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4-Methoxy-2-nitrophenylalanine. A solution of 5.0 g of 
ethyl 2-acetamido-2-(4-methoxy-2-nitrobeiizyl)malonate in 50 
ml of concentrated HC1 was heated under reflux for :i hr. The 
reaction mixture was placed iu the refrigerator for 1 hr to effect 
crystallization. The resulting crystals were removed by filtra­
tion to give 2.70 g (74cv) of product, nip 212-214°, The hy­
drochloride salt (1 g) was dissolved in a minimum amount of 
water, and dilute NH 4 0H was added dropwise to pH 7.0 to 
precipitate 0.7 g (81 r

( ) of the base, nip 212-214° dec. Paper 
chromatograms of the product in 1-butanoT-aeet ic acid-water 
(4:1:1) and (55' , pyridine showed one spot, R, 0.4S and 0.74. 
respect ively. 

Anal. Calcd for C,0H12X2O:,: V, 50.00; H, 5.0:i: X, 11.t>0. 
Found: C, 50.18; H, 4.94; N, 11.40. 

2-Amino-4-methoxyphenyIalanine. -A solution of 0.7 g of 
4-rnethoxy-2-nitrophenylalanine in 100 ml of 75',- methanol 
Wits hydrogenated under :-!.52 kg/cm- of hydrogen pressure 
using palladium black as a catalyst for :> hr. After removing 
the catalyst by filtration, the filtrate was concentrated. The 
resulting solution was cooled in the refrigerator to yield 0.55 g 

Our continuing interest in incorporating the indane 
grouping in molecules of potential pharmacological 
value, an activity which has already led to antihista­
mines,1 analgesics, and monoamine oxidase inhibitors.-
prompted us to synthesize a propynylamine containing 
this moiety. This followed the report of the mono­
amine oxidase inhibitory activity of N-methyl-N-2-
propynylbenzylamine (pargyline).3 The first com­
pound prepared, N-methyl-X-2-propynyl-l- indanamine 
( l ) , 4 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 act ivi ty-structure relationships (Table I) . 

The synthesis of these tert iary amines was straight­
forward. The requisite primary amines were formy-
lafed or acylated, reduced to the secondary amine 
with lithium aluminum hydride, and finally alkylated 
with propargyl bromide in the presence of sodium 
carbonate. For the preparation of large quantit ies 
of 1 it more economical procedure was developed by 
Dr. W. Rosen in which the intermediate X-methyl-
indanamino was prepared from 1-chloroindane and 
methyliimine. 

Changing the X-methyl substi tuent of 1 to hydrogen 
(2), ethyl (3), or 2-propynyl (4) lessened activity. 
Exchanging the N-2-propynyl substituent of 1 for 

i 1 ! C. I-:. I luelmer , E. M. Donos lme , 1'. Wenk. K. Sury . and J. A. Nelson. 
./. Am. Chun. Sot:, 82, 2077 (1960). 

(2) C. E. Huebne r , K. M . Dononhne , P. I.. S t rac l ian , P. l ieak, ami K. 
Wenker t , ,/. Org- Chem., 27, 4465 (1962). 

Di> I.. U. Swel l , W. H. Mar t in . J. 1). Tiiytn-, (1. M. K v e r e u . \ . V Wik.-N, 
MM.1 Y. ( ' . Gladish, Ann. X. Y. Acad. Sn.. 107, 801 (l!Hi:l>. 

( 1) T h e a u t h o r s woulil be pleaded tti fill any reques ts for this po ten t 
m o n o a m i n e oxidase inhibi tor from in te res ted b ioehemira l and pliannacolo^i--
eal in vest i i ia iors for an imal use. 

iStl ' , ) of desired product, Tollowing recryslalli/alion from 
) water, the product melted at 1S4.5-1S6.50. Taper chroma­

tograms of the product in t-butanol acetic acid water (4:1:1 
and ().")' , pvridine showed one .spot. Iu 0.52 and 0.S2, respect ively. 

Anal. Calcd for C . H H N - A . • H,.<): C, 52.(12: H. 7.04: X. 
12.2:5. Found: C. 52.5:!: H.7.03: X. 12.1s. 

