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Roberts-Urey esterification model


Summary of Accepted Fischer Esterification Mechanism for Acid-Catalyzed Formation of n-Butyl acetate from n-Butanol and Acetic Acid

(Roberts-Urey model)

(see also: Wilcox 375-8 & McMurry 653-4)

Overall reaction:
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Part 1; Route To Dihydroxy Intermediate
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step 1) Initial protonation of acetic acid 
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 Dihydroxy carbocation
ketonic cation

Notes:


(a)
H+ can be from mineral acid (H2SO4) or from previously protonated alcohol
 (C4H9OH2+) which forms bonds from lone pair of e- O in C=O 

(b)
resonance shift arises from O lone pair donating both electrons to pi bond w/C. The resulting  ketonic cation structure is more stable than the dihydroxy  carbocation and thus favors forward equilibrium. The ketonic cation acts to `store’ the dihydroxy carbocation’ for later reaction/

(c )
note that equilibrium is invoked at all steps above.

Step 2)  formation of hemiacetal by attack of n-butanol via lone pair transfer of O in 

              alcohol  to form O-C bond with dihydroxy carbocation
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a “hemi acetal” cation

Notes:


(a)
 ketonic cation first reverts to less stable dihydroxy form which the nucleophilic lone pairs of the n-butanol attack to from a new C-O bond and which moves the (+) originally on the carbocation to the alcohol’s O


to form the `hemiacetal’ cation

(b) 
 it is the H from the alcohol that will end up coming off, making the alcohol the `acid’ (e.g an H+ donor)

\

Step 3:   loss of H+ from hemi acetal to second nucleophilic alcohol’s lone pairs








 protonated butanol













Dihydroxy

Notes:





Intermediate (Part I)

(a)
lone pair of second butanol ‘s O transfers to form H-O bond with H on  hemiacetal cation, breaking the first O-H bond and making a second one on the attacking alcohol. This essentially transfers to (H+) to the second alcohol to form a protonated alcohol.

(b)
The 2nd alcohol essentially acts like a base, stealing back the H+ donated by the first alcohol.

(c)
the resulting dihydroxy compound is still part of reversible equilibrium

(d)
step 3 completes the first half of the Roberts-Urey mechanism.

Part 2: Reversion Of Dihydroxy Intermediate to Final Ester 

by H Exchange and Dehydration

step 4: reversion of second protonated alcohol to alcohol transfer of (+) to OH of 


dihydroxy intermediate 












Protonated dihydroxy intermediate 


Notes:


(a)
this is the first time that the protonated OH2 group lodges on the central molecule 

of interest, making a protonated version of the dihydroxy intermediate wherein protonation occurs on an OH, not an OR


Step 5:

ejection of water and formation of second hemi-acetal cation 






Notes:

(a)
the expected ejection of water occurs through bond breakage of the O-C transfer of H2O-C electron bond pair to OH2 causing its ejection as water and the simultaneous formation of a pi bond to the remaining OH and transfer of the (+) charge.

Step 6:

Final H+ ejection and final n-butyl acetate ester formation



Notes:

(a)
The above proton could also have been transferred directly to a new alcohol as suggested in Carey, thus providing a self-perpetuating source of protonated alcohol for further reaction of unreacted acetic acids.

alternative step 6: alternative H+ transfer route
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Dihydroxy 


Intermediate (Part I)
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