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anhydrous potassium carbonate. The drying agent was removed 
by filtration, the chloroform filtrate was evaporated to dryness 
7n vacuo, and the residue was crystallized from chloroform. The 
material (VII)  thus obtained weighed 21.0 g. (48YC), m.p. 157- 
1.58". 

Calcd. for C24H,8BrS30: C, 64.87; H, 4.08; Br, 17.99. 
Found: C,  64.86; H,4.13; Br, 17.74. 

N-( 2-Chloroethyl) -44 3-dibenzofuranylazo) -1 -naphthylamine. 
-A suspension of 18.3 g. (0.1 mole) of 3-aniinodibenzofuran13 in 
:I 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 a t  0-5'. The yellow solution 
thus obtained was added slowly a t  5-10" to a solution of 33.1 g. 
(0.1 mole) of I-(  2-bromoethy1)aminonaphthalene hydrobromide4 
in 1 1. of ethanol containing 20 ml. of concentrated hydro- 
c~hloric acid. The thick, purple reaction mixture was diluted 
with w:tter to a volume of 3 I. and stirred for 3 hr. a t  0-15'. 
The preripitate was collected, washed thoroughly with hot dilute 
hydrochloric acid, and dried in 2iucuo a t  6.5' 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 
zn vacuo, and the residue was crystallized three times from chloro- 
form. The product was obtained as orange-red needles, n1.p. 

Anal .  Cnlcd. for C24H18C1S10: C, 72.09; H, 4.54; C1, 8.87. 
Found: C. 71.89; H,4.71; C1, 8.95. 

1-( 2-Diethylaminoethyl)-6- [4-( 2-diethylaminoethylamino)-l- 
naphthylazo] -1,2,3,4-tetrahydroq~inoline Dihydrochloride (XI d). 
--Utilizing method i7. 11.7 g. (0.03 mole) of K-(4-amino-l- 
naphthyl) - S - ( 2  - diethylaminoethyl) - 2,2,2 - trifluoroacetamide 
monohydrochloride6 was diazotized and coupled with 7.0 g. 
(0.03 mole) of h'-(2-di~tliylaniinoethyl)-1,2,3,~-tetrahydroquin- 
trlinP. Hydrolysis of the crude trifluoroaretamide gave 4.0 g. 
(237, over-all) of product as maroon rrystals, m.p. 195-198.5°. 

Anal .  Calcd. for CdIHa4Xs.2HC1: C, 64.90; H, 8.08; K 
14 65; C1, 12.36. Found: C, 64.42; H, 8.20; iK, 14.53; C1, 
12.27. 

,4naI. 

170-171". 

N-( 2-Diethylaminoethyl)-1,2,3,4-tetrahydroquinoline.-A mix- 
ture of 11 1.0 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 a a s  stirred with l O 7 c  aqueous sodium 
hydroxide soliltion, the organic layer vas  separated, and the 
aqueous layer mas 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 tlie residue was distilled in vacuo 
through a 30-cm. Vigreux column. The product was obtained 

as a pale yellow oil, b.p. 08-103" (0.2 nim.), nZ5D 1.5411; yield, 

Anal .  Calcd. for C I I H ~ ~ S Z :  C, 77.53; H, 10 41; K, 12.06. 
Found: C,77.61; H, 10.47; ?;, 12.24. 

N,N-Diethyl-2-( 1-naphthy1amino)acetamide.-To a suspension 
of 16.1 g. (0.33 mole) of 50% 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 S,lj-diethylchloroacetamide in 
200 ml. of toluene. The mixture a a s  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 zn vacuo on a steam bath and the residue 
was distilled under high vacuum through a 15-cin. Vigreux rol- 
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 nim.), was obtained which solidified 
in tlie receiver. Crystallization fiom ethanol gave 4 3 g. (5%) 
of colorless plates, m.p. 92-98". 

