4-Methoxy-2-nitrophenylalanine.«~-A =olution af 5.0 g of
ethyl 2-acetamida-2-(4-methoxy-2-nitrobenzyhmalonate in v
ml of concentrated HCI was heated under reflux far i . The
reaction mixture was placed in the refrigeratar for 1 hr 1 effert
crystallization.  The resulting ervstals were renmved hy filivu-
tian to give 2.70 g (74¢) of producr, mp 212-214°. The hy-
drochloride salt (1 g% was dissolved i o minhmnn amotm af
water, and dilite NH.OH was added dropwise 16 pH 70 1)
precipitate 0.7 g (81¢7) of the base, mp 212-214° dee. Paper
chromatograms of the prodact m I-butanol-acetic acid-water
t4:1: 1) and 6397 pyridine shawed ane spot, Ry DAL and .74
respectively.

Anal. Caled e CHN.OL: C) 50,000 H, a.05: N, L1646,
Foand: C,30.13; H,4.94; N, 11.40.

2-Amino-4-methoxyphenylalanine. - A
4-methoxy-2-nitraphenylalanine in 1oy

salithm nf 0.7 g nt

ml of 75 methinal
wies hydragenared nnder 3.52 Kg/cm? of hydrogen pressinre
nsing palladinm hlack ax o catalyst for 3 hr.  After remaving
the ceatalyv<t hy flieation, the filtrate was cancentrated.  The
resalting suliabm was caaled n the refrigeratar 1a vield 145 ¢

N-Methyl-N-2-propynyl-l-indanamine.

Huesxer, DoNoGuuE, PrasvmER, aNp FurNess
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(R0 al alesived  prodact. Fallowing recrvstallization from
water, the pradiet melted at 184.5-186.5°0 Daper chrona-
togram= of che pradact in I-haanol acenie acid wacer 4:1: 1
and 113" pyridine <howed one spot, 7y 0.482 ad DS respectively.

Apal Cuded Tor CHuNLO-HD o € 32,62 T Tads N
12.250 Faand: GOz H, 7050 NUL2s

Microbiological Assays. Iy £ cold 9723, o previnsly ohe
serihed Inarganic saleomedinm was coplayed, and the argraisim
wis lncahate] ar 377 e about 16 e Pov 2L deatvanician SOSE,
the siane wssay procedire wie ciplayed ws previonsly reported.
i all cesovs the wmant of grawith wie determined  phat-
metrivally w425 me with « Braseh :oid Tomh Spretranic 2o
<pectraplminmeter, i tems nl ahsovhanee readings ot che
Larhid raltnre melian: szainst « hlank of aninaentated mednm
Tar F. coly the data in Tehle T are ve-
enrded s ahsorlzace reandings which e reladed o the milh-
grams ol by cells ealedated from o standied carve 0 g ot
deveells/mbee, alsorhanec rewdings.

se1 o oabsarhanece.

oLt Apiderson Fees N Cteads Sed L0N B0 120 0101

A Potent Monoamine Oxidase Inhibilor

C. I, HugsyER, luiexy M. Doxoagave, A, J. PLUMMER. axD P AL FuRNEss

Rescarel Deparbnent, CIBA Phamuwcadical Compargy, Division of CIEBL Corposation, Suvioid, NeatJersey

Recetwved May 24, 1966

The svnthesis af w0 series of ferfiary indanamines and related compacards cantaining an N-2-prapyayl <ah-

stitnent is described.
sanine oxidase inhibitars vet reported.

Our confinuing interest in incorporating the mdane
grouping in molecules of porential pharmacological
alue, an activity which has already led to antihista-
mines,! analgesics, and monoamine oxidase inthibitors,?
prompted us to synthesize a propyuylamine containng
this motety. This followed the report of the mono-
amine oxidase mhibitory activity of N-methyl-N-2-
propynylbenzylamine (pargyhne).? The first com-
pound prepared, N-methyl-N-2-propynyl-1-indanamine
(1).* showed approximately 20 times the activity of
pargyline and is indeed in certain tests the most potent,
irreversible monoamine oxidase inhibitor known. We
also wish to report on a few congeners of 1 prepared
to explore activity-structure relationships (Table I).

