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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, (4 )-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.?* Thus the introduction
of the halogen atoms and the double bond in the 5,6
positions of the decamethylene chain, as in I, 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, *®2?

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

(22) (a) O. A. Nedergaard, Ph.D. Dissertation, University of California,
Los Angeles, 1964; Dissertation Abstr., 28, 1254 (1964): (b) D. B. Taylor,

R. Creese, O. A. Nedergaard, and R, Case, Nature, 208, 90! (1965): (c)
0. A. Nedergaard and D. B, Taylor, Ezperientia, 22, 521 (1966).
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Figure 3.—The blocking effect on three isolated gninea pig
diaphragm preparations of different concentrations of III:
0—@®, 107 M; X—X,25 X 1073 M; O—0O, 5.0 X 105 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, I11 labeled with !3!T would still be particularly
sutted for in situ experiments where continuous ex-
ternal monitoring of its radicactivity is desirable, e.g.,
in a muscle,
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A series of w-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 diethylaminoethy! 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 Duill® states that, as a general rule, effec-
tive local anesthetics rarely contain either free car-
boxy or hydroxy groups, Clinton and co-workers* 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 tlie
21st International Congress of Pharmaceutical Sciences, Pisa, Italy, Sept.
4-8, 1461, by G. L. and C. 8. Preliminary announcements have ap-
peared: G. Tsatsas and C. Sandris, Proc. Acad. Athens, 85, 372 (1960);
G. Tsatsas, C. Sandris, and D. Kontonassios, tbid., 87, 54 (1962). This
paper comprises a portion of a thesis presented by D. K. at the University of
Athens.

(3) A. V. Drill, “T’harmacology in Medicine," 2nd ed, McGraw-Hill
Book Co.. Iite.,, New York, N. Y., 1958, p 98,

Luduenaand Hoppe® havereported thataseries of dialkyl-
aminoalkyl 4-alkylaminosalicylates showed a high degree
of infiltration and topical anesthetic activity. Keil and
Rademacher® also reported that some alkylaminoethyl
4-aminosalicylates possessed local anesthetic activity
similar to the corresponding esters of 4-aminobenzoic
acid. Oxyecaine, the 2-hydroxy analog of procaine syn-
thesized by Grimme and Schmitz,” has been shown by

(4) R. O. Clinton, S. C. Laskowski, U. J. Salvador, and M. Wilson. J. 4m.
Chem. Soc., 78, 3674 (1951).

(8) F. P. Ludueiia and J. O. Hoppe, Federation Proc., 9, 297 (1950).

(6) W. Keil and E. Rademacher, Arzneimittel-Forsch., 1, 154 (1951).
(7) W. Grimine and H. Sclunitz, Ber., 84, 734 (1951).
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Vinogradov® to possess toxicity approximately equal to
procaine but with considerably greater local anesthetic
activity.  In addition, Epstein and Naminsky® ye-
ported lacal anesthetic activity in a number of alkyl-
aminoacylanunobenzoates,  Lixamination  of  these
studies suggested that an exploration of the activity af
alkylaminoacy!l derivatives of 4-aminosalicylic acid
esters, might result in the discovery of potentially nse-
ful laeal anesthetic agents.

Chemistry —The  derivatives  synthesized  were:
methyl through hexyl 4-(2-alkylaminoacetylamino)-
and 4-(3-alkylaminopropionylamino)=alicylatex as the
hydrochloride and, in some cases, as the methiodide
salts (Tables IT and I11).  Thelr preparation consisted
of treating an ester of 4~aminosalicylic acid with chloro-
acetyl or 3-chloropropionyl chloride and subsequent
heating of the intermediate 4-(w-chloroacylamino) de-
rivative (Table I) with an excess of amine in ethanol.

