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known, the follom-ing processes might reasonably be 
involved at one stage or another: oxidation and 
nuclear chlorination by ferric chloride, rearrange- 
inents of the phenylhydroxylamine or Barnbergdo 
type. 

Quite recently, Miller aiid Khite reportedz1 the 
formation of hexachlorobenzene, together with a 
trace of chloranil, from the reaction of nitrobmzene 
with excess anhydrous ferric chloride at 190-195'. 

Renxaldehyde. The reaction of benzaldehyde 
with ferric chloride or antimony pentachloride22 
resulted in the formation of dark, polymeric solid 
acroxnpanied by the evolution of copious quantities 
of ga. containing hydrogen chloride. In  the case of 
ferric chloride. carbon m o n ~ x i d e ~ ~ ? * ~  was also 
detected in the efRuent vapor. 

EXPERIMENTALz5 

Antimotzjj peutachloride and benzotrifiuoride. 4 n t' imony 
pentachloride (144 g., 0.48 mole) vas  added slowly to  benzo- 
trifluoride (292 g., 2 moles) with stirring under nitrogen a t  
30-94" during 90 min. After 1 hr. a t  90-95", a-ork-up of the  
reaction mixture, including refluxing with water, yielded 
benzoic acid ( 2  g.) and a liquid (21.2 g.), b.p. 57-58' (40 
mm.), identified as chloro-cu,a,a-trifluorotoluene (91 
meta) by infrared analysis (authentic isomers as reference 
standards) and by hydrolysis7 t o  m-chlorobenzoic mid, m.p., 
152.5-153' from toluene; lit.2e m.p. 153". 

clnnl. Calcd. for CiH&CI: Xeut. equiv., 156.6 Found: 
1.57. 

The liquid, 33.2 g., b.p. 105.5-106.5" (0.6 mm.), turned t,o 
a m-bite solid, m.p. 49-50.5". d mixture melting point Kith 
authentic m-benzoyl-a,a,a-trifluorotoluene from the ferric 
chloride-benzotrifluoride reaction showed no depression. 

The distillation residue consisted of brown solid (9.1 g.) .  
Ferric chloride and ben~otri'uoride.'~ A mixture of benzo- 

trifluoride (2 inoles) and anhydrous ferric chloride (1 mole) 
17-as heated under nitrogen a t  reflux for 4 hr. Work-up, in- 
rluding refluxing n-ith water, yielded benzoic acid (6.6 g.) 
:jnd m-bcnzo!-l-cu,cu,cu-t~ri~i~orotoluene, 29.6 g.? b.p. 121-123" 
(1 .5  min.), m.p. 31.5-53' from aqueous methanol. 

*Znal. Calcd. for C~~T-I~FBO:  C, 67.20; H, 3.62; F, 22.78. 
Found: C, 67.16; H, 2.77; F,28 23.14. 

Hydrolysis of a portion of this fraction n-ith sulfuric acxid7 
gave a 95% yield (crudc) of m-benzoylbenxoic acid, in p. 
15O.5--16Io from toluene; lit.2Q m.p. 161'. 

-[nul. Calcd. for C,413,,,0a: S e u t .  equiv., 226. Fo~i i id :  228. 
The distillation rcsidut: consisted of dark brown, brittle 

solid (60 g.), 
.~tnt i tmny pentachloiirlP (172d izitrobenmze. _1 mixture of 

;intiinmy pentachloriclc (69.9 g., 0.23 moic) and nit'roben- 
zene (111.4 g., 0.01 inole) via6 hcat'ed at  108-118" under 

(20) E. 0. Uaiiiberyer, - ~ ? I ? L . >  424, 233, 297 (1921). 
(21) It. I:. lllillcr anti \\ I I\. Kkiitr, J .  Oiq. Cheui., 25, 

1249 (1980). 
(221 R. (yrfiehiii and 1: 13nnxigcr. A r i u  , 296, 6% (1807). 
(2.3) 13. H, IIei-, J .  C h r m  Soc. 72, (1935) 
(24) 11 1: I-iignade ant1 E. K. (hnd, i l l .  J .  ) \ I L  L'heiii 

Sol .) T l !  L2Oc) (1919) 
(25)  Melting points aiid boiling points are urirorrccted. 

eleincntal analj see mere performed by Drb. Keiler and 
Straum, Oxford, England. 

