
2-Phenacyl -3-quinoxalone  (III). A solution of 0.01 mole of o-phenylenediamine in 50 ml of dry ben-  
zene was added to 0.01 mole of 5-phenyl furan '2 ,3-d[one  in 200 ml  of dry  benzene,  a f ter  which the mixture  
was allowed to stand for s eve ra l  hours .  The resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion to give 1.9 g 
(75%) of a yellow crys ta l l ine  substance with mp 267-268 ~ (from ethanol). Found: N 10.50%. C16H12N902. 
Calculated: N 10.60%. 

No mel t ing-point  depress ion  was obse rved  for a mix ture  of  the above product  with 2 -phenacy l -3 -qu i -  
noxalone obtained f r o m  o-phenylenediam[ne and methyl  benzoylpyruvate .  

t3enzoylpyruvic Acid Phenylamide (IV). A solution of 0.011 mole of aniline in 15 ml Of dry  benzene 
was added to a solution of 0.011 mole of 5-phenylfuran-2 ,3-dione  in 150 ml  of dry benzene,  af ter  which the 
solvent was r e m o v e d  to give 2.9 g (94.7%) of a product  with m p l l 8  ~ (from toluene). Found: N 5.41%. C~6 " 
H13NO 3. Calculated: N 5.24%. No mel t ing-point  depress ion  was obse rved  for  a mixture  of the above p r o -  
duct with benzoylpyruvic  acid phenylamide obtained f r o m  methyl  phenyloxamate  and acetophenone in the 
p r e sence  of sodium methoxtde.  

3 ,6 -Dipheny l -3 ,4 -d ihydro- l ,3 -oxaz ine -2 ,4 -d ione  (V). A 0.044-mole sample  of phenyl tsocyanate was 
added to a solution of 0.011 mole  of 5-phenylfuran-2 ,3-dione in 150 ml  of dry  benzene,  a f ter  which the mix-  
ture  was heated at 80 ~ for 2 h. The resu l t ing  prec ip i ta te  was r e m o v e d  by f i l t ra t ion to give 2.18 g (72%) of 
a product  with mp 237-238? (from ethanol). Found: N 5.41%. CI~HllNO 3. Calculated~* N 5.27%. 

1~ 
2. 
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R E S E A R C H  ON V I N Y L  E S T E R S  O F  T H E  F U R A N  S E R I E S  

XH*.  REACTIONOF VINYL ESTERS OF FURANCARBOXYLIC ACIDS 

WITH AIMINES AND AZOLES 

Yu .  A.  M a n s u r o v ,  G. G.  S k v o r t s o v a ,  
a n d  V. K.  V o r o n o v  

UDC 547.725'77:542.951.1 

The reac t ion  of vinyl e s t e r s  of fu ran -2 -ca rboxy l i c ,  5 -b romofu ran -2 -ca rboxy l i c ,  and t r a u s -  
f l - (2 - fu ry l )ac ry l i c  acids with al ipbat ic ,  a roma t i c ,  and he te rocyc l tc  amines  was investigated.  
It was es tab l i shed  that azoles  add to the double bond of the vinyloxy group of the e s t e r  in con- 
fo rmi ty  with the Markownikoff ru le .  ~ -  (1-Azolyl)ethyl e s t e r s  of the fu r an -2 -ca rboxy l i c  and 
/3- (2-furyl)acryl ic  acids were  synthesized.  Acylat ion of the amines  takes  place  during the 
reac t ion  of vinyl e s t e r s  of the furan s e r i e s  with diethylamine,  aniline,  p-vinyloxyani l ine ,  m o r -  
pholine,  and piper idine .  

The synthesis  of e s t e r s  containing an azole r ing  or another  cycl ic  amine f r agmen t  in addition to a 
furan r ing  s e e m s  of in te res t  for  the p r e p a r a t i o n  of subs tances  with biological  act iv i ty  and complexing p r o p -  
e r t i e s .  The reac t ions  of vinyl e s t e r s  of acids of the furan s e r i e s  with amines  have not been studied. 

