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2-Ketoindoline and 1-methyl -2-ke to indol ine  condense with hydroxymethylene  ketones  in the 
p re sence  of hydrogen chlor ide  to give pyryl ium[2,3-b] indole  ch lor ides ,  which can be con-  
ve r t ed  to 5--(3-oxindolyl)-A2-pyrazolines by react ion  with phenylhydrazine and to 5 - (3 -ox-  
indolyl)-A2-isoxazol ines  by reac t ion  with hydroxylamine .  

It  is known [1] that the condensation of hydroxymethylene  ketones with methyl  or methylene ketones 
in the p r e sence  of pe rch lo r i c  acid r e s u l t s  in the format ion  of pyry l ium sa l t s .  In the p re sen t  r e s e a r c h  it  
was demons t r a t ed  that,  in the oxindole s e r i e s ,  this react ion  makes  it poss ib le  to obtain the prev ious ly  un-  
desc r ibed  pyryl ium[2,3-b] indole  sa l t s .  The reac t ion  is c a r r i e d  out in analogy with the recen t ly  desc r ibed  
react ion  of thiooxindole with ~ -d iketones  [2]: a methanol  solution of equ imolecu la r  amounts of the reagen ts  
is cooled with ice and sa tu ra ted  with d ry  hydrogen chlor ide,  as a r e su l t  of which colored,  c rys ta l l ine  p rod-  
ucts  that  genera l ly  re ta in  solvent  molecu les  a re  obtained. We obtained this so r t  of compound (I-III) by the 
reac t ion  of 2-hydroxymethylenecyclohexanone with oxindole (2-ketoindoline) and 1-methyloxindole  (1- 
methyl-2-ketoindol ine)  and also by  the reac t ion  of 2 - h y d r o x y m e t h y l e n e - 6 - m e t h o x y - l - t e t r a l o n e  with 1-  
methyloxindole .  Intense absorpt ion bands with m a x i m a  at 1640, 1590, and 1570 cm -i ,  which are  c h a r a c t e r -  
is t ic  for  the s t r e t ch ing 'v ib ra t ions  of the C -----C bonds of the pyry l ium ring [3,4], appea r  in the IR s p e c t r a  of 
I - I I I ,  but the carbonyl  group band is absent .  
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However ,  the product  of condensation of 1 -methy l -2-ke to indol ine  with 2 -hydroxymethy lene - l - indanone  
does not cycl ize  to a pyry l ium sal t .  A d a r k - r e d  substance ,  to which we assign the 2 - ( 1 - m e t h y l - 2 - k e t o -  
indo l iny l -3 -methy lene) - l - indanone  (IV) s t ruc tu re  on the bas i s  of the r e su l t s  of e l e m e n t a r y  analys is  and IR 
spec t roscopy ,  was isola ted in good yield.  
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In the case  of 1 - o x o n i u m - 2 , 3 - t e t r a m e t h x l e n e - 9 - m e t h y l c a r b a z o l e  chlor ide  (II), we studied the reaction" 
of the pyryl ium[2,3-b] indole  sa l t s  with some nucleophil ic agents .  When II is ref luxed with excess  a m m o n i -  
um acetate  in acet ic  acid, it gives a complex mix tu re  of products ,  f rom which the cor responding  a - c a r b o -  
line could not be isola ted by ch romatography  with a column filled with a luminum oxide. It  is known [5] that  
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c h r o m y l i u m  sal ts ,  which contain a benzene r ing condensed with the pyry l ium ring, a re  not conver ted  to 
pyridine ba se s .  Refluxing of II with excess  phenylhydrazine in alcohol gives a co lo r l e s s  der iva t ive ,  the IR 
spec t rum of which contains the intense absorpt ion band of a carbonyl  group with a m a x i m u m  at 1705 c m  -1, 
while NH group absorpt ion is absent .  The UV s p e c t r a  contain absorpt ion m a x i m a  at 283 nm (loge 3.89) 
(in alcohol) and at 219 and 267 nm (log e 3,00 and 2.99) (in alcoholic alkali  solution), which c lose ly  r e c a l l s  
the UV spec t r a  of 1 -methyl -2-ke to indol ine  in the s a m e  so lvents .  We were  unable to acetyla te  this product  
with a mix tu re  of acet ic  anhydride and pyridine;  when it is ref luxed in acet ic  acid, it is c leaved to 1 - m e t h y l -  
2-ketoindoline and 2-phenyl te t rahydroindazole ,  On the bas i s  of these  data and the r e su l t s  of e l e m e n t a r y  
anal ys i s ,  we ass igned the 1 - p h e n y l - 3 , 4 - t e t r a m e t h y l e n e - 5 -  (1 -methyl -2-ke to-3- indol iny l ) -A2-pyrazo l ine  (V) 
s t ruc tu re  to the compound obtained. 

