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2.—To 17.2 g. (0.1 mole) of sulfanilamide suspended in
200 ce. of toluene was added 15.8 g. (0.2 mole) of pyridine.
Fifteen grams (0.11 mole) of n-caproyl chloride was then
added dropwise and the material refluxed for six hours on
an oil-bath at a temperature of 130°. The cooled solution
was added to 250 cc. of 109, hydrochloric acid with vigor-
ous agitation and the precipitated material collected, washed
several times with water and recrystallized from alcohol.

3.—To 106.5 g. (1 mole) of chlorosulfonic acid in a 300-
ce. three-necked flask, equipped with a reflux condenser
and mechanical stirrer, cooled to 5-15°, was added 32 g.
(0.2 mole) of n-caproanilide in small portions with vigor-
ous stirring.!? After the addition, the mixture was al-
lowed to warm up to room temperature and then heated
at 55-60° for two hours, cooled and poured into approxi-
mately 200 cc. of an ice~water mixture., The sticky semi-
solid reaction product which formed was washed several
times with water and then added slowly to 200 cc. of a
cold concentrated ammonia solution (289%,) with stirring.
Stirring was continued until a homogeneous suspension
was obtained. The suspended product was filtered, tri-
turated and washed several times with water, and re-
crystallized from propylene glycol.

The sodium salts of the above N‘acylsulfanilamides
were obtained readily by suspending metallic sodium chips
in boiling pyridine and adding dropwise a pyridine solu-
tion of the amide. Boiling was continued, after the addi-
tion, until no sodium remained visible. The reaction mix-
ture was cooled, filtered and the solid product washed
several times with boiling alcohol. The sodium salts
thus obtained were completely soluble in water.

Preparation of Dicarboxylic Acid Derivatives.—Ten
grams (0.1 mole) of succinic anhydride and 17.2 g. (0.1

(12) Smiles and Stewart, Org, Syniheses, 8, 3 (1925).
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mole) of sulfanilamide in 100 cc. of alcohol was refluxed
for ten minutes when a crystalline solid began to pre-
cipitate. Gentle refluxing was continued for five minutes
and the solution filtered hot. The remainder of the prod-
uct was obtained by chilling the filtrate and then recrys-
tallizing the combined material from water. The prod-
uct was readily soluble in sodium carbonate solution.

The derivative from maleic anhydride appeared to un-
dergo partial decomposition upon recrystallization, as the
crystals were of indefinite structure with a wide and
much lower melting range (150~170°). Rapid recrystalli-
zation proved satisfactory.

When 10 g. (0.1 mole) of succinic anhydride was refluxed
with 17.2 g. (0.1 mole) of sulfanilamide in 70 cc. of pyridine
for two and one-half hours, no solid separated on chilling,
but a gray solid, soluble in sodium hydroxide but insoluble
in sodium carbonate, was obtained by dilution with three
volumes of dilute hydrochloric acid and recrystallized from
a large volume of hot water as small prisms. This corre-
sponds to 4-succinimidobenzenesulfonamide.

Summary

The preparation dnd properties of a series of
N*-acyl derivatives of sulfanilamide are described,
together with the preliminary results of the phar-
macological study of their effect against experi-
mental streptococcic infections in mice.

Certain of the aliphatic acyl derivatives have
been found to possess activity as antistreptococcic
agents, of which the n-caproyl derivative is the
most effective.

GLENOLDEN, PENNA. RECEIVED JANUARY 27, 1939

[CONTRIBUTION FROM THE COLLEGE OF PHARMACY, UNIVERSITY OF MICHIGAN]

Alkylaminoalkyl Esters of Aminonaphthoic Acids as Local Anesthetics?

By F. F. BLickE AND H. C. PARKE

Ever since the discovery of novocaine,® at-
tempts have been made to find a local anesthetic
which will possess not only all of the favorable
properties of this substance but which will exhibit,
in addition, vasoconstrictor activity and anesthe-
tize, effectively, mucous membranes when applied
topically. Naturally, an increase in anesthetic
action and a decrease in toxicity is sought also.*

(1) This paper represents part of a dissertation to be submitted to
the Horace H. Rackham School of Graduate Studies by H. C. Parke
in partial fulfilment of the requirements for the degree of Doctor of
Philosophy in the University of Michigan.

(2) We wish to express our indebtedness to Parke, Davis and
Company, whose support made this investigation possible,

(3) Einhorn, Ann.,871, 162 (1909).

