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A n u m b e r  of an t i s  of 2 - f o r m y l - 3 - h y d r o x y b e n z o f u r a n  (I) and t h e i r  d e r i v a t i v e s ,  which  a r e  m o d e l s  
of the i nd iv idua l  t a u t o m e r i c  f o r m s  II and III, w e r e  s y n t h e s i z e d .  A k e t o a m i n e  s t r u c t u r e  (IC) was  
a s s i g n e d  to compounds  I a s  a r e s u l t  of a s tudy  of the e l e c t r o n i c ,  v i b r a t i o n a l ,  and PMR s p e c t r a .  

The s t r u c t u r e  of an i l s  of 2 - f o r m y l - 3 - h y d r o x y b e n z o [ b ] t h i o p h e n e  was  d i s c u s s e d  in  c o m m u n i c a t i o n  [2]. 
In  o r d e r  to i n v e s t i g a t e  the e f fec t  of the c h a r a c t e r  of the h e t e r o a t o m  in the f i v e - m e m b e r e d  r i ng  and o t h e r  
s t r u c t u r a l  f a c t o r s  on the s t r u c t u r e  of the  an i l s ,  we s y n t h e s i z e d  a z o m e t h i n e s  of the  I type  f r o m  2 - f o r m y l - 3 -  
h y d r o x y b e n z o f u r a n  (R = H) and 2 - f o r m y l - 3 - h y d r o x y - 6 - m e t h y l b e n z o f u r a n  (R = CH3), fo r  which  Ia  ~ Ic t a u t o -  
m e r i c  e q u i l i b r i a  a r e  p o s s i b l e .  
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We a l so  ob t a ined  II and III ,  which  a r e  m o d e l s  of t a u t o m e r i c  f o r m s  Ia  and Ic, r e s p e c t i v e l y .  

To d e t e r m i n e  the c h a r a c t e r  of the I a  ~ Ic t a u t o m e r i c  e q u i l i b r i u m ,  we u s e d  d a t a  f r o m  the e l e c t r o n i c ,  
v i b r a t i o n a l ,  and PMR s p e c t r a  of I - I I I .  

*C o m m u n i c a t i o n  XIV f r o m  the s e r i e s  , ' B e n z e n o i d - Q u i n o i d  T a u t o m e r i s m  of A z o m e t h i n e s  and T h e i r  S t r u c -  
t u r a l  A n a l o g s " ;  s e e  [1] fo r  c o m m u n i c a t i o n  XIII .  

TABLE 1. S p e c t r a l  C h a r a c t e r i s t i c s  of I - I I I  

Comp. Elecl~onic spectra, �9 t ,  nm IR spectraJ v,cm -1 
, R n r  (8  " 1 0  "3)  

CHa 
CH3 
CI% 

II 
III 

C6H5 
p-CHaOCsH4 
p-CIC6H4 
2,4.6- (CH3) sC6H2 
C6H~ 
p-CHaOC~H~ 
p-NO2C6H4 

270(9,69), 330(9,29), 417(31,0) 
275(11,3), 343(6,47), 426(26,8) 
270(14,6), 330(10,6), 418(32,0) 
265(9,3), 322,(11,5), 397(25,9) 
272(ll,2), 338(11,3), 415(31,3) 
275(12,5), 337(10,6), 428(32,2) 
284(6,8), 348(I0,4), 416(38,5) 
325(22,7), 323(24,4) 
265(14,4), 325(11,1), 405(27,5) 

1600, 1625, 1715 
1610, 1710 
1610, 1710' 
1625, 1600 
1605, 1635, 1710 
1'606, 1710 
1620, 1718 
1625 __ 
162(}, 169(} 
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Fig. I .  Electronic spectra of 2-(N-phenylaminomethylene)-3 (2H)-benzofuranone (I, R = R' = H): 
1) in methanol;  2) in acet ic  acid; 3) in pyridine;  4) in dimethyl  sulfoxide; 5) in benzene.  

Fig.  2. Elect ronic  s pec t r a  (in methanol):  1 ) 2-  (N-phenylaminomethylene)-3  (2H)-benzofuranone; 
2) 2-  (N, N ' -methylphenylaminomethylene) -3  (2H)-benzofuranone (III); 3) 2 - f o r m y l - 3 - m e t h o x y -  
benzofuran  anil  (II). 

