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anhydrous potassium carbonate. The drying agent was removed 
by filtration, the chloroform filtrate was evaporated to dryness 
in vacuo, and the residue was crystallized from chloroform. The 
material (VII) thus obtained weighed 21.0 g. (48%), m.p. 157-
158°. 

Anal. Calcd. for C24H18BrX30: C, 64.87; H, 4.08; Br, 17.99. 
Found: C, 64.86; H,4 .13; Br, 17.74. 

N-( 2-Chloroethyl) -4-(3-dibenzofuranyIazo) -1 -naphthylamine. 
—A suspension of 18.3 g. (0.1 mole) of 3-aminodibenzofuran13 in 
a mixture of 200 ml. of water and 25 ml. of concentrated hydro
chloric acid was cooled to 0° and diazotized by the addition of a 
solution of 6.9 g. (0.1 mole) of sodium nitrite in 50 ml. of water 
while maintaining the temperature at 0-5°. The yellow solution 
thus obtained was added slowly at 5-10° to a solution of 33.1 g. 
(0.1 mole) of l-(2-bromoethyl)aminonaphthalene hydrobromide4 

in 1 1. of 9 5 % ethanol containing 20 ml. of concentrated hydro
chloric acid. The thick, purple reaction mixture was diluted 
with water to a volume of 3 1. and stirred for 3 hr. at 0-15°. 
The precipitate was collected, washed thoroughly with hot dilute 
hydrochloric acid, and dried in vacuo at 65° for 48 hr.; yield, 41 
g. The crude salt was suspended in dilute sodium hydroxide 
solution, the base was extracted with chloroform, and the chloro
form extracts were dried over anhydrous potassium carbonate. 
The drying agent was collected, the chloroform was removed 
in vacuo, and the residue was crystallized three times from chloro
form. The product was obtained as orange-red needles, m.p. 
170-171°. 

Anal. Calcd. for C24Hi8ClX30: C, 72.09; H, 4.54; CI, 8.87. 
Found: C. 71.89; H.4.74; CI, 8.95. 

1 -(2-DiethyIaminoethyl) -6- [4-( 2-diethylaminoethylamino) -1-
naphthylazo]-l,2,3,4-tetrahydroqiiinoIine Dihydrochloride (XI d). 
—Utilizing method V, 11.7 g. (0.03 mole) of N-(4-amino-l-
naphthyl) - X - (2 - diethylaminoethyl) - 2,2,2 - trifluoroacetamide 
monohydrochloride6 was diazotized and coupled with 7.0 g. 
(0.03 mole) of X-(2-diethylaminoethyl)-l,2,3,4-tetrahydroquin-
oline. Hydrolysis of the crude trifluoroacetamide gave 4.0 g. 
(23% over-all) of product as maroon crystals, m.p. 195-198.5°. 

Anal. Calcd. for C8,H«X«-2HC1: C, 64.90; H, 8.08; X 
14.65; CI, 12.36. Found: C, 64.42; H, 8.20; X, 14.53; CI, 
12.27. 

N-(2-DiethylaminoethyI)-l,2,3,4-tetrahydroquinoline.—A mix
ture of 111.0 g. (0.834 mole) of 1,2,3,4-tetrahydroquinoline,6 

143.5 g. (0.834 mole) of 2-diethylaminoethyl chloride hydrochlo
ride, 230 g. (1.67 mole) of anhydrous potassium carbonate, and 
800 ml. of toluene was boiled under reflux for 17 hr. Upon cool
ing, the reaction mixture was stirred with 10% aqueous sodium 
hydroxide solution, the organic layer was separated, and the 
aqueous layer was extracted with ether. The hydrocarbon and 
ether solutions were combined, washed with water, and dried 
over anhydrous potassium carbonate. Volatile materials were 
removed on a steam bath and the residue was distilled in vacuo 
through a 30-cm. Vigreux column. The product was obtained 

An objective in the screening program of semisyn
thetic N-substituted 6-aminopenicillanic acids is the 

(1) Presented in part at the 144th National Meeting of the American 
Chemical Society, Division of Medicinal Chemistry, Los Angeles, California, 
April, 1963. 

as a pale yellow oil, b.p. 98-103° (0.2 mm.), W2SD 1.5411; vield, 
56g . (29%). 

Anal. Calcd. for GSH24X2: C, 77.53; H, 10.41; X, 12.06. 
Found: C, 77.61; H, 10.47; X, 12.24. 

N,N-Diethyl-2-(l-naphthylamino)acetamide.—To a suspension 
of 16.1 g. (0.33 mole) of 5.0% sodium hydride dispersion in oil in 
200 ml. of toluene was added a solution of 47.8 g. (0.33 mole) of 
1-naphthylamine in 200 ml. of toluene. The mixture was heated 
under reflux for 2 hr., during which time a solid separated. The 
mixture was cooled to room temperature and to it was added a 
solution of 50 g. (0.33 mole) of X,X-diethylchloroacetamide in 
200 ml. of toluene. The mixture was heated under reflux for 21 
hr. and cooled. Water was added cautiously, and the organic 
layer was separated and dried over sodium sulfate. Volatile 
materials were removed in vacuo on a steam bath and the residue 
was distilled under high vacuum through a 15-cm. Vigreux col
umn. A majority of the distillate was low boiling and appeared 
to be unreacted 1-naphthylamine. A high boiling fraction weigh
ing 7.5 g., b.p. 188-190° (0.3 mm.), was obtained which solidified 
in the receiver. Crystallization from ethanol gave 4.3 g. (5%) 
of colorless plates, m.p. 92-98°. 

Anal. Calcd. for C,6H20X2O: C, 74.96; H, 7.86; X, 10 93. 
Found: C, 75.17; H, 7.79; X, 11.04. 

