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The	
  Good,	
  the	
  Bad,	
  and	
  the	
  Ugly	
  

How	
  do	
  you	
  define	
  an	
  ugly	
  molecule?	
  

What	
  do	
  we	
  really	
  mean	
  when	
  we	
  say	
  a	
  molecule	
  is	
  “ugly”?	
  

Can	
  we	
  really	
  tell	
  is	
  a	
  molecule	
  is	
  ugly	
  just	
  by	
  looking	
  at	
  it?	
  

The	
  Ugly	
  Tuco	
  (Eli	
  Wallach)	
  	
  

Nitazoxanide	
  

Lumefantrine	
  

Melarsoprol	
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The	
  unsavory	
  nature	
  of	
  3rd	
  world	
  disease	
  drugs	
  

GRC	
  Medicinal	
  Chemistry	
  Mee?ng,	
  August	
  8-­‐13,	
  2010;	
  Colby-­‐Sawyer	
  College	
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Some	
  Common	
  Structural	
  Alerts	
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Lipinski's	
  Rule-­‐of-­‐Five	
  

Lipinski's	
  rule	
  says	
  that,	
  in	
  general,	
  an	
  orally	
  ac8ve	
  drug	
  has	
  

no	
  more	
  than	
  one	
  viola8on	
  of	
  the	
  following	
  criteria:	
  

–  Not	
  more	
  than	
  5	
  hydrogen	
  bond	
  donors	
  (nitrogen	
  or	
  oxygen	
  atoms	
  

with	
  one	
  or	
  more	
  hydrogen	
  atoms)	
  

–  Not	
  more	
  than	
  10	
  hydrogen	
  bond	
  acceptors	
  (nitrogen	
  or	
  oxygen	
  

atoms)	
  

–  A	
  molecular	
  weight	
  under	
  500	
  daltons	
  

–  An	
  octanol-­‐water	
  par88on	
  coefficient	
  log	
  P	
  of	
  less	
  than	
  5	
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Are	
  structural	
  alerts/Lipinski	
  rule’s	
  really	
  the	
  best	
  to	
  say	
  if	
  a	
  molecule	
  is	
  ugly?	
  

How	
  well	
  do	
  these	
  rules	
  work	
  for	
  third-­‐world	
  drug	
  discovery	
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Number of Lipinski violations 

% of FDA approved drugs and Lipinski rule of five violations  

(2 or greater = failure) 

317	
  drugs	
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Payne	
  et	
  al.	
  Nature	
  Reviews	
  Drug	
  Discovery	
  6,	
  29–40	
  (January	
  2007)	
  	
  

What	
  do	
  you	
  do	
  when	
  your	
  

target/pathogen	
  forces	
  you	
  

outside	
  the	
  “preferred”	
  
physiochemical	
  space	
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Grayscale	
  Rainbow	
  on	
  September	
  23,	
  2010	
  12:30	
  PM	
  writes...	
  Oh,	
  come	
  on	
  Derek,	
  fess	
  up.	
  You	
  know	
  somewhere	
  in	
  your	
  career	
  you've	
  made	
  a	
  

compound	
  or	
  two	
  (or	
  more)	
  with	
  a	
  MW~600	
  and	
  cLogP	
  ~6,	
  which	
  weren't	
  even	
  ac8ve	
  in	
  vitro,	
  much	
  less	
  in	
  vivo.	
  Most	
  of	
  us	
  have	
  but	
  we're	
  too	
  

ashamed	
  to	
  admit	
  it,	
  unless	
  of	
  course	
  one	
  of	
  them	
  is	
  in	
  the	
  clinic.	
  

Mark	
  on	
  September	
  23,	
  2010	
  1:43	
  PM	
  writes...	
  My	
  ques8on	
  is,	
  what	
  color	
  is	
  it?	
  

Milkshake	
  on	
  September	
  23,	
  2010	
  12:35	
  PM	
  writes...	
  I	
  think	
  this	
  one	
  s8ll	
  has	
  some	
  solubility	
  lel	
  because	
  there	
  are	
  no	
  free	
  NH	
  in	
  the	
  molecule.	
  

