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to the mark and the contents mixed thoroughly.14 The 
solution was transferred to a reaction flask and heated to 
reflux (93 ± 1°) as quickly as possible. Refluxing was con
tinued for 3-4 days (7 days in the case of di-2-ethylhexyl 
lauroylphosphonate). Ten-milliliter aliquots were removed 
by pipet frequently during the first 8 hours, then once a day 
until hydrolysis was complete. The aliquot was transferred 
to 60-70 ml. of absolute ethanol and titrated immediately 
with 0.1 TVNaOH. 

Polarographic Studies.—Details of the polarographic pro
cedure and the solvent system have been reported in pre
vious publications.10-15 Methanol-benzene was the only 
solvent system used. 

Infrared Studies.—Infrared absorption spectra were ob
tained with a Beckman IR-3 spectrophotometer, using so-

(14) Twenty ml. additional dioxane was necessary in the case of 
di-2-ethylhexyl lauroylphosphonate because of incomplete solubility 
in the above solution. 

(15) W. E. Parker, C. Ricciuti, C. L. Ogg and D. Swern, THIS 
JOURNAL, 77, 4037 (1953). 

Very little work has been reported on the 
chemistry of the diarylphosphinodithioic acids and 
their derivatives. The first member of this series, 
diphenylphosphinodithioic acid, can now be con
veniently prepared by the reaction of benzene with 
phosphorus pentasulfide in the presence of anhy
drous aluminum chloride.2 Esters of this acid have 
not been reported previously. 

In the present investigation it was found that di
phenylphosphinodithioic acid can be esterified di
rectly either by addition of the thiol group to an 
olefin or by reaction with certain alcohols in the ab
sence of a catalyst. The latter is a novel reaction 
in that water, rather than hydrogen sulfide, is elimi
nated and a dithioester is formed. 

Esters possessing primary alkyl groups are ob
tained from primary alcohols. An 85% yield of the 
n-octyl ester was obtained from the reaction of n-
octyl alcohol with the acid at 180°. The alcohol 
was not first dehydrated since, if this were the case, 
the 2-octyl ester would result. This was demon
strated by the reaction of diphenylphosphinodi
thioic acid with 1-octene to give a 90% yield of the 
2-octyl ester as shown in reaction (2). The addi
tion of the thiol group to the olefin followed Mar-
kownikoff 's rule. The structures of the esters were 
proven by saponification to the corresponding mer-
Ph2PSSH + W-C8H17OH — > • Ph2PSS-C8Hi7 + H2O (1) 

Ph2PSSH + 1-octene >- Ph2PSS-CH(CHs)-C6H1 3 (2) 

NaOH 
Ph2PSSR + H2O >• Ph2POSNa + RSNa (3) 

(1) Presented before the Division of Organic Chemistry at the 125th 
A.C.S. Meeting, Kansas City, Mo., March, 1954, 

(2) W. Higgins, P. Vogel and W. Craig, T H I S JOURNAL, 77, 1864 
(1955). 

dium chloride prisms. For the pure liquid samples a spacer 
approximately 0.02 mm. thick was used between two sodium 
chloride windows. A single sodium chloride window was 
used for the tape-recorded blank. 

Ultraviolet Studies.—The instrument was the Carey 
Model 11 recording spectrophotometer. Samples were dis
solved in isooctane at levels of 1 and 0 . 1 % , and measured in 
a cell of 1 cm. thickness. 
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captan and diphenylphosphinothioic acid. The 
mercaptans were identified by their 2,4-dinitro-
phenyl thioethers prepared by the procedure of 
Bost.3 

The esterification of carboxylic acids requires the 
removal of a hydroxyl group from the acid. The 
relative order of reactivity of alcohols in this type 
of esterification is R1 > R11 > R111. When a 
strong acid is esterified, the hydroxyl group is be
lieved to be removed from the alcohol. No defi
nite proof of this is known except in the case of the 
hydrogen halide acids where there is no alterna
tive. The relative reactivity rates for alcohols in 
the "esterification" of these acids are in the order 
Rul > Ru > R1. Diphenylphosphinodithioic acid 
may be classified as a strong acid, and as such it re
moves the hydroxyl group from the alcohol during 
esterification. One would, therefore, expect the 
relative reactivity rates of the alcohols to be R111 > 
R11 > R1. Actually, the order seems to be RIU > 
R1 > Rn. Primary alcohols react readily while 
the lower secondary alcohols give little or no reac
tion at their boiling points. Only one tertiary alco
hol, £-butyl alcohol, has been studied. 

