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SUMMARY 

1, 4- Ehyh-17n8thOzy-6, 7methylsnediozy-l-atoquinoline- 
3-carbozylic acid (I) (AB-Z06), a new s y t h s t i c  antimicrobial 
agent, t a e  labe l led  with carbon-14 at  C-3 position of the quino- 
linone ring for metabolic studies. 
according to  the reaction schemes sham i n  Fig. 1 and 4; 

involved a newly  devised by-reaction, the cadeneation of 
diethy1 ~nalonate-Z-~~C v i t h  ethyl orthofomnta and 3, rl-msthytene- 
d ioqan t t ine  ir! the presence of a n h y h s  ainc chloride as a 
catalyst  to ethyl a-carbetho~-B-(3,4-methytenediozyanilino) 
a ~ r y l a t a - Z - ~ ~ C  (111). 

AB-206-3-”C (I) 9.6% from ~nathanol-~~C.  

The s y t h e s i o  w8 achieved 
which 

The ovemll  radiochemical y i e l d  of 

INTRODUCTION 

In our investigation of antimicrobial agents, 1,4-dihydro-l-methoxy- 
( 1 )  6,7-methylenedioxy-4-oxoquinoline-3-carboxylic acid (M-206 ,  I) has been 

found to be active especially against gram-negative microorganisms. The 

preliminary metabolic studies”) of the agent with the use of AB-2O6-l4C 

labelled at N-methoxy group revealed that the agent readily underwent 

0-demethylation in rats, so that it became necessary to prepare ring- 

Q 1974 bg John Wileg 8 Sons, Liki. 
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l a b e l l e d  AB-206 i n  order  t o  fol low up the metabolic f a t e  of the quinolinone 

res idue .  

Crew(3) repor ted  the metabolism of oxol in ic  a c i d ,  1 ,4-dihydro-l-ethyl-  

6,7-methylenedioxy-4-oxoquinoline-3-carboxylic ac id ,  i n  which they employed 

oxol in ic  acid-14C labe l led  a t  C-3 pos i t ion .  

r e p o r t  concerning the s y n t h e s i s  of the l a b e l l e d  compound has appeared so  f a r .  

Recent ly ,  V ~ l f o r d ' ~ )  reported a s y n t h e s i s  of 3-carbethoxy-4-hydroxy-7-methyl- 

1,8-naphthyr id i t1e-~~C.  

carbonyl  s i n c e  the s t a r t i n g  m a t e r i a l  was a,a-picolylaminomethylenemalonic 

e s  t e r - ( ~ a r b o n y l - ~ ~ C ) .  

To our knowldge, however, no 

In  t h i s  case ,  the l a b e l l i n g  p o s i t i o n  was C-4 and/or 

In  t h i s  r e p o r t  we  d e s c r i b e  the s y n t h e s i s  of AB-Z06-14C l a b e l l e d  a t  

C-3 p o s i t i o n  of the  quinol inone-r ing.  

DISCUSSION 

The s y n t h e s i s  of d i e t h y l  mal0nat t? -2-~~C was achieved through the wel l -  

i l l u s t r a t e d  i n  Fig. 1. The labe l led  run u t i l i z e d  (5-9) known r e a c t i o n  scheme 

6.5 m o l e s  of methan01-'~C wi th  a t o t a l  a c t i v i t y  of 75 m C i .  

d i e t h y l  m a l 0 n a t e - 2 - ~ ~ C  was 35% based on methanol- 

The y ie ld  of 

14 
C.  

C2H5OH Br$H2C02Na -> KCN NC?HzCO2Na ___3 eH2(C0 C H ) 
2 2 5 2  

H2% 

Fig.  1. Scheme f o r  the s y n t h e s i s  of d i e t h y l  mal0nate-2-'~C. 

