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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. Caled. for CosHisBrN;O: C, 64.87; H, 4.08; Br, 17.99.
Found: C, 64.86; H, 4.13; Br, 17.74.

N-(2-Chioroethyl)«4+(3-dibenzofuranylazo)-1-naphthylamine.

—A suspension of 18.3 g. (0.1 niole) of 3-antinodibenzofuran?3 in
n 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 1-(2-brontoethyl)aminonaphthalene hydrobromide*
in 1 L. of 959 ethanol containing 20 ml. of concentrated hydro-
chloric acid. The thick, purple reaction mixture was diluted
with water to a volume of 3 L. and stirred for 3 hr. at 0-15°.
The precipitate was collected, washed thoroughly with hot dilute
hydrochloric acid, and dried in vacuwo at 63° 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 drving agent was collected, the chloroformi 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. Caled. for CoHisCIN:O: C, 72.09; H, 4.54; Cl, 8.87.
Found: C.71.89; H, 4.74; Cl, 8.95.

1-(2-Diethylaminoethyl)«6-[4+(2-diethylaminoethylamino)«1-

naphthylazo|-1,2,3,4-tetrahydroquinoline Dihydrochloride (X1 d).
—Utilizing methiod V, 11.7 g. (0.03 mole) of N-(4-amino-1-
naphthyl) - N - (2 - diethylaminoethyl) - 2,2,2 - trifluoroacetamide
monohydrochloride® was diazotized and coupled with 7.0 g.
(0.03 mole) of N-(2-diethylaminoethyl)-1,2,3,4-tetrahydroquin-
oline. Hydrolysis of the crude trifluoroacetamide gave 4.0 g.
(239 over-all) of product as maroon crystals, m.p. 195-198.5°.

Anal. Caled. for CyHyuNg-2HCL: C, 64.90; H, 8.08; N
14.65; Cl, 12.36. Found: C, 64.42; H, 8.20; N, 14.53; Cl,
12.27.

N-(2-Diethylaminoethyl)-1,2,3,4-tetrahydroquinoline.—A niix-
ture of 111.0 g. (0.834 mole) of 1,2,3,4-tetrahydroquinoline,?
143.5 g. (0.834 mole) of 2-diethylaniinoethyl chloride hydrochlo-
ride, 230 g. (1.67 mole) of anhydrous potassium carbonate, and
800 ml. of toluene was botled under reflux for 17 hr. Upon cool-
ing, the reaction mixture was stirred with 109 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
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as a pale yellow oil, b.p. 98-103° (0.2 mnu.), n%p 1.5411; yield,
56 g. (299,).

Anal. Caled. for Ci:HauN2: C, 7753, H, 10.41; N, 12.06.
Found: C,77.61; H,10.47; N\, 12.24.

N,N-Diethyl-2-(1-naphthylamino)acetamide.—To a suspension
of 16.1 g. (0.33 mole) of 509 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 whicl tinie a solid separated. The
mixture was cooled to room temperature and to it was added a
solution of 30 g. (0.33 mole) of X,N-diethylchloroacetamide in
200 ml. of toluene. The mixture was lieated under reflux for 21
hr. and cooled. Water was added cautiously, and the organic
layer was separated and dried over sodium sulfate. Valatile
niaterials were renioved n vacuo on a steani 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., h.p. 188-190° (0.3 mim.), was obtained which solidified
in the receiver. Crystallization from ethanol gave 4.3 g. (5%)
of colorless plates, m.p. $2-98°.

Anal. Caled. for CisHoN:O: C, 74.96; H, 7.86; N, 10.93.
Found: C.75.17; H,7.79; N, 11.04.

3-[4-(2-Diethylaminoethylamino)-1-naphthylazo]pyridine Salt
with 1/2 F, Wt, 2.(4,6-Disulfo-1,3,2-benzodioxastibiol-2-yloxy)-1«
phenol-3,5-disuifonic Acid (XII).—A solution of 2.57 g. (0.005
mole) of 3-[4-(2-diethviaminoethylamino)-1-naphthylazo]pyri-
dine trihydrochloride - 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 ¢n vacuo at 60° for 18 hr.;
weight, 2.85 g. (839 ), ni.p. > 200°.

Anal. Caled. for C21H25N5'0.5 C12H901584SI)Z N, 1032, S,
9.45. Found: N, 10.10; S, 0.01.
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A. novel f,‘l::.iSS. of N-substituted 6-aminopenicillanic acid derivatives exhibiting noteworthy inhibitory action
against antibiotic-resistant strains of Staphylococcus aureus and a high degree of inertness toward penicillinase

lias been syntliesized 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 vifro against sensitive
and resistant staphylococei 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,

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 Anierican

Cheniical Society, Division of Medicinal Chemistry, Los Angeles, California,
April, 1963.

