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Introduc*on	
  

Two	
  new	
  reagents	
  developed	
  in	
  the	
  Knochel	
  group	
   	
  which	
  offer	
  a	
  useful	
  alterna*ve	
  to	
  
standard	
  Li-­‐based	
  reagents.	
  Both	
  are	
  commercially	
  available	
  and	
  take	
  advantage	
  of	
  the	
  
less	
   polar	
   C-­‐Mg	
   bond	
   allowing	
   for	
   greater	
   func*onal	
   group	
   tolerance	
   and	
   more	
  
convenient	
  temperature	
  ranges.	
  	
  



1.	
  Selec*ve	
  Metala*on-­‐	
  Why?	
  

•  Use	
  of	
  Alkyl-­‐Li	
  is	
  very	
  popular	
  and	
  successful	
  method.	
  	
  
•  However	
  moderate	
  func*onal	
  group	
  tolerance	
  (cyano,	
  nitro,	
  ester,	
  and	
  etc)	
  due	
  to	
  

high	
  reac*vity	
  of	
  C-­‐Li	
  species.	
  	
  
•  Require	
  -­‐78	
  °C	
  reac*on	
  condi*ons.	
  
	
  
•  C-­‐Mg	
  bond	
  more	
  covalent	
  like	
  in	
  character	
  thus	
  has	
  beRer	
  func*onal	
  group	
  tolerance	
  

and	
  has	
  been	
  shown	
  to	
  tolerate	
  cyano,	
  nitro,	
  ester	
  and	
  imine	
  func*onal	
  groups.	
  
•  However	
  poor	
  rate	
  of	
  transmetala*on	
  especially	
  with	
  electron-­‐rich	
  aroma*cs	
  is	
  a	
  

limi*ng	
  factor	
  in	
  their	
  u*lity.	
  
•  Extended	
  periods	
  or	
  increased	
  temperatures	
  increases	
  unproduc*ve	
  side	
  reac*ons	
  
	
  
Development	
  of	
  turbo	
  Grignard	
  addresses	
  some	
  of	
  these	
  issues	
  allowing	
  access	
  to	
  range	
  
of	
  new	
  sensi*ve	
  substrates.	
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Scope	
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Reac*vity	
  compared	
  without	
  LiCl	
  

Reac*ons	
  are	
  quenched	
  aber	
  3	
  hrs.	
  Note	
  that	
  reac*ons	
  are	
  also	
  performed	
  at	
  rt.	
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Magnesium/Halogen	
  Exchange	
  with	
  
Vinyl	
  Halogens	
  

It	
  is	
  possible	
  to	
  perform	
  Mg/I	
  exchanges	
  stereospecifically	
  using	
   iPrMgCl	
  however	
  the	
  
reac*ons	
   require	
   either	
   high	
   temperatures	
   (limi*ng	
   the	
   presence	
   of	
   sensi*ve	
  
func*onal	
   groups	
   e.g.	
   esters)	
   or	
   an	
   adjacent	
   direc*ng	
   group	
   (OMe)	
   which	
   limits	
  
substrate	
  scope.	
  	
  	
  

However	
   use	
   of	
   iPrMgCl.LiCl	
  means	
   reac*ons	
   can	
   take	
   place	
   at	
   lower	
   temperatures	
  
giving	
  beRer	
  func*onal	
  group	
  tolerance	
  (including	
  esters	
  and	
  other	
  halogens)	
  .	
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How	
  it	
  works	
  
Two	
  proposed	
  effects:	
  
	
  
1.	
  LiCl	
  breaks	
  up	
  polymeric	
  aggregates	
  of	
  iPrMgCl	
  producing	
  a	
  more	
  reac*ve	
  complex.	
  

2.	
  The	
  magnesiate	
  character	
  of	
  the	
  [iPrMgCl2-­‐Li+],which	
  displays	
  
an	
  extra	
  nega*ve	
  charge	
  at	
  the	
  magnesium	
  centre,	
  also	
  enhances	
  the	
  reac*vity	
  of	
  
the	
  reagent.	
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2.	
  Selec*ve	
  Deprotona*on	
  

Typically	
  performed	
  using	
  strong	
  bases	
  such	
  as	
  alkyl	
  lithium	
  reagents	
  and	
  lithium	
  amides.	
  
