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REACTION OF PENTAERYTHRITOL WITH 
DIETHYL PHOSPHOROCHLORIDATE 

TETRAKIS(DIHYDR0GEN PHOSPHATES)192 
PENTAERYTHRITOL BIS-, TRIS- AND 

BALRAM DHAWAN* and DEREK REDMORE 
Petrolite Corporation, St .  Louis, MO 631 19 

(Received August 30, 1986; in final form October 10, 1986) 

Reaction of pentaerythritol 1 with 1, 2 or 3 equivalents of diethyl phosphorochloridate 2 yielded 
pentaerythritol tris(diethy1 phosphate) 5. Treatment of pentaerythritol with 4 or more equivalents of 2 
gave pentaerythritol tetrakis(diethy1 phosphate) 6. Transesterification of 5 and 6 with trimethylsilyl 
chloride and sodium iodide in acetonitrile followed by treatment with water gave pentaerythritol tris 
(dihydrogen phosphate) 7 and pentaerythritol tetrakis(dihydr0gen phosphate) 8 respectively. Pen- 
taerythritol bis(dihydrogen phosphate) 9 was prepared by the hydrolysis of 3,9-dichloro-2,4,8,10- 
tetraoxa-3,9-diphosphaspiro [5 ,5]  undecane 3,g-dioxide 10. The compounds 7,8  and 9 were isolated as 
anilinium salts and characterized by 'H, I3C and 31P NMR spectra. 

Reaction of pentaerythritol 1 with 1, 2, or 3 equivalents of diethyl 
pho~phorochloridate~ 2 generated in situ by the reaction of diethyl phosphonate, 
carbon tetrachloride and triethylamine gave exclusively pentaerythritol 
tris(diethy1 phosphate) 5. 5 was formed in quantitative yield by the reaction of 1 
with 3 equivalents of 2. The structure of 5 was confirmed by 'H, 13C and "P NMR 
spectra and mass spectrum. The 13CNMR spectrum of 5 contained a singlet at 
60.22ppm due to CHpOH and a quartet at 46.95ppm due to 
C[CH20P(OC2H5)2]3 that is coupled to phosphorus of the phosphate ester 
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C(CH,OH), + Y(CzHsO)2PCI - (HOH,C),C[CH,O-P(OC*Hs),]" 
1 2 3 m = 3 ; n = 1  

4 m = 2 ; n = 2  
5 m =  1; n = 3  
6 m = O ; n = 4  

Y = 1. 2, 3, or 4 

The formation of a single product 5 came as a surprise to us but is not 
unexpected because 1 is practically insoluble in the reaction mixture and as it 
reacts with 2 to form first pentaerythritol mono(diethy1 phosphate) 3, it goes in 
solution. Once in solution, 3 reacts faster than 1 with 2 to form pentaerythritol 
bis(diethy1 phosphate) 4 and finally 5. At this stage, the molecule probably 
becomes sterically crowded and further reaction to pentaerythritol 
tetrakis(diethy1 phosphate) 6 is very slow. This was supported by the observation 
that when 1 was treated with 4 equivalents of 2 under similar conditions, 
significant amount of 5 was formed along with 6. 
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216 B. DHAWAN and D. REDMORE 

An attempt to distil 5 under reduced pressure led to its decomposition yielding 
triethyl phosphate as distillate (identified by comparison with an authentic sample 
by IR, 'H NMR, 13C NMR, and MS). 

Treatment of 5 with trimethylsilyl chloride and sodium iodide in acetonitrile4 
followed by hydrolysis with water gave pentaerythritol tris(dihydrogen phos- 
phate) 7 which was isolated as its tetraanilinium salt and characterized by 'H, 13C 
and 31P spectra (Table 11) and elemental analysis (Table I). 

0 
I1 

0 

+ (HOCH,),C[CHZO-P(OH,)~I, I1 I. Me,SiCVNal 
(HOH~C),C[CHZO-P(OCZHS)ZI~ 2 H,O 

5 7 m = l , n = 3  
6 8 m = O , n = 4  

Similar treatment of 6 gave pentaerythritol tetrakis(dihydr0gen pho~phate)~ 8 
which was isolated as its trianilinium salt (Tables I and 11). This method of 
hydrolysis of 5 and 6 via transesterification with Me3SiC1/NaI resulted in poor 
yields of 7 and 8 respectively owing to the indiscriminate cleavage of P - 0 - C  
bonds. No attempts were made to improve the yields. 

Pentaerythritol bis(dihydrogen phosphate) 9 was prepared by the hydrolysis of 
3,9-dichloro-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5,5] undecane 3,9-dioxide 10. 
Treatment of 10 with water at 90°C for 30min has been reported6 to yield 
3,9-dihydroxy-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5 ,5] undecane 3,9-dioxide 11, 
57%. We followed the published procedure in detail but prior to the isolation 
of 11 examined the reaction mixture by 31PNMR. Two phosphorus signals at 
0.00ppm and -3.39ppm were observed. Work up as described by Ratz and 
Sweeting gave a 49% yield of 11 whose properties were in complete accord with 
those reported.6 Pure 11 exhibited a "P signal at -3.15 ppm. From the 31P NMR 
study, it also became evident that the signal at 0.00ppm was developing at the 
expense of the signal at -3.39 ppm. After refluxing 10 with water' for 5 h, 31P of 
the reaction mixture indicated 96% conversion of 10 to 9. The compound 9 was 
isolated as its trianilinium salt and characterized by 'H, 13C and 31P NMR spectra 
(Table 11) and elemental analysis (Table I). 
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EXPERIMENTAL 

Melting points were obtained on a Fisher-Johns melting point apparatus and are uncorrected. The 
elemental analyses were performed by Galbraith Laboratories, Knoxville, Tennessee and Petrolite 
Corporation, Analytical Section. "P and I3C spectra were obtained with a Jeol FX-60 spectrometer 
operating at 24.15 and 15.04MHz, respectively. The chemical shift (+6) values are downfield from 
H,PO,(cap) for 31P spectra and from Me,Si for "C spectra. 'H NMR spectra were obtained with a 
Perkin-Elmer R-32 spectrometer (90 MHz). 

