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TABLE V 
CONVERSION OF [(CHa)2CHPC1~] [AlClc] (XVIII) TO (CH& 

CHP(O)(OR')z" 
Yield, 
calcd. 

B.P. on PCh, 
Run R' OC. Mm. n% % 
10 CH? 71 5 . 5  1.4179 40 
I1 i-CsH, and 

CzHs" 47 0 .7  1.4138 77 
12 i-CsH7d 38.5 0.25 1.4129 21 
13 ~ - C ~ H T ~  44 0.35 1.4148 62 

XVIII (0.5 mole) was prepared in all runs in the usual 
manner from isopropyl chloride in methylene chloride solu- 
tion. * T o  XVIII (0.5 mole) in 150 cc. of solvent was 
added dropwise 64 g. (2 moles) of absolute methanol. After 
the addition of about 0.5 mole of methanol, a white solid 
began to precipitate. The alcoholysis mixture was refluxed 
for 4 hr. after the addition of the methanol was completed. 
The addition of 300 cc. of water to the mixture resulted in 
the formation of a gelatinous emulsion which was broken by 
centrifuging. Described in detail in the Experimental 
part. XVIII in 200 cc. of solvent was refluxed for 6 hr. 
with 2 moles of isopropyl alcohol. The white solid pre- 
cipitate, formed upon the addition of 300 cc. of water, was 
dissolved by adding 100 cc. of concentrated sulfuric acid. 
In addition to the product, 33 g. of liquid distillation residue 
was obtained; on attempted distillation of the residue, de- 
composition occurred. "XVIIT in 600 cc. of solvent was 
first treated with 18.4 g. (0.4 mole) of absolute ethanol in 50 
cc. of solvent, refluxed for 1 hr., treated with 80 g. (1.33 
moles) of isopropyl alcohol, refluxed for an additional 5 hr. 
and hydrolyzed at  -10' with 110 cc. of water by method B. 

overnight. About 200 cc. of the solvent was then removed 
by distillation at  atmospheric pressure; the remainder was 
evaporated under reduced pressure, leaving a pale yellow, 
crystalline mass which weighed 93.5 g. The product which 
did not fume in air was pulverized to a light, crystalline 
powder. Recrystallization from methylene chloride after 
decolorizing with Norit yielded the complex VI11 as a white, 
microcrystalline powder, m.p. 140-150° (not sharp). The 
complex VI11 could be distilled without decomposition a t  
a pressure of 5 mm.; a t  242-245" a liquid distilled which 
solidified immediately in an attached air condenser. 

Anal. Calcd. for CHaA1C150P: C, 4.5; H, 1.1; Al, 
10.1; C1, 66.6; P,  11.6. Found: C, 5.0; H ,  1.6; AI, 9.6; 
C1, 63.0; P, 11.6. 

Reaction of Methylphosphonyldichloride with Aluminum 
Chloride.-To a solution of 25 g. of methylphosphonyldi- 
chloride in 150 cc. of methylene chloride was added 25 g. 
of aluminum chloride in portions. A vigorous exothermic 
reaction occurred keeping the solvent refluxing. After the 
initial reaction had subsided, the mixture was refluxed for 

an additional 30 minutes. The light brown solution was 
filtered to remove a small amount of solid and the filtrate 
was refrigerated overnight. The resulting depoqit of fine, 
colorless crystals was filtered off, washed on the filter vith 
a small amount of cold methylene chloride and dried in a 
vacuum desiccator; 93.9y0 yield. 

Anal. Calcd. for CHsAlC150P: Al, 10.1; C1, (33.6; P, 
11.6. Found: Al, 10.3; C1, 66.6; P, 12.8. 

Reaction of [CH8PCla] [AIClr] with Two Moles of Meth- 
anol.-To a suspension of 107 g. (0.33 mole) of VI1 in 250 
cc. of methylene chloride was added dropwise in the course 
of 3 hr. a mixture of 21.0 g. (0.66 mole) of absolute methanol 
and 50 cc. of methylene chloride. After standing overnight, 
the solvent was removed from the clear, pale yellow solution 
under reduced pressure leaving 89.5 g. of a pale yellow, 
crystalline residue. The solid material was kept in a vacuum 
desiccator for 65 hr.; the loss of weight during this time was  
9.5 g. The remaining 80 g. (91.9%) of product waq re- 
crystallized from methylene chloride to yield the complex 
[ CHaP( O)OCHa] [AlCl,] as colorless crystals. 

Anal. Calcd. for GHe,AlC1402P: C, 9.2; H ,  2.3; AI, 
Found: C, 9.0; H,2.4; Al, 10.4; 10.3; C1, 54.2; P ,  11.8. 

