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A number  of p rev ious ly  inaccess ib le  anthra[1,2-b]furan and 1H-naphth[2,3-g]indole d e r i v a -  
t ives  were  obtained by condensation of 1 ,4-anthraquinone with ace toace t ic  e s t e r  and i ts  
analogs.  Quinones of the anthra[1,2-b]furan s e r i e s  were  obtained by oxidation of the m e t h -  
oxy de r iva t ives  of anthra  [1,2-b]furan. 

The l i t e ra tu re  contains f r a g m e n t a r y  informat ion concerning the synthes is  of s e v e r a l  r e p r e s e n t a t i v e s  
of the anthra[1,2-b]furan and 1H-naphth[2,3-g]indole c l a s s e s  [1-3]. However ,  there  a r e  no indications of 
the synthes is  of functional de r iva t ives  and compounds with subst i tuents  in the 2 and 3 posi t ions .  

We have found that  2 -me thy l -  (I) and 2 -pheny l -3 -e thoxycarbonyl -5 -hydroxyan thra [1 ,2 -b] fu ran  (II) a re  
fo rmed  in the condensation of 1,4-anthraquinone [4] with ace toacet ic  and benzoylacet ic  e s t e r s .  Methylation 
of the products  gives 5-methoxy der iva t ives  I g  and IV. S imi la r ly ,  1 - m e t h y l -  {V), 1 -phenyl -  {VI), and 1- 
benzy l -2 -me thy l -3 -e thoxyca rbony l -5 -hydroxy- lH-naph th [2 ,3 -g ] indo le  (VII) are  obtained f r o m  1 , 4 - a n t h r a -  
quinone and n i t rogen-subs t i tu ted  fl - aminocro ton ic  e s t e r s  via  the method in [5]. Methylation of the products  
gives  the cor responding  methoxy der iva t ives  {VIH-X). 

Oxidation of I g  and IV with sodium d i c h r o m a t e  in acid media  gave quinones of the anthra[1 ,2-b]furan 
s e r i e s  - 2 -me thy l -  (XI) and 2 -pheny l -3 -e thoxycarbony l -5 -methoxy-6 ,11-d ioxoan th ra [1 ,2 -b ] fu ran  (XII). As 
was obse rved  prev ious ly  for  the cor responding  naphthofuran de r iva t ives  [6], the methoxy group is not in-  
volved in the oxidation. The p re sence  of a methoxy group in XI and XII was conf i rmed  by the PMR spec t r a ,  
in which there  a re  s inglets  of the CH30 groups  at 3.85 and 3.90 ppm. In addition, the following s ignals  a r e  
noted in the PMR s pec t rum  of XI: an ethyl group with 5 1.38 ppm (CH3, t r iple t ) ,  and 4.32 ppm (CH2, qua r -  
tet),  a methyl  group with 2.73 ppm, and the a roma t i c  port ion of the molecule  with 5 7.70-7.99 ppm. S i m i :  
la r ly ,  the PMR spec t rum of XII caa taIns  s ignals  of an ethyl group at 1.29 ppm {CH3, t r iplet)  and 4.27 ppm 
(CH2, quartet)  and the a roma t i c  port ion of the molecule  at 7.30-8.05 ppm.  
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[ X=O,,R=CH3; R'=H; II X=O, R=C6Hs, R'=H; III X=O,R=R'=CH3; IVX=O, 
R=C~H~,- R'=CH~; V X=NCH~, R=CH3, R'=H; VI X=NC~Hs, R=CH~, R'=H; VII X= 
=NCH2C6H~, R=CH3, R'=H; VIII X=NCHa, R=R'=CH3;. IX X=NC~Hs, R=R'=CHa; 
X X='NCH2C~H~, R=R'=CHz. 

E X P E R I M E N T A L  

The UV spec t r a  of dioxane solutions of the compounds were  obtained with an EPS-3 spec t ropho tomete r .  
The P1VIR spec t r a  of d6-dimethyl  sulfoxide solut ions of the compounds were  r eco rded  with a JNM-4H-100 
s p e c t r o m e t e r  with t e t r amethy l s i l ane  as the in ternal  s tandard .  
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TABLE 1, Anthra[1,2-b]furan Derivatives 

Comp. 

1 
II 

III 
IV 

rap, ~C 

243--244 
206--208 
182--183 
158--160 

Emp.i_,2cal formula 

C2oH,604 
C2~H1804 
C2,Hj804 
C~H2oO4 

Found, % 
c ] H 

74,9 ] 5,2 
78.3 4,7 
75,0 5,6 
78,9 5,3 

Calc., % 

C H 

75,0 5,0 
78,5 4,7 
75,4 5,4 
78,8 5,1 

TABLE 2. 

