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(VIIT) was obtained fronm 3-benzyl-i-inethyldiaziridine in 754
vield and had b.p. 110° (0.125 nun.), n2 1.5035.
Anal. Caled. for C,;HuxN,: C, 65.66: H. 9.99;
Found: C, 68.65: H,9.82; N, 21.39.
1-Methyl-3-phenyldiaziridine (X).—Benzal-N-methyl Schiff
base'” (47.6 g., 0.4 mole) was added to 200 ml. +f 1:1 methanal-
water. The mixture was cooled to 0° and 62 g. (2 moles) of
mononiethylainine was slowly bubbled inta the solition.  The
reaction temperature was lowered to —10° and 52 g. (0.44 mole)
of 9597 hyvdroxylamine-O-sulfonic acid was added over a 5-min.
period with stirring. The reaction temperatnirve rose to 10° in

N, 21555,

1177 K. N. Campbell, A, H. Somers, and B, K. Cawpbell, /. Am. Cher.
Soc., 66, 82 [1944),
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spite of the Dry lee-acetone bath and then rennued to — (0°
al which 1t stirred for 50 min. and then was allowed to slowly
rise to room temperature. I, l-Dimethyvlhyvdrazine 160 g., 1
noled was added slowly and the temperative roze fram 53
teo 457 The mixture was eooled 16 02 and extracted with six
(00-ml. pernims of ether aud the ether exteacrs were dried
INa80 ;00 The ether was removed with o rotary evaporaor
and the residid ol was disiilled 160 vield 2 g0 of henzonirile,
b.p. £2°10.65 am. p Gidentified by intrared ) and 410 g0 (77500 il
prodiet, bop. 72 73‘ (04 g, w*p LGEES: 11111.1‘1(\14 aostrng
band at 3570 cm. 1 NH

ln(z{ Caled. Lo CGHWN ) THGG
TLot; HL 716,

H., 750 Foaol: )
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A series of N-substituted derivatives of polyeyclie indole systems was prepared and examined Tor central

nervous system activity.
carbazole-2,3-pentamethylene-1H-benz{g]indole,

Examples of 1,3,4,5-tetrahydrothiopyranc(4,3-blindoles, 5,6-dihydro-11H-benzo[a|-
3,6-dihydro-13H-dibenzo[a,i{carbazole, and

10H-benzotiro-

[3,2-b]indoles were included. The indole systems required were obtained e madifications of the Fischer indole

synthesis and converted to N-substituted derivatives by varied methods.

of the compouds are discussed.

The first paper? in this series described the synthesis
and pharmacological behavior of a series of substituted
2,3-polymiethyleneindoles (I). Because of the inter-
esting pharmacological properties of certain metibers
of this series, the investigation was extended to include
a numiber of related types The 1,3.4,5-tetrahydro-
thiopyrano([4,3-blindoles (II, R = H were selected

R R
[ I

because of anr isosteric relationship with the 2,3-penta-
methyleneindoles (I, n = 3) previously 1ep01ted.‘-' I
an effort to investigate the effect ou pharmacological
activity of varying the size and shape of the aromatic
moiety, analogous N-substituted derivatives of 5,6-di-
hydro-11H-benzo [a]carbazole? (III, R = H), 2,3-
pentamethylene-1H-benz [g Jindole (IV, = H), 5,6-

1
R
v

(03] Papsr 11in this series.

14y L. AL Rice, L. llertz,
1064,

(3 L UL Rogurs and B, B. Corson, /. Am. Chend, Sac.. 89, 2010 §1947).

and M. L Ireed, o Med, Chen. T, 510

Some of the pharmacologic activities

dihydro-13H-dibenzo la, 7 |carbazolet  (V, R = H),
and 10H-benzofuro[3.2-blindole® (VI, R = H), were
prepared.

