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The reac t ion  of o-hydroxybenzyl  alcohol (I) with t r ia lkyi  phosphites gives the 2 - o x o - 2 - a l k o x y - l - o x a -  
2-phosphaindan, and the reac t ion  proceeds  v ia  the fo rmat ion  of the quasiphosphonium complex and the 
diethyl e s t e r  of o-hydroxybenzylphosphonic acid [1, 2]. 2 -Methoxymethyi -6-methyiphenol  r e a c t s  in a 
s im i l a r  manner  with t r ie thyl  phosphite [1]. The e s t e r  amides  and amides of t r iva lent  phosphorus acids 
a re  ambident nucleophilic reagen ts  and, depending on the nature of the e lect rophi le ,  can r eac t  e i ther  at 
the P atom or at the N atom [3]. 

In order  to a sce r t a in  the conditions for p rog re s s  of the reac t ion  at the P atom and at the N atom we 
studied the reac t ion  of (I) with diethyl diethylamidophosphite (II), ethyl bis(diethylamido)phosphite (III), 
and t r is(diethylamido)phosphite  (IV). Alcohol (I) is convenient for  studying the reac t ions  that proceed at 
the ni t rogen atom, since the fo rmed 2-die thylaminomethylphenol  (V) is less  reac t ive  than (D toward t r i -  
valent  phosphorus der iva t ives ;  in genera l ,  diethylphosphorous acid does not r eac t  with (I), while it r e ac t s  
with (V) at >150 ~ [4-6]. 

Without a solvent  the reac t ion  of (I) with (II), (III), or (IV) proceeds  with a s t rong exothermic  effect  
(80-100~ and is accompanied by complete  tar r ing .  For  this r e a son  the reac t ion  was run in a solvent,  with 
cooling, in an iner t  gas s t r e am .  The p rog re s s  of the reac t ion  was checked employing IR, 31p NMR s p e c t r o -  
scopy, and GLC. In order  to e l iminate  the effect  of t empe ra tu r e  during dist i l lat ion on the possible  second-  
ary t r ans fo rmat ions  of the fo rmed products  the spec t r a  and c h r o m a t o g r a m s  were  taken immedia te ly  after  
the exo thermic  effect  and af ter  dis t i l la t ion of the reac t ion  mixtures .  

When (I) was reac ted  with (II) we obtained and identified: (V), diethylphosphorous acid, diethyl o-  
hydroxybenzylphosphonate (VI), diethylamine,  2 -oxo -2 -e thoxy - l -oxa -2 -phospha indan  (VII), and ethanol. 

After adding (II), the 3113 NM_R spec t rum of the reac t ion  mixture  contains the signal 531p - 1 4 6  ppm, 
which cor responds  to the s ta r t ing  monoamidophosphite  (the signal d i sappears  af ter  the exothermic  effect), 
the doublet 5~ip -8 ppm, Jp, H 680 Hz, which was assigned to HP(O)(OC2Hs) 2 (is retained after the exo- 
thermic effect), and the signal 531p -30 ppm, which corresponds to ester (VI), and is retained after the 
exothermic effect but decreases markedly after distillation of the reaction mixture, since (VI) is trans- 
formed to (VII) [2]. The signal 63ip -48 ppm in the 3lp NIV[R spectrum corresponds to product (VII). 

Analogous data were obtained when the reaction mixture was studied employing GLC and IR spectro- 
scopy. 

As a result, from the presented data it follows that attack occurs at both the N atom and the P atom, 
with the respective formation of (V) and HPO(OC2Hs)2, and (Vl) and (C2Hs)2NH , since the formation of (VII) 
and alcohol from (VI) during distillation is a secondary process. The obtained data make it possible to 
depict the process by the scheme: 
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X = Y = O E t  (Ii); X=OEt ,  Y--NEt2 (lII); X--Y=NEt2 (IV) 

Analogous products are formed when (1) is reacted with (III) or (IV). However, these reactions have 
a number of specific traits. Thus, the reaction of (1) with (Ill) is accompanied by the disproportionation of 
(Ill). This is corroborated by the fact that the 31p NIVIR spectrum of the reaction mixture, recorded after 
the addition of (HI), has signals with 53~p -136 ppm for (Ill), and -147 ppm for (If); also a doublet with a 
constant Jp, H 612 Hz for diethylamidoethylphosphorous acid. 

In order to identify the latter compound we took the spectrum of an authentic specimen of the acid [7]; 
the spectrum contains an analogous doublet. Changes in the 3ip NIVII~ spectrum are not observed after the 
exothermi( effect. However, after distillation there appear a doublet with 631p -8 ppm and Jp H 680 Hz, 
which corresponds to HPO(OC2H5)2, and a signal with 53ip -118 ppm for (IV). Similar cases of' the dis- 
proportionation of amidophosphites are described in [8, 9]. 

In addition, a superimposition of the signals of 631p -48 ppm and of the doublet at -47 and +9 ppm, 
with Jp, H 570 Hz, is observed in the 31p NMR spectrum of the reaction mixture composed of (I) and (IV), 
which belong respectively to (VII) and bis(diethylamido)phosphorous acid, and this makes it impossible to 
judge when the formation of phosphaindan (VII) occurs. 

As a result, the presented data show the existence of two reaction centers in amidophosphites. 

EXPERIMENTAL METHOD 

The 3ip NMR spectra were taken on a KGU-4 NMR spectrometer (10.2 MHz) relative to 85% H3PO t. 
Prior to the experiments, the ester amides and triamide of phosphorous acid were distilled over sodium. 

