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A NEW SYNTHESIS OF QUINOL-2,4-DIONES 
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N-Methyl-3-(3-methyl-2-butenyl)-2,4-dihydroxyquinoline 

(4) has been synthesized by a new method involving the condensa- 
tion of N-methylisatoic anhydride with diethylmalonate followed 

by alkylation with 4-bromo-2-methyl-2-butene and decarbethoxyla- 

tion with copper (11) acetate in hot hexamethylphosphorous- 

triamide giving the desired quinol-2,4-dione system. Alternate 

procedures were studied and were found successful, but in lower 

yields. The new procedure represents a versatile entry into 

compounds of this type and promises to be general. 
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Because o f  t h e  a n t i m i c r o b i a l  a c t i v i t y  o f  p t e l e a t i n i u m  

c h l o r i d e  CL)', t h e  wide d i s t r i b u t i o n  of quinol-2,U-diones i n  

n a t u r e , '  and a d e s i r e  t o  be a b l e  t o  make ana logs  f o r  b i o l o g i c a l  

t e s t i n g ,  a  f l e x i b l e  s y n t h e s i s  of 2,U-quinolones was sought .  

There a r e  a number of e x i s t i n g  syntheses  of t h i s  ~ y t e m . ~  The 

most commonly used procedure ,  t h a t  of Grundon g e. (hed t ing  

a  s u b s t i t u t e d  a n i l i n e  wi th  a  2 - subs t i t u t ed  malonate  e s t e r ) ,  

r e q u i r e s  a  p y r o l y t i c  r i n g  a c y l a t i o n  i n  t h e  qu ino l ine  r ing-forming 

s t e p .  Although t h e  procedure is s h o r t ,  it has  t h e  d i sadvantages  

of o c c a s i o n a l l y  g iv ing  low y i e l d s  and being s u s c e p t i b l e  t o  

o r i e n t a t i o n  problems when c e r t a i n  s u b s t i t u t e d  a n i l i n e s  a r e  

employed. We t h e r e f o r e  explored t h e  u se  o f  N-methyl isatoic  

anhydr ide  a s  a s t a r t i n g  m a t e r i a l .  Th i s  subs tance  and i t s  

4 s e v e r a l  commercially a v a i l a b l e  ana logs  have t h e  advantage 

of having t h e  d e s i r e d  a ry l -carbonyl  bond preformed. The concept  

of t h e  new process  i s  i1lustr;ated" i n  t h e ,  scheme: 
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In practice, treatment of N-methylisatoic anhydride (2) 
in refluxing glyme for 24 hr. with 2 equivalents of sodiodiethyl- 

malonate afforded, after chromatography, N-methyl-3-carbethoxy- 

2,4-dihydroxyquinoline (3) in 55% yield. h.p. 103-104°, pmr 6 

(CDC13): 1.47 (3H, t, 5-7 Hz, -CH2CH3), 3.61 (3H, s, NMe), 4.50 

(2H, q, 5.7 Hz, -OCH2Me), 7.00-8.30 (4H, m, ArH), 14.17 (lH, 

br.s, exchangable, -C=COH)l. Alkylation of 3 in refluxing acetone 

with 4-bromo-2-methyl-2-butene and K2C03 for 22 hr. gave N-methyl- 

3-(3-methyl-2-butenel-3-carbethoxy-2 ,LI-dioxo-1,2,3,4-tetrahydro- 

quinoline (5 )  in 75% yield as a pale yellow oil. Ci.r. 1760, 

1696, 1663 and 1608 cm-l, pmr 6 (CDC13): 1.18 (3H, t, h=7 Hz, 

-CH CH ) ,  1.43 and 1.50 (3H each, br. s, 2 -3 -CH=Ck2), 3.07 (2H, 

br. d, J-7 Hz, -CH2CH=), 3.44 (3H, s, NMe), 4.18 (2H, t, 5.7 Hz, 

-CH2Me), 4.85 (lH, br. t, J.7 Hz, -CH=CMe2), 7.00-8.30 (4H, m., 

+ 
ArH), eimst M ~3151. Decarbethoxylation was carried out in hot 

(22S0) hexamethylphosphoroustriamide for 1.5 hr. in the presence 

of copper (11) acetate.5 After chromatography on silica gel, 2 
was obtained in 67% yield. Cm.p. 151-153O, i.r.3250-3450 cm-l, 

1638, 1616 and 1592 cm-l, pmr 6 (CDC13) 1.79 and 1.83 (3H each, 

br. s, -CH=Cs2 ), 3.52 (2H br. d, j.7.5 Hz, -CH2CH=CMe2), 3.68 

(3H, s, NMe), 5.40 (lH, br. t, 5 ~ 7 . 5  Hz, -CH2CH=CMe2), 7.00-8.30 
+ 

(4H, m, ArH), eims, M ~2431. Conversion of 5 and its analogs 
to the pteleatinium system can be accomplished by the Grundon 

methods. 3 

Some less satisfactory but still successful variations on 

this basic route were also investigated. Acid 6 was obtained in 

t.electron impact mass spectrometry. 



