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The most powerful and specific inhibitors of mitochondrial monoamine oxidase (MAO) yet 
known are 2-propynylamine derivatives [i]. Searches have been carried out [2-4] for even 
more powerful and selective MAO inhibitors in the deprenil and pargiiin groups, and the re- 
lationships between structure and antimonoamine oxidase activity have been examined. 

It has previously been shown [5-7] that quinoline derivatives containing a 2-propynyl 
group, in particular 8-(N-methyl-N-2-propynyl)aminomethylquinoline (I), are aslo effective 
MAO inhibitors. 

In continuation of these studies, we here report the synthesis of some substituted 8- 
(N-methyl-N-2-propynyl)aminomethylquinolines (IIa-j), with a variety of substituents in the 
benzene moiety of the quinoline nucleus, in order to study the relationship between structure 
and antimonoamine oxidase activity. 

The 5- and 7-halo-, 5-alkoxycarbonyl-, and 5-cyano-(8-N-methyl-N-2-propynyl)aminomethyl 
quinolines (IIa-h) were synthesized as follows: 

Cii I CHtBr C~/ZR x 

Za-h ~a-h ~a~ h 

a:R = 5-F; b : R  = 5-C1; c :R  : 7-61; d :R  =- 5-Br; e :R = 5-CN; 

f :R = 5-COOCHa; g :R = COOC2H5; h:R---- NO 2. Here &subsequently,  

R 1 = N (CH3) CH2C=-CH. 

The starting 5-chloro- and 5-bromo-8-methylquinolines (IIIb and d) were prepared by di- 
rect halogenation of 8-methylquinoline in concentrated sulfuric acid in the presence of sil- 
ver sulfate [8]. 7-~11oro-8-methylquinoline (IIIc) was obtained by the Skraup reaction [9], 
and 5-fluoro-8-methylquinoline (IIIa) by the Baltz--Schiemann reaction [i0, ii] from 5-amino- 
8-methylquinoline [12]. The nitrile (IIIe), esters (IIIf and g), and 8-bromomethyl deriva- 
tives (IVa, b, d-h) were obtained as described in [8] and [13]. 7-Chloro-8-bromomethylquino- 
line (IVc) and 5-nitro-8-bromomethylquinoline (IVh) were synthesized by hrominating (IIIc) 
and (IIIh) with N-bromosuccinimide. The nitro compound (IVh) was also obtained by nitrating 
8-bromomethylquinoline as described in [14]. Reaction of quinolines (IVa-h) with N-methyl- 
propargylamine (V) in methanol in the presence of potassium carbonate gave the propynylated 
derivatives (IIa-h); in the case of (IIc) and (IIh), (V) was used as the solvent. Alkylation 
of 8-(N-methyl)aminomethyl-5-quinolinecarboxylic acid (VI) [13] with propargyl bromide in 
the presence of alkali gave the acid (IIi) 

COOH COOH 

C}{Z~,~CH~ " ~{~ 

The amide (IIj) was obtained by hydrolyzing the nitrile (IIe) with potassium hydroxide 
in tert-butanol as described in [15] (method A), or by reacting the bromide (IVe) with (V) 
in tert-butanol in the presence of potassium hydroxide (method B), as follows: 
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The yields and properties of the products are shown in Table I. In order to study the 
antimonoamine oxidase activity of (IIa-j), they were converted into their hydrochlorides by 
treatment with hydrogen chloride in methanol. 

Table 2 gives results for the inhibition by the test compounds of MAO type A (substrate 
serotonin) and type B (substrate 2-phenylethylamine) from rat liver. 

The introduction into the parent molecule (I) of different substituents resulted in 
changes in the electronic, hydrophobic, and steric properties of the inhibitor, these playing 
an important part in the binding of the compounds with the enzyme, Assessing the substitu- 
ents from this viewpoint, it can be assumed that the optimum combination of electronic, hy- 
drophobic, and steric factors will give the most powerful MAO inhibitor [16, 17]. It is, 
for example, known that in many instances the introduction of halogens results in an increase 
in inhibitory activity in certain compounds [2, 18-21]. In our experiments, the introduction 
of F and Br (compounds IIa and IId) in the 5-position of the quinoline nucleus resulted in 
an increase in the agfinity of the compounds for type B MAO, but the affinity for type A F~O 
remained virtually unchanged. ,The best effect was obtained by introducing chlorine atoms 
into the 5- and 7-positions of quinoline (compounds IIb and IIc), the relatively high selec- 
tivity towards type A MAO being retained. It appears that in this instance the optimum com- 
bination of electronegativity and hydrophobicity is responsible for binding form A of the 
enzyme. A reduction in hydrophobic properties following the introduction of a nitrile or 
nitro group in the 5-position (inhibitors IIe and IIh) results in a marked reduction in af- 
finity for type A MAO as compared with the 5-halo derivatives (IIa-d), but nevertheless the 
inhibitory activity of these compounds is retained even in concentrations of 1.10 -7 M, appar- 
ently owing to the high electronegativity of these substituents. Introduction into the 5- 
position of the quinoline ring of less electronegative, more sterically hindered, or less 
lipophilic substituents such as alkoxycarbonyl, carboxy, or carboxamido results in a consid- 
erable reduction in inhibitory activity: Compounds (IIf, g, and j) in concentrations of 
i.i0 -~ M inhibit only slightly the deamination of serotonin, and have no effect on the deam- 
ination of 2-phenylethylamine, and (lli) even in a concentration of 1,10 -3 M does not inhibit 
the deamination of either amine. 