Microbiological Assays. Tor E. roll 072:!, a previously de-
) scribed inorganic salts medium" was employed, and the organism 

was incubated at :'>75 for about Hi lit'. Tor /.. dcxlraninim NOMi. 
the s-ame assay procedure was employed as previously reported.' 
In all assays 1 lie amount of growth was determined photo­
metrically .'it 025 mil with a Bausch and Tomb Spectronie 20 
spectrophotometer, in terms of absorbance readings of 1 he 
turbid culture medium against a blank of uninocnlated medium 
.-ei at 0 abscirbance. Tor K. eoli the dala in '['able II are re­
corded as absorbance readings which are related to the milli­
grams of dry cells calculated from a standard curve of rug of 

; dry cells/ml '•*. absorbance readings. 

: - l l i i ; . I I . \ n i c r s o i i . / ' • • • « . .\<i!l. Ar,2,l. Su I . S.. 3D, 12(1 i l ' . H ' ' . ' 

l ,R / = CH,.'R'' = CHC=sCH 
2,R' = H ; R " = CH,C=CH 
3, R' = C,H,; R" - CH.,C=CH 
4. R' = CH,C=CH; R" -= CH2C=C'H 
5,R'-CH:, ;R" = CH,C = CH.. 
6,R'=H;R"=-C(CH,). .C=CH 
7.R' - CH,; R" - C(CH,),C=CH 

R R 

8 9 10 

11 12 13 

R = X(CH0(CH,C=CH) 

ally I (5) destroyed activity. Where the substi tuent 
was 1,1-dimethylpropynyl (6 and 7), activity was 
also lessened. Nuclear methyl substitution in 1 (8) 
or substitution of a 2- for a 1-indanyl residue (9) re­
sulted in compounds about one-fourth as active as 
the parent. Ring enlargement of the five-membered, 
alicyclic ring of indane (10) gave the most, active 
compound in the series which showed a 0 0 % increase 
in activity over that of 1. Enlarging the alicyclic ring-
to seven members (11), however, again lessened activity. 

N-MeLhyl-N-2-pi-opynyl-l-indanamine. A Poten l Monoamine Oxitlase InhibiLoi-
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'1'lie synthesis of a. series of tertiary indanamines and related compounds containing an N-2-propynyl sub­
stituent is described. Among this series are two (1 and 10, Table I) which are among the most potent mono­
amine oxidase inhibitors vet reported. Some activity-structure correlations have been made. 
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No. 

8 
9 

10 
11 
12 

Mp, °C 

195-197 
178-179 
128-130 
160-163 
139-141 
239-240 
135-137 

212-214 
201-203 
168-170 
168-170 
215-216 
168-170 

Y i'OTEN'T -UAO I X t 

Formula 

[1BITOR, X - A 

TABLE I 

C 
Substituted 1-Indanamine 

Ci3U15N-HCl 
Cr>Hi3N-HCl 
Ci4Hi7N-HCl-0.25II2O 
C l aH15N-HCl 
C 1 3H nX-HCl 
C14H„N-HC1 
Ci5H19N-HCl-0.5H2O 

: 
C14Hi,N-HCl 
C13H15X-HC1 
C1 4HnX-HCl-0.25H2O 
C15Hi9N-HCl-0.25H2O 
C,6H15X-IIC1 
C12Hi6N-HCl 

70.41 
69.38 
70.00 
73.26 
69.78 
71.33 
69.60 

LETHYL-3 

-Pwlfd *'/-
Maxell, /o 

H 
Hydrochli 

7.21 
6.75 
7.70 
6.53 
8.05 
7.64 
8.13 

Related Compounds 

71.33 
70.41 
70.00 
70.71 
74.53 
68.75 

7.64 
7.21 
7.70 
8.08 
6.21 
7.63 

, - J-PKO 

N 

j r ides 

6.32 
6.75 
5.83 
5.72 
6.26 
5.95 
5.42 

5.95 
6.32 
5.83 
5.52 
5.44 
6.67 

'PY.\'YL-1-I\DA.\ AMINE 

, 
C 

70.24 
69.44 
70.36 
73.54 
70.05 
71.15 
69.25 

71.16 
70.16 
70.43 
71.13 
74.39 
68.57 

-Found, %-
H 

7.48 
7.00 
7.64 
6.73 
8.25 
7.80 
8.13 

7.81 
7.11 
7.65 
8.01 
6.13 
7.84 

, 
N 

6.72 
6.82 
5.74 
5.51 
6.23 
5.85 
5.11 

5.77 
6.55 
5.71 
5.52 
5.52 
6.42 

8; 

