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Abstract -- Various side-chained quinoxalines have been found 

to exhibit the interesting tautomeric equilibria between the 

enamine and methylene imine forms and between the hydrazone imine 

and diazenyl enamine forms by means of the various spectroscopies. 

Moreover, some of the quinoxaline derivatives have also been known 

to isomerire from one tautorner into the other stable tautomer 

without the tautomeric equilibria in the media. This review de- 

scribes the above quinoxalines exhibiting the above tautomeric 

eauilibria and isomerizations. 

This review includes the fallowing contents. 

I. Introduction 

11. Tautomeric Equilibria between Enamine and Methylene Imine Forms 

1. 3-Alkoxycarbonylmethylene-2-oxal,l,2,3,4-tethydquinxalines and Related 

Compounds 

2. 3-Heteroarylmethylene-2-oxo-1,2,3,4-tetrahydroquinoxalines 

a. 3-Oxadiazolylmethylene- and 3 - T r i a z o l y l m e t h y l e n e - 2 - 0 x o - 1 ~ 2 ~ 3 ~ 4 - t e t r a -  

hydroquinoxalines 

b. 3-Benzimidazolylmethylene-2-0~o-1,2,3,4-tetrhydroquinoxaline and Its 

Hydrochloride 

3 .  3-(a-ilydroxy)heteroarylmethylene-2oxo-1,2,3,4-tetrahydroquinoxalines and 

Related Compounds 

4 .  3-(a-Hydroxyimina)triazolylmethyl-2-0~0-1,2-dihydroquinoxalines 

111. Tautomeric Equilibria between Hydrazone Imine and Diazenyl Enamine Forms 



1. 3-Formyl-2-oxo-1,2-dihydroquinoxaline Chlorophenylhydrazones 

2. 3-(a-Chlorophenylhydra~on0]0~adia~01y1methyl-2-oxo-l,2-dihydroquinoxalines 

3 .  3-(a-Chloraphenylhydra~0n0)meth0~y~arbonylmethyl-2-oxo-l,2-dihydroquinoxaline~ 

IV. Isomerization 

1. 3-(u-.4cetamido)ethoxycarbonylmethy1ene-2-o~o-l,2,3,4-tetral~ydroquinoxaline 

and 3-(a-Acetamido)etho~y~arb~nylmethy1-2-0~0-l,2-dihydroquinoxaline 

2. 2,4-Dihydrafuro[Z,3-b]quinoxalinn2-o~~cs - 

3. 3-Quinoxalinyl-1,s-benzodiazepines 

V.  Qualitative Mechanistic Consideration in 11-H Exchange 

'There have been  reported so far numcrous works concerning the tautomerism of the 

various heterocyclic compounds by many researchers.' Among the heterocyclic con- 

pounds, the side-chained N-heterocyclic compounds have been found to exhibit inter 

esting tautomeric equilibria in some kinds of solvents. For example, the side- 

chained pyridines quinolines 2,4-6 pyrazine 3 , '  and pteridincs 4 R,9 (Chart - - 
1) showed the tautomeric equilibria between the enamine form A and the mcthylcne 

imine form B (Scheme 1). Concerning thc above type of side-chained quinoxalinei, 

1wanamil0 reported the synthesis of the 3-alkoxycarbanylmethy1ene-2-0~0-1,2,3,4- 

tetrahydroquinoxalines 5 (Chart 2) from the reactions of substituted o-phenyl- 
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enediamines with a c e t y l e n e d i c a r b o x y l a t e s ,  and the tautomeric equilibria of 5 and its 

related compounds were srudied in detail by chapman1' and Mondelli and Merlini, 4 

who clarified a great dependence of the ratios of the tautomers A and B on the kind 

of solvents. The author also synthesized the 3-hetcroarylmethylene-2-0x0-1,2,3,4- 

A B 
enamine form methylene i r n i n e  form 

tetrahydroquinoxalines and related compounds [Chart 3 ) ,  ''-15 and some of them enhi- 

bitcd the interesting tautomerism, which was due to the presence of the heteroaryl 

ring in the ~ide-chain.'~'~' Moreover, the 3-(a-chlorophenylhydrazonojmethyl-2-0x0 

1,2-dihydroquinoxalines [Chart 4) were synthesized by the author, and these 

X = O ,  N - R '  

compounds were reported to show the tautomeric equilibria between the hydrazone imine 

form C and the diazenyl enamine form D (Scheme 2 )  . 2 2 - 2 4  Besides the above compounds, 

therc have been found some quinoxaline derivatives to isomerire from one tautamer to 

the other stable tautomer without the tautomeric equilibria in the media.Z5-27 This 

review summarizes the above tautomeric equilibria and isomerization of the quinoxa- 



line compounds 

L N+N\ - 
C D 

hydrazone imine form diazenyl enamine form 

11. TAUTOMERIC EQUILIBRIA BETWEEN ENAMINE AND METHYLENE IMINE FORMS 

1. 3-ALKOXYCARBONYl,METHYLENE-Z-OXO-1,2,3,4-TETRAHYDROQUINOXALINES AND RELATED 

COMPOUNDS 

The tautomeric equilibria of the 3-a1k0nycarbony1methy1ene-2-0~0-1,2,3~4-tetrahydr0 

quinoxalines 5a,b and related compounds 5'-e (Scheme 3) have been investigated by -. - -. . 

