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Thiophosphation of 2-Methyl-2-Nitro-l-Propanol and the 
Preparation of Monothiophosphoric Acid 

J. V. Karabinos, R. A. Paulson, and W. H. Smith 

The thiophosphation of a ni troalcohol was studied in ether and in p yridine so lu tion. 
,rhen 2-methyl-2-nitro-l-propanol was r eftuxed wi th phosphorus pentasulfide in ether , t he 
corresponding dithiophosphate was form ed . In p yridine so lu t ion , however, a pyridine sal t 
of th e secondary di t hiophosphate was formed. A pyridine sal t of meta t rithophosphoric 
a cid was also isolated from the latte r rea ction , and t his sa lt was hydrolyzed to pyridinium 
monothiophosphate. Monot hiophosphoric acid monohydrate itself was obtained , for t he 
first t ime, by appli ca tion of ion-exchange a nd lyophilizing techni ques to its pyridi ne sal t . 

1. Introduction 

The reaction of phosphorus pentasulfide with 
organic hydroxy compounds reportedly [1 to 4] 1 
yields secondary di thiophospha tes (I). 

(ROh P (S) SH. (I ) 

An extension of this reaction to a nitroalcohol is 
described. 'When 2-meth:vI-2-nitro-1-propanol was 
refluxed with phosphorus peritasulfide in ethyl ether , 
a product melting at 104° C was obtained that gave 
elemental analyses and a molecular-weight value 
corresponding to 0 ,0' -bis(2-methyl-2-ni tro-propyl-) 
dithiophosphate (II), 

C B a S C R a 
I T I 

CHa- C- C H 2-0 - P - O- C H r-C- C H a, (II) 
I I I 
N0 2 S H N 0 2 

Phosphorus penta.sulfide in pyridine solution has 
been recentl:v reported [5] to give thiation of certain 
pyridones, In a study of the action of phosphorus 
pentasulfide on 2-methyl-2-nitro-1-propanol in pyri
dine solution a t the Bureau, a yellow, extremely 
hygroscopic substance crys tallized directly from the 
pyridine solution; this substance gave elemental 
analyses corresponding to CIOH llN 2PS3 (III) . Upcm 
standing exposed to the atmosphere, substance ' III 
took up moisture wi th considerable foaming and 
evolution of hydrogen sulfide and , in a relatively 
shor t time, a colorless solu tion was obtained , from 
which white cube-like crys tals appeared . Af ter 
purification, the la tter substance (IV) gave analyses 
corresponding to C5H g0 3NSP. Substance IV liber
ated pyridine under alkaline conditions, and hydro
gen sulfide with dilute acids. A positive sulfhydryl 
test was given by III, although no t by IV. Sub
stances III and IV are probably pyridinium salts, 
the former a salt of pyridine with metatrithiosphoric 
acid, HPS3, a thioanalog of metaphosphoric acid, 
and the lat ter a pyridine salt of mono thiophosphoric 
acid, H 3PS03. This la tter acid, a monothio analog 
of phosphoric acid, could arise from HPS3 by hy
drolysis, with the lib eration of hydrogen sulfide. 

1 F igures in brackets indicate the litera tw-c references at. the end of this papel'. 

The formulas for the p:nicLiniull1 sal ts III and IV 
may be represented a s follows: 

It is possible that substance III, rather than phos
phorus pentasulfide, acts as the thiating agent in 
pyridine solution [5] . 

From the mother liqllOl'S obtained by the r eaction 
of phosphorus pentasulficle with the nitroalcohol in 
pyridine solut ion , s till anot.her crystalline substance 
was obtained ; this substance melted at 1030 to 1040 C 
and gave analyses corresponding to the formula 
C13H 220 6N aS2P (V) . As pyridine was obtained upon 
the addition of alkali to V and hyd rogen sulfid e was 
liberated in acidic solution, V was suspected of being 
a pYl'idinium sal t of 0 ,0'-bi s (2-methyl-2-ni tro
propyl-)dithiophosphol'ic acid . 

C H a CHa 

C H 3-6 - c H2-0-~-O-C H 2- 6 - c H a' C 5H 5I (V) 
I I I 

N 0 2 SH N0 2 

This was confirmed by the isolation of the secondary 
dithiophospha te (II) from the eluate upon removal 
of pyridine with a cat ion exchange resin. 

