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A solution of s-ethyl 5,4-dihvdro-2,4-dioxo-3-methyvl-1(2H i-
pyritidinecarbothioate (.10 g., 0.00047 mole) i 20 wml. of dis-
tilled water was heated on a steaw bath for 5 hr.  vaporation of
the water left a white residue which was first treated with ether
Lo extract any starting material.  lixtraction with ethyt acetate
gave .05 g. (8697) of 3-methyluracil, m.p. 179° A mixtire
wiekting point with analyzed material prepuared from 2-thiourncil
by the method of Brown, e «l..* showed no depression.  The
infrured spectra were superimposable.

Trisenzoyl-2,4-diaminopyrimidine.*--"T'o 10 jul. of water solu-
tionr coutaining 0.8 g. (0.02 mole) of NaOH and 1.0 g. (0.0091
mole) of 24-diaminopyvrimidine wns added dropwise 2.5 bil.
(0.025 mole) of benzovl chloride.  After stirring  at room
temperatire overniglt, the agqueans solution was decated from
a vellow gum which was made granular by stirring with meth-
atnl.  Reervstalhizaton from methanol gave 2 ¢ (53¢, of white
product, m.p. 250-251°,
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2-Pyrimidylphthalimide.—-A test tube containing @ well-ground
mixtire of 2-aminopyrimidine (.95 g., 0.01 mole) and phthalic
anhydride (1,48 g, 0.01 mole) was hieated a6 140° for 90 min.
After cooling, the solid was extracted with ethanol, ethyl nectate,
and acetome,  Reervatallization from ethyl acetate gave white
stals of predart (.54 g, nep. 120°0 The vield was 657,
don the 2-aminapyrimidine used (0.6 g. was recovered .

Anal. Caled. for CoHNGD CL 6599 H, 5.6 N IseL
Found:  C,64.12: H, 4.05; N, INAH7.

Ascending Paper Chromatography.--Several pyrimidivecarbi-
mates and thiolearbamates were chironntographed o test for
homogeneity, using a1 S50 mixture of 1-butanol and 5 .\ acetie
acid a¢ room 1etperawre.  Lach gave vuly a single dark spot,
observed under nltravinlet light.  Values of thie ratio Iy pyrimi-
dine- 72y adeniue, nsing adenine as internal standard, were s
follows: 1, 1.20; 3, 1.AN: 4, 1.07: 5, 1.34; 6, 1.54: 7. 1.66: 8,
1.62; 10, 1.7 11, EAN: 12, 135 13, Lo 14, 1L.od: 15, 154
16, t.10; 17, 1.54,

Anal. Caled, for CoH NGy TLON; H, 4.00: N, 1527,
Foud: ¢, 70.84: H, 4.21; N, 1552,
Acyltryptamines. 1V.'

Azepino[5,4,3-cd]indoles
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3-Aceivl-8-chloro-1,2,5.4-tetraliydro-1-oxo-g-carboline (Ilb) was obtained from the cyclization of 2.i-piperi-
dinedione 3-[(3-acetyl-6-chloropbenylhydrazone], prepared by coupling diazotized 3-acetyl-6-chloroaniline

with 3-carboxy-2-piperidone.

The chlorine substitneat was used to block the nudesired eyclization at C-6.

Acid treatment of 4-acetyl-2-carboxy-7-chlorotryptaniiue, obtained from the ulkaline hydrolysis of IIb, gave
O-chloro-i,4-dihydro-6-methyl-1H-azepino[5,4,3-cdlindole (IVa) and the correspouding 2-carboxylic acid (IVb).

Catalytic reduction of IV resulted in removal of chlorine followed by saturation of the C==N bond.

Acylation

of IVa with acetic anhyvdride gave 35-acetyvl-9-chloro-1,4.5,6-tetrahydro-6-methylene-1H-azepino[5,4,3-¢d]-

indole (VII) which was hydrolvzed to 7-chloro-4.N-diacetyltryptamine (VIII).
or LiAlH; resulted in reduetion of the C==N bond without loss of chlorine.

Treatment of IV with KBH
Other reactions included N-1 and

N-5 alkylation and conversion of the carboxyl substituent at C-2 to carbethoxy, hydroxymethyl, trimethoxy-

benzoyloxymethyl, piperidinocarbonyl, and piperidinomethyl groups.

A liniited pharmacological evaluation

of the azepinoindoles failed to nucover any significant etfects av noutoxic dose levels.

Previous studies in this laboratory on the synthesis of
acyltryptamines? showed that t-acctyl-2-carboxytrypt-
amine is readily cyclized to a derivative of azepino-
[5,4,3-cd]indole. This finding suggested an investiga-
tion of some of the chemical and pharmacological prop-
erties of this novel nucleus.