Synthesis of the 2-diethylaminaethyl 4-(2-alkylam-
moacetvliamino)salivyvlates was performed ax autlined
m Scheme 1. 2-Diethylaminoethy! f-aminosalieylic
acid (I) was treated with chloraacetyl ehlorile to yield
the mmtermediate chlomacetanilide hydrochlaride 1.
Reaction of I with an excess of amine in a polar me-
dium, e.g., ethanol, gave the coresponding ethyl ester
derivative III (R = CyH;)--cqually obtained ria the
ethy! ester chloroacetanilide IV (R = CuH;) —instead
of the desired diethylaminoethyl ester derivative V.
Alcohalysis was found to occur in methanol, as well ax
in ethanal, irrespective of the amine used (ISxperi-
mental Section and Table TT) and was prevented hy
carrying out the reaction in a wonpolar salvent, sueh as
benzene (Table TID).  Heating IT with a low-hoiling
amine, in the absence af solvent, resulted i the Tarma-
tion of the cormesponding diethylaninoethy! ester de-
rivatives V. However, with high-boiling amines, sali-
cylamide derivatives VI constituted the main product
of the reaction (Table IV). Synthesis via the 4-
chloroacetylaminosalicylic acid vhloride (VII) proved
the structure of the aminolysis products.

(8) V. M. Viwogeadoy, Faid, Zle SSSI¢, 43, 308 11570 Chen. Abstr.
82, 11734 (1958).
Iy F. Epstein, amd 1), Naminsky, ./
(101 15, Miestein and D, Kaminsky, /.
I 115,

Am, Chem. Svc., 79, HB14 1 IDFTh.
Am. Pharm. Assoe., Sei. ld.. 48,

The abserved Taetle aleoholysis and anolys=ix of the
dicthylaminaethy!l exter series may be campared ta the
mtramolecular o-hydroxy eataly=i= in the hydralys=ix of
p-nitrapheny!l =alicvlates studied by Bender and co-
workers.'t The reported reactions of 2-diethylamio-
ethyl d-chlaroacetylaminobenzoate with an excess of
amine, cither in ethanol™ o in the absence of =olvent,®
resulting only in substitution of the chlorne atom,
agree with surl a deseription. Ou the ather hand, no
camparable Iavge 1ate enhancement of the o-hyvdroxy
eroup could be detected in the case of the ethyl =ah-
evilate series.t This might aceount erpually well Tor
the tzolation of the ethylesterilerivatives TH as praditets
ol alcaholysis, s well ax for the ahserved lack of sdeo-
halysi= m the alkyl ester =eries (IV-1HL R = methyl
through hexvl), the veaction with the amine bheing rin
m ethaol solution.

Experimental Section'?

The N-alkylaminoacylanilines «biatued by the vartons uweth-
ods deseribed Dbrlow were transfoymed (o (hety sal(s, hydyo-
ellortdes and methicdiles, withon( further purifieattan. Accord-
ingly. (he frme bases reported ot tables correspond (6 won-
puritied profue(s. Salts were purified hy veerystailization from
absolute ethanol oy from absolnte ethanol-anhydrons ethey.
Hydrovhlorides were preparerl in absolate alevhol (and ether,
where nevessary). (naternary ammoninmn salts were prepared
by heating a solntion of the amine in absolute ethanol or anhy-
drons acetnne with an excess {2-4 molex) of methyl wodide under
reflnx far 2 hr. T mos( cases (he <alt ery=(allized npon cooling:
otherwise, it was precipitated by adding anhydronsether.  Colors,
ranging from tense yellow ta orange, weye formed by adding
190 1%C T =olnton.

Esters of 4-Aminosalicylic Aciil. - The alkyl exters, meihyl
wongh r-amyl, were prepared by standanl methods<c ot The
n-hexyl ester, wd previonsly reporied in the liternture, was
ohtained by direct esterification of (he avid ax follows. A mnxtne
of 4-aminosalivylie aend 125 ¢, 0018 mole), 125 ml of purifien] n-
hexyl alephol, and 50 wl of concentrated Hy80,; was heated on
water bath for 8 hr.  After stauding overnighl, the mixture was

(110 M. € Bender, 1L Kozdy, and B Zernver, J. . Chem Ser,. 88,
BT (1963).

12y 1 Peolft aued N e, dech, hacnt., 289, 10 (1956},

(13) Melting points of 1he intermeidiates were determined by ilie capillars
tube etliol;  tlisse of 1he Lividroehlorides and methy? fodide salls by weaus
of (b Maqguenue block., N melling point valies are corrveted.

