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R e a cti o n s  of  di al k o x y- 2- p h e n yl c hr o m a n- 4- o n e s  ( 2, 3- di et h o x y- 3- h y dr o x y- 2- p h e n yl c hr o m a n- 4- o n e  ( 1 )  a n d  2, 3- 

di m et h o x y- 3- h y dr o x y- 2- p h e n yl c hr o m a n- 4- o n e  ( 2 ))  wit h  v ari o u s  p h e n yl e n e di a mi n e s  i n  r e fl u xi n g  c hl or of or m 

l e d t o q ui n o x ali n e ri n g f or m ati o n t o pr o d u c e r a c e mi c mi xt ur e s of c hr o m e n o q ui n o x ali n e m ol e c ul e s i n g o o d t o 

m o d er at e yi el d s ( 3 – 1 0 ). T h e pr o p o s e d m e c h a ni s m i n v ol v e s t h e h e mi a c et al s ( 1 a n d 2 ) r e arr a n gi n g u p o n h e ati n g 

t o f or m a r e a cti v e di o n e i nt er m e di at e t h at s u b s e q u e ntl y r e a ct s wit h p h e n yl e n e di a mi n e d eri v ati v e s t o pr o d u c e t h e 

titl e c o m p o u n d s. R e a cti o n s of 1 a n d 2 wit h a s y m m etri c p h e n yl e n e di a mi n e s l e d t o mi xt ur e s of t w o r e gi oi s o m er s, 

f or w hi c h t h e m aj or pr o d u ct s w er e di ct at e d b y t h e r el ati v e r e a cti vit y of t h e n u cl e o p hili c a mi n e a n d t h e el e c -

tr o p hili c  c ar b o n yl  gr o u p s.  T h e  c hr o m e n o q ui n o x ali n e  pr o d u ct s  w er e  c h ar a ct eri z e d  b y 1 H, 1 3 C, 1 9 F  ( w h e n 

n e c e s s ar y), n u cl e ar m a g n eti c r e s o n a n c e s p e ctr o s c o p y, hi g h-r e s ol uti o n m a s s s p e ctr o m etr y, m elti n g p oi nt d et er -

mi n ati o n, a n d i n s o m e c a s e s ( c o m p o u n d s 6 – 1 0 ) si n gl e cr y st al X-r a y diffr a cti o n st u di e s. H er ei n, t h e s y nt h e si s, 

c h ar a ct eri z ati o n, a n d r e a cti vit y of t hi s n e w cl a s s of m ol e c ul e s ar e di s c u s s e d.   

I nt r o d u cti o n 

Q ui n o x ali n e s  ar e  bi c y cli c  s y st e m s  t h at  c a n  b e  b e st  d e s cri b e d  a s  a 

b e n z e n e  u nit f u s e d t o p yr a zi n e. T h e y ar e  c o m m o nl y pr o d u c e d b y t h e 

c o n d e n s ati o n  r e a cti o n  of  1, 2- di c ar b o n yl  c o m p o u n d s  wit h o - p h e n yl-

e n e di a mi n e d eri v ati v e s. At o n e ti m e, t hi s r e a cti o n h a d v er y littl e utilit y 

e x c e pt a s a n i d e nti fi c ati o n t o ol t o d et er mi n e t h e pr e s e n c e of 1, 2- di a mi n e 

a n d / or  1, 2- di c ar b o n yl  gr o u p s [ 1 ] .  H o w e v er,  t o d a y  a  pl et h or a  of 

m et h o d s  h a v e  b e e n  d e v el o p e d  t o  pr o d u c e  q ui n o x ali n e s  d u e  t o  t h eir 

i n cr e a si n g  pr e s e n c e  a n d  utilit y.  Q ui n o x ali n e  m otif s  ar e  c o m m o nl y 

o b s er v e d  i n  n at ur al  a n d  m e di ci n al  pr o d u ct s [ 2 ] ,  bi ol o gi c all y  a cti v e 

c o m p o u n d s [ 3 – 7 ] ,  a nti bi oti c s [ 8, 9 ] ,  d y e s [ 1 0, 1 1 ] ,  or g a ni c  s e mi-

c o n d u ct or s [ 1 2 ] , t h er m al pl a sti c s [ 1 3, 1 4 ] , i n s e cti ci d e s [ 1 5, 1 6 ] , h er bi-

ci d e s [ 1 6, 1 7 ] ,  a n d  ot h er s [ 1 8 ] .  Alt er n ati v e  m e a n s  t o  pr o d u c e 

q ui n o x ali n e s  i n cl u d e  u si n g  c at al y st s  t o  pr o m ot e  t h e  c o n d e n s ati o n  b e -

t w e e n di a mi n e s a n d di c ar b o n yl c o m p o u n d s [ 1 9 – 2 1 ] , d e h y dr o g e n ati v e 

c o u pli n g of vi ci n al al c o h ol s [ 2 2 ] a n d vi ci n al a mi n o al c o h ol s [ 2 3 ] , a n d 

s ulf ur- c at al y z e d  o xi d ati v e  c o n d e n s ati o n s  of  ar yl  k et o n e s  wit h  p h e n yl -

e n e di a mi n e s [ 2 4, 2 5 ] . T w o t h or o u g h r e vi e w s, a n d t h e r ef er e n c e s t h er ei n, 

ar e a v ail a bl e t h at hi g hli g ht s o m e of t h e s y nt h e s e s a n d a p pli c ati o n s of 

q ui n o x ali n e s [ 2 6, 2 7 ] . 

W e b e c a m e i nt er e st e d i n t h e f or m ati o n of q ui n o x ali n e s d uri n g o ur 

o xi d ati o n st u di e s of 3- h y dr o x y fl a v o n e b y c o p p er(II) br o mi d e ( C u Br 2 ) i n 

t h e p r e s e n c e of al c o h ol s [ 2 8 ] . T h e s e st u di e s r e v e al e d t h e r e a d y o xi d ati o n 

of 3- h y dr o x y fl a v o n e t o pr o d u c e h e mi a c et al s or h y dr at e s, d e p e n di n g o n 

r e a cti o n  c o n diti o n s  ( Fi g.  1 ).  H y dr at e s  ar e  pr ef err e d  u n d er  h e at e d, 

t h er m o d y n a mi c c o n diti o n s, w hil e a c et al s ar e i s ol at e d a s ki n eti c pr o d u ct s 

[ 2 8 ] .  B a s e d  o n  lit er at ur e  pr e c e d e n c e [ 2 9 ] ,  t h e  o xi d ati o n  r e a cti o n 

m e c h a ni s m li k el y i n v ol v e s t h e o xi d ati o n of t h e al c o h ol of 3- h y dr o x y fl a -

v o n e b y C u Br 2 , f oll o w e d b y n u cl e o p hili c a c yl a d diti o n of eit h er al c o h ol 

or w at er ( Fi g. 1 ). 

