
C O N C L U S I O N S  

The feas ib i l i ty  of obtaining o rganometa l l i c  t i tanium compounds based  on the recombina t ion  of the t r i -  
phenylmethyl  rad ica l  with Ti 2+ and Ti 3+ compounds was demons t ra t ed .  
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I t  was p rev ious ly  shown [1, 2] that the reac t ion  between t r ia lkyl  phosphites  (TAPh) and var ious  different  
phenolic Mannich ba se s  (PMB) leads  to the fo rmat ion  of e s t e r s  of alkoxybenzylphosphonic acids via a lkoxyphos-  
phorane  i n t e rmed ia t e s .  In a n u m b e r  of  c a s e s  these  a lkoxyphosphoranes  have been isola ted and cha rac t e r i zed  [2]. 

In o r d e r  to p r e p a r e  phosphoryla ted  dihydric  phenols which a re  of p rac t i ca l  in teres t ,  we have studied the 
r eac t ion  between 2 ,5-bis (d ie thylaminomethyl )hydroquinone (I) and t r ia lkyl  phosphites  (TAPh) [3]. 

The reac t ion  between (I) and t r ie thyl  phospbi te  was c a r r i e d  out in xylene at 145 to 150~ and was acco m-  
panied by the evolution of a low-boi l ing-point  f rac t ion  which, according to g a s - l i q u i d  ch romatograph ic  data, con-  
s is ted  of d ie thylamine  and a smal l  amount of ethanol impur i ty .  A signal with 6 = 30 ppm was recorded  on the31P 
NMR s p e c t r u m  of the react ion  mix tu re  while the absorpt ion  band due to the P = O  group was  absent  f r o m  the c o r -  
responding  IR s p e c t r u m .  On the bas i s  of this data  and data which had prev ious ly  been obtained [2], the s t r u c -  
ture  2•2•2•6•6•6-hexaethoxy-2•3•6•7-tetrahydr•-2•6-diph•sphafur•[2•3-d]benz•[1•2-b]furan (II) with two penta-  
coordinated phosphorus  a toms was a sc r ibed  to the product .  

The c rys t a l l i ne  product  (II) was s table  at about 20~ and upon r ec rys t a l l i za t ion  f r o m  nonabsolute solvents  
was comple te ly  t r a n s f o r m e d  into the te t rae thyl  e s t e r  of  3 ,6 -d ihydroxy- l ,4 -xy ly lenediphosphonic  acid (HI). An 
intense absorp t ion  band is  v is ib le  in the ~ 1250 c m  -1 region of the IR spec t rum of (III) which is cha r ac t e r i s t i c  of 
the P = O  group as well  as bands due to the phenolic hydroxyl  groups  in the 3280-3250 cm -1 region.  

I f  the reac t ion  between (I) and TAPh is c a r r i e d  out at about 180~ and over  a longer  per iod of t ime,  then 
(H) i s o m e r i z e s  into the te t rae thyl  e s t e r  of 3 ,6-d ie thoxy- l ,4 -xyly lenediphosphonic  acid (IV) 
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The react ion between (I) and diethylphosphorous acid (V) in xylene only takes place with grea t  difficulty 
(150-155~ 6 h) and is accompanied by significant res in  format ion and the evolution of a low-boiling-point f r ac -  
tion. The la t te r ,  according to the data obtained using g a s - l i q u i d  chromatography,  consis ts  of ethanol, diethyl-  
amine, and a smalI amount of t r ie thylamine  impuri ty.  After  the solvent and the o ther  low-boil ing-point  prod-  
ucts  had been removed under  high vacuum, a r e s in - l ike  product  was obtained which contained ni trogen and phos- 
phorus and which had 53tp=42 ppm. 

This data enables us to suggest  that the react ion mainly takes place on one aminomethyl group and, in the 
final count, yielded the produet  2 -oxo-2-e thoxy-5-hydroxy-6-d ie thy laminomethy l - l -oxa-2-phospho indane  (VII) 
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It was previously noted that [4] the addition of triethyl phosphite to the reaction mixture when other phe- 
nolic Mannich bases were reacted with diethylphosphorus acid significantly facilitated the reaction and enabled 
the yield of the main product to be increased. In accordance with this, various different amounts of triethyl 
phosphite were added to a mixture of (I) and (V): 0.17 to 0.20 mole of triethyl phosphite per aminomethyl group 
in (1) was found to be the optimal amount which enabled us to separate the reaction product in an individual form. 