The reactivity rates of primary, secondary and 
tertiary alcohols were compared by the esterifica
tion of a series of butyl alcohols. w-Butyl alcohol 
reacted with the acid at 117° for 28 hr. to give a 
63% yield of the w-butyl ester. When sec-butyl 
alcohol was employed, little or no reaction occurred 
after 30 hr. at the reflux temperature (100°), and 
90% of the starting acid was recovered unchanged. 
The fact that ^-butyl alcohol gave a 66% yield of the 

(3) R. W, Bost, J. D. Turner and R. D. Norton, ibid., 54, 1985 
(1932). 
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Alkyl diphenylphosphinodithioates have been prepared in good yields by the direct esterification of diphenylphosphino
dithioic acid with certain alcohols in the absence of a catalyst. The reaction proceeds readily with primary alcohols, higher 
boiling secondary alcohols and tertiary alcohols. Phenol yields a monothioester. 
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TABLE I 

GENERAL FORMULA—Ph2PSSR 

R 

CH 3-
C2H5-
J-C8H7-
W-QH9-
sec-CiHg-
-̂Ĉ Hg— 

W-C6H13-
W-C8H17-
2-C8H17-
W-Ci0H21-
W-C12H26-

Reaction 
temp., Yield 

Hours 0C. % 

16 65 98" 
36 80 65 
20 80 No 
28 100 63 
36 100 No 
16 80 66 
8 155 87 
6 185 86 
6 180 88" 

10 180 97" 
10 180 95" 

B.p. 
0C. 

166-167 
reaction 

162-164 
reaction 

190-192 
197-199 
100-1106 

1556 

158b 

" Crude yield from which small samples were 
a short distillation path. 

M m . 

0.3 

.07 

.1 

.2 

.015 

.04 

.20 

M.p., 
0C. 

82-83 

91-92 
43-44 

purified for analysi 

« ! »D 

1.6611 

1.6370 

1.5972 
1.6050 
1.5864 
1.5726 

d'-h 

1.1919 

1.1471 

1.0845 
1.0895 
1.0640 
1.0267 

s. b These products 

Phosphorus, % 
Calcd. Found 

11.8 
11.15 

10.11 

10.11 
9.26 
8.54 
8.54 
7.93 
7.40 

11.7 
11.06 

10.26 

10.10 
9.35 
8.52 
8.62 
8.01 
7.10 

were distilled fro 

Sulfur, 
Calcd. 

24.2 
23.03 

20.95 

20.95 
19.17 
17.69 
17.69 
16.41 
15.32 

C/ 

Found 

24.4 
22.84 

20.75 

20.82 
19.37 
17.64 
17.78 
16.46 
15.02 

m a still having 

i-butyl ester after heating for 16 hr. a t 83° indi
cates tha t a different mechanism is probably in
volved when tert iary alcohols are employed. When 
simple tert iary alcohols are dehydrated, the olefin 
formed may react with the acid to form the same 
ester as tha t expected by direct esterification with 
the alcohol. This view is supported by a reaction 
in which isobutylene was passed into a benzene solu
tion of the acid a t 80° for 7 hr. to produce a 5 0 % 
yield of the /-butyl ester. I t is probable tha t the 
lower secondary alcohols would react if pressures 
and higher temperatures were employed. The 
higher boiling secondary alcohols do react. 2-Oc-
tyl alcohol gave a 79% yield of the 2-octyl ester 
after 6 hr. a t 180°. 