C1, 52.3; P ,  11.9. 
Preparation of Samples for NMR Spectra.-Solid V (0.3 

mole) was dissolved with stirring a t  room temperature in 
150 cc. of methylene chloride and a 2-cc. aliquot removed for 
determination of the NMR spectrum. The bulk of the solu- 
tion was then treated with 13.8 g. (0.3 mole) of absolute 
ethanol in the usual fashion and refluxed for a period of 6 
hr. The mixture, containing complex X, was cooled and 
another 2-cc. sample of the solution removed for XMR 
analysis. The alcoholysis was continued in two steps by 
adding each time a 0.3-mole portion of absolute ethayol and 
withdrawing a t  each step a sample for spectral analysis. 

The solution used for the determination of the iVMR 
spectrum of the complex [C2HrP(0)(OC2HS)?~AlCl~1 was 
prepared in the following manner. To a solution of diethyl 
ethylphosphonate (37 g., 0.22 mole) in 100 cc. of methylene 
chloride was added, after cooling to -78', 30 g. (0.22 mole) 
of anhydrous aluminum chloride in two portions. An exo- 
thermic reaction took place upon each addition, but the tem- 
perature of the reaction mixture was maintained below 0" by 
cooling. The mixture was stirred below 0' until the 
aluminum chloride was dissolved and the stirring continued 
for an additional 2 hr. a t  room temperature. The trace 
amounts of insoluble material were allowed to settle by 
standing undisturbed overnight and an aliquot of the clear 
supernatant solution of the desired complex was removed 
for NMR analysis. 

The spectra of 111, VI, IX and the liquid complex XVI 
were determined without solvent. 

Table I contains the chemical shifts exhibited by the 
various ethyl complexes and their phosphorus-containing 
components. 
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Reaction of phosphonic acids with dicyclohexylcarbodiimide yields pyrophosphonic acids, [RPO(OH)]20, which with 
alcohols or phenol furnish the respective alkyl or phenyl hydrogen phosphonate esters. These in turn with dicyclohexyl- 
carbodiimide give diaIkyl pyrophosphonates, [RPO(OR)J20, which react with amines [to render alkyl N-substituted 
phosphonamidates. The monoesters and ester-amidates of p-aminophenylphosphonic acid exhibited only negligible bac- 
teriostatic activity. The biological observations are discussed in the light of ionization theories of analogous bacteriostatically 
active sulfanilamide derivatives. 

In the course of their studies about the depend- 
ence of bacteriostatic activity of sulfanilamide de- 
rivatives on the relative negative character of the 
SOz group in these compounds, Bell and Roblina 

(2) P. H. Bell and R. 0. Roblin, JC., T H I 3  JOURNAL., 6~,2905 (1942). 

expressed the view that the principles outlined by 
them should apply to any substance of the type 
P-HzNC~H~XO~R,  provided its activity is inhibited 
by p-aminobenzoic acid. If the properties of the 

compounds should be expressed by the negativity 
(1) Virginia-Carolina Chemical Corporation Fellow, 195619513. aromatic group are constant! activity in such 
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of the XOn group. Among compounds predicted acid yielded a crystalline pyrophosphonic acid, 
to conform with this hypothesis were substances [C6HI3PO(OH) ]20, while other anhydrides were 
where X is phosphorus. obtained as viscous oils which we were unable to 

Since phosphanilic3f4 and p-aminobenzenephos- crystallize. Nevertheless, the tetrahydrofuran sol- 
phonous acid5 as well as ph~sphanilamide~ show ution of the pyrophosphonic acids reacted smoothly 
bacteriostatic activity and the effect of the first with primary or secondary alcohols, or with phenol, 
two compounds is antagonized by p-aminobenzoic to furnish the corresponding monoesters, RPO- 
a ~ i d , ~ , ~ . ~  Bell and Roblin’s prediction seems to be (0H)OR’. Inevitably, one-half of the phosphonic 
borne out for these compounds. Moreover, several acid used was recovered from this step, and its 
diamides of phosphanilic acid [HzNC~H~PO( N- separation from the acidic monoester proved difi- 
HR)z] are more highly bacteriostatic than the cult. In  the case of 4-nitrophenylphosphonic 
parent acid,? and here the inductive effect of the acid, which is obtained by a relatively laborious 
PO should be equally divided between both NHR process,17 the unavoidable recovery of valuable 
groups. It appeared promising to synthesize alkyl starting material posed the need of recycling in or- 
“-substituted P-(4-aminophenyl)-phosphonami- der to increase the yield of monoesters. These 
dates (I)* because the ionization of the hydrogen obstacles were overcome by dissolving the phos- 
of the NHR group could be altered by a change in phonic acid and the alcohol or phenol in tetrahydro- 
the electronegativity of one or both R radicals, and furan and slowly adding one molar equivalent of 
this would permit the design of variants with a dicyclohexylcarbodiimide. The phosphonic acid 

