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THE REACTION OF PHENYLAMIDOCHLOROPHOSPHATES
WITH ARYL GRIGNARD REAGENTS (L.

(1). The work described in this paper was sponsored by the Atomic Energy
Commission. Itlwas'supported in part by a grant froh the ‘Henry, Laura, and
Irene B. Dernham Fund of the American Cancer 5001ety and the Christine

Breon Fund

By D. C. Morrison
Crocker Laboratory, University of California
Division of Radiology, University of California Medical School
Berkeley and San Francisco, California
May 9, 1951

This reaction was studied as a possible apprdach to the synthesis of
aromatic phosphonic acids, ArPO(OH), from phosphorus oxychloride as starﬁing
material. The object of‘thése“preparations was to obtdin the phosphonic acids

in radioactive_form from phosphords oxychloride containing’PBQ(Z)o' It was then

(2). Axelrod, J, Biol. Chem. 176 295 (1948).

desired to observe the diStribﬁtion §f these’compoundsIih fats;i¢speciéliy in
animals bearing tumprsvihuihe hope thatvéomé‘lbcalizéti§n-in-the lapﬁer would
oceur. | | |

Using'fhe dianilido chloroohoéphatefas an ihtéfmediafe,'and reaction
“with arylmagnealum bromldes, mediocre ylelds of aryl phosphonlc dlanllldes :

were obtalned apparently accordlng to the ‘equations

(06H5NH)2P0014—Angx -=————<>L- ArEQFNHCéH5)2fMgXCI'-
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An-analogous reaction, the action of aryl Grignards on monoanilido
chlorophosphate, CgHsNHPOClp, forms vefy little of the desired product formed
by Cl replacement; the phosphinic monoanilides ArpPONHC4Hs. These reactions are

analogous to the phosphinic acid preparations of Michaelis and Wegner.(B)-and

(3). Michaelis and Wegner, Ber., 48 316 (1915).

of Kosolapoff (4) where piperidine and diethylamine respectively; were used to

(4). Kosolapoff, This Journal, 7L 369 (1949).

block one reactive chlorine atom in the oxychloride,

The oecondary'dlanllldo chlorophosphate reacts more satisfactorily
with the reagent but in some cases yields are poor.. An overall yleld of LO%
of benzenephosphonic acid dianilide (based on POLlB) in the two-step process
was obtained with the phenyl derlvatlveo A con51derable‘excese of Grlgnard
reagent is necessary for success of the reactioho Prdpefbtreatment of the
-product gives a crystalllne pre01p1tate of the phosohonlc dlanllldeo,.This
could be hydrolyzed by reflux1ng w1th concentrated hydrochlorlc acid to the '
free phosphonic a01dq |

These same'phoéohonie acid dianilides‘were ueualljhfound emohg’the
productsifrom the reactlon of monoanllldo chlorophogphate with the Grlgnard
reagent., They'are believed to result by dlsproportlonatlon of the monoanlllde—
chloride formlng the dianilido chlorophosphate &nd subsequent reactlon with
fhe arylmagnesium‘halides; Another 1nterpretat10n of thelr formatlon could

‘betﬂu:w1thdrawal of hydrogen chlorlde from the monoanilido chlorophosphate
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forming the dimeric (CéH5NPOCl)2 followed by reaction with the Grignard reagent.
The mlxtures of phosphonlc dianilide and phosphlnlc monoanlllde are very diffi-
cult to separate and only the dlphenyl phosphinic acid anilide was obtained in

pure condition. However,.after hydrolysis with hydrochloric acid, the mixture

of phosphonic and‘phosphinic'acids ceﬁvbe more readily separated.

As a control experiment, the interaction-of phenylmagnesium bromide
with phosphoric acid triaﬁilide was studied, but 85%‘of the‘latter was re-
covered unchanged after‘sevefal hours.of‘refluxing“in ether solution.,

Preliminary worﬁ‘showed that eromatic phosphonic acids in the form
of their diphenyl esters were formed to a moderate extent by the.rapid reaction

vof'the arylﬁégnesium halides withfdipheoXl ohlorophoSﬁhate, (CgH50)POCL.
The phenyl and p—tdwl.eoids,were obtaineq by‘dropping-the Grignard reagent
-into the ethereal chloroeestef with'vigoﬁous stirring in an ice ba£h5 during
two to-five minutes. . Thefpdeﬁet_was poﬁred ai once iﬁtb 5 large excess of
ice and hyorochloric aoidol'?roionged.alkeliné hydrolysis.of the‘product
afforded a mixture ,fr"om wnich 'th“e phosph'ohic_‘_acidﬁs could be isolated,
EXPE?IMENTAL ‘ | | o

The dlanllldo chlorophosphdte was obtalned by the method of Cook et al (5).

