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SYNTHESIS OF ETHYL ortho-SUBSTITUTED BENZOYLACETATES
AND INVESTIGATION OF THE INFLUENCE OF ortho-SUBSTITUENTS
ON KETO-ENOL TAUTOMERISM AND MS FRAGMENTATION
BEHAVIOUR

Dieter SickeR and Gerhard MANN
Sektion Chemie der Karl-Marx-Universitdt Leipzig, Leipzig, G.D.R. — 7010

Received June 2nd, 1987

A series of seven ethyl 2-acetyl-(2-substituted benzoyl)acetates II— VIII was synthesized, together
with their parent compound I, from the corresponding acid chlorides. The tautomerism of these
B-tricarbonyl compounds in tetrachloromethane was studied by 1H NMR spectroscopy and
former results concerning this problem were critically evaluated. A further series of seven ortho-
-substituted ethyl benzoylacetates X— XV and XVII was obtained from the corresponding
precursors II— VIII. The keto-enol tautomerism of these B-keto esters was studied by 1H NMR
in different solvents and compared with ethyl benzoylacetate IX as standard. Differences caused
by the ortho-substituents are discussed. Investigation of the mass spectrometric fragmentation
of the B-keto esters IX— XV and XVII showed both common fragmentation pathways due to
the same substance class and typical differences in relative intensities according to the nature of
the ortho-substituent.

The chemistry of B-ketocarboxylic acids and their derivatives like esters and amides
belongs to the areas of organic chemistry which seemed to be well investigated
already in the last century. However, the recent literature shows a persisting interest
in the B-keto ester chemistry. This concerns new syntheses of B-keto esters'~7 as
well as their further reactions accompanied by loss of the B-keto ester structure
like e.g. dealkoxycarbonylations® ! or formation of heterocycles'>~!5. The pheno-
menon of keto—enol tautomerism has been always of special interest. Recently its
light-induced variant was reviewed!® but also the classical physical organic aspects
of the problem!7-'® have been under detailed investigation®®~ 21, leading to successful
isolation of the first stable E-enols of B-ketocarboxylic acid derivatives??-23, Further-
more, the keto and enol tautomers could be separated by low-temperature HPLC?#2%,

In this context, this paper deals with the behaviour of ortho-substituted ethyl
benzoylacetates. Ethyl 2-acetyl-(2-substituted benzoyl)acetates I—VIII were syn-
thesized from the corresponding acid chlorides®® (Scheme 1). The keto-enol tauto-
merism of acyclic B-diketoesters was first investigated by Béhme et al.2” who made
use of Meyer’s bromine titration method?® for enol content determination. Further
investigations of Forsen and Nilsson?® confirmed that acyclic B-diketo esters are
highly enolized both in the liquid state and in nonpolar solutions. As the B-tri-
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carbonyl compounds I — VIII contain both a B-keto ester and a B-diketone structure,
seven tautomers are theoretically possible: one triketo form and six enol forms
(Scheme 1).

The tautomers T are denoted using the indices Ar, Al or Es which mean that the
enol hydroxyl belongs to the aryl, alkyl or ester part of the molecule, respectively;
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SCHEME 1
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Ethyl ortho-Substituted Benzoylacetates 841

the letter in parentheses indicates the configuration at the enolic C-—C double bond;
Ty, describes the triketo form. The six enol tautomers can be divided into three pairs:
Te(Z) and To(Z), Ta(E) and T, (E), To(Z) and Tg(E). In each pair an intra-
molecular very rapid exchange of the enolic proton accompanied by double bond
migration should be possible because no rotation of functional groups is required
for transition into the other form. This proton exchange will be very fast on the NMR
time scale. All other isomerizations leading to members of another pair must include
rotation of the functional groups in the anionic state and are therefore slow enough
to be observable by the NMR spectroscopy. Therefore, NMR measurements should
at most be able to detect three enol forms.

Courtot et al.3? studied the tautomerism of ethyl 2-acetylbenzoylacetate by means
of TH NMR spectrometry and got evidence of two enol forms. Recently, Romas
et al.3! once again studied tautomerism and stereodynamic behaviour of acyclic
B-diketoesters. The 'H NMR spectra of ethyl 2-acetylbenzoylacetates IT— VIII
and the parent compound I are shown in Table I. All the compounds show an
analogous tautomerism. Equilibration of the compounds in tetrachloromethane
resulted in a very high degree of enolization. The major part may be ascribed to the
enolized B-diketone structural unit, i.e. to the rapidly equilibrating mixture of the
tautomers T, (E) and T, ,(E). The minor part of the enol portion is the enolized
B-keto ester unit, indicated by the signal at 13-21 ppm for I. This signal suggests an
equilibrium between T,,(Z) and Tg,(E) and not T,(Z) as given by Romas etal.’’,
because even using a high field spectrometer no splitting of the methyl signals was
observed as would have teen expected in the case of TM(Z) as the result of a long
range spin—spin coupling. For the sake of simplicity, we assigned the signal only to
the Ta(Z) form because of low enolization ability of the ester cartonyl group.
As seen from Table I, introduction of a bulky ortho-substituent leads to an increase
of the B-diketone enolization relative to compound I and the triketo form completely
disappears (Table I).