3- [4-( 2-Diethylaminoethylamino) -1-naphthylazo] pyridine Salt 
with 1/2 F. Wt. 2-(4,6-Disulfo-l,3,2-benzodioxastibiol-2-yloxy)-l-
phenol-3,5-disulfonic Acid (XII).—A solution of 2.57 g. (0.005 
mole) of 3-[4-(2-diethylaminoethylamino)-l-naphthylazo]pyri
dine trihydroehloride • 3.25 hydrate in 20 ml. of water was added 
with stirring to a solution of 2.71 g. (0.003 mole) of stibophen in 
30 ml. of water. A dark-colored oil separated. The supernatant 
liquid was decanted and the residue was triturated with meth
anol, whereupon the salt solidified. The salt was collected, 
washed with methanol, and dried in vacuo at 60° for 18 hr.; 
weight, 2.85 g. (83%), m.p. > 200°. 

Anal. Calcd. for C21H25XY0.5 Ci2H90,6S4Sb: X, 10.32; S, 
9.45. Found: N, 10.10; S, 9.01. 
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discovery of compounds which are effective against 
antibiotic-resistant strains of Staphylococcus aureus. 
The reaction of 6-aminopenicillanic acid (6-APA) with 
organophosphorus chlorides affords a novel series of 
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A novel class of X-substituted 6-aminopenicillanic acid derivatives exhibiting noteworthy inhibitory action 
against antibiotic-resistant strains of Staphylococcus aureus and a high degree of inertness toward penicillinase 
has been synthesized by the reaction of 6-aminopenicillanic acid with organophosphorus chlorides. This class 
consists of phosphinylaminopenicillanic acids (I, X = O) and phosphinothioylaminopenicillanic acids (I, X = 
S). In general, I with aryloxy groups attached to phosphorus are slightly more active in vitro against sensitive 
and resistant staphylococci than those with alkoxy groups on phosphorus, while the latter type of compounds 
are more effective in vivo in protecting mice against resistant staphylococcal infections. 
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derivatives which exhibit noteworthy in vitro and in viro 
activity against resistant staphylococcal strains. The 
general structure of these compounds is represented by 
I, in which X is oxygen (phosphinylaminopenicillanic 
acids) or sulfur (phosphiuothioylamiuopenicillanic 
acids) and R\ and R> may consist of the following-
groups: Iti, R2 = alkoxy, cycloalkoxy, or aryloxy: 
Hi = aryl, I^ = alkoxy or aiyloxy; and Ri = aryl
oxy, R2 = dialkylamino. 

Preparative Method.—The phosphinylaminopeni
cillanic acids and phosphinothioylaminopenicillanic 
acids were synthesized by treating (i-APA with the 
appropriate chlorophosphate. phosphonyl chloride, or 
their respective thiono analogs. The organophosphorus 
chlorides were obtained commercially or prepared by 
known methods.- In some instances, the chloride inter
mediate was used directly following synthesis without 
isolation. The formation of I required a longer reac
tion time than acvlation of (i-APA bv acid chlorides"; 

II H ' N > 
R l _ P _ C l 4 1 

k ° 
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R t - P - N H . 
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COOH 

n , rcH3 
X O O H 

a useful procedure consisted of running the reaction in 
aqueous acetone at pH (i-7.o for 3-.") hr. at room tem
perature. This reaction medium was more advan
tageous than nonaqueous media; e.g., in nitromethane 
(i-APA (solubilized by triethylamine) and diphenyl 
chlorophosphate rapidly formed a new, insoluble prod
uct devoid of biological activity.4 The quality of I 
obtained depended upon the pH at which the product 
was extracted from the reaction solution. Solvent 
extraction at pH o.fi was employed for I containing aryl 
or aryloxy groups, while the more polar compounds, 
such as the lower dialkoxyphosphinylaminopenicillanic 
acids, were satisfactorily recovered by solvent extrac
tion at pH •'->."). The lower dialkoxyphosphinothioyl-
amiuopenicillaiiic acids could be extracted at either pll. 
Compounds of structure I were isolated conveniently 
as crystalline X-ethylpiperidine salts. Sodium, potas
sium, or calcium salts were prepared by freeze-drying 
an aqueous solution of the salt or by evaporating an 
ethyl acetate-methanol solution of the salt to dryness: 
the purity of these latter noncrystalline solids was 
assayed by the usual hydroxylamine colorimetric pro
cedure for penicillin/' 

(i-Diphenoxyphosphinylaminopenicillanamide (II) was 
synthesized in a similar manner using (i-aminopenicil-
lanamide6 in place of (i-APA. 
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Biological Studies.—The antibacterial properties of 
I" were investigated using standard methods described 
by English and McBride in previous papers from those 
Laboratories/ This class of compounds is primarily 
active against Gram-positive bacteria as illustrated by 
the spectrum of diphenoxyphosphinylaminopenicillanic 
acid in Table I. Activity against most organisms is 

T.\]j i . fc 1 

ANTIMICROBIAL ACTIYITV In Vilio 

M i c i o o m a n i s m 

Staphylococcia! aureus 
Staphylococcus aureus 400' 
Streptococcus pyogenes 
Streptococcus faecal is 
IJiplococcus pneumoniae 
lirysipelothrix rhusiopatliiue 
Aeiobacter uerogenes 
Escherichia coli 
I'roteus vulgaris 
I'seutlomonas aeruginosa 
Salmonella lyphosa 
Klebsiella pneumonia! 
Hemoph ilus influenzu 
Staphylococcus aureus + serum'' 
Streptococcus pyogenes -j- serum'' 

M i n i m u m mil 
concent rut i< 

1 hpheno.xy-
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eminopenic i l lanic 
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(« . till. 
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12.5 
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3.12 
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0 0 7 

