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as seen with decamethonium and hence belongs to the 
group of depolarizing neuromuscular blocking agents. 
The block seen with XII and XIII was similar to that 
observed with the antidepolarizer, (+)-tubocurarine. 

Discussion.—Even the slightest modification of the 
decamethonium molecule usually either decreases the 
potency or changes it from a depolarizing drug to an 
antidepolarizer, or both.21 Thus the introduction 
of the halogen atoms and the double bond in the 5,6 
positions of the decamethylene chain, as in III, caused 
a change in potency and therapeutic index. Further
more, on the isolated preparations, the ability of III 
to produce the characteristic biphasic block and initial 
contracture, together with fasciculations normally seen 
with depolarizers, was less marked as compared with 
decamethonium. In particular this was the case for 
the isolated guinea pig diaphragm, as III produced 
only a slight phase I block. The slowly developing 
block seen with III on this preparation is not typical 
of either the depolarizers or antidepolarizers. Pre
sumably, this block is characteristic of compounds 
which have a very weak ability to depolarize the motor 
end plate. 

Recently, tritiated decamethonium has become avail
able and has proved to be useful for in vitro studies.46'22 

(21) R. B. Barlow, "Introduction to Chemical Pharmacology," Methuen 
and Co., London, 1964, pp 87-139. 

(22) (a) 0 . A. Nedergaard, Ph.D. Dissertation, University of California, 
Los Angeles, 1964; Dissertation Abstr., 25, 1254 (1964); (b) D. B. Taylor, 
R. Creese, O. A. Nedergaard, and R. Case, Nature, 208, 901 (1965); (c) 
O. A. Nedergaard and D. B. Taylor, Experientia, 22, 521 (1966). 

V l (MINUTES) 

Figure 3.—The blocking effect on three isolated guinea pig 
diaphragm preparations of different concentrations of III: 
• — • , 10-5 M; X—X, 2.5 X 10~« M; O—O, 5.0 X 10"» M. 
Ordinate: the response to nerve stimulation expressed as a per
centage of the response to direct stimulation. Abscissa: the 
square root of time. 

However, III labeled with 131I would still be particularly 
suited for in situ experiments where continuous ex
ternal monitoring of its radioactivity is desirable, e.g., 
in a muscle. 
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A series of oj-alkylaminoacyl derivatives of 4-aminosalicylic acid esters (methyl through hexyl, plus 2-diethyl-
aminoethyl) were synthesized and their hydrochlorides were tested for local anesthetic activity. The synthesis 
of the diethylaminoethyl ester series was examined in some detail since these compounds easily undergo alcoholy-
sis and aminolysis. These reactions were ascribed to an intramolecular o-hydroxy catalysis. Only derivatives 
of the methyl, ethyl, and diethylaminoethyl esters exhibited significant local anesthetic activity. Compared to 
lidocaine, these compounds were generally more irritating, less toxic, and less active. When the compounds 
exhibiting local anesthetic activity were quaternized with methyl iodide, local anesthetic activity was lost while 
the toxicity increased. 

Although Drill3 states that, as a general rule, effec
tive local anesthetics rarely contain either free car-
boxy or hydroxy groups, Clinton and co-workers4 and 

(1) The investigation at the University of Athens was supported by a re
search grant from the Royal Hellenic Research Foundation. 

(2) A preliminary report of part of this work has been presented at the 
21st International Congress of Pharmaceutical Sciences, Pisa, Italy, Sept. 
4-8, 1961, by G. T. and C. S. Preliminary announcements have ap
peared: G. Tsatsas and C. Sandris, Froc. Acad. Athens, 35, 372 (1960); 
G. Tsatsas, C. Sandris, and D. Kontonassios, ibid., 37, 54 (1962). This 
paper comprises a portion of a thesis presented by D. K. at the University of 
Athens. 

(3) A. V. Drill, "Pharmacology in Medicine," 2nd ed, McGraw-Hill 
Book Co., Inc., New York, N. Y., 1958, p 68. 

Luduefia and Hoppe5 have reported that a series of dialkyl-
aminoalkyl 4-alkylaminosalicylates showed a high degree 
of infiltration and topical anesthetic activity. Keil and 
Rademacher6 also reported that some alkylaminoethyl 
4-aminosalicylates possessed local anesthetic activity 
similar to the corresponding esters of 4-aminobenzoic 
acid. Oxycaine, the 2-hydroxy analog of procaine syn
thesized by Grimme and Schmitz,7 has been shown by 

(4) R. O. Clinton, S. C. Laskowski, U. J. Salvador, and M. Wilson, J. Am. 
Chem. Soc, 73, 3674 (1951). 

(5) F. P. Luduefia and J. O. Hoppe, Federation Proc, 9, 297 (1950). 
(6) W. Keil and E. Rademacher, Arzneimittel-Forsch., 1, 154 (1951). 
(7) W. Grimme and H. Schmitz, Ber., 84, 734 (1951). 
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Vinogradov8 to possess toxicity approximately equal to 
procaine but with considerably greater local anesthetic 
activity. In addition, Epstein and Kaminsky i M" re
ported local anesthetic activity in a number of alkyl-
aminoacylaminobenzoates. Examination of these 
studies suggested that an exploration of the activity of 
alkylaminoacyl derivatives of ^aminosalicylic acid 
esters, might result in the discovery of potentially use
ful local anesthetic agents. 