The synthesiz of these tertinry amines was straight-
forward.  The requisite primary amines were forniy-
Inted or acvlated, reduced to the secondary amine
with lithium aluminum hvdride, and finally alkylated
with propargyl bromide in the presence of =odiim
earbonate.  For the preparation of large quantities
of 1 & more cconomical procedure was developed by
Dr. W. Rosen in which the intermediate N-methyl-
indanamine wax prepared from  1-chloroindane and
niethylamine.

Changing the N-methy! substituent of 1 to hydrogen
(2), cthyl (3). or 2-propynyl (4) lessened activity.
[ixchanging the N-2-propynyl substituent of 1 for

(11 L Ttoebnee, 150 M. Donoghne, 1% Wenk, 15, Sory, and 3. A Nelsim,
JoAm. Chem. Sae., 82, 277 (1960},

(2) . K. Iuoebner, . M. IDanogline, I°. 1.
Wenkert, J. Geg. Chem., 27, 4165 (1961).

Ll ROSwaa o WL B Mwnin, L D Ui ar, G S Evers, N
and Y. O GLalish, clayo N0 Yo dead Sed, 107, 8D 1 (1065,

¢ The wobors wonll be plewsed (o fill any requests for tlis potent
monomrioe oxidase inhihitor from inceresced hiselbiemivad aml nharvceohogi-

Serachan, P. Deak, and 1,

VWS ke,

cul davesGeanors for wnimul ase.

Among this series are twa (1 and 10, Table I) which are nmong the maost pateaa mona-
Some activity-strmetare carrelations hiove heen made.

Ry R

1,R' = CH,; R »CH.C=CH
2, R'~H:R'" = CH,C=CH
%R “HO=CH
4,R'~ CH,C=CH;R" = CHC=CH
5,R'~= CH, R = CH,C=CH.
8,R'= I

7.R

1:R"~ CICH,),C=CH
“w CHu R = C(CH),C=CH

q

R i
,:l‘t\/\| R J\‘
|
C T )
8 9 10
R R R
1
W, P
11 12 13

R = N(CH(CH,C=CH)

allyl (8) destroyed activity.  Where the substituent
was 1,1-dimethylpropynyl (6 and 7), activity was
alzo lessened.  Nudlear mcethyl =ubstitution in 1 (8)
or =ubstitution of a 2- for a l-indanyl vesidue (9) re-
sulted It compounds about one-fourth ax active us
the parent. Ring culargement of the five-membered,
alieyelic ring of indane (10) gave the most active
compound it the series which showed a 50%¢ increase
i activity over that of 1. Fnlargig the alieychic ring
to seven members (113, however, again lessenced activity.
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TasLE I
Descending
order of
Caled, Vp—— ——r —=-«——Tound, % -— MAO
No. Mp. °C Yormula C H N c H N inhib
Substituted 1-Indanainine Hydrochlorides
! 195-197 Cill N -1HC 70,41 7.21  6.32 7024 745 G672 2
2 178179 C.HuN -HCI 69.38  6.75  6.75 60.44  T.0D  6.82 6
3 128-130 CpH;yN-HCI1-0.2511,0 70.00 7.70 5.83 70.36 7.64 5.74 6
4 160-163 C;HisN-HCI 73.26 6.53 5.72 73.54 6.73 3.51 6
5 139-141 Ci;:Hi;N-HCl 69.78 8.05 6.26 70.05 8.25 6.23 6
[§ 239-240 C:HsN-HCl 71.33 7.64 5.95 71.15 7.80 5.85 5
7 135-137 Ci:H;3)N-HCI-0.5H,0 69.60 8.13 5.42 69.25 8.13 5.11 6
Related Compounds
s 212-214 C1.HiN -HCI 71.33  7.64 5.95 71.16  7.81  5.77 4
9 201-203 CisHsN -HC1 70.41 7.21 6.32 70.16 7.11 6.55 4
10 168-170 CsH\:N -HCI1-0.25H,0 70.00 7.70 5.83 70.43 7.65 5.71 1
11 168-170 Cy;:H1sN-HCI1-0.25H,0 70.71 8.08 5.52 71.13 8. 01 5.52 [§
12 215-216 CieH )N - HCl 74.53 6.21 5.44 T4.39 6.13 5.52 B
15 168~-170 CpHi:N-HCI 68.75 7.65 6.67 68.57 7.84 6.42 4
T'usion of an extra aromatic ring to 1 at the 3,3a posi- of water, 12 ml of 129 NaOH, and finally 24 ml of water. The

