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Abstract:	   Curcumin	   has	   been	   known	   for	   its	  
antidepressant	   activity,	   but	   its	   use	   has	   been	   restricted	  
due	  to	  its	  poor	  pharmacokinetic	  properties.	  In	  an	  effort	  
to	   enhance	   its	   permeability	   and	   metabolic	   stability,	   a	  
series	   of	   four	   novel	   curcumin	   analogues	   (5a-‐5d)	  were	  
synthesized.	  They	  were	  tested	  for	  their	  hMAO	  inhibitory	  
activity	  as	  well	  as	   for	   their	  permeability	  and	  metabolic	  
stability	   characteristics	   in	   in	   vitro	   models.	   The	   newly	  
synthesized	  compounds	  were	  found	  to	  be	  potent	  when	  
compared	  with	  curcumin	  and	  also	  they	  are	  selective	  and	  
reversible	   towards	   hMAO-‐A.	   Compounds	   5c	   and	   5d	  
were	   found	   to	   be	   potent	   inhibitors	   of	   hMAO-‐A	  with	  Ki	  
values	   of	   Ki=0.11±0.01µM	   and	   Ki=0.06±0.002	   µM	   and	  
with	   selectivity	   index	   of	   SIMAO-‐A=802.36	   and	   SIMAO-‐
A=507.33,	   respectively.	   A	   slight	   enhancement	   in	  
metabolic	   stability	   is	   achieved	   through	   the	   chemical	  
modification.	  
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1.	  Introduction	  

Curcumin,	  is	  a	  natural	  polyphenolic	  compound	  obtained	  
from	  curcuma	  longa,	   its	   therapeutic	  utilities	  have	  been	  
well	  documented	  in	  reviews	  by	  many	  researchers.1-‐6	  Xu	  
et	   al.	   was	   the	   first	   to	   report	   antidepressant	   activity	   of	  
curcumin	   in	   mice	   and	   rat	   models	   in	   2005.7,8	  
Subsequently	   (in	   the	   year	   2008),	   they	   were	   also	  
successful	   in	   establishing	   the	   effect	   of	   curcumin	   on	  
serotonergic	   system.9	   In	   the	   same	   year,	   Kulkarni	   et	  al.	  
reported	   the	   increased	   level	  of	   serotonin	   following	   the	  
administration	   of	   curcumin	   due	   to	   its	   inhibitory	   effect	  
on	  MAO-‐A	   isoform.10	  Further	   the	  effect	  of	  curcumin	  on	  
MAO	   isoforms	   and	   on	   animal	   models	   for	   depression	  
were	   reported	   by	   few	   researchers.11-‐18	   But	   due	   to	   its	  
poor	   oral	   bioavailability,19,20	   blood	   brain	   barrier	  
permeability21	   and	   extensive	   metabolism	   in	   liver,22,23	  
curcumin	   has	   never	   been	   recognized	   as	   a	   drug	  
candidate.	  Literature	  review	  suggests	  very	  few	  attempts	  
made	   to	   improve	   its	   bioavailability	   through	   novel	  
delivery	   system.24-‐28	   Few	   reports	   are	   also	   available	   on	  
synthetically	   modified	   curcumin	   and	   are	   largely	  
explored	  for	  their	  anticancer	  activity.29-‐33	  	  

The	   current	   study	   explores	   the	   design	   of	   novel	  
curcumin	   analogues	   (Figure	   1)	   and	   their	   inhibitory	  
activity	  on	  hMAO	  isoforms.	  	  

	  
Figure	  1.	  Designed	  strategy	  adopted	  for	  novel	  curcumin	  

analogues	  (5a-‐5d)	  

