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New ~ -diketones containing pyridine,  thiophene, and furan rings were synthesized.  Data 
charac te r iz ing  the i r  s t ruc tu res  are presented .  

The special  reac t iv i ty  of/3 -diketones and thei r  pract ica l  value continue to a t t ract  the attention of in- 
ves t iga tors .  Among this group of compounds, an as yet l imited number of this sor t  of/3 -diketone,  in which 
the carbonyl grouping is bonded to the he teror ing ,  are known. However,  a study of such compounds, in pa r -  
t icular  the elucidation of the effect  of the he te ror ing  on the i r  k e t o - e n o l  tau tomer iza t ion ,  is of theore t ica l  
in teres t .  In o rde r  to synthesize some ~-diketones  containing a substituted pyridine grouping, we used 2,5- 
dicarbethoxy-4-phenylpyr idine (If), which was obtained f rom the accessible  2 ,5-dimethyl-4-phenylpyridine 
(1) [1]. Compound II was subjected to e s t e r  condensation with methyl aryl  ketones in the p resence  of sodium 
amide in e the r .  The condensation proceeds  only at the a - ca rb e th o x y  group.  This t rend in the reac t ion  is 
due to the dis tr ibut ion of e lec t ron  density in the pyridine ring, a consequence of which is a different  degree 
of weakening of the e l ec t ron  density on the carbon atoms of the carbethoxy groups in the a and/~ ' posit ions.  
The following/~-diketones were  obtained: l -pheny l -  (Ilia), p-methoxyphenyl-  (IV), m,p-dimethoxyphenyl-  
(V), 2- thienyl-  (VI), 2 - fu ry l -  (VII), and 3 - (4 -pheny l -5 -ca rbe thoxy-2-pyr idy l ) - l ,3 -p ropaned iones .  

To exper imenta l ly  ver i fy  this t rend of the condensation react ion,  we ca r r i ed  out the following syntheses .  
E s t e r  VIII was obtained f rom I by oxidation to 4-phenyl isocinchomeronic  acid, par t ia l  decarboxylat ion of 
the acid, and es ter i f ica t ion  of the resul t ing 4-phenylnicotinlc acid. Condensation of VIII with acetophenone 
and a-acetyl th iophene did not occur  under various conditions. Using known methods, we synthesized ethyl 
5-methyl-4-phenylpicol inate  (IX) [2] f rom I, the condensation of which with the appropriate  methyl aryl  
ketones gave the following f l-diketones:  1-phenyl-  (X), p-methoxyphenyl-  (XI), 2- thienyl-  (XII), 2 - fury l -  
(XIII), and 3 - (5 -methy l -4 -pheny l -2 -pyr idy l ) - l ,3 -p ropaned iones .  

1 -Pheny l -3 - (4 -pheny l -5 -ca rboxy-2-pyr idy l ) - l ,3 -p ropaned ione  (IIIb) was isolated along with Ilia in the 
condensation of II with acetophenone. The products were  separa ted  by chromatography on s i l ica  gel.  The 
es ter i f ica t ion  of IIIb gave Ilia, which in turn was hydrolyzed to acid IIlb. Thermal  hydrolys is  of IIIb gave 
4 -phe nylpyr idine. 
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F ig .  1. P M R  s p e c t r u m  of fl -d i ke tone  I l i a  in  ace-  
tone (at 100 MHz) .  

/3 -Diketones III-VII and X-XIII are c r y s t a l l i n e  
yellow substances .  Information regarding their s t ruc -  
tures  was obtained f rom spect ra l  analysis and from 
some of their  p roper t ies .  They do not form picra tes .  
In the case of VI, it was shown that this pyridine base 
forms a hydrochloride,  but it decomposes readi ly on 
heating in alcohol. The weakening of the basic p rop-  
er t ies  of these pyridine sys tems  is due to the fo rma-  
tion of a chelate complex with a ra ther  strong in t ra-  
molecular  hydrogen bond between the enol hydroxyl 
group and the nitrogen of the pyridine ring. 
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Fig.  2. UV spec t ra  of /3-diketones I l ia-VII.  
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Fig. 3. UV spec t ra  of f l-diketones X-XIII .  

Bands corresponding to the hydroxyl group at 
2500-3600 cm -1 are absent in the ]IR spec t ra  of all of 
the investigated f i-diketones (III-VII and X-XIII), 
while there is a group of intense, very  broad over lap-  
ping bands at 1538-1638 cm-1; this is charac te r i s t i c  
for/3 -diketones in which the enol form predominates 
[3]. The absorption band at 1700-1732 cm -I in the IR 
spec t ra  of IIIa and W-VII  cor responds  to an e s t e r  
grouping. 