¢t DT Ve, Dy WL Mielaedl, DL Sevneer, and FOSO Ny,
Cloga, See, o TEIR Lt
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ScHEME I
COOR COOR
OH HNR'R" OH
“CHOH
NHCOCH,NR’'R”’ NH COCH,Cl
HNR'R RoH I v
COOCH,CH,N(C,Hs). COOCH,CH,N(C.H;), COOCH,CH,N(C,H;),
OH CICH,COC! OH HNR'R” OH
e
HCI CeH,
NH, NHCOCH,Cl NHCOCH,NR'R”
I I A

dilnted with an eynal volume of cold water and the precipitate
which formed was filtered and washed successively (cold H0,
200, NH, OH, cold water) vielding 20 g (529%) of a colorless
product, mp 62°.  Upon recrystallization from absohite ethanol,
a crystalline solid, mp 64°, was obtained.

Anal. Caled for C3H32NO3: C, 65.80;
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
(n-butyl) ta 80¢% (methyl). The 2-diethylaminoethyl exter
hydrovhloride was obtained in 849 yield according to details
giveu in a patendt.'s

Alkyl 4-(w-Chloroacylamino)salicylates,—Alkyl 4-aminasali-
rylate (0.15 mole) was dissolved in 300 ml of glacial acetir acitl
and 0,165 mole of the vorresponding chloride (chloroace(yl vr
3-chlaropropionyl) was adiled in small portions with continnons
stirring. Generally, a  volnminons,  colorless  precipitate
formed imniediately. The mixture was then dilnted with
150 ml of glacial acetic anid and stirred for 1 hr; water
(500 ml) was added and the stirring continued for an adiitional
honr.  Yields of crnde produet, melting point, and analytical
data, after recrystallizatian from ethanol, for the chloroanilides
prepared are given in Table I.

2-Diethylaminoethyi 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 vf 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 additibn of chlvride and the excess
of acetic acid was evaporated in vacuo. The residnal acetit: acid
wis then just nentralized by adding a saturated Nal{CO; sohu-
tion to the heavy syrnpy restdne.  The erystalline hydrachloride
which formed weighed 60.1 g (739.), mp 99-103°.  After re-
erystallization fram ethanol, mp 105-106°.

Adnal, Caled for CilTnClLN Oy Cl, 19.42; N, 7.67: mal wi,
365.25.  Found: Cl, 19.27; N, 7.85; mol wt, 363.0 Tacidimetry).

If the additivn of bicarbonate solntion is continned until the
medinm 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 609 yield, mp 75-80°.
After crystallization from ligroin, it is obtained in a ecrystalline
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,® melting inn a wide range over 160°.
However, the free base gives the same reactions ax its stable
hydrochloride if nsed immediately after its isolation.

H, 8.07; XN, 5.90.

(13) Dr. A. Wander A.-G., British Patent 739,210 (1955): Chem, Abstr.,
50, 10779/ (1956).

\HNR’R”

CONR’R” cocql
OH HNR'R” OH
NHCOCH,NR’R” NHCOCH,CI
VI VII
Alkyl 4-(w-Alkylaminoacylamino)salicylates.—A suspension

of the chloroamide (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 NaHCO; solution and 50 ml
of water; the aminoacylaniline separated either as a solid, or as an
oil. 1In 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). Mixturex 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 I1.

2-Diethylaminoethyl 4-Alkylaminoacetylaminosalicylates.—A
suspension of 2-diethylaminoethyl 4-chloracetylaminosalicylate
hydrochloride (0.025 male) 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 residne was treated with 80 ml
of a saturated NaHCO; 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 I1I.

4-Alkylaminoacetylaminosalicylamides.—A mixture of 2-di-
ethylaminoethyl 4-chloroacetylaminosalicylate hydrochloride and
an excess of amitte (ca. 5 moles) was heated on a steam bath for
4 hr. After cooling, the excess amine was removed 1inder vacunm,
and the residie was extrarted with ether to remove the diethyl-
aminoethyl ester terivative and then with vhloroform which
issolves the amide derivative (method I2). The reaction with
diethylamine and isupropyvlamine resnlted in the corresponding
ester derivatives (Table III), while all other amines gave the
corresponding amides (Table IV); in these cases a low yield (10—
159) of the corresponding ester derivative could be isolated from
the ether extracts.

