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A family of iV-methylated and iV^V-dimethylated alkyl and arylalkylamines was prepared and 
more than half of the analogues were shown to be time-dependent pseudo-first-order inhibitors 
of monoamine oxidase-B. Some of the time-dependent inactivators were reversible and others 
were irreversible with respect to prolonged dialysis following inactivation. Partition ratios ranged 
from zero to 11 000. These results are rationalized in terms of a combination of an inductive effect 
and a stereoelectronic effect as a result of hindered rotation of an active site covalent adduct. A 
molecular mechanics calculation indicates that there is at least 10 kcal/mol of torsional energy to 
be overcome in order for the enzyme adduct to be released. These findings show that tertiary 
amine homologues of primary amine substrates of monoamine oxidase are time-dependent inhibitors, 
and this should be useful in the design of new inactivators of this enzyme. 

Inactivators of monoamine oxidase-B (EC 1.4.3.4; MAO-
B) have been shown to be useful adjuncts in the treatment 
of Parkinson's disease.1 A variety of structures have been 
utilized in the search for selective and potent inactivators 
of this isozyme.2 Several years ago we observed that 
whereas cinnamylamine is an excellent substrate for MAO-
B, the corresponding N,iV"-dimethyl analogue was an 
irreversible inactivator of the enzyme.3 Recently, Williams 
et al.4 reported that iV-methylcinnamylamine also was a 
time-dependent inhibitor of MAO-B; dialysis did not cause 
reactivation of the inactivated enzyme. No explanations 
were offered by either of these groups as to the possible 
reasons for this observed inhibitory effect of iV-methyl-
cinnamylamine. 

We thought that it would be informative and potentially 
useful in the design of new inactivators of MAO-B to 
determine the generality of the previously reported 
inhibitory effect of tertiary amines. Consequently, we have 
synthesized a variety of iV-alkyl and iV^V-dimethyl sub
strate analogues in order to determine if they have the 
same effect on the activity of the parent amine as did the 
secondary and tertiary cinnamylamine analogues. It 
appears that this is a general phenomenon and rational
izations for this consequence are discussed in this paper. 

Results and Discussion 

Alkyl and arylalkyl primary amines are excellent sub
strates for MAO.6 Over the last dozen years or so we have 
provided evidence6 for a mechanism of MAO that we7 and 
the Krantz8 group proposed (Scheme I shows our current 
mechanistic hypothesis). We have investigated a variety 
of new classes of inactivators of MAO,9 such as the 
oxazolidinones,10 dihydrofuran-2(3/f)-ones,u and pyrro-
lidinones,12 and conclude that when there is an electron-
withdrawing group near the aminomethyl methylene group 
these compounds inactivate the enzyme (Scheme II). It is 
thought that the cause for inactivation is the stabilization 
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of the covalent intermediate (2, Scheme II) in the reaction 
as a result of the inductive effect of the electron-
withdrawing atoms in the heterocyclic ring. Earlier 
evidence6 indicates that the X group on the enzyme is a 
cysteine residue; a cysteine radical could be generated by 
hydrogen atom transfer from the cysteine thiol to the flavin 
semiquinone radical anion. 

We now have found that in addition to the incorporation 
of electron-withdrawing heterocycles in substrates,10-12 

N-methylation and N,N-dimethylation of primary amine 
substrates (Figure 1) convert many of these substrates 
into pseudo-first-order, time-dependent inhibitors of MAO 
(Table I) with the exceptions of N,N-dimethylbenzylamine 
(3), iV-methyl-2-phenylethylamine (8), iV-methyl-3-phe-
nylpropylamine (10),N-methyl-4-phenylbutylamine (11), 
and iV-methylpentylamine (12). Full enzyme activity 
returns upon prolonged dialysis except in the cases of NJJ-
dimethyl-2-phenylethylamine (4) and JV^-dimethyl-3-
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Figure 1. N-Methyl- and N^V-dimethylamine inhibitors. 

