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and 2 g. of ammonium acetate at 95-100°, diluted with 50-60 mi.
of methanol, and cooled, yielding 5.6 g. (809 ) of orange-red
needles, m.p. 229-230°. An analytical sample was sublimed
at 0.5 mm.

Anal. Caled. for C;HsFN,O,: C, 59.99; H, 4.12; F, 8.63;
N, 12.73. Found: C, 60.23; H, 4.18; F,8.65; N, 12.90.

6-Fluoro-a-methyltryptamine, —A solution of 5.6 g. of 6-fluoro-
3-(2-methyl-2-nitrovinyl)indole in 100 ml. of tetrahydrofuran was
added dropwise to 6.5 g. of lithium aluminum hydride in 150 ml.
of tetrahydrofuran and refluxed for 2 hr. After the usual pro-
cedure, 3.0 g. (619;,) of crystals were obtained, m.p. 102-105°
(ethyl acetate—petroleum ether). An analytical sample was
recrystallized from ethyl acetate, m.p. 104-106°.

A‘inal. Calcd. f()I‘ CuHmFNg: C, 6873, H, 682, N, 14.57,
Found: C,68.39; H,6.83; N, 14.22.

The picrate, red crystals from methanol-water, changed to
orange-yellow when heated above 100-110°; m.p. 232-233° dec.

Anal. Caled. for Ci;HgFN;O:: C, 48.46; H, 3.83; N, 16.63.
Found: C,49.03; H,4.28; N, 16.77.

5-Fluoro-3-indolealdehyde.—A solution of 7.7 g. of 5-fluoro-
indole® added to 5.8 ml. of phosphorus oxychloride in 20 ml. of
dimethylformamide, and processed as described for the 6-fluoro
analog, afforded 7.5 g. (809%) of crystals, m.p. 170-171°.

Anal. Caled. for CH:FNO: C, 66.25; H, 3.71; F, 11.65.
Found: C,66.76; H, 4.22; F, 11.60.
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5-Fluoro-3-(2-methyl-2-nitrovinyl)indole.—Reaction between
7.3 g. of 5-fluoro-3-indolealdehyde and 20 ml. of nitroethane
in the presence of 2.3 g. of ammonium acetate, carried out as
described in preceding sections, gave 6.1 g. (629,) of orange cry-
stals, m.p. 186-186.5° (from methanol).

Anal.  Caled. for CLHFN:O02: C, 59.99; H, 4.12; N, 12.73.
Found: C,60.25; H, 3.89; N, 12.45.

5-Fluoro-a-methyltryptamine.—The foregoing compound (5.8
g.), reduced exactly as described for the 6-fluoro isomer, was
precipitated from an etheral solution as the hydrochloride, m.p.
228-230°; yield 4.9 g. (819%). An analytical sample was purified
from toluene—ethanol; m.p. 233-234°.

Anal.  Caled. for C,HyCIFN,: C, 57.77; H, 6.17; F, 8.31;
N, 12.25. Found: C,57.79; H, 6.48; F,8.29; N, 12.27.

The yellow crystalline picrate, from methanol-water, melted
at 234-235° dec.

Anal.  Caled. for CHieFN0q: C, 48.46; H, 3.83; F, 4.51;
N, 16.63; Found: C,48.73; H, 3.79; F,3.99; N, 17.07.

Acknowledgment.—We are indebted to Mr. H. G.
MeCann of the Microanalytical Laboratory, National
Institute of Arthritis and Metabolic Diseases, for
analyses.

Acyltryptamines. II. Synthesis of Acyltryptamines, Indazoles,
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The 3-(o-, m-, and p-acylphenyl)hydrazones of 2,3-piperidinedione (I) were prepared by the Japp—Klingemann
coupling of the corresponding acylbenzenediazonium salts with 2-oxo-3-piperidinecarboxylic acid. The acyl
substituents were o-, m-, and p-acetyl, o-, m-, and p-benzoyl, p-propionyl, p-isonicotinoyl, and p-(4-chlorobenzoy!).
The Fischer-indole cyclization of the p-acylphenylhydrazones gave 6-acyl-1,2,3,4-tetrahydro-1-oxo-3-carbolines
(I1) which on hydrolysis and decarboxylation yvielded 5-acyltryptamines (IV). Cyclizations of the m-acylphenyl-
hydrazones gave a mixture of 5- and 7-acyl-1,2,3,4-tetrahydro-1-oxo-g-carbolines (VI, V) which on hydrolysis
and decarboxylation yielded azepino[5,4,3-cd]indoles (X) and 6-acyltryptamines (VIII), respectively. The o-acyl-
phenyihydrazones on cyclization gave 3-methyl-2-(1,2,5,6-tetrahydro-2-oxo-3-pyridyl)-2H-indazole and 3-
pheny1-2-(1,2,5,6-tetrahydro-2-oxo-3-pyridyl)-2H-indazole. These were reduced catalytically to the 3-methyl-
2-(2-ox0-3-piperidyl)-2H-indazoles and 3-phenyl-2-(2-oxo0-3-piperidyl)-2H-indazoles (XIII). Hydrolysis of the
indazoles gave the corresponding derivatives of 5-amino-2-indazolylpentanoic acid (XV, XVI). The 5-acyltrypt-
amines showed antiserotonin and hypotensive properties. The most active compound, 5-acetyltryptamine,
which produced marked hypotensive effect in the anesthetized and unanesthetized dog, failed to elicit the same

response in man when tested in the clinic.