R R ' 
H 5 a COOMe H 

b COOEt H a:&H I 
d c CN COMe H H I 

R ' R '  e COCOOEt Me 

A B f COOEt Me 

SCHEME 3 Tautomeric Equilibria of 5 i n  DMSO-d6 

means of the PMR and UV spectra, which are measured in CDC13, DMSO-d6, and trifluoro 

acetic acid (TFA). 4'11 Namely, the PMR spectral data in DMSO-d6 (Table I) demon- 

strated that the two tautomers A and B coexisted in Sa,b,c, and the tautomer A was --  - - 
predominant in 5d,e. In addition, the PMR spectra in TFA indicated that 5 a , b  exist- --  - --  - 
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ed as the tautomer B, and Sc,d,e as the tautomer A. On the other hand, 5b,e predom- -- - . - -  - 
inated as the tautamer A in CDC13. Moreover, 3 - e t h ~ x ~ c a r b o n y l m e t h y l e n e - l m e t h y l - 2 -  

0x0-1,2,3,4-tetrahydroquinoxaline Sf (R=COOEt, R'=Me) was found to exist as the tau- - -  
tamer A in CDC13 [S 5 . 8 2  (vinyl), 3.54 (N1-Me) ppm], as the tautomer B in TFA [S 4.6 

(methylene), 4.10 (N Me) ppm], and as the tautomers A and B in C D C ~ ~ / T F A  [S 5.82 
1 

(vinyl), 3.95 (methylene), 3.68, 3.57 (N1-Me) ppm] . 4 

Table I-a. PMR Spectral Data (6 ppm) for 5 

-- 

DMSO-c16 TFA CDC13 
Compound R R' 

vinyl methylene vinyl methylene vinyl methylene 

5 a COOMe H 5.52 3.83 - 4.55 

5b COOEt H 5.52 3.84 4.5 5.72 - 

5d COMe H 6.01 - 6.52 - 

5 e COCOOEt Me 6.70 - 7.42 - 7.04 - 

Table I-b. Tautomers for 5 

Tautomer 
Compound 

in DMSO-d, i n  TFA in CDCI, 

DMSO-d6: d e u t e r i o d i r n e t h y l s u l f o x i d e  

TFA: trifluoroacetic acid 

CDCI3: deuteriochloroform 



a. 3OXADIAZOLYLME'rHYLENE- AND 3-TRIAZOLYLMETHYLENE-2-0x0-1,2,3,4-TETRAHYDRO 

OUINOXALINES 

The tautomeric equilibria of the 3-oxadiazolylmethylene-2-0x0-1,2,3,4-tetrahydro- 

quinonalines 6a-c, 7 and the 3 - t r i a z o l y l m e t h y l e n e e 2 - ~ ~ ~ - 1 , 2 , 3 , 4 - t e t r a h y d r 0 q u i ~ ~ 0 x a -  -- - - 
lines 8a-c, 9 a - c  (Chart 5) -. - "- - 12-15 are described in this section. 

The PMR 

together 

spectl 

with 

-a of 6 a - 5  in DMSO-d6 exhibited the vinyl and methylenc proton signals - - 
pairs of the C2,-H, C 2 , - M e ,  and C2,-SMe proton signals (Tablc 2). lh,17 

Similarly, the spectra of 7, 8a-c, Ya-c in UMSO-d showed the vinyl and methylcne . - - - - - - -6 

proton signals, and the pairs of the N-Me or S-Me proton signals were obscrved in 

8b,c, 9a,c  (Table 3). These results support the tautomeric equilibria betwecrr the --  . -- . 
A and B forms (Scheme 4 ) .  When the spectra of ?a,!, 83, ? a - 5  were measured at vari- 

ous temperatures in order to estimate changes in the distribution of the tautomers 

A and B in UMSO-d6, the tautomer A predominated over the tautomer H at law tcmpcra- 

ture, but the ratio of the tautomer B gradually increased with elevation of the tem- 

perature (Table 4). 
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T a b l e  2 .  PMR S p e c t r a l ' O a t a  f o r  6 

C h e m i c a l  S h i f t  ( 6  p p m )  
S o l v e n t  C o m p o u n d  

v i n y l  m e t h y l e n e  C 2 , - H ,  -Me, -SMe 

TFA 6 a  6 . 6 3  6 . 0 3  4 . 9 7  -- a )  a )  8 . 4 4  ( C 2 , - H )  

6 b  6 . 5 2  5 . 9 7  4 . 9 3  2 . 9 2  2 . 8 0  2 . 6 2  ( C 2 , - M e )  

6  c 6 . 4 7  5 . 9 2  4 . 9 3  2 . 8 8  2 . 8 4  2 . 7 3  ( C 2 , - S M e )  

