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aluming t give a hydroxy ester (X1I), 1.0 g, a colorless nil:
bp 119-120° (0.3 mn1); »50 3493, 1730, and 1020 em—t,

Anal. Caled for CuHoOs: €, 50.98; H, n.21 Fouwl: (5
61.29; H, 9.30.

Hydrolysis of XIL.- A solutinu of X111 (1.7 g) in S0 AcOH
(10 ml) was allowed tn stand for 5 hr at ronm temperatnre. The
solution was ponred intn ice-water and extracted with ether.
The extract was washed (2 .V Na.C0O,, H.0), dried (NaoS)y), ainl
vvaporated, leaving an oily residue (1.2 g). The residue was
chrmmatographed mn alumina to give a alinl ester (710 mg),
which was distilled at 99—100° (0.2 mm; tn give a rnlurless nil
(XIII), 700 mg, pes 3370 and 1725 a1,

Anal. Caled for O304 G, D405 11 00,
ad.32; 1 V7.

Methyl 5-Methyltetrahydrofuran-2-acetate (XIV ). I'nlueune-
p-sulfonyl chlnride (780 mg, 1.5 equiv) was added tn a solntinn
of XIIT (600 mg) in dry pyridine {4.0) ml) with sthrring in an
tee bath and left overnight at room temperature. The mixtuve
was poured onto ire-water and extracted with ether. The extract
was washed (2 8 H,80,, 2 N Na,CO,, Ho0), dried (NaySOy), and
evaporated, leaving an oily residue 1506 mg). The residne was
vlivomatographed on alumina ts give XIV, a colorless nil:
170 mg: bp 80° (30 mm); #1738 1200, 1168, and 1085 cin !
fdnal. Caled for G040 C, 60.74; 11, 8020 Found: C,
60.82: H, 8.99). This ester showed twn peaks at retention times
of 8.3 and 1.5 min in a ratio of 1:1 on the gas chromatogram, ™
and was separated into each compimmnul by preparative gas chroma-

Fouml: ()

(10 A enpluv, 10 ft X 2« in, consisting uf 43¢ 1liethylene glyenl snccinate
v Chromosurh W (45-G0 mesh) was operacel at 120° with a fluw rate uf 100
ntl/inin of He.
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tmgraphy, XIV having a peak at retention time of 8.3 min {eohn-
less nil; pond™ 1780, 1160, and 1079 cn—1), XTIV having a peak
Al retentinng Gime nf 1.5 min {colorless nil; poic® 1730, 1138, 1071,
atnd TOUB =i,

5-Methyltetrahydrofuran-2-ethanel (VILj. - A solutian uf X1V,
retention time .5 min (15 mg), in dry ether (1 ml) was added tv o
suspension vf LIATHL (20 mg) in dry ether (1 ml) with stirring aiml
=trring wias eotinued for 3 e at ronm temperature.  Tn thix
mixinre was added ether (3 ml) containing water and tltered.
The ether suluttin was dried { Na80,) and evaporated, leaving an
otly abmlw] (7.7 11g), which was distilled at 100-105° (bath) (31
s G give V1T o oluvless oilt phie® 3442, 1103, 1072, 1030,
M), K7L and 835 e 7boretention timef 4.4 or 13,5 min, which
was wlentival with VI obtained frnn furanomyein by rmmpari-
son with thedh infrarel] <pevira awld gas chrnmatographie retention
lires.

Anal. Calrad e Oy D,
grdl: 1, 10.7%,

NIV, retentim time 8.3 min (21.2 mg), was redneedd (1aAl,]
mnler the same mditions to give H-methyltetrahylmfuran-2-
ethanol (VID) having a retention time® of 4.1 or 12,5 min; »00 "
3440, 1063, 1030, 930, amd 867 e~

C, 6408 1L 1St Found: O
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Synthesis and Evaluation of the
Local Anesthetic Activity of a Series of
2-Alkoxy-4-(w-alkylaminoacylamino)benzoic
Acid Esters'”

Grouce Tsarsas, DEMErrIos KoNToN as3108, AND
CONSTANTINE SANDRIS

Laboratory of Pharmaceutical Chemistey
University of Athens, Athens-144, Greece

Recelved April 2y, 1967

ln & previous communication,® the syunthesis and
evaluation of the local anesthetie activity of a series of
d-{w-alkylaminoacylamino)salievlie acid esters was re-
ported.  Compared to lidoeaine, these compounds were
generally more irritating, less toxie, and less active.
Those eompounds which had loeal anesthetie activity
approaching that of lidoeaine were extremely irritating.
Ilinhorn and Oppenheimert! reported that nirvanine,
nethyl S-diethylaminoacetamidosalievlate, which pos-

11) This invesligation was supporled Ly a research grant from the Rnyal
1lellenic Researcu Foundation.