Chemistry.—The derivatives synthesized wen-: 
methyl through hexyl 4-(2-alkylaminoacetylamino)-
and 4-(3-alkylam.mopropionylamino)salicylates as the 
hydrochloride and, in some cases, as the methiodide 
salts (Tables II and I I I ) . Their preparation consisted 
of treat ing an ester of 4-aminosalicylic acid with chloro-
acetyl or 3-chloropropionyl chloride and subsequent 
heating of the intermediate 4-(o>-chloroacylamino) de
rivative (Table I) with an excess of amine in ethanol. 

Synthesis of the 2-diethylaminoethyl 4-(2-aIkylam-
inoacetylamino)salicylates was performed as outlined 
in Scheme I. 2-Diethylaminoethyl 4-aminosalicylic 
acid (I) was treated with chloroacetyl chloride to yield 
the intermediate chloroacetanilide hydrochloride II. 
Reaction of II with an. excess of amine in a polar me
dium, e.g., ethanol, gave the corresponding ethyl ester 
derivative III (K = C2H5)--equally obtained via the 
ethyl ester chloroacetanilide IV (R = C2H5) —instead 
of the desired diethylamin.oeth.yI ester derivative V. 
Alcoholysis was found to occur in methanol, as well as 
in ethanol, irrespective of the amine used (Experi
mental Section and Table II) and was prevented by 
carrying out the reaction in a iionpolar solvent, such as 
benzene (Table I I I ) . Heating II with a, low-boiling 
amine, in the absence of solvent, resulted in the forma
tion of the corresponding diethylaminoethyl ester de
rivatives V. However, with high-boiling amines, sali-
cylamide derivatives VI consti tuted the main product 
of the reaction (Table IV). Synthesis via the 4-
chloroacetylaminosalicylic acid chloride (VII) proved 
the s t ructure of the aminolysis product s. 

(8) V. M. YiriuEradov, I'izinl. /./,. ,S.S',S/i', 43 , M S (1957); Chem. Abstr. 
82, H7:la (l'.ldS). 

(») K. E p s t e i n , and I ) . K a m i n s k y , ./. Am. Chem. Soc, 79, 5814 *1».")7), 
(10) K. Eps t e in and IX K a m i n s k y , ./. Am. I'harm. Axsor,, Sri. Ed.. 48, 

i.'.o i iiiriiii. 

The observed facile alcoholysis and aminolysis of the 
diethylaminoethyl ester series may be compared to the 
intramolecular ^-hydroxy catalysis in the hydrolysis of 
p-nitrnphenyl salicylates studied by Bender and co
workers ." The reported reactions of 2-diethylamino
ethyl 4-chloroacetylaniinobenzoate with an excess of 
amine, either in ethanol12 or in the absence of solvent,1' 
resulting only in substitution of the chlorine atom. 
agree with such a description. On the other hand, no 
comparable large la te enhancement of the ^-hydroxy 
group could be detected in the case- of the ethyl sali
cylate series.11 This might account equally well for 
the isolation of the ethyl ester derivatives III as products 
of alcoholysis, as well as for the observed lack of alco
holysis in the alkyl ester series (IV III, H = methyl 
through hexyl). the reaction with the amine being run 
in ethanol solution. 

Experimental Section ' ' 

The N-alkylaminoacylanilines obtained by llie various meth
ods described below were transformed to (heir salts, hydro
chlorides and methiodides, without further purifiea! ion. Accord
ingly, the free bases reported in the tables correspond to non-
purified products. Salts were purified by recrystallization from 
absolute ethanol or from absolute ethanol-anhydrous ether. 
Hydrochlorides were prepared in absolute alcohol (and ether, 
where necessary). Quaternary ammonium salts were prepared 
by heating a solution of the amine in absolute ethanol or anhy
drous acetone with an excess (2-4 moles) of methyl iodide under 
reflux for 2 hr. In most cases the salt crystallized upon cooling; 
otherwise, it was precipitated by adding anhydrous ether. Colors, 
ranging from intense yellow to orange, were formed by adding 
I'', KeCf, solution. 

Ksters of 4-Aminosalicylic Acid.--The alkyl esters, methyl 
through H-ainyl, were prepared by standard methods." The 
n-hexyl ester, not previously reported in the literature, was 
obtained by direct esterificalion of the acid as follows. A mixture 
of 4-aininosalicylic acid (25 g, 0.18 mole), 125 ml of purified v-
hexyl alcohol, and 50 ml of concentrated H2S04 was heated on a 
water bath for 8 hi'. After standing overnight, the mixture was 

nd B. Zertter, ./. A »i. t'hrm. 85 , (11) M. < '. t i ende t . !•' .1. Kr 
(11)17 ( lURM). 

(12) K. I'rofft ami A . .1 lunar , Arvh. / ' /mrm. , 289 , !K) ( I !!"><)). 
(13) M e l t i n g po in ts of the i n t e rmed ia t e s were de t e rmined by the eapi l lar 

mlie m e t h o d ; (hose of the hydrotdi lorides a n d m e t h y l iodide sat ts h.v mean 
of the M a i p i e n n e block. All mellintt point va lues a re correc ted . 

l i t ) I), .1. Dra in , l>. W. Mitchel l . 1>. K. Seymour , and V. S. Sprint;, ., 
(l,t:m. Sin-,, I (-'.18 i lllt'.n 

diethylamin.oeth.yI
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diluted with an equal volume of cold water and the precipitate 
which formed was filtered and washed successively (cold H20, 
20% NH4OH, cold water) yielding 20 g (52%) of a colorless 
product, mp 62°. Upon recrystallization from absolute ethanol, 
a crystalline solid, mp 64°, was obtained. 

