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Diphenylphosphinodithioic thioanhydride (23.3 g., 0.05 
mole) and phenol (14.1 g., 0.15 mole) were heated t o  190" 
and stirred a t  that  temperature for 5 hr .  The  reaction mix- 
ture was cooled and poured into 80 g. of cold 107, NaOH 
solution. The  solid material was thoroughly washed with 
water, filtered and dried. The product (30 g., 937, crude) 
was recrystallized from naphtha several times t o  obtain a 
pure sample (15.0 g., 48.47,) of phenyl diphenylphosphino- 
thionate melting at 123-124". .I mixture of this white crys- 
t:dlinc. product with the ester obtained abovc by direct cs- 

terification of the acid gave no melting point depression. 
A n d .  Calcd. for Cl8H150PS: P ,  9.98; S, 10.32. Found: 

P, 10.02; s, 10.51. 

Acknowledgment.-The authors wish to thank 
hlr. Harry Ferber for the analvtical work reported 
throughout this paper. 
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Dialkpl hydrogen phosphites react with acylphosphonic acid esters in the presence of basic catalysts to  produce tetraalkyl 
8-Propiolactone reacts with diethyl hydrogen phosphite to produce tetraethyl 1,3- 1-hydroxyalkylidenediphosphonates. 

dihydrosypropylidenediphosphonate. Diethyl 3-lig'dro~ypropionylplio~phonate is an intermediate in this reaction 

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

base 
CHzCHO + (C2H&O)zP(O)H -+ 

C H B C H O H P ( O ) ( O C ~ H ~ ) ~  (1) 
1 

base 
CHsC(0)CHs + (CzHsO)zP(O)H 

(CHz)zC( OH )P( O)( OC2H5)z ( 2 )  
IT 

With a strongly negatively substituted aldehyde 
such as chloral, no catalyst is required."-ll 
CCI3CHO + (CH30)2P(O)H --f 

CClSCHOHP( O)( OCH3)z ( 3 )  
I11 

While studying the reaction of acetyl chloride 
and sodium diethyl phosphite, Arbuzov and Azan- 
ovskaya obtained tetraethyl l-acetoxyethylidene- 
diphosphonate, CHX(OCOCH3) [P(O) ( O C Z H ~ ) ? ] ~ . ~ ~  
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They postulated that sodium diethyl phosphite 
added to the carbonyl group of CH,C(O)P(OI- 
(OCZH~)~ ,  initially formed, to give CH3C(Oh'a)- 
[P(O) (OCzHE)2]2 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 l-hydroxyalkylidenediphos- 
phonates as 

base 
CH3C(O)P(O)(OCzHa)2 + (CzHso)zP(O)H 

CHIC( OH [P( O)(OC&)zI z (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 
(CH,),CHC(O)P(O)(OCzH,), -t (CzHD)d'(O)H 

(CH~)ZCHC(OH)[P(O~(OC?H~)~]~ (3a) 
IT'A 

base 
(CH,)zCHC(O)P(O)(OCzH~)z + (CaHsO)zP(O)H ---+ 

(CH,),CHC(OH)P(O)(OCzH~)z (311) 
I 
P(O)(OC,Hs)z 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. 

(IO) R C Fiison ' A d i a n c e d  Orgqnic Chemls t r )  John  \%) le \  in11 
Son,, Inc., S e E  S'urh, S. S',, 1939, p d79,  
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We would expect other phosphorus compounds 
containing a P-H group to add to acylphosphonates 
in a similar manner. This would include hypo- 
phosphorous acid, sodium hypophosphite and phos- 
phinous acids. 
In contrast to the sensitivity of l-hydroxyalkyl- 

phosphonates to distillation, 4-6 the above l-hydroxy- 
alkylidenediphosphonates are quite stable to dis- 
tillation a t  reduced pressures. 