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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derivatives which exhibit noteworthy n ritro aud in riro
activity against resistant staphylococeal strains.  The
general structure of these compounds is represenuted by
[, in which X is oxygen (phosphinylaminopenicillanic
acids)  or  sulfur  (phosphinothioylaminopenicillanic
acids) and Ry and Rs may consist of the following
uroups: Ry, Ry = alkoxy, eycloalkoxy, or aryloxy:
Ry = aryl, Ry = alkoxy or mryloxy; and Ry = aryl-
oxy, Ry = dialkylamino.

Preparative Method.-—The phosphinyiaminopeni-
cillanie  acids and  phosphinothiovlaminopenicillante
acids were syuthesized by troating 6-APA with the
appropriate chlorophosphate, phosphouyl chloride, or
tlieir respective thiono analogs.  The organophosphorus
clilorides were obtained commereially or prepared by
known methods.”  Iisome instauces, the chiloride intey-
nediate was used divectly {ollowing synthesis witliout
isolation.  The formation of 1 required a longer reac-
tion time than acylation of 6-APA by acid ehlorides?;

Ri—P—Cl + X CH, —
1 0 COOH
R:
i
Ry—ﬁ—NH S_ _CH,
. j;{ CH,
0 COOH

a useful procedure cousisted of ruming the reaction in
aqueous acetone at pH 6-7.5 for 3-5 In. at room ten-
perature.  This reaction medium was more advan-
tageous thau nonaqueous media; e.g.. in nitromethane
G6-APA  (solubilized by triethylamine) and diphenyl
chlorophosphate rapidly formed a new, insoluble prod-
uet devoid of biological activity.? The quality of I
obtained depended upoun the pH at which the product
was extracted fromn the reaetion solution. Solvent
extraction at pH 5.5 was employed for I containing arvl
or aryloxy groups, while the more polar compounds,
such as the lower dialkoxyphosphinvlaminopenicillanic
acids, were satistactorily recovered by solvent extrac-
tion at pH 3.5. The lower dialkoxyphosphinothioyl-
aniinopenicillaiic acids eould be extracted at either pkH.
Compounds of structure I were isolated couveniently
as crystalline N-ethylpiperidine salts.  Sodium, potas-
sium, or caleiuut salts were prepared by freeze-drying
an aqueous solution of the salt or by evaporating an
ethyl acetate-nmethanol solution of the salt to dryness:
the purity of these latter noncrystalline solids was
assaved by the usual hydroxylamine colorimetrie pro-
cedure for penieillin.?

- Diphenoxyphosphinylaminopenicillanainide (IT) was
syinthesized i a similar manner using G-aminopenieil-
lanantide® in place of 6-APA.

20 ML Resolapotl, UOreganophosphorys Componmls.””
ad Sons, bae,, New York, NOY., 1550,
4 Y. (L Deveons WU F Minor, CLF

John Wiley

Noldredeze, Wb Gottstain, J. €

Gionlrey, b B Chrast, R B Babel, aud L. CU Cheney, J. o, Chem. Sac.,
82, 334 (19G0).
(1) ta) AL Cosmatos, b Phoraki, and Lo Zeevas, Chew, Beeo, 94, 215410

106 (b)Y S Wolfe, L Gofrey, €071
Aoe, Chem Nov.. 88, 1143 1106:4).
73) Gkl Boxerand PN Everet Dl Clow., 21, 671 (9105
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Biological Studies.—Tlie anutibacterial properties of
I’ were mvestigated using standard methods deseribed
by English aud McBride in previovs papers from these
Laboratories.® This class of compounds is primarily
active against Gram-positive bacterig as illustrated by
the spectrum of diphenoxyphosphinylaminopeunicillaiic
acid 1 Table 1. Activity againust most organisms is

Tapre 1
ANTIMUROBIAL Acrivity fa Vibo

—— Miniwnnn imhihitory——
Foneentration

Piphenoxy-

phosphinyl-
arinapamaibbane
Qatie)

N-vthyl

piperidine Foreithn

salt (47, G,

Alirroordanisia et yittul

Staphylocuceus witecits 1.3 (.03
Staphylococcus waeeies JOF 2.0 > 100
Streplococeus pyogenes 0,08 1003
Slreptococeus facealis 2.5 13
Diplococcus prewaoaive 3 03
Kreysipelothrix vhusiopalhiae (.2 03
Avrobucter arengers > 100 Al
Escherichiv coli > 100 25
DProtews vulgaris > 100 23
Dseudontonas weviginosu > 100 12.5
Salmionelly Lyphosa > 100 12.5
Kichsiclla provwivorin > 110 3,12
Hemophilus influcnza 4.3 0.7
Slaphylococeus wurcens + serum” 10 G
Slreplococens pyogencs + serum” 25 007