TFA-6 ,  6  a  -- - 9 . 0 5  8 . 9 7  8 . 4 7  ( C 2 , - H )  

6 b  -- - 2 . 9 5  2 . 8 8  2 . 6 5  ( C 2 , - M e )  

6 c  -- - 2 . 9 3  2 . 8 6  2 . 7 3  ( C 2 , - S M e )  

a )  o v e r l a p p i n g  w i t h  T F A  h y d r o g e n  

T a b l e  3 .  PMR S p e c t r a l  D a t a  f o r  7, 8, a n d  9 

C h e m i c a l  S h i f t  (6 p p m )  

S o l v e n t  C o m p o u n d  
v i n y l  m e t h y l e n e  m e t h y l  

OMSO-d6 7  5 . 8 6  4 . 2 9  

8 a  5 . 8 8  4 . 1 8  

8 b  5 . 8 7  4 . 1 8  3 . 7 9  3 . 7 6  ( N 2 , - M e )  

8  c 5 . 9 3  4 . 2 7  3 . 5 3  3 . 5 0  ( N 4 , - M e )  

9  a  5 . 9 7  4 . 2 3  2 . 6 3  2 . 5 8  ( C 3 , - S M e )  

9 b  6 . 4 2  4 . 5 6  

9  c  6 . 4 2  4 . 5 6  3 . 6 0  3 . 5 6  ( N 4 , - M e )  



T a b l e  3 .  PMR S p e c t r a l  D a t a  f o r  7, 8, 9 ( c o n t i n u e d )  

C h e m i c a l  S h i f t  ( 6  ppm) 
S o l v e n t  Compound 

v i n y l  m e t h y l e n e  m e t h y l  

TFA 7  

8a 

8b 

8  c  

9 a  

9 b  

9 c  

a )  o v e r l a p p i n g  w i t h  a l l y l i c  h y d r o g e n  

T a b l e  4 .  I n t e g r a l  R a t i o s  o f  V i n y l - M e t h y l e n e  P r o t o n  S i g n a l s  i n  DMSO-d6 a t  

V a r i o u s  T e m p e r a t u r e s  ( 'C) 

Compound T e m p e r a t u r e  V i n y l - M e t h y l e n e  Compound T e m p e r a t u r e  V i n y l - M e t h y l e n e  

6a 3  0  4 1  9a 70 7 1  

5 0  4 1  9 0  3  1  

9 0  2 1  110  2  1  

6 b 30 3  1  9 b 3  0  9 2 
5  0  5 2 50 5  2 
9  0  1  1  9 0  17 1 0  

8c 30  1 0  7  9 c  3 0  4 1  

5 0  1 0  8  50 3 1  

90  1 0  23 9  0  2 1 
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SCHEME 4 Tautomeric Equilibria o f  6, 7, 8, and 9 in DMSO-d6 

The PMR spectra of 5a,b (section 11. 1.) in TFA showed the methylene proton signals -. - 
at 6 4.55 and 4.5 ppm, respectively, lacking the vinyl proton signals. To the con- 

trary, the spectra of 6a-c in TFA exhibited the two vinyl and one methylene proton "- - 
signals together with the respective three C2,-H, C2;Me, and C2,-SMe proton sig- 

nals (Table 21, indicating the occurrence of the three tautomers E, F, and G (Scheme 

5). Furthermore, the spectra of 6a-c in TFA-dl showed the respective three C ,-H, 2 

C2,-Me, and C2,-SMe proton signals with disappearance of the vinyl and methylene 

proton signals (Table 2), supporting the tautomeric equilibria among the deuteriied 

species E-d, F-&, and G-6 (Scheme 6 ) .  

In contrast to the tautomeric behaviors of 6a-c in TFA and TFA-dl, the PMR spectra -- - 
of 7, 8a-c, and 9a -c  in TFA showed the respective single methylene proton signals - - -  - - -  - 
without the vinyl proton signals (Table 31, while the methylene proton signals also 



SCHEME 5 T a u t o m e r i c  E q u i l i b r i a  o f  6 in T F A  

SCHEME 6 T a u t o m e r i c  E q u i l i b r i a  o f  6 in T F A - I ,  

disappeared in the spectra measured in T F A - d l .  These data indicated that 7, 8 3 - c ,  - --  . 
and 9 a - c  occurred as the tautamers F in TPA and the deuterized tautomers F - 6  in .- . 
T F A - d l  (Chart 6 ) .  

