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the synthesis of ITa. From 0.4-0.5 mole of acids Ib and Ic were
obtained 80-859 yields of liquid esters IIb [bp 88-92° (12 nim))
and IIc [bp 101-112° (12 mm)], respectively. TFor analyses the
crude esters were redistilled several times at reduced pressure
and eenter constant-boiling fractions were collected; n2p 1.4295
for IIb, 1.4335 for Ile: infrared bands (meat) at 1775 £ 5
(strong, C==0) and 1666 = 2 cn1~! (weak, C==N).

Anal. Caled for CsHipNOy: €, 55.47; H, &873; N, 8.09.
Found for IIb: C, 53.55; H, 8.67; N, 7.82. Caled for CioHie-
NO;: C, 59.67; H, 9.532; N, 6.96. Fouud for IIe: €, 59.23;
11, 9.46; N, 6.72.

2-(Isopropylideneaminooxy )-1-alkanols (III).-—To an ice-cold
solution of 22 g (0.127 mole) of ester IIb in 500 wl of anhydrous
cther was added, in five portions and with stirring, 3.4 g (0.089
mole) of solid TiAIHs, The reaction mixture was stirred 1 hr
lonuger, :llowed to stand at room temperature overnight, and
then processed in the same fashion as used in the preparation of
T11a,% yield 14.3 g (78%) of IIIb, bp 83-86° (13 mm). After
four more distillations an analytical sample was obtained;
significant fufrared bands (neat) at 3450 (OH) and 1640 em™!
(C==N).

Anal. Caled for C:HpNOs: ) 57.90; H, 10.41; N, 9.65.
I'ound: C, 57.97; H, 10.54; N, 0.34.

Likewise front 50 g (0.25 nwle) of ester ¢ and 6.4 g (0.17
mole) of LiAIH, was obtained 34.9 g (809%;) of IIlc, bp 93-105°
(21 mm). After three more distillations there resulted an
analytical sample, bp 113-113.5° (13 mm), n2p 1.4455, signifi-
cant infrared bands (neat) at 3390 (OH) and 1630 ¢m~! (C=N).

Anal. Caled for CoHi(NO2: C, 62.39; H, 11.05; N, 8.09.
Found: C, 62.07; H, 10.90; N, 7.66.

2-(2,4,5,7-Tetranitro-9-fluorenylideneaminooxy jalkanoic Acids
(IV),—The procedure followed that used by Newnian and
Lutz? for synthesis of IVa, A mixture of 23.1 g of 2,4,5,7-tetra-
nitrofluorenone, 15.4 g of Ib, 2.5 g of p-toluenesulfonic acid, and
175 ml of glacial acetic acid was refluxed, cooled, and diluted witl
water. The precipitate was washed with dilute acetic acid,
dissolved in 80 ml of propionic acid, and reprecipitated by addi-
tion of an equal volume of water to this hot solution; yield 24.8 g
(849,) of IVb, mp 166-169°. For analysis, IVb was converted to
the IVb-benzene molecular compound (by repeated recrystalliza-
tion from benzene), obtained as pale yellow prisms or powder,
mp 126--127°, stable to drying for 8 lir at 25° (0.1 mni).

Anal. Caled for CnI’IuNE,Ou'CﬁHsZ CA, 5121, H, 318, N,
12.99. Found: C, 51.20; H, 3.11; N, 13.02.

similarly Ie was couverted to IVe (909, vield), mp 211.5-
216°.  Tour recrystallizations from benzene gave yellow prisum
of IVe-benzene molecular compound, mp 216-217.5°, stable to
drying for 30 hr at 56° (0.05 mm).

Anal. Caled for C)ol1;N,On - Celle: €, 52.82: 11, 3.72; N,
1252, Feound: C, 32.68; H, 3.93: N, 12.16.
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The 1,2,3,4-tetrahydropyrido[4,3-bJindole (y-carbo-
line) ring systeni, in contrast to the g-carbolille nucleus,
has been little investigated ws a source of biologically
active conipounds. N, quaternary salts of this ring
system  were investigated? as potential curarizing
agents, some of them having a potency of about one-
fiftth that of d-tubocurarine. Hérlein® prepared 5-
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alkyl-, substituted alkyl, arylalkyl, and  ryl-y-
carbolines, some of which were claimed to have anti-
histaminic activity. In particnlar 2-methyl-5-bensyl-
1,2,3,4-tetrahydropyrido[4.3-b lindole  (mebhyidroling
was shown {o have prolonged autihistaninic activity?
with little sedative effect in man.?