Compound II r e a c t s  s i m i l a r l y  with hydroxylamine ,  as a r e su l t  of which 3 , 4 - t e t r a m e t h y l e n e - 5 -  {1- 
methy l -2 -ke to-3- indo l iny l ) -A~- i soxazo l ine  (VI), the s t r u c t u r e  of which was also p roved  by IR and UV s p e c -  
t roscopy  and e l e m e n t a r y  ana lys i s ,  is fo rmed .  

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

1 -Oxon ium-2 ,3 - t e t r ame thy l eneca rbazo l e  Chlor ide  (I). A solution of 2.66 g (0.02 mole) of 2 -ke to -  
indoline and 2.52 g (0.02 mole) of 2-hydroxymethylenecyclohexanone in 10 ml  of methanol  was cooled with 
ice and sa tu ra ted  with d ry  hydrogen chlor ide ,  a f ter  which the mix tu re  was diluted with an equal volume of 
absolute e ther  and allowed to stand in a r e f r i g e r a t o r  for  s e v e r a l  hours .  The resul t ing c rys ta l l ine  p r e -  
cipi tate  was r emoved  by f i l t ra t ion and washed thoroughly on the f i l t e r  with absolute e ther  to give 82% of I 
with mp 190-192 ~ Found: C 64.8; H 5.5; C1 12.6; N 5.2%. C15HI4C1NO �9 H20. Calculated:  C 64.9; H 5.8; 
C1 12.8; N 5.(P/c. IR s p e c t r u m  (in comple te ly  f luorinated paraffin),  cm-~: 3400 (NH, broad  band), 1640, 
1590, and 1570 (pyrylium ring C - ~ C ) .  

1 - O x o n i n m - 2 , 3 - t e t r a m e t h y l e n e - 9 - m e t h y l c a r b a z o l e  Chloride (II). This  compound was s i m i l a r l y  ob- 
tained in 96~ yield f r o m  1-methy l -2-ke to indol ine  and 2-hydroxymethylenecyclohexanone and had mp 141 ~ 
Found: C 61.8; H 6.7; C1 11.2; N 5.2%. CI6HI~CINO �9 2H20. Calculated:  C 62.0; H 6.5; C1 11.4; N 4.5%. 
IR s p e c t r u m  (in comple te ly  f luorinated paraffin),  c m - l :  3400 (NH, b road  band), 1640, 1590, and 1570 
(pyrylium ring C----C). UV s p e c t r u m *  (in water) :  Xma x 253, 284, and 344 nm {log~ 3.28, 3.18, and 3.56). 

3 -Methoxy-12-methy l -5 ,6 -d ihydro-13-oxon iumindo lo  [3,2-b]phenanthren e (III). This compound was 
s i m i l a r l y  obtained in 37% yield f r o m  1-methy l -2-ke to indol ine  and 2 - h y d r o x y m e t h y l e n e - 6 - m e t h o x y - 1 -  
te t ra lone  and had mp 236 ~ Found: C 70.2; H 5.6; N 3.6%. C21H18CLNO 2 " ~C2HsOH. Calculated:  C 70.5; 
H 5.6; N 3.7%. IR s p e c t r u m  (in comple te ly  f luorinated paraff in) ,  c m - l :  3400 (N-H, broad  band), 1635, 1600, 
and 1550 (pyrylium ring C----C). 