2.	  Result	  and	  discussion	  

2.1.	  Synthesis	  

Curcumin	   analogues	   (5a-‐5e)	   were	   synthesized	  
according	  to	  the	  reactions	  outlined	  in	  Scheme	  1.	  Ferulic	  
acid	   (1)	  was	   prepared	   by	   the	   reaction	   of	   vanillin	  with	  
malonic	  acid,	   in	  the	  presence	  of	  pyridine	  and	  aniline	  in	  
toluene.34	   The	   hydroxyl	   group	   of	   ferulic	   acid	   (1)	   was	  
protected	  using	  acetic	  anhydride	  and	  DMAP	  to	  provide	  
acetylated	   ferulic	   acid	   (2).35	   Chlorination	   of	   acetylated	  
ferulic	   acid	   (2)	   was	   achieved	   by	   oxalyl	   chloride	   with	  
catalytic	  amount	  of	  DMF	  in	  dry	  dichloromethane	  at	  0-‐10	  
°C.	  That	  has	  provided	  acetylated	  feruloyl	  chloride	  (3).36	  
Further	   amidation	   reactions	   were	   processed	  
immediately	   without	   any	   delay	   because	   acetylated	  
feruloyl	  chloride	  (3)	  is	  very	  unstable	  and	  provided	  poor	  
yield	  upon	  any	  delayed	  processing.	  Intermediate	  4a	  was	  
synthesized	  by	  refluxing	  acetylated	  feruloyl	  chloride(3)	  
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Scheme	   1.	   Reagents	   and	   conditions:	   (a)	  Pyridine,	   toluene,	   aniline,	   reflux,	  4h;	   (b)	  Ac2O,	  DMAP,	  0-‐10oC;	   (c)	  Dry	  DCM,	  
DMF,	  (COCl)2,	  0oC,	  2h;	  (d)	  HMDS,	  TEA	  overnight	  reflux;	  (e)	  4%	  NH2NH2in	  acetonitrile,	  15-‐30	  min,	  rt;	  (f).	  C6H5-‐NH2/	  C6H5-‐
CH2NH2	  /	  C6H5-‐CH2CH2NH2,	  TEA,	  overnight	  reflux	  

with	   HMDS	   in	   the	   presence	   of	   a	   base	   triethylamine	   in	  
dicloromethane.31	  Synthesis	  of	  4b-‐4d	  wereachieved	  by	  
following	   similar	   route	   but	   by	   replacing	   HMDS	   with	  
appropriate	   amines.	   The	   final	   compounds	  5a-‐5d	   were	  
obtained	   by	   the	   deacetylation	   of	   4a-‐4d	   with	   4%	  
hydrazine	  hydrate	  in	  acetonitrile.37	  Formation	  of	  ferulic	  
acid	  (1)	  and	  isoferulic	  acid	  (2)	  were	  confirmed	  by	  their	  
melting	  points	  170-‐173	   °C	   (Lit.	   168-‐172	   °C)34	   and	  200	  
°C	   (Lit.	   199-‐200	   °C),35	   respectively.	   The	   final	  
compounds	  5a-‐5d	  were	  characterized	  by	  their	  1HNMR,	  
13CNMR	   and	  MS	   analysis	   (in	   Supplementary	  material).	  
All	   the	   compounds	   displayed	   two	   singlet	   for	   two	   Ar–
OCH3	  group	   that	   appeared	   between	   δ:	   3.68-‐3.84	   ppm.	  
Compound	  5a	   displayed	   singlet	   for	   –NH-‐	  protons	   at	   δ:	  
12.22	   ppm.	   The	   olefinic	   protons	   appeared	   between	   δ:	  
6.35-‐7.84	   ppm	   as	   doublets.	   ESI-‐MS	   spectra	   of	   all	   the	  
final	  compounds	  displayed	  the	  characteristic	  molecular	  
ion	  peak	  (M+).	  

2.2.	  Biochemistry	  

The	   compounds	   5a-‐5d	   were	   screened	   for	   h-‐MAO	  
inhibitory	   activity	   by	   method	   reported	   earlier.38-‐42	   All	  
are	   found	   to	   be	   selective,	   competitive	   and	   reversible	  
inhibitors	   of	   hMAO-‐A	   isoform	   (Table	   1).	   A	   steady	  
increase	   in	   potency	   has	   been	   realized	   from	   5a	   to	   5d.	  
While	   comparing	   the	   activity	   of	   5a	   with	   5b-‐5d,	   we	  
observe	  3.34-‐,	  10.63-‐	  and	  19.5-‐fold	  increase	  in	  potency,	  
respectively.	   Replacement	   of	   H	   of	  5a	   with	   phenyl	   ring	  
(5b)	   rendered	   3.34-‐fold	   increase	   in	   potency,	   while	  
replacement	  of	  (i)	  phenyl	  of	  5b	  with	  benzyl	  (5c)	  and	  (ii)	  
benzyl	   of	  5c	  with	   phenylethyl	   (5d)	   rendered	   3.18	   and	  