tions gave the acenaphthene derivative (12) with an
insignificant decrease in activity. Finally in 133
where the indane ring is opened, the activity is one-
fourth that of 1.

Our method of determining monoamine oxidase
activity was that described by two of us.® The test
drug is administered to a group of mice, and this is
followed in 3-4 hr with a reserpine derivative [methyl
17-O-(tetrahydro-2-pyranyl)reserpate] which by itself
causes sedation, The increase in spontaneous activity
due to the monoamine oxidase inhibitory effect of the
test drug is measured in the jiggle cage. The antago-
nism of this sedative effect of methyl 17-O-(tetrahydro-
2-pyranyl)reserpate is presumably related to the
prevention of the destruction of the catecholamines
liberated centrally by this compound. More detailed
biochemical investigations of the monoamine oxidase
inhibitory activity of 1 in several organs and against
several amine substrates using both  viiro and in vivo
techniques (Drs. L. Maitre and M. Staehelin, Research
Laboratories, CIBA Ltd., Basle) also showed the very
high degree of activity of 1 (about 20 times that of
pargyline).

Experimental Section’

N-Methyl-1-indanamine.—To a solution of acetic formic an-
hydride (0.2 mole) (prepared by stirring 20.4 ml of acetic an-
hydride and 8.6 ml of formic acid on a water bath at 50-60° for
2 hr then cooling to room temperature) was added dropwise
with stirring, 0.15 mole of 1-indanamine at such a rate that the
temperature never rose above 40°. After stirring for 30 min,
60 ml of ether was added, and the solution was stirred at room
temperature overnight. The reaction mixture was diluted with
ether, washed twice with water, twice with saturated NaHCOQj;
solution, with 5¢, HCI, and finally with water. The organic
layer was dried over MgSO,s and the ether was evaporated; the
residue solidified (mp 92-95°). A tetrahydrofuran solution of
the formamide (0.08 mole) was added with stirring to a suspension
of 6.15 g (0.16 mole) of LiAlH, in 50 ml of tetrahydrofuran at a
rate sufficient to maintain gentle reflux. The reaction mixture
was refluxed for 5 hr then allowed to stand at room temperature
overnight before decomposing by the cautious addition of 6 ml

(5) This subhstance was also reported by Swett, ef nl. ¥ to be active.

(8) A, J. Plummer and I’. A, Furness, Ann. N. V. Acad. Sci., 107, 865
(1963).

(7) Al melting points were taken on a Thomas-Hoover melting point
apparatus. All hydrochloride salts, unless otherwise indicated, were re-
c¢rystallized from ethanol.

inorganic material was filtered, and the filtrate was dried over
MgSO, and evaporated. The residue was distilled n vacuo, and
a small portion was converted to the hydrochloride for analysis;
mp 144-146°.

Anal. Caled for CH;3N-HCI-H;0: C, 63.85; H, 7.70; N,
7.40. Found: C, 64.00; H, 7.63; N, 7.55.

The following compounds were prepared in this manner.

