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The opening of the pyrazol idine  r ing  at the ni t rogen--ni t rogen bond in 1-ary lpyrazol id ine  under  the influence 
of acidic agents which leads to the format ion  of N-(3-aminoalkyl) indoles  is descr ibed.  The method enables 
one to obtain indoles with branched aminoalkyl  rad ica ls .  

The nitrogen---nitrogen bond in hydrazine,  which is comparat ively  stable to thermolys i s  and even to the action of 
acidic agents,  when conjugated with mult iple  bonds or with an aromat ic  sextet of r e lect rons  is cleaved fa i r ly  readi ly.  
In ext reme cases ,  for example,  in t e t r aa ry lhydraz ines ,  free d ia ry l imine  radica ls  exist  in equi l ibr ium [2]. 
Acylhydrazones in which the carbonyl group is conjugated with the nitrogerr---nitrogen bond disproport ionate  with the 
format ion of pyr id ine  and 1, 2-diacylhydrazine  [3]. 

Arylhydrazones  r e a r r a n g e  in the manne r  of a F i scher  react ion to form the corresponding indoles under  the action 
of acidic agents,  and somet imes  alkalis  [5] or s imply heat [6]. This r ea r r angemen t ,  as it may be considered,  is 
preceded by a shift of the double bond with the format ion of an enehydrazine [7]. In actual fact, enehydrazine s t ruc tures  
obtained by independent methods are converted into indoles under  s imi l a r  conditions with the cleavage of the nitrogen--- 
n i t rogen bond [8, 9]. 

In a study of f i ve -membered  cyclic hydrazines  (pyrazolidines and pyrazol ines)  we have noted the unusual s tabil i ty 
of the ni t rogen--ni t rogen bond in these subs tances  [10]. In the p resen t  work we have succeeded in showing that the 
introduction of a vinyl group as a subst i tuent  on the second ni t rogen atom of 1-ary lpyrazol id ine  creates  adequate 
conditions for the labi l i ty  of the nitrogen---nitrogen bond. Under the action of acidic agents a r ea r r angemen t  of the 
F i sche r  type takes place leading to 1-(3-aminoalkyl) indoles .  In contras t  to the usual F i sche r  syntheses the react ion 
takes place without the loss  of a molecule of ammonia,  since there is a hydrocarbon bridge between the hydrazine 
n i t rogen atoms.  This is s im i l a r  to the recent ly  developed synthesis  of t ryp tamines  [11]. 

The react ion takes place under  fair ly  mild conditions.  Thus, dimethyl acetylenedicarboxylate  adds to 
1-phenylpyrazol ine  with the format ion of the adduct I (yield 30%) in ethereal  solution at room tempera tu re  in 4 -5  hr. 
Substance I has been ascr ibed  the cis s t ruc ture  on the bas i s  of its IR spectrum,  PMR spect rum (chemical shift of the 
vinyl proton �9 = 5.19 ppm) and by analogy with the l i t e ra tu re  [12, 13]. 
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The convers ion of the adduct I into a compound of the indole se r ies  II takes place when an ethanolic solution of I 
is sa turated with hydrogen chloride at 0 ~ C. The pur i ty  of the 1-(3-aminopropyl) -2 ,  3-dimethoxycarbonylindole was 
checked by chromatography.  The UV spec t rum of the compound II which was obtained correspond to that of 
1 -methyl -2 ,  3-dimethoxycarbonylindole ,  which has been descr ibed in the l i t e r a tu re  [14]. 

Similar  react ions  were ca r r i ed  out with 3- and 4 -methy l - l -pheny lpyrazo l id ine .  The introduction of a subst i tuent  
(chlorine or bromine)  into the phenyl nucleus of the 1-ary lpyrazol id ine  had no substant ial  effect on the addition and 
cyelizat ion p roces ses .  