According to our previous conununication, cycliza-
tion of the (Gn-acetylphenylhydrazone of 2,3-piperi-
dmedione resulted mr a mixture consisting of approxi-
mately three parts of 7-acetyl-1,2,3 4-tetrahydro-1-
oxo-g-carboline?® and one part of j-acetyl-1,2,34-tetra-
hydro-l1-oxo-g-carboline (IIa) (Chart 1). This un-
favorable proportion hmited the availability of aze-
pinoindole since only the -acyl somer (IIa) can be
ublized for its synthesis.  For this reasom, it was
decided to prevent the formation of the undesirable iso-
wer by the use of a chloro substituent as a removable
blocking group. Accordingly, diazotized 3-acetyl-6-
chloroaniline was coupled with 3-carboxy-2-piperidoue
to  give  2,3-piperidinedione  3-[(3-acetyl-6-chloro-
phenyhhydrazone] (I).  Cyclization of T i refluxing
formic acid gave the desired 3-acetyl-s-carboline deriva-

(13 DPaper I in this series: M. v StrandGaann, O, Puehalski, and
Fosnavel, o . Wed, Chem,, T, LU (10645,

14y M.ovon SGrandtmann, M. Calien, aned W) Steevel, e, 6nd., 6, 710
(19G3).

(3¢ The zenerally aseepted g-carhioline neimenvlature takes presedeiss
aver the rystematic name, 11l-pyricds3.t-¢limbile. acrapling to A, M.
attorsaa, Lo T Canell, el 120 o Walter, “The Ring Drelex,” 2nd 1.1
Aroorican Chemiral S ety Wasisnoten, 1. O eddl

tive IIb in high yield. Alkahue hydrolysis of Ilb
resulted 1 the formation of S-acetyl-2-carboxy-7-
chlorotryptamine (11T), which on refluxing for 100 hr. in
hydrochlorie acid-acetic acid mixture gave 9-chloro-
3, 4-dihydro-6-methyl-1H-azepino [5,4,3-¢d Jindole (IVa)
and the corresponding 2-carboxylic acid (IVh) 1 a
ratio of approximately 1:3. The rate of decarboxyla-
tion is apparently decelerated by the negative effect of
¢hlorine upont the electron density at the indole nitro-
gen,®  In contrast, the decarboxylation of the corre-
sponding chlorine-frec acid was completed within 6
hr.”

The effects of chlovine were also noticeable in other
phases of this sequence. [‘or example, when the cou-
pling reaction was carried out in normal fashion, com-
plete conversion to aun unidentified, aviorphous red
product took place.  This was avoided by lowering the
pH of the reaction mixture to 1--2 front the usual 3-4.

After fulfilling its function by directing the cyclization
of the hydrazone in the desired mamner, the chlorine
was removed by catalytic hyvdrogenation over palladium
on carbou. Interrupting the reduction of IVa after
the uptake of 1 viole of hydrogen permitted the isola-
tton of 3, 4-dihvdro-t-mcethyl-11-azepino|H.4,3-¢d Jin-
dole (V) deseribed in part 11 of this series.*  If the re-
duction were allowed to proceed 1o completion, satura-

c11 I'raGenation f the nitegen is the first step in the decarbaxylation of

ndrde-docartaixylis acils, asenmling too R, AL Aliramnvitel, 0 Chem, Sael
K81 C1DAE
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tion of the C=X bond took place. The infrared spec-
trum of the resulting tetrahydroazepinoindole (VIa)
no longer showed the C=N bond at 1630 cm.—! dis-
played by the parent compound IVa; the ultraviolet
spectrum exhibited bands typical of the indole chromo-
phore.

Acetylation of IVa with acetic anhydride in pyridine
gave the enamide VII, which opened on mild acidie
hydrolysis® to give 4,N-diacetyl-7-chlorotryptamine
(VIII). The infrared spectrum of VII displayed
bands at 895-905 (overtone at 1820 cin.~!) aud at 1607
cnt.~! which are characteristic of the out-of-plane de-

(5) This metliod of ring opening is an adaptation of & procedure applied
for cleavage of various l-methyl-3.4-dihydroisoquinolines by A. Brossi, J.
Whuerseli, and O. Schnirder, Chimia (Aarau), 12, 114 (1958).
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formation of a methylene group and of the stretching
vibration of a conjugated vinyl group.! Alkaline hy-
drolysis of the antide VIII resulted in recyclization to
the pareut azepinoindole IVa. It is noteworthy that
such a cyclization did not take place in the course of the
alkaline hydrolysis of the cyclic amides 11a and IIb.

Reduction of 1Va with LiAlH, or KXBH; resulted iu
saturation of the C=N bond with reteution of chlorine
to give IXa.

Aethylation of the azepine nitrogen by treatinent of
[Va with methyl iodide followed by reduction of the
resulting quaternary salt Xa gave the tertiary aniine
XTIa. Mlethylation of the indole nitrogen to give XII
was accouplished by refluxing I'Va with dimethyl car-
bounate in the presence of sodium hydride.”

Attempts at dehydrogenation of IVa by heating
with mercuric acetate, palladiuin black, or chloranil
were unsuccessful.

