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mass from 2 . 5  1. of hot isopropyl alcohol afforded 7.5 g. 
(62%) of dianilinium diplienylpyrophosphonate, m.p. 215- 
217", identified through a comparison of its infrared spec- 
t rum with that of an authentic specimen. 

A repetition of this experiment with methyl carbanilate 
in place of the urea gave similar results. 

&milinium d~~uhenylpyropkosphonate (1). A mixt,ure of 
5 S g.  (0.028 mole) of phenylphosphonic dichloride and 0.76 
g.  (0.042 mole) of water in 35 ml. of ether was shaken for 45 
min., with occa,sional cooling under a water ta,p. Most of the 
volatile material in the resulting heavy nil was removed 
mder  n-ater-aspirator pressure. Treatment with 10 ml. of 
cold water gave a crystalline precipitate which \vas n-ashed 
with cold water, &wried with ether, and dried in a.ir to yield 
witbout further purification, 2.3 g. (56%) of slightly hy- 
groscopic dipheiiS~lpCrophosI;houic acid, XI .pa 8L.5-82.5'5. 

Anal. Calcd. for C1&P20i: Cj, 48.30; ET, 4.06; neut. 
eqriiv., 149.1. Bound: C, 47.87; FL, 4.04; neut. equiv., 150.4. 

The dianilinium sall of this acid was prepared by the acldi- 
tion of 3 drops of aniline to a solution of 0.2 g. of the acid in 
2 mi. of cold wstcr;  the resiilt,ing precipitate n-as recrys- 
tallized. from hot isopropyl alcohol. The infrared spectrum 
and properties of t h i s  ealt are identical in every respect with 
those of the salt prepared as deecrikd above. Aqueous 
sol ,si oris of riiauiliniurri diph e 
acidic and fairly etsble. Ti.lkat'ion 

"5 with 8, neutrdizatioti equivalont of 241 $I I 

to prepare this sait I:y heating a sample of 
nionoanilinium pher~ylphosphonate (m.p. 210-213' dec.) 
a t  210' failed to B ~ O W  evidence of dehydration. The iofra- 
red spectra of this salt and that of dianilinium dipbenyl- 
pyrophosphonate a,re quite dissimilar. 

Elydro?g~ie of dz'nnilinium diphe??ylpyrophosphonate. A mix- 
ture of 2 g. of the dianiiiniirm salt srid 20 nil. of 10% aqueous 
xodiunn hydroxidp was heated j i  o the boiling point, cooled, 
and e s t r x t p d  wii,h ether t,o remove aniline (identified as 
acetanilide, m.p. 113- 114": amd i:eiizeijesulfonanjlide, m.p.  
110-1 1 1 . O ) .  Careful treatment of t h e  aqueous alkaline soh-  
tiori nit.h e x m s  concentratncl hydrochloric acid caused the 
prer:ipitation of a. c r i i de  acid, n1.p. T5--7i0 dec. Recryetalliaa- 
tion from ccdd acaI.(int? gavc imterial, ri1.p. 82.5--83", which 

E ~ L U I ~ ~  from hot w e t  
rieutralizaiion ciirve wit,h  WIG uncc;val!y spaced breaks. 

l'hc Ihcaetiaars of Sodium Dialkyll Phos- 
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Carbon Disulfide 
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?'he nuclmp2iiIic charactcristics of thc alkali 
iiictal tlialhyl phosphonatcs, cbpecially toward 
c:~rlmilyl groi:l)h, prompted an investigation of 

tlicir reactivity toil ard carbonyl sulfide and ton ard 
carbon disulfide. It was found that both reagents 
reacted with sodium dialkyl phosphonatcs to form 
a new phosphorus-carbon bond. The salts (I) and 
(11) u-erc not isolated, but were allowed to react 
further to produce the corresponding thiolformate 
(111) and dithioformate (IV) esters. Structure I11 
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(11 = cthyl) nas indicated by a carbonyl absorp- 
tion in the infrared spectrum a t  6.152 p. In addition, 
the SMR peak of I11 (R = ethyl) at $4.6 p.p.m., 
is within the range of the structurally similar acyl 
phoephonates u hich have a chemical shift of 
3- 2 1 ~ . p . m . ~  Finally, X-methyl diethoxyphos- 
phinylthiolformate was amidated to yield the known 
amide (V) in 75% yield.4 Diethoxyphosphinyl- 
formamide had characteristic amide carbonyl 
(6.0 p )  and K-I3 (3.0 p and 3.15 p) peaks in its 
infrared spcctrum.5 Thc KR1R spectrum of V had 
a single peak a t  4- 1.4 p.p.m. 
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It was found that 8-mcthyl diethoxyphosphinyl- 
thiolformate was easily dealkylatcd with sodium 
iodide io  yicld fa-ethyl-0-sodium carbomcthyl- 
thiophosphonate (VI). Thc KR'IR pcak of T'J 