Anal. Calrd. for C I ~ H ~ ~ O :  c, 74.96; H,  7.86; X, 10 93. 
Found: C,75.17; H,7.79; N, 11.04. 
3-[4-(2-Diethylaminoethylamino)-l-naphthylazo]pyridine Salt 

with 1/2 F. Wt. 2-(4,6-Disulfo-1,3,2-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 trih~drochloride.3.2j 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 z'acuo a t  GO" for 18 hr.; 
weight, 2.83 g. (837,), m.p. > 200". 

Anal. Calcd. for C21H&~.0.5 C ~ H ~ 0 1 6 8 & b :  N, 10.32; S, 
9.45. Found: N,  10.10; S,9.01. 

56 g. (29Yc). 
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A novel class of S-substituted 6-aminopenicillanic acid derivatives exhibiting noteworthy inhibitory action 
against antibiotic-resistant strains of Staphylococcus nureus 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 = 0 )  and phosphinothioylaminopenicillanic acids (I, X = 
S). I n  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. 

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

discovery of compounds which are effective against 
antibiotic-resistallt strains of StaphylococczLs auTeus. 

~I 

(1) Presented in part  a t  the 144th h'ational hIeeting of the American 
Chemical Society, Division of Medicinal Chemistry, Los Angeles, California. 

The reaction of 6-aminopenicillanic acid (6-24LipA4) mith 
April, 1963. organophosphorus chlorides affords a novel series of 
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TABLE I1 

ASTISTAPHYLOCOCCAL ACTIVITY I n  Vztro OF SOME 
PHOSPHINYLAMIKOPENICILLAN~C ACIDS A N D  

PHOSPHIKOTHIOYLAMINOPENICILLBNIC ACIDS 
(CRYSTALLIKE X-ETHYLPIPERIDINE S.4LTS) 

--AIininiurn inhibitory-- 
concentlation' 

S. 
aureus S. 

S uzth aureus 
-Compound I- aureus serum 400' 

No. R I  R? X [ a I b D "  fig., ml. pg./rlll. pg /111l. 

1 Ale0 Ale0 0 +1Y7 10 10 10 
2 E t 0  E t 0  0 +191 5 10 10 
3 n-BuO n-BuO 0 +I66 5 10 5 

6 o-MePhO o-MePhO 0 +162 1 3 10 2 5 

7 PhO n-BuO 0 + I 7 1  2 5 10 F, 
8 PhO NezN 0 +175 10 10 10 
9 P h  o-RlePhO 0 +18YE 2 5 10 5 

10 RIeO Ale0 s +zoo 10 10 10 
11 E t 0  E t 0  s f l y 7  10 >10 10 

4 PhO PhO 0 +173 1 3 I O  2 .5d 

6 p-RIePhO p-.llePhO 0 +14Qe 0 6 10 2 5 

See footnote 7 .  c 1 in water; 23-25', Antibiotic-resistant 
strain (see Table I). Corresponding m i.c -values for diphe- 
noxyphosphinylaminopenicillananiide (11): S. uureus, 10; S. 
uzmm + serum, >lo;  S .  aureus 400, >10 pg./ml. e I n  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 techiiique.1° 
Diethoxyphosphiiiylamiiiopenicillanic acid and di- 

ethoxyphosphiiiothioylaminopenicillanic 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 pg. 'ml. of the test compound. 

Acute intravenous toxicities (LDho) observed in mice 
for diethoxyphosphiiiylaminopeiiicillaiiic acid and for 
diethoxyphosphinothioylaniinopenicillaiiic acid were ap- 

TABLE 

KO. 

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

parison of serum levels measured as activity dilutions 
against Streptococcus pyogenes is presented in Table 
VI11 for several compounds possessing in vivo activity. 

Compounds in Table I1 did iiot exhibit antiviral 
activity against Xewcastle disease virus, vaccinia, herpes 
simplex, poliomyelitis (Type 11), or influenza h in a 
tissue culture test a t  a level of 10 nig. ml." 