TABLE 2. Azomethines  Ic 

R Ar mp,*C Empirical  F~176 I Cal~.,% Synthetic method 

formu~ C I " I c I" I (yiem' ~) 

t[ 4917 71 461 A(70   (53) H' Cells 170 C,sHuNO~ 75,4 C (88) 

H p-CH3CsI-14 213 ClsH,aNO2 76,3 I 5,0 76,5 5,2 A(~/5), B,(49), 
c(so) 

H m-CH3CaH4 180 C,~HIaNO2 76,8 1 5,4 76,5 52 A(78), B(51) 
H fi-CHaOCoH, 165 Cl6HlaNOa 72,3 ) 4,7 ] 71,9 ] 419 A(82), B (50) 
H p-CICeH4 244 ClsH,oCINO=* 66,1 3,7 ] 66,3 3,71 A(87), B(66) 
H p-NO2C~H4 290 CIsHLoN204 63,9 3,7 163,6 " 3,6 B (80) 
H rn-NO2C~H4 238 ClsHt0N204 63,3 3.4 J 63,6 3,6 t B (84) 
H 2,4,6-(CHa)aC6H~ ~--6 CisHlTNO2" 74,4 7,4 J74,4 7,4 B (52) 

�9 CaHaO"t 76,7 5,0 176,5 5,2 A (53) 
CHs CsHs '201 CtsHl~NO2 
CHa p-CHsOC6H4 184 ClzH1sNOa 72,9 5,4 l 72,6 5,4 A(45) 
CHa p-NO~C~H~ 295 C16Ht~N20~ 65,1 4,2 ] 64,9 4 1 A(40) 
CHa p-C1C6H4 245 C=sH=sCINO~: 67,4 4,3167,31 4~2 A'(48) 

*Fotmd,%: C1 12.7. Calculated,%: C1 13.0. 
The solvated compound (ClsHtzNO 2 �9 iso-C3HzOH). 
Found,%: C1 12.7. Calculated,%: C1 12A. �9 

As in the case  of the p rev ious ly  descr ibed  [2] azomethines  of 2- formyl-3-hydroxybenzo[b] th iophene ,  
the e lec t ronic  s p e c t r a  of anils I contain the absorpt ion band at 400-430 nm (Table 1 and F igs .  1 and 2) that 
is c h a r a c t e r i s t i c  for  o-quinoid s t ruc tu re s  of hydroxyaldimines  [3]. This  band is only sl ightly sens i t ive  to 
the effect  of the solvent ,  t empe ra tu r e ,  and var ia t ion  in the s t ruc tu re  of a ry l  subs t i tuen t  Ar  (Table 1). 

Azomethines  I consequently exis t  as one of three  possible  t au tomer ic  f o r m s  in solution.  St ructure  Ib 
can be excluded because of the absence in the PMR spec t rum (Fig. 3) of the c h a r a c t e r i s t i c  spli t t ing pa t t e rn  
of the AB protons of the C H - C H = N  group,  and a compar i son  of the e lec t ronic  absorpt ion spec t r a  of azo-  
methines  I, II, and III (methyl der iva t ives  of t au tomer s  Ia  and Ic) makes  it poss ible  to make an obvious 
choice in favor  of Ic (Fig. 2). 

The PMR spec t rum of I (R = H, Ar  = C6Hs) p resen ted  in Fig.  3, like the s p e c t r a  of all  of the other 
antis ,  conf i rms  s t ruc tu re  Ic .  In fact ,  the signal  of the NH proton of Ic,  which is spl i t  as a resu l t  of sp in-  
spin coupling with the vicinal  CH proton and vanishes  on deuterat ion (repeated r ec rys t a l l i za t ion  f r o m  
deuteroethanol) ,  appears  dis t inct ly at weak field at 10 and 15 ppm.  The J value of 13 Hz indicates p r a c t i c a l -  
ly complete  shifting of the tau tomer ic  equi l ibr ium to favor  the fo rmat ion  of Ic [4]. Judging f rom the 5NH 
values ,  the in t ramolecu la r  hydrogen bond in the Ic molecules  and in the analogous benzothiophene d e r i v a -  
t ives  [2] is the weakes t  among all of the p rev ious ly  studied compounds with an a ry lamino-3-p ropenone  f r a g -  
ment  [4-6]�9 It should be noted that while the chemica l  shift of the NH protons is p rac t i ca l ly  independent of 
the nature of the he te roa tom in the f i v e - m e m b e r e d  ring (for the s ame  Ar  group), the signal  of the CHpro tons  
of Ic is shif ted to s t rong field as compared  with the analogous benzothiophene antis and en te r s  the region of 
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Fig .  3. PMR s p e c t r a  of 2-(24- 
phenyl aminome thyle he) -3-  (2 H)- 
benzofuranone (in dimethyl  su l f -  
oxide): 1) undeuterated;  2) N- 
deutera ted .  