*See [1] for communicat ion  XI. 
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T A B L E  1. a - ( 1 - A z o l y l ) e t h e r  E s t e r s  of Ac ids  of  the F u r a n  Ser ies  

C o m -  
pound 

xx 
xxI 

xxII 
xxIII 

xxIv 
XXV* 

XXVIT 

mp,~ - 
lizationsolvent) 

~ ll(heptane) 
(petroleum 
ether) , 

75 (hexane) �9 
89 (hexane- 

acetone) 
100 (hexane) 
160 
131 

Empirical 
formula 

C!oHloN2Oa 
C~4H~2N~Os 

CI3H1,NaOa 
C12HI2N203 

Found, % 

C H N 

58,2 4,9 
65.61 4,7 

60,7 / 4,3 
62,1 / 5,2 

68AI 5,o 
49,8 [ 4,6 
57,4 / 4,5 

C~6H,4N~O3 
CmHHC1N203 
C~4HI3CIN203 

58,3 
65,6 

60,9 
62,1 

68,2 
49,9 
57,5 

5,{3 13,7 
4,6 11,0 

4,2 16,3 
5,3 12,1 

5,0 9,9 
4,6 l 1,6 
4,4 9,7 

I 
Calc . ,  % . y i e l d ,  

C t H N ~0 

I 
13,61 85 

92 

90 

9,61 99 

* Found:  C1 14.6%. Calcula ted:  C1 14.7%. 
Found:  C1 12.3%. Calcula ted:  C1 12.1%. 

T A B L E  2. Amides  of Acids  of the Fu ran  Ser ies  

Corn- mp, ~ Empirical Found, % Calc., % Yield, 
pound formula c H N C H N ~o 

XII* - -  i CgH~3NO~ 64,7 7,9 8,3 64,7 7,8 8,4 73 
XIII 59(isooctane)l CgHnNO3 59,7 6,0 7,8 59,7 6,1 7,7 88 
XIV 66 (octane) CmHI3NO2 67,3 7,4 7,9 67,0 7,3 7,8 94 
XV 108 (octane) CHHI~NO3 63,8 6,4 6,8 63,8 6,3 6,8 86 

XVI 122 (heptane) CmH~sNO2 69,9 7,3 7,0 70,2 7,4 6,8 91 
XVII'[" 123 (aldohol) CuHgNO~ 70,7 4,8 7,5 70,6 4,9 7,5 32 

XVIII 87(pet. ether) ClzHllNO~ 68,1 4,9 6,1 68,1 4,8 6,t 37 
XIX 106 (benzene) C~3HmBrNQ 50.8 3,5 4,4 50,7 3,3 4,5 36 

*;rhis  compound  had bp 108 ~ (3 ram) and nD 2~ 1.5040; a c c o r d i n g  to 
[9], bp 108-109 ~ (3 m m ) ,  nD 2~ 1.5040, and d4~~ 1~ 
? A c c o r d i n g  to  [10], this  compound has nap 123.5 ~ 

We have inves t iga ted  the r e a c t i o n  of  vinyl  e s t e r s  of f u r a n - 2 - c a r b o x y l i c  (I), 5 - b r o m o f u r a n - 2 - c a r b o x y -  
yl ic  (ID, and t r a n s - f i - ( 2 - f u r y l ) a c r y l i c  (if.I)acids with d ie thylamine  (IV), an i l ine  (V), p -v tny loxyanf l ine  ~//1), 
morpho l ine  (VII), p iper id ine  (VIII), imidazo le  (IX), benz imidazo le  (X), and benzo t r i a zo l e  (XI). The inves t i -  
gat ion was  made at va r ious  t e m p e r a t u r e s  and r e a g e n t  r a t i o s ,  with UV i r rad ia t ion ,  in the p r e s e n c e  of  sod i -  
um meta l ,  the sod ium sa l t s  of the a m i ne s ,  and p o t a s s i u m  hydroxide ,  and a lso  without  a ca ta lys t .  Ac id  a m -  
ides a r e  f o r m e d  in al l  c a s e s  in the r e a c t i o n  of I - I I I  with a l iphat ic ,  h e t e r o c y c l i c ,  and a r o m a t i c  amines  (IV- 
VIII), and the v tnyloxy group is spl i t  out in the f o r m  of ace t a ldehyde :  

