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The calculated pKEnol values for the enols of amides
Me2CHCON(Me)Ph and XCH2CH(NH2)CONHMe (X =
H,OH) are lower by only 1.1–2.7 units than that of
acetamide, and therefore these enols should not display
unusual stability.

Although ‘simple’ enols (i.e. those lacking a b-electron-
withdrawing substituent)1 of aldehydes and ketones are much
less stable than their aldehyde or ketone tautomers unless the
enols are specially stabilised, they play an important role in
several reactions.2 Simple enols of carboxylic acid derivatives
such as esters and amides are even much more unstable
compared with the acid derivatives than the corresponding
carbonyl/enol pair, owing to the stabilisation of the acid
derivative by the alkoxy or amino substituent.3 Recent calcula-
tions had shown that the equilibrium constant for the parent pair
MeCONH2/CH2NC(OH)NH2 expressed as pKEnol ( = 2log
KEnol; KEnol = [Enol]/[Amide] at equilibrium) is 21.3 in the gas
phase.4 It is therefore not surprising that, from what we
presently know, the role of enols of amides as reaction
intermediates is limited.

A process in which enols of amides may play a role is peptide
racemisation, since ketonisation of an intermediate planar enol
of amide will give both R and S species of the amide. D-Serine
and D-aspartate are observed in significant amount in mammal-
ian tissues5 and the enzyme responsible for serine isomerisation
was recently isolated5a so that in vivo racemisation is possi-
ble.

Hegarty et al. reported recently experimental results which
suggest that the enol 1-N-methylanilino-2-methylpropen-1-ol 2
of the amide N-methylanilino-2-methylpropionamide 1 exists in
observable concentration in water-containing media and under-
went tautomerisation to 1 at measurable rates.6 Enols of amides
as simple as 2 were not hitherto observed and, based on the
shorter life times for related enols of acids,7 they are not
expected to have such a long lifetime. Since 2 resembles the
intermediate enols expected in peptide racemisation we per-
formed theoretical calculations for 1 and 2 as well as for two
simple pairs of amides/enols of serine and alanine amides in
order to find out if the enols are unusually thermodynamically
stable, so that this may be reflected in their kinetic stability.

The relative stabilities of the amide 1 and the enol 2 as well
as that of the other compounds in Table 1 were computationally
determined by means of density functional theory at the
B3LYP/6-31G** level.8,9 This method has been extensively
used in recent calculations of enols of carboxylic acid
derivatives, and the calculated pKEnol values were shown to be
within ca. 2 pKEnol units of the values measured in water.4,10

Several conformational isomers were examined for 1 and 2
and the most stable ones are shown in Fig. 1. with others given
as ESI.† The phenyl ring of amide 1 is anti to the CNO bond and

is perpendicular to the amide moiety, facing the isopropyl
group. Another conformation with the phenyl ring coplanar to
the amide moiety is not on a local minimum and converges to
the structure shown in Fig. 1. The conformer with the carbonyl
group and the phenyl ring syn to each other is 12.7 kJ mol21

higher in energy than 1. In enol 2, the ethenol and the anilino
moieties are twisted (O–C–N–Ph dihedral angle of 64°) and the
enolic hydrogen is directed toward the Ph ring. Attempted
optimisation of a planar conformation gave the twisted
structure. Another conformer with the OH pointing away from
the Ph ring is 4.0 kJ mol21 less stable.

