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Abstract-Monoamine oxidase (MAO) is a flavin-dependent enzyme that catalyzes the oxidative deamination of a 
variety of amine neurotransmitters and toxic amines. Although there have been several studies that support the inter- 
mediacy of an amine radical cation and an a-radical during enzyme catalysis, there is no direct, i.e. EPR, evidence for 
these species as they are formed. Amino nitrones have been designed which, upon radical formation would produce an 
intermediate that is a resonance structure of the corresponding nitroxyl radical, which should be observable by EPR 
spectroscopy. Syntheses of seven different amino nitrones, three acyclic, and four cyclic analogues were attempted. The 
protected amino nitrones were stable, but all three of the acyclic amino nitrones were unstable. One of the cyclic ana- 
logues was very stable (39), one was stable only in organic solvents (40), one was stable only in aqueous medium below 
pH 6.5 (41), and the other (42) was stable for just a short time at room temperature, decomposing to a stable free 
radical. None of these analogues produced a MAO-catalyzed radical, yet 41 is a poor substrate (K,=0.2mM; 
k,,, = 0.034min’) and 39 is a mixed inhibitor (Ki = 26.5 mM). Although this approach does not appear to be applic- 
able to amino nitrones, it should be a valuable approach for other enzymes where radical intermediates are suspected 
and nonamine nitrones can be utilized. 0 1998 Elsevier Science Ltd. All rights reserved. 

Introduction 

Monoamine oxidase (MAO, EC 1.4.3.4) is a flavin 
dependent enzyme that catalyzes the oxidative deami- 
nation of amine neurotransmitters such as 5-hydroxy- 
tryptamine and catecholamines and toxic amines in 
food.’ The stoichiometric reaction of the enzyme is 
shown in Scheme 1. Although the reaction is usually 
represented as a primary amine, this enzyme also can 
efficiently oxidize many secondary and tertiary 
amines.2,3 Over the years, a radical mechanism for 
MAO has emerged as the most likely pathway for this 
enzyme (Scheme 2).4 Varieties of compounds were 
designed as alternate substrates to test a radical 
mechanism, and each one has provided indirect evidence 

to support a radical mechanism. Laser flash photolysis 
experiments of Maeda and Ingold demonstrated that 
cyclopropylaminyl radicals were too unstable to be 
detected and cyclobutylaminyl radicals decomposed 
rapidly with homolytic cleavage of the ring. Based on 
these results, a series of N-cyclopropylamine analogues 
was designed and the MAO-catalyzed oxidation of each 
was studied.6 All of these cyclopropyl substrate analo- 
gues undergo ring cleavage and attachment to the 
enzyme. The conclusion was that all of these results 
could be rationalized in terms of an initial single-elec- 
tron transfer from the cyclopropyl amine to the flavin 
cofactor to give the cyclopropylamine radical cation and 
the flavin semiquinone. A second approach to demon- 
strate the intermediacy of an amine radical cation was 
the construction of an alternate substrate that would be 
expected to undergo a known one-electron rearrange- 
ment if the corresponding amine radical cation formed. 
I-Phenylcyclobutylamine (1) was converted into 2- 
phenyl-1-pyrroline (4) by MAO in addition to inacti- 
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vating the enzyme. Scheme 3 depicts a mechanism that 
is consistent with the initial formation of an amine 
radical cation that undergoes homolytic cleavage to 
radical 2 followed by endo-cyclization to radical 3 and 
second electron oxidation to 4. This mechanistic path- 
way is known for a variety of chemical rearrangements7 
and was demonstrated for the enzyme cytochrome P- 
450,8 a heme-dependent enzyme for which radical 
chemistry is well known. When this MAO-catalyzed 
reaction was carried out in the presence of a nitrone spin 
trap, the EPR spectrum of an organic radical was 
observed.g However, the identity of this radical was 
never elucidated, so it is not clear if it was derived 
directly from an intermediate. 

Evidence for the u-radical comes from three sets of mod- 
ified substrate/inactivator molecules. 

(Aminomethyl)cubane (5) is a substrate and inactivator 
of MAO; oxidative turnover leads to destruction of the 
cubane ring, consistent with the formation of an inter- 
mediate cubylcarbinyl radical.” Cinnamylamine 2,3- 
oxide (6) is oxidized by MAO with cleavage of the C-C 
bond of the epoxide, supporting the u-radical. l1 Finally, 
r4C was incorporated into the carbonyl carbon of cis- 
and trans-5-aminomethyl-3-(4-methoxyphenyl)dihydro- 
furan-2-(3H)-one (7) and it was shown that 14C02 is 
generated by incubation with MA0.12 Loss of carbon 
dioxide can only be rationalized by the formation of an 
a-radical. 

All of these modified substrate enzyme-catalyzed reac- 
tions provide indirect evidence for the intermediacy of 
either an amine radical cation or an a-radical in MAO- 
catalyzed oxidation reactions. Attempts to detect a 
radical intermediate by EPR spectroscopy, even in the 

presence of spin traps13 or by stopped-flow spectro- 
photometry l4 failed, presumably because of the short 
lifetime of the radical species and the relatively slow 
reaction with spin traps. Even the very efficient nitrone 
spin traps have intermolecular rate constants of only 
lo8 M-’ s-‘,‘~ but spin trapping rates need to be larger 
than 10’“M-ls-l to compete with second electron 
transfer. Furthermore, since the radicals are generated 
inside the enzyme active site, the spin trap has to get 
into the active site and be oriented appropriately for 
reaction with the incipient radical. 

We thought that a more efficient approach to ‘spin trap’ 
the amine radical cation or the u-radical was by incor- 
poration of a spin trap into the substrate in such a way 
that formation of either of these radical species (8 or 10) 
would simply be resonance structures of the much more 
stable nitroxyl radical (9 or 11, Scheme 4). Conse- 
quently, the trapping rate should be comparable to the 
bond vibration frequency, i.e. 10r2s-I, which is defi- 
nitely competitive with that of the second electron 
transfer. Furthermore, since the nitrone is part of the 
substrate structure, it will be brought into the active site. 
Since the spin density in the spin adduct is highly de- 
localized over almost the entire molecule, the EPR sig- 
nals will be unique. Here we describe this approach, 
which, because of the hydrolytic reactivity of most of 
the amino nitrones in this instance, was unsuccessful. 

