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3,5-Di-tert-butyl-4-hydroxybenzaldehyde reacts with indole and 2-methylindole to give di(3- 
indolyl)methane de r iva t ives  but reacts  with 2-ketoindoline and 1-methyl-2-ketoindoline t o  
give 3-arylidene-2-ketoindoline derivatives. 2-Ketoindolines form 3-(o-hydr0xybenzylidene)- 
2-ketolndolines with salieylaldehyde. They react with aryglyoxals to give 3-(2-ketoindolinyl)- 
aroylcarbinols, which are dehydrated to 3-phenacylidene-2-ketoindolines under the influence 
of acetic acid. Both the starting earbinols and these products form spiro[(2-ketoindoline)-3,5'- 
(3'-aryl-A2-pyrazolines)] on reaction with hydrazine. 

Khimiya Geterotslklicheskikh Soedinenii, No. 1, pp. 40-44, January, 1973. 
November 10, 1971. 

It is knownthat sterically hindered (shielded) phenols have a number of specific chemical and physico- 
chemical properties,  and this makes it possible to find broad practical applications for them [1-5]. 

In order to obtain indole derivatives of phenols of this type, we condensed indole and 2-ketoindoline 
with 3,5-di-tert-butyl-4-hydroxybenzaldehyde (I). When indole and aldehyde I are refluxed in benzene, they 
give 4-[dl-(3-indolyl)methyl]-2,6-di-tert-butylphenol (II); 4-[di(2-methyl-3-indolyl)methyl]-2,6-di-tert-  
butylphenol (Iil) is obtained from 2-methylindole, while 4-[dl(1,2-dimethyl-5-methoxy-3-indolyl)methyl]-2, 
6-di-tert-butylphenol (IV) is formed from 1,2-dimethyl-5-methoxyindole. 
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pyrro le  and 2-ketoindoline do not react  with I under these conditions. However, 2-ketoindoline forms 
3-(4-hydroxy-3,5-dl-tert-butylbenzylidene)-2-ketoindoline (V) when it is refluxed in alcohol in the presence 
of piperidine, and 1-methyl-2-ketoindoline is also converted to a benzylidene derivative (VI), 

The presence of the hydroxyl group of a sterieally hindered phenol in II-IV is proved [2] by the pres -  
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TABLE 1. Cha rac t e r i s t i c s  of the Compounds Obtained 

~ m p ,  
o ~ 

II 226 a 

III  239 a 

IV 186 ~ 
V 22Z b 

VI I34 o 

Empirical 
formula 

Found. Gale. ~ }bo'r l 
0 - i 

UV spectrum, d Yield, 
kmax, nm . % 
(log ~)~ 

C31Ha4N~O 

C33H~N20 

C37It4~N20a 
C23H27NO,2 
C24H~oNO~ 

83,0 7,7 6,3 82,7]7,6 6,2 i 365l 
84 59 83'818:2 <8 82,8 8,015,81 3651 s3,41 

78,318,3 5,0 78,4 8,1 4,9! ~6~I 
78,9 7,3 4,3178,9 7,414,01 3~,  
78,3 8,o 4,o 79,3 8,0 3,9 3651 

225 (4,51), 284 (3,83) 38 
211 (4,37), 2~ (3,81) 36 
229 (4,41) 
212 (4,44), 2'88 (3,9) 53 
211 (4,41), 254 (4,20) 28 
211 (4,24),254 (3,98) 31 

aCrys ta l l i zed  f rom benzene,  b c r y s t a l l i z e d  f rom pe t ro leum ether .  
cIn KBr pel le ts  with a UR-10 spec t rome te r ,  din methanol with a 
Specord s pec t rom e t e r .  

ence of a na r row single peak at  3651 cm- l in  thei r  IE spec t r a .  The UV spec t ra  contain cha rac t e r i s t i c  ab -  
sorpt ion bands at  210-220 nm {the B band with a higher extinction coefficient} and 260-280 nm (the C band 
with a lower extinction coefficient} [2]. The shift of the C band to the shor t -wave  region on pass ing  to V 
and VI is apparent ly  explained by the p r e s ence  of conjugation with the 2-ketoindolinyl  res idue ,  the c h a r a c -  
t e r i s t i c  absorpt ion band of which l ies  at 248 nm'(3.74)o 