1.83-‐fold	   increase	   in	   potency,	   respectively.	   Thus	  
subsequent	   replacements	   provided	   slightly	   decreasing	  
fold	   in	   potency.	   Compound	   5d	   displayed	   highest	  
potency	   against	   hMAO-‐A	   isoform	   with	   Ki	   value	   of	  
0.06±0.002	  µM	  and	  selectivity	  index	  of	  507.33.	  

Surprisingly	   on	   the	   other	   hand	   the	   activity	   against	  
hMAO-‐B	   isoforms	   also	   displayed	   the	   similar	   trend.	   A	  
steady	   increase	   in	   potency	   is	   observed	   from	  5a	   to	   5d.	  
Amongst	   these	   four	  compounds,	  5d	  has	  shown	  highest	  
potency	   against	   hMAO-‐B	   isoform	   with	   Ki	   value	   of	  
30.44±10.08	  µM.	  Compared	  with	  5a,	  there	  is	  4.25-‐,	  5.27	  
and	   15.29-‐fold	   increase	   in	   potency	   for	   5b,	   5c	   and	   5d,	  
respectively.	   Subsequent	   replacements	   rendered	   4.25-‐,	  
1.24-‐	  and	  2.89-‐fold	  increase	  in	  potency.	  This	  may	  be	  due	  
to	  different	  orientation	  of	  compounds	  in	  hMAO-‐B	  active	  
site.	  	  

The	   compounds	   5a	   and	   5d	   were	   further	   analyzed	   for	  
their	   permeability	   and	   metabolic	   stability	   by	   in	   vitro	  
Caco-‐2	   permeability	   assay43-‐45	   and	   human	   liver	  
microsomal	  stability	  assay46,	  47	  methods.	  The	  results	  are	  
presented	   in	   Table2	   and	   3.	   Due	   to	   poor	   detection	  
sensitivity	  values	  for	  5d	  could	  not	  be	  determined.	  With	  
respect	  to	  5a,	   there	  is	  no	  improvement	  in	  permeability	  
but	   a	   slight	   improvement	   in	   metabolic	   stability	   is	  
observed	   as	   compared	   with	   curcumin.	   This	   suggests	  
that	   modifications	   rendered	   the	   molecule	   to	   have	   an	  
improved	  metabolic	  stability.	  As	  values	  for	  5d	  could	  not	  
be	   determined,	   a	   comment	   on	   permeability	  
enhancement	   is	   not	   feasible	   here,	   except	   that	  
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Table	  1.	  Experimental	  Ki	  values	  corresponding	  to	  the	  inhibition	  of	  hMAO	  isoforms	  by	  compounds	  5a-‐5d	  

Code	   R	  
Ki	  	  value	  (μM)**	   MAO-‐A	  

SI	  *	  
Inhibition	  
type	   Reversibility	   MAO	  

selectivity	  MAO-‐A	   MAO-‐B	  

5a	   H	   1.17±0.10	   465.50±20.55	   398	   Competitive	   Reversible	   MAO-‐A	  

5b	   -‐Ph	   0.35±0.02	   109.55±5.26	   313	   Competitive	   Reversible	   MAO-‐A	  

5c	   -‐CH2Ph	   0.11±0.01	   88.26±5.90	   802.36	   Competitive	   Reversible	   MAO-‐A	  

5d	   -‐CH2CH2Ph	   0.06±0.002	   30.44±10.08	   507.33	   Competitive	   Reversible	   MAO-‐A	  

Curc	   -‐	   0.71±0.04	   21.50±1.19	   30.28	   Competitive	   Reversible	   MAO-‐A	  

Sel	   -‐	   8.96±1.33	   0.10±0.09	   0.01	   Competitive	   Irreversible	   MAO-‐B	  

Moc	   -‐	   0.013±0.009	   1.35±0.20	   103.84	   Competitive	   Reversible	   MAO-‐A	  
*Selectivity	  index	  calculated	  with	  Experimental	  Ki	  values:	  It	  was	  calculated	  as	  Ki	  (MAO-‐A)/Ki	  (MAO-‐B)	  for	  MAO-‐B	  and	  Ki	  (MAO-‐B)/Ki	  (MAO-‐A)	  for	  MAO-‐A.	  	  	  
Selectivity	  towards	  MAO	  isoforms	  increases	  as	  the	  corresponding	  SI	  decreases.	  **Each	  value	  represents	  the	  mean±SEM	  of	  three	  independent	  experiments.	  
Curc-‐Curcumin;	  Sel-‐Selegiline;	  Moc-‐Moclobemide.	  