Penthian-t-onc® was obtained from diethyl thiodi-
propionate by Dieckmann cyclization, followed by
saponification and decarboxylation, and was cou-
ve 1'ted directly to 1,3,4,3-tetrahydrothiopyrano[4,3-b]-
indole’ (II, R = H) by treatment with phenylhydrazine
i glacial acctic acid.®  In like manncer, ITI, TV, and
Vowere obtatned, respectively, from phenylhydrazine
and e-tetralouc, e-naphthylhydrazine and cyclohepta-
none, and e-naphthylhydrazine and «-tetralone. 10H-
Benzofuro [3,2-blindole (VI, R = H) was prepared
from phenylhyvdrazine and coumaranonce as described
by Cawley and Plant.®

The required dialkviaminoalkyl derivatives were ob-
tained by treatiment of an N-sodioindole (from the poly-
cyelic indole and sodivm hydride dispersion) with
dialkylaminoalky! chloride in  dunethylformanide.
After isolation, the products could be purified by distil-
lation or converted direetly to a suitable salt for
testing.  These cowpounds are shown in Tables 1-111.»

The results of preliminary pharmacological screening
were more pronusing in the tetrahydrothiopyrato[4,3-
lindole (I, R = H) and in the 5,6-dihydro-t1H-
benzo [a ]cdrbaml (11, R H) series than in the re-
mainder (IV. Vo and VI, R = H).  Accordingly, I
and TIT were investigated in cousiderable depth.  lu
addition to a wide varicty of dialkylaminoalkyl moictics.
the N-(3-aminopropyl) and N-(3-methylaminopropyh

Jhr N I Baeelew, NU1Leein wued N1 KLdd, W Oy Cleoe,, 14, 40
(1949,

fhy SR Cawley wned X G

i Lo ML Benners aued 1 h

T1 G AL Bennerc sl W Sl lingtom s dedd w820 L1

(81 o the conrse of Lis we nl\. twee Loawer homologs of 10-divethylioei.-
nroplbenzefnre 2= indeole were rmmrtevl by I C. .\‘,nhmmlm 1 0. Cur
weran. CoAL Habden. andd N CO NMalligau, J. Org, Chem., 27, B tiny

AL Cleesa, Soe., 1214 (1048,
orah. did,, 194 119270
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derivatives of II and III were prepared by the route
previously described.? The unsubstituted compound
(IT or III, R = H) was cyanoethylated by the addition

ScHEME [
CHy=CH—CN LiAlH,
RNH ————— RNCH.CH,CN ——— RNCH,CH,CH,NH.

TMB VIla and b VIIIa and b
/ lNaOH
CH,OH |CH;0H
HCl

EtOH

RNCH.CH.CO.CH; RNCH,CH,CO.H
IXb XIla

CHsA

RNCH2CHQCO2CUH5
XIIIa
Xa and b
Xla and b

%‘JNI{Z
yLiAIH,
TMB = trimethylbenzylammonium methoxide

RNCH,CH.CONHCH;
RNCH,CH,CH,NHCH;
b
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of acrylonitrile to a benzene solution of IT or III con-
taining a catalytic amount of trimethylbenzylammo-
nium methoxide. The cyanoethyl derivatives VIla
and VIIb were reduced with lithium aluminum hydride,
yielding VIIIa and VIIIb. To obtain the required
monomethyl derivative, VIIb was esterified with anhy-
drous hydrogen chloride in inethanol.  When the methyl
ester [Xb was allowed to stand with methylamine in
methanol for several days, a good yield of N-methyl-
amide (Xb) resulted. Treatment of this substance
with lithium aluminum hydride produced the N-(3-
methylaminopropyl) compound XIb. When this se-
quence was attempted in the tetrahydrothiopyrano-
[4,3-blindole series, treatment of VIIa with hydrogen
chloride in methanol apparently caused cleavage of the
sulfur-containing ring, as indicated by a strong odor
of hydrogen sulfide. The material then underwent
extensive resinification, and no definite product could
be isolated. As an alternative method, VIIa was hy-
drolyzed with alecoholic sodium hydroxide and the
carboxyethyl compound XIla was then esterified
with ethanol, using sulfuric acid catalyst., The re-
maining steps were as anticipated: XIIIa with alcoholic
methylamine gave N-methyl-1,3,4,5-tetrahydrothio-~
pyrano[4,3-blindole-5-propionamide (Xa), from which
N -3-methylaminopropyl-1,3,4,5-tetrahydrothiopyrano-
[4,3-blindole (XIa) was obtained by reduction with