No reports have appeared on the coffeet of y-carbo-
lines ou the central nervous systeun, aud, following onr
interest in the activity of l-urylalkyl-4-piperidones,©
the effect of replacing the oxygen function and -
alkyl group in these compounds by an indole nuclens
to give 1,23 4-tetrahydro-y-carbolines was investi-
gated.

2-substituted 1,2,3,4-tetraliydro-y-carbolines  were
prepared by condensation of the corresponding snb-
stituted  4-piperidone with phenylhydrazine hydro-
chloride I ethanclic hydrochloric acid.®*T When I-
substituted phenylhydrazines were nsed i this reue-
fion the corresponding 2,5-disubstituted 1,2,3,4-tctra-
hydro-y-carbolines were obiained. 3-Alkyl- aud 5-
diatkyliminoalkyl-1,2,3,4-tetrahydro-y-carbolines were
obtained by condensation of the appropriate 2-suhsti-
futed 1,23 4-tetrahydro-y-carboline  with an  alkyl
halide in the presence of sodamide.”  The parcut cow-
pound, 1,23 4-tetrahydropyrido[4,3-blindolc, wax pre-
pared from 4-piperidone hydrochloride and phenyl-
hydrazine hydrochloride, rcuaction with  2-diethyl-
aminoethyl chloride giving 2-(2-diethyluminocthyl)-
1,23 4-tetrahydropyrido[4,3-b Jindole,

The spectrn are, as would be cxpected, similar 1o
the correspouding alkylindoles*'' having a1 broad.
partially resolved peuk in the ubtraviolet at 270-
280 nip (log enax 3.5-4.0) and a further peak at 2253
230 mu (log €0y 4.5-4.8).

Biological Activity. --The pharmacological tests nsed
to investigate the activity of these compounds on the
central nervous systemt have been described in the
preceding paper of this  series.®  2-Methyl-1,2,3,14-
tetrahydro[4,3-b lindote  and its 8-bromo derivative
blocked the conditioned avoidance respouse in rats
(LD values 20 and 25 mg, kg, respectively). The
LD valnes of the componnds were 430 and 370 g, kg,
respectively.  The activity of chlorpromazine under
shinilar experinmental conditions was 10 and 200 mg kg,
respectively.  These two componnds also had analgesic
activity i the hot-plate test i miee (D5 vahies 30
and 60 mg/ke, respectively).  Replacement ot the
methyl group in the 2-position by cthyl, beuzyl
plienethyl, and 2-diethylaminoethyl led to less active
cotnpountds.  Thiz contrasted with the parent piperi-
dones where optimium activity was found with 1-
arylalkyl-3-alkyl-4-piperidones.¢

Substitution of the hydrogen atom on the indole 1i-
trogen atom by alkyl, arvlalkyl, aryl, or dialkylamine-
atkyl gave compounds with no significant :etivity in
the pharmacological tests employed i this study.
Thux for activity in the couditioned avoiduance response
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TasLE I
SuBsTITUTED 1,2,3,4-TETRAHYDROPYRIDO [4,3-b JINDOLES

|
N

4

R
Re-
crystn
sol- C. % H. % N %
R, Rs Rs vent® Mp, °C Formula Caled Found Caled  Found Caled Found

CH; H H 3 169-171° CpH Ny 7.4 77.8 7.59 7.41 15.05 15.25
C.H; H H 2 125-126 CsHsNo 78.0 78.0 8.05 7.92 14.0 14.1
CsH;CH, H H 1 161 CisH;sN2 82.4 82.2 6.93 6.93 10.7 10.75
CsH;,CH,CH, H H 1 166.5-168 CroH2oN, 82.6 82.7 7.29 7.60 10.1 10.0
CsH;CH,CH, C¢H; H 1 124.5-125.5 Cy;HxN, 85.2 85.2 6.86 6.88 8.0 8.0
C¢H,CH,CH. CH,; H 2 65-66 CooHaN, 82.7 82.8 7.64 7.56 9.7 9.8
CeH:CH, CeHs H 2 92 .5-94.5 CoaHo N, 85.2 85.3 6.55 6.71 8.3 8.4
CsH;CH, CeH;CH, H 3 154.5-155 CosHaNo 85.2 85.1 6.86 6.98 7.95 8.0
C-H;,CH.CH, C¢H;CH, H 1 86-88 CosHasNo 85.2 84.9 7.15 6.93 7.7 8.0
CH; H Br 1 165.5-167 C12H;3BrN,° 54.35 53.3 4.94 4.95 10.6 10.65