Anal. Calcd for C13H19N03: C, 65.80; H, 8.07; X, 5.90. 
Found: C, 66.00; H, 8.10; N, 6.07. 

This procedure may be applied to the preparation of the alkyl 
esters, methyl through n-butyl, with yields ranging from 65 
(»-butyl) to 80% (methyl). The 2-diethylaminoethyl ester 
hydrochloride was obtained in 84% yield according to details 
given in a patent.15 

Alkyl 4-(aj-ChIoroacylamino)salicylates.—Alkyl ^aminosali
cylate (0.15 mole) was dissolved in 300 ml of glacial acetic acid 
and 0.165 mole of the corresponding chloride (chloroacetyl or 
3-chloropropionyl) was added in small portions with continuous 
stirring. Generally, a voluminous, colorless precipitate 
formed immediately. The mixture was then diluted with 
150 ml of glacial acetic acid and stirred for 1 hr; water 
(500 ml) was added and the stirring continued for an additional 
hour. Yields of crude product, melting point, and analytical 
data, after recrystallization from ethanol, for the chloroanilides 
prepared are given in Table I. 

2-Diethylaminoethyl 4-Chloroacetylaminosalicylate.—A stirred 
solution of 2-diethylaminoethyl salicylate hydrochloride (65 g, 
0.23 mole) in 260 ml of glacial acetic acid was treated with a 
solution of chloroacetyl chloride (28 g, 0.25 mole) in 30 ml of 
glacial acetic acid, added in small portions. Stirring was con
tinued for 1 hr after the last addition of chloride and the excess 
of acetic acid was evaporated in vacuo. The residual acetic acid 
was then just neutralized by adding a saturated NallCOs solu
tion to the heavy syrupy residue. The crystalline hydrochloride 
which formed weighed 00.1 g (73%,), mp 09-103°. After re-
crvstallization from ethanol, mp 105-106°. 

\\nal. Calcd for C15II22CbN204: 01,19.42; X, 7.67: 1110I wl, 
365.25. Found: 01,19.27: X, 7.85; mol wt, 303.0 'acidimetry). 

If the addition of bicarbonate solution is continued until the 
medium is strongly alkaline, the hydrochloride initially formed is 
transformed to the free base; this is extracted with ether and 
obtained as an amorphous solid in a 60%, yield, mp 75-80°. 
After crystallization from ligroin, it is obtained in a crystalline 
form, mp 81-82°. When the crystalline material is allowed to 
stand for a few hours in the air or even under vacuum, it trans
forms into a glutinous mass,16 melting in a wide range over 160°. 
However, the free base gives the same reactions as its stable 
hydrochloride if used immediately after its isolation. 

(15) Dr. A. Wander A.-G., British Patent 739,210 (1955); Cham. Abstr., 
60, 10779/ (1956). 

Alkyl 4-(w-AlkylaminoacyIamino)saIicylates.—A suspension 
of the ehloroamide (0.05 mole) in 200 ml of absolute ethanol was 
refluxed for 2 hr with an excess of amine (0.15 mole). In two 
cases the aminoacylaniline crystallized after cooling and was 
filtered, washed with water, and dried (method A). Otherwise, 
the ethanol was removed by distillation, and the residue was 
treated with 50 ml of a saturated X a H C 0 3 solution and 50 ml 
of water; the aminoacylaniline separated either as a solid, or as an 
oil. In the first case it was filtered, washed, and dried (method 
B); in the second, it was extracted with ether (method C). 
Following this same procedure, reaction of 2-diethylaminoethyl 
4-chloroacetylaminosalicylate hydrochloride with different amines 
in methanol or ethanol, gave the corresponding methyl or ethyl 
esters (methods A', B' , and C', respectively). Mixtures of the 
products obtained by the two methods described showed no 
melting point depression. The constants of the aminoacyl-
anilines prepared and their salts are given in Table I I . 

2-Diethylaminoethyl 4-Alkylaminoacetylaminosalicylates.—A 
suspension of 2-diethylaminoethyl 4-chloracetylaminosalicylate 
hydrochloride (0.025 mole) in 100 ml of anhydrous benzene was 
refluxed for 4 hr with an excess of amine (0.125 mole). The 
benzene was then distilled, the residue was treated with 80 ml 
of a saturated X a H C 0 3 solution, and the aminoacylaniline 
was extracted with ether (method D). The diethylamino and 
isopropylamino derivatives were also prepared by method E 
(vide infra). The constants of the derivatives and their salts 
are given in Table I I I . 

4-Alkylaminoacetylaminosalicylamides.—A mixture of 2-di
ethylaminoethyl 4-chloroacetylaminosalicylate hydrochloride and 
an excess of amine (ca. 5 moles) was heated on a steam bath for 
4 hr. After cooling, the excess amine was removed under vacuum, 
and the residue was extracted with ether to remove the diethyl-
aminoethyl ester derivative and then with chloroform which 
dissolves the amide derivative (method E). The reaction with 
diethylamine and isopropylamine resulted in the corresponding 
ester derivatives (Table I I I ) , while all other amines gave the 
corresponding amides (Table IV); in these cases a low yield (10-
15%) of the corresponding ester derivative could be isolated from 
the ether extracts. 