The over-all equations for the action of phosphorus 
pentasulfide on 2-methyl-2-nitro-1-propanol in pyri
dine solution may be expressed as follows: 

C H a 
I 

2C H a- C- C H 20H + P Z S5 + (excess) C 5H 5N ----+ 
I 
N0 2 

CHa S C H a 
I t I 

C H a- C- C H 2- 0 - P - O - C R 2- C - C H 3·C 5H 5N + 
I I I 

NO . SH NO z 

( C 5H 5N )z ·H P S 3. 

In a similar manner monothiophosphoric acid, 
H aPSOa, was isolated from its pyriclinium sal t (I V) 
by removal of the pyridin e with the ca tion exchange 
resin, Amberlite IR-100-H, followed by lyophilization 
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("freeze-drying") of the eluate . The sirupy product 
gave sulfur and phosphorus analyses and a neutrali
zat~on equivalel~ t corresponding to a monohydrate, 
which was relatively stable at - 20 0 C, although it 
decomposed slowly at room temperature, as reported 
in the early litera ture [6]. 

2. Experimental Details 

2.1. Reaction of 2-Methyl-2-Nitro-l-Propanol with 
Phosphorus Pentasulfide in Ethyl Ether 

0 ,0' -Bis (2-methyl-2-ni tro-propyl-) D i thiophospha te 
(II) 

To 30 g of 2-methyl-2-nitro-1 -propanol dissolved 
in 150 ml of ethyl ether was added 30 g of phosphorus 
pen tasulfid e, and the mixture was maintained at 
reflux for 16 h1"8 . The white, fluffy needles that had 
formed in good yield were collected by filtration and 
dried in a vacuum desiccator. After several recrys
tallizations from ether, a product with a constant 
melting point of 103 .8 0 to 1040 C was obtained. The 
llbstance, unlike the original nitroalcohol, was insol

uble in water, and purification could also be effected 
by aqueous extrac tion. 

Analysis : Calculated for C H l70 6N2S2P : C, 28.91; 
H , 5.16 ; S, 19.29; P , 9.32 ; ~/Lolecular Weight, 332. 
Found: C, 29.01 ; H , 5.10; S, 19.70; P , 9.26; molec
ular Weight (Rast), 322. 

2.2. Reaction of 2-Methyl-2-Nitro-l -Propa nol with 
Phosphorus Penta sulfide in Pyridine 

a . Pyridine Sa lt of Metatrithiophosphoric Acid 

Phosphorus pen tasulfide (25 g) was dissolved in 
150 ml of pyridine containing 12 g of 2-methyl-2-
nitro-I-propanol, and the mixture was refluxed for 
1Yz hrs. Upon cooling the solution, yellow prisms 
began crystallizing; the process was allowed to con
t inue overnigh t. The crystalline product was col
lected by filtration, washed with ethyl ether, and 
ch·i!'ld in a vacuum desiccator for several days. The 
WeIght of product (29 g) correspond ed to a theoret
ical yield of 90 percent . The substance was stable in 
a desiccator but decomposed rapidly when exposed 
to atmospheric moisture. It gave a positive sulf
hydryl test with nitroprusside reagent and melted in 
t he neighborhood of 90 0 to 100° C, although the 
melting point was not at all well defined because of 
foaming and the hygroscopic character of the 
substance. 

Analy is: Calculated for CIOH llN2PS3: C, 4l.94; 
H , 3.87; P , 10.82; S, 33.59. Found: C, 41.95; H , 
3.71; P , 10.80 ; S, 33.70. 

b . Pyridine Salt of O ,O '-Bis (2-Methyl-2·Nitro-Propyl-) 
Dithiophosphate (V) 

The mother liquor from which the pyridine salt of 
~Ietatrithiophosphoric acid (III) was obtained was 
poured into 500 ml of water, and a small amount of 
precipitated sulfur was removed by filtration . The 
clear solution was then concentrated to a crystalline 
residue in a current of dry air, and the crystals were 

-
extracted with a small amount of waLcr , collected by 
filtration, and dried. The crude pyridine salt of 
0,O'-bis(2-methyl-2-nitro-propyl-i dithiophosphate 
(V) wcighing 15 g was purified for analyses by 
recrystallization from dioxane-ether (1: 1) and finally 
from ethanol-ether (1:1) ; mp, 1030 to 104 0 C. 