Discussion 

All phosphiiiylariiiiiopenicillaiiic acids and phos- 
phinothioylaminopenicillaiiic acids which we have 
examined are active in i i tro against resistant staphylo- 
cocci, so that this property is characteristic of coni- 
pounds of structure I. The substitution of the acyl 
side chain in coiiveiitioiial penicillins by a noiicarboxylic 
moiety does not necessarily confer activity against 
resistant staphylococcal strains. JT7e observed that 
arylsulfoiiamidopenicillaiiic acids, such as benzene- 
sulfoiiamidopenicillaiiic acid, p-fluorobeiizenesulfon- 
amidopenicillanic acid, p-toluenesulfonamidopenicil- 
lanic acid, and 2-iiaphthaleiiesulfoiiamidopeiiicillaiiic 
acid, gave in.i.c.-values of >lo0 pg. nil. for resistant 
S.  aureus 37G and 400 strains. 

The inhibitory activity of I toward resistant strains 
probably results from the iiiertiiess of this class of coni- 
pounds to penicillinase (Table T'II) . I'enicilliiiase 
resistance is also partly responsible for the constant 
m.i.c. obtained over wide variation of iiiocula sizes as 
shown in Table VI. 

Since amide formation at  C-3 carboxyl in benzyl- 
peiiicilliii imparts penicillinase resistance, l 2  the effect of 
attaching both phosphinyl and amide groupings to 
6-hPh was studied. A representative compound, 
dipheiioxyphosphinylaininopeiiicillananiide (11), how- 
ever, is less active than the corresponding carboxylic 
acid (4) ; m.i.c.-values against normal 5'. aureus and 
resistant S .  aweus 400 ivere 10 and >IO pg. nil., respec- 
tively, for I1 as compared to 1.3 and 2.5 pg./nil., respec- 

111 : ANTISTAPHYLOCOCCAL a C T I V I T Y  In  VihJ  O F  S O h f E  PHOSPHIZITLARIISOPENICILLBNIC LACIDS (POTASSIUM SALTS) 
I-- Miniinurn inhibitory concentrationb 

S. aureus S. aweus  S. aur'eus 

Ri Rz X R f ig  ./ml. pg.;n11. pg.;n11. pg./iiil. 
~ - _ _ _  Conipound I- Purity," with serum 37Gc 4OOc S. auieus 

Et0  E t 0  0 70 6.3-12.5 6.3-12.5 12 .5  12.5 
n-BuO n-Bu0 0 60d 3.1 6 . 3  6 .3  6 .3  
E t 0  n-BuO 0 60 1 .6  6 .3  6 .3  6 .3  
Et0 ClCHzCHZO 0 60 3.1 3 .1  12.5 12.5 
E t 0  C&i70e 0 80d 1.6  6 . 3  6 .3  6 .3  
p-MeOPhO p-MeOPhO 0 57 1.6  >loo 6.2 6 . 3  
3,5-MepPh0 3,5-ilIe2Ph0 0 72 1.6  50 12 .5  6 . 3  
PhO n-PrO 0 54 1 .6 6 . 3  6 .3  6 .3  
PhO i-PrO 0 5 l d  1 . 6  1.6 3 . 1  3 . 1  
Ph PllO 0 50 0 . 8  0 . 8  12.5 6 .3  
PI1 o-MePhO 0 61 . x  6 . 3  3 . 1 3 .1  
PI1 rn-MePhO 0 54 1 .6  6 .3  6 .3  6 .3  
Ph  p-blePh0 0 52 1.6  3 .1  0 . 3  6 .3  
Ph  O-CIPhO 0 54 3 . 1  6 .3  12.5 12 .5  
PI1 WZ-ClPhO 0 53 0 . 8  0 . 4  3 . 1 6 . 3  
Ph  o-BrPh0 0 51 1.6  6 .3  6 .3  6 .3  

a Assayed by hydroxylamine colorimetric procedure. * See footnote 7 .  Strains resistant to high concentrations (> 100 pg./ml.) 
of penicillin and other antibiotics (see Table I). 

respectively . 

Calcium salt. e C8H17 = 2-ethylhesgl. 

mg"kg' a'id greater 6oo nlg"kg" (9) J. F. Rnell and L. H. Chenp, nnlinblished obseryations, using method 
of E. P. .ibrahani and G. G. F. Newton, Biochrm. J., 63, 628 (19.76). 