Results and Discussion 

Model reactions for the amino nitrones 

Because of the high reactivity of the nitrone group,t6 
amino nitrones were expected to be synthetically 
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challenging. To avoid synthesizing amino nitrones, made by a slightly different route because treatment of 
which were not substrates for MAO, model compounds 24 with trifluoroacetic anhydride did not produce the 
that did not contain a nitrone were first synthesized and eliminated product (27); instead, 25 was obtained. 
tested as substrates for MAO (12-15). In these model Treatment of 25 with mesyl chloride in pyridine at 
compounds a CH group replaces the NO group in the -20°C gave the mesylated analogue (26), which was 
nitrone, aromatic functionalities are incorporated to converted to 27 with potassium tert-butoxide in reflux- 
improve their binding affinities with MAO, and steri- ing THF. These aminomethyl alkenes exhibited different 
tally hindered groups, such as tert-butyl or phenyl, are water solubilities because of the hydrophobic sub- 
used to stabilize the radical product which is expected to stituents. Compounds 12 and 13 can be dissolved in 
be formed in the enzymatic reaction of the correspond- water even at pH 9.0. Compound 14 has two phenyl 
ing amino nitrone. I7 The synthetic pathway for the groups; therefore, its water solubility is so poor that it 
model compounds is shown in Scheme 5. Only 15 was cannot be dissolved even in a mixed solvent containing 

29 
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25% DMSO. Compound 15, containing a tert-butyl 
group and a phenyl group, is soluble in a buffer solution 
at pH 7.2 but is insoluble at pH 9.0. 

Kinetic data for the model compounds are summarized 
in Table 1. Compound 12 is an excellent substrate for 
MAO B. Its kinetic constants are comparable to those 
of benzylamine, an excellent substrate for MAO B. 
Compound 13 is a good substrate too. However, 15 is a 
poor substrate because its high Km, and compound 14 
could not be analyzed in aqueous solutions because of 
its poor solubility. Based on these results, amino 
nitrones 28 and 29 were synthesized first. 

Syntheses of amino nitrones 

Typical reactions of a nitrone include reduction, oxidation, 
nucleophilic addition, acid- and base-catalyzed enamine 
formation, electropbilic addition, 0-alkylation, iso- 
merization, alkene elimination, and 1,3-dipolar addition.18 
Considering that an amino group is reactive toward the 

nitrone group and that the nitrone group is very fragile, 
synthetic pathways must be carefully designed. Stimu- 
lated by the increasing importance of nitrones in organic 
synthesis, many new methodologies for the synthesis of 
an isolated nitrone group have been developed.19 How- 
ever, there is no protecting group for the nitrone func- 
tionality; on the other hand, general methods for forming 
an amino group are too harsh for the survival of a nitrone 
group; thus, the amino group should be made first and 
be protected before the incorporation of the nitrone group 
into the molecule. Additionally, the protecting group of 
the amine should be removable under mild conditions 
that do not destroy the nitrone. Of the known protect- 
ing methodologies for an amino group, Boc strategy 
appears to be compatible with the nitrone functionality. 

The Boc protected Z and E isomers 28a and 28b were 
synthesized via the synthetic route in Scheme 6; however, 
neither compound is stable at room temperature, and they 
decompose during silica gel purification. When treated 
with an acid solution (either TFA in dichloromethane or 
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25 26 

HCl in methanol), they are destroyed and turn into a 
black mixture. 

A synthetic pathway to- amino nitrone 29 is shown in 
Scheme 7. The protected amino nitrone was obtained as 
an apparently stable crude product; however, further 
purification on silica gel resulted in its decomposition. 

To increase the stability of the nitrone, cyclic analogues 
were made. Actually, amino nitrone 39 is a known 

Table 1. Kinetic data for 12-15 

R2 
Me 
Me 
Ph 

Ph 

compound, and it is stable in aqueous media.20 Other 
analogues made include compounds 4@42 (Schemes 8- 
10). Compound 40 is stable in organic solvents but not 
in aqueous solution, whereas 41 is stable in aqueous 
medium at pH below 6.5 but decomposes in the free 
base form. Compound 42 is stable for only a short time 
at room temperature and turns bright pink in color, 
exhibiting a very complex EPR spectrum. Conse- 
quently, only 3941 were at all suitable for enzymological 
study. 

Compd Buffer PH Km (wd k,,, (min-‘) k,,,lK, (W min)-’ 

Benzylamine Tris 9.0 340 270 0.79 
12 Tris 9.0 380 243 0.64 
13 Tris 9.0 700 20 0.03 
14 Phosphate 7.2 
15 Phosphate 7.2 30,000 178 0.006 
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Enzymology with amino nitrones 

MAO catalyzed deamination requires the free amine 
form; therefore, effective oxidation generally occurs 
under neutral or basic conditions. The pH depen- 
dence of the activity and stability of MAO B was stu- 
died, and the results are shown in Figure 1. The 
enzyme is stable when the pH is higher than 5.0. The 

optimum pH value for the enzymatic reaction, how- 
ever, is about 9.0, which corresponds to a large pro- 
portion of the free amine form. The activity of the 
enzyme decreases dramatically as the pH decreases. 
Below pH 5, the enzyme loses the activity irreversibly. 
On the other hand, the stability of the amino nitrones 
largely depends on the solvents and the pH values of the 
solutions. 
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The stability of the amino nitrones and the activity of 
MAO B in different solvents and different solutions are 
summarized in Table 2. The conditions used for the 
enzymology studies are marked with circles. Nitrones 39 

and 40 were incubated with MAO B for 2 h or overnight 
(18 h), and then samples were prepared for the EPR 
experiment. No signals were observed in their EPR 
spectra. This is, most likely, because MAO B catalyzes 
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Figure 1. The pH dependence of activity and stability of bovine 
liver MAO-B. 

the oxidation of amines, and the amines in 39 and 40 are 
more like amide groups; the oxidation potentials may be 
too high for MAO. 

The incubation solution of amino nitrone 41 with MAO 
gave a triplet EPR signal at g=2.0050. However, the 
same signal occurs in the EPR spectrum of the amino 
nitrone control sample. Several possible reasons may 
contribute to the failure to observe the expected EPR 
signal: the nitrone group is not properly shielded so that 
it is difficult for the probe to enter the active site of 
MAO; the binding ability with the enzyme is poor 
because of the lack of an aromatic functional group; or 
the poor substrate and the low activity of the enzyme 
under the incubation conditions result in an undetec- 
tably slow enzymatic reaction. 

A kinetic analysis of the activity of 3941 as substrates 
and/or inhibitors of MAO B was carried out to determine 

Table 2. Summary of stability of MAO-B and amino nitrones 

Solvent 39 40 41 MAO-B 

HZ0 (acidic) S D 0 s pH>5 

pH= ~5.5 

Ha0 (neutral) 0 D D S 
S 

HsO (basic) 
MeOH 

C6H6 

D: decomposed; S: soluble or stable; X: no activity; Insol: inso- 
luble; encircled S: conditions used in the enzymology studies. 

if these possibilities are real. In fact, only 41 is a sub- 
strate, having K, and k,, values of 0.2mM and 
0.034min’, respectively. The k&K, for 41, therefore, 
is 0.17 min-’ mM-’ but that for the substrate benzyl- 
amine is 800min-’ mM-‘. This 4700-fold difference 
may account for the inability to observe an EPR signal 
with 41. Compound 39 is an inhibitor, but only a weak 
mixed inhibitor (&=26SmM), not a competitive inhi- 
bitor. This also is consistent with the lack of an EPR 
signal for 39. 

In conclusion, the approach described here for trapping 
radical intermediates in enzyme-catalyzed reactions has 
potential. However, amino nitrones appear to be too 
unstable to exemplify this approach. This methodology 
could be applied to other enzyme systems that do not 
catalyze reactions of amines, such as cytochrome P-450. 