OR‘ OR recovered from the alcoholysis of the resulting 
pyrophosphonic acid was thus reconverted to  the 
anhydride in situ, and the latter was recycled to  

I I 
J- more monoester. Excellent yields of monoesters 

were realized by this procedure (Table I). I 0 I1 0 
4 

4-HzNCeHdPOH 4-HzNCeH4PNHR 

range of PK, values and activities as predicted by 

acidic alkyl hydrogen 4-aminophenylphosphonates 
(11), acid strength might be manipulated to  some 
extent by varying the structure of the ester group. 

and In the more p-Oz~C,H,pO( OH)z (C6Hiix=)zC ~ [p-02NC6H4PO( OH)120 

/ .1 
Onlv few monoesters of DhosDhonic acids have p-0zNC6H4P0(0H)2 + p-02NC6H4P0(0H)(0R) 

been ieported. The methAds for their prepara- 
tiong-15 include such procedures as the partial 
alcoholysis of phosphonochloridates or the partial 
alkaline hydrolysis of dialkyl phosphonate esters 
and are not generally applicable.12 The reaction of 
pyrophosphonic acids [RPO(OH) 1 2 0  with alcohols 
or phenols should lead to  monoesters, but little is 
known about such anhydrides.13 It has now been 
found that the method of Khorana and Todd16 for 
the preparation of esters of diphosphoric acids can 
be extended to  the synthesis of alkyl- and aryl- 
pyrophosphonic acids. Dehydration of phosphonic 
acids with one-half molar equivalent of dicyclo- 
hexylcarbodiimide in tetrahydrofuran solution 
quickly furnishes a precipitate of insoluble dicyclo- 
hexylurea, and the filtrate contains the desired an- 
hydride. Several phosphonic acids were treated 
with dicyclohexylcarbodiimide ; n-hexylphosphonic 

(3) R. Kuhn, E. F. Mliller, G. Wendt and H .  Beinert, Ber., 7 5 ,  711 
(1942). 

(4) G. 0. Doak and L. D. Freedman, THIS JOURNAL, 55, 4825 
(1955); cf. U. K. Kanitkar and B. V. Bhide, Current Sci. ( I n d i a ) ,  16 
223 (1947). 

(5) I. M. Klotz and R. T. Morrison, THIS JOURNAL, 69, 473 (1947). 
(6) J. D. Thayer, H. J. Magnuson and M. S. Gravatt, Antibiofics & 

(7) G. 0. Doak and L. D. Freedman, THIS JOURNAL, 76, 1621 (1954). 
(8) In analogy to the nomenclature used for sulfanilamide deriva- 

tives, the nitrogen atoms of the phosphonamide group are designated 
N’, the aromatic p-amino-nitrogen, N‘. 

(9) J. B. Conant and E. L. Jackson, THIS JOURNAL, 46, 1003 (1924). 
(10) J. B. Conant and A. A. Cook, ibid. ,  42 ,  830 (1920). 
(11) J. B. Conant, V. H. Wallingford and S. S. Gandheker, ib id . ,  

(12) B. S. Griffin and A. Burger, ibid., 78, 2336 (1956). 
(13) H. H. Hatt ,  J. Chem. Soc., 776 (1933); 2412 (1929); for a re- 

cent preparation of phenylpyrophosphonic acid see L. Anschiitz and 
H. Wirth, Chem. Ber. ,  89, 688 (1956). 

Chemofherapy, 3, 256 (1953). 

46, 762 (1923). 

(14) A. Michaelis, A n n . ,  181, 265 (1876). 
(15) A. Michaelis and F. Kammerer, Ber., 8, 1306 (1875). 
(16) H. G. Khorana and A.  R.  Todd, J. Chcm. Soc., 2257 (1953). 

When dicyclohexylcarbodiimide was added 
slowly to  a solution of an alkyl hydrogen p-nitro- 
phenylphosphonate and an amine, the latter was 
converted to the corresponding N,N‘-dicyclohexyl- 
”’-alkylguanidine derivative [CsHllNHC(NH)= 
N C ~ H I ~ ] .  Although the addition of amines to car- 
bodiimides had been k n o ~ n , ~ ~ ~ ~ ~  the failure of phos- 
phonate monoesters to form anhydrides which in 
turn could react with amines was surprising, since 
in an analogous case the addition of dicyclohesyl- 
carbodiimide to a cold solution of two amino acids 
yielded peptides.zO The synthesis of alkyl P- 
(9-nitropheny1)-N-substituted phosphonamidates 
did succeed when the alkyl hydrogen p-nitrophenyl- 
phosphonates were converted to the corresponding 
dialkyl pyrophosphonates, [p-OzNCsH4PO(OR) 1 2 0 ,  

dicyclohexylurea was filtered, and the filtrate con- 
taining the anhydride was heated with an amine 
The resulting ester-amidates (Table 11) could be 
separated readily from the salts of the monoesters 
by extraction into ether. 

