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After unsuccessful at tempts by Mmhaehs  and his co-workers [1] to synthesize dtarylphosphmous acids, the 
prevai l ing view m the htera ture  was that such compounds are unstable because of their ready dispropornonatton into 
a secondary phosphme and the corresponding phosphlme acid [2]. 

In spite of the fact that a series of higher dlalkylphosphmous acids (dlalkylphosphme oxides) from dtbutylphos- 
phinous and higher [3-6], and also some diarylphosphinous amds [7], have been prepared in recent  years, the free 
lower dlatl~ylphosphmous acids have remained inaccessible,  and they have continued to be regarded as substances that 
are incapable  of existence [4, 5]. This opmmn has been consohdated by the failures of attempts to synthesize them 
[4], and part icular ly to synthesize dlmethylphosphlnOUS acid [8, 9]. However, Sander [6] considered that these fmlures 
were due to the good solubil i ty of the lower dialkylphosphmous acids in water and the associated difficulties m isolat-  
ing them, and not to thmr mstabthty.  

This paper describes the syntheses of d le thyl - ,  dipropyl- ,  dnsopropyl-  and dnsobutyl-phosphmous amds, which 
were carried out m 80-95% ymld by the hydrolysis of the corresponding esters m aqueous dloxane in presence of a 
ca ta ly t ic  amount of sulfuric acid. The dlalkylphosphlnous esters were prepared by the method developed by us pre- 
viously from alkyl phosphorodmhlondltes and organomagneslum compounds [10]: 

tt'OPCI~ -t- 2RMgX -+ R~POR' -~- 2MgXCI 

R~POR' ~ H~O H++ H2PHO q- R'OH 

The lower dlalkylphosphinous acids were found to be quite stable substances which could be vacuum-d lsn l l ed  w~thout 
decomposinon 

Of the two possible structural formulas of dlalkylphosphmous acids (I) and (II), infrared spectrum data confirm 
the first. 

0 
R\~ R 
R/, --H R>P--OH 

(D CII) 

The infrared spectra (Fig I) contain intense absorptlon bands corresponding to P=O (1179-1196 cm "I) and P-H (2278- 

2804 cm "l) valence vlbranons In the nelghborhood of 3000 cm "I there are only charactenstlc C-H vlbratlons and no 

signs of absorption bands due to hydroxy groups, whmh Is evldence against formula (II) and also against the presence 

of appreclable amounts of the form (II) m tautomenc eqmhbrmm wlth (I). These spectrographm data are m accord 

with the results of a study of the infrared absorptwn of dwctylphosphmous acld [11]. Hence, the lower dlalkylphos- 

phmous acids, hke the hlgher ones, must be assigned the dtalkylphosphme oxlde structure (I). 

The lower dlalkylphosphmous aclds may be regarded as organophosphorus analogs of dlalkyl hydrogen phosphltes, 

for which the tautornerism III ~IV is extremely probable. 
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It is known from the results of spectrographic and other physmal investigations that dlalkyl hydrogen phosphltes have 

the structure (III). Their chemtcal propemes are also m accord with this structure: the phosphorus atom m dialkyl 
hydrogen phosphltes does not give some of the addmon reactions (with sulfur, cuprous hahdes) typical for tnva len t  
phosphorus, these substances do not react with phenyl azzde, alkyl hahdes, etc. On the other hand, they are readily 
oxidized with formatton of dlalkyl hydrogen phosphates, and they show the dual reacttvity that ts typical for tauto- 
m e n c  compounds [12] For example, whtle having the structure (Ill), by treatment wlth alkoxldes they form salts 
that correspond m structure to the form (IV). Dual reactivity is charactenstm also for these salts: m alkylatmn and 
acylatmn reaetmns, depending on the nature of the reagent and the reactmn condmons, they sometimes form dertv- 
a~ives of the form (Ill), and sometimes form denvanves  of the form (IV) [12J. There are also klnetm proofs of the 
tautomensm of the dlalkyl hydrogen phosphttes [18]. 

