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OXIDATION OF THE 2-HYDROXYBENZINDOLEQUINONE DIMER 

EXPANSION OF THE QUINONE RING TO AN OXEPINE RING* 

A. I. Shakhnovich, B. V. Salov, UDC547.756'759.3:542.943 
and M. V. Gorelik 

One of the quinone r ings  of the 3 ,3 '  d i m e r  of 2-hydroxybenzindolequinone undergoes  expansion 
to an oxepine r ing during oxidation with ni t r ic  acid.  A benzisat inquinone s t r u c t u r e  was p r e -  
viously e r roneous ly  ass igned to this compound. The s t ruc tu re  was proved by spec t r a l  methods 
and s tepwise  degradat ion to be the m o n o m e r i e  2-hydroxybenzindolequinone de r iva t ive .  The pos -  
s ible  oxidation pathways a r e  d i scussed .  

We have shown [2] that the 3,3'  d i m e r  (l'g) r a t h e r  than2-hydroxybenzindolequinone (fl), as  a s sumed  in [3], 
is  fo rmed  in the decarboxylat ion of 2-hydroxybenzindolequinone-3-carboxyl ic  acid (I). A benzisat inquinone 
s t ruc tu re  (IV) was ass igned in [3] and la te r  in [4] to the product  of decarboxylat ion of I and subsequent  oxida-  
tion with ni t r ic  acid in sulfur ic  acid.  We have es tabl ished that this subs tance  is actual ly  a d i m e r i c  quinone- 
lactone (V). 

The m a s s  s p e c t r u m  of lactone V and of the corresponding ni t rogen-unsubst i tu ted compound and the r e -  
sults  of e l emen ta ry  ana lys i s  show that  the oxidation p roceeds  with retent ion of the d i m e r i c  s t ruc tu re  as a r e -  
sult  of split t ing out of two hydrogen a toms  f r o m  the HI molecule  and the addition of one oxygen a tom.  

Under the influence of an aqueous solution of po ta s s ium hydroxide lactone u is  hydrolyzed to an acid (VI), 
t r e a t m e n t  of which with dehydrat ing agents  (sulfuric acid ,  ace t ic  anhydride) does not r e su l t  in the r e v e r s i b l e  
format ion  of lactone V. Po ten t iomet r i c  t i t ra t ion of acid VI with a solution of t e t r ame thy l ammon ium hydroxide 
in dimethyl  sulfoxide (DMSO) r evea l s  the p r e s e n c e  of two acidic groups  (pK a 3.5 and 12.9). When the f i r s t  
acidic group is neu t ra l ized ,  the color  of the solution changes f r o m  red to blue,  and this indicates  the p r e sen ce  
of an enol grouping conjugated with the quinone carbonyl  g roups .  The format ion  of blue anions is a l so  observed 
for other 2-hydroxybenzindolequinone de r iva t ives  [4]. The second acidic  group is a carboxy group and is  e l i -  
minated by heating to 200-220~ to give an enol (VII). Its s t ruc tu re  is confirmed by i ts  PMR s p e c t r u m ,  which 
contains s ignals  of two N-methy l  g roups ,  and nine a r o m a t i c  protons and the signal of an enol proton at 8.48 ppm. 
Methylation of enol VII with d imethyl  sulfate  g ives  a methoxy der iva t ive  (VIII), the PMR spec t rum of which 
does not contain a signal at 8.48 ppm but does contain a signal of a methoxy group.  

Both lactone V and its  hydrolys is  product  (VI) a r e  cleaved to give  phthalic acid and an enol (IX) when they 
a r e  refluxed in a mix tu re  of hydrobromic  and ace t ic  ac ids .  The PlVIR spec t ra  of the methoxy and benzoxy d e r i -  
va t ives  of the la t te r  {Xa,b} contain s ignals  of four  a r o m a t i c  pro tons ,  two N-methy l  g roups ,  and a vinyl proton; 
in addition, the spec t rum  of Xa contains the signal of the protons of a methoxy group,  while the spec t rum of Xb 
contains the signal  of the protons  of another  phenyl r ing.  

