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Abstract: The cis-enol of N-acetylaminop-methylacetophenone was generated flash photolytically and its
rates of ketonization in aqueous HGl@nd NaOH solutions as well as in HG, CH;COH, H.PO, ™,
(CH2OH)sCNHs*, and NH™ buffers were measured. Rates of enolizatiorNedicetylaminop-methylaceto-
phenone to theis-enol were also measured by hydrogen exchange of its methylene protons, and combination
of the enolization and ketonization data gave the kefool equilibrium constante = 5.33, the acidity
constant of the enol ionizing as an oxygen ao@ﬁp= 9.12, and the acidity constant of the ketone ionizing

as a carbon acid(@lj = 14.45. Comparison of these results with corresponding valuep-foethylaceto-
phenone itself shows that tiacetylamino substituent raises all three of these equilibrium constiatsy

3 orders of magnitudéQE by 1 order of magnitude, ar@§ by 4 orders of magnitude. This substituent also
retards the rate of Hcatalyzed enol ketonization by 4 orders of magnitude. The origins of these substituent
effects are discussed.

There has recently been a remarkable revival of interest in  Keto—enol equilibria of carbonyl compounds with a single
the chemistry of enol isomers of simple aldehydes and ketones,substituent in thes-position are complicated by the fact that
fueled largely by the development of methods for generating the enol can usually exist in cis and trans isomeric forms. In
these unstable substances in solution in greater than equilibriumsuch situations there are really two ketnol equilibria, one
amount under conditions where they can be observed directly producing the cis enol and another producing the trans enol.
and rate and equilibrium constants of their reactions can be This complication can be handlédut the method is laborious,
measured accurately. As a result, much new information is now and it is easier to study a system where formation of one enol
available on the chemistry of the enol isomers of simple is prevented by some structural constraint. Such a structural
aldehydes and ketones where enol is the only functional group constraint operates in the reaction that we used to produce the
present in the molecufeConsiderably less is known about the present enol.
effect of heteroatom substituents on this chemistry, and we have We generated the present enol by flash photolytic Norrish
consequently undertaken a program of research designed tdype Il photoelimination of suitably constructgemethylac-
supply some of the missing information. In this paper we report etophenone derivative8, Irradiation of ketones such as this

the results of our study of thEl-acetylaminop-methylaceto- gives an excited state in which the carbonyl oxygen atom
phenone keteenol (L—2) system, eq 1 (ToE p-CH3CeHy). becomes a good hydrogen atom acceptor. Hydrogen transfer
from a carbor-hydrogen bond in the-position then takes place
/ﬁ/ producing a 1,4-diradicald, which can either cyclize to a
Tol/ﬁ\/NHAc == AN @) cyclobutanol derivative5, or fragment to an enoB, plus an

olefin, 7, eq 2. These transformations have recently been found
to be quite regioselective.For example, irradiation of the
derivative related to isoleucin8,with R; = R3 = Me and R

= R4 = H, gives only fragmentation, whereas irradiation of
that related to norleucin8with Ry =Etand R=R;=Rs =

H, gives equal amounts of fragmentation and cyclization; the
cyclized product, moreover, is produced as a single diastereo-
* To whom correspondence should be directed: (phone) (416) 978-7259, meric form. We performed flash photolysis on both the

1 2

In addition to its bearing on enol chemistry, this system is of
biological interest in that its carbonyhacylamino structure is
not unlike the amide linkage in peptides and proteins, whose
racemization very probably involves enol formation.