Table	  2.In	  vitro	  Caco-‐2	  permeability	  data	  

Code	  
𝐀𝐯𝐠  𝐏𝐚𝐩𝐩  𝐱  𝟏𝟎!𝟔  𝐜𝐦/𝐬𝐞𝐜  (𝐧 = 𝟐)	   Permeability	  

rank	  𝐀 → 𝐁	  	   𝐁 → 𝐀	   𝐄𝐑 =
𝐁 → 𝐀
𝐀 → 𝐁	  

5a	   0	   8.8	   NA	   Low	  
5d	   ND*	   ND*	   ND*	   ND*	  
Curc	   0	   0	   NA	   Low	  
NA:	   Not	   Applicable;	   ND*:	   Not	   determined	   due	   to	   poor	   detection	  
sensitivity;	  A	  à	  B:	  Apical	  to	  Basal;	  B	  à	  A:	  Basal	  to	  Apical;	  Permeability	  
ranking	  based	  on	  following	  criteria	  (In-‐house):	  Low:	  Papp	  A-‐B	  <	  5,	  High:	  
Papp	  A-‐B	  ≥	  5.	  Curc-‐Curcumin	  

Table	  3.In	  vitro	  human	  liver	  microsomal	  stability	  data	  

Code	   T-‐half	  (min)	   CLint,	  app	  
(μL/min/m)	  

5a	   11.4	   121.8	  
5d	   ND*	   ND*	  
Curc	   7.7	   180.33	  

ND*:	   Not	   determined	   due	   to	   poor	   detection	   sensitivity;	   LM	   conc:	  
0.5mg/mL;	   T-‐half	   range:	   3-‐120	   min;	   CLint,	   app	   range:	   11.6-‐462.0	  
µL/min/mg;	  Curc-‐Curcumin	  

bioisosteric	   replacement	   of	   -‐CH2-‐	   with	   -‐NH-‐	   did	   not	  
improved	  permeability.	  	  	  

3.	  Experimental	  Section:	  

Materials	  and	  Methods:	  All	  the	  chemicals	  and	  solvents	  
for	   synthesis	   were	   purchased	   from	   Aldrich.	   Unless	  
otherwise	   mentioned	   the	   solvents	   were	   used	   without	  
purification.	  	  Reactions	  were	  monitored	  by	  TLC	  on	  pre-‐
coated	  silica	  gel	  plates	  (Kieselgel	  60	  F	  254,	  Merck)	  and	  
the	   spots	   were	   detected	   under	   UV	   light	   (254	   nm).	  
Purification	  was	  performed	  by	  column	  chromatography	  
using	   silica	   gel	   (particle	   size	   100-‐200	   mesh,	   CDH).	  
Melting	   points	   were	   determined	   using	   Optimelt	  
(Stanford	   Research	   Systems,	   Sunnyvale,	   CA	   94089)	   by	  
capillary	   method	   and	   are	   uncorrected.	   1HNMR	   &	  
13CNMR	  spectra	  were	  recorded	  on	  Varian	  400	  &	  Varian	  
100	   MHz	   instruments,	   respectively	   in	   DMSO-‐d6.	  
Chemical	   shifts	   were	   reported	   in	   parts	   per	   million	  
(ppm)	   downfield	   with	   respect	   to	   tetramethylsilane	  
(TMS,	  δ	  =	  0.0)	  as	   internal	  standard.	  Coupling	  constants	  
(J)	   were	   given	   in	   hertz	   (Hz).	   Mass	   spectra	   were	  
recorded	   on	   ESI-‐MS	   (Electro	   spray	   Ionization-‐Mass	  
spectra).	   Enzymes	   hMAO-‐A	   and	   hMAO-‐B	   (both	  
recombinant,	   expressed	   in	   baculovirus-‐infected	   BTI	  
insect	  cells),	  and	  other	  chemicals	  were	  purchased	  from	  
Sigma-‐Aldrich	  	  (Munich,	  Germany).	  	  The	  	  	  Amplex®-‐Red	  	  	  
MAO	   	   	   assay	   	   	  kit	  was	  purchased	   from	  Cell	  Technology	  
Inc.,	  Mountain	  View,	  CA,	  USA.	  	  	  