Descendin; 
order of 
MAO 
inhib 

2 

6 
6 
6 
0 
5 
6 

4 
4 
1 
6 
:! 
4 

Fusion of an extra aromatic ring to 1 at the 3,3a posi­
tions gave the acenaphthene derivative (12) with an 
insignificant decrease in activity. Finally in 13,5 

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.6 The test 
drug is administered to a group of mice, and this is 
followed in 3-4 hr with a reserpine derivative [methyl 
17-0-(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 17-0-(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 in vitro 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 Section7 

N-Methyl-l-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 NaHC0 3 

solution, with o% HC1, and finally wTith water. The organic 
layer was dried over MgS04 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 LiAlH4 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 substance was also reported by Swett, el al.,* to be active. 
(6) A. J. Plummer and P. A. Furness, Ann. Ar. Y. Acad. Sci., 107, 865 

(1963). 
(7) All melting points were taken on a Thomas-Hoover melting point 

apparatus. All hydrochloride salts, unless otherwise indicated, were re-
crystallized from ethanol. 

of water, 12 ml of 12% NaOH, and finally 24 ml of water. The 
inorganic material was filtered, and the filtrate was dried over 
MgS04 and evaporated. The residue was distilled in vacuo, and 
a small portion was converted to the hydrochloride for analysis; 
mp 144-146°. 

Anal. Calcd for Ci0H13N• HC1 • H 2 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. 

Calcd for Ci0H13N-HCl: C, 65.40; H, 7.64; N, 7.64. Found: 
C, 66.01; H, 7.93; N, 7.93. 

N,6-Dimethyl-l-indanamine hydrochloride, mp 146-148°. 
Anal. Calcd for CiiH ] 5X-HCl: C, 66.88; H, 8.12; N, 7.10. 
Found: C, 67.27; H, 8.04; N, 7.27. 

1,2,3,4-Tetrahydro-N-methyl-l-naphthylamine maleate, mp 
105°. Anal. Calcd for Ci,H16X-C4H404: C, 64.96; H, 6.91; 
X, 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. Calcd for C1 2H„N-HC1: 
C, 68.08; H, 8.50; N, 6.61. Found: C, 67.84; H, 8.42; X, 6.60. 

N-Methyl-a-phenylethylamine hydrochloride, mp 165-167°. 
Anal. Calcd for C9H13X-HC1: C, 62.96; H, 8.16; X, 8.16. 
Found: C, 63.25; H, 8.27; X, 8.30. 

N-Methylacenaphthen-1 -amine hydrochloride, mp 200-201°. 
Anal. Calcd for C13H,3N-HCl'0.25H2O: C, 69.65; H, 6.48; X, 
6.26. Found: C, 69.88; H, 6.27; N, 6.53. 

N-Acetyl-1-indanamine.—To a rapidly stirred mixture of 12 g 
(0.09 mole) of 1-indanamine and 30 g of ice was added 18.5 g 
(0.18 mole) of acetic anhydride followed by sufficient 40% 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. Calcd for CnH1 3XO: C, 75.40; H, 7.48; N, 7.99. 
Found: C, 75.12; H, 7.49; N, 7.75 

N-Ethyl-1-indanamine Hydrochloride.—The above acetyl 
compound was reduced with LiAlH4 as described for the formyl 
compounds, mp 214-216°. 

Anal. Calcd for CnH1 6N'HC1: C, 66.88; H, 8.12; X, 7.10. 
Found: C, 66.48; H, 8.12; X, 6.84. 

N-Methyl-N-propynyl-1-indanamine Hydrochloride (1).—To a 
stirred mixture of 0.027 mole of X-methyl-1-indanamine and 
0 027 mole of Xa2C03 in 50 ml of acetone was added dropwise 
0.027 mole of propargyl bromide. The reaction mixture was 
refluxed 4 hr and cooled, and the XaBr was filtered. The 
acetone was evaporated in vacuo, and the residue was converted 
to the hydrochloride. Compounds 3 and 8-13 were prepared in 
the same manner. 