The esters which have been identified are shown 
in Table I. I t was necessary to distil the higher 
members of the series from a still having a short 
distillation pa th as some decomposition occurs in 
the neighborhood of 200°. In general, the dithio-
esters are relatively stable and possess a character
istic odor. 

In the reaction of diphenylphosphinodithioic 
acid with phenol, hydrogen sulfide was eliminated 
and a monothioester I I was obtained. This can be 
explained by the sequence in reactions (4) to (6). 

Ph2PSSH 

I + PhOH• 

> (Ph2PS)2S + H2O 
I 

Ph2PSOPh + Ph2PSSH 
II 

Ph2PSSH 

(4) 

(5) 

(6) 

When heated, the acid was converted to diphenyl
phosphinodithioic thioanhydride (I), and hydro
gen sulfide was evolved. Further heating in the 
presence of phenol cleaved the anhydride with the 
formation of the monothioester I I and liberated the 
acid which was free to re-enter the cycle. When a 
sample of the thioanhydride was heated with phe
nol the product was identified as phenyl diphenyl-
phosphinothionate (II) . 

In the reactions with 2-octyl alcohol and «-do-
decyl alcohol, a solid by-product I I I which melted 
a t 197-198° was isolated. Analytical data indi
cated this material was a monomeric compound 
whose empirical formula was C24H20OS2P2 and fur
ther suggested the anhydride of diphenylphosphino-
thioic acid. This anhydride could have either struc

ture I I IA or I H B . Hydrolysis of a compound with 

S O S S 

Ph2P-S-PPh2 

HIA 
Ph 2P-O-PPh 2 

HIB 

structure I H A could be expected to yield either a 
mixture of diphenylphosphinic acid with the dithio 
analog or the monothio acid only, depending on 
which P - S bond was ruptured. Hydrolysis of a 
material with structure I H B could produce only 
diphenylphosphinothioic acid. From the hydroly
sis of the anhydride formed in these esterification 
reactions, diphenylphosphinothioic acid was ob
tained in a 9 0 % yield. 

When a sample of diphenylphosphinodithioic 
thioanhydride I was oxidized with a large excess of 
dilute nitric acid, a quanti ta t ive yield of diphenyl
phosphinic acid was obtained. However, when a 
6:1 molar ratio was employed, there was obtained, 
in addition to diphenylphosphinic acid, a 3 7 % 
yield of the anhydride of diphenylphosphinothioic 

I + excess HNOs(dil.) • 

I + 6HN03(dil .)-

Ph2POOH (7) 
IV 

->- C2JH20OS2P2 + IY (8) 
IIIA or I I IB 

acid. The melting point of a mixture of this ma
terial and the anhydride obtained in the esterifica
tion reactions show no depression from the individ
ual melting points. The exact structure of this 
anhydride is not known. I t will be the subject of a 
future communication. 

Experimental4 

Diphenylphosphinodithioic Acid.—The diphenylphosphin
odithioic acid used in this work was prepared by the method 
of Higgins, Vogel and Craig.2 For use in these reactions, 
the acid was not purified by recrystallization. The neu
tralization equivalent on different samples of acid varied 
from 215 to 230 (theory, 224). 

Methyl Diphenylphosphinodithioate.—The following pro
cedure describing the preparation of the methyl ester of di
phenylphosphinodithioic acid is general for the synthesis of 
the low molecular weight esters. 

Thirty-seven grams (0.15 mole) of diphenylphosphino
dithioic acid and 150 ml. of methanol were heated at the 
reflux temperature for 16 hr. The decrease in acidity of the 
reaction solution as shown by titration with standard po
tassium hydroxide solution indicated that 9 5 % of the acid 
had reacted. Most of the unreacted methanol was removed 
by distillation. The residue was cooled and a white crys-

(IJ All melting points are uncorrected. 
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talline product (38 %., 9 8 % crude) was obtained by nitration 
with suction. An analytical sample prepared bv recrvs-
tallization from naphtha (60-70°) melted at 82-83°. 

