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initial rates, kg was determined at one allenic amine concen-
tration (2-4-fold greater than K}, and k; was then calculated as
ks = Roa (1+ K;/[I]).# The value of &, for (S,R)-5 was calculated
with a forced zero-activity endpoint [i.e., fit to E = E, exp(~kt)].
A rough estimate for the inactivation rate of (S,S)-6 was made
on the basis of ca. 90% enzyme activity remaining (relative to
control) after 260 min of a 0.4 mM incubation.
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1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) is a potent neurotoxin and also an inactivator of monoamine
oxidase (MAO). Since MPTP is a conformationally rigid analogue of N,N-dimethylcinnamylamine, other con-
formationally rigid analogues of N,N-dimethylcinnamylamine were synthesized and tested as inhibitors and inactivators
of MAO. (E)-2-(Phenylmethylene)cyclohexanamine (5a), (E)-N,N-dimethyl-2-(phenylmethylene)cyclohexanamine
(5b), 3-phenyl-2-cyclohexen-1-amine (6a), N,N-dimethyl-3-phenyl-2-cyclohexen-1-amine (6b), and (E)- and (Z)-N-
methyl-3-(phenylmethylene)piperidine (7 and 8) are all inhibitors and time-dependent inactivators of MAO B, but
none is as potent as MPTP. «-Methylation and methylation of the amino group in all cases increases the K; value
relative to that for the parent compound. Compounds 5a, 5b, 6a, and 6b are highly cytotoxic, but cytotoxicity is
not prevented by pretreatment of the cells with pargyline. There does not appear to be a correlation between the
configuration of the N,N-dimethylcinnamylamine analogue and its petency as a MAO inactivator.

1-Methyl-4-phenyl-1,2,3 6-tetrahydropyridine (1, MPTP)
is a potent neurotoxin that produces symptoms identical
with those associated with Parkinson’s disease.!® The
neurotoxicity of MPTP is blocked in animals by pre-
treatment with selective inactivators of monoamine oxidase
(MAO), and, therefore, it was concluded that the neuro-
toxicity of MPTP is derived from a metabolite produced
by a MAO-catalyzed oxidation of MPTP.%* Chiba et al.*
showed that MPTP was metabolized by MAO B to 1-
methyl-4-phenyl-2,3-dihydropyridinium ion (2, MPDP™)
and to 1-methyl-4-phenylpyridinium ion (3, MPP*). Not

(1) Davis, G. C.; Williams, A, C.; Markey, S. P.; Ebert, M. H,;
Caine, E. D.; Reichert, C. M.; Kopin, L J. Psychiatry Res. 1979,
1, 249-254,

(2) Langston, J. W.; Ballard, P.; Tetrud, J. W.; Irwin, I. Science
(Washington, D.C.) 1983, 219, 979-980.

(3) Langston, J. W.; Forno, L. S.; Rebert, C. S.; Irwin, I. Brain Res.
1984, 292, 390-394.

(4) Chiba, K.; Trevor, A.; Castagnoli, N., Jr. Biochem. Biophys.
Res. Commun. 1984, 120, 574-578.
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only is MPTP a substrate for MAQ, but it also is a
mechanism-based inactivator® of MAO.%® Inactivation
by [“C]MPTP results in attachment of radioactivity to
the enzyme, which remains bound, even after denatura-

(5) (a) Silverman, R. B.; Hoffman, S. J. Med. Res. Rev. 1984, 4,
415-447. (b) Silverman, R. B. Mechanism-Based Enzyme In-
activation: Chemistry and Enzymology; CRC: Boca Raton,
FL, 1988.

(6) Salach, J. L; Singer, T. P.; Castagnoli, N., Jr.; Trevor, A. Bio-
chem. Biophys., Res. Commun, 1984, 125, 831-835.

(7) Singer, T. P.; Salach, J. I; Crabtree, D. Biochem. Biophys. Res.
Commun. 1985, 127, 707-712.

(8) Singer, T. P.; Salach, J. I; Castagnoli, N., Jr.; Trevor, A. Bio-

chem. J. 1986, 235, 785-789.

Tipton, K. F.; McCrodden, J. M.; Youdim, M. B. H. Biochem.