Starting with 4-chloroacetylaminosalicylic acid17 the same 
amide derivatives were obtained as follows. The acid (0.02 
mole) was transformed to its chloride by refiuxing with excess 
SOCl2. After elimination of the excess reagent, under vacuum, 

(16) W. A. Jacobs and M. Heidelberger, ./. Biol. Client.. 21, 139 (1915), 
reported that in a similar manner the 2-(diethylaminoethyl) ester of 4-
chloroacetylamino benzoic acid was unstable and did not keep well in the 
crude state. 

(17) A. J. Quick and R. Adams, ./. Am. Chem. Soc, 44, 816 (1922). 
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6 . 8 5 

8 . 6 4 

6 61 

9 . 0 4 

8 .11 

6 . 0 4 

8 . 1 6 

6 . 2 2 

7 . 6 6 

Approx 
i.Dsc. 
i i i i t - ' k j : 

iv or 

P» 

80 

38 

150 

IS 

> 8 0 0 ' 

115 

> l <)()()-' 

115 

40 

> 1 0 0 0 ' 

> 1 0 0 0 ' 

150 

85 

85 

18 

> 5 0 

SO 

IS 

> ] (>()•' 

> 1 (>()()' 

> 1 0 0 0 ' 

>1000-' 

> 1 0 0 0 ' 

> 10(10-' 
80 

IS 

> 10(10-' 

80 

> 1 ()(>(>•' 

> 2 0 0 

> 1 0 0 0 ' 

> 1 0 0 0 

Local 
anes
thetic-

ac t iv i ty ' ' 

+ 

-t-
-
-
+ 
(I 
4-

-
<l 

<J 

+ 
-

• • -

-
-
-f-
-T-

-i-

11 

1.1 

<l 

<l 

>.! 
-;-
-
<l 

" - • 

o 
_ 
!' 
a 

J 

rr. 
X 

£ 

•°
M

 
'' 

y 
> 
X 
X 

1 
t< 
> 

i 
r 
y 
X 

r-
-— 
**>— 
5 
5 
y 

t: 

'y. 

~ 
__ 

1 
^ 

^ 
z 

ln.il


N o . 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

R 

C2H5 

C2H6 

C,II5 

C2H5 

C2H5 

C2II6 

C2H5 

C2H„ 
n-C3H7 

n-C3H7 

»-C3IT7 

n-CsH, 
n-C3H7 

n-C3H7 

M - C 4 H 9 

n-C4H, 
JI-C4II9 
K - C 4 H 9 

n-C4H9 

11-C4H9 
n-C6H„ 
n-CsHu 
n-CJT,, 
ra-C5H„ 
n-CsHn 
™-C6H„ 
n-C t Hi3 

n-C6Hi3 
re-C6H13 

rt-CsHu 
n-Ct l l i s 
ri-C6H]3 

n 

1 
2 

2 

2 
2 

2 

2 
2 
1 
1 
2 
2 
2 
2 
1 
1 
2 
2 
2 
2 
1 
1 
2 
2 
2 
2 
1 
1 
2 
2 
2 
2 

N R ' R " 

Cyelohexylamino 
Dimethylamino 

Diethylamino 

Isopropylamino 
Piperidino 

Morpholino 

Benzylamino 
Cyclohexylamino 
Diethylamino 
Piperidino 
Diethylamino 
Isopropylamino 
Piperidino 
Morpholino 
Diethylamino 
Piperidino 
Diethylamino 
Isopropylamino 
Piperidino 
Morpholino 
Diethylamino 
Piperidino 
Diethylamino 
Isopropylamino 
Piperidino 
Morpholino 
Diethylamino 
Piperidino 
Diethylamino 
Isopropylamino 
Piperidino 
Morpholino 

Method" 

B, C 
B* 

B 

C 
B 

B 

B 
B 
C 

c 
B 
C 
B 
B 
C 
C 
B 
B 
B 
B 
0 

c 
c 
c 
c 
c 
c 
c 
B 

c 
c 
c 

Free 
amine 
nip, °C 

70 
95 

46-48 

42-45 
84 

97 

63 
65 

Oil 
65-68 
66-68 

Oil 
77-82 
85-88 

Oil 
68 
52-55 
56-62 
85-90 
55-60 

Oil 
65-69 

Oil 
54-60 
67 
60-63 

Oil 
57-62 
55-60 

Oil 
Oil 

52 

Salt 

HC1 
HC1 
CH,I 
HC1 
CH„I 
HC1 
HC1 
CH3I 
IIC1 
CH3I 
HC1 
HC1 
IIC1 
HC1 
HC1 
HC1 
HC1 
IIC1 
HC1 
IIC1 
HC1 
HC1 
HC1 
IIC1 
HC1 
II CI 
HC1 
HC1 
IIC1 
HC1 
IIC1 
HC1 
1ICI 
11 CI 
HC1 
II CI 

Yield/ 

% 

94, 72 
91 
77 
75 
68 
70 
87 
68 
83 
72 
79 
75 
82 
73 
75 
77 
82 
89 
65 
74 
70 
62 
69 
77 
64 
74 
60 
56 
67 
81 
73 
76 
78 
59 
75 
82 

Mp °C 

302 dec 
222 dec 
185 dec 
155 dec 
145 
214 dec 
212 dec 
147 
236 dec 
161 
230 dec 
203 dec 
137 dec 
215 dec 
114 
197 dec 
199 dec 
235 dec 
132 dec 
185 dec 
132-133 
201 dec 
199 dec 
206 dec 
125 
196 dec 
110 
199 dec 
201 dec 
206 dec 
122 
188 dec 
130 dec 
195 dec 
189 dec 
195 dec 

