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Ester werden durch Umkristallisieren aus
n-Butanol, die fliissigen Ester durch frak-
tionierte Destillation gereinigt (Tabelle 1).
Analyse. Die von Huggins und Lapides !
beschriebene Methode wurde fiir die Be-
stimmung der Ester bis zur n-Valeriansidure
verwendet, bei Estern hoherer S#duren
musste jedoch die Methode abgedndert
werden. 0,33 Millimol des Esters werden
in 100 ml 0,1 N methylalkoholischer Nat-
ronlauge gelost und 6 Stunden unter Riick-
fluss gekocht. Von dem Hydrolysat wer-
den 1 ml auf 100 ml mit wéssriger 0,1 N
Natronlauge verdiinnt. An dieser Losung
werden die kolorimetrischen Bestimmun-
gen ausgefithrt. Als Standardlésungen
werden Lésungen von p-Nitrophenol ver-
wendet, welche 100 bis 700 Mikromol per
Liter enthalten. Die Messungen wurden
bei einer Wellenlange von 400 mu durch-
gefiihrt. Zur Verwendung gelangte ein
Beckmann B Spektrophotometer.

Herrn Laborator Dr. Gunnar Jungner danke
ich fiir die Férderung dieser Arbeit.
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New Synthesis of 3-Hydroxy-
2-piperidone
NIELS ELMING#*

Centrallaboratoriet, Sadolin & Holmblad A/S,
Copenhagen, Denmark

atalytic hydrogenation of 2,3-pyridine-

diol has been shown to give the expec-
ted 3-hydroxy-2-piperidone ¢/-1,2, This
compound has previously been obtained by
cyclization of a-hydroxy-d-amino-n-valeric
acid, but no detailed directions were re-
ported 3.
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Ezperimental. 2,3-Pyridinediol 4-¢ (0.56 g)
and anhydrous methanol (40 ml) were shaken
(6 h) with Raney nickel (0.2 g) under hydrogen
(140 atm) at 160—180°. The Raney nickel was
removed by filtration and the filtrate eva-
porated in a vacuum. The crystalline residue
was crystallized from methanol-ether. The
yield was 0.47 g (81 %) of 3-hydroxy-2-piperi-
done [white crystals, m. p. 133—135° (Hersh-
berg apparatus, corr.), previously found 3
134.3°]. (Found: C 52.3; H 7.8; N 12.2. Calc.
for C;H,NO, (115.1): C 52.2; H 7.9; N 12.2).

Sublimation (100—110°/0.05 mm) also gave
white crystals, m.p. 133—135°.

In a first experiment carried out at 95—
100° under 110 atmospheres of hydrogen for
one hour only starting material was isolated.

1. Nielsen, J. T., Elming, N. and Clauson-
Kaas, N. Acta Chem. Scand. 9 (1955) 30.

2. Nielsen, J. T., Elming, N. and Clauson-
Kaas, N. Acta Chem. Scand. 9 (1955) 9.

3. Hunter, A. and Woodward, H. E. Biochem..J.
35 (1941) 1298.

4. Kudernatsch, R. Monatsh. 18 (1897) 613.

5. v. Schickh, O., Binz, A. and Schulz, A.
Ber. 69 B (1936) 2593.

6. Clauson-Kaas, N. and Nedenskov, P. Acta
Chem. Scand. 9 (1955) 14,

Received April 27, 1957.

01.1 the Mechanism of Alkylation
of B-Keto Esters

I. Methylation of pg-Hydroxycouma-
rilic Acid Ethyl Ester

ARNE BRANDSTROM and
INGEMAR FORSBLAD

Chemical Institute, University of Uppsala,
Uppsala, Sweden

he mechanism of the alkylation of

metallic derivatives of tautomeric sub-
stances has been the subject of many in-
vastigations and theories 1. As late as 1953
Briandstrém %2 published a new theory and
in 1955 Kornblum etal.* proposed a
theory seen from a different aspect.

In an attempt to elucidate the mechan-
ism we have begun to study the alkylation
of B-ksto esters. The methylation of -
hydroxycoumarilic acid ethyl ester was
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selected for study. The reaction has earlier
been the subject of a somewhat superficial
investigation 5¢ and is well suited to the
present, purpose as it gives both the C- and
O-alkyl product. In order to find out the
extent to which the free anion and the
metal chelate give C- and O-alkylation,
the rate and order of the different reactions
must be studied under conditions which
lead to different degrees of dissociation.