Experimental 

General methods 

Optical spectra and MAO assays were recorded on a 
Perkin-Elmer Lambda 1, a Perkin-Elmer Lambda 10, 
or a Beckman DU-40 UV/Vis spectrophotometer. EPR 
spectra were recorded on a modified Varian E4 EPR 
spectrometer with a Varian TEio2 sample cavity. NMR 
spectra were recorded on a Varian Gemini 300MHz, a 
Varian VXR 300MHz, or a Varian Unity plus 400 
spectrometer. Chemical shifts are reported as 6 values in 
parts per million down field from Me4Si as the internal 
standard in CDCla. An Orion Research Model 701 pH 
meter with a general combination electrode was used for 
pH measurements. Mass spectra were obtained on a VG 
Instrument VG70-250SE high-resolution spectrometer 
with Maspec Data System. Elemental analyses were 
performed by either Oneida Research Service Inc. 
(Whitesboro, NV) or the Department of Geological 
Sciences at Northwestern University. Melting points 
were taken on a Fisher-Johns melting point apparatus 
and are uncorrected. The flash column chromatography 
was carried out with Merck silica gel 60 (230400 mesh 
ASTM). TLC was run with EM Science silica gel 60 
F2s4 precoated glass plates. 

Reagents 

Deuterium oxide, chloroform-d, and dimethyl sulfoxide- 
d6 (99% atom% D) were purchased from either Aldrich 
or Cambridge Isotope Laboratories. Other reagents 
were purchased from chemical companies without fur- 
ther purification except for the following: anhydrous 
ether and tetrahydrofuran (THF) were distilled over 
sodium metal under nitrogen; anhydrous dichloro- 
methane was distilled over calcium hydride. 
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2-Cyano-1-phenylpropanol (16). To a cooled (-78 “C) 
solution of propionitrile (1.65 g, 30 mmol) in dried THF 
(30mL) was added 2.5 M n-butyllithium solution in 
hexane (lOmL, 25 mmol). The reaction mixture was 
stirred for 2 h at -78 “C. A solution of benzaldehyde 
(2.12 g, 20 mmol) in dried THF (15 mL) was slowly 
added over 20min, and then chlorotrimethylsilane 
(8mL) was added. The resulting solution was stirred at 
-78 “C for another 20 min. After addition of methanol 
(lOmL), the reaction solution was allowed to warm up 
to room temperature. Removal of the solvent gave a 
viscous oil, which was then purified by flash chromato- 
graphy (4% ethyl acetate/hexanes, Rf 0.20) to give two 
colorless liquids (3.70 g, 91%, diastereomer ratio 
A:B = 3: 1). The diastereomeric mixture was used in the 
next step. 

A: lH NMR (CDC13) 6 1.28 (d, 3H), 2.40 (d, lH), 3.02 
(m, lH), 4.83 (q, lH), 7.35-7.45 (m, 5H); 13C NMR 
(CDC&) 6 13.5, 34.0, 74.1, 121.2, 126.5, 128.7, 128.7, 
139.8; HRMS calcd for CloHllNO 161.0841, found 
161.0834. Anal. calcd for CloHIINO: C 74.51, H 6.88, N 
8.69. Found: C 73.94, H 6.99, N 8.67. 

B: ‘H NMR (CDC&) 6 1.25 (d, 3H), 2.30 (d, lH), 2.96 
(m, lH), 4.74 (q, lH), 7.35-7.45 (m, 5H). 13C NMR 
(CDC13) 6 14.8, 34.6, 74.2, 121.1, 126.4, 128.9, 128.9, 
140.1; HRMS calcd for CIOHIZNO (M+ 1) 162.0919. 
Found 162.0915. 

3-Amino-2-methyl-l-phenylpropanol (17). To a cooled 
(OOC) solution of 1.0 M borane in THF (30mL, 
30mmol) was added 16 (2.1 g, 13mmol). The reaction 
mixture was stirred at room temperature overnight. 
After removal of the solvent on a rotary evaporator, 
6.ON aqueous hydrochloric acid solution (20mL) was 
added. The mixture was heated to reflux for 2 h, and 
then was cooled in an ice-water bath, sodium hydroxide 
pellets (7.2g) were added, and after filtration the solu- 
tion was extracted with ether and dried (Na2S04). 
Removal of the solvent led to a brown oil, which was 
used directly in the next step without further purifica- 
tion. 

Z/E-P-Methyl-P-(N-trifluoroacetyl-aminomethyl)styrene 
(18, 19). A mixture of crude 3-amino-2-methyl-l-phen- 
ylpropanol (2.5 g), trifluoroacetic anhydride (10 mL), 
and toluene (200 mL) was heated to reflux for 2 h. Then 
the solvent was distilled under vacuum to yield a brown 
oil. This liquid was purified over silica gel (10% ethyl 
acetate in hexanes) to give two products; major product 
(0.63 g, Rf 0.25); minor product (0.12 g, Rf 0.34). 

E-P-Aminomethyl+methylstyrene hydrochloride (12). 
The major product obtained in the previous step was 
dissolved in methanol (20mL) and THF (10 mL), and 

then sodium hydroxide (0.40 g) was added. The reaction 
mixture was heated to reflux for 2 h. After removal of 
the solvent, water (10mL) was added. The resulting 
mixture was extracted three times with ether (1OmL 
each), dried with anhydrous potassium carbonate, and 
cooled in an ice-water bath. Anhydrous hydrogen 
chloride gas was bubbled through the solution to give a 
white precipitate (0.6Og, 100%). The stereochemistry of 
this product was confirmed by its NOE NMR spectra. 
‘H NMR (D*O) 6 1.89 (s, 3H), 3.64 (s, 2H), 6.68 (s, lH), 
7.25-7.40 (m, 5H). Anal. calcd for ClOHIINC1: C 65.39, 
H 7.68, N 7.63. Found: C 65.51, H 7.60, N 7.76. 

Z-P-Aminomethyl+-methylstyrene (13). The minor 
product was processed through the same procedure as 
that above to give a white precipitate (0.10 g, 100%). ‘H 
NMR (D20) 6 1.92 (s, 3H), 3.73 (s, 2H), 6.69 (s, lH), 
7.15-7.40 (m, 5H). 

a-Cyano-a’-hydroxy-bibenzyl(20). To a cooled (-78 “C) 
solution of benzyl cyanide (3.51 g, 30mmol) in dried 
THF (30 mL) was added 2.5 M n-butyllithium solution 
in hexane (IOmL, 25 mmol). The reaction mixture was 
stirred for 2 h at -78°C. A solution of benzaldehyde 
(2.12 g, 20mmol) in dried THF (15 mL) was slowly 
added over 20 min. Then chlorotrimethylsilane (8 mL) 
was added. The resulting solution was stirred at -78 “C 
for another 20 min. After addition of methanol (10 mL), 
the reaction solution was allowed to warm up to room 
temperature. Removal of the solvent gave a viscous oil, 
which was then flash chromatographed (20% ethyl 
acetate-hexanes, Rf0.20) to give a white crystalline solid 
(4.69g, 97%, diastereomer ratio 4:l). Major product: 
mp lOl-102°C; ‘H NMR (CDC13) 6 2.68 (d, lH), 4.05 
(d, lH), 4.96 (q, lH), 7.2G7.40 (m, 10H); 13C NMR 
(CDC13) 6 47.4 (d), 76.3, 118.9, 126.3, 128.5, 128.6, 
128.8, 129.0, 132.5, 139.5; HRMS calcd for C15H13N0 
223.0997, found 223.0974. Anal. calcd for C15H13NO: C 
80.69, H 5.87, N 6.27. Found C 80.77, H 5.91, N 6.41. 