(fax) (416) 978-7259, (e-mail) akresge@chem.utoronto.ca. isoleucine and norleucine derivatives and in each case observed
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H Ry _H Ry H R; however, were too slow to be measured in this way, and in this case
R hv ™R, To Ro the enols were generated by a single flash in the flash photolysis
T Ry —— 3 R apparatus, and the reacting solutions were then quickly transferred to
© Rs To Ra ° the cell compartment of a Cary 2200 trometer. Reacti
partment of a Cary spectrometer. Reactions were
NHAC NHAc AcNH R monitored by following the decay of enol absorbancé &t 275-300
3 4 nm. Substrate concentrations were ca. 50~* M, and the temperature
@) of the reacting solutions was controlled at 25:00.05°C. The data
obtained conformed to the first-order rate law, and observed first-order

H R Re rate constants were obtained by least-squares fitting of an exponential
i\/NHAC + | function.
R Rs
6 7

Enolization Rate Measurements Rates of enolization ofN-
acetylaminop-methylacetophenone were measured by hydrogen ex-
change in RO solution using'H NMR to monitor conversion of the

a transient species with the strong styrene-type of UV absor- methylene group CHisinglet ato 4.740 ppm into a CHD triplet at
bance expected of enél The amount of transient formed from  4.714 ppm. A Varian Unity Inova 500 spectrometer was used; the
the isoleucine derivative, moreover, was considerably greaterresolution of this instrument was sufficient to give baseline separation

than that from the norleucine derivative, in keeping with the ©f the Ck and CHD signals. _ o _
regiochemical results. Reactions were initiated by making an 80-fold dilution of a solution

: . . . of substrate in CBCN into 5-7 mL of DCO;"/COz?~ buffer at pD
The regioselectivity of this photoreaction can be understood 10—11, to give a final substrate concentration of 0.0683905 M. At

in terms of ”.“? size of th_e R-group substltu_ent_s of Fhe SUbSt_ratetimed intervals, 1.0 mL aliquots were removed and exchange was
and the additional requirement that the diradical intermediate enched by adjusting these aliquots to pE82with DCI (35%/D0).

be stabilized by formation of an intramolecular hydrogen bond The resulting solutions were then immediately extracted with ca. 1 mL
between its hydroxyl group and the acetyl carbonyl grd@ip,  of CDCl, the aqueous layers were removed by Pasteur pipet, and 0.75
mL portions of the CDGl solutions were injected into NMR tubes.
These were stored in a desiccator atGtuntil NMR analyses were
performed; all analyses were completed within®days of storage.
Chemical shifts were referenced to CH@t ¢ 7.27 ppm, and spectra
(65—128 transients, 70 s relaxation delay) were obtained using a sweep
width of 6000 Hz, a 90 pulse angle, and an acquisition time of 6 s.
Integrated areas of the Glignals were referenced to the area of
the multiplet atd 7.882 ppm due to two aromatic protons of
8 N-acetylaminog-methylacetophenone. Disappearance of the Sighal

. . . conformed to the first-order rate law well, and observed first-order rate
This hydrogen bond constrains the hydroxyl &hdcetylamino constants were obtained by least-squares fitting of an exponential

groups to lie on the same side of the bond that becomes thefnction.
enol double bond in the fragmentation process, and only the

cis enol is consequently formed. Results
To have an unsubstituted system with which to compare the o o
chemistry of theN-acetylaminop-methylacetophenone keto Ketonization Rates Rates of ketonization of the enols of

enol pair, we also examined themethylacetophenone keto ~N-acetylaminop-methylacetophenone  andp-methylaceto-

(9)—enol (L0) system itself, eq 3. We generated this enol also Phenone were measured in dilute aqueous perchloric acid and
sodium hydroxide solutions, and also in aqueous HT@H;-

H CO:H, H,PO,~, (CH,OH):CNHs™, and NH;* buffers. The data
/ﬁ\ == @) so obtained are summarized in Tables-SB5
Tol 0 10 The measurements in buffers were made in series of solutions
9

of constant buffer ratio and constant ionic strength (0.10 M),
and therefore constant i, but varying buffer concentration.
Observed first-order rate constants increased with increasing
buffer concentration and conformed to the buffer dilution
expression shown in eq 5; the data were therefore analyzed by

IS = K
Tor i * \ﬂ/ @ Kpe= k; + k_[buffer] (5)
11 10

linear least-squares fitting of this expressiofhe zero-buffer-

concentration intercept,, so obtained were then combined
Materials. The isoleucine and norleucine derivativés R; = Rs with the rate constants measured in HCHDd NaOH solutions