Table I. Inhibition of Monoamine Oxidase-B by Secondary and 
Tertiary Amines 

compd inactivator? (mM) 
feinact 

(min-1) 

reversible" 
or 

irreversible 
Km *c«t 

(mM) (min-1) 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

no 
yes 
yes 
yes 
yes 
no 
yes 
no 
no 
no 
yes 

7.1 
0.38 

10.0 
0.35 

7.7 X 10-3 

0.43 
2.9 X 10-3 

1.73 

4.0 4.6 X 1(H 

2.1 1.6 X 1(H 

irrev 
rev 
rev 
irrev 

rev 

rev 

6 
1.49 
0.18 
2.11 
6 
c 
c 
c 
c 
c 
c 

b 
84.2 
12.6 
8.33 
b 
c 
c 
c 
c 
c 
c 

" Reversible to dialysis. * Not a substrate.c Not determined. 

oxo-3-phenylpropylamine (7). The presence of 2 mM 
/3-mercaptoethanol in the incubation solution had no effect 
on the rate of inactivation by 4, indicating that an 
electrophilic species released from the enzyme is not 
responsible for inactivation. On the basis of the mech
anism of MAO (Scheme I) and the mechanism of inac
tivation of MAO by the heterocyclic analogues (Scheme 
II), it is hypothesized that inactivation by the secondary 
and tertiary amine analogues is the result of the formation 
of a stable covalent adduct similar in structure to the 
proposed covalent adducts during substrate turnover (1, 
R = Me; Scheme I) and in heterocyclic analogue inacti
vation (2, Scheme II). In the case of primary amine 
substrates, the covalent adducts (1, R = H; Scheme I) are 
unstable and readily decompose to the corresponding 
iminium ions (the product of MAO-catalyzed oxidation of 
amine substrates), whereas the N,N-dimethylated ana
logues, except for 3, presumably do not. In order to show 
that these compounds are capable of inactivating MAO 
by the oxidation mechanism depicted by Scheme II, the 
oxidation properties of several of the compounds were 
determined. Compounds 4-6 were substrates for MAO, 
but 3 and 7 were not. There is no correlation between 
substrate and inactivation properties; compounds 4-7 are 
inactivators, and 3 is not. On the basis of the partition 
ratio for inactivation (fecat/̂ inact). compound 7 is the most 
efficient inactivator of the ones tested (partition ratio of 
0), compound 5 is the next most efficient (partition ratio 
of 29), and 6 (partition ratio 2900) and 4 (partition ratio 
11000) are the least efficient inactivators. 

The flavin spectrum was monitored during inactivation 
of MAO by compound 4. After inactivation and dialysis 
the flavin was shown to be in the reduced form by UV vis 
spectroscopy; denaturation resulted in reoxidation of the 
flavin (data not shown). However, since the inactivator 
has not yet been synthesized with a radioactive label, it 
is not known if the inactivator remains bound to the 
enzyme under these denaturation conditions. Therefore, 
it cannot yet be concluded that attachment occurs at a 
site other than on the flavin. 

The difference in stabilities of the adducts with primary 
and tertiary amines can be rationalized by consideration 
of their Newman projections (Scheme III). Adducts 
derived from primary amines would adopt conformation 
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Figure 2. Energy diagram for the rotation of the C-N bond in 
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14a (Ri - R2 = H) to take advantage of the anomeric 
stabilizing effect13 with the nonbonded electrons of the 
nitrogen atom antiperiplanar to the C-X bond. This 
conformation readily expels the leaving group (the active 
site amino acid residue) to give the iminium ion and 
reduced enzyme, which is rapidly oxidized to active 
enzyme. In the case of secondary and tertiary amines the 
nonbonded electrons of the nitrogen would prefer con
formation 14b (either Ri = H, R2 = Me or Ri = R2 = Me, 
depending upon whether it is secondary or tertiary) in 
order to minimize the gauche interactions.14 This con
formation orients the orbital containing the nonbonded 
electrons orthogonal to the C-X bond, and therefore, 
expulsion of the leaving group (the active site residue) 
becomes very difficult. 

In order to estimate the energy barrier for rotation about 
the C-N bond of the proposed enzyme adduct, a molecular 
mechanics calculation15 was performed on iv*-methyl-l-
(methylthio)aminoethane (15), a model for an adduct 

SCH3 

CH NHCH3 

15 

produced by attachment of a secondary amine substrate 
to a cysteine residue in the active site. The results of that 
calculation are depicted in Figure 2. The torsional energy 
barrier around the C-N bond to generate the appropriate 
conformer is 10-11 kcal/mol. This is the energy that must 
be overcome in order to have proper orbital alignment for 
expulsion of the leaving group (the cysteine residue). The 
iV^V-dimethyl analogues should possess an even greater 
rotational energy barrier around the C-N bond than the 
iV-methyl analogues and would decompose even slower. 