0 0  
/I II 

(CH4C€1*0)zI'-C -s--CII: -1 s a 1  ---+ 

. .  

VI 

(I) A. N. Pudovik, Uspekhz Khim., 23, 547 (1954). 
(2) It is stated in I,. J. Bellamy, The Infrared Speclm or 

Complex Molecztles, John \Tiley & Sons, Inc., New York, 
1954, p. 160, that the carbonyl frequencies of a nurnbcr of 
thiol esters occur at 1675 crn.-' (5.96 p). 

(3) J. Van Wazer, C. Callis, J. Shoolery, and R. Jones, 
6. Am. Chenz. Soc., 78,5715 (1956). 
(4) P. Nylen, Ber., 57, 1023 (1924). 
(5) L. J .  Hellamy, The Tnjrared Spectra of Conipler Mole- 

cules, John Wilcy Cy: Eon, Inc , Ncm York, 1054, p. 17G ind i -  
catcs thc rarbori)l absorption of primary amide6 at 1650 
cm.-'(6 0 6 ~ ) .  
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a t  f3.2 p.p.m. is in agreement with the struc- 
ture as shown. VI  has a carbonyl peak in its in- 
frared spectrum a t  6.17 p with a shoulder a t  6.13 
1. Similar dealkylation reactions of phosphonate 
esters,o phosphate esters,SJ and pyrophosphates* 
by nucleophiles in general and by inorganic io- 
dides in particular, have been reported. 

Indeed, the dealkylation of S-methyl diethoxy- 
phosphinylthiolformate by sodium iodide formed 
in reaction (1) could have accounted for the low 
yield of I11 (R = ethyl), (4870). Moreover, for- 
mation of the theoreticallyg less readily dealkylated 
isopropyl analog (111) in substantially higher yield 
(70%) under similar conditions supports this idea. 

In  the reaction of sodium diisopropyl phospho- 
nate with carbon disulfide followed by reaction 
with methyl iodide (reaction (2)) choice of the 
structure (IV) (R = isopropyl) was based upon its 
NMR spectrum. S-Methyl diisopropoxyphosphi- 
nyldithioformate had a P31 chemical shift of f4 .2  
p.p.m. The similarity of this peak shift to that  of the 
thiol ester (111) (R = isopropyl) (+6.5 p.p.m.) 
indicates a structure of the type IV. It is interest- 
ing that whereas the thiol esters (111) are colorless 
liquids, the dithio ester (IV) and S-p-chlorobenxyl 
diisopropoxyphosphinyldithioformate are by con- 
trast, deeply red colored. 

 EXPERIMENTAL^^^ 
Materials. Sodium hydride was a 50.9% suspension in 

mineral oil purchased from Metal Hydrides Co. Tetra- 
hydrofuran used as a reaction mixture solvent was Matheson 
(b.p. 64-86'). It was distilled from sodium hydride directly 
into the reaction flask immediately before use. Hexane, used 
to free the sodium hydride from mineral oil, was distilled. 
The first 10% of the distillate was discarded and the frac- 
tion b.p. 66-67' was collected. Diethyl hydrogen phos- 
phonate (Virginia-Carolina Chemical Co.) was distilled 
a t  reduced pressure and a middle cut was taken. Diisopropyl 
hydrogen phosphonate, b.p. 81-82'/15 m&, ng 1.4066, 
was prepared by the reaction of gaseous hydrogen chloride 
with triisopropyl phosphite purchased from the Virginia- 
Carolina Chemical Co. Carbonyl sulfide (Matheson) was 
purified by passing i t  through a series of three traps each 
containing approximately 700 ml. of a saturated lead acetate 
solution in water and then through a Drierite column before 
admitting the gas to the reaction mixture. Carbon disulfide 
(Baker and Adamson Reagent) was dried over anhydrous 
magnesium sulfate. Gaseous ammonia was Matheson. 
Methyl iodide was Matheson, b.p. 42-44'. Sodium iodide 
(Baker and Adamson Reagent) was dried in vacuo a t  100". 
p-Chlorobenzyl chloride was obtained from Matheson. 

