
and heated at 80 ~ for  2 h. The excess  mercap t an  was r emoved  by disti l lation, and the res idue  was dissolved in 
ch lo ro fo rm and pur i f ied  with a column fil led with A1203 (elution with CHC13) to give 0.9 g (75%) of X. Compound 
XI was s i m i l a r l y  obtained. 

Compounds VIII-X w e r e  obtained as white c rys ta l l ine  subs tances  that  were  s table  in a i r  (Table 1). 
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R E S E A R C H  ON U N S A T U R A T E D  A Z O L E  D E R I V A T I V E S  

V.* TRANSFORMATIONS OF 3-FORMYLINDAZOLES IN THE WITTIG REACTION 

I .  I .  P o p o v ,  A .  A.  Z u b e n k o ,  
A .  M. S i m o n o v ,  D. A .  T e r t o v ,  
a n d  P .  P .  O n i s h c h e n k o  

UDC 547.779.543.422.4.6 

3 -Fo rmyl indazo le s  a r e  conver ted  to 1 -methy l -  and 2 -me thy l - subs t i tu t ed  ~- (3- indazoly l )acry l ic  
and a - b r o m o a c r y l i c  acids by  the Wittig reac t ion .  Dehydrohalogenation of the B- (3- indazoly l ) -a -  
b r o m o a c r y l i c  acid e s t e r s  gave # -  (3-indazolyl)propiolic  acids,  the decarboxylat ion of which gives 
i s o m e r i c  1 -methy l -  and 2 -me thy l - subs t i tu t ed  3-ethynyl indazoles .  

Continuing our r e s e a r c h  on the synthes is  of vinyl and ethynyl de r iva t ives  of azoles  we subjected 1-methyl -  
and 2 -me thy l -3 - fo rmy l indazo l e s  (I, II) to reac t ion  with ca rbomethoxy-  and carbe thoxymethylenet r iphenylphos-  
phoranes  IIIa, b. The f~- (1-methyl-  and 2 -methy l -3 - indazo ly l )ac ry l i c  acid e s t e r s  (IVa, b and Va, b) obtained in 
this  way were  subsequent ly  hydrolyzed to the cor responding  B- (3-indazolyl)acryl ic  acids (VI, VII). fl- (1-Meth- 
y l -3 - indazo ly l ) -  and ~-  ( 2 - m e t h y l - 3 - i n d a z o l y l ) - a - b r o m o a c r y l i c  acid e s t e r s  IVc and Ve w e r e  obtained in good 
yields  by  reac t ion  of aldehydes I and II with the m o r e  r eac t i ve  carbe thoxybromomethylene t r iphenylphosphorane  
(IIIc) at 17-20~ the bes t  yields of reac t ion  products  can be  obtained when ethanol is used as the solvent. The 
act ion of alcoholic alkal i  on ethyl f l - ( 1 - m e t h y l - 3 - i n d a z o l y l ) - a - b r o m o a c r y l a t e  (IVc) at 15-20 ~ leads  only to hy- 

v, a m  -1 

35'00 33b0r 21b0 rf 'lgO0 '1760 'lsbO 1360 

dro lys i s  of the e s t e r  group to give B-(1-methyl-3- indazolyl ) -c~-  
b r o m o a c r y l i c  acid (VIII), whereas  fl-  ( 2 -benz imidazo ly l ) - a -b ro -  
moac ry l i c  acid e s t e r s  a r e  conver ted  under  these  conditions to 
2-benzimidazoly lpropio l ic  acids [2]. A d i f f i cu l t - to - sepa ra te  mix -  
tu re  of p roducts  was obtained in the hydro lys i s  of ethyl fl- (2- 
m e t h y l - 3 - i n d a z o l y l ) - a - b r o m o a c r y l a t e  (Vc) under  these  conditions. 

A mix tu re  of products ,  the IR spec t rum of which contains 
absorpt ion  bands of the - C  ~ C -  bond of the cor responding  fl- (3- 
indazolyl)propiol ic  acids (IX and X). is f o rmed  by  the action of 
alcoholic alkal i  on e s t e r s  IVc and Vc at 50-60 ~ T r e a t m e n t  of the 
mix tu re  of e s t e r s  IVc and Vc with aqueous alkal i  at 55-60 ~ gave 

Fig. 1. IR s p e c t r u m  of acid X. * See [1] for  communicat ion IV. 
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1-methy l -  and 2-methyl - f l - (3- indazoly l )propio l ic  acids (IX and X, respect ive ly)  in good yields.  The intensi ty  
of the absorpt ion of the -C------- C -  bond in the IR spec t r a  of these  acids (see Fig. 1) const i tutes  evidence for  the 
high a s y m m e t r y  of the molecules  of these  compounds.  

/<~ ' - f f - - - - JH CHo 

i i~ I ! 

