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2	  Histone	  deacetylases	  (HDACs)	  
-‐  A	  family	  of	  zinc-‐dependent	  enzymes	  that	  specifically	  remove	  the	  acetyl	  groups	  from	  

lysine	  residues	  on	  target	  proteins,	  including	  nuclear	  histones,	  transcripVon	  factors,	  
HSP90,	  cortacVn,	  and	  α-‐tubulin.	  

-‐  Important	  role	  in	  epigeneVc	  regulaVon	  –	  therapeuVc	  targets	  for	  the	  treatment	  of	  a	  wide	  
range	  of	  diseases,	  including	  cancer,	  neurodegeneraVve	  diseases,	  arthriVs,	  and	  others.	  

Nat.	  Rev.	  Drug	  Discovery	  2008,	  7,	  854-‐868	  Nat.	  Rev.	  Drug	  Discovery	  2006,	  5,	  769-‐784.	  



3	  Nat.	  Rev.	  Drug	  Discovery	  2008,	  7,	  854-‐868	  

3	  Targe8ng	  HDACs	  



4	  HDAC6	  Selec8ve	  Inhibitors	  

Nat.	  Rev.	  Drug	  Discovery	  2008,	  7,	  854-‐868	  

-‐  Unlike	  other	  HDAC	  family	  members,	  HDAC6	  primarily	  resides	  within	  the	  cytosol	  and	  
mainly	  targets	  non-‐histone	  substrates	  such	  as	  α-‐tubulin,	  HSP90,	  cortacVn,	  etc.	  

-‐  HDAC6	  plays	  a	  criVcal	  role	  in	  cell	  moVlity,	  microtubule	  stability	  and	  funcVon	  as	  well	  as	  
aggreome	  formaVon	  à	  potenVal	  role	  in	  cancer	  and	  neurodegeneraVve	  disorders.	  	  

-‐  HDAC6	  is	  relaVvely	  highly	  expressed	  in	  the	  central	  nervous	  system	  (CNS),	  and	  
aberrant	  expression	  of	  HDAC6	  has	  been	  linked	  to	  the	  pathological	  development	  of	  a	  
host	  of	  CNS	  disorders.	  



5	  

5	  Current	  HDAC	  Inhibitors	  

Nat.	  Rev.	  Drug	  Discovery	  2014,	  13,	  673–691.	  
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6	  Non-‐hydroxamate	  HDAC	  Inhibitors	  

-‐  LimitaVons	  of	  the	  hydroxamic	  acid	  group	  
:	  Genotoxicity	  (long-‐term	  treatment),	  off-‐target	  effects,	  including	  interacVon	  with	  the	  
hERG	  cardiac	  potassium	  channel	  
:	  Low	  bioavailability,	  short	  intravenous	  half-‐life,	  easily	  hydrolysed	  into	  carboxylic	  acid	  
and	  metabolized	  	  

-‐  Efforts	  on	  Zinc	  Binding	  Group	  (ZBG)	  modificaVon	  
:	  Small	  faMy	  acids,	  epoxyketones,	  benzamides,	  electrophilic	  ketones	  (trifluoromethyl	  
ketones,	  α-‐ketoamides,	  heterocyclic	  ketones),	  N-‐formylhydroxylamine,	  thiols,	  
mercaptoamides,	  etc…	  
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7	  Mercaptoacetamide-‐based	  HDACIs	  

A.	  P.	  Kozikowski*	  et	  al.	  J.	  Med.	  Chem.	  2007,	  50,	  3054–3061.	  	  

B.	  Chen;	  A.	  P.	  Kozikovski*	  et	  al.	  Bioorg.	  Med.	  Chem.	  Le,.	  2005,	  15,	  1389-‐1392.	  

-‐	  Possible	  mode	  of	  interacVon	  of	  the	  zinc	  
ion	  of	  HDAC	  with	  	  
(a)	  acetylated	  lysine	  moiety	  of	  histone	  
(b)	  hydroxamate	  group	  of	  HDACI	  
(c)	  thiol	  group	  from	  FK228	  +	  DTT	  
(d)	  designed	  mercaptoacetamide-‐based	  
inhibitors.	  	  