(2) A preliminary report of this work has beeu presented at the 25th
Tnternational Congress of Pharmurentical Scienres, Praghe, Czechistovakia,
Az 2 t=27 1964, Thisx pajper romprises o porvian nf oo thesis preesennsl Ly
17 K. gy the Cuiversity of Aihens.

) (. Tsarsas, C. Samiris, D). Kontunassios, I F. Zaroshnski, R, K,
lirowne, aml L. H. Possley, J. Med. Chem., 10, 235 (1967).

1) A. Einhorn and M. Oppenheimer, Ann. Chem., 8311, 1534 (1900).

sessed strong loeal anesthetie activity and low toxieity
was also extremely irritating.

Derivatives of alkoxyaminobenzoates, e.q., 2- aud 3-
alkoxy  dertvatives  of  diethylaminoethyl  4-amino-
benzoate,? 2-alkoxy derivatives of procaine,™ and di-
alkyvlaminoethyl esters of 2-) 5-) and 6-alkkoxy-3-amino-
benzoie acids® have been reported to possess local anes-
thetie activity,  1n addition, Clinton and co-workers?
reported loeal anesthetic activity 1 a nuiber of di-
alkylaminoaevhunino  derivatives of some  2-alkoxy-
henzoie aeid esters. These studies suggested that etheri-
fleation of the derivatives, reported i the previous conw-
munication,® might result in local anesthetic agents
devoid of the obgerved irritancy.

Chemistry. - Treating an ester of 2-alkoxy-f-auno-
benzoie acid with chloroacetyl or 3-chloropropionyl
chloride and subsequently heating the intermediatce
4-(w-chloroacylamino) derivative (¢f. Table 1) with
excess amine i ethanol produced ethyl, n-butyl.
aud 2-diethylaminoethyl esters of 2-ethoxy- and 2-
n-butoxy-4-(w-alkyvlaminoacylamino)benzoates as the

Livdrochloride salts (¢f. Tables IT and T1T).

:5) 1. Buehi, . Stunzi, M. Fleury, R. Hirt, P. Lalhbart, aml 1. Ragaz,
Helr, Chim. Acta, 84, 1002 (19515,

S TUOTL Tasduena and 0. D HWappe, J. Mharooreal, Exptl. Thevap., 104, 1
[N

<0 Yo Luduena amd Jo) Hoppe, ibad,, 117, 83 (1956),

i3) I, Epstein ami M. Meyer, J. Am. Chem. Soc., T7, 4050 11955).

(9) R. O. Clinton, S. (. Laskvywski, U, J. Salvador, H. G. Bates, aud 1*. M.
Carroll, b1d., 79, 2285 (10471,
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TaBLE I
2-ALKOXY-4-(~CHLOROACYLAMINO )BENZOATES
COOR
OR’
NHCO(CH,),,Cl
Yield Mp. Carbon, % Hydrogen, % Culorine, % Nitrogen. Y%
R R n A °C Formula Caled Found Caled Found Caled Found Caled Found

C2Hs C2Hs 1 83 112-114¢ CisH16CIN O
CqHs C:Hs 2 94 121-123 CiHisCINO4 56.09 56.08 6.06 6.04 11.84 11.81 1.67 4.85
C:Hs n-CsHs 1 93 81-83% CisHnCIN O4
C:H;s n-CsHa 2 99.5 92-93 Ci1sHa2CIN Os 58.62 58.72 6.76 6.64 10.82 10.86 4.27 3.96
n-CsHs n-CsHy 1 93.5 73-74 CrH2CIN O 59.71 39,51 7.07 7.04 10.38 10.50 4.10 4.28
n-CsHo n-CsHy 2 99 91-93 CisHuCINO4 60.7. 60.72 7.36 7.49 9.96 9.98 3.94 3.79
CH2CH:N (C:Hs): C:Hj 95.5 150-152 Ci7H26Cl12N:04° 51.91 51.85 6.66 6.65 18.03 18.04 7.12 7.20
CH:CH:N(C:Hs)2 CoH; 95 133-135 Cis Hos CLaN204° 53.07 52.81 6,93 6.70 17.40 17.05 6,88 6.70

1
2
¢ Lit.* mp 112.8-113.8°, °? Lit.® mp 81.4-83.4°.