/-Butyl Diphenylphosphinodithioate.—Diphenylphos-
phinodithioic acid (50 g., 0.2 mole), 80 ml. (0.8 mole) of t-
butyl alcohol and 50 ml. of benzene were refluxed at 80° for 
16 hr. During this time 4.0 ml. of an azeotrope was sepa
rated by means of a reflux trap (theory 3.2 g. of water). 
Nearly all of the solvent was removed by distillation. The 
residue was cooled, diluted with ethyl ether and washed with 
5 % sodium bicarbonate solution, then with water until neu
tral. The ether was removed by distillation and the solid 
residue was dissolved in naphtha (60-70°), treated with 
Nuchar, filtered and the filtrate concentrated. The white 
needles which separated on cooling were collected by filtra
tion. The product weighed 40 g. (66%) and melted at 92-
93°. 

Isobutylene was passed into a solution of 50 g. (0.2 mole) 
of diphenylphosphinodithioic acid in 200 g. of benzene at 
the reflux temperature for 7 hr. The material was washed 
with an aqueous 18% solution of sodium bicarbonate. The 
solvent was removed by distillation at reduced pressure and 
the residue was recrystallized from naphtha (fraction boiling 
at 60-70°) to yield 30 g. (50%, no at tempt was made to 
improve on this yield) of white needles melting at 90-92°. 
A sample of this product mixed with a sample of the product 
obtained from /-butyl alcohol melted at 91-92°. 

re-Octyl Diphenylphosphinodithioate.—This procedure is 
representative of the method used for the synthesis of the 
higher molecular weight esters. Yields were found to be 
better when the reaction temperature did not exceed 185°. 

Diphenylphosphinodithioic acid (250 g., 1.0 mole) and 
260 g. (2.0 moles) of re-octyl alcohol were heated at 185° for 
6 hr. During this time 15 ml. of water was separated by 
means of a reflux t rap . The decrease in acidity of the re
action solution indicated that over 99% of the acid had re
acted. This material was washed with 5 % sodium bicar
bonate solution, then with water until neutral. The excess 
alcohol was removed by distillation in vacuo, the final condi
tions being 150° (0.5 mm.) . The residue, a light yellow 
liquid, weighed 340 g. (99% crude). A portion (86 g.) of 
the residue was distilled at reduced pressure. A sample 
weighing 75 g. (87%) was collected at 197-200° (0.2 mm.) . 

»-Octyl Mercaptan.—n-Octyl diphenylphosphinodithioate 
(182 g., 0.5 mole) was heated under reflux with 600 ml. of 
aqueous 10% sodium hydroxide solution until a homogene
ous reaction mixture resulted. This required about 2 hr. 
The mixture was cooled; concentrated hydrochloric acid 
was added to give a pH 7 and solid sodium bicarbonate was 
added until a saturated solution occurred. The material 
was extracted with ether several times and the organic layers 
combined. The combined extract was dried over anhydrous 
sodium sulfate, filtered and the ether removed on a steam-
bath. The residue, which weighed 76 g., was distilled. A 
fraction weighing 52 g. (71%) was collected at 95-98° (33 
mm.) . 

Anal. Calcd. for C8H18S: S, 21.8. Found: S, 21.3. 
The 2,4-dinitrophenol thioether derivative was prepared 

by the procedure of Bost, Turner and Norton3 and melted 
at 75-77°. This material showed no melting point depres
sion when mixed with the corresponding derivative of n-
octyl mercaptan (m.p. 74-76°) prepared by the method of 
Frank and Smith.5 

The aqueous layer from the saponification was made acid 
to a pH 3 with hydrochloric acid and filtered. The crude 
diphenylphosphinothioic acid was air-dried and recrystal
lized from toluene to give 96 g. (82%) of diphenylphos
phinothioic acid which melted at 140-143°. 

2-Octyl Diphenylphosphinodithioate (A).—Diphenyl
phosphinodithioic acid (125 g., 0.5 mole) and 1-octene (168 
g., 1.5 moles) were heated with stirring for 3 hr. at 130°. 
At the end of this t ime, the mixture was neutral. The 
excess octene was removed under reduced pressure, the final 
conditions being 80° (0.5 mm.) . The residue weighed 170 
g. (99% crude). A small portion (55 g.) was distilled on a 
short path molecular still. A fraction weighing 31 g. (56%) 
was collected at 100-110° (0.01-0.015 mm.) . 