" Twofold serial dilution technique; in.i.e. read after 20-hr. 
incubation al 37°. '• See footnote 7. '' Strain resistant in vitro 
to high concentrations (>!()() ,ug./ml.) of penicillin, streptomycin, 
oxytetnieyeline, chlorotetracycline, or tetracycline. '' Brain 
heart infusion broth containing 20' , human serum. 

lower than that of penicillin G, but significantly higher 
activity against resistant staphylococci is manifested. 
Tables 1I-IV summarize in vitro activity against sensi
tive and resistant staphylococcal strains for selected 
compounds. Minimum inhibitory concentrations 
(m.i.c.) of the same order of magnitude were obtained 
for other resistant strains of staphylococci (clinical 
isolates). The in riro properties of I observed in mice 
experimentally infected with resistant S. aureus 400 
are given in Table V. Approximately equivalent chemo-
therapeutic efficacies expressed as the median protective 
dose (PD50) were obtained for infections with normal 
and resistant staphylococcal strains as shown in Table 
VI for diethoxyphosphiiiothioylaminopenicillanic acid. 

The penicillinase resistance of I was demonstrated 
bv the low rates of enzymatic hydrolysis of diethoxy-

i2> t i . M. Kosolapon', "Oryanophosp l i o ru s C o m p o u n d s . " J o h n Wiley 
atitl Sons. Inc. , Xew York , X. Y., 19.J0. 

;:',) V. (I . Per ron . W. ]•'. Minor . C. T. I loh i red»e , W. J. Go t t s t e in , ,7. ( ' . 
Godfrey. I.. 73. Crus t , R. B, Babel , and I., O. Cheney . ./. Am. Chem. Sm-.. 
82, S t«4 (!!)((()). 

<i) (a) A. CoMiiato.s. I. Plmritki. ami I.. Z e n as. Chem. Bit.. 94, 2 P ) I 
(H) l i l ) : fb) S. Wolfe. .7. O. Godfrey, ( ' . T. HoldreKe. and Y. G. Perron, ./, 
, l«i , Chem. .Sec. 85, H-1H 1 11)118). 

i.'i) O . K . Boxer mid P. M. Kverc t t . A mil. CI,. ,„., 2 1 , '170 ' 111 lit), 
n',) H. K. Kue. .Volurt, 196, 1200 ilwr.L'i. 

I") All bioloKical proper t ies of I lire r epor t ed on the basis of 100',,. p u n t y . 
D a t a for X-c thy lp ipe r id ine sal ts of 1 (in Tab le s I, 17. ami V). for diphenoxy-
phospl i iny laminopenie i l l anamide (77). and for s t a n d a r d s {penicillin G or V i 
were de te rmined a s suming these c o m p o u n d s to be I(10' .;. pure . Data for all 
o the r p r epa ra t i ons of I (in Tables 177-VI77) were de t e rmined after eorrect inu 
tile weight of te.sr s ample taken to correspond to 100'v p u r i t y . 

(8) la) '1'. ,1. -\7cBride and A. H. I-ins-dish, in "Ant ib io t i c s Annual 10-57 
lll.">8." Medical Kncyclopedia, [nc . , N o v York . N. V., KloiS, p, H « : l.i \ . 
H. Knelisli iinr! "I', .1. McBr ido , Antibiat. Cl,em<,lhrrnlni. 8. 121 ' I »:>«): "•< 
A. K. Kngli.-b and '1'. .1. McHride , I'roc. .Sec, lis pit. Biul. Mul.. 100 ,880 ( l ! « < ; . 
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TABLE II 

ANTISTAPHYLOCOCCAL ACTIVITY In Vitro OF SOME 

PHOSPHINYLAMINOPENICILLANIC ACIDS AND 

PHOSPHINOTHIOYLAMINOPENICILLANIC ACIDS 

(CRYSTALLINE N-ETHYLPIPERIDINE SALTS) 

N o . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

. 
Ri 

M e O 
E t O 
n-BuO 
P h O 

-Compound I 

o-MePhO 
p-MePhO 
P h O 
P h O 
P h 
M e O 
E t O 

Ra 
M e O 
E t O 
n-BuO 
P h O 
o-MePhO 
p-MePhO 
n-BuO 
M « N 
o-MePhO 
M e O 
E t O 

. 
X 

0 
0 
0 
0 
0 
0 
0 
0 
0 

s 
s 

[a ]V 
+ 197 
+ 191 
+ 166 
+ 173 
+ 162 
+ 149" 
+ 174 
+ 175 
+ 189" 
+ 200 
+ 197 

* Minimum inhib itory— 
concentration0 

S. 
aureus 
Kg./ml. 

10 
5 
5 
1.3 
1.3 
0 . 6 
2 . 5 

10 
2 . 5 

10 
10 

aureus 
with 

serum 
Mg./ml. 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

> 1 0 

S. 
aureus 
400c 

jig./ml. 

10 
10 

5 
2.hd 

2 . 5 
2 . 5 
5 

10 
5 

10 
10 

" See footnote 7. h c 1 in water; 23-25°. "Antibiotic-resistant 
strain (see Table I). d Corresponding m.i.c.-values for diphe-
noxyphosphinylaminopenicillanamide ( I I ) : S. aureus, 10; S. 
aureus + serum, >10; S. aureus 400, >10 Mg-/ml. e In ethanol. 

phosphinylaminopenicillanic acid (12) and diethoxy-
phosphinothioylaminopenicillanic acid (28) as com
pared to that of penicillin G (Table VII).9 These two 
compounds 12 and 28 were also completely refractory 
to penicillinase when tested against this enzyme by a 
modified Gots technique.10 

Diethoxyphosphinylaminopenicillanic acid and di-
ethoxyphosphinothioylaminopenicillanic acid were ob
served to induce the formation of penicillinase in three 
penicillinase-producing strains of S. aureus (including 
the resistant 376 and 400 strains) but not in two peni
cillin-sensitive strains, when the organisms were grown 
in the presence of 1-4 jig./ml. of the test compound. 