The ester IVe, obtained by Fischer esterification of
the azepinoindole-2-carboxylic acid IVb, was sub-
jected to a series of reactions analogous to those de-
scribed for the parent nucleus, such as quaternization
(Xb), reduction of the C=X bond without (IXb and
XIb) and with (VIb and XId) removal of chlorine. In
the course of this work the ester function was couverted
to hydroxymethyl (IXe and Xle), trintethoxybenzoyl-
oxyniethyl (IXd), piperidinocarbonyl (VIe), and piperi-
dinonmethyl (VId) groups.

Of interest here is the reaction of the amino alcohol
IXe with trimethoxybenzoy! chloride in pyridine which
gave, as the only isolable material, a small amount of
O-acylated rather than N-acylated product. The basic
properties of this compound (IXd) and its infrared
spectrum, which showed an ester band at 1710 cm. ™!
and no bauds in the amide region, left no doubt as to
the identity of this compound,

The infrared spectra of the esters IVe, VIb, IXb,
Xb, and XIb showed carbony! bands in the 1690-1705-
cm. ! region, whereas the amide band of VIe was found
at 1600 em.—!. This lowering of the C=Q stretching
frequency reflects the electron release by the indole
nucleus at the 2-position.?

Summary of Pharmacological Data.—Concurrent
with the dose-range studies in mice the gross effects
of the drug on behavior. autonomic and central nervous
systems, reflexes, muscle tone, and motor coordination
were evaluated. No significant effects were observed
at nontoxic doses. At toxic or lethal levels all of the
compounds tested produced moderate to marked
stimulation of the central nervous system. as was
evidenced by Straub tail, increased startle response,
tremors, and twitches with clonic and clonic-tonic
convulsions. These syuiptonis were accompanied by
exophthahnus aud sometimes (VIb, IXa, and XIa) by
thick salivation. The onset of action was rapid, and
deaths usually occurred within 5-15 min. of drug ad-
ministration. The central effects of conipounds VlIe,
VIid, and IXc (ALD; Z 200) were relatively less in-

(8) L. J. Bellamy, ""The Infrared Spectra of Complex Molecules,” 2nd
Ed., John Wiley and Sons, Inc., New York, N. Y., 1958, p. 60.

{7) This method will be described in detail in one of our forthconiing
publications.

(8) The vpo of 2-acetyl-3-metliylindole oceurs at 1831 em. = aceorsling
to J. A. Ballantine, C. 3, Barret, R. J. 8. Beer. B. G. Boggiano, 8. Eardley,
B. E. Jennings, and A. Robertson, J. Chem. Soc., 2227 (1857). An analogous
lowering of the earbonyl frequency of tlie 2-position of the pyrrole ring Lias
been described by P. Mirrone and V. Lorenzelli, Ann. chim. {Rome), 48, 72
(1958), and by U. Eisner and R. L. Erskine, .J. Chem. Soc., 971 (1918).
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tense.  The quaternary salt Xa was completely ac-
tive because of poor absorption.

Several of the compounds (IVa, VIa. and INa) pos-
sess analgesic properties, as was suggested by their
ability to protect piice from the “writhing-syndrove”

wolid weelusion

potentintes DMPP;