The above tautorners are summarized in Table 5 .  
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CHART 6 Tautomers of 7, 8, and 9 in T F A  and T F A - d l  

b. 3-BENZIMIDAZOLYLMETHYLENE-Z-OXO-1,2,3344TETRAHYDROQUINOXALINES AND ITS HYDRO- 

CHLORIDE 

The PMK spectra of 3-(benzimidazol-Z-ylmethylene)-2-0~0-1,2,3,4-tetrahydroquinoxa- 

line 10 and its hydrochloride 11 in DMSO-d6 exhibited the vinyl and methylene pro- -. - - 
ton signals (Table 6), indicating the tautomeric equilibria between the A and B 

forms (Scheme 7) and the E and F farms (Scheme 8), r e s p e c t i ~ e l y . ~ ~  The integral 

ratios of the vinyl versus - methylene proton signals were 9:l in 10 and 1:l in 11 at .- - - 
30 'C, that is, the ratio of the tautomer B against the tautomer A was larger in 

the hydrochloride 11 than in the free base 10. In addition, the spectra of and - - -. 
11 in DMSO-d6/D20 provided the quite different results, namely, the vinyl and meth- - - 



T a b l e  5 .  T a u t o m e r s  f o r  6, 7, 8, a n d  9 

T a u t o m e r  

Compound i n  DMSO-4, i n  TFA 

E F G  

E F G  

E F G  

F  

F  

F  

F  

F  

F  

F  

T a b l e  6 .  T a u t o m e r s  f o r  10 a n d  11 

C h e m i c a l  S h i f t  ( 6  ppm)  
Compound S o l v e n t  T a u t o m e r  

v i n v l  m e t h v l e n e  

1 0  DMSO-d6 

DMSO-d6/D20 

TFA 

TFA-d l  

1 1  DMSO-dg 

DMSO-d6/D20 

TFA 

TFA-d l  
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SCHEME 7 T a u t o m e r i c  E q u i l i b r i a  o f  10 in D M S O - d 6  

SCHEME 8 T a u t o m e r i c  E q u i l i b r i a  o f  11 in D M S O - d 6  



ylene proton signals were observed in 10, while the both signals disappeared in the - - 
spectra of i t ,  supporting the tautomeric equilibria between the deuterized A - 6  and 
B-d (Scheme 91 and the deuterized E - 6  and F - 6  (Scheme 10). Furthermore, the spec- 

tra of 10 and 11 in TFA exhibited the methylene proton signals without the vinyl - - - - 
proton signals, while the both signals disappeared in TFA-dl, indicating the pre- 

dominance of the species F and the deuterized F - 6  (Chart 7). 

SCHEME 9 Tautomeric Equilibria of 10 in DMSO-d6/D20 

SCHEME 10 Tautomeric Equilibria o f  11 in DMSO-d6/D20 
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CHART 7 Species o f  10 a n d  11 i n  T F A  a n d  TFA-d,  

3.  3-(aHYDROXY)IIETEROARYLMETHYLENE-2-OXO-1,2,3,4-TETRAHYDKOQUINOXAI.INES AND RE- 

LATED COMPOUNDS 

The PMR spectral data of the 3-~a-hydroxy)heteroarylmethylene-2-~~o-l,2,3,4-tetra- 

hydroquinoxalines 12,lZb 13," - - - "  and related compounds 14, 1sZ9 in DMSO-d6 indicated .- -- 
the occurrence o f  the tautomer A shown in Chart 8 (Table 7). 1 7  



nowever ,  these compounds displayed the quite different behaviors in TFA and TFA-d 1 ' 

That i s  to say, the PMR spectra of 12 in both TFA and TFA-dl exhibited the two C2; . - 
H proton signals, indicating the tautomeric equilibria between the E and G forms 

(Scheme 11) and the E - 6  and G-d forms (Scheme IZ), respectively.'' On the contrary, 

SCHEME 11 Tautomeric E q u i l i b r i a  o f  12 in TFA 

SCHEME 12 Tautomeric E q u i l i b r i a  o f  12 in TFA-d, 
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the spectra of 1: in both TFA and TFA-dl showed a single C3,-SOMe proton signal, 

supporting the occurrence of the protonated species E or G (Chart 9) and the deu- 

terized species E-d or G-d (Chart lo), respectively. Moreover, the PMR spectrum 

of 14 in TFA exhibited the methine proton signal, which did not disappear even if " -  
measured in TFA-dl, indicating the predominance of the species B and B-6 (Chart 

Compounds 12 and 13 did not isornerize into the tautomers F (Chart 121 such - - - - 

Table 7. P M R  Spectral Data for 12, 13, 14, and 15 

Compound Solvent Chemical Shift ( 6  ppm) Tautomer 

14 DMSO-&6 

TFA 

TFA-dl 

- (no methine) 

4 . 2 3  (methine) 

4 . 2 2  (methine) 

4 . 6 3  (vinyl) 

3.08 (methylene) 

- (no methylene) 

A 

E and G * 

E-d and G-d 

as the species 14B, which would be due to the facile migration of their methine pro - - 
tons onto the nitrogen atoms of the azole rings of 12 and ?!. On the ather hand, -. 
the spectra of ! 5  in TFA showed the methylene proton signal, while its spectra in 

TFA-d exhibited no methylene proton signal, supporting the occurrence of the spe- 1 

cies B and B-6 (Chart 13). 



