B ~DIKETONES WITH HETEROCYCLIC GROUPINGS
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New g -diketones containing pyridine, thiophene, and furan rings were synthesized. Data
characterizing their structures are presented.

The special reactivity of g -diketones and their practical value continue to attract the attention of in-
vestigators. Among this group of compounds, an as yet limited number of this sort of g -diketone, in which
the carbonyl grouping is bonded to the heteroring, are known. However, a study of such compounds, in par-
ticular the elucidation of the effect of the heteroring on their keto—enol tautomerization, is of theoretical
interest. In order to synthesize some g -diketones containing a substituted pyridine grouping, we used 2,5-
dicarbethoxy-4-phenylpyridine (II), which was obtained from the accessible 2,5-dimethyl-4-phenylpyridine
() [1]. Compound IT was subjected to ester condensation with methyl aryl ketones in the presence of sodium
amide in ether, The condensation proceeds only at the a-carbethoxy group. This trend in the reaction is
due to the distribution of electron density in the pyridine ring, a consequence of which is a different degree
of weakening of the electron density on the carbon atoms of the carbethoxy groups in the @ and g' positions.
The following g ~diketones were obtained: 1-phenyl- (IlIa), p-methoxyphenyl- (IV), m,p-dimethoxyphenyl-
V), 2-thienyl- (VI), 2-furyl- (VII), and 3-(4-phenyl-5-carbethoxy-2-pyridyl)-1,3-propanediones.

To experimentally verify this trend of the condensation reaction, we carried out the following syntheses,
Ester VIII was obtained from I by oxidation to 4-phenylisocinchomeronic acid, partial decarboxylation of
the acid, and esterification of the resulting 4-phenylnicotinic acid. Condensation of VIII with acetophenone
and o-acetylthiophene did not occur under various conditions, Using known methods, we synthesized ethyl
5~methyl-4-phenylpicolinate (IX) [2] from I, the condensation of which with the appropriate methyl aryl
ketones gave the following g -diketones: 1-phenyl- (X), p-methoxyphenyl- (XI), 2-thienyl- (XII), 2-furyl-
(XU, and 3-(5-methyl-4-phenyl-2-pyridyl)-1,3-propanediones.

1-Phenyl-3-(4-phenyl-5-carboxy-2-pyridyl)-1,3-propanedione (IIIb) was isolated along with IfIa in the
condensation of II with acetophenone. The products were separated by chromatography on silica gel. The
esterification of IITb gave Illa, which in turn was hydrolyzed to acid IIIb. Thermal hydrolys1s of IITb gave
4-phenylpyridine.
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Fig.1l, PMR spectrum of g ~diketone IIla in ace-
tone (at 100 MHz).
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Fig. 2. UV spectra of g -diketones IIla-VII.
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Fig. 3. UV spectra of g -diketones X-XIII,

g -Diketones III-VII and X-XIII are crystalline
yellow substances, Information regarding their struc-
tures was obtained from spectral analysis and from
some of their properties. They do not form picrates,
In the case of VI, it was shown that this pyridine base
forms a hydrochloride, but it decomposes readily on
heating in alcohol. The weakening of the basic prop-
ertieg of these pyridine systems is due to the forma-
tion of a chelate complex with a rather strong intra-
molecular hydrogen bond hetween the enol hydroxyl
group and the nitrogen of the pyridine ring.
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Bands corresponding to the hydroxyl group at
2500-3600 cm™! are absent in the IR spectra of all of
the investigated g -diketones (III-VII and X-XIII),
while there is a group of intense, very broad overlap-
ping bands at 1538-1638 cm™1; this is characteristic
for g-diketones in which the enol form predominates
[3]. The absorption band at 1700-1732 cm™! in the IR
spectra of I1Ia and IV-VII corresponds to an ester
grouping,
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Signals of olefin protons of the enol form at
8 ~ 7.5 ppm are observed in the PMR spectra (Table 2
and Fig. 1) of III, VI, VII, X, XII, and XIII (in acetone,
partial weakening of the enolization), while signals of
the methylene group of the ketone form lie at ~4 .8
ppm. Measurement of the integral intensity of the sig-