Signals of olefin protons of the enol form at 
6 ~ 7.5 ppm are observed in the PMR spec t ra  (Table 2, 
and Fig. 1) of III, VI, VII, X, XII, and XIII (in acetone, 
part ial  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 s ig-  
nal of the methylene group made it possible to make 
an approximate est imate of the concentrat ion of the 
ketone form in the ketone ~ enol equilibrium mixture:  
4% for IIIa, 7.5% for IIIb, 7.5gc for VI, 6~ for VII, 5% 
for X, 15gc for XII, and 17% for XIII. The spec t ra  of 
IV and V (dissolved in carbon tetrachloride) do not 
contain the signal of protons of a methylene group; 
this at tests  to pract ica l ly  complete enolization of 
these compounds.  The signal of an OH group is absent 
in the PlV[R spec t ra  of all of the fi -diketones obtained 
(in CC14 and acetone); this can be explained by the 

format ion of an in t ramolecular  hydrogen bond between the enol hydroxyl group and the nitrogen of the 
pyridine ring.  

Similar  con01usions can also be drawn f rom the UV spec t ra  (Figs. 2 and 3). They have two c h a r a c t e r -  
istic maxima at ~240 and ~360 nm. The presence  of a ve ry  intense d o g e _  > 4) long-wave band with l m a  x ~ 
360 nm should be considered to be the most  cha rac te r i s t i c  feature of the UV spec t ra  of the invest igated/3-  
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 spec t ra  in the case of the keto form.  

3 -Phenyl -  (XIV) and ~- th ieny l -  (XV) 5- (5-methyl -4-phenyl -2-pyr idy l )pyrazo les  were obtained f rom 
-diketones X and XII and hydrazine hydrate .  

X, XII XIV. XV 

X, XIV R=C6Hs; XII, XV R=c~-C6FlaS 
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T A B L E  1. l - A r y l - ,  a - T h i e n y l - ,  and  a - F u r y l - 3 - [ 5 ' c a r b e t h o x y ( m e t h y l ) -  
4 - p h e n y l - 2 - p y r i d y l ] - l , 3 - p r b p a n e d i o n e s  

C6Hs~--~ 

R'-~N/X--COCII,COR 

& 

o 

IV 

V 

VI 

1t, 
Empirical 
formula 

VII 

X 

XI 

XII 

XIII 

p-CH~OC6H~ 

rn,p(CH30)~C~H~ 

a C~H~S 

a-C4HaO 

CsHs 

p-CHaOCsH4 

~-C4H3S 

a C~H~O 

COOC2H~ 

COOC2H~ 

coocaH~ 

coOC2H~ 

CH~ 

CHa 

CHa 

CHa 

124-- 
125 

118-- 
120 

108-- 
110 

137-- 
138 

127-- 
128,~ 

182-- 
t83 

144-- 
146 

145-- 
146 t 

Found,~o Calc.,% Yield, 

i" I qo 

C2~HaNO5 71,3[5,1 3,4 71,5 

C~H23NO~ 69,9 i 5,1 3,2 69,3 

C2tH 7NO4S l 3,5 
1 

C2,H,~NOs 169,4 4,9 3,6 695 

C2,HI~NO~ 1.79,7 5,6 4,6 80,0 

C2eHI,NOa 75,0 6,1 3,9 76,6 

CmHmNOIS 70,9 4,9 4,2 71,0 

CmH,~NO~ 74,4 4,7 4,9 74,7 

5,213,5 

5,3] 3,2 

3,7 

4,7] 3,9 

5,41 4,5 

5,5[ 4,0 

4.7 [ 4,4 

4,9 [ 4,6 

32,2 

10 

34,2 

60,5 

59,7 

7,6 

67,7 

59,4 

T A B L E  2.  C h e m i c a l  Sh i f t s  (6, ppm) ,  M u l t i p l i c i t y ,  and  C o u p l i n g  C o n -  
s t a n t s  (J, Hz) a of the  I n v e s t i g a t e d  fl - D i k e t o n e s  

~~ ,, ,2 ~ o c . ~  
5 2 7 8 9 13 ~ 1 0  13 COCH2COR ~ ~=/V~OCHa 

15 ,4 

X~S,O 

R'fCOOC2Hs (llla--VIII), COOH (IIIb), CH~ (X--Xln); 
R=C6H5 (llla, X}, P-CH3OC~H,, (IV), m,p-(CH30)~C6H3 (V); 
c~=C4H3S (VI, Xll), c*=C4H30 (VII, XIII), 

Comp. 