(26) J. C. Smith, J .  Chem.  Soc., 213 (1934). 
( 2 7 )  F .  J. Donat and C. IC Kilkins assided with this 

(28)  IT'e arc' indebted to the I > o r  Chemical Co. for this 

(291 1'. scsiitf, d l i i ~ ~ . ,  220, 2% (1883). 

experiment. 

analysis 

nitrogen for 4 . 5  hr. Chloronit'robensene, 23.5 g., b.p. 108.5- 
109.5" (11 mm.) mas obtained. The product mas a mixture of 
isomers, predoiniiiantly meta, as determined by infrared 
analysis. 

Ferric chloride wad nitrobenzene. -4 mixture of ferric chloride 
(0 .5 mole) and nitrobenzene (1 mole) \\-as heated during 4 
hr. with stirring under nitrogen t o  142" and then a t  182- 
204" for 1 hr. 

The reaction mixture was steam distilled and the stoam- 
volatile material \vas fractionated, yielding a yellow liquid, 
1.7 g., b.p. 103-103" (10 min.), vhich was identified as a 
mixture of chloronitrobenzenes by comparison of t h e  in- 
frared spectrum with those of t,he authentic materials. The 
brown distillation residue (1 .3 g.) \Tag crystallized frorn 
toluene t o  yield 0.71 g. of chloranil, n1.p. 289.5-290.5"; 
lit.30 m.p. 290'. 

Anal. Calcd. for C6Cl,02: C, 29.31; H, 0.00;  C1, 57.68. 
Found: C, 29.21; H, 0.06; C1, 57.33. 

The pot residue from steam distillation n-as made basic 
and the  steam distillation cont,inued. 12 small amount of 
solid (0.29 g.)> m.p. 74.5-76' from dilute ethanol, T T ~ S  col- 
lected from the condenser. A mixture melting point with 
authentic 2,4,6-trichloroaiiiline showed no depression. 

The remaining steam-volatile material m a s  distilled t o  
give a brown oil (0.1 g.), b.p. 64--96" (11 mm.). The infrared 
spectrum contained all t,he peaks of p-chloraniline, in addi- 
tion t o  bands indica.tive of a nitro compound ~ont~aininant. 
Reaction of a port,ion of this fraction \T--ith benzoyl chloridt: 
gave a white solid, m.p. IS8-190.5", which did not doprms 
the melting point of authentic n'-(p-chlorophcny1)beuzamidc. 

Antimony pentacldoride and benzaldehyde. Antimony prnt a- 
chloride (0.15 mole) was added to benzaldehyde ( I  .22 rrioles) 
a t  120-156" under nitrogen. After 30 min. a t  130-140". 
vorlr-up of the  reaction mixture giclded black solid as tJhcl 
main product. 

And. Found: C, 63.43; H, 3.96; C1, 7.24. 
The infrared spectrum of a gas sample collected over water 

during the early stages of reaction revealed no trace of carhon 
monoxide. 

Ferric chloride and ben,zaldehyde. 3 l  .I mixt,urcl of brnzaldc- 
hgde (425 g., 4 moles) and ferric chloride (162 g., 1 mol(>) 
was heated under iiit,rogm a t  145--160" for 1 hr. A gar. s m -  
pleZ3 showed very $Teak infrared absorption hands of similar 
intensity a t  2120 and 2180 cin.-l, characteristic of carbon 
monoxide; lit.32 2135 and 2196 crn.-1 (approx.). Th- reaction 
mixture yielded insoluble, infusible black solid (30 g.). 