.nal of the methylene group made it possible to make

an approximate estimate of the concentration of the
ketone form in the ketone = enol equilibrium mixture:
4% for Ila, 7.5% for Ilb, 7.5% for VI, 6% for VII, 5%
for X, 15% for XII, and 17% for XIII. The spectra of
IV and V (dissolved in carbon tetrachloride) do not
contain the signal of protons of a methylene group;
this attests to practically complete enolization of
these compounds. The signal of an OH group is absent
in the PMR spectra of all of the g -diketones obtained
(in CCl, and acetone); this can be explained by the

formation of an intramolecular hydrogen bond between the enol hydroxyl group and the nitrogen of the
pyridine ring.

Similar conclusions can also be drawn from the UV spectra (Figs. 2 and 3). They have two character-
istic maxima at ~240 and ~360 nm. The presence of a very intense (loge = 4) long-wave band with A% ~
360 nm should be considered to be the most characteristic feature of the UV spectra of the investigated g -
diketones; this band is evidence that the enol predominates. Only two bands with maxima at about 230 and
260 nm should be present in the UV spectra in the case of the keto form.

3-Phenyl- (XIV) and a-thienyl- (XV) 5-(5-methyl-4-phenyl-2-pyridyl)pyrazoles were obtained from
B -diketones X and XII and hydrazine hydrate.
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TABLE 1. 1-Aryl-, ¢-Thienyl-, and ¢-Furyl-3-{5-carbethoxy(methyl)-
4-phenyl~-2-pyridyl]-1,3-propanediones

CGH,
R’@COCHQCOR
=N

. O Empirical | Found,% | Calc.,%
g‘ . R SR T, | formula — Yield,
s jH|njc [u[N] %
IV| p-CH;OCeH, COOC,Hs 1%;5— CoHoiNOs  |71,35,13,4/71,5/52(3,5 | 32,2
V| m,p-(CH30):,CeHz | COOC;H; 130— CxHuNGs | 69,9(5,1/3,2(69,3153|3.2) 10
VI| a-CHsS COOC,H; | 108— | CyHNO,S 35 37| 342
ViI| a-CH0 COOQHs 15;9— CuHyNOs  [69,4|4,9/3,6/60,5/4,7/3,9 | 60,5
X | CsHs CH, 1%5/3-‘i CaHNO, | 79,7|5,64,6/80,0{544,5 | 59,7
XI| p-CH30CsH, CH; lzi;g:—’s CosHiNO;  |75,0(6,1139/76,6/55/40| 7.0
XH| a-CiHsS CH; 144— 1 C1gH;sNO;S |70,9]4,914,2|71,0[4,7]44 | 677
XI1| a-CHs0 CH;, 1%;5}; CioHisNO; | 74,4]4,7(4,9(74,7/49]4,6 | 59,4

TABLE 2. Chemical Shifts (5, ppm), Multiplicity, and Coupling Con-
stants (J, Hz)? of the Investigated g ~Diketones
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R’=COOC,H; (111a—VIII), COOH (IIIb), CH, (X—XI11);
R=CqH; (la, X), P'CﬂaocsHA (1V), m,p-(CH;0),CcH; (V);
a=C,H;S (VI, XII), a=CH;0 (VII, XI11).

o b 8-H|8-H b
omp. [ 3-H [4-CeHs Cs—R 6-H (EHO].) ketone) g
1ila s,os;s'7,42;s, 4,10(9,8), 18.97; s|7,66;8| 4,845 {7,50—8,10:m (CeHs)
1,00(t, 8)
(COOC,H;)
1116 8,07;5 | 7,44; s 9,03; 5|7,68;5| 4.85;5 |7,50~8,10; m'(CoHy)
IV |808;5]7,37:5 | 4,11(9.8), |893; 87,535 8,04(d, 8,8);691(d,8) (CoHy);
101(t, 8) 3,85;s (Ciy—OCHa)
(COOG,H;)
V [807;5(7.36;s| 4.12(q,8), |892; 5|7,50;s 7,8—6,7,m (CeHla)ii3,88is; and 3,90,
1,03 (,8) s (OCHa) at Gy, and Crg
(¢00C,Hs)
VI |799;8|7,42:5| 4.00(9,8), |894;s747;5| 4.80;s {799 (Cy~H or C,—H over-
1,002t, 3; ' 1aps(w1i“ﬂ1 the Cy—H signal);
(COOC,Hs) 7,80(9, 1,4) (Cyi—H 0T Ciame