CHART 9 P r o t o n a t e d  S p e c i e s  o f  13 i n  TFA 

CHART 10 D e u t e r i z e d  S p e c i e s  o f  13 i n  T F A - &  
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CHART 12 CHART 13 S p e c i e s  o f  15 i n  TFA a n d  T F A - d l  

T h e  PMR spectral d a t a  of t h e  3-(a-hydroxyimino)triaz01y1methy1-2-0xo-l,2-dihydro 

quinaxalines 1 6 a ,  - - -  14'15 16b-d3 '  in DMSO-d6 s u p p o r t e d  the predominance  o f  t h e  only -.- - 
o n e  spec ies  shown i n  C h a r t  14 ( T a b l e  8). 1 7  

CHART 14 S p e c i e s  o f  16 i n  n ~ S 0 - d ~  



T a b l e  8 .  PMR S p e c t r a l  D a t a  f o r  1 6 a - d  

Compound S o l v e n t  C h e m i c a l  S h i f t  ( 6  ppm) 

1 6 a  DMSO-d6 8 . 5 7  ( C 3 , - H )  3 . 8 7  ( N 4 , - M e )  

TFA 9 . 6 0  9 . 5 2  ( C 3 , - H )  4 . 3 2  4 . 1 3  ( N 4 , - M e )  

TFA-6 ,  9 . 6 0  9 . 5 2  ( C 3 , - H )  4 . 3 2  4 . 1 3  ( N 4 , - M e )  

1 6 b  DMSO-d6 2 . 3 3  ( C 3 , - M e )  

TFA 2 . 9 7  2 . 9 3  ( C 3 , - M e )  

TFA-d l  2 . 9 8  2 . 9 4  ( C 3 , - M e )  

1  6 c  DMSO-d6 2 . 5 5  ( C 3 , - M e )  9 . 4 3  ( N 4 , - N = C H - )  

TFA 3 . 0 6  ( C 3 , - M e )  9 . 5 7  ( N 4 , - N = C H - )  

TFA-d l  3 . 0 4  ( C 3 , - M e )  9 . 5 7  ( N 4 , - N - C H - )  

1 6 d  DMSO-d6 2 . 5 0  ( C 3 , - M e )  9 . 0 0  ( N 4 , - N = C H - )  

TFA 2 . 9 9  ( C 3 , - M e )  8 . 9 7  ( N 4 , - N = C H - )  

TFA-d l  2 . 9 9  ( C 3 , - M e )  8 . 9 7  ( N 4 , - N - C H - )  

The spectra of 16a in both TFA and TFA-d represented the respective two C3,-H and ". . -1 

N4,-Me proton signals, indicating the presence of two of the tautorners E, G, and H 

(Scheme 13) and E-d, - G - d ,  and H-d (Scheme 1 4 ) .  Moreover, the spectra o f  16b in - - -  
both TFA and TFA-dl exhibited the two C3,-Me proton similarly providing 

a proof for the occurrence of two of the tautomers E, G ,  and H (Scheme 15) and E-d, - 

G-6, and H-6 (Scheme 16).31 However, t h e  spectra of 16c,d in both TFA and TFA-dl --- - 
showed the respective one C3,-Me and N 4 , - N = C H -  proton signals,31 supporting the 

predominance of the species H  and H-6 (Chart 15). 31 

111. TAUTOMERIC EQUILIBRIA BETWEEN HYDRAZONE IMINE AND DIAZENYL ENAMINE FORMS 

The PMR spectrum of the 3-formyl-2-oxo-l,2-dihydroquinoxaline chlorophenylhydrazone 
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SCHEME 13 T a u t o m e r i c  E q u i l i b r i a  o f  1 6 a  i n  TFA 

( T a u t o m e r s  i n  M e d i u m  - Two o f  E ,  G, H )  

SCHEME 14 T a u t o m e r i c  E q u i l i b r i a  o f  1 6 a  i n  T F A - ~ ~  

( T a u t o m e r s  i n  M e d i u m  - Two o f  E - 6 ,  G-d, H-d) 

SCHEME 15 T a u t o m e r i c  E q u i l i b r i a  o f  1 6 b  i n  TFA 

( T a u t o m e r s  i n  M e d i u m  - Two o f  E, G ,  H )  



SCHEME 16  T a u t o m e r i c  E q u i l i b r i a  o f  1 6 b  i n  T F A - d l  

( T a u t o m e r s  i n  M e d i u m  - Two o f  E-4, G-d, H - d )  

CHART 15 S p e c i e s  o f  1 6 c , d  i n  TFA a n d  T F A - d l  

SCHEME 17 T a u t o m e r i c  E q u i l i b r i a  o f  1 7 a - c  i n  DMSO-d 
6 
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17a in DMSO-d6 represented the hydrazone CH and hydrazone NH proton signals (Table - - -  
9 1 ,  supporting the predominance of the tautomer C (Scheme 17). 23'24 However, the 

Table 9. PMR Spectral Data for 17a-c in OMSO-c, 

Tautomer 

Compound R a t i o  Chemical Shift ( 6  ppm) C D 

17a loo - 14.75 (s, I H ,  = N - N H - 1  a) 7.87 (5, I H ,  -CH=N-N-) a )  

17b 67 33 14.45 (s, 213 H, z N - N H - ) ~ )  7.78 (s, 2/3 H, -CH=N-N-) a) 

11.33 (s, 1/3 H, N4-H) b, 8.40 (s, 1/3 H, =CH-N=N-) b )  