patentintes DMPP

. = wduced by phenvlquinone.?  However, this lead was
\‘ 3 = uot pursued further because of the uarrow margin of
]‘ . ¢ E £an Haly'(:l‘\'. ‘ o '
i ~§§ = 3 23z O I'he cardiovascular evaluation in anesthetized dogs
| s § s ;g : z E Z failed to uncover significant effects at nontoxic doses.
' fo & 2 =::s I At 10 mg. kg i.v., I'Va produced a blood pressure fall
é HAN< = < 5 = of 80 nm., which required 22 min. to return to normal.
£€ =z “EEZ T Compounds Vla-d and IX did not reverse endotoxin-
E z "f‘ B == —’ induced lung inflammmation in miee!! to a significant de-
: = A gree.  Shmilar absepee of antimflammatory proper-
£ Z=" Z=z= = ties was shown by IVa and IVe in the cotton pellet
i - fest.
< The pharmacological results are summarized in
L fzzay = == = Table I. Compounds not included in the table re-
I AV v oV iIA ceived no pharmacological evaluation.
CERE < _ Experimental's
2 &85 % STZza55 T
FEE VYV v vy oV 2,3-Piperidinedione 3-[(3-Acetyl-6-chlorophenyl)hydrazone]
[ —- {In--A nixture of 85.5 g. (0.5 mole) of 3-carbethoxy-2-piperidone
] and 30 g. of KOH in 1 1. of water was iucubated over night at 30°,
Dy filtered, chilled to 0°, treated with 50 wnl. of 6 N HCJ, and added
<. T . at 0° to u freshly prepared diazoniuin salt solution. The lutter
CES T o= =z ’ wias obtained by diazotizing at 0-5° a mixture of §4.75 g. (0.5
nmole) of 3-amino~4-chloroacetophenone, 205 wl. of concentrated
D HCY, and 750 ml. of water with a solution of 36.25 g. (0.51 mole}
P ES = = . o of sodium nitrite in 125 ml. of water. The wixture wuas stirred
e = m® = - at 10° for 5 hr.  The precipitated product was filtered, washed
£ - with water, and reerystallized from 935 ethanol; nip. 184-186°;
£ vield 78%%; Auwx mu () 239.5 (21,200), 254--261 plateau (10,000),
’? SRR = ==z = 34 (21,600); wh., 1500 (ns), 1570 (s), 1600 (ms), 1655 (1ns),
i Eb 2 = mmans = 1675 (ms), 1690 (ms), 3150 (ms), 3250 {mg) em. ~L »
N Jnal. Caled. for CHCIN;O.: €L 55.82; H, 5.04; Cl, 12.68;
. N, 15.02. Found: €, 35.60; I, 5.54; Cl, 12.60: N, 15.18.
o i e m = D = 5-Acetyl-8-chloro-1,2,3,4-tetrahydro-1-o0x0-3-carboline (IIb).
Sognh ZLDIZAnrgz 3 ~A solution of 62 g. of compound T in 310 ml. of 8R4 formic
< £ 7\ aeld was refluxed for 24 hr. and concentrated in vacwo. The
’ concentrate was chilled, and the precipitated product was col-
lected ob a filter and wasbed with cold formie acid; m.p. 219-230°,
vield 40 g (699 .  Ap analyucal sample was obtained by
recrystallization from absalute ethanol; pLp. 234-236°; A g
= == (j (e} 226 (21,650, 255 (17,400), 322 (11,950); pmax 1550 (1), 1670
= < ; < - (ms), 1695 (), 8100 (m), 3200 (ns), 3450 () ¢, "L
m= S==zz = 3 ) S Anal. Caled. for CyHCINaG C, 59.43; H, 4.22; CL
153.50; N, 10.66. Found: . 50.37: H, 4.44: CL 13.3%; X\,
1036,
. 4-Acetyl-2-carboxy-7-chlorotryptamine (III).--A mixture »l
< = T = = o 41 g of 1Ib, 100 g. of KOH, 480 nl. of ethanol, and 360 wl. of
T water was refluxed for 18 hr.  After removal of the ethanot in
racuo, the residue was treated with 430 wil. of water.  The soln-
tion was chilled and adjusted to ca. pH 6 with glacial acetic acid.
o B - = _ On seratehing, a heavy vellow precipitate formed, which was
== TOoOZERERIR S - collected on u filter and washed with cold water; slow charring
= above 240°, vield 41 g. (957%).  An analytical sample was ob-
- tained by recrystallization from 5007 ethanol; slow charring
A= SECZISSxD T — ; _;» ubf)ve 250°; Apax i (e) 218.5 (2:},()()()), 258 (16,100), 347 (7200),
A - = OEE 408 (T080): e 1350 (m), 1610 (1), 1680 (), 3400 (1) em. ",
Z 7 Anal.  Caled. for CuHpCIN:Os: () 55.62; H, 4.67: N, 9.98.
~  Found: C, 53.50; H. 475; N, O.8L
L vVvvy Voo s 5
1/ ZI /‘1 T £ T Zl z f /* f 7]' 3 _E_ on E. AL Siegunnwl, A, Cadinus, and G, Lua, J. Pharmacol. Exptl. Thernp.,
\vii ‘J soso o L = 11(9{)18;(19}57)[1 fous of thod £.u
- i (1 Tor the description ol tlie mettiod see ref, U4,
hA a AN ANNA A A =z 7:‘ -11‘3 E. C. Herrmarrx)n, Jr., C. Engle, and I'. L. Perlman, 4m. J. Physil.,
£= 197, 803 {195%).
5 :‘ (12) R. Meier, W, Schuler, and I'. Desaalles, ffrperientin, 6. —}b"._) !,1950“1.
- - (140 Melting pointa were sleterminesd s a Mel Tewmp melting point
=7 A g = ,2 = :; 5= = = = o pparatus with an aluminuin bleek ansl are nnenrrectesl. Infrared speetra
z 7= = ;} ~ I - ;:f': wire recorded on a Baird spectrograpli, Madel No. 455, as Nuinl mnlls.
A » —; Ultravialet spectra were sleterniined on a Beckman DE-1 spectroplintometer

in 9375 ethanol.



March 1963

9-Chloro-3,4-dihydro-6-methyl-1H-azepino[5,4,3-cd|indole
(IVa) and 9-Chloro-3,4-dihydro-6-methyl-1H-azepino[5,4,3-cd|~-
indole-2-carboxylic Acid Hydrochloride (IVb)—A mixture of
41 g. of 111, 1230 ml. of 209, HCl, and 492 ml. of glacial acetic
acid was refluxed for 100 hr. The solution was chilled, and the
precipitated IVb was collected on a filter and recrystallized from
boiling water; m.p. >360; yield 19 g.; M. mu (€) 221 (22,180),
248 (12,180), 267 (15,650), 346 (7950), 397 (8250); wmax 1300 (s),
1550 (m), 1645 (ms), 1710 (s), 3050 (ms), 3150 (ms) cm. 1.

Anal. Caled. for C;HuCIN.0,-HCl: C, 52.19: H, 3.71;
Cl, 23.71; N, 9.36. Found: C, 52.19; H, 3.83; Cl, 23.80;
N, 9.10.