Pentaerythritol tris(diethy1 phosphate) 5 

To a magnetically stirred mixture of pentaerythritol (13.6 g, 0.1 mol), carbon tetrachloride (70 mL) 
and diethyl phosphonate (41.43 g, 0.3 mol) cooled in an ice-bath was added dropwise triethylamine 
(30.6g, 0.3 mol). The mixture was stirred at rt for 16 h. Water (100mL) and methylene chloride 
(100 mL) were next added. The organic layer was separated, dried over anhydrous sodium sulfate and 
the solvents were removed on rotary evaporator to yield 54.0 g (99%) of 5. MS, m/e 544 M( + ) 
'H NMR (CDCI,/TMS) 1.35 (t,J,, = 7 HZ, 18 H, CH-,), 3.60 (2H, CH,OH), 3.95-4.45 
(m,lBH,CH,). l3C NMR (CDCI,/TMS) 17.20 (d,Jpc = 7.32 Hz, POCH,CH,), 46.95 (q,J,, = 7.32 Hz, 

C). "P NMR (CDCI,/H,PO,Cap). 0.0. 
POCH,C) 60.22 (s,CH,OH) 65.13 (d,J, = 6.10 Hz, POCH,CH,) 65.94 (d, Jpc = 6.10 Hz, POCH,- 

Pentaerythritol tetrakis(diethy1 phosphate) 6 

To a magnetically stirred mixture of pentaerythritol (13.6 g, 0.1 mol), carbon tetrachloride (90 mL) 
and diethyl phosphonate (55.24 g 0.4 mol) cooled in an ice bath was added dropwise triethylamine 
(40.8 g, 0.4 mol). The reaction mixture was stirred for 60 h and worked up as described for 5. If the 
crude product contained significant amount of 5, it was treated further with diethyl phosphonate 
(13.6 g), carbon tetrachloride (30 mL) and triethylamine (10.2 g). 'H NMR 1.35 (t,J,, = 
7 Hz.24 H,CH,), 3.80-4.45 (m,24H,CH2). I3C NMR (CDCI,/TMS) 16.19 (d,J,, = 6.10 Hz, 
POCH,CH,), 45.37 (quintet, J,, = 8.55 Hz,POCH,C), 64.20 (d,J,, = 4.88 Hz,POCH,CH-,) 65.17 (s). 

Tetraanilinium salt of pentaerythritol tris(dihydrogen phosphate) 7 

To a stirred mixture of 5 (16.32 g, 0.03 mol) and sodium iodide (27 g) in acetonitrile (0 mL) under 
nitrogen was added trimethylsilyl chloride (19.55 g, 0.18mol). The reaction mixture was stirred at rt 
for 40min and then held at 40°C for 20min. It was next filtered to remove sodium chloride and 
volatiles were removed on a rotary evaporator to obtain crude silyl ester. The crude ester was stirred 
with 30 mL of water for 18 h. The aqueous layer was separated and freeze-dried to get a red syrup 
which was dissolved in 50 mL ethanol and aniline (16.75 g) dissolved in ethanol (20 mL) was added. 
The white solid that separated out as a first crop was anilinium phosphate (2.8 g), 'H NMR showed 
only aromatic protons. Tetraanilinium salt of 7 crystallized out as a second and third crops, 5.5 g and 
was purified by recrystallization from ethanol to give 4.2 g (18%) of pure tetraanilinium salt of 7. 

Trianilinium salt of pentaerythritol tetrakis(dihydr0gen phosphate) 8 

Trimethylsilyl chloride (21.72 g) was added to a stirred mixture of 6 (17.0 g, 0.025 mol) and sodium 
iodide (30g) in acetonitrile (60mL) under nitrogen atmosphere. The reaction mixture was held at 
40°C for 30 min and then stirred at rt for 90 min. The workup as described for 7 above gave crude silyl 
ester that was stirred with 30 ml water for 18 h. Work up as described for 7 gave a red syrup that was 
dissolved in ethanol (50mL) and treated with aniline (18.6g) dissolved in ethanol (20mL). The 
solution was warmed and then allowed to stand whereupon anilinium phosphate (4.7 g) separated out 
as a first crop. The next three crops that separated were combined and crystallized from ethanol to 
give 1.25 g (7%) of pure trianilinium salt of 8 (colorless needles). 

Trianilinium salt of pentaerythritol bis(dihydrogen phosphate) 9 

A solution of 10 g of compound 10 in 75 mL water was refluxed for 5 h. Removal of water on rotary 
evaporator gave a thick syrup (10 9). A 3.5 g portion of this syrup was dissolved in 30 mL ethanol and 
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220 B. DHAWAN and D. REDMORE 

4.5 g of aniline in 20 mL ethanol was added. The solution was warmed and then allowed to stand 
whereupon trianilinium salt of 9 (4.0 g, 59%) crystallized out as a white solid. 
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