When an aldehyde or ketone is treated with a 
dialkyl hydrogen phosphite in the presence of a 
primary or secondary amine, an aminoalkylphos- 
phonate results. l7 Even though diethylamine was 
used as the catalyst in equation 4, no amino- 
substituted diphosphonate, CHBC [N(CzHb)z ] [P(O)- 
(OC2H5)2]2, was observed. Perhaps the diphos- 
phonate molecules are too sterically hindered to 
allow the diethylamino group to exist in the 
1-position. 

The infrared spectrum of IV had an -OH band 
of medium intensity while the spectra of IVA and 
IVB had -OH bands of weak intensity. This weak 
hydroxyl band in IVA and IVB is probably indica- 
tive of hydrogen bonding between the -OH group 
and one of the phosphoryl (P=O) groups as shown 
in the structure 

/H 
0 0  

CH3>CHC-P(OC,H,!? I II IVA 

\ / / O  
CH3 

\ 

P( OC&h 
It seems probable that the branched chains in IVA 
and IVB would force the bond angles closer to- 
gether, thus promoting the hydrogen bonding. 
Compound IV does not have this chain branching. 

We were also able to obtain l-hydroxyalkylidene- 
diphosphonates from the interaction of dialkyl 
hydrogen phosphites with lactones such as p-pro- 
piolactone. 

156' 
CHXH,C=O + (C,HsO)zP(O)H & 
-0- 

[HOCH,CHzC(O)P(O)(OCzH~)*~ 
T.' 

Reaction 5 can be explained by an attack of the 
phosphite molecule on the carbonyl group of 
the lactone causing an acyl-oxygen cleav'age of the 
lactone ring to produce 17. This intermediate 
3-hydroxypropionylphosphonate then reacts sim- 
ilarly to equation 4 above to give VI. Tempera- 
tures in the range of 155-160" are required to open 
the P-propiolactone ring. Xt this temperature, 
the dialkyl phosphite adds to the carbonyl of V 
without the presence of a catalyst. This is not too 
surprising since chloral (equation 3) reacts a t  25" 
without a catalyst and the intermediate V also 
contains a negatively substituted carbonyl group. 
Also, Stiles has reported the addition of dialkyl 
phosphites to simple aldehydes and ketones a t  130" 
without the use of a catalyst.18 

(17) E. K. Fields, THIS JOURNAL, 74, 1628 (1952). 
(18) A. R St i les (to Shell nrvrlopmrnt C'ntnpany), TJ S Patent  

2.i43.213 (14.i21 

The reaction of diethyl hydrogen phosphite with 
the carbonyl group of an acylphosphonate is rapid 
compared to  the opening of the lactone ring. 
Therefore, diethyl hydrogen phosphite would add 
to V as rapidly as the latter forms and none of the 
intermediate V would be present in the final reac- 
tion mixture. As shown below, however, V is 
formed by a thermal splitting of VI during distil- 
lation of the product. 

Product VI distils with decomposition at  116- 
120" (0.5-0.8 mm.). Although the elemental anal- 
ysis of the distillate agreed with the theoretical 
values, it was shown by infrared analysis that this 
distillate contained diethyl hydrogen phosphite 
and diethyl 3-hydroxypropionylphosphonate (V) 
in addition to VI. This sensitivity is in marked 
contrast to the stability of the l-hydroxyalkylidene- 
diphosphonates (IV, IVA and IVB), which could 
be distilled without decomposition a t  reduced 
pressures (1-4 mm.). Thus the sensitivity of the 
1,3-dihydroxypropylidenediphosphonates is com- 
parable to the sensitivity of the 1 -hydroxyalkyl- 
phosphonates, which readily cleave to the starting 
dialkyl phosphite and carbonyl compound. An- 
other factor pointing to the cleavage of VI during 
distillation was the low boiling point. -41~0, 
ebulliometric molecular weight determinations in 
benzene were intermediate (251 .S, 243.3) between 
the values calculated. for V (210.17) and VI 
(348.28). 