~'~'~/~NIN#~ i~i-~ ~',. HO I 
I CH3 CH=CXCOOR _ 

+ (CGHs)3P=CXCOO R ~ OH 
III a - c  / 7 " - . . . C  ""~"~'N'xXxN ll3 

t �9 IV-Y a - c  
~ / 9 - ~  N ~ N "..C H3 

I1 

d/~. . .~_ .__7/C H = C X COO H ( / ~ _ = _ / C  ~C- -  COO H / ~ .  _ _ C = : C t P  
_ , v  c v  - r 

CH a Clt3 CH:~ 

VI-Vlll IX, X XI, XII 

| I I , I V a R = C H a ,  X=H;  b R-C2H 5, X~H;  C R~C2Hs, X Br; VI, VII X = H :  VIII X - B r  

coeaHaeaHa IV, VI, VIII, IX, XI -- l-methyl-substituted indazole derivatives 
r~eH~ V, VII, X, XII -- 2-.methyl-substituted indazole derivatives 

Acids IX and X undergo decarboxylat ion (along with pronounced resinif icat ion)  on fusion to give the co r respond-  
ing 1-methy l -  and 2-methyl -3-e thynyl indazoles  (XI and XII) in low yields.  Considerably  be t t e r  r e su l t s  were  
obtained by t h e r m a l  decomposi t ion of acids IX and X in vacuo at 150-160 ~ with s imultaneous subl imation of the 
resu l t ing  3- ethynylindazoles.  

EXPERIMENTAL 

The IR spec t r a  of ch lo ro form solutions of the compounds were  r eco rded  with a UR-20 s p e c t r o m e t e r .  

1- Methyl- 3 - formyl indazole  (I).* A solution of 1.62 g (10 mmole)  of 1 -methyl -3-hydroxymethyl indazole  
[3] in 10 ml  of ch lo ro form was s t i r r e d  with 8.7 g (0.1 mole) of act ive  manganese  dioxide and allowed to stand 
overnight.  The manganese  dioxide was r emoved  by f i l t ra t ion and washed thoroughly with ch loroform.  The 
f i l t ra te  was evaporated,  and the res idue  was chromatographed  on a luminum oxide in ch lo ro form to give 1.1 g 
(70%) of a product  with mp 47 ~ (rap 47-48 ~ [3]). 

2 -Methyl -3-hydroxymethyl indazole .  A 10-g sample  of methyl  1 -methy l indazo le -3 -ca rboxyla te  was r e -  
duced with 2 g of l i thium aluminum hydride by the method in [5] to give 6 g (70%) of a product  with nap 152-157 ~ 
(6 ram). Found %; C 66.5: H 6.0: N 17.5. CaH10N20. Calculated %. C 66.6: H 6.2: N 17.3. 

2 -Methy l -3 - fo rmyl indazo le  ffI).* This  compound was obtained by  oxidation of 2 -me thy l -3 -hydroxymethy l -  
indazole with act ive manganese  dioxide as in the p repa ra t ion  of I: the yield was 68%. The yield obtained by 
oxidation with po t a s s ium d ichromate  solution in dilute sulfur ic  acid by the method in [3] was 28%. The product  
had mp 79-80 ~ (from pe t ro l eum ether) .  

React ion of 3 -Formyl indazo les  I and II with Carbomethoxy-  and Carbethoxymethylenetr iphenylphospho-  
r anes  IIIa and IIIb. A 4 - m m o l e  sample  of the appropr ia te  phosphorane and 4 m m o l e  of the appropr ia te  aldehyde 
were  dissolved in 20 ml  of benzene,  and the solution was ref luxed for  12 h, during which the course  of the r e a c -  
t ion was followed by th in - l ayer  ch romatography  (TLC). The solvent  was r emoved  by distil lation, and the r e s i -  
due was chromatographed  on act ivi ty  V a luminum oxide in ether:  e s t e r s  IVa, b and Va. b were  col lected in the 
f i r s t  por t ions  of the eluate (Table 1). 

Hydrolys is  of E s t e r s  IVa. b and Va, b. A 4 - m m o l e  sample  of the appropr ia te  e s t e r  was dissolved in 5 ml 
of a 15% alcohol solution of po t a s s ium hydroxide, and the solution was refluxed for  4 h. The solvent was r e -  
moved  by distillation, and the res idue  was t r ea t ed  with water .  The aqueous mix tu re  was f i l tered,  and the fil-  
t r a t e  was neut ra l ized  with dilute hydrochlor ic  acid. The prec ip i ta ted  VI or  VII was r emoved  by f i l t ra t ion 
(Table 1). 

* This compound was p rev ious ly  obtained in 25% yield by oxidation of 1 -methyl -3-hydroxymethyl indazole  with 
chromic  acid [3], whereas  II was obtained in 60% yield by  formyla t ion  of 2-methyl-3-1i thioindazole  with d imeth-  
y l fo rmamide  [4]. 
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TABLE 1. /3-(3-Indazolyl)acrylic Acids and Their Derivatives 

rap, ~ 

184 ~ IVa 

IVb 

Va 87 
vb ! 99 

VI [ 218 b 
! 