It w a s al s o f o u n d t h at t h e ki n eti c all y a c c e s si bl e h e mi a c et al s r e a dil y 

c o n v ert  i nt o  t h er m o d y n a mi c all y  st a bl e  h y dr at e s  u p o n  h e ati n g,  w hi c h 

w a s  a s s u m e d  t o  al s o  pr o c e e d  t hr o u g h  a  di o n e  i nt er m e di at e [ 3 0 ] .  T o 

v ali d at e t h e f or m ati o n of t h e di o n e i nt er m e di at e d uri n g t h e c o n v er si o n 

of  t h e  h e mi a c et al s  t o  h y dr at e s,  t h e  h e mi a c et al  d eri v ati v e  w a s  h e at e d 

wit h p h e n yl e n e di a mi n e t o tr a p t h e di o n e i nt er m e di at e a s a st a bl e q ui -

n o x ali n e u nit ( S c h e m e 1 ) [ 2 8 ] . S mit h et al. p erf or m e d a si mil ar r e a cti o n 

al m o st 6 0 y e ar s a g o t o d et er mi n e t h e pr o d u ct s of p eri o d at e o xi d ati o n s of 

fl a v a n ol s; h o w e v er, n o eff ort w a s d e di c at e d t o c h ar a ct eri zi n g t h e q ui -

n o x ali n e  pr o d u ct,  n or  w a s  t h e  s c o p e  of  t h e  r e a cti o n  e x a mi n e d  wit h 

s u b stit ut e d  p h e n yl e n e di a mi n e  a n al o g s [ 3 0 ] .  M or e o v er,  R a w et  al. 

*  C orr e s p o n di n g a ut h or. 

E- m ail a d dr ess: b q uilli a n @ g e or gi a s o ut h er n. e d u ( B. P. Q uilli a n).  

C o nt e nt s li st s a v ail a bl e at S ci e n c e Dir e ct 

T et r a h e d r o n L ett er s 

j o ur n al h o m e p a g e: w w w. el s e vi er. c o m/l o c at e/t etl et 

htt p s: / / d oi. or g / 1 0. 1 0 1 6 /j.t etl et. 2 0 2 3. 1 5 4 8 2 0 

R e c ei v e d 4 S e pt e m b er 2 0 2 3; R e c ei v e d i n r e vi s e d f or m 2 3 O ct o b er 2 0 2 3; A c c e pt e d 3 0 O ct o b er 2 0 2 3   

mailto:bquillian@georgiasouthern.edu
www.sciencedirect.com/science/journal/00404039
https://www.elsevier.com/locate/tetlet
https://doi.org/10.1016/j.tetlet.2023.154820
https://doi.org/10.1016/j.tetlet.2023.154820
https://doi.org/10.1016/j.tetlet.2023.154820
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetlet.2023.154820&domain=pdf


T etr a h e dr o n L ett ers 1 3 2 ( 2 0 2 3 ) 1 5 4 8 2 0

2

r e p ort e d  a  si mil ar  r e a cti o n  w h er ei n  t h e  al c o h ol  of α - h y dr o x y  k et o n e s 

w a s  o xi di z e d ( i n sit u ) wit h M n O 2 , f oll o w e d  b y t h e  tr e at m e nt wit h di-

a mi n e s t o pr o d u c e di a zi n e s [ 3 1 ] . 

T h e  pr o d u ct  o bt ai n e d  fr o m  t h e  c o n d e n s ati o n  r e a cti o n  b et w e e n 

c hr o m a n e  h e mi a c et al s  a n d  p h e n yl e n e di a mi n e  c a n  b e  d e s cri b e d  a s  a 

c hr o m a n e  f u s e d  t o  a  q ui n o x ali n e  u nit,  w hi c h  w e  h a v e  a ptl y  n a m e d 

c hr o m e n o q ui n o x ali n e s ( C Q). I n d e e d, s o m e c hr o m a n e s ( k n o w n a s b e n -

z o p yr a n s) c a n b e f o u n d i n n u m er o u s n at ur al pr o d u ct s s u c h a s fl a v o n oi d s 

a n d  t o c o p h er ol s  ( e. g.,  vit a mi n E) [ 3 2 ] . T h e y  h a v e  b e e n i m pli c at e d i n 

v ari o u s t h er a p e uti c a p pli c ati o n s, i n cl u di n g a nti c a n c er a g e nt s [ 3 3 ] , a n-

ti o xi d a nt s [ 3 4 ] ,  a nti b a ct eri al s [ 3 5, 3 6 ] ,  a ntif u n g al s [ 3 7 ] ,  a nti- 

i n fi a m m at or y [ 3 8, 3 9 ] , a nti vir al [ 4 0 ] , a n d tr e at m e nt s f or c ar di o v a s c u-

l ar di s e a s e s [ 4 1 – 4 3 ] . T h e str u ct ur al c o m pl e xit y of t h e titl e c hr o m e n o-

q ui n o x ali n e s,  e s p e ci all y  it s  si mil arit y  t o  st er oi d s,  wit h  it s  t hr e e,  si x- 

m e m b er e d,  A, B,  a n d  C ri n g s,  s u g g e st s it s  p ot e nti al u s e f or  pr e p ari n g 

m ol e c ul e s  f or e n d o cri n e  t h er a pi e s,  e s p e ci all y f or  E R + br e a st  c a n c er s 

[ 4 4, 4 5 ] .  T h e  m er gi n g  of  t w o  bi ol o gi c all y  a cti v e  u nit s  i nt o  a  si n gl e, 

u ni q u e m ol e c ul ar e ntit y wit h di sti n g ui s hi n g bi ol o gi c al pr o p erti e s i s a n 

i nt er e sti n g  c o n str u ct  t o  i n v e sti g at e  n e w  l e a d s  i nt o  p h ar m a c ol o gi c al 

d e v el o p m e nt. 

H er ei n, w e d e s cri b e t h e s y nt h e si s, r e a cti vit y, a n d c h ar a ct eri z ati o n of 

s e v er al c hr o m e n o q ui n o x ali n e s. W e ai m e d t o f urt h er e x a mi n e t h e s c o p e 

of  t h e  r e a cti o n  b et w e e n  c hr o m a n e  h e mi a c et al s  a n d  v ari o u s 

p h e n yl e n e di a mi n e s t o pr o d u c e a li br ar y of c hr o m e n o q ui n o x ali n e s. Ul -

ti m at el y, w e pl a n t o t e st t h eir bi ol o gi c al a cti vit y a g ai n st c a n c er c ell s, 

b a ct eri a, a n d f u n gi. 