a lithiuin aluminum hydride. These reactions are sum-
TasLE 1
5-DIALKYLAMINOALKYL-1,3,4,5-TETRAHYDROTHIOPYRANO (4,3-b] INDOLES
oue
1
R
Yield. —% C—— —% Hor —— Y% N— ——G 8——
No. R M.p..* °C. % Yormula Caled. TFound Caled. Found Caled. Found Caled. Found
1 (CH,):NCH,CH, 200-201 65.5 CisHaN0.8  60.61 60.55 6.43 6.40 7.44 7.61 8.52 8.00
2 (C:H;):NCH,CH, 174-177 64.8 CoHuN.OS  62.35 62.48 6.98 7.10 6.93 6.91 7.93 7.67
3 (CH,),NCH(CH,;)CH, 169-172 44 4 CyHsN:O48  61.51 61.27 6.71 6.55 7.18 6.99 8.21 7.6
4 C.HsNCH.CH, 222-224 64.1 CoaHgpN.OS  62.66 62.38 6.51 6.36 6.90 7.12 7.97 7.83
5 Cs:H;:NCH,CH, 217-220 91.0 CHN,O,8  63.43 63.36 6.78 6.87 6.73 6.43 7.69 7.49
6 C.HsONCH.CH, 189-191 69.2 CoHuN-O:S  60.26 60.00 6.26 6.54 6.70 6.54 7.66 7.45
7 (CH;):N(CHa), 199-200° 41.8 CieHuCIN.S  61.80 61.61 7.45 7.30 9.03 9.24 10.30 9.91
8 (C3H7)N(CHa,), 150-153 78.8 CuHaNOS  64.54 64.64 7.67 7.539 6.27 6.46 7.18 6.92
9 (CH;):N(CH,)s 103-107 32.6 CyuHpN20:8  63.86 63.63 7.46 7.66 6.48 6.57 7.41 7.15
e Fumaric acid salt. » Hydrochloride: Cl, caled., 11.42; found, 11.33.
TasrLe II
11-D1ALKYLAMINOALKYL-3,6-DIHYDRO-1 1H-BEN 20O [a] cCARBAZOLES
% C % H % N
No. R M.p.,2 °C. % Formula Caled. Found Caled. Found Caled. Found
1 (CH;):NCH,CH. 228--231" 80.7 CuyHCIN, 73.49 73.42 7.09 7.18 §.57 8.549
2 (CsH;),NCH,CH, 147-150 %2.0 CusHaoINa ()4 71.86 71.79 6.96 7.05 6.45 6.51
3 (CH,),NCH(CH;)CH, 159-162 67.1 Ca:Hg N, O, 71.40 71.61 6.71 6.74 6.66 6.59
4 (C:Hy)NCH,CH, 204.5-206 99.3 CH3o N0y 72.62 72.63 6.77 6.88 6.28 6.31
5 (C:Hs)NCH,CH. 192.5-194 73.2 CagHos N, O 72.20 72.35 6.52 6.70 6.48 6.32
6 (CH;).N(CH,;); 217-222° 013.5 Ca H3:CIN, 73.65 73.41 7.39 7.28 8.22 8.26
7 (C3H7).N(CH,); 142-144 81.4 CuoHge N O,y 73.08 72.88 7.61 7.74 5.88 5.83
8 (CH,),N(CH;), 104-107 85.6 CogHyuNLO, 72.70 72.70 7.41 7.70 6.06 6.07

@ Fumaric acid salt.

» Hydrochloride: Cl, caled., 10.85; found, 10.95.

¢ Hydrochloride:

Cl, caled., 1028;

found, 10.25.
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Tapre 111
DERIVATIVES aF T'ornyeyopnle INDones
Yiell.* : e . - Bl N N
syrneture R Mot T o, Tl il ll 1ol Caleed, Tl Cudedd, Tl
v (CH,):N(CH. )y 184, 5= 1NG 100 TOAL O TLAG T TR nd2 b
(C:H,,)NCH.CH. 215-216.5 76 7270 72,49 741 7o G L ON
vV (CH,;).N(CH.), L72-175 100 402 T G. 43 6,29 3.5 TR
VI (CH;):N(CH.), 164.5-1006 100 67 .06 67 o4 502 5. N4 686 1. sl
« Thiniarie acid salt.  * Of crude base.
Tague 1V
Drrivarives or 15,4, 5- TRIRALYDROTUIGIYRANO|4,5-bHINDOLL
[ II\I J
CH.OCH.X
Yiell RV S o - e N ~ oo .
No. X Al °C. o Lrornamla Caled, Vowndd  Caled., FPound Caled, Yonnd  Caledd. Foand
1 CN 152-154 O8H CHH NS G958 69,42 H 82 584 11.A6 11,40 b5 o2y 12,02
2 CH.NH,* 189--190 75.0 CisHweN-0,8 HY.64 0 50 6. 12 6.58 ) 7.69 N.NH K.
n COOH 157-158.5 .0 CuH NOS 64.34 64.27 5.79 5.50 B0 S 3L 12027 1202
4 CO.C.H. 80-82 100.0 CisH1sNO o8 (G6.40 66 6.62  6.60 4760 1108 1P RS
b} CONHCH,; 142.5-143 687 C:HsN:08 65.66 65.55 6 61 6. o5 L 10.02  11.658 110N
6 CH,NHCH," 190-192 Nt C.H,CIN.= G068 6047 T L 700 044 9.28 10800 106D
* T'umaric acid salt.  * Hydrochloride.
TasLe V
DERIVATIVES OF 0,6-DIAYDRoO-11H-BENZO|a] CARBAZLE
i )
CH.CH.X
Yiell, e s -l - N
No. X Mo, 2O, vy Teaneala Caled, Tl Caled, 1ound Caledl, Feannl
1 ON 156157 711 CuH e N, NG T N3O H 2 6.05 1. 29 1027
2 CH,NH. 302-304~ 70.6 CHuCIN: 72,04 7298 6.77 6.80 NLOB Nl
3 CO.CH, 118-119 895 C.H)sNO. 7N.66 78,606 6.27 G.4% 4.549 460
4 CONHCH;, 169-170 849 CxHayp N0 78.91 TSUO08 6.62 6.45 021 1 0%
5 CH,NHCH, 200-201« R85 CHauCIN, 73,49 w21 7.09 715 N.OT N.60

+ Hydrochloride.

marized in Scheme 1. The interntediates and products
are shown in Tables IVand V.

Pharmacology.*—The N-aminoalkyl derivatives of
II, IT1, IV, V, and VI prepared ni the course of this
investigation were submitted to a preliminary pharma-
cologic assessment for general stimulation, depression,
and autonomic activity. Compounds which exhibited
activity in this test were tested for antimorphine®
and antireserpine'’ activity. Some of the results are
shown in Table V1.

The compounds possessing the 1uost significant activ-
ity were those of types II and III, 7.e., the derivatives
of 1,3,4,5-tetrahydrothiopyrano[4,3-blindole and 5,6~
dihydro-11H-benzo[a]earbazole. In type II, antire-
serpine effects predoiiinated over antimorphine, while
in type III this order was reversed. N-Dimethyl-
aminoethyl-1, 3,4, 5-tetrahydrothiopyrano[4,3-b]indole
(Table VI, 10) was found to have antireserpine activity
equal to imipramine and little antinmorphine effect.

() Pharmacological testing was carried out by Dr. R, Tislow, Dr. M.
Cluckman, Dr. T.. Stein, and associates of these laboratories.

(10) C. H. Holten, Acta pharmaeol. firieol., 18, 114 (10475,

(11) B. Rubin, M. . Malone, M. 1. Wangl, and J. C. Burke, J. [“hurwia-
fepl, Therap., 120, 125 (1057).

il

N-Piperidinoethyl-5,6-dihydro-11H-benzo|a Jearbazole
{(Table VI, 11) cxhibited an antimorphine effcet twice
that of inipraininne but showed only slight activity in
the antireserpine test.  Both of these compolnds
markedly potentiated the stimulation caused by amphet-
atuine in the self-stiinulation test! used to sereen for
antidepressant activity.