The intermediate 2-alkoxy-4-aminobenzoates were
prepared from the corresponding esters of 4-nitrosali-
cylic acid by etherification with an alkyl halide in the
presence of silver oxide® and subsequent reduction of
the nitro group with Fe-HCI" (see Experimental
Section)., Attempts to etherify an ester of 4-amino-
salicylic acid after blocking the amino group were
either unsuccessful or inconvenient.!' TFor instance,
etherification of an ester of 4-acetaminosalicylic acid
is performed in excellent yield, but hydrolysis of the
acetamido compound requires drastic conditions which
result in simultaneous deacetylation and saponification,
giving poor yields of the corresponding 2-alkoxy-4-
aminobenzoic acids.!? On the other hand, etherifica-
tion of the benzylidene derivative of ethyl 4-amino-
salicylate in alkaline medium was easily accomplished
with diethyl sulfate (see Experimental Section), but
failed when dimethyl sulfate was used. The differ-
ence may be due to N-alkylation of the benzylidene
derivative: alkylation of Schiff bases by methyl halides
oceurs readily, whereas the procedure is less satis-
factory for the introduction of larger alkyl groups.!?

2-Diethylaminoethyl  2-ethoxy-4-chloracetylamino-
benzoate was obtained as a stable hydrochloride by
treating the corresponding aniline with chloroacetyl
chloride in acetic acid solution. Reaction of this in-
termediate with different amines to form the cor-
respouding alkylaminoacetylamine derivatives was
successful both in solvents, such as ethanol or benzene,
and in the absence of solvent. Neither alecoholysis nor
aminolysis of the diethylaminoethyl ester, which oc-
curred with the 4-aminosalicylic acid analog,® was ob-
served. This difference between the two series supports
the view that these reactions are due to an intramolecu-
lar o-hydroxy catalysis. !

Pharmacology.—Local anesthetic activity and tox-
icity in mice were determined by methods previously
described.? In contrast to the 4-aminosalicylic acid

(10) R. O. Clinton, U. J. Salvador, S. C. Laskowski, and M. Wilson, J. Am.
Chem. Soc., T4, 592 (1952).

(11) W. Huckel and K. Janecka, Arch. Pharm., 284, 341 (1951), state tlat
the direct synthesis of 4-aminosalicylic acid ethers is not possible. The in-
direct route involves etherification of the 4-nitrosalicylic acid, followed by
reduction of the nitro group.

(12) W. Grimme and 11, Schmicz, Chem. Ber., 87, 17D {1054),

(13) E. 1. Woodruff, J. P. Lambooy, and W, E. Burt, J. 4m. Chem. Scc..
62, 922 (1940).

(14) G. Tsatsas, D, Kontonassios, and C., Sandris, Tetrahedron Letters, 783
(1966).

¢ Hydrochloride,

derivatives, the compounds of the 2-alkoxy-4-amino-
benzoic acid series generally failed to show any sig-
nificant local anesthetic activity. Of the compounds
tested (1-24 as the hydrochlorides, Tables IT and III)
only 8, 13, and 15 exhibited local anesthetic activity,
equivalent to 8.6, 19.4, and 249, of lidocaine, respec-
tively, calculated on a molar basis.

Experimental Section!®

Alkyl 2-Alkoxy-4-aminobenzoates.—The preparation of ethyl
2-ethoxy- and 2-n-butoxy-4-aminobenzoates, by reduction of the
corresponding ethyl 2-alkoxy-4-nitrobenzoates with iron powder
and concentrated HCI in aqueous ethanol, has been described.!?

n-Butyl 2-n-butoxy-4-aminobenzoate was obtained by this
procedure in 929 yield, mp 38-40°; hydrochloride, mp 80°.

Anal. Caled for C[sHmClNOsi C, 5969, H, 802, Cl, 1175,
N, 4.64. Found: C, 59.23; H, 7.85; Cl, 11.50; N, 4.40.