(B).—Diphenylphosphinodithioic acid (125 g., 0.5 mole) 
and 2-octyl alcohol (165 g., 1.25 moles) were heated at 175-
185° for 6 hr. At the end of this period, 8.0 ml. of water 
had been collected in a reflux t rap. The mixture was al-

(o) R. I,. Frank and P, V, Smith, THLS JOURNAL, 68, 2103 (1946). 

lowed to cool and was filtered to remove a white solid (A). 
The filtrate containing the ester and excess alcohol was 

concentrated in vacuo, the final conditions being 150° (0.5 
mm.) . A residue, crude ester, weighing 143 g. (83%) was 
obtained. This product was not distilled but was charac
terized by saponification to form 2-octyl mercaptan as de
scribed below. 

The solid (A) was washed with naphtha (fraction boiling 
at 40-60°) and recrystallized three times from benzene. A 
white crvstalline material weighing 18 g. and melting at 
197-198° was obtained. 

Anal. Calcd. for C21Ho0OPoS2: P , 13.75; S, 14.21; 
sapn. equiv., 226. Found: P , 13.40; S, 14.30; sapn. 
equiv., 227. 

2-Octyl Mercaptan.—The saponification of 2-octyl di
phenylphosphinodithioate (181 g., 0.5 mole) obtained in pro
cedure (A) from the acid and unsaturate was carried out as 
described previously for the preparation of «-octyl mercap
tan. A yield of 51 g. (69%) of 2-octyl mercaptan, b .p . 83 -
85° (27 mm.) , was obtained. The 2,4-dinitrophenyl thio
ether derivative was prepared by the procedure of Bost, 
Norton and Turner3 and melted at 47-48°. 

The saponification of 181 g. (0.5 mole) of the ester ob
tained by procedure (B) above gave 50 g. (68%) of 2-octyl 
mercaptan, b .p . 83-85° (27 mm.) . The 2,4-dinitrophenyl 
thioether melted at 47-48°. 

The mixed melting points of the two 2,4-dinitrophenyl 
thioethers was 47-48° and the mixed melting points with a 
known 2,4-dinitrophenyl thioether derivative of 2-octyl 
mercaptan (m.p. 47-48°) showed no depression. 

Diphenylphosphinothioic Acid by Hydrolysis of Diphenyl
phosphinothioic Anhydride.—Diphenylphosphinothioic an
hydride ( I I I ) (8 g., 0.016 mole) and 60 ml. of 10% aqueous 
potassium hydroxide were heated at reflux for 4 hr. The 
reaction mixture was made acid (^H 2) with dilute hydro
chloric acid and filtered. The solid was air-dried to give 8.8 
g. of white powder. The product was recrystallized twice 
from toluene. The white needles of diphenylphosphino
thioic acid weighed 7.4 g. (87%) and melted at 141-143°. 

Anal. Calcd. for C12Hi0OPS: P , 13.25; S, 13.68. 
Found: P , 13.21; S, 13.56. 

Preparation of Diphenylphosphinodithioic Thioanhydride 
(I).—Diphenylphosphinodithioic acid (50 g., 0.2 mole) was 
heated slowly to 170° for 10 hr. At the end of this time, 
titration indicated 9 1 % reaction. The mixture was cooled, 
diluted with 100 ml. of benzene and filtered. The filtrate 
was washed three times with aqueous 10% sodium bicar
bonate, dried azeotropically and diluted with isopropyl 
alcohol. The solution was allowed to cool and was filtered. 
The solid material was recrystallized twice from isopropyl 
alcohol to give 31 g. (67%) of a white product melting at 
118-121°. 

Anal. Calcd. for Cs4H20P2S3: P , 12.90; S, 20.66. 
Found: P , 13.15; S, 20.55. 