I-III ~IV-V[II XII-XIX 

I-Ill ,  XII-XIX R=lt, Ill'; n:O,l; IV-VIII, Xll-XlX R'=N(CzHs) 2, NHCGH 5, NHC6H4OCH~EH2op, 

\_jo %_9 
This  s o r t  of  r e a c t i o n  was  a l so  o b s e r v e d  in the acy la t ion  of amines  with vinyl  ace ta te  by Kost  and 

Yurkevich  [2]. They  showed that  the case  of  the acy la t ion  of amines  with complex  vinyl e s t e r s  i n c r e a s e s  
as  the nuc leopht l ic  p r o p e r t i e s  of  the amines  i nc r ea se .  The s a m e  dependence is o b s e r v e d  in the r e a c t i o n  
of  vinyl  e s t e r s  of the fu ran  s e r i e s  with amines  [3]. The r e a c t i o n  of e s t e r s  I - I I I  with s e c o n d a r y  amines  IV, 
VII, and VIII p r o c e e d s  r e a d i l y  at  r o o m  t e m p e r a t u r e  and even in the absence  of  a ca t a ly s t  to give amides  
XII -XVI  in high yie lds  [4]. P r i m a r y  amines  V and VI r e a c t  with g r e a t e r  diff iculty.  Thus furoylani l tne  
(XVII) is obta ined in 31.6% y ie ld  at 20 ~ w h e r e a s  N - ( 2 - f u r o y l ) -  and N - ( 5 - b r o m o - 2 - f u r o y l ) - p - v i n y l o x y a n i -  
l idos (XVNI, XIX) a re  ob ta ined  in y ie lds  of  this  so r t  only on hea t ing  to 70% Compounds  XVIII and XIX were  
ob ta ined  by  a l t e rna t ive  syn thes i s  [5] by  r e a c t i o n  of  f u r a n - 2 -  and 5 - b r o m o f u r a n - 2 - c a r b o x y l i c  ac id  ch lor ides  
with p -v iny loxyan t l ine .  The f l - (2 - f t t ry l ) ac ry l i c  ac id  N - m o r p h o l y l a m t d e  s t r u c t u r e  was  c o n f i r m e d  by  the 
PM1R s p e c t r u m .  

The r e a c t i o n  of I and III  with azo le s  p r o c e e d s  in another  d i rec t ion .  A c c o r d i n g  to q u a n t u m - c h e m i c a l  
ca lcu la t ions  [6], the m a x i m u m  pos i t ive  cha rge  is concen t r a t ed  on the p y r r o l e  n i t rogen  a t o m  of IX-XI.  
Owing to the nonun i fo rm d is t r ibu t ion  of  the 7r-elect~on densi ty ,  azo les  d i sp lay  both bas ic  and ac id ic  p r o p -  
e r t i e s .  The combina t ion  of  s t r o n g  bas i c  p r o p e r t i e s  due to the p e l e c t r o n s  of the n i t rogen  a tom in the 3 
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position and the acid properties of the proton attached to the nitrogen atom in the 1 position is evidently 
responsible for the possibility of the addition of azoles to the double bond of the vinyloxy groups of esters 
I and III. In fact, in contrast to the amines IV-VIII, azoles IX-XI react with I and III to give a- (1-azo ly l ) -  
ethyl esters of fttran-2-carboxylic and trans-fl-(2-furyl)acrylic acids (XX-XXIV): 

+ HAz ( CH~Clt)nC~ O (CH=CH)~E CH=CH 2 \ O  O--CH--Az 
I 

CH 3 
I, Ill IX-Xl XX-XXIV 

XX n=O, Az-  ; XXl n=0, Az = , XXil n=0, Az = __ ; 

XXII| n= l ,  Az=N I ; XXIV n= l ,  A z :  

Compounds :x~-~C~V are obtained by mixing equimolecula~: amounts of the starting components with- 
out the addition of a catalyst and a solvent in 53-61% yields after 3 h. The yields of the desired products 
increase when the reaction ten'~oeratuz'e is raised to 40-50 ~ and also in aqueous media [7]. 