a-Aminomethyl-a’-hydroxy-bihenzyl (21). To a stirring 
solution of 1 .O M borane in THF (33 mL, 33 mmol) was 
added a-cyano-a’-hydroxybibenzyl (2.2 g, 10 mmol). 
The reaction mixture was stirred at room temperature 
for 20 h. After removal of the solvent on a rotary eva- 
porator, 6.0 N aqueous hydrochloric acid solution 
(20 mL) was added. The mixture was heated to reflux for 
2 h and then was cooled in an ice-water bath, sodium 
hydroxide pellets (7.2 g) were added, and after filtration 
the solution was extracted four times with ether (10mL 
each), and dried (Na,SO,). Removal of the solvent led 
to a brown oil that was used in the next step without 
further purification. 

or-(N-Trtiuoroacetyl-am~omethyl)stilbene (22). A mixture 
of crude cl-aminomethyl-cr’-hydroxy-bibenzyl (2.5 g), 
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trifluoroacetic anhydride (4.5 mL), and toluene (200 mL) 
was heated to reflux for 2 h. The solvent was distilled 
under vacuum to yield a brown oil. This liquid was 
purified over silica gel (10% ethyl acetate in hexanes, Rf 
0.39) to give a white crystalline solid (1.71 g, 56% for 
two steps). 

Z-a-Aminomethyl-stilbene hydrochloride (14). A mixture 
of IV-trifluoroacetyl-u-aminomethylstilbene (0.21 g, 
0.7 mmol), methanol (lOmL), THF (20mL), and 
sodium hydroxide (1.0 g) was heated to reflux for 0.5 h. 
After removal of the solvent, water (10mL) was added. 
The resulting mixture was extracted three times with 
ether (10mL each), dried with anhydrous potassium 
carbonate, and cooled in an ice-water bath. Then anhy- 
drous hydrogen chloride gas vias bubbled through the 
cooled solution to give a white precipitate (0.15 g, 87%). 
The stereochemistry was confirmed by its NOE NMR 
spectra. ‘H NMR (DMSO-d,) 6 3.80 (s, 2H), 6.80 (s, 
lH), 6.9Ck7.40 (m, lOH), 8.45 (s, 3H). Anal calcd for 
C1sHt6NC1: C 73.31, H 6.56, N 5.70. Found: C 73.80, H 
6.72, N 6.00. 

3-Hydroxy-4,4-dimethyl-2-phenylvaleronitrile (23). To a 
cooled (-78°C) solution of benzyl cyanide (3.51 g, 
30mmol) in dried THF (30mL) was added 2.5 M n- 
butyllithium solution in hexane (lOmL, 25mmol). The 
reaction mixture was stirred at -78 “C for 2 h. A solu- 
tion of pivalaldehyde (1.72 g, 20 mmol) in dried THF 
(15 mL) was slowly added over 30 min, then chloro- 
trimethylsilane (8 mL) was added. The resulting solution 
was stirred at -78°C for 5min. After addition of 
methanol (lOmL), the reaction mixture was allowed to 
warm up to room temperature. Removal of the solvent 
gave a viscous oil (diastereomer ratio 4:l). The diaster- 
eomeric mixture was used in the next step, which was 
purified by flash chromatography (40% ethyl acetate/ 
hexanes, RfO.lO) to give a white crystalline solid (2.94 g, 
91%); mp 67.568 “C; ‘H NMR (CDCls), 6 1.11 (s, 9H), 
2.05 (d, lH), 3.42 (d, lH), 4.05 (d, lH), 7.21-7.45 (m, 
5H); 13C NMR (CDC13) 6 26.2, 36.0, 39.9 (d), 82.3, 
119.1, 127.9, 128.2, 129.2, 135.9. Anal. calcd for 
Ct3H17NO: C 76.81, H 8.43, N 6.89. Found: C 76.62, H 
8.50, N 6.95. 

3-Hydroxy-4,4-dimethyl-2-phenylpentamine (24). To a 
stirring solution of 1.0 M borane in THF (50mL, 
50mmol) was added all of the above 3-hydroxy-4,4- 
dimethyl-2-phenylvaleronitrile. The reaction mixture 
was stirred at room temperature for 14 h. After removal 
of the solvent on a rotary evaporator, 6.ON aqueous 
hydrochloric acid solution (32mL) was added. The 
mixture was heated to reflux for 2 h and then was cooled 
in an ice-water bath, sodium hydroxide pellets (11.2 g) 
were added, and after filtration the solution was extrac- 
ted three times with ether (30mL each) and dried 

(Na$O& Removal of the solvent led to a brown oil 
that was used in the next step without further purifica- 
tion. ‘H NMR (CDC13) 6 0.80 (s, 9H), 2.80 (q, lH), 
3.OG3.15 (m, 2H), 3.78 (d, lH), 7.15-7.30 (m, 5H). 

5-(N-Trifluoroacetylamino)-2,2-dimethyl_ 
anol (25). A mixture of crude 3-hydroxy-4,4-dimethyl-2- 
phenylpentamine (3.6 g), triethylamine (4.3 g), tri- 
fluoroacetic anhydride (4.40 g), and toluene (50 mL) was 
heated to reflux overnight. The solvent was distilled 
under vacuum to yield a brown oil. This liquid was 
purified over silica gel (dichloromethane Rf0.23) to give 
a white crystalline solid (2.48g). ‘H NMR (CDC13) 6 
0.85 (s, 9H), 2.35 (d, lH), 3.05 (q, lH), 3.66 (m, 2H), 
3.80 (td, lH), 7.15 (s, lH), 7.2s7.40 (m, 5H). 