Subsequently we did not c a r ry  out the isolat ion and purif icat ion of the in termediate  enehydrazines .  However, the 

*For par t  XIII see [1]. 
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presence  of such an enehydrazine in the react ion mix ture  was easi ly  shown by chromatography on alumina:  the 
compounds had Rf 0.44 in a ch lo ro fo rm-hexane  (4 : 1) sys tem and Rf 0.I in a benzene-cyc lohexane  (1 : 1) sys tem.  In 
1, 5-diphenylpyrazol idine,  as an example, it was shown that the p resence  of a second a romat ic  subst i tuent  in the 
pyrazol idine nucleus markedly  lowers  the yield of react ion product,  in te r fe r ing  with addition to the carborr -carbon 
t r ip le  bond and with cycl izat ion to the indole. The cor responding  indole was isolated in a very  smal l  amount in the form 
of the 3, 5-dini t robenzoate  with mp 210 ~ C [~max 233, 295 nm (log e 4.43, 3.77)], Rf 0.56 in a me thano l -ace tone  (1:10) 
sys tem on s i l ica  gel. 

Attempts to extend this react ion to a number  of other compounds which have a t r ip le  bond (esters  of propiolic,  
te t ro l ic ,  and phenylpropiolic  acids) were unsuccessfu l .  No format ion of enehydrazines  was observed even under  more  
severe  conditions,  which is poss ib ly  due to the lower polar iza t ion  of the t r ip le  bond in these compounds. Thus, the 
poss ibi l i ty  of obtaining aminoalkyl indoles  by this method has proved to be a l imi ted  one. 

The condensat ion of 1 -a ry lpyrazo l id ines  with cyclohexanone, cyclopentanone, and acetoacetic  e s te r  takes place 
considerably  be t te r ,  at room t empera tu re  in absolute benzene for 4 - 5  hr .  
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The N-an i l inoenamines  obtained by this method readi ly  cyclize into the corresponding aminopropyl indoles  (IV) 
when a smal l  amount of glacial  acetic acid is added and the mix ture  is boiled for 2 -3  hr.  If acetoacet ic  es ter  is used 
as the keto component,  cycl izat ion takes place after  an ethanolic solution has been saturated with hydrogen chloride at 
0 ~ C. 

We encountered grea t  difficult ies in the isolat ion and pur i f icat ion of the aminoalkyt indoles .  The bases  obtained 
a re  l iquids which decompose on dis t i l la t ion,  the i r  N-acetyt  der iva t ives  a re  oils,  the i r  hydrochlor ides  a re  genera l ly  
hygroscopic,  the p ic ra tes  decompose on crys ta l l iza t ion ,  and oxalic acid forms  sal ts  of var iable  composit ion.  
Consequently the major i ty  of the aminoalkyl indoles  were charac te r ized  in the form of their  3, 5-dini t robenzoates ,  the 
individuali ty of which was checked by chromatography on s i l ica  gel in a methano l -ace tone  (1 : 1) sys tem.  

All the aminoallcylindole sal ts  obtained in this way had a broad band in the 2600-3300-cm -1 region  of the IR 
spec t rum which is cha rac t e r i s t i c  for a protonated amino group. 

The UV spectra  of both the hydrochlorides and the 3, 5-dini t robenzoates  have a strong maximum in the 
230-234-nm region (log e 4.4-4.8)  and a weaker band, or even s imply an inflection, in the 282-290-nm region (log e 
3 .7-4 .0) .  However, it must  be pointed out that for 3, 5-d in i t robenzoic  acid itself kmax 233 nm (log e 4.29). Thus, 
overlapping of one of the max ima  takes place in the spec t ra  of the 3, 5-dini t robenzoates ,  which cons iderably  lowers  the 
value of these  spect ra l  cha rac t e r i s t i c s .  

The free aminoalkyl indoles  give an intense colorat ion with ninhydrin,  which may serve  as a method for checking 
the completeness  of the cycl izat ion reac t ion  with acetic acid in benzene.  

The reac t ion  of the a ry lpyrazol id ines  with aliphatic ketones (noncyctic), for example,  with methyl ethyl ketone, 
leads to the format ion  of enehydrazines  in very  low yield.  In this case we were unable  to obtain appreciable  amounts  of 
the indole. 