Reac';ion of o-Hydroxybenzyl Alcohol (1) with Diethyl Diethylamidophosphite (II). To 18.6 g of (1) in 
40 ml of absolute petroleum, in a dry nitrogen stream, 29.05 g of (II) was added in drops. The mixture 
was stirred at 50 ~ . At the conclusion of the addition the temperature of the mixture was kept at 50-55 ~ for 
20 min, after which the solution became homogeneous. Then samples were removed from the reaction mix- 
ture for study by fIR and 3ip NMR spectroscopy and GLC. 

After removal of the solvent in vacuo the residue was distilled. Here we isolated: i) 8 g of a low 
boiling fraction, which was trapped at -180 ~ and had n~ 1.4075; 2) 7.4 g of a fraction with bp 44-70 ~ (0.09 
ram); 3) ii.2 g of a fraction with bp 72-85 ~ (0.06 ram); 4) 9.7 g of a fraction with bp 90-112 ~ (0.06 ram). The 
residue from the distillation weighed 3.7 g. From the first fraction we isolated 3.5 g of diethylamine, i.i g 
of ethanol, 1.3 g of triethy[ phosphite and 1.5 g of diethylphosphorous acid with bp 64-65 ~ (i0 ram); n~ 
1.4085. Found: P 22.20%. CtHitO3P. Calculated: P 22.45%. 

From the second fraction we isolated 5 g (25%) of diethylphosphorous acid with bp 64-65 ~ (I0 mm); 
n}~ 1.4085. From the third fraction, after several distillations, we isolated 8 g (30%) of (V) with bp 68-70 ~ 
(0.022 ram); n}~ 1.5150. Found: N 7.41%. CIlHI7NO. Calculated: N 7.82%. From the fourth fraction we 
isolated 3.5 g (12%) of (VII) with bp 105-107 ~ (0.02 mm); n~ 1.5265. Found: P 15.46%. CgHIIO3P. Cal- 
culated: P 25.66% (cf. [5]), and 3 g of a mixture of (VI) and (VII) with bp 107-112 ~ (0.02 mm); n~ 1.5215. 
Found: P 14.65%. 
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Reaction of o-Hydroxybenzyl  Alcohol (I) with Ethyl Bis(diethylamido)phosphite (III). To 18.6 g of (I) 
i n40  ml of absolute petroleum ether at _<40-50 ~ 33 g of (III) was added in drops. T h e m i x t u r e  was heated 
at 60 ~ for 30 min. Then samples were removed for study by IR and 31p NMR spectroscopy.  After removal  
of the solvent in vacuo the react ion mixture was distilled. Here we isolated: 1) 13 g of a low boiling f r a c -  
tion, which was trapped at -180  ~ and had n~ 1.3932; 2) 7 g of a f ract ion with bp 30-70 ~ (0.048 ram); 3) 11.7 
g of a fraction with bp 75-85 ~ (0.048 ram); 4) 5.5 g of a fraction with bp 100-120 ~ (0.045 ram). Fur ther  f r a c -  
tional distillation was accompanied by marked decomposition and the t a r ry  residue weighed 12.4 g. 

F rom the f i rs t  f ract ion we isolated 5 g of diethylamine, 1.5 g of triethyl phosphite, and 4 g of di-  
ethylphosphorous acid. F r o m  the second fract ion we isolated 5.2 g (26~c) of diethylphosphorous acid. F rom 
the third fract ion after severa l  distil lation we isolated 7.5 g (28~c) of (V). F rom the fourth fract ion by r e -  
peated distillation we isolated 3.5 g (10.5~c) of 2-oxo-2-d ie thylamido- l -oxa-2-phosphaindan  with bp 103- 
105 ~ (0.02 mm); a~ 1.5275. Found: C 58.22; H 7.59; P 13.50; N 6.32%. CllH1602P. Calculated: C 58.66 
H 7.18; P 13.78; N 6.22~c. 

Reaction of o-Hydroxybenzyl  Alcohol (I) with Tris(diethylamido)phosphite {IV). To 18.6 g of (I) in 
50 m[ of absolute petroleum ether was added 37.05 g of (IV) in drops at 40 ~ The mixture was kept at 40-50 ~ 
for 30 rain. Then samples were removed f rom the react ion mixture for study by IR and 3ip NMR spec t ro -  
scopy. After removal  of the solvent in vacuo the mixture was distilled. Here we isolated: 1) 10 g of a f r a c -  
tion that was trapped at -180  ~ and has n}~ 1.3870; 2) 8.5 g of a fract ion with bp 46-70 ~ (0.03 mm); 3) 13 g 
of a fract ion with bp 75-90 ~ (0.03 mm); 4) 8 g of a f ract ion with bp 115-135 ~ (0.03 ram). Fur ther  fractional  
distil lation was accompanied by decomposition; the t a r r y  residue weighed 9 g. After repeated distillations 
we obtained 6 g of diethylamine, 5 g (17~c) of bis(diethylamido)phosphorous acid [7] with bp 62-64 ~ (0.04 
ram); n}~ 1.4545; 8 g (30~c) (V); 4.5 g (13~c) (VII) with bp 108-110 ~ (0.03 mm); n~ 1.5280. 

C O N C L U S I O N S  

1. A study was made of the react ion of o-hydroxylbenzyl  alcohol with diethyl diethylamidophosphite, 
ethyl bis (diethylamido) phos phite, and tr is  (diethylamido) phos phite. 

2. It was established that in nucleophilic substitution react ions both the phosphorus atom and the 
nitrogen atom in the es ter  amides and amides of phosphorous acid can function as the nucleophilic center.  
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