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Condensation of 2, 4-diacetylphenol with diethyl oxalate serves as 
a basis for preparing 2-carbethoxy- and 2-carboxy-6-acetylehromones 
(I, II), 2-carbethoxy-6-ethoxyoxalyacetylchromone (V), and 2-carboxy- 
6-hydroxyoxalylacetylchromone (VI). The Mannich reaction is used 
to synthesize 6-(w-diatkylaminopropinnyl)-2-carboxychromones (VII, 
VIII) from compound I. Reaction of chromone-2-earbonyl chloride 
with enamines prepared from cyclohexanone and tetmhydrothiopyrone- 
4- gives syntheses of 2-(chromonoyl-2)cyclohexanone (III) and 3- 
(chromonoyl-2)tetrahydrothiopyrone-4 (IV). Hydrazine hydrate and 
compound III give the pyrazole derivative IX, while hydrazine hy- 
drate and compound IV give pyrazole derivative X along with pyra- 
zolylpyrazole derivative XI, which results from a second molecule 
of hydrazine hydrate opening the chromone ring. 

tt is generally considered that the y-pyrone ring is slightly aromatic.- 
Of the eleetrophilie substitution reactions in the pyrone ring of chro- 
rnone, only those giving g-derivatives have been investigated. Thus 
for example the Mannich reaction was used to prepare 3-aminomethyl- 
chromones [1]. The pyrone ring is less reactive in nitration and sul- 
fonation than the benzene one, so that only the benzene ring under- 
goes substitution [2, 3]. The pyrone system of chromones is quite 
vulnerable to nucleophilic reagents, because the C atom at position 

has a considerable fractionaI positive charge. Thus for example 
the 7-pyrone ring is easily opened by bases, although (e. g., under 
the action of primary amines) as a rule the pyrone ring is unattacked. 
Introducing such electron-accepting substituents as carbalkoxy ot 
acyl into the chromone molecule changes the electron density dis- 
tribution in the pyrone ring. Nevertheless the specificity of the chemi- 
cal changes is determined not only by this factor, but rather by the 
presence of an additional electrophilic center at the carbonyl of the 
acyl or carbalkoxyl group. Information has previously been given [4-6] 
regarding the action of nucleophilic reagents on esters of chromono-2- 
carboxylic acids. Nucleophilic reactions are well known to proceed 
ambiguously with 3-acylchromones. Depending on the reaction con- 
ditions and nature of the reagent, splitting off of acyl, ring opening, 
or substitution of the oxygen of the aeyl carbonyl can occur. There 
is only brief information about 2-acylehromones, made by selenium 
dioxide oxidation of dialkylchromones [7]. Ch~omones with acyl 
substituents in the benzene ring without hydroxyl groups are quite 
unknown. 

Cont inuing r e s e a r c h  p r ev ious ly  c o m m e n c e d  on the 
act ion of e lec t roph i l i c  and nucleophi l ic  r eagen t s  on ~ -  
and 7 - b e n z p y r o n e s ,  e spec ia l ly  those with va r ious  
funct ional  subs t i tuen t s ,  we have syn thes i zed  2 - c a r b -  
ethoxy- and 2 - c a r b o x y - 6 - a c e t y l c h r o m o n e s  (I, II) and 
compounds of the type 2 - ace toace ty l ch romone ,  v i z . ,  2-  
( chromonoyl -2 )cyc lohexanon  e (III) and 3 - ( c h r o m o n o y l -  
2 ) t e t r ahydro th iopy rone -4  (IV), and c a r r i e d  out some  
r eac t i ons  with them.  Compound I was p r e p a r e d  by 
condens ing  2, 4 -d iace ty lpheno l  with diethyl  oxalate  in 
the p r e s e n c e  of 2 moles  of sod ium ethoxide.  S imu l -  
t aneous ly  2 - c a r b e t h o x y - 6 - e t h o x y o x a l y l a c e t y l  c h r o m o n e  
(V) is formed,  as  a r e s u l t  of C la i sen  condensa t ion  of 

*For  P a r t  XX see  [11]. 