“Twofold sertal dilution technique; mnte. read after 20-hr.
tneubation @ 57°0 " See footnote 7. 7 Strain resistant (n eileo
to gl conteentraGans (> 100 gg. /ml.) of penicilling streptoauy i,
nxytetraeveline, chlorotetracyeline, or tetracyeline. Brain
Leart tnfuston brotr somtaining 207, Innnan sermn.

lower than that of penicillin (i, but siguificautly lugher
activity against resistant staphylococei is manifested.
Tables IT-IV swnniarize in rdfro activity against sensi-
tive and resistaut staphyloeoccal strains for selected
compounds.  Minimuni  inhibitory  concentrations
(ni.c.) of the same order of magiitude were obtained
for othey resistant straius of staphylocoeei (cliuical
wolates).  The in riro properties of 1 ohserved in niec
experhnentally infected with resistant. S, awccus 400
are given in Table V. Approximately equivalent chemno-
therapeutic efficacies expressed as the wedian protective
dose (PDs) were obtained for infections with normal
and resistant staphylocoecal strains as shown in Table
VI for diethoxy phosphinothioylaminopeuicillanic acid.
The peuicillinase resistance of 1 was demonstrated
by the low rates of enzymatic hydrolysis of diethoxy-

153 AN hiological propertios of '} are reportid on the hasis o} 1004, purity
Prati for Noethylpiperidine salts of 1 (in Tables }, 1, and V), fur diphengxy-
phosplinylaminupanicillanandde (1T}, and for standards (penieillin oo Vi
werr deterined assnming these wammonuds to b YOO, pnre. Data Tor all
wther preparatinns of 1 iin Tahles 1=VII were deteriained aftee soreeeting
ihe weight of test sample taken to careespoml to YOO parity.

i8) 1a) ‘P MeBeule and AL R, English, in U AnGhioties Annaal Y457
1958, Mudica) Eneyelopedia, bae., New York, N Y, JOAK po 930 by V.
R English awd Vo MeBeide, Anisbivt, Cherothoroipg, 8, 420 (JDAR v
AR Enghishoaned Vodo MeBriude, Mrae, Sov. Erptls Biad. Med. 100, 880 (Pudis.
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TapLe I1

ANTISTAPHYLOCOCCAL AcTIviTY In Vilro oF SOME
PHOSPHINYLAMINOPENICILLANIC ACIDS AND
PHOSPHINOTHIOYLAMINOPENICILLANIC ACIDS
(CRYSTALLINE N-ETHYLPIPERIDINE SALTS)

~—=Mininium inhibitory——
concentration®

S.
aureus S.
S. with aureus
Compound I aureus  serum 400°¢
No. R Rz X lalPp® wg./ml. pg./ml. ug./mh.
1 MeO MeO (o] + 147 10 10 10
2 EtO EtO (o] +191 5 10 10
3 a-BuO n-BuO (o] + 166 5 10 5
4 PhO PhO 0 +173 1.3 10 2.5¢
5 0-MePhO o-MePhO O +162 1.3 10 2.5
6 p-MePhO p-MePhO O + 149° 0.6 10 2.5
7 PhO n-BaO (o] +174 2.3 10 5
8 PhO Me:N (o] +175 10 10 10
9 Ph o-MePhO O + 189°¢ 2.5 10 5
10 MeO MeO S +200 10 10 10
11 EtO EtO S +197 10 >10 10

« See footnote 7. * ¢1in water; 23-25°. ¢ Antibiotic-resistant
strain (see Table I). ¢ Corresponding m.i.c.-values for diple-
noxyphosphinylaminopenicillanamide (II): 8. aureus, 10; S.
aurens + serum, >10; 8. aureus 400, >10 ug./ml. ¢ In ethanol.

phosphinylaminopenicillanic acid (12) and diethoxy-
phosphinothioylaminopenicillanic acid (28) as com-
pared to that of penicillin G (Table VII).? These two
compounds 12 and 28 were also completely refractory
to penicillinase when tested against this enzyme by a
modified Gots technique.!®
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 ug./ml. of the test compound.
Acute intravenous toxicities (LLDj) observed in mice
for diethoxyphosphinylaminopenicillanic acid and for
diethoxyphosphinothioylaminopenicillanic acid were ap-