In re lanon to the comparison of d~alkylphosphmous actds (I) w~th dlalkyl hydrogen phosphttes (III) ~t was of 
interest to mvesttgate the ab~hty of d~alkylphosphmous amds to undergo addltmn reactions and to study some of their 
other properties whmh would enable us to form an opmmn on the tautomensm and dual react iwty of th~s class of 
compounds 
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It was found that sulfur adds vigorously to dlalkylphosphmous amds wlth evolution of heat and formation of 
dialkylphosphmothlmc amds,* which were ldenuhed  m the form of thetr p-phenylenedlamme salts: 

II~PIIO @ S --+ tt~PSOH --+ R~PSOH �9 H2NC~H4NH2-p 

From dlpropylphosphmous actd we prepared the p-phenylenedtamme salt of dtpropylphosphmothlmc amd, whmh 
was found to be ldentmal with the product prepared by a method developed by one of us, Mastryukova, and Shlpov from 
a dialkyl hydrogen phosphtte and propyhnagnestum bromide with subsequent addition of sulfur [14]. One peculiar 
feature of the addmon of sulfur to the lower dtalkylphosphinous amds should be noted. The wgorous reactton, to whtch 
we refer above, comes to an end after the addmon of about one-half  of the stomhmmetrlc amount of sulfur. By heat- 
ing to 100 ~ we may bring up to 60-70% of the calculated amount of sulfur, into reaction, but a part of the sulfur always 
remains undissolved. The lower dtalkylphosphinous amds dissolve cuprous mdtde, but we were unable to isolate the 
corresponding complex compounds on account of their lnstabihty: on dilution of the solution formed, even with an 
inert solvent, cuprous lodrde ~s prempltated 

Liqmd dlalkylphosphmous amds are readily oxldtzed ~,n atr (they fume when apphed to cotton wool), but for 
their complete oxidation m air at 20 ~ several days are reqmred. 

On reaction with sodml-n m toluene,dlethylphosphmous acid forms the corresponding sodmm salt. When this 
salt is alkylated with an alkyl halide (ehloromethyl butyl ether was used) a reaction of the Mmhaehs-Beeker type 
occurs [16], and the corresponding phosphine oxide [(butoxymethyl)dmthylphosphine oxtde] is formed: 

* It is shown m [15] that sulfur adds also to dialkylphosphinothlous amds (dlalkylphosphine sulhdes) without catalyst. 
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(C2H5)~ PONa -+- C1CH~OC4H0 ~ (C2H5)~ P (0) CH2OC4H~ 

Lower dialkylphosphmous acids react without catalyst at room temperature with benzaldehyde and wtth methyl 
acrylate. The normal addmon products are f o rme d-  the corresponding substituted trialkylphosphine oxides: 

R2PHO q- CaHsCHO --~ R2P (0) CH (OH) C~Hs 

RzPHO + CH2 = CHCOOCHs -* R2P (O) CH~CH2COOCHa 

These reactions are analogous to those of Ahtamov [17] and B. A Arbuzov and Pudowc [18]. Hence, the chemical  
properties of the lower dialkylphosphinous actds are smqtlar to those of d~alkyl hydrogen phosphttes, but w~th the dif- 
ference that the former react without catalysts wh~le the latter reqmre the presence of bases. 

We must examine the posmble explanations of this phenomenon. It may be supposed that the abihty of dlalkyl- 
phosphmous acids to react w~th the above-mentmned reagents m absence of catalysts ts related to thetr tautomerisrn, 
which ts hke the tautomerism of dtalkyl hydrogen phosphites. If tt is supposed that the tautomerm e qu i hbnum (I) 
~ ( I I )  is d~splaced toward the form contammg mva len t  phosphorus to a greater extent than m the case of dlalkyl 
hydrogen phosphltes, then their htgher tendency to undergo addition reactions finds a su-nple explanation. We con- 
sider that this vtew is not very probable because the attachrnent of alkyl groups to the phosphorus atom m place of 
the alkoxy groups of the dtalkyl hydrogen phosphites should reduce the acid properttes of the form (I) to a greater 
extent than those of the form (II) and should therefore d~splace the tau tomenc eqml~brmm st~ll more toward the 
form containing pentavalent  phosphorus than ts the case for dialkyl hydrogen phosphates. 