Starting with 4-chlbroacetylaminosalicylic acid?” the same
amide derivatives were obtained as follows. The acid (0.02
mole) was transformed to its chloride by refluxing with excess
SOCl.. After elimination of the excess reagent under vacnum,

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

(17) A. J. Quick and R. Adaws, J. Am. Chem. Soc., 44, 816 (1922),
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70
05

4648

42-45
84

b7

63
65
Oil
65-68
66-68
Oil
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85-88
Oil
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52-55
5662
85-90
55-60
Ol
65-69
Otl
54-60
67
60-63
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H7-62
55-60
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Salt

HCI
HCI
CH;I
HCI
CH,l
HCI
HCl
CH,I
HCl
CH,IL
HCI
HCI
HCI
HCI
HCI
HCl
HCI
HCI
HCI
HCI
HCl
HCI
HCI
HCl1
HCI
T1CI
HCI
HCI
HCI
HCI
TICI
HCI
HCI
HCI
HCI
HcClI

bf values s indicated, these corntspond to the two methods mentioned.
loral anesthetic activity in this test were further quantitatively evaluated using the method of Bulbring and Wajda!® (Table V).

mnethylamine in absolute ethenol was nsed.

/ Approximate LI po.

Yield,*
%o

04, 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
2

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 dex
195 dec

* Melting points of free amines are given for nonpurified products.

Formula

CiHzCIN Oy
Cl4}IZ[(_;lN204
CisHx%INLO,

C1sHasCIN,Os
CiyHzIN O,

Ci:HyCIN:O,
CuilICIN,O,
CisHuI N4Oy

C1sHzsCINO5
CrllpIN,Os

C9HpiCIN,O4
CisHznCIN Oy
C1sHosCINOs
CllCIN,Os
C1iHuCIN Oy
CisHuCIN:O,
CsHyCIN,O,
CHzxCIN:Os
CH»xCIN,Oy
CisHuzCINOy
CisHCINO4
CiHuCIN Oy
C1sH2CINYOs
Cisll=CIN.Os
CisH29CIN Oy
Cm]lnglNqu
C 3 CIN Oy
CrsHayCIN Oy
CaypHsiCIN Oy
C1sHyyCIN,O;
ClQH"ﬂ(;lNZOQ
Call5CIN Oy
CaHaCINLOy
CmII;ﬂC‘NzOA‘
CoHgCIN,Oy
CallaCIN:O5

Gy O

Caled IFound

59

H5.
57.
59.
H8.

57

60.
.92

56

58.
60.
.91
58.
61.
57.

59

.73
.23

5.73
.29
77
Ho
.2H
.98
.90
.29

88
98
29
06

.98

22

b6
22

96
08
89

5.80
72
.58
11
.20
.07
.09
58,
59.
60.
H9.
60.
57.

by
99
00
07
84
94

Approx
LDso, Local
mg/kg anes-
——Y% H~—— —9, halogen— ——Yp N—— iv or thetic
Caled Found Caled Found Caled Nound po activity
H.93 9.68 7.85 7.64 >1000/ g
11.20 11.04 8.85 8.57 >200 +
30.06 30.01 6.63 6.83 18 —
10.29 10.01 8.12 7.94 43 +
28.18 28.43 6.22 6.27 18 —
10.72 10.78 8.47 8.58 80 +
D.93 10.05 7.85 7.84 150 +
27.45 26.94 6.06 5.88 9 +
9.88 9.95 7.81 7.92 >100 —_
27.33 27.44 6.04 5.9 20
.36 9.12 7.3H 7.60 >1000/ g
9.56 9.55 7.55 7.28 >1000/ g
7.30 7.38 8.12 7.93 60 —
7.06 7.02 7.85 7.60 87
7.58 7.80 90 —
7.30 7.21 8.12 8.16 115 -
7.34 7.35 7.55 7.69 85 -
6.76 6.85 7.51 7.52 80 -
7.58 7.56 7.80 8.05 115 —
7.34 7.16 7.55 7.49 67 —
7.84 7.91 7.51 7.41 80 —
7.58 7.67 7.80 7.84 >1000/ q
7.59 7.28 68 -
7.03 7.11 7.24 7.32 800/ g
7.84 7.69 7.51 7.52 80 —
7.59 7.63 7.28 7.38 68 -
8.07 7.86 7.24 7.34 64 —_
7.84 7.87 7.51 7.41 20 -
7.83 7.90 7.02 7.04 35 —
7.29 7.48 6.99 6.81 40 —_
8.07 8.02 7.24 7.24 95 —
7.83 7.70 7.02 6.96 60 -
§.30 8.52 6.99 6.80 37 —
8.07 7.89 7.24 7.27 1000/ g
8.06 7.87 6.78 6.97 1000/ q
7.53 7.72 6.75 6.64 60 —