To check the s t ruc tu re  of the compounds obtained we ca r r i ed  out an independent synthesis  of the aminoalkylindole 
IV by reducing 9-(f l -cyanoethyl) - l ,  2, 3, 4 - te t rahydroearbazole  [15]. The 3, 5-dini t robenzoyl  der iva t ives  of the 
9 - (3 -aminopropy l ) - l ,  2, 3, 4 - te t rahydrocarbazo le  produced in this m a n n e r  and of the compound obtained by the react ion 
of 1-phenylpyrazol idine  with cyclohexanone and subsequent  cycl izat ion were ident ical .  

Thus, we have descr ibed  a new opening of the pyrazol idine  r ing  at the n i t rogerr -n i t rogen bond under  the action of 
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acidic agents and, s imul taneously ,  a new synthes is  of 1-(aminoalkyl) indoles f rom 1-ary lpyrazo l id ines .  This method 
enables the production of indoles with branched side chains:  

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

The UV spect ra  were taken on a Sagu ins t rument  in ethanol and the IR spect ra  on a UR-20 ins t rument  in paraff in 
oil or hexachlorobutadiene.  Chromatography was ca r r i ed  out in a thin l ayer  of a lumina of activity grade II 
(50-150 mesh) and on KSK s i l ica  gel (200 mesh).  

3 -Methy l - l -pheny lpyrazo l id ine  was obtained by the method of Bouchet et al. [16] ; the synthesis  of the other initial  
pyrazol id ines  is the subject  of a future paper.  

2-(1, 2 -Dimethoxyearbonylv inyl ) - l -phenylpyrazol id ine  (I). A mixture  of 1.15 g (0.008 mole) of dimethyl 
acetylenedicarboxylate  and 1.2 g (0.008 mole) of 1-phenylpyrazol idine dissolved in ether  was kept at room tempera tu re  
for 4 -5  hr.  After  the ether  had been dis t i l led off in vacuo, 0.6 g (30%) of compound I was obtained with mp 73-74 ~ C 
(from hexane). UV spect ra  (in methanol) ~max, nm: 237, 278 (log e 4.02, 4.16) ; IIR spec t rum (paraffin oil), 1695 and 
1746 cm -1. Found, %: C 62.58, 62.82; H 6.28, 6.31. Calculated for ClsH18N204, %: C 62.02; H 6.21. 

1-(3-Aminopropyl) -2 ,  3-dimethoxyearbonyl indole  (II). A solution of 220 mg of the adduct I in 15 ml of absolute 
methanol was sa turated with dry hydrogen chloride at 0 ~ C and was left for a day at 0 ~ C. The crys ta ls  that deposited 
were f i l tered off with suction and washed with absolute acetone, giving 200 mg (80%) of II, mp 221 ~ C {from absolute 
methanol),  Rf 0.48 on s i l ica  gel in a methano l -ace tone  (1:10) sys tem.  UV spectrum,  ~max, nm: 235, 290 (log e 4.5, 
4.1). Found, %: C 55.34, 55.24;H 5.85, 5 . 76 ;N8 .25 ,  8.40. Calculated for C15HIsN204. HC1, %: C 5 5 . 3 1 ; H 5 . 8 4 ; N S . 5 8 .  

1- (3-Aminoalkyl) -2 ,  3-dimethoxycarbonyl indoles .  A mixture  of 0.004 mole of each 1-ary lpyrazol id ine  and 
dimethyl acetylenediearboxylate  in 30 ml of absolute ether  was left at room tempera tu re  for 5 - 6  hr.  The ether was 
evaporated off, the res idue  was t rea ted  with 20 ml of absolute methanol,  and a cur ren t  of dry hydrogen chloride was 
passed  through at 0 ~ C until  sa turat ion.  The excess  methanol was evaporated off and the resu l t ing  indole was isolated 
in the form of its hydrochloride or 3, 5-dini t robenzoate .  The constants  and methods of obtaining the substances  are  
given in the table (compounds 1-7) .  