a second ace ty l  group with diethyl  oxalate.  When an 
equ imo lecu l a r  quant i ty  of ethoxide is used there  is no 
condensat ion,  because  the ethoxide is neu t r a l i zed  by 

the phenolic  hydroxyl:  
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Separa t ion  of diketone V f rom ketone I is effected 
via  the copper  de r iva t ive  of V, dtacid VI be ing  in i t i a l ly  
i so la ted  a f t e r  ac id  decompos i t ion  of the copper  c o m -  
pound, and e s t e r i f i c a t i on  conver t ing  it back to V. Acid 
hydro lys i s  of compound I gives II. The Mannich reac t ion  
be tween I, formaldehyde ,  and d ime thy lamine  and d i -  
e thy lamine  hydroch lo r ide  with s imu l t aneous  hydro lys i s  
of the e s t e r  group y ie lds  6 - ( w - d i m e t h y l -  and d ie thy l -  
aminopropionyl )-2-carboxychromones (VII, VIII). That 
the a mi nome t hy l  group is in the s ide chain and not 
in the pyrone  r ing,  is con f i rmed  by the UV spec t ra .  
The plot of the s p e c t r u m  of hydroeh lor ide  VIII w i t h  
abso rp t ion  m a x i m a  at 242, 304, and 314 nm ag rees  
with the plot for the s t a r t i n g  ketone II, and di f fers  
f rom the plot for  3 - m e t h y l c h r o m o n e - 2 - c a r b o x y l i e  
acid,  which has an addi t ional  m a x i m u m  at 274 nm [8] 
thai  is c h a r a c t e r i s t i c  of the s y s t e m  of a 2, 3 - d i s u b s t i -  

tuted c h r o m o n e  [9]. 
Ketones  III and IV a r e  syn thes ized  by the Stork 

r eac t ion  f rom c h r o m o n e - 2 - c a r b o n y l  chlor ide  and 
e n a m i n e s  of the appropr i a t e  cycl ic  ke tones .  

\ /  
0 N 0 

IX,X X 



C H E M I S T R Y  O F  H E T E R O C Y C L I C  C O M P O U N D S  479  

T h e r e  a r e  5 m o s t  c h a r a c t e r i s t i c  e l e c t r o p h i l i e  c e n -  

t e r s  in e a c h  o f  c o m p o u n d s  III a n d  IV.  H e n c e  t h e  d i r e c -  

t i o n  o f  r e a c t i o n  w i t h  s u c h  e l e c t r o p h i l i c  r e a g e n t s  a s  

a m i n e s  m u s t  d e p e n d  on  ~he s i z e  o f  t h e  p o s i t i v e  c h a r g e s  

a t  t h e i r  c e n t e r s  ( w i t h  t h e  s i d e  c h a i n  t h e r e  i s  a s i m u l -  

t a n e o u s  t e n d e n c y  to  e n o l i z e )  a n d  on  s t e r i c  f a c t o r s .  In 

t r e a t m e n t  of  III o r  IV w i t h  I m o l e  h y d r a z i n e  o n l y  t h e  

f l - d i k e t o n e  g r o u p  o f  t h e s e  r e a c t s .  T h e  p r o d u c t s  a r e  

3 -  ( c h r o m o n o y l - 2 ) - 5 ,  6 - d i h y d r o -  c ~ - t h i o p y r a n o [ 3  ', 4 ' :  4, 5] 

p y r a z o l e  (X).  T r i k e t o n e s  III  a n d  IV  b e h a v e  d i f f e r e n t l y  

t o w a r d s  e x c e s s  h y d r a z i n e  (>2 e q u i v a l e n t s ) .  In t h e  

c a s e  o f  t h e  s u l f u r - c o n t a i n i n g  t r i k e t o n e  IV  t h e r e  i s  
a l s o  s c i s s i o n  o f  t h e  p y r o n e  r i n g  to  g i v e  3 - [ 3 " - ( o - h y d r o -  

x y p h e n y l ) - p y r a z o l y l - 5  " ] - 5  ', 6 ' - d i h y d r o -  a -  t h i o p y r a n o  

[3 ' ,  4 ' : 4 ,  5 ] p y r a z o l e  (XI),  w h i l e  III g i v e s  o n l y  IX.  