Experimental'*

Materials. ---The polvevelic indoles (LI, T11, V, and VI) werce
obtained from the appropriate ketone and phenylthydrazine in
tlie manner deseribed in the literature cited. 2,3-Pentamethyvl-
ene-1H-benz[ylindole (IV, R = H), hitherto unreported, was
obtained in 18U% vield by essentially the procedure used for 5,6-
dihvdro-11H-benzo|alearbazoled (I11, R = 11).

Alkylation Procedure.—Tle dialkvlamninoalkyl derivatives «f
svstems II, IIT, IV, V, and VI were obtained in the following
niatiner.

A 500-nl. flask fitted with o stirrer, dropping hinnel. and re-
flux condenser protected by a dryving tube was charged with
dimethylformamide (100 ml). Sodium hydride (5.0 g.. 0.1(
mole, of a 529; dispersion in mineral oil) was then added. A
solution of polycevelic indole (0.1 mole) in dimethvif rmamide

(12 L. Stein anel ). Reifeer, Sedeaee, 134, Y81 (1115,
{141 Melting points were taken iu open capillary tnbes oo Pl
ewover apparatns and ore coarected,  Boiling pednts are net correated,
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TaBLe VI
PHARMACOLOGICAL RESTLTS
(J :
(L Q10
T U T
v VI
EDso, E D,
Compd. mg./kg. mg. kg, D.m.a.?
No. type R vs. morphine va. reserpine mg./kg.
1 1I Me,NCH.CH,CH, 240 180 100
2 111 Me.NCH,CH.CH, 160 188 50
3 1aY Me.NCH.CH,CH. >200 >400 200
4 A% Me:NCH.CH,CH. >400 >400 400
5 VI Me:NCH.CH,CH. 240 >800 100
6 I C,;HgNOCH,CH, 115 220 >400
7 11 CH;NCH.CH. 382 210 400
8 1I (C.H;),NCH.CH, Synergistic 15 400
9 1I Me:NCH(CH;)CH, >127 120 127
10 1I Me,NCH,CH, >400 42 200
11 111 C;H,,:NCH,CH, 91 390 50
12 111 CH;NCH,CH, 375 430 127
13 111 Et,NCH,CH, >400 >400 40
14 111 Me.NCH(CH;)CH, 40 >400 127
15 11 NH,CH.CH,CH, >127 >127 127
16 Imipramine’ 258 40 40
@ Mice, p.o. The values reported are minimum doses producing activity; > means the compound was inactive up to indicated dose.

» Decreased motor activity. °© Used as standard.

was added dropwise, with stirring. The mixture was stirred
at 30-35° for 1 hr. A solution of freshly distilled dialkylamino-
alkyl chloride (0.1 mole) in dimethylformamide was added
and the mixture was stirred 18 hr. at 25-30°. The reaction mix-
ture was poured into ice—water (600 ml.) and acidified with con-
centrated HCL The solution was extracted with ether to re-
move nonbasic components and then made atkaline with aqueous
NaOH. The prodiiet was extracted with ether, and the extract
was washed with saline and dried over Na,SO.. After removal
of the drying agent, the base was converted to the salt with dry
HCI.
1,3,4,5-Tetrahydrothiopyrano[4,3-b]indole-5-propionitrile
(VIIa).—A 200-ml. three-necked flask fitted with thermometer,
stirrer, addition funnel, and condenser protected by a drying
tube was charged with 1,3,4,5-tetrahydrothiopyrano(4,3-b]indole
(12.5 g., 0.066 mole), benzene (90 ml.), and trimethylbenzylam-
monium niethoxide (0.3 ml. of a 409 solution in methanol).
The mixture was warmed to 50° and acrylonitrile (3.9 g., 0.073
mole) was added. After the exothermic reaction subsided, the
mixture was heated under reflux for 3 hr., then cooled to room
temperature. A solid separated from the solution and was
collected on a funnel, washed with cold benzene, and dried. Re-
crystallization from ethanol-acetone gave 10.9 g. (68.5¢%) of
product, m.p. 152-154°.
5,6-Dihydro-11H-benzo[a]carbazole-11-propionitrile (VIIb).—
Treatment of 109.7 g. (0.5 mole) of 3,6-dihyvdro-11H-benzo[a]-
carbazole (III, R = H) with acrylonitrile (29.2 g., 0.55 mole)
in the manner described for VIIa afforded 96.8 g. (71.1G%) of
nitrile, m.p. 155-157°, after recrystallization from ethanol-
acetorne.
1.3,4,5-Tetrahydrothiopyrano(4,3-b]indole-5-propionic Acid
(XITa).—A 200-ml. flask was charged with VIIa (3.0 g., 0.0124
mole), 907 ethanol (60 ml.), and NaOH (3.2 g., 0.08 mole).
The mixture was heated under reflux for 27 hr. and then con-
centrated to dryness. The residue was dissolved in boiling
water (125 ml.), decolorized with Norit A, and filtered hot.
The filtrate was acidified to pH 1 with concentrated HCI (15 ml.).
On cooling, the product crystallized and was collected by filtra-
tion. Recrystallization from aqueous methanol afforded 2.56 g.
of product (785;), m.p. 157-158.5°.