General methods u t i l i z e d  s o  far for  the synthes is  of unlabel led 3- 

carbethoxy-4-hydroxyquinolines with  the use of d i e t h y l  malonate a s  a raw 

mater ia l  comprise that( ' ')  which is i l l u s t r a t e d  i n  Fig. 2 .  
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* 
CH2(C02Et)Z + CH(OEt)3 + EtOCH-E(C02Et)2 

(11) 

Fig. 2 .  Scheme f o r  the synthes is  of  3-carbethoxy-4-hydroxy- 

qu i n o l i n e s  through e thoxyme thylenemalonic e s t e r .  

However, p r i n c i p a l  disadvantages of  t h i s  method through ethoxymethylene- 

malonic e s t e r  ( M E )  (TI)  a r e  the mediocre y i e l d  and the technica l  complexity 

i n  the small-scale  prepare t ion  of M E  i t s e l f .  

E N M E - Z - ~ ~ C  was obtained i n  the y ie ld  of only 507. a t  the h i g h t e s t  from 

d i e t h y l  m a l ~ n a t e - Z - ~ ~ C .  

was considered d e s i r a b l e .  

I n  f a c t ,  by our hands, 

An i n v e s t i g a t i o n  of a l t e r n a t e  routes ,  therefore ,  

The observa t ion  of Egl i (") ,  t h a t  e t h y l  cyanoacetate  when t rea ted  wi th  

ethoxyformirnine ( V )  undergoes condensat ion with a n i l i n e s  to P-ani l inoacry la tes  

(VI) suggests  the p o s s i b i l i t y  t h a t  d i e t h y l  malonate might r e a c t  like 

cyanoacetate  t o  give P-ani l inoacry la tes  (111). 

XtHZCOZ E t + EtOCH=EfH2C 1- + 
R 

111: X=COZEt 

V I :  X=CN 
- .J&CH'iCC02Et 

'X 
R 
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Fig. 3. Scheme f o r  the s y n t h e s i s  of P-ani l inoacry la tes  by 

E g l i ' s  method. 

Accordingly, we t r i e d  t h i s  method under a v a r i e t y  of  r e a c t i o n  condi t ions ,  

bu t  we only obtained a low y i e l d  of I11 as a mixture with by-products 

(VII and V I I I ) .  

In the course of these  experiments, while i n v e s t i g a t i n g  the use of 

var ious  ac ids  as  c a t a l y s t s ,  i t  was observed t h a t  e t h y l  or thoformate,  ins tead  

of formimine ( V ) ,  and d i e t h y l  malonate could condense with a n i l i n e s  i n  the 

presence of  anhydrous z inc  ch lor ide  a s  a c a t a l y s t  t o  form I11 (Fig.  4 ) .  

Af te r  cons iderable  i n v e s t i g a t i o n ,  a condi t ion  was es tab l i shed  under which 

good y i e l d s  of P-ani l inoacry la tes  could be obtained without  any s i g n i f i c a n t  

amount of by-products Thus h e a t i n g  a mixture of  d i e t h y l  m a l 0 n a t e - 2 - ~ ~ 6 ,  

e t h y l  or thoformate,  3,4-methylenedioxyaniline and z inc  ch lor ide  a t  120 - 
130° f o r  4 h r ,  fallowed by column-chromatography gave p-ani l inoacry la te -  

d 4 C  (111) i n  65% y i e l d  and d i e t h y l  m a l 0 n a t e - 2 - ~ ~ C  i n  15% recovery. 

w . 

* C H ~ ( C O ~ C ~ H ~ ) ~  + C H ( O C ~ H ~ ) ~  + ZnC l2 
> 

IX: R=C2H5, X=C1 

X: R=CH3, X=OCH3 

** Synder and J o n e s ( l 2 )  reported the same type of r e a c t i o n s  i n  which 

no c a t a l y s t  was employed, b u t  they only  obtained a-carbethoxy- 

P-ani l inoacry lan i l ine  (VII). 
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0 
m-chloroper; (3mC02CH3 X"3 i )  C H 3 1  ~ ,,,Wco,R 

\ 
benzo ic  a c i d  i i )  HC1 

Y 

0 6 C H 3  
XI 

XII: R=CH3 

I: R=H 

Fig. 4. Scheme f o r  t he  s y n t h e s i s  of AB-2O6-3-l4c from 

d i e  t h y l  ma lona te-2-  14C. 