Acute intravenous toxicities (LD50) observed in mice 
for diethoxyphosphinylaminopenicillanic acid and for 
diethoxyphosphinothioylaminopenicillanic acid were ap-

parison of serum levels measured as activity dilutions 
against Streptococcus pyogenes is presented in Table 
VIII for several compounds possessing in vivo activity. 

Compounds in Table II did not exhibit antiviral 
activity against Newcastle disease virus, vaccinia, herpes 
simplex, poliomyelitis (Type II), or influenza A in a 
tissue culture test at a level of 10 nig./ml.11 

Discussion 

All phosphinylaminopenicillanic acids and phos-
phinothioylaminopenicillanic acids which we have 
examined are active in vitro against resistant staphylo
cocci, so that this property is characteristic of com
pounds of structure I. The substitution of the acyl 
side chain in conventional penicillins by a noncarboxylic 
moiety does not necessarily confer activity against 
resistant staphylococcal strains. We observed that 
arylsulfonamidopenicillanic acids, such as benzene-
sulfonamidopenicillanic acid, p-fluorobenzenesulfon-
amidopenicillanic acid, p-toluenesulfonamidopenicil-
lanic acid, and 2-naphthalenesulfonamidopenicillanic 
acid, gave m.i.c.-values of >100 jug./ml. for resistant 
S. aureus 376 and 400 strains. 

The inhibitory activity of I toward resistant strains 
probably results from the inertness of this class of com
pounds to penicillinase (Table VII). Penicillinase 
resistance is also partly responsible for the constant 
m.i.c. obtained over wide variation of inocula sizes as 
shown in Table VI. 

Since amide formation at C-3 carboxyl in benzyl-
penicillin imparts penicillinase resistance,12 the effect of 
attaching both phosphinyl and amide groupings to 
6-APA was studied. A representative compound, 
diphenoxyphosphinylaminopenicillanamide (II), how
ever, is less active than the corresponding carboxylic 
acid (4); m.i.c.-values against normal S. aureus and 
resistant S. aureus 400 were 10 and >10 jug./ml., respec
tively, for II as compared to 1.3 and 2.5 /xg./ml., respec-

TABLE I I I : ANTISTAPHYLOCOCCAL ACTIVITY In Vitro OF SOME PHOSPHINYLAMINOPENICILLANIC ACIDS (POTASSIUM SALTS) 

N o . 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 

, 
Ri 

EtO 
n-BuO 
EtO 
EtO 
EtO 
p-MeOPhO 
3,5-Me2PhO 
PhO 
PhO 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 

-Co i mpound I 
Rs 

EtO 
n-BuO 
n-BuO 
C1CH2CH20 
CsHnO* 
p-MeOPhO 
3,5-Me2PhO 
n-PrO 
i-PrO 
PhO 
o-MePh() 
TO-MePhO 
p-MePhO 
o-ClPhO 
m-ClPhO 
o-BrPhO 

X 

O 
O 
O 
0 
0 
0 
0 
0 
0 

o 
0 
0 
0 
0 
0 
0 

° Assayed by hydroxylamine colorimetric procedure. 
of penicillin and other antibiotic-! 3 (see Table I) . 

Purity, ° 

% 
70 
80* 
60 
60 
80<* 

57 
72 
54 
51* 
50 
61 
54 
52 
54 
53 
51 

b See footnote 7. 
d Calcium salt. e CgHn 

S. aureus 
Mg./ml. 

6.3-12.5 
3.1 
1.6 
3.1 
1.6 
1.6 
1.6 
1.6 
1.6 
0.8 

.8 
1.6 
1.6 
3.1 
0.8 
1.6 

U11U111 i l l l l l U l l U I 

S. aureus 
with serum 

Hg./ml. 

6.3-12.5 
6.3 
6.3 
3.1 
6.3 

>100 
50 

6.3 
1.6 
0.8 
6.3 
6.3 
3.1 
6.3 
0.4 
6.3 

c Strains resistant to high 
= 2-ethylhexyl. 

S. aureus 
376c 

Mg./ml. 

12.5 
6.3 
6.3 

12.5 
6.3 
6.3 

12.5 
6.3 
3.1 

12.5 
3.1 
6.3 
6.3 

12.5 
3.1 
6.3 

concentrations 

5. aureus 
400c 

Mg./ml. 

12.5 
6.3 
6.3 

12.5 
6.3 
6.3 
6.3 
6.3 
3.1 
6.3 
3.1 
6.3 
6.3 

12.5 
6.3 
6.3 

(>100 Mg./ml.) 

respectively. 
In absorption studies in dogs, very low antistaphy

lococcal activity was detected in sera following oral 
administration of representative compounds. A com-

(9) J. F. Snell and L. H. Cheng, unpublished observations, using method 
of E. P. Abraham and G. G. F. Newton, Biochem. ./., 63, 028 (195f>). 

(10) (a) J. S. Gots, Proc. Soc. Exptl. Biol. Med., 60, 105 (1945); (b) A. R. 
English, T. J. McBride, and H. T. Huang, ibid., 104, 547 (1900). 

(11) C. D. Brandt, unpublished observations. 
(12) D. E. Cooper and S. B. Binkley, J. Am. Chem. Soc., 70, 3900 (1948). 
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T A B L E IV 

A.XTISTAPHYLOCOCCAL A C T I V I T Y In Vitro O F S O M E P H O S P I I I X O T U I O Y I . A M I X O P E X I C I I . L A N K ' A C I D S ( P O T A S S I L M S A L T S * 

, M i n i m u m inhib i tory concern r a t i on ' 

No. 

28 

29 

30 

3 1 

32 

33 

34 

35 

36 

37 

38 

39 

40 

4 1 

42 

43 

44 

it. 