—Hj; 7,22(q, 4,5){Cie—H)
VIE [806:5|746; s| 4,17(q8), [899; 57488 473;s |7,90(bs) (Cu—H at Ci—H);

1,08(8) 742 (Ci—H or CiH)
(COOC,H;) 8.75(q, 1,5) (Cie—H)
X [791;5:(7,40; 52,31, s (CHy)[8,57; (7,618 4,76;5 [7,5—8,1; m(CoHs)
X114 |7,86;5 | 7.44; 5 8,59; 8|74 | 4,76;5 |8,00(q,1,4) (Cp—H or Cy—H);

7.87(q, 1,5) (Cyy—H or  Cig—
» —H); 7.25(q, 4,5)(Cip—H)
X119 17,92:5(7,47;8 8,63;5/7,47 | 4815 |8,02,d (Cp—H or Ci—H);

790 (Ch—H or Ci—H);
7,27(mn, 4)(Cy~H)

AAbbreviations: sis singlet, d is doublet, t is triplet, q is quartet,
m is multiplet, and bs is broad singlet, PThe protons of the phenyl
group attached to C, in the investigated compounds give a signal
that is almost a singlet, while those of the phenyl group attached

to Cy give a complex multiplet. ©The spectrum of Ilb was recorded
within the 0-10 ppm range, and the proton of the carboxyl group
was not observed in this case. 9The signal of the CH; group is
masked by the signal of the solvent.
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EXPERIMENTAL

The IR spectra were obtained with a UR-20 spectrophotometer. The samples were in the form of
mineral oil pastes and KBr pellets. The UV spectra of alcohol solutions were measured with an SF-4a
spectrophotometer. The PMR spectra of IIla, IIfh, VI, VII, XII, and XIII in acetone, of X in deuteroacetone,
and of IV and V in CCl, were measured with a Varian HA-100D spectrometer. The internal standard in the
case of Illa, IlIb, IV, V, VII, and XNI was tetramethylsilane, while hexamethyldisiloxane was used for VI,
X, and XII.

Condensation of 2,5-Dicarbethoxy-4-phenylpyridine (II) with Acetophenone. A solution of 2.4 g (0.02
mole) of acetophenone in 10 ml of ether and a solution of 3 g (0.01 mole) of II in 50 ml of ether were added
successively to sodium amide (obtained from 2 g of sodium) and 50 ml of ether, and the mixture was re-
fluxed for 4 h and poured into a mixture of 50 g of ice and 14 ml of acetic acid, The products were ex-
tracted with ether (three 50-ml portions), and the extract was dried with sodium suifate, The ether was re-
moved by distillation, and the residue (1.1 g} was separated with a chromatographic column filled with KSK
No. 2 silica gel with elution by ethyl acetate —heptane (1:2). Initially, 0.84 g (22.5%) of IIla was separated
as bright-yellow needles with mp 131-132° (from alcohol) and R, 0.55 (with the same system), Found %:

C 74.2; H 4.7; N 3.3. Cy3H;4NO,. Calculated,%: C 73.9; H 5.1; N 3.7. After this, 0.2 g (7%) of'Illb was sepa-
rated as yellow crystals with mp 228-230° (dec., from alcohol) and Rf 0.25. Found,%: C 73.5; H 4.0; N4.1,
CyHsNO,. Caleulated,%: C 73.2; H4.2; N4.1.

A similar method was used to obtain IV-VII and X-XIII (Table 1). A 0.35-g (1 mmole) sample of IIIb
was esterified with ethanol in a stream of dry hydrogen chloride. The reaction products were isolated by
chromatography as described above to give 0.11 g (30%) of IIla and 0.1 g of IIIb, Acid hydrolysis of 0.5 g
(1.3 mmole) of IIIa gave 0.08 g of IIIb and 0,28 g of IIla.

