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TaBLe III
Tar Esrivarep MeraBoLic Provuers or IMA
1N Do URINE

Dog 1 Dog 2
% of %y of
Couen, dose Conen, dose
Compound ug/ml recovered ug/ml recovered
Methoxamiue 30 8 25 5
2-Hydroxy-IMA 20 5 15 3
5-Hydroxy-IMA 100 26 110 22
2-Hydroxy-
methoxamine 8 2 14 3

The mobility of this metabolite and 2-hydroxy-
methoxamine in system 1 was similar. The presence of
this metabolite in the urine of IMA-treated dogs was
confirmed by chromatographic means with 1, 4, and 10;
the mobility of the unknown and reference compound
was the same in all systems. The identity of this
nietabolite could not be defiuitely established because
the 5-O-demethylated methoxamine was not available
and could not be compared with the possible metab-
olite, but the chromatographic evidence definitely
showed the presence of an O-demethylated methox-
amine derivative in the urine. The results of the
estimation, in urine, of the metabolites of IMA are
shown in Table II1.

Methoxamine Metabolism in Dogs.—\ethoxamine
and the O-dealkylated metabolite of methoxamine
were detected and estimated in urine samples from dogs
{reated with methoxamine by the technique described
above for IMA-treated animals. The estimation of
methoxamine and the O-demethylated methoxamine
in the urine of two dogs treated with methoxamine is
shown in Table IV.

Studies on the Possible N-Dealkylation of N-;-Butyl-
methoxamine.—The possible dealkylation of TMA
to methoxaniine was investigated, The urine from two
TAMA-treated dogs was analyzed for the presence of
niethoxamine. Methoxamine in the urine of these
animals could not be detected by chromatographic
means even though the method was sensitive to less
than 0.29, of the dose. These results for the &butyl
derivative of methoxamine are in contrast to the results
obtained for the isopropyl derivative,
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Tasie IV
T Ls1ivMarep METABOLIC PRODUCTS OF METHOXAMINE
iN Dog URINE

Dog 1 Dog 2
%o of % of
Concen, dose Conen, dose
Compound ug/ml recovered ug/ml recovered
Methoxamine 30 38 50 32
2-Hydroxy-
methoxamine 10 12 15 10

Whether the preseuce of a hydrogen on the a carbon
atom of the substituted alkyl group is a requirement for
N-dealkylation was not investigated further. How-
ever, a wide variety of compounds have been demon-
strated to undergo N-dealkylation in the intact animal
as well as #n vitro. For an excellent review of this
subject, see the recent report of McMahon.'*

Pharmacological Effects of Metabolites.—\lethox-
amine and IMA were rapidly converted to O-dealkylated
metabolites in the animals studied. The 2-O-demethyl-
ated and 5-O-demethylated INMA both have activity in
blocking the epinephrine-induced lipolysis in the rat
epididymal fat pad.l* However, the compounds are
not active in vivo presumably because they are rapidly
conjugated and excreted.

N-isopropylmethoxamine undergoes cleavage of the
N-alkyl group. This reaction is of considerable
interest, since it can furnish an explanation of some of
the side effects exhibited by animals that have been
dosed with IMA. Animals that have received the
N-t-butyl derivative of methoxamine, which 1s not
dealkylated to methoxamine, do not exhibit these side
effects,®® Therefore, substitution of a ¢-butyl group
for the isopropyl group blocked N-dealkylation as a
metabolic pathway in this compound and eliminated
the toxicity attributed to methoxamine.
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2-Dialkylaminoaceto-2,6”-xylides bearing groups with some alfinity for protein, such us CILSH, CHLCH=
Cl, CII.C=CH, CH.0H, COOC:H;, CH,O0CCHj;, and CONH,, i1 the 2 position have been syuthesized and

evaluated as local anesthetics.

Many local anesthetics, e.g., lidocaine (1), have in
common the molecular feature, R,N:--CO, in which
the basic nitrogen atom is separated from the carbonyl
group by a chain of 1-4 atoms,' but we are aware of no
specific attempt to increase the affinity of the molecule

(1) A. Burger in *‘Medicinal Chemistry,” A, Burger, Ed., 2nd ed, Inter-
science Publishers, Inc., New York, N. Y., 1960, py 441.

for tissue protein by attaching thereto potential binding
groups such as SH (to form a disulfide bond), CH=CH,
or C=CH (sulfide bond), OH (hydrogen bond), or di-
poles like COOC,H;, OOCCH;, and CONH, (van der
Waals forces). Such groups, we couceived, by helping
to retain the drug at the injection site, might both pro-
long its duration of action and reduce side effects on the
central uervous system. We report here upon the
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synthests and evaluation of some compounds of this
pattern.