¢ Qualitative screening for local anesthetic activity was conducted using the Bianchi Method.®
¢ For the preparation of this compound a 339, solutivn of di-
¢ These compounds were 100 insoluble in water to test by the Bianchi procedure and thus unsuitable for use ag Ical anesthe-
tics as per criteria for selertion of lacal anesthetics (L. S. Gobdman and A, Gilman, “The Pharmacolvgical Basis of Therapeutics,” W. B. Saunders Co., Philadelphia, Pa., 1965.

¢ Yields of the salts are based on the starting chloroacylaminosalicylates; where a double set

Compounds exhibiting
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240 THATSAS, SANDRIR, INONTONASSIOS, ZAROSLINGKL, BrROWNE, axp Passran Vol 11
Tasre II1
- (DIETHYLAMINOETHYL) 4-(2-ALKYLAMINOACETY LAMING )8 ALICYL VIES
COOCH,CH.N(CH,),
OH
NHCOCH;NR’R”
Appros
Yree 1D, Laseul
winine Yiell Mp, Maligren, Niteogen, Y-« 1 ke oeestlielie
No., NRRY Al pop, Nalt A e Yormuala® Calind Youued Culid Foupd v oor pe oaetiviesd
G4 Diecivlamine Do wil nel ml CoollaCLN G 16,17 YD 958 0oTa 83
il Clnl : Ca il NaOy HLDY O 3n 15 648 6.5l 15
Tl Isopropylamine DK (8D} 1ne ColluClNOy 16.71 16,54 H .00 9496 w
72 Viperidino B A658 1 CuHaClNGOr 15,24 16 &0 9,33 0.9 a0 "
73 C'Hsl CaanH1aN304 38.38 37,80 6.36 0.3 /
4 Morpholinn n 85-8Y HC1 CioHs ChN20O, 15.068 15.82 0,2 .36 135
5 CHsI 48 247 CaHsI:N:05 38.206 37.92 6.34 6.8 !
Kt Benzylaming D 01l HQC1 17 204 CullaClN301 15.01 14,87 8.8 8.8 J
s Cyelphiexylaminn D 33 HO1 78 207 CaHaClLN 304 15,27 15,45 .05 9,27 80 -

«~4 Ag in Table I1.
(vlbgiral evalnation,

the residne was heaterl with 0.2 mole of the amine for 2 hr and
(he amide was tsolated acconling to method T (methal )
("T'able IV). Mixtnres of the amides prepared hy methods 17
and I' showed 1 melting pointt depression.

Pharmacology. Local Anesthetic Screening.—Preliminary
qualitative sereening was done by subcutanecus injection of the
test compounds into the mouse tail according to the nethod de-
scriberl by Bianrhi® A 200 salntion of each componnd was
prepared in distilled water. Five mice were injerterl subcutan-
eomnsly with 1.1 ml of test solution in the tail about 1 em from
the baxe ami an artery clip was applied periodically for about 15
min.  Untreated mire attempted to remwove the artery rlip
within 5-6 se¢. The end point of the procednre indirating local
antesthesia wax the failure of the monse to attempt to dislodge
the ¢lip within 30 sec. The componuds which exhibited local
anesthetit activity wsing the Bianchi method were in addition
quantitatively evaluated for local anesthetie potency i guinea
pigs nsing the Bulbring and Wajila!® methotd.  All of the com-
pounds were testel at 147 conventration and the relative potency
on a molar baxis was compared with 1€, lidoeaine. A minimnm
of six gninea pigs was nsed far earh compornd shown in Table V',
No mare than two compoands were testerl on any single gninen
pig. The tissne irrdtamey of the componmis was iletermined iu
rabbits hy the trypan blne method of Hoppe, ¢f al.*  The nnmer-
teal estimation of TIC (tissne irritant coucentration) was nude
accartding to the scoring svxtem dexertbed by these anthors.