R e s ult s a n d di s c u s si o n s 

R e a cti o n of 2, 3- di al k o x y- 3- h y dr o x y- 2- p h e n yl c hr o m a n- 4- o n e ( 1 a n d 2 ) 

wit h o- p h e n yl e n e di a mi n es t o pr o d u c e c hr o m e n o q ui n o x ali n es 

T h e r e a cti o n of 2, 3- di al k o x y- 3- h y dr o x y- 2- p h e n yl c hr o m a n- 4- o n e s ( 1 

a n d 2 )  wit h o - p h e n yl e n e di a mi n e s  i n  c hl or of or m  at  7 0̊C  r e s ult e d  i n 

q ui n o x ali n e  ri n g  f or m ati o n  t o  pr o d u c e  c hr o m e n o q ui n o x ali n e s  a s 

r a c e mi c mi xt ur e s i n m o d er at e t o g o o d yi el d, ( e q. 1 a n d 2). T h o u g h a 

si mil ar r e a cti o n w a s r e p ort e d a s a n a s s a y t o v ali d at e 1, 2- di k et o n e f or -

m ati o n  d uri n g  fl a v a n ol  o xi d ati o n  st u di e s [ 4 6 ] ,  t o  o ur  k n o wl e d g e  t h e 

r e a d y f or m ati o n of q ui n o x ali n e s b y r e a cti n g o xi di z e d 3- h y dr o x y fl a v o n e 

pr o d u ct s wit h p h e n yl e n e di a mi n e s h a s n ot b e e n e x a mi n e d f or n e arl y 6 0 

y e ar s. Wit h t h e a d v e nt of r e a dil y a v ail a bl e m o d er n t e c h n ol o gi e s ( e. g., 

n u cl e ar  m a g n eti c  r e s o n a n c e  s p e ctr o s c o p y  a n d  si n gl e  cr y st al  X-r a y 

diffr a cti o n),  r e e x a mi ni n g  t hi s  c h e mi str y  pr o vi d e d  a n  o p p ort u nit y  t o 

b ett er u n d er st a n d t h e s e m ol e c ul e s fr o m b ot h a str u ct ur al a n d s p e ctr o -

s c o pi c  p er s p e cti v e.  R e c e nt  st u di e s  pr e s e nt  si mil ar  r e a cti o n s  i n v ol vi n g 

t h e r e a cti o n of p h e n yl e n e di a mi n e s wit h 2, 5- di h y dr o x y-p - b e n z o q ui n o n e 

a n d α - h y dr o x y k et o n e s t o pr o d u c e q ui n o x ali n e s; [ 3 1 ] h o w e v er, t h e a u -

t h or s di s cl o s e d t h at t h e r e a cti o n c o n diti o n s di d n ot pr o vi d e s u c c e s sf ul 

c o n d e n s ati o n  wit h  3- h y dr o x y fl a v o n e s.  R a w et  al. d e m o n str at e d  t h at 

q ui n o x ali n e s c o ul d b e pr e p ar e d b y r e a cti n g α - h y dr o x y k et o n e s wit h di-

a mi n e s  i n  t h e  pr e s e n c e  of  a n  o xi d a nt [ 3 1 ] .  I n  a d diti o n,  K u n d u et  al. 

r e c e ntl y r e p ort e d t h e f or m ati o n of q ui n o x ali n e s b y r e a cti o n of 1, 2- di ol s 

wit h  p h e n yl e n e di a mi n e s  i n  t h e  pr e s e n c e  of  a  ni c k el  c at al y st  a n d  a 

s a cri fl ci al b a s e [ 2 2 ] . C o n si d eri n g t h e s e pr e vi o u s st u di e s r e q uir e d al c o h ol 

o xi d ati o n pri or t o c o n d e n s ati o n wit h di a mi n e s, i niti al i n v e sti g ati o n s i n 

t hi s st u d y w er e c arri e d o ut wit h a c at al yti c a m o u nt of c o p p er(II) br o -

mi d e  ( 2 0  m ol  %)  wit h  t h e  a s s u m pti o n  t h at  it  w o ul d  b e  n e c e s s ar y  t o 

o xi di z e t h e h e mi a c et al t o pr o d u c e t h e 1, 2- di o n e i nt er m e di at e. T hr o u g h 

c o ntr ol st u di e s, it w a s d et er mi n e d t h at t h e c o p p er br o mi d e a d diti v e w a s 

u n n e c e s s ar y w h e n u si n g c o m p o u n d 1 . I n f a ct, t h e u s e of t h e a d diti v e 

sl o w e d t h e r e a cti o n r at e s e v er el y, r e q uiri n g a s m u c h a s 7 – 8 d a y s at 7 0̊ C 

f o r  r e a cti o n  c o m pl eti o n.  W h er e a s  r e a cti o n s  c o n d u ct e d  wit h o ut  C u Br 2 

o nl y  r e q ui r e d  ~  1 2 – 2 4  h  f or  r e a cti o n  c o m pl eti o n  ( o v er ni g ht).  T hi s 

s u g g e st s c o m p o u n d 1 , a ki n eti c a c c e s si bl e pr o d u ct, c a n a ut o xi di z e i n t h e 

a b s e n c e of e x c e s s al c o h ol [ 4 7, 4 8 ] . T h e r et ar d e d r e a cti vit y of 1 i n t h e 

pr e s e n c e  of  C u Br 2 i s  li k el y  a  c o n s e q u e n c e  of  c o p p er  arr e sti n g  t h e 

di a mi n e,  pr e v e nti n g  it  fr o m  r e a cti n g  wit h  t h e  c ar b o n yl  gr o u p s [ 4 9 ] . 

Fi g. 1. O xi d ati o n of 3- h y dr o x y fl a v o n e b y c o p p er(II) br o mi d e i n t h e pr e s e n c e of al c o h ol s, s h o wi n g t h e r e a cti v e di o n e i nt er m e di at e a n d it s c o n v er si o n t o h y dr at e s a n d 

h e mi a c et al s. 

S c h e m e 1. R e a cti o n of c hr o m a n e h e mi a c et al wit h p h e n yl e n e di a mi n e t o f or m 

c hr o m e n o q ui n o x ali n e s. 

H. W at ki ns et al.                                                                                                                                                                                                                                
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Unlike 1, reactions of 2 with phenylenediamines required the CuBr2 
additive for the reaction to proceed. Without the additive, the reactions 
of 2 were very sluggish and required more than a week to observe 50 % 
reaction completion. 

The reactions of 2,3-diethoxy-3-hydroxy-2-phenylchroman-4-one 
(1) with various phenylenediamine derivatives (o-phenylenediamine, 
4,5-difluoro-o-phenylenediamine, 4-nitro-o-phenylenediamine, 4-tri
fluormethyl-o-phenylenediamine, 4-chloro-o-phenylenediamine, and 3- 
nitro-o-phenylenediamine) led to their respective chromenoquinoxaline 
(3 8) (eq. 1). Compound 2 (2,3-dimethoxy-3-hydroxy-2-phenylchro
man-4-one) was only reacted with 4-nitro-o-phenylenediamine and 3- 
nitro-o-phenylenediamine to produce 9 and 10 to examine regiochem
ical outcomes (vide infra) (eq. 2). 

The properties of the chromenoquinoxaline products are somewhat 
similar. For example, they are sparingly soluble in common organic 
solvents (THF, diethyl ether, DMSO, acetone, acetonitrile, toluene, 
benzene, and water), regardless of phenylenediamine substituents. 
However, they show appreciable solubility in halogenated solvents such 
as chloroform and dichloromethane. A generic numbering scheme for 
the chromenoquinoxaline is shown in Fig. 2 and will be referred to 
throughout the synthesis, characterization, and reactivity discussions. 
All the synthesized chromenoquinoxalines were characterized by 1H, 
13C, and 19F (when appropriate) NMR spectroscopy, IR spectroscopy, 

melting point analysis, high-resolution mass spectrometry, and in some 
cases single crystal X-ray crystallography (Compounds 6 10). 