(4) Recent articles on local anesthetics of the novocaine type are
those of Sergievskava and Nesvad’ba [J. Gen. Chem. (U. S. 8. R.),
8, 924 (1938); C. A., 88, 1307 (1939)] and Burnett, Jenkins, Peet,
Dreger and Adams, THis JoUrNAL, §9, 2248 (1937). We also wish
to call attention to the excellent summary on local anesthetics by
Elton 8. Cook, Studies of the Institutum Divi Thomae, 3, 63 (1938).

Several years ago a study of alkylaminoalkyl
esters of aminonaphthoic acids was begun since
naphthyl analogs of novocaine had not been de-
scribed in the literature. In this paper we
have described esters which represent combina-
tions of eight different dialkylamino alcohols with
3-, 4-, 5- and 6-amino-1-naphthoic acid.

Pharmacological tests, conducted by Mr. L. W.
Rowe in the Parke, Davis and Company Labora-
tories, have shown that all of the esters which
have been prepared possess definite local anes-
thetic power when tested in the form of their salts.®
However, some of the hydrochlorides are quite
irritating and are rather insoluble in water.

The dialkylaminoalkyl esters were prepared by

(5) A detailed pharmacological report will be published in another
journal.
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TABLE I

NITRO-1-NAPHTHOYL CHLORIDES
Compounds 1 and 4 were recrystallized from benzene, compounds 2 and 3 from petrolemn ether (90-100°).

B. p.
Chloride M. p., °C. °C.
1 3-Nitro® 137-139 205-206
2 4-Nitro 95-06° 208-210
3 5-Nitro 132-134 214-217
4 B-Nitro 154~155

Chlorine, %
F

Mm. Formula Caled. ound
12 CuHO;NCl1 15.07 15.05
17 CuHO;NCl 15.07 14.90
18 CuHsO;NCl 15.07 14.96

CuHO;NCl 15.07 14.82

¢ "This compound was mentioned but not described by Leuck, Perkins and Whitmore {TH1s JOURNAL, 51, 1834 (1929)].
b S, I. Sergievskaya and Nesvad’bat reported the saine melting point and recorded the boiling point as 170~171° under

5-6 mm. pressure.

condensation of the nitro-1-naphthoyl chloride
with the required dialkylamino alcohol and re-
duction of the nitro group in the nitro ester with
stannous chloride.

It was surprising to find that, with a few excep-
tions, the hydrochlorides of the nitro esters are
colorless while a number of the corresponding
salts of the amino esters are light or lemon-yellow.

We are continuing this investigation.

Experimental Part

Nitro-1-naphthoic Acids.—3-Nitronaphthalic anhydride,
obtained by mnitration of naphthalic anhydride,d was
mercurated®® and the mixture of anhydro-3-nitro-8-
hydroxymercuri-1-naphthoic acid and the corresponding
6-nitro acid treated with hydrochloric acid, whereupon
3-nitro- and a small amount of 6-nitro-1-naphthoic acid
were obtained.

Acenaphthene was nitrated and then oxidized to 4-
nitronaphthalic anhydride.®®* The latter was mercu-
rated® and the mercury removed from the mixture of
mercurated products with hydrochloric acid; 4-nitro- and
a very small quantity of 5-nitro-l-naphthoic acid were
produced.

Nitration of l-naphthoic acid? yielded a mixture of 5-
nitro- and 8-nitro-1-naphthoic acid# A partial separation
of the acids was effected by the use of hot alcohol and the
5-nitro acid was then obtained in pure form by preparation
of the methyl ester and hydrolysis of the latter.

A mixture of 40 g. of the impure yellow 5-nitro-1-naph-
thoic acid (m. p. 227-232°) and 500 cc. of methyl alcohol
was partly saturated with hydrogen chloride, heated for
twelve hours on a steam-bath, the excess alcohol removed,
the residue washed with sodium carbonate solution and
the ester recrystallized three times from methyl alcohol.
The colorless product melted at 110~111°.9

Twenty-five grams of the ester was heated on a steam-
bath with 300 cc. of acetic acid, 100 ce. of hydrochloric

(8) (a) Graebe and Briones, 4un., 337, 80, 84 (1903); (b) Leuck’
Perkins and Whitmore, THts JournNawr, 81, 1833 (1929).

(7) 1-Naphthoic acid can be obtained in very good yield by the
use of solid carbon dioxide. 1-Naphthylmagnesium bromide was
prepared from 36 g. of magnesium, 800 cc. of ether and 210 cc. of
1-bromonaphthalene. After the addition of 400 cc. of dry benzene.
400-500 g. of solid carbon dioxide, sawed in the form of long rods,
was introduced into the mixture; yield of acid 85-90%.