The high and selective antimonoamine oxidase activity which has been observed in the 
halo derivatives (I) thus makes further studies of this group of compounds of considerable 
interest in the search for selectively-acting MA0 inhibitors. 

EXPERIMENTAL CHEMISTRY 

IR spectra wene obtained on a Unicam SP-1000 (Great Britain) as KBr disks, and PMR spec- 
tra on a Varian XL-100 instrument (USA) at 27~ in CDCI3, internal standard tetramethylsilane, 
The TLC solvent systems used on Silufol UV-254 plates (Czech SSR) were benzene--ethyl acetate-- 
acetic acid, 100:50:1 (A), chloroform-methanol, 50:1 (B), acetonitrile--25% NH40H (C), ace- 
tonitrile--25% NH~OH, 6:1 (D), and chloroform--acetone, 25:1 (E). 

.... 5-Nitro-8-bromomethylquinoline (IVh). To a mixture of 5 ml of concentrated sulfuric 
acid and 5 ml of nitric acid (d 1.51) was added at 0~ i.i g of 8-bromomethylquinoline, ob- 
tained from 8-methylquinoline and N-bromosuccinimide, the mixture stirred for i0 min, poured 
into i00 ml of water, 25% NH40H added to pH 9.0, and the nitrobromide (IVh) which separated 
was filtered off. Yield 0.78 g (58%), mp I12-I13~ (from alcohol). The compound was homo~ 
geneous in system B. Found, %: C 45,0; H 2.7; Br 30.0; N I0.5. C10HTBrN~O2. Calculated, %: C 45,0; H 2.6; 
Br 29.9; N 10.5. 

7 - C h l o r o -  a n d  5 - N i t r o - 8 - b r o m o m e t h y l q u i n o l i n e  ( IVc  and  h ) ,  A m i x t u r e  o f  5 mmole  o f  ( I I I c )  
o r  ( I I I h )  a n d  0 . 9 5  g o f  N - b r o m o s u c c i n i m i d e  i n  40 ml o f  CC1, i n  t h e  p r e s e n c e  o f  b e n z o y l  p e r o x -  
i d e  was  b o i l e d  u n d e r  i r r a d i a t i o n  b y  a 200 W l amp  u n t i l  r e a c t i o n  was  c o m p l e t e  ( 4 - 5  h ) .  The 
precipitated succinimide was filtered off, and the filtrate evaporated to give (lllc) or 
(IIIh) respectively, homogeneous in systems A, B, and E. Yield of (IVc) 63%, mp 122-124~ 
(from alcohol). Found, %: Br+CI 44.8; N 5,2. CIoHTBrCI: Calculated, %: Br+C145.2; N 5.4. Yield of 
(IVh) 56%, mp III-I12~ (from alcohol). Their spectral and TLC data were identical with 
those obtained by the method described above. 
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TABLE 2. Effect of lla-j Hydrochlorides on the MAO Activity 
of Rat Liver Mitochondria 

C o m -  
p o u n d  

I 

l l i  

n j  

IIf 

Ilg 

l i e  

IIa 

lid 

I Ib 

I Ic  

IIh 

Final concentration of compound, M 

1. 10 - 6  

i00--++0 
82,6_+3,7 

0 
0 

14,0~ 1,25 
0 

i7,0_+2,1 
0 

13,7_+3,4 
15,7+_2,6 
92,2_+3,1 

100_+0 
lOOiO 
100_+0 
100• 
100• 
100-4-0 
I00_+0 
lO0-+-O 
lOO!O 
100_+0 

96,8• 

1.10 - 7  

97,6• 1,6 
35,4• 

0 
0 

7,0• 
5,0• 
38,0+3,9 
23,4• 

100• 
60,8• 

!00• 
82,2_+2,6 

i00• 
51,4§ 

i00§ 
36,2_+3,9 
44,0_+ 1,6 
25,0_+4,9 

1.10--8 

47,4_+1,7 
15,2_+3,73 

0 
0 

13,8• 
0 

30,5+_2,4 
8,0_--+5, t 
21,2~0 

0 
48,5_+2,3 

0 
60,0_+3,4 
4,8_+2,0 

0 
13,8• 

1.10 - 9  

11,75--+=4, l 

!6 ,7- -  

12,2_+2,5 

0 

0 
28,0• ! ] 