KtO 

n - B u O 

C 1 C H 2 C H , < > 

P h O 

Ph 

I 'll 

I'll 

I ' l l 

Ph 

Ph 

I'll 

I'll 

Ph 

I 'll 

Ph 

I ' l l 

I ' ll 

C o m p o u n d 1 - -•• 
R : 

KtO 

n -Bu( ) 

CK:H,CH,O 
P h o 

Me t ) 
KtO 

n-I 'r<) 

/ - P r O 

C l C l K C b E O 

n - B u O 

PliO 
/ . -Me l ' hO 

/ / i -Mel 'hO 

/)-C!PhO 

// i-CH'hO 

/ j - M e O P h O 

E t S 

P u r i t y , 

N S 

0,")'-' 

71 

51 

So 

7 s 

s;i 

s i 

77) 

SO 

(').") 
* 7) 

/•i. n arc us 

fit'.. 'ml. 

i i .3 -12 5 

H. 1 
I. () 
o . s 

s 

1 () 

I Ii 

:i 1 

I .ii 

O.s 

1 ,(i 

O . s 

o.-l 

s . aurt'UK 

with scrum 

ti.H 12 .5 

100 

f . . :•$ 

1'2.5 

li.ii 

12 .5 

25 

12 .5 

50 

25 

50 

50 

50 

! 2 . 5 

:i. 1 

O.S 

:s. 1 
1 ,c. 
I ,(i 

12 ,5 

I .(I 

:\. 1 

a a..-1* i 
uvr 

i; :i 

;i i 

i ii 

i r> 
i ti 

i (i 

:',. i 

:>. i 

i .<; 

12 5 

i .ii 

" .Assayed by h y d r o x y l a m i n e co lor imet r ic p rocedu re . ' See foo tno te 7. ' S t r a i n s res i s tan t to high c o n c e n t r a t i o n s (>10() 
penici l l in and o the r an t i b io t i c s (see T a b l e I ) . '' P r o c a i n e sa l t . 
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ACJAIXST R E S I S T A N T Staphylococcus aureus 400 INFECTION 1 IN M I C E " 
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" (>ral a n d p a r e n t e r a l POso va lues of penicil l ins O and V for t h e resis tant <S'. aureus 400 infect ion in mice are > S O 0 n i g . / k g . : in rim 
d a t a refer to i n t r a p e r i t o n e a l infect ion wi th single dose t r e a t m e n t g iven after 0.5 hr . and PI).-,() c a l cu la t ed af ter 00 hr. '' Se rum inac t iva
t ion r a t io (s . i . r . ) = m. i .e . for S. aureus wi th s e r u m / m . i . e . for S. aureus in absence of se rum (<•/. T a b l e s I I - 1 V ) . c Agains t n o r m a l ( an t i 
b io t ic -sens i t ive) S. aureus infect ion in mice, t h e following oral a n d p a r e n t e r a l PI).,n va lues were observed , r e spec t ive ly : 12, SO 110 and 
2 5 - 6 5 : 14, 75 a n d 50: 2 8 , 125 and 100. ' ' C , H , ; = 2-e thy lhexyl . ' N o t run . •'' Ca lc ium sa l t ( 7 3 r , ' p u r e ) . " C o m p o u n d s 2 1 - 2 7 
in T a b l e I I I ; i nd iv idua l p a r e n t e r a l PI) ;„, va lues were : 2 1 , 1 0 0 ; 2 2 , 7 5 : 2 3 , 1 0 0 ; 2 4 , 1 4 0 ; 2 5 , 1 2 0 : 2 6 , 1 0 0 ; 2 7 , 1 2 0 . ' ' C o m p o u n d s 
32 -36 in T a b l e IV . * C o m p o u n d s 3 8 - 4 3 in T a b l e I V . 

tively, for 4. This result is not unexpected, since 
converting benzylpenicilliu to its amide also depressed 
biological activity against normal microorganisms.12 

Chemotherapeutic activity of I in protecting mice 
against resistant S. aureus 400 infections (Table V) is 
correlated qualitatively with the in vitro serum inactiva
tion ratio (s.i.r.) for the sensitive strain. The s.i.r. 
is the ratio of the in.i.e. determined in the presence of 
serum to the m.i.c. determined in the absence of serum. 
For phosphinothioylaminopenicillanic acids (I, X = S) 
only the alkoxy members afford significant protection; 
the latter have low s.i.r.-values (e.g., 0-2 for I, lit, Re, 

= methoxy or ethoxy), while the inactive compounds 
have high ratios (16 or greater). An exception is the 
group of lower alkoxyphenylphosphinothioylaminopeni-
cillanic acids (32-36) which exhibit low ratios (s.i.r., 
0-8) but have no in vivo activity. For phosphinyl-
aminopenicillanic acids (I, X = O) those showing 
interesting PDsn-values have s.i.r.-values of 0-8; again 
those with higher ratios are inactive. In either series 
the lower alkoxy members are the most active in vivo. 
In a separate study diethoxyphosphinothioylamino-
penicillanic acid (28) administered either simultane
ously or O.o hr. later with a high level of penicillin Y 
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TABLE VI 

In Vitro and In Vivo ACTIVITY or 
6-DlETHOXYPHOSPHINOTHIOYLAMINOPENIClLLANIC A d D (28) 

Organism 

S. aureus 

S. aureus 376 
resistant strain 

S. aureus 4006 

resistant strain 

S. aureus K3 
resistant strain 

Inocula 
dilution 
10 -i« 
10"6 

10- ' 
10 -i« 
10-s 
10- ' 
10-1" 
10-5 

10- ' 
10"'" 
10-° 
10"' 

vitro act 

M.i.c. 
for 28 
cg./ml. 