(8) Eckstrand, J. prakt. Chem., 88, 156, 241 (1888).

(9) Prepared by a different method Graeff [Ber., 16, 2252 (1883)}
found the melting point to be 109~-110°,

acid and 100 cc. of water. The ester soon dissolved.
After twelve hours the acid which had separated was re-
moved by filtration and the filtrate concentrated. The
slightly yellow product melted at 239-240°.1¢

Nitro-1-naphthoyl Chlorides.—In the case of compounds
1, 2 and 3 (Table I) the nitro acid was heated with ap-
proximately three times the calcd. amount of thionyl
chloride (practical) in an oil-bath at 150° for about five
hours.!! A clear solution was obtained. The excess
thionyl chloride was removed under diminished pressure
and the crystalline residue distilled under diminished pres-
sure, The acid chlorides can also be purified by recrys-
tallization.

In the case of compound 4, pure thionyl chloride was
used. Solid material was present in the reaction flask
during the whole procedure and no complete solution was
obtained.

Hydrochioride of Dialkylaminoalkyl Esters of Nitro-1-
naphthoic Acids.—Twelve grams (0.05 mole) of the acid
chloride was dissolved in 65 cc. of hot, dry benzene and 0.05
mole of the required amino alcohol added slowly through a
condenser. The mixture was heated for two to four hours
on a steam-bath. Iu some instances a precipitate formed
immediately, in others a clear solution was obtained.
The mixture was cooled and any crystalline hydrochloride
removed by filtration. In the event that the product did
not separate it was precipitated by the addition of petro-
leum ether (30—60°). The material was purified by re-
crystallization.

Monohydrochloride of Dialkylaminoalkyl Esters of
Amino-1-naphthoic Acids.—Two hundredths mole of the
hydrochloride of the nitro ester was dissolved or suspended
in 12-35 cc. of acetic acid and 14 g. of powdered stannous
chloride dihydrate added. In some cases the mixture
suddenly became very hot and the stannous chloride
dissolved; in such instances the mixture must be cooled
rapidly. A rapid stream of dry hydrogen chloride was
passed into the mixture, which was shaken or stirred, pro-
tected from moisture and maintained at 40-50°. Any
undissolved stannous chloride soon disappeared. After
the mixture had been saturated with hydrogen chloride,
it was allowed to remain at room temperature for two
hours. In many instances the tin salt addition product
of the hydrochloride of the amino ester precipitated from
the turbid solution!? in’ crystalline form. This can be

(10) Eckstrand> reported 239°.

(11) Red rubber stoppers should be used.

(12) In afew cases the material did not dissolve and was converted
into a gummy product. The latter was allowed to remain in the
mixture for twelve hours, whereupon it became crystalline.
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separated by filtration through a Jena filter or the whole then made alkaline with 109, sodium hydroxide solution;
reaction mixture can be dissolved in 50 cc. of water and  during this process the mixture should be kept cold. The

TaBLE 11

HYDROCHLORIDES OF ESTERS OF 3-, 4-, 5- AND 6-NITRO-1-NAPHTHOIC ACID

The hydrochlorides were recrystallized in the following manner: compounds 1, 4, 6, 7, 11, 15, 17 and 21 from alcohol;
compounds 2 and 16 from dilute alcohol; compounds 3, 5, 8 and 12 from benzene; compound 19 from butyl alcohol;
compounds 10, 18 and 20 from ethyl acetate and compounds 9, 13 and 14 from a mixture of ethyl acetate and acetic acid.

The base of compound 1 melted at 39<41° after recrystallization from petroleum ether and the yellow base of com-
pound 6 at 114-115° after recrystallization from absolute alcohol.