When methoxy de r iva t ive  Xa is  heated with a solution of po tass ium hydroxide,  the N-methy lma le in imide  
r ing is hydrolyt ical ly  cleaved to give a d icarboxyl ic  acid (XIa), the carboxy groups  in which a r e  evidently c i s -  
or iented,  s ince it is  converted to an anhydride (XIb) during c rys ta l l iza t ion .  The s t r u c t u r e  of acid XIa is con-  
f i rmed  by i ts  m a s s  s p e c t r u m ,  the PMR s p e c t r u m  of i ts  d imethyl  es te r  (XIc) (signals of a vinyl proton,  four 
methyl  g roups ,  and four a r o m a t i c  pro tons) ,  and its IR spec t rum (~CO bands of quinone and e s t e r  groupings at 
1667 and 1733 cm- l ) .  As expected,  the e lec t ronic  spec t rum of d ies te r  XIc is s imi l a r  to the spec t rum of 2- 
methoxy-3-carbethoxybenzindolequinone [2] (see Fig.  1). 

*See [1] for  our  p r e l i m i n a r y  communica t ion .  
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It follows f rom the data presented above that one of the quinone r ings undergoes expansion to an oxepine 
ring in the oxidation of dimer  III with ni t r ic  acid in sulfuric acid. The inability of acid VI to undergo lactoni-  
zation (see above) indicates that an inclusion reaction ra ther  than oxidative cleavage of the ring bond with sub- 
sequent recycl izat ion occurs  in this case.  As far  as we can judge, this is the f i r s t  examPle of the conversion 
of a cyclic ketone to a lactone under the influence of nitric acid ra ther  than peracids  as  in the B a e y e r - V i l l i g e r  
reaction [5]. 

By oxidation of dimer  HI with ni tr ic  acid in acetic acid we were able to isolate an unstable color less  
compound (XII), which is dehydrated to lactone V by the action of acids or by heating. The absence of absorp-  
tion in the visible region of the spect rum,  which distinguishes XII f rom benzindolequinone derivatives [2] (Fig. 
1), indicates disruption of the conjugation of both nitrogen atoms with the quinone groupings and compels us to 
assign the 9a, 9 'a-diol  s t ruc ture  XII to the compound. The IR spectrum of diol XlI contains an intense band of 
vibrations of an OH group. 

One may imagine that the conversion of diol XII to oxepine u begins with detachment of a hydroxide anion 
under the influence of the acid with the generation of a conjugated carbonium ion (XIII), in the delocalization of 
the positive charge in which the second ring of the benzindolequinone part icipates .  Ring expansion proceeds 
as a result  of a sigmatropic r ea r rangement  in the carbonium ion during int ramolecular  nucleophilic attack by 
the hydroxy group on the carbonyl carbon atom (see XIII). The possibility that diol XII, which is converted to 
lactone V via a s imilar  pathway, is initially formed also in the oxidation of dimer  ILl in sulfuric acid is not ex- 
cluded. 

One could have assumed that the formation of diol XH f rom dimer  III proceeds via oxidation to a diquinone 
(XIV) with subsequent nucleophilic addition of the elements of water (to give XV) and oxidation. The oxidation 
of dimer  I~ with lead te t raaceta te  actually resul ts  in the formation of an unstable yellow compound, which upon 
reduction is converted a lmost  quantitatively to dimer  III and is evidently diquinone XIV. However, neither 
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Fig. 1. Electronic  spect ra :  1) 1- 
methy l -2 -met  hoxy-3-  ( c i s -1 ,2 -d i -  
carbomet  hoxyvinyl)benz [f]indole- 
4 ,9-d ione  (XIc) in ethanol; 2) 1- 
methy 1-2-methoxy-3-  carb ethoxy- 
benz [f]indole-4,9-dione in ethanol; 
3) 3,3 ' -b is  (1-methyl-  9a-hydroxy-  
2 , 4 , 9 -  9a- te t rahydr  oben z [f]ind olyl) 
(XII) in acetoni tr i le .  

diol XII nor lactone V is formed by the action of nitric acid on a solution of this compound in acet ic  acid,  and 
diquinone XIV consequently is not an in termediate  in the conversion of d imer  III to diol XII. 
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The oxidation of d imer  III with ni t r ic  acid in acet ic  acid occurs  only when t races  of nitrous acid a re  
present .  The addition of urea  completely inhibits the react ion.  According to [6], the oxidation of enolized 
ketones with ni t r ic  acid includes a step involving at tack by the ni trosonium cation at  the double bond of the 
enol and leads to ~-hydroxy  ketones. It is likely that in the case of dimer  III the reaction evolves as a resul t  
of at tack by the ni trosonium cation in the 9a position a t  the double bond of the ring that has a fixed enol group-  
ing [2]. 