J. 1986, 240, 379-383.
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Scheme I. Synthetic Route to 5a and 5b*
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@ (a) NH,0H/NaOH; (b) Zn/HOAc; (c) 37% HCHO/NaCNBHj.

Scheme II. Synthetic Route to 6a and 6b*
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% (a) NH,0H/NaOH; (b) NaBH,; (c) Ph,yP, phthalimide, diethyl
azodicarboxylate; (d) Zn/HOAc; (e) NH,NH,; (f) 37% HCHO/
NaCNBH,.

tion.” Upon denaturation the flavin spectrum of inacti-
vated enzyme remains similar to that of native MAO,
suggesting that attachment is to an active-site amino acid,
not to the flavin. '

MPTP is a conformationally rigid analogue of N,N-di-
methylcinnamylamine as depicted by 4. Since MPTP is

Ph —//_>N—Me

Me
4

a more potent inactivator of MAO than is N,N-di-
methylcinnamylamine (vide infra), we thought that other
conformationally rigid analogues of N,N-dimethyl-
cinnamylamine may be inactivators of MAO as well. In
order to determine the importance of the conformation of
N,N-dimethylcinnamylamine to inactivation of MAO,
compounds 5-8 (the N,N-dimethylcinnamylamine part is
darkened) were designed to span a variety of configura-
tions. These compounds were synthesized and their in-
hibition and inactivation properties toward MAQ were
investigated.

M
R
/ Ph N—R
Ph /N__R R/ ;

R
5

6

8. R=H; b=Me
Results and Discussion

If the trans-s-cis configuration of oxidized MPTP (i.e.,
MPDP?) is taken as the standard, then compounds 5, also
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Scheme III. Synthetic Route to 7 and 8*
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Figure 1. ORTEP drawing of 8.

possessing a trans-s-cis configuration after oxidation, are
closest in structure to MPTP. Compounds 6 and 7 after
oxidation have a trans-s-trans configuration, and oxidized
8 has a cis-s-trans configuration.

Syntheses. The synthetic routes to compounds 5-8 are
shown in Schemes I-III.  2-(Phenylmethylene)cyclo-
hexanone (9), prepared by the method of Walton,!* was
converted smoothly to the oxime 10; reduction of the oxime
with zinc!! gave compound 5a. Two methods for bis-
methylation of the primary amine were used. An Es-
chweiler—Clarke reductive amination!? of formaldehyde in
formic acid was successful but was not as reproducible, nor
gave as high yields, as reductive amination of formaldehyde
with sodium cyanoborohydride.}® This same general ap-
proach was taken for the synthesis of 6a, but it was not
successful. Conversion of 3-phenyl-2-cyclohexenone (11)
to the corresponding oxime (12) proceeded in good yields.
However, 12 underwent decomposition to unidentified
products during zinc reduction. The alternative route
shown in Scheme II was successful. The Eschweiler-
Clarke reductive alkylation method!? gave a low yield of
desired product, but the sodium cyancborchydride me-
thod!® worked well.

Compounds 7 and 8 were prepared from a common in-
termediate by the route shown in Scheme III. Krogs-
gaard-Larsen and Hjeds!* reported that N-alkyl-3-
piperidinones are unstable in the keto form, but that the
hydrobromide hydrates are quite stable. N-Methyl-3-

(10) Walton, H. M. J. Org. Chem. 1957, 22, 1161-1165.

(11) Harries, C.; de Osa, A. S. Ber. Dtsch. Chem. Ges. 1903, 36,
2997-3002,

(12) Lee, W. W.; Tong, G. L.; Blackford, R. W.; Goodman, L. J.
Org. Chem. 1970, 35, 3808-3814.

(13) Borch, R. F.; Hassid, A. I. J. Org. Chem. 1972, 37, 1673-1674.