The calculated energy difference between 1 and 2 is 103.2 kJ
mol21 in electronic energy and 105.3 kJ mol21 in free energy,
which corresponds to a pKEnol value of 18.5 at 25 °C. This value
is 2.8 pKEnol units lower than that calculated for the parent
acetamide system.4 The pKEnol value is much higher than those
of enols of acids which were observed by flash photolysis, but
had shorter lifetimes owing to a faster decomposition to the
corresponding acids.7 Clearly the unexpectedly long lifetime of
enol 26 does not reflect an unusual thermodynamic stability of
the enol. The calculated gas phase KEnol value for 1, taking into
account that the calculated solvent effects on pKEnol values are
small4,11 suggests that 2 will not be observable in aqueous
organic media at room temperature, based on data of pKEnol
values and the lifetimes of simple enols.12 Indeed, the other
observable simple enols of amides having two bulky b-Tip
(Tip = 2,4,6-Pr3

iC6H2) groups, i.e. Tip2CNC(OH)NR2
13 should

have pKEnol values of ca. 8, based on the calculated KEnol of 9.3

† Electronic supplementary information (ESI) available: optimised struc-
tures of various conformers. See http://www.rsc.org/suppdata/cc/b0/
b006216m/

Table 1 Amide–enol isomerisation free energies DG (kJ mol21), electronic
energies (DE) (kJ mol21) (in parentheses) and pKEnol of amides calculated
at the B3LYP/6-31G** level at 25 °C

Amide/enol DG(DE) pKEnol

Me2CHCON(Me)Ph (1)/Me2CNC(OH)-
N(Me)Ph (2) 105.3 (103.2) 18.5
MeCONH2 (3)/CH2NC(OH)NH2 (6) 121.2 (114.5) 21.34

HOCH2CH(NH2)CONHMe (4)/HOCH2C(NH2)N
C(OH)NHMe (7) 119.1 (123.7) 20.1
MeCH(NH2)CONHMe
(5)/MeC(NH2)NC(OH)NHMe (8) 112.7 (113.3) 19.8

Fig. 1 Most stable conformational isomers for 1 and 2.
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for ditipylacetic acid10 and the lower pKEnol for acetamide than
for AcOH.4 The t1/2 for the tautomerisation of diTip N,N-
dimethylacetamide is ca. 20 min in 5+1 CD3CN–THF-d8 at
273 K.13a

Table 1 summarises the keto–enol isomerisation energies for
the amide/enol pairs of the N-methyl amides of serine and
alanine. Again, several conformations were found for each
species (these are given in the ESI†) and the energy differences
and the derived pKEnol values in Table 1 are based on the most
stable conformation of both species. For the two N-methyl-
amides the pKEnol values are ca. 1 unit lower than for the parent
acetamide system but the 1,2-diaminoenols are still so unstable
compared with the corresponding amide forms, that if a
correlation between thermodynamic and kinetic stability exists
in these cases, the isomerisation of peptides including serine and
aspartic acid via the enol route is inferred to be very slow.14

Dissection of the overall effect of the Cb and nitrogen
substituents to their individual effects on the amide and the enol
is obtained by using the isodesmic reactions (1) and (2). All

XXACHCONYYA + MeMe "
XXACHCH2NYYA + MeCHNO (1)

reaction free energies at 25 °C in kJ mol21

1: XNXANMe, YNMe, YANPh 108.5
3: XNXANY = YANH 115.4
4: XNHOCH2, XANNH2, YNH, YANMe 129.5
5: XNMe, XANNH2, YNH, YANMe 124.4

XXACNC(OH)NYYA + MeMe "
XXACHCH2NYYA + H2CNCHOH (2)

2: XNXANMe, YNMe, YANPh 59.3
6: XNXANYNYANH 50.2
7: XNHOCH2, XA = NH2, YNH, YANMe 66.5
8: XNMe, XANNH2, YNH, YANMe 67.7

reactions were found to be endothermic indicating that the
interaction of the amino groups with either the carbonyl or the
enol function stabilises the system and more so for the amide
form. For the amino acid amides the amide forms (4 and 5) are
more stabilised than acetamide by 9–14 kJ mol21, whereas the
higher stabilisation of the enol forms (7 and 8) by ca. 17 kJ
mol21 result in lower pKEnol values for the amino acid amides.
The stabilisation of enol 2 is small, being only 9.1 kJ mol21, but
the amide form 1 is less stabilised by 6.9 kJ mol21 compared
with acetamide and this destabilising interaction is responsible
for the lower pKEnol for 1.
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