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4 , 9 - D I H Y D R O B E  N Z [ f ] I N D O L E - 4 , 9 - D [ O N E  D E R I V A T I V E S  

SYNTHESIS AND PROPERTIES OF 2, 3,4,9-TETRAHYDROBE NZ[f]INDOLE- 2,4,9-THIONES 

AND 2,3,4,9-TE TRAHYDROBE NZ[f] INDOLE- 2,3,4,9-TE TRONES 

B .  V .  S a l o v  a n d  A .  I .  S h a k h n o v i c h  UDC 547.756.757'759.5.07 

Under the influence of amines ,  (3 -ch loro- l ,4 -naphthoquinon-2-y l )malonic  e s t e r  is cycl ized to 
3 -ca rbe thoxy  der iva t ives  of 2 ,3 ,4 ,9- te t rahydrobenz[f ] indole-2 .4 ,9- t r ione .  which were  deca r -  
boxylated and then oxidized to 2 ,3 ,4 ,9- te t rahydrobenz[f ] indole-2 ,3 ,4 ,9- te t rone  der iva t ives .  
Methylat ion o[ 2 ,3 .4 .9- te t rahydrobenz[f ] indole-2 ,4 ,9- t r iones  leads to a mix tu re  of O- and C- 
methyl  de r iva t ives .  

It is known [1] that diethyl (3 -b romo- l ,4 -naph thoquinon-2-y l )malona te  is cycl ized under  the influence of 
e thylamine to ethyl 1 -e thy l -2 ,3 ,4 ,9 - t e t r ahydrobenz[ f ] indo le -2 .4 ,9 - t r ione-3-ca rboxy la te .  This is one of the few 
examples  [1-3] of the synthesis  of benz[f] indole-4,9-quinone der iva t ives ,  whereas  they a re  of in te res t  for  the 
synthesis  of indigoid dyes.  

We have synthesized a number  of benz[f] indole-4.9-quiuone der iva t ives  and have invest igated some of 
the physica l  and chemica l  p r o p e r t i e s  of these  compounds.  

Ethyl 2 ,3 ,4 ,9 - te t rahydrobenz[ f ] indo le -2 ,4 ,9 - t r ione-3-carboxyla te  {IIa) and its N-subst i tuted der iva t ives  
(IIb-d) a r e  obtained in good yields by reac t ion  of (3-ch loro- l ,4 -naphthoquinou-2-y l )malouic  e s t e r  (I) with 
ammonia  and amines .  3 -Chloro-2-R-amino- l ,4~naph thoquinones  (where R is the cor responding  amine r e s t -  
due) is fo rmed  as a side product  in 2-10~c yield; the fo rmat ion  of the la t te r  is express ly  a side reaction,  but 
it is not due to a 2 ,3-d ichloro- l ,4-naphthoquinone  impur i ty  in s tar t ing  I. Ki tasa to  and Sone [2] isolated a side 
product,  to which they ass igned the (3 -bromo-  1,4-naphthoquinon- 2-yl)acet ic  acid methylamide  s t ruc tu re ,  when 
they c a r r i e d  out the reac t ion  of (3 -bromo- l ,4 -aaph thoquinon-2-y l )malon ic  e s t e r  with methylamine .  We have 
found that this side product  is actually identical to 3 -bromo-2-methy lamino-1 ,4 -uaphthoquinone  [4]. 

Our p roposed  method for  the synthesis  of IIa gives the desi red product  in higher  overa l l  yields and has 
fewer  s teps than the methods descr ibed  in [3]. 

2 ,3 ,4 ,9-Tet rahydrobenz[f ] indole-2 ,4 .9- t r ione  (IIIa) and its N-subst i tuted der iva t ives  ([IIb-d) a re  formed 
by t r ea tmen t  of I Ia -d  with boiling acet ic  acid. 

Compounds I Ia -d  and IIIa-d a re  soluble in cold aqueous solutions of bases  to give blue-violet  enolates.  
The s ta r t ing  m a t e r i a l s  a re  regenera ted  when the solutions a r e  acidified. 

