Anspruch  1  oder  2,  wobei  die  Hydroxylgruppen  in  dem  mehrwertigen  Alkohol  uber  zwei  bis 
zwanzig  Kohlenstoffatome  miteinander  verbunden  sind. 

Masse  nach  Anspruch  3,  wobei  die  Hydroxylgruppen  in  dem  mehrwertigen  Alkohol  uber  zwei  bis  sechs 
Kohlenstoffatome  miteinander  verbunden  sind. 

Masse  nach  Anspruch  3  oder  4,  wobei  Sauerstoffatome  in  den  Alkohol  (Hauptkette)  eingebaut  sind. 

Masse  nach  Anspruch  5,  wobei  mindestens  ein  Sauerstoffatom  pro  f  unf  Kohlenstoffatome  eingebaut  ist. 

Masse  nach  einem  der  vorangehenden  Anspruche,  wobei  der  Ester  (i)  Di(vinylphosphonsaure)ester  ist 
oder  umfalit. 

Masse  nach  einem  der  vorangehenden  Anspruche,  wobei  die  polymere  Saure  (iii) 
Poly(vinylphosphonsaure)  ist  oder  umfalit. 

Masse  nach  einem  der  vorangehenden  Anspruche,  umfassend  ferner  eine  oder  mehrere  der  folgenden 
Substanzen,  durch  Glaspulver  mit  auslaugbaren  Kationen,  amphotere  oder  basische  Metalloxide  und 
Wasser. 

Masse  nach  Anspruch  9,  wobei  das  Glaspulver  ausTeilchen  besteht,  die  im  wesentlichen  alle  kleinerklei- 
nerals  100  urn  sind. 
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