The B-hydroxycoumarilic acid ethyl ester
was prepared in a pure enol-form by an
improved method according to Friedldn-
der 7. Through IR-spectra we have shown
that it changes only very slowly into the
keto-form at 0°C.

A method to determine the proportion
of C- and O-alkyl product formed in alky-

Table 1. Methylation in CH,OH.

lation has been worked out. The alkyla-
tion reaction is stopped by adding acid;
the mixture is diluted with water and the
ester extracted with carbon tetrachloride.
The residue is titrated with NaOH to de-
termine the velocity of the total reaction.
From the carbon tetrachloride solution the
unalkylated ester is extracted with 1 N
KOH and the residue saponificated, de-
carboxylated, acidified and extracted with
ether.

The acid from the O-alkyl product, which
does not decarboxylate, is titrated to pH
6.5—7.0. At that pH the enol-form of 2-
methyl coumarone does not interfere. The
difference between the rate of the total
reaction and that of the O-alkylation is
taken as the rate of C-alkylation.

Table 2. Methylation with Li.

Metal | kc4o0 ke ko C/O Solution kct+o | ke ko C/O
Li 1.20 1.03 0.17 6.0 CH,0H 1.20 | 1.03 0.17) 6.0
Na 2.96 2.26 0.70 3.2 C,H,OH 0.89 | 0.76 0.13| 5.7
K 3.45 2.78 0.67 4.2 n-C,;H,0H 0.54 | 0.44 0.10) 4.5

n-C,H,OH 0.36 | 0.27 | —0.09| —3

kc 40, kcand ko are, respectively, the velocity constants for the total, C- and O-alkylation.
They are given in units of 10~2.1/mole . min. C/O is the quotient of the rates of the C- and

O-alkylation.
Acta Chem. Scand. 11 (1957) No. 5
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Hitherto the methylation reaction has
been studied at 50°C with methyl iodide
in methanol solution using Li, Na and K
. a8 catalysts, and in ethanol, n-propanol
. and nm-hutanol with Li as catalyst. The
concentration of alkali was 0.1 M; the ester
was used in 5 9% and the methyl iodide in
100 9, excess. Both the C- and O-alkyla-
tion reactions are of the second order. The
~prelumnary results are shown in Tables

1 and 2.

It has been found that the rate of the
C-alkylation decreases more rapidly than
that of the O-alkylation through the sol-
verit series CH,O0H>C,H,O0H>n-C,;H,0H
>n-CH,OH. Thus the yield of C-alkyl
Pproduct falls in the same series, In metha-
nol the rate of C-alkylation increases

"through the series Li<Na<K and the
' O-alkylatlon through the series Li<
Na ~ K. Thus the ratio C/O decreases in
the series Li > K > Na.
‘This suggests that the mechanism is
* rather complicated and depends on more
- factors than the dissociation degree.

In order to find out the extent to which

the results depend on the occurence of the
alkali salts as ions or & chelate in the
" reaction medium, the degree of dissocia-
tion must be known. We have begun to
determine this quantity, by a method due
" to Brindstrém 8, from electrical conduc-
tance measurements. The complete eluci-
dation of the mechanism requires that
“other aspects of the reaction should be in-
vestlga.ted Further studies along these
lines are in progress at this institute.

Experimental:  Salicyl-O-acetic acid [O-
{carboxymethoxy )-benzoic acid] was prepared
from salicylic acid and chloroacetic acid ®.
Unchanged salicylic acid was separated from
.the - product by continued extraction with
benzene,

Salicyl-O-acetic acid diethyl ester was prepa-

. red by esterification in the usual way with
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benzene as water-removing agent 1% Yield
84 9%; m.p. 43.0—44.5°C (not earlier publ-
ished).

B-Hydroxycoumarilic acid ethyl ester was pre-
pared according to Friedlander ? with the foll-
owing modification: After condensation and
acidification with 50 % H,S0, at 0°C the
product was dried in air at room temperature
for a few hours, and than in a desiccator over
night. Yield 93 %; m.p. 70.6—71.5°C. The
ester contained a little Na,SO, and after re-
crystallization from dry ether it was obtained
a8 white needles with the same m. p. The low
m. p. (65°) earlier reported is probably due to
the change of ester into its keto-form during
recrystallization from water-alcohol mixture
(The velocity of tautomerisation increases
with the temperature and polarity of the sol-
vent ). It is important that the ester after
acidification be kept at as low a temperature
a8 possible.

The authors are indebted to Professor Arne
Fredga and to Dr. Lennart Schotte for valu-
able discussions. A grant from the Swedish
Natural Science Research Council is gratefully
acknowledged.
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