English, T. J. McBride, and H. T. Huane. ib id . ,  104, 547 (1960). 
In  absorption studies in dogs, very low antistaphy- 

~ o c o c c a ~  activity was detected ill sera following oral 
A com- 

(10) (a) J. S. Gats, Proc. SOC. E'ZP~Z.  B ~ O Z .  .>fed., 60, i~ (1945); (b) A. R. 

(12) D. E. Cooper and s. B. Binkley, J .  .im. Chrm.  sot., 70,3Yoo (1948). 
(11) C. D. Brandt. unpublished observations. administration of representative compounds. 



t i \  cly, fo i .  4. This iwult is iiot uiwxpected, sine(. 
cwivrrtiiig beiizylpeiiicilliii to its amide also depressed 
hiological activity against iioriiial microorganisms. 

Chcmotlierapeutic activity of I iii protecting mice 
against resistant S. U U I  e m  400 iiifectioiis (Table Y) is 
correlated qualitatively with the in 1 i tro serum iiiactiva- 
tioii ratio (s,i.r.) for the sensitive strain. The s.i.r. 
I -  t h r .  ratio of tlic 111 I . C .  detciriiiiicd i i i  the presence of 
wi’iiin to tlie 111 i c. deteimiiiied in  the atxmice of serum. 
P’oi pl~o~pliiiiotlii~~yla~iiiiiopeiiic.illaiiic acids ( I ,  X = S) 
oiily t hr alkoxy iiieiiiheix afford sigiiificaiit protectioii ; 
tlir latter have lo\\ >.i.r.-values (e.y., 0 2 for I ,  Itl, It2 

= iiiethoxy or cithoxy), n-hile the inactive compouiith 
have high ratios (16 or greater). exceptio11 is tlic 
group of lower. alkoxyphenvlphosphiiiothioylaniiliopcll I -  

cillaiiic acids (32-36) \vhich exhibit low ratios (s.i.i,., 
0-8) but have no in ~ i o o  activity. For phosphinyl- 
aminopenicillaiiic acids (I, X = 0) those showing 
interesting PDSo-values have s.i.r.-values of 0--8 ; again 
those with higher ratios are inactive. In either scrips 
the lower alkoxy 1iieiiihei.s are the most active in ricio. 
I I I  a separate study dietliox?rphosphiiiothioylaIiiiiio- 
peiiicillaiiic acid (28) admiuistered either siiiiultaiic- 
oudy or 0.*5 hr. later with a high level of pciiic4lliii 1. 
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TABLE VI 
I n  Vitro and I n  Vivo ACTIVITY OF 

6-DIETHOXYPHOSPHINOTHIOYLAMINOPENIClLLANIC ACID (28) 

Organism 
S. aureus 

S. aureus 376 
resistant strain 

S. aureus 400b 
resistant strain 

S. aureus K3 
resistant strain 

S. aureus K4 
resistant strain 

--in v i t ro  activity- 

Inocula 
dilution 
10 -aa  

10-7 
10 -au 
10 -5 

10 -7  

10 -aa  
10 -5 

10 -7 

10-5 

10 -5 

10 -35 

10 -7 

h1.i.c. for 
M.i.c. penicillin 
for as G 
pg./rnl. fig./ml. 

6 . 3  0.02 
3 . 1  .01 
3 . 1  005 
6 . 3  > l o 0  
6 . 3  6 . 3  
6 . 3  0 . 8  
6 . 3  > lo0  
6 . 3  6 . 3  
3 . 1  6 . 3  
6 . 3  > lo0  
3 . 1  1 . 6  
3 . 1  0 . 4  

c 

i n  vivo activity 

PDao (in mice) 
Paren- 

Oral, teral, 
nrg. 'kg. rng./kg. 