1- (3-Aminoalkyl) -2 ,  3-dia lkyl indoles .  To a mixture  of 0.004 mole of each 1-ary lpyrazol id ine  and a ketone were 
added 30 ml of absolute benzene and a l i t t le  calcined sodium sulfate.  After 5 -6  hr* the sodium sulfate precipi ta te  was 
f i l tered off, 5 ml of acetic acid was added to the f i l t ra te ,  and the mixture  was boiled for 3 hr.  The benzene solution 
was washed twice with water,  and the aqueous l ayer  was made alkal ine and extracted with ether,  and the extract  was 
dr ied with potass ium carbonate.  After the e l iminat ion  of the ether,  the substance was rapidly converted into its 
hydrochloride or 3, 5-dini t robenzoate .  For  constants  and yields,  see table (compounds 8-15) .  

In ke toes ters ,  (see compounds 16-18 in the table), cycl izat ion was ca r r i ed  out by pass ing a cur ren t  of hydrogen 
chloride into a solution of the enehydrazine in absolute ethanol. 

9-( f l -Cyanoethyl) - l ,  2, 3, 4 - te t rahydrooarbazole .  Sodium, 100 rag, was dissolved in 30 ml of te r t -butanol ,  5 g of 
1, 2, 3, 4 - te t rahydrocarbazole  was added and, with s t i r r ing ,  3.2 g of acry loni t r i l e  was added dropwise to the mixture .  
S t i r r ing  was continued for 5 hr  and the mixture  was left for 12 hr. Then it was t reated with a large volume of water  
and acidified with acetic acid. The c rys ta l s  were f i l tered off with suction, washed with water,  and rec rys ta l l i zed  from 
ethanol. Yield 2.65 g (40%), mp 114 ~ C, Rf 0.30 [A1203, ace tone -pe t ro l eum ether (1 : 10)]. According to the l i t e ra tu re  
[17], mp 115-116 ~ C. 

1- (3-Aminopropyl ) - l ,  2, 3, 4 - te t rahydroearbazo le .  9- (fi-Cyanoethyl) te t rahydrocarb  azole was hydrogenated in 
ethanol over Raney nickel in an autoclave at 10 atm for 6 hr. The nickel was f i l tered off and the ethanol was evaporated 
off. This gave 1.4 g (83%) of a l igh t -green  oil. 3, 5-Dinitrobenzoyl  derivat ive,  mp 158 ~ C, Rf 0.55 [A1203, b e n z e n e -  
acetone (5:1)].  Yield 31%. Found, %: C 62.50, 62.74; H 5.23, 5.30. Calculated for C22H22N405, %: C 62.60; H 5.21. 
UV spect rum,  l m a x ,  nm: 230, 287 (log e 4.26, 3.34). It was identical with the dini trobenzoyl derivat ive obtained f rom 

*The end of the reac t ion  is easy to de te rmine  chromatographical ly  on a lumina in a benzene-cyc lohexane  (1 : 1) 
sys tem from the completeness  of the d isappearance  of the spot of the init ial  pyrazolidine,  Rf 0.41-0.42,  and the 
appearance of a spot for the enehydrazine s t re tching from the s ta r t  and poorly revealed by iodine. 
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1 -  (3-Aminoalkyl) - 2 ,  3 - d i s u b s f i t u t e d  I n d o l e s  

Compound 

I l-(3-Aminoptopyl)-2,3-dimethoxycar born 
~r 

7 

8 

9 

t0 

I1 

12 

t3 

14 

15 

16 

I7 

18 

1 .(3-Aminobutyt).2,3-dimethoxycarbon- 
ylindole 

l-(3-Amino-2-methylpropyl)-2,3-dimethoxy- 
carbonylindole 

l -(3-Aminopropyl)- 5-chloro-2, 3-dimethoxy- 
carbonylindole. 