This crude molecular mechanics calculation predicts 
that aminothiol acetals of primary amines should be 
unstable, those of secondary amines should be relatively 
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stable, and those of tertiary amines should be even more 
stable. This, in fact, is the case. A primary aminomethyl 
sulfide, such as aminomethyl ethyl sulfide (16) exists only 

EtSCH2NH2 (EtSCH2)3N R'SCH 2NHR-HC1 

16 17 18 

y—•* 
R'SCH2NR2 f 

20 

below -100 °C;16 upon warming it rearranges to the more 
stable product 17, a tertiary aminomethyl sulfide, with 
elimination of ammonia. Reynolds and Cossar17 reported 
the preparation of secondary aminomethyl sulfide hy
drochlorides 18; however, the formation of hydrochloride 
salts ties up the nitrogen nonbonded electrons and blocks 
elimination. Whereas these hydrochloride salts were 
stable, the unprotonated species were not.18 It has long 
been known that (iV^V-dialkylamino)methyl sulfides (e.g., 
19) could be prepared easily.19 These tertiary aminomethyl 
sulfides are stable at room temperature. iV^V-Diethy-
laminomethyl isopropyl sulfide (19, R' = isopropyl; R = 
Et) is stable to hydrolysis with cold water and only slowly 
decomposes in hot water.20 We have found that the tertiary 
aminomethyl sulfide 20 (R = piperidino) can be synthe
sized easily by the reaction of cyclohexanecarboxaldehyde 
with piperidine and benzyl mercaptan. However, under 
the identical reaction conditions the secondary amino
methyl sulfide 20 (R = cyclohexylamino) could not be 
synthesized. 

The results summarized in Table I are not consistent 
with a simple stereoelectronic effect against bond rotation. 
However, if a combination of inductive effects and 
stereoelectronic effects are considered, then the results 
are more understandable. Consider the general adduct 
structure 1 (Scheme I). iV^V-Dimethylbenzylamine (3) is 
not a time-dependent inhibitor. Although there is a 
torsional energy barrier to overcome, elimination of the 
active site residue is an exceedingly favorable process 
because of the carbenium ion stabilization by the phenyl 
ring which accelerates the rate of cleavage of the carbon-
cysteine bond. The phenyl group in iV^ZV-dimethyl-2-
phenylethylamine (4), however, acts as an electron-
withdrawing group, thereby destabilizing the formation 
of iminium product and stabilizing the adduct. The 
stereoelectronic effect also must be very important because 
2-phenylethylamine and iV-methyl-2-phenylethylamine (8) 
are excellent substrates, not inactivators. However, 
iV-propyl-2-phenylethylamine (9) is a time-dependent 
inactivator, presumably because of the greater steric effect 
to rotation of the n-propyl group relative to that for the 
methyl group of 8. When the appropriate combination of 
inductive and stereoelectronic effects is present (such as 
in the case of 4), the adduct that forms is stable even to 
dialysis. Likewise, 2V,iV-dimethyl-3-oxo-3-phenylpropy-
lamine (7) has two strong electron-withdrawing groups (a 
carbonyl and a phenyl group) which provide the necessary 
inductive stabilization of the adduct in combination with 
the stereoelectronic effect of the dimethylamino group. 
This compound also forms an adduct that is stable to 
dialysis. When the phenyl group is more removed from 
the site of adduct formation, the inductive effect is 
diminished and the stability of the adduct also diminishes. 

This is consistent with the observation that iV^V-dimethyl-
3-phenylpropylamine (5), iV^V-dimethyl-4-phenylbuty-
lamine (6), and iV^-dimethylpentylamine (13) are time-
dependent inhibitors, but the adducts formed are not 
stable to dialysis. Once the stereoelectronic effect is 
diminished by N-monoalkylation instead of N,N-dialky-
lation, the stability of the adduct formed also diminishes. 
iV-Methyl-2-phenylethylamine (8), iV-methyl-3-phenyl-
propylamine (10),JV-methyl-4-phenylbutylamine (ll),and 
iV-methylpentylamine (12) do not inactivate MAO. These 
latter three compounds have both diminished stereoelec
tronic effects and diminished (or nonexistent) inductive 
effects of the phenyl group. iV^V-Dimethylpentylamine 
(13) has no phenyl group to supply an inductive effect, 
but the stereoelectronic effect of the dimethylamino group 
is, apparently, sufficient to produce time-dependent 
inhibition; the adduct, however, is not stable to dialysis. 