TasLe III:
——————Conipound I- Purity®
No. R R» X %
12 EtO EtO (0] 70
13 n-BuO n-BuO (6] 80¢
14 EtO n-BuO O 60
15 EtO CICH.CH,O (6] 60
16 EtO CsH,,0° O 804
17 p-MeOPhO p-MeOPhO 0 57
18 3,5-Me PhO 3,56-Me.PhO O 72
19 PhO n-PrQ O 54
20 PhO -PrO (0] 514
21 Ph PhO O 350
22 Ph 0-MePh(Q) (0] 61
23 Ph m-MePhO O 54
24 Ph p-MePhO O 52
26 Ph 0-CIPhO O 54
26 Ph m-CIPhO O 53
27 Ph 0-BrPhO O 51

@ Assayed by hydroxylamine colorimetric procedure.

of penicillin and other antibiotics (see Table I). ¢ Calcium salt.

proximately 900 mg./kg. and greater than 600 mg. /kg.,
respectively.

In absorption studies in dogs, very low antistaphy-
lococcal activity was detected in sera following oral
administration of representative compounds. A com-

PHOSPHINYL- AND PHOSPHIN OTHIOYLAMINOPENICILLANIC ACIDS

b See footnote 7.
€ CsH,r = 2-ethylhexyl.
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parison of serum levels measured as activity dilutions
against Streptococcus pyogenes 1s presented in Table
VIII for several compounds possessing tn vivo activity.

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

Discussion

All phosphinylaminopenicillanic acids and phos-
phinothioylaminopenicillanic acids which we have
examined are active in vitro against resistant staphylo-
cocei, 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 staphylococecal 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 ug./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,!? 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 coirresponding carboxylic
acid (4); m.i.c.-values against normal S. aureus and
resistant S. aureus 400 were 10 and >10 ug./ml., respec-
tively, for Il as compared to 1.3 and 2.5 ug.,/ml., respec-

ANTISTAPHYLOCOCCAL ACTIVITY In Vitre oF SOME PHOSPHINYLAMINOPENICILLANIC AcIDS (POTASSIUM SALTS)

Minimum inhibitory concentration®

8. aureus S. aureus S. aureus

S. aureus with serum 376°¢ 400°
ug./ml. pg./ml. ug. Sl wg./ml
6.3-12.5 6.3-12.5 12.5 12.5
3.1 6.3 6.3 6.3

1.6 6.3 6.3 6.3

3.1 3.1 12.5 12.3

1.6 6.3 6.3 6.3

1.6 >100 6.2 6.3

1.6 50 12.5 6.3

1.6 6.3 6.3 6.3

1.6 1.6 3.1 3.1

0.8 0.8 12.5 6.3

.8 6.3 3.1 3.1

1.6 6.3 6.3 6.3

1.6 3.1 6.3 6.3

3.1 6.3 12.5 12.5

0.8 0.4 3.1 6.3

1.6 6.3 6.3 6.3

¢ Strains resistant to high coneentrations (>100 ug./ml.)

(9) J. F. Snell and L. H. Cheng, anpublished observations, using method
of E. P. Abraham and G. G. F, Newton, Biochem. J.. 63, (628 (1956).

(10} (a) J. 8. Gots. Proc. Soc. Exptl. Brol. Med., 60, 165 (1945); (b) A.R.
English, T. J. McBride, and H. T. Huang, ibid., 104, 547 (1960).

(11} C. D. Brandt, unpu«blished observations.

(12) D. E. Cooper and 8. B. Binkley, J. Am. Chem. Soc., 70, 3946 (1948).
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TasLe 1V
ANTisTaruyLococean Activiry [o Vileo or SoME PHOSPRINOTIIOY LAMINOFENTCICLANTC ACIDS (POTARSITM Sanrs)

————————— Mimmaw inhihitory eoneentea tion —————

S oaneens Soageang Sonreng
—————e—Comiponand b e Purity,” S, anecus with semnn BURY Hnor

No. R R X U uz. k. AU me. il JTTARNTTI N
28 IntO 10 = NN 6.3-12.4 G.3-12.a 12.4 124
29 n-But) n-131(} = o 3.1 100 (0.3 N3
30 CICH.CH,O CICH,CH. S T .G 12.5 1.6 31
31 PLO PLO N R (.~ H0 1.4 4