The reaction of sodium diethyl phosphonate with carbonyl 
suZfide followed by reaction with methyl iodide. Diethyl hydro- 
gen phosphate (27.6 g., 0.2 mole) was added dropwise to a 
stirred slurry of sodium hydride (50.9% dispersion in min- 
eral oil) (9.6 g., 0.2 mole) in tetrahydrofuran (200 ml.) a t  

(6) R. Cremlyn, G. Kenner, J. Mather, and A. Todd, 
J. Chem. SOC., 528 (1958). 

(7) L. Zervas and I. Dilaris, J. Am. Chem. SOC., 77, 5354 
(1955). 

(8) L. Zervas and I. Dilaris, Ber., 89,925 (1956). 
(9) A. Streitwieser, Jr., Chem. Rev., 56, 586 (1956). 
(10) All melting and boiling points are uncorrected. 
(11) Elemental analyses were performed by the Galbraith 

Laboratories, P. 0. Box 4187, Knoxville, Tenn. 

25-30' in a dry atmosphere. The reaction was stirred and 
refluxed until hydrogen evolution ceased. The reaction mix- 
ture was cooled to 6'. Carbonyl sulfide gas was passed over 
the mixture a t  2-5" until the mixture had absorbed a total 
of 13.3 g. (0.22 mole), Methyl iodide (28.4 g., 0.2 mole) was 
added to the stirred mixture a t  3-5" over 10 min. The mix- 
ture was poured into 1 1. of ice water; an oil separatpd. 
The oil was extracted into ether (200 ml.). The water layer 
was saturated with salt and then extracted with ether (200 
ml.), The ether layers were combined, dried (magnesium 
sulfate), filtered, and evaporated to yield a colorless oil. The 
oil was distilled through a 10-in. vacuum jacketed Vigreux 
column to yield a main fraction, S-methyl diethoxyphos- 
phinylthioformate (20.5 g., 0.1 mole, 48%), b.p. 80-81"/ 
0.1 mm. The infrared spectrum12 (neat) had a peak a t  6.15 ,U 

(C=O); i t  was identical with that of an authentic sample 
prepared in the same manner. The authentic sample had 
b.p. 116-118'/1.7 mm., ny 1.4705. 

Anal. Calcd. for CeHla04PS: C, 33.96; HI 6.17; P, 14-60; 
S, 15.11. Found: C, 34.24; H, 5.98; PI 14.92; SI 15.34. 

The NMR spectrum13 had a P31 chemical shift of 4-4.6 
p.p.m. 

The reaction of sodium diisopropyl phosphonate with car- 
bonyl sulfide followed by reaction with methyl iodide. The reac- 
tion conditions and work-up procedure used were the same 
as those used for sodium diethyl phosphonate. The amounts 
used were diisopropyl hydrogen phosphonate (33.2 g., 0.2 
mole), sodium hydride (50.9% dispersion in mineral oil) 
(9.6 g., 0.2 mole), carbonyl sulfide (28.1 g., 0.43 mole), 
methyl iodide (28.4 g., 0.2 mole), and tetrahydrofuran (200 
ml.). There mas obtained S-methyl diisopropoxyphosphinyl- 
thiolformate (33.8 g., 0.14 moles, 70%), b.p. 100-101"/ 
0.5 mm., ny 1.4634. The infrared spectrum (neat) was 
identical with that of an authentic sample prepared in the 
same manner. The NMR spectrum had a P3I chemical shift 
of f6.5 p.p.m. The authentic sample had b.p. 76-77'/0.1 
mm. and ny 1.4630. 

Anal. Calcd. for C8H1~04PS: C, 39.98; HI 7.13, P, 12.89; 
SI 13.34. Found: C, 40.10; HI 7.16; P, 12.97; SI 13.32. 