90% y i e l d  by  t r e a t m e n t  ( 3  h r ,  room t e m p . )  o f  3 w i t h  B B r 3  i n  

c h l o r o f o r m .  Cm.p. 190-191° ,  pmr G(CDC13): 3.74 (3H, s ,  NMe), 

7.23-8.45 (4H, m, ArH) , 14 .56  and  1 5 . 5 3  (1H e a c h ,  s ,  -C02K and  

t 
O K ,  b o t h  e x c h a n g a b l e ) ,  e i m s ,  M = 219 ,  a n a l .  C ,  H ,  N 1 .  R e a c t i o n  

o f  6 w i t h  2 , 2 , 2 - t r i c h l o r o e t h a n o l  a n d  dicyclohexylcarbodiimide 

i n  r e f l u x i n g  benzene  (23  h r )  a f f o r d e d  t r i c h l o r o e s t e r  i n  58% 

y i e l d .  [m.p. 128-129°,  ir 1 6 6 8 ,  1 6 6 0 ,  1650 a n d  1636 Em-', pmr 
t 

6  (CDC13): 5 . 8 3  (2H, s ,  -OCH2CC13), e ims,  M -349,  a n a l .  C,  H, N1. 

A l k y l a t i o n  o f  1 was c a r r i e d  o u t  i n  r e f l u x i n g  a c e t o n e  (48 h r )  

w i t h  4-bromo-2-methyl-2-butene and  K2C03. A f t e r  ch romatography ,  

8  was o b t a i n e d  as a n  o i l  i n  o n l y  1 8 %  y i e l d .  [ i . r .  1 7 7 5 ,  1 6 9 7 ,  - 
1662 and  1605  c m - l ,  pmr 6(CDC13) 1 . 4 7  a n d  1 .54  (3H e a c h ,  s ,  

-CH=CMe2), - 3 .13  (2H, b r .  d ,  j z 7 . 5  Hz, -Cg2CH=CMe2, 3 .48  (3H, s ,  

NMe), 4.72 (ZH, s ,  -OCK2CC13), 4.89 ( l H ,  b r .  t ,  5 - 7 . 5  Hz, 
t 

-CH CH=CMe2), 7 .00 -8 .10  (4H, m ,  ArH) ,  eims M ~ 4 1 7 1 .  C o n v e r s i o n  
2  - 

of  8 t o  5 was a c c o m p l i s h e d  i n  97% y i e l d  by t r e a t m e n t  w i t h  z i n c  

d u s t  i n  acet ic  a c i d  f o r  1 0  mins .  

The low y i e l d  i n  t h e  a l k y l a t i o n  s t e p  s p o i l e d  t h a t  p r o c e s s .  

T h i s  i s  a t t r i b u t a b l e  t o  f o r m a t i o n  of  s u b s t a n t i a l  q u a n t i t i e s  

( 7 6 % )  of  d i a l k y l a t e d  p r o d u c t  9. Ci.r. 1 6 9 3 ,  1660 and  1605  c m - l ,  

pmr 6  (CDC13) 1 . 4 8  a n d  1 . 5 7  (6H e a c h ,  s ,  2  x  C H = C E 2 ) ,  2.70 (4H, 

b r .  d ,  5 - 7 . 5  Hz, 2 x  -CF12CH=CMe2), 3 .43  (3H, s ,  NMe), 4 . 8 3  (2H, 

b r .  t ,  5 - 7 . 5  Hz, 2  x  -CH CH=CMe2), 6 .95-8 .10 (4H,  m ,  ArH) ,  eims 2  - 
t 

M =3111.  The mechanism of t h e  f o r m a t i o n  of  9 f rom 8 i s  u n c i e a r .  

D e t r i c h l o r o e t h o ~ y l a t i o n  of 8 i s ,  however ,  a v e r y  f ac i l e  p r o c e s s .  

H y d r o l y s i s  of  3 o c c u r s  v e r y  r e a d i l y  ( h e a t i n g  a t  13S0 f o r  30 mins  
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i n  g l y c e r o l  con ta in ing  a  t r a c e  of  wa te r )6  t o  g ive  N-methyl-quinol- 

2,4-dione (10) i n  77% y i e l d .  Cm.p. above 260°, pmr 6 ( C D C 1 3  + 

DMSO-dB): 3.64 (3H, s ,  NMe), 6.63 ( l H ,  s ,  C 3 H ) ,  7.17-8.13 (4H, 
t 

m,  A r H ) ,  eims M -1611. On t h e  o t h e r  hand, compound 4 f a i l e d  t o  

g ive  5 ( s t a r t i n g  m a t e r i a l  i s  recovered i n  e x c e l l e n t  y i e ld  even upon 

hea t ing  i n  g l y c e r o l  a t  220°). It seems p l a u s i b l e  t h a t  t h e  a l k a l i n e  

a l k y l a t i n g  cond i t ions  cause hydrolys is  and decarboxyla t ion  of  8 

followed by a l k y l a t i o n  aga in  t o  9. A l t e r n a t e l y ,  d e e s t e r i f i c a t i o n -  

decarboxyla t ion  t o  10 followed by b i s a l k y l a t i o n  ( a  r e a c t i o n  we 

have observed s e p a r a t e l y )  i s  a l t e r n a t e l y  poss ib l e .  I n  f a c t ,  

a t tempted monoalkylation of 10 f a i l s  i n  our  hands due t o  pre- 

dominate formation of  9.  Others have made s i m i l a r  obse rva t ions .  7  

This may a l s o  be overcome by monobromination o f  10 followed by 

a l k y l a t i o n  and removal of t h e  halogen wi th  z inc  d u s t  t o  g ive  5 

i n  good y i e l d .  Unusual hydro ly t i c  cond i t ions  were explored because 

of t h e  ex tens ive  cleavage t o  undes i rable  s i d e  products  t h a t  5 
undergoes us ing  conventional  a l k a l i n e  and a c i d i c  hydro lys i s  

cond i t ions .  
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