= Me, R, =R;=H and3, R, = Et, R, = R3 = Ry = H, respectively) to construct the rate profiles shown in Figure 1. Values of][H

were samples that had been prepared béfpilethylisocaprophenone  needed for this purpose were obtained by calculation using

(11) was made by FriedelCrafts acylation of toluene with isocaproyl thermodynamic acidity constants of the buffer acids from the

chloride? All other materials were best available commercial grades. literature and activity coefficients recommended by Btes
Ketonization Rate Measurements Rates of ketonization of the '

by flash photolytic Norrish type Il photoelimination, using
p-methylisocaprophenoné], as the substrate, eq 4.

Experimental Section

enols ofN-acetylaminop-methylacetophenone amemethylacetophe- (6) Supporting Information; see paragraph at the end of this paper
none were measured for the most part using conventional (microsecondyegarding availability.
flash photolysis systems that have already been descriBerhe rates, (7) Buffer catalysis became progressively weaker with decreasing buffer
acid strength, until observed rate constants measured in the most bagic NH
(4) Rae, I. D.; Woolcock, M. LAust. J. Chem1987, 40, 1023-1029. buffer used for the ketonization df-acetylaminop-methylacetophenone
(5) Chiang, Y.; Kresge, A J.; Wirz, J. Am. Chem. Sod 984 106, enol ([H] = 1.4 x 10'° M) no longer changed significantly with buffer

6392-6395. Chiang, Y.; Hojatti, M.; Keeffe, J. R.; Kresge, A J.; Schepp, concentration. A simple average of observed rate constants measured in
N. P.; Wirz, J J. Am Chem. S0d 987, 109, 4000-4009. this series of solutions was therefore used for rate profile construction.
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108 ¢ Table 1. General Acid Catalytic Coefficients for the Ketonization
of N-Acetylaminop-methylacetophenone amdMethylacetophenone
3 Enolate lon3
10% \ kna/M 1572
_ catalyst TolC(OHFCHNHAC TolC(OH)y=CH.
02k Hs;O* 2.09% 107 3.74x 10°
_ HCOH 7.14x 1P
"2” CH;COH 1.98x 1P 2.31x 107
ok H.PO~ 2.94x 10¢ 1.29x 10
107 ¢ (CH,OH);CNHz* 5.66x 10° 3.13x 10°
i NH4*" 3.94x 1P
: H,O 5.46x 1071 1.65x 10?7
102 ¢ , —
E a Aqueous solution; 28C; ionic strength—= 0.10 M.
10 Bt b b b b squares fitting of this expression produced the following
10° 102 10* 10®  10% 107 102 0™ }
T S
. ] L X H*
Figure 1. Rate profiles for the ketonization of the enols N T N 2 1w * ©
acetylaminog-methylacetophenonenj andp-methylacetophenon©j HY | ky*
in agueous solution at 2%C. H'| k' H,0 |} Ko
These rate profiles are characteristic of enol ketonization Kpe = gt H' 1+ (Ey o]+ K,) QEAOE +(H']) )

reactions. They may be understood in terms of the accepted

mechanism for this process, which consists of rate-determining o g, ts: forN-acetylaminop-methylacetophenone endd;+ =
protonation of the enol on it§-carbon atom by all available (2.07+ 0.08) x 102 M1 s Ky = (2.09+ 0.18) x 107
acids? Since these profiles refer to reactions through solvent- M~1s Ko= (3.034 0.11) x ’101 s, QE = (7.59+ 0.57) x
related species only, the available acids will be the hydronium 10-10 M ;nd @E - 9 A 031,1 ;nd fo'r -meéh >
ion, written here as H, and the solvent water itself. oto hen;)ne enoki+ _ 2 154 0'05’ 108 M‘lps‘l k,y+ _

The acid-catalyzed portions at the high-acidity ends of these 3 7p4i_ 0.57) x 10° ,\;—(1 Y K = z)><10j: 0.38 ’103H 1
profiles then represerit-carbon protonation of the un-ionized EDE' —@ YOjZ B 37) x 1(:11,ar$d_r!§E-— 10 3'2i)6<03113 ’

a . . ’ a . ' .