32 Ph M) = NA N t3 20 25

33 I’h 15t = T~ I 6 2.5 6.3 [ 4
34 Ph n-Pro) = 83 1.6 (.3 3.1 .G
36 Ph -Pr(} N N1 31 6.3 0.8 1.6
36 L CI1CTHL.CH.LO = H 1.G 12.5 3.1 R
37 Pl n-Butl = N0 0.8 24 1.G 31
38 Pl "o b (i8] N 12.5 1.6 1.6
39 Pl o-MelPh(d = Th A 2.5 124
40 ' w-MePho = (3 b 15 1.6 .G
41 Pl o-C1PLO = TN I.G al 3.1 a3l
42 I’h ne-CHPLO S 71 (.~ a0 31 Aol
43 Ph p-McOPLO A 76 1.6 H0 B Gl
44 'L it = Tl (.4 12.5 3.1 3.1

“ Assnyed by hydroxylumnine eoloritnetric pracedure,  * See footmare 7. ¢ Stroins resistunt to high eoncentrations (> 100 g, wlyof
penicillin and other untibioties (sce Table T). ¢ Procuine salt.

Tasre V
I Vieo AcrIviry oF SOME PHOSFRINYLAMINOGPENTCILLANTC ACIDS AND PHUSPHINOTHIOYLAMINOPENICILLANIC ACIDS
Adcainst Reswstant Staphylococeirs aureus 400 INFECTION IN M1cE?

S PSP L) 1 [T —————
————— Conponn} l————————————— inactivation Oval. Parenteral,
No. R Re X rativ in eifea" me. ke me. ke,
12 I£tO 12t () ] (-2 5000 25-05°
13 n-1B3ut) n=-13u0) O 2 100 40
14 15t n-But) 0 4 70 S0
15 1510 CICH,CH,(} 0 U 210 05
16 15O CgH ;O () 1 ' 30
4 PLO Phty [§] N 120 100
17 p-MeOPLO) p-MeUIPLO) 0 >04 >100 >200
18 3,5-Me PO 3,5-Me.PhO O >32 >400 2200
19 PLO n-r0y O } 100 110
20 PLO -’rt} O (1 110 40
46 Pl i-Pro’ O 0 . O
h Ar(y 0 (N >400 7310
10 Met) Me@) ~ U] 200 100
28 1oty 120 = (2 120140 1o 120
29 n-13ul) n-1B3ut) = 32 >400 =200
31 PLO) Ph} = G4 >400 >200
L RO = DN > 100 =200
37 'l n-But) = 32 >400) >1200
h Arty = 16 -G >400 >200
44 ’h s = 32 > 400 200

“ Oral and parenteral PDs, vitlues of penicilling (: aud V for (he reststant S, qurces 100 infection in wicee are >R800 mg. kg in virm
data refer to intraperitonenl infection with single dose treatment given after 0.5 lir. and PD;y caleulated after 96 hre " Sermuo inaetivi-
tion ratio (s.l.r) = urie. for S. @wrens with serumn/ni.e. for 8. awrens in absence of serim (¢f. Tables TT-TV).  © Against nornual (anti-
bintic-seusitive) S. aurews infection it mice, the following oral und parenteral PDuy values were observed, respectively: 12, 86-110 and
25-65; 14, 75 and 50; 28, 125 and 100, ¥ C3H,; = 2-ethylhexyl. “ Not run. ¢ Calcium salt (737 pure). ¢ Compounds 21-27
inTable IIT; individual parenteral P, values were: 21, 100; 22, 75; 23, 100; 24, 140; 25, 120: 26, [00: 27, 120, * Compomuds
32-36 in Table IV. * Compounds 38-43 in Tnhle IV,

tively, for 4. This rvesult is not unecxpected, since = methoxy or ethoxy), while the imactive compounds
converting benzylpenicillin to its amide also depressed  have high ratios (16 or greater). An exception is the
biological activity against normal microorganisms.'2 group of lower alkoxyphenylphosphinothioylaminopeni-

Chemotherapeutic activity of I i1 protecting imice cillanic acids (32-36) which exhibit low ratios (s.i.r.,
agaiust resistant S, awreus 400 infections (Table V) is  0-8) but have 1o in wivo activity. For phosphinyl-

correlated qualitatively with the ¢n v¢tro serum inactiva- aminopenicillanic acids (I, X = ) those showing
tion ratio (s.i.r.) for the sensitive strain. The s.i.r. interesting PDg-values have s.i.r.-values of 0-8; again
is the ratio of thie m.i.c. determined in the presence of  those with higher ratios are inactive. In either series
seruin to the mui.c. determined i the absence of serum. the lower alkoxy members are the most active i vive.
For phosphinothioylaminopeuicillanic acids (I, X = 8) [n a separate study diethoxyphosphinothioylamino-

only the alkoxy members afford significant protection; penicillanic acid (28) administered either simultane-
the latter have low s.i.r.-values (e.g., 0-2 for I, Ry, Ry ously or 0.5 hr. later with a high level of peunicillin V
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TasLe VI