(14) Krogsgaard-Larsen, P.; Hjeds, H. Acta Chem. Scand., Ser. B
1976, B30, 884-888.
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Table I. Kinetic Data for Inhibition and Inactivation of Monoamine Oxidase B by N,N-Dimethylcinnamylamine Analogues

inhibition study

inactivation study

compd K, mM type of inhibn replot shape K, mM Rinaey 07! concn range, mM
4 1.35 competitive linear 1.33 12.8 0.8-4
a-MeCA 1.9 competitive linear non pseudo first order 1-5
N,N,a-Me;CA 6.2 competitive linear non pseudo first order 1-5
MPTP 0.28 competitive linear 0.50 2.38 1-5
5a 1.94 competitive parabolic non pseudo first order 1.7-10
5b 2.3 competitive linear non pseudo first order 0.5-2.5
2?) (1)(5;1 m@xeg %}'near non pseugo ;irst or((iier 1-10
. mixe inear non pseudo first order -
7 0.69 competitive parabolic 0.94 F 0.15 }(-)1(5)0
8 0.38 mixed linear 0.67 780 0.2-10
piperidinone hydrate hydrobromide (17) was prepared Table II. Cytotoxicity of Compounds 5-8
from 3-hydroxypyridine (15) by a modification of the re- 1
ported synthesis’* of N-benzyl-3-piperidinone hydrate - % oss o,f cells
hydrobromide. Treatment of the free base with diethyl compd (1.5 mM) 60min  9Omin 120 min
benzylphosphonate gave approximately equal amounts of MPTP® 12° 58 81
7 and 8. Silica gel did not resolve the two isomers well; 5a 100
however, triethylamine-washed silica gel was quite effective g:: 3; gg gg
in separating the compounds. Structural assignments for ¢b 100
the two isomers were made on the basis of X-ray crys- 7 17 21 20
tallography of 8. The ORTEP drawing of 8, which crys- 8 19 18 18
tallizes as two independent molecules, is shown in Figure blank ) 20 19 23
1 (both independent molecules have similar structures). E/IPTP + plairgyhneC 6 11 15
Enzymology. Cinnamylamine is an excellent substrate 5% i gzl;gliﬁg lgg 62 90
for MAQ (K = 0.13 mM) that exhibits no inactivation 6a + pargyline 24 51 69
properties, even at 10 mM over a period of 4 h. N,N- 6b + pargyline 100
Dimethylcinnamylamine (4), however, is both a substrate 7 + pargyline 21 19 20
and an inactivator of MAO. A summary of the inhibition 8 + pargyline 18 21 18
blank + pargyline 18 15 21

kinetics (Lineweaver—Burk!® analysis against the substrate
cinnamylamine) and the inactivation kinetics (time-de-
pendent loss of enzyme activity) for MPTP, a-methyl-
cinnamylamine (a-MeCA), N,N,o-trimethylcinnamylamine
(N,N,a-Me4CA), and compounds 4-8 is presented in Table
1. Overall, it is apparent that MPTP is the best inhibitor
and inactivator of MAO. There does not appear to be a
correlation of structure to K, Kj, or ki, Of the con-
formationally rigid analogues of N,N-dimethylcinnamyl-
amine, only 5b, which has the same configuration as
MPTP, and the cinnamylamine derivatives (4, a-MeCA,
N,N,a-Me;CA) exhibit the same type of inhibition kinetics
as MPTP (competitive with a linear replot). However, the
K; for 5b is the largest of the K values for the conforma-
tionally rigid analogues determined in this study. The K;
values for 5 and 6 are larger than those for 7 and 8.
Compounds 5 and 6 can be considered to be a-substituted
amines, where the a-substituent is one of the C-C bonds
of the 6-membered ring. It is known'®%7 that a-substituted
amines are poor substrates for MAQ, and, in fact, no ap-
preciable oxidation rate was observed for 5a, 5b, 6a, and
6b. The K, for N,N,a-Me;CA is considerably larger than
that for 4, and the K; for «-MeCA is considerably larger
than the K, for cinnamylamine, thus supporting the hy-
pothesis that the higher K; values for 5 and 6 may be the
result of a-substitution. The analogues other than 5b show
either mixed inhibition kinetics or give a nonlinear (par-
abolic) curve for the plot of [I] versus the slope of the
Lineweaver-Burk plot. These anomalies typically suggest'®
that two molecules of inhibitor may be binding to each
enzyme molecule or that dead-end inhibition is occurring
and reoxidation of reduced MAO B is blocked. A more
detailed kinetic analysis of compound 8 will be presented
elsewhere.

(15) Segel, I. H. Enzyme Kinetics; Wiley: New York, 1975.
(16) Allis, G.; Heegaard, E. V. J. Biol. Chem. 1943, 147, 487-503.
(17) Blaschko, H. Pharmacol. Rev. 1952, 4, 415-458.