(5).: H G, Cook J. D Ilett B C Saunders G J Stacey, H Go datson, I. G,

E. Wilding, and 5. J. Woodoooke'l Jo Chema Sec. - 2921 (19&9)

It was found however,- that 1f the ether aolutlon of reactants is dllute enough,
most of the produot remalns in solutlon and after flltratlon can be ‘ddded directly
to the Grignard solutlonor" s

Prepara ion of Benzenephosphonlc A01d Dlanllldeo' The”following

preparation of benzenephosphonlcodlanlllde 1llustrates the method used'for

!
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the phosphonic dianilides,

The reactlou product from 18,2 ml.(0.2 moles) of aniline and 9.2 ml.
(0.1 mole) phosphorus oxychloride in QOQ ml. anhydrous ether, after fourteen
hours in the cold,’was filtered and the-filter residue washed with ether. The
comblned flltrates were added dropwise at room temperature to phenylmagnesium
bromide from 30 mlo (O 285 moles) of bromobenzene and excess magnes:.umo A white
transient precipitate forms during this addition but always dissolves if
sufficient Grignard reagent is used, The solutibn'was_then refluxed for 1.5
' hours, cooled and hydrolyéed by ice and hydrochloric acido " The eﬁher layer
(usually contalnlng some suspended product) was washed w1th sodium hydrox1de
solution and with watero It was dlluted w1th 250 ml. more ether and left in
an ice bath for several hours. " The collected and washed product weighed 5.1 g,
The filtrate gave 1.1 g. inltwo crops ourfurpher processing. The brown resinous
residues, though no crystalline‘anilide.oan belobtain_'ed'from.them9 will furnish
v some phosphonic acid on”hydrolySis witu_hydrochlorio acid.” An exactly similar
‘run emolOying 20 ml. (0Q. lQlﬁmoles)'ihstead ofeBO mlo,of bromopenzene gave'a‘
total yield of 3.8 go of phosphonlc dlanllldeo N

Other preparatlons of aryl phosphonlc dlaullldes were 81m11ar and
llkeﬂlae gave uncrystalllzable re31dues, hydroly51s of whlch gave addltlonal
amounts of the des1red aromatlc phosphonlc a01d | |

| An alternatlve method of rea0u10n conolstslof adddng the powdered
dianilido chlorophosphate‘lnrportlons'to_the érlgnard SOlutlon at room tempera—
ture and'then refluxinévandlprocessing as'before° Ylelds oy thls process were
inferior to those obtalned by the flrst process° Results are ﬁlven in the
Table u31ng the flrstrmethod The yleld of oatolyl phosphonlc dlunlllde (based

on dlanllldochlorophosphate) by the second method was 36 7mo
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No report of p—anlsyl phosphonic dlanlllde was found in the literature.
The compound was recrystalllzed from.acetonemether°

Anal.: Calcd for 019H19N2P02 C, 67.45; H, 5.62. TFound: C, 67.48;
H, 5.85,

Hydrolysisdgi pfiolyl1PhoephooicﬁDianilide,- This is given as represen-
tative of the hydrolysis reectionso A mlxtufe of 0.73 go of the dianilide and 50 ml.
of concentrated hydrochloric acid was refluxed for one hour and then left overnight
on the steam bath. The dry residue was repeatedly ground and extraoted with‘boiling
ether, Filtration and eyépofation of the combined extracts left 0.348 of p;tolyl_
phosphonic acid, Yieldv89°5%° .This was . recrystallized from ether-benzene or

benzene alone, m. p. 187.5-188.5°C. Lit 189°C. (6).

(6), Michaélis and Panek;_Ber., 13- 653 (1880)o

Preparation g;_Dlphehyl'Phoephinic‘Anilide,— The monoanilido chloro-

phosphate used in this;experiment wasvproduced by the method of Caven (7).

. (7) R. M. Caven, Jo{Chem,tsoc,, 81 1362 (1902).

The monoanllldo chlorophosphate in powdered form (2 5. gc, O 012 moles)
was added gradually to the phenylmagne31um bromide . from 8 5 ml (O 081 moles) of
bromobenzene and 1.8 g. (0‘075vmoles) of magnesium. This solution was refluxed
bl4 hours and then cooled and hydrolyzed -The washed ether layer was COncentrated
for crybtalllzatlono Yleld 0.32 of 1mpure material m. B 199 206000 After
four recrystallizations from benzene.thls had-mo P. 231—233000. Much intractable
residue was laft. No simple,anilidesoof diaryl phoephinic acids appear to be

described in the literature; though some diaryl thiophosphinic anilides are known.,
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Anal.: Calecd for CygHy¢PON: C, 73.72; H, 5.46. Found C, 73.31:
H, 5.67.

Hydrolysis 9£*Diphenyl Phosphihic Anilide.- This anilide was hydrolyzed

byiconcenpréted hydrochloric acid similafly to the phosphonic dianilide. The
dipheﬁyl pgosphinic acid formed was reérystéllized from water. m. p. 191-192°C°_
With other.aryl Grignards an&-the monoanilido chiofbphoéphéte only mixtures were
obtained. Sbme phosphiniC_acids could be ébtained from these by;concentrated
hydrochloric acid hydrolyéis° The phosphpnic and phosphinic acids were best
separated by taking advantage of'thé g;eater water solubility of the former or
the greater benzene solubility of the latter. | .

with the appearancelof the article by G. M. Kosolapoff (8) describing

a method for phosphonic acids utilizing diethylamine chlorophosphate (CoH5) oMPOCL,,

(8). G. M. Kosolapoff, This Journal, 72 5508 (1950).

a few runs of'ﬁhis'process ﬁere tried using phenylmagneSium'bfomidéo This method

appears to give results.épmparable to the present methodo-'

TABLE T

Phosphonic Dianilides ArPO(NH06H5)2 ,j

vA? m. p. % Com. p,; °cf?'_, . Yield/POC1s
radical : Lit. - Uncer, fqund§ :-A' B
Phenyl 21 | 211.5 503
o-Tolyl | T | 239,5 ST
p-Tolyl  "7 209 207.5-20815 __‘: o 2105

- p-Anisyl o - 210 - ' ‘*_  18.1
3)ichaelis, Ann., 293 193 (1896).
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