Ethyl 1,3,4,5-Tetrahydrothiopyrano[4,3-b}indole-5-propionate
(XIITa).—A mixture of XIIa (8.7 g., 0.033 mole), ethanol (30
ml.), benzene (30 ml.), and concentrated H,SO4 (5 ml.) was stirred
and heated under reflux for 5 hr. After standing overnight,
the mixtire was poured onto ice (100 g.). The layers were sepa-

rated, using a separatory funnel. The aqueous phase was
extracted with ether and combined with the benzene layer. The
conibined extracts were washed with sodium carbonate (10 ml.
of a 109 aqueous solution), then with saline, and were dried
over anhydrous MgS80s The sclvents were removed under
vacuunl, leaving a solid product (9.5 g.), m.p. 78-81°. Re-
erystallization from methanol gave an analytical sample, m.p.
80-82°.

Methyl 5,6-Dihydro-11H-benzo[a]carbazole-11-propionate
(IXb).—Anhydrous HCI was passed into a stirred suspension of
VIIb (20.4 g., 0.075 mole) in absolute methanol (400 ml.) for 4
hr., resulting in a clear solution. After standing overnight, the
solution was treated with 1.5 ml. of water and heated under re-
flux 2 hr. The reaction mixture was cooled and the precipitate
was collected by filtration, washed with methanol, and dried.
A second crop was obtained by concentrating the filtrate to a
small volume. The combined solid was recrystallized from
hot methanol, yielding 20.5 g. (89.5%) of product, m.p. 118-119°,

N-Methyl-1,3,4,5-tetrahydrothiopyrano{4,3-b]indole-5-
propionamide (Xa).—A solution of XIIla (8.0 g., 0.028 mole) in
benzene (60 ml.) containing liquid methylamine (15 ml.) was
sealed in a pressure flask and allowed to stand at room tempera-
ture 3 days. The reaction mixture was then transferred to an
evaporating dish and concentrated to dryness on a steam bath.
The solid residue was recrystallized from heptane-benzene,
vielding 5.2 g. (68.7%) of product, m.p. 140.5-143°. An ana-
Ivtical sample prepared by further recrystallization from heptane—
benzene had m.p. 142.5-143.5°.

N-Methyl-5,6-dihydro-11H-tenzo [a]carbazole-11-propion-
amide (Xb).—A solution of IXb (15 g., 0.049 mole) in 75 ml
of methylene dichloride was mixed with a saturated methanolic
solution of methylamine (75 ml.) and sealed in a pressure bottle.
After 3 days at room temperature, the contents of the bottle
were transferred to a beaker and the solid was collected on a
Biichner funnel, washed with methanol, and dried. Recrystal-
lization froni hot methanol yielded 12.7 g. (84.9%) of Xb, m.p.
169-170°.