Ethyl 2-ethoxy-4-aminobenzoate was also obtained by etherifi-
cation of the benzylidene derivative of ethyl 4-aminosalicylate.
A mixture of 10 g of ethyl 4-aminosalicylate and 6 g of benzalde-
hyde (equimolar quantities) was heated on a steam bath for 0.5
hr and theun concentrated in vacuo. Half of the volume of a
solution of 5.1 g of KOH in 8.5 ml of water was added to the
viscous residue on a steam bath with stirring. The rest of the
solution was added dropwise, simultaneously with 10.7 g of
diethyl sulfate. The mixture, after standing overnight at room
temperature, was extracted with ether and the ether evaporated.
Dilute HCI (25 ml) and 25 ml of water were added to the viscous
residue and the mixture was heated on the steam bath for 10 min.
After extraction with ether, the aqueous layer was neutralized
with 109, NaOH and made alkaline with K;CQ;. The solid which
separated was collected and dried, yielding 3.8 g (33%) of a
colorless substance, mp and mmp 116-119° with a sample
prepared by reduction (see above) (lit.!* mp 120.7-121.8°).

Alkyl 2-Alkoxy-4-(w-chloroacylamino)benzoates.—Chloroace
tyl or 3-chloropropionyl chloride (0.22 mole) was added drop-
wise, simultaneously with a solution of 8 g of sodium acetate in
30 ml of H:O, to a cooled stirred solution of 0.2 mole of alkyl
2-alkoxy-4-aminobenzoate in about 150 ml of AcOH. Shortly
after the addition, a precipitate formed and stirring was con-
tinued for 1 additional hr. Yields of crude products and analyti-
cal data, after crystallization from ethanol, are given in Table I.

2-Diethylaminoethyl 2-Ethoxy-4-(w-chloreacylamino)benzo-
ates.—Chloroacetyl or 3-chloropropionyl chloride (0.11 mole) was
added dropwise, with stirring, to a solution of diethylamino-
ethyl 2-ethoxy-4-aminobenzoate® (0.1 mole) in a minimum
volume of AcOH, cooled in an ice-water bath. Stirring was
continued for 1 additional hr after addition was completed and
the excess AcOH was evaporated in vacuo. The residue was
extracted with aunhydrous ether and the solid hydrochloride of

(13) Melting points of thie intermediates were determined by the capillary
tube method, those of the hydrochlorides by means of tue Maquenne block.
All melting point values are corrected.
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TagLe TIT
2-DIETHYLAMINOETHYL 2-ETHOXY-4-(w-ALKYLAMINOACYLAMINO)BENZOATE DIHYDROCHLORIDES
COOCH,CH, N (C,Hy).
-2HCl
NHCO(CH,),NRR,
Yield,® Mp, Carbon, % Hydrogen, % Clilorine, % Nitrogen, V¢
No. n NRiR: %% °C Formula Caled Found Caled Found Caled Found Caled Fouml
19 1 Diethylamino 80 190 dec CaHgClaN3O4 54.06 54.18 8.00 8.07 15.21 15.36 9.01 9.18
131-134 Picrate 52.08 51.84 6.15 6.12 13.50 13.60
20 1 Isopropylamino 87 195 dec C2HsC1:N304 53.09 53.18 7.80 7.83 15.67 15.82 9.29 9.32
21 1 Piperidino 73 195 dec Ca:Hs:CLlN3sOs 53.24 55. 44 7.79 7.74 14.82 14.91 8.78 8.56
144-146 Picrate 52.99 52.82 6.03 6.05 13.25 13.36
22 1 Morpholino 77 183 dec CaHgCliN3Os 52.50 52.32 7.33 7.34 14.76 14.77 8.76 8.63
152-154 Picrate 50.94 51.06 5.70 6.82 13.20 13.41
23 2 Diethylamino 78 167 dec Co139C1aN3sOs 54.99 54.81 8.18 8.06 14.76 15.03 8,75 8.64
24 2 Isopropylamino 53 168 dec CaHyClaN3O4 54.06 53.86 8.00 7.76 15.21 15.13 9.01 8.72

¢ Yields of the salts are based on the starting chloroacylamino derivatives.

the ester was collected by filtration and recrystallized from ab-
solute ethanol. Yields and analytical data are given in Table L.

Alkyl 2-Alkoxy-4-(w-alkylaminoacylamine)benzoates.—A sus-
pension of the chloroamide (0.05 mole) in 200 ml of absolute
ethanol was refluxed for 2 hr with an excess of the appropriate
amine (0.15 mole). The ethanol was then distilled, the residue
was treated with 50 ml of a saturated NaHCO;solution and 50 ml
of water, and the separated aminoacylaniline was extracted with
ether. The constants of the aminoacylanilines were prepared
and their salts, after recrystallization from absolute ethatol or
absolute ethanol-anhydrous ether, are given in Table II.