Sc ien t i f i c -Resea rch  Insti tute of Organic Products  and Dyes, Moscow. Trans la ted  f rom KhimiyaGete ro t -  
s ikl icheskikh Soedineuii, No. 7, pp. 911-914, July, 1976. Original a r t i c le  submit ted July 22, 1975. 
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2,3,4,9-Tetrahydrobenz[f] indole-2,3,4,9-tetrone (l-Va) and its N-substituted derivatives (fVb-d) are formed 
by oxidation of I Ia -dwi th  70~ nitric acid in concentrated sulfuric acid. 

Methylation of IIIa with dtmethyl sulfate in the presence  of 2,6-1utidine gives a mixture of 2-methoxy-1-  
methyl-4,9-dihydrobenz[f] indole-4,9-dione W)and 1,3-dimethyl-2,3,4,9- tetrahydrobenz[f] indole-2,4,9- tr ione 
(VI). A mixture of V and VI is also obtained under s imi la r  conditions f rom 1-methyl-2 ,3 ,4 ,9- te t rahydrobenz[f]-  
indole-2,4,9-trione (VII) [2]. 

0 0 
' ~  CH (COOc2H~): j H 

- ~ | ~ / , r  ~ ~ ~ ra- ~ T ~ , ~ ,  O " 

~ II I 
O O R 

e Ha-d  

O O O ~ -  0 
]j i}l il II CH3 :', H 

O CH~ O CH 3 O CH 3 O R 

Pll V V] l l l a - d  

o! 
_ R = H  O 

o I I - I Y  aR=H:  b R=(CH3)2CH: CH3 O R 
C R=n-C,2H2s:d R~CeH+ VIII IVa-d 

1-Methyl-2,3,4,9-tetrahydrobenz[f] indole-  2,3,4,9-tetrone (VIII) [2] was isolated f rom the oxidation of V with 
a mixture of nitric and sulfuric acids. Compound VI is not oxidized under these conditions. 

Compound IVa is also methylated by dimethyl sulfate in the p resence  of 2,6-1utidine to give VIII. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compound were recorded with a UR-20 spectrometer. The melting 
points were determined with a Kofler microscopic stage. 

Ethyl 2,3,4,9-Tetrahydrobenz[f]indole-2,4,9-trione-3-carboxylate (IIa). A stream of dry ammonia was 
bubbled with cooling and stirring inthe course of 2 h into a solution of 35.05 g (0.I mole) of (3-chloro-l,4- 
maphthoquinon-2-yl)malonic ester (I) [I] in 350 ml of ethanol, after which the mixture was allowed to stand over- 
night. The precipitated ammonium salt of IIa was removed by filtration and treated with I00 ml of a ]0~ solu- 
tion of hydrogen chloride in 50~ ethanol. Workup gave 21.5 g of ester IIa with mp 200 ~ [from tetrahydrofuran 
(THF)] (rap 199-200 ~ [3]). Workup of the mother liquor remaining after separation of the ammonium salt of IIa 
yielded 2.0 g (10%) of 3-chloro-2-amino-l,4-naphthoquinone [5], which was identified by a mixed-melting-point 
determination with an authentic sample and from its IR spectrum. 

Ethyl N-i sop ropyl-, N-n-Dodecyl-, and N- Phenyl- 2,3,4,9 -tetrahydrobenz if] indole- 2,4,9-trione- 3-c ar- 
boxylates (lib-d). These esters were similarly synthesized from 0.I mole of I and 0.3 mole of the appropriate 
amine. Workup of the mother liquors gave 3-chloro-2-isopropylamino-l,4-naphthoquinone [6] in 8% yield, 3- 
chloro-2-n-dodecylamino- 1,4-naphthoquinone [7] in 4.7~ yield, and 3-chloro-2-phenylamino- 1,4-naphthoquinone 
[8] in 2~ yield. The compounds were identified from mixed-melting-point determinations with authentic sam- 
ples and from their IR spectra. IR spectra, cm-1: lib, 1665 s (quinone C =O); IIc, 1660 s (quinone C =O); lid, 
1735 s (ester C =O); 1710 s ("am[de I" C =O); 1670 s (quinone C =O); and 1158 vs (esterC-O). 