Chemistry.-—or the greater part, our syuthetic
rotte has involved the preparation of the appropriate
N N-dialkylamine aecids and their coupling with 2.6-
xylidine.  Acids of this type, unlike amino acids, have
been relatively little studied and general synthetie
methods are lacking.  Thus, only one compound of the
type we required, viz., N,N-dimethyleysteine, an inter-
mediate for the lidocaine analog (2), has been de-
sertbed.?  The reductive methylation, we found, pro-
cceded better with the S-benzyl derivative, whieh
any event we required for the next stage, than with

CH,
XYCHCONH
CH;

N Y N Y
1, 1 N(Cals) 10, COOC.11; 11
2, Clls1 N(CHs)e 11, COOC:Hs nr
3, CH.CH=CH: N(C:Hs: 12, COOC:=Hs N{Cahs)e
4, CH.C=CH N (C:Hs)» 13, CH:0H N(CsHs):
6, CH.8H N1CusHs): 14, CH00CCHs  N(C:Hs)
6, CH.SCH.CsHs  N(CHa)z 15, CONM: 5
7, CH:®CH:CsHs N (CaHs)e 16, CONI. Iir
8, (Cla8-Js NiCGHg: 17, CONH: N (Colls;e
9, CH.:8-} N(CsHs)

(C:H:)NCX(COOR): (Ca1):NCHXCOOIT

X R N

18, Na(® CaHs 24, CH(CH=<CH:

19, H:CH=CM: C2Hs 25, (H«.C=CH

20, CH:C=Cl CaHs 26, CHBCH.Culls

21, CH.C=CH t-Cqly

22, t-C4Hy

23. CHSCH:CeHs ¢-CeHy

evsteine itself. The N,N-diethyl homolog, a better
candidate for our purpose, could not be obtained by
this method, however.

A solution to the problem of poteutially wide applica-
tion was our finding that the well-known acetamido-
malonate synthesis of amiuo acids can be extended to
dialkylaminomalonates under appropriate conditions.
Thus, as the first step to an olefinic analog (3) of lido-
.aine, the sodio derivative of diethyl diethylamiuo-
nmlomate (18) in dimethyl sulfoxide was treated with
allyl bromide to give the ester (19) in good vield, and
thiz, on alkaline hydrolysis which was accompanted
by decarboxylation, provided the acid (24).

FFor the synthesis of the acetylenic analog (4) a varia-
tion wag necessaryv. Alkaline hydrolysis of diethyl
diethylamino(propargyl)malonate (20), similarly pre-
pared from propargyl bromide, gave oy a small yield
of the aeid (25); the major reaction involved losz of
diethyvlamine, presumably from an enamine, >C=('-
N (CyH)2COO0-, formed by prototropy.  To overcome
the difficulty, we prepared the corvesponding (-butyl
exter (21).  Bromination of di-&-butyl malonate in the
presence of CaGOy, or better, esterification of bromoma-
lonie acid with isobutene, provided the required bromo
ester which reacted smoothly with diethylamine to give
22, from which 21 was obtaiited by treatment of its sodio
derivative with propargyl bromide. On gently warm-
ing with dilute mineral acid this ester was hydrolyzed
and decarboxylated in good vield to 25.

The di-t-butyl ester was also utilized for the synthesis
of the N, N-diethyleysteine analog (5) of lidocaine.
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Treatntent of itx sodio derivative with henzylihiiomet hv
bromide (from the corresponding chloride with T B
gave 23 which was smoothly hydrolyvzed wad decar-
boxylated with dilute acid to give 26 withont any g
elimination of benzyt mereaptan oecurring.

Coupling of w-dialkyhimine acids with NH. groups,
predictably. does not follow closely the behavior of the
stronger e-acyvhunine aeids. For example, dieyelo-
hexylearbodiimide, one of the most generally applcable
methods for peptide =synthesiz, completely failed to
couple our acids with 2 6-xylidine,  The «thoxyformic
anhydride method.® however, though the vields were
greatly mferior to those obtainable with e-uevimino
acids, nevertheless served to produee  the  desived
xviidides in qumntity adeqguate for our purpose. The
xolation of the products was greatly facilitated by the
cireumstance that thehr hydvoehlorides were readily
extractable from aqueous solution by CHCl,

The S-benzyvixyvlidides (6 and 7) were readily de-
benzylated with =odium in Hguid anmmonia to provide
the =ulfhvdryt compounds (2 and 5y aud the corre-
sponding disulfides (8 and 9).