14 
Conversion of P - a n i l i n ~ a c e y l a t e - Z - ~ ~ C  (111) t o  AB-206-3- C ( I )  was 

accomplished acco rd ing  t o  t h e  r e a c t i o n  scheme demonstrated in Fig .  4 ,  which 

was e s t a b l i s h e d  by Nakagome(13) for  t h e  l a rge - sca l e  p r e p a r a t i o n  of u n l a b e l l e d  

compounds. 

c h l o r i d e  gave 3-carbetho~y-4-chloroquinoline-3-~~C (IX) i n  82% y i e l d ,  which 

was then  t r e a t e d  w i t h  sodium methoxide t o  a f f o r d  3-carbomethoxy-4-methoxy- 

q ~ i n o l i n e - 3 - ~ ~ C  ( X )  i n  637.. N-Oxidation of X w i t h  g -ch lo rope rbenzo ic  ac id  t o  

N - o ~ y q u i n o l i n e - 3 - ~ ~ C  ( X I )  (877. y i e l d ) ,  fol lowed by t r ea tmen t  of the l a t t e r  

w i t h  me t h y l  i od ide  y i e l d e d  N-me thoxyquinol ine-3-  14C (XII) . 
of the  e s t e r  (XII) to  AB-206-3- C ( I )  w a s  r e a d i l y  achieved i n  1 N HCL i n  a 

q u a n t i t a t i v e  y i e l d .  

Cyc l y z a t i o n  of P - a n i l i n o a ~ r y l a t e - 2 - ~ ~ C  (111) w i t h  phosphoryl  

F i n a l l y ,  h y d r o l y s i s  

14 

The o v e r a l l  y i e l d  of ~ ~ - 2 0 6 - 3 - ~ ~ ~  was 9.67. from methanol- 

l4C.  

EXPERIMENTAL 

14 14 Sodium a c e t a t e - 2 -  C -- Sodium a c e t a t e - 2 -  C was syn thes i zed  i n  579. (43.2 mCi) 

y i e l d  from methanol-14C (75.0 m C i ,  6.5 mnol) by a s t anda rd  method(5);  which 

comprised i o d i n a t i o n  of methanol-14C i n  57% h y d r i o d i c  a c i d ,  fol lowed by 

Grignard r e a c t i o n  of t h e  r e s u l t e d  methyl  iodide-14C wi th  magnesium and ca rbon  

d iox ide .  
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Sodium b romoa~e ta t e -2 -~ 'C  -- Sodium acetate-2-14C (43.2 m C i ,  3.7 mmol)  was 

t ransformed i n t o  sodium bromoacetate-2-  C by t h e  method o f  Kzgl,  h e l o t  and 

den B e e r ( 6 ) .  

ace t a  t e - ~ l ~ ~ .  

14 

The y i e l d  o f  sodium b r o m o a ~ e t a t e - 2 - ~ ~ C  was 90% based on sodium 

Sodium cyanoace ta t e -2 -  14C -- Sodium c y a n o a ~ e t a t e - 2 - ' ~ C  was prepared from 

sodium b r ~ m o a c e t a t e - Z - ~ ~ C  (38.9 m C i ,  6.7 mmol) acco rd ing  t o  the  method of Gal 

and Shutgin") .  

p u r i f i c a t i o n .  

The product  was used f o r  t he  fo l lowing  r e a c t i o n  w i t h o u t  any 

Die thy l  m a l 0 n a t e - 2 - ~ ~ C  -- This  subs t ance  was prepared d i r e c t l y  from sodium 

~ y a n o a c e t a t e - 2 - ' ~ C  a c c o r d i n g  t o  the  method dev i sed  by C h r i s t i e ( ' )  and a p p l i e d  

For the f i r s t  time t o  t h e  r a d i o a c t i v e  p r e p a r a t i o n  by G i a n e t t ~ ' ~ ) .  