A second wew ts concerned wtth the formatmn of the dtalkylphosphmtte amon, In the absence of bases - proton 
careers - the formation of th~s amon may occur m the course of an autoprotolysis process: 

-F 
2R~PHO ~ RzPO- q- R~PH (OH) 

In dtalkylphosphrmte amons the phosphorus atom has an unshared electron pmr, which deterrnmes its abd~ty to under- 
go additmn reactions: 

R~PO- -1- S ~ R~P(S)O- 

However, this wew ~s also unltkely, for dtalkylphosphinous acids are extremely weak a m d s -  undoubtedly weaker than 
dtalkyl hydrogen phosphites - and, although they are stronger bases (all phosphme oxtdes have bastc propemes), they 
can scarcely be expected to have higher autoprotolysts constants than d~alkyl hydrogen phosphttes 

We consider that a third hypothests ~s more probable: a trunolecular reaction is assumed, e.g , 

o r  

s s 

Or H ~R ~ - 0 - -  ~H~ R J 

n / \ R  ' = R/"%0 
n-o,x,/R 

H/P\~ 

The reagent acts dtrectly on the form (I), which contains pentavalent phosphorus; a second molecule of dlalkylphos- 
phinous acid acts as a proton aeceptor, as a result, m the first case a salt of a strong acid of the phosphmlc type wtth 
a dlalkylphosphme oxide as base is formed, and the reaction stops at this point (with addmon of only 50% of the 
theoretical amount of sulfur, for the protomzed dlalkylphosphine oxide cannot undergo addmon of sulfur). In the 
second case the process is complete by a new proton transition 

- O - - C I t  - -  R' HO. .R H O - - C H - -  R' \p+/ 
R\pt o + \ R  R\ _o 
n/ = n/ - 

and reaction goes to completion. The posslbdlty cannot be excluded that additions to dlalkyl hydrogen phosphttes, 
which occur only m presence of bases, proceed by the same mechamsm (the catalyst-base plays the part of proton 

aceeptor). 
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E X P E R I M E N T A L  

Dtalkylphosphmous Acids A solunon of 8.7 g of butyl dtethylphosphinite m 50 ml of dwxane was m~xed m 
an atmosphere of  mtrogen w~tb 2-3 ml of 1-2% sulfuric acid (heat  was evolved), the solution was left  at 20 ~ for 1-2 
days and then vacuum-evapora ted  The residue was d~stflled. The yzeld was 4.23 g (800]o). In an analogous way 
d~propyl-,dusopropyl-,and dusobutyl-phosphmous acids were prepared. Ymlds, constants, and analy t ica l  data are 

~a 

80 

95 

86 

92 

presented ~n the table,  

Formula 

(C,.,tt~)~PH O 

,{( : s l t~ )~PHO 

p-Catl~)~PHO 

C~-C4It})~PHO ~ 

B p , , ~  

(p, ram) 

52--53 (1,5) 

71--72 (1,5) 

m p 48--50 ~ 

5~--55 O, 5) 

28,7 45,6 10,6 [ 
45,3 110,4 29,2 1,4549 0,9698 45,7 I 10,6 I 29,0 I 

53,8 22,7 
- -  - -  1 1 , 3  23,i  

1t,2 22,6t 53,7 03,7 

59,0 
74--75 (2) t 9, t 

m.p 31--33 ~ - -  - -  19,2 

* A communlca twn [19] was recent ly  pubhshed on the synthesis of dllsobutylphosphmous 
acid,  but no constants or ana ly t ica l  data are given for thzs compound, 

p -Phenylenedlamine  Salt of Dlpropylphosphmothwm Actd. In a stream of mtrogen 0,38 g of sulfur was added 
to 1,6 g of dipropylphosphlnous acid, At the end of the exothermlc  react ion 10-20 ml of dry ether was added to the 
mixture,  unchanged sulfur was separated, and thef l l t ra te  was mixed with a saturated ethereal  or benzene solutwn 
of 0,65 g of p -phenylened lamine .  The salt  precipi ta ted either zmmedta te ly  or after evaporanon of the solution, 
Ymld 1,55 g(47%);  re.p. 125 5-127,5 ~ (from benzene),  Found: C53.0 ;  52,9, H8,4 ,  8,5, N 10.5, 10,3, P 11,0; 10,9; 
S 12.0, 11,7~ C12H2aNzOPS, Calculated.  C 52.5; H 8,4; N 10,2, P 11,3; S 11,7%, 