Ilia 

IIIb c 
IV 

V 

VI 

3-H 4-C6H5 b Cs--R 

8,08;s 17,42; s ] 4,10(q,8),1,00 (t~ 8) 

I (COOC2H5) 
8,07;s 7,44; s l 
8,08;s 7,37;s j 4,11(q8), 

1,01 (t, 8) 
' (COOC2H5) 

8,07;s 7,36;$ 4,42{q,8), 
1,03 (t,8) 
(COOC~Hs) 

7,99;s 7,42: s 4,09(q,8), 
1,00(t, 8) 

, (COOC~Hs) 

8,06;s 7,46; s! 4,17(q~8), 
1,08(~'8) 

(COOC~Hs) 
7,91;s: 7,40; s{2,3t, s (CH3) 

/ 
7,86;s 7,44; s 

7,92;s 7,47; s 

I0-. l:no l 
8,97; s 7,66;s 

9,03; s 7,68;s 
8,93; $ 7,53;s 

8,92; s 7,59;s 

8,94; s 7,47; s 

8,99; s 7,48;s 

8,57; s 7,61;s 
8,59; s 7,44 

8,63; s 7,47 

8-H 
:ketone) 

4,84; s 

4,85; s 

4,80; s 

4,73;s 

4,76; s 
4,76; s 

4,81;s 

co_R b 

7,50--8,10;ra (C6H5) 

7,50--8,10; m(C~H~) 
8,04_(d, 8, 8) ;.6,91 (d, 8) 

a,85;s (C,~--OCH~) 

VII 

X 
XII d 

XIII d 

(C6H4) ; 

7,8--6,7; m (CsH3);i 3)88~s; and 3t90, 
s (OEH3) af Clz arid Cl3 

799 (CI~--H or Cn--H ove~- 
'laps ruth the C~--H si~nal)i 
7,89(q, 1,4}(Cu--H :or ~ Cla" 
--H); 7,22(q, 4,5) (C,~--H) 

7,90(bs) (Cu--H at C,3--H); 
7,4~2 (Cu--H or CI~--H); 
6,75(q, i,5) (C,~--H) 

7,5--8,1 ; rn(C6Hs) 
8,00(q,1,4) (C~--H or C I , - - H ) ;  

7,87(q, 1,5)(Cn--H or CI~-- 
--H); 7,25(q, 4,5)(C12--H) 

8,02,;d (Cn--H or Cm--H); 
7,90 (Cu--H or CI3--H); 
7,27(m, 4) (C12--H) 

a A b b r e v i a t i o n s :  s i s  s i n g l e t ,  d i s  doub le t ,  t i s  t r i p l e t ,  q i s  q u a r t e t ,  
m i s  m u l t i p l e t ,  a n d  b s  i s  b r o a d  s i n g l e t ,  b T h e  p r o t o n s  of  the  p h e n y l  
g r o u p  a t t a c h e d  to  C 4 i n  the  i n v e s t i g a t e d  c o m p o u n d s  g i v e  a s i g n a l  
t h a t  i s  a l m o s t  a s i n g l e t ,  w h i l e  t h o s e  of the  p h e n y l  g r o u p  a t t a c h e d  
to  C 9 g ive  a c o m p l e x  m u l t i p l e t .  CThe s p e c t r u m  of IIIb was  r e c o r d e d  
w i t h i n  the  0 - 1 0  p p m  r a n g e ,  and  the  p r o t o n  of  the  c a r b o x y l  g r o u p  
w a s  no t  o b s e r v e d  i n  t h i s  c a s e .  d T h e  s i g n a l  of  the  CH 3 g r o u p  i s  
m a s k e d  b y  t h e  s i g n a l  of  the  s o l v e n t .  
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E X P E R I M E N T A L  

The IR spec t ra  were obtained with a UR-20 speet rophotometer .  The samples were in the form of 
minera l  oil pastes and KBr pellets.  The UV spec t ra  of alcohol solutions were measured  with an SF-4a  
spec t rophotometer .  The PMR spec t ra  of IIIa, IIIb, VI, VII, XII, and XIII in acetone, of X in deuteroacetone,  
and of IV and V in CC14 were measured  with a Var ian  HA-100D spec t romete r .  The internal  standard in the 
case  of IIIa, IIIb, IV, V, VII, and XIII was te t ramethyls i lane,  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 e ther  were added 
success ive ly  to sodium amide (obtained f rom 2 g of sodium) and 50 ml of ether,  and the mixture was r e -  
fluxed for 4 h and poured into a mixture of 50 g of ice and 14 ml of acetic acid. The products were ex-  
t rac ted  with ether  (three 50-ml portions), and the extract  was dried with sodium sulfate. The e ther  was r e -  
moved by distillation, and the res idue (I .I g) was separated with a chromatographic  column filled with KSK 
No. 2 s i l ica gel with elution by ethyl ace ta te -hep tane  (1 : 2). Initially, 0.84 g (22.5q) of IIla was separa ted  
as br ight-yel low needles with mp 131-132 ~ (from alcohol) and Rf  0.55 (with the same system).  Found,q:  
C 74.2; H 4.7; N 3.3. C23HIgNO 4. Calculated,q:  C 73.9; H 5.1; N3 .7 .  After this, 0.2 g (TYc) o f ! I I lbwassepa -  
ra ted  as yellow c rys ta l s  with mp 228-230 ~ (dec., f rom alcohol) and Rf  0.25. Found,%: C 73.5; H 4,0;  N4,1. 
C2iHIsNO 4. Calculated,%: C 73.2; H 4.2; N 4.1. 