N-Methyl-2-indanamine hydrochloride, mp 230-233°. Anal.
Caled for C, H3N-HCI: C, 65.40; H, 7.64; N, 7.64. Found:
C, 66.01; H, 7.93; N, 7.93.

N,6-Dimethyl-1-indanamine hydrochloride, mp
Anal. Caled for CiHN-HCl: C, 66.88; H, 8.12;
Found: C, 67.27; H, 8.04; N, 7.27.

1,2,3,4-Tetrahydro-N-methyl-1-naphthylamine maleate, mp
105°.  Anral. Caled for C\\H,:N-CHO4: C, 64.96; H, 6.91;
N, 5.05. Found: C, 64.76; H, 6.70; N, 4.93.

6,7,8,9-Tetrahydro-N-methyl-5H-benzocyclohepten-5-amine

hydrochloride, mp 180-182°. Anal. Caled for C,,H;,N-HCI:
C, 68.08; H, 8.50; N, 6.61. Found: C, 67.84; H, 8.42; N, 6.60.

N-Methyl-a-phenylethylamine hydrochloride, mp 165-167°.
Anal. Caled for CsH,32N-HCl: C, 62.96; H, 8.16; N, 8.16.
Found: C, 63.25; H, 8.27; N, 8.30.

N-Methylacenaphthen-1-amine hydrochloride, mp 200-201°.
Anal. Caled for C;HN-HC1:0.25H,0: C, 69.65; H, 6.48; N,
6.26. Found: C, 69.88; H, 6.27; N, 6.33.

N-Acetyl-1-indanamine.—To a rapidly stirred mixture of 12 g
(0.09 mole) of l-indanamine and 30 g of ice was added 18.5 g
(0.18 mole) of acetic anhydride followed by sufficient 406z KOH
solution to make the reaction basic (~100 ml). After cooling,
the acetyl compound was filtered and dried; mp 110-112°,
yield 12 g.

Anal. Caled for C)H;3NO: C, 75.40; H, 7.48; N, 7.99.
Foind: C, 75.12; H, 7.49; N, 7.75

N-Ethyl-1-indanamine Hydrochloride—The above acetyl
compound was reduced with LiAlH, as described for the formyl
compounds, mp 214-216°.

Anal. Caled for CuH;;N-HCl: C, 66.88; H, 8.12; N, 7.10.
Found: C, 66.48; H, 8.12; N, 6.84.

N-Methyl-N-propynyl-1-indanamine Hydrochloride (1).—To a
stirred mixture of 0.027 mole of N-methyl-1-indanamine and
0 027 mole of Na,CO; in 50 ml of acetone was added dropwise
0.027 mole of propargyl bromide. The reaction mixture was
reflixed 4 hr and cooled, and the NaBr was filtered. The
acetone was evaporated n vacuo, and the residite was converted
to the hydrochloride. Compounds 3 and 8-13 were prepared i
the same manner.

N,N-Dipropynyl-1-indanamine hydrochloride (4) wuas prepared
by the above procedure using 1-indanamine.

N-Allyl-N-methyl-1-indanamine hydrochloride (5) was pre-
pared by essentially the same procedare nsed for the propynyl
compounds with the following modifications: the oily residite
remaining after evaporation of the acetone was ether insoluble
and water soluble; the oil was dissolved in water and made basice
with NH,OH, and the organic material was extracted into ether

146-148°.
N, 7.10.
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and dried aver Mgs0,. When the dry cther solntion was treated
with 7 N ethanolic HCL, a gianmy solid precipitated.  This
bydrochloride  was  re@ystallized  frnn  aqaeoaas  etbannl-
cther,

N-(1,1-Dimethylpropynyl)-1-indanamine Hydrochloride .
T oa stirred mixture of 10.0 g 10.075 mole) of I-indanamine, 9.5 g
(0.09 mole) of Na.CO; and 1.0 g of copper-bronze in 123 ml of
acetone was added dropwise, 9.23 g (0.0 mole) ol dimerlyl-
cihynylearbingl chlaride®  The reaction mixtire was staved :q
raom temperature overnight before filtering the ausrganic solids.
The acetare was evaporated in vacio and a small portion aof the
residne was converred to the hvdrachloride with 7.V c¢thanalie
HC'H for analysis.