Conclusion 

These studies suggest that tertiary amine homologues 
of primary amine substrates for MAO are, in general, time-
dependent inhibitors of this enzyme and that this approach 
of modifying primary amine substrates should be useful 
in rational drug-design efforts. Structure-activity data 
suggest that in order for the N-monoalkylation to be 
effective it is necessary for an electron-withdrawing group 
to be in the jS-position. The results have been rationalized 
in terms of a combination of an inductive effect and a 
stereoelectronic effect arising from hindered rotation about 
the C-N bond of the proposed enzyme adduct. If these 
results are as general as they appear to be, then this suggests 
that isozyme selective substrates for MAO-A and MAO-B 
may be candidates for conversion into isozyme-selective 
inactivators by N,N-dimethylation. This has yet to be 
determined. 

Experimental Section 
General. NMR spectra were recorded either on a Varian 

Gemini 300-MHz or on a Varian XL-400 400-MHz spectrometer. 
Chemical shifts are reported as 6 values in parts per million 
downfield from Me<Si as the internal standard in CDCI3. Thin-
layer chromatography was performed on EM/UV silica gel plates 
with a UV indicator. Melting points were obtained with a Fisher-
Johns melting point apparatus and are uncorrected. All chemicals 
were purchased from Aldrich Chemical Co. and were used without 
further purification unless indicated otherwise. N^V-Dimethyl-
3-oxo-3-phenylpropylamine hydrochloride (7) was purchased 
from Aldrich Chemical Co. and recrystallized from ethanol-ethyl 
acetate prior to use. Glassware was dried in an oven overnight 
when dry conditions were required. All air- and moisture-
sensitive reactions were carried out in an atmosphere of inert gas 
(nitrogen or argon). 

General Procedure for the Syntheses of N,N-Dimethy-
lated Amines.21 The amine (50 mmol) was added dropwise via 
a syringe to cooled formic acid (88%, 11.0 mL, 250 mmol), and 
to the resulting mixture was added formaldehyde (37 %, 9.5 mL, 
125 mmol). The resulting mixture was stirred at 0 °C for 1 h and 
then heated at 90 °C for 4 h. The mixture was then cooled down 
to 0 °C, 10 mL of deionized water was added followed by 8 mL 
of concentrated HC1. The volatile solvents were removed in 
vacuo, and the residue was crystallized two times from a mixture 
of ethanol, ethyl acetate, and hexane. 

The following compounds were prepared by this method. 
JV^iV-Dimethylbenzylaminehydrochloride(3): 62%,white 

flakes; mp 174-175 °C (lit.22 mp 175 °C); »H NMR (D20) i 7.50 
(br s, 5 H), 4.30 (s, 2 H), 2.80 (s, 6 H). 

iV^ZV-Dimethyl-2-phenylethylamine hydrochloride (4): 
38%; white flakes; mp 164-165 °C (lit.28 mp 165 °C); JH NMR 
(D20) « 7.30-7.50 (m, 5 H), 3.40 (t, 2 H), 3.05 (t, 2 H), 2.90 (s, 6 
H); l3C NMR S 136.05,129.23,128.93,127.54,58.56,42.87,30.28. 



1714 Journal of Medicinal Chemistry, 1993, Vol. 36, No. 12 Ding et al. 

JV,JV-Dimethyl-3-phenylpropylamine hydrochloride (5): 
60%; white plates; mp 145-147 °C (lit.24 mp 146-147 °C); lH 
NMR « 7.30-7.45 (m, 5 H), 3.10 (t, 2 H), 2.85 (s, 6 H), 2.70 (t, 2 
H), 2.00 (m, 2 H); 18C NMR 5141.0,129.0,128.5,127.0,57.5,32.0, 
42.5, 25.5. 

JV,JV-Dimethyl-4-phenylbutylamine hydrochloride (6): 
71%; a snowy white powder; mp 131-132 °C (lit.26 mp 130-131 
°C); »H NMR S 7.25-7.45 (m, 5 H), 3.10 (t, 2 H), 2.85 (s, 6 H), 
2.70 (t, 2 H), 1.70 (m, 4 H); 13C NMR 8142.0,129.0,128.5,126.0, 
58.0, 32.5, 34.0, 27.5. 