2-Diethylaminoethyl 2-Ethoxy-4-(«w-alkylaminoacylamino)ben-
zoates.—2-Diethylaminoethyl  2-ethoxy-4-(w-chloroacylamino)-
benzoate hydrochloride (0.025 mole) was added in portions
to a solution of the appropriate amine (0.125 mole) in 100 ml of
anhydrous benzene, cooled in an ice-water bath. The mixture
was left for 1 hr at room temperature and then refluxed for 4 hr.
After distillation of the benzene, the residue was treated with 80
ml of a saturated NaHCQj; solution and the separated amino-
acylaniline was extracted with ether. The same products were
obtained when the procedure was carried out using either abso-
lute ethanol as solvent or in the absence of solvent. The di-
hydrochlorides of the aminoacylanilines were obtained and their
analytical data, after recrystallization from absohite ethanol, are
described in Table I11.

Acknowledgments.—The authors are indebted to
Arnar-Stone Laboratories, Inc., Mount Prospect, Ill,
for carrying out the biological screening and to the
Service Central de Microanalyse, Paris (I'rance), for
performing the microanalyses.

Synthesis and Enzymological Activity of Some

Pyridoxine Analogs'®®

Patr Merius axp Davip L. MARSHALLY®
Department of Chemistry, Auburn Unwersity, Auburn, Alabama

Receqved May 12, 1967

Pyridoxine analogs, modified in the 2, 3, and 6 posi-
tions of the pyridine ring, were synthesized and exam-
ined as possible substrates for the enzyme pyridoxine
dehydrogenase. A modification of an existing proce-

(1) (a) This work was supportell by a National Defense Filucation Act
fellowslip. (b) A preliminary account of this work was presented at the
150th National Meeting of the American Chemical Society, Atlanlic City,
N. J.. Sept 12-17, 1965. (¢) Submitted by David L. Marshall to the
faculty of Auburn University, 1966, in partial fullfillment of tue require-
ments for the Ph.D, degree.

All amino esters were oily.

dure? was used to synthesize the analogs listed in Table
I. In the final step of the synthetic scheme, the
pyridine dicarboxylic acid groups were reduced to
hydroxymethy! groups with NaBH~AICl; in diethylene
glycol dimethyl ether.?

Tasre I
AcTiviTY OF ANALOGS
CH,OH
R, 7 CH,OH
|
R,” N7 ™R,
Act.,
Conen,  mumoles/

Compd R R: Rs pmoles/ml 10 min Km, M
Pyridoxine CHs OH H 10.0 2000 4.0X 10-3
10 C2Hs OH H 6.0 1900 2.1 X 10-3
11 CH(CHs): OH H 5.0 190 1.6 X 10-3
1 CH; NH: €1 15.0 0 .

v CHs OH C 125 440 7.7 X 10-3

v CHs H H 15.0 0

Vi CHs NH: H 15.0 0 A

¢ This compound was a gift from Dr. Stanton A. Harris of
Merck Sharp and Dohme.

The ability of the analogs to replace pyridoxine was
studied with the enzyme found in yeast which is
responsible for the conversion of pyridoxine to pyri-
doxal.# The oxidation of pyridoxine and its analogs to
pyridoxal compounds, as catalyzed by pyridoxine de-
hydrogenase, was assayed using the spectrophoto-
metric method of Wada and Snell.> Iu this method the
aldehyde formed is measured as the highly colored
phenylhydrazone. The activity of the analogs is
summarized in Table I. The importance of the 3-
hydroxy group of pyridoxine in this metabolic reactiou
1s demonstrated by the analogs in which the 3-hydroxy
group has been replaced by hydrogen (V) or by an
amino group (VI). These two structural analogs of
pyridoxine had no activity under the conditions of the
enzyme assay. Replacing the 2-methyl group of
pyridoxine with an ethyl group (I) gave an analog which
was nearly as active as pyridoxine. This is consistent

(2) L. M. Witest, J. A, Bigot, Th. J. Delloer, 1i. vauiler Wal, anl J. P.
Wibaut, Ree. Trar. Clam., 78, 226 (1959).

3) R. K. Blackwood, G. B. Hess, C. E. Larrabee, and F. J. Pilgrim, J. 4m.
Chem. Sec., 80, 6244 (1958).

(4) Y. Morino anil Y. Sakamoto, .J. Biechem. (Tokyo), 48, 733 (1960).

(5) H. Wada and E. E. Snell, J. Biol. Chem., 286, 2089 (1961).