The filtrate was adjusted in the cold to pH 12 with 409, KOH
solution, and the preeipitated IVa was collected on a filter, washed
with cold water, and recrystallized from 509 ethanol; m.p.
208-211°; yield 6.5 g.; Amax Mu (&) 245 (24,620), 339 (6400);
Yeax 805 (ms), 1100 (s), 1170 (ms), 1250 (ms), 1505 (w), 1355
(ms), 1630 (s) cm, "L

Anal., Caled. for CHyCIN:: C, 65.90; H, 5.07; Cl, 16.22;
N, 12.81. Found: C, 65.93; H, 5.24: Cl, 16.19; N, 12.71.

Ethyl 9-Chloro-3,4-dihydro-6-methyl-1H-azepino|[5,4,3-cd]-
indole-2-carboxylate (IVe)—A suspension of 23 g. of IVb in
3 1. of absolute ethanol was brought to reflux by passing in dry HC!
for 4 hr. with stirring. Reflux was maintained for an additional
4 hr. by gentle heating with continued HCl addition. On stand-
ing at roon1 temperature for 18 hr., a heavy crystalline precipitate
formed. After chilling, the product was filtered, washed with
and recrystallized from absolute ethanol; m.p. 229-234°; yield
24.5 g. (979%); Mmax mu (€) 225.5 (20,750), 249 (13,200), 263
(14,050), 343 (9290), 387 (7900); rmax 1030 (ms), 1105 (ms),
1155 (s), 1195 (ms), 1235 (s), 1280 (s), 1535 (ms), 1615 (ms),
1700 (ms) cm. L

Anal. Caled. for C:H1i:CIN2O.-HCl:  C, 55.06; H, 4.93; C],
21.67; N, 8.56. Found: C, 55.22; H, 5.12; Cl, 21.67; N, 8.26.

3,4-Dihydro-6-methyl-1H-azepino[5,4,3-cd]indole (V) —A
solution of 1.08 g. (0.005 A ) of IVa in 20 ml. of absolute ethanol
was hydrogenated at room temperatureand atmospheric pressure
in the presence of 50 mg. of 109 palladium on carbon until 137
ml. (0.005 M) of hydrogen had been taken up. The mixture
was filtered, and the filtrate was evaporated in vacuo. The solid
residue was treated with hot water and filtered. The aqueous
filtrate was made basic in the cold with 409, KOH, and the crys-
talline precipitate was filtered, washed with cold water, and
recrystallized twice from absolute ethanol, m.p. 274-279°,
yield 119%.

dl-3,4,5,6-Tetrahydro-6-methyl-1H-azepino[5,4,3-cd]indole
(VIa)—A solution of 0.736 g. of V in 75 ml. of absolute ethanol
was hydrogenated at room temperature and atmospheric pressure
in the presence of 50 mg. of 109, palladium on carbon. The
reduction mixture was filtered, and the filtrate was evaporated
in vacuo. The white crystalline residue was recrystallized from
absolute ethanol for analysis; m.p. 200-205°; yield 809,; Mmax
myu () 225.5 (31,900), 284 (6720); vmax 745 (8), 785 (m), 1155
(m), 1170 (m), 1620 (mw), 3300 (m) cm, "L

Anal. Caled. for CpHuN.: C, 77.38; H, 7.58; XN, 15.04.
Found: C, 77.15; H, 7.82; N, 15.01.

Direct hydrogenation of 4.75 g. of IVa by the above method
gave an 8297 yield of VIa hydrochloride which melted at 267~
273°.

Anal. Caled. for CpHN.-HCl: C, 64.71; H, 6.79; Cl,
15.92; XN, 12.38. Found: C, 64.46; H, 6.97; Cl, 1581; N,
12.38.

Ethyl di-3,4,5,6-Tetrahydro-6-methyl-1H-azepino|5,4,3-cd]-
indole-2-carboxylate (VIb)—This compound was prepared from
5 g. of IVe analogously to the above described hydrogenation of
VIa. After evaporation of the solvent, the residue was taken
up in 250 ml. of water and made basic in the cold with 409,
KOH solution. The precipitated product was filtered, washed
with cold water, and recrystallized from ethanol; m.p. 172-174°;
vield 90%; Apax Mg (€) 233 (21,200), 300 (18,200); ppax 750 (1ns),
1025 (ms), 1100 (ms), 1170 (ms), 1260 (ms), 15635 (m), 1695 (s)
cm. L

Anal. Caled. for C;sHigN.O2:  C, 69.74; H, 7.02; N, 10.85.
Found: C, 69.97; H, 6.84; N, 10.79.

di-3,4,5,6-Tetrahydro-6-methyl-2-piperidinocarbonyl-1H-aze-
pino[5,4,3-cd]indole (VIe).—A solution of 10 g. of VIb in 100 ml.
of piperidine was treated with 5 ml. of ethanolic HCl and refluxed
for 7 days. The reaction mixture was diluted to 1000 ml. with
ice water and extracted with five 100-ml. portions of chloroform.
The combined extracts were washed several times with water,
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dried (Na,80.), and evaporated to dryness in vacuo. The residue
was recrystallized from absolute ethanol; m.p. 221-223°; yield
83055 Amax Mu () 224 (20,400), 204 (12,200); vgax 755 (m), 1270
(m), 1595 (ms), 3150 (m) cm. "L,

Anal.  Caled. for CisHasN3;O: C, 72.69; H, 7.79; N, 14.13.