a romat i c  proton s ignals ,  This is probably  due to the large anisotropic  
contr ibut ion of sulfur  as c o m p a r e d  with oxygen. A ce r t a in  r e o r g a n i z a -  
t ion.of  the pa t t e rn  of the proton signal in the 7.8 ppm region,  where the 
s ignal  of the methylidyne proton pos s ib ly  l ies ,  is observed  in the PMR 
s p e c t r u m  of deutera ted  compound Ic (Fig. 3). 

The IR spec t roscop ic  data (Table 1) conf i rm the conclusion that 
the 2 - fo rmyl -3 -hydroxybenzofu ran  anils (I) have a quinoid ketoamine 
s t ruc tu r e .  The s p e c t r a  of compounds of the I type have an intense 
band of the r ing carbonyl  group (at ~1700 cm-1),  which appears  at 
1690 cm -1 in the spec t rum of III,  and a band at 1600-1620 cm -1, which 
co r r e sponds  to v ibra t ions  local ized p r i m a r i l y  on the exocycl ic  con-  
jugated C -----C bond. The band at ~1700 c m  -1 is absent in the spec t rum 
of azomethine II, which has  an imine s t ruc tu re ,  and absorpt ion appears  
in the 1625 cm -1 region,  which is cha r ac t e r i s t i c  for  the C = N  bond [2]. 

The data obtained demons t ra t e  that nei ther  r ep lacemen t  of the 
sulfur  he t e roa tom by oxygen in I, nor  var ia t ion  of the s t ruc tu re  of I on 
the pa r t  of the amine component  (in pa r t i cu la r ,  decreas ing  the bas ic i ty  

of the imine ni t rogen in p -n i t roan i l s ) ,  nor  introduction of a weak donor CH 3 group into the benzofuran ring, 
nor c rea t ion  of s t e r i c  hindrance for  the hydrogen on the imine ni t rogen in the mesidine der ivat ive  affect 
the posi t ion of the t au tomer ie  equi l ibr ium of antis I: they ex is t  in o-quinoid f o r m  Ic.  

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

2-Ethoxymethylene-3(2H)-benzofuranone (V). A mixture  of 6.7 g (0.05 mole) of coumaranone (IV) [7], 
15 ml  (0.1 mole) of ethyl  o r thoformate ,  and 15 ml  (0.15 mole) of acet ic  anhydride was heated on an oil bath 
at 130-140 ~ for  4-5 h.  The reac t ion  product  was vacuum f rac t ionated  to give a f rac t ion  with bp 155-157 ~ 
(2 ram).  The yellow oil c rys t a l l i zed  on cooling to give 4.1 g (44%) of product .  IR spec t rum:  VC= O 1720 
c m  -l ,  1650, 1600 cm -1. Found,Z: C 69.8; H 5.6. CllH1003. Calculated,%: C 69.5; H 5.3. 

2 - F o r m y l - 3 - h y d r o x y b e n z o f u r a n  (VI). A 1.0-g (0.05 mole) sample  of V was dissolved in 3 ml  of 
acet ic  acid, 2 ml  of wa te r  was added, and the mixture  was cooled.  The solution began to darken,  and a p r e -  
cipi tate  fo rmed .  The prec ip i ta te  was r emoved  rapidly  by f i l t ra t ion,  washed with cold 50% acetic acid, and 
dr ied  in a vacuum des i cca to r .  The dry  substance  was purif ied by vacuum subl imat ion to give 0.57 g (67%) 
of co lo r l e s s  needtes  with mp 114-115 ~ (dec.). IR spec t rum:  v C=O 1663 cm - l .  PMR spec t rum (in CH2C12): 
6 9.75 (CHO) and 8.02 ppm (OH). Found,Z: C 66.5; H 4.0. C9H603. Calcula ted ,~:  C 66.6; H 3.7. 