Conversion of compound I— VII with ammonium chloride in aqueous ammonia
according to Thorp®? gave the corresponding B-keto esters IX — XV by splitting off
the acetyl group. Because no ethyl acetoacetate appeared in the reaction products
it can be concluded that during the cleavage reaction the hydroxide ions selectively
attack only the nonenolized carbonyl group of the acetyl substituent (shown for
Ta(Z) in Scheme 2).

However, in nitro compound VIII obviously toth the carbony! of the benzoyl and
the acetyl groups is attacked in the splitting reaction. The very complex mixture
contained e.g. 2-nitrobenzoic acid, ethyl acetoacetate, acetic acid and only traces
of ethyl (2-nitrobenzoyl)acetate X VII whose separation on a preparative scale would
be ineffective. The compound XVII was synthesized preferably by conversion of
VIII (ref.*?) to 2-nitrobenzoylacetic acid X VI according to Needham et al.** and
subsequent mild esterification of XVI to XVII (ref.>*).
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TaBLe I
1H NMR spectra of ethyl 2-acetyl-(2-substituted)benzoylacetates I— VIIIand population of tau-

t,3 H* s,3H s,3H s,3H q, 2 H*
Comp, Substic  —CHCH;  —COCH; —COCH, —COCH; —CH,CH,
omp.
tuent
Tre Tal2) TalE)
Ny
TalE)
I H 079 2-24 2-00 2-33 3-85
yi4 CH3C 0-60 210 2-:01 2-33 3-65
yii4 Cl 0-69 1-90 2:27 2-41 3-76
v Br 066 2-05 2-25 2-40 3-72
V I 064 2:04 2-28 2-41 371
VI OCHsd 0-70 212 2:30 370
v OC4H;s 0-75 —_ 1-60 2:29 3-85
vin~ No, 0-69 — 238 2-40 371

Value for the main tautomer; ? value for all tautomers; © ring—CHj:2:26 (s, 3 H) for T, (E) &

The *H NMR spectra of IX—XV and XVII were recorded in carbon disulfide,
carbon tetrachloride, hexadeuteroacetone and tetradeuteromethanol to investigate
the keto—enol tautomerism (Scheme 2). Henecka'” and Mills et al.?' showed that
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SCHEME 2

B-keto esters equilibrate completely only some hours or even weeks (depending
on the temperature) after dissolution. We observed that after 24 h at ambient tempe-
rature compound XVII showed no more variation of the keto—enol ratio in the
!H NMR spectrum.

Collection Czechoslovak Chem. Commun. (Vol. 53) (1988)



Ethyl ortho-Substituted Benzoylacetates 843

TABLE I
tomers
s,1H m? s, 1H s, 1H
I Content, %
—CH arom. H —C=C—O0OH —C=C—OH
| | o Tar TadZ) THrLE)
T, TalZ) TaLE) )
J TA(E)
ToiE)
532 7:29—7-84 1321 17:20 2 32 66
5-58 6:75—7-62 13-35 17-39 5 35 60
5-95 6-75—7-62 14-01 17-61 2 24 74
5-85 7-00—7-75 14-11 17-62 2 13 85
573 6-75—793 14-12 17-62 2 13 85
— 662—7:50 13-36 17-69 0 13 87
— 6-50—8-00 13-42 17-50 1] 23 77
— 7-00—8-12 14-62 17-52 0 20 80

2 To(E); ¢ ring—OCH;: 3-60 (s, 3 H) for T (E) = T, (E).

The enol content given in Table II decreases significantly on going from a nonpolar
solvent to a polar one, as expected if the keto form is the more polar of the two
tautomers.

A comparison of the behaviour of the ortho-substituted p-keto ester with compound
IX as standard shows a similar trend in each of the solvents. Halogen substituents
cause an increase of the enol content, particularly in polar solvents whereas all
other substituents lead to a smaller enolization of the P-keto ester or behave like
the standard. Interestingly and unexpectedly, both astrong donor (OCHs) and a strong
acceptor (NO,) have the same effect. Thus, the tendency to enolize does not seem
to be influenced very much by the mesomeric effect of the substituent. However,
a comparison of the van der Waals radii of e.g. CH; (2:00 . 107 1% m) with that of CI,
Br or 1(1-80, 195 and 2-15. 107° m, respectively) shows that the size of the sub-
stituents alone also cannot be responsible for the differences between the methyl-
and the halogen-substituted B-keto esters. The matter becomes further complicated
because Cl, Br, and I differ from the other substituents by possessing higher than
p-orbitals which could result in further interactions with the rest of the molecule
and finally may lead to a stabilization of the enol form. Thus, our results demonstrate
again the complex nature of the ortho-effect3®~4°,

