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Copper-‐Catalyzed	  Hydrocarboxylation	  of	  Allenes	  	  
 Rémi	  Blieck,a	  Marc	  Taillefer,a*	  and	  Florian	  Monniera,b*	  
	  

The	   addition	   of	   carboxylic	   acids	   to	   allenes	   was	   performed	  
with	   copper	   catalysis.	   This	   hydrocarboxylation	   reaction,	  
occuring	   on	   the	   terminal	   carbon	   of	   the	   allenes,	   is	   totally	  
regio-‐	   and	   stereoselective.	   It	   represents	   the	   first	   copper-‐
catalyzed	  example	  of	   intermolecular	  C-‐O	  bond	   formation	  by	  
allene	   hydrofunctionalization.	   This	   ligand-‐free	   system,	   is	  	  
based	   on	   the	   use	   of	   catalytic	   amounts	   of	   copper	   combined	  
with	  a	  base	  (10	  mol	  %	  of	  K2CO3).	  
	  
	  
	   The	  direct	  and	  simple	  metal-‐catalyzed	  substitution	  of	  allylic	  
compounds	   bearing	   leaving	   groups	   is	   a	   powerful	   method	   to	  
obtain	   various	   functionalized	   allylic	   compounds.1	   Despite	   an	  
impressive	  efficiency,	  the	  Tsuji-‐Trost	  reaction	  suffered	  from	  an	  
atom-‐economical	   point	   of	   view,	   as	   one	   equivalent	   of	   leaving	  
group	  is	   lost	  from	  the	  starting	  molecule.	  Therefor	  alternatives	  
appeared	   in	   the	   literature,	   and	  one	  of	   the	  most	  direct	  one	   is	  
the	  hydrofunctionalization	  of	   allenes.	   For	   construction	  of	  C-‐N	  
bonds,	   metal-‐catalyzed	   hydroamination	   of	   allenes	   were	  
recently	   developed,2	   as	   for	   the	   formation	   of	   C-‐C	   bonds	   with	  
various	   transition-‐metal-‐based	   catalysts.3	   In	   the	   case	   of	  
addition	  of	  O-‐nucleophiles	  as	  alcohols	  or	  phenols,	   few	  results	  
were	  published	  these	  recent	  years.4	   In	  the	  special	  case	  of	  the	  
addition	  of	  carboxylic	  acids,	  few	  examples	  were	  reported	  with	  
iridium-‐,	  rhodium-‐,	  silver-‐	  or	  palladium-‐catalysts.5-‐8	  Depending	  
on	  the	  nature	  of	   the	  metal,	   regioselectivity	  of	   the	  addition	  of	  
the	   nucleophile	   varies	   as	   mentioned	   in	   Scheme	   1.	   Systems	  
based	  on	  Ir5	  and	  on	  Rh6	  respectively	  developed	  by	  Krische	  and	  
Breit	  gave	  the	  branched	  allylic	  esters.	  On	  the	  other	  hand,	  Ag7	  
and	   Pd8-‐catalytic	   systems	   allow	   the	   selective	   formation	   of	  
linear	   allyclic	   molecules	   with	   the	   selective	   formation	   of	   E	  
double	   bond.	   Nevertheless	   these	   reported	   methodologies	  
suffered	  from	  expensive	  and/or	  toxic	  catalytic	  systems.	  
	  
	  
	  
	  
	  
	  
	  
Scheme	  1	  Metal-‐catalyzed	  addition	  of	  carboxylic	  acids	  to	  allenes	  

	  

To	   pursue	   our	   studies	   on	   hydrofunctionalization	   of	   allenes	  
catalysed	  by	  simple	  and	  cheap	  catalyst	  based	  on	  copper,2g,3k,9	  
we	  engaged	  our	  efforts	  on	  the	  formation	  of	  C-‐O	  bonds,	  in	  the	  
presence	  of	  copper	  salts	  playing	  the	  role	  of	  precatalyst,	  by	  the	  
addition	  of	  carboxylic	  acids	  on	  terminal	  allenes.	  
Herein,	  we	  would	  like	  to	  report	  the	  first	  hydrocarboxylation	  of	  
allenes	   catalyzed	  by	   a	   copper	   system.	   The	   latter	   leads	   to	   the	  
selectively	   linear	   allylic	   esters	   in	  moderate	   to	   excellent	   yields	  
(Scheme	  2).	  	  
	  