E X P E R I M E N T A L  

2-Carbethoxy- and 2-carboxy-6-acetylchromones (I and II), 
2-carbethoxy-6-ethoxyoxalylacetylehromone (V), and 2-earboxy-6- 
hydroxyoxalylacetylchromone (VI). A sodium ethoxide solution was 
prepared from 2.72 g (0.118 mole) Na and 60 ml dry EtOH, to it 
were added 10.5 g (0.059 mole) 2, 4-diacetylphenol and 17.2 g (0.118 
mole) diethyl oxalate, and the whole was stirred and heated on a 
water bath for 4 hr, then cooled to ~40 ~ 10 ml e o n c .  HC1 was added, 
the mixture refluxed for 30 min, and then left overnight. The products 
were poured into a saturated solution of 12.5 g Cu(OAc h �9 HzO, made 
alkaline with NasCO s (pH 5-6),  and after 2 hr extracted with 250 ml 
benzene. The precipitated copper complex was filtered off and washed 
with benzene. The combined benzene solutions were dried over 
MgSO4, and the solvent distilled off, to give 6.5 g (42.4%) I, mp 
143"-144" C (ex EtOH). Found: C 64.95, 65.04; H 4.36, 4.71%, 
calculated for C14H19.O5: C 64.61; H 4.65%. The Cu complex was 
treated with 50 ml glacial AcOH, 15 ml conc. HC1, and 100 ml 
benzene, the whole filtered, and the benzene solution separated off, 
dried, and the solvent distilled off. 30 ml AcOH and 10 ml conc. 
HC1 were added to the residue, and the whole was heated for 6 hr 
on a water bath. The precipitate formed was filtered off, dissolved 
in 5% NaHCOs, filtered, the filtrate treated with decolorizing 
charcoal, and then acidified with cone. HC1 to give 1 g VI, mp 
230~ ~ C (decomp). i g VI was refluxed for 6 hr with 75 ml 
absolute EtOH containing 1 ml conc. HzSQ, and after cooling 
the products were filtered to give 0.72 g V, mp 141~ ~ C. After 
evaporating the mother liquor, the residue was treated with dil. 
NaHCC h solution, to give an additional 0.23 g V. Total yield 0.95 g 
(5.3% on the diacetylphenol taken), mp 142~ ~ C (ex EtOH). Found: 
C 60.04, 59.84; H 4.32, 4.38%, calculated for CtsH16Os: C 60.00; 
H 4.48%. 

10.4 g (0.04 mole) I was heated for 6 hr on a boiling water bath 
with 35 ml conc. HC1 and 200 ml AcOH, cooled, the solid filtered 
off, and reprecipitated from bicarbonate solution, yield 7.1 g (83.4%) 
II, mp 243~ ~ C (decomp, ex EtOH). UV spectrum (70% EtOH, 
c I �9 10-4): kmax, nm (lg s) 244 (4.53), 307 (3.79), Found: C 62.30, 
62.03; H 3.60, 3.48%, calculated for CrzHsQ: C 62.06; H 3.47%. 
Running the condensation in the presence of 3 moles NaOEt as in- 
dicated above gave 21% II and 29~ VI. 

6-w-Dtmethylaminoproptonyl)-2-earboxyehromone hydrochloride 
(VII). 1.3 g I, 4 ml 32% formaldehyde, 0.9 g dirnethylamine hydro- 
chloride, and 0.2 ml conc. HC1 were refluxed together for 3 hr, the 
precipitat e filtered off, washed with absolute EtOH, then with ether, 
yield 0.64 g (39%) VII, mp 239~ ~ C (ex 50% EtOH). Found: 
C 54.92, 54.92; H 4.92, 4.76; C1 10.77, 10.78%, calculated for 
CI~ttsNO s �9 HCI:C 55.30; H 4.95;C1 10.88%. 

6-(~-Diethylamtnopropionyl)-2 - earboxyehromone hydroehlorlde 
(VIII). Prepared similarly with 37% yield, mp 204~ ~ C (decomp, 
ex 50% EtOH). UV spectrum (70% EtOH, c 1 �9 10-4): Lrnax, nm 
(lg r 242 (4.61), 304 (3.84), 314 (3.81). Found: C1 9.93, 8.83%, 
calculated for CtTH19NO5 �9 HCI: C1 10.02~,. 

3-(Chromonoyl-2)tetrahydrothiopyr-4-one (IV). A solution of 
4.17 g (0.02 mole) chromone-2-carbonyl chloride [8] in 25 ml dry 
dioxane was added dropwise to a solution of 3.42 g (0.02 mole) 
4-pyrrolidino-2, 3-dihydro-~-thiopyrane [10] and 3.3 g (0.02 mole) 
Et~N in 15 rnl dry dioxane. Then 30 rnl 10qo HCI was added over 2 hr 
and the whole stirred for 1 hr 30 rain at "20 ~ C, the solid was filtered 
off, washed with NaHCOs solution, yield 3 g (52%) IV, mp 162~ ~ 
C (ex EtOH). The compound was soluble in 10% NaOH and gave 
a red color with FeC1 s. Found: S 11.36, 11.39~ calculated for 
C1sH12046: S 11.12%. 

2-(Chromonoyl-2)cyclohexanonr (III). A solution of 4.17 g 
(0.02 mole) chromone-2-carbonyl chloride in 25 ml dry dioxane 
was added dropwise to a solution of 3.3 g (0.02 mole) 1-piperidino- 
cyclohexene and 2.02 g (0.02 mole) EtsN in 15 ml dry dioxane. The 
mixture was kept for 1 hr at ~20 ~ C, then refluxed for 2 hr, the 
precipitate filtered off, washed with ether, filtrate and ether solution 
combined, the ether distilled off, 30 ml 10% HC1 added, and the 
whole refluxed for 1 hr. After cooling 2.48 g III was filtered off. 
Ether extraction of the filtrate gave 0.15 g IIL Total yield 2.63 g 
(48.7%0), mp 149~ ~ C (ex EtOH). Bright yellow compound, soluble 
in 10010 NaOH, dark red color with ethanolic FeC13. Found: C 71.07; 
71.06; H 5.18; 5.14%, calculated for C16HI~O4: C 71.11; H 5.22%. 