The reaction between (1) and triethyl phosphite leads, as was considered above, to the formation of cor~- 
pound (11). Compounds of this type react with (V) giving a product with an oxaphosphaindane structure and tri- 

ethyl phosphite [5]. 

In the case which is being considered (V), apparently, reacts with only one phosphorane ring and this reac- 
tion is accompanied by the isomerization of the second which leads to (VIII) while the triethyl phosphite is again 
returned to the reaction according to the scheme: 
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There  a r e  two s ignals  with 6 =45 ppm and 5 =25 ppm in the ~ P  NMR spec t rum of the react ion  mix tu re  
which may  be ass igned  to s t r u c t u r e  (VIII). The compound (VIII) is  uns table  and rapidly  hydro lyzes  even when 
washed with nonabsolute  e the r  and is  conver ted  into the t r ie thyl  e s t e r  of  3 - e t h o x y - 6 - h y d r o x y - l , 4 - x y l y l e n e d i -  
phosphonic acid (IX). 

Hence, when a Mannich base  made  out of hydroquinone is reacted  with diethylphosphorous acid in the p r e s -  
ence  of t r ie thyl  phosphite,  the compound (IX) is obtained with a yield of 90~. This compound is suscept ib le  to 
f u r t h e r  hydro lys i s  upon its r e c ry s t a l l i z a t i on  f r o m  aqueous alcohol with the fo rmat ion  of the ethyl e s t e r o f 3 - e t h o x y -  
6 -hydroxy- l ,4 -xy ly lened iphosphon ic  acid (X). 

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

The 31p NMR s p e c t r a  were  r eco rded  on a KGU-4 (10.2 MHz) in s t rumen t  with r e spec t  to 85~ H3PO 4 (ex te r -  
nal s tandard) .  The low-boi l ing-poin t  f r ac t ions  which dis t i l led off during the cour se  of the react ion w e r e  studied 
us ing  g a s - l i q u i d  ch rom a t og raphy  on a " C h r o m - 3 "  ins t rumen t  with a f l ame- ion iza t ion  de tec to r  (80~ helium 
c a r r i e r  gas,  po lymethy ls i loxane  phase) .  

2 ,5-Bis(d ie thylaminomethyl )hydroquinone  was synthes ized  according to the method given in [6]. 

React ion  between 2 ,5-Bis(d ie thylaminomethyl )hydroquinone (I) and Tr ie thyl  Phosphite .  a) A quantity (14 g, 
0.05 n~ole) of (I) and 16.6 g (0.1 mole) of t r ie thyl  phosphi te  were  heated for  4 h in a f lask with a rod -and-d i sk  
type f rac t ionat ing  column at  145-150~ in 20 ml of absolute  xylene,  The low-boi l ing-point  f rac t ion  ( g a s - l i q u i d  
chromatography)  cons is ted  of d ie thylamine  and a smal l  ethanol impuri ty .  After  the solvent  had been removed  
and 50 nil of absolute ethanol had been added, the reac t ion  mix tu re  was c rys ta l l ized :  14.3 g (61.5~) of (II) was 
obtained, mp 125-126~ ( f rom absolute  acetone).  Found: C 51.26; H 7.72; P 13.44~. C20H36OsP 2. Calculated: 
C 51.50; H 7.72; P 13.30~. 

b) A quantity (22 g, 0.08 mole) of (I) and 26.56 g (0.16 mole) of t r ie thyl  phosphite in 30 ml of n-nonane were  
heated for  12 h at 155-170~ 22 g (59~) of  (IV) was obtained, mp 93-95~ (from n-hexane).  Found: C 51.70; 
H 8.12; P 13.65~. C20H36OsP 2. Calculated:  C 51.50; H 7.72; P 13.30~. 

c) A quantity (14 g, 0.05 mole) of (I) and 16.6 g (0.1 mole) of t r ie thyl  phosphite  were  heated at 145-150~ 
f o r  4 h in 25 ml of absolute  o-xylene .  After  r emova l  of the solvent  f r o m  the reac t ion  mix tu re  and the addition 
of aqueous ethanol,  15 g (73.1~) of (HI) was obtained, mp 178-180~ ( f rom ethanol). Found: C 47.00; H 7.03; 
P 15.13~c. Ct~H28OsP2. Calculated:  C 46.82; H 6.82; P 15.12~. 