The alkyl or aryl N-substituted P-(p-nitro- 
phenyl)-phosphonamidates as well as the alkyl 
hydrogen p-nitrophenylphosphonates were hydro- 
genated over Raney nickel catalyst to the corre- 
sponding p-amino derivatives in good yields. 

Experimentalz1 
Materials.-4-Nitrophenylphosphonic acid was prepared 

Dicyclohexylcarbodi- according to Doak and Freedman.” 

(17) G. 0. Doak and L. D. Freedman, THIS JOURNAL, 74, 753 
(1952). 

(18) A. Huhn, B e y . ,  19, 2404 (1886). 
(19) W. Weith, ibid. ,  7 ,  1303 (1874). 
(20) J .  C. Sheehan and G. P. Hess, THIS JOURNAL, 77, 1067 (1955) 
(21) Melting points are corrected, boiling points uncorrected 

Microanalyses by Mrs. J. Jensen and Miss B. J. Williamson. 
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R PO (OH) (OR') Yield, 
R R' %4 

TABLE I 
MONOESTERS OF PHOSPHONIC ACIDS 

M.p. "C. 
(cdr.) 

Analyses, % 
Calcd. Found 

Formula C H C H 

C6H5 CeHsb 82 70-72 Ci2HiiOsP 61.54 4.74 61.69 4.54 
n-CaHg C2H5 60 B.p. 147-149' ( I  mm.) CsH1503P 43.47 9.10 43.28 9.02 
P-ozNceH~ CeHs 82 139-141 CizHioNOsP 51.62 3.61 51.57 3.48 

C2H5 83 11 1-112.5 CsHioNOsP 41.57 4.36 41.21 4.40 
N, 6.10 hT, 5.98 

CHI 60 129-131 C7HsN05P 38.72 3.71 38.63 4.06 
CFaCH2C 77 115-117 CsHrFsN05P 33.71 2.48 33.54 2.70 
CyClO-C6Hii 91 123-125 CizHi6NO~P 50.53 5.65 50.83 5.49 

(I These yields were also realized if batches up to 0.15 mole were run. b Previously prepared by A. Michaelisi4 who re- 
ported m.p. 57'. Calcd.: neut. equiv.. 285.03. Found: neut. equiv., 283.7. 

TABLE I1 
ESTER-AMIDATES OF ~~-NITROPHENYLPHOSPHONIC ACID 

9 -0tNCsH4PO (NHR) (OR') Yield, M.P.. O C .  

R Rl % corn. Formula 

Analyses, % 
Calcd. Found 

C H C H 

CeHsCHr CZH5" 80 81.5- 82.5 CiiHiiNz04P 56.25 5.35 56.20 5.37 
2-Thiazolyl- CHP*' 77 135-136.5 CioHioNs04PS 40.14 3.37 40.02 2.87 

CzHSbSd 85 138-139 CliHizNsO4PS 42.17 3.86 42.17 4.11 

C6HSd'* 67 172-174 Ci~HizNs04PS 49.86 3.35 50.20 3.83 

2-Pyridyl- CH,d 55 113-115 CizHizN304P 49.15 4.13 48.97 4.03 
C2H5' 90 92- 94 CisHirNsOaP 50.82 4.59 50.46 4.59 

2-Pyrimidyl- CzHsb 50 192-193 CizHisN4OiP 46.75 4.25 47.25 4.17 
2-(5-Methylpyridyl)- C Z H ~ , /  75 142-144 CiaHi&304P 52.33 5.02 52.50 5.02 
(I Recrystallized from isopropyl ether. Recrystallized from ethanol-isopropyl ether. 0 Bright yellow. Pale yellow. 

Recrystallized from butanone-isopropyl ether. f Picrate, m.p. 179-180'. Calcd. for C2aH19N~OllP: C, 43.64; H, 3.48. 

N, 13.42 N, 13.02 

CF3CH2bod 81 143-145 CilH9FsNa04PS 35.97 2.47 36.06 2.42 

Found: C, 43.53; H, 3.48. 

imide was obtained by the directions of Schmidt, et a1.,2a 
except that commercial 5.25% sodium hypochlorite solution 
was used. The compound distilled a t  117-120' (0.5 mm.) 
and m,elted at 34-35'. 

2-Aminopyridine, 2-aminothiazole and 2-aminopyrirnidine 
were supplied generously hy Dr. Gilnier T. Fitchett, Ameri- 
can Cyanamid Co. 3,4-Dimethyl-5-aminoisoxazole was do- 
nated by Hoffmann-LaRoche Co. 