The synthesis of tryptamines has been extensively
pursued because of the biological activities of many
naturally occurring substances containing this moiety.
As a result of our investigations on the chemical modi-
fications of indole alkaloids it became apparent to us
that tryptamines, substituted in the benzene ring by
acyl groups, had not previously been prepared. During
the course of our synthesis in this area we encountered
some interesting chemical and pharmacological find-
ings which prompted us to expand our research to in-
clude indazoles and azepinoindoles.

The most feasible synthetic scheme appeared to be
that utilized by Abramoviteh and Shapiro? where sub-
stituted benzenediazonium salts are coupled with 3-
carboxy-2-piperidone to give hydrazones which are

(1) Presented in part as a Commnivnication to the Editor, J. Am. Chem.
Soc., 84, 881 (1862), and before the Division of Medicinal Chemistry at the
141st National Meeting of the American Chemical Society, Washington,
D. C., Marclh 26, 1962,

(2) R. A. Abramovitch and D. Shapiro, Chem. Ind. (London), 1255
(1955); J. Chem. Sge., 4589 (1956).

cyclized to 1,2,3 4-tetrahydro-1-oxo-8-carbolines. Ring
opening of the oxocarbolines followed by decarboxyla-
tion of the resulting 2-carboxytryptamines yields the
tryptamines.?

Coupling of the o-, m-, and p-acylbenzenediazonium
salts with 3-carboxy-2-piperidone gave the correspond-
ing 3-(o-, m-, and p-acylphenyl)hydrazones of 2,3-
piperidinedione Ia—i (Table I). Cyeclization of the
(p-acylphenyhhydrazones of 2,3-piperidinedione Ia—d
in refluxing 889, formic acid gave the 6-acyl-1,2,3,4-
tetrahydro-1-oxo-3-carbolines (IIa—d, Table II). Hy-
drazone Ie, which resisted cyclization by formic acid,
was successfully cyclized by polyphosphoric acid.
Base-catalyzed hydrolysis of ITa—e gave the correspond-
ing 5-acyl-2-carboxytryptamines (IIla—e, Table III)
which were decarboxylated in refluxing hydrochlorie
acid to the 5-acyltryptamines (IVa—e, Table I'V).

(3) 8. Kelmatsn, S, Sugasawa, and G, Kasuya, J. Pharm Soc. Japan,
48, 762 (1928),
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The eyelization of the m-acylphenythydrazones of were  separated by fractional  crystathzation  from

2 3-piperidinedione (If,g) gave mixtures of T-acyl-  cthanol. The 7-benzoyl and 7-acetyl derivatives had
1,2.3,4-tetrahydro-1-cxo-8-carbolines (Va b, Table 1) absorption bauds i the 800 and 890 em.~! regious
and S-aeyl-1,2,3,4-tetrahydro-1-oxo-3-carboliues (VIa,b which arc attribnted to aromatic 1,2,4-trisubstitution.