Preliininary experiments toward the svnthesis of the
serine amalog (13) of lidocaine by the malonie ester
method wore diseomnraging.  Products, which weve not
tsolated pure. from the mteraction of methoxymethyl
bromide and acetoxyimethyl bromide with the sodio-
malonie ester vielded mueh pyruvie acid on even mild
actd hydrolyvsis.  Thisx decomposition, which seemingly
involves decarboxylation, elimination of the g-oxy sub-
stituent, and finally hydrolysis of the vesulting enamine,
CHyp==CN(CyHy)oCOOH, 15 i marked contrast to what
happens with a 3-benzyvlthio substituent.  The need to
averconme these obstacles, however, disappeared be-
caze we lmd developed conenvrently the following
siniple route to 13.

Pithyl hiyvdrogen malonate was coupled with 2.6-
xvlidine, using dicyclohexylearbodiimide ax the con-
densing agent, to give an excellent yvield of 2-cthoxy-
carbonylaceto-2',6'-xylidide (10). Bromination of 10
in CHCY; furnished the required 2-bromo-2-ethoxycar-
bonyvlaceto-2",6'-xylidide (11); no  4-bromoxyhidide
was deteeted.  Treatment of the bromo compound with
diethykinine in boiling ethanol vielded 2-diethylamiuo-
2-ethoxyearbonylaeeto-2’,6-xviidide (12), rednction of
which with 1iBH, gave the desired hydroxyxyhdide
(13).

Other compounds which were prepared in this series
were the acetoxvxyhdide (14), prepared from 13 by
acetylation and the earbamoylxylidide (17) which was
prepared from 10 by treatment with ammonia to give
the amide (15). Bromination pave the bromonmide
(16) which on trcatment with diethylamine pave the
desired prodnet (17).

Experimental Section!

L-S-Benzyl-N,N-dimethyleysteine..—A sispension nf 13-
benzylcysteine (20 g) in water (1 1) and forinaldehyde (30 i,
409%) was shaken with Hs at room temperaiure and pressare in
the presence of 104, Pd-C catalyst (10 g). Gus uptake ceased
at approximately the theoretical volume. The filteced =olatioo
was evaporated nuder reduced pressure and the residine was
digested with water (200 mil).  After removal of the insolble

3 RN, Dobssonmas, 0D Gl Ay, 34, 87111031
S Dvombnna eiee biel hp G0-80°,
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material the solution was again evaporated to dryness aud the
resulting solid was crystallized from ethyl acetate to give the
dimethylamino acid as prisms (13.4 g), mp 150°, [a]®p +117.45
(¢ 1, H,O).

Anal. Caled for C,Hi:NO,S: C, 60.2; H, 7.2; N, 5.85; 8§,
13.4. Found: C,; 60.2; H, 7.1; N, 5.7; S, 13.3.

Di-t-butyl Bromomalonate. a.—Bromine (26 ml) was added
dropwise to malonic acid (50 g) in ether (37 ml). When uptake
of halogen was complete most of the ether was distilled and the
residual oil was placed i1 a vacuum desiccator over NaOH until
it set to a solid crystalline mass. To this material in dry ether
(100 ml), cooled in a freezing mixture, was added concentrated
H.S0, (5 ml) and liquid isobutylene (ca. 120 ml) and the resulting
solution was kept in a pressure bottle at room temperature for
6 hr. The mixture was poured onto NaOH (75 g) in water (230
ml) and ice (250 g) and the organic layver was separated. The
ester (62 g) was distilled, bp 90-100° (2.2 mm), n2*p 1.4388.

Anal, Caled for CyHyeBrOs: C, 44.7; H, 6.45; Br, 27.2.
Found: C, 45.7; H, 6.3; Br, 26.6.

b.—Bromine (13.5 g) was added dropwise to a stirred solution
of di-t-butyl malonate (100 g) in CHCI; (1 1.) with suspended
CaCO; (46.5 g). After 1 hr at room temperature the mixture
was refluxed (1 hr) until the bromine color was discharged and
then filtered, washed with KHCOj; solution, dried (MgSO,), and
evaporated. The residual oil (45 g) was distilled, bp 120-125°
(11 mm).

Di-¢-butyl Diethylaminomalonate (22).—A mixture of the
bromo ester (45 g), diethylamine (40 ml), and ethanol (150 ml)
was refluxed for 2 hr and then concentrated n vacuo. Water was
added and the product was collected in ether, then extracted
into 2 ¥ HCI and finally extracted back again into ether after
basification of the aqueous extract. After removal of the solvent
the residual oil (36 g) was distilled, bp 94-100° (1.7 mm), n2p
1.4308.