The 1H NMR spectra of the 6-alkoxy-6-phenyl-6H-chromeno[3,4-b] 
quinoxaline derivatives (3 10) have some common features. In general, 

the resonances for the protons at the 2-, 3-, and 4-positions of the a-ring 
are significantly overlapped and appear as a multiplet (3H, 7.3 7.6 ppm) 
and are often overlapped with the triplet resonance for the proton at the 
para-position of the phenyl ring at the 6-position (7.5 ppm). The reso
nance for the proton at the 1-position on the a-ring is very distinct, often 
appearing as the most downfield signal (~8.5 ppm). The 1H NMR 
resonance signal for the CH2 group (2H) of the flanking ethyl group 
appears as a broad quartet at ~ 3.7 ppm, which is probably a conse
quence of the diastereotopic nature of the CH2 group. 

Reactions of 1 with the symmetrical phenylenediamines (phenyl
enediamine and 4,5-difluorophenylenediamine) afforded 6-ethoxy-6- 
phenyl-6H-chromeno[3,4-b]quinoxaline (3) and 6-ethoxy-9,10- 
difluoro-6-phenyl-6H-chromeno[3,4-b]quinoxaline (4), respectively, in 
good yield (86 % and 92 %, respectively). These compounds were 
assigned by their 1H NMR spectra using mainly the multiplicity of the 
protons on the quinoxaline d-ring. The four protons on the quinoxaline 
d-ring of compound 3 appear as two upfield triplets (7.62 and 7.72 ppm, 
respectively) for the 9/10-positions and two downfield doublets (7.97 
and 8.12 ppm) for the 8/11 positions. The protons of the quinoxaline d- 
ring of 4 appear as a pair of doublet of doublets (due to H-F coupling 
(3JHF 11 Hz and 4JHF 9 Hz)) that appear at 7.86 ppm and 7.72 ppm, 
respectively. 

Reactions of 1 with the 4-substituted phenylenediamines (4-nitro
phenylendiamine, 4-trifluoromethylphenylenediamine, and 4-chloro
phenylenediamine) afforded a mixture of regioisomers with the 
substituent appearing on either the 9- or 10-position of the 6-ethoxy-6- 
phenyl-6H-chromeno[3,4-b]quinoxaline unit. The relative proportions 
of the two isomers were determined by 1H NMR spectroscopy by 
comparing the integrations of the resonances of the d-ring (8- and 11-po
sitions) or the resonances for the 1-position of the a-ring, depending on 
resonance overlap. The major isomer in all cases was the 9-positional 
regioisomer. For example, 6-ethoxy-9-nitro-6-phenyl-6H-chromeno 
[3,4-b]quinoxaline (5) was isolated as the major product (90 %), while 
the 10-nitro isomer (5a, minor product) was 10 %. Likewise, the major 
product of the reaction of 1 with 4-trifluormethyl-o-phenylenediamine 

Fig. 2. IUPAC numbering scheme for naming the chromenoquinoxalines.  

H. Watkins et al.                                                                                                                                                                                                                                



T etr a h e dr o n L ett ers 1 3 2 ( 2 0 2 3 ) 1 5 4 8 2 0

4

aff or d e d  6- et h o x y- 6- p h e n yl- 9-(tri fl u or o m et h yl)- 6 H- c hr o m e n o [ 3, 4- b ] 

q ui n o x ali n e ( 6 ) a s t h e m aj or pr o d u ct ( 6 6 %) wit h it s 1 0- tri fi u or o m et h yl 

p o siti o n al  r e gi oi s o m er  ( 6 a )  c o n stit uti n g  3 3  %  of  t h e  s a m pl e.  T h e  4- 

c hl or o p h e n yl e n e di a mi n e  g a v e  al m o st  n o  s el e cti vit y.  T h e  9- Cl  i s o m er 

(7 ) w a s sli g htl y f a v or e d wit h a 7 / 7 a ( 9: 1 0-r e gi oi s o m eri c r ati o) r ati o of 

5 2: 4 8 %. I n all c a s e s, it w a s dif fl c ult t o f ull y i s ol at e t h e mi n or i s o m er s t o 

c o m pl et e  t h eir  f ull  c h ar a ct eri z ati o n.  It  w a s  p arti c ul arl y  dif fl c ult  t o 

s e p ar at e  c o m p o u n d s 7 a n d 7 a u si n g  c o n v e nti o n al  m et h o d s,  f or g oi n g 

t h eir c h ar a ct eri z ati o n b y 1 H o r 1 3 C N M R s p e ct r o s c o p y. Hi g h-r e s ol uti o n 

m a s s- s p e ctr o m etr y i d e nti fl e d b ot h 7 a n d 7 a wit h mi n or diff er e n c e s i n 

t h eir  r et e nti o n  ti m e s.  Att e m pt s  t o  s e p ar at e  t h e  t w o  r e gi oi s o m er s  b y 

cr y st alli z ati o n al s o f ail e d. I n f a ct, b ot h c o m p o u n d s c a n b e s e e n i n t h eir 

si n gl e  cr y st al  X-r a y str u ct ur e,  w h er ei n 7 a i s  p arti all y  o c c u pi e d i n  t h e 

str u ct ur e. T hi s c a n b e b e st a s c ert ai n e d b y t h e u n e x p e ct e d c hl ori n e at o m 

at  t h e  1 0- p o siti o n.  T hi s  artif a ct  gi v e s  t h e  i m pr e s si o n  t h at  a  s e c o n d 

c hl ori n e i s pr e s e nt ( vi d e i nfr a ). 

L a stl y, r e a cti o n of 1 wit h 3- nitr o- o - p h e n yl e n e di a mi n e pr o d u c e d t h e 

1 1- nitr o  r e gi oi s o m er  ( 6- et h o x y- 1 1- nitr o- 6- p h e n yl- 6 H- c hr o m e n o [ 3, 4- b ] 

q ui n o x ali n e  ( 8 ))  a s  t h e  m aj or  i s o m er  ( 9 0  %)  al o n g  wit h  t h e  8- nitr o 

r e gi oi s o m er  ( 6- et h o x y- 8- nitr o- 6- p h e n yl- 6 H- c hr o m e n o [ 3, 4- b ] q ui n o x a -

li n e (8 a )) a s t h e mi n or i s o m er ( 1 0 %). 