5-(iV-Trifluoroacetylamino)-2,2-dimethyl4phenyl-3-pentyl 
mesylate (26). A mixture of 5-(N-trifluoroacetylamino)- 
2,2-dimethyl-4-phenyl-3-pentanol (0.9 g, 3 mmol), pyr- 
idine (7.0mL), and mesyl chloride (2mL) was cooled 
below -20°C in an ice-sodium chloride bath and was 
stirred for 3 h. Then, a chilled saturated sodium chloride 
solution (10mL) was added, extracted twice with 
dichloromethane (10 mL each), washed three times with 
water (10 mL each), and dried (Na2S04). Removal of 
the solvent led to a yellow solid (0.85g, 75%) which 
was used directly in the next step. ‘H NMR (CDC13) 6 
0.94 (s, 9H), 3.19 (s, 3H), 3.40 (m, lH), 3.51 (m, lH), 
3.87 (m, lH), 4.97 (d, lH), 6.65 (s, lH), 7.20-7.40 (m, 
5H). 

f3-tert-Butyl- a-(N-trifluoroacetylaminomethyl)-styrene 
(27). A mixture of 5-(N-trifluoroacetylamino)-2,2-dime- 
thyl-4-phenyl-3-pentyl mesylate (0.85 g, 2.2 mmol) in 
dried THF (25 mL) and potassium tert-butoxide (1.7g) 
was refluxed for 2 h. After removal of the solvent, the 
residue was extracted three times with ether (25mL 
each) and dried (MgSOJ. Ether was evaporated to give 
a brown oil which was purified by flash chromatography 
(5% ethyl acetate in hexanes, Rf 0.14) to give a white 
solid (0.2Og, 25%). ‘H NMR (CDCls) 6 4.60 (d, 2H), 
5.97 (s, lH), 6.02 (s, lH), 7.25-7.40 (m, 5H). 

a-Aminomethyl-P-tert-butyl-styrene (15). A mixture of 
p- tert- butyl-a-(N- trifluoroacetylaminomethyl)-styrene 
(0.2 g, 0.7mmol), methanol (lOmL), THF (lOmL), and 
sodium hydroxide (0.2g) was heated to reflux for 0.5 h. 
After removal of the solvent, water (10mL) was added. 
The resulting mixture was extracted three times with 
ether (10mL each), dried with anhydrous potassium 
carbonate, and cooled in an ice-water bath. Anhydrous 
hydrogen chloride gas was bubbled through the cooled 
solution to give a white precipitate (0.08 g, 51 “XI); ‘H 
NMR (DMSO-$) 6 1.20 (s, 9H), 4.02 (s, 2H), 5.82 (s, 
lH), 7.2G7.40 (m, 5H), 8.15 (s, 3H). The stereo- 
chemistry was confirmed by its NOE NMR spectrum. 
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I-(rert-Butoxycarbonylamino)-2-propanol (30). A repor- 
ted procedure was followed.21 To a stirred solution of 
I-amino-2-propanol (1.88 g, 25 mmol) in 10% triethyl- 
amine-methanol (80 mL) was added di-tert-butyl dicar- 
bonate (8.18g, 37.5mmol). The reaction mixture was 
stirred at room temperature for 6 h. Evaporation of the 
solvent on a rotary evaporator gave a colorless oil. This 
liquid was chromatographed on silica gel (hexanes/ethyl 
acetate (l/l); Rf 0.20) to afford a colorless oil (4.1 g, 
93%): ‘H NMR (CDC&) 6 1.12 (d, 3H), 1.40 (s, 9H), 
2.90 (m, lH), 3.20 (m, IH), 3.38 (b, lH), 3.82, (m, lH), 
5.22 (s, 1H); HRMS calcd for CsH17NOx 175.1209. 
Found 175.1205. 

l-@err-Butoxycarbonylamino)-2-iodopropane (31). A 
reported procedure was followed.‘* To cold (-10°C), 
dried tetrahydrofuran (THF, 80mL) were added tri- 
phenylphosphine (10.0 g, 38 mmol) and diethyl azodi- 
carboxylate (DEAD, 6.46g, 37mmol). After the 
reaction mixture was stirred at this temperature for 
15 min, a solution of 1-(tert-butoxycarbonylamino)-2- 
propanol (6.12 g, 35 mmol) and iodomethane (5.03 g, 
35.4mmol) in dried THF (40mL) was added. The reac- 
tion mixture was stirred at -20°C for 12 h, then the 
solvent was evaporated under reduced pressure. The 
crude product was submitted to flash chromatography 
(hexanes-ethyl acetate (4:l); Rf0.88) to give the product 
as a white solid (8.96 g, 90%): ‘H NMR (CDC13) 6 1.44 
(s, 9H), 1.87 (d, 3H), 3.36 (m, lH), 4.25 (m, lH), 5.00 (s, 
1H); HRMS calcd for CsH161N02 285.0226. Found 
285.0236. 

l-(tert-Butoxycarbonylamino)-24tropropane (32). A 
reported procedure was followed.23 Into a lOO-mL flask 
were added I-(tert-butoxycarbonylamino)-2-iodopro- 
pane (6.0 g, 21 mmol), sodium nitrite (3.0 g, 43.5 mmol), 
1,3,5_trihydroxybenzene dihydrate (4.0 g, 24.7 mmol), 
and dimethyl sulfoxide (DMSO, 20mL). The reaction 
mixture was stirred overnight and then was quenched 
with water (lOOmL), extracted six times with hexanes/ 
ethyl acetate (2/l, 100mL each), washed with water, and 
dried (Na2S04). After removal of the solvent and pur- 
ification over silica gel (hexanes/ethyl acetate (6/l); R, 
0.13), a white solid (1.23 g, 60% conversion, 52% yield) 
was obtained; mp 64.5-66.O”C; ‘H NMR (CDC13) 6 
1.42 (s, 9H), 1.52 (d. 3H), 3.51 (ABX, 2H), 4.74 (m, lH), 
5.02 (s, 1H); HRMS calcd for C7H13N204 (M-CH3) 
189.0880. Found 189.0863. 

a-(tert-Butoxycarbonylaminomethyl)-cw-me~hyl-~-phenyl- 
nitrone (33). A reported procedure was followed.24 A 
reaction mixture of 1-(tert-butoxycarbonylamino)-2- 
nitropropane (0.20 g, 1.06 mmol) and 1 .O M potassium 
hydroxide solution (1 mL, l.Ommol) was stirred at 
room temperature to homogeneity. After the solvent was 
removed, acetonitrile (2.0mL) was added to redissolve 

the residue. To this solution was added nitrosobenzene 
powder (0.11 g, 1 .Ommol). The reaction mixture was 
stirred for 1.5 h at -10°C. Solvent was evaporated 
under reduced pressure to afford yellow oil. Two iso- 
mers (3/l) were distinguishable in the NMR spectrum of 
the crude product. They could not be purified because 
of their instability at room temperature. Major product: 
‘H NMR (CDC13) 6 1.50 (s, 9H), 2.00 (s, 3H), 4.30 (d, 
2H), 5.80 (s, lH), 7.3e7.50 (m, 5H); minor product: ‘H 
NMR (CDC13) 6 1.40 (s, 9H), 2.30 (s, 3H), 3.80 (d, 2H), 
5.10 (s, lH), 7.30-7.50 (m, 5H). 

a-(Aminomethyl)-a-methyl-N-phenyhdtrone (28a,b). The 
crude product mixture obtained from the preceding step 
was dissolved in methanol or dichloromethane. Then 
hydrochloric acid or trifluoroacetic acid was added, 
respectively. A dark brown to black mixture was always 
obtained. The NMR spectra of the resulting residues 
indicated a messy mixture. 