3.1.	  Synthesis:	  

Procedure	  for	  the	  synthetic	  of	  ferulic	  acid	  (1)	  

Vanillin	  (0.1	  M)	  and	  malonic	  acid	  (0.106	  M)	  were	  added	  
to	  a	  mixture	  of	  toluene	  (15	  mL),	  pyridine	  (0.153	  M)	  and	  
aniline	   (0.011M).	   The	   solution	  was	   stirred	   at	   refluxing	  
temperature	   for	   2	   h.	  When	   the	  mixture	  was	   cooled	   to	  
room	   temperature,	   yellow	   precipitate	  was	   obtained.	   It	  
was	   then	   filtered	   and	   washed	   with	   50	   mL	   of	   3M	   HCl	  
followed	   by	   50	  mL	   of	   water	   twice.	   The	   crude	   product	  
was	  further	  recrystallized	  from	  ethanol.35	  

Procedure	  for	  the	  synthesis	  of	  acetylated	  ferulic	  acid	  (2)	  

In	   a	   250	   mL	   three-‐necked	   round	   bottom	   flask	   with	   a	  
cooling	  apparatus,	  ferulic	  acid	  (1,	  0.084	  M)	  and	  4-‐N,	  N-‐
dimethyl	   amino	   pyridine	   (0.084	  M)	   in	   50	  mL	   of	   acetic	  
anhydride	  was	  taken.	  After	  stirring	  the	  reaction	  mixture	  
at	   room	   temperature	   for	   3	   h,	   the	  mixture	  was	   diluted	  
with	   100	   mL	   of	   water.	   Stirring	   was	   continued	   for	  
overnight	   and	   filtered.	   The	   obtained	   solid	   (2)	   was	  
washed	  with	  water.34	  

Procedure	  for	  chlorination	  of	  O-‐acetyl	  ferulic	  acid	  (3)	  

The	  solution	  of	  acetylated	  ferulic	  acid	  (2,	  0.01	  M)	  in	  dry	  
dichloro	  methane	  (10	  mL),	  oxalyl	  chloride	  (0.02	  M)	  and	  
DMF	   (25	   µL)	   were	   added	   dropwise.	   The	   reaction	  
mixture	  was	   then	   stirred	   under	   argon	   atmosphere	   for	  
15	  min	  at	  room	  temperature.	  The	  solvent	  was	  removed	  
under	   vacuum	   to	   provide	   acetylated	   feruloyl	   chloride	  
(3)	  as	  a	  pale	  yellow	  solid.36	  

Synthesis	   of	   (E)-‐3-‐(4-‐hydroxy-‐3-‐methoxyphenyl)-‐N-‐((E)-‐
3-‐(4-‐hydroxy-‐3-‐methoxyphenyl)	   acryloyl)	   acrylamide	  
(4a)	  

To	   a	   refluxing	   solution	   of	   acetylated	   feruloyl	   chloride	  
(3,	  0.1	  M)	  in	  10	  mL	  anhydrous	  tetrahydro	  furan,	  HMDS	  
(0.05	   M)	   was	   added	   dropwise.	   Finally	   triethyl	   amine	  
(0.07	  M)	  was	  added	  to	  the	  above	  refluxing	  mixture	  and	  
allowed	   to	   reflux	   overnight.	   The	   solvent	  was	   removed	  
under	   vacuum.	   The	   obtained	   solid	   was	   then	   extracted	  
with	   3x25	   mL	   of	   dichloro	   methane.	   The	   organic	   layer	  
was	  further	  washed	  with	  3x50	  ml	  of	  water	  followed	  by	  
brine,	   and	   dried	   over	   anhydrous	   sodium	   sulfate	   to	  
obtain	   crude	   product	   and	   was	   further	   purified	   by	  
column	  chromatography.31	  