	  
	  
	  
	  
	  
Scheme	  2	  Copper-‐catalyzed	  hydrocarboxylation	  of	  allenes	  

	  
First,	  a	   set	  of	  experiments	  was	  performed	  using	  allenamide	  1	  
and	   benzoic	   acid	   a	   as	   model	   substrates.	   We	   then	   tested	  
catalytic	   system	  developed	  by	  our	  group3k	   for	   the	  addition	  of	  
1,3-‐dicarbonyl	   compounds	  on	   allenes	   (Table	   1,	   entry	   1).	  Only	  
13%	   of	   desired	   product	   1a	   was	   observed	   in	   the	   presence	   of	  
10%	  of	  Cu(CH3CN)4PF6	   and	  one	  equivalent	  of	  base	  Cs2CO3.	  As	  
mentioned	   in	   literature,5-‐7	   base	   could	   be	   used	   in	   catalytic	  
amount	   for	   the	  addition	  of	   carboxylic	  acid	  on	  allenes.	   Indeed	  
when	  we	  reduced	  the	  amount	  of	  Cs2CO3	  to	  10%	  (Table	  1,	  entry	  
2)	  we	  observed	  an	  impressive	  increase	  of	  the	  formation	  of	  1a	  
to	  64%.	  Decreasing	  temperature	  from	  50	  °C	  to	  25	  °C	  affords	  to	  
a	  loose	  of	  reactivity	  with	  only	  15%	  of	  1a	  formed	  (Table	  1,	  entry	  
3).	   Blank	   experiments	   revealed	   that	   combination	   of	   copper	  
precatalyst	   and	   base	   is	   absolutely	   needed	   for	   the	   reaction.	  
(Table	   1,	   entries	   5-‐6).	   In	   a	   second	   set	   of	   experiments,	   we	  
showed	   that	   K2CO3	   is	   the	  most	   suitable	   base	   to	   perform	   the	  
hydrocarboxylation	  (Table	  1,	  entries	  4,	  7-‐9).	  It	  is	  also	  important	  
to	  note	  that	  others	  copper	  (I)	  precatalysts	  (CuI,	  CuBr,	  Cu2O)	  did	  
not	   allow	   better	   reactivity	   than	   10%	   mol	   of	   Cu(CH3CN)4PF6	  
(Table	  1,	  entries	  10-‐13).	   Thus	   the	  most	   suitable	   conditions	   to	  
perform	  the	  hydrocarboxylation	  of	  1	  are	  those	  of	  the	  entry	  9:	  
one	   equivalent	   of	   allene	   1	   reacts	   with	   1.2	   equivalent	   of	  
benzoic	   acid	   a	   in	   1.5	  mL	   of	   THF	   during	   18	  h	   at	   50	  °C	   in	   the	  
presence	  of	  10%	  of	  Cu(CH3CN)4PF6	  and	  10%	  of	  K2CO3	  acting	  as	  
a	   base.	   These	   smooth	   conditions	   allow	   the	   regio-‐	   and	  
stereoselective	  formation	  of	  1a	  in	  90%	  NMR	  yield.	  
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Table 1 Hydrocarboxylation of 1 with benzoic acid a. Selected data for reaction 
development.a 

 

	  

	  

	  

	  

entry 
 

[Cu] (x mol %) 
 

Base (y eq.) THF 
(mL)  

Yieldb 

(%) 

1 Cu(CH3CN)4PF6 (10) Cs2CO3 (1) 2.5  13 
2 Cu(CH3CN)4PF6 (10) Cs2CO3 (0.1) 2.5  64 
3 Cu(CH3CN)4PF6 (10) Cs2CO3 (0.1) 2.5  15 c 
4 Cu(CH3CN)4PF6 (10) Cs2CO3 (0.1) 1.5  80 
5 Cu(CH3CN)4PF6 (10) - 1.5  0 
6 - Cs2CO3 (0.1) 1.5  0 
7 Cu(CH3CN)4PF6 (10) KOH (0.1) 1.5  85 
8 Cu(CH3CN)4PF6 (10) NaOH (0.1) 1.5  82 
9 Cu(CH3CN)4PF6 (10) K2CO3 (0.1) 1.5  90 

10 CuI (10) K2CO3 (0.1) 1.5  32 
11 CuBr (10) K2CO3 (0.1) 1.5  43 
12 Cu2O (10) K2CO3 (0.1) 1.5  21 
13 Cu(CH3CN)4PF6 (5) K2CO3 (0.1) 1.5  52 

a Reaction conditions: 1 (0.5 mmol), a (0.6 mmol), base (0.05 to 0.5 mmol) and catalyst 
(0.025 to 0.05 mmol) were placed in a screw tube under argon in THF for 18 h at 50 °C. 
b  NMR yields using 1,3,5-trimethoxybenzene as internal standard. c At 25 °C.  