R e a cti o n of 2, 3- di m et h o x y- 3- h y dr o x y- 2- p h e n yl c hr o m a n- 4- o n e ( 2 ) wit h 3- 

nitr o- o- p h e n yl e n e di a mi n e a n d 4- nitr o- o- p h e n yl e n e di a mi n e 

Wit h t h e f a cil e r e a cti vit y of 1 wit h t h e p h e n yl e n e di a mi n es t o pr o d u c e 

c o m p o u n ds 3 – 8 , t h e r e a cti vit y of t h e di m et h o x y c hr o m a n e (2 , 2, 3- di m e-

t h o x y- 3- h y dr o x y- 2- p h e n yl c hr o m a n- 4- o n e) w as i n v esti g at e d wit h 3- nitr o- 

o - p h e n yl e n e di a mi n e  a n d  4- nitr o-o - p h e n yl e n e di a mi n e  t o  e x a mi n e  r e gi o-

c h e mi c al o ut c o m es. R e a cti o ns of 2 wit h p h e n yl e n e di a mi n es r e q uir e d a 2 0 

m ol % of t h e C u Br 2 a d diti v e f or t h e r e a cti o n t o pr o c e e d. T his s u g g ests t h at 

t h e r at e- d et er mi ni n g al k o x y diss o ci ati o n st e p is sl o w er f or 2 f or a ut o xi-

d ati o n t o pr o d u c e t h e r e a cti v e di o n e i nt er m e di at e t h a n t h at of 1 [ 4 7 ] . A 

p ossi bl e r ati o n al e as t o w h y t h e 1 a ut o xi di z es m or e r e a dil y t h a n 2 c o ul d 

aris e fr o m t h e a bilit y of t h e et h o x y gr o u ps t o diss o ci at e m or e r e a dil y d u e 

t o st eri c c o n g esti o n i n t h e a xi al p ositi o n (l ess t h er m o d y n a mi c all y st a bl e) 

a n d its l ess e n e d n u cl e o p hili cit y. I n d e e d, w e h a v e s h o w n t h e c o n v ersi o n of 

t h e h e mi a c et al c hr o m a n es i nt o t h eir h y dr at es o c c urs f ast er f or t h e b ul k y 

al k o x y gr o u ps s u c h as is o pr o p o x y t h a n t h at of m et h o x y [ 2 8 ] . 

T h e  r e a cti o n  of  3- nitr o- o - p h e n yl e n e di a mi n e  wit h 2 i n  c hl or of or m, 

s ur pri si n gl y,  l e d  t o  t h e  f or m ati o n  of  t w o  diff er e nt  m aj or  pr o d u ct s 

( d et er mi n e d b y N M R) ( S c h e m e 2 ); o n e b ei n g t h e e x p e ct e d pr o d u ct wit h 

a 6- m et h o x y gr o u p ( 6- m et h o x y- 1 1- nitr o- 6- p h e n yl- 6 H- c hr o m e n o [ 3, 4- b ] 

q ui n o x ali n e ( 9 )), a s w ell a s, t h e u n e x p e ct e d f or m ati o n of 8 wit h a 6- 

et h o x y  gr o u p  i n st e a d  of  a  m et h o x y  gr o u p.  T h e  r el ati v e  pr o p orti o n  of 

c o m p o u n d s 9 a n d 8 ( 4 2: 5 8 %,  r e s p e cti v el y)  w a s  c al c ul at e d  u si n g  t h e 

i nt e gr ati o n v al u e s f or t h e si n gl et si g n al ( 3. 3 4 p p m) f or t h e m et h yl gr o u p 

of 9 a n d t h e tri pl et si g n al ( 1. 0 6 p p m) f or t h e m et h yl gr o u p of 8 . T h e 

r e a cti o n of 4- nitr o- o - p h e n yl e n e di a mi n e wit h 2 al s o l e d t o a mi xt ur e of 

t h e  e x p e ct e d  6- m et h o x y- 9- nitr o- 6- p h e n yl- 6 H- c hr o m e n o [ 3, 4- b ] q ui -

n o x ali n e  ( 1 0 )  a n d  t h e  u n e x p e ct e d  f or m ati o n  of  pr e vi o u sl y  d e s cri b e d 

c o m p o u n d 5 ( wit h t h e m et h o x y r e pl a c e d wit h a n et h o x y gr o u p) a s a 4 2 / 

5 8 % mi xt ur e, r e s p e cti v el y ( S c h e m e 2 ). Att e m pt s t o s e p ar at e t h e mi x -

t ur e s (9 a n d 8 ; 1 0 a n d 5 ) f ail e d u si n g c ol u m n c hr o m at o gr a p h y, cr y s -

t alli z ati o n, a n d / or s u bli m ati o n. T h e s o ur c e of et h o x y f u n cti o n ali z ati o n 

w a s f o u n d t o b e t h e r e s ult of a s m all a m o u nt of et h a n ol st a bili z er pr e s e nt 

i n t h e c o m m er ci al c hl or of or m ( 0. 5– 1. 0 %). T h e f or m ati o n of 8 a n d 5 c a n 

b e a v oi d e d if t h e c hl or of or m i s flr st p uri fl e d b y r e m o vi n g t h e et h a n ol 

st a bili z er. C o m p o u n d 9 c a n b e pr e p ar e d i n p ur e f or m b y c o n d u cti n g t h e 

r e a cti o n i n p uri fi e d c hl or of or m ( 9 , 5 8 % i s ol at e d yi el d), w hil e 1 0 a n d it s 

r e gi oi s o m er ( 1 0 a ) c a n b e i s ol at e d a s a n i ntr a ct a bl e mi xt ur e, 7 0 % i s o -

l at e d yi el d, w hi c h c o ul d n ot b e s e p ar at e d b y c o n v e nti o n al m et h o d s. 

T h e  m e c h a ni s m  of  et h o x y  i n c or p or ati o n  i nt o  t h e  c hr o m e n o q ui -

n o x ali n e pr o d u ct s fr o m t h e r e a cti o n of t h e p h e n yl e n e di a mi n e s wit h t h e 

m et h o x y c hr o m a n e ( 2 ) w a s d eli b er at e d. T h e et h o x y gr o u p c o ul d h a v e 

b e e n  i ntr o d u c e d  b ef or e  or  aft er  t h e  q ui n o x ali n e  f or m ati o n.  I n  eit h er 

c a s e,  t h e  mi n u s c ul e  a m o u nt  of  et h a n ol  i n  t h e  st a bili z e d  c hl or of or m 

s u g g e st s t h e et h o x y li n k a g e h a s s o m e pr ef er e n c e f or bi n di n g o v er t h e 

m et h o x y li n k a g e. T o a s s e s s if t h e m et h o x y gr o u p c o ul d b e r e pl a c e d aft er 

t h e q ui n o x ali n e ri n g w a s f or m e d, c o m p o u n d 9 w a s di s s ol v e d i n et h a n ol 

wit h a c at al yti c a m o u nt of C u Br 2 a n d h e at e d f o r 2 4 h. T hi s r e s ult e d i n n o 

d et e ct a bl e s w a p pi n g wit h t h e et h o x y gr o u p ( 8 ). T hi s i n di c at e s t h at aft er 

t h e q ui n o x ali n e ri n g i s f or m e d t h er e i s littl e b e n e fit t o e x c h a n gi n g t h e 

m et h o x y  gr o u p  wit h  a n  et h o x y  gr o u p,  t h u s  i m pl yi n g  t h e  m et h o x y  i s 

s u p pl a nt e d  at  t h e  st arti n g  c hr o m a n e  ( 2 ).  T o  v ali d at e  t hi s  h y p ot h e si s, 

c o m p o u n d 2 ( 4 0  m g) w a s  di s s ol v e d  i n  st a bili z e d  c hl or of or m  ( 2 0  m L) 

