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The phosphomethylation of weakly basic amines  proceeds  eas i ly  in an a m i n e - p a r a f o r m a l d e h y d e - t r i a l k y l  
phosphite sys tem [1-3], whereas  with dialky] phosphites the condensation does not always occur ,  o r  is com-  
plicated by side reac t ions  [1, 4]. The presen t  work is a study of the phosphomethylation of  p-aminophenol  (I) 
and p-anisidine (II), for  the purpose of synthesizing e s t e r s  of N-p-hydroxy(or  methoxy)pl[enylaminomethyl-  
phosphonic and thiophosphonic acids,  which a re  potential  c o m p l e x - f o r m e r s  and rubber  s tab i l izers  ['5]. The 
phosphorus components  were t r ia lkyl  phosphites:  t r ie thyl  phosphite (IIIa), t r i i sopropyl  phosphite (HIb), t r i -  
butylpho sphite (IIIc), diethyl phosphite (IV), and diethyl thiophosphite (V). 

The react ion of I, para formaldehyde ,  and IIIa o r  IV, in the absence of a solvent at  70-100~ is a ccom-  
panied by res ini f icat ion of the react ion mixture  and the r e l ease  of ethanol and water  as low-boiling products .  
It was not possible to separa te  individual products  f rom the res in  by precipi tat ion f rom solvents (alcohol, ethyl 
ace ta te ,  n i t romethane ,  DMFA). However,  the condensation of I, paraformaldehyde ,  and IV in ethyl aceta te  p ro-  
ceeds with only par t ia l  res in i f ica t ion and yields a mixture  f rom which O,O-diethyl-  N-p-hydroxyphenylamino-  
methylphosphonate (Via) was separated by f reez ing  in 20g yield. In the condensation of I, paraformaldehyde ,  
and [IIa, IIIb, o r  IIIc, there  was prac t ica l ly  no res inif icat ion.  When paraformaldehyde  was sprinkled onto a 
heated mixture  of I with IIIa, [IIb, o r  IIIc, the t empera tu re  went up 10-20~ and within 15 rain t r ansparen t  so- 
lutions were  formed f rom which the respec t ive  phosphonates (Via-c) were  precipi ta ted in 6 5 - 9 ~  yield upon 
par t ia l  r emova l  of the solvent :  

p-XCsH~NH~ + CH20 + P(0R)3 -+p-XCsH4NHCH2PO(0R)2 + R 0 H  
(i), (ii) ( i i i )  (vi),  (v i i )  

X = OH (I); 0CH 3 (II); R = C2H 5 (IIIa); i-C3H7(IIIb); Call9 (III:c), 
X----OH, R =C2Hs(VIa); X - - O H ,  R = i-C3H7 (VIb); 

X = O H ,  R =C4Hg(VIa); X =OCH3, R----C2H 5 (VIIa); 
X = 0CHs, R = C4H9 (VIIc) 

O,O-die thyl -  N-p-hydroxyphenylaminomethyl thiophosphonate  could not be synthesized in a t h r e e - c o m p o -  
nent sys tem in the p resence  of diethyl thiophosphite,  due to vigorous res ini f icat ion r ega rd l e s s  of react ion con-  
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ditions (pH of medium,  o r d e r  of addition and amount  of r eagen t s ,  solvent).  Evident ly,  in the p resence  of di -  
ethyl thiophosphite Schiff bases  a r e  fo rmed ,  which r e s i n i f y t h e  react ion  mixture .  