Toxicity in Mice.—Male CI strain mice wetghing between 20
and 30 g were n=ed for acute toxiei(y determination.  An approx-
imate mtravenons LD, was determined in five gronps of mire
(Hve mire per dase level). Water-iisolnble componnds were
suspended i 10 (ragacanth amd given orally to obtain approxi-
mate oral LD's. The acute mtraperitonenl toxterty (24 hri
of the selected ecmponnds presenterl m Table Vo was eondueted
with fve gronps of mer (ten antmals per tose Invely.  The
median lethal dose (LDg &= SI5) with 95, coafidence Ihnits was
pe(imated according to the method of Litchfield and Wilcoxon. 2

Results and Discussion

In Tables IT-IV) 38 compounds are listed which were
tested far loeal anesthetie artivity and toxieity as de-
seribed under Methods,  The following correlations
between local anesthetie activity, acute taxieity, and
chemiral structure can be made.

(1) Of the various esters tested, anly the methyl.
ethyl, aud diethylaminoethyl tlevivatives  exlhibited

(181 (' Bianchi, Brit. J. Pharinavel., 11, 104 {1951,

(1) 1. Ballring and 1. Wajida, J. Phapnacol. Fxptl. Therap., 85, 78
(1940).

120) J. O. Hoppe, 15, 1 Alexauder, mwd L., O Mliiler, . Aawr. Phaem. )=

soc., Sri. Kd., 39, 147 119351,
121y J. 1 Litelfield, Jr., and Voo Wileoxan, S Pharaaesl, Erptl. Pherng,
96, 113_( 1141

¢ Corresponding to dihydrochlorides and hismethiodides.

" These contponnds were not subittted for plirma-

lacal anesthetic activity.  The propyl, butyl, amyl,
and hexyl esters were generally mare taxie and did nat
show local anesthetie activity.

(2) Im the acyl-substituted partion of the mole-
cle, the benzylanino, wopropylamme. and  evelo-
hexylamino derivatives were very insoluble and conhl
not be tested for loeal anesthetie activity by the pro-
cedure of Binneh.®  The oral toxicity af these com-
pounds was quite low which may be due, inpart, to their
low solubility. The dimethylamino, diethylamino-,
piperidino-, and morpholinaicyl dervatives of the
methyl and ethyl esters generally showed lacal 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 Quevauviller#? has
pointed out, must exist between the lipophilic and hy-
drophilie portions vf a molecule in order tv have u local
anesthetic effect.  The acute toxicities of the methyl
and ethyl esters vantaming these four gmups were
the same range varying from 80 to 150 mg/kg.

(3)  The number af methylene groups (1) in the
acvl chain was either one ar twao Ingeneral, the cam-
pounds with two methvlene groups exhibit a higher loral
anesthetie activity but also show mereased toxieity and
nritancy,

In Table IT, 17 compounds are listed which were
svnthesized ax the methiodide salts.  The quaterniza-
tion of the tertiary aimmine by the methyl group destroyed
the local anesthetic activity of enmpounds which were
active as the hydrochlovides.  Thisis in agreement with
the findings of Nador, et af.,* and Lofgren and Fischer®s
who reported a similar loss af activity after the methyl
quaternization of active compounds.  In addition,
these compounds are much more taxic than the carre-
spanding hydrochlorides.

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

(22) AL Qoevaoviller, /e, Pharme, T, 333, 585 (1952},
123y (. Nador. I'. Nlerr, (3, Pataky, and J. Borsy, Nature, 171, 788 {11737,
297 N. Lofayen niad 1. Viselier, Seepnsh Kem. 1dske., 88, 219 (1110,



No.

78
79
80
81
82
83
84
85
86

o See Experimental Section.
pounds were not evalunated pharmacologically.

NR/RII
Piperidino
Morpholino
Beuzylamino

Cyclobhexyamino

* The two values indicated correspond to the two methods mentioned.
/ See footnote f, Table .