wit h  a d diti o n al  a b s ol ut e  et h a n ol  ( 0. 5  m L)  t o  s p e e d  u p  a n y  p ot e nti al 

r e a cti o n. T h e s ol uti o n w a s all o w e d t o st a n d at r o o m t e m p er at ur e o v er -

ni g ht ( e q.  3).  Aft er  r e m o v al  of  s ol v e nt,  a n 1 H  N M R  s p e ctr u m  w a s 

r e c or d e d of t h e r e m ai ni n g r e si d u e. T h e 1 H N M R s p e ct r u m of t h e r e si d u e 

r e v e al e d  a  c o m pli c at e d  r e a cti o n  mi xt ur e  wit h  r o u g hl y  a  5 0 / 5 0  % 

mi xt ur e of t h e st arti n g c o m p o u n d 2 a n d a n ot h er c o m p o u n d ( 2 * ), w hi c h 

w e h a v e t e nt ati v el y a s si g n e d b a s e d o n t h e N M R si g n at ur e s a s a c o m pl e x 

wit h t h e 2- m et h o x y gr o u p s w a p p e d f or a n et h o x y gr o u p ( e q. 3). 

S c h e m e 2. R e a cti o n of 2 wit h 3- nitr o- o - p h e n yl e n e di a mi n e a n d 4- nitr o-o - p h e n yl e n e di a mi n e i n c hl or of or m st a bili z e d b y et h a n ol, l e a di n g t o a mi xt ur e of pr o d u ct s.  
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F or  c o m p ari s o n  p ur p o s e s,  st a c k e d 1 H  N M R  s p e ct r a  of  t h e  u p fl el d 

r e gi o n s  of  t h e  c o m pli c at e d  r e a cti o n  mi xt ur e  ( b ott o m),  t h e  pr e vi o u sl y 

i s ol at e d h y d r at e of 2 ( mi d dl e) [ 2 8 ] , a n d 2 (t o p) ar e s h o w n i n Fi g. 3 . 

T h er e w a s n o i n di c ati o n of t h e pr e s e n c e of t h e di et h o x y c hr o m a n e ( 1 ) i n 

t h e mi xt ur e, a s t h e C H2 g r o u p s w o ul d h a v e a p p e ar e d a s a c o m pli c at e d 

m ulti pl et d u e t o t h eir di a st er e ot o pi c n at ur e [ 2 8 ] , t h u s it s s p e ctr u m w a s 

n ot  i n cl u d e d i n  t h e  c o m p ari s o n.  M or e o v er,  b ot h t h e  f or m ati o n  of t h e 

h y d r at e of 2 a n d h y d r at e of 1 ( w h er e t h e m et h o x y i n h y d r at e of 2 i s 

r e pl a c e d wit h et h o x y) w er e r ul e d o ut d u e t o t h e a b s e n c e of a n u p fi el d 

br o a d si n gl et ( ~ 2. 6 p p m) f or t h e s e c o n d g e mi n al al c o h ol. Att e nti o n i s 

dr a w n t o t h e t w o, n e arl y o v erl a p pi n g, br o a d si n gl et s at 4. 7 6 p p m ( 2 H) i n 

t h e s p e ctr u m of t h e r e a cti o n mi xt u r e of 2 a n d 2 * , w hi c h i n di c at e s t w o 

di sti n ct α - h y dr o x y  k et o n e  s p e ci e s.  I n  a d diti o n,  t h er e  i s  a n  a d diti o n al 

si n gl et f or a m et h o x y gr o u p j u st f or w ar d of t h e t w o si n gl et s f or t h e t w o 

m et h yl gr o u p s of 2 (Fi g. 3 , b ott o m s p e ctr u m). T h e s e d at a (t h e tri pl et a n d 

q u art et at 0. 8 8 a n d 3. 3 8, r e s p e cti v el y, a n d t h e di sti n ct u p fl el d si n gl et at 

3. 1 8 p p m) s u p p ort t h e f or m ati o n of a mi x e d m et h o x y / et h o x y c o m pl e x 

(2 * ). Wit h t hi s k n o wl e d g e i n h a n d, t h e s o ur c e of t h e f or m ati o n of t h e 

m et h o x y / et h o x y  mi xt ur e s  ( 9 / 8 -  a n d 1 0 / 5 -r e gi oi s o m er  mi xt ur e s)  i s 

li k el y d u e t o h a vi n g b ot h 2 a n d 2 * a v ail a bl e i n s ol uti o n t o r e a ct wit h t h e 

p h e n yl e n e di a mi n e d eri v ati v e. 

T hi s e vi d e n c e s u g g e st s t h e 2- al k o x y gr o u p of t h e h e mi a c et al c hr o -

m a n e s ( 1 a n d 2 ) i s m or e l a bil e t h a n t h e 3- al k o x y gr o u p. T hi s i s li k el y d u e 

t o  t h e  r e s ulti n g  c ar b o c ati o n  b ei n g  st a bili z e d  b y  r e s o n a n c e  wit h  t h e 

p h e n yl  gr o u p  a n d  c hr o m a n e  o x y g e n  at o m.  B a s e d  o n  t h e  c o n c e pt  of 

mi cr o s c o pi c  r e v er si bilit y, a  pr o p o s e d m e c h a ni s m f or  t h e f or m ati o n of 

t h e mi xt ur e li k el y i n v ol v e s t h e li b er ati o n of t h e 2- m et h o x y gr o u p t o f or m 

a c ati o n i nt er m e di at e a s a flr st st e p ( Fi g. 4 ) [ 4 7 ] . Si n c e t h e al k o xi d e s ar e 

tr a n s i n  t h e  c hr o m a n e of 1 a n d 2 ,  t h eir f or m ati o n li k el y  i m pli c at e s a 

m e c h a ni s m  i n v ol vi n g  a nti- a d diti o n.  T h e  3- al k o x y / h y dr o x y  gr o u p s  i n 

t hi s st u d y c o ul d t e m p or aril y i nt er a ct wit h t h e c ar b o c ati o n i nt er m e di at e 

t o f or m a c y cli c o x o ni u m c ati o n i nt er m e di at e. Fr o m t hi s i nt er m e di at e, 

eit h er m et h a n ol or et h a n ol c o ul d p erf or m a n u cl e o p hili c att a c k at t h e 2- 

p o siti o n t o pr o d u c e t h e mi xt ur e of 2 a n d 2 * (Fi g. 4 ). 