A mixture with the p-phenylenediamlne  salt of dlpropylphsophinothlom acid [14] had rn p, 125-127,5 =, 

p -Phenylenedtamlne  Salt of Dtlsobutylphosphlnothlolc Acid.  This was prepared analogously from 1,6 g of di- 
lsobutylphosphmous acid,  0 32 g of sulfur, and 0.54 g of p-phenylenedtamine ,  Yield 1.2 g (40~ m.p, 109-110.5 ~ 
(from benzene). Found: C 56.0, 56,0; H 9.2; 9.1, N 9.5, 9.3; P 10.1; 10.3; S 10.4, 10,801o. ClaH2?NxOPS. Calculated:  
C 55.6, H 9,0, N 9,3, P 10 2, S 10,6010 

Dlethyl(cz-hydroxybenzyl)phosphme Oxide, A mixture of 1.06 g of benzaldehyde and 1,06 g of dlethylphos- 
phmous aczd was allowed to stand m an atmosphere of nitrogen at 20 ~ for 1-2 days The react ion product crysta l l ized 
out, e~ther spontaneously, or when rubbed Reerysta lhzatmn from a mixture of dry benzene and petroleum ether gave 
colorless crystals. Yield 1.8 g (85~) ,  m.p. 87,5-88.5 ~ Found: C 62,3; 62,2; H 8.1, 8.2, P 14.8, 14.601o. CI1CI?O2P, 
Calcula ted  C 62,3, H 8.1, P 14.6%. 

(a-Hydroxybenzyl)df isopropylphosphme Oxide. This was prepared analogously from 1,6 g of diisopropylphos- 
phinous acid and 1.28 g of benzaldehyde.  Yield 2.6 g (90%); m,p. 112.5-113,5 ~ (from a mixture of benzene and 
petroleum ether). Found: C 64.8, 64 7; H 8.8; 9.0; P 12.8; 12.701o. ClsHz102P. Calculated:  C 65,0, H 8,8, P 12.9% 

Dmthy_K2-methoxyesrbonylethyl)phosphme Oxide. A mixture of 3 g of diethylphosphmous aeld,  3 g of freshly 
dist i l led methyl  acryla te ,  and a h t t l e  mMbltor (anthracene,  hydroquinone) was allowed to stand for 10-15 days m an 
atmosphere of nitrogen at  20 ~ Dlstf l lanon gave 1.3 g of unchanged dlethylphosphmous acid and 2.3 g of diethyl(2-  
.methoxyearbonylethyl)phosphine oxtde Ymld 43% (75% on the amount of the dlethylphosphmous acid that reacted) ,  
b.p. 123-124 ~ (1.5 ram), b.p. 28-30~ n}~ 1.4710, d~ ~ 1 0872 Found. C 50.3, 80,2, H 9.1, 8,9; P 15 9; 16.1%; MR49.4L 
C~HI~OsP Calculated:  C 50.0; H 8,9, P 16,1%, MR 49.61 (ARp 5,5 [20]), 
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Dltsobutyl(2-methoxycarbonylethyl)phosphme Oxtde. This was prepared analogously from 3,6 g of diisobutyl-  
phosphmous acid and 4 g of methyl  acryla te  (al lowed to l ie  for one month at 20*); y ie ld  2.7 g (49.2~ b p. 173-174 ~ 
(7 mm); m.p.  42.5-44*. Found: C 57.8; 57.9; H 10.2; 10.2; P 12.5; 12.0%. ClzH2sOsP. Calculated:  C 58.0; H 10.2; 
P 12.5%. 

(Butoxymethyl)dlethylphosphine Oxide. 4.8 g of butyl chloromethyl  ether was added dropwlse with stirring at 
60-70 ~ in a stream of mtrogen to the sodium salt of dlethylphosphinous acid prepared from 3.9 g of diethylphosphinous 
acid and a suspensmn of 0.85 g of sodium m 25 ml of dry toluene. The mixture was heated for 1.5 hours at 100-110" 
After the usual t reatment  we obtained 2.5 g (50%) of the phosphine oxide; b.p. 105-105 ~ (2 ram), n~ 1.4532,d24~ 0.9571. 
Found. C 56 4; 56 4; H 11.0; 11 0; P 16.2; 16.2%; MR 54 31 CgH210~P. Calculated:  C 56.2; H 11.0; P 16 1%. 
MR 54,22. 

S U M M A R Y  

1. Some lower dialkylphosphmous acids were synthesized. According to thmr infrared spectra,  these substances 
are pentavalent  phosphorus derivatives 

2. Lower dialkylphosphmous amds combine vigorously with sulfur, dissolve cuprous iodide,  and add to benza l -  
dehyde and to methyl  acryla te  m absence of catalyst .  
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