Chlorine, %
Caled. Fo

Esters of 3-njtro-1-naphtﬁoic acid M. p., °C. Formula und
1 B-Diethylaminoethyl 211-213 Ci7H1 04N, Cl 10.06 10.04
2 B-Di-n-butylaminoethyl 169-170 CaHjO:N,Cl 8.67 8.62
3 B-Di-n-butylaminopropyl 149-150 CaHuON,Cl 8.38 8.45
4 v-Diethylaminopropyl 203-204 Ci1sH304N,Cl 9.67 9.78
5 v-Di-n-butylaminopropyl 148-149 CaH ;3 O4N,Cl 8.38 8.50
6 B,8-Dimethyl-vy-dimethylaminopropyl® 114-115 C1sH230.N,Cl 9.67 9.71
Esters of 4-nitro-1-naphthoic acid
7 B-Diethylaminoethyl 198-199° CyyHnON,Cl1 10.06 10.11
8 B-Di-n-butylaminoethyl 76-78 CaHz04N:Cl 8.67 8.69
9 B-Diethylaminopropyl 139-140 C1aH 230N, Cl 9.67 9.69
10 B-Di-n-butylaminopropyl 83-85 CyeH5O4N,Cl 8.38 8.78
11 v-Diethylaminopropyl 161-162 C1sH20,N,:Cl 9.67 9.59
12 v-Di-n-butylaminopropyl 117-118 CoeHy O4N,Cl 8.38 8.47
13 B,8-Dimethyl-vy-dimethylaminopropyl® 150-151 C1sH2304N,Cl 9.67 9.86
14 8,8-Dimethyl-v-diethylaminopropyl® 151-152¢ CaoH;O4N,Cl 8.98 9.07
Esters of 5-nitro-1-naphthoic acid
15 B-Diethylaminoethyl 198-199 CyyH» 0N, Cl1 10.06 10.14
16 B-Di-n-butylaminoethyl 131-133 CaHz0O:N,Cl 8.67 8.50
17 g-Diethylaminopropyl 195-196 Ci1sH3:04N,Cl 9.67 9.67
18 B-Di-n-butylaminoprop¥yl 120~121 CaeH3O4N,Cl 8.38 8.43
19 v-Diethylaminopropyl 193-194 CisH 304N, Cl1 9.67 9.76
20 v-Di-n-butylaminopropyl 118-120 CaH 5 O4N,Cl 8.38 8.46
Ester of 8-nitro-1-naphthoic acid
21 B-Diethylaminoethyl 184-185 CiyHO4N,Cl 10.06 10.08

® The required alcohol has been described by Mannich, Lesser and Silten [Ber., 65, 381 (1932)]; we prepared it ac-
cording to the modified method of Burger [THis JOURNAL, 60, 1536 (1938)]. ° Sergievskaya and Nesvad’ba [J. Gen.
Chem. (U. S. S. R.), 8, 929 (1938) ] reported the melting point to be 189.8-190°. °© The necessary alcohol has been pre-
pared by Mannich, Lesser and Silten, Ber., 65, 384 (1932). ¢ Sergievskaya and Nesvad’ba (ref. b, p. 931) reported 153~
155° with decomposition.
TasLE 111
MONOHYDROCHLORIDES OF ESTERS OF 3-, 4-, 5- AND 6-AMINO-1-NAPHTHOIC ACID

The hydrochlorides were recrystallized in the following manner: compounds 1, 8, 11, 13, 14, 15 and 21 from alcohol;
compounds 6, 16, 17 and 19 from butyl alcohol; compounds 7, 9 and 20 from water and compounds 2, 3, 4, 5, 10, 12 and
18 from a mixture of ethyl acetate and acetic acid.

Chlorine, %
Esters of 3-amino-1-naphthoic acid M. p., °C. Formula Caled. Found
1 B-Diethylaminoethyl 148-150 CyyHy30,N,C1 10.99 10.94
2 B-Di-n-butylaminoethyl 135-136 CuHy 0, N,Cl 9.36 9.31
3 B-Di-n-butylaminopropyl 113-114 CaoH330,N,Cl1 - 9.03 9.05
4 v-Diethylaminopropyl 160-161 CisH250,N,Cl 10.53 10.43
5 v-Di-n-butylaminopropyl 146-147 CeH30O3N:Cl 9.03 8.98
6 8,8-Dimethyl-y-dimethylaminopropyl 162-163 CisH;0,N:Cl 10.53 10.44
Esters of 4-amino-1-naphthoic acid
7 B-Diethylaminoethyl 214~216* Ci7H,330,N,Cl 10.99 10.87
8 B-Di-n-butylaminoethyl 170-171 CaHj30,N,Cl 9.36 9.46
9 B-Diethylaminopropyl. 197-198 CisH250,N,Cl 10.53 10.56
10 ﬁ-Di-n-butyIaminopropyl 179-180 szHsstNzCl 9.03 9.16
11 v-Diethylaminopropyl 184-185 CisH 250,N,Cl 10.53 10.49
12 -y-Di-n-butylaminopropyl 175-176 szHsaOzNzCl 9.03 9.06
13 8,8-Dimethyl-v-dimethylaminopropyl 219-221 CisH 50, N,Cl1 10.53 10.51

14 B,8-Dimethyl-~-diethylaminopropyl 184-186° CaoH33O; N, Cl 9.72 9.59
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TaBLe III  (Concluded)

Esters of 5-amino-1-naphthoic acid
15 B-Diethylaminoethyl
16 B-Di-n-butylaminoethyl
17 B-Diethylaminopropyl
18 B-Di-n-butylaminopropyl
19 v-Diethylaminopropyl
20 v-Di-zn-butylaminopropy!