6 . 3 
3 . 1 
3 . 1 
6 . 3 
6 . 3 
6 . 3 
6 . 3 
6 . 3 
3 . 1 
6 . 3 
3 . 1 
3 . 1 

m i y 
M.i.c. for 
penicillin 

G 

Mg./ml. 

0.02 
.01 
.005 

>100 
6 . 3 
0 . 8 
>100 
6 . 3 
6 . 3 
>100 
1.6 
0 . 4 

in vivc 
o: 

PDM ( 

Oral, 
nig./kg. 

125 

120 

120 

i activity 
f 28 
In mice) 

Paren
teral, 

mg./kg. 

100 

110 

70 

135 130 S. aureus K4 c 

resistant strain 

" 10 ~3 is the standard inocula dilution used in our laboratories. 
Number of viable units at this dilution are: S. aureus 1.5 X 106; 
S. aureus 376, 2.4 X 106; S. aureus 400, 2.4 X 106; S. aureus 
K3, 2.1 X 106. b PD50 for penicillin G or V against 5. aureus 400 
in mice is greater than 800 mg./kg. orally or parenterally. c Not 
run. 

TABLE VII 

COMPARISON OF PENICILLINASE ACTION 

Relative rates of hydrolysis" 

Compound 

Penicillin G 
Diethoxyphosphinylamino-

penicillanic acid (12) 
Diethoxyphosphinothioylamino-

penicillanic acid (28) 
" See footnote 9. b Not run. 

(arbitrary 
Penicillinase 

from 
S. aureus 

400 

1.00 

units) 

Penicillinase 
from 

B. cereus 

1.00 

0.00 

0.11 

.05 

I has little apparent effect on in vitro activity; except 
in the lower alkoxy compounds a phosphorus-sulfur 
linkage appears to increase the s.i.r., which is reflected 
in a reduction in in vivo activity. 

Experimental 

6-Dimethoxyphosphinothioylaminopenicillanic Acid N-Ethyl-
piperidine Salt (10).—A solution of 6-APA (4.32 g., 0.02 mole) 
in 200 ml. of 0.133 M disodium hydrogen phosphate was ad
justed to pH 7.5 with N NaOH, mixed with 80 ml. of acetone, and 
cooled (ice bath). A solution of dimethyl phosphorochlorido
thionate (3.21 g., 0.02 mole) in 40 ml. of acetone was added 
rapidly with stirring. The pH was kept at 7.5 by periodic addi
tions of dilute alkali. After stirring 4 hr. at room temperature, 
the solution was washed twice with 0.5 volumes of ether. The 
aqueous solution was mixed with 1 volume of ethyl acetate, stirred, 
and adjusted to pH 5.5 with N HC1. A second extraction at pH 
3.5 was done in the same manner.13 Each ethyl acetate extract 
was washed with 0.5 volume of water, dried (sodium sjlfate), 
and adjusted to an apparent pH 8 with N-ethylpiperidine. The 
first extract yielded crystalline 10 (1.94 g.; m.p. 133-137° dec.) 
on concentrating to a small volume, while the second extract 
gave crystalline 10 (2.52 g.; m.p. 133-137°) after evaporating 
the solvent and triturating the residue with ether (total yield, 
49%). For analysis a sample was recrystallized from ethyl 
acetate-hexane; m.p. 133-137° d e c ; [a] 2 4 D+200° (c 1, water); 

i 5.65 n (vs) in KBr. 
C, 45.02; H, 7.11; N, 
45.09; H, 7.24; N, 9.29; 

Anal. Calcd. for C17H32N306PS2: 
9.27; P, 6.83; S, 14.14. Found: C, 
P, 6.97; S, 14.54. 

6-Diethoxyphosphinylaminopenicillanic Acid N-Ethy]piperidine 
Salt (2).—Diethyl chlorophosphate (17.3 g., 0.10 mole) and 
6-APA (21.6 g., 0.10 mole) were made to react as described for 
10. The second ethyl acetate extract (pH 3.5) yielded 7.04 g. 
(15%) of crystalline 2 (m.p. 107-109° dec ) . For analysis a 
sample was recrystallized from acetone; m.p. 107-109° d e c ; 
[a]23D +191° ( c l , water); Xmax5.66 M (vs)in KBr. 

Anal. Calcd. for C ^ N s O e P S : C, 49.02; H, 7.80; N, 
9.03; P, 6.65; S, 6.89. Found: C, 48.46; H, 7.95; N, 8.79; 
P, 6.77; S,7.21. 

6-Diethoxyphosphinothioylaminopenicillanic Acid. A. N-
Ethylpiperidine Salt (11).—Diethyl phosphorochloridothionate 

No. 

12 
28 

14 
46 
20 

TABLE VIII 

SERUM LEVELS IN DOGS AFTER OEAL ADMINISTRATION" 

Dosage, . 

Ri 

EtO 
EtO 

EtO 
PhO 
PhO 

-Compound 1 
R2 

EtO 
EtO 

re-BuO 
PhO 
i-PrO 

Penicillin V 

X 

O 
S 

0 
0" 

o 

mg./kg 
oral 

20 
80 

160 
20 
20 
20 
10 

0.5 

10 
16 

35 
7 

96 

Average serum activity dilutions (reciprocals) at hr.-
Assay organism: Streptococcus pyogenes 

1 

1 
2. 

11 
8 

22 
12 
72 

0 
2. 
5 

22 
4 

10 

3 

1 
0 
0 
0.6 
8 
2 
4.7 

0 
1.6 
0.2 
0 

Single experiments involving five dogs per compound tested. * Potassium salt (50% pure). 

did not result in a PD60 significantly different from that 
observed for 28 alone. 