Concentrated s u l f u r i c  a c i d  (4 m l )  was added dropwise a t  OOto a mix tu re  of 

sodium c ~ a n o a c e t a t e - 2 - ~ ~ C  ( c a .  6.7 mnol), anhydrous benzene (1.5 m l )  and 

a b s o l u t e  e t h a n o l  ( 9  ml).  The mix tu re  was heated t o  r e f l u x  for 4.5 h r .  A f t e r  

c o o l i n g ,  i ce -wa te r  ( ca .  30 rnl) was added t o  the  mix tu re ,  which was e x t r a c t e d  

w i t h  e t h e r .  The e t h e r e a l  e x t r a c t  w a s  washed w i t h  5% sodium c a r b o n a t e  s o l u t i o n  

and w a t e r ,  d r i e d ,  and evapora t ed  to  g i v e  c rude  d i e t h y l  m a l ~ n a t e - Z - ~ ~ C  (27.0 

nCi, 70% from sodium b r o m o a ~ e t a t e - 2 - ' ~ C ) ,  which, by radio-gaschromatogram 

a n a l y s i s ,  was r e v e a l e d  t o  c o n t a i n  2.6% (0.7 mCi) o f  e t h y l  cyanoacetate-2-14C. 

This  mix tu re  w a s  used wi thou t  p u r i f i c a t i o n  f o r  t he  fo l lowing  r e a c t i o n s .  

Ethyl  etho~ymethylenernalonate-2-~~C -- A mix tu re  of d i e t h y l  r n a l o r ~ a t e - Z - ~ ~ C  

(5.0 g ,  31  m o l ,  0.38 mCi), e t h y l  o r tho fo rma te  (5.2 g, 36 mnol), a c e t i c  

anhydride (6.6 g ,  48 m o l )  and anhydrous z i n c  c h l o r i d e  (2 mg) was prepared i n  

a 30 m l  f l a s k  equipped w i t h  a thermometer,  a gas i n l e t  tube and a 14 cm 

calumn. The column was a t t a c h e d  t o  a s t i l l  head and condenser .  The mixture  

was a g i t a t e d  f o r  5 min. by a s t r e a m  of d r y  a i r  and then  hea ted  as fo l lows :  
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102 - 115' for 2.5 hr, 115 - 127' for 7 hr (at this point, 1.1 g of ethyl 

orthoformate and 1.3 g of acetic anhydride were added), 127 - 145' for 2 hr, 

and 145 - 155O for 2 hr. 

reduced pressure to give ethyl etho~ymethylenemalonate-2-~~C, bp. 106 - 110' / 

0.25 Torr, in 49% yield ( 3 . 1  g, 0.18 mCi). 

After cooling, the mixture was distilled under 

Condensation reaction of diethyl malonate with ethoxyformimine hydrochloride 

(v) and 3,4-methylenedioxyaniline. -- A mixture of diethyl malonate (1.05 g, 

8.20 mnol), ethoxyformimine hydrochloride (V) (0-90 g ,  8.26 mol), 3,4- 

methylenedioxyaniline (1.13 g, 8.20 mmol) and triethylamine (1.20 g, 12 mmol) 

was heated at 110 - 120' for 6 hr. The mixture was extracted with ether, and 

the extract was washed with water, dried and evaporated to give a crystalline 

residue. 

5 min. and filtered. From the filtrate, diethyl malonate (0.31 g, 30%) was 

recovered. 

chloroform to afford ethyl a-carbethoxy-~-(3,4-methylenedioxyanilino)acrylate 

(111) (0.45 g, 18%, mp. 100 - 102'), a-carbethoxy-~-(3,4-methylenedioxyanilino)- 

acrylanilide (VII) (0.21 g, 7%, mp. 167 - 169'), bis-(3,4-methylenedioxyphenyl)- 

formamidine (VIII) (0.26 g, 11%, mp. 165 - 167') and 3,4-methylenedioxyaniline 

(0 .21  g, 19%). These products were identical with authentic samples in the 

infra-red spectra. 