The reac t ion  of p-anis id ine  (lI), pa ra fo rma ldehyde ,  and Hla or  IV without a solvent  at  70-100~ proceeds  
with less  res in i f ica t ion  than with I. The reac t ion  product  of lI,  pa ra fo rmaldehyde ,  and IV - O ,O-d ie thy l -N-p -  
methoxyphenylaminomethylphosphonate  (Vlla) - w a s  separa ted  by h igh-vacuum dist i l lat ion in 50% yield; with 
molecu la r  dist i l lat ion the yield is inc reased  to 70~ The reac t ion  of [I, pa ra fo rmaldehyde ,  and Ilia without 
solvent  p roceeds  with the r e l e a s e  of ethanol and wate r ,  and a f t e r  f rac t iona l  dist i l lat ion in vacuum yields VIIa 
in ~5% yield,  and diethyl phosphite (IV) in 15~ yield (631P 8 ppm, JPH -- 692 Hz; v P - H  2342 cm-1). To sep-  
a ra te  the byproducts  and inc rease  the yield of  the des i red  product ,  the reac t ion  was c a r r i e d  out in o-xylene  
a t  110-120~ By vacuum dist i l lat ion of the reac t ion  mix tu re  the re  were  separa ted  Vlla in 55% yield,  IV in 
11~ yield,  O,O-die thyl  a -hydroxymethy lphosphona te  (VIII) in 16% yield,  and a product  of mp 131~ (from a l -  
cohol). I ts  IR spec t rum did not have an absorp t ion  band in the region of NH valence vibra t ions;  by e l emen ta ry  
ana lys i s  it was a t r i m e r  of me thy lene -p -an i s id ine  (IX), 5,5o/~ yield [6]. 

The des i r ed  products  could also undergo var ious  convers ions  during synthesis .  To show that the NH and 
OH groups  could par t ic ipa te  in these  conver s ions ,  the reac t ion  of phosphonate Via with para formaldehyde  and 
diethylaminodiethyl  phosphite (X) was studied. When Via and pa ra fo rma ldehyde ,  at  2 : 1  ra t io ,  a r e  heated in 
butyl ace ta te ,  a v iscous  d a r k - r e d  r e s inous  product  is obtained,  the IR spec t rum of which contains the follow- 
ing absorp t ion  bands: vp = O  1200-1250, vP(OC) 980-1080, vOH 3280 cm -t .  Phenolic hydroxyl  absorpt ion ap -  
pea r s  as  a broad diffuse band that  is p robably  r e l a t ed  to H-bond format ion .  E lementa l  ana lys is  cor responded  
to bis (d ie thyl -N-p-hydroxyphenylaminomethylpho sphonato)methane (XI): 

p-HOC6H4--N--CH2F(0)(0C2Hs)2 
| 

2 (Via) + CH20 --=+ C~t2 + H20 
I 

p-HO C6H4--N--CH2P (O)(0C2H~)2 
(XI) 

The reac t ion  of Via with :g a t  120-150~ yie lds  diethyl (N-p-die thylphosphononmethylamino)phenylphos-  
phate (:r as  a v iscous  co lo r l e s s  liquid with an amidophosphi te  odor .  The s t ruc tu re  of XII was conf i rmed by 
e lementa l  ana lys i s  and by the IR and 31p NMR spec t ra :  6 128,24 ppm; vP = O  1208, 1240; vNH 3335 cm -1. 
This  type of reac t ion  probably  also o c c u r s  with t r i a lky l  phosphites:  

--HN(CzHs)2 (C2Hs0)2P0__O__NHCH~P (0) (0C2H5)2 (Via) + (C2HsO)2PN(C~H~)2 > - -  

(X) (XlI) 

Thus,  the na ture  of the r e l e a s e d  m a t e r i a l s  and the p r o p e r t i e s  of  the resu l t ing  phosphonates pe rmi t  the 
res in i f ica t ion  of the reac t ion  mix tu re  to be a t t r ibuted to Schiff base  format ion ,  hydro lys i s  by the water  r e -  
leased,  and subsequent  convers ions  of the reac t ion  products .  

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

IR spec t ra  were  r eco rded  on a UR-20 spec t ropho tome te r  (film); 31p NMR spec t r a ,  on a KGU-4 spec-  
t r o m e t e r  (10.2 MHz); chemica l  shifts were  de te rmined  re la t ive  to 85~ H3PO 4. Volati le react ion  products  were  
studied by GLC on a Chrom-3  appara tus  [3]. 