General Directions. (a) Monoesters of Phosphonic 
Acids.-A solution of 0.01 mole of the phosphonic acid and 
0.01 mole of phenol, or the respective alcohol, in 25 ml. of 
dry tetrahydrofuran was heated to  boiling, and a solution 
of 0.011 mole of dicyclohexylcarbodiimide in 10 ml. of the 
same solvent was added over a period of 2.5-3 hr. N,N'- 
Dicyclohexylurea separated out and was filtered after the 
mixture had been heated for another 8-10 hr. and allowed 
to stand a t  37' for several hours. The solvent was evapo- 
rated under reduced pressure, the resulting pale-brown vis- 
cous oil was dissolved in 25 ml. of warm 1 N ammonium 
hydroxide, the solution was filtered and acidified with 6 N 
hydrochloric acid. The viscous oily esters crystallized on 
scratching to colorless solids which were recrystallized from 
mixtures of butanone and isopropyl ether, except phenyl 
hydrogen phenylphosphonate which crystallized from dilute 
ethanol. 

&Butyl alcohol did not react by this procedure. Data on 
the monoesters are collected in Table I. 

(b) Ester-amidates of 4-Nitrophenylphosphonic Acid.- 
A solution of 22 mmoles of dicyclohexylcarbodiimide in 10 
ml. of dry tetrahydrofuran was added slowly with stirring 
to a solution of 20 mmoles of the respective monoester of 4- 
nitrophenylphosphonic acid in 40 ml. of dry tetrahydrofuran 
at  25'. N,N'-Dicyclohexylurea precipitated out immedi- 
ately. After the mixture was allowed to  stand for 30 
minutes, the N,N'-dicyclohexylurea was filtered, the filtrate 
heated to boiling and 22 mmoles of the respective amine was 
added. Refluxing was continued for 10 hr., and the solvent 
then evaporated under reduced pressure. The residual 
light brown tar was extracted with 75 ml. of boiling ether. 

(22) E. Schmidt, M. Seefelder, R. G. Jennen, W. Striewsky and H. 
v. Martius, Ann.,  671, 83 (1951). 

The undissolved crystalline amine salt of the starting ester 
was filtered and the ether removed. When the remaining 
oil was taken up in the minimum amount of ethanol and the 
solution was diluted with a little water, a viscous oil pre- 
cipitated which crystallized on scratching. The crude ester- 
amidates crystallized from isopropyl ether, or from mixtures 
of isopropyl ether and ethanol or butanone. Data on ester- 
amidates are listed in Table 11. 3,4-Dimethyl-5-aminoisox- 
azole did not react by this procedure. 

(c) Monoesters and Ester-amidates of 4-Aminophenyl- 
phosphonic Acid.-The derivatives of p-nitrophenylphos- 
phonic acid (0.01 mole) were dissolved in 100 ml. of absolute 
methanol and hydrogenated with the aid of Raney nickel 
catalyst a t  3 atm. and 25" in 2-3 hr. The catalyst was 
filtered, the solvent evaporated under reduced pressure, the 
crystalline or viscous residue was taken up in butanone and 
treated with isopropyl ether. I n  some cases a sparingly 
soluble amino compound precipitated during the hydrogena- 
tion; it had to be dissolved by addition of a few drops of 
ammonium hydroxide before the catalyst could be filtered, 
and the amine was reprecipitated by adjustment of the 
filtrate to pH 5-6. The colorless amino compounds ob- 
tained by this procedure are recorded in Table 111. 

P,P'-(Di-n-hexyl) Dihydrogen Pyropbosphonic Acid.- 
A solution of 1.13 g. (0.055 mole) of dicyclohexylcarbodi- 
imide in 5 ml. of dry ether was added slowly with stirring to 
a solution of 1.66 g. (0.01 mole) of n-hexylphosphonic acid 
in 50 ml. of dry ether. N,N'-Dicyclohexylurea precipitated 
immediately and quantitatively. I t  was filtered and the 
filtrate concentrated to 5 ml. On cooling, 1 g. (65%).of 
colorless crystals precipitated which after recrystallizatlon 
from ligroin melted at  64-66'. 

Anal.  Calcd. for Cl2HZ8O6P2: C, 45.85; H, 8.98. Found: 
C, 45.57; H,  9.11. 