For	
  another	
  horrific	
  example	
  of	
  an	
  oral	
  drug	
  design,	
  see	
  itraconazole	
  and	
  posaconazole	
   8	
  



Posaconazole	
  

	
   	
   	
  %F	
  =	
  >90%	
  (food	
  effect);	
  T1/2	
  =	
  35	
  hours	
  

Posaconazole,	
  ini8ally	
  available	
  as	
  an	
  oral	
  solu8on,	
  was	
  launched	
  in	
  European	
  markets	
  

aler	
  gaining	
  its	
  first	
  country	
  approvals	
  in	
  December	
  2005;	
  US	
  FDA	
  approval	
  was	
  received	
  

in	
  September	
  2006	
  and	
  analysts	
  predict	
  total	
  sales	
  of	
  $500	
  million	
  in	
  2010.	
  	
  

Merck	
  entering	
  Phase	
  II	
  studies	
  for	
  Chagas	
  Disease	
  
h,p://www.merck.com/newsroom/news-­‐release-­‐archive/research-­‐and-­‐development/2010_0624.html	
  

MW	
  608;	
  cLogP	
  6.2	
  

9	
  



TB	
  Drugs	
  

Isoniazid	
  
Rifampin	
  

Capreomycin	
   Amikacin	
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From	
  13,500	
  GSK	
  hits	
  <1uM,	
  average	
  MWt	
  446	
  and	
  clogP	
  5	
  (cf	
  collec8on	
  with	
  average	
  MWt	
  385	
  and	
  clogP	
  

3.3;	
  [Gamo,	
  F.-­‐J.	
  et	
  al,	
  Nature,	
  2010,	
  465,	
  305]	
  

Anti-Malarial Drugs 

Artemisinin	
  

Lumefantrine	
  

Proguanil	
  

Atovaquone	
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Other	
  3rd	
  World	
  Drugs	
  

Ivermec8n	
  

(LF,	
  Oncho)	
  

Clofazimine	
  

	
  	
  	
  	
  (leprosy)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Amphotericin	
  B	
  	
  

	
  	
  	
  	
  (Visceral	
  Leishmaniasis)	
  

	
  	
  	
  	
  	
  	
  	
  Nifur8mox	
  

	
  	
  	
  	
  	
  (Chagas,	
  HAT)	
  

But	
  these	
  are	
  older	
  drugs,	
  what	
  about	
  the	
  discovery	
  pipeline?	
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PA-­‐824	
  (TB)	
  SCYNX-­‐7158	
  (HAT)	
  

CPD-­‐0802	
  (HAT)	
  

What	
  about	
  our	
  Discovery	
  Pipeline	
  of	
  3rd	
  World	
  Disease	
  

Drugs?	
  

OZ-­‐277	
  (Malaria)	
  

What	
  about	
  1st	
  world	
  disease	
  drugs?	
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h,p://www.drugs.com/top200.html	
  

Pharmaceu?cal	
  Sales	
  2009	
  

35,543,289 
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1.  	
  	
  	
  	
  	
  Why	
  do	
  drugs	
  for	
  3rd	
  world	
  diseases	
  look	
  like	
  this?	
  

2.  	
  	
  	
  	
  	
  If	
  these	
  molecules	
  have	
  higher	
  risk,	
  how	
  do	
  we	
  manage	
  these	
  risks?	
  

3.  	
  	
  	
  	
  	
  Are	
  there	
  any	
  lessons	
  from	
  3rd	
  world	
  disease	
  drugs?	
  	
  

4.  	
  	
  	
  	
  	
  Have	
  we	
  become	
  too	
  dogma8c	
  in	
  how	
  we	
  judge	
  molecules?	
  

Some	
  Basic	
  Ques8ons	
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1)	
  Why	
  do	
  drugs	
  for	
  3rd	
  world	
  diseases	
  look	
  like	
  this?	
  