Found: C, 72.39; H, 7.82; N, 14.25.

dl-3,4,5,6-Tetrahydro-6-methyl-2-piperidinomethyl-1H-aze-
pino[5,4,3-cd]lindole (VId).—This compound was obtained from
5 g. of VIc by a method analogous to the preparation of IXec.
The analytical sample was obtained by recrystallization from
absolute ethanol; m.p. 171-174°: yvield 239%; Apax mu (e)
228.5 (33,800), 285.5 (8800); wmax 745 (8), 860 (m), 1095 (ms),
1170 (m1), 3300 (m) cmw. "L

Anal. Caled. for CisHp:N;: C, 76.28; H, 8.89; XN, 14.83.
Found: C, 76.17. H, 9.10; N, 14.76.

5-Acetyl-9-chloro-3,4,5,6-tetrahydro-6-methylene-1H-azepino-
[5,4,3-cd]indole (VII).—A solution of 10 g. of IVa in 2.5 ml. of
pyridine and 25 ml. of acetic anhydride was heated on a steam
bath for 1 hr. The mixture was cbilled, and the yellow crystalline
precipitate was filtered and recrystallized from absolute ethanol;
m.p. 236-239°; yield 9.5 g. (809;); Mmax mu (&) 224 (22,400),
242 (16,700), 321 (9100); »max 800 (ms), 895-905 (doublet ms),
990 (w), 1085 (s), 1410 (ms), 1500 (m), 1550 (m), 1605 (ms),
1630 (s). 1820 (w), 3150 (ms) em.~ 1.

Anal.  Caled. for C H;CIN.O:  C, 64.49; H, 5.02; Cl, 13.60;
N, 10.74. Found: C, 64.27; H, 5.25; Cl, 13.73; XN, 10.55.

4-Acetyl-7-chloro-N-acetyltryptamine (VIII).—A solution of
8 g. of VII in 10 ml. of water and 10 nil. of 3 V HCl was warnied
on a steam bath for 3 hr. The mixture was cooled and made
basic with NH,OH. The precipitated oily product crytallized
on standing. It was filtered, washed with water, and recrystal-
lized from absolute ethanol; m.p. 144-147°; yield 8 g.; Amax mu
(&) 242 (23,900), 314 (7350); wmee 1170 (ms), 1235 (ms), 1610
(ms), 1620 (ms), 1675 (ms), 3300 (ms) cm. L

Anal. Caled. for C,{H;;CIN.O.:  C, 60.32; H, 5.42; Cl, 12.72;
N, 10.05. Found: C,60.08; H, 5.66; Cl, 12.82; N, 10.28.

A mixture of 1 g. of VIII, 8 ml. of water, 12 ml. of ethanol,
and 2.5 g. of KOH was refluxed for 18 hr. On concentration
in vacuo, & crystalline product was obtained which was identified
by melting point and infrared spectrum as 9-chloro-3,4-dihydro-
6-methyl-1H-azepino[5,4,3-cd]indole (IVa).

dl-9-Chloro-3,4,5,6-tetrahydro-6-methyl-1H-azepino[5,4,3-
cdlindole (IXa).—A solution of 3.75 g. of IVa in 125 ml. of meth-
anol was treated with 3.75 g. of KBH, and stirred for 2.5 hr.
After evaporation of the methanol in vacuo, the solid residue was
triturated with water, filtered, washed with water, and recrystal-
lized from absolute ethanol; m.p. 152-154°; yield 3 g. (809%);
Amax T (€) 228 (33,000), 291.5 (7100), 301 (6550); rmax 785 (1),
800 (ms), 1075 (ms), 1090 (ms), 1165 (ms), 1620 (m), 3350 (ms)
cm. "L

Anal. Caled. for CoHsCIN:: C, 65.30; H, 5.94; Cl, 12.69;

N, 16.07. Found: C, 65.52; H, 5.82, Cl, 12.65; N, 16.13.

Ethyl dl-9-Chloro-3,4,5,6-tetrahydro-6-methyl-1H-azepino-
[5,4,3-cd]indole-2-carboxylate (IXb).—This compound was pre-
pared from IVe by a procedure analogous to that of IXa; m.p.
126-129°; vield 50%%; Amex mpu (¢) 239.5 (27,800), 297 (18,400);
ymax 1190 (ms), 1285 (ms), 1540 (mw), 1695 (ms) cm. ~L

Anal. Caled. for C;H:CIN.Q;: C, 61.53; H, 5.85: Cl, 12.11;
N, 9.57. Found: C, 61.69; H, 5.72; Cl, 12.19; N, 9.45.