AT-Methyl-2-phenylethylamine Hydrochloride (8). The 
free amine (Aldrich) was converted into its hydrochloride salt 
and recrystallized from a two-solvent system where ethanol and 
ethyl acetate (1:5) was the first solvent and cyclohexane was the 
second to give the product as white plates; mp 162-164 °C (lit.26 

mp 156-158 °C). 
JV-Propyl-2-phenylethylamine Hydrochloride (9). To a 

solution of phenylacetaldehyde (2.4 g, 20 mmol) in 50 mL of 
methanol was added propylamine (2.0 mL, 24 mmol) at room 
temperature under an argon atmosphere. Then molecular sieves 
(4 A, 5 g) were added, and stirring was maintained f or 2 h. Sodium 
borohydride (0.7 g, 18 mmol) was added to the resulting mixture 
portionwise over a 1-h period, and the resultant mixture was 
stirred overnight. Excess sodium borohydride was destroyed by 
addition of a 10% aqueous HC1 solution at 0 °C, and the aqueous 
solution was filtered. The filtrate was concentrated in vacuo, 
and aqueous solution was basified with 20 % KOH. The basified 
solution was extracted with ether (2 X 30 mL), and the combined 
ether extracts were dried over magnesium sulfate. After filtration 
of the drying agent and removal of solvent the resultant liquid 
was dissolved in methanol and gaseous HC1 was introduced. The 
methanol was removed and the residue was crystallized from 
ethyl acetate-cyclohexane to give white crystals (0.95 g, 24%): 
mp 204-206 °C; lH NMR S 7.40 (m, 5 H), 3.22 (t, 2 H), 3.00 (m, 
4 H), 1.60 (m, 2 H), 0.90 (t, 3 H). Anal. (CUH,8C1N) C, H, N. 

iV-Methyl-3-phenylpropylamine Hydrochloride (10). A 
solution of iV-methylcinnamylamine hydrochloride in ethanol 
was hydrogenated under 1 atm of hydrogen at room temperature 
in the presence of Pd/C for 18 h. The solid was removed by 
filtration, and solvent was removed in vacuo. The residue was 
recrystallized from a two-solvent system, in which the first solvent 
is a 1:5 mixture of ethanol and ethyl acetate and the second 
solvent is cyclohexane, to give white plates in a quantitative 
yield: mp 144-146 °C (lit.27 mp 145.6-146.1 °C); *H NMR 6 7.25-
7.40 (m, 5 H), 3.00 (t, J = 7.5 Hz, 2 H), 2.72 (t, J = 7.5 Hz, 2 H), 
2.67 (s, 3 H), 2.02 (m, 2 H). 

iV-Methyl-4-phenylbutylamine Hydrochloride (11). 4-Phe-
nylbutylamine (1.58 mL, 10 mmol) was dissolved in 50 mL of 
THF followed by the addition of potassium carbonate (2.7 g, 20 
mmol) to the solution, then the mixture was cooled down to 0 
°C under an argon atmosphere. To the resulting mixture was 
added methyl chloroformate (0.77 mL, 10 mmol) via syringe, and 
stirring was maintained f or 2 h. The resulting mixture was diluted 
with benzene (50 mL) and filtered through a bed of Celite. The 
filtrate was concentrated in vacuo and the residue was dissolved 
in anhydrous THF. The THF solution was treated with LLA1H4 
(1.0 g, 25 mmol) portionwise at room temperature under argon. 
The reaction was allowed to proceed overnight, then the excess 
LiAUL. was destroyed by addition of water, and the solid was 
filtered through a bed of Celite which was washed with ethyl 
acetate. The filtrate was concentrated in vacuo, and the residue 
was dissolved in ethyl acetate (50 mL). The ethyl acetate solution 
was washed with 10% aqueous HC1 solution (2 X 10 mL), and 
the aqueous solution was basified with 20% KOH and then 
extracted with ethyl acetate (2 X 25 mL). The organic layer was 
dried over MgS04, the solvent was removed, and the residue was 
dissolved in methanol. Gaseous HC1 was bubbled through the 
solution to saturation. Removal of methanol, and recrystallization 
from a two-solvent system, in which the first solvent is a mixture 
of methanol and ethyl acetate (1:5) and the second solvent is 
cyclohexane, gave a crystalline solid (1.2 g, 60%), mp 125-126 
°C (lit.28 mp 125.5-127 °C). 