A mixture of 0.5 g (1.45 mmole) of IITb and 20 ml of water was heated at 250° for 3 h in an autoclave.
The reaction products were extracted with ether and dried with sodium sulfate. The ether was removed by
distillation, and the residue gave 0.2 g (38%) of the picrate of 4-phenylpyridine with mp 197-198° (from al-
cohol) [4]. Found,%: N 14.5. Cy{HyN - C;H;N;0;. Calculated,%: N 14.6.

4-Phenyl-3-carbethoxypyridine (VIII). A mixture of 15 g (0.06 mole) of 4-phenylisocinchomeronic
acid and 300 ml of water was heated in an autoclave at 190° for 3 h. The solid was dried and then refluxed
for 4 h in 350 ml of ethanol in a stream of dry hydrogen chloride. The alcohol was removed by distillation,
150 ml of water was added, and the mixture was treated with sodium carbonate until it was alkaline. The
ether extract yielded 6.9 g (49%) of VIII with mp 51-52° (from heptane —ethyl acetate). Found,%: C 73.8;
H 5.5; N5.9. CyH;sNO,. Calculated,%: C 74.0; H 5.7; N 6.2,

5-Methyl-4~-phenyl-2-carbethoxypyridine (IX). A mixture of 32 g (0.175 mole) of I and 32 g (0.3
mole) of selenium dioxide was refluxed in 350 ml of pyridine for 5 h. The selenium was removed by filtra-
tion, and the solvent was removed by distillation, The residue was treated with 200 ml of water, and the
mixture was refluxed. It was thencooled, and the water was decanted, The residue was dried and refluxed
with 250 ml of heptane, Cooling of the hexane solution to —5° precipitated crystals. The extraction was re-
peated five times to give 17.5 g (61.5%, based on the I consumed in the reaction) of 5-methyl-4-phenyl-2-
carboxypyridine with mp 154-155° (from acetone). Found,%: C 73.4; H 5.3; N6.4. Cy3Hy;NO,. Calculated, %:
C 73.3; H 5.2; N 6.6. The picrate of IX had mp 173.5-175° (from alcohol). Found,%: N 12.6. Cy3H;;NO, -
CH3N;O,. Calculated,%: N 12.7. Removal of the heptane from the mother liquor by distillation gave 7.6 g
of I.

A 5-g (0.025 mole) sample of the isolated acid was heated for 6 h with 5 g of thionyl chloride. The ex-
cess thionyl chloride was then removed by distillation, 20 ml of ethanol was added to the residue, and the
mixture was refluxed for 2 h. The aleohol was removed by distillation, and sodjium carbonate solution was
added to the residue until it was alkaline. The reaction products were extracted with ether and crystal-
lized from heptane to give 4.7 g (85%) of IX with mp 50-51°. Found,%: C 74.6; H 6.5; N 5.5. C,;H;;NO,.
Calculated,%: C 75.0; H 6.1; N 5.7,

3-Phenyl- (XIV) and @-Thienyl-5-(5~methyl-4-phenyl-2-pyridyl)pyrazole (XV). A 0.3-g (1 mmole)
sample of X and 0.5 ml of hydrazine hydrate was refluxed in 8 ml of alcohol for 2 h. The alcohol and
hydrazine hydrate were removed by distillation, and the residue was crystallized from 50% alcohol to give
0.11 g (37%) of XIV as colorless crystals with mp 179-180° and Ry 0.37 [KSK No. 2 silica gel, ethyl acetate—
heptane (1:2)]. Found,%: C 81.1; H 54; N 13.0. CyxH;N;. Calculated,%: C 81.1; H 5.5; N13.5.
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Compound XV, with mp 200-201° and R, 0.25 (in the same system), was similarly obtained from XII
in 34% yield. Found,%: C 71.8; H 4.6; N13.2, CyH;;N,S. Calculated,%: C 72.0; H 4.7; N 13.3.
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