dl-9-Chloro-3,4,5,6-tetrahydro-6-methyl-1H-azepino|5,4,3-
cdlindole-2-methanol (IX¢).—A mixture of 8 g. of IVe, 250 ml. of
dry tetrahydrofuran, and 8 g. of LiAlH, was refluxed for 6 hr.
Excess LiAlH, was destroyed by the cautious addition of water,
The mixture was filtered, and the insolubles were extracted
several times with hot tetrahydrofuran. The conibined filtrates
and washings were evaporated tn racuo. The solid residue was
recrystallized from absolute ethanol; m.p.215-218°; yield 43%:
Amas T (&) 231.5 (30,400), 290 (7160); vmax 1005 (s), 1050 (1ws),
1105 (ms), 1300 (ms), 1510 (m), 3130 (s) cm. "L

Anal.  Caled. for Ci;H;:CIN:O: C, 62.27; H, 6.03; Cl, 14.14;

N, 11.17. Found: C, 62.53; H, 6.32; Cl, 14.13: N, 10.90.
dl-9-Chloro-3,4,5,6-tetrahydro-6-methyl-1H-azepino|[5,4,3-
cdlindole-2-methanol 3,4,5-Trimethoxybenzoate (IXd).—A solu-
tion of 1 g. of IXc in 20 ml. of pyridine was added in the cold to
a solution of 1.4 g. of 3,4,5-trimethoxybenzoyl chloride in 5 mk
of pyridine. After 1 hr. in the cold, the solution was filtered
and treated with 250 ml. of anhydrous ether. The gummy
precipitate was filtered and dissolved in glacial acetic acid.
Treatment of this solution with ice and 409, KOH gave a crystal-
line precipitate. This was filtered and recrystallized from
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absolute ethauol; nup. 00-94°: vield 159 A D () 215
(53,100), 275 (18,000); vaax 1130 (8), 1220 (x), 1325 (=), 1415
(1), 1505 (my), 1590 (), 1710 (ms), 3150 (mw ), 5550 Timw
cent 7l

Anal.
6.03; Cl, 7.38; N, 5.90.
N, 5.83.

9-Chloro-3,4-dihydro-6-methyl-1H-azepino|5,4,3-cd]indole

Methiodide (Xa).—A solution of 5 g. of cowpound IVa in 106wk
of absolute ethanol wus treated with 15 ml. of methyl iodide wnsd
refluxed for 1 hr. After chilling, the precipitated yellow crvsials
were filtered und washed with and reervsinllized fromn absolute
ethanol; unp. 251-253°; vield 74970 M i Ced 215 (32,1065,
340 (5200), 405 (6123); whax 1000 (ms), 1200 (), 1535 (=
1615 (ms)e 3150 (s e, =L

Aral. Caled. for CpHCIING  C, 4129, H, 5.01; 1 55.10:
N, 7.77. Pouud: C.43.52; H, 3.70: I,15.28; N, 7.53.

Ethyl 9-Chloro-3,4-dihydro-6-methyl-1H-azepino{5,4,3-c:. -
indole-2-carboxylate Methiodide {Xo).—-This componiad was
prepared from 5 g. of IVe by the suve method as Xa. The
analytical saiple was obtained by veervstallization from 0957
ethanol; nLp. 260-265°; yvield 87 Apex g () 222 135,000
250 (12,400}, 271 (14,800), 346 (K000), 300 (10,000); paay 1123
(ms), 1240 (ws), 1310 ), 1330 G), 1630 (ms), 1705 (s,
1300 (msy e

Anal.  Caled. for CgHisCHN WL
Found: €, 44.53; H, 4.30: N, 6.51.

dl-9-Chloro-3,4,5,6-tetrahydro-5,6-dimethyl-1H-azepino-

15,4,3-cdlindole (XIa).—This compound was prepared from 4.5
g. of Xu by the same method as IXa: nup. 179-181°: vield
RACE Apax W (€) 227 (33,700), 290.5 {7100), 301 (6665): v
10835 (v=), 1135 (2), 1510 (i), 1565 (ruw ), 1615 (m) enr. =4

Anal.  Caled. for CpHCING: G, 66.52; H, 6.44: (O], 15.11:
N, 115 Found: €, 66.73: H, 6.59; CL 15.00; N, 1L,

Ethyl ¢{-9-Chloro-3,4,5,6-tetrahydro-5,6-dimethyl-1H-azepino-
[5,4,3-cd]indole-2-carboxylate (XIb).-—This compound was pre-
pared from 3 g. of Xb by the same ethod us INn.  The analyti-
cal smple was obtained by recrvstallization from methanol:
m.p. 99-101°; yield 87%%: A mu (e} 237.5 130.000), 207
(19,9000 paus 305 (), 1110 (), 1260 (b=, 155 tiw . 1705
{111%), 1350 (m) enn 7L

Caled. for CoHLCINLOL-05CHOH: €, 61.60, H,
Found: C, 61.51: H, 5.80; CIL, 7.4

444100 H 4190 N 647

Anal. Caled. for CiHpuCINGGOL: €, 62.64: H, 6.24: CL
11.56; N, 9.&L Found: €, G2.50: H, 6.44: Cl 11.64; X\,
.24,