enols by H. These portions are followed by “uncatalyzed” . - ; .
regions, which could be due either to carbon protonation of un- The buffer catalytic c_oefﬁmentskcat, obtained by ana!yzmg .
the buffer data according to eq 5 were separated into their

ionized enol by HO, or to ionization of the enol to the very | acid q b ts with th
much more reactive enolate ani@ifollowed by carbon proto- general aci .kHA’ and genera agde, components wi €
aid of eq 8, in whichfa is the fraction of the buffer present in

nation of that by H; this latter route produces™in a rapid h dic f onl [ b vsi found
equilibrium step and then uses it up in the rate-determining step,t e acidic form. Only general base catalysis was found,

which gives an overall process independent dfddncentration. = k. + Y 8
The first of these two alternative routes would give rate constants ko= kg T (Kin ~ ko)l (®)

for carbon protonation of un-ionized enol by®ithat are not  jygicating that all of the reactions were proceeding through base-
very much less than those for the same protonation by H agsisted ionization of the enol followed by rate-determining

(kt = 2.1 x 107* M s and kyo = 1.6 x 10—2_3_1 for carbon protonation of the enolate ion by the conjugate acid of
N-ace'E)/lIarlwllnop-methyk’:lcetophenoyefnm, akg = 2.2 x the general base, eq 9. The rate law for this process, shown in
10° M~* st and kio = 1.8 x 107t st for p-methylaceto- o4 10, can be rearranged to give an expression for the general

phenone enol), which seems unlikely for acids of such widely

different strength, and the second of these two routes is iz v
consequently to be preferred. /K/X +B 4—7’ X tHA —P
At sufficiently low acidities, H concentrations are too small o . To
to sustain protonation of the enolate ions on carbon byatd
reaction through protonation by water takes over. A proton is To/ﬁ\/x +B (9

now still produced in a rapid equilibrium step, but it is no longer

used up in the rate-determining step; the result is a process ke = (QF/(* Wna (10)

whose rate is inversely proportional tofH giving an apparent

hydroxide ion catalysis. At even lower acidities, the enol  acid catalytic coefficient of the enolate ion reactikina in terms

enolate ion equilibrium shifts over to the side of enolate, and of the known quantitiesQf, Qf*, and kg; the results so

the advantage of converting a less reactive (enol) to a moreobtained are listed in Table 1.

reactive (enolate) species is lost; this produces the final General acid catalytic coefficients for rate-determining proton-

“uncatalyzed” low-acidity portions of the rate profiles. transfer reactions such as enolate ketonizations are expected to
The reaction scheme representing these mechanisms is showparallel the acid strength of the catalysts. The Bronsted relations

in eq 6, and the rate law that applies is given in eq 7. Least- of Figure 2 show that this is so for both of the present systems,

despite the fact that these correlations are based upon a rather

mixed bag of catalysts of different charge types and also include

(8) Bates, R. GDetermination of pH Theory and Practic#/iley: New
York, 1973; p 49.

(9) Keeffe, J. R.; Kresge, A. J. [fihe Chemistry of EnglRappoport, the solvent-related species ldnd HO. The Bronsted exponents

Z., Ed.; Wiley: New York, 1990; Chapter 7. obtained by least-squares analysis of all of the data moreover,
(10) Pruszynski, P.; Chiang, Y.; Kresge, A J.; Schepp, N. P.; Walsh, P.

A. J. Phys Chem 1986 90, 3760-3766. Chiang, Y.; Kresge, A. J,; (11) This is a concentration quotient applicable at the ionic strength of

Santabella, J. A.; Wirz, . Am Chem. Soc1988 110, 5506-5510. its determination, 0.10 M.
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Figure 2. Bronsted plots for the ketonization of the enols of
N-acetylaminop-methylacetophenonenj and p-methylacetophenone
(O) in aqueous solution at 2%C.

o = 0.44 + 0.04 for the enolate ion oN-acetylaminop-
methylacetophenone armd= 0.42 + 0.04 for the enolate ion

of p-methylacetophenone, are small, in keeping with the rapid
nature of these reactions.