Reaction 5 was repeated using sodium diethyl 
phosphite in addition to diethyl hydrogen phosphite 
and P-propiolactone. In this case, the reaction was 
quite exothermic and had to be controlled with ex- 
ternal cooling. After neutralization, again the mix- 
ture of V, VI and diethyl hydrogen phosphite was 
obtained after all unreacted starting materials had 
been removed. This demonstrates that diethyl 
hydrogen phosphite and sodium diethyl phosphite 
open the lactone ring in the same manner; how- 
ever, the lactone ring is opened much more readily 
by the sodium diethyl phosphite. Tertiary or- 
ganic bases such as triethylamine were also effec- 
tive in catalyzing the reaction of P-propiolactone 
with diethyl hydrogen phosphite a t  room tempera- 
ture to produce VI. 

Experimental 
Diethyl Acetylphosphonate.lg-Triethyl phosphite (83.1 

g., 0.5 mole) was added dropwise with stirring to  acetyl 
chloride (39.2 g., 0.5 mole) over a period of about 30 minutes 
while the temperature of the reaction mixture was main- 
tained below 30' b y  cooling with a n  ice-bath. After the 
addition of triethyl phosphite was complete, the reaction 
mixture was stirred a t  25' for 1 hour and then heated gently 
on a steam-bath until the evolution of ethyl chloride had 
ceased. -4 total of 28 ml. of ethyl chloride was collected 
in a Dry Ice trap (theoretical = 35 tnl.). Distillation of the 
reaction mixture gave 60 g. (679%) of product, b.p. 62- 
65" (1.5 mm.), f i z O ~  1.1331. 

Anal .  Calcd. for C ~ H M O ~ P :  C, 40.00; H ,  7.28. Found: 
C,  40.10; H, 7.33. 

Diethyl Isobutyrylphosphonate .-Triethyl phosphite (49.8 
g., 0.3 mole) was added dropwise with stirring to isobutyryl 
chloride (31.8 g., 0.3 inole) while the temperature of the re- 
action mixture was moderated by external cooling with cold 
water. The reaction mixture was stirred a t  25" for 1 hour, 
and the evolved ethyl chloride (15rnl., theoretical = 21 xnl) 

(10) (:. X f .  Kr,wdapnfi. "Orgnnnph~lsph,,rIlu <'ornpi>iinrlq." Jnhn 
Wiley and Son.;. I I I C . ,  Nrw Ynrk, N. V,, I ! 2 M ,  p. 1 3  



4 452 RICHARD L. JICCONNELL A N D  HARRY LV. COOVER, JR. Vul. '7s 

was ciillected ill a Dr)- Ice trap. Finally the reaction mix- 
ture was heated on the steam-bath with stirring for 1 hour 
to complete the evolution of tlic ethyl c!iloridc. Distilla- 
tion of the reaction mixture gave 48 g. (77';;)  of product, 
b.p. 92-97" (3.9 mm.) ,  ~ Z O D  1.4272. 

Aiza!. Calcd. for CsHI;04P: C,  46.15; H, 8.23, Found: 
C, 46.29; H ,  8.26. 

Tetraethyl 1-Hydroxyethylidenediphosphonate (IV).- 
Ilietliyl hydrogcn phosphite (13.8 g., 0.1 mole) and diethyl- 
amine (7 .3 g . ,  0.1 mole) mere mixed in a round-bottom flask 
anti diethyl acetylphosphonatc (18.0 g., 0.1 mole) !vas 
added dropwise with stirring. The  reaction was exothermic 
and the temperature rose rapidly to  70". Axbout 15 minutes 
n.ere required to  add the phosphoriate. The mixture was 
stirred for 2 hours, and then was distilled under reduced 
presiure. The  forerun (14.5 g.)  was collected from 43 to 
13'3' (1.1 nim.).  The  product IV distilled a t  110-150' 
(0.7 !ntri.), Z ~ O D  1.431 I ,  and amounted to 18.3 g. (58f12). 