C mp mp, ~C 

VI 
VII 

VIII 
IX 
X 

250--253 
(dec.) 

223--225 
293--295 
208--209 
164--165 

197,5--198,5 

1 H-Naphth [2,3-g]indole Derivat ives 

Empirical 
formula 

C21H,gNO3 

C~sH21NOs 
C27H~.~NO3 
C~2H~IINOs 
C27H23NOa 
C28HzsNO3 

Found 

c H 

75,9 5,9 

78,8 5,2 
79, l 5,6 
75,7 6,2 
78,9 5,8 
79,8 5,9 

4,2 

3,6 
3.5 
4,0 
3,5 
3,4 

Calc., % 

c H 

75,6 5,8 

79,0 5,3 
79,2 5,7 
76,0 6,1 
79,2 5,7 
79,5 5,9 

Yield, % 

55 
45 
63 
84 

Yield,% 
N 

4,2 51 

3,5 36 
3,4 44 
4,0 69 
3,4 65 
3,3 60 

2-Methyl(phenyl)-3-ethoxycarbonyl-5-hydroxyanthra[1 ,2-b]furans  (I, II) (Table 1). A 0.033-mole 
sample of 1,4-anthraquinone was added with s t i r r ing  to a heated (to 70 ~ mixture of 0.033 mole of an- 
hydrous zinc chloride in 6 ml of absolute alcohol and 15 ml of acetoacetic es te r ,  and the react ion mixture  
was s t i r r ed  at 70-80 ~ for 25 min. The precipitate was separated,  washed with ether ,  and rec rys ta l l i zed  
f rom dimethyl formamide.  

2-Methyl(phenyl)-3-ethoxycarbonyl-5-methoxyanthra[1 ,2-b]furans  ffII, IV) (Table 1). A 15-ml sample 
of dimethyl sulfate was added with s t i r r ing  at 30-35 ~ to a solution of 0.048 mole of 5-hydroxyanthra[1 ,2-b]-  
furan if, II) in 360 ml of dioxane and 240 ml of 2 N NaOH solution, and the mixture was s t i r red  for 2 h and 
cooled.  The precipitate was removed  by fil tration and rec rys ta l l i zed  f rom acetone. 

1 -Alkyl (a ry l ) -2-methyl -3-e thoxycarbonyl -5-hydroxy- lH-naphth[2 ,3-g] indoles  (V-VII) {Table 2). A 
0.01-mole sample of ethyl fl - (methylamino)crotonate  was added to a refluxing solution of 0.01 mole of 1,4- 
anthraquinone in 60 ml of glacial  acetic acid, and the mixture was refluxed for 30 rain and cooled. The p r e -  
cipitate was separated,  washed with ether,  and rec rys ta l l i zed  f rom ni trobenzene.  

1-Alkyl (a ry l ) -2-methyl -3-e thoxycarbonyl -  5-methoxy- lH-naphth  [2,3-g]indoles !VIII)-X) (Table 2). A 
0.024-mole sample of 5-hydroxynaphth[2,3-g]indole (V-VII) in 180 ml of dioxane and 120 ml of 2 N NaOH 
solution was methylated with 7.5 ml of dimethyl sulfate. The react ion and isolation of the products were 
c a r r i ed  out under the conditions of the synthesis  of III and IV. The products (VIII-X) were  r ec rys ta l l i zed  
f rom dioxane. 

2-Methyl-3-e thoxycarbonyl-5-methoxy-6 ,11-dioxoanthra[1 ,2-b]furan  (XI). A solution of 11.92 g of 
sodium dichromate  in 120 ml of 90% acetic acid was added with s t i r r ing  to a heated (to 70 ~ suspension of 
0.01 mole of anthra[1,2-b]furan III in 100 ml of glacial  acetic acid, and the resul t ing solution was s t i r r ed  
at 70-80 ~ for 4 h, cooled to room tempera ture ,  and poured into water .  The result ing precipitate was sepa-  
ra ted and rec rys ta l l i zed  f rom acetic acid to give 1.65 g (45%) of XI with mp 214-216 ~ UV spec t rum:  Xma x 
2 5 2 , 3 9 7 n m  (loge 4.96, 3.87). Found: C 69.3; H 4.5%. C21H1606. Calculated: C 69.2; H 4.4%. 

2-Phenyl -3-e thoxycarbonyl -5-methoxy-6 ,11-d ioxoanthra  [1,2-b]furan (XH). This compound was ob- 
tained in 64% yield by the method used to obtain XI and had mp 237-239 ~ (from acetic acid). UV spec t rum:  
Xmax 262,412 nm {loge 4.49, 4.09). Found: C 73.0; H 4.3%. C26H1806. Calculated: C 73.2; H 4.2%. 
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