-‐	  This	  study	  reveals	  that	  some	  of	  the	  mercaptoacetamide-‐based	  HDAC	  inhibitors	  are	  fully	  
neuroprotecVve,	  whereas	  the	  hydroxamates	  show	  toxicity	  at	  higher	  concentraVons.	  
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8	  Mercaptoacetamide-‐based	  HDACIs	  

M.	  C.	  F.	  Segrek;	  A.	  P.	  Kozikowski*	  et	  al.	  ACS	  Med.	  Chem.	  Le,.	  2015,	  6,	  1156–1161.	  
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9	  In	  this	  Study	  

-‐	  Op8miza8on	  of	  previous	  hit	  MF-‐2-‐30	  

ACS	  Med.	  Chem.	  Le,.	  2017,	  DOI:	  10.1021/acsmedchemleM.7b00012	  
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10	  Synthesis:	  Indole	  analogs	  
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11	  Synthesis:	  Quinoline	  analogs	  
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12	  Synthesis:	  Thioester	  14	  &	  Disulfide	  Prodrugs	  15	  and	  16	  
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13	  Synthesis:	  Dithiol	  analog	  
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14	  HDAC1	  and	  -‐6	  Inhibitory	  Ac8vi8es	  of	  the	  analogs	  
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15	  Cellular	  Ac8vi8es	  of	  7e	  and	  13a	  

-‐  Western	  blots	  showing	  
acetylated	  tubulin	  levels	  in	  
HEK-‐293	  cells	  following	  24	  h	  
treatment	  with	  7e,	  13a,	  14,	  
15,	  and	  16	  at	  the	  indicated	  
concentraVons.	  	  

-‐  Western	  blots	  showing	  acetylated	  tubulin	  and	  
acetyl-‐H3	  histone	  levels	  in	  HEK-‐293	  cells	  
following	  24	  h	  treatment	  with	  7e,	  13a,	  14,	  15,	  
and	  16	  at	  the	  indicated	  concentraVons.	  	  
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16	  Metabolic	  Stabili8es	  of	  Selected	  Analogs	  

-‐  Metabolic	  stabiliVes	  of	  mercaptoacetamides	  7b,	  7e,	  13a,	  and	  13b,	  and	  prodrugs	  
14-‐16	  in	  pooled	  human	  and	  mouse	  liver	  microsomes.a	  
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17	  Metabolism	  of	  disulfide	  prodrugs	  15	  and	  16	  
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18	  Further	  Evalua8on	  of	  disulfide	  prodrugs	  15	  and	  16	  

-‐	  Mice	  were	  treated	  with	  15	  and	  16	  at	  doses	  of	  20	  mg/kg,	  and	  the	  relaVve	  
tubulin	  acetylaVon	  levels	  in	  the	  cerebral	  cortex	  were	  monitored.	  

-‐	  Both	  15	  and	  16	  increased	  tubulin	  acetylaVon	  levels	  in	  the	  cortex.	  	  
à	  40%	  increase	  for	  15	  vs	  30%	  for	  16	  



Summary	   19	  

-‐  Developed	  potent	  HDAC6	  inhibitors	  with	  excellent	  selecVvity	  against	  HDAC1.	  
-‐  New	  analogs	  have	  improved	  properVes	  for	  brain	  penetraVon.	  
-‐  The	  disulfide	  prodrugs	  for	  selected	  compounds	  showed	  in	  vitro	  (in	  HEK293	  cells)	  and	  in	  vivo	  

acVviVes	  (in	  mouse	  cortex).	  
-‐  These	  mercaptoacetamides	  are	  less	  likely	  to	  be	  burdened	  with	  the	  genotoxicity	  associated	  

with	  hydroxamates.	  
-‐  Possible	  candidates	  for	  further	  studies	  in	  animal	  models	  of	  CNS	  disorders.	  
-‐  SelecVvity	  against	  other	  isoforms?	  	  
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