4Taken from Figure 3A given in Di Monte et al.? ®Trypan blue
uptake. ¢Cells were pretreated with 10 uM pargyline as described
by Di Monte et al.%5%

All of the compounds listed in Table I are time-de-
pendent inactivators of MAO B. Considering that cinna-
mylamine does not inactivate MAO, it is curious that
compounds 5a and 6a do. Of the conformationally rigid
analogues, only 7 and 8 gave pseudo-first-order kinetics.
The non-pseudo-first-order inactivation kinetics observed
for a-MeCA, N,N,a-Me,CA, 5a, 5b, 6a, and 6b is not the
result of rapid inactivator consumption. As mentioned
above, these compounds are a-substituted and are poor
substrates for MAQO B. However, several a-substituted
compounds are mechanism-based, pseudo-first-order in-
activators of MAO,182¢ g0 a-substitution alone does not
necessarily interfere with inactivation. The nonlinearity
may be the result of multiple binding of the compounds
or dead-end inhibition, as discussed above.

Cytotoxicity. The toxicity of compounds 5-8 to rat
hepatocytes was measured in the absence and presence of
pargyline in order to compare the potential neurotoxicity
of these compounds with that of MPTP. As shown in
Table II, compounds 5a, 5b, and 6b are more cytotoxic,
and 6a is comparable in cytotoxicity to MPTP, but unlike
MPTP, pargyline does not protect the cells from de-

(18) Silverman, R. B. J. Biol. Chem. 1983, 258, 14766-14769.

(19) Paech, C.; Salach, J. L; Singer, T. P. J. Biol. Chem. 1980, 255,
2700-2704.

(20) Silverman, R. B.; Biochemistry 1984, 23, 5206-5213.

(21) Silverman, R. B.; Zieske, P. A. Biochemistry 1985, 24,
2128-2138.

(22) Silverman, R. B.; Zieske, P. A. J. Med. Chem. 1985, 28,
1953-1957.

(23) Silverman, R. B.; Zieske, P. A. Biochemistry 1986, 25, 341-346.

(24) Silverman, R. B.; Zieske, P. A. Biochem. Biophys. Res. Com-
mun. 1986, 135, 154-159.
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struction. This suggests that the cytotoxicity of 5a, 5b,
6a, and 6b is not caused by metabolites generated by MAO
in vivo, as is the case for MPTP.>* Compound 4 was
reported by Fries et al.?” not to be a neurotoxin, consistent
with the formation of MPP* as the cause for neurotoxicity
of MPTP.

In summary, there does not appear to be a structure—
activity relationship for the conformationally rigid ana-
logues of N,N-dimethylcinnamylamine. However, there
must be other subtle factors involved in the inactivation,
since N,N-dimethylation of cinnamylamine is sufficient
to transform an excellent substrate into an inactivator of
MAO. This phenomenon also has been observed by Fritz
et al.?8 for MPTP; N-desmethyl-MPTP is a good substrate
for human liver MAO B but does not inactivate it. The
N-methyl group may be important for the proper orien-
tation of the compounds that leads to inactivation.

Experimental Section

Analytical Methods. Proton NMR spectra were recorded on
a Varian EM 390-A spectrometer. Chemical shifts are reported
as & values in parts per million relative to tetramethylsilane as
an internal standard. Melting points were determined on a
Fisher-Johns melting point apparatus and are uncorrected.
Elemental combustion analyses were performed by Galbraith
Laboratories, Inc., Knoxville, TN, Silica gel columns for flash
chromatography utilized E. Merck silica gel 60 (230-400 mesh
ASTM). Analytical thin-layer chromatography was conducted
by E. Merck silica gel 60F-254 precoated TLC plates, X-ray
crystallography was performed by Dr. Michal Sabat at North-
western University.