Enolization Rates Rates of enolization oN-acetylamino-
p-methylacetophenone, monitored by following loss of its,CH
group™NMR signal in DO solution, were measured in DG®
COs?™ buffers, using a series of solutions of constant buffer
ratio and constant ionic strength, and therefore constan, [D
but varying buffer concentration. Two different buffer ratios,
[DCO37)/[COs27] = 9 and [DCQJ/[COz*] = 1, were used.
The data so obtained are summarized in Tablé S7.

Enolization of ketones is a rate-determining hydron transfer

Chiang et al.

40

| METEEPEN BT | IR Lu I
100 200 300 400 500
[CO,7 /DO

0 ‘ 600
Figure 3. Data for the hydrogen exchange (enolization) Méf
acetylaminop-methylacetophenone in aqueous,@ DCO; /COs?~
buffer solutions at 25C plotted according to eq 12:af [DCOs7)/
[COs?7] =9 and Q) [DCO; )/[COz%7] = 1.

nentl* which, for the enolization of carbonyl compounds,
generally amounts to about 40%. For examigy/kno- =
1.37 for the enolization of acetaldeheydeand kpo/kno- =
1.46 for the enolization of acetone and 1.39 for the enolization
of mandelate ioR® Use of the rounded average value 1.4 then
giveskyo = (6.85+ 0.81) x M1 s71 for the enolization of
N-acetylaminop-methylacetophenone in @ solution.
Equilibrium Constants. An enol-forming reaction such as
that used here to measure rates of enolizatidd-atetylamino-
p-methylacetophenone can in principle produce both cis and
trans enols. It is likely, however, that in the present case there
was a considerable bias favoring cis-enol formation. This follows

process and is therefore subject to general base catalysis. Thérom consideration of the substrate conformations shown in the

rate law that applies in the presently used basic buffers

Newman projection formula$2 and 13, which lead to the cis

consequently contains a term representing reaction through theand trans enols, respectively. Structd@will be disfavored

carbonate anion in addition to that for hydroxide ion, eq 11.
Division of this expression by [DQ then gives a relationship,

Kaps= Koo [DO ] + kg[COZ*] (11)
eq 12, that requireky,,d[DO~] to be a linear function of the

kopd[DO ] = kpo- + kg[COZJ[DO]  (12)

concentration ratio [C&~]/[DO], with kpo- as the zero
intercept. Figure 3 shows that the present data conform to this

relationship well, and least-squares analysis gives the result

koo~ = (9.59+ 0.90) M s71, Values of [DO] needed for
this purpose were obtained by calculation using literature values
of thermodynamic acidity constants for DO and DO

plus activity coefficients recommended by Bates.

This hydroxide ion catalytic coefficient for the enolization
of N-acetylaminop-methylacetophenone can be combined with
ketonization rate measurements to estimate the —enol
equilibrium constant for this system (vide infra), but it must
first be converted from BD to a value for the KD medium in

which the ketonization rate measurements were made. Solvent

isotope effects on hydroxide ion catalyzed reactions have no

primary component, but there is an inverse secondary compo-

(12) Paabo, M.; Bates, R. @. Phys. Chem1969 73, 3014-3017.

(13) Covington, A. K.; Robinson, R. A.; Bates, R. G.Phys. Chem
1966 70, 3820-3824. Gold, V.; Lowe, B. MJ. Chem. Soc. A967, 936—
943.

because it places the large tolyl aihdacetylamino groups
together, whereas structul® juxtaposes each of these large
groups with the smaller hydrogen and carbonyl-oxygen sub-
stituents. Structur@2 will also be favored by an electrostatic

H H
H NHAc AcNH H
12 13

interaction between the partial positive charge on Ne
acetylamino nitrogen atom and the negative charge being
generated on the erstwhile carbonyl oxygen atom in the
transition state of this base-catalyzed enolate ion forming
enolization reaction. It seems quite likely, therefore, that this
enolization reaction produced mostly cis-enol, and that combi-
nation of the rate constant for this process with rates of
ketonization measured flash photolytically, which also refer to
the cis-enol, will provide an equilibrium constant for the keto
cis-enol reaction shown in eq 1.