In Vitro and In Vivo ActiviTy OF
6-DIETHOXYPHOSPHINOTHIOYLAMINOPENICILLANIC AcID (28)

ih vivo activity

———in vilro activity of 28
M.i.c. for PDs (in mice)
M.ic. penicillin Paren-
Inocuta for 28 G Oral, teral,
Organism dilution ug./ml. ug./ml. mg./kg. mg./kg.
8. aureus 10 -3¢ 6.3 0.02 125 100
10-5 3.1 .01
10-7 3.1 .005
S. aureus 376 10-3¢ 6.3 >100
resistant strain 108 6.3 6.3
10 -7 6.3 0.8
8. aureus 400 10-3¢ 6.3 >100 120 110
resigtant strain 10-3 6.3 6.3
10-7 3.1 6.3
S. aureus K3 10-3¢ 6.3 >100 120 70
registant strain 10— 3.1 1.6
1077 3.1 0.4
S. aureus K4 ¢ 135 130

registant strain

@ 1073 is the standard inocula dilution used in our laboratories.
Number of viable units at this dilution are: 8. aureus 1.5 X 105;
S. aureus 376, 2.4 X 105; 8. aureus 400, 2.4 X 10%; 8. aqureus
K3, 2.1 X 108 ® PDj for penicillin G or V against S. aureus 400
in mice is greater than 800 mg. /kg. orally or parenterally. ¢ Not
run.

TasrLe VII
COMPARISON OF PENICILLINASE ACTION

Relative rates of hydrolysis'
(arbitrary units}
Penicillinase

a

from Penicillinase
8. aureus from
Compound 400 B. cereus
Penicillin G 1.00 1.00
Diethoxyphosphinylamino-
penicillanic acid (12) b 0.11
Diethoxyphosphinothioylaniino-
penicillanie acid (28) 0.00 .05
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I has little apparent effect on n 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 ¢n vivo activity.

Experimental

6-Dimethoxyphosphinothioylaminopenicilianic 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 & HCl. A second extractionat pH
3.5 was done in the same manner.’® Hach ethyl acetate extract
was washed with 0.5 volume of water, dried (sodium sulfate),
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,
499,). For analysis a sample was recrystallized from ethyl
acetate-hexane; m.p. 133-137° dec.; [a]%p +200° (¢ 1, water);
A aax 5.65 u (v8) in KBr.

Anal. Caled. for CiHaNsO:PS,: C, 45.02; H, 7.11; N,
9.27; P, 6.83; S, 14.14. Found: C, 45.09; H, 7.24; N, 9.29;
P, 6.97; S, 14.54.

6-Diethoxyphosphinylaminopenicillanic Acid N-Ethylpiperidine
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.
(159%) of crystalline 2 (m.p. 107-109° dec.). For analysis a
sample was recrystallized from acetone; m.p. 107-109° dec.;
[@]®*D +191° (¢ 1, water); Apax 5.66 u (vs)in KBr,

Anal. Caled. for CsHasN3OePS: 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

TasrLe VIII
SERUM LEVELS IN Dogs AFTER ORAL ADMINISTRATION®

@ See footnote 9. * Not run.
Dosage,
Compound I mg./kg.,
No. Ri R2 X oral 0.5
12 EtO EtO O 20
28 EtO EtO S 80 10
160 16
14 EtO n-BuO O 20
46 PLO PhO 0° 20 35
20 PhO 2-PrO O 20 7
Penicillin V 10 96

¢ Single experiments involving five dogs per compound tested.

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

The structure-activity relationships for I can be sum-
marized as follows. Inhibitory action in witro against
resistant staphylococei and the high degree of inertness
to penicillinase appear to be nonspecific properties in
respect to the Ry and R, groups attached to phos-
phorus in I.  Aryloxy groups increase in vifro 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 R, and R, = 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

~—-~Average serum activity dilutions (reciprocals) at hr.-
Assay organism: Streplococcus pyogenes

1 2 3 5 7
1 1 1 1
2.5 0 0 0
11 2.5 0 0
8 5 0.6 0
22 22 8 1.6
12 4 2 0.2
72 10 4.7 0

® Potassium salt (504}, pure).

(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, 309;). For analysis a sample was
recrystallized from ethyl acetate—hexane; m.p. 102-106° dec.;
[a]?D +197° (¢ 1, water); Amax 5.66 u (vs)in KBr.