2,3,4,9-Tetrahydrobenz[f]indole-2,4,9-trione (IIIa) and Its N-Isopropyl, N-n-Dodecyl, and N-Phenyl De- 
rivatives (If[b-d). A 0.05-mole sample of IIa-d was refluxed for 3 h with 150 ml of glacial acetic acid. after 
which the mixture was cooled and diluted with water (to 1.5-2 times its original volume), and the precipitates 
were removed by filtration, washed with water, and dried. IR spectra, cm-l: llla, 3270 br (enol OH), 1710 w 
("am[de I" C =O), 1640 m (quinone C =O); IIIb, 3220 br (eno] OH), 1700 w ("amide [" C =O), 1635 s (quinone 
C =O); I[[c, 3200 br (enol OH), 1720 w ("am[de I" C =O), ]663 s (quinone C =O); IIId, 3200 br (enol OH), 1700 m 

("amide I" C = O), and 1650 s (quinone C = O). 
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TABLE 1. Yie lds ,  Mel t ing  Po in t s ,  Color ,  and Resu l t s  of E l e m e n t a r y  

A n a l y s e s  of I I -VI 

Com- 
pound 

Found, % Calc., yo 
rap, "C (solvent), color Empirical -" 

formula c }i x 

lib 
llc 
Ild 

ida 

ll.b 

lllc 

tlld 

IVa 

lVb 
IVc 
IVd 

V 

VI 

CHICH3)2 
n-CI2H25 

C~FI, 

tt 

CH ( C H3) 2 

n-CI2H25 

C~H5 

H 

CH (CH3) 2 
n-Cl2H2a 

C6H: 

175 (I'HF), yellow 
91 (hexane), yellow 

!26(methanol), 
orange 

>360 (DMF), 
violet 

257 (acetic acid), 
violet 

193 (acetic acid), 
violet 

293 (chloroform), 
violet 

>360 (dioxane), 
orange 

267 (chloroform), 
84(hexane), ruby-red 

240 (dec., chloroform), 
red 

331 (methanol), 
orange 

279 (methanol), 
violet 

C,sH~rNO; 66.2 5,4 4,1 66,1 
C27HasNO5 71,3 7.9 3,8 71,5 
C~IHI~NO: 71,5 4.1 4,l 71.8 

CI2HvNO: 67.9 2.9 6,9 67.6 

C,sH;aNO3 70,3 5,0 5.5 70.6 

C24HaNOz 74,9 8,1 4.0 75.5 

C~,H,,NOa 74,5 3,5 4,6 74j 

C,.~HsNO4 63,1 2,2 6.3 63,4 
I 

C,sHHNO4.66.~ 4,115.0 66,~ 
C2~H29NO4 72,~ 7,313,3 72,~ 
C18HgNO4 71,1 2.714,t 71,[ 

i 

C,4HuNOa I~oz 4,815.9 69J 

C14Ht,NO3 169,-' 4,815.7 695 

5,2 t,3175 
7,8 3,1170 
4,3 t,0t60 

3,3 3,6197 

5,1 5,5190 

8,2 3,718t 

3,8 4,9f80 

2,2 6,2190 

4,1 5,2190 
7,4 3,6162 
3,O 4,6160 

5,0 5,8152 ~' 
561" 

5,C 5,8I 8" 
10t 

* By method  A. 
PBy method B. 