Anal. Caled for Ci:HasNOy: C, 62.7; H, 10.2; N, 4.9. Found:
C, 62.7; H, 10.3; N, 4.9.

Benzylthiomethyl Bromide.—HBr (17 g) was bubbled through
a cooled solution of benzylthiomethyl chloride (12 g) in dry ether
(20 ml). Removal of the solvent in vacuo left an oil that was
sufficiently pure for the next stage, but for analysis a portion
was distilled, bp 75-81° (0.1 mm).

Anal. Caled for CsHoBrS: C, 44.25; H, 4.2; §, 14.8. Found:
C, 44.5; H, 4.2; 8, 14.50.

Preparations with Sodio Diethyl and Di-i-butyl Diethylamino-
malonate.—Diethyl diethylaminomalonate® (0.05 mole) was
added dropwise to a suspension of ether-washed NaH (0.0535
mole, 309 in oil) in ether (50 ml). After the evolution of H,
had ceased the ether was distilled and replaced by dimethyl sulf-
oxide (DMSO) (30 mi). With the di-t-butyl ester the sodio
derivative was prepared directly in the reaction solvent since
frothing was less serious than with the diethyl ester. The ap-
propriate halide (0.05 mole) was then added and after 12 hr the
mixture was poured into water and the product was collected
in ether.

Diethyl Allyldiethylaminomalonate (10).—The ester, an oil
(649%), bp 80-90° (0.4 mm), n25p 1.4485, was obtained from allyl
bromide and the appropriate sodio derivative.

Anal. Caled for C1sH:NO4: C, 62.0; H, 9.3; N, 5.2. Found:
C, 62.0; H, 9.0; XN, 5.3.

Diethyl Diethylamino(propargyl)malonate (20)—Propargyl
bromide similarly gave an oil (789), bp 85-90° (0.4 mm),
n%p 1.453.

Anal. Caled for C1HysNOy: C, 62.0; H, 8.6; N, 5.2. Found:
C, 61.95; H, 8.5 N, 5.3.

Di-¢-butyl Diethylamino(propargyl)malonate (21) (819,), bp
103-110° (0.8 mm), »22p 1.4502, was similarly obtaiied.

Anal. Caled for CisHaNOy: C, 66.4; H, 9.6; N, 4.3. Found:
C, 66.4; H, 9.5; N, 4.3.

Di-¢-butyl Benzylthiomethyldiethylaminomalonate (23).—The
crude ester (459;), obtained from interaction of the sodio ester
with beunzylthiomethyl bromide in tetrahydrofuran (THF),
could be distilled only with considerable loss but was sufficiently
pure for the next stage. A specimen, distilled for analysis, had
bp 145° (0.05 mm).

Anal. Caled for CoHuNOSS: N, 34; S, 7.6.
34; 8§ 7.5.

Hydrolysis of Malonic Esters. a. 2-Diethylaminopent-4-
enoic Acid (24).—A mixture of the diethyl ester (35 g), 2 N

Found: N,

13) Cf. k. R. M. Jones and W, Wilson, J, Chem. Soc., 547 (1944).
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NaOH (131 ml), and sufficient ethanol to give a single phase
was heated on a steam bath under reflux for 5 hr. The solutiou
was concentrated n vacuo, water wag added, and the whole was
extracted with ether. The aqueous phase was acidified slowly
with 2 N HsS80s to ca. pH 4 and then evaporated to dryuess
in vacuo. Digestion of the solid with ethanol, evaporation of the
solution, and trituration of the residue with acetone gave the
crystalline acid (11 g), mp 135°. A specimen, recrystallized from
THF, had mp 135-136°.

Anal. Caled for CeHsNO:: C, 63.1; H, 10.0; N, 8.2. Fouund:
C, 63.1; H, 9.9; N, 8.5.

b. 2-Dialkylaminopent-4-ynoic Acid (25).—The di-t-butyl
ester (8.0 g) was heated on a steam bath with 2 N HCI (40 ml)
for 1 hr and, after cooling, the solution was treated with De-
Acidite F¥ resin (HCO;~ form) until neutral. The liquor was
washed with ether and theu evaporated to dryuess in vacuo to
vield the crystalliue acid (3.2 g), recrystallization of which from
acetone afforded prisms, mp 130-132°.

Anal. Caled for CGHNO,: C, 63.9; H, 89; N, 83. Found:
C, 63.8; H, 8.9; N, 8.2.

¢. DL-S-Benzyl-N,N-diethylcysteine (26).—The di-t-butyl
ester (1.2 g), similarly treated, left a solid (0.56 g), mp 144-146°
after recrystallization from ethyl acetate.