Anal. Caled. for CHssNiOsPS.: C, 47.38; H, 7.54; XN,
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 109, 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 ethy! acetate extractions of the reaction solution
were done routinely at pH 5.5 and pH 3.5; for conipounds 10 and 11, the
former extraction can be omitted.
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wlien necessary (0 keep the solution homogeneous.  ‘The solution
wis washed with ethyl acetate (100 ml.) and extracted at pH 3
with two 100-ml. portions of the sume solvent. The combined
extract was washed with 50 inl. of wuter.  Fresh wuter (50 il s
was added to the ethyl acetate solntion, and the mixtuare wis
adjusted to pH 6.8 with saturated aqueous sodium carbonute.
The last extraction was repeated with 35 ml. of water; the ¢am-
bined pH 6.8 aqueous solution wus washed with ether (30 ml. y uinl
cvaporated briefly to remove solvent.  The aquenus solution was
cooled to 5° and treated with a cold solutinn of proeaine hydri-
chloride (7.2 g.) in 8 ml. of water.  After refrigerating the hazy
solutinu fur 1 hr., erystalline procaine salt was recovered Ly fil-
tration, washed with cold water and ether, and dried: yvield, 13.6
g (49000 nup. 130-143° dec.; Le]?'n +143° (¢ 1, 700 ncetone):
N 0.66 w (v8) in KBr.

Anal. Caled. for CoupHgaNO:PRe: ) 49.65;
Y.27. Tound: C,49.58; H, 6.78; N, 1.23.

6-Diphenoxyphosphinylaminopenicillanic Acid N-Ethylpiperi-
dine Salt (4).—Diphenyl chlorophosphate (13.5 g., 0.05 mole;
and 6-APA (10.8 g., 0.05 nwle) were mude to react as desertbed
far 10. The first ethyl acetiate extract (pH 5.571 yvielded 3.0 g
LD o erystalline 4; nup. 133-136° dec.  For analysis a
satiple wus recrystallized from acetone; m.p. 133-136° der.:
Ta]*n +178° (¢ 1, water): Aax 3.04 u (vs)in KBr.

Anal. Caled, for CuHaNsOePS: 0 57740 M, 6.40: N,
748, Found: C,57.91; H, 6.4%; N, 742,

6-Bis- p-methylphenoxyphosphinylaminopenicillanic Acid N-
Ethylpiperidine Salt (6).—Bis-p-tolyl chlorophosphate (14.8 g..
0.05 mole) and 6-APA (10.8 g., .05 umle) reacted as described
for 4 yielded 3.4 g. (129) of erystalline 6; urp. 125-130° dev.:
fa] ) +149° (¢ 1, ethanol); Agae 5.66 p (vs)in KBr.

Anal.  Caled. for CogHuN:OsPS: C, 39,07 H, 6.84: N, 7.13.
Found: C, 58.09; H, 6.01; N,6.01.

6-Phenoxyphenyiphosphinothioylaminopenicillanic Acid N-
Ethylpiperidine Salt.—Phcnoxyphenylphosphinothioyl chloride,
CsH:PS{CeH:;0)Cl [13.5 g., 0.05 mole; h.p. 131-135° ((LO] . i;
%0 1.6100] and 6-APA (10.8 g., (.05 mnle) were allowed to react
as deseribed for 4 to give 10.4 g. (37%¢) of crystalline product.
FFor analysis a1 sample was recrystallized from acetone; nup.
L0G-111° dec; [a]®n +214° (¢ 1, water): Aguy 5.60 g (v8i in

1, 6.84: N\,

1K Br.
Anal. Caled. for CallaNaO0,PSe O, 57.73; 11 6.46; N,
748, LFound: C,57.92; H,6.70; N, 7.54.

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

B. R. Baker, C. E. Morrear, aNn Bexc-tHona Ho

Vol i

bhonwle 14 g was freated with a soluGon of cthylthinphenyl;
pluwsphinothioyl chloride, CeHPS (ChlHSCL .72 @0, 0002 male-
bopo TH- TISS 02 mn): w0 163104 in 30wl of agetone. Tl
solutinn was adjusted to pld 6 with 100 potassiun biearbonate
¢4 ml) and stirred Tor 5 hee ¢finad pll G.6). ADver elarifien tnn
the solution was extracted with 2 valumes ol el aeetate at pd
500 The extract was washed with (05 volume ol wayer, alried.,
and adjusted to pH S with N metlaunlic poGsstum hydroxide.
The solution was evaporated toolrvness, and the residue was (ri
turated witlt absolite ether (o wn norphous solid, whieh was
dried over phosplorus pentoxtde under voeamn, The vield of
44 was 155 g 0102001 eabeulated chemieal agsay v Cralda N ol
PRI, 1310 sadimin penteillin Gounits per mg.: found (hyvdrosyl-
aine enlorimerrie merhod®), 035 anits per g, purity, 7107