Diethyl E s t e r  of N-p-Hydroxyphenylaminomethy lphosphonic  Acid (Via).. A. To a mix tu re  of 66.4 g (0.4 
mole)  of Il ia and 43.6 g (0.4 mole) of I in 200 ml  of ethyl  ace ta te  (EA) at  60~ was added 12 g (0.4 mole) of 
pa ra fo rma ldehyde  in port ions with s t i r r ing .  At 70~ the mix ture  frothed,  and the react ion proceeded with 
boiling until a l l  the components  d i sso lved  (15-20 rain). When pa r t  of the EA was r emoved  and the mix ture  
was cooled,  p a l e - r o s e  c r y s t a l s  of Via p rec ip i t a ted ,  93.2 g (90~), mp 102-103~ (from EA). Found: C 50.76; 
H 6.85; N 5.60; P 11.76c/~. CllHtsNOcP. Calculated:  C 50.96; tt 6.94; N 5.41; P 11.96%. IR spec t rum (v, cm-1): 
1235, 1260 (P -~-O), 980-1080 P(OC)), 3383 (NH), 3260 (OH). 531P 24 ppm. 

B. A mix tu re  of  13.8 g (0.1 mole) of IV, 10.9 g (0.1 mole) of I,  and 3 g (0.1 mole)  of pa ra formaldehyde  
was heated with s t i r r ing  in 50 ml  of  boiling EA for  6 h. Af ter  pa r t  of  the solvent  was removed  f rom the v i s -  
cous res inous  res idue ,  f reez ing  prec ip i ta ted  c r y s t a l s  of Via, 5.1 g (20%). 

Di isopropyl  e s t e r  of N-p-hydroxyphenylaminomethylpho  sphonic acid (V[b) was obtained by a p rocedure  
s i m i l a r  to A, 70% yield,  mp 86-87~ (from EA). Found: C 54.18; H 7.60; N 4.78; P 10.88%. C13H22NO4P. Cal -  
culated: C 54.31; H 7.66; N 4.84; P 10.82%. 
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Dibutyl e s t e r  of  N-p-hydroxyphenylaminomethy lphosphonic  acid (Vie) was obtained s i m i l a r l y  in butyl 
ace ta te  at 100-110~ in 87~ yield; it is a v iscous  liquid that  c r y s t a l l i z e s  on standing, and was purif ied by r e -  
peated washing with e ther  and vacuum evapora t ion .  Found: P 9.30; N 4.47~. Ct~H2~NO4P. Calculated:  
P 9.84; N 4.44g.. 

Diethyl E s t e r  of N-p-Methoxyphenylaminomethylphosphonic  Acid (VIIa). A. Compound [I, 24.6 g (0.2 
mole) ,  and 33.2 g (0.2 mole) of  [IIa in 85 ml  of  o -xylene  were  heated to 95~ and 6 g (0.2 mole) of p a r a f o r m -  
aldehyde was added in por t ions  o v e r  1 h. The mix tu re  was heated another  hour at  120 h, and 6.5 m l of ethanol 
dis t i l led off. The solvent  was r emoved  in vacuum (50 t o r t ) ,  and the res idue  was dis t i l led a t  high vacuum. 
Separated:  1) VIIa,  30 g (55~-), bp 130-133~ (0.025 mm) ,  nD 2~ 1.5160. Found: C 53.21; H 7.62; N 5.97; 
P 10.89g. C12H20NO4P. Calculated:  C 52.74; H 7.33; N 5.12; P 11.36g-. [R (v, em-~): 1242, 1254 (P -----O), 
980-1080 P(OC)), 3340 (NH). 6 31p 24 ppm. 2) VIII, O,O-die thyI  ~-hydroxymethylphosphonate ,  2.8 g (16g), 
bp 90-96~ (0.015 mm) ,  nD 2~ 1.5160. Found: P 17.52~.. C5I-IllO4P. Calculated:  P 18.45~. 6 3tp 24 ppm (see 
[3]); 3) f ract ion with bp 82-95~ (0.015 mm);  a f t e r  c rys ta l l i za t ion  and r ec rys t a l l i za t ton  f rom ethanol,  mp 131- 
133~ t r i m e r  of me thy lene -p -an i s id ine  (IX), 2.2 g (5.5~). Found: C 68.73; H 6.8; N 10.85~. C24H2703N3. Ca l -  
culated: C 69.13; H 6.66; N10.41% (see [6]); 4) diethyl phosphite (IV), 1.5 g (11g). 5 31p 8 ppm, JPH = 692 Hz. 

