
S Y N T H E S I S  O F  D E R I V A T I V E S  O F  N A P H T H O [ 2 , 3 - b ] F U R A N -  

4 , 9 - D I O N E  

A .  N.  G r i n e v  a n d  S. A .  Z o t o v a  UDC 547.728.2.07 

The reac t ion  of 2 ,3 -d ich loro- l ,4 -naphthoquinone  with ketoenols has  been studied. A s e r i e s  of 
subst i tuted naphtho[2 ,3-b] furan-4 ,9-quinones  has beensyn thes i zed  and some of t he i r  r eac t ions  
have been studied. 

We have found that  the reac t ion  of 2 ,3 -d ich loro- l ,4 -naphthoquinone  (I) with ace toace t ic  e s t e r  f o r m s  
not 3 -e thoxycarbonyl -2-methy lnaphtho[2 ,3 -b] furan-4 ,9 -qu inone  (Ha), as  s tated e a r l i e r  [1], but 1 ,3-die thoxy-  
ca rbonyl -2 -methy lnaph tho  [2,3-b ] cyc lopen t - l - ene -4 ,9 -qu inone  (IIIa). S imi la r ly ,  the condensat ion of I with 
benzoylace t ic  e s t e r  l eads  to 1 ,3-d ie thoxycarbonyl -2-phenylnaphtho  [2 ,3 -b ]cyc lopen t - l - ene -4 ,9 -qu inone  (IIIb). 

According to the l i t e r a tu re  [1, 2], Ha can be synthes ized  by the reac t ion  of sodioacetoacet ic  e s t e r  with 
I followed by the cycl izat ion of the ch loro- l ,4 -naphthoquinone  der iva t ive  fo rmed  (IVa) by t r e a t m e n t  with 
p iper id ine .  The condensat ions of I with benzoylace t ic  e s t e r  and ace ty lace tone  were  c a r r i e d  out s imi l a r ly .  
The cycl izat ion of IVb and IIb was  p e r f o r m e d  by the action of p iper id ine ,  and Tic was obtained with a yield of 
47% when t e t r a m e t h y l a m m o n i u m  hydroxide was used  as ca ta lys t .  
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With o ther  ketoenols  - f o r m y l a c e t o n e ,  y -pheny lace toace t i c  e s t e r ,  fo rmylsucc in ic  e s t e r ,  and oxalo-  
acet ic  e s t e r  - I f o r m s  only res inous  p roduc t s .  

We have studied some reac t ions  of the naphtho[2,3-b]furan-4,9-quinone de r iva t ives .  The acid V was 
obtained f r o m  3-e thoxycarbonyl -2-phenylnaphtho[2 ,3-b] furan-4 ,9-quinone ,  and this was conver ted  by de-  
carboxyla t ion  into 2-phenylnaphtho[2 ,3-b]furan-4 ,9-quinone (V]), which had been synthes ized  p rev ious ly  by 
another  method [3]. The reduct ive  acetyla t ion of VI led to the diacetyl  de r iva t ive  VII. F r o m  the acid chlo-  
r i de s ,  2 -phenyl -  and 2 -me thy l -4 ,9 -d ioxonaph tho [2 ,3 -b ] fu ran -3 -ca rboxamides  (VIIIa and b), and a lso  the 
d imethylamide  of 2 -me thy l -4 ,9 -d ioxonaph tho[2 ,3 -b ] fu ran -3 -ca rboxy l i c  acid (VIIIc) were  obtained. Under 
the conditions of reduct ive  acetyla t ion,  VIIIb was conver ted  into the 4 ,9-diace toxynaphthofuran  der iva t ive  IX. 

The F r i e d e l -  Craf t s  acylat ion of benzene with 4 ,9-dioxo-2-phenylnaphtho [2,3-b ] fu ran-3-ca rbony l  
chloride gave 3-benzoyl -2-phenylnaphtho  [2 ,3-b]furan-4,9-quinone (X), obtained p rev ious ly  [2 ] f r o m  I and 
dibenzoylmethane.  The bromina t ion  of IIb led to the b romoace ty l  de r iva t ive  XIa or  the d ib romoace ty l  de-  
r iva t ive  (IXb). 
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Some e lec t rophi l ic  substi tut ion reac t ions  have been studied using 2-phenylnaphtho [2 ,3-b]furan-4,9-  
quinone (VI) as  example .  

Compound VI does not undergo F r i e d e l - C r a f t s  acylat ion when a luminum chloride ts used as ca ta lys t  
and does  not undergo brominat ion;  on ni t ra t ion it f o r m s  2-p-ni t rophenylnaphtho [2,3-b]furan-4,9-quinone 
(=KID, the reduct ive  acetyla t ion of which g ives  2-p-diace ty laminophenylnaphtho[2 ,3-b]furan-4 ,9-quinone (XIII). 