Anal. Caled for Ci:HaNO,S: C, 62.9; H, 7.9; N, 5.2; §,
12.0. Found: C, 62.7; H, 8.0; N, 5.3; 8, 11.95.

2,6-Xylidides by Ethoxyformic Anhydride Coupling.—Ethyl
chloroformate (0.02 mole) was added to an ice-cooled solution of
the N,N-dialkylamino acid (0.02 mole) and triethyvlamine (0.02
mole) in CHCl; (12 ml), followed after 15 min by 2,6-xylidine
(0.025 mole). A sluggish evolution of CQ, begai almost at once.
After 2 days at room temperature the mixture was washed with
NaHCO; solution and the solvent was evaporated. The residue
was taken up in 2 N HC], and the solution was washed with ether
and then extracted (CHCl;) into which passed the hydrochloride
of the product. This was isolated in the usual way either as
such or as the free base. The following xylidides were so pre-
pared.

2-Diethylamino-4-enoyl-2’,6"-xylidide (3).—The hydrochloride
separated as prisms (329%), mp 204°, from THF. A specimen,
recrystallized from ethanol, had mp 209-210° dec.

Anal. Calﬂd for C17H25N2O'HCI: C, 65.8, H, 8.7,' N, 9.0.
Found: C, 63.5; H, 8.75; N, 8.9.

2-Diethylaminopent-4-ynoyl-2’,6’-xylidide (4).—The hydro-
chloride (429), mp 198-200°, crystallized similarly from THT'
A specimen, recrystallized from ethanol-ethyl acetate, had mp
202-204°.

Anal. Caled for CiyHyuN,04-HCL: C, 66.1; H, 82; N, 9.1
Found: C, 66.1; H, 7.9; N, 8.9.

L-S-Benzyl-N,N-dimethyleysteinyl-2,6-xylidide (6).—In this
instance DMF (30 ml), rather than CHCIl;, was used as the sol-
vent; obvious modifications were made for work-up. The free
base, liberated from a gummy hydrochloride, slowly crystallized.
Most of the contaminating oil was removed on a filter and the
solid (259%), mp 80°, was washed with isopropyl ether. A speci-
men, recrystallized from 2-propancl, had mp 80-81° [&]*D
+50.1° (¢ 1.95, EtOH).

Anal. Caled for CyHyN,08: C, 70.15; H, 7.65; N, 8.2.
Found: C, 70.0; H, 7.6; N, 8.1.

pL-S-Benzyl-N,N-diethylcysteinyl-2,6-xylidide (7).—The free
basge (319,), mp 81-86°, was obtained crystalline as above. A
specimen, recrystallized from petroleum ether, had mp 88-90°.

Anal. Caled for CpHyN,08: C, 71.3; H, 8.15; N, 7.6; 8,
8.65. Found: C, 714; H, 81; N, 7.8; §, 88.

L-N,N-Dimethylecystinyl-2,6-xylidide (8)—Sodium (ca. 0.7 g)
was added in small pieces to a suspension of the S-benzylxylidide
(1.7 g) in liquid NH; (100 ml) until the blue color persisted.
Sufficient NH4CI to discharge the color was added and the NH;
was allowed to evaporate. Air was bubbled through the residue
dissolved in water until the solution ceased to give a color with
sodium nitroprusside. The solution was acidified with 2 ¥ HCI
and the product (as the hydrochloride) was extracted (CHCIs).
Evaporation of the solvent left the crystalline product (0.75 g),
mp 213-216°, [a]®p +122° (¢ 1, H,0O), after recrystallization from
ethyl acetate.

Anal. Caled for CeeHiN.0:8:-2HCl: C, 54.2; H, 7.1; N,
9.7; 8, 10.7. Found: C, 54.1; H, 7.4; N, 9.33; §, 10.3.

pL-N,N-Diethyleystinyl-2,6-xylidide (9).—The S-beuzylxvlidide
(1.0 g) was treated as above to give the hydrochloride (0.8 g),
uip 210° dec after recrystallization from 2-propunol.
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Awal. Caled for CpleN,O8-2HCE ¢ St H, 7.7 N,
R0 Found: €, 56.7; H, ©.7; N, R.7.
L-N,N-Dimethylcysteinyl-2,6-xylidide (2. —-=odimn  wis
udded us hefore 10 the R-benzyvixvlidide (1.1 gy i» liqaid N1,
(3 ml) and afrer dizchiarge of the color with NH.CL the N11.
wix evaporated in a streant of Na. The residue was dissolved in
dilure HQOL from whieli Os had been boited out and the <ol
wits waxhed with CHCl (10 remtove corresponding evstite deriva-
tive) and evaporated (i racvo. The rexidae was extracted with
ethmtol and the tiguor, atter removal of insoluble matier by filtri-
tion, wus again evaporated 1o diviness. Repetition of (he opern-
tinn with acerone gnve the eysteinyixyvlidide s the hydrochboride
10.67 g1 A portion, reeryetallized from 2-propanol, gave hygim-
seople prisis, nip e 190° dee, [e® 278 0 10 1LOY,