B. Compound II, 6.15 g (0.05 mole) ,  1.5 g (0.05 mole) of  pa ra fo rmaldehyde ,  and 6.9 g (0.05 mole) of IV 
were  heated toge ther  to 110~ The mix tu re  e f f e rvesced  and wa rmed  up to 125~ It  was heated for  2 h at 
125-130~ until a l l  wa te r  had been removed .  Molecu la r  dist i l lat ion at  a hea te r  t e m p e r a t u r e  of 110~ (0.015 
ram) f rom an Arbuzov f lask  yielded 9.5 g (70~) of VIIa. 

Dibutyl E s t e r  of N-p-Methoxyphenylaminomethylphosphonic  Acid (Vile). To a mix tu re  of 25 g (0.01 mole) 
of IIIc and 12.3 g (0.01 mole) of  II,  heated to 100~ was added 3 g (0.01 mole) of  pa ra fo rmaldehyde  in port ions 
caut iously.  The reac t ion  was c a r r i e d  out at  115-125~ until butanol separa t ion  was finished. During d i s t i l l a -  
tion 24.4 g (73.2~-) of  VIIc was sepa ra t ed ,  bp 151-155~ (0.025 mm) ,  nD 2~ 1.5071. Found: C 59.04; H 8.80; 
N 4.46; P 9.12g. CI~H2GNO4P. Calculated:  C 58.40; H 8.85; N 4.25; P 9.42g. 

Diethyl (N-p-Diethylphosphonomethylamino)phenylphosphi te  (XII). A mix tu re  of 7.77 g (0.03 mole) of 
Via and 4.83 g (0.03 mole) of diethylamidodiethylphosphi te  was heated in an Arbuzov flask.  At 75~ all  the 
components  d issolved,  the mix ture  heated up to 118~ and diethylamine and t r a c e s  of  ethanol came  off. Hea t -  
ing was eontinued for  4 h at  130-150~ The reac t ion  mix tu re  was washed s eve ra l  t imes  with e ther .  Af ter  
the e ther  was r emoved ,  vacuum dist i l la t ion of the res idue  yieIded XI[ as a viscous liquid with an amidopbos-  
phite odor.  Found: C 48.74; 14 7.08; N 4.04; P 15.60~. C15HI27NO6P2. Calculated:  C 47.5; H 7.12; N 3.69; 
P 16.35g. Yield 10.1 g (95~). 

Bis(diethyl N-p-hydroxyphenylaminomethylphosphonato)methane  (XI). A mix ture  of  6.47 g (0.025 mole) 
of Via and 0.35 g (0.0125 mole) of  pa ra fo rmaldehyde  was boiled in butyl ace ta te  for  3 h. Removal  of the so l -  
Vent yielded a d a r k - r e d  res inous  liquid that  was d isso lved  in ethanol and r ep ree ip i t a t ed  e ther .  Removal  
of the solvent and vacuum dist i l la t ion yieIded XI. Found: C 51.34; H 6.97; N 5.62; P 11,06%, C2aH3~N2OsP2. 
Calculated: C 52.07; H 6.47; N 5.28; P 11.69%. 

C O N C L U S I O N S  

The phosphomethylat ion of p-subs t i tu ted  ani l ines in t h r ee - componen t  s y s t e m s  ( a m i n e - p a r a f o r m a l d e -  
h y d e - t r i a l k y l  phosphite,  diethyl phosphite,  o r  diethyl thiophosphite) p roceeds  best  with t r ia lky l  phosphi tes ,  
and the yields  a r e  55-95~.  
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