It was  poss ib le  to introduce a b romine  a tom into the fl posi t ion of the furan nucleus indirect ly .  The 
bromina t ion  of 4 ,9-d iace toxy-2-phenylnaphtho[2 ,3-b] furan  (VII) gave the 3 -b romo  der iva t ive  (XIV), which, 
a f t e r  deacetyla t ion and oxidation with oxygen, was  conver ted  into 3 -bromo-2-phenylnaphtho[2 ,3 -b] furan-  
4,9-quinone (XV). 

The posi t ions  of the n i t ro  group and the b romine  a tom w e r e  shown by NMR spec t roscopy .  The spec -  
t r u m  of VI has  a singlet  with a chemica l  shift of 7.04 ppm,  which is a sc r ibed  to the proton at C 3. The a r o -  
ma t i c  p ro tons  of the phenyl subst i tuent  give a mult iplet  signal in the 7.6 ppm region~ In the spec t rum of 
XV the singlet  signal due to the pro ton  at C 3 d i s appea r s .  The s p e c t r u m  of XII r e t a ins  the signal of the p r o -  
ton at C 3 (5 7.28 ppm),  and the a r o m a t i c  pro tons  of the phenyl subst i tuent  f o r m  a quartet  with the chemical  
shif ts  51 7.46 ppm and 52 8.13 ppm and the SSCC J = 9 Hz. The shape of the s ignals  shows that  the n i t ro  
group is  p r e sen t  in the p a r a  posi t ion.  The spec t r a  we re  r eco rded  on a JNM-4t t -100 s p e c t r o m e t e r  with 
CF3COOI-I as solvent  and TMS as  s tandard ,  using the 6 sca le .  
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Ethyl ~ - ( 3 - c h l o r o - l , 4 - d i o x o - 2 - n a p h t h y l ) a e e t o a e e t a t e  (IVa). A solution of 0.76 g (5 mmoles)  of the 
sodium der iva t ive  of ace toaee t ie  e s t e r  in 5 ml  of absolute ethanol was  added to a suspension of 1.1 g (0.005 
mole) of 2 ,3 -d ich loro- l ,4 -naphthoquinone  in 5 ml  of absolute ethanol.  The mix ture  was  s t i r r ed  at r o o m  
t e m p e r a t u r e  for  5 rain, and the unchanged I was  separa ted  off. The f i l t ra te  was acidified with dilute acet ic  
acid,  and the p rec ip i ta te  was  f i l t e red  off. Yield 74%, mp 105-106~ (rap 106-107~ [4]). 

Diace ty! (3-ch loro- l ,4 -d ioxo- -2-naphthyl )methane  (IVc) was  obtained s i m i l a r l y  with a yield of 89%, mp 
138-139~ ( f rom 75% acet ic  acid) (mp 131-132~ [4]). Found %: C 62.04; H 3.94; C1 12.56%. C15HllC104. 
Calculated %: C 61.97; H 3.81; C1 12.20. 

Ethyl a - ( 3 - c h l o r o - l , 4 - d i o x o - 2 - n a p h t h y l ) b e n z o y l a c e t a t e  (IVb) was also obtained s i m i l a r l y  with a yield 
of 70%.* 

3-Ethoxycarbonyl -2-phenyinaphtho[2 ,3-b] furan-4 ,9-quinone  (lib). A solution of 0.59 g of IVb in 10 ml  
of absolute ethanol and 0.6 ml  of uiper idine  was boiled for  1 h and cooled, and the p rec ip i ta te  was f i l te red  
off. Yield 94%, mp 182-183~ (fr'om ethanol).  Found%: C 72.81; H4 .08 .  C21H1405. Calcu la ted%:  C 72.83; 
H 4.07. 

3 -Ace ty l -2-methylnaphtho[2 ,3-b] furan-4 ,9-qu inone  (lie). A mix tu re  of 0.35 g (5.1 mmoles)  of sodium 
ethoxide in 10 ml  of absolute  ethanol and 0.93 g (6.1 mmoles)  of t e t r a m e t h y l a m m o n i u m  bromide  was  boiled 
fo r  5 min and was then cooled, and 1.45 g (5 mmoles )  of IVc was  added. The reac t ion  mix tu re  was  boiled 
fo r  1 h and cooled, and the p rec ip i t a te  was f i l t e red  off. Yield 48%, mp 208-209~ (f rom acet ic  acid) (rap 
202~ [2]). Found %: C 70.68; H 4.28. CI~H1004. Calculated %: C 70.86; H 3.96. 