5-(3-Aminopropyl)-1,3,4,5-tetrahydrothiopyrano(4,3-b]indole
(VIIIa).—A 1-l. three-necked flask fitted with a stirrer, addition
funnel, and condenser protected by a drying tube was charged
with anhydrous ether (200 ml.) and LiAlH, (2.5 g., 0.065 mole).
To the well-stirred suspension was added a solution of VIIa
(7.1 g., 0.03 mole) in warm benzene (150 ml.). The reaction
mixture was stirred and heated under reflux for 3 hr. and then
cooled to room temperature. Water (12 ml.) was added drop-
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wise, with vigorous stiming.  After the addition was completed,
tlie mixture was stirred 2 hr. and filtered. The filter cake was
washed with benzene and ether, and the filtrate was concentrated
nnder vacuuni, vielding 7.1 g. (98.290) of an oil.  The il was
dissolved in acetone (100 ml.) and added to a hot solntion of
finuaric acid (3.5 g.) i1 acetone (300 ml.), precipitating the fims-
rate salt of VIIIa. Recrystallization from acetone-methinnal
afforded 2.5 g. of produet, m.p. 190-191°,
11-(3-Aminopropyl)-5,6-dihydro-11H-benzo [¢|carbazole
(VIIIb).—Reduction of VIIb (15.6 g., .05 maole) with LiAIH,
(2.9 g., 0.0% mole) in the mamer described far VIla afforde:d
12.1 g of erude produet. This was distilled, vielding 9.7 g.
(7100) of product, which was collected nt 218-228° (0.6 mu. v
Treatment of the base in ethanol with an ethanalic solution of
HC1 gave the hvdrochloride.  Recrvstallization from methanol
vielded a produet with m.p. 502-504°.
5-(3-Methylaminopropyl)-1,3,4,5-tetrahydrothiopyrano(4,3-41-
indole (XIa).—A 1-l. three-necked flask fitted as above was
charged with anhydrous ether (250 ml.) and TiAIH. (2.2 g., 0.06

JoMeConp Val, 7
mole).  To this was added, with stirring, o wano schition of
Na (4.7 g, 0017 mole) in benzene (150 ml i, The reaction mix-
ture was stirred at room temperatiure for 5 hre Water (5 ml. ) wis
added slowly and the mixtiwe was allowed to stand overnight.
The precipitate was filtered from rthe sclution and washed well
with e¢ther. The comhined filtrate aud washings were washed
with saline and dried over anlivdrons Mg=0;.  The solvent was
removed, leaving 2.1 g of base (507 ), which wis dissolved in
absohite elthanol 120 il 1 and acidified with an ethanolic solution
of HCL Anbydrons ether was added nniil (he sohition beeane
mrbid. O caoling the solution, the hydroehloride ervatallized
e and was colleered on a funnel, washed with ether, and dried.
Recrvstallization from ethanol atCorded 1.7 @ 6200 of NTa,
n.p. 190-192°.

11-(3-Methylaminopropyl -5,6-dihydro- 1 1 H-benzo|«{car-
bazole (Xb).-—Rednetion of Xb (117 ¢, 038 mole) with T.IAIH,
(5 g.. 0.15 mole} was carried out asg described for Na, vielding
1D g (885000 aof ernde base. Couversion to the hyvdroehloride
afforded 8.5 g (748470, m.p. 200-201,5°.
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3-Amino-3,4-dihydro-1-hydroxycarbostyril, syuthesized by the catalytic hydrogenation of g-nitrophenylalanine
hydrochloride, was compared with some striieturally related compounds s growth inhibitors in several micro-

biological assays.

Of these compounds, 3-amine-;.4-dihydro-1-hydroxycarbostyril inhibits the growth of

s : [ acillus
Escherichia coli, Leuconostoc dextranicum, and Lactobacillus arabinosus at concentrations of 2 ~/ml for each

microorganism.

In general, only a partial and noncompetitive reversal of 3-amino-3,4-dihydro-1-hydroxycarbo-

styril toxicity by certain protein hydrolysates and histidine was observed for each test organism, which suggests
that other substituted derivatives of ‘j-amino-3,4-dihydrocarbostyrils inay produce potent and noncompetitive

antagonists.