8 , 0 ~ 2 , 2  

0 
0 

Note. Experimental conditions are described in the text. 
Results shown are the mean arithmetic values for five ex- 
periments: ~standard deviations (serotonin in the numera- 
tor, 2-phenylethylamine in the denominator) of the inhibi- 
tion (as % of the controls, without inhibitor) of the 
deamination of monoamines. 

8-(N-Methyl-N-2-propynyl)aminomethylquinolines (lla, b, d, and h). A solution of 1.5 
mmole of IVa, b, d-h in 30 ml of methanol was stirred for 24 h at 20~ with 1 ml of (V) in 
the presence of 0.12 g of potassium carbonate. The solvent was evaporated, the residue dis- 
solved in chloroform, the filtrate evaporated, and (lla, b, d-h) extracted with a mixture of 
hexane and benzene (i:i). The compounds were homogeneous in systems A, B, and E. The prop- 
erties of the compounds are given in Table i. 

5-Nitro_-8-(N-methyl-N-2-propynyl)aminomethylquinoline (ilh). A mixture of 200 mg of 
the nitro compound (lllh) and 1.5 ml of (V) was stirred at 0"C. After 40 min, the solvent 
was evaporated, the residue treated with ether, the solid filtered off, and the mother li- 
quors evaporated to give (llh). The compound was homogeneous in systems B and E. Similarly 
obtained at room temperature was 7-chloro-8-(N-methyl-N-2-propynyl)aminomethylquinoline (llc). 

8-(N-Methyl-N-2-propynyl)aminomethylquinoline-5-carboxylic Acid (lli). A mixture of 
288 mg of the dihydrochloride of acid (Vl), 1.2 ml of propargyl bromide, and 80 mg of sodium 
hydroxide in 50 ml of methanol was boiled for 6 h. The solid was filtered off, washed with 
methanol, the filtrate evaporated, the solid dissolved in chloroform-methanol (I:I), the 
solid separated, and the procedure repeated twice more, followed by evaporation of the fil- 
trate to give 200 mg (83%) of the acid (lli) (hydroscopic Oil). The acid was treated with 
a solution of HCI in methanol, evaporated to dryness, the solid dissolved in 5 ml of a 5:1 
mixture of methanol and chloroform, and the filtrate evaporated to give 200 mg of the hydro- 
chloride (see Table i). 

8-(N-Methyl-N-2-propynyl)quinoline-5-carboxamide (llj). Method A. A mixture of the 
nitrile (lie), 112 mg of sodium hydroxide, and 5 ml of tert-butanol was boiled for 10-15 h, 
25 ml of water added, and extracted with chloroform to give 142 mg (56%) of the amide (llj)~ 
The compound was homogeneous in system D. 

Method B. A mixture of 220 mg of the bromide (IV) with 25 ml of tert-butanol and 0.4 ml 
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of (V) in the presence of 112 mg of potassium hydroxide was boiled. After 12h itwasworked 
up as described above (method A) to give 138 mg of the amide (llj), identical in its TLC 
data and IR spectrum to the product obtained by method A. 

Hydrochlorides of 8-(N-Methyl-N-2-propynyl)aminomethylquinolineso Five mmole of the 
compound (lla-j) was treated with i0 ml of a 20% solution of HCI in methanol, the solvent 
concentrated, and the hydrochlorides which separated were used in the biochemical tests. 

EXPERIMENTAL BIOCHEMISTRY 

The source of the MAO used was fragments of the mitochondrial membranes of rat liver, 
obtained as described previously [22]. The incubation samples of volume 1.8 ml contained 
50 mM of phosphate buffer, pH 7.4, 3 mg of mitochondrial membrane protein, inhibitor, and 
substrate. The control samples contained no inhibitor. The suspension of the mitochondrial 
memhranes in the buffer was preincubated with the test compound before adding the substrate 
for 30 min at ~23~ The MAO activity was assessed from the amount of free ammonia liberated 
during incubation of the sample at 37~ in an oxygen atmosphere [23]. The amines used as 
MAO substrates were taken in optimum concentrations, viz., serotonin creatinesulfate (Reanal, 
Hungary) I0 ~mole, 2-phenylethylamine hydrochloride (home-produced, cp grade) 8 ~mole. The 
protein contents of the samples were determined by Lowry's method, using serum albumin as 
standard. 
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