Determination of pK. Values.-The apparent pK,  
values for the compounds listed in Table I V  were deter- 
mined by measuring the pH of a solution containing equi- 
molar concentrations of the acidic material and its salt, pre- 
pared by adding 0.2-0.7 mmole of the compound to 50-100 
ml. of water followed by addition of the exact amount of 
standard base to  neutralize one-half of the acidic substance. 
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TABLE I11 
ht ONOESTERS AND ESTER-AMIDATES OF PHOSPHANXLIC ACID 

P-HnNCsHaPO(Y) (OR) 
Y R 

Yield, 
% 

M.p., “C. 
con .  Formula 

Analyses, % 
Found c Calcd. H c H 

OH CH3“ 90 196.5-197 C7HioNOaP 44.92 5.39 44.48 5.67 
OH CZH5“ 80 208-210 CsHizNO3P 47.76 6.01 47.70 6.09 

57.83 4.86 57.70 5.14 
OH CYC~O-C~HII 77 236-238 CieHi8N03P 56.46 7.11 56.44 7.43 
2-Pyridglainirio- CH; 80 162-164 CizHi&OeP 54.75 5.36 54.69 5.75 

56.31 5.82 56.82 .5.60 CzH,“ 75 167-169 CiaHlsN802P 
2-Thiazolglamino- CHZc 79 162-163 CioHleNaOiPS 44.60 4.49 44.34 4.68 

80 163-165 CiiHuNaOzPS 46.64 4.98 46.59 4.76 CzHsC 
C F S C H ~ ~  76 145-147 C~~H~~F~N~OZPS.~/ZC~H~,O 43.30 4.67 42.94 4.91 

43.42 4.76 
CsHa“ 91 209-211 d. CisHi4NaOzSP 54.37 4.26 53.67 4.29 

51.80 5.43 52.14 5.42 
CsHsCHzNH- CzHs” 75 91- 93 CiaHigNzOzP 62.06 6.60 62.43 6.47 

OH CaHSb 74 245.5-246 CizHl2NOaP 

2-Pyrimidylamino- CzH: 75 171-173 CizHisNaOzP 

Recrystallized from methanol. b Purified by reprecipitation from dilute hydrochloric acid. e Recrystallized from 
butanone. The presence of 0.5 mole of isopropyl 
ether of crystallization is based on the analytical values only, since infrared absorption shows all major peaks for ether oxygen 
where NHn may be expected to absorb. The compound contained nitrogen, phosphorus, sulfur and fluorine (small amounts 
in qualitative test) and exhibited a strong absorption band a t  3 p in the infrared. 

d Recrystallized from butanone-isopropyl ether, dried a t  110’ (1 mm.). 

-4 Beckman model G pH meter equipped with a glass elec- 
trode in conjunction with a saturated calomel electrode was 
used. From control experiments with known acids, the 
accuracy was judged to be h O . 1  for pK.  values of 4 to  10, 
while for higher values a drift of 0.1-0.3 was observed. 
For values below 3.8, see Table IV. 

TABLE IV 

AMITOPHENYLPHOSPHONIC ACID 
pKa VALUES OF SOME DERIVATIVES O F  4-NITRO- AND 4- 

$Ka of 
sulfonamide 

analog 
$-RC~HIPO,(R’) (OR? RCsH4- 

R R R’ pKaa SO1R’s 

NO2 OH CzHa 2 . 5  
h’0z OH C6HS 2 . 5  
NO2 OH CF3CHz 2 . 5  
NOz OH cyclo-CsHii 2 .6  
XH2 OH CH3 3 8  
NH, OH CzHs 3.9 
NHz OH CeHs 4.0 

NO, 2-Thiazolylamido- CFsCH2 8.3 
NO2 2-Thiazolylamido- CH3 8.6 
KO2 2-Thiazolylamido- CzHs 8.7 

XHz OH CyC10-c~Hii 3 .9  

NOz 2-Thiazolylamido- CsH5 8 . 9  
NOS 2-Pyridplamido- CHI 10.2 
SO2 2-Pyridylamido- CzH6 10.4 
NHz 2-Thiazolylamido- CF3CH2 8 . 7  7 . 2  
NHI 2-Thiazolylamido- CH3 9 . 2  7 . 2  
NH2 2-Thiazolylamido- CZH5 9 . 3  7 . 2  
KHZ 2-Thiazolylamido- C ~ H S  9 . 7  7 . 2  
SHz 2-Pyridylamido- CHI 10.4 8 43 
NH2 2-Pyridylamido- CZH5 10.5 8.43 
NH2 2-Pyrimidylamido- CZHS 10.4 7.86 
NH2 CsHsCHr CzHs 10.7 . ,  

a For p K ,  values below 3.8 the accuracy is 0.2. Calcu- 
lated by equation (252), S. Glasstone, “Textbook of Physi- 
cal Chemistry,” 2nd Ed., Van Nostrand Co., Inc., New 
York, N. Y.,  1946. The other values were calculated by 
the Henderson equation. 