Oxidation of Diphenylphosphinodithioic Thioanhydride.— 
Diphenylphosphinodithioic thioanhydride (10 g.,0.02 mole) 
was dissolved in 15 ml. of benzene and the solution treated 
(with shaking) with 15 ml. of aqueous 6 N nitric acid. The 
temperature rose to 40-50° and was maintained for 30 
minutes. The white solid was washed several times with 
cold water and was air-dried to yield 8.4 g. of crude product. 
A 5-g. sample of this material was washed thoroughly with 
an aqueous 5 % sodium bicarbonate solution and then with 
water. When this product was dried, it weighed 2.2 g. and 
melted at 194-197°. A mixed melting point with the by
product from the esterification of diphenylphosphinodithioic 
acid with 2-octyl alcohol showed no depression. 

Anal. Calcd. for C24H20OP2S2: P , 13.7; S, 14.2. Found: 
P, 13.3; S, 14.5. 

Phenyl Diphenylphosphinothionate (II).—One hundred 
twenty-five grams (0.5 mole) of diphenylphosphinodithioic 
acid and 143 g. (1.5 moles) of phenol were heated at 190° for 
10 hr. The mixture was cooled and poured into 450 ml. of 
aqueous 10% sodium hydroxide solution. The solid ester 
was collected on a suction funnel, thoroughly washed with 
water and air-dried. It weighed 143 g. (92%), m.p . 118-
124°. A sample of this material was recrystallized several 
times from naphtha (60-70°) to give a product melting at 
123-125°. 

Anal. Calcd. for C18H15OPS: P, 9.98; S, 10.32. Found: 
P, 9.76; S, 10.41. 
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Diphenylphosphinodithioic thioanhydride (23.3 g., 0.05 
mole) and phenol (14.1 g., 0.15 mole) were heated to 190° 
and stirred at that temperature for 5 hr. The reaction mix
ture was cooled and poured into 80 g. of cold 10% NaOH 
solution. The solid material was thoroughly washed with 
water, filtered and dried. The product (30 g., 9 3 % crude) 
was recrystallized from naphtha several times to obtain a 
pure sample (15.0 g., 48.4%) of phenyl diphenylphosphino-
thionate melting at 123-124°. A mixture of this white crys
talline product with the ester obtained above by direct es-

The base-catalyzed addition of dialkyl hydrogen 
phosphites to aldehydes and ketones to form 1-hy-
droxyalkylphosphonates is well known.1-10 

CH3CHO + (C2H60-)2P(0)H — ^ 
C H 3 C H O H P ( O ) ( O C 2 H S ) 2 (1) 

I 

base 
CH3C(O)CH3 + (C2H5O)2P(O)H S-

(CH3)2C(OH)P(0)(OC2H6)2 (2) 
I I 

With a strongly negatively substituted aldehyde 
such as chloral, no catalyst is required.11"14 

CCl3CHO + (CH3O)2P(O)H — > 
CCl3CHOHP(0)(OCH3)2 (3) 

I I I 

While studying the reaction of acetyl chloride 
and sodium diethyl phosphite, Arbuzov and Azan-
ovskaya obtained tetraethyl 1-acetoxyethylidene-
diphosphonate, CH3C(OCOCH3) [P(O) (OC2H6)2]2.

15 

(1) E. K. Fields (to Research Corporation), U. S. Patent 2,579,810 
(1951). 

(2) A. N. Pudovik and Yu. P. Kitaev, J. Gen. Chem. (U.S.S.R.) 
(Consultants Bureau English Translation), 22, 531 (1952). 

(3) V. S. Abramov, ibid., 22, 709 (1952). 
(4) V. S. Abramov, L. P. Semenova and L. G. Semenova, Doklady 

Akad. Nauk S.S.S.R., 84, 281 (1952); C. A., 47, 3227 (1953). 
(5) V. S. Abramov, R. V. Dmitrieva and A. S. Kapustina, J. Gen. 

Chem. (.U.S.S.R.) (Consultants Bureau English Translation), 23, 269 
(1953). 

(0) V. S. Abramov, Yu. A. Bochkova and A. D. Polyakova, ibid., 23, 
1061 (1953). 