The reaction of 8-methyl diethoxyphosphinylthiolformate 
with ammonia. Ammonia was bubbled into a solution of 
S-methyl diethoxyphosphinylthiolformate (4.24 g., 20 
mmoles) in tetrahydrofuran (30 ml.) a t  room temperature 
for 3 hr. The white crystals were filtered; the filtrate was con- 
centrated in vacuo to yield solid. The crystalline solids were 
combined, washed with ether, filtered, and dried a t  70°/20 
mm. to yield diethoxyphosphinylformamide (2.80 g., 15 
mmoles, 757$), m.p. 138-139' (lit.' m.p. 134-135"). A small 
sample was recrystallized from hot ethyl acetate and was 
dried at  room temperature in vacuo, to yield crystals, m.p. 

Anal. Calcd. for CaHlsKOaP: C, 33.16; H, 6.68; XI 7.74; 
P, 17.10. Found: C, 33.03; H, 6.73; N, 7.84; P, 17.19. 

The infrared spectrum (potassium bromide) had peaks a t  
3.0 ,U and 3.15 ,U (N-H), and a peak a t  6.0 ,U (C=O). The 
nuclear magnetic resonance spectrum had a P31 chemical 
shift a t  +1.4 p.p.m. (15.9% solution in acetone). 

The reaction of 8-methyl diisopropoxyphosphinylthiol- 
formate with ammonia. The procedure mas essentially the 
same as that used for S-methyl diethoxyphosphinylthiol- 
formate. S-Methyl diisopropoxyphosphinylthiolformate (4.9 
g., 21 mmoles) was amidated to yield a white solid, diiso- 
propoxyphosphinylformamide (3.3 g., 16 mmoles, 76%), 
m.p. 94-96'. A small sample was recrystallized from hot 
ethyl acetate to  yield colorless needles, m.p. 95-97'. 

Anal. Calcd. for C7H16W04P: C, 40.19; H, 7.71; PI 14.81; 
N, 6.70. Found: C, 40.09; H, 7.51; P, 14.72; N, 6.73. 

138-139". 

(12) Infrared spectra were run on a Baird Infra-Red 
Recording Spectrophotometer Model B. 

(13) All measurements were performed with a Variari 
Dual-Purpose Nuclear Magnetic Resonance Spectrometer. 
9400 gauss. 16.2 me. Ref. 85% phosphoric acid. 
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The infrared spectrum (Yujol slurry) had peaks a t  3.05 
p and 3.15 p (S-H), and a peak at  6.05 ~ - l  (C=O). The 
NMl t  spectrum had a P3I chemical shift of +2.7 p.p.m. 
aud a minor resollance a t  4-5.1 p.p.m. (15.9% solution in 
acetone). 

Tho reaction o,f S-methyl diethoxyphosphinylthiolformate 
with sodium iodide .  A solution of S-methyl diethoxyphos- 
phinylthiolformate (10.61 g., 50 mmoles) and sodium iodide 
(7.49 g., 50 mrnoles) in tetrahydrofuran (100 ml.) was 
stirred in a dry atmosphere at 25' for 9.5 hr. The reaction 
mixture contained Bolid. The mixture was cooled to 0". 
The solid was filtered, was washed with ether, and was dried 
at  60"/20 mm. for 1 hr. t o  yield 0-ethyl 0-sodium carbo- 
methylthiophosphonate (9.50 g., 46 mmoles, 92%), m.p. 
205°-210". The hydroscopic product was recrystallized 
twice from hot acet,onc to yield white crpst,als, 7.17 g., 
m. p. 20.5--207°. 

Anul. Calcd. for C4H8Na04PS: C, 23.31; 11, 3.91; P, 15.03; 
S, 15.56. Found: C, 23.19; H, 3.61; P, 15.29; S! 15.74. 

The infrared spectrum (potassium bromide) had a peak a t  
6.17 i.~ with a shoulder a.t 6.13 f i  (C=O). The KhIR spec- 
trum had a P3? chemical shift of 1 3 . 2  p.p.m. 

