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8.1.  Grignard Reactions revisited: an overview

The Grignard reagent, RMgX, where R is an aromatic or aliphatic group, can attack a diverse range

of substrates.  Any compound containing the functional groups listed in the table below are fair game.  This means any compound in the indicated compound families are therefore capable of being reacted with the R in RMgX.



  functional group


compound class(es)



  sensitive to RMgX attack

containing functional group



 -OH




RO-H (alcohols)








HO-H  (water)

decomposes





RCOO-H (organic acids)

RMgX

 -NH2




RNH2 (amines and anilines)



 -S-H




RS-H (thiol
s)








 O=O




O2 (oxygen gas )



     O




epoxides (ethylene oxide)



 CH2-CH2





fuses

 non acidic -C=O


RCHO (aldehydes)

w/R of
 




         RR’CO (ketones)


  

RMgX






RCOCl (acid chlorides)








RCOOR (esters)








CO2 (carbon dioxide)

The first group contain hydrogens acidic compared to R in RMgX. Thus, they act to

decompose the RMgX and generate R-H as shown below, where methyl alcohol (CH3OH) and a butyl Grignard is used as an example:


CH​3O-H   +  C4H9 -MgX ------->
C4H10  + Mg(OCH3)X

This is more nuisance than use, since alkanes (R-H) are easily obtained from petroleum

distillation.  The synthetic chemist must therefore arrange his syntheses to avoid the inadvertent generation of R-H.

The second group, containing multiple bonds between O and either C or O, 

form the real practical basis for the Grignard reagent, since these compounds can `fuse’
with the R contained in RMgX to make a more complex compound.

For example, oxygen gas reacts to form an alcohol with RMgX as below:








   H2O/H+





2RMgX + O2 ------> (RO-MgX-OR)  --------->  2ROH + Mg(OH)X
Similarly, epoxides react to form a an alcohol with two extra C as below:



     O





      H2O/H+


CH2-CH2  + RMgX -----> (R-CH2-CH2-OMgX)---------> RCH2CH2 OH + Mg(OH)X

The most interesting and diversely useful fusions, however, are connected to the reaction

of RMgX with carbonyl containing compounds.

8.2.
The General Pathway of Grignard reactions with non-acidic 


Carbonyl (C=O) 
compounds

The overall reaction of a (non-acidic) carbonyl with RMgX can be written as below:











    H+/H2O       |
1
RMgX + 
C=O
---> (  C  O ---MgX
)  ---->          C-OMgX ------->     C-OH   +Mg(OH)X










|

        |










 R

          R

        R



Thus, if the carbonyl compound is CO2 =>   
C=O  is  O=C=O and the final product






   

of its reaction with RMgX will be: 
O=C-OH, which is RCOOH, an organic acid.








     
      |







     R

The simple pattern contained in the reaction sequence (1)  allows us to generalize

the products that can be obtained from general classes of carbonyl compounds

when they are combined with the Grignard reagent, RMgX.

We have summarized the results of such generalizations below. 



Carbonyl Substrate

Product formed with RMgX (and after H+/H2O)


CO2
(carbon dioxide)

RCOOH

(acid)


of practical












importance

H2C=O (formaldehyde)

RCH2OH   

(1o alcohol)


R’HC=O (higher aldeydes)
R’CHOH  

(2o alcohol)
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   R






     
    R’’







     
     |



R’R’’C=O  (ketones)

R’COH

(3o alcohol)






    
     |







     
    R
 



 




       R



           
“academic”  








       |



R’C=O  (acid chlorides)

  R’-C-OH  or   R’RC=O  (ketone)

    
    |




       |


              Cl




       Cl
 
  









(converting back to ketones)






      R








      |


R’C=O (ester)


R’-C-OH 
(3o alcohol...needs 2RMgX) 
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      R