•  Age	
  of	
  drugs	
  

•  Historical	
  (natural)	
  source	
  of	
  drugs	
  

•  Nature	
  of	
  the	
  beast:	
  

–  Permeability	
  barriers	
  (waxy	
  cell	
  walls,	
  intracellular	
  loca8on)	
  

•  Ac8vatable	
  “warheads”	
  for	
  maximal	
  ac8vity	
  

–  Nitro	
  groups,	
  endoperoxides,	
  acylhydrazides	
  

–  Hit	
  mul8ple	
  targets;	
  minimize	
  resistance,	
  kill	
  quickly	
  

–  Use	
  parasi8c	
  machinery	
  for	
  selec8ve	
  ac8va8on	
  	
  

•  Non	
  specific	
  mechanisms	
  

–  Membrane	
  disrup8on	
  

–  Cellular	
  accumula8on	
  

16	
  



Proposed	
  Mechanism	
  of	
  Ac8on	
  of	
  Some	
  Commonly	
  Used	
  

Third-­‐World	
  Disease	
  Drugs	
  

=	
  non-­‐specific/”warhead”	
  mechanism	
  of	
  ac8on	
  
17	
  

Amikacin	
   inhibits	
  protein	
  synthesis	
  by	
  binding	
  to	
  the	
  30S	
  ribosomal	
  unit	
  

Amphotericin	
  B	
   forming	
  a	
  transmembrane	
  channel	
  that	
  leads	
  to	
  monovalent	
  ion	
  leakage	
  

Artemesinin	
   endoperoxide	
  ac8vated	
  to	
  reac8ve	
  intermediate(s)	
  

Atovaquone	
   mitochondrial	
  electron	
  transport,	
  ATP	
  and	
  pyrimidine	
  biosynthesis.	
  

Capreomycin	
   inhibits	
  protein	
  synthesis	
  by	
  binding	
  to	
  the	
  70S	
  ribosomal	
  unit	
  

Clofazimine	
   binds	
  to	
  the	
  guanine	
  bases	
  of	
  bacterial	
  DNA	
  

Isoniazid	
   ac8vated	
  by	
  catalase-­‐peroxidase	
  enzyme	
  (KatG)	
  to	
  reac8ve	
  intermediate	
  

Ivermec8n	
   binds	
  and	
  ac8vates	
  glutamate-­‐gated	
  chloride	
  channels	
  

Lumefantrine	
   not	
  well	
  defined;	
  perhaps	
  inhibits	
  the	
  forma8on	
  of	
  ß-­‐hema8n	
  

Melarsoprol	
   disrup8on	
  of	
  energy	
  genera8on	
  due	
  to	
  the	
  high	
  affinity	
  for	
  sul~ydryl	
  groups	
  

Nifur8mox	
   bioreduc8ve	
  ac8va8on	
  of	
  nitro	
  group	
  

Nitazoxanide	
   Bio-­‐reduc8ve	
  ac8va8on	
  of	
  nitro	
  group	
  

Proguanil	
   inhibits	
  dihydrofolate	
  reductase	
  (prodrug),	
  perhaps	
  other	
  targets	
  

Rifampin	
   inhibit	
  mycobacterial	
  transcrip8on	
  by	
  targe8ng	
  DNA-­‐dep.	
  RNA	
  polymerase	
  



	
  	
  	
  	
  	
  2)	
  If	
  these	
  molecules	
  have	
  higher	
  risk,	
  how	
  do	
  we	
  

manage	
  these	
  risks?	
  

•  U8lize	
  modern	
  state-­‐of-­‐the-­‐art	
  risk-­‐management	
  tools	
  and	
  

approaches	
  
–  Computa8onal	
  	
  

–  In	
  vitro	
  

–  In	
  vivo	
  

•  Develop	
  new	
  risk-­‐management	
  tools	
  and	
  methods	
  

•  Adapt	
  a	
  por�olio	
  approach	
  to	
  the	
  discovery	
  pipeline	
  

•  Make	
  data-­‐driven	
  decisions	
  regarding	
  series,	
  compounds	
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Without	
  Data,	
  Risk	
  Assessment	
  can	
  be	
  Subjec8ve	
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  3)	
  Are	
  there	
  any	
  lessons	
  from	
  3rd	
  world	
  disease	
  drugs?	
  

•  Don’t	
  be	
  too	
  proscrip8ve/dogma8c	
  in	
  assessing	
  risks-­‐	
  keep	
  an	
  

open	
  mind.	
  

•  We	
  have	
  explored	
  much	
  less	
  chemical	
  diversity	
  than	
  we	
  think	
  

we	
  have.	
  