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

The IR spect ra  of KBr pellets of the compounds were recorded with a UR-20 spec t rometer .  The e lec-  
t ronic  spect ra  were recorded with a Specord UV-vis spectrophotometer .  The mass  spectra  were obtained with 
a Varian CH-6 spec t rometer  at an ionizing voltage of 70 eV. The PMR spectra  were obtained with Tesla  BS-- 
467 and Jeol  C-60 spec t romete r s  with te t ramethyls i lane  as the internal standard.  The pK a values of acid VI 
were determined by potentiometric  t i tration by the method in [7]. 

3- (1- Methyl-2,4 ,  9 - t r i o x o - 2 , 3 , 4 , 9 - t  e t rahydr  oben z [f]indolid-3- ene)- 1 -me thy l -2 ,4 ,  9 - t r i oxo -2 ,3 ,4 ,  9- 
te t rahydrobenz [e]pyrrolo[2,3-b]oxepine (V). A 38-g (84 mmole) sample of d imer  IH was dissolved with s t i r r ing 
in 400 ml of 96% sulfuric acid,  af ter  which 16 g (0.165 mole) of 65% nitric acid was added dropwise in the course  
of an hour at no higher than 5~ The reaction mixture w~s then poured into 4 l i ters  of water ,  and the precipi -  
tated lactone V was removed by fi l trat ion,  washed with water until the wash waters had pH 7, dried in vacuo at 
room tempera ture ,  and dissolved in chloroform.  The chloroform solutio~ was fil tered through a layer of sil ica 
gel ,  the f i l t rate  was concentrated to a small  volume, and the concentrate  was diluted with ethyl acetate.  Work-  
up gave 35.3 g (90%) of a product with mp 272-274~ (dec.). IR spect rum:  1680 (quinone CO), 1725 (lactam CO), 
and 1788 cm -1 (lactone CO). PMR spect rum (in CDC13): 3.20 (3H, s,  NCH3) , 3.35 (3H, s,  NCH3) , and 7.95 ppm 
(SH, m, a romat ic  protons).  Electronic  spect rum (in acetonitr i le) ,  )~max (log s): 226 (4.56), 255 (4.43), 310 
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TABLE 1. 3- ( l - R - 2 , 4 ,  9 -Tr ioxo-2 ,3 ,4 ,9 - t e t r ahydrobenz  [f]indolid- 
3 - e n e ) - l - R - 2 , 4 , 9 - t r i o x o - 2 , 3 , 4 , 9 - t e t r a h y d r o b e n z o  [e]pyrrolo [2,3-b] 
oxepines 

H 

CH(CH3)2 

n-Ci2H2s 

C6H5 

rap, ~ C 
(solvent) 

IR Spectrum, [ 
I 

�9 

>360 1677 
@ioxane) 
267--269 1665 

~hloroform) 

84-~87 1670 
~exane) 

240 (dec., 1681 
chloroform) 

Found,% 

C H 

1735 1790 65,] 2,2 6,3 

1720 1770 69,1 4,1 5,0 

1713 1770 74s 7,3 3,3 

1732 1783 73,1 2,7 4,4 

Empirical 
formula 

lc24HtoN207* 

IC3oH22N2Ov 

C4sHssN207 

c36HIsN2Or 

* Found (by mass spectrometry): M 438. Calculated: M 438.3. 

I 
talc. ,% J 

C H N O 

I 5,4 
65,8 2,3 i6,4 90 
69,0 4.2 90 

t74,4 7,5 3,6 62 

73,2 3,1 4,7 60 

(infliction, 3.99), and 520 nm (3.45). Found: C 66.9; H 3.0; N 6.0%; M + (by mass  spectrometry)  466. C26H14N2OT. 
Calculated: C 67.0; H 3.0; N 6.0%; M 466.4. 

The proper t ies  of the other s imi lar ly  obtained [4] lactones a re  presented in Table 1. The lactones a re  
orange (the unsubstituted compound) or c r imson- red  acicular  crysta ls  that f luoresce  with red light both in the 
solid state and in solutions in aprot ic  solvents when they a re  i rradiated with Uu light. 