 
Next,	   investigations	   on	   the	   scope	   and	   limitations	   of	   reaction	  
were	   engaged.	   In	   a	   first	   set	   of	   experiments,	   we	   wanted	   to	  
know	   if	   this	   selective	   reaction	   is	   tolerant	   toward	   various	  
carboxylic	  acids	  (Scheme	  3).	  Moderate	  to	  excellent	  yields	  were	  
obtained	   when	   N-‐allenyl-‐2-‐pyrrolidinone	   1	   reacted	   with	  
aromatic	   carboxylic	   acids	   such	   as	   benzoic	   acid	   a,	   4-‐fluoro-‐
phenylacetic	  acid	  b,	  m-‐methylbenzoic	  acid	  c,	  o-‐methylbenzoic	  
acid	   d	   (Scheme	   3).	   We	   also	   demonstrated	   that	   N-‐allenyl-‐2-‐
pyrrolidinone	   1	   allowed	   the	   formation	   of	   the	   desired	  
carboxylated	   product	   1e	   in	   75%	   yield,	   when	   engaged	   with	  
carboxylic	   acid	   bearing	   heterocycle	   as	   2-‐furoic	   acid	  e.	   To	   our	  
delight,	  we	  also	  engaged	  successfully	  N-‐protected	  amino	  acids	  
as	  source	  of	  carboxylic	  acids.	  To	  this	  purpose,	  boc-‐proline	  f	  and	  
boc-‐β-‐alanine	   g	   reacted	   with	   allene	   1	   under	   standard	  
conditions	   to	  give	  desired	  allylic	   esters	   compounds	  1f	   and	  1g	  
respectively	   in	   80%	   and	   72%	   yields.	   Finally	   cinnamic	   acid	   h	  
with	   allene	   1	   gave	   the	   desired	  molecule	   1h	   in	   72%	   yield.	   All	  
products	   1a-‐1h	   were	   obtained	   in	   regio-‐	   and	   stereoselective	  
manner	   without	   the	   generation	   of	   any	   other	   products	   or	  
isomers.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

Scheme	   3	   Copper-‐catalyzed	   hydrocarboxylation	   of	   allene	   1	   with	   various	  
carboxylic	  acids	  a-‐h	  (isolated	  yields).	  

	  
In	   a	   following	   set	   of	   experiments,	   we	   showed	   that	   diverse	  
allenamides	   could	   be	   suitable	   substrates	   for	   this	   selective	  
reaction	   (Scheme	   4).	   N-‐allenyloxazolidinone	   2	   reacted	   with	  
benzoic	  acid	  a	  to	  give	  2a	  in	  67%	  yield.	  Other	  important	  class	  of	  
allenes	   such	   as	   N-‐allenyl-‐sulfonamide	   was	   engaged	  
successfully,	  and	  under	  standard	  reaction	  conditions	  we	  were	  
able	  to	  obtain	  3a,	  4a	  and	  5a	  respectively	  in	  43%,	  51%	  and	  47%	  
yield.	  Finally	  N-‐allenyl-‐azoles	  such	  as	  allenes	  bearing	  triazole	  6	  
and	   benzotriazole	   7	   were	   also	   good	   candidates	   for	   this	  
hydrofunctionalization	  reaction	  in	  the	  presence	  of	  benzoic	  acid	  
a.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Scheme	   4	   Copper-‐catalyzed	   hydrocarboxylation	   of	   various	   allenes	   2-‐7	   with	  
benzoic	  acid	  a	  (isolated	  yields).	  

	  
Taking	  into	  account	  our	  previous	  reports	  on	  hydroamination	  of	  
allenes	  catalysed	  by	  similar	  catalytic	  system,9a-‐b	  we	  propose	  a	  
mechanism	   involving	   cationic	   copper	   species,	  which	   in	   a	   first	  
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step	   could	   complex	   the	   allene	   to	   afford	   intermediate	   A	  
(Scheme	   5).	   The	   in-‐situ	   generated	   carboxylate	   anion	   R1CO2

-‐	  
could	   attack	   A	   in	   an	   antiperiplanar	   manner	   to	   afford	   a	   Z	  
alkenylcopper	   intermediate	   B.	   Another	   equivalent	   of	  
carboxylic	   acid	   could	   perform	   a	   protodemetallation	   through	  
intermediate	  C,	  which	  could	  release	  the	  desired	  E	  allylic	  ester	  
and	   regenerate	   carboxylate	   anion	  R1CO2

-‐.	   The	   latter	   could	  be	  
re-‐engaged	   in	   the	   catalytic	   cycle,	   thus	   explaining	   the	   use	   of	  
only	   catalytic	   amount	   of	   base	   in	   this	   reaction.	   Work	   is	   in	  
progress	  to	  assess	  the	  soundness	  of	  this	  mechanistic	  proposal.	  

	  
Scheme	  5	  Proposed	  mechanism	  for	  the	  hydrocarboxylation	  of	  allenes.	  

	  
In	  conclusion	  we	  have	  reported	  the	  first	  copper-‐catalyzed	  C-‐O	  
bond	   formation	   performed	   by	   hydrofunctionalization	   of	  
allenes,	   giving	   an	   efficient	   and	   selective	   access	   to	   allylic	  
moieties	   with	   a	   total	   atom	   economy.	   Under	   smooth	  
conditions,	   using	   catalytic	   amount	   of	   base,	   we	   explored	   the	  
powerfulness	  and	   the	   tolerance	  of	   this	  novel	   catalytic	   system	  
for	   the	   regio-‐	   and	   stereoselective	   generation	   of	   allylic	   esters	  
starting	   from	   simple	   substrates,	   and	   we	   demonstrated	   the	  
high	   flexibility	   of	   copper-‐based	   catalytic	   systems	   in	   the	  
functionalization	  of	  allenes.	  
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