2 - (1 -Methy l -2 -ke to -3 - indo l iny lme thy lene ) - l - i ndanone  (IV). This  compound [2.4 g (83%)] was s i m i l a r -  
ly obtained f r o m  1.47 g (0.01 mole) of 1 -methy l -2-ke to indol ine  and 1.49 g (0.01 mole) of 2 -hydroxymethy l -  
ene - l - i ndanone .  The d a r k - r e d  product  had mp 151 ~ (from alcohol).  Found: C 78.6; H 5.4; N 4.8%. 
C19HI5NO 2. Calculated:  C 78.9; H 5.2; N 4.8%. IR spec t rum (in m ine ra l  oil), c m - l :  1670, 1580, 1530, 1250, 
940, 780, and 730. UV s p e c t r u m  (in methanol):  ~ m a x  212, 258, and 399 nm (loge 4.37, 4.14, and 4.02). 

1 - P h e n y l - 3 , 4 - t e t r a m e t h y l e n e - 5 -  (1 -methy l -2-ke to-3- indol iny l ) -A2-pyrazo l ine  (V). A 1.3-g (12 mmole)  
s ample  of phenylhydrazine  was added to a solution of 1.9 g (6 mmole)  of II in 20 ml  of methanol ,  and the 
mix tu re  was ref luxed for  1 h and poured into 100 ml  of wa te r .  The aqueous mix tu re  was f i l tered,  and the 
solid was c rys t a l l i zed  f r o m  methanol  to give 1.4 g (74%) of V with mp 232 ~ Found: C 76.3; H 6.8; N 12.4%. 
C23H22N30. Calculated:  C 76.5; H 6.7; N 12.2%. 

3 , 4 - T e t r a m e t h y l e n e - 5 -  (1-methyl -2-ke to-3- indol inyl ) -A2- isoxazol ine  (VI). A solution of 0.9 g (3 
mmole)  of II  in 10 ml  of methanol  was ref luxed for 1 h with 0.4 g (6 mmole)  of NH2OH �9 HC1 in the p r e sen ce  
of 0.5 g (6 mmole)  of sodium aceta te  to give 0.8 g (100%) of VI with mp  144 ~ Found: N 10.3%. CI6HtsN202. 
Calculated:  N 10.3%. IR s p e c t r u m  (in m i ne ra l  oil), c m - l :  1700, 1610, 1495, 1355, 1130, 1090, 860, 770. 
UV spec t rum (in methanol) :  Xmax  283 nm (loge 3.00). 

Cleavage of Pyrazol ine  V. Pyrazo l ine  V, obtained by t r e a t m e n t  of 2.2 g (7 mmole)  of pyry l ium sa l t  
II with phenylhydrazine,  was ref luxed without purif icat ion in 20 ml  of acet ic  acid for  1 h. The mix tu re  was 
poured into wa te r ,  and the product  was ex t rac ted  with ch lo ro fo rm.  The ex t rac t  was  washed thoroughly 
with wa te r ,  concent ra ted  to a sma l l  volume,  and pa s sed  through a column packed with a luminum oxide to 

*Recorded  with a Specord spec t ropho tome te r .  

933 



give 1.3 g (93%) of 2-phenyltetrahydroindazole with mp 49 ~ The picrate had mp 126 ~ [6]. Also obtained 
were 0.45 g (50%) of 1-methyl-2-ketoindoline and 0.3 g of an unidentified substance with mp 126 ~ Found 
(for the latter): C 66.4; H 6.9; N 18.2%. C2iH27N502. Calculated: C 66.1; H 7.0; N 18.3%. We did not, how- 
ever,  study this compound. 

le 
2. 
3. 
4. 
5. 
6. 

LITERATURE CITED 

G. N. Dorofeenko, G. V. Lazur 'evskii ,  and G. I. Zhungietu, Dokl. Akad. Nauk SSSR, 161, 355 {1965). 
J .  Bourdais, Tet.  Let ters ,  2895 {1970). 
A. T. Balaban, G. Mateescu, and M. Elian, Tetrahedron, 18, 1083 (1962). 
J .  A. Durden and D. G. Grosby, J .  Org. Chem., 30, 1684 (1965), 
K. Dimroth, Angew. Chem., 72, 331 {1960). 
Dictionary of Organic Compounds, Oxford University P ress  (1966). 

934 