Reagents. 2-(Phenylmethylene)cyclohexanone Oxime
(10). 2-(Phenylmethylene)cyclohexanone!® (9) (3.75 g, 20 mmol)
was dissolved in ethanol (15 mL) followed by the addition of
hydroxylamine hydrochloride (3.0 g, 40 mmol). The reaction
solution was heated to reflux, 10 N NaOH (2.0 mL) was added
dropwise over a 15 min interval, and the reflux was continued
for 1 h. The precipitate that formed during the reaction was
removed by suction filtration while the reaction mixture was still
hot. The product that crystallized upon being cooled was collected
and recrystallized from ethanol to give the oxime (4.0 g, 99%):
mp 130-131 °C; IH NMR (CDCl,) 6 1.66 (m, 4 H), 2.64 (m, 4 H),
6.92 (t, 1 H), 7.32 (s, 5 H), 9.59 (brs, 1 H).

(E)-2-(Phenylmethylene)cyclohexanamine Hydrochloride
(5a). Via a modification of the procedure of Harries and de Osa,
10 (2.0 g, 10 mmol) was partially dissolved in a 50% acetic
acid/ethanol solution (30 mL) and cooled to 4 °C. The reaction
mixture was stirred while zinc dust (6.4 g, 100 mmol) was added
in small increments over a 30-min period. The reaction was
allowed to warm to room temperature and was stirred for an
additional 30 min. The mixture was filtered, and the solid was
washed with ethanol. The combined filtrates were concentrated
to less than 5 mL, diluted with ethyl acetate (100 mL), and treated
with 10 N NaOH (80 mL), and the organic layer was separated.
The aqueous layer was extracted with two additional portions of
ethyl acetate (100 mL each), and the combined extracts were dried
over MgSO, and then evaporated to give a pale yellow oil. The
oil was treated with ethereal HCI to precipitate the product.
Recrystallization from ethyl acetate/ethanol gave the amine
hydrochloride as white crystals (1.74 g, 78%): mp 203-204 °C;
H NMR (D,0) 6 1.70 (m, 6 H) 2.37 (m, 2 H), 4.33 (m, 1 H), 6.10
(m, 1 H), 7.33 (m, 5 H). Anal. (C;3H;sCIN) C, H, N.

(E)-N,N-Dimethyl-2-(phenylmethylene)cyclohexanamine
Hydrochloride (5b). By use of the conditions described by Borch
and Hassid,!? 5a (669 mg, 3.0 mmol) was dissolved in a solution

(25) Di Monte, D.; Jewell, S. A.; Ekstrém, G.; Sandy, M. S.; Smith,
M. T. Biochem. Biophys. Res. Commun. 1986, 137, 310-315,

(26) Di Monte, D.; Sandy, M. S.; Ekstrém, G.; Smith, M. T. Bio-
chem. Biophys. Res. Commun. 1986, 137, 303-309.

(27) Fries, D. S.; deVries, J.; Hazelhoff, B.; Horn, A. S. J. Med.

‘ Chem. 1986, 29, 424-427.

(28) Fritz, R. R.; Abell, C. W.; Patel, N. T'; Gessner, W.; Brossi, A.
FEBS Lett, 1985, 186, 224-228,
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of 37% formaldehyde (4 mL) in acetonitrile (25 mL). To this
was added sodium cyanoborohydride (500 mg, 8.0 mmol). The
slightly turbid solution was stirred for 30 min, the pH was adjusted
to near neutrality with acetic acid, and the reaction mixture was
stirred an additional 90 min. The acetonitrile was removed under
reduced pressure, and the residue was dissolved in 1 N NaOH
(50 mL) and extracted with three portions of ethyl acetate (50
mL each). The combined extracts were dried over MgSQ,, and
the solvent was evaporated to an oil. The residual oil was taken
up in anhydrous ether and precipitated with ethereal HC1L. Re-
crystallization from ethyl acetate/ethanol gave the tertiary amine
hydrochloride as white crystals (650 mg, 87%): mp 208-211 °C;
TH NMR (D,0) 6 1.66 (m, 6 H), 2.36 (m, 2 H), 2.80 (d, 6 H), 3.67
(m, 1 H), 6.6 (s, 1 H), 7.33 (m, 5 H). Anal. (C;;H5CIN) C, H,
N

3-Phenyl-2-cyclohexen-1-0l (13). 3-Phenyl-2-cyclohexen-1-
one? (1.33 g, 7.7 mmol) was dissolved in methanol (12 mL) and
cooled to 0 °C. Sodium borohydride (176 mg, 4.64 mmol) was
added in two portions over a 5-min period. The reaction mixture
was stirred under argon for 30 min at 0 °C and allowed to stir
at room temperature for 1 h. The reaction mixture was poured
into ethyl acetate (50 mL) and washed with Hy0O (25 mL). The
aqueous layer was extracted with two portions of ethyl acetate
(50 mL each), and the combined organic layers were dried over
MgS0, and evaporated to give the product as a clear oil (1.30 g,
97%): 'H NMR (CDCly) 6 1.80 (5 H, m), 2.45 (2 H, m), 4.37 (1
H, m), 6.20 (1 H, m), 7.45 (5 H, m).