Table I1) in approximately 3:1 ratios.  These isoniers The S-benzoy!l isomner had o \1gmﬁoant bands in the
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TasLe III
2-CARBETHOXYTRYPTAMINES
N //C\ 2
HO OH
Caled., %,
Com~ Yield, ~————(Found, %)—
pound R A.p., °C. A Forinula C H N Cl AEOH s (o)
IIla  53-CH;CO 340-346° 93 CpHuN.0;-H,O0 59.08  6.10 10.60 266.5 (47,000): 303 (8000)
(59.04) (6.18) (10.77)
363 CisH14N:03- 55.22  5.35 9.91 12.54 266 (51,700); 303 (8900)
HCI (35.51) (5.62) (U.67) (12.51)
IIIb  5-C,H;CO 271.5-275.5 93 CuHiN:0; 64.60  6.20 10.76 265 (49,000); 304 (8200)
(64.46) (6.19) (10.76)
301.5-307.5 CrHgN,Os- 56.66  5.78 9.44 11.95 266 (51,500); 304 (9100)
HCI (56.74) (5.98) (9.71) (12.08)
IIle  5-CsH;CO 287.5-293.5° 90 CisHisN2Os 70.11  5.23 9.09 276 (37,000); 296-305
(70.38) (5.28)  (9.33) (10,100)
270-272 CisHsN,05 62.70  4.97 8.12 10.22 277 (41,200)
\ HCl (62.93) (5.05) (7.97) (10.24)
I11d 5<Cl"®co/ 268-270 95 CuHyiCIN,O;  63.07 4.4l 8.17  10.34  297.5 (37,500)
(63.33) (4.57) (7.93) (10.09)
Ile 5(NC\>_CO) 343-353 80 CurHyN3O,- 65.04  5.46 12.64 238 (24,200); 277 (31,000);
= 0.5C.H;OH (64.83) (5.80) (12.78) 311-319 (10,100)
Vila 6-CH,CO 242-245 90 CiHuN:0;- 58.52  6.66 9.75 248 (24,000); 308 (21,600)
H.0 (58.74) (6.40) (9.73)
0.5C,H;0H
272.5-280.5 CisHiN 03+ 51.91 5.70 9.31 11.79
HCI (52.07) (5.91)  (9.28) (11.89)
VIIb 6-CeH,CO 210-213 96 CrHigN,03- 68.13  5.40 8.82 226 (26,000); 249 (19.600);
0.5H,0 (68.19) (5.26)  (8.38) 313 (18,000)
IXa 4-CH;CO 317-320 93 CuHuN,0s 63.40  5.73 11.38 216 (30,000);243(sh)(13,500)
(63.59) (5.99) (11.46) 260 (15,000); 333 (5,300)
418 (6,700)
IXb  4-CgH;CO 242-252 88  CigHisN20;- 68.86  5.78 8.45 230 (25,600); 267 (15,200)
0.5CH;OH  (69.14) (5.80) (8.41) 362 (5,500); 443 (7,500)
¢ At 270° softens, puffs up, and resolidifies. ° Melts at 240-243° and resolidifies.
TaBLE IV
TRYPTAMINES
N 2
H
Caled., 9%
Com- M.p., Yield, ————(Found, %)——————
pound R °C. % Formula C H N Cl MO mp (o)
IVa 5-CH,CO 140.5~ 57 CpHuN0 7126  6.98  13.85 254 (34,400); 299 (pl) (7850)
142.5 (70.99) (6.93) (14.09)
230-232 Ci:HuN,;0-HCl 60.37  6.33 11.74 14.87 252 (33,400); 297 (7350)
(60.48) (6.37) (11.51) (14.88)
IVb 5-C,H;CO 127.5— 26 C)3HisN,0 72.19 7.46 12.95 253 (34,400); 297 (7200)
130.5 (71.91) (7.46) (12.92)
214-216 C13HgN,0O - HCI 61.77  6.78 11.08 14.03 252 (35,600); 297 (7400)
(61.96) (6.79) (11.12) (14.05)
Ve 5-CsH,CO 236-238 50 CpHiN.0-HCI 67.88  5.70 9.31 11.79 220 (21,600); 262.5 (25,000)
(67.83) (5.85) (9.60) (11.33) 306 (9600)
IVd*@@% 264-267 26 C,H;CIN,O-HCI 60.90  4.81 8.36  21.15 219 (23,300); 265 (26,700)
(61.13) (4.76)  (8.63) (20.92) 308 (10,150)
IVe 5_§C\>—c9 951-256 57 CiHuN,0-2HCI  56.81  5.07  12.42 20,97 232 (25.400); 266 (18,500)
= (56.88) (5.36) (12.18) (20.80) 311 (9500)
VIIla 6-CH;CO 148.5- 14 CpHuN0 71.26 6.98 13.85 237 (sh) (15,300); 253 (21,400)
150.5 (71.38) (7.18) (14.08) 301 (12,900); 335 (7000)
VIIIb  6-CeH,CO 249-251 17 CyHNoD- 66.76  6.23 8.65 10.95 219 (27,000); 254 (18,700);
0.5C;H;0H-HCl (66.56) (6.26) (8.94) (11.06) 306 (12,600)

800-900 cm.~! region whereas the 5-acety! isomer  hydrochloric acid to 6-acyltryptamines (VIIIa,b,
showed one band at 870 em.~!. The 7-acyl-1,2,3,4-  Table IV).

tetrahydro-1-oxo-3-carbolines (Va,b) were hydrolyzed The 5-acyl-1,2,3,4- tetrahydro-1-oxo-8-carbolines
by alkali to the 6-acyl-2-carboxytryptamines(VIla, b, (VIa,b) were hydrolyzed to 4-acyl-2-carboxytrypt-
Table III) which were then decarboxylated in refluxing  amines(IXa,b, Table III), which on acid decarboxyla-
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[t was apparent that the primary amine of the sidc
chain reacted with the carbonyl group to give deriva-
tives of the novel ring structure, 1H-azepino[5,4,3-¢d |-
indole (Xa,b,* Table V). Rast molecular weight deter-
mination counfirmed the monomeric empirical formula.