N-(1,1-Dimethylpropynyl)-N-methyl-1-indanamine Hydro-
chloride (7)..-The abave campand (6) was methvlated with
formie acid and poraformaldehyde® ael ronverted 1o vhe hydro-
ehlaride.

N-Propynyl-1-indanamine Hydrochloride (Z).—A mixthe of
2.4 g (0.04 mole) of propargylamine and 3.3 g (0.02 male) ol
l-chloraindane in 25 ml of isopropyl aleohol was refluxed € hr.
Afrer caaling, the solid propargylamine hydrochloride was filvered
and the filtrate was evaporated t dryness. The residne was
canveried ta the hydrachlaride.

I'rimary amines not commercially available were prepared Ly
the formation of the oxime fram the corresponding ketone,
fallowed hy catalytic rediccton (545 Pd=C) of the axiine i AcOH--
HR0, (19:1 by valnme). A small portion of the base was
canverted to the hydrochlaride for analysis.

The following compamds were prepared o this manner.

1,2,3,4-Tetrahydro-1-naphthylamine hydrochloride, mp Ix2
I83°. Anal. Caled for CpH,N-HCL: €] 65.37; H, 7.64; XN,
7.64. Famd: €, 65.11; H, 7.74; N, 7.34.

6,7,8,9-Tetrahydro-5H-benzocyclohepten-5-amine hydrochlo-

(8) G. I, Hennion, L J. Skeehan, aml 1), 17, Malones, J. ctar. Dhem. Sec..
72, 3a4d 11950).
) Q. Ainsworth and N, R Laston. J. Oyy. Chem., 26, 377G {19615,

Thyromimetics.

3. Braxg, I K. Prewrrer, AN (L M. GREENBERG
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ride, mp 277-278°0 Anal. Caled tor Cypl1LN 1O
Ho8200 N 7080 Found: G, 67.05; 1, ~.1G: N, 0.97.

Acenaphthen-1-amine hydrochloride, mp 310°.  Anal. Cidil
for ChIT,N-THCL ¢ 70.08: T =40 N, 6.8l Found:
BOYC L a4 N, 6.

Monoamine Oxidase Inhibitory Assay. Comparative experi-
mentx were perfarmed in which graded disex of the 1est subictanee
IN-methvl-N-2-prapynyvl-l-indanamine  hydrochlaride <1+ m
this instanee ! and the standard, pargyline in 17 agaeare <alntion,
were administered snhientaneansly ta two graaps of 1hree micee.
Afcee i period af 4 iy 28 mg ol wethyl 17-O-teetrahydro-2-
pyranybreserpate as o 20 =olutian in polyethviene glyveol
dierhvlacetamide 410 was injected sidemaneansly, and the
animals were placed three (o a cage n an acuivity reenvder. The
acdvity of the mice wag vecorded for a period af 90 niin. A dosnge
ranging (2.5 002t mgZkg se of T was employved. An ot
merease o the activity of the mice was abzerved when the dasage
of 1 had reached 10 mg/kg, The ahwerved inercase in wetivay
wis greater than vhar prodaced hy 100 mg/kg sc of pargyline wand
slightly less chan that produceed hy 120 mg/kg. oo =indlar
nuaaier, prodocrs 2-13 were assayved and the resalix were en-
pressed in derreaxing nrder of activity af 1in Talile 1. A secend
tvpe of compurative stady vax iHaztrated nxing 11 was wdsa made.
Twa graaps of 1three mice jone nt which served o enmnml
were ipjected saheatanemsly wich 2.5 mg/kg of medyl 17-0-
Oetralivdro-2-pvrapyliveserpate,  After 30 nin when =ediion
and poosiso were quite abiviaas in el ot the animals, ane ol 1the
wraaps received 40 mg/kg senf 1. Within 20 40 minathe animids
=0 teeated had hecame alert and active, and all evidence of plasiz
had  disappeared.  The mntreated contrals were =till deeply
sedated, did nat mave abawt, md =0l showed marked prosis.
Aca dase of 200 mgikg pargvline pradaced na ohivioss decrease
m the sedation or degree of ptosis when wdnninistered 1 aninuds
previaely  treated  with metbvl 17-O-Qetrahydropyranylve-
serpate. Al a dose nf 400 mgykg there wis =ome rahietinn in
sedatian snd the degree ai prosix, but the wnnmals weee siill
slaggish o deir werthm card had nar recavered 1o e legiee
appraaching chat noved afver 20 mg/kgof 1.