125 100 

of as 

120 110 

120 70 

135 130 

a 10-3 is the standard inocula dilution used in our laboratories. 
Number of viable units a t  this dilution are: S.  aureus 1.5 X 106; 
S.  aureus 376, 2.4 X lo6; S. aureus 400, 2.4 X lo6; S .  aureus 
K3, 2.1 X 106. * PIIja for penicillin G or V against S .  aureus 400 
in mice is greater than 800 mg./kg. orally or parenterally. Not 
run. 

TABLE VI1 
COMPARISON OF PENICILLINASE Acnox 

Relative rates of hydrolysisa 
(arbitrary units) 

Penicillinase 
from Penicillinase 

400 B.  cereus 
S. aureus from 

1 .00 1 .oo 
Compound 

Penicillin G 
Diethoxyphosphinylamino- 

Diethoxyphosphinothioylaniino- 
penicillanic acid (12) 

penicillanic acid (28) 
a See footnote 9. b Kot run. 

b 0.11 

0.00 -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 (lo).-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 (ire 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 a t  7.5 by periodic addi- 
tions of dilute alkali. After stirring 4 hr. a t  room temperature, 
the solution was washed ttvice 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 X HC1. A second extraction a t  pH 
3.5 was done in the same manner.13 Each ethyl acetate extract 
was washed with 0.5 volume of water, dried (sodium salfate), 
and adjusted to an apparent pH 8 with N-ethylpiperidine. The 
tirst 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.; n1.p. 133-137") after evaporating 
the solvent and triturating the residue uith ether (total yield, 
497,). For analysis a sample vas  recrystallized from ethyl 
aretate-hexane; m.p. 133-137" dec.; [aIz4~ $200" (c  1, water); 
A,,, 5.65 p (vs) in KBr. 

Anal. Calcd. for C1?H3~N30~PS~: C, 45.02; H, 7.11; N, 
9.27; PI 6.83; S, 14.14. Found: C ,  45.09; H,  7.24; S, 9.29; 
PI 6.97; SI 14.54. 
6-DiethoxyphosphinyIaminopenicillanic 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. 
(157,) of crystalline 2 (m.p. 107-109" dec.). For analysis a 
sample was recrystallized from acetone; m.p. 107-109" dec.; 
[cx]*~D $191' ( e  1, water); A,,, 5.66 p (vs) in KBr. 

Anal. Calcd. for C19H36Nd&PS: C, 49.02; H I  7.80; N, 
9.03; PI 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 (ll).-Diethyl phosphorochloridothionate 

TABLE VI11 
SERUM LEVELS I N  DOGS AFTER ORAL ADYINISTRATIOS' 

Dosage, --- .4verage serum activity dilutions (reciprocals) a t  hr.-- 
-Coinpound I- nig./kg., Assay organism: Streplococcus pyogenes 

NO. Ri Rz X oral 0.5 1 2 3 5 7 

12 E t 0  E t 0  0 20 1 1 1 1 
28 E t 0  E t 0  S 80 10 2.5 0 0 0 

160 16 11 2.5 0 0 
14 E t 0  n-BuO 0 20 8 5 0.6 0 
46 PhO PhO Ob 20 35 22 22 8 1.6 
20 PhO i-Pro 0 20 7 12 4 2 0.2 

Penicillin V 10 96 72 10 4.7 0 
a Single experiments involving five dogs per compound tested. Potassium salt (50Yo pure). 

did not result in a PD5o 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. hryloxy 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 R1 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, 307,). For analysis a sample wa8 
recrystallized from ethyl acetate-hexane; m.p. 102-106" dec.; 
[ a l Z 4 ~  +197"(c 1,water); Xm,,5.66p(vs)inKBr. 

Anal. Calcd. for C I ~ H ~ ~ N ~ O ~ P S Z :  C, 47.38: H ,  7.54; S,  
8.73; P, 6.43; S, 13.32. Found: C, 47.23; H ,  7 . 7 5 ;  XI 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 a t  5-10' and a t  pH 7-7.3 for 3 hr., adding acetone 

(13) I n  the synthesis of I ethyl acetate extractions of the reaction solution 
were done routinely a t  pH 5.5 and pH 3.5; for compounds 10 and 11. the 
foriner extraction can be omitted. 