The reactions described proceeded with good yields
except for the decarboxylation step which was generally
a slow process governed by the electron-withdrawing
properties of the substituent. We have observed that
the case of decarboxylation decreases with the increas-
ing electronegativity of the substituent para to the ring
nitrogen, in agreement with Abramoviteh’s® assumption
that protonation of the indole nitrogen is the rate-deter-
ming step of this reaction. Generally, the H-alkanoyl-
2-carboxytryptamines were decarboxylated faster than
the corresponding aroy! derivatives. The 4- and 6-
benzoyl-2-carboxytryptamines, both of which have the
substituent meta to the indole nitrogen, were decar-
boxylated more rapidly than 3-benzoyl-2-carboxy-
tryptamine. I some cases, cxtensive decomposition
of the product was minimized by isolation of the trvpt-
amine prior to the completion of the reaction and re-
cyelization of the recovered amino acid hydrochloride.
Efforts to improve this step by usiug resorcinol or
dimethylaniline® as decarboxylating agents were fruit-
less.”

The cyelization of the o-acylphenylthydrazones of 2,3-
piperidinedione (Ih,i) gave basic substances whose
analytical and spectral data were incompatible with the
structure of the desired 8-acyl-1,2,3,4-tetrahydro-1-
oxo-B-carbolines. The high nitrogen content of the
products indicated that cyclization to the indazolyl-

o) e -Dilgydro-Gopethyl-) H-azepino 543 -0d [indole 1 Xal wndd
bylro-G-plienyl-11H-azepivo5,4,3-cd Jindole (Xb).

(h) R. A. Abramoviteh, J. Chem. Soc., 1593 (1650).

() 11 I'liepinger, Chem. Bee., 83, 208 +1450).

(7) Shilar results were obtaived hy Abramoviteh fsce ref. 3 b e
attewDted decarhoxylation of d-mtro-2-carhoxytryptamine and d-chloro-2-
corhoxytryptamine with vopper or its sidtsHn goinoline. Wlen heaved with
resoreinnl or glyeerol the conmyponnds reeyeljzed,

3ed-dit-

Caded.,
(Q'ound., *, i ————

[ 11 N )\("”“‘ mu e

e

T~ 22 6.57 15.21 241 118,200 343 CHOU
TN (6,59 i15.36) 41N (13060)
82.90 H.73 11.37 2375 (17,6000 287 240,
(83.1%) (602} VLTS 317 (4R8610)

tetrahiydropyridones  (XIab®, Table VI) lLad taken
place.  This cyelization 15 helieved to proceed ria
the mucleophilie attack of the basic nitrogen of the
cuc-hydrazine form? of the hydrazouce on the carbounyl
carbon, followed by realignment of bouds and climina-
tion of the clements of water (Chart I).  Ouc of the
by-products obtained was 3-methylindazole " which was
presumably formed by intramnolecular condensation
of the hydrazine resulting from the hydrotysis of the
hydrazone.  This was avoided by the nse of glacial
acetic acid instead of 889 formic acid as the cvelizing
agent.  In an offort to circumvent the formation of
indazoles, the oc-acylanilines were reduced prior to
diazotization and coupling.  Ncvertheless, the eveliza-
tion of the resulting o-(e-hydroxyethyhpheuylthydia-
zone of 2 3-piperidinedione XIIa (Table 1) aud of the
correspouiding  e-hydroxybenzyl analog XIIb yiclded
indazolylpiperidones (XIIIa b, Table VI) which were
identical with thosc obtained by eatalytic reduetion of
the indazolvltetrahydropyridones  Xlab.  This can
be rationalized by assmming a nncleophilic attack of the
more basie nitrogen of the azo form? of the hydrazone
XII o the carbouniuni iou followed by a realignuient of
bonds" (Chart 1),

Of interest is the comparison of the ultraviolet spec-
trin of 23-dimethyhudazole™ with those of XIII and
Xla (Ifig 1), The most characteristic feature of all the
imdazote derivatives investigated in the course of this
work was the strong maximum in the 210 mg region.
This absorption was 1ot described in previous stidies
of the nltraviolet spectra of ndazoles.'?  The similarity
of the ultraviolet spectrum of 23-dimethyhudazole
with that of XIIIa prompted us to formulate XITlab
as S-methyl-{or 3-phenyvl-) -2-(2-ox0-3-piperidyh-2H-
indazole rather than as 2.3-dihydro-3-methyl- (or 3-
phenyl-) -2-(1,2,5 6-tetrahy dro-2-ox0-3-pyridy b-1 F-ini-
dazole (NIVab). The formation of XIVa.b might
have beeu anticipated from the cychization of the
cne-hydrazine form of XIIlab as well us from the
rather unlikely reduction of the pyrazole ring of Xla.b.

(81 A= Methyl-2-0 1,20 G-teivah ydro-2-oxo-t-pyridylj-2 H-imdiezole. (Xl
wnd 3-phenyl-2-(1.2.5, G-tetrah yedro-2-0x0-3-pyridyD-2 L-indazole (X1

) TFor a reevut diseussion of tle watomerie forms of hydrazones see R
O'Connar, J. Oy, Chen., 26, 1375 (19611,

(100 Go T Fiselevond 1 Kuazell JDiw.
ol L Tafol, ihid., 297, 301 1 18855,

11% The eyelizuton of o-plenylizolenzyl alvolal to 2-phenybinhiezate
tues Doen reparted by P Feenndler, Cuwpt Rend., 136, 1136 (1903); 138,
12700 0 a0,

c120 a0, Drevkoset, O 120 Folonsky, 120 Rieger. ond G0 Derttorger
Mowatsh. Chon,, 92, 113 1100 (b 0 Rawuart-Locas, Ball, Soe. Choa.