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

N-Allyl-N-methyl-1-indanamine hydrochloride (5) was pre­
pared by essentially the same procedure used for the propynyl 
compounds with the following modifications: the oily residue 
remaining after evaporation of the acetone was ether insoluble 
and water soluble; the oil was dissolved in water and made basic 
with NH4OH, and the organic material was extracted into ether 



832 H. BLANK, 1''. II. P F E I F F K R . AND C. M. ( ; K E E \ B E K G Vol. U 

and dried over AlgSOj. When (he dry ether solution was treated 
with 7 X ethanolic HC1, a gummy solid precipitated. This 
hydrochloride was recrystallized from aqueous ethanol-
ether. 

N-(l,l-Dimethylpropynyl)-l-indanamine Hydrochloride (6). 
To a stirred mixture of 10.0 g (0.075 mole) of 1-indanamine, 9.5 g 
(0.09 mole) of Xa^COa and 1.0 g of copper-bronze in 125 ml of 
acetone was added dropwise, 9.25 g (0.09 mole) of dimethyl-
efhynylearbinyl chloride.8 The reaction mixture was stirred at 
room temperature overnight before filtering the inorganic solids. 
The acetone was evaporated in vacuo and a small portion of the 
residue was converted to the hydrochloride with 7 X ethanolic 
HC1 for analysis. 

N-(l,l-Dimethylpropynyl)-N-methyl-l-indanamine Hydro­
chloride (7).- The above compound (6) was methylated with 
formic acid and paraformaldehyde9 and converted to the hydro­
chloride. 

N-Propynyl-1-indanamine Hydrochloride (Z).--A mixture of 
2.4 g (0.04 mole) of propargylamine and 3.3 g (0.02 mole) of 
1-chloroindane in 25 ml of isopropyl alcohol was refluxed (i lir. 
After cooling, the solid propargylamine hydrochloride was filtered 
and the filtrate was evaporated to dryness. The residue was 
converted to the hydrochloride. 

Primary amines not commercially available were prepared by 
the formation of the oxime from the corresponding ketone, 
followed by catalytic reduction (5') Pd-C) of the oxime in Ac:OH~ 
Hi'SOi (19:1 by volume). A small portion of the base was 
converted to the hydrochloride for analysis. 

The following compounds were prepared in this manner. 
1,2,3,4-Tetrahydro-l-naphthylamine hydrochloride, mp 1*2 

ISM0. Anal. Calcd for C,„H i aN-HCl: C, 65.37; H. 7.(54; X, 
7.04. Found: 0 , 6 5 . 1 1 ; H, 7.74; N, 7.34. 

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

i8) <i. V. Henniun, .!. J . Sheehan , ami 1). E . Alalnney, ./. . I n . Clam. .Sue. 
72, 3542 (1950). 

ill) C. Ainswortl i and N . It. Elision. ./. Org. (.>,(.m., 26, 377(1 ,.19131). 

Jorgensen and co-workers12 have shown within a 

series of dialkyl-3..Vdiiodothyronines and 3,5-diiodo-

4'-deoxythronines that the 2' .3 '-dimethyl analogs 

wt>re among the most active compounds. Subse­

quently, these workers1* showed that the phenyl ether 

of 3,0-diiodotyrosine had cholesterol-lowering activity. 

Herman. Lee, and Parker,4 in studying the hypocholes-

tereinic activity of thyroxine-like compounds, have 

reported that 3,n-diiodo-3'."> '-dimethyl compounds 

have activity comparable to that of the corresponding 

3,3/,."),.'>'-tetraiodo analogs. Other s tudies 5 - 7 have 

{],) K. ('. .Forgensen and P. N. Raul. J. Am. 1'harm. Assoc, Sci. Ed., 48, 
653 (1959). 

(2) E. C. .Jorgensen, X. Zenker, and C. Greenberg, J. Biol. Chew.., 235, 
1732 < 1913(11. 

CI) !•:. ('. .lui'giMiscn. 1'. A. I . rhman . ( '. (1 reenberg, and \ . Zcnkci , i>'n<., 
237. 3832 ( 19(32). 

(1) H. G. He rman , ('. ( ' . Lee, and It. Parker . Arrl,. Intern. Fharmar,,-
,i!in.. 133, 24J + 119(31). 

ride, mp 277 27s''. Anal. Calcd for C',lIt,,,X • 1 K ' 1: (.', 00.Ml: 
1I.N.20: X, 7.OS. Found: ( ' ,07.05; II .s .Ki: X, 6.97. 