In contrast to the strictly competitive-like response
observed with phenylalanine in reversing the toxicity

of o-aminophenylalanine for Escherichia coli, a non-~

coinpetitive reversal of the inhibitory cffects of 3-
amino-3,4-dihydrocarbostyril was demonstrated with
phenylalanine for E. coli and Leuconostoc dextranicum.?
In view of the biological results of 3-amino-3,4-di-
hydrocarbostyril with bacteria,® and its previously re-
ported physiological activity,* further investigations
with other substituted derivatives of 3-amino-3.4-
dihydrocarbostyril scemn warranted in an effort to
produce nonconipetitive antagonists as potential chemo-
therapeutic agents. Accordingly, a related derivative.
3-amino-3,4-dihydro-1-hydroxycarbostyril, was pre-
pared and subsequently found to inhibit growth of
several inicroorganisins, and only partial reversal of
the inhibitions could be achieved with certain proteiu
hydrolysates and with histidine. The method  of
syuthesis as well as a preliininary report on its bio-
logically antagonistic properties are herein presented.

Experimental®

Organic Syntheses. FEthyl 2-Acetamido-2-(o-nitrobenzyl-
cyanoacetate.—To a solution of 10 g. of ethyl acetamidoeyano-
acetate in 100 ml. of magnesium-dried ethanol containing 1.35

(1) 'The support of this work by a research grant from the Robert A.
Welch Foundation, Houston, Texas, is gratefully acknowleilged.

(2) Taken in part from the M.S. Thesis of Ok Hi Park Choun, Abilene
C'hristian College, August, 1963,

(3) A, L. Davis, R. Lloyd, J. Fletcher, L. Bayliss, and T. J. MeCorid,
Aeek, Biorhem. Biophys., 103, 48 (1963).

(41 T. Rasaki and I. Otsuka, J. Biockem. (Tokyo), 12, 420 11630,

g. of sodium was added 10.1 g. of o-nitrobenzyl chloride and the
solution was allowed to reflux for 3 lir.  Sodium chloride was
reimoved by filtration from the liot reaction mixiure, and the
filtrate was cooled avernight to yield 16 g. of crude material.
Recrystallization from ethanol-water gave 15 g. of product, m.p.
150-151°.

;171(1[‘ (:lll('d. f()l' (‘ml’I]{,N;{():): (j, .-13()8, I{, 4.95.

1, 04.81; H, 4.80.

Hydrolysis of Ethyl 2-Acetamido-2-(o-nitrobenzyl)cyano-
acetate.—A 10-g. sample of ethyl 2-ncetamido-2-(o-nitrobenzyl)-
cyanoacetate was hydrolyzed in the presence of 100 ml. of con-
centrated HCL for 5 hr. to yvield 6.95 g. of o-nitrophenylalaniue
hydrochloride, in.p. 219-220° dec. (1it.¢ m.p. 222--223°),

A 4.0-g. sample of ethyl 2-acetamida-2-(o-nitrobenzyl)evano-
acetate was hydrolyzed in the presence of 4.0 g. of sodium carh.-
nate tfor 6 hr.  Acidification of the reaction mixture with hydr.-
clhilorie acid and subseqtient cooling vielded a ervstalline materinl.
Recrystallization from ethanol gave abont 1 g. of N-ncetvl-o-
nitrophenylalanine, m.p. 205-206°.

Anal. Cated. for COHN:0,: C, 5238, H, 4.79.
Noh2.24; H, 5.23.

3-Amino-3,4-dihydro-1-hydroxycarbostyril Hydrochloride.----A
5.0-g. sample of o-nitrophenylalanine hydrochloride dissalved
in 50C7 methanol (pH 1.5) was hydrogenated uuder 5.66 kg’
cm.? of hydrogen pressure in the presence of 200 mg. of platimim
black for 5 hr. The hydrogenated solution, after remaoval of
the catalyst, showed a pH of 3.6. Reduction in volume of the
filtrate in vacuo yielded a residue which was recryvstallized Irom
ethanol- water 11 vield 1.2 g. of product, m.p. 258-263° der.

Found:

Pomnd

(3) All melting points were determined by the capillary technigae and
are corrected. The paper cliromatograins were determined by the ascending
techniques usine the solvents indicated, and the spots were developed witls
ninhydrin reagent. The nltraviclet spectra were determined an a Banscl
and Lomb Spectronic 504 spectrophiotometer using water as solvent. The
authors are indebted to ). Howell and I'. Tharp for the elemental analyses.

(6) T. A, Connors. W. . J. Ress, and J. G, Wilson, J. Chem. Sar., 2004
1060).