.2,3,4,9-Tetrahydrobenz[f]indole-2,3.4,9-tetrone OVa) and Its N-Isopropyl, N-n-Dodecyl, and N-Phenyl 
Derivatives (IVb-d). A 0.05-mole sample of IIIa-d was dissolved, with cooling, in 100 ml of 98~ sulfuric aci~l, 
after which 9 g (0.1 mole) of 70% nitric acid was added dropwise. The mixture was then stirred for 30 rain, 
after which it was poured into 750 ml of ice water. The precipitated IVa was removed by filtration, washed 
with water, and dried. Suspensions of IVb-d were extracted twice with 50-mlportions of chloroform, and the 
chloroform extracts were dried with anhydrous sodium sulfate. The chloroform was removed by vacuum dis- 
tillation, and the residue was chromatographed with a column filled with L 100/160 p silica gel with elution by 
chloroform-ethyl acetate (9. : I). [R spectrum, cm-l: Wa, 1790 m (C =O), 1735 s ("am[de P' C =O), 1677 s 
(quinone C =O); IVb, 1770 m (C =O), 1720 m ("amide I" C =O), 1665 s (quinone C =O); [Vc. 1770 m (C =O), 1713 
s ("amide I" C =O), 1670 s (quinone C =O); iWd, 1783 m (C =O), 1732 s ("amide I" C =O). and 1681 s (quinone 
C = O). 

2-Methoxy-l-methyl-4,9-dihydrobenz[f]indole-4,9-dione 0r and 1,3-Dimethyl- 2,3,4,9-tetrahydrobenz[f]- 
indole-2,4,9-trione ~T[). A) A 5-g (23.5 mmole) sample of Ilia was methvlated by refluxing for 4 h with 8.9 g 
(70.5 mmole) of dimethyl sulfate and 7.6 g (70.5 mmole) of 2,6-1utidine in 75 ml of absolute THF, after which 
the m i x t u r e  was cooled,  and V p r e c i p i t a t e d .  The m o t h e r  l i quor  was cooled and di luted to twice  i ts  vo lume  with 
wa t e r  to p r e c i p i t a t e  VI, which was pu r i f i ed  by c h r o m a t o g r a p h y  with a c o l u m n  f i l led  with L 100/160 p s i l i ca  gel 
with e lu t ion  by c h l o r o f o r m - e t h y l  a c e t a t e - a c e t i c  acid (10 : 10 : 1). 

B) A 5 .32-g  (20.5 m m o l e )  s a m p l e  of VII [2] was me thy la t ed  with 8.9 g (70.5 mmole )  of d imethy l  su l fa te  
and 7.6 g (70.5 mmole )  of 2 ,6-1ut idine in  75 ml  of abso lu te  THF.  The r e a c t i o n  condi t ions  and the workup were  
the s a m e  as in  e x p e r i m e n t  A. IR s p e c t r a ,  cm-~:  V, 1665 s (quinone C =O); VI, 1715 m C a m i d e  I" C=O) ,  and 
1660 s (quinone C = O). 

Oxidat ion of V. A so lu t ion  of 0.5 g (2.1 mmole )  of V in  5 ml  of 98% su l fu r i c  ac id  was t r ea t ed ,  with cool -  
trig, with 0.5 g (5.6 mmole )  of 70% n i t r i c  acid,  a f t e r  which the m i x t u r e  was poured  into 10 ml  of water ,  and the 
aqueous  m i x t u r e  was ex t r ac t ed  twice with 5 - m l  po r t i ons  of c h l o r o f o r m .  Workup of the e x t r a c t  gave 0.37 g 
(74%) of t e t r o n e  VIII [2]. The t e t r o n e  was ident i f ied  by a m i x e d - m e l t i n g - p o i n t  d e t e r m i n a t i o n  with an authent ic  
s a m p l e  and f r o m  i ts  IR s p e c t r u m .  