One might have expected the format ion  of indolo[3,2-e]pyryl tum chlor ides  (VII) in the reac t ion  of 2-  
ketoindolines with sal icylaldehyde in the p re sence  of hydrogen chloride.  However,  when a mixture  of the 
reagents  in methanol  is sa tu ra ted  with hydrogen chloride,  3- (o-hydroxybenzyl idene)-2-ke to indol ines  {VIII), 
which are  a lso  obtained when the reac t ion  is c a r r i e d  out in alcohol in the p re sence  of piperidine,  a re  fo rmed  
in high yield in place of the expected  VII. 
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It was recent ly  found that  2-ketoindol ines  r eac t  with a ry tg lyoxals  to give 3 - (2 -ke to indo l iny l )a roy lca r -  
binols {IX) [6]. These compounds are  read i ly  dehydrated to 3-phenacyl idene der iva t ives  (X) in acet ic  acid 
at room t e m p e r a t u r e  or  on re f l~x ingfor  2-3 rain. Thus 1-methyl -3-{p-methoxyphenacyl idene) -2-ke to indol ine  
(X, R =CH3, X =OCH 3) and 1-methy l -3-phenacy l idene-2-ke to indol ine  (X, R = CH3, X=H} were  obtained in high 
yields  in this  manner .  3-{1-Methyl-2-ketoindol inyl){p-bromobenzoyl}carbinol  (IX, R=  CH3, X = B r )  is dehy- 
dra ted  pa r t i cu l a r l y  read i ly  to 1 -methy l -3 - (p -bromophenacy l idene) -2 -ke to indo l ine  (X, R = CH3, X = Br}, even 
during r ec rys t a l l i za t ion  f r o m  boiling alcohol. 

XV R=CH3, X=II; XV[ R=CII~, X=OCfl 3 
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~,/3-Unsaturated ketones  X are  intensely red  compounds that a r e  identical  to samples  obtained by 
dehydrat ion of carbinols  XI [7, 10]. 

OH 0--. 

-H~O +If~O~ 

[ j 
R R 

XI XII 

35 



100- 

8 0 -  

i ~  OCH3 

60- 
CH3 

"~ 1,45 40- 171 

C 130 I 

"ts I 
~ 77 ~ 20  

102 

40 so ~2o ~(~o 200 24o 

264 

279 

280 
Fig. 1. Mass spec t rum of XVI. 
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Epoxidation of ketones X gives the p rev ious ly  
desc r ibed  [8, 9] epoxy ketones (XII). Both carb inols  
IX and ketones X on refluxing in alcohol with hydrazine 
hydrate  f o r m  the same co lo r l e s s  c rys ta l l ine  products ,  
to which the sptro[ (1 -methy l -2 -ke to indo l ine ) -3 ,5 ' -  (3 ' -  
a ry l -ALpyrazol ine) ]  s t ruc tu re  can be ass igned on the 
bas i s  of the m a s s  spec t ra .  This route was used to ob- 
tain 3 ' - pheny l -  (XV) and 3 ' - (p -an isy l )  (XV1) der iva t ives .  

The m a s s  spec t rum of XVI is p re sen ted  in Fig. 1. 
The m a s s  spec t rum of XV, the dis integrat ion of which 
is s im i l a r  to the dis integrat ion of XVI, contains a mole -  
cular  ion peak with m / e  (relat ive intensi ty in percent)  
249 (100), 248 (30), 145 (57), 130 (45), 117 (30), the p r e s -  
ence of which makes  it poss ible  to a s sume  the following 

o rde r  of disintegrat ion:  as in the case  of other  2-ketoindoline der iva t ives  [11], carbon monoxide is init ially 
ejected,  as p roved  by the p re sence  of a metas tab le  peak with m / e  223.5 (2492/277 =223.8). This is followed 
by no rma l  dis integrat ion according to the scheme 
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E X P E R I M E N T A L  