React ion of (I) with Tr ip ropy l  Phosphi te .  A quantity (7 g) of (-I) and 15.9 g (excess) of t r ipropyl  phosphite 
w e r e  l~eated f o r  3 t~ at 155~ in 15 ml  of absolute  o-xylene .  After removing  the solvent,  the excess  of t r ipropyl  
phosphite,  and o the r  low-boi l ing-poin t  products  under  vacuum, 7.5 g (64.3~) of the t e t rapropy l  e s t e r  of 3 ,6-di -  
hydroxy- l ,4 -xy lyened iphosphon ic  acid was isola ted,  mp 126-127~ Found: C51.40;H 7.74; P13 .06~.  C20H36OsP2. 
Calculated:  C 51.50; H 7.72; P 13.30~. 

A 72.3~c yield of  the te t rabutyl  e s t e r  of 3 ,6-d ihYdroxy- l ,4-xylyenephosphonic  acid with mp_11.7-118~ was 
obtained f r o m  (I) and tr ibutyl  phosphi te  in an analogous manner .  Found: C 55.30; H 8.56; P • C24H44OsP2. 
Calculated:  C 55.17; H 8.43; P 11.8~c. 

React ion of (I) with (V) in the P r e s e n c e  of Triethyl  Phosphite.  a) A quantity (14 g, 0.05 mole) of (I), 13.8 
g (0.1 mole) of (V), and 1 ml  (0.006 mole) of t r ie thyl  phosphite  in 25 ml of absolute  xylene were  heated for  3-4 
h at 155~ After  removing  the solvent  and the o ther  vola t i le  p roduc t s  unde r  vacuum, 14.9 g (99.6g) of (VII) 
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(a solid res in - l ike  product) was obtained, nap 108-113~ Found: N 4.62; P 9.83~. C14H22NO4P. Calculated: 
N 4.68; P 10.30~. 

b) A quantity (14 g) of (I), 13.8 g of (V), and 2.9 g t r iethyl  phosphite in 25 ml of abso lu t exy lenewerehea ted  
for  6.5 h at 151-153~ The low-boil ing-point  fract ion,  according to the g a s - l i q u i d  chromatographic  data, con- 
s is ted of ethanol and diethylamine.  The solvent and other  low-boil ing-point  products  were  removed  under  vac-  
uum. There  were  c rys ta l s  in the residue which "float" on air .  After washing them with ether ,  ].8.5 g (90~) of 
(IX) was obtained, mp 165-167~ Found: C 46.71; H 6.70; P 14.95~. Ci6H28OsP2. Calculated: C 46.82; N 6.82; 
P 15.12~c. By rec rys ta l l i z ing  them f rom aqueous ethanol c rys ta l s  of (X) were  obtained, mp 190-192~ Found: 
C 40.87; H 5.73; P 17.29~. C12H20OsP 2. Calculated: C 40.67; H 5.65; P 17.51~. 

CONCLUSIONS 

1. An in termedia te  alkoxyphosphorane with two pentacoordinated phosphorus atoms was isolated and char-  
ac te r i zed  during the react ion of 2,5-bis(diethylaminomethyl)hydroquinone with tr ialkyl  phosphites.  

2. A method has been developed for  the synthesis  of phosphorylated dihydric phenols. 

3. The t r i e thy le the r  of 3-etho~cy-6-hydroxy-l ,4-xylyenediphosphonic acid was p repared  by the interact ion 
of 2,5-bis(diethylaminomethyl)hydroquinone with diethylphosphorous acid in the p resence  of t r ie thyl  phosphite. 
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