Ester of 8-amino-1-naphthoic acid
21 B-Diethylaminoethyl

* Sergievskaya and Nesvad'ba (J. Gen. Chem. (U.S.S. R.), 8,931 (1938); C. 4., 33, 1307 (1939)] found 212°.

The melting point is reported to be 187-188°.

oily base was extracted with ether, the solution dried with
fused sodium sulfate, the solvent removed and the caled.
amount of concd. hydrochloric acid added to the base.
The crystalline hydrochloride formed immediately.

Summary

Esters have been prepared which represent

1203
Chlorine, %
M. p., °C. Formula Caled. Found
169-170 Ci7H130.NCl 10.99 10.95
178-179 CuH3 0.N,Cl1 9.36 9.53
171-172 CisH250.N,Cl 10.53 10.52
157-159 CpH330,N,Cl 9.03 8.87
175-177 CisH2:0.N,Cl 10.53 10.59
159-160 CaoH5;0:N,Cl 9.03 8.98
169-170 Cy7H3;0.N,Cl 10.99 11.08
® Ref. a.

combinations between eight different dialkyl-
amino alcohols and 3-, 4-, 5- and 6-amino-1-
naphthoic acid.

All of the esters showed decided local anesthetic
activity.

ANN ARBOR, MICHIGAN RECEIVED MARCH 14, 1939

[CONTRIBUTION FROM THE CHEMICAL LLABORATORIES OF THE UNIVERSITY OF ILLINOIS AND THE UNIVERSITY OF
ROCHESTER]

The Action of Lithium on an Optically Active Aliphatic Chloride

By D. S. TARBELL AND MARVIN WEIss!

It is well known that a Grignard reagent, formed
from an optically active halide in which the halo-
gen is attached to the asymmetric carbon atom,
is optically inactive.? The object of the present
work was to determine whether racemization oc-
curs likewise in the formation of a lithium com-
pound from an optically active halide. This
study of the optical stability of an alkyl lithium
compound was suggested by the work of Ott,% who
showed that the action of sodium on optically ac-
tive a-phenylethyl chloride yielded optically ac-
tive 2,3-diphenylbutane,* along with the meso
form of the hydrocarbon, while the recovered
chloride was found to be extensively racemized.
Treatment of the active a-phenylethyl chloride
with magnesium in moist ether gave only inactive
diphenylbutane. These results indicated that,
in this case, the action of sodium on the active
halide was accompanied by less racemization than
that of magnesium. Since sodium alkyls are too

(1) Part of the material in this paper is taken from the Master’s
Thesis of Marvin Weiss, University of 1llinois, June, 1938.

(2) Pickard and Kenyon, J, Chem. Soc., 99, 65 (1911); Schwartz
and Johnson, Tais JournaL, §3, 1083 (1931); Porter, ibid., 67, 1436
(1935).

(3) Ott, Ber., 61, 2124 (1928).

(4) Wallis and Adams [Tuis JournaL, 56, 3838 (1933)] showed
that in other cases the Wurtz reaction gave completely racemized
proditcts.

reactive, we have studied the action of lithium on
optically active 2-chloroéctane.

A few secondary aliphatic lithium compounds
have been prepared by Gilman and co-workers®
directly from the halide and lithium metal, but
the effect of varying conditions on the yield has
not been studied as carefully as in the case of the
primary lithium compounds or the Grignard re-
agent. Vields of lithium compound obtained from
2-chloroéctane in the present research under vari-
ous conditions are given in Table I.

TaBLE I°
Temp., Time, Vield,
Solvent °C. hrs. %
Benzene 80 20 18
Dibutyl ether 140 3 0
Ethylene glycol dimethyl ether 80 2 10
Diethyl ether 35 7 22
Diethyl ether 0 5 35
Diethyl ether 0 5 52

¢ Amounts of 2-chlorodctane (0.05 mole) and lithium
wire (0.11 mole) were the same in all runs except the last
when 0.05 mole of the chloride and 0.3 mole of lithium
were used.

Low temperature and au excess of lithium in-
crease the yield, the former probably by decreas-

(5) (a) Gilman, Zoellner and, Selby, ibid., 88, 1252 (1933); (b)
Gilman, Zoellner, Selby and Boatner, Rec. irav. chim., 54, 584 (1935).