Franee, RT,017 11650); et Co Ainswortos JoUm Chen Seern, 80, WIT 11UORE
Jr VL Reanssemandd LB Lindwall s/ T2, 8007 bane,

211, 201 (188G D) T Misehwr
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2H-INDAZOLES

R R

R

2
= I Z
CﬁN\/N C=CH(CHy):NH, @N~§H(CH2)3NH2

K Ly COOH oo
XI XIII XVI
Caled., %
Yield, ~——————(Found, %)= —_—
Compound R M.p.. °C. % Forimula C H N ABOR g (8
XlIa CH, 189-192 55 Ci3HisN;0 68.70 5.76 18.49 212.5 (43,250); 273 (7100);
(68.50) (5.92) (18.29) 294 (6500)
XIb Ce¢H, 233-238 70 CisH N0 74.72 5.22 14.32 209 (34,900); 311 (11,000)
(74.43) (5.44) (14.54)
XIIIa CH; 258-260) 40 CiHisN;0 68.10 6.59 18.33 212 (45,400); 278 (5,500);
(68.12) (6.72) (18.20) 304 (6,500)
XIIIh CeHj, 195-197 44 CisHi N30 74.20 5.88 14.42 208 (42,400); 261 (6,600);
(74.29) (5.98) (14.64) 308 (11,00)
XVa CH;, 223-226 75 Ci3H1s N30, 63 .66 6.16 17.13 214 (35,100); 279 (5,300);
(63.69) (6.30) (16.91) 304 (5,400)
XVDb CsH; 272.5-274.5 75 CisHiN30, 70.34 5.58 13.67 314 (11,050)
(70.04) (5.75) (13.81)
149 .5-157.5 75 CisH 17 N30, - 61.27 5.43 11.91 314 (10,800)
HCI-0.5H,0O (61.05) (5.60) (11.77)
XVI Ce¢H, 167-170 Y5 CisHioN 30, H,O 66.03 6.47 12.84 264 (6,250); 309 (10,300)
(66.23) (6.70) (12.62)

Structure XIIIa,b was further supported by the finding
that 2,3-dimethylindazole could not be reduced to the
corresponding indazoline under the conditions of the
conversion of XI to XIII. The infrared spectra of the
indazolyltetrahydropyridones XIa,b and the indazolyl-
piperidones XIIIa,b displayed strong absorption bands
in the 1680-1690 c¢m.—! region. This high frequency
of the amide absorption can be attributed to the electron-
withdrawing effect of the neighboring indazolyl noiety.
Both the saturated and the unsaturated lactams were
easily hydrolyzed with acid or base to the corresponding
derivatives of 5H-amino-2-indazolylpentanoic  acid
XVa,b, and XVI*? (Table VI). In accordance with
their amino acid structure, XVa,b and XVI displayed
a carboxylate band at 1650 em. ! whereas their hydro-
chlorides had a carboxyl band at 1725 em.7!.. When
the aforementioned catalytic hydrogenation of XlIa
to XIIIa was not interrupted after the uptake of one
mole of hydrogen, further reduction, at a much slower
rate, took place with the formation of 3-(po-ethylphenyl-
hydrazo)-2-piperidone (XVII). That the latter no
longer possessed the indazole structure was shown by
its ultraviolet spectrum which displayed maxima at 197
(€ 13,050) and 232 mu (e 6,200). Evidence that fission
of the N-2, C-3 bond had occurred rather than cleavage
of the N-N linkage was obtained by a negative 8-
naphthol test for aromatic amines.!* ¥ission of the
N—N bond was observed in the course of the subsequent
[ithium aluminum hydride reduction of XVII to 3-(o-
ethylphenythydrazo)-piperidine (XVIII) when a not
characterized, oily by-product giving a positive 8-
naphthol test was also obtained. Similarly the reduc-

(13) 5-Amino-2-(3-methyl-2H-indazole-2-y1)-2-pentencic  acid (XVa),
H-amino-2-(3-phenyl-2H-indazole-2-y1)-2-pentenoiec acid (XVb), 5-awino-
2-(3-phenyl-2H-indazole-2-yl)-pentanoic acid (XVI).

{14) Reductive cleavage of 2-plienylindazole with sodium and alcobol
to give N-{g-aminobenzyl)-aniline was observed by K. von Auwers and P.
Strodter, Ber., §9, 529 (1920).

of  2,3-dimethylindazole
)

Fig.