Infrared Absorption Spectra.-Major assigned charac- 
teristic absorptions of p-nitro- and p-aminophenylphos- 
phonic acid monoesters and ester-amidates were observed 
as follows: CFI a t  9.2 p23; NHz a t  2.9 and 2.98 P * ~ ;  p-disub- 

(23) H .  Gilman, “Organic Chemistry,” Vol. 111, John Wiley and 
Sons, Inc.. h-ew York, N. Y., 1953, Chapter 2. 

stituted phenyl a t  12.1 ~ ~ 3 ;  NO2 at  7.4 hZ3; thiazole a t  6.12 
and 6.6 p24; P-0-C aliphatic a t  9.7-9.9 ps; P=O a t  7.8 
*.= In addition, all these compounds absorbed in the region 
of 10.2-10.4 p which may be considered characteristic for 
many phosphorus compounds including phosphonates.2s 

The infrared data indicate that the ester-amidate deriva- 
tives of phosphanilic acid contain a free amino group and 
most probably do not exist as zwitterions. Thus the pK. 
values should express the dissociation of the phosphonami- 
date group. In the case of monoalkyl hydrogen phosphanil- 
ates, no bond appears in the region of 3 1.1. This implies 
that the amino group is associated and the pK. values of 
these compounds represent probably the dissociation of the 
inner salt, p-H9N+C6H4P(0) (0R)O-. 

Discussion of Bacteriostatic Activity 
The in vitro bacteriostatic activities of ethyl N1- 

(2-pyridyl) - P-(p-aminophenyl) - phosphonamidate, 
the corresponding N1-(2-pyrimidyl) and N1-(2- 
thiazolyl) derivatives and the lower methyl N1- 
(2-thiazolyl) homolog, as well as those of methyl 
and ethyl N1- (2-pyridy1)- and N l- (2-thiazolyl)-P- 
(9-nitropheny1)-phosphonamidates were measured 
by the agar diffusion method in the Microbiology 
Section of Smith, Kline and French Laboratories. 
Also included in this series were methyl and ethyl 
hydrogen p-nitrophenylphosphonate and methyl 
hydrogen p - aminophenylphosphonate. The or- 
ganisms employed were Pseudomonas sp., Escher- 
ichia coli, Micrococcus pyogenes var. aureus, hfyco- 
bacterium smegmadis, and Diplococcus pneumoniae 
Type I. Only D. pneumoniae was inhibited slightly 
by all but two of the compounds tested in a 2 X 
lov4 yo solution, and 21.1. aureus responded equally 
slightly to the four p-nitrophenylphosphonami- 
dates. The relatively most active derivative, ethyl 
N1-(2-pyridyl) -P- (p-aminophenyl) -phosphonami- 
date, did not protect mice against pneumococcus 
infection a t  100 and 800 mg./Kg. 

These disappointing findings are not easily 
fitted into the framework of the Bell and Roblin 
theory. The lack of correlation between bacterio- 
static values and acid dissociation data points to 

(24) H.  M. Randall, R .  G. Fowler, N. Fuson and J. R.  Dangl, 
“Infrared Determinations of Organic Structures,” D. Van Nostrand 
Co., Inc., New York. N. Y . ,  1949. 

(25) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,” 
John Wiley and Sons, Inc., New York, N. Y., 1954, Chapter 18. 
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the influence of other factors which are not so 
pronounced in the sulfonamide series. Apparently 
the SO2 and PO groups cannot compete equally for 
the negative charge left by the dissociation of the 
proton of the amide. In the bacteriostatically in- 
effective alkyl hydrogen p-aminophenylphospho- 
nates the POz- carries a formal negative charge 
as does the COa- in the p-aminobenzoate ion, and 
the pKa (3.8 to 4.0) of these esters approaches that 
of PABA (4.68). The effects of solubility, steric 
influences, etc., may outweigh those of acid dis- 
sociation; alkyl N1-heterocyclically substituted 

P- (p-aminophenyl) -phosphonamidates are uni- 
formly more soluble in base than the corresponding 
sulfonamide drugs. The valence requirements of 
the phosphonamidates place an alkyl group on one 
of the oxygens whereas this is absent in the sulfon- 
amides. While it is conceivable that the extra 
group could interfere with the fit a t  an essential re- 
ceptor site, the bacteriostatic activity of p-amino- 
phenylphosphonamidates containing two relatively 
bulky substituents in the amidate group7 cannot 
readily be reconciled with this view. 
CHARLOTTESVILLE, VIRGINIA 
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Synthesis of Peptides of Arginine Related to Arginine-vasopressin1 
BY DUANE T. GISH~ AND VINCENT DU VIGNEAUD 

RECEIVED MARCH 7, 1957 

The preparation of L-prolyl-L-arginylglycinamide dihydrobromide and S-benzyl-L-cysteinyl-L-prolyl-L-arginylglyciii 
amide dihydrobromide, peptides containing sequences that are found in arginine-vasopressin, is described. 