3 , 3 ' - B i s ( 9a=hyd roxy~ l -me thy l -2 ,4 ,9 - t r i oxo -2 ,4 ,9 ,  9a-tetrahydrobenz[f]indolyl) (XII). A 1.6-g (16.5 
mmole) sample of 65% nitr ic  acid was added dropwise with s t i r r ing to a suspension of 3.8 g (8.4 mmole) of 
dimer  III in 25 ml of glacial  acet ic  acid. After 30-40 min, violet-black dimer  III dissolved,  and a color less  
precipitate Of XII formed.  The lat ter  was removed by fi l tration, washed thoroughly with hexane, and dissolved 
in acetone.  The acetone solution was cooled to -78~  and hexane was added dropwise until crystal l izat ion be- 
gan. Compound XII was separated,  washed thoroughly with hexane, and dried in vacuo at room tempera tu re  in 
the dark to give 2.6 g {64%) of white acicular  crys ta ls  with a pinkish tint (due to the presence  of t races  of lac-  
tone V). When tMs product was heated to 60-70~ it was converted quantitatively to lactone V. See Fig.  1 for 
the electronic spect rum of XII. IR spectrum: 1713 (CO), 1730 (CO),3140 cm -1 (OH, broad band). Found: C 
64.2; H 3.6; N 5.5%. C26HI6N208. Calculated: C 64.4; H 3.3; N 5.8%. When 0.1 g of urea  was added to a sus-  
pension of d imer  III pr ior  to the addition of nitric acid, dimer  III remained unchanged after  2 h. 

Oxidation of Dimer III with Lead Tetraaceta te .  A 1.11-g (2.5 mmole) sample of lead te t raace ta te  was 
added to a suspension of 0.5 g (1.1 mmole) of d imer  III in 10 ml of glacial  acetic acid, and the mixture was 
shaken for 6 h. The black-violet  dimer  III dissolved to give a yellow solution. The formation of diol XIi or 
lactone V was not observed when 3.5 ml (5.0 mmole) of 65% nitr ic  acid was added to the solution and the preCi- 
pra ted  lead ni trate was separated after  the mixture had stood for 5 h. Zinc dust (3 g) was added to the solution 
after  oxidation with lead te t raace ta te ,  and the mixture was s t i r red at 20~ for 1 h. It was then poured into 
water,  and the violet precipitate of dimer  III was removed by filtration. The yield was 0.46 g (92%). The pro-  
duct was identified f rom its IR spectrum. 

Conversion of XII to Lactone V. A) A mixture of 5 g (10.3 mmole) of XII with 100 ml of absolute toluene 
was refluxed with simultaneous azeotropic distillation and protection of the distil late f rom ai r  mois ture .  T i t r a -  
tion of the distil late (~25 ml) with the F ischer  reagent  established the presence  of 0.15 g (80.7%) of water.  The 
precipitated lactone V was removed by filtration and recrys ta l l ized  to give 4.5 g (93%) of product. 

B) Boron tr if luoride etherate (2 ml) was added to a suspension of i g (2.06 mmole) of XII in 10 ml of g la -  
cial acetic acid, and the mixture was heated at 45-50~ for 30 min. It was then poured into water ,  and the p re -  
cipitated lactone u was removed and recrys ta l l ized .  The yield was 0.8 g (83%). 

C) A 1-g (2.06 mmole) sample of XII was dissolved in 10 ml of 96% sulfuric acid at 0~ and the solution 
was s t i r red for 5 rain. It was then poured into 100 ml of water ,  and the precipitated lactone V was removed by 
fil tration. The yield was 0.96 g (99%). Lactone V was identified in experiments A-C f rom the IR spectra  of 
the products.  
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3- [1-Methyl-4- (2-car boxyben zoyl)-2,5-dioxo -A3 -pyr ro l iu -3-y l ]  -1-methyl-2-hydroxybeuz[f]  indole-4,9-  
dione (VI). A 6.1-g (12.6 mmole) sample  of lactone V was added with s t i r r ing  to a solution of 4 g of potass ium 
hydroxide in 250 ml of water ,  and the blue solution was fi l tered.  The f i l t rate  was acidified to pH 1 with hydro-  
chloric acid,  and the precipitated VI was removed by fi l trat ion,  washed with methanol,  dr ied,  and chromato-  
graphed on sil ica gel [elution with c h l o r o f o r m - a c e t a t e - a c e t i c  acid (10:10:1)]. The eluate was evaporated to 
d ryness ,  and the res idue  was crysta l l ized f rom a mixture of te t rahydrofuran (THF) and methanol to give 2 .28g 
(36%) of red c rys ta l s  of VI with mp 232~ [tt~e product solidified at 235~ and was converted to VII (see below)]. 
IR spect rum:  1660 (quinone CO), 1690, 1727, 1730, 1785, 1802 (CO), and 3450 cm -~ (OH, broad band). Found: 
C 64.8; H 3.6; N 5.6%. C26H16N208. Calculated: C 64.4; H 3.3; N 5.8%. 