Anal. Caled for CultlaNLOS-HOE €0 a3.00 1 T

N, Haae Pound: Coa430 H 700 Ny 950 N 1o,
1L-N,N-Diethyleysteinyl-2,6-xylidide 153 --The S-herayisyli-
dide (1.0 g) was debenzylured ax almve 10 give the hydroehloride
(10.64 g), mp 189-102°, from 2-propanol.
Anal. Caled for CpllagNOR-1CE ¢ a6y 1L 705 N,
SR8 I Found: Coa6010: T 780 N, S48 as,
2-Ethoxycarbonylaceto-2',6 -xylidide (10).— Dicyvelnhiexyi-
carbodiintide (76 g) was added 1o ethyl hyvdrogen nolonaies
(44 g) and 26-xvlidine (41.5 nit) he CHL.CL (o0 ) e ve.
After 1 hrat 0% and 16 hr at mont teniperatnre the stirred niixtare
wus tredted with gleial acetic acid (3nd) 1o deconipose the excess
carbodiiniide.  One hoar later the dievelohexyhirea was filtered
oft and the =olvent was removed /n veno 1o give a1 =olid (76 g
which was recrystallized from petrolenin ether-ethyl acetate m
vield the xvlidide ax colortess peedles (7001 ) op 100-101°,

Al Caled for CplhaeNOg: C 0045 1L 790 N 600 Food:
Cyu603: 1L 700 N6 L

2-Bromo-2-ethoxycarbonylaceto-2',6"-xylidide (11).- ~-Bromine
(3.0 mb) was added over a peviod of 0.5 1o a well-xtined <oli-
tion of the preceding xvlidide 1117 g in CHCL {100 b)) at roow
temperatare.  The mixtre was ~tirred Tor a further 1.5 hr and
then heated under retlux for 0.5 hr The pale veHow =nlation
wias washed with NaltCOy <olmiog dried {MgRO, ), and evapo-
rated /n reevo 1o give a =olid 1150 g), recrvstallization of which
from ether {urni=lied needles (118 g), mp 154 -135°,

Apal. Caled for CoHlpBryNOy: G, 4000 1, a1 B, 2345
N, 4.5, Found: C, 40.6; H, 4.9; Br, 255, N, 4.4,

2-Ethoxycarbonyl-2-diethylaminoaceto-2',6 -xylidide (12).-

A mixtare of the hromoxyhdide (9.4 g) and diethvEunine (6.6 g
in ah=ohite ethunol (75 m) was heaied under reflux for 6 e, then
the ethanol, together with the excess diethylamine, wus renoved
i vactce. Water (100 ml) was added 1o the residue and the prod-
aet was collected in ether. The erude base (8.4 g) remaining
after evaporation of the solvent gave a sticky =olid on treatiem
with erherenl HCI which ervstallized from a 2-propanol-ether
mixtare in needles (7.1 @), mp 168-170°, after reerystallizimion
fron the sume solvent pair.

Anal. Caled for CpllaNuOs HCE G 0070 1, Sy CL 1o
N, R2 Found: G a008; L, 7850 CLO1od: N RS,

Treatment of the above hydrochloride (5.4 gy with 2.V NuOll
ond recryvstallization of the rexulring free baze tront petrolenm
ether gave needlex €275 g), mp 73-75°.

Anad. Cabed Tor CllaNaOy CL 667
G, 66.0; 1 8550 N 0L

2-Diethylamino-2-hydroxymethylaceto-2'-6 "-xylidide (13).
LiBH, (1.1 g) was ndded to the preceding exter (1.5 g) in iy
THF (60 1ml) :md the mixtinre was hearved under reflux for 48 hr.
Water (10 mb) was added cautionsly 10 decompose the excess
binohvdreide, tllowed by 2 N NaOIl (20 1ul), and the mixtre
wix extracted with ether. The dried (MgRO;) extracet wis
evaporated and the residunal oil was treated with ethereal HCL
The resalting =olid hydrochloride erysrallized fronn ethyl merhyl
ketone in peedles (1.1 ), nip 184-185°.