({(=9-Chloro-3,4,5,6-tetrahydro-5,6-dimethyl-1H-azepino-
[5,4,3-cd]indole-2-methanol (XIc).~This compound was prepared
from 5 g. of Xb by the sanie metbod as [Xe. The analytical
sanple was obtained by recrystallization from absolute ethanol;
uLp. 206=210°; vield 55% ;1 Ay u (€) 220.5 (3900). 280 (8000
Voax 7R3 (111=), QU0 (), 1005 (ms), 1110 (=), 1290 (=), 3150 (s
[QE

Anal.
13.39; N,

Caled. for CHpCIN.O: C,
10,58, Found: C. 63.66; H, 6.72:

63.51; H, 647 Cl.
CL 13.22: N,

Vol 8

10,36,
«{-3,4.5.6-Tetrahydro-5,6-dimethyl-1H-azepino|5,4.3-c//|in-
dole tXId)..- This compound was prepared (rom 1.5 g. of Xla by
the same method as VIb. The aualytical sanple was obtained
by reervstallization  from absalute ethavol; m.p. 207-210%;
Noex Tl (e 225 (30,8007, 284 (640071 g, 740 127, 900 (), 1535
), 1065 (nn), 1150 (), 1160 (s, 1415 i e, 71

Anal. Coledl tor CHNS ), 70960 H, 8050 N,

Fennd: €, 77.096; W, 80055 N, 1504,

9-Chloro-3,4-dihydro-1,6-dimethyl-1H-azepino|5.4,3-¢/(!in-
dote Hydrochloride (XII).-A wixture »nf 5 g. of 1Va, 5 g. «f
sodinm hydride suspension in oil (3501 50 ml of diethyl
curbonate, and 300wl of dry tetralivdrofuran was retluxed
under protection from moisture for 40 hir. and poured witl stir-
g mta cmixuire ot 259 g of {ee and S0 wl. of glaeial acetic
acid. After evaporation of the orgunic sulvents /n carewn, the
volume of the eoncentrate was doubled by addition of wuater.
After filtration o the mixwure throngh dintomaceons carth, ihe
Slirate was nede basie with 407, KOH and extracrerd with five
100l portons of chloroforin. The combined exiracts wore
dried (NuR0:) and roneentrated o racae. The olly residite was
taken up i small st of absohute ethanol aud treaved with
ethanolic. HC'L The resulting heavy precipitate was filtered.
washed, and recrystallized from absolite ethanol: nup. 250-282°:
vield 56770 Ao g Le) 234 {98005, 260 (14,400), 345 (40005,
11 CB100 1 2y 93D tin L, TOZS tink TESO G, 2700 134 s,
605 (mw g, 1640 tinso em, 2,

Anal. Caled. for CpHBCINGHCE:
1, 206540 N hdls Found: ()
N, 10,67,

Attempts at Dehydrogenation of [Va.—(n) A mixure of 1Vy
¢l g and pallndinm black (0.5 g.3 was refluxed in cymene (50
ko far 100 hee by A solution of TVa (0.5 g.) in 37 weetic aeid
15 ml oy was treated witlh meraurie ncetate (1.2 g.) and heated o
a steam bath (80-00° 3 for 4 hr. (¢} A mixture of IVa {1 g.) aud
chlorauil 1 1.5 g, was refluxed in xvlene for 4 hr.

Upan working up, by e¢onventional wethods, batches w and
b guve starting waterial, whereas bateh ¢ vielded an inmraciabte
black resin.

JERTIN
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1-p-Chlorobenzyl-5-methylindole-3-acetic Acid.

Some 2-Substituted Derivatives
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1-p-Chlorobenzyl-5-methylindole-3-acetic acid and its 2-methyl, -ethyl, -propyl, and -phenyl derivatives huve
been synthesized as potential antitumor agents and buve been tested in several biologieal systems,

During the course of work directed toward finding
inhibitors of lactate dehydrogenase (LDH),! 1-p-
chlorobenzyl-2-ethyl-5-methylindole-3-acetic acid (1).
although a poor inhibitor of LDH, was found to be an
effective inhibitor of a-glycerophosphate dehydro-
genase (GPDH). In addition, it was cytotoxic to

(1) A rationale for tlie interest in inhibitors of LDH as potentially nseful

materials in the chemotherapy of cancer has been presented: G. K. Boxer
and T. M. Devlin, Science, 134, 1495 (1961).

cells in culture and inhibited the growth of an anaerobic
bacteriupi.  The very low levels of GPDH observed
inn nearly all malignant tissues? make inhibitors of this
enzyvime of some interest in caucer chemotherapy,

(21 A. Delbruck. M. Schimassek, K. Bartsch, and T. Biicher, Biochem.
Z.. 831, 207 /1059); H. Holzer, P, Glogner, and G. Sedimayr, thid., 330,
50 (1958); G. E. Boxer and (. E. Shonk, Cancer Res., 20, 85 (1960); K. 1.
Csacess, D, L, RKeller, and G, E, Boxer. Biochem. Blophys, Acta, 87, 191
(19601,