3- (1-Methyl -4-benzoyl -2 ,  5 -d ioxo-A3-pyr ro l in -3-y l ) - l -methyl -2-hydroxybenz[ f ] indole -4 ,  9-dione (VII). 
A 2-g (4.13 mmole) sample of VI was heated at 240-250~ for 10-15 min, af ter  which the reaction product was 
dissolved in chloroform and chromatographed on sil ica gel [elution with c h l o r o f o r m - e t h y l  acetate (3:1)] to 
give 1.4 g (77%) of enol VII. The product was obtained as red needles (from c h l o r o f o r m - e t h y l  acetate) and 
was soluble in aqueous solutions of bases;  acidification of the result ing blue solutions regenerated VII. The 
product did not f luoresce  either in the solid state or in solution and had mp 306-308~ IR spec t rum (in CDC13): 
2.76 (3H, s,  NCH3) , 3.93 (3H, s,  NCH3), 7.95 (9H, m, a romat ic  protons),  and 8.48 ppm (1H, s ,  OH). Found: 
C 68.1; H 3.5; N 6.5%; M + (by mass  spectroscopy) 440. C25H16N206. Calculated: C 68.2; H 3.6; N 6.4%; M 440.4. 

3- (1-Methyl -4-benzoyl -2 ,5-d ioxo-A3-pyrr  o l in -3-y l ) - i  -methyl -2-methoxybenz  [f]indole-4, 9-dion e (VIII). 
A 1-g (2.27 mmole) sample of VII was dissolved in 30 ml of absolute THF, 1.30 g (10 mmole) of dimethyl sul-  
fate and 1.29 g (10 mmole) of ethyldiisopropylamine were added, and the mixture was refluxed for 2 h. It was 
then cooled and poured into 100 ml of 1 N NC1, and the precipi tate  was removed by filtration and recrys ta l l i zed  
f rom c h l o r o f o r m - a c e t o n e  to give 0.82 g (79.5%) of small  yellow plates with mp 318-319~ IR spect rum:  1670 
(quinone CO), 1728, and 1795 cm -1 (CO). PMR spect rum (in CDC13): 2.71 (3H, s,  NCH3) , 3.93 (3H, s ,  NCH3) , 
4.05 (3H, s,  OCH3) , and 8.00 ppm (9H, m,  a romat ic  protons).  Found: C 68.1; H 4.0; N 5.8%; M + (by mass  
spectroscopy) 454. C26HlsN206 . Calculated: C 68.5; H 4.0; N 6.2%; M 454.4. 

3- (1 -Methy l -2 ,5 -d ioxo-A3-pyr ro l in -3-y l ) - l -methy l -2 -hydroxybenz  [f]indole-4,9-dione (IX). A) A mixture 
of 9.32 g (20 mmole) of lactone V, 50 ml of acet ic  acid,  and 50 ml of 48% hydrobromic acid was refluxed for 8h,  
af ter  which the precipitated IX was removed by fi l tration, washed success ively  with methanol and hexane, and 
dried to give red-brown crys ta ls  that were only slightly soluble in organic solvents.  The yield of product with 
mp 252-255~ (from THF, with decomposition) was 4.7 g (70%). IR spectrum: 1650 (quinone CO), 1682, 1751 
(CO), and 3400 cm -1 (OH, broad band). Found: C 64.7; H 3.8; N 8.0%; M + (by mass  spectroscopy) 336. C18H12- 
N205. Calculated: C 64.3; H 3.6; N 8.3%; M 336.3. The f i l t rate  after  separation of IX was evaporated to a 
small  volume, and the result ing precipi ta te  was removed by fi l tration, dried,  and sublimed at 140-150~ to 
give 1.1 g (40%) of phthalic anhydride,  which was identified f rom its melting point and IR spectrum.  