N-(3-Phenyl-2-cyclohexenyl)phthalimide (14). Via the
general procedure of Mitsunobu et al.*® 13 (1.21 g, 7 mmol) was
dissolved in THF (15 mL) and cooled to 0 °C. Triphenyl-
phosphine (1.90 g, 7.2 mmol) and phthalimide (1.06 g, 7.2 mmol})
were added to the reaction mixture followed by diethyl azodi-
carboxylate (1.15 mL, 7.2 mmol). The reaction mixture was
allowed to warm to room temperature and stirred under argon
for 2.5 h. The THF was evaporated, and the residue was flash
chromatographed (40 mm X 300 mm) with n-hexane (1500 mL)
followed by a mixture of n-hexane/ethyl acetate (2500 mL, 5:1).
The fractions containing the compound with an Ry of 0.47 (n-
hexane/EtOAc, 5:2) were pooled, and the solvent was evaporated.
Recrystallization from ethanol/H,0 gave the phthalimide as a
white solid (1.23 g, 58%): mp 154-6 °C; 'H NMR (CDCly) 4 2.10
(m, 4 H), 2.53 (m, 2 H), 5.06 (m, 1 H), 5.90 (s, 1 H), 7.35 (m, 5
H), 7.77 (m, 4 H).

3-Phenyl-2-cyclohexen-1-amine Hydrochloride (6a). N-
(3-Phenyl-2-cyclohexenyl)phthalimide (230 mg, 0.76 mmol) was
partially dissolved in methanol (10 mL). Hydrazine hydrate (49
1L, 1.0 mmol) was added, and the reaction mixture was refluxed
for 2 h. After being cooled to room temperature, 2 N HCI (10
mL) was added. The precipitated phthalhydrazide was filtered
off and washed with methanol (15 mL) and then HyO (2 X 10 mL).
The combined filtrates were evaporated to a glassy solid and
crystallized with ethanol/ether. Recrystallization from etha-
nol/ethyl acetate gave the product as a white solid (134 mg, 85%):
mp 220-221 °C; 'H NMR (D,0) 4 2.00 (m, 4 H), 2.55 (m, 2 H),
4C.1i’>_1(m, 1 H), 6.15 (m, 1 H), 7.60 (m, 5 H). Anal. (C,;H;(CIN)

, H, N.

N,N-Dimethyl-3-phenyl-2-cyclohexen-1-amine Hydro-
chloride (6b). Via the procedure of Borch and Hassid,!® 6a (525
mg, 2.5 mmol) was dissolved in a solution of 37% formaldehyde
(2 mL) in acetonitrile (20 mL). Sodium cyanoborohydride (470
mg, 7.5 mmol) was added in one portion at room temperature.
After 20 min the pH was adjusted to neutrality with acetic acid,
and the reaction mixture was stirred for an additional 1.5 h. The
acetonitrile was evaporated, and the residue was dissolved in 1
N NaOH (50 mL) and extracted with three portions of ether (50
mL each). The combined ether extracts were dried over MgSO,
and concentrated to about 50 mL, and then HCl gas was bubbled
through the solution to precipitate the product. Recrystallization
of the precipitate from ethanol/ethyl acetate gave the tertiary
amine hydrochloride as a white solid (334 mg, 56%): mp 205-206
°C; TH NMR (D,0) 4 1.9 (m, 6 H), 2.5 (m, 2 H), 3.12 (d, 6 H),

(29) Walker, G. N. J. Am. Chem. Soc. 1955, 77, 3664-3667.
(80) Mitsunobu, O.; Wada, M.; Sano, T. J. Am. Chem. Soc. 1972,
94, 679-680.
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3.95 (m, 1 H), 6.92 (s, 1 H), 7.62 (m, 5 H); exact mass calcd for
C14HsN 201.151 75, found 201.14940 (2.3 ppm).