Anal. Found: C, 76.26; El, 3.22; Cl, 0.14 Fc, 0.73. 
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Hcac-tioii of Organophosphorus Acids with 
Isocyanates' 

ROBERT B. Fox ASD KILLIALI J. BAILEY 

Receiwd April 29, 1960 

In a recent report,2 it was shown that the tertiary 
amine salts of pheriylphosphinilz acid and the cor- 
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responding half-salts of phosphonic acids condense 
with isocyanates to give good yields the P- and 
0-carbamoyl derivatives, respectively. The acids 
themselves react with isocyanates and isocyanate 
adducts in quite a different manner, with the major 
isolated products being ureas and compounds 
formed by intermolecular dehydration of the 
phosphorus acids. 

Such behavior is somen-hat analogous to that 
observed by Kaegeli and Tyabjia in the reactions 
of carboxylic acids with isocyanates, in which both 
ureas and anhydrides are formed along with amides 
and carbon dioxide. The carbon dioxide has been 
shown to arise from the i~ocyanate .~ 

We have found that both phenylphosphinic and 
phenylphosphonic acid react with phenyl isocya- 
nate in an inert solvent a t  ordinary temperatures to  
give dianilinium diphenylpyrophosphonate (I) as 
the only isolable phosphorus containing product. 
The salt is readily hydrolyzed to a relatively un- 

0 0  
t t  

CeHjP-O-PCsHj 
I 1 
0- 0- + +  

CsHbNH3 N H ~ C G H ~  
I 

stable acid which appears to be a dihydrate of 
diphenylpyrophosphonic acid. Upon being heated, 
this acid is rapidly converted to pheiiylphosphonic 
acid to produce water as the only volatile product 
of the reaction. The identity of I was confirmed 
through its independent preparation from aniline 
and the anhydrous diphenylpyrophosphonic acid 
formed by the restricted hydrolysis of phenyl- 
phosphonic dichloride.6 

A facile method of synthesis of the salt I involves 
the reaction of phenylphosphonic acid and an iso- 
cyanate adduct, such as sym-diphenylurea or 
methyl carbanilate a t  about 210'. It is noteworthy 
that monoanilinium phenylphosphonate did not 
appear to dehydrate to give I a t  210°, although 
the acid itself has been stated6 to form dipheiiyl- 
pyrophosphonic acid at  this temperature. 

The mechanism of the formation of I from 
plienylphosphinic acid has not been elucidated with 
certainty, although it is apparent that an oxidation 
step is involved. Disproportionation of the acid to  
the phosphonic acid and phenylphosphine inay be 
tentatively discounted on the basis of the lack of 
the very penetrating odor of the phosphine at  any 

(1) Based on a portion of a thesis submitted in June 1959 
hv Robert B. Fox to the Graduate School of the University 
of Maryland in partial fulfillment of the requirements of the 
degree of Doctor of Philosophy. 

( 2 )  R. B. Fox and TI-. J. Bailey, J .  Org. Chem., 2 5 ,  1447 
(1960). 

(3) C. Kaegeli and A. Tyabji, Helv. Cham. Acta,  17, 931 
(1934); 18, 142 (1935). 

(4) 4 .  Fry, J .  Am. Chem. Soc., 75, 2686 (1953). 
( 5 )  L. Anschutz and H. Rirth,  Chem. Ber., 89,688 (1956). 
(6) A. Michaelis and C. RIathias, Bey., 7, 1070 (1874). 
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point during the reac tioii. Yields of diphenylurea 
and of gases (probably carbon dioxide) absorbable 
by hscarite were always high in the reactions 
with both the phosphinic and the phosphoiiic acid. 
It would be logical to assume that, analogously 
with the reactions of carboxylic acids,I I is formed 
through intermolecular dehydration of the phos- 
phonic acid and subsequent reaction of the re- 
sulting acid with the aniline generated simulta- 
neously from the isocyanate. 

EXPERIMEXTAL 

Phenylphosphinic acid, m.p. 84", and phenylphovphonic 
acid, m.p. 163.5-164", were recrystallized commercial prod- 
ucts. A Perkin-Elmer model 21 recording infrared speetro- 
photometer was used for the infrared spectra. Microanalyses 
are by Oakwold Laboratories, Alexandria, Va., Dr. Mary 
Aldridge, American University, and RIrs. Kathryn Gerde- 
man Baylouney, University of hlaryland. All melting points 
are corrected, and those accompanied by decomposition 
gave a gas without sintering. 