R e gi o c h e mi c al o ut c o m es of t h e r e a cti o ns of s u bstit ut e d p h e n yl e n e di a mi n es 

wit h di al k o x y c hr o m a n es 

T h e  r e a cti o n  of 1 a n d 2 wit h  a s y m m etri c o - p h e n yl e n e di a mi n e d e-

ri v ati v e s  s h o w e d tr e n d s  i n  r e gi o s el e cti vit y, w h er ei n t h e  m aj or  i s o m er 

pr o d u c e d i n t h e r e a cti o n w a s t h e r e s ult of t h e m or e n u cl e o p hili c a mi n e 

r e a cti n g  wit h  t h e  m or e  el e ctr o p hili c  c ar b o n yl  gr o u p  (i nt er m e di at e) 

Fi g. 3. St a c k e d 1 H N M R s p e ct r a of t h e c o m pl e x r e a cti o n mi xt u r e of 2 a n d 2 * ( b ott o m), t h e h y d r at e of 2 ( mi d dl e), a n d c o m p o u n d 2 (t o p).  
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(Fi g. 5 ). W hil e t h e r el ati v e r e a cti vit y of t h e a mi n e s i s d u e t o t h e dir e cti n g 

eff e ct s of t h e el e ctr o n- wit h dr a wi n g gr o u p s, t h e r el ati v e r e a cti vit y of t h e 

c ar b o n yl gr o u p s i s d u e t o r e s o n a n c e st a bili z ati o n. T h e r e gi o s el e cti vit y of 

t h e  c hr o m e n o q ui n o x ali n e  pr o d u ct s  a p p e ar s  t o  e n h a n c e  wit h  t h e 

i n cr e a si n g el e ctr o n- wit h dr a wi n g eff e ct s of t h e s u b stit u e nt o n t h e p h e-

n yl e n e di a mi n e. F or e x a m pl e, t h e r e a cti o n of 1 or 2 wit h 4- nitr o- o - p h e-

n yl e n e di a mi n e s l e d t o 9 0 % s el e cti vit y of t h e 9- s u b stit ut e d i s o m er, w hil e 

t h e  r e a cti o n  wit h  3- nitr o-o - p h e n yl e n e di a mi n e  l e d  t o  9 0  %  of  t h e  1 1- 

s u b stit ut e d  i s o m er.  R e a cti o n  of 1 wit h  4- c hl or o- o - p h e n yl e n e di a mi n e, 

t h e w e a k e st el e ctr o n- wit h dr a wi n g gr o u p, yi el d e d virt u all y n o s el e cti vit y 

( 5 2 %). Fi n all y, t h e r e gi o s el e cti vit y of t h e p h e n yl e n e di a mi n e wit h t h e 

i nt er m e di at e  el e ctr o n- wit h dr a wi n g  gr o u p,  4-tri fl u or o m et h yl-o- p h e n yl -

e n e di a mi n e,  s h o w e d  a  6 6  %  s el e cti vit y  f or  t h e  9- s u b stit ut e d  i s o m er, 

sli g htl y  hi g h er  t h a n  t h e  w e a k e st  el e ctr o n- wit h dr a wi n g  gr o u p  st u di e d, 

b ut l o w er t h a n t h e str o n g e st wit h dr a wi n g nitr o gr o u p. 

Si n gl e X-r a y cr yst all o gr a p h y diffr a cti o n st u di es 

T h e  i s ol ati o n  of  t h e  m aj or  pr o d u ct s  of  t h e s e  r e a cti o n s  b y  c ol u m n 

c hr o m at o gr a p h y f oll o w e d b y cr y st alli z ati o n f urt h er af fir m e d t h e str u c -

t ur al i d e ntit y of t h e m aj or i s o m er t hr o u g h si n gl e cr y st al X-r a y diffr a cti o n 

st u di e s.  X-r a y  q u alit y  cr y st al s  of  c o m p o u n d s 6 – 1 0 s uit a bl e  f or  si n gl e 

cr y st al X-r a y diffr a cti o n e x a mi n ati o n w er e gr o w n t o af flr m t h eir str u c -

t ur al  i d e ntit y. T h eir  str u ct ur e s  a n d  n u m b eri n g  s c h e m e  ar e  s h o w n  i n 

Fi g. 6 . T h e X-r a y e x p eri m e nt al d et ail s f or e a c h ar e pr o vi d e d i n T a bl e 1 . 

T h e  str u ct ur e s  r e v e al  c o m m o n  f e at ur e s  s u c h  a s  h a vi n g  a  pl a n ar  ri n g 

q ui n o x ali n e s y st e m f u s e d t o a p u c k er e d p yr a n ri n g wit h t h e o x y g e n at o m 

r e sti n g a b o v e t h e p yr a n ri n g. T h e al k o x y gr o u p r e st s i n t h e p s e u d o- a xi al 

p o siti o n a n d bi s e ct s t h e O( 1)- C( 1)- C( 2 2) b o n d a n gl e i n a n e arl y li n e ar 

c o pl a n ar ori e nt ati o n wit h t h e C( 1)- C( 2) b o n d of t h e c hr o m a n e s y st e m 

wit h  C( 2 2)- O( 2)- C( 1)- C( 2)  di h e dr al  a n gl e s  r a n gi n g  fr o m  1 7 3  t o  1 7 5 ◦ . 

T h e p h e n yl gr o u p r e si d e s i n t h e p s e u d o- e q u at ori al p o siti o n a n d i s t or -

q u e d  wit h  r e s p e ct  t o  t h e  C( 1)- O( 1)  b o n d  of  t h e  c hr o m a n e  ri n g  wit h 

v ar yi n g di h e dr al a n gl e s f or e a c h c o m p o u n d (- 1 4 9. 8 3 ◦ t o − 1 5 9. 4 9 ◦ ). T h e 

o b s e r v e d arr a n g e m e nt of t h e p h e n yl a n d al k o x y gr o u p s o n C( 1) i s li k el y 

a m e a n s t o mi ni mi z e st eri c i nt er a cti o n s. C o m p o u n d s 6 a n d 8 – 1 0 cr y s -

t alli z e a s a p air of R a n d S e n a nti o m er s. T h e t w o e n a nti o m er s a s s o ci at e 

a s di m er s a b o ut a c e nt er of i n v er si o n. C o m p o u n d 7 i s di sti n ct fr o m t h e 

ot h er c o m p o u n d s a s it c o- cr y st alli z e s a s t w o s e p ar at e e n a nti o m er s. B ot h 

e n a nti o m er s of 7 w er e i s ol at e d i n t hi s st u d y a n d cr y st alli z e d i n t h e s a m e 

cr y st al s y st e m. D u e t o t h eir si mil ariti e s, o nl y t h e R- e n a nti o m er i s s h o w n. 

B ot h e n a nti o m er s of 7 s h o w a l ar g e v oi d t h at w a s s ol v e nt- m a s k e d i n t h e 

d at a  a n al y si s  a n d  d et er mi n e d  t o  h a v e  e x c e s s,  u ni d e nti fl e d,  el e ctr o n 

d e n sit y  t h at  c orr el at e d  t o  a n  et h a n ol  ( C 2 H 6 O)  r e si d u e.  I nt er e sti n gl y, 

c o m p o u n d 7 s h o w e d a d diti o n al el e ctr o n d e n sit y att a c h e d t o C( 2 0) aft er 

fl n al r e fl n e m e nt. It w a s f o u n d t h at t hi s e x c e s s el e ctr o n r e si d u e w a s t h e 

r e s ult of a c hl ori n e at o m b ei n g i nt er mitt e ntl y att a c h e d at t h e 1 0- p o siti o n 

i n t h e l atti c e wit h a c h e mi c al o c c u p a n c y of 3 3 %. 

Fi g. 4. Pr o p o s e d m e c h a ni s m f or t h e f or m ati o n of 2 * .  