N-Methyl-3-methoxy-1,2,5,6-tetrahydropyridine (16). Via
a modification of the procedure of Krogsgaard-Larsen and Hjeds,4
sodium metal (2.60 g, 110 mmol) was dissolved in anhydrous
methanol (55 mL). Pyridin-3-ol (9.40 g, 100 mmol) was added
to the solution followed by methyl iodide (42.6 g, 300 mmol). The
reaction mixture was heated to reflux overnight, and then the
excess methyl iodide was removed by distillation. The flask was
cooled to 0 °C, and sodium borohydride (7.6 g, 200 mmol) was
added portionwise to the reaction vessel over a 1-h period. After
the mixture was stirred at room temperature for 2 h, the methanol
was removed in vacuo to give a white slurry. To the residue was
added H,0 (100 mL), K,CO; (10 g), and ether (100 mL), and the
mixture was stirred for 1 h. The organic layer was separated, and
the aqueous layer was extracted with ether (100 mL). The com-
bined organic layers were dried over MgSQ,, evaporated to an
oil, and distilled to give a colorless oil (4.39 g, 35%): 'H NMR
(CDCly) 6 2.23 (m, 2 H), 2.37 (s, 3 H), 2.47 (t, 2 H), 2.87 (m, 2 H),
3.53 (s, 3 H), 4.65 (m, 1 H).

N-Methyl-3-piperidinone Hydrohromide Hydrate (17).
Compound 16 (3.13 g, 25 mmol) was dissolved in 48% HBr (15
mL) and was refluxed for 5 h. The reaction mixture was cooled
and evaporated under reduced pressure to give a glassy light brown
residue. Ethanol (15 mL) was added, and the solid (3.36 g, 64%)
was collected by filtration. Upon concentration of the mother
liquor to 5 mL, more product (1.06 g, 20%) crystallized out of
solution. The combined crops were recrystallized from etha-
nol/ethyl acetate to give 17 as white crystals (4.25 g, 81%): mp
106-107 °C; 1H NMR (D,0) 6 2.03 (m, 4 H), 3.00 (s, 3 H), 3.10
(m, 2 H), 3.40 (m, 2 H).

(E)- and (Z)-N-Methyl-3-(phenylmethylene)piperidine
Hydrochloride (7 and 8). Sodium hydride (60% in mineral oil;
1.45 g, 36 mmol) was added to DME (40 mL) under argon. The
three-necked reaction flask was fitted with two addition funnels
and a reflux condenser. Diethyl benzylphosphonate (7.5 mL, 36
mmol) in DME (10 mL) was placed in one of the addition funnels,
and N-methyl-3-piperidinone (15.7 mmol) in DME (10 mL),
prepared by treating 17 (3.34 g, 15.7 mmol) with 2 N K,COj; (50
mL), extracting into ether (3 X 60 mL), drying (MgS0Q,), and
evaporating, was placed in the other dropping funnel. The diethyl
phosphonate was added to the NaH/DME mixture over a 5-min
period, and then the N-methyl-3-piperidinone solution was added
dropwise also over a 5-min period. The reaction mixture was
refluxed for 1.5 h. Upon being cooled, the reaction mixture became
viscous. Water (2 mL) was carefully added to quench any re-
maining sodium hydride. The addition of water (50 mL) turned
the viscous paste into a biphasic mixture, which was poured into
0.2 N HCI (50 mL) and ether (50 mL) and stirred for 10 min. The
aqueous layer was raised to pH 10 with 1 N NaOH, extracted with
ether (3 X 100 mL), dried over MgSOy, and evaporated to give
a pale yellow oil (2.43, 95%). Flash chromatography on tri-
ethylamine-treated silica gel 60 (2.5 X 30 ¢cm) with 1:1 petroleum
ether/ethyl acetate as eluant gave 1.10 g of the Z isomer and 0.95
g of the E isomer. The hydrochloride salts were prepared by

Hiebert and Silverman

diluting the free bases in anhydrous ether and precipitating with
ethereal HCL

E isomer: mp 170-171 °C; NMR of free amine (CDCly) 5 1.69
(m, 2 H), 2.35 (s, 3H, and t, 2 H), 2.53 (t, 2 H), 3.00 (s, 2 H), 6.42
(s, 1 H), 7.23 (m, 5 H); NMR of HCI salt (D;0) 6 1.6-2.6 (br m,
4 H), 2.7-3.5 (m, 2 H), 3.07 (s, 3 H), 3.5-4.3 (m, 3 H), 6.82 (s, 1
H), 7.51 (S, 5 H). Anal. (CI3H18C1N) C, H, N.