This keto-enol equilibrium may be formulated as shown in
eq 13, and evaluation of the expression for its equilibrium
onstantKe = (kuo/K o)(Qu/Q5), givesKe = (4.72+ 0.68) x

(14) Gold, V.; Grist, SJ. Chem. Soc., Perkin Trans.1®72 89-95.
Kresge, A. J.; More O'Ferrall, R. A.; Powell, M. F. Isotopes in Organic
Chemistry Buncel, E., Lee, C. C., Eds.; Elsevier: New York 1987; Vol. 7,
Chapter 4.

(15) Keeffe, J. R.; Kresge, A Lan. J. Chem1988 66, 2440-2442.

(16) Pocker, Y.Chem. Ind. (London)958 1117-1118.

[
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Table 2. Summary of Rate and Equilibrium Constants

Process X=NHAc X=H
H +
/?\/x s X keMUST 207x107 2.15% 10°
To
o Jg/x . To/ﬁ\/x keMs 209%107 374 % 10°
] H,0 -
/K/X i To/ﬁvx ks 303x10°  9.10x10°
Tol
HO™ -1 1
T X —= To SRS kio-M7's: 6.85 _
Ol
H
Toi/)(‘_ TO/K/X PKe: 5.33 8.34
H N ] E
/K/X‘_T X tH PQg 9.12 10.32
Tol o
—_— ) + K.
. j\/x <—To/kx +H pQy: 14.45 18.67
[o2

a Agueous solution; 25C; ionic strength= 0.10 M.

1076 and g = 5.334 0.06. The first part of the relationship
of eq 13 includes the ionization df-acetylaminop-methyl-

Tolﬁ\, NHAc + HO

k i Q
e i\,NHAc + HO <>
k, Tol QE
o a

H
TO]L,NHAC +HO™  (13)

J. Am. Chem. Soc., Vol. 123, No. 38938301

constant,Kg, by 3 orders of magnitude, giving a substituent
effect of SrRAG® = 4.1 kcal mol™. This sizable effect can be
attributed to destabilization of the keto isomer plus stabilization
of the enol isomer. The keto isomer is destabilized by the
unfavorable interaction of the partial positive charge on its
carbonyl carbon atom with the partial positive charge on the
amide nitrogen atom of itBl-acetylamino group, as shown by
the ionic resonance forms given in eq 14. The enol, on the other

i — ﬁ/
N
To l)k/NI-Y -« Tol N HY
o O

| |
TOILN}—Y Tol/ﬁi:/ﬁl—Y

hand, is stabilized by the favorable interaction of this positively
charged amide nitrogen with the partial negative charge on the
enol g-carbon; this is also illustrated by eq 14. Both of these
effects operate to decrease the energy difference between keto
and enol forms, and they thus serve to increldse

The N-acetylamino group also raises the acidity constant of
the enoI,QaEl, but by a much smaller amounbnly 1 order of
magnitude-than its influence oiKg; the substituent effect here
amounts to jusbrAG® = 1.6 kcal mot?. This effect is so much
smaller than that oig because the enol rather than the keto
isomer is the initial state for this acid ionization process, and
destabilization of the keto form, which contributed to the
substituent effect oKg, is no longer a factor. Only stabilization
of the partial negative charge on the systefiiarbon operates
here, and since this charge is greater in the enolate ion than in
the enol, the stabilization of enolate is greater than that of enol
and the result is an increase @f.