Anel. Caled for CplLaNOu-HCOE 0 60000: 1, 8.4 O
LR N, 9050 hoond: O, 39.75: 1L 85; CL Lo N, 0.2,

2-Clarbamoylaceto-2/,6 '-xylidide (15).-—A suspenxion of 2-
ethoxyearhonyvhiceto-2 67xvlidide (4.7 ) in 0.880 N NTLOH (40
wl) wits stirred 01 roont tentperatire overnight,. The resnliing
sobd wos Gltered oft, waslied well with water, and reevystallized
fron ethanol water i give needles G537 g3, mp 185-184°,

Anads Cuded for CilgNA ) G0 1L 6850 N, LA,
Ponnd: G000 1L 680 N 100,

AR A

H, S0 N 920 Fonnd:

16 RN Nomlae iy rzanie Xondheses, T Onlls Vol 1V N Rabjppn 11
b Wikev caml Smes, Do, New York, NOY L I e 117110,

Vol. 10

2.Bromo-2-carbamoylaceto-2',6 '-xylidide (16).--Bromiue
2.2 i wis wdded gradually with stirring 10 2-curbamoytaceto-
2767 -xvhdide 10.87 ¢) in CHCL (50 ) o roon teniperarre and
the wixtnre was then heated ander reflax for 1 hr. The residae
obtinad after evaporation ol the =olvent dc e, ervsiallized
from ether i needlex 1703 g), mp 196-1947°.

Aredd. Cated oy CyHBBrNOw: Co 36300 1, 460 By, 2800
Noso Poond: G, 46,20 1, 4.5 Br, 2820 N, Q6.

2-Carbamoyl-2-diethylaminoaceto-2",6"-xytidide (17).. 'I'he
hromoxyvlidide (5.7 ¢), diethyhinine ©303 @), and shsolute ethinml
V40 il were heated nnder retlux for 6 b and the =olvent wps
then removed in o, The residue was taken up inowater {30
mly ond the proditer was extracted with three d0aml portions
o ether. Eviaposaion of the dried etliereal extracrs left puonil
2h4d g which onctreotnient with ethereal HCL followed Dy ervs-
vallizathm nf rhe resalting gnmumy =nlid tron 2-propaml-ether,
aave the hvdmehloride s peedles 021 g1 mp 200-210°,

s Coled T O NsOL- HCE G 5760 1L 7750 N 1
o d: O 058 I 7.90; N, L2

2-Acetoxymethyl-2-diethylaminoaceto-2',6 '-xylidide 114). 2.
Hydmxymethyl-2-diethvimuinoneen 27 0%-xvlidide (2,64 g), A
12 by, and aphydrons pyridine 2 diop=) were warmelt nn 1he
steant batl for 15 ntin sowd then poured into water (1010 mh.
Afrer e 16 I vhe solid thar =epeirated wis filtered, dred, and
recrvetillized Yrom dilnte AeCHT 10 give needles 1251 a) anp
TN HNe,

A Coled hie CisaeNL Qg CL 60,7
Counea L8650 N, 0L

The hvdroehloride wps prepared 1from the ahove peciate
2.7 g in the ol mamner and reervstaltized from 2-propanol
ether 1o give reedles 11.4 g), nip 202-203°,

Al Coled for CillaeNLOg- HCE CO507: L s N, 82
Foma: 000,60 T Sa N SG3L

Biological Methods. -Poteney oad dination of tocal anesthetic
activity were ssessetd by the technique of Bitlbring and Wajda®
Albjaot= (0 il of 1.25, 0.5, and 0170 =olutions (ptt 5-63 of
the compomas in distilled water were injecred intradermally
int the bicks nf gainen pigs. A inimunt of three animals was
nsed tor @el compound. Local anesthiesip wus indicated by the
ahsence ol a finehing response when the weated =ive was pricked
ot D, 15, 30, Gi, 120, ond IS0 tin adver injection. Threedayvs after
the experimera the animnls were killed and the treaved areas were
exeised and exnmined histologiedly.

Iy o perve blnek experinment iy vats, 02 b of 123 and 1,
solntinns were injecred perinenrally aroand the sciatic nerve.
Anesthesia was aszessed by the inability of the animals v splay
the 1oex of the treoted Timb.

Tizsne frritaney was determined by trenting rat= intsvenonsly
with Fvan’s blue, s assessing the inflingitory response 10
intraderinal idmibiststion of 005 and 1.0 solationsosf the com-
pounds. Drvitint compounds gave intense blae, cdeniatons
wheals.  Lidocaie wis nsed for conparison thronghon the
experiments.

