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SECTION 7

Stereoelectronic Effects (S.E.)

and Reactivity of Amides and Related Functions

(2018)
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Amides and Stereoelectronic Effects

Resonance Form (a name which does not mean what it really means !)
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t Bond and Amides
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2° amides  (s-trans)
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nN *C-Y

Formation and Cleavage of Hemi-Orthoamide with 

Stereoelectronic Control
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t Bond and Amide Hydrolysis
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Ionic Form of Tetrahedral Intermediate and Product Formation

Also, cleavage of T- takes place with H-bond with water

amine ester
only

amine ester
or

amide alcohol
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X-Rays N,N-Dimethyl-8-Hydroxynaphtalene 1-Carboxamide

Dunitz et al.

Burgi, H.B.; Dunitz, J.D. et al. J. Am. Chem. Soc. 1973, 95, 5065;

Acc. Chem. Res. 1983, 16, 153.

Also, Raines, R.T. et al. Org. Lett. 2014, 16, 3421-3423.
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Carbonyl-Oxygen Exchange Concurrent with Hydrolysis in Amides

This technique can be used to demonstrate the importance of the 

principle of stereoelectronic control in tetrahedal intermediates 

derived from amides.
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Carbonyl-Oxygen Exchange in Primary and Secondary Amides

and Hydrolysis

Proton-transfer on oxygen or on the 

nitrogen are allowed because:

Résumé:

Important O18-exchange during 

hydrolysis because k2 >> k3

11
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Carbonyl-Oxygen Exchange in Tertiary Amides and Hydrolysis

Résumé:  O18 Exchange can take place only if conformational change occurs between 19 and 20.
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O18 Exchange and Hydrolysis in Amides (Experimental Results)

BUNTON, C.A. et al. J. Org. Chem. 1968, 33, 572.
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Formamide, Acetamide, and Propionamide O18 Exchange

during Hydrolysis

The rates of hydrolysis and carbonyl-oxygen exchange was carried out at 27°C with 

potassium hydroxide (1.5 N).

DESLONGCHAMPS, P. et al. Nouv. J. Chim. 1978, 2, 631.

significant

little

none



15

Importance of H-bond (from Water) to Nitrogen in the Hydrolysis of Amide

DESLONGCHAMPS, P. et al. Nouv. J. Chim. 1978, 2, 631.
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Rate of Hydrolysis and Carbonyl-Oxygen Exchange in N-benzyl N-methylated Amides

(R = H, R = CH3 and R = CH2C6H5) were carefully measured at several temperatures

In 35, rotation barrier and nitrogen inversion barrier are identical and estimated at 6.2 kcal/mol.

In 36 (i.e., acetamide 34), the higher value of 8.0 kcal/mol is a consequence of an anomeric

effect (double bond character in the C-N bond (nN  *C-O). 

In formamide, the rate of exchange is only slightly lower than that for hydrolysis whereas in the case 

of acetamide and propionamide, the exchange occurs at a significantly lower rate.

Thus, rate of exchanges is directly related to rate of conformational change.

DESLONGCHAMPS, P. et al. Can. J. Chem. 1980, 58, 2167.
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O18-Exchange and Basic Hydrolysis in Lactams

Lactam (R = alkyl or H) cannot undergo O18-exchange concurrent with hydrolysis

because conformational change between 38 and  40 is too high in energy. Indeed, 

basic hydrolysis (NaOH, N) occurs at room temperature but no O18 -exchange.

N.B.  Thus, contrary to secondary amide (Z-amide), there is no O18-exchange 

in secondary lactam (E-amide).

DESLONGCHAMPS, P. et al. Nouv. J. Chim. 1977, 1, 235.

H2O
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Concurrent O18-Exchange and Hydrolysis in b-Lactam

42 is hydrolyzed at a much lower rate  (hindrance to H-bond with H2O)

42 undergoes O18-exchange  (K2 >> K3)  (cannot form amino acid)

41 does not undergo O18-exchange  (K3 >> K2)  (b-lactam steric strain)

DESLONGCHAMPS, P. et al. Can. J. Chem. 1980, 58, 2061.
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Hydrolysis of Imidate Salts

Ionic form of tetrahedral intermediates

amine ester
or

amide alcohol

amine ester
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Stereoelectronic Effects in Imidate Salts

Resonance form

Stereoelectronic effects

Steric effects
In the anti form, there is a severe steric interaction between the R group on the oxygen and one of the R 

groups on the nitrogen atom. In the syn form, there is a steric interaction between the R group of the 

oxygen and the R group on the carbon atom.