Am1. Calcd. for Cl~Rn40;P,: C, 37.71; H, 7.BO; P, 
19.40. Found: C,  37.96; IT, 7.61; P, 19.29, 19.51. 

T l i c ,  follriwing characteristic ahwrptioti bands were 111)- 

scrvcd f rmi  the infrarcd spectrurn r i f  I\. 

Absorption Alisorption 
hand, p Assignment band, p Assignment 

2 . 8 2  --OH 9 . 7  c-OP 
8 . 0  P=O 10 .2  P-oc 
8 .  ii P-O-CzHj 

Tetraethyl 2-Methyl-I-hydroxypropylidenediphosphonate 
(IVA).-Dieth)-l hydrogen phosphite (20.0 g. ,  0.145 mole), 
diethl-1 isobutyrylphosphonate (20.8 g., 0.1 mole) and tri- 
ethylamine (7.0 g., 0.07 mole) were treated according to the 
procedure given above for IT'. \Then the reaction mixture 
\vas fractionatcd, 25.2 g. (735; yield) of product boiling a t  
142-145" (1.2 min.), X ~ O I I  1.4359, was obtained. 

4 n a l .  Calcd. for C1?H2sO;P2: C, 41.74; H ,  7.88; P ,  
17.94. Found: C ,  41.97; H, 8.20; P ,  18.02. 

The following characteristic absorption bands were ob- 
served from the infrared spectrum of this compound 

Absorption Absorption 
band, y Assignment hand, y Assignment 

2 9 (weak) -OH 9 . 8  c- OP 
7 . 9  P=O I O .  4 P--0c 
8 6  P-0-C3H; 

Dibutyl Diethyl 1-Hydroxy-2-rnethylpropylidenediphos- 
phonate (IVB).--Dibutyl hydrogen phosphite (8.35 g . ,  0.043 
mole), diethyl isobutyrylphosphonate (8.9 g., 0.013 mole) 
anti triethylamine (3.5 g., 0.035 mole) were treated accord- 
ing to the procedure given above for IV. IVhen the reaction 
mixture was fractionated, 7.0 g.  (40.5Yc yield) of product 
boiling a t  180-187' (3.1 min.) ,  Z ~ O D  1.1400, was obtained. 

Tlic fdIii\viiig c1i:iracteristic :ihscirptiriii bands were ob- 
scrveti from the irifr;rrcd spectruni of this compound 

Ahsorption Absorption 
bands, y Assignment bands, II Assignment 

2 . 9  (weak) -OH 9 . 8  c-OP 
7 . 9  P=O 10.3 P-oc 
8 . 6  P-O-C?Hj 

The  weak-OH bands in the spectra of ISTX and IYB 
probably indicate hytirogcn bonding with one of the phos- 
phoryl groups. Tlivri: ~ v a q  n o  indication of -C-0 or 
P-IT I~atitls iii t l i r  spec t ra  o f  I \ - ,  I\..\ or I Y B .  

Tetraethyl 1,3-Dihydroxypropylidenediphosphonate (VI ) .  
(Method Ai.--Dictliyl Iiyclrogeii phosphite (110.4 g . ,  0.8 
mole) and @-prr~piolactcine (28.8 g., (7.4 mole) Ivere mixed 
and heated to l6O0 with stirring. ?it this point, an exo- 

tlicrrnic reaction took plnce and the  temperature climhed 
rapidly to 200". The  heating mantle was removed and the 
temperature was allowed to  drop to  155'. The  tcmpcrri- 
ture was then maintained in the 155-160° range for 14 hours. 
Fractionation of the reaction mixture gave 36 g. of un- 
changed diethyl hydrogen phosphite and a11 intermediate 
cut of 28 g., b.p. 58-120' (1.3 rnni.). Then 16.5 g. (12(.1) 
of product distilled a t  116-120° (0.5-0.8 mm.),  n Z o ~  1.41B5, 
before decomposition became so great tha t  the clistillation 
had to  be stopped. 