	
  
Documented	
  problems	
  include:	
  	
  
•  Moderate	
  func*onal	
  group	
  tolerance	
  (especially	
  above	
  -­‐20	
  °C)	
  
•  Undesirable	
  side	
  reac*ons	
  due	
  to	
  their	
  high	
  reac*vity	
  (e.g.	
  Chichibabin	
  addi*on).	
  
•  Low	
  stability	
  in	
  THF	
  at	
  room	
  temperature	
  requiring	
  in	
  situ	
  genera*on.	
  
•  Deprotona*on	
  requires	
  low	
  temperatures	
  (-­‐78	
  °C).	
  
	
  
As	
  discussed	
  before	
  C-­‐Mg	
  species	
  have	
  greater	
   func*onal	
  group	
   tolerance	
  and	
  are	
   stable	
  
over	
  a	
  more	
  convenient	
  temperature	
  range.	
  Thus	
  the	
  u*lisa*on	
  of	
  Mg-­‐amides	
  as	
  bases	
  has	
  
had	
  some	
  success	
  however	
  the	
  reagents	
  suffer	
  from	
  low	
  solubility	
  and	
  oben	
  require	
  large	
  
excesses	
   of	
   base	
   which	
   can	
   complicate	
   transmetala*on	
   and	
   further	
   reac*ons	
   with	
   the	
  
organometallic	
  species.	
  
	
  	
  
Development	
  of	
  Knochel-­‐Hauser	
  base	
  (TMPMgCl.LiCl)	
  has	
  helped	
  address	
  some	
  of	
  these	
  
problems.	
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Scope	
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Examples	
  of	
  Regioselec*vity	
  

Examples	
  above	
  show	
  preferen*al	
  deprotona*on	
  of	
  the	
  arene	
  ring	
  over	
  pyridine	
  
and	
  also	
  high	
  levels	
  of	
  regioselec*vity	
  on	
  subs*tuted	
  heteroaryls.	
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Applica*ons	
  to	
  Pyrimidines	
  

Tradi*onally	
   difficult	
   to	
   deprotonate	
   pyrimidines	
   (due	
   to	
   their	
   propensity	
   to	
   react	
  with	
  
organometallic	
  reagents)	
  are	
  successfully	
  deprotonated	
  and	
  quenched	
  with	
  a	
  number	
  of	
  
electrophiles.	
  The	
  methodology	
  was	
  showcased	
  with	
   the	
  synthesis	
  of	
  a	
   fully	
   subs*tuted	
  
pyrimidine.	
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Prepara*on	
  of	
  Fully	
  Subs*tuted	
  
Benzene	
  

Showcases	
  how	
  this	
  methodology	
  can	
  be	
  used	
  to	
  synthesis	
  very	
  highly	
  subs*tuted	
  aryl	
  
systems	
  by	
  successive	
  deprotona*ons.	
  It	
  is	
  also	
  shown	
  to	
  be	
  applicable	
  to	
  the	
  synthesis	
  
of	
   fully	
   subs*tuted	
   thiophenes	
   and	
   furans.	
   Note	
   the	
   transmetala*on	
   and	
   cross	
  
coupling	
  to	
  synthesis	
  121.	
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Why?	
  

	
  
	
  



Summary	
  
Two	
  new	
  reagents	
  to	
  consider	
  when	
  making	
  organometaillics:	
  
	
  
1.  Halogen/Magnesium	
  exchange	
  
•  Increased	
  func*onal	
  group	
  compa*bility	
  
•  Mild	
  reac*on	
  condi*ons,	
  including	
  a	
  convenient	
  range	
  of	
  temperatures	
  
•  Side	
  reac*ons	
  inhibited	
  
•  Allows	
  for	
  prepara*on	
  of	
  func*onalized	
  heteroaryl	
  organometallics	
  
•  Large-­‐scale	
  produc*on	
  of	
  Grignard	
  reagents	
  possible	
  
	
  
2.	
  Selec*ve	
  Deprotona*on	
  
•  High	
  func*onal	
  group	
  tolerance	
  
•  High	
  kine*c	
  ac*vity	
  due	
  to	
  LiCl	
  
•  Solubility	
  in	
  THF	
  
•  No	
  Chichibabin	
  reac*ons,	
  less	
  side	
  reac*ons	
  in	
  general	
  
•  Regioselec*ve	
  metala*on	
  of	
  arenes	
  and	
  heteroarenes	
  

	
  