4 264 C1H;;BrN,-HCI-0.5H,0¢ 46.4 46 .4 4.87 4.51 9.0 9.0
C¢H;CH, n-CsH, H 5 195-197 CyHyN,-HCI? 4.4 74.3 7.67  7.95 7.9 7.9

@ Solvents: 1, ethanol; 2, petroleum-ether (bp 40-60°); 3, benzene—petroleum ether; 4, water; 5, ethanol-ether. ® A. H. Cook
and K. J. Reed [J. Chem. Soc., 399 (1945)] givemp 171-172°. ¢ Anal. Caled: Br,30.1. Found: Br,30.4. < Anal. Caled: Ci, 11.4.

Found: Ci, 11.5. ¢ Anal. Caled: CI, 10.0. Found: Ci, 10.0.

Tasre II

1-SUBSTIICTED 5~-DIALRYLAMINOALKYL~1,2,3,4~I'ETRAHY

DROPYRIDO[4,3-b]INDOLES AND THEIR MALEATE SaLTs

N

/R1
(CH)n N\R7
Re-
crystn
sol- Mp or bp —C, %——— ~—H, % N, %o——
R R n Rs vent® (mm), °C Formula Caled Found Caled Found Caled Found
CH, CH; 2 CH; 140-144(0.05) CisHyN; 75.8 75.7 9.47 9.54 14.6 14.7
1 140.5-142 CisHoyyN;-2C,H O, 60.4 60.3 6.88 6.81 8.2 8.1
C:H; CH; 2 CsH;CH. 192-196 (0.05)  CoHaN; 80.0 9.7 8.60 8.64 11.51 11.6
2 158-159 CosHyN;-2C.H,O,  65.1 64.7 6.66 6.62 7.3 7.1
<:/\N 2 CH, 168-170(0.1) CisHaiN; 6.7 76.7 9.10 9.15 14.2 14.1
2 151.5-152.5 CisHxN; 2CH,0, 61.35 61.2  6.64  6.66 8.0 8.0
GIT, CH:; 2 CsH(CHy): 245-250(0.1) CosHy N, 79.7 79.95 8.67 8.86 11.2 11.2
—\ 2 162.5-164 CosHy N, - 2CH, O, 65.1 65.2 6.76 6.80 7.0 6.9
CHsN\__/N 3 CH, 207-210(0.1) CooHyoNy 73.5 73.6 9.03 9.26 17.25 17.2
3 159-161 CooHypN,-3CHO4 567 56.9 6.27 6.28 8.45 8.3
CHy; CH; 2 CH, 154-159(0.05)  C1eHuN; 74.6 4.7 9.02 9.01 16.1 16.3
2 169-170° CieHes N3 2C,H,O4  38.5 58.9 6.30 6.3 8.65 8.6
DN 2 CH, 175-180(0.5) CisHosN3 76.2 76.28 8.99 8.89 14.9 14.8
2 136.5-137.5 CisHysN3- 2CH 0, 60.7 60.6 6.34 6.45 8.2 8.15

e Solvents: 1, methyl alcohol-ether; 2, ethyl alcohol-ether; 3, ethyl alcohol. * V. Horlein [Ber., 87, 463 (1954)] gives bp 200-205°

(2.5 mm). © Lit.> mp 164-165°.

test the 3-position of the nucleus should be unsubsti-
tuted. When this position was unsubstituted optimal
activity resulted when the group in the 2-position was
methyl.

Experimental Section!?

Substituted 1,2,3,4-Tetrahydropyrido[4,3-b]indoles (Table I).
A.—A mixture of the appropriately substituted 4-piperidone
(0.1 mole), the appropriately substituted phenylhydrazine hydro~
chloride (14.6 g, 0.1 mole), and alcohol saturated with HCI at

(12) Melting points were recorded using an electrothermal melting roint
apparatus comprising a gas heater block and a thermometer calibrated for
exposed stem. Microanalyses are by Mr. M. Graham and spectra by Miss
E. V. Egginton. The ultraviolet and infrared spectra of all the prodicts was
recorded.