To the residue n-hexane was added, and the mixture was stirred for 

The crystalline residue was chromatographed on silica gel in 

Ethyl a-carbethoxy-~-(3,4-methylenedioxyanilino)acrylate-2-14C -- A mixture of 

diethyl malonate-2- C (1.06 g, 10.0 mmol, 20.1 Ki), ethyl orthoformate (1.78 

g, 12.0 mnol), 3,4-methylenedioxyaniline (1.64 g, 12 mmol) and anhydrous zinc 

chloride (50 mg) was heated at 122 - 125" f o r  7.5 hr. The mixture was 

dissolved in chloroform. The chloroform solution was washed with water, dried 

and evaporated to give a residue. Column chromtography of the residue in 

chlofoform on silica gel yielded diethyl mal~nate-Z-'~C (0.24 g, 3.0 mCi) as  

14 
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t he  f i r s t  e l u a t e ,  and e t h y l  a-carbethoxy-~-(3,4-methylenedioxyanilino)acrylate- 

Z - 1 4 C  (111) (1.99 g, 1 3 - 0  mCi) a s  t he  second e l u a t e ;  t he  l a t t e r  showed the  

i d e n t i c a l  Rf -va lue  (0.46) on  s i l i c a  gel-TLC, deve loped  w i t h  ch loroform/methanol  

= 20/1, and IR-spec t rum i d e n t i c a l  w i t h  the  a u t h e n t i c  u n l a b e l l e d  sample .  

3-Carbethoxy-4-chlor0-6,7-methylenedioxyquinoline-3-~~C ( I X )  - -  A m i x t u r e  o f  

a -carbe thoxy-P-(3  ,4-methylenedio~yanilino)acrylate-2-~~C (111) (1 .99  g ,  6.48  

mmol, 13.0 mCi) and phosphoryl  c h l o r i d e  (1 .53  g ,  10.0 mmol) i n  anhydrous 

to luene  (15  ml) was h e a t e d  under  r e f l u x  f o r  8 h r .  The m i x t u r e  was c o n c e n t r a t e d  

t o  d ryness  under  reduced  p r e s s u r e .  The r e s i d u e  t aken  up i n  ch lo ro fo rm was 

washed w i t h  1Gi, sodium c a r b o n a t e  s o l u t i o n  and water, d r i e d  and e v a p o r a t e d .  

The c rude  p roduc t  was s u b j e c t e d  t o  column chromatography on  s i l i c a  g e l .  

E l u t i o n  w i t h  ch lo ro fo rm gave 3-carbethoxy-4-chloro-6,7-methylenedioxyquinoline- 

3-14C (IX) (1 .49  g ,  10.7 mCi),  mp. 109 - l l O o ,  i d e n t i c a l  w i t h  the  a u t h e n t i c  

u n l a b e l l e d  compound i n  t h e i r  IR-spec t r a .  

3-Carbomethoxy-4-methoxy-6,7-methylenedioxyquinoline-3-14C (X) - -  To a s o l u t i o n  

of 3-carbethoxy-4-chloro-6,7-methylenedioxy~~inoline-3-~~C ( I X )  (1 .49  g ,  5 .31  

m o l ,  10.7 mCi) i n  a b s o l u t e  methanol  (25 m l )  was added dropwise  a s o l u t i o n  of 

sodium methoxide  (6 .5  mmol) i n  a b s o l u t e  methanol  (6  ml )  a t  room t empera tu re .  