B) A mixture of 0.48 g (1 mmole) of Vt, 2 ml of acet ic  acid,  and 2 ml of 48% hydrobromic  acid was r e -  
fluxed for 2 h, and the precipitated IX was removed by fi l trat ion,  washed with methanol,  and dried to give 0.25 
g (74%) of a product that was identical to the product  obtained in experiment A according to its IR spect rum;  

3 - (1 -Methy l -2 ,5 -d ioxo-A3-pyr ro l in -3 -y l ) - l -me thy l -2 -methoxybenz  [f]indole-4,9-dione (Xa). The methyla-  
tion of IX was car r ied  out as in the case of VI, and the yield of methoxy derivat ive Xa was 97.5%. The yellow 
lameUar crystals had mp 246-24S~ (chloroform-methanol). II~ spectrum: 1655 (quinone CO), 1715, and 1780 
cm -I (CO). PMR spectrum (in CDCI3): 3.10 (3H, s, NCH3) , 3.94 (6H, broad s, NCH 3 and OCH3) , 6.75 (IH, s, 
~CH-CO),and7,88ppm (4H, m, 5, 6, 7, 8-H). Found: C 64.7; H 4.0; N 7.8%; M + (by mass spectroscopy) 350. 
C19HI4N205 . Calculated: C 65.0; H 4.0; N 8.0%; M 350.3. A dibromo derivative with mp 156-158~ (from chlo- 
roform-methanol) was obtained by the action of bromine on a solution of Xa in chloroform. Found.. Br 30.0%. 
CIgHI4Br2N205. Calculated: Br 31.4%. 

3- (1-Methyl-2,5-dioxo-A3-pyrrolin-3-yl)-l-methyl-2-benzoxybenz [f]indole-4,9-dione (Xb). A 0.2 g 
sample of benzoyl chloride and 0.2 ml of pyridine were added to a suspension of 0.34 g (i mmole) of IX in i0 
ml of absolute THF, and the mixture was stirred for 1-2 min. It was then poured into 50 ml of 2 N hydro- 
chloric acid, and the resulting precipitate was removed by filtration and recrystallized from alcohol to give 
0.42 g (92.5%) of pale-yellow needles with mp 189-190~ IR spectrum: 1671 (quinone CO), 1720 (lactam CO), 
and 1773 cm -i (ester CO). PMR spectrum (in CDCI3): 2.97 (3H, s, NCH3) , 3.97 (3H, s, NCH3) , 6.97 (IH, s, 

~---CH-CO), 7.67(5H, m, COC6Hd) , and 8.13 ppm (4H, m, 5, 6, 7, 8-H). Found: C 68.0; H 3.8; N 6.2%; M + (by 
mass spectroscopy) 440. C26HIsN2Os. Calculated: C 68.2; H 3.6; N 6.4%; M 440.4. 

l-Methyl-3- (cis-l, 2-dicarboxyvinyl)-2-methoxybenz [f]indole-4,9-dione (XIa) and Its Anhydride (XIb). 
A mixture of 7.0 g (20 mmole) of Xa and i00 ml of a 10% solution of potassium hydroxide was heated until all 
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of the solid had d isso lved  (20-30 min),  a f t e r  which the solution was cooled and acidified with hydrochlor ic  
ac id ,  and the prec ip i ta ted  acid XIa was r emoved  by f i l t ra t ion and dr ied .  Recrys ta l l i za t ion  f r o m  ace t ic  acid 
converted the product  to anhydride XIb [5.6 g (83%)]. The yel low c ry s t a l s  had mp 219-221~ (dec,) .  IR spec -  
t r um:  1650, 1668 (quinone CO); 1718, 1785, and 1850 cm -1 (anhydride CO). PMR spec t rum (in CF3COOH): 
3.98 (3H, s ,  NCH3), 4.08 (3H, s ,  OCH3), 7.25 (1H, s,  = C H - C O ) ,  and 7.88 ppm (4H, m,  5, 6, 7, 8-H). Found: 
C 64.4; H 3.3; N 3.8%; M + (by m a s s  spect roscopy)  337. C18HllNO 6. Calculated: C 64.1; H 3.3; N 4.2%; M 337.3. 