General	  procedure	  for	  the	  synthesis	  of	  4b-‐4d	  

To	  a	  refluxing	  solution	  of	  acetylated	  feruloyl	  chloride	  (3,	  
0.1	   M)	   in10	   mL	   anhydrous	   tetrahydro	   furan,	  
appropriate	   amine	   (0.05	   M)	   was	   added	   dropwise.	  
Finally	  triethyl	  amine	  (0.07	  M)	  was	  added	  dropwise	  and	  
allowed	   to	   reflux	   overnight.	   The	   solvent	  was	   removed	  
under	  vacuum.	  The	  obtained	  solids	  were	  extracted	  with	  
3x25	   mL	   of	   dichloro	   methane.	   The	   organic	   layer	   was	  
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further	   washed	   with	   3x50	   mL	   of	   water	   followed	   by	  
brine,	   and	   dried	   over	   anhydrous	   sodium	   sulfate	   to	  
obtain	   crude	   products	   (4b-‐4d).	   Those	   were	   further	  
purified	  by	  column	  chromatography.	  

General	  procedure	  for	  the	  synthesis	  of	  5a-‐5d	  

To	  a	  solution	  of	  4a-‐4d	  in	  10	  mL	  acetonitrile	  was	  added	  
hydrazine	   monohydrate	   (4%)	   in	   acetonitrile.	   The	  
mixture	   was	   then	   stirred	   for	   about	   2	   h	   at	   room	  
temperature.	   The	   organic	   portion	   was	   extracted	   with	  
ethyl	  acetate,	  washed	  with	  water,	  brine	  and	  dried	  over	  
anhydrous	   sodium	   sulphate.	   After	   the	   solvent	   was	  
evaporated,	   the	   product	   was	   purified	   by	   column	  
chromatography	   using	   CHCl3/MeOH	   to	   afford	  
compounds	  5a-‐5d.37	  

3-‐(4-‐hydroxy-‐3-‐methoxyphenyl)-‐N-‐((E)-‐3-‐(4-‐hydroxy-‐3-‐
methoxyphenyl)-‐acryloyl)	  acrylamide	  (5a)	  

Yield:	  20%;	  m.p:	  	  151	  °C;	  1HNMR	  (400	  MHz,	  DMSO-‐d6):	  δ	  
(ppm)	  12.12	  (s,	  1H,	  -‐NH-‐),	  9.55	  (s,	  2H,	  -‐OH),	  	  7.49	  (d,	  2H,	  
J=12	  Hz),	  7.28	  (s,	  2H,	  Ar-‐H),	  7.08	  (d,	  2H,	   J=8	  Hz,	  Ar-‐H),	  
6.79	  (d,	  2H,	  J=8	  Hz),	  6.36	  (d,	  2H,	  J=20	  Hz),	  3.81	  (s,	  6H,	  -‐
OCH3);	  ESI-‐MS:	  	  m/z=369.6.	  

3-‐(4-‐hydroxy-‐3-‐methoxyphenyl)-‐N-‐((E)-‐3-‐(4-‐hydroxy-‐3-‐
methoxyphenyl)acryloyl)-‐N-‐phenyl	  acrylamide	  (5b)	  

Yield:	  40%;	  m.p:	  120	  °C;	  1HNMR	  (400	  MHz,	  DMSO-‐d6):	  δ	  
(ppm)	  3.83	  (s,	  3H,	   -‐OCH3),	  3.84	  (s,	  3H,	   -‐OCH3),	  6.35	  (d,	  
1H,	   J=16	  Hz),	  6.85-‐6.82	   (m,	  1H),	  7.06	   	   (t,	  2H,	   J=8	  Hz,	  4	  
Hz),	  7.25-‐7.15	   	   (m,	  2H),	  7.36-‐7.30	  (m,	  3H),	  7.39	  (s,	  1H-‐
Ar-‐H),	  7.5	  (d,	  1H,	  J=16	  Hz),	  7.6	  (d,	  1H,	  	  J=16	  Hz),	  7.71	  (t,	  
3h,	   J=4	  Hz,	  8	  Hz),	  9.55	  (s,	  1H,	   -‐OH),	  10.23	  (s,	  1H,	   -‐OH);	  
ESI-‐MS	  (m/z):	  445.9.	  