6' 5' 

5 C 
~o ~ ,o_ c._.>-~' _c.~ 

4"Hr 5LHI 6"- HI ~ .~  
T'~H~3-H~ 5-  H 2' "3' 

O-CH-N 

2' - H 

I ,~-H 

4 A //O 2 ~ 3' 
5-~, p--c~ N:N -cH~ 

~ ~ 
CH3 7 ' ( ~ 4 '  

4t-H~ 5~ H~6'- H~ 7LH 6' 5' 
3-H ~5-H~O-CH-N 

2 0 
CH-~- CH- C~_ 

CH3 2' ~' 

7~36 5~02 

5-H ~ 
t-~ H ! ! 

8 7 ~ I 2 

CH 

Fig. 1. PlVIR spectra of a -  (1-benzimid- 
azolyl)-  and a-(1-benzotriazolyl)-ethyl 
furanZ2-carboxylates and 5 -  (1-imid- 
azolyl)ethyl #-(2-furyl)acrylate. 
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The react ion of I and III with azoles (reagent rat io 1 : 1) in acetone in the presence  of solid potass ium 
hydroxide at - 2 0  to +50 ~ was investigated. The optimum tempera ture  was - 2 0  to - 30~ the yields of the 
desi red products  in this cash r each  85-98%. The presence  in the aeyl residue of III of a greater  donor 
furylvinyl substituent as compared with the furyl substituent in I increases  the polarizat ion of the double 
bond of the vinyloxy group and facili tates addition of the azoles.  The double bond of the acryl ic  f ragment  
of es te r  III is less  active in this react ion.  The azoles are  a r ranged  in order  IX < X < XI with respec t  to 
their  capacity to reac t  with I and III. This o rder  corresponds to the increase in the acidic proper t ies  f rom 
IX to XI. The s t ruc tures  of the synthesized azolylethyl es te r s  of the furan ser ies  (XX-XXII) are confirmed 
by data f rom the IR spectra ,  in which the absorption bands at 1650 and3300-3400cm -1 ( - C  = C -  s t re tching 
vibrations in I and N - H  vibrations in IX-X) vanish, and absorption bands at 2945-2990 and 1340cm -1 co r -  
responding to the vibrations of C - H  and CH 3 groups [8] appear.  The IR spect ra  of ~- (1- imidazoly l ) -  and 
~-(1-benzimidazolyl ) -e thyl  f l - (2- furyl )acryla tes  (XXIII, XXIV) contain a band at 1635-1540 cm -I affiliated 
with the - C  = C -  vibrations of the acry l ic  f ragment  of the acid. The absorption banks at 1490-1499 and 
3108 cm -1 correspond to the - C  = C -  and - C  = N -  vibrations of the azole r ings.  The frequencies of the vi- 
brat ions of the furan r ing,  the carbonyl  group, and the es ter  grouping in XX-XXIV are retained. 

The s t ruc tures  of the products  of the addition of azoles to the double bond of the vinyloxy group un- 
ambiguously confi rm the PMR spect ra  (Fig. 1). The doublet at s t rong field (6 =1.89, 2.16, and 1.71 ppm, 
respectively) in the P1V~ spec t ra  of XXI-XXIII is affiliated with the protons of the CH 3 group, which couple 
with the methylidyne protons,  the signal of which (quartet) appears at weak field (~i =6.75-8.03 ppm) and is 
super imposed in the signals of the protons of the furan and azole r ings.  If products  of addition of the azoles 
to the vinyl e s t e r s  had been formed,  signals of two methylene protons would have been present  at 3-4 ppm. 

Thus the react ion of vinyl e s t e r s  of acids of the furan ser ies  with amines and azoles proceeds  in 
different directions.  A method was worked out for the prepara t ion  of new amides of acids of the furan se -  
r ies  on the basis  of vinyl e s t e r s  and amines.  A method is proposed for the synthesis of azolyethyl e s t e r s  of 
the furan se r ies  containing severa l  active react ion centers  with complexing proper t ies .  

We obtained the corresponding hydrochlorides (XXV and XXVI), which are  quite soluble in water ,  by 
reac t ion  of XX and XXI with dry hydrogen chloride in either solution at room tempera ture .  Compounds XX 
and XXI are  probable protonated at the nitrogen atom in the 3 position. The synthesized azolylethyl e s t e r s  
of acids of the furan se r ies  may be of interest  as pharmacological  preparat ions .  The proper t ies  of XX- 
XXVI are presented in Table 1. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. The 
PIVIR spectra of CCI 4 solutions of the compounds were recorded at room temperature with a BS 4873V spec- 
trometer with hexa-methyld[siloxane as the internal standard. 