l 'he  reaction of sodium diisopropylphosphonate with carbon 
tlkuljide followed by reaction with, methyl iodide. Sodium di- 
isopropyl phosphonate was prepared in the usual manner. 
.A solution of sodium diisopropylphosphonate (0.2 mole) in 
tetrahydrofuran (200 rnl.) rras added to well stirred carbon 
disulfide (76 g., 1 mole) a,t 2-8" over 15 min. The solution 
became deep red colored. Methyl iodide (30 g., 0.21 mole) 
was added t,o the stirred solution at  5' during 5 min. The 
reaction mixture xvas stirred for an additional 5 min. a t  5'. 
The homogeneous dark-red mixture was poured into ice 
water (750 rxil.). The organic phase was extracted into 
ether (300 nil.). 'l'he ether phase was xi-ashed with \vat,er 
(4  X 51% m1.L The organic. phase was dried, (magnesium 

filtered, and evaporated to yield an oil. The oil was 
distilled 1 hrough a 10411. vacuum jacketed Vigreux column 
to yield a, main fraction, a dark red-colored liquid, 8-methyl 
diisopropoxj.phosphinSldithioforrnate (30.8 g., 0.12 mole, 
6057;), h.p. 116--117'/0.4 mm., nZ,j 1.5168. 

And .  Calcd. for C8FII,O3I'S?: C, 37.49; H, 6.69; P, 12.09; 
S, 25.03. Found: C, 37.75; €1: 7.07; P, 11.88; S, 24.72. 

The SMR spei:i.rum had a PJ1 chemical shift of $4.2 
p.p.m. 

The reaction of sodium diisopropyl phosphon,ate with car- 
bon diszal-fide followed by reaction with p-chlorobenzyl chloride. 
In this cxperiment the sodium hydride (50.970 dispersion 
in mineral oil) (4.8 g., 0.1 mole) was freed of mineral oil by 
washing with hexane (3 X 300 ml.). The supernatant> liquor 
was removed by means of nkrogen pressure by filtering 
through a dip tube having a frittered glass tip. The sodium 
diisopropyl phosphonate (0.1 mole) v1'as prepared in tetra- 
hydrofuran (100 ml.) in the usual manner. The tetra- 
hydrofuran solution of the sodium diisopropy! phosphonate 
was added t,o carbon disulfide (38 g., 0.5 mole) as before. 
.I solution of p-chlorobenzgl chloride (14.5 g., 0.09 mole) 
in tetrahydrofuran ( LOO id. j wa,s added to t,he reaction 
mistmure a t  1--3" over 5 min. 'The reaction mixture was stirred 
in a nitrogen atmosphere at  room temperature for 19 hr. 
The mixturc, was then refluxed for 1 hr. Ether was added 
to the mixt,ure. The mixt.ure was 71-ashed with water (3  X 
500 nil.). The organic phase was dried, (magnesium sulfate), 
filttmd and evaporated it& vucuo at  SO" t>o yield a dark red 
oil. The oil was evacuated at, X0"/0.1 mm. for I hr. and 
then at  room teinperature a t  0.1 mm. for 20 hr. to yield a 
deep red oil, S-p-chlorophenyl diisopropoxyphosphinyl- 
dithioformate (27.4 g., 0.075 mole, S3(7'i). 

Anul. Calcd. for C14HroC10~PS7: C, 45.83; H, 5.49; P, 8.44; 
S, 37.48. Found: C, 45.98; FI, 5.75; P, 8.14; S, 17.77. 

The S3IR  spectrum (neat) ha,d P3I chemical shifts of 
+4.2 p.p.m., 0 0  p.p,m. and -16.1 p.p.m. The peak at  
3-42 p.p.m. account,ed fnr >9S% of the combined areas 
under tbc pf?ra,ks. 
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The synthesis of 4-aza-Lj-cholesten-3-one (Ira), 
m.p. 252-253 ', from 3,5-seco-4-norcholesta11-5- 
on-3-oic acid (la) by reaction with ammonia at 
140' has been reported by our lztborat~ry.~ Wildi6 
described a similar preparation for this compound. 
Recently the synthesis of IIa with a much lower 
melting point, m.p. 1 8 9 O ,  by the reaction of am- 
monia with 4-oxa-5-cholesten-3-one (IIIa) at 25' 
was nnnounced.7 The reported spectra of these 
compounds were similar and it was thought that 
they might be different crystalline forms. 

The procedure of Uskokovii: and Gut7 was 

COZH @ - ' o &  

IIa R 5 cb1jl7 Ia R = CsHI7 

Ib R=COCH, IIb R=COCH3 

t .1 

IIIa.  R = C,H,7 
IIIb. R = COCH, 

(1) For paper I in this series see R .  E. Havranek and 
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(1960). 
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