1.—The ultraviolet spectra
(——=—-), 3-methyl-2-(2-ox0-3-piperidyl)-2H-indazole (
and 3-methyl-2-(1,2,3,6-tetrahydro-2-oxo-3-pyridyl)-2H-indazole
(U
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tion of X1b with ziue i a mixture of acetic acid and
hiydrochlorie acid gave o-beuzylauiline which was iso-
lated predominately in the N-acetylated formt®  The
identity of this material was established by comparison
with an authentic sample. '

Summ:ry of Pharmacological Data.—Iu the prelim-
inary ceunfe toxicity behavioral screen in mice, the
acyvirypiamines CFable IV) and the indazoles (Table
VI failed to produce auy significant pharmacological
effcets. Both tvpes were relatively nontoxie, having
oral ALDj;e i the vegion of 1 g./kg. or greater. The
azepinoindoles Xa,bh (Table V) idneed clonie-tonic
convulsions and Straub tail suggestive of central exeita-
tion.  Thiey were also characterized by higher toxicities,
having ALDs, of 75 my. kg and 400 my./ky., respec-
tively.

The witiscrotonin activity of the acyltryptamines an
the azepinoindoles was determined by the method of
Woolley, ' whicl is based ou the prevention of diarrhey
mduced by admimstration of S-hydroxytryptophan,
and is swmmarized as follows (KD, mg./'ke. i.p.):
BAS (I-benzyl-2 5-dimethylserotonin), 25; IVa, 10;
[Vh, 35; Ve, 10; IVd, 15; IVe, 35; Villa, 50; VILIb,
25, Xa, >20; Xb, 50,

15 An exundgile uf N-aertyladon in (e conrese of o redvetnar with zine
in nectie pebd of o a-wmivobenzolhenine devivarive s deserthed by 14
Ruogsly and By Hegediis, 77l Chone Acka. 24, 703 (1041),

16 ) O Tiseber apd 11, Scelintte, Beeoo 26, 3085 (18933 by 1 1,
Meawear. LoJy Lersnit, T 1. Openslaw, AL R Todd, AL LT Williams, and R
N, Woodward, J. Caom, Neeo, 2092 (19481,

A7) DWW Waolley, fvoe Soes Erpel, Biof, Med. 98, 45T { 1908),

MLovax Srasoraas, ML P Cousx, axp JoSuaven Ji.
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The curdiovascular effeets of theaeyltryptainines were
exanibied Snomongrel dogs anesthetized with sodiun
barbital (300 mg. kg.) or sodimn pentobarbital ¢120
180 mge. k Carotid blood pressire was recorded
with a merenry manometer and a kymograph.  Control
blood pressure respouses were obtained by v, ad-
unnistration ol =tandard  relerence  agents. Right
carotid artery occhision was accomplished by blocking
the artery for 45 see.

The wost potent componnd was S-acetyhtryptanine
(IVa) whieh produced a depressor respouse of 39 man,
at L0295 mg. ko ive A dose of 0.25 g, kg, caused a
fall i1 blood pressure of 61 m. that required 25 .
to return to normal. Doses up to 5 me. kg, did not
markedly ciliavee the hypotensive effect: however,
its duration was extended to over 1 hr.

Following adiniuistration ol J-acetylftryptamine at
all doses, the blood pressure responses to the staudard
referciree agents, such as epinephrine, norvepiuephrine,
acctylehiotine, histamine, 1 1-dimcethyl-4-phenylpiper-
azinun lodide, aud serotonin and to carotid artery
occhision were cither unichanged or only shghtly altered,
mdicating that the drug has no autonomic activity.

The cardiovascular effects of S-acetyltryptamine were
further evaluated m nntrained, nnanesthetized dogs.
Femoral artery blood pressures were recorded with a P
23 Statham pressure trausducer and a Grass Model No.
5 polygraph.  Oral administration of the drug caused
atr average 20720 decrcase i the systolic and diastolic
blood pressure for 34 hr. while leaving the heart rate
nuaflected. Turther  pharmacological  evaluation  of
this componud led to its sclection for a preliminary
chnical trial where 16 failed to elieit the saine response
as found in the laboratory.

The hiypotensive activity of S-acyltryptanines de-
creased with the inerease msize of the acyl group.  For
exainple, while S-propionyltryptaniie at 2.5--5 my, ‘kg.
produced an cffect comparable to S-acetyltryptaniine,
ouly a moderate drop i blood pressure of 20-40 mun.
conld be obtained by the administration of 10 my. ke.
of sonicotinoyhtryptamine  {IVe).  3-Beuzoyhtrypt-
amine (FVey at 15 mg. kg, produced a weak depressor
responise of tess than 20 ., which lasted less than 10
mi.. and S-p-chilorobenzoyltryptamine (IVd) was com-
pletely nactive,

The hypotensive properties appearced to be Hnited to
the S-acyltryptamine elass, whercas G-accetyttryptamine
(VIIIa) and the eycloanhydro derivative of d-acetyl-
trvptamine(Xa) produced hypertensive  offects. At
doses of 0.1--5 mg. kg, azepinoindole(Xa) cansed a risc
it blood pressnre of 5-20 mm., which gradually returied
to normal valie within 30-60 min. depending on the
amount of  administered drug. At the same tevels
VIIa gave a stroug dose dependent depressor respotise
of 10-130 mu. which lasted 12-20 min. The cardio-
vaseilar effeets of VITIb and Xb were not evaluated,