a-teri-Butoxycarbonylaminomethyl-N-tert-butylbenzyl- 
amine (37). The starting material, a-(N-tert-butylamino) 
phenylamine, was synthesized as reported.*’ The yellow 
residue obtained (36) was dissolved in a solution of 20% 
triethylamine in methanol (150 mL) and then di-tert- 
butyl dicarbonate (21.06 g, 96mmol) was added. The 
reaction mixture was stirred at room temperature for 
4 h. Removal of the solvent and precipitation with hex- 
anes gave a white solid (8.8 g, 21% for two steps); mp 
95.5-96.O”C; ‘H NMR 6 1.02 (s, 9H), 1.45 (s, 9H), 3.70 
(m, 2H), 3.88 (t, lH), 4.85 (s, lH), 7.2G7.35 (m, 5H); 
HRMS calcd for C17H29N202 (M + 1) 293.2229. Found 
293.2232. 

a-tert-Butoxycarbonylaminomethyl-N-tert_enyl- 
nitrone (38). A reported procedure was followed.26 Into 
a IO-mL flask were added a-tert-butoxycarbonylamino- 
methyl-IV-tert-butylbenzylamine (500 mg, 1.7 mmol), 
sodium tungstate dihydrate (13 mg, 0.04 mmol), and 
methanol (2 mL). Then 30% hydroperoxide aqueous 
solution (0.29g, 2.6mmol) was added slowly. After 
addition, the reaction mixture was stirred at room tem- 
perature for 18 h. Solvent was evaporated under reduced 
pressure, and the residue was redissolved in dichlor- 
omethane (1OmL). The resulting solution was washed 
with brine (4mL) and dried (Na2S04). Removal of the 
solvent gave a yellow oil. Further purification attempts 
failed because the product decomposes on silica gel (5% 
MeOH in CH2C12; R,-0.21); ‘H NMR (CDC13) 6 1.30 (s, 
9H), 1.31 (s, 9H), 4.24 (d, 2H), 5.72 (b, lH), 7.2G7.40 
(m, 5H). 

a-Aminomethyl-N-rerr-butyl-a-phenylnitrone (29). The 
above residue was dissolved in methanol (25mL). 
Anhydrous hydrogen chloride gas was bubbled through 
the solution at 0 “C for 0.5 h. Solvent was evaporated on 
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a rotary evaporator, and the residue was pumped to 
dryness. The NMR spectrum of the crude product indi- 
cated that most of the product decomposed. No further 
purification was successful because of its instability. 

5,5-Dimethyl-2-(N,N-dimethylaminovinyl)-l-pyrroline-N- 
oxide (40). A reported procedure was followed. 27 2,5,5- 
Trimethyl-l-pyrroline-N-oxide (synthesized as repor- 
ted, 45~7 1.27g, 10mmol) was added to tert-butoxy- 
bis(dimethylamino)methane (2.37 g, 13.6 mmol). The 
reaction mixture was stirred at 60 °C for 24h and then 
was cooled to room temperature. Purification by fash 
column chromatography gave a highly hygroscopic 
white solid (0.4g, 22%); mp 102.5-104.5°C; ~H NMR 
(CDC13) 8 1.37 (s, 6H), 1.94 (t, 2H), 2.60 (t, 2H), 2.87 (s, 
6H), 5.27 (s, 1H), 7.14 (s, 1H); ~3C NMR (CDC13) 
25.4, 25.6, 32.8, 71.3, 87.0, 142.6, 147.2, 147.2; HRMS 
calcd for C10H18N20 182.1419, found 182.1415. Anal. 
calcd for C10H~8N20 C 65.90, H 9.95, N 15.37. Found 
C 65.78, H 9.85, N 15.42. 

2-Aminomethyl-5,5-dimethyl-1 -hydroxyipyrrolidine (46). 
Into a 250-mL flask were added 2-cyano-5,5-dimethyl- 
1-hydroxylpyrrolidine (synthesized as reportedY 6.5 g, 
46.4mmol) and anhydrous ether (150mL). After the 
solution was cooled with an ice-water bath, lithium alu- 
minum hydride (3.25 g, 86mmoi) was added slowly. The 
mixture was refluxed for 4 h and then was cooled to 
0°C, quenched with an aqueous saturated potassium 
carbonate solution, and extracted three times with ether 
(200mL). The extracts were combined and dried with 
anhydrous potassium carbonate. Removal of the solvent 
gave a white crystalline solid (6.5 g, 98 %), which quickly 
turned yellow in air; 1H NMR (CDCI3) 5 0.96 (s, 3H), 
1.10 (s, 3H), 1.30 (m, 1H), 1.50 (m, 1H), 1.75 (m, 2H), 
2.94 (m, 1H), 2.76 (m, 2H), 3.05 (b, 1H), 1.55 (b, 2H). 
This compound was used directly in the next reaction. 

2-(tert-Butoxycarbonylaminomethyl)-5,5-dimethyl-l-hydro- 
xypyrrolidine (47). The crude product obtained in the 
preceding step was treated with di-tert-butyl dicarbo- 
hate (25 g, 115 mmol) in 15% triethylamine-methanoi 
(200mL). The reaction mixture was stirred at room 
temperature overnight. Solvent was evaporated on a 
rotary evaporator to give a viscous oil. This liquid was 
chromatographed over silica gel. Elution with hexanes/ 
ethyl acetate (4/1; Rf 0.10) gave a white powder (7.0g, 
62% for two steps); mp 72.5-74.0 °C; IH NMR (CDC13) 
8 1.03 (s, 3H), 1.18 (s, 3H), 1.45 (s, 9H), 1.40-1.60 (m, 
3H), 1.80 (m, 1H), 3.08 (m, 1H), 3.21 (m, 1H), 3.38 (m, 
1H), 5.15 (b, 1H), 5.40 (b, 1H); HRMS calcd for 
C12H24N203 244.1787. Found 244.1791. 

2-(tert-Butoxycarbonylaminomethyl)-5,5-cFlmethyl-l-pyrro- 
line-N-oxide (48). A reported procedure was followed. 29 
To a solution of 2-(tert-butoxycarbonylaminomethyl)- 

5,5-dimethyl-l-hydroxypyrrolidine (3 g, 12.3 mmol) in 
acetonitrile (50mL) were added N-methylmorpholine- 
N-oxide (NMO, 2.2g, 18.8mmol), tetra-n-propyl- 
ammonium perruthenate (TPAP, 0.1 g, 0.3mmol), and 
dried 4 A molecular sieves (5.0 g). The reaction mixture 
was stirred at room temperature for 0.5-1 h and then 
was filtered through a pad of Celite and silica gel. The 
cake was washed with methanol. Solvent was evapo- 
rated under reduced pressure, and the residue was pur- 
ified on a silica gel column (5% methanol in 
dichloromethane; Rf 0.15), affording a white solid 
(1.45g, 49%); mp 135.0-136.0°C; 1H NMR (CDCI3) 8 
2.02 (t, 2H), 2.68 (t, 2H), 4.09 (d, 2H), 5.64 (b, 1H), 1.40 
(s, 6H), 1.44 (s, 9H); 13C NMR (CDC13) ~5 25.3, 26.8, 
28.4, 32.5, 37.3, 74.2, 79.8, 142.4, 156.2; HRMS calcd 
for C12H23N203 ( M + I )  243.1708. Found 243.1711. 
Anal. calcd for C12H22N203: C 59.48, H 9.15, N 11.56. 
Found: C 59.53, H 9.09, N 11.40. 