Free amine¢
Hydrorhloride
Methiodide
Free amine®
Hydrochloride
Free amine®
Hydrochloride
Free amine¢
Hydrochloride

No.*

Liodaine

3
17
19
28
34
36
38
39
72
18

Methiol*
K F

R

(;Hg
CH;
CH;,
Colls
C.H;
Cells
Csz
Calls

CII.CH,N(C-H; ),

CH;

Yield?
%
49, 58

86, 55

76, 23

(OO M R R,

Tasix 1V
N-ALEY1L-4-(2- \LKYLAMINOACKTYLAMINO )SALICYLAMIDES

CONR'R”
OH
NHCOCH,NR'R”
Mp, °C Formula
162 Ci4M9;N30;
240 dey CyoHT%CIN;O,
230 de(: leIwIN;;Oa
160
205 dee C17HCIN;Os
170 ng]{zaNaOa
258 dec ngl‘luCleOx
154
(_)9() dec C21H32C]N303

¢ See Footnote g, Table II.

TaBLE V

~——Carbon, Z——

Claled
66.05
59.76

52.01
70.93
64.86

61.52

PHAarMAcoLOGICAL PROPERTIES

NR'R'’

Diethylamino
Piperidino
Morpholino
Piperidino
Dimethylamino
Diethylamino
Isopropylamina
Piperidino
Piperidino
Piperidino

Mol wt
270.8
316.7
342.2
344.7
342.7
316.7

344 .7

330.7

356.7
450.4
448 .2

« As hydrmchlorides, except eompnund 18 which is a methiodide salt.

basts and in terms of lidocaine ratio (lidoraine =
terms of hdocaine = 1.

Toxicity

(mice),

mg/kg ip
134 £ 11.
505 £ 75.
280 £+ 29.
765 + 72,
458 + 19.
433 + 29,
322 + 4).4
253 + 37.7
290 + 45.5
116 + 20.6
54 £ 9.4

O;_—.Uu—.t\gn

Found

66. 16
H9.70

53.14
70.93
64.96

61.41

—Hydrogen, %—

Caled Found
7.88 7.82
7.39 7.25
6.27 6.10
5.95 5.71
5.68 5.83
7.87 7.81

¢ Free amines were recrystallized from ethanol.

Threshold

irritant concn’

Approx
LDso,
~—Nitrogen, ‘—— mg/kg
Caled Youn! iv or ip
12.17 12.3% e
11.00 11.14 200
8.62 877 e
) e
10.89 10.58 200
10.79 11.22 e
9.87 9.79 e
e
10.25 10.05 1000/

4 See fvotnote d, Table I1.

b Local
Molar anesthesia®
lidocaine Relative Duration,
ratio activity® Inin
1.00 1.0 27.5
1.75 0.46 12.5
3.81 0.43 11.7
1.91 0.56 16.0
7.58 0.49 13.5
14.20 0.42 12.5
61.50 0.986 26.7
230.00 0.84 22.5
15.80 0.64 15.0
1.62 0.92 16.7
2.47 (.52 12.5

® Threshold irritant conrentrations expressed npn a molar

1), determined by the method of Hoppe, et al.2
4 Quantitative local anesthetic activity was determined by the method of Bulbring and Wajda.!9

¢ Relative activity expressed in

Local
anesthetic
activity®

g
¢ These com-
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249 L. A. SHCHUKINA, ¢ al.

those compounds having a relative activity greater
than 0.4 when compared ta lidocaine are ineluded 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
nritating which rules out their use as local anestheties.
Compound 72 appears to be almost as effective as lida-
caine on o molar hasis but it is more irritating slightly

6-Glycine-8-phenyllactic Acid Bradykinin.

Vol. 10

more toxie, and has a shorter duration of actian, It is
af interest that 38, the only sceondary amine i the
series with significant activity, is alsa the most -
tating.

Acknowledgment.- - The authors are indebted to the

Service Central de Microunalyse, Paris, rance, for
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Its Synthesis,

Biological Activity, and Splitting by Kininase (Carboxypeptidase N)
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T. S. Paskmna, M. S, StrovikiNg, S, 8. Trarrzyvikova, aNp T, 1P Taorovay
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The synthests of a new depsipeptide analog of hradykinin is tlescribed.