Formula 

C„H25C1N204 

C M H 2 1 C 1 N 2 0 4 

C,5H23IN204 
Ci6H26ClN204 

C H n l N a O i 
C15H23C1N204 

C I I a C l N j O i 
C18H27IN204 

CieHaClNsOs 
C I M N A 
C,9H23C1N204 

Ci8H27ClN2()4 

C16H2.,C1N204 

CHisClNsO* 
C„H27C1N204 

C16H25C1N204 

Ci8H27ClN204 

C„H2SC1N205 

CuIInClNsCn 
Ci8H27ClN2()4 

C18H29C1N204 

C17H„C1N204 

C19H29C1N204 

C,8IIrClN206 

C,8H29C1N204 
C19II29C1N204 

C19H31C1N2()4 

C,8H29C1N204 

C20H31ClN2O4 

C19H29C1N205 

C19H3,C1N204 
CMUSICINJOI 

C2„H33C1N204 
C19II31C1N204 

C21H33C1N204 

CsoTTaiClNjOs 

. % c . 
Calcd 

55.73 
57.23 

55.73 
58.29 
54.77 
56.90 
58.29 
57.98 
56.90 
59.29 
55.88 
57.98 
59.29 
58.96 
57.98 
60.22 
56.92 
58.96 
60.22 
59.91 
58.96 
61.08 
57.89 

Found 

55.65 
57.43 
56.90 
55.55 
58.02 
54.67 
56.66 
58.26 
58.11 
56.74 

55.80 
57.72 
59.58 
59.11 
58.20 
60.07 
57.09 
58.98 
59.99 
60.00 
59.07 
60.84 
57.94 

, ", '0 H 
1 Calcd Found C 

7.30 
7.06 

7.30 
7.34 
6.76 
7.58 
7.34 
7.84 
7.58 
7.59 
7.03 
7.84 
7.59 
8.07 
7.84 
7.83 
7.29 
8.07 
7.83 
8.30 
8.07 
8.05 
7.53 

7.38 
7.02 
7.58 
7.21 
7.35 
6.85 
7.56 
7.16 
7.91 
7.67 

7.11 
7.69 
7.63 
7.86 
7.87 
7.90 
7.48 
8.02 
7.70 
8.52 
7.89 
7.87 
7.72 

9 
11 
30. 
10 
28 
10 
9. 

27 
9 

27 
9 
9 

-% halogen 
"aled 

.93 

.20 
06 

.29 

.18 

.72 

.93 

.45 

.88 

.33 

.36 

.56 

Found 

9 
11 
30. 
10 

.68 

.04 

.01 

.01 
28.43 
10. .78 
10.05 
26. 

9 
27. 

9 
9 

.94 

.95 
44 
12 

.55 

- % N . 
I Calcd Found 

7.85 
8.85 
6.63 
8.12 
6.22 
8.47 
7.85 
6.06 
7.81 
6.04 
7.39 
7.55 
8.12 
7.85 

8.12 
7.55 
7.51 
7.80 
7.55 
7.51 
7.80 
7.28 
7.24 
7.51 
7.28 
7.24 
7.51 
7.02 
6.99 
7.24 
7.02 
6.99 
7.24 
6.78 
6.75 

7.64 
8.57 
6.83 
7.94 
6.27 
8.58 
7.84 
5.88 
7.92 
5.94 
7.60 
7.28 
7.93 
7.60 
7.80 
8.16 
7.69 
7.52 
8.05 
7.49 
7.41 
7.84 

7.32 
7.52 
7.38 
7.34 
7.41 
7.04 
6.81 
7.24 
6.96 
6.80 
7.27 
6.97 
6.64 

LDso, 
mg/kg 
iv or 

po 

>1000' 
>200 

18 
43 
18 
80 

150 
9 

>100 
20 

>1000' 

>iooo' 
60 
87 
90 

115 
85 
80 

115 
67 
80 

>1000 ' 
68 

800' 
80 
68 
64 
20 
35 
40 
95 
60 
37 

1000' 
1000' 

60 

Local 
anes
thetic 

activity 

9 

+ 
— 

+ 
-

+ 
+ 
+ 
-
— 
9 
9 
— 
— 
— 
— 
-
— 
-
-
— 
9 
— 
9 
— 
-
-
— 
-
— 
— 
— 
— 
9 
9 
-

" See Kxperimental Section. b Melting points of free amines are given for nonpurified products. c Yields of the salts are based on the starting cliloroacylaminosalicylates; where a double set 
of values is indicated, these correspond to the two methods mentioned. d Qualitative screening for local anesthetic activity was conducted using the Bianchi Method.18 Compounds exhibiting 
local anesthetic activity in this (est were further quantitatively evaluated using the method of Bulbring and Wajda19 (Table V). ' For the preparation of this compound a 3 3 % solution of di-
methylamine in al,solute ethiuiol was used. ' Approximate LD50 po. " These compounds were too insoluble in water to test by the Bianchi procedure and thus unsuitable for use as local anesthe
tics as per criteria for select ion of local anesthetics (L. S. Goodman and A. Oilman, "The Pharmacological Basis of Therapeutics," W. B. Saunders Co., Philadelphia, Pa., 1965. 
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TABLE III 

2-(.UlETHYLAMIN(")E'l 'HYL) 4 - ( 2 - A L f r n j A M l N O ACETYL AMINOSALICYLATES 

COOCH,CH2N(C2H5), 

.OH 

NHCOCBjNR'R" 

o 
(1 
1 
2 

•i 

4 
5 
(i 
7 

X R ' l i " 

Diet l iy lamino 

J sopropy lamino 
Piper id ino 

Morpho l ino 

Benzy lamino 
Oyelohexylamino 

Mel ho. 

l>, K 

1), ]•: 

n 
i) 

I) 
1) 

Free 
amine'1 

" nip , : ' ( ' 

Oil 

Oil 
5(1-58 

85-89 

Oil 
. •>:! 