General Method for the Preparation of Amides of Furan-2-carboxylic and fl-(2-furyl)acrylic Acids 
(XII-XIX). Equimolecular amounts of the vinyl ester of furan-2-earboxyl[c acid or trans-fi-(2-furyl)acry- 
lie acid (I-III) with the appropriate amine (IV-VIII)were stirred at 20 ~ for 2-6 h. The reaction mixture 
crystallized. The crystals were separated, washed, dried, and recrystal[zed. Amides XVIII and XIX were 
synthesized at 70 ~ (Table 2). 

The PMR spectrum of am[de XV contains a singlet at strong field (6 =3.54 ppm) that is affiliated with 
the protons of the four methylene groups of the morpholine ring. The protons of the -CH =CH group gives 
two doublets owing to spin-spin coupling between them (6 =6.60 and 7.30 ppm; J=14.6 Hz). The remaining 
signals are due to the protons of the furan ring. Their multiplicity is also a consequence of spin-spin 
coupling between them (~ 4 6.34, 6 3 6.45, 6 5 7.32 ppm; J4,3 =3.3, and J4,5 =1.8 Hz). The J3,5 constant is not 
resolved, although it does appear in the spectrum. The 5-H signal is therefore represented as a broad 
singlet. 

N-(2-furoyl)-p-vinyloxyani l ide (XVIII). A 3.39-g (0.026 mole) sample of fu ran-2-carboxyl ic  acid 
chloride was added slowly dropwise at - 1 0  to +5 ~ to a mixture of 3.38 g (0.025 mole) of VI and 3.63 g 
(0.026 mole) of t r iethylamine in 10 ml of acetone, after which the mixture was s t i r red  for 1 h at the ind[- 
ca ted tempera tu re  and for  1 h at 20 ~ It was then poured into cold water ,  and the resul t ing oil began to c rys ta l -  
lize. The solid mater ia l  was removed  by filtration, washed with water ,  and dried to give 5.7 g (~ 100%) of 
XVIII with mp 87 ~ [from pe t ro leum ether -benzene  (4 : 1)]. 
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Anfltde XIX was similarly obtained in 95% yield from XVIII. 

a-(1-Imidazolyl)ethyl Furan-2-carboxylate (XX). A) A 13.8-g (0.1 mole) sample of I was added drop- 
wise at 20-30 ~ to a mixture of 6.8 g (0.1 mole) of IX and 0.83 g of pulverized potassium hydroxide in 50 ml 
of acetone, after which the mixture was s t i r red  for 1 h and worked up to give 13.8 g (85.2%) of XX with 
mp 80-81 ~ (heptane). 

B) A mixture of 6.8 g (0.1 mole) of IX and 13.8 g (0.1 mole) of I was s t i r red at 20 ~ for 3 h, after which 
it was allowed to stand overnight. Workup gave 11.1 g (53.3%) of XX with mp 80-81 ~ Esters  XXI-XXIV 
were similarly obtained (see Table 1). 
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R I N G -  C H A IN T R A N S F O R M A T I O N S  W I T H  P A R T I C I P A T I O N  

OF T H E  C = N G R O U P  

IV.* QUANTITATIVE STUDY OF THE TAUTOMERISM OF 3-(m- or 

p-X-ARYLAMINO)- 3- PHENYLPHTHALIDE S 

R. l~. V a l t e r  a n d  V. P .  T s i e k u r e  UDC 547.588.21:543.422.6 

The rhag-chain tautomeric equilibrium constants (K) of aryl-r ing-substi tuted 3-aryl-  
amino-3-phenylphthalides in dioxane were measured by UV spectroscopy. A satisfac- 
tory linear correlation between log K/KQ and the e+ constants of the substituents in 
the aryl ring was found. 

It has been shown [2] that the tautomeric equilibrium I~-II is observed in solutions of 3-arylamino- 
3-phenylphthalides (if). 

* See [1] for communication III. 
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