The structure-activity relationships for I can be sum
marized as follows. Inhibitory action in vitro against 
resistant staphylococci and the high degree of inertness 
to penicillinase appear to be nonspecific properties in 
respect to the Ri and R2 groups attached to phos
phorus in I. Aryloxy groups increase in vitro activity 
slightly and promote higher serum levels than alkoxy 
groups. However, the s.i.r. also increases with number 
and complexity of the aryloxy groups, so that only com
pounds containing the simpler groups are active in 
vivo. Compounds in which Ri and R2 = lower alkoxy 
have slightly higher m.i.c.-values, low s.i.r.-values, and 
exhibit good in vivo properties. The nature of X in 

(7.52 g., 0.04 mole) and 6-APA (8.64 g., 0.04 mole) were allowed 
to react as described for 10. The first and second extracts 
afforded 4.69 g. and 1.02 g. of crystalline 11, m.p. 102-106° dec , 
respectively (total yield, 30%). For analysis a sample was 
recrystallized from ethyl acetate-hexane; m.p. 102-106° d e c ; 
[a]24o 4-197° ( c l , water); Xmi,x5.66/i(vs)in KBr. 

Anal. Calcd. for C19H36N305PS2: C, 47.38; H, 7.54; N, 
8.73; P, 6.43; S, 13.32. Found: C, 47.23; H, 7.75; N, 8.93; 
P, 6.53; S, 13.30. 

B. Procaine Salt.—A cooled solution of 6-APA (10.0 g., 0.046 
mole) dissolved in 100 ml. of acetone-water (1:1) by adjusting pH 
to 7 with 10% sodium hydroxide was treated with a solution of 
diethyl phosphorochloridothionate (10.0 g., 0.053 mole) in 40 
ml. of acetone added with stirring. The reaction solution was 
maintained at 5-10° and at pH 7-7.3 for 3 hr., adding acetone 

(13) In the synthesis of I ethyl acetate extractions of the reaction solution 
were done routinely at pH 5.5 and pH 3.5; for compounds 10 and 11, the 
former extraction can be omitted. 
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when necessary to keep the solution homogeneous. The solution 
was washed with ethyl acetate (100 ml.) and extracted at pH 3 
with two 100-ml. portions of the same solvent. The combined 
extract was washed with 50 ml. of water. Fresh water (50 ml.) 
was added to the ethyl acetate solution, and the mixture was 
adjusted to pH 6.S with saturated aqueous sodium carbonate. 
The last extraction was repeated with 35 ml. of water; the com
bined pH 6.K aqueous solution was washed witli ether (30 ml.) and 
evaporated briefly to remove solvent. The aqueous solution was 
cooled to 5° and treated with a cold solution of procaine hydro
chloride (7.2 g.) in S ml. of water. After refrigerating the hazy 
solution foi 1 hr., crystalline procaine salt was recovered by fil
tration, washed with cold water and ether, and dried: yield. 13.0 
g. (49'V..); m.p. 139- 143° d e c ; [,y]2'\> +143° (c 1, 70' ,' acetone): 
Xra.,x 5.06 ix (vs) in KBr. 

Anal. Calcd. for Gc,H41N407PS;3: (', 40.05: H, 0.S4: N. 
0.27. Found: C, 49.58; H, 6.78; X, 0.23. 

6-Diphenoxyphosphinylaminopenicillanic Acid N-Ethylpiperi-
dine Salt (4).—Diphenyl chlorophosphate (13.5 g., 0.05 molei 
and 6-APA (10.8 g., 0.05 mole) were made to react as described 
for 10. The first ethyl acetate extract (pH 5.5) yielded 3.0 g. 
i l l ' , ' . ) of crystalline 4; m.p. 133-136° dec. For analysis a 
sample was recrystallized from acetone; m.p. 133-136° d e c : 
| ' « P ' D 4-173° (c l", water); Xmix 5 .04M (vs) in KBr. 

Ami. Calcd. for C2,H36N306P8: C, 57.74: II, 6.40: X, 
7.48. Found: C, 57.91; H, 6.48; X, 7.42. 

6-Bis-p-methylphenoxyphosphinylaminopenicillanic Acid N-
Ethylpiperidine Salt (6).—Bis-p-tolyl chlorophosphate (14.S g.. 
0.05 mole) and 6-APA (10.8 g., 0.05 mole) reacted as described 
for 4 yielded 3.4 g. (12',:,) of crystalline 6: m.p. 128-130° d e c : 
|«]21i) +149° (<; 1, ethanol); X„„„ 5.06 ,u (vs) in KBr. 

Anal. Caled. for C29H4oN3()6PS: 0 ,59.07; H, 0.84: X, 7.13. 
Found: 0,58.99; H, 6.91; X, 6.91. 

6-Phenoxyphenylphosphinothioylaminopenicillanic Acid N-
Ethylpiperidine Salt.—Phenoxvphenylphosphinothiovl chloride. 
C6H5PS(C6H50)C1 [13.5 g., 0.05 mole; b.p. 131-135° (0.01 mm.); 
/(26i) 1.6190] and 6-APA (10.8 g., 0.05 mole) were allowed to react 
as described for 4 to give 10.4 g. (37%) of crystalline product. 
For analysis a sample was recrystallized from acetone; m.p. 
100--.111°' d e c ; [a]-h> +214° (V-'l, water): X„„x. 5.00 ix (vs) in 
KBr. 

Anal. Calcd. for C27H3eX3()4PS;;: C, 57.73; 11, 6.46; N, 
7.48. Pound: 0,57.92; H, 6.70; X, 7.54. 