l~Methy l -3 -  ( c i s - I ,  2 -d icarbomethoxyvinyl ) -2-methoxybenz  [f] indole-4,9-dione {XIc). A mix tu re  of 5 g 
(14.8 mmole)  of XIb, 25 ml of thionyl ch lor ide ,  and 0.2 ml  of d ime thy l fo rmamide  (DM-F) was refluxed for  2 h, 
a f t e r  which i t  was evaporated to d rynes s  in vacuo.  Absolute  methanol  (20 ml) was added with cooling to the 
res idue ,  and the mix tu re  was ref luxed for  1 h. It was then cooled, and the precipi ta ted  d ie s t e r  XIc was r e -  
c rys ta l l ized  f r o m  c h l o r o f o r m - m e t h a n o l  to give 5.2 g (91.5%) of pa le -ye l low needles  with mp 161-162~ IR 
spec t rum:  1667 (quinone CO) and 1733 cm -1 (ester  CO). PMR spec t rum {in CF3COOH): 4.00 (3H, s ,  NCH3), 
4.03 (3H, s ,  OCH3) , 4.07 (6H, broad s ,  2OCH3), 6.88 (1H, s ,  -- C H - C O ) ,  and 7.95 ppm (4H, m,  5, 6, 7, 8-H).  
Found: C 62.9; H 4.3; N 3.9%; M + (by m a s s  spec t romet ry )  383. C20HIsNOT. Calculated: C 62.7; H 4.4; N 3.7%; 
M 383.3. 
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R E A C T I O N S  O F  4 - M E T H Y L ( C H L O R O ) S U L F O N Y L - 2 t 3 , 5 , 6 -  

T E T R A B R O M O P Y R I D I N E S  W I T H  N U C L E O P H I L I C  R E A G E N T S  

S. D .  M o s h c h i t s k i i  a n d  A .  A .  Z e i k a n '  UDC 547.822.1.5.6'828 

The MeSO 2 group is rep laced  in the react ion  of 4 -methy l su l fony l te t rabromopyr id ine  with smal l  
nucleophi les ,  whereas  the Br  a tom in the 2 position is rep laced  in the react ion  with bulky nuc-  
leophiles.  Depending on the t e m p e r a t u r e  conditions and the ra t io  of the reac t ing  subs tances ,  
4 -ch lo rosu l fony l te t rabromopyr id ine  r eac t s  with p r i m a r y  amines  to give ei ther  the co r r e spond-  
ing amides  or  amines .  It was es tabl ished that the corresponding amines  a r e  fo rmed when t e t r a -  
bromopyr id inesul fonic  acid w-hydroxya lky lamides  a r e  heated with t r i e thy lamine .  

According to kinetic data ,  in nucleophilic substitution reac t ions  the methylsulfonyl  groups in ni trogen 
he te rocyc les  a r e  substi tuted considerably m o r e  rapidly  than the halogen a toms  [1], and he tary l  methyl  sulfones 
a r e  t he re fo re  valuable  in te rmedia tes  for  al l  so r t s  of chemical  t r an s fo rma t ions .  

F r o m  this point of view it seemed of in te res t  to study the reac t ions  of 4 -me thy l su l fony l -2 ,3 ,5 ,  6 - t e t r a -  
b romopyr td ine  (I) with some nucleophilic r eagen t s .  

The p re sence  of the strong e l ec t ron -accep t e r  CH3SO 2 group in I should ac t iva te  the adjacent  b romine  
a t o m s ,  and a t tack  on the carbon a toms  in the 2, 3, and 4 posi t ions in sulfone I is t he re fo re  theore t ica l ly  pos -  
s ible,  depending on the nature  of the nucleophile.  

It was establ ished that  the CH3SO 2 group is replaced exclusively in all  cases  when sulfone is heated even 
with excess  ammonia ,  methylamine ,  sodium hydroxide,  and sodium methoxide,  and 4 -amino ,  4 -methy lamino ,  
4 -hydroxy- ,  and 4 - m e t h o x y - 2 , 3 , 5 , 6 - t e t r a b r o m o p y r i d i n e  (IIa-d), r e spec t ive ly ,  a r e  fo rmed.  

- Insti tute of Organic Chemis t ry ,  Academy of Sciences of the Ukrainian SSR, Kiev 252660. Trans la ted  
f rom Khimiya Getero ts ik l icheskikh  Soedinenii, No. 7, pp. 937-942, July ,  1979. Original  a r t i c l e  submitted 
July 15, 1978. 

v64 0009-3122/79/1507-0764507.50 r 1.980 PlenlJxn l~bl ish ing Corpora t ion  