A n d .  Calcd. for CliH260~P?: C,  37.93; H, 7.53; P ,  
17.79. Found: C,  38.13; H ,  7.82; P, 17.98. 

Infrared analysis indicated the presence of (GH:,O)?P- 
(O)H, HOCH2CHyC(0)P(O)(OC2H3)2 (Y) and H O C H r  
CH2C(OH:iP(O)(0C,H,),12 (TI)  in the fraction which dis- 
tilled a t  116-120" (0.5-018 mm.).  The characteristic ah- 
sorption bands observed in the spectrum of this sample are 
listed below. 
Absorption 

hand, p Assignment 

2 . 9 5  -OH 
1. 1X 
5 78 C--0 [from IIOC€I,CH~C(O)P(O)(OCrH,),1 
s 0 P-0 
9 . 7  c - 0 P  

10 .3  P-OC 

I t  should be noted tha t  the carbon, hydrogen and phos- 
phorus content of this 3-component mixture would be the 
same as tha t  for \-I since \- and (C2H50)ZP(0)H are formed 
by  a simple cleavage of \-I a t  the distillation temperature. 
The  clistillation residue was a viscous yellow oil and amounted 

horus content of this oil was found by 
therefore, it  was probably mostly \ - I .  

O (0.5-0.8 mm.)  fraction was redis- 
tilled, diethyl hydrogen phosphite, b .p .  50-32" (2.8 nim.),  
X ~ O D  1.4078. and a fraction which boiled a t  85-100' (2 .8  
nim.),  ? z * ~ D  1,4140, were obtained. The  latter probably 
was chiefly HOCH?CH?C(O)P(O)(OCsHa)? but  still con- 
tained :i small amount of dicthyl hydrogen pho-phite. 

(Method B).-Diethyl hydrogen phosphite (75 g . ,  0.54 
inole) was treated with sodium (4.6 g. ,  0.2 mole) while the 
reaction mixture was stirred and ciioled externally with cold 
water. After all of the sodium had reacted, 6-propiolactme 
(14.4 g. ,  0.2 mole) was added dropwise with stirring while 
still cooled externally with cold water. The  reaction was 
eytremely vigorous a r i d  a viscous, transparent oil was ob- 
taincd. The  mixture xras stirred for 6 hours a t  25", and then 
neutralized with concentrated hydrochloric acid while being 
chilled in an  ice-bath. Benzene (150 ml.) was added to the 
white slurry, and the precipitated sodium chloride w:is rc- 
moved by filtration. The upper layer was separatcd, 
dried and distilled a t  reduced pressure. .lfter removing the 
benzene and unreacted diethyl phosphite, the follo\ving 
fraction? were obtained: 1, b .p .  100-108° (2.8 mni.), 1 g. ,  

3 ,  h .p .  124-127° (2.8 nun.) ,  1.4 g., X ~ D  1.4240. 
'The infrared spcctra of fractions 2 and :i wcre very iiniil:ir 

to  tha t  of the frwtion boiling a t  110-130" (0.5--0.8 mm.)  in 
iriethod :I above. The  intensities of the bands indicated 
tha t  fractiofi 2 of method B contained more T' and less 1.1 
than the product of method A .  

Anal. Calcd. for C;H1305P: P, 14.74. Found on frac- 
tion 2: P, 15.35, 15.36. 

The  lower layer contained water, 11.0 g. of diethyl phos- 
phite (b.p.  5 5 O  (2.6 mm.)),  and about 2 g. of an undistillable 
oil. 

Acknowledgment.--We would like to express 
our appreciation t o  LIr. J. H. Chautlet and Kfr. 
Cham Canon for their help in interpreting the 
infrared data presented. 

P H [froni (C?H,,O)~P(O'FI]  

nZoD 1.4149; 2 ,  b.p. 115-123' (2.8mln.) ,  3 .8g . ,  %*OD 1.4204; 
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