A comparison of the mass spectrometric behaviour of the B-keto esters (Table I1T)
shows many common features like the same main fragment ions, the fact that the
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base peak is formed by benzoyl cations R—C¢H,—CO™ in all cases and that,
due to their acyclic structure, the molecular peaks M* always are very weak {or
are absent, like in the case of X VII where elimination of the NO,—radical is highly
favoured). i

However, a change in the nature of the ortho-substituent has some typical con-
sequences in the mass spectrum. Thus, in the case of halogen-substituted p-keto esters
the intensity of molecular ions is especially low and that of the ion (M — R)* is
significantly higher than all others, the reason in both cases being the enhanced
ability of halogens to form a relatively stable radical. Also in the case of the substi-
tuted aryl cation R—Cg¢Hj, the electronegativity and polarizability of the halogen
substituent act in the same direction causing a high relative intensity of this ion in
comparison with the methoxy-, phenoxy- or nitro-substituted compound. The very
high intensity of ion m/z = 91 in the case of X is caused by the formation of tropy-
lium ions.

EXPERIMENTAL

The melting points were determined on a Boetius micro hot-stage apparatus and are uncorrected.
The 'H NMR spectra were measured in tetrachloromethane, carbon disulfide, hexadeutero-
acetone or tetradeuteromethanol on a TESLA BS 487C spectrometer (80 MHz) at 25°C with
tetramethylsiiane as internal standard. Chemical shifts are given in the J-scale. All sampies for
enol content determination were dissolved (concentration 5.107 3 moll1™!) and stored for
2 weeks prior to the measurement to achieve equilibration. An additional spectrum of I was
recorded on a Bruker MSL 300 spectrometer at 300-13 MHz in a 209, solution in tetrachloro-
methane which was allowed to equilibrate for one month. Both the spectra showed identical
tautomer population. The mass spectra were recorded on a Varian MAT CH6 spectrometer with
electron impact ionisation (70 €V) at an ion source temperature of 200°C (indirect inlet). The

TasrLe I1

Enol content of ethyl(2-substituted)benzoylacetates (%) in various solvents, determined by
'H NMR after equilibration (error 5%)

Compound R Ccs, ccl, (C*H,),CO  C?*H;0°H
IX H 31 39 28 21
X CH, 31 31 16 15
XI al 57 56 35 27
XII Br 64 57 33 40
X1 I 57 58 29 33
X1v OCH;, 20 17 14 12
Xy OC4Hs 30 28 18 25
xvi NO, 26 33 15 16
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infrared spectra were measured on a UR 20 (Carl Zeiss, Jena) instrument on sample films, unless
stated otherwise.

Ethyl 2-Acetyl-(2-substituted) Benzoylacetates I— VIII

Magnesium chips (2:4 g, 0-10 mol) were added to dry ethanol (5 mi) and tetrachloromethane
(0-5 ml). After the reaction had started a mixture of ethyl acetoacetate (13-0 g, 0-10 mol), dry
ethanol (10 ml) and dry toluene (40 ml) was added dropwise at a rate allowing gentle reflux.
After all the metal had dissolved a solution of the corresponding acid chloride (0-10 mol) in
toluene (10 ml) was slowly added with stirring at — 5°C to 0°C, and the stirring was continued
for 1h. After standing overnight the mixture was poured into ice (100 g) and concentrated
sulphuric acid (3 ml), the organic phase separated and the aqueous layer extracted twice with
50 ml toluene. The combined organic extracts were washed to neutrality with water and dried
over sodium sulfate. The solvent was evaporated under reduced pressure and the residue frac-
tionated in vacuo or crystallized. For experimental data see Tables I and IV.

Ethyl (2-Substituted) Benzoylacetates IX— XV

The corresponding ethyl 2-acetyl-(2-substituted)benzoylacetate (0-10 mol) was added to a solu-
tion of sodium hydroxide (40 g, 0-10 mol) in water (125 ml) and dissolved under stirring. After
addition of ammonium chloride (10-6 g, 0-:20 mol) and concentrated ammonia (14 ml) the mix-
ture was stirred for 3 h at 50°C. The crude B-keto ester separated as an oil which was extracted
with dichloromethane (3 X 60 ml). The combined extracts were washed to neutrality with water
and dried over sodium sulfate. The solvent was removed under reduced pressure and the residue
distilled in vacuo. For experimental data see Tables IV and V.

2-Nitrobenzoylacetic Acid (XVI)

Cleavage of VIII with concentrated sulphuric acid* gave X VI as colorless needles m.p. 116 to
117°C (benzene) in 57% yield (see also ref.3®). For C4H,NOs (209-1) calculated: 51-68% C,
3-37% H, 6-70% N; found: 52:01%, C, 3-49% H, 6-48%, N.

Ethyl 2-Nitrobenzoylacetate (XVII)

B-Keto ester X VII was synthesized by esterification of the acid X¥I according to our own proce-
dure®?. For data see also Tables IV and V.
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