Reaction of phenylphosphinic acid with phenyl isocyanate. 
To a stirred suspension of 71.0 g. (0.5 mole) of phenylphos- 
phinic acid in 750 ml. of dry toluene in an ice bath was added 
dropwise in a 45 min. period 71.4 g. (0.6 mole) of phenyl 
isocyanate. During the addition, much of the solid dissolved. 
In  the course of stirring in the ice bath for an additional 2 
hr. a precipitate formed; the evolution of a gas was evident 
throughout the reaction, and these gases were allon-ed to 
pass through an Ascarite tube. After being allowed to stand 
a t  room temperature overnight, the mixture Kas stirred 2 
hr. a t  75" and then 1 hr. at, 100". A4 total of 16.4 g. of a prod- 
nct was absorbed by the Ascarite tube. Filtration and eon- 
centration of the reaction mixture afforded 85.6 g. of crude 
crystalline material (an oily residue JTas discarded), which 
upon repeated recrystallization from hot isopropyl alcohol 
gave, in addition to diphenylurea, m.p. 248' dec., 25.0 g. 
(10%) of dianilinium diphenylpyrophosphonate, m.p. 211- 
213" dec. 

A n a l .  Calcd. for CzaHzsN206P,: C, 59.47; €1, 6.31; P, 
12.79. Found: C, 59.98; H, 5.18; P, 11.91. 

The use of other inert solvents or a variation in reactant 
ratios had an adverse effect on the yield. In acetone, the 
reaction follo~ved a different course and gave an unidentified 
acid, m.p. 199.5-200", which may have been CeHsP(0)- 
(OH)C(CH~)~OCOXHCGH~,  but TT-as not further char- 
acterized. 

Reaction o j  ?;hen ylphosphonic acid with phenyl isocyanate. 
To a stirred solution of 15.8 g. (0.1 mole) of phenylphos- 
phonic acid in 100 ml. of dry acetone a t  room temperature 
was added as rapidly as possible 13.1 g. (0.11 mole) of phenyl 
isocyanate. Kithin 30 min. the mixture had warmed slight,ly 
and an Ascarite tube appended to the reflux condenser had 
hecome quite hot, indicating the efflux of an absorbable gas. 
d f te r  the mixture had been heated under reflux for 2 hr., 
filtration and further concentration gave 22.0 g. of crude 
solids; the Ascarite tube gained 5.2 g. Repcated recrystal- 
lization of the crude material (which contained about 50% 
diphenylurea) from hot isopropyl alcohol gave a product, 
n1.p. 210-212", which on the basis of its infrared spectrum 
and a mixed melting point determination, appeared identical 
with the dianilinium diphenylpyrophosphonate obkained 
from phenylphosphinic acid. 

A n a l .  Calcd. for C24"N2OiP2: C: 59.47; H, 5.31; P, 
12.79; N, 5.78. Found: C, 60.70; H, 5.28; P, 12.00; N, 5.89. 

Reaction of phenylphosphonic acid with phenyl isocyanate 
adducts. 4 mixture of 7.9 g. (0.05 mole) of phenglphosphonic 
acid and 10.6 g. (0.05 mole) of sym-diphenylurea was heated 
a t  210" for 10 min. in an open test tube xT-ith a thermometer- 
stirring rod. One recrystallization ef the cooled reaction 
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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- 
phonate5 with Carbonyl Sulfide and with 

Carbon Disulfide 

!)AYIl.L n . GRISLEY, Jn. 

iZecezml October 10, 1960 

?'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 

0 0  0 
I' (RO)J'--C-S -Sa" 

(RO),I'-Sa +-- , I 

0 0  
CIIST 1 1  I1  
+ (IZ0)2P---C-S- CIIa 4- NaI 

I11 
0 s 

(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. 

0 0  

(CH,CHrO)aij-C--S--OIIj 1- N I L  -+ 
0 0 
II II 

( C € I ~ ~ ~ l I , ~ ) z l ~ - - - ~ - ~  112 -b ( ~ ~ 1 a s I ~  
v 

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 ~ ) .  