Experimental

Hydrazones la-i; XIla,b (Table D.-—A suspension of 0.1
nole of 3-carhethoxy-2-piperidone in 200 ml. of 0.5 N potassit
hvdroside wis storal (f 30° for 18 he, and fltered. The filtrude

28} Meliiug points were Slelerdned on o Meliem] oeliing point alo-
oy bloek and nre eorceered. Infrared speetra were yecarded on o Buird
Model 133 spetrozraph ox Npjol mnlls. Ultraviolet speetra seere deter-
wdned on i Berknan 1K) speetropbotometer.
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was treated with 10 ml. of 6 N hydrochloric acid and added with
stirring at 0° to a fresh solution of substituted benzenediazonium
chloride; the latter was prepared in the usual manner from
0.1 mole of substituted aniline in 191 ml. of 2.7 N hydrochloric
acid and 0.102 mole of sodium nitrite in 25 ml. of water, The
reaction mixture was adjusted to pH 3.5 by the addition of a
solution of 25 g. of sodium acetate in 50 ml, water followed by stir-
ring at 0-10° for 5 hr., yielding a precipitate, This was filtered,
washed with cold water, and recrystallized either from 709, or
959, ethanol.

1,2,3,4-Tetrahydro-1-o0xo-3-carbolines (Ila-d; Va,b; VIa,b)
(Table II).—A solution of 0.1 mole of phenylhydrazone (Ia—d,f,g)
in 100 ml. of 889 formic acid was refluxed for 4 hr. The reaction
mixture was evaporated in vacuo to 0.25 vol. and diluted with
several volumes of water. The precipitated product was filtered,
washed with water, and recrystallized from formic acid or ethanol.

6-Isonicotinoyi-1,2,3,4-tetrahydro-1-o0xo - 3-~carboline (Ile)
(Table II).—A slurry of 10 g. of (p-isonicotinoylphenyl)hydrazone
of 2,3-piperidinedione (Ie) in 150 g. of polyphosphoric acid was
heated at 90° with stirring for 4 hr. The resulting thick sirup
was then poured into ice-water and the precipitated yellowish
product was collected on a filter, This was washed with cold
water and purified by trituration with several 250-ml. portions
of boiling 709, ethanol. The analytical sample was obtained by
recrystallization from 309, formic acid.

2-Carboxytryptamines (Illa—e; VIIa,b; IXa,b) (Table III).—
A suspension of 1 g. of 1,2,34-tetrahydro-1-oxo-g-carboline
(Ila-e; Va,b; VIa,b) in a solution of 2.5 g. of potassium hy-
droxide in 20 ml. of 609, ethanol was refluxed for 18 hr. After
removal of ethanol in vacuo, the solution was treated with 12 ml.
of water and adjusted to pH 6 with glacial acetic acid. The
precipitated product was filtered, washed with cold water, and
recrystallized from 509 ethanol.

Tryptamines (IVa—e; VIIIa,b) (Table IV).—A suspension of 1
g. of 2-carboxytryptamine (IIla-e; VIIIa,b) in a solution pre-
pared from 30 ml. of hydrochloric acid and 12 ml. of acetic acid
was refluxed for a period of time which varied with the particular
carboxytryptamine used. The refluxing times were 18 hr, for
11Ib,c,e; 4 hr. for II1a, VIIb; 3 hr. for VIIa; and 36 hr. for II1d.
The reaction mixture was chilled and the precipitated hydro-
chloride of the unchanged starting material was removed by
filtration. (This precipitate was observed only in course of the
preparation of Illab,c, and VIIa.) The filtrate was basified,
to pH 11 while cooling by the addition of 409, potassium hy-
droxide, und extracted with eight 25-ml. portions of chloroform.
Evaporating the dried chloroform solution gave a residue which
was either recrystallized from water or converted to the hydro-
chloride by redissolving in ethanol and adding ethanolic hydrogen
chloride. Purification of the salt was achieved by recrystalliza-
tion from either absolute or 95%, ethanol, with the exception of
IVe which was recrystallized from 2-propanol-methanol (9:1).

Azepino[5,4,3-cd]indoles (Xa,b) (Table V).—A suspension of
1 g. of 4-acyl-2-carboxytryptamine (IXa,b) in a solution prepared
from 30 ml. of 209, hydrochloric acid and 12 ml. of acetic acid
was refluxed for 6 hr. The reaction mixture was cooled and
adjusted to pH 11 by addition of 409, potassium hydroxide.
The precipitated product was filtered, washed with water, and
recrystallized from 509, ethanol.

3-Methyl- (or phenyl-)-2-(1,2,5,6-tetrahydro-2-o0xo-3-pyridyl)-
2H-indazole (XIa,b; Table VI).—A solution of 20 g. of o-acyl-
phenylhydrazone of 2,3-piperidinedione (Ih,i) in 200 ml. of glacial
acetic acid was refluxed for 6 hr. The reaction mixture was
chilled and adjusted to pH 8 with ammonia. The precipitated
product was filtered, washed with cold water, and recrystallized
from ethyl acetate.