Sail. 

110! 
Cl la l 
1101 
11 CI 
C H . I 
HC1 
CHsI 
HOI 
HCl 

YIPII I . ' 

01 , 78 
8(i, 82 
72, fi2 
5!) 
52 
55 
48 
47 
78 

Ml., 
' O dec 

201 
2:18 
255 
242 
232 
206 
247 
204 
227 

c 
c 

fo rmula ' ' 

D I I U C I ' N S O I 

I I L . - I - N S O I 

sHsiC'tiNaO, 
. O H M C L N S O . , 

•HrfsNjOi 
nHaiCbNjO.-, 
iHjshNsOj 
S H S I C U X . O - I 

I H S S O I A ' J O I 

Halo* 
Caled 

Hi. 17 
:!9.()9 
Hi.71 
15,7-1 
:-!8.H8 
15 .68 
118.20 
15 ,01 
15 ,27 

en, '.; 
Found 

1 ( 1 . ( M l 

:>>>). 1 5 

16 54 
1 5 . 51! 

1)7.8(1 
15.82 
3 7 . 9 2 
14 .87 
15 . -15 

X i i r 
O i l ed 

11, 58 
6, 18 
11 90 
D,)W 
6 . 3 6 
!). 2S) 
6. 34 
8 .80 
9 . 05 

><ren, 
Fi 

il 
(i 
11 
(I 
6 

!) 
6 
8 
9 

mil 

70 
51 
SHI 
311 
30 
36 
38 
78 
27 

Approx 
! . ] ) » • , 

ma 'kii. 
iv in- in. 

85 
1 5 

70 
50 

J 
175 

/ 
/ 

80 

iniesi hen. 

""' ' As in Table I I . ' Corresponding to dihydroehlorides and bismethiodides. 
cological evaluation. 

These compounds were not submitted for phitnna-

the residue was heated with 0.2 mole of the amine for 2 hr and 
the amide was isolated according to method E (method F) 
(Table IV). Mixtures of the amides prepared by methods K 
and F showed no melting point depression. 

Pharmacology. Local Anesthetic Screening.—Preliminary 
qualitative screening was done by subcutaneous injection of the 
lesl compounds into the mouse tail according to the method de
scribed by Bianchi.18 A 2<"( solution of each compound was 
prepared in distilled water. Five mice were injected stibcutan-
eously with 0.1 ml of test solution in the tail about 1 cm from 
the base and an artery clip was applied periodically for about 15 
min. Untreated mice attempted to remove the artery clip 
within 5-6 sec. The end point of the procedure indicating local 
anesthesia was the failure of the mouse to attempt to dislodge 
the clip within 80 sec. The compounds which exhibited local 
anesthetic activity using the Bianchi method were in addition 
quantitatively evaluated for local anesthetic potency in guinea 
pigs using the Bulbring and Wajda19 method. All of the com
pounds were tested at lcy concentration and the relative potency 
iiii a. molar basis was compared with l r , lidocaine. A minimum 
of six guinea pigs was used for each compound shown in Table Y. 
No more than two compounds were tested on any single guinea 
pig. The tissue irritancy of the compounds was determined in 
rabbits by the trypan blue method of Hoppe, el aJ.w The numer
ical estimation of TIC (tissue irritant concentration) was made 
according to the scoring system described by these authors. 

Toxicity in Mice.--—Male CF strain mice weighing between 20 
and 30 g were used for acute toxicity determinal ion. An approx
imate intravenous LD,-,,, was determined in five groups of mice 
(live mice per dose level). Water-insoluble compounds were 
suspended in lr

(', tragacanth and given orally to obtain approxi
mate oral LDai's. The acute intraperitoneal toxicity (24 hrj 
of the selected compounds presented in Table V was conducted 
with five groups of mice (ten animals per dose level). The 
median lethal dose (Ll).-,n i SK) with i)5 ' , confidence limits was 
estimated according to the method of Litchfield and YVilcoxoii.-1 

Results and Discussion 

In Tables I I - I V , 08 compounds are listed which were 
tested for local anesthetic activity and toxicity as de
scribed under Methods. The following correlations 
between local anesthetic activity, acute toxicity, and 
chemical structure can be made. 

(1) Of the various; esters tested, only the methyl, 
ethyl, and diethylaminoethyl derivatives exhibited 

(18) ( ' . Hianchi, Brit. .1. Pharmacol, 1 1 , 104 (10561. 
(19) K. HulLrinn a n d I. Wajda , ./. I'hnrmncnl. Exytl. Therap.. 85 , 78 

(1945). 
(20) .1. O. Hoppe , ]•'.. I',. Alexander , and l„ ('. Miller, ./, ,4 m. I'hiirm. . U-

.tnr.., Sri. Ed.. 39, 147 (1950), 
(21) J . T. Litchfield, J r . . ami R . I . W'ilc.x.m, ./. I'lmrnmrol. /;>/></. Tl.rmii., 

96, 113 (1049) . 

local anesthetic activity. The propyl, butyl, amyl, 
and hexyl esters were generally more toxic and did not 
show local anesthetic activity. 