Acenaphthen-1-amine hydrochloride, nip 300°. Anul. Calcd 
for C , . . n n X n C l : C. 70.05: II. 5.S4; X, (i.sl. Found: C. 
69.77; 11, 5.94: V 6.S.5. 

Monoamine Oxidase Inhibitory Assay. Comparative experi­
ments were performed in which graded doses of the test siibsiancc 
I X-mefhyl-X-2-pi'opynyl-l-indanamiiie hydrochloride il > in 
this instance ! and ihe standard, pargyline in 1' '< aqueous solution, 
were administered subcutaneously to Iwo groups of three mice. 
After a period of 4 hr, 2.5 mg of methyl 17-0-(tetrahydro-2-
pyrauyl ireserpale as a 5 ' , solution in polyethylene glycol 
dielhylacelamide i4 : l i was injected subctilaneously. and the 
animals were placed three to a cage in an activity recorder. The 
act ivily of the mice was recorded for a period of 90 ruin. A dosage 
ranging from 2.5 to 20 mg/kg sc of 1 was employed. An abrupt 
increase in the activity of the mice was observed when the dosage 
of 1 had reached 10 mg/kg. The observed increase in activily 
was greater than that produced by 100 mg/kg sc of pargyline and 
slightly less than I hat produced by 120 mg/kg. In a similar 
manner, products 2 13 were assayed and the results were ex­
pressed iu decreasing order of activity of 1 in Table J. A second 
type of comparative study > as illustrated using 1 t was also made. 
Two groups of three mice (one of which served as a control! 
were injected subcutaneously wilh 2.5 mg/kg of methyl 1 7-< >-
iletrabydro-2-pyran\Tireserpate. After 30 min when sedation 
and ptosis were quite obvious in all of the animals, one of the 
groups received 40 mg/kg sc of 1. Within 30 40 min the animals 
so treated had become alert and active, and all evidence of ptosis 
had disappeared. The untreated controls were still deeply 
sedaied, did not move about, and still showed marked ptosis. 
At a dose of 200 mg/kg pargyline produced no obvious decrease 
in the sedation or degree of ptosis when administered to animals 
previously treated witli methyl 17-0-(tetrahydropyranyl)i'e-
serpale. At a dose of 400 mg/kg there was some reduction in 
sedation and the degree of ptosis, but I he animals were si ill 
sluggish in their action and had not recovered to the degree 
approaching that noted after 20 mg/kg of 1. 

shown that alteration of the alanine side chain of 3,.V 

diiodothyronines hits a significant effect on the nature 

and magnitude of the elicited biological responses. 

Thus, the synthesis of several dialkyl-3,~>-(liiodo-

thyroacetic and -propionic acids, certain of their 

ether and ester derivatives, as well as the phenyl 

ethers of 4-hydroxy-3,.5-diiodophenylaoctio and -pro­

pionic acids was undertaken. Specifically, it was 

hoped that these compounds would lower plasma 

cholesterol levels, without at the same time increasing 

calorigenic or cardiac responses. A second more 

(5) N . R. Stasilli . R. [.. Kroc. and R. 1. Mei tzer , Endocrinology, 64, 132 
:1959) 

ill) H. ISIank, ( . M. CrecnU'rsr , and .1. 1'. k n ' « ; i i . ./. \l,;i. Chun., 7 53 
i Illtil). 

'7i IS. l i lank, E. (.1. Hi re , F . K. Pfi-iftel. and ('. M . (In-ellbiTji, » . « . , 9, 1" 
< 191111). paper V in this series. 

Thyromimet ics . VI. The Synthesis and Biological Screening 
of 3,5-Diiodothyroacetic and -propionic Acid Analogs 
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Several 3,5-diiodothyroacetic and -propionic acids as well as certain of their ether and ester derivatives were pre­
pared and examined for hypocholesteremic activity. The interesting 2',3'-dimelhyl compounds were studied 
further in other thyromimetic assays. The compounds, in general, had weak cholesterol-lowering activity al­
though a desired separation of activities was evident in compounds I l l b , IVa, and IYb. 