VII i I98 
IVc c 95--96 
Vc c I43 

I 

159 a 

Solvent 

Ethanol 

Ethanol 

Hexane 
Ether--benzene 

Dilute acetic 
acid 

Alcohol--water 
Ethanol 

I Ethanol 

Empirical 
formula 

C12HI2N20z" 
"C6H3NaO7 
C~3HI4N202" 
.CsHaN307 
C~H~NeO~ 
CI~HI4N20~ 

CnHIoN202 

Found, % Calc., % ' ~"~ 

CuHIoN202 
C~3HI3BrN202 
CIaHI3BrN202 

48,3 3,8 

49,3" 4,0 

66,7 5,31 
68,2 6,4 f 

64,9 5,1 / 

65,0 4,9 I 
50,6 4,3] 
50,4 4,61 

3,0 48,5 3,4 

i,8[ 49,6 3,7 

4,2 65,3 4.9 

4,21 65,3[ 4,9 
9,4 50,5 4,2 
9 51 50,5 4,2 

15,7 51 

15,2 54 

12,9i 62 
12,2 / 60 

13,9] 80 
13,9~ 75 
9,1160 
9,11 65 

aThis is the melting point of the p icra te ,  bAccording to [3], this 
compound has mp 219-220 ~ eCompound IVc. Found %. Br 26.0. 
Calculated %: Br 25.9. 
lated %: Br 25.9. 

Compound Vc. Found%: Br 25.6. Calcu- 

Reaction of 3-Formyl indazoles  I and II with Carbethoxybromomethylenetr iphenylphosphorane (IIIc). A 
0.02-mole sample of the appropriate  aldehyde and 0.02 mole of IIIc were dissolved in 22 ml of ethanol, and the 
solution was allowed to stand at room tempera tu re  for  24 h. The precipi ta ted IVc or Vc was removed by f i l t ra-  
tion and washed with ethanol (Table 1). 

f l - (1 -Methy l -3 - indazo ly l ) -~ -bromoacry l i c  Acid (VIII). A 1.2-g (4 mmole) sample of IVc was dissolved in 
5 ml of 15% alcoholic potass ium hydroxide solution, and the solution was allowed to stand at 17-20 ~ for 2 days. 
The solvent was evaporated, and the residue was t rea ted  with water.  The aqueous mixture was filtered, and the 
f i l t rate  was neutral ized with dilute hydrochlor ic  acid. The resul t ing precipi ta te  was removed by filtration to 
give 0.8 g (70%) of a product  with nap 205 ~ (from methanol). Found %= C 46.6~ H 3.2. Br 28.9. N 10.2. CI1H ~- 
BrN202. Calculated %: C 46.9'- H 3.2'- Br 28.5,. N 9.9. 

1-Methyl-3- indazolylpropiol ic  Acid (IX). A mixture of 0.6 g (2 mmole) of IVc and 5 ml of 15% aqueous 
alkali was s t i r red  at 60 ~ for 2 h, af ter  which it was neutral ized to pH - 4 with dilute hydrochloric  acid, and the 
result ing precipi ta te  was removed by fi l trat ion to give 0.3 g (75%) of l ight-yel low p r i sms  (from aqueous ethanol) 
with mp 135-136 ~ (dec.). IR spectrum, cm- l :  1700, 1680 (~C=O): 2225 (ffC=C). Found %: C 66.3.* H 4.1, 
N 14.0. CnHsN202. Calculated %: C 66.0: H 4.0,. N 14.0. 

2-Methyl-3- indazolylpropiol ic  Acid (X). The procedure  used to obtain IX was used to obtain this com- 
pound as needles (from water -e thanol )  with mp 132 ~ (dec.) in 78% yield. Found %: C 66.3. H 4.2,- N 14.1. 
CIlHsN202. Calculated %: C 66.0: H 4.0. N 14.0. 

1-Methyl-3-ethynyl indazole  (XI). This compound was obtained in 65% yield by thermal  decomposition of 
1-methyl -3- indazolylpropiol ic  acid at 150-160 ~ in a vacuum sublimation apparatus.  The color less  p r i sms  had 
mp 45-46 ~ (after two sublimations).  IR spect rum:  2120 (~C -= C) and 3305 (~_= C-H) cm-1. Found %.- C 76.6,- 
H 5.0: N 18.1. C10HsN2. Calculated %: C 76.9, H 5.2. N 17.9. 

2-Methyl-3-ethynyl indazole  (XII). This compound was s imi lar ly  obtained in 60~ yield as color less  
needles (after two sublimations) with mp 122-124 ~ (dec.). IR spectrum,  2120 (vC = C) and 3305 (g__ C-H) crn-l" 
Found %- C 76.6~ H 4.9, N 18.1. C10HsN 2. Calculated %: C 76.9, H 5.2. N 17.9. 

1 ,  
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