*

nO *C-N


*
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Hydrolysis of Imidate Salts in Basic Medium
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Relative Stability of Syn and Anti Conformation in Imidate Salts

DESLONGCHAMPS, P. et al. Nouv. J. Chim. 1979, 3, 343.
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t Bond, Syn Imidate Salts and Hydrolysis
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t Bond, Anti Imidate 

Salts and Hydrolysis
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Hydrolysis of Imidate Salts at pH 11

R = H63

Products

amide
alcohol

ester
amine

50 50

20 80

25 75

- 100

- 100

Thus, 56 and 57 are assumed to be 100% anti imidates.

DESLONGCHAMPS, P. et al. Can. J. Chem. 1975, 53, 3029.
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Hydrolysis of Cyclic Anti Imidate Salts

DESLONGCHAMPS, P. et al. Can. J. Chem. 1973, 51, 1665; 1975, 53, 2791.
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Other Examples of Anti Imidate Salts Hydrolysis

ALLEN and GINOS.  J. Org. Chem. 1963, 28, 2759.

DESLONGCHAMPS, P. et al. Can. J. Chem. 1975, 53, 2791.
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Basic Hydrolysis of Imidates 64 and 74

Whereas:

74 is a bicyclic version of 64.  Why is there a difference !

DESLONGCHAMPS, P. et al. Can. J. Chem. 1975, 53, 2791.
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Imidate 64 can Exist as a Mixture of Syn (67) and Anti (68) Conformers

Résumé:

Lactam 66 can be produced 

only  from intermediate 72

which must be obtained from 

a chair inversion of 

intermediate 69.

DESLONGCHAMPS, P. et al. Can. J. Chem. 1979, 57, 3262.
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Imidate 74 can Exist as a Mixture of Syn (78) and Anti (78) imidates

Résumé:

Lactam 76 can first be produced only 

from the sterically hindered 83, so, it 

is not observed. It can be slowly 

produced only from amino-ester 75

(85 to 84 to 76).
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Peculiar Behavior of Hydrolysis of Imidate Salt 112

Résumé:

112 gives directly amide alcohol 115 under basic conditions because it gives first 

amino ester 114 which then yields 115A and B in 2:8 ratio.

slow
115A  (40%)

+

115B  (60%)

equilibrium

mixture



32

Specific Formation of Rotamers 115A and 115B

Why aminoester 114 yields a 2:8 mixture of amide rotamers

114A and 114B which then slowly isomerizes to produce the equilibrium mixture (4:6) ?

N.B. Z ester 114A is more stable than E ester 114B.

However, E esters are more reactive. 

This does explain why the amide rotamer 115B is preferentially formed under kinetically

controlled conditions.

H

O N
R

Me

115B  (80%)

O

H N
R

Me

115A  (20%)

(40%)         at equilibrium             (60%)
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…Peculiar Behavior of 118 Under Basic Conditions

Résumé:

118 gives 120B (100%) via 125.

120B then slowly equilibrates to 120A and 120B (3:1).

Amino-ester cannot be formed due to steric hindrance to 

hydrogen bond formation with nitrogen.
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Even More Peculiar Behavior of Imidate Salt 118 in Acidic Conditions

Résumé:

Due to hindrance to protonation, a mixture of amide-alcohol 

and amino-ester is produced in acidic conditions.

Also, amide-alcohol is first produced only as rotamer 120B.

DESLONGCHAMPS, P. et al. Can. J. Chem. 1979, 57, 3262.

due to the presence of 

small H, there is less 

steric hindrance to 

protonation of nitrogen 
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Nitrogen Inversion in Amidases. Formation of Acyl Enzyme.

(1) P.-O. Syrén.  Febs Journal 2013, 280, 3069-3083.

(2) S. A. Bizzozero, H. Dutler.  Bioorg. Chem. 1981, 10, 46-62.

(3) P. Deslongchamps. Tetrahedron 1975, 31, 2463-2490.
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Intermediate in cis-trans Amide Interconversion

(1) A. J. Kirby et al.  J.A.C.S. 2015, 137, 926-930.

(2) A. J. Kirby et al.  Angew. Chem. Int. Ed. Engl. 1998, 37, 785.