A s imi la r  method was used to obtain IV-VII and X-XIII (Table 1). A 0.35-g (1 mmole) sample of IIIb 
was es ter i f ied  with ethanol in a s t r eam of dry hydrogen chloride.  The react ion products were isolated by 
chromatography  as descr ibed  above to give 0.11 g (307c) of IIla and 0.1 g of IIIb. Acid hydrolys is  of 0.5 g 
(1.3 mmole) of Ilia gave 0.08 g of IIIb and 0.28 g of IIIa. 

A mixture of 0.5 g (1.45 mmole) of IIIb and 20 ml of water  was heated at 250 ~ for 3 h in an autoclave. 
The react ion products  were ext rac ted  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. CI~HgN �9 C6H3N307. Calculated,R: N 14.6. 

4 -Phenyl -3-carbe thoxypyr id ine  (VIII), A mixture of 15 g (0.06 mole) of 4-phenyl isocinchomeronic  
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 s t r eam of dry hydrogen chloride.  The alcohol was removed by distillation, 
150 ml of water  was added, and the mixture was t reated with sodium carbonate until it was alkaline. The 
ether  ex t rac t  yielded 6 .9g  (49%) of VIII with mp 51-52 ~ (from hep t ane -e thy l  acetate).  Found,%: C 73.8; 
H 5.5; N 5.9. Ci4Hi3NO 2. Calculated,R: C 74.0; H 5.7; N 6.2, 

5-Methyl -4-phenyl -2-carbe thoxypyr id ine  (IX). A mixture of 32 g (0.175 mole) of I and 3? g (0.3 
mole) of selenium dioxide was refluxed in 350 ml of pyridine for  5 h. The selenium was removed by f i l t ra -  
tion, and the solvent was removed  by disti l lation. The residue was t reated 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  ~ precipi tated c rys t a l s .  The extract ion was r e -  
peated five t imes to give 17.5 g (61.5R, based on the I consumed in the reaction) of 5 -methy l -4 -pheny l -2 -  
carboxypyridine with mp 154-155 ~ (from acetone). Found,R: C 73.4; H 5.3; N6,4,  C13HllNO2. calculated,%: 
C 73.3; H 5.2; N 6,6. The picrate  of IX had mp 173.5-!75 ~ (from alcohol). Found,%: N 12.6. C~3H~INO 2 �9 
C6H3N307. Calculated,R: N 12.7. Removal  of the heptane f rom the mother  l iquor by distil lation 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.  T h e e x -  
t e s s  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 alcohol was removed by distillation, and sodium carbonate solution was 
added to the residue until it was alkaline. The reac t ion  products were extracted with ether  and c r y s t a l -  
l ized f rom heptane to give 4.7 g (85%) of IX with mp 50-51 ~ Found,%: C 74.6; H 6.5; N 5.5. C15H15NO 2. 
Calculated,%: C 75.0; H 6.1; N 5,7. 

3 -Pheny l -  (XIV) and a -Th ieny l -5 - (5 -me thy l -4 -pheny l -2 -py r idy l )py razo le  (XV). A 0.3-g (1 mmole) 
sample of X and 0.5 rnl 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 c rys ta l l ized  f rom 50q alcohol to give 
0.11 g (37%) of XIV as co lo r l ess  c rys ta l s  with mp 179-180 ~ and Rf 0.37 [KSK No. 2 s i l ica  gel, e t h y l a c e t a t e -  
heptane (1:2)] .  Found,%: C 81.1; H 5.4; N 13.0. C21HITN 3. Calculated,%: C 81,1; H 5.5; N13.5 .  
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Compound XV, with mp 200-201 ~ and Rf 0.25 (in the same system), was similarly obtained from XII 
in 34% yield. Found,%: C 71.8; H 4.6; N 13.2. C19H~sN3S. Calculated,%: C 72.0; H 4.7; N 13.3. 
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