17C 67 33 14.53 (5, 2/3 H, =N-NH-)a) 7.73 (s, 213 H, - C H = N - N - )  a 

11.26 ( s ,  1/3 H, N4-H) b, 8.37(s,1/3H,=CH-N=N-) b  1 

a) Signals due to the tautomer C 

b )  Signals due to the tautomer D 

spectra of 17b,c in DMSO-d exhibited the hydrazone CH and hydrazone NH proton sig- - -6 

nals due to the tautomer C together with the vinyl CH and N4-H proton signals due 

to the tautomer D. The tautorner ratios of the C form versus the D form were 67:33 
in both 17b and 17c. .-- .-- 

The PMR spectral data of 3-(a-chloraphenylhydraz0n0)0~adiazolylmethyl-2-oxo-l,2-di- 

hydroquinoxalines 18a-d in DMSO-d6 also indicated the tautomeric equilibria between -.- - 
the C and D forms (Table 10, Scheme 18). 2 2 ' 2 4  That is, the spectra of 18a,b in --- - 
DMSO-d6 showed the hydrazone NII and N4-H proton signals together with the respec- 

tive two C2,-H proton signals. The spectra of 18c,d in DMSO-d6 represented the hyd ---  - 
r a z o n e  NH and N4-H proton signals together with the respective single C2,-Me proton 

signals. On the other hand, the "c-NMR spectra of 18c in DMSO-d6 exhibited the .-- 



SCHEME l a  T a u t o m e r i c  E q u i l i b r i a  o f  1 8 a - d  i n  DMSO- is  

T a b l e  1 0 .  P M R  S p e c t r a l  D a t a  f o r  1 8 a - d  i n  DMSO-d6 

T a u t o m e r  
Compound  R a t i o  C h e m i c a l  S h i f t  ( 6  ppm)  

C 0 
-- - ~p 

1 8 a  2  1  1 4 . 3 5  ( 5 ,  2 / 3  H ,  = N - N H - ) ~ )  9 . 3 0  ( s ,  2 / 3  H ,  c ~ , - H ) ~ )  

1 2 . 4 5  ( 5 ,  1 / 3  H. N 4 - H ) b )  9 .47  ( 2 ,  1 / 3  H,  C 2 , - H ) b )  

1 8 b  5  1  1 1 . 4 5  ( 5 ,  5 / 6  H,  = N - N H - l a )  9 . 2 7  ( s ,  5 1 6  H, C 2 , - H ) a )  

1 1 . 9 7  ( 8 ,  1 1 6  H, N 4 - H ) b )  9 . 4 2  ( 5 ,  1 / 6  H ,  C 2 . - H I b )  

1 8 c  1  1  1 4 . 2 2  ( s ,  1 / 2  H, = N - N H - ) a )  
2 . 5 7  ( 8 ,  3H,  C 2 , - M e )  

1 2 . 4 2  ( s ,  1 / 2  H, N 4 - H ) b )  

a )  S i g n a l s  d u e  t o  t h e  t a u t o m e r  C  

b )  S i g n a l s  d u e  t o  t h e  t a u t o m e r  D  
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thirty-six carbon signals due to the tautomer C (eighteen carbons) and the tautomer 

D (eighteen carbons), wherein the C 2 , - M e  carbon signals were observed at 6 10.67 

and 10.48 ppm. The 1 3 ~ - ~ ~ ~  spectra of 18d in DMSO-d6 showed the thirty-two carbon -". 
signals due to the tautamer C (eighteen carbons) and the tautomer D (eighteen car- 

bons], wherein the C2,-Me carbon signals were observed at S 1 0 . 7 1  and 10.50 ppm. 

The ratios of the tautomer C were larger than those of the tautomer D in 18a,b,d. - - -  - - 

The PMR spectral data of 3-(a-chlorophenylhydraiono)methoxycarbonylmethyl-2-oxo- 

1,Z-dihydroquinoxalines 193-c in DMSO-d were similar to those of 18a-d with re- "-. - 6 v - -  - 
spect to the chemical shifts of the hydrazone NH and N - H  proton signals (Table ll), 4 

supporting the tautomeric equilibria between the C and D forms (Scheme 19).24 The 

Table 1 1 .  PMR Spectral D a t a  for 19a-c in OMSO-d6 

Tautomer 
Compound Ratio Chemical Shift (6 ppm) 

C D 

19a 9 2 13.72 (s, 9/11 H, =N-NH-) a) 

b 
3.83 (s, 3H, Me) 

12.53 (s, 2/11 H, N4-H) 

19b 10 1 11.15 ( s ,  10111 H, =N-NH-) a) 

3.75 (s, 3H, Me) 
11.87 (5, 1 /11 H, N4-H)b) 

19c B 1 11.17 (s, 819 H, S N - N H - ) ~ )  
b )  

3.73 (s, 3H, Me) 
11.90 (5, 1/9 H. N4-H) 

a )  Signals due to the tautomer C 
b) Signals due to the tautomer D 

methyl proton signals due to the tautomers C and D coalesced at S 3.83, 3.75, and 

3 . 7 3  ppm in 19a-c, respectively. O n  the other hand, the 1 3 ~ - ~ ~ ~  spectra of 19a,b --- - --- - 



in DMSO-d6 exhibited the thirty and thirty-two carbon signals, respectively, due 

to the tautomers C and D (total thirty-four carbons). The ester-Me carbon signals 

due to the tautomers C and D were observed at 6 52.50 and 52.31 ppm in 19a, while -.- 
they coalesced at 6 52.16 ppm in 19b. --. 