Z isomer: mp 193-195 °C; NMR of free amine (CDCly) 6 1.77
(m, 2 H), 2.27 (s, 3 H), 2.30 (t, 2 H), 2.50 (t, 2 H), 3.10 (s, 2 H),
6.33 (s, 1 H), 7.23 (m, 5 H); NMR of HCl salt (D,0) 6 1.55-2.55
(br m, 4 H), 2.7-3.4 (m, 2 H), 3.00 (s, 3 H), 3.5-4.2 (m, 3 H), 6.79
(s, 1 H), 7.48 (s, 5 H). Anal. (C;3H;4CIN) C, H, N.

Inactivation Experiments. Inactivations of MAO B by the
different analogues were performed analogous to the procedure
described below for 8.

Inactivation of MAO B by 8. A 5-uL aliquot of 120 uM beef
liver MAO B?! in 50 mM potassium phosphate, pH 7.2, was added
to varying concentrations of 8 (0.0, 1.0, 1.25, 1.67, 2.5, 5.0, and
10.0 mM) in 100 mM potassium phosphate, pH 7.2, and incubated
at 25 °C. Aliquots were removed periodically and assayed for
enzyme activity (see enzymes and assays). The percent of residual
activity was calculated on the basis of the ¢, value for the inac-
tivation, and these values were plotted as In % activity vs time.
The ¢y, values for the different 8 concentrations were estimated
from the semilog plots and plotted versus the reciprocals of the
corresponding concentration of 8. From these plots the K; and
Rinact values were derived.2

Inhibition Experiments. Studies of the inhibition of MAO
oxidation of cinnamylamine by the different analogues were
performed analogous to the procedure described below for 8.

Inhibition of MAO B Oxidation of Cinnamylamine by 8.
A 5-uL aliquot of 4.0 M MAO B in 100 mM potassium phosphate,
pH 7.2, was added to 495 uL of a solution containing varying
concentrations of cinnamylamine (0.1, 0.125, 0.167, 0.25, and 0.5
mM) and 8 (0.0, 1.0, 2.0, 3.0, 4.0, and 5.0 mM) at 25 °C. The initial
rates of oxidation were measured by recording the increase in the
290-nm absorbance with time. The rate data were treated by the
method of Lineweaver and Burk,'® and kinetic constants were
derived from linear regression analysis of the slope versus [8]
replots.

Cytotoxicity Studies. These studies were carried out by Dr.
Donato Di Monte by the procedure described previously.?%

Registry No. 1, 28289-54-5; 4, 33962-90-2; 5a, 105206-09-5;
5a-HCl, 114506-91-1; 5b, 114506-95-5; 5b-HCI, 114506-92-2; 6a,
114506-96-6; 6a-HCl, 114506-94-4; 6b, 114506-98-8; 6b-HCI,
114506-97-7; 7, 114507-01-6; 7-HC, 114507-02-7; 8, 114507-00-5;
8HCl, 114507-03-8; 9, 1467-15-8; 10, 114506-90-0; 11, 10345-87-6;
12, 88141-37-1; 13, 17488-64-1; 14, 114506-93-3; 15, 109-00-2; 16,
98435-42-8; 17, 114506-99-9; 18, 5519-50-6; «-MeCA, 53309-95-8;
Me,Ca, 34097-92-2; diethyl benzylphosphonate, 1080-32-6; cin-
namylamine, 4360-51-4; monoamine oxidase B, 9001-66-5.

(31) Salach, J. I. Arch. Biochem. Biophys. 1979, 192, 128-137.
(32) Kitz, R.; Wilson, 1. B. J. Biol. Chem. 1962, 237, 3245-3249.