The mix tu re  was t h e n  hea ted  t o  80  - 85' f o r  3 h r .  The mix tu re  was c o n c e n t r a t e d  

under reduced  p r e s s u r e  and t aken  up i n  ch loroform.  The ch lo ro fo rm s o l u t i o n  

was washed w i t h  w a t e r  and d r i e d .  C o n c e n t r a t i o n  of t h e  s o l u t i o n ,  fo l lowed by 

column chromatography on s i l i c a  g e l  i n  ch lo ro fo rm y i e l d e d  3-carbomethoxy-4- 

metho~y-6,7-methylenedioxyquinoline-3-~~C (X) (874 mg, 6.72 mCi), mp. 148 - 
150°, i d e n t i c a l  Wi th  t h e  a u t h e n t i c  sample i n  t h e i r  IR-spec t r a .  

3-Carbomethoxy-4-methoxy-6 ,7-methylenedioxy-l-oxoquinoline-3-14C ( X I )  -- To a 

s o l u t i o n  of  3-carbome thoxy-4-me thoxy-6,7-me thylenedioxyquinoline-3- 14C (X) 
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(d74 mg, 3.35 ml, 6.72 nCi) i n  chloroform (25 mi) was added m-chloroper- 

benzoic a c i d  (865 rng, 5 .0  mnol) a t  room temperature .  The mix tu re  was s t i r r e d  

a t  room temperature  f o r  24 h r .  A f t e r  d i l u t i o n  w i t h  chloroform (50 m l ) ,  t he  

s o l u t i o n  was washed w i t h  10% sodium ca rbona te  s o l u t i o n  and water .  The d r i e d  

s o l u t i o n  was evaporated t o  d r y n e s s  t o  g ive  a c r y s t a l l i n e  r e s i d u e ,  which was 

t r i t u r a t e d  wi th  e t h y l  a c e t a t e  (LO m l ) .  F i l t r a t i o n  of the mixture  gave 3-  

carbomethoxy-4-methoxy-6,7-methylenedioxy-l-o~oquinoline-3-~~C ( X I )  (606 mg, 

5.85 m C i ) ,  mp. 200 - 203', i d e n t i c a l  i n  e v e r y  r e s p e c t  w i t h  the a u t h e n t i c  

sanip l e  . 

1,4-Dihydro-l-m thoxy-6,7-me thylenedioxy-4-oxoquinoline-3-carboxylic-3-14C 

ac id  ( I )  (a-2O6-3-l4C) -- A s o l u t i o n  of 3-carbomethoxy-4-methoxy-b,7- 

methylenedio~y-l-oxoquinoline-3-'~C ( X I )  (806 mg, 2.91 m o l ,  5.65 mCi) and 

methyl i od ide  ( 5  m l )  i n  ch lo ro fo rm (10 ml) was heated t o  r e f l u x  f o r  5 h r .  

Evaporat ion of the  r e a c t i o n  mix tu re  a f f o r d e d  a c r y s t a l l i n e  r e s i d u e ,  3- 

c a r b o m  thoxy- 1.4-d ihydro-  1-me thoxy-6,7-me thylenedioxy-4-0xoquinoline-3-~~C 

(XII) ,  which was then  heated w i t h  1 N hydroch lo r i c  a c i d  a t  90 - 95'for 3 h r .  

A f t e r  c o o l i n g ,  t he  c r y s t a l l i n e  p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n  and 

washed w i t h  wa te r  and then methanol ;  g i v i n g  1,4-dihydro-l-methoxy-b,7- 

me thylenedioxy-4-oxoquinol ine-3-carboxyl ic  ac  id-3-14C ( I )  ( 7  14 mg, 5.50 m C i ,  

9.6% based on m e t h a n ~ l - ' ~ C ) .  The f i n a l  p roduc t  had the  s p e c i f i c  a c t i v i t y  o f  

2.01 m C i / m m o l  and mp. 264 - 266'(decomp.), and was i d e n t i c a l  i n  eve ry  r e s p e c t  

w i th  the  a u t h e n t i c  u n l a b e l l e d  compound. 
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