Analysis : Calculated for C13H 2Z0 6N 3S2P: C, 37.95; 
H , 5.39; S, 15.58; P , 7.53. Found: C, 38 .25; H , 
5.40; S, 15.98 ; P , 7.55 . 

c. Isola tion of O,O' -Bis (2-Methyl-2-Nitro-Propyl-) 
Dithioph osphate (II) From Its Pyridine Salt (V) 

Five milliliters of an aqueous SOlution containing 
0.5 g of the pyridine sal t (V) was passed through a 
column (1.0 by 10 cm) of Amberlite IR- 100- H , 
analytical grade, and a sufficien t volume of distilled 
wa ter was then passcd through the column to elu te 
the dithiophosphate . The eluate was concentra ted 
in a current of dry air to a high yield of crystalline 
residue, which was purified by recrystallizaLion from 
ethyl ether. Thc product melted sharply at 1040 C 
and show cd no mel ting-point depression upon 
admixture wi th the 0 ,O'-bis(2-methvl-2-nitro-pro
pyl-)dithiophospha te prepared in ethcr soluLion . 

d. Hydrolysis of Pyridinium Metatrithiophosphate (III). 
Pyridine Salt of Monothiophosphoric Acid (IV) 

Although hydrolysis of III could be cffected by 
atmospheric moisture, 4.2 g of pyridinium m etatri
thiophosphate was dissolvcd in 3 ml of watcr. 
Vigorous evolu tion of gas occurrcd, and the odor of 
hydrogen sulfid e was pronounced . Aftcr tbe solu
tion had stood for 1 hl", the excess moisture was 
removed in a curren t of dry air, and thc resultant 
sirup bcgan Lo crystallizc. Crystallization was 
hastened by addi tion of small amo unts of ethanol. 
The cube-lil,e crystals were collected by filtration 
and dried in vacuo. The product weighed 2 g, 
corresponding Lo 71 percent of the theoretical yield. 
The product was recrystallized from 95- percent 
ethanol for analysis. It did no t give a sulfhydryl 
test, although it liherated pyridine on treatment 
wi th dilute alkali and hydrogen snlfide upon the 
addition of dilu te acids. The purifi ed pyridinium 
monothiophosphate melted at 11 6° C, with evolu
t ion of gas. 

Analysis : Calcula ted for CSHS0 3NPS: C, 31.92; 
H , 4.17; P , 16.04 ; S, 16.60. Found: C, 31.95; H , 
4.43; P , 15.92; S, 16 .89. 

2.3 . Preparation of Monothiophosphoric Acid 
Monohydra te 

A solution containing 1 g of pyridinium mono
thiophosphate in 3 ml of water was passed through a 
column (1.4 by 40 cm) of cation exchange resin, 
Ambcrlite IR- 100- H , analytical grade, and a uffi
cient volume of distilled water was added to elute 
the free acid. The acidic portion of thc effluent 
was collected in a flask, surrounded by an ice bath, 
and the cooled filtrate was lyophilized. A theo
retical yield of thick , sirupy acid was obtained . 
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Although the acid was hygroscopic and had an odor 
resembling hydrogen sulfide, it was quite stable at 
- 20° C, as indicated by the analysis corresponding 
to monothiophosphoric acid monohydrate. 

Analysis: Calculated for H 3PS03·HzO: S, 24 .27; 
P , 23.46; N. E., 132. Found: S, 24.26; P , 22.93; 
N. E., 130, 129. 

Monothiophosphoric acid monohydrate gave a 
sulfur analysis of 24.26 percent after standing at 
- 20° C for 1 week and 24 .23 percent after 2 weeks. 
However, when a sample was allowed to stand at 
30° in a glass-stoppered vial, in a desiccator, the 
sulfur value decreased to 11 .54 percent after 1 week, 
and the phosphorus value in creased to 25.54 percent. 
These analyses, in addition to the pronounced odor 
of hydrogen sulfide, indicated that the acid was 

• 

decomposing to phosphoric acid monohydrate and 
hydrogen sulfide, as reported in the early literature 
[6] . 
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