6-Ethylthiophenylphosphinothioylaminopenicillanic Acid Po
tassium Salt (44).— A solution of 6-APA (4.32 g., 0.02 mole) 
in 30 ml. of water with the addition of solid potassium bicar-

Since fifteen enzymes that use folic acid, tetrahydro-
folic acid, or derivatives of tetrahydrofolic acid as 

(1) Tliis wurk was generously s u p p o r t e d by G r a n t s ('Y-">84"> and C Y -
OI><>24 nf tln> Nat ional Cance r In s t i t u t e , U. S. Publ ic Hea l th Service. Pa r t 
of tliis work was presen ted at the 142nd Na t iona l Mee t ing of the American 
Chemical Society, At lan t ic Ci ty . X. J., Sept . , 191)2. 

i'2) For the p rev ious pape r of this series see B. K. B a k e r and C K. M e 
r u i t ,/. I'hisrm. Sri.. 52, 840 (Hll>:t). 

bonate (4 g. i was treated with a solution of ctliylthioplienvl; 
phosphinothioyl chloride, C6H5PK (C-.H,-,S)C1 |4.72 g., 0.02 mole-
b.p. I l l I 1S° 10.02 mm.): nr'i> 1.0310] in 30 ml. of acetone The 
solution was adjusted to pH 0 with 10',' potassium bicarbonate 
! It ml.) and stirred for 5 hr. (final pH O.(i). After clarification 
the solution was extracted with 2 volumes of ethyl acetate at [>H 
5.5. I'he extract was washed with 0.5 volume of water, dried, 
and adjusted to pH s with A' methauolie potassium hydroxide. 
The solution was evaporated to dryness, and (he residue was tri
turated with absolute ether to an amorphous solid, which was 
dried over phosphorus pentoxide under vacuum. The yield of 
44 was 1.55 g. ( 12' ,' i; calculated chemical assay for (VdFuN 4 >•:,-
PSjK, 1310 sodium penicillin (I units per nig.: found ('liydroxyl-
amine colorimetric method'5), 935 units per nig.; purity, 7 1 ' , ' . 

6-DiphenoxyphosphinylaminopeniciIlanamide i l l ) . A solu
tion of diphenyl chlorophosphate (0.7 g., 0.025 mole) in 50 ml. of 
acetone was added rapidly with stirring to a cooled solution of 
O-aiiiinopenieillanainidc /ctoluenesulfonate" ('i).S g.. 0.025 mole 
in a mixture of 50 nil. of 0.007 .1/ disodium hydrogen phosphate 
(adjusted to pi I 7.5.' and 20 ml. of acetone. After stirring for 
3 hr. at room temperature ! pH kept at 7.5:. the reaction solution 
was extracted with I volume nf ethyl acetate. The extract was 
washed with one-half volume of water, three times with 0.5 
volumes of 5' , sodium bicarbonate, and again with water. Sol
vent was removed from the dried extract by evaporation, and the 
residue on trituration with benzene yielded 1.1 g. (10'.,)) of crys
talline II. For analysis a sample was recrystallized from acetone 
hexane: m.p. 105 I0S°: \a\

23]) +197° '(' 1, chloroform': \ 
5.00 (vs) and 5.99 /j. ( vs ) in KBr. 

Anal. Calcd. for 0=!4I,,X3Oo.Sl>: (', 53.ON: II, 1.90: N. 
9.39. Found: 0.53.37: H.5.20; X.9.14. 

Acknowledgments.—We thank It. .). Sawieki, Jr., 
Iv P. Grant, and G. L. Peterson for expert technical 
assistance. We gratefully acknowledge acute toxicity 
studies by Dr. S. Y. P'an and Dr. V. S. Delahunt, 
antiviral tests by Dr. (.'. I). Brandt, physical measure
ments and microanalyses by Dr. II. L. Wagner, Jr., 
paper chromatography by Dr. 1'. \ I . Lees and Miss 
R. M. Cummings. and penicillin chemical assays by 
Miss M. J. Loughlin. We arc indebted to Dr. J. F. 
Snell and Mrs. L. Thong for the penicillinase studies 
cited. 

substrates are known,3 r' a program was initiated on 
analogs of tetrahydrofolic acid. The rationale'1 for, as 

Ci) T. 11. J u k e s a n d 11. P. Broquis t , "Su l fonamides and folic Acid 
An tagon i s t s " in ".Metabolic I n h i b i t o r s , " Pi, M. Hochs t e r and .!. H. (Juastel , 
Mil., Academic Press, Inc . , New York, X. Y., 19IW. p p . 48W, : i4 . 

(4) F. M. Huennekens , M . J. O s b o m , a n d H . R. White ly , ,SV„ ,„•, , 128, 
120 ilH.18). 
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Analogs of Tetrahydrofolic Acid. VIII. " Synthesis of 
N-[l-(2-Amino-4-niercapto-6-methyl-5-pyrimidyl)-3-propyl]-p-aminobenzoyl-L-

glutamic Acid, a Mercapto Analog 
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The title compound (II) has been synthesized in nine steps starting with ethyl acetoacetate via the key inter
mediates 2-acetamido-4-chloro-5-[2-(l,3-dioxolan-2-yl)ethyl]-6-methylpyrimidine (XII I ) and 2-amino-5,0-
dihydro-7-hydroxy-4-methyl-7H-thiopyrano[2,3-d]pyrimidine (XVIII) . Conversion of 2-amino-5-[2-( 1.3-
dioxolan-2-yl)ethyl]-6-methyl-4-pyrimidinol (X) to the corresponding 4-pyrimidinetliiol XV or 4-chloropyrimi-
dine XI could not be accomplished due to the instability of the 5-side chain; in contrast, the X2-acetyl of X. 
namely XII , underwent fast conversion to 2-acetanudo-4-chloro-5-|2-(l,3-dioxoIan-2-yl)ethylJ-6-methylpyrimi-
dine (XII I ) under mild conditions due to the greater reactivity and better solubility of XII compared to X. 
The key intermediate 2-amino-4-mercapto-6-methyl-5-pyrimidylpropionaldehyde (XX) existed almost com
pletely in the hemiacetal form XVIII in neutral solution, but existed in the open chain aldehyde form XXII 
when converted to an anion at pH 13. 