3 - C h l o r o - 2 - f o r m y l b e n z o f u r a n .  A 10-ml  sample  of phosphorus oxychloride was added by  d rops  with 
s t i r r i ng  to a cooled (to 0 ~ solution of 3.7 g (0.03 mole) of IV in 10 ml  of d imethy l fo rmamide ,  and the m i x -  
ture  was heated  to 60 ~ fo r  2 h,  The resul t ing  viscous  m a s s  was poured over  ice, and the brown prec ip i ta te  
was s t e a m  dis t i l led to give 3 g (61~c) of co lo r l e s s  c r y s t a l s  of 3 - ch lo ro -2 - fo rmy lbenzo fu ran  with mp 78 ~ IR 
spec t rum:  vC= 0 1680 c m  -1. PIVIR spec t rum:  5 9.95 ppm (singlet,  CHO). Found,~c: C 60.2; H 2.8; C1 19.3. 
C9H5C102. Calculated,To: C 59.9; H 2.8; C1 19.6. 

2 - F o r m y l - 3 - m e t h o x y b e n z o f u r a n  (VII). A 0.42-g (0.02 g-a tom)  sample  of sodium was dissolved in 30 
ml  of methanol ,  3.0 g (0.016 mole) of 3 - c h l o r o - 2 - f o r m y l b e n z o f u r a n  and a smal l  c r y s t a l  of po tass ium iodide 
(as a catalyst)  were  added, and the mixture  was ref luxed on a wa te r  bath for  4 h. The hot solution was 
f i l t e red  to r e m o v e  the p rec ip i t a ted  sodium chlor ide ,  and the f i l t ra te  was cooled to give 2.4 g (82~c) of c r y s -  
ta ls  of aldehyde VII.  Two rec rys t a l l i za t ions  f rom alcohol gave a product  with mp 79-80 ~ IR spec t rum:  
VC= 0 1643 em -1. Found,~c: C 68.2; H 4.9. C10H803. Calcula ted,Z:  C 68.2; H 4.6. 

Azomethines  I (Table 1). A. Compound IV or  i ts  6 -methyl  der iva t ive  [8] was heated in alcohol with 
the cor responding  N ,N ' -d i a ry l fo rmamid ine ,  obtained according to the methods in [9-11]. The azomethines  
were  ye l low-green  c r y s t a l s  ( from ethanol or  isobutyl alcohol).  

B. Equimolecu la r  amounts of V and the appropr ia te  subst i tuted aniline were  dissolved in ethanol or  
benzene,  and the product  was r e c r y s t a l l i z e d  f r o m  a suitable solvent .  This method was used to obtain III 
f r o m  N-methylani l ine  and V. The ye l low-green  c ry s t a l s  ( from butanol) had mp 133-134 ~ IR spec t rum:  
VC= O 1690 cm -1. PMR s p e c t r u m  (in deuterodimethyl  sulfoxide): 5 3.72 ppm (singlet, CH3). Found,~:  C 
76.5; H 5.4. CI6H13NO 2. Calculated,~c: C 76.2; H 5.2. 
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C. Equimolecular  amounts of VI and the appropriate aniline were condensed in ethanol and the prod-  
uct was r ec rys t a l l i zed .  

Azomethines II. These compounds were  obtained by heating equimolecular  amounts of aldehyde VII 
with aniline to 100 ~ without a solvent.  The product  was rec rys ta l l i zed  twice f rom isopropyl alcohol to give 
yellow c rys ta l s  with mp 68-69 ~ IR spect rum:  VC= N 1625 cm -~. Found,Z: C 76.6; H 5.0. ClsHI3NO 2. 
Calculated,%: C 76.5; H 5.2. 

The absorption spec t ra  in the UV and visible regions (Table 1) were recorded  with a Specord (German 
Democrat ic  Republic) spec t rophotometer .  The IR spec t ra  (Table 1) were obtained with a UR-20 spec t rom-  
e t e r .  The PMR spec t ra  of about 15% solutions of the compounds were  recorded  with an RYa-2305 spec t rom-  
e t e r  (60 MHz) at 25 ~ with hexamethyldisi loxane as the internal  s tandard.  
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