The substituent effect d-acetylamino on the acidity constant
of the keto isomer ionizing as a carbon a(mf,, is greatest of

(14

acetophenone as a carbon acid, and the equilibrium constan@!l: it amounts to 4 orders of magnitude, which makes for

for this ionization may be evaluated @ = (kno/Ko)Qw =
(3.59+ 0.36) x 1015 M and QX = 14.45+ 0.0411

The kete-enol equilibrium constant for the other system
examined here, that gi-methylacetophenone, has been deter-
mined beforé’ Its value, )Kg = 8.34, when combined with
pQE = 10.33 obtained here from the rate profile for ketoniza-
tion of the enol of this ketone, givesQj = 18.67 as the
acidity constant op-methylacetophenone ionizing as a carbon
acid. Thep-methyl group of this system is unlikely to exert
much influence on these equilibrium constants, and it is

significant therefore that the present results are quite similar to

corresponding values for acetophenone itsédg g 7.96, ;QE
= 10.40, and Y = 18.3618

Discussion

Equilibria . The present results, summarized in Table 2, show
that introduction of amN-acetylamino group into thg-position
of p-methylacetophenone raises the ketmol equilibrium

(17) Hochstrasser, R.; Kresge, A. J.; Schepp, N. P.; Wiz, Am. Chem.
Soc 1988 110, 7875-7876.

(18) Jefferson, E. A.; Keeffe, J. R.; Kresge, AJJChem. Soc., Perkin
Trans 2 1995 2041-2046. Keeffe, J. R.; Kresge, A. J.; ToullecChn J.
Chem 1986 64, 1224-1227. Chiang, Y.; Kresge, A. J.; Wirz, J. Am.
Chem. Soc1984 106, 6392-6395.

OrAG® = 5.8 kcal motL. This, of course, is because the keto
form is the initial state of this process, and both keto-form
destabilization and enolate ion stabilization contribute to this
substituent effect.

Carbon-acid acidity constants for the ionization of the
p-carbon-hydrogen bonds of methyl ammonioacetdi4,and
methyl trimethylammonioacetatdé5, have recently been de-
termined!® and comparison of the results with the acidity
constant of ethyl acetat#6,2° gives substituent effects 6RAG®

¥ /ﬁ\/NM : /ﬁ\
Meo/ﬁ\,NHs MeO % EO
14 15 16

= 6.3 kcal mot?® for NHz™ andSrAG® = 10.4 kcal mot? for
NMes*. These effects are in the same direction and of roughly
similar magnitude as that found here for the NHAc group, and
they may be attributed to the same causes. They are, however,
somewhat greater than the presently determined effects, which
is consistent with the fact that these substituents bear full positive

(19) Rios, A.; Amyes, T. L.; Richard, J. B. Am. Chem. So200Q
122 9373-9385.

(20) Amyes, T. L.; Richard, J..F. Am. Chem. Sod996 118 3129~
3141.
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charges whereas the amide nitrogen atom ofNtaeetylamino = 5.5 kcal mof?, inasmuch as the positive charge has been
group possesses only a partial positive charge. removed from the substrate in the final state of the overall
Kinetics. The considerable vertical displacement from one process and the additional transition state interaction is no longer
another of the rate profiles given in Figure 1 shows that the a factor. Further reinforcement of this explanation comes from
N-acetylamino group also has a strong influence on rates of ketonization of the enolate ion effected by Heq 16, where
ketonization. Ketonization of un-ionized enol catalyzed by H _
for example, is slowed by 4 orders of magnitude, giving the /K/x P H j\/x
substituent effeadrAG* = 5.5 kcal mot™. This retardation must To Tol
be due in part to stabilization of the eno_l in!tial state py the he substituent effect on the rainAG* = 3.1 kcal mot, is
N-acetaylamino group, but another contributing factor is pro- egq than that on the overall reactidrAG® = 5.8 kcal mot 2.
vided by the two-step nature of the acid-catalyzed ketonization 1;g process is a one-step reaction with no interme®iate,

of tl)m-iolnized enals, Whicdh, i”VOIV? a pOS::%l/ely fcharged since the starting material is negatively charged, there is no
carbonyl-oxygen-protonated intermediate, eq The unfavor- generation of positive charge on the substrate.
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positively chargedN-acetylamino nitrogen then raises the energy
of the protonation transition state, and that lowers the rate of
reaction. This explanation is supported by the fact that the
substituent effect on the overall conversion of enol to keto forms,
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