0° (200 nil) was heated under reflux for 3 hr. The mixture was
cooled overnight and filtered, and the solid was triturated with
dilute NH; to give the required tetrahydro-v-carboline. The
alcoholic filtrate was concentrated and poured into dilute NH,,
when a further quantity of the tetrahydro-v-carboline was ob-
tained. The products were crystallized to constant melting
point prior to analysis.

B.—To a stirred solution of a 2-substituted 1,2,3,4-tetrahydro-
pyrido[4,3-b]indole (0.05 mole) in hot xylene (100 mi) was added
finely powdered sodamide (2.3 g, 0.06 mole). When the evolu-
tion of NH; was complete, the appropriate halide (0.10 mole)
was slowly added and the mixture boiled under reflux for 6 hr.
Inorganic material was filtered, and the solvent was distilled
in vacuo. The residual base was usually purified by distillation
and then converted to the appropriate salt. The 35-dialkyl-
aminoalkyl-2-substituted 1,2,3,4-tetrahydropyrido[4,3-blindoles
listed in Table IT were also prepared by this procedure.
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1,2,3,4-Tetrahydropyrido[4,3-b]indole.——A mixture of 1-hen-
zoyl-3-ethoxycarbonyl-4-piperidone!? (68.5 g, 0.25 mole) and 6 .\
HCT (800 mi) was boiled under reflux for 8 hr.  After cooling.
the separated benzoic acid wa< filtered, and the fltrate wus
extracted several times with etlier to renove dissolved benzoic
acid; the agueous layer was then evaporated to dryuwess. The
residue was dissolved i ethanol (200 ml) and saturated with T1C1
at ©°; pheuylhydrazine hydroehloride (36 g, 0.25 nwle) wns
then added and the mixture was boiled under reflux for 1 le.
After cooling, the solid was filtered and dissolved in hot water,
and the solution was neutralized with NH; to precipitate a lighi
tan solid.  Crystallization from ethanol gave 17.7 g (43%7) of
the base, mp 205-207°.
Anal, Caled for CpHeN: €, 76.7; M, 7.02; N, 10..
Fourd: €, 76.6; H, 7.23; N, 16.25.
2-(2-Diethylaminoethyl)-1,2,3,4-tetrahydropyrido[4,3-b]indole.
—To u solution of 1,2,3,4-tetrahydropyrido[4,3-b]indole (1.72 ¢,
.01 mole) i hot ethianol (20 ml) was added 2-diethylaminoethyl
cliloride hydrochiloride (1.9 g, 0.011 mwole) followed by KOH
(0.67 g, 0.012 mule) dissolved in the mininum quantity of water.
‘The mixture was botled under reflux for several hours and cooled,
and the precipitated KCl was filtered. The filtrate was evapu-
rated to dryness and triturated with KOH solution, and the base
was extracted into benzene. After drying (MgSOs) the solveut
wis evaporated to leave a viscous 0il (2.3 g).  This was converted
to its dimaleate salt whicli crystallized from sopropyl alcohal;
wmp 148-149°.
Anal, Caled for CpldesNs-2C 0,y
8350 Found: C, 59.5; H, 6.76; N, 8.4.
2,3-Dimethyl-1,2,3,4-tetrahydropyride{4,3-b]lindole was pre-
piared from  1,2-dimethyl-4-piperidone und phenylhydrazine
hydrochloride and crystallized from ethyl aleohol in colorless
needles;, mp 205.5-207°.
Anal. Caled for CpllpN.: €, Ts.0; 1, 8.05; N, 14.0.
Found: C, 77.7; H, 8.07; N, 3.7,
1,1-Dimethyl-3-(4-chlorophenyl)-1,2,3,4-tetrahydropyrido-
[4,3-blindole was prepared from 2,2-dimethyl-6-p-chiorophenyl-
4-piperidone and plieaylhydrazine hydrochloride and erystallized
from ethyl alcohol as pale vellow needles, mp 207.5-209.5°.
Anal. Caled for CiHpQIN:: C, 73.4; H, 6.16; N, 0.1.
Found: ¢, 73.2; 11, 5.09; N, 85,