•  We	
  need	
  new	
  chemistry	
  to	
  access	
  addi8on	
  chemical	
  diversity.	
  

•  Our	
  risk	
  assessment	
  tools	
  are	
  s8ll	
  inadequate	
  

•  We	
  s8ll	
  have	
  much	
  to	
  learn	
  from	
  nature!	
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4)	
  Have	
  we	
  become	
  too	
  dogma8c	
  in	
  how	
  we	
  	
  

judge	
  molecules?	
  

Yes	
  (we	
  tend	
  to	
  be):	
  

	
  -­‐	
  	
  We	
  need	
  to	
  remain	
  open-­‐minded	
  about	
  the	
  physiochemical	
  

space	
  and	
  chemotypes	
  we	
  are	
  willing	
  to	
  explore	
  

	
  -­‐	
  	
  We	
  have	
  developed	
  “rules”	
  rather	
  than	
  “guidelines”	
  

	
  -­‐	
  	
  We	
  have	
  under-­‐es8mated	
  the	
  risks	
  of	
  not	
  taking	
  risks	
  

	
  -­‐	
  	
  We	
  s8ll	
  aren’t	
  really	
  able	
  to	
  dis8nguish	
  good	
  from	
  bad/ugly.	
  

22	
  



Ques8on:	
  How	
  do	
  you	
  define	
  an	
  ugly	
  molecule?	
  

Answer:	
  An	
  ugly	
  molecule	
  should	
  be	
  defined	
  by	
  what	
  it	
  

does,	
  not	
  by	
  how	
  it	
  looks	
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The	
  End	
  

24	
  



Drugs	
  for	
  3rd	
  World	
  Diseases:	
  The	
  Good,	
  the	
  Bad,	
  and	
  the	
  Ugly	
  

	
   Over	
   the	
   last	
   15	
   years	
   numerous	
   empirically-­‐derived	
   rules,	
   guidelines,	
   and	
   tools	
   based	
   on	
  
retrospec8ve	
  analyses	
  have	
  been	
  developed	
  to	
  enable	
  medicinal	
  chemists	
  to	
  be,er	
  understand	
  
and	
   more	
   effec8vely	
   manage	
   drug	
   development	
   risks	
   associated	
   with	
   a	
   drug	
   candidate’s	
  
chemical	
   structure	
   and	
   physiochemical	
   proper8es.	
   These	
   analyses	
   have	
   led	
   to	
   a	
   greater	
  
consensus	
   within	
   the	
   drug	
   development	
   community	
   regarding	
   acceptable	
   physiochemical	
  
proper8es	
   and	
   structural	
   mo8fs	
   for	
   drugs.	
   However,	
   analysis	
   of	
   current	
   drugs	
   used	
   for	
   the	
  
treatment	
  of	
  3rd	
  world	
  diseases,	
  most	
  of	
  which	
  are	
  safe	
  and	
  efficacious,	
  and	
  many	
  of	
  which	
  have	
  
been	
  dosed	
  in	
  millions	
  of	
  pa8ents,	
  reveals	
  a	
  mul8tude	
  of	
  “forbidden”	
  func8onali8es	
  (structural	
  
alerts)	
   and	
   “unacceptable”	
   proper8es,	
   including	
   endoperoxides,	
   nitro-­‐aroma8cs,	
   and	
   large	
  
macrocyclic	
   ring	
   systems	
  which	
   fall	
   well	
   outside	
   the	
   canonical	
   “rule	
   of	
   five”	
   boundaries.	
   This	
  
raises	
  a	
  number	
  of	
  fundamental	
  ques8ons,	
  including	
  does	
  drug	
  discovery	
  for	
  3rd	
  world	
  diseases	
  
require	
   different	
   thinking	
   and	
   risk-­‐tolerance	
   regarding	
   molecular	
   proper8es	
   and	
   chemical	
  
func8onali8es	
   from	
   1st	
   world	
   disease	
   drug	
   discovery?	
   If	
   so,	
   how	
   can	
   we	
   further	
   understand	
  
these	
  differences	
   and	
   capitalize	
  on	
   this	
   knowledge	
   to	
  be,er	
  develop	
  and	
   risk-­‐manage	
   the	
  3rd	
  
world	
  drug	
  discovery	
  por�olio?	
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