3-Methyl- (or phenyl-) -2-(2-0x0-3-piperidyl)-2H-indazole
(XIIIa,b; Table VI). A. Cyclization of Hydrazones XIIa,b.—
A solution of 9 g. of hydrazone XIIa,b in 45 ml. of 889, formic
acid was refluxed for 3 hr.  Concentration of the reaction mixture
to 0.25 of its original volume and dilution with 50 ml. of water
caused precipitation of a gum. Trituration of this with water
gave a crystalline product which was filtered, washed with water,
and recrystallized from ethyl acetate.
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B. Catalytic Reduction of Indazolyltetrahydropyridones
XIa,b.—A solution of 2 mmoles of XIa,b in 60 ml. of ethanol
containing 50 mg. of 109, palladium-on-charcoal was hydro-
genated at room temperature and atmospheric pressure. After
2.1 mmoles of hydrogen were taken up, the reaction mixture was
filtered, and the filtrate evaporated to dryness. The residue was
recrystallized from ethyl acetate.

5-Amino-2-(3-methyl- (or phenyi-) -2H-indazole~2-yl)-2-pen-
tenoic Acid (XVa,b; Table VI) and 5-Amino-2-(3-phenyl-2H-
indazole-2-yl)-pentanoic Acid (XVI; Table VI). A. Alkaline
Hydrolysis.—A suspension of 1 g, of XIa,b, or XIIIbin a solution
prepared from 2.5 g. of potassium hydroxide, 8 ml, of water, and
12 ml. of ethanol was refluxed for 6 hr. The reaction mixture
was concentrated in vacuo until most of the ethanol was removed.
Dilution with 12 ml. of water followed by adjustment to pH 6
by addition of acetic acid to the chilled solution gave a precipi-
tate. This was filtered, washed with cold water, recrystallized
from 509, ethanol, and dried over sulfuric acid in a vacuum
desiccator.

B. Acidic Hydrolysis.—A solution of 1 g. of XIa,b, or XIIIb
in 25 ml. of 209, hydrochloric acid was refluxed for 2 hr. and the
reaction mixture was evaporated to dryness in vacuo. The residue
was either recrystallized from water or converted to the free base
by dissolving in water and adjusting the solution with ammonia
to pH 6. The precipitated base was filtered, washed with cold
water, and recrystallized from 509 ethanol.

3-(0o-Ethylphenylhydrazo)-2-piperidone (XVII).—A solution
of 1 g. of XIa in 50 ml. of ethanol was hydrogenated at room
temperature and atmospheric pressure in the presence of 100 mg.
of 109% palladium-on-charcoal for 5 days at which time hydrogen
uptake had ceased. Evaporation of the filtered reaction mixture
produced a white crystalline solid which was recrystallized from
ethanol, m.p. 210-214°; yield 909; L™ 197 mu (e 13,050),
232 mu (e 6200).

Anal. Caled. for C3HiyN;O: C, 66.92; H, 8.21 N, 18.0le
Found: C,67.14; H,8.40; N, 18.16.

3-(o-Ethylphenylhydrazo)piperidine (XVIII).—A solution of 1
g. of XVIIin 50 ml. of tetrahydrofuran was reduced with 1 g. of
lithium aluminum hydride at reflux temperature for 8 hr. Excess
reagent was decomposed by dropwise addition of water, the
reaction mixture was filtered, and the residue extracted several
times with hot tetrahydrofuran. The filtrate and the extracts
were combined, dried over sodium sulfate, and evaporated to
dryness in vacuo to give an oily residue. This was dissolved in
ether and the solution was treated with ethereal hydrogen chlo-
ride. The precipitated hydrochloride was purified by threefold
recrystallization from 2-propanol acetone, m.p. 242-247°; yield
25%; Mo 230 mp (€ 6400),

Anal. Caled. for CiHyN;-2HCL: C, 53.42; H, 7.93; X,
14.38; Cl, 24.27. Found: C, 53.44; H, 8.21; N, 14.13; CJ,
24.05.

Reduction of 3-Phenyl-2-(1,2,5,6-tetrahydro-2-0x0-3-pyridyl;-
2H-indazole (XIb) with Zinc and Acid.—A solutionof 1 g. of XIb
in a mixture of 10 ml. of concentrated hydrochloric acid and 100
ml. of acetic acid was heated on a steam bath and treated portion-
wise with 5 g. of zinc dust over a period of 4 hr. The solution
was decanted from unchanged zinc, made alkaline with 409 po-
tassium hydroxide, and extracted with chloroform. Combined
extracts were dried over sodium sulfate and evaporated to dry-
ness. The oily residue was purified by a passage in ethyl acetate
through a 20-g. Florosil column and recrystallization of the crys-
talline fractions from ether. The product was identical with
o-benzoylacetanilide, prepared according to ref, 16b,
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