*The yield is given for  the liquid technical  product ,  which was  used for  fu r the r  r eac t ions  without additional 
pur i f ica t ion.  
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1,3-Die thoxycarbonyI-2-phenylnaphtho  [2 ,3 -b ]cyc lopen t - l - ene -4 ,9 -qu inone  (IIIb). A mix tu re  of 1.1 g 
(5 mmoles )  of I and 2.13 g (10 mmoles)  of the sodium der iva t ive  of benzoylacet ic  e s t e r  in 10 ml of absolute 
ethanol was  boiled for  1 h. Af te r  cooling, the p rec ip i ta te  was  sepa ra ted  off and c rys t a l l i zed  f r o m  glacial  
ace t ic  acid. Yield 78~c, mp 152-153~ Found %: C 72.29; H 4.77. C2~H2006. Calculated %: C 72.10; H 
4.84. 

1 ,3 -Die thoxycarbonyl -2-methy lnaphtho  [2 ,3 -b ]cyc lopen t - l - ene -4 ,9 -qu inone  (Ilia) was  obtained s i m i l a r -  
ly with a yield of 85%; mp 153~ (rap 152~ [1]). 

4 ,9 -Dioxo-2-pheny lnaph tho[2 ,3 -b ] fu ran-3-ca rboxy l i c  acid (V). A solution of 0.5 g (1.5 mmole)  of lib 
in 4.5 ml  of g lac ia l  ace t ic  acid and 0.5 ml  of concent ra ted  sulfur ic  acid was  boiled for  3 h. The reac t ion  
mix ture  was cooled and the p rec ip i t a te  was f i l te red  off. Yield 65%, mp 214~ ( f rom ethanol).  Found 7c: C 
71.80; H 3.40. C19H1005. Calculated q/c: C 71.70; H 3.17. 

2-Phenylnaphtho[2 ,3-b] furan-4 ,9-quinone  (V1). A mix tu re  of 1 g (3.1 mmole) of V and 10 ml of 857c 
or thophosphor ic  acid was heated at 209~ fo r  2-3 h. The reac t ion  mix tu re  was poured onto ice,  and the p r e -  
cipi tate  was f i l te red  off. Yield 707c, mp 253-254~ ( f rom acet ic  acid) (mp 246.5-247.5~ [3]). Found 7c: C 
79.06; H 3.83. CisHl003. Calculated ~ :  C 78.82; H 3.67. 

4 ,9-Diace toxy-2-phenylnaphtho[2 ,3-b] furan  (VII). Over  1 h, 2 g of zinc dust was  added to a boiling 
solution of 0.45 g (1.6 mmole)  of VI in a mix tu re  of 20 ml  of pyr id ine  and 20 ml of acet ic  anhydride.  The 
reac t ion  mix tu re  was  boiled fo r  I h and was poured  into 400 mt  of cold wa te r .  On the following day the p r e -  
cipi tate  was  f i l te red  off. Yield 85%, mp 217-218~ ( f rom acet ic  acid).  Found %: C 73.23; H 4.43. C22H1~O5. 
Calculated ~:  C 73.32; H 4.47. 

4 ,9 -Dioxo-2-pheny lnaph tho[2 ,3 -b ] fu ran-3 -ca rboxamide  (VIIIa) was obtained by the action of aqueous 
ammon ia  on the chloride of the acid V with a yield of 75~,  mp 304~ (f rom ethanol).  Found ~ :  C 71.57; H 
4.80; N 4.51. C19HllNO 4. Calculated ~:  C 71.92; H 3.49; N 4.42. 

2-Methyl -4 ,9-dioxonaphtho [2 ,3 -b ] fu ran-3 -ca rboxamide  (VIIIb) was obtained s imi l a r l y .  Yield 60~c, 
mp 320~ ( f rom acet ic  acid). Found 7c: C 65.73; H 3.88. C14HgNO 4. Calculated %: C 65.88; H 3.55. 

The d imethylamide  of 2 -me thy l -4 ,9 -d ioxonaph tho[2 ,3 -b ] fu ran -3 -ca rboxy l i c  acid (VIIIc) was  obtained 
by the action of an aqueous solution of d imethylamine  on the acid chlor ide with ice cooling. Yield 81%, mp 
219~ ( f rom ethanol).  Found %: C 68.16; H 4.45; N 5.01. C16H13NO4. Calculated ~:  C 67.84; H 4.63; N 4.94. 

Under  the conditions of reduct ive  acetyla t ion,  VIIIb was  conver ted  into 4 , 9 - d i a c e t o x y - 2 - m e t h y l -  
naph tho[2 ,3 -b ] fu ran-3 -ca rboxamide  (IX) in a yield of 88%, mp 228~ ( f rom acet ic  acid). Found ~ :  C 63.13; 
H 4.20; N 3.86. C18HisNO G. Calculated ~c: C 63.34; H 4.43; N 4.10. 