2-Aminomethyl-5,5-dimethyl-l-pyrroline-N-oxide hydro- 
chloride (41). To a solution of 2-(tert-butoxycarbonyl- 
aminomethyl)- 5,5-dimethyl- 1-pyrroline-N-oxide (100 mg, 
0.4mmol) in methanol (10mL) at 0°C was bubbled 
anhydrous hydrochloride gas for 30 min. After the sol- 
vent was evaporated on a rotary evaporator, the residue 
was pumped to dryness. No further purification was 
successful because of its instability in non-acidic aqu- 
eous medium. 1H NMR (D20) 8 1.34 (s, 3H), 2.13 (t, 
2H), 2.80 (t, 2H), 3.97 (s, 2H); ~3C NMR (D20) 8 24.1, 
27.0, 31.8, 35.7, 75.9, 145.8. 

4-Methyl-4-nitro-2-phenylvaleraldehyde (49). To a solu- 
tion of 2-phenylacrolein (synthesized as reported, 3° 
8.0g, 60mmol) in ether (40mL) were added Triton B 
(5001aL) and 2-nitropropane (6g, 67mmol). The reac- 
tion mixture was refluxed overnight and then was cooled 
to room temperature, quenched with water (50mL), 
washed three times with an aqueous saturated sodium 
chloride solution (50 mL each), and dried (MgSO4). The 
solvent was evaporated on a rotary evaporator. The 
crude product was submitted to flash chromatography 
(hexanes-ethyl acetate (19:5; Rf0.20)) to give a colorless 
oil (10.8g, 81%); IH NMR (CDC13) ~ 1.55 (s, 3H), 1.58 
(s, 3H), 2.30 (dd, 1H), 2.95 (dd, 1H), 3.61 (t, 1H), 7.48 
(m, 3H), 7.14 (d, 2H), 9.60 (s, 1H); HRMS calcd for 
C12HlsNO3 221.1052. Found 221.1042. 

5,5-Dimethyl-3-phenyl-l-pyrroline-N-oxide (50). A mix- 
ture of 4-methyl-4-nitro-2-phenylvaleraldehyde (1.0g, 
4.5mmol) and water (15mL) was cooled with an ice- 
water bath. Then ammonium chloride (2.5 g, 46.7 mmol) 
and zinc dust (10.0 g, 154 mmol) were added slowly. The 
slurry was stirred for 1.5h and then was filtered. The 
cake was washed three times with hot water (70°C, 
10mL each). The filtrate was saturated with sodium 
chloride, extracted five times with ether (10mL each), 
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and dried (MgSOJ. Removal of the solvent and pur- 
ification on silica gel (hexanes-ethyl acetate (l/4); Rf 
0.15) led to a colorless oil (0.60 g, 70%), which solidified 
upon standing; mp 93.5595.O”C; ‘H NMR (CDCls) 6 
1.50 (s, 3H), 1.51 (s, 3H), 2.00 (dd, lH), 2.65 (dd, lH), 
4.11 (dt, lH), 6.91 (d, lH), 7.15-7.40 (m 5H); HRMS 
calcd for Ci2Hi5N0 189.1154. Found 189.1156. 

2-Cyano-l-hydroxy-5,5dimethyl-4-phenylpyrrolidine (51). 
A mixture of 5,5-dimethyl-3-phenyl-1-pyrroline-N-oxide 
(1.0 g, 5.3 mmol), water (4mL), and potassium cyanide 
(0.8g, 12.3mmol) was cooled to 4°C with an ice-water 
bath. Then 2.ON hydrochloride solution (5.0mL) was 
slowly added. The reaction mixture was stirred for 4 h 
and then was saturated with sodium chloride, extracted 
four times with ether (10 mL each), and dried (MgS04). 
Removal of the solvent gave a yellow oil. This liquid 
was chromatographed on silica gel (hexanes/ethyl acetate 
(4/l), Rf 0.25) to give a white solid (0.65g, 66% con- 
version, 85% yield). Two diastereomers (2/l) could be 
distinguished in the NMR spectrum of the product. mp 
75&77.O”C; HRMS calcd for Ci3Hi6N20 216.1263. 
Found 216.1264. 

2 - (tat - Butoxycarbonylaminomethyl) - 5,5 - dimethyl - 4 - 
phenyl-1-pyrroline-N-oxide (54). Into a IO-mL flask were 
added 2-(tert-butoxycarbonylaminomethyl)-l-hydroxyl- 
5,5-dimethyl-4-phenylpy?olidine (1 .O g, 3.1 mmol), acet- 
onitrile (lOmL), dried 4A molecular sieve powder (4g), 
N-methylmorpholine-N-oxide (600mg, 5.2 mmol), and 
TPAP (60mg, 0.17 mmol). The reaction mixture was 
stirred at room temperature for 0.5 h and then was fil- 
tered. Removal of the solvent gave a dark oil. The crude 
product was triturated with petroleum ether (5mL) to 
yield a white solid. This solid was chromatographed on 
silica gel (ethyl acetate; Rf 0.10) to afford a crystalline 
solid (0.67g, 68%); mp 103.G104.5”C; ‘H NMR 
(CDCls) 6 1.44 (s, 3H), 1.54 (s, 3H), 1.95 (dd, lH), 2.60 
(dd, lH), 3.88 (dd, lH), 3.95 (d, lH), 4.19 (t, lH), 1.39 
(s, 9H), 5.75 (b, lH), 7.25-7.40 (m, 3H), 7.14 (d, 2H); 
HRMS calcd for CisH26N203 319.2021. Found 
319.2021. Anal. calcd for C1sHz6N203: C 67.90, H 8.23, 
N 8.80. Found: C 67.68, H 8.23, N 8.92. 

Major compound: ‘H NMR (CDCls) 6 1.30 (s, 3H), 
1.39 (s, 3H), 1.98 (m, lH), 2.251(m, lH), 3.61 (m, lH), 
4.05 (d, lH), 6.38 (s, lH), 7.25-7.40 (m, 5H). 

Minor compound: ‘H NMR (CDCls) 6 1.20 (s, 3H), 
1.39 (s, 5H), 1.98 (m, lH), 2.25 (m, lH), 3.61 (m, lH), 
4.31 (d, lH), 6.04 (s, lH), 7.25-7.40 (m, 5H). 

2-Aminomethyl-5,5dimethyl4phenyl-l-pyrroline-N-oxide 
(42). About 100mg of the above white solid was dis- 
solved in 1OmL of 50% TFA solution in dichloro- 
methane. The mixture was stirred for 5 h at room 
temperature. The solvent was evaporated on a rotary 
evaporator to give yellowish oil. Upon standing at room 
temperature, it turns quickly into a bright pink liquid. 
No further purification was possible. ‘H NMR (CDCls) 
6 1.49 (s, 3H), 1.55 (s, 3H), 2.10 (dd, lH), 3.68 (d, lH), 
3.95 (d, lH), 4.49 (t, lH), 7.15-7.45 (m, 5H), 8.50-9.00 
(b, 1H). 