Fi g. 5. S c h e m e s h o wi n g t h e r e gi o c h e mi c al s el e cti vit y i n t h e r e a cti o n of 1 or 2 wit h 3- a n d 4- s u b stit ut e d o- p h e n yl e n e di a mi n e s. A cti v at e d a n d d e a cti v at e d p airi n g of 

t h e a mi n e a n d c ar b o n yl gr o u p w hi c h l e a d s t o r e gi o c h e mi c al o ut c o m e s. 
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C o n cl u si o n 

W e h a v e s h o w n t h at di al k o x y- 2- p h e n yl c hr o m a n- 4- o n e s ( 1 ) a n d (2 ) 

r e a ct r e a dil y wit h di a mi n e s t o pr o d u c e r a c e mi c mi xt ur e s of c hr o m e n o -

q ui n o x ali n e s ( 3 – 1 0 ). W hil e r e a cti o n s wit h 1 pr o c e e d e d wit h o ut t h e ai d 

of t h e tr a n siti o n m et al c at al y st, c o m p o u n d 2 n e c e s sit at e d it s u s e, li k el y 

d u e t o t h e m et h o x y gr o u p s ’ i n a bilit y t o di s s o ci at e t o all o w f or a ut o xi-

d ati o n. I n eit h er c a s e, t h e r e a cti o n m e c h a ni s m i n v ol v e s t h e f or m ati o n of 

a di o n e i nt er m e di at e t h at u n d er g o e s a d o u bl e i mi n ati o n r e a cti o n t o cl o s e 

t h e  q ui n o x ali n e  ri n g  s y st e m.  T h e  r e a cti o n s  wit h  a s y m m etri c o - 

p h e n yl e n e di a mi n e s pr o d u c e d t w o r e gi oi s o m er s t h at ar e d o mi n at e d b y 

t h e r el ati v e r e a cti vit y of t h e a mi n e a n d c ar b o n yl gr o u p s t o w ar d n u cl e -

o p hili c  a c yl  a d diti o n  r e a cti o n s.  R e gi o c h e mi c al  c o ntr ol  a p p e ar s  t o  i n -

cr e a s e  wit h  t h e  r el ati v e  el e ctr o n- wit h dr a wi n g  p ot e nti al  of  t h e 

s u b stit u e nt s, w h er e b y hi g hl y d e a cti v at e d di a mi n e gr o u p s l e d t o t h e b e st 

r e gi o c h e mi c al  o ut c o m e s.  I n  t h e  f ut ur e,  w e  will  f urt h er  e x a mi n e  t hi s 

c h e mi str y  wit h  t h e  c hr o m a n e  di h y dr at e s  ( 3, 3- di h y dr o x y- 2- al k o x y- 2- 

p h e n yl c hr o m a n- 4- o n e s) t o g a u g e t h e s c o p e of t hi s r e a cti o n. 

Fi g. 6. M ol e c ul ar str u ct ur e s of ( a) 6- et h o x y- 6- p h e n yl- 9-(tri fl u or o m et h yl)- 6 H- c hr o m e n o [ 3, 4- b ] q ui n o x ali n e ( 6 ), ( b) 9- C hl or o- 6- et h o x y- 6- p h e n yl- 6 H- c hr o m e n o [ 3, 4- b ] 

q ui n o x ali n e  ( 7 ),  ( c)  6- et h o x y- 1 1- nitr o- 6- p h e n yl- 6 H- c hr o m e n o [ 3, 4- b ] q ui n o x ali n e  ( 8 ),  ( d)  6- m et h o x y- 1 1- nitr o- 6- p h e n yl- 6 H- c hr o m e n o [ 3, 4- b ] q ui n o x ali n e  ( 9 ),  ( e)  6- 

m et h o x y- 9- nitr o- 6- p h e n yl- 6 H- c hr o m e n o [ 3, 4- b ] q ui n o x ali n e ( 1 0 ) a n d (f) n u m b eri n g s c h e m e. T h er m al elli p s oi d s ar e d e pi ct e d at 5 0 % pr o b a bilit y wit h h y dr o g e n at o m s 

o mitt e d f or cl arit y. 

T a bl e 1 

Cr y st al d at a a n d str u ct ur e r e fi n e m e nt d et ail s f or c o m p o u n d s 6 – 1 0.   

St r u ct u r e 

( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 1 0 ) 

C h e mi c al f or m ul a  C 2 4 H 1 7 F 3 N 2 O 2 C 2 3 H 1 7 Cl N 2 O 2 C 2 3 H 1 7 N 3 O 4 C 2 2 H 1 5 N 3 O 4 C 2 2 H 1 5 N 3 O 4 

M r 4 2 2. 3 9 3 8 8. 8 3 3 9 9. 3 9 3 8 5. 3 7 3 8 5. 3 7 

Cr y st al s y st e m, 

s p a c e gr o u p 

M o n o cli ni c, P 2 1 / n O rt h o r h o m bi c, P 2 1 2 1 2 1 T ri cli ni c, P 1- b ar Tri cli ni c, P 1- b ar Tri cli ni c, P 1- b ar 

a , b , c ( Å) 9. 9 4 1 5 3 ( 1 2), 9. 5 8 3 9 1 ( 1 1), 

2 1. 3 7 6 8 ( 2) 

1 9. 5 6 2 0 ( 1 2), 1 8. 6 4 8 2 ( 1 2), 

6. 0 0 7 4 ( 4) 

8. 9 5 8 2 ( 3), 9. 3 7 5 8 ( 2), 

1 2. 1 1 1 9 ( 5) 

8. 8 2 2 2 ( 2), 9. 1 3 0 0 ( 2), 

1 1. 5 5 4 4 ( 3) 

7. 0 9 6 1 ( 5), 1 0. 6 4 2 1 ( 8), 

1 3. 2 1 7 7 ( 9) 

α , β , γ (◦ ) 9 0, 1 0 0. 6 3 4 0 ( 1 1), 9 0 9 0, 9 0, 9 0 8 6. 8 9 4 ( 3), 7 5. 6 1 6 ( 4), 

7 4. 3 7 1 ( 2) 

9 1. 8 6 9 ( 2), 9 6. 1 2 7 ( 2), 

1 0 5. 7 7 3 ( 2) 

1 1 2. 1 1 7 ( 7), 9 1. 7 3 7 ( 6), 

9 8. 9 9 2 ( 6) 

V ( Å3 ) 2 0 0 1. 7 8 ( 4) 2 1 9 1. 5 ( 2) 9 4 8. 8 7 ( 6) 8 8 8. 6 6 ( 4) 9 0 9. 0 1 ( 1 2) 

Z 4 4 2 2 2 

R i nt 0. 0 2 3 0. 0 8 9 0. 0 2 8 0. 0 3 8 0. 0 6 1 

R [ F 2 > 2 σ (F 2 ) ], wR 

(F 2 ), S 

0. 0 5 4, 0. 1 7 2, 1. 0 5 0. 0 5 4, 0. 1 6 9, 1. 0 6 0. 0 4 6, 0. 1 4 8, 1. 0 7  0. 0 3 8, 0. 1 0 8, 1. 0 3  0. 0 7 1, 0. 2 3 2, 1. 0 3  
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