3 -Benzoyl -2-phenylnaphtho[2 ,3-b] furan-4 ,9-quinone  (X). In por t ions ,  0.75 g of a luminum chloride 
was added to a solution of 4 ,9 -d ioxo-2-pheny lnaph tho[2 ,3 -b] fu ran-3-ca rbonyl  chloride [obtained f r o m  1.59 g 
(5 mmoles )  of V] in 75 ml  of d ry  benzene.  The reac t ion  mix tu re  was boiled fo r  6 h. The complex  was de-  
composed  with dilute hydroch lor ic  acid,  the l a y e r s  we re  sepa ra t ed ,  and the benzene was dis t i l led off in 
vacuum.  Yield 74~, mp 233-234~ (f rom ethanol) (rap 231~ [2]). 

3 -Bromoace ty l -2 -me thy lnaph tho[2 ,3 -b ] fu ran -4 ,9 -qu inone  (XIa). With s t i r r ing ,  a solution of 0.96 g (6 
mmoles )  of b romine  in 15 ml  of dioxane was gradual ly  added to a suspens ion of 1.27 g (5 mmoles )  of Tic in 
15 ml  of dioxane at 10-150C. Af ter  the end of the addition, the solution was  s t i r r ed  for  another  30 rain at 
r o o m  t e m p e r a t u r e .  Then the solvent was  dis t i l led off in vacuum.  Yield 97%, mp 215~ (f rom acet ic  acid). 
Found ~ :  C 53.75; H 2.78; Br  24.29. C19HgBrO4. Calculated ~:  C 54.08; H 2.72; Br  23.99. 

3 -Dibromoace ty l -2 -methy lnaph tho[2 ,3 -b ] fu ran-4 ,9 -qu inone  (XIb). A suspension of 0.87 g (3.4 mmoles)  
of IIb in 20 ml  of carbon t e t r ach lo r ide  was t r ea t ed  with 1.1 g (6.9 mmoles)  of b romine ,  and the reac t ion  m i x -  
tu re  was left  at r o o m  t e m p e r a t u r e  for  two days .  Then the p rec ip i t a t e  was  f i l te red  off, yield 85%, mp 225~ 
(f rom acet ic  acid).  Found 7c: Br  38.40. CI5HsBr202. Calculated ~c: Br 38.78. 

2-p-Ni t rophenylnaphtho[2 ,3-b] furan-4 ,9-quinone  (:KID. With ice cooling, 0.2 ml of n i t r ic  acid (d 1.343) 
was added to a solution of 0.55 g (2 mmoles )  of VI in 4 ml of concent ra ted  sulfur ic  acid. The reac t ion  m i x -  
ture  was s t i r r e d  at r oom t e m p e r a t u r e  fo r  3 h and poured onto ice,  and the p rec ip i t a te  was f i l te red  off. 
Yield 39%, mp 339~ (f rom acet ic  acid). Found ~ :  C 67.43; H 2.82; N 4.35. CIsH9NO 5. Calculated ~ :  C 
67.71; H 2.84; N 4.39. 
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4,9-Diacetoxy-2-p-diacetylaminophenylnaphtho [2,3-b]furan (XIII) was obtained f rom XII under the 
conditions of reduct ive  acetylat ion.  Yield 52%, mp 190-191~ (from ethanol). Found %: C 67.59; H 4.50. 
C26H21NOT. Calculated %: C 67.96; H 4.60. 

4 ,9-Diacetoxy-3-bromo-2-phenylnaphtho[2 ,3-b]furan  (XIV). At room t empera tu re ,  0.36 g (2 mmoles)  
of bromine in 5 ml  of glacial  acet ic  acid was slowly added to a suspension of 0.72 g (2 mmoles) of VII in 30 
ml of glacial  acet ic  acid. St irr ing was continued for  another  3 h, and the precipi ta te  was f i l tered off. Yield 
80%, mp 219-220~ (from acet ic  acid). Found %: C 59.76; H 3.38; Br  18.51. C22HIsBrO 5. Calculated ~c: C 
60.15; H 3.44; Br  18.19. 

3-Bromo-2-phenylnaphtho[2,3-b]furan-4,9-quinone (XV). 0.4 g (0.9 mmole) of XIV in 5 ml of absolute 
ethanol was heated with a catalyt ic  amount of sodium ethoxide for  2-3 min. Then the reac t ion  mixture  was 
cooled, and oxygen was passed  through it at room t empera tu re .  The prec ip i ta te  was f i l te red  off. Yield 56%, 
mp 207-208~ (from acet ic  acid). Found %: C 61.30; H 2.67; Br  22.80. C18HgBrO 3. Calculated %: C 61.22; 
H 2.57; Br  22.62. 
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