N-‐benzyl-‐3-‐(4-‐hydroxy-‐3-‐methoxyphenyl)-‐N-‐((E)-‐3-‐(4-‐
hydroxy-‐3-‐methoxyphenyl)-‐acryloyl)	  acrylamide	  (5c)	  

Yield:	  45%;	  m.p:	  	  122	  °C;	  1HNMR	  (400	  MHz,	  DMSO-‐d6):	  δ	  
(ppm)	  3.68	  (s,	  3H,	  -‐OCH3)	  3.81	  (s,	  3H,	  -‐OCH3),	  4.405	  (d,	  
2H,	   J=4	   Hz,	   -‐CH2-‐),	   5.16	   (s,	   -‐OH),	   6.7	   (d,	   1H,	   J=16	   Hz),	  
7.12	  (d,	  1H,	  J=8	  Hz),	  7.17	  (d,	  1H,	  J=8.4	  Hz),	  7.36	  (m,	  9H),	  
7.41	   (s,	   1H,	   Ar-‐H),	   7.47	   (d,	   1H,	   J=16	   Hz),	   7.64	   (d,	   1H,	  
J=16	  Hz),	  8.62	   (t,	  1H);	   13CNMR	  (400	  MHz,	  DMSO-‐d6):	  δ	  
(ppm)	   168.918,	   165.336,	   151.495,	   128.790,	   134.360,	  
138.822,	   139.808,	   140.582,127.826,	   127.310,	   123.721,	  
122.795,	  120.511,	  111.989,	  56.198,	  42.781,	  20.850;	  ESI-‐
MS	  (m/z):	  459.8.	  

3-‐(4-‐hydroxy-‐3-‐methoxyphenyl)-‐N-‐((E)-‐3-‐(4-‐hydroxy-‐3-‐
methoxyphenyl)-‐acryloyl)-‐N-‐phenethyl	  acrylamide	  (5d)	  

Yield:	  35%;	  m.p:	  	  105	  °C;	  1HNMR	  (400	  MHz,	  DMSO-‐d6):	  δ	  
(ppm)	  2.78	  (t,	  2H,	  J=8	  Hz,	  4	  Hz,	  -‐CH2-‐),	  3.40-‐3.45	  (m,	  2H,	  
J=8	  Hz,	   4	  Hz,	   -‐CH2-‐)	   	   3.81	   (s,	   3H,	   -‐OCH3),	   3.82	   (s,	   3H,	   -‐
OCH3),	   6.64	   (m,	   1H),	   6.98	   (	   d,	   1H,	   J=16	   Hz),	   7.25-‐7.21	  
(m,	   3H),	   7.1	   (d,	   1H,	   J=8	  Hz),	   7.15	   (d,	   1H,	   J=8	  Hz),	   7.30	  
(3H,	   J=8	  Hz),	   7.41	   (d,	   1H,	   J=16	  Hz),	   7.49	   (s,	   1H,	   Ar-‐H),	  
7.58	  (d,	  1H,	  J=16	  Hz),	  7.84	  (d,	  1H,	  J=16	  Hz),	  8.19	  (t,	  1H),	  
12.42	  (s,	  1H,	  -‐OH);	  ESI-‐MS	  (m/z):	  473.2.	  

3.2.	  Biochemistry:	  

3.2.1.	  Determination	  of	  hMAO-‐A	  and	  -‐B	  activities:	  

Human	  MAO-‐A	   and	  MAO-‐B	   activities	  were	   determined	  
using	   p-‐tyramine.	   The	   inhibitory	   effects	   of	   the	  
synthesized	   compounds	   on	   the	   MAO	   activities	   were	  
determined	   by	   a	   fluorimetric	   method	   described	  
previously.38-‐42	   The	   production	   of	   H2O2	   catalyzed	   by	  
MAO	   was	   detected	   using	   the	   Amplex®-‐Red	   reagent,	   a	  
non-‐fluorescent,	  highly	  sensitive,	  and	  stable	  probe	   that	  