(7) V. S. Abramov and N. A. Ilyina, ibid., 24, 121 (1954). 
(8) V. S. Abramov and A. S. Kapustina, ibid., 24, 315 (1954). 
(9) V. S. Abramov and L. P. Semenova, Sbornik Statei Obshchei 

KUm, Akad. Kauk S.S.S.R., I, 393 (1953); C. A., 49, 838 (1955). 
(10) V. S. Abramov and N. S. Kuznetsov, ibid., 398 (1953); C. A., 

49, 839 (1955). 
(11) W. E. Craig and W. F. Hester (to Rohm and Haas Company), 

U. S. Patent 2,485,573 (1949). 
(12) W. F. Barthel, P. A. Giang and S. A. Hall, THIS JOURNAL, 76, 

4186 (1954). 
(13) W. Lorenz (to Farbenfabriken Bayer Akt.), U. S. Patent 

2,701,225 (1955). 
(14) W. Lorenz, A. Henglein and G. Schrader, T H I S JOURNAL, 77, 

2554 (1955). 
(15) A. E. Arbuzov and M AI, Azannvskaya, Dnklady Akad. XauJ: 

S.S.S.R., 68, 1961 (1947); C. A., 46, 8606 (1952;. 

terification of the acid gave no melting point depression. 

Anal. Calcd. for C18Hi5OPS: P , 9.98; S, 10.32. Found: 
P , 10.02; S, 10.51. 
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They postulated that sodium diethyl phosphite 
added to the carbonyl group of CH3C(O)P(O)-
(OC2Hs)2, initially formed, to give CH3C(ONa)-
[P(O)(OC2Hs)2J2 which was followed by acetylation 
of the ONa group by the acetyl chloride. 

We have found that dialkyl hydrogen phosphites 
will add readily to acylphosphonates in the pres
ence of a base to form 1-hydroxyalkylidenediphos-
phonates as 

base 
CH3C(O)P(O)(OC2Hs)2 + (C2H6O)2P(O)H *~ 

CH3C(OH) [P(0)(OC2H6)2]2 (4) 
IV 

The mechanism of the reaction probably in
volves the nucleophilic attack of the dialkyl phos
phite on the electropositive carbon of the carbonyl 
group in the acetylphosphonate molecule. The 
electropositive nature of the carbonyl carbon atom 
is probably enhanced by the electron-withdrawing 
power of the adjacent phosphoryl group, thus pro
moting the reaction. Use of basic catalysts, such as 
amines, for the addition of certain carbonyl reagents 
is well known.16 

base 
(CH3)2CHC(0)P(0)(OC2H5)2 + (C2H5O)2P(O)H >-

(CHs)2CHC(OH) [P(O)(OC2Hs)2]O (4a) 
IVA 

base 
(CH3)2CHC(0)P(0)(OC2H5)2 + (C4H9O)2P(O)H > 

(CH3)2CHC(OH)P(0)(OC2H5)2 (4b) 

P(O)(OC4Hs)2 IVB 

It is somewhat surprising that the diethyl- and 
dibutylphosphono groups enter the isobutyryl-
phosphonate molecule very readily since one might 
expect some steric hindrance from the isopropyl-
and diethylphosphono groups which bracket the 
carbonyl group. Reactions 4a and 4b are almost 
as vigorous as 4, however. 1-Hydroxyalkylidene-
diphosphonates can be obtained with different 
alkoxy groups on the two phosphorus atoms as 
shown in equation 4b. 

(10) R. C. Fuson, "Advanced Organic Chemistry," John Wiley and 
Sons, Inc., New York, X. V., 1950, p. 379. 
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Dialkyl hydrogen phosphites react with acylphosphonic acid esters in the presence of basic catalysts to produce tetraalkyl 
1-hydroxyalkylidenediphosphonates. j3-Propiolactone reacts with diethyl hydrogen phosphite to produce tetraethyl 1,3-
dihvdroxypropylidenediphosphonate. Diethyl 3-hydroxypropionylphosphonate is an intermediate in this reaction. 