SCHEME 19 Tautomeric Equilibria of 1 9 a - c  in D M S O - L 6  

IV. ISOMERIZATION 

1. 3-(u-ACETAMIDO)ETHOXYCARBONYLIi1ETHYI.ENE-2-OXO-1,2,3,4-TETRAllYDROQUINOXALINE 

AND 3-(~-ACETAMlDO)ETHOXYCARBONYLMETI1YL-2-OXO-1,2-DIiiYDROQUINOXALINE 

chapmanZ5 studied the acetylation of 3-(a-amino)ethaxycarbonylmethyl~ne-2-0~o-l; 

2,3,4-tetrahydroquinoxaline 20 to clarify that 3-(a-acetamido)ethoxycarbonylmethyl- - -  
ene-2-0x0-1,2,3,4-tetrahydroquinoxaline 21-A (yellow crystals) was isolated by - - 
acetylation in the cold, and 3-(a-acetamido)ethoxycarbonylmethyl-2-oxo-l,Z-dihydr0- 

quinoxaline 21-B (colorless crystals) was obtained by acetylation in the hot (Scheme - - 
20). Moreover, the tautomer 2 1 - A  was elucidated to isomerire into the tautamer t?- ". 
B on dissolving in DMSO-d6. Accordingly, the PMR spectral data of 21-A and 21-8 in -. --  
DMSO-d were consistent with the structure of 21-B, and hence the structural differ- 

6 - - 
entiation of 21-A from 21-B was based an the IR spectral data and melting point meas -. . - 
urements. 
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H 

20 

A c 2 0 ,  c o l d  

C O O E t  

/ \ A c 2 0 3  

COOEt  

H a:dNHAc h e a t  o r  

al$NHAc 
H 

d i s s o l v e  H 

L'Italicn -- et ?.I?' and ~ h a ~ m a n l l  reported that the 3-(a-substituted]eth~xycarhon- 

ylmethyl-2-ox0-1,Z-diliydroquinoxa1ines 22a,b predominated as the tautomer B, but -.- - 
not the tautomer A ,  in solid and solution (Scheme 21). However, the intramolecular 

cyclirations of 22a,b in diphenyl ether would afford intermediary 2,3-dihydrofuro- --- - 
[2,3-blquinoxalin-2-ones 23a,b, which isomerized into the 2,4-dihydrafura[2,3-g- --- - 
quinoxalin-2-ones 24a,b. The structural establishment of 24a,b was based on their --- - --- " 
PMR spectral data in DMSO-d6 and the comparison of the UV spectral data of 243 with --- 
that of 24c (Chart 16) in ethanol. - - -  

There have been reported many examples on the tautomerism of the fused 1,s-diazepin 
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2-one  r i n g  s y s t e m ,  w h e r e i n  t h e  mos t  o f  compounds p r e d o m i n a t e  as t h e  C -H f o r m  r a t h e r  3 

t h a n  t h e  N - H  f o r m  (Scheme 2 2 ) .  3 3 
5 

C - H  f o r m  N - H  form 3 5 



'The r e a c t i o n  o f  ~ - ( U , N - d i m e t h ~ l c a r b a m 0 y l j f ~ r a [ 2 , 3 - b 1 q ~ i n o ~ a l i c  - h y d r o c h l o r i d e  w i t h  

o - p h e n y l e n e d i a m i n e  d i h y d r o c h l o r i d e  p r o v i d c d  t h e  3-quinaxalinyl-1,5-be11zodiazcpine - 

h y d r o c h l o r i d e  25a o r  i t s  r e s o n a n c e  i s o m e r  25b ,  w h i c h  was t h c  N - H  o r  Nl , - l i  form, r e -  --- --- 5  

s p c c t i v e l y  (Schome 2 3 ) . 2 6 , 2 7  T r e a t m e n t  o f  25 w i t h  1 0 %  NaOH r e s u l t e d  i n  i s o m e r i r a -  - - 
t i o n  t o  g i v e  t h e  3 - q u i n o x a l i n y l - I  , 5 - h c n r o d i a r c p i n e  26 ,  which  was t h e  C:H f a r m .  - - 
I l awevcr ,  26 (C.-H rorm) d i d  n o t  i s o m e r i z e  i n t o  25 ( S t  form) by t r e a t m e n t  w i t h  HC1/- -- .> - - 
E t O l l ,  b u t  c h a n g e d  i n t o  t h e  h y d r o c h l o r i d e  27 (C3-ll  f a r m ) .  The s t r u c t u r a l  a s s i g r r m c n t s  -. 
o f  2 5 ,  Zb,  and  27 were b a s e d  on t h e  IK ( K B r  d i s c s ) ,  PNK ( i n  DlilSO-d6), and 1 3 C - N m  -" -- - - 
( i n  DMSO-d j  s p e c t r a l  d a t a  a s  w c l l  a s  t h e  mass s p e c t r a l  and m i c r o a n s l y t i c s 1  d a t a .  