React ion of Indoles with 3 ,5 -Di - te r t -bu ty l -4 -hydroxybenza ldehyde .  A solution of 2.34 g (20 mmole) of 
indole and 2.34 g (10 mmole) of 3 ,5 :d i - t e r t -bu ty l -4 -hydroxybenza ldehyde  in 50 ml of benzene was ref iuxed 
for  1.5 h. It was then cooled to prec ip i ta te  p a l e - r o s e  c ry s t a l s  of 4 - [d i (3 - indo ly l )me thy l ] -2 ,6 -d i - t e r t -bu ty l -  
phenol (II). Similar ly ,  4 - [d i - (2 -methy l -3- indoly l )  me thy l ] -2 ,6 -d i - t e r t -bu ty lpheno l  (IID and 4- [di (1 ,2-dimethyl-  
5 -methoxy-3- indo ly l )methy l ] -2 ,6 -d i - t e r t -bu ty lpheno l  (IV) (Table 1) were  obtained f r o m  2-methyl indole  and 
1,2 - di methyl -5 - me th oxyindole. 

React ion of 2-Ketoindolines with 3 ,5 -Di - te r t -bu ty l -4 -hydroxybenza ldehyde .  A mixture  of 1.33 g (10 
mmole)  of 2-ketoindoline,  2.34 g (10 mmole) of 3 ,5 -d i - t e r t -bu ty l -4 -hydroxybenza ldehyde ,  and seve ra l  drops  
of piperidine in 50 ml of alcohol was ref luxed for  8-10 h. The mixture  was cooled, and a brown oil was  i so -  
lated. Chromatography of the oil with a column filled with aluminum oxide and elution by pe t ro l eum e t h e r -  
benzene (1:1) gave 3 - (4 -hydroxy-3 ,5 -d i - t e r t -bu ty lbenzy l idene) -2-ke to indo l ine  (V) (yellow crys ta l s ) .  1- 
Methy l -3- (4-hydroxy-3 ,5-d i - te r t -bu ty lbenzyl idene) -2-ke to indol ine  (VI) (Table 1) was obtained f rom 1- 
methyl-2-ketoindol ine .  

React ion of 2-Ketoindolines with Salicylaldehyde. A solution of 1.33 g (10 mmole) of 2-ketoindoline 
and 1.22 g (10 mmole)  of sal icylaldehyde in 20 ml of methanol was sa tu ra ted  in the cold with hydrogen chlo-  
r ide.  The yellow prec ip i ta te  of 3- (o-hydroxybenzyl idene)-2-ketoindol ine  (VIII, R =H) was r emoved  by f i l t r a -  
t ion and c rys t a l l i zed  f r o m  benzene to give 1.2 g (51%) of a product  with mp 196 ~ Found: N 5.5%. CtsHllNO2. 
Calculated: N 5.9%. IR spec t rum (in mine ra l  oil), cm-1: 1685, 1605. UV spec t rum (in alcohol): X max  
246 nm, log e 4.30. Similar ly ,  1.47 g (10 mmole)  of 1-methyl -2-keto indol ine  gave 1.8 g (72%) of a yellow 
prec ip i ta te  of 1 -methyl -3- (o-hydroxybenzyl idene) -2-ke to indol ine  (VIII, R = CH 3) with mp 208 ~ Found: 
C 76.7; H 5.3; N 5.3%. Ci6Ht3NO2. Calculated: C 76.5; H 5.2; N 5.5%. IR spec t rum (in mine ra l  oil), cm- l :  
1675, 1630, and 1600. UV spec t rum (in alcohol): X max  247 nm, log e 4.36. Both compounds VIII (R=H and 
R = CH 3) we re  also obtained by refiuxing (for 3 h) a methanol solution of the cor responding  2-ketoindoline 
and sal icylaldehyde in the p resence  of a few drops of piperidine.  
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Prepara t ion  an d Dehydration of Aroylcarbinols .  A. 3-(1-Methyl-2-ketoindol inyl)(p-bromobenzoyl)-  
carbinol (IX, R = CH3, X =Br).  A mixture  of 3.47 g (15 mmole) of p-bromophenylglyoxal  hydrate and 2.2 g 
(15 mmole) of 1-methyl-2-ketoindol ine in 15 ml of benzene was ref luxed for  3 h, af ter  which the solvent was 
removed by vacuum disti l lation to about half the original volume and allowed to stand for crys ta l l iza t ion  to 
give 1.1 g (20%) of a product  with mp 142 ~ Found: C 56.6; H 4.2; N 3.8%. C17H14BrNO 3. Calculated: C 
56.7; H 3.9; N 3.9%. 