(2) In the aeyl-substituted portion of the mole
cule, the benzylamino, isopropylamino, and cyelo
hexylamino derivatives were very insoluble and could 
not be tested for local anesthetic activity by the pro
cedure of Bianchi.15 The oral toxicity of these com
pounds was quite low which may be due, in part , t o their 
low solubility. The dimethylamino, diethyl amino-, 
piperidino-, and morpholinoaeyl derivatives of the 
methyl and ethyl esters generally showed local anes
thetic activity and, with the exception of the dimethyl-
aminoacyl derivatives of the ethyl ester, were also ap
preciably soluble in water. These compounds appar
ently possess the balance which, as Quevauviiler22 has 
pointed out, must exist between the lipophilic and hy-
drophilic portions of a molecule in order to have a local 
anesthetic effect. The acute toxicities of the methyl 
and ethyl esters containing these four groups were in 
the same range varying from 80 to loO mg/kg. 

(H) The number of methylene groups (n) in the 
acyl chain was either one or two. In general, the com
pounds with t wo met hylene groups exhibit a higher local 
anesthetic activity but also show increased toxicity and 
irritancy. 

In Table J I, 17 compounds are listed which were 
synthesized its the methiodide salts. The quaterniza-
tioii of the tert iary amine by the methyl group destroyed 
the local anesthetic activity of compounds which were 
active as the hydrochlorides. This is in agreement with 
the findings of Nador, et a/.,23 and Lofgreu and Fischer24 

who reported a similar loss of activity after the methyl 
quaternization of active compounds. In addition, 
these compounds are much more toxic than the corre
sponding hydrochlorides. 

In Table V, the toxicity (intraperitoneal), irritancy, 
and local anesthetic potency of ten of the derivatives 
which exhibited significant activity are compared to 
lidocaine. Although 19 compounds of the series 
showed a qualitative local anesthetic response, only 

122) A. Quevauvi l le r , /V.;r. /'harm., 7, 5:i:i, 585 (1952). 
(2:-t) K. N a d o r . V. Herr , (1, I'atak.v, and .1. Horsy, Xalurr, 171 , 788 ( I951ii 
(2-0 N. l.fifoTen and I. l-'is.-lier, S m i i * Kern. Tidnkr.. 58, 210 (19Hi). 



TABLE IV 

N-ALKYL-4-(2-ALKYLAMINOACETYLAMINO)SALICYLAMIDES 

CONR'R" 

-OH 

NHCOCH2NR'R" 

N o . 

78 
79 
80 
81 
82 
83 
84 
85 
86 

N R ' R " 

Piperidino 

Morpholino 

Benzylamino 

Cyelohexyamino 

" See Experimental Section. 

Free amine0 

Hydrochloride 
Methiodide 
Free amine" 
Hydrochloride 
Free amine0 

Hydrochloride 
Free amine" 
Hydrochloride 

Yield, ' ' 
M e t h o d " % 

K, F 

E, F 

E, F 

E, F 

49, 58 

45, 33 

86, 55 

76, 23 

* The two values indicated correspond to the t' 

M p , ° C 

162 
240 dec 
230 dec 
160 
205 dec 
170 
258 dec 
154 
290 dec 

F o r m u l a 

C19H27N303 

C19II2SC1N303 

CoIMNsOa 

C„H24C1N306 

C23H23N303 

C23H24C1N303 

C21H32C1N303 

Carbf 
Calcd 

66.05 
59.76 

52.91 
70.93 
64.86 

61.52 

>n, % . 
F o u n d 

66.16 
59.70 

53.14 
70.93 
64.96 

61.41 

^ - H y d r o g e n , %—. 
Calcd 

7.88 
7.39 

6.27 
5.95 
5.68 

7.87 

F o u n d 

7.82 
7.25 

6.10 
5.71 
5.83 

7.81 

wo methods mentioned. " Free amines were recrystallized from ethanol. 

, N i t r o g e n , % * 
Calcd 

12.17 
11.00 
8.62 

10.89' 
10.79 
9.87 

10.25 

F o u n d 

12.38 
11.14 
8.77 

10.58 
11.22 
9.79 

10.05 
d See footnote d, 

Approx 
LDso, 

m g / k g 
iv or ip 

e 
200 
e 
e 

200 
e 
e 
e 

1000' 

Table I I . 

Loca l 
a n e s t h e t i c 
activity1* 

-

-

g 
' These com-

P H 

TABLE V 

IRMACOI.OGICAL P R O P E R T I E S 

M o l w t 

270.8 
316.7 
342.2 
344.7 
342.7 
316.7 
344.7 
330.7 
356.7 
450.4 
448.2 

" As hydrochlorides, except compound 18 which is a methiodide salt, 
basis and in terms of lidocaine ratio (lidocaine = 1), determined by the method of Hoppe, el al.w " Relative activity expressed in 
terms of lidocaine = 1 . d Quantitative local anesthetic activity was determined by the method of Bulbring and Wajda.19 

N o . " 

Liodaine 
3 

17 
19 
28 
34 
36 
38 
39 
72 
18 

E 

CH3 

CH3 

CH3 

C2H5 

C2H5 

C2H5 

C2H5 

C2H5 

Cn2CH2N(C,H5)2 

CII3 

n 

1 
2 
2 
1 
2 
2 
2 
2 
1 
2 

N R ' R " 