Methy la t ion  of IVa. A m i x t u r e  of 1 g (4.4 mmole )  of Wa,  0.55 g (4.4 rnmole)  of d imethy l  sulfate ,  0.47 g 
(4.4 mmole )  of 2 ,6-1ut idine ,  and 20 ml  of abso lu te  THF was ref luxed for  1 h, a f te r  which the so lvent  was r e -  
moved by v a c u u m  d i s t i l l a t ion ,  and the r e s i d u e  was r e c r y s t a l l i z e d  f r o m  c h l o r o f o r m  to give 0.35 g (37%) o f t e t r o n e  
VIII [2]. The p roduc t  was ident i f ied by m e a n s  of a m i x e d - m e l t i n g - p o i n t  d e t e r m i n a t i o n  with an authent ic  s a m p l e  
and f r o m  its  IR s p e c t r u m .  

The y ie lds  of the compounds ,  the m e l t i n g  poin ts ,  and the r e s u l t s  of e l e m e n t a r y  a n a l y s e s  a re  p r e s e n t e d  
in  Tab le  1. 
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N U C L E O P H I L I C  S U B S T I T U T I O N  R E A C T I O N S  

OF 2 , 4 , 6 - T R T S  (ME T H Y L S U L F O N Y L ) -  3 . 5 -  DIC H L O R O P Y R I D I N E  

S. D. M o s h c h i t s k i i ,  G. A.  Z a l e s s k i i ,  
a n d  V.  P .  K u k h a r '  

UDC 547.822.5.6 

It was established that hard bases  replace the methylsulfonyl groups and that soft bases re -  
place the chlorine atoms in 2,4,6- tr is(methylsulfonyl)-3.5-dichloropyridine.  

In the present  communicat ion we present  the results  of studies of the competit ive nucleophilic substitu- 
tion of the chlorine atoms and methylsulfonyl groups in sulfone I [1]. Because of the strong e lec t ron-acceptor  
effect of three methylsulfonyl groups and a nitrogen heteroatom, the e lectron densities on the carbon atoms 
in the 2, 4, and 6 positions are  lower than in the 3 and 5 positions.  The 2-C. 4-C. and 6-C atoms should there-  
fore  act as hard acids, and the 3-C and 5-C atoms should act as soft acids.  In fact, hard bases (sodium meth-  
oxide and phenoxide, potassium fluoride, sodium hydroxide, sodiomalonic ester ,  etc.) react  at the 2. 4. and 6 
positions, whereas soft bases (ammonia, aniline, morpholine, piperidine, malonic ester ,  ethanol, etc.) react  
at the 3 and 5 positions; this is in conformity with Pea r son ' s  principle of the react ion of hard and soft acids 
and bases [2]. 

The react ion of sulfone I with ammonia and amines at low tempera ture  leads to replacement of one 
chlorine atom to give the corresponding 3-amino-subst i tuted 5 -ch loro-2 ,4 ,6 - t r i s  (methylsulfonyl)pyridines 
(ila-d, Table 1). At room temperature  the react ion of I with morpholine and aniline gives r ise to replacement 
of two chlorine atoms to give. respectively,  3,5-dimorpholino- and 3.5-bis (phenylamino)-2.4, 6- tr is  (methyl- 
sulfonyl)pyridines {Ilia, b). The second chlorine atom in any of the products  of replacement  of one chlorine 
atom in IIa-d is also replaced by the fur ther  action of a soft nucleophile. Thus amine IId reacts  with aniline 
or  p-nitrophenol at room tempera ture  to give, respectively,  product IlIb and 3-phenylamino-5-(p-ni trophenoxy)-  
2.4,6-tr is  (methylsulfonyl)pyridine (IIIc). 

An attempt to obtain the corresponding isocyanate by react ion of sulfone I with potassium cyanateyielded 
amine IIa, the synthesis of which evidently includes the formation of an intermediate react ive isocyanate, 
which reacts  with water  to give amine IIa. 

The react ion of sulfone I with malonic es te r  and ethanol also leads to replacement of one chlorine atom 
to give, respectively,  diethyl[ 2,4.6-tris (methylsulfonyl)-5-chloro-3-pyridyl]malonate  (IIe) and 3-ethoxy-5-  
chloro-  2,4, 6-t ris (methylsulfonyl)pyridine (IIf). 
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