6  

Thus ,  t h e  NH and C -11  i s o m e r s  i n  t h e  1 , s - b e n r o d i a z e p i n - 2 - o n c  r i n g  s y s t c m  wcre  i n d e -  
3  

pendently confirmed i n  t h c  3 - q u i n o x a l i n y 1 1 , 5 b e n z o d i a z e p i n e  h y d r o c h l o r i d e s .  l i o i ~ -  

e v e r ,  t h c  h y d r o c h l o r i d c  ? (Nll for",)  i s a m e r i z e d  i n t o  t h c  l h v d r o c h l o r i d e  2 i  ( C  - 1 3  - - - -  3  

fo rm)  u n d e r  r e f l u x  i n  ..\cOfI. 

V .  QUALITATIVE UECllANISTIC CONS1l)tllA'llOU IN D-I! EXCIIAXGE 

lVhen t h e  PhIR s p e c t r a  a f  compounds  5 a , b , 6 - 1 0  were m c s s u r c d  i n  1)dlSO-d /I1 0 ,  t h e  N - -. . - -. -6 2  1 

a n d  U - I 1  p r o t o n  s i g n a l s  c o l l a p s e d  b e c s u s c  o f  t h e  D-I1 e x c h a n g e ,  b u r  t h e  i r l n y l  and  
4 

m e t h y l c n c  p r o t o n  s i g n a l s  d i d  n o t  d i s a p p e a r .  These  r e s u l t s  i n d i c a t e d  t h e  s l a w  e q u i -  

l i b r i a  b e t w e e n  t h e  A ;and K fo rms  (Schcme 2 4 ) .  A c c o r d i n g l y ,  t h e r e  a re  few s p e c i c s  

A-d and  K-id, b u t  t h e  s p c c i e s  . k d .  and  B-d m a i n l y  r c m a i n  i n  t h e  mcdiurn. 
-1 -2 -1 

To t h e  c o n t r a r y ,  whcn t h e  PblR s p e c t r u m  o f  t h e  h y d r o c h l o r i d e  1 1  was ~ n e a s u r e d  i n  DhISO- -. 
d  /L120, t h e  v i n y l  and  m e t h y l e n c  p r o t o n  s i g n a l s  d i s a p p e a r e d  a s  w e l l  a s  t h e  U - and 6  I 

U - 1 1  p r o t o n  s i g n a l s ,  s u p p o r t i n g  t h e  f a s t  e q u i l i b r i a  be tween  t h c  E and F f o r m s  
4 

(Scheme 2 5 ) .  The f a s t  e q u i l i b r i a  would b e  m e d i a t e d  o r  p romoted  by D + c ~ -  ( o r  H ' C I - ) ,  

+ - 
b u t  n o t  h a l i d e  a n i o n ,  e x i s t i n g  i n  t h e  mediom, s i n c e  t h e  p r e s e n c e  o f  K B r  d i d  n o t  

e f l e c t  t h e  f a s t  e q u i l i b r i a  b e t w e e n  t h e  A and  B f o r m s . 3 4  The e x i s t e n c e  o f  t h e  

B r 6 n s t e d  a c i d  seemed t o  a c t  a n  i m p o r t a n t  r o l e  f o r  t h e  aboxc  f a s t  e q u i l i b r i a  i n  c o n -  

s i d e r a t i o n  o f  t h e  PAIR s p e c t r a l  d a t a  o f  compaurrds 7 - 1 0  i n  TF.4-d The v i n y l  and  - --  1  ' 

m e t h y l c n c  p r o t o n  s i g n a l s  o f  t h c s e  compounds r a p i d l y  d i s a p p e a r e d  i n  TFi \ -dl ,  and  h e n c e  

t h e  f a s t  e q u i l i b r i a  be tween  t h e  6  and  F f o r m s  wcre  a l s o  s u g g e s t e d  i n  t h e s e  c a s e s  

(Schemc 2 b i .  
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COOR' 

o x a d i a z o l - 5 - y l  

t r i a z o l - 5 - y l  

b e n z i m i d a z o l - 2 - y l  

f a s t  

SCHEME 24 B e h a v i o r s  o f  5a .b .6-10 i n  DMSO-ds/D20 



- 
f a s t  

P 

f a s t  

D f a s t  D f a s t  

D & 0 Z=I f a s t  CXYD 0  

SCHEME 25 B e h a v i o r  o f  11 i n  D M S O - d 6 / D 2 0  
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T F A - d l  = , y y D  :f 
D D f a s t  f a s t  

D f a s t  D 

SCHEME 26 B e h a v i o r s  o f  7-10 i n  T F A - 6 ,  
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