I, =6 N, a2 Pond:

Results

Table 1 lsts the compounds which were tested for
local anesthetic activity.  Tour of these (3, 4, 8. and 13)
had a prolonged loeal anesthetie action compared with
lidoeaine., With 4 and 8 where the duration of local
anesthesia was i excess of 2.0 hir the njection site wus
mflamed  and  edematouns.  Subsequent  histologienl
examination of the aredas showed acute imflanmatory
response with ulceration, proliferation of fibroblasts,
and oceasional fibrosis with underlving nnmsele involve-
ment.

Compound 3 at concentrations lower than 19, and
13 at 19, gave anesthesia of longer duration than that
produced by Hdoeaine but eaused only minimal tissue
daniage.  Beewnse of this observation both componnds
were examined o the nerve bloek and irritaney tests,
Compound 3 induced o nerve bloek of 43 90 min, which
was marginatly favger than that produced by lidocaine
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Tapre 1

BrovocicaL RESULTs

CH,
R,NCHXCO
CH,
Poteney
ratio Time (nin} to 504 anestliesia at conen of
No. X R at 1 hr 14, 0.5% 0.25% Tissue damage
1 H (lidocaine) C,H; 1 68 52 41 Slight
3 CH,CH==CH, C.H; 1 >240 105 45 Severe at 19,
4 CH.,C=CH C,Hs 3 205 180 160 Severe at all levels
2 CH.SH CH; 0 27 0 0 Slight
8 CH,S-1, CH; 6 >240 >240 >240 Severe at all levels
3 CH,SH C.H; 0 0 0 0 Slight
12 00C:H; C.H, 1 60 0 0 Slight
13 CH,OH CyH, 0.5 140 22 0 Slight
14 CH.O0CH; C.H. 0.4 36 0 0 Slight
17 CONH, C.H; 0 0 0 0 Slight

(19) (45-60 min). Compound 13 was active only at
the 19 level and the effect was of shorter duration
(30-60 min). In the irritancy test, 19 solutions of 13
and lidocaine gave no significant effects when compared
with saline. Compound 3, however, showed pro-
nounced wheal formation at 197, but was without effect
at 0.5%.

In summary, therefore, of the ten compounds exam-
ined, four were without local anesthetic activity. Four

compounids gave prolonged effects in the Bulbring and
Wajda test; in two this was associated with irreversible
tissue damage and in the nerve block test the duration
of action of the other two did not differ markedly from
that of lidocaine.

Acknowledgment.—We thank Mr. B. Basil for some
of the pharmacological results and Mr, P. W. Tipton
and Mrs. M. de Bruin for skillful techuical assistance.
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Microbiological oxidation of lncanthoue? furnished hycanthoue,! the 4-hydroxymethyl analog as the maiu

product.

Hycanthone is a highly active schistosomicidal agent when given orally or intraperitoneally.

It has

beei identified chromatographically i the urines of mai, monkey, and mouse following medication with Iucan-

thote.

Alniost thirty years ago Mauss® syuthesized a series
of xanthenones, some of which were shown by Kikuth
and Goénnert* to have schistosomicidal activity when
administered orally to mice infected with a Liberian
strain of Schistosoma mansoni. This was a signal
chemotherapeutic achievement because this was the
first orally effective nonmetallic organic compound
found to possess such biological activity,

The most interesting members from the point of view
of structure-activity relationships were miracil A (I),
lucanthone (II), and the 6-chloro analog (I11).

Oun the basis of evaluation in mice it was estabished
that the thioxanthen-9-one II was more effective than

(1) Yor a preliminary communication see D. Rosi, G. Peruzzotti, E. W.
Dennis, D. A. Berberian, H. Freele, and 8. Archer, Nature, 208, 1005 (1965).
Hycanthone is the generic name for 1-{2-(diethylamino)ethylamino]-4-
hydroxymethylthioxanthen-9-one.

(2) Lucanthone is the generic name for miracil D.

(8) H. Mauss, Chem. Ber., 81, 19 (1948). Although the chemistry was
reported after World War 11, it is well known that the original work was
carried out in the late 1930’s.

(4) W. Kikuth and R. Gonnert, Ann. Trop. Med. Parasitol., 42, 256
[QUELIDN

Its chemiical, physical, aud biologieal properties suggest that it is the active metabolite of lucanthone.

O NHCH,CH,N(C.Hs), O NHCH,CH,N(C.Hy),
48s 488
CH, CH,
I II

O  NHCH,CH,N(C,H,),

0 NHCH,CH,N(C,H;),

CH,