Acknowledgments.—The author thanks Dr. D. IK.
Vallance and hix colleagues of the Pharmacological Lab-
oratories, Smith Kline and Irench Laboratories Ltd.,
for the pharmacological results and Mr. C. 8. Whyatt
for techuical assistance.
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13 Gl Srork und 8. Melllvain, J. e, Chem. Seoc., 68, 1053 (1846).
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The pharmacological activity of hydrazine deriva-
tives is well known and made use of therapeutically.
The antihypertensive hydrazinophthalazines,! anal-
getie and antipyretic pyrazolones, antiphlogistic dioxo-
pyrazolidines, the tubercunlostatic isonicotinoylhydra-
zines, and the varions monoamine oxidase (AMAQO)
lnhibitory hydrazines and hydrazones are just a few
exainples.®?

(1) E. Sehlittler, J. Draey, and A. Marxer, Progr. Drug Res., 4, 319
(1962).

(2) E. Jucker, Argew. Chene, T1, 321 (1959).

(3) (a) A. Pletscher, K. I. Gey, and P. Zeller, Progr. Deug Res., 2, 417
(1960); (b) J. H. Biel in “Molecular Modifications of Drug Design,” Ad-
vances in Chemislry Series, No, 44, American Chemical Society, Washington,
D. C., 1964, p 114,
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Since all these hydrazine derivatives influenee the
metabolisin of serotonin as well as other amines, it
scemed obvions to investigate hydrazine derivatives
of dole ~tructurally related to scrotonin.  Anti-
metabolic effeets in addition to NAO inhibition should
1ot be lmipossible ainong such compotmds.

Very few reports on hydrazine derivatives of indoles
can be found in the literature.  Zeller, ¢t al.,* report
on the tryptophan isopropylhydrazide; o patent of
Robin=on? deseribes indolylethyl- and s-indolyipropylt-
hydrazines; aud other patents® deal with indole-i-
-arbohydrazides but give no pharmacological data.
Elderfield and Wood™ mentioned some  N-mustard
mdolylhydrazides as cytostatics, and "Teotino and
Maffii® listed somie indole-2-ucetythydrazides.  Biologi-
ealt data are missing i all cases,

The simple indolylglyoxylylhydrazide (I) is -
tioned by Heinzelman and Szmuszkoviez® as a fairly
potent S-hydroxytryptophan decarboxylase inhibitor
(Tzo, 107 A7) (sece Table I).

In connection with other investigations, we had the
opportunity to svuthesize a few indolylglyoxylylhydra-
zides and 2-iudolylcarbohydrazides. In most cases no
diffieulty was cncountered by using standard wmethods:
reaction of indolylglyoxylyl chloride with an excess
of the hydrazine derivative in agueous suspeinsion or
dioxane sohition.  Since amide formation is much faster
than the rate of hydrolysis, hydrazides are obtained in
good yield cven in aqueous media,

Sinee the isopropyl derivative I1I proved to be active,
it was of mterest to sce if the other possible mono-
and diisopropythydrazide dertvatives would show the
<aine regularity in MAQO inhibitory activity as the cor-
responding  1sonicotinoyl compounds  described by
Pletcher, et «l*® Therefore, IV wus prepared from
acetone-isopropylhiydrazoue and the corresponding
glvoxylyl chiloride, with spontaneous hydrolysiz of the
wopropylidene group.  Smularly, V and VI were pre-
pared 1 the nsual way from the substituted hydrazines,
The indole-2-carbohydrazides VITI-XT were obtained
from the acid chloride!* by standard methods.

Pharmacology. - The isopropylhydrazide I was the
ouly oune with any reasonable MAQ mhibitory activity
following oral administration of 300 mg/kg in wicc.
The test i3 the reversal of reserpine-indueed sedation.
At lower doses, down to 38 mg, IIT antagonizes
reserpiie by nou-MAO-related niechanisnis.

Componnd= IV and 'V oexhibited evidenee of NTAO
inhibition at 300 mg/kg, but noue at 100 nie.  Coni-
pound VI, which should have been more active {lial
1IT in view of the report by Pletschier, ef al.,’ wis com-

o1y P Zeller, A, Plewseleer, K. 1 Cey, I, Gnlman, I3 Hegedns, and O
Straaly, oo NV dead. Sed.. 80, 558 (1950,
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