B. 1-Methyl-3-(p-bromophenacyl tdene)-2-ketoindol ine  (X, R = CH~, X = Br). 3- (1-Methyl-2-keto indol-  
inyl)(p-bromobenzoyl)carbinol  was ref luxed for  30 rain in alcohol, and the mixture was then cooled to give 
b r i c k - r e d  c rys ta l s  with mp 192 ~ in 100% yield. Found: C 60.1; H 3.7; N 4.0%. C17H12BrNO 2. Calculated: 
C 59.7; H 3.5; N 4.1%. 

C. 1-Methyl-3-(p-methoxyphenacyl idene)-2-ketoindol ine (X, R=CH3, X =OCH3). A 1-g sample of 3-  
(1-methyl-2-ketoindol inyl)(p-anisoyl)carbinol  [6] was dissolved with slight heating in 10 ml of acet ic  acid, 
and the solution was allowed to stand at 20 ~ for  10 h. The mixture  was then diluted with water ,  and the 
b r i c k - r e d  crys ta l l ine  precipi ta te  was removed  by fil tration, washed with water ,  and crys ta l l ized  f rom alco-  
hol to give 0.6 g (67%) of a product  with mp 121 ~ (mp 119-123 ~ [10]). 

D. 1-Methyl-3-phenacyl idene-2-ketoindol ine (X, R =CH~, X =H). This compound was s imi la r ly  ob- 
tained in 100% yield f rom 3-(1-methyl-2-ketoindol inyl)benzoylcarbinol  and had mp 126 ~ (mp 127-128 ~ [7]). 
No melt ing-point  depress ion  was observed for  a mixture of this product  with a sample obtained by the 
method in [7]. 

Reaction of Aroylcarbinols  with Hydrazine.  A. Spiro[(1-methyl-2-ketoindol ine)-3 ,5 ' - (3 ' -phenyl  -A2- 
pyrazoline)] (XV). A solution of 1.4 g (5 mmole) of 3-(1-methyl-2-ketoindol inyl)benzoylcarbinol  in 10 ml of 
ethanol was refluxed with 0.16 g (5 mmole) of hydrazine hydrate for  1 h. Color less  needles [0.48 (35%)] 
with mp 220 ~ prec ip i ta ted  f rom the mixture on standing. Found: C 73.7; H 5.6; N 14.5%. C17H15N30. Cal- 
culated: C 73.6; H 5.4; N 15.1%. IR spec t rum (in mineral  oil), cm-l:  3300, 3040, 1710, and 1610. UV spec-  
t rum (in alcohol): X max 265 nm, log e 3.33. The same compound was obtained in 69% yield by react ion 
of hydrazine with 1-methyl-3-phenaeyl idene-2-ketoindol ine .  

B. Spi ro(1-methyl-2-keto indol ine)-3 ,5 ' - [3 ' - (p-anlsyl ) -A 2-pyrazOline] (XVD. This compound was 
s imi la r ly  obtained as co lor less  needles [0.58 g (38%)] with mp 206 ~ f rom 1.55 g (5 mmole) of 3 - (1 -methy l -  
2-ketoindolinyl)(p-anisoyl)earbinol .  Found: C 70.7; H 5.6; N 13.4%. ClsH17N302. Calculated: C 70.4; H 
5.5; N 13.7%. IR spec t rum (KBr pellets) ,  cm-l :  3340, 2970, 1710, 1610; UV spec t rum (in alcohol): 2~ max 
290 nm, log ~ 3.28. The same compound was obtained by react ion o f h y d r a z i n e w i t h l - m e t h y l - 3 - ( p - m e t h o x y - -  
phenacylidene)-2-ketoindoline in alcohol (in 86~ yield). 
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