JV-Methylpentylamine Hydrochloride (12). Methylamine 
hydrochloride (17 g, 250 mmol) and NaOH (9.6 g, 240 mmol) 
were stirred in 100 mL of water cooled in an external ice bath. 
Valeryl chloride (6 mL, 50 mmol) was added dropwise, then the 

reaction mixture was stirred for 2 h and extracted with ether, 
and the organic layer was dried over MgSQ*. After the solvent 
was removed, dry THF was added to the residue, then LiAlH4 
was added in small portions until no more hydrogen was liberated. 
The mixture was heated to reflux for 24 h, then the reaction was 
quenched with saturated Na^O*, and the solution was filtered 
through a pad of Celite. Hydrogen chloride was bubbled through 
the solution and the white precipitate that formed was recrys
tallized from ethanol-ether to give 4 g (47 %) as white plates: mp 
183-185 °C (lit.29 mp 181-182 °C); NMR (DMSO) 6 0.88 (t, 3 H, 
6 Hz), 1.1-1.4 (m, 4 H), 1.4-1.8 (m, 2 H), 2.45 (s, 3 H), 2.8 (t, 2 
H, 7.5 Hz), 8.9-9.3 (br, 1 H). Anal. (CeHwCIN) C, H, N. 

Benzyl Cyclohezylpiperidinomethyl Sulfide (20, R = 
piperidine). Cyclohexanecarboxaldehyde (2.3 g, 20 mmol) was 
cooled to 0 °C under an argon atmosphere. Piperidine (2.0 mL, 
20 mmol) was added to the aldehyde via syringe followed by 
benzyl mercaptan (2.34 mL, 20 mmol). A solid was formed as 
soon as the three components were mixed. The solid was 
recrystallized from ethanol to give white crystals (5.5 g, 85%): 
mp 71-73 °C; »H NMR (CDCls) 5 7.30 (m, 5 H), 3.80 (s, 2 H), 3.43 
(d, J = 10 Hz, 1 H), 2.60 <m, 2 H), 2.27 (m, 3 H), 1.90 (d, J - 12 
Hz, 1 H), 1.40-1.80 (m, 10 H), 1.20 (m, 3 H), 0.85 (m, 2 H); 1SC 
NMR (CDCls) S 139.69,129.07,128.94,128.75,83.03,49.87,41.93, 
38.28,31.73,31.41,26.87,26.77,26.36,26.29,26.00,24.65. Anal. 
(CWHMNS) C, H, N. 

Attempted Preparation of Benzyl Cyclohexyl(cyclohex-
ylamino)methyl Sulfide (20, R = cyclohexylamine). The 
same procedure for the preparation of benzyl cyclohexylpipe-
ridinomethyl sulfide was employed, except cyclohexylamine was 
substituted for piperidine. TLC and NMR analysis of the crude 
reaction mixture indicated a mixture of the three unreacted 
starting materials. 

Enzyme and Assays. Bovine liver MAO-B was isolated 
according to the method of Salach.30 MAO activity was assayed 
by a modified published procedure31 in Tris buffer (100 mM, pH 
9.0) at 25 °C with cinnamylamine (0.5 mM) as substrate. For the 
determination of the substrate kinetic constants (Km and kM) 
the rate of formation of hydrogen peroxide was monitored as 
previously described.9"1 The change in the flavin spectrum after 
inactivation also was determined as previously reported.94 

General Procedure for Time-Dependent Inactivation 
Experiments. Solutions (180 nh each) of an inactivator 
hydrochloride at various concentrations and a control containing 
no inactivator in potassium phosphate buffer (100 mM, pH 7.40) 
in the presence of 2.0 mM 0-mercaptoethanol (or glutathione) 
were preincubated at 25 ° C. To these solutions was added MAO-B 
(20 ML of a 6 mg/mL solution). After being mixed, the samples 
were incubated at 25 °C, periodically agitated, and assayed for 
MAO activity by removal of 10 nL of the mixture and adding it 
to 490 iih of a 0.5 mM cinnamylamine solution in Tris buffer (100 
mM, pH 9.0). The enzyme activity thus determined was corrected 
against a control containing no inactivator. Kinetic constants 
(#i and feiuct) were determined as described by Kitz and Wilson.32 

General Procedure for Reactivation Studies. MAO-B (50 
ng) was incubated with an inactivator at an appropriate con
centration in potassium phosphate buffer (100 mM, pH 7.4) in 
the presence of 2.0 mM glutathione at 25 °C for 18 h to give 
greater than 90% enzyme inactivation. The incubation mixture 
and a control (1000 pL each) were transferred to dialysis bags 
(Spectra/POR, 12 000-14 000, MW cutoff). These were dialyzed 
against 4 L of potassium phosphate buffer (100 mM, pH 7.40) 
in the presence of 0.1 % Triton X-100 at room temperature. The 
MAO-B activity was assayed by periodical removal of 2011L of 
the mixture and adding it to 480 pL of cinnamylamine solution 
(0.5 mM) in Tris buffer (100 mM, pH 9.0). The enzyme activity 
thus determined was corrected with a control that was not 
inactivated. 
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