2-Aminomethyl-l-hydroxy-5,%limethyl4phenylpyrrolidine 
(52). To a solution of 2-cyano- 1 -hydroxy-5,5-dimethyl- 
4-phenylpyrrolidine (0.65 g, 3 mmol) in anhydrous ether 
(25 mL) at 0°C was added lithium aluminum hydride 
(500 mg, 13 mmol). The slurry was refluxed overnight and 
then was quenched with 5% sodium hydroxide aqueous 
solution (10mL) at 0°C. The ether layer was decanted 
and dried with anhydrous potassium carbonate. Removal 
of the solvent gave a yellowish oil. This liquid became 
darker quickly in air. No further purification was possi- 
ble, and it was used directly in the next step. 

Enzyme and assay 

Beef liver MAO-B was isolated as described previously3’ 
and stored as a concentrated solution (15-25 mg/mL) in 
sodium phosphate buffer (50mM, pH 7.2) at 4°C. The 
specific activity is in the range of 4.0 to 7.0units/mg, 
where a unit of activity is the conversion of 1 pmol of 
benzylamine to benzaldehyde per min at pH 9.0 and 
30 “C. 

pH dependence of enzyme activity and stability 

2-(tert-Butoxycarbonylaminomethyl)-l-hydroxyl-5,5-di- A concentrated MAO-B solution (150 PM, 5 uL) was 
methyl4phenylpyrroldine (53). The residue obtained in diluted with sodium phosphate buffer (50mM, 95nL). 
the above reaction was dissolved in 10% triethylamine/ An aliquot of the enzyme solution (5 pL) was added to a 
methanol (100 mL), and then di-tert-butyl dicarbonate 1.01 mM benzylamine solution in 50mM buffers 
was added (3 g, 13.7mmol). The reaction mixture was (495 pL) at different pH values: 4.0 (sodium citrate), 5.0 
stirred at room temperature for 3 h. After removal of (sodium citrate), 5.5 (sodium citrate), 6.0 (sodium 
the solvent, a yellow viscous liquid was obtained. This phosphate), 7.0 (sodium phosphate), and 9.0 (Tris, 
liquid was purified by flash chromatography (ethyl tris(hydroxymethyl)aminomethane). The reaction rates 
acetate; Rf0.20) to give a white solid (0.30 g, 31% yield were obtained by monitoring the formation of benzal- 
for the two steps); mp 98.G100.5 “C. Two diastereomers dehyde at 250 nm. To determine the enzyme stability the 
were found in the NMR spectrum; HRMS calcd for assay was repeated every hour during the first 4 h and 
CisHzsN203 320.2100. Found 320.2101. every 2 h thereafter up to 12 h. 
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Substrate activity of 39-41 

The general method of Makinen and Tenovuo32 for the 
assay of hydrogen peroxide production was used. The 
amino nitrones (3-l) (990 pL, 20 mM) were incubated 
with MAO-B (10 pL, 46.8 BM) using 0.18 mM 2,2’-azino- 
bis(3-ethylbenzthiazoline-6-sulfonic acid), diammonium 
salt (ABTS) in OSM citric-phosphate buffer (pH 6.0) 
containing horseradish peroxidase (1 unit/ml) as a dye 
and monitoring the absorption at 414 nm. Hydroperoxide 
was only generated from the incubation solution of 41. 
Solutions of 41 (2.0, 1 .O, 0.5 and 0.3mM) were prepared 
in 1OOmM potassium phosphate buffer (pH 6.0) con- 
taining 20 FM NaN3 and stored at 4 “C. The solution of 
ABTS (0.18mM) in 0.5 M citric-phosphate buffer (pH 
6.0) containing horseradish peroxidase (1 unit/ml) was 
stored in an ice bath. Aliquots (10 pL) of the MAO-B 
stock solution (46.8 PM) were added to each of the 
solutions containing 41 and a control solution without 
MAO-B, then 1OpL aliquots of the reaction solutions 
were periodically added to 490 pL of the ABTS solution 
and monitored at 414nm. The concentration of the 
hydrogen peroxide was calculated from a calibration 
curve and was placed on a plot of hydrogen peroxide 
concentration versus time. The Michaelis constant was 
determined by the method of Lineweaver-Burk.33 

Itibitory activity of 39 

The reversible inhibition of MAO-B by 39 (0, 1.25, 2.50, 
5.00, 7.50, and 10mM) was determined in sodium 
phosphate buffer (lOOmM, pH 7.4) under initial rate 
conditions with the MAO-B assay using cinnamyl amine 
(0.05, 0.10, 0.20, 0.30, and 0.50mM) as the substrate, 
monitored at 290nm (39 has an absorbance that inter- 
feres with oxidation of benzyl amine at 250nm). The 
amount of inhibition was determined by adding 1OpL 
of MAO-B solution (5 PM) to 490 pL of an inhibitor- 
substrate solution at 25 “C and monitoring the increase 
in absorbance at 290 mn. The data were analyzed by the 
method of Dixon34 and Cornish-Bowden.35 

Stability of amino nitrones 39, 40, and 41 in water 

A solution of the amino nitrone 39 or 40 (10mM) in 
deuterium sodium phosphate buffers (measured pD 6.0, 
7.0, and 8.0) was monitored by NMR at 8 and 18 h after 
preparation at room temperature. A solution of amino 
nitrone 41 (10mM) in 0.5% deuterium oxide-chloro- 
form-d solution was monitored by NMR. 

Sample preparation for the EPR study of the amino 
nitrone 39 and 41 

A mixture of MAO-B (150 PM, 30 pL for 39; 20 pL for 
41), sodium phosphate buffer (PH 7.2, lOOmM, 86 pL), 

and amino nitrone 39 (lOOmM, 6 pL) or 41 (200 mM, 
12pL) was incubated at room temperature in the dark 
for 18 h. Either the aqueous solution or a THF extract 
of the lyophilized incubation mixture was put in a 
quartz sample tube and was subjected to the EPR 
experiment described below. 

Sample preparation for the EPR study of the amino 
&one 40 

MAO-B (150 PM, 50 pL) was lyophilized for 2 h, and 
the powder enzyme was put into a quartz EPR sample 
tube. Then water (1.5 pL) and a solution of amino 
nitrone 40 in benzene (2wasmM, 15OpL) were mixed. 
The mixture was incubated at room temperature in the 
dark for 8 h and then was subjected to the EPR experi- 
ment described below. 

EPR experiment 

Aqueous samples were cooled with liquid nitrogen in a 
quartz Dewar during data collection. The organic 
extracts or solutions were directly used at room tem- 
perature. The microwave frequency was set at 9.5 GHz 
and the magnetic field was set at 3400 gauss. Other 
parameters were optimized for each individual sample. 
The spectrum was scanned over a range of 100 or 2000 
gauss. 
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