reacts	   with	   H2O2	   in	   the	   presence	   of	   horseradish	  
peroxidase	   to	   produce	   the	   fluorescent	   product	  
resorufin.	   The	   reaction	   was	   started	   by	   adding	   (final	  
concentrations)	  200	  µM	  Amplex®-‐Red	  reagent,	  1	  U/mL	  
horseradish	  peroxidase,	  and	  p-‐tyramine	  (concentration	  
range,	  0.1-‐1	  mM).	  Control	  experiments	  were	  carried	  out	  
by	   replacing	   the	   synthesized	   compound	   and	   reference	  
inhibitors	  (selegiline	  and	  moclobemide)	  in	  the	  presence	  
of	   p-‐tyramine.	   The	   possible	   capacity	   of	   the	   novel	  
compounds	  to	  modify	  the	  fluorescence	  generated	  in	  the	  
reaction	   mixture	   due	   to	   non-‐enzymatic	   inhibition	   was	  
determined	   by	   adding	   these	   compounds	   to	   solutions	  
containing	   only	   the	   Amplex®-‐Red	   reagent	   in	   sodium	  
phosphate	  buffer.	  

3.2.2.	  Kinetic	  experiments:	  

The	   synthesized	   compounds	   were	   dissolved	   in	   DMSO	  
with	  a	  maximum	  concentration	  of	  1%	  (w/v)	  and	  used	  in	  
the	   concentration	   range	   of	   1-‐100	   μM.	   The	   specificity	  
index	   was	   expressed	   as	   SI=Ki	   (MAO-‐A)/Ki(MAO-‐B).	  
Protein	  was	   determined	   according	   to	   Bradford48	   using	  
bovine	  serum	  albumin	  as	  the	  standard.	  

3.2.3.	  Reversibility	  experiments:	  

Reversibility	  was	   assessed	   using	   a	   centrifugation-‐ultra	  
filtration	   method	   previously	   reported.49	   Recombinant	  
enzymes	   were	   incubated	   with	   the	   compounds	   or	  
standard	  inhibitors	  in	  0.05	  M	  sodium	  phosphate	  buffer,	  
pH	  7.4,	  for	  1	  h	  at	  37	  °C.	  An	  aliquot	  was	  stored	  at	  4	  °C	  for	  
MAO	  activity	  measurement.	  Another	  sample	  was	  placed	  
in	  an	  Ultrafree-‐0.5	  centrifuge	  tube	  (Nalgene®,	  NY,	  USA)	  
with	   a	   30-‐kDa	   Biomax	   membrane	   (Millipore	   Corp.,	  
Bedford,	  MA,	   USA)	   and	   centrifuged	   at	   9000	   x	  g	   for	   20	  
min	   at	   4	   °C.	   The	   enzyme	   retained	   in	   the	   30-‐kDa	  
membrane	  was	   resuspended	   in	   the	   buffer	   at	   4	   °C	   and	  
centrifuged,	   and	   this	  process	  was	   repeated	  once	  more.	  
The	   enzyme	   retained	   in	   the	   membrane	   was	  
resuspended	  in	  buffer	  and	  used	  for	  MAO	  determination.	  
Control	   experiments	   were	   performed	   by	   replacing	   the	  
test	   drugs	   with	   appropriate	   vehicle	   dilution.	   The	  
corresponding	   values	   of	   percent	   MAO	   inhibition	   were	  
separately	  calculated	  for	  the	  samples	  with	  and	  without	  
repeated	  washing.	  

3.3.	   In	   vitro	   permeability	   and	   metabolic	   stability	  
studies	  

In	  vitro	  permeability	  studies	  using	  Caco-‐2	  cell	  lines	  and	  
metabolic	   stability	   studies	   using	   human	   liver	  
microsomal	   enzymes	   were	   carried	   out	   as	   per	   the	  
procedure	  reported	  by	  Mondal	  et	  al.,50,	  51	  

Abbreviations:	  

MAO:	  Monoamine	  oxidase;	  hMAO:	  human	  MAO;	  rMAO:	  
rat	  MAO;	  SAR:	  Structure-‐activity	  relationship;	  HMDS:	  
Hexamethyl	  disilazane.	  
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