Diethylamino 
Piperidino 
Morpholino 
Piperidino 
Dimethylamino 
Diethylamino 
Isopropylamino 
Piperidino 
Piperidino 
Piperidino 

Toxic i ty 
(mice) , 

m g / k g ip 

134 ± 11.5 
505 ± 75.2 
280 ± 29.1 
765 ± 72.5 
458 ± 19.15 
433 ± 29.0 
322 ± 49.4 
253 ± 37.7 
290 ± 45.5 
116 ± 20.6 
54 ± 9.4 

Thresho ld 
i r r i t an t 

m\[ 

55.4 
31.6 
14.5 
29.0 

7.3 
3.9 
0.9 
0.24 
3.5 

33.2 
22.4 

concn'* 
M o l a r 

l idocaine 
r a t io 

1.00 
1.75 
3.81 
1.91 
7.58 

14.20 
61.50 

230.00 
15.80 
1.62 
2.47 

L i >cal 
a n e s t h e s i a ^ 

R e l a t i v e 
ac t iv i ty" 

1.0 
0.46 
0.43 
0.56 
0.49 
0.42 
0.986 
0.84 
0.64 
0.92 
0.52 

D u r a t i o n , 
m in 

27.5 
12.5 
11.7 
16.0 
13.5 
12 .5 
26.7 
22.5 
15.0 
16.7 
12.5 

h Threshold irritant concentrations expressed on a molar 
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those compounds having a relative activity greater 
than 0.4 when compared to lidocaine are included in 
the table. Of the compounds tested, only 36. 38, 
and 72 have an activity (on a molar basis) approaching 
that of lidocaine. However, 36 and 38 are extremely 
irritating which rules out their use as local anesthetics. 
Compound 72 appears to be almost as effective sis lido
caine on a molar basis but it is more irritating slightly 

more toxic, and has a shorter duration of action. It i-
of interest that 38, the only secondary amine in the 
series with significant activity, is also the most irri
tating. 
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6-Glycine-8-phenyllactic Acid Bradykinin. I ts Synthesis, 
Biological Activity, and Split t ing by Kininase (Carboxypeptidase IN) 
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The synthesis of a new depsipeptide analog of bradykinin is described. The biological activity of the analog 
has been studied. The vasodepressive effects in the rat and rabbit and the effects on isolated rat uterus and 
capillary permeability in rabbit skin of the depsipeptide were evaluated as 4, 2, 0..">, and 0.04 times, respectively, 
the potency of bradykinin. In the rat the analog has three phases of action: primary hypotension, partial 
restoration of the arterial blood pressure level, and secondary hypotension. The analog has no antibradykinin 
action. The rate of human and rabbit sera kininase induced degradation of the analog in vitro is about 20-3.")',' 
slower than that of bradykinin; the enhanced and prolonged vasodepressive action of the depsipeptide may lie ex
plained on this basis. 

In recent years considerable information has ac
cumulated on the relation between the activity of bio
logically active peptides and the nature, configuration, 
sequence, and number of their amino acid residues. 
However, there is practically no knowledge as to the 
part played by the characteristic structural element of 
the polypeptide chain, the amide group, in particular, 
the necessity of its presence for the compounds to 
manifest their specific biological properties. 

In 1964-1965 the depsipeptide analogs of a number 
of biologically active peptides, namely ophthalmic acid,1 

glutathione,2 and bradykinin2'3 in which one or more 
of the amide groups are replaced by an ester group, 
were synthesized and it was shown2"5 that in a number 
of tests 6-glycolic acid bradykinin practically does 
not differ from bradykinin,0 whereas the activity of 4-
glycolic acid bradykinin is three to four orders of mag
nitude lower. 

It was thus found that the replacement of an amide 
group by the spatially and electronically similar ester 
group does not abolish biological activity, although 
the degree of its retention does depend on the position 
of the replaced amide group in the peptide chain. 
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In a continuation of our investigations into the depsi
peptide analogs of bradykinin we have undertaken the 
svnthesis of (i-glvcine-.S-phenvllactic acid bradvkinin 
(i).7 

ir-Arg-Pro-Pro-Gly-Phe-Cilv-Pro-PhLac-Arg-OIl. 
1 2 :-; 4 :•> fi r s 9 

The biological investigation of this analog was of 
particular interest because the replacement, of phenyl
alanine by other amino acids is known to cause the 
greatest change in the biological activity of brady
kinin.8 On the other hand. Erdos has shown1' that the 
main path of the inactivation of bradykinin in an 
organism is the splitting of the C-terminal Phe-Arg 
bond by blood plasma kininase (carboxypeptidase X). 
It could be expected that modification of the molecule 
in the direct proximity of the grouping undergoing 
attack would markedly affect its behavior toward 
this enzyme. 

Chemistry.—-The synthesis of the nonadepsipeptide 
I was carried out according to Scheme I, the protected 
intermediate pentadepsipeptide X being prepared in 
two ways, a and b. The initial compound for both 
ways was /-butyl benzyloxycarbonyl-L-prolyl-L-phenyl-
lactate (II), obtained by condensation of benzyloxy-
carbonyl-L-proline with /-butyl phenyllactate'0 with 
the aid of benzenesulfonyl chloride. 

(7) T h e abb rev i a t i ons of t he amino acids and thei r de r iva t ives a re those 
adop t ed by the 5 th E u r o p e a n Pep t ide Sympos ium, Oxford. Sept 1962. 
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