6-Diphenoxyphosphinylaminopenicillanamide :Il: A snlu-
tinn of diphenyl ehloraphnspliate (6.7 g, 0.025 mole cin 80 ml, of
acebe was added rapidly withe sGrring (1o a0 conded splinion of
(-minopenicillanamide getolnenesnllimate® (9.8 g, .025 ool
in oomixtyre of 50 ml ol L067 W disodium hvdrogen plosphade
Gudjusted oo pll 7.5 and 20 ml of weerone, Alter stirring lor
3 hr.wd ronn ternperaire (pH Lept ad 7.5 the renetion soluton
wirs ex(racted withe [ volinae of vaohyl nectate. The extraed was
wished with rne-hiadl volnme of water, three (mes with (13
vodutaes of 5, sndium biearbonate, and again with water.  Sol-
vent was rettoved from the dried extract Ly evaporation, and He
residue on trituration with benzene vielderd 11 g (10551 of erys-
talline 11, For aualysis a sample was reerystallized from weehonpe
hexme: nep. [03-108% [w)*fy o+ [07° 0 1, ehiloraforn s AL
360 Cvgyand A0 pivsyin KB

Aaul. Calivd. Loe (f:..l[-_-::\vg( );,.\,‘1)1 ,
0.3 Fowd: ¢C053.370 HL5.200 N

93.68: 1E, b N,
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Analogs of Tetrahydrofolic Acid. VIIL.'* Synthesis of
N-[1-(2-Amino-4-mercapto-6-methyl-5-pyrimidyl)-3-propyl]-p-aminobenzoyl-1-
glutamic Acid, a Mercapto Analog

13. R. Bakrr, C. E. Monriean, axb Brnc-rvoxg Ho

Departmend of Medicinal Cheniisley, School of Pharmaey, Stale Univeesily of New Yook al Buffalo, Buffale, New York
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The title compound (11) hias been synthiesized in nine steps starting with etliyl acetoncelate via the key injer-

medintes
diliydro-7
dioxolan-2

dine XI could not be accomplishied due to the instability of the 3-side chain:

2-ucetumido-4-chilorn-5-[2-(1,3-dioxolan-2-y1etivl}-G-methylpyrimidine
Lydroxy-4-methiyl-7H-thiopyranoe[2,3-d ] pyrimidine
-yDethyl]-6-methyl-4-pyrimidinol (X) to the corresponding +-pyrimidinethiol XV or 4-cliloropyrimi-

and  Z-amine-5,6-
D-aminn-H-[2-01,3-

(XTIIT)

Conversionn of

(XVIII).

in contrast, the N2-acetyl of X.

namely XI1, underwent fast conversion to 2-acetamido-4-cliloro-5-12-(1,3-dioxolin-2-yl)ethyl]-6-methylpyrimi-
dine (XTII) under mild conditions due to the greater reactivity und better solubility of XIT eompared to X.
The key intermediate 2-amino-i-mercapto-6-methyl-3-pyrinidylpropionaldehyde (XX) existed almost cour-
pletely in the hemiacetal formt XVIIT in neutral solution, but existed in the open chain aldehyde form XXII

wlien converted to an anion at pH 13,

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

() This work was generonsly supporeted hy Grants CY-5845 aml (Y-
OLG24 of the Nationa) Caneer Institnue, UL 8, Fnblie Health Seevies, Part
of this work was pressntel at the 142nd National Meeting of the Awwerican
Chusmidieal Snviety, Atlantie City, N.

23 For the previaas paper of this servies see B0 R Bakee amd O B Muoe-
voal, Jo Pharan, Ses. B2, 840 (19133,

substrates are known,* =7 a program was itiated on
analogs of tetrahydrofolic acid. The rationale” for. as

(3} 1. M. Jukes aw) M. P Broguist, “SoHonamides and Folie Aeid
Antagonists” in “UMetabolic Inhibitors,” R, M. Hoehster andd b b Quastal,
Fa)., Academin Press. Tne., New Yark, N. Y., 1963, pp. 48)-534.

4} 1. ML Hinennekens, M. J. Oshorn, amd 1 R Whitely, Seicnee,
120 {1958).

i3 T FC Tallu), i
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P, Vheonp., 2, 3740 (D01,