3-(Chr 5, 6, 7-tetrahydrobenzpyrazole (IX). A 
mixture of 1 g (0.0037 mole) III and 0.18 g (0.0037 mole) hydrazine 
hydrate was refluxed for 3 hr in 40 rnl absolute gtOH, the EtOH dis- 
tilled off under vacuum, to give 0.98 g (100%) IX, mp 226~ ~ 
C (ex EtOH). The compound was alkali-insoluble and did not give 
a color with FeC1 s. Found: C 72.33; 72.08; H 5.33; 5.31; N 10.90; 
10.99%0, calculated for Ct6H1,NzOz: C 72.16; H 5.30; N 10.52%. 

3-(Chromonoyl-2)-5 ', 6 '-dihydro-a-thiopyrano[3' ,  4';4, 5] 
pyrazole (X). A solution of 0.32 g (0.0011 mole) IV and 0.056 g 
(0.0011 mole) hydrazine hydrate in 20 mI EtOH was held at "20 ~ C 
for 48 hr, the EtOH vacuum distilled off, and the residue treated 
with 5 ml 10% HC1 to give 0.3 g (9?%) X, mp 245~ ~ C. The 
compound was insoluble in alkali and did not give a color reaction 
with FeC1 s. Found: S 11.56; 11.41; N 9.74; 9.72%, calculated for 
CIsHnNsOsS: S 11.28; N 9.86%. 

8"[3 "-(o'Hydroxyphenyl)pyrazolyl '5 ~]'5' ,  6'-dlhydro-~x-thio- 
pyrano[3', 4':4, 5]-pyrazole (XI). 0.75 g (0.015 mole) hydrazine 
hydrate was added to a suspension of 1.44 g (0.005 mole) IV in 
25 ml absolute ethanol, the whole refiuxed for 3 hr, the products 
cooled, and compound XI filtered off, yield 0.99 g (69.7%), mp 
270 ~ C (decomp). XI was insoluble in alkali and gave a dark green 
color with FeCI~. Found: S 10.55; 10.48; N 18.49; 18.6%, calculated 
for CIsHt4N4OS: S 10o76; N 18.78%. 

REFERENCES 

1. P .  F0 W i l e y ,  J .  A m .  C h e m .  S o c . ,  74,  4326 ,  

1 9 5 2 .  
2. P .  D a  R e ,  F a r m a c o ,  11, 662,  1956 .  

3. D,  V.  J o s h i ,  J .  R .  M e r c h a n t ,  a n d  R .  C.  Shah ,  

J .  O r g .  C h e m . ,  21,  1104,  1956 .  

4. V. A.  Z a g o r e v s k i i  a n d  D~ A .  Z y k o v ,  Z h O K h ,  

30,  3679 ,  1960 .  
5. V.  A .  Z a g o r e v s k i i ,  D. A.  Z y k o v ,  a n d  E .  K .  

O r l o v a ,  Z h O K h ,  34,  539,  1 9 6 4 .  
6. V.  A.  Z a g o r e v s k i i ,  I. D. T s v e t k o v a ,  E .  K. 

O r l o v a ,  a n d  D. A.  Z y k o v ,  Z h O r K h ,  1, 1517 ,  1965 .  

7. J .  S c h m u t z ,  R .  H i r t ,  a n d  H. Z a u e n e r ,  H e l v .  

c h i m .  A c t a .  35,  1168 ,  1952 .  

8. V.  A.  Z a g o r e v s k i i ,  D. A.  Z y k o v ,  a n d  E.  K.  

O r l o v a ,  Z h O K h ,  31,  568,  1 9 6 ! .  
9. B .  G a n g u l y  a n d  P .  B a g h i ,  J .  O r g .  C h e m . ,  21,  

1415 ,  1956 .  



480 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

10. L. N. Kakurina, N. F. Kueherova, and V. A. 
Zagorevskii ,  ZhOrKh, 1, 1108, 1965. 

11. V. A. Zagorevskii ,  Sh. M. Blozman, and S. M. 
Klyuev, ZhOrKh, 2, 2222, 1966. 

25 October 1965 Institute of Pharmacology and 
Chemotherapy,  Academy of 
Medical Sciences USSR, 
Moscow 