(), b=y

VI. The Synthesis and Biological Screening

of 3,5-Diiodothyroacetic and -propionic Acid Analogs

Bexgaaiy Brask, raxcs R Premerer, axp Cyrus ML GREENBERG

Rescayvh and Developnent Divisiong Swcith Kline aml Freach faboradoyics, Philadvlphia, Peypeyleanio

Recerved J

wne 22, 1166

Several 3,5-diiodothyraacetic and -propionic acids s well wx certancar their ether ind exter derivatives were pre-

pared and examined far hypocholesteremic activity.
Nather in other thyromimetic assavs.

The interesting 23 -dimethyl compannds were stadied
The compamds, in general, had weak chalesteral-lowering activity al-

thangh a desired separation of activities was evident in componnds I11Ih, TVa, aud TVh.

Jorgensen and co-workers'# have shown within a
sevies of dialkyl-3.5-diiodothyronines and 3,5-ditodo-
4'-deoxythronines  that the 2°.3°-dimethyl analogs
were among  the most active  compounds.  Subse-
quently. these workers® showed that the phenyl ether
of 3.5-dilodotyrosine had cholesterol-lowering activity.
Herman, Lee, and Parker,® su studying the hypocholes-
teremic activity of thyroxine-like compounds, have
reported  that  3.5-ditodo-3",5"-dimethyl  compounds
lave activity comparable to that of the corresponding
3.37.5.5tetralodo  analogs.  Other  studiess=7  have

(1) L. C.Jorgensen and P. N. Kaul, J. .Am. Pharm, 4ssac., Sci. Ed., 48,
(53 (1949).

(2) E. C. lorgensen, N. Zenker, and C. Greenberg, J. Biol. Chem., 235,
1732 (90,

vty 1L O toreroxen, T AL Lebman, O
237. 3832 11062).

ol Ro G Rerman, ¢ Co Lee,
dyr.. 133, 284 110615,

Coeenbery, and N Zenker, <o

and R. Tarker, JLeefoo Twieew, Phaegaco-

shown that alteration of the alabine side chame ol 3,5-
ditodothyronines has u significant cffect on the nature
and magnitude of the chicited biological responses,
Thu=, the synthesix of several dialkyl-3.5-diodo-
thyroacetic and -propionic  acids, certain of  thetr
ether and ester dertvatives, ax well as the phenyl
ethers of 4-hydroxy-3,3-diiodophenylacetic and -pro-
pionie acids wax andertaken.  Specifieally. it was
hoped that these compounds would lower plasma
cholesterol levels without at the same tine increasing
calorigenic  or cardiac responses. A second  more

(3 N. R. &asilli. R. L. Kroe, amd R, 1. Melwer, Epdocrinology, 64, 2

Gy U Vitank, Co AL Geerntwerg, and 6 Pl Iserwi, Jo0 Ved, Covan 70050
(LG
(T Bl Blank, B0 G0 Rice, I Ry Pfeither, wod O ML Greenberg, shad 9, 1In

GG nuper Voanalas series,