As a result of degradation studies on purified 
preparations of arginine-vasopressin, the principal 
pressor and antidiuretic hormone of the beef pos- 
terior pituitary gland, the sequence of amino acids 
in arginine-vasopressin was obtained3 and a struc- 
ture was p o s t ~ l a t e d . ~ . ~  For the purpose of investi- 
gating synthetic routes to  arginine-vasopressin, the 
peptides L-prolyl-L-arginylglycinamide dihydrobro- 
mide (I) and S-benzyl-~-cysteinyl-~-prolyl-~-ar- 
ginylglycinamide dihydrobromide (11) were de- 
sired. The preparation of these peptides and their 
intermediates are described in this paper. 

N a  -p - Nitrobenzyloxycarbonyl -L - arginylglycin - 
amide hydrochloride (111) was prepared by the 
method of Gish and Carpentefl and the peptide de- 
rivative was isolated as the crystalline picrate IV. 
The picrate IV was cleaved with acetic acid satu- 
rated with hydrogen bromide to give L-arginyl- 
glycinamide dihydrobromide (V) as an amorphous 
solid. The dipeptide amide V was characterized as 
its crystalline dipicrate VI. The dihydrobromide 
V was converted to the monohydrobromide and the 
monohydrobromide was condensed with carbo- 
benzoxy-L-proline by the tetraethyl pyrophosphite 
method' to  give carbobenzoxy-L-prolyl-L-arginyl- 
glycinamide hydrobromide (VII) . The tripeptide 
amide derivative VI1 was purified by counter- 
current distribution and then treated with acetic 

(1) This work was supported in part by grants from the National 
Heart Institute, Public Health Service, Grant H-1675, and Lederle 
Laboratories Division, American Cyanamid Co. A preliminary 
report of part of this work has appeared [V. du Vigneaud. D.  T. Gish 
and P. G. Katsoyannis, THIS JOURNAL, 76, 4751 (1954) I. 

(2) Lilly Postdoctoral Fellow in the Natural Sciences administered 
by the National Research Council, 1953-1955. 

(3) E. A. Popenoe and V.  du Vigneaud, J .  Bioi. Chcm., 806, 353 
(1954). 

(4) V. du Vigneaud, H. C. Lawler and E. A. Popenoe, TEXIS JOUR- 
NAL, 76, 4880 (1953). 

(5)  R. Acher and J. Chauvet, Biochim. Biophys. A d o ,  18, 487 
(1953). 
(6) D. T. Gish and F. H. Carpenter, THIS JOURNAL, 71, 5872 

(1953). 
(7) G. W. Anderson, J. Blodinger and A. D. Welcher, i b i d . ,  74, 5309 

(1952). 

acid saturated with hydrogen bromide to give L- 
prolyl-L-arginylglycinamide dihydrobromide (I). 
The amorphous product was converted to  the cry- 
stalline diflavianate for characterization. 
S-Benzyl-N-p-nitrobenzyloxycarbonyl-L-cysteine 

was converted to its acid chloride and then con- 
densed with proline benzyl ester to give S-benzyl- 
N-p-nitrobenzyloxycarbonyl - L - cysteinyl - L -proline 
benzyl ester (VIII) and with proline methyl 
ester to give the corresponding methyl ester IX. 
The esters VIII and I X  were obtained as oils, but 
could be converted to the crystalline hydrazide in 
high yield. Saponification of these esters yielded 
S-benzyl-N-9-nitrobenzyloxycarbonyl -L- cysteinyl- 
L-proline (X). Yields of 5 0 4 5 %  were obtained 
on various runs of the saponification of the benzyl 
ester of the p-nitrobenzyloxycarbonyl derivative of 
this dipeptide, whereas a yield of 52% was ob- 
tained in the saponification of the methyl ester. 
Saponification of S-benzyl-N-carbobenzoxy-L-cys- 
teinyl-L-proline methyl ester (XI), prepared in a 
manner similar to that used for the preparation of 
IX ,  gave consistent yields of about 85%. No 
difficulties had been encountered previously during 
the saponification of p-nitrobenzyloxycarbonyl de- 
rivatives of peptides.6,8 The dipeptide derivative 
X was condensed with L-arginylglycinamide mono- 
hydrobromide by the tetraethyl pyrophosphite 
method to give the S-benzyl-N-p-nitrobenzyloxy- 
carbon yl-L-cystein yl-L-pro1 yl- L - arginylglycinamide 
hydrobromide (XIT). The crude product was 
purified by countercurrent distribution and the 
tetrapeptide amide derivative was characterized as 
its crystalline picrate XIII. Treatment of the 
purified tetrapeptide amide derivative XI1 with 
acetic acid saturated with hydrogen bromide gave 
S-benzyl-L-cysteinyl-L-prolyl - L - arginylglycinamid e 
dihydrobromide (11) as an amorphous solid. 
Countercurrent distribution of this material in the 
system 2-butanol-O.l'% acetic acid revealed a single 
peak and the tetrapeptide amide dihydrobromide 
(8) F. H. Carpenter and D. T. Gish, ibid. ,  74, 3818 (1952). 