T'he bhiological activity of the analog

has been stndied. The vasodepressive effects in the rat and rabbit and the efferts on isolatel rat nrerns
capillary permeability in rabbit skin of the depsipeptide were evaluatet]l ax 4, 2, 0.5, and 0.04 times, respectively,

the potency of bradykinin.

restoration of the arterial blood pressnre level, and secandary hypotension.
The rate of human and rabbit sera kinina<e indnced degradation of the analog n vitro 1= abont 20-357;

action.

Int the rat the analbg hax three phases of action: primary hypotension, partial

The analog hax no antibradykinin

slower than that of bradykinin; the enhanced ami prolonged vasotlepressive action of the depsipeptide may he px-

plained pu 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 ammo 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 blolbgically active peptides, namely ophthalmic acid,!
glutathione,? and bradykinin®# in which one or more
of the amide groups are replaced by an ester group,
were synthesized and it was shown®—* that in a number
of tests G-glycolic acid bradykinin practically does
not differ from bradykinin,® whereas the activity of 4-
glyvealie acid bradykinin is three to four orders of mag-
nitude lawer,

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
af the replaced amide group in the peptide chain.

(1) Y. A RNhchukina, A, L. Zbuze, E. V. Semkin, amd 8. N. Krasuova, Jzr.
Akad. Nank SSSR, Ser. Kkim., 685 113645,

(2y L. V. Shebukina, G AL Ravdel, M. P Filatova, and AL L. Zlaze, Acta
Clom, Atead. Sei. Hung., 44, 205 119651,

€33 L. N. Shelnkina, Go AL Ravdel, awd M. P, VFilatova, Khim. Prirodp.
Saeddin. 265 (1966).

1) M. 8, Surovikina, T, P BEgorova. and T. X, Pasklina, Farmakol.
Toksiknl., 111 press.

‘31 A1, M. Shemyakin, L. N, Mlhichukina, 1. 1. Vinogradova, (3, A. Ravilel.
apd Yu. . Ovehinnikov, Experientia, 22, 535 (1966).

i) Sinee (lie replacentent of serine by glyeine ecauseld no marked change in
artivity of bradykinin |3, Bodanszky, J. 7. Sheeban, M. A. Onletti, sl X,
Lapide, J. ot Chent. Sae., 88, 991 (1903); .. Nelirider, tnw., 678, 188
(1964 ] 1l 1aore rewdily available G-glveolie arcid Leadykinip was ased for

Ledopeltizon

In a continuation of our investigations intn the depsi-
peptide analogs of bradykinin we have undertaken the
synthesiz of G-glyeine-S-phenyllactic add bradykinin

(.7

2 3 4 56 ‘ b 0
I

H-Arg-Pm-Pro-Gly-Phe-CGly-Pro-PhLac-Arg-OT1
J O

The biologieal investigatinn of this analog was uf
particular mnterest because the replavement of phenyl-
alanine by other amine acids s known ta cause the
greatest change in the biological activity of brady-
kinin.®*  On the ather hand. Erdos has shown® that the
main path of the mactivativn of bradykinin in an
organism is the splitting of the C-terminal Phe-Arg
bond by blood plasma kininase (carboxypeptidase N).
I[t. could be expected that mudification of the molecule
in the direct praximity of the grouping undergoing
attack would markedly affect its beliaviar townrd
this enzyme.

Chemistry -—The synthesis of the nonndepsipeptide
[ was carried out according te Scheme I, the protected
intermediate pentadepsipeptide X being prepared in
two ways, a and b.  The initial compound for buth
ways was {-butyl benzyloxycarbonyl-L-prolyl-t-phenyl-
lactate (II}, obtained by condensation of benzyloxy-
carbonyl-L-proline with (-butyl phenyllactate!?® with
the aid af benzenesulfonyl chloride.

() T'he abbreviations of the amiun aciids and their slerivatives are those
allopted by tlie 5th Furopean Peptide Symiposiuin, Oxforl, Sepr G2,
Additional abbreviativus are: Phlac = L-g-phenylactie acid, Glye = aly.
cobi¢ acid.

(8) k. Relirdder and R, Nempel, Expeciertia, 20, 5249 (19641.

9) K.Y, Erdos and E. M. 8loanc, Biockem. Pharmacol., 13, 185 (100641,

i10) L. A, Sbehukina, G. M. Gromuva, and G. A Ravidel, Tzr, cthad, Nak
NSNS, Nee, K, T (10661,