t -(3-Amino-2-methylpropyl)-S-ehloro-2,3- 
dimethoxy ear bo nytindole 

l-(3-Aminopropyl)-7-chloro-2,3-clime- 
thoxycarbonylindole 

1-(3-Aminopropyt)- 7-br omo-2,3-dime- 
thoxyearbortylindole 

9-(3-Amillopropyl)-l,2,3,4*tetrahydro- 
earbazote 

9-(3-Aminobutyl)- 1-2,3,4-tetrahydro- 
carbazole 

9-(3-Amlno-2-methyipropyl)-t,2,3,4-tetra- 
hydrocarbazole 

9-(3.Aminopropyl)-6-chloro- t,2,3,4-t etra- 
hydroearbazole 

9-(3-Amino-2-methylpropyl)-8-bromo- 
1,2,3~4-tet rahy drocar bazole 

1 -(3-Aminopr opyl)-2.3-trimet hylene- 
indole 

t 1-(3-AminobutYl)-2 3-trimethylene- 
indole ' 

1 -(3-Amioo-2-methylpropyl)-2,3-trimethyl- 
[ eneindole 

1 -(3-Aminopropyl)-3-ethoxycar bonyl-2- 
methylindole 

t-(3-Aminobutyl)-3-ethoxyear bonyt-2- 
methylindole 

1-(3-Amino-2.methylpropyl)-3-ethoxy. 
car bon yl-2-me thylindole 

*DNB = 3,5-dinitrobenzoate 

Salt* 

HCI 

HC1 

DNB 

HCI 

DNB 

HCI 

DNB 

HCI 

DNB 

D NB 

DNB 

DNB 

DNB 

DNB 

DNB 

DNB 

HCI 

DNB 

DNH 

22t 

183 

194 

244 

202 

242 

197 

193 

2,95 

223 

258 

210 

193 

Empirical formula 

ClsHlsN20~" HCI 

ClsH20N20~ �9 HCI 

Ct#H~0N2Os �9 CIHsN20, 

Cis[-ltTCINsO4 - HCI 

CIsHI~C1NsO4 �9 CTH~N~O, 

CIsHI7CIN204 �9 HCI 

CtsH,TBrN20, �9 CTHsN~O, 

CtsH~oN2 �9 HCI 

CjsH2oN2 �9 CrH,N20a 

C16H~2N2 �9 CTH4N~06 

C~sH2~N~ �9 CTH#N206 

CIsHIgCIN2 �9 CTH4N20~ 

C~H~BrN~. CTHsN~Oa 

C~,H~sN~ - CrHcN~O~ 

CIaH~0N~ �9 CTHiN~O~ 

C~sH~o'N~ �9 C~H~N~Os 

Ct~H~oN~O~ �9 HCI 

C~H~N~O2 - CzHiN~O~ 

CwH~N~O~ �9 C~HsN~O~ 

~ - F ~  % Calculated% UV spectrum 

55,24 5,80 
55.34 5,85 

56,54 6.40 
56.48 6.26 

53.01 4,73 
53.11 4.5t 

49,571 4.96 
49,84{ 4.91 

49.95 t 4.29 
50,09{ 4.24 

50,04[ 5,14 
50.111 5.10 

46,43 ] 4,04 
46.59 ! 4.21 

68,07 8.20 
67.98 ~ 8,16 
60.25 t 5.62 
60.10 f 5.49 
60,73 5.91 
60.83 5.87 

61.35 5.93 
61.13 5.88 

55.79 4,92 
55.81 5.02 

52.21 4.97 
52.11 5,02 

59.21 5.27 
59.15 5.28 

60.02 5,45 
60.22 5.41 

59,98 5.66 
59.86 5.84 

St.01 7,25 
61.08 7.30 

54,96 5.47 
55.09 5.54 

56,92 5.51 
57,01 5.52 

55,31 5.84 

56.58 5.19 

53.35! 4,67 

49.86 4.99 

50.18 4,18 

49.86 4.99 

45.57 3.62 

68,31 7,97 

60,01 t 5A6 

60,971 5.74 

60.97 5.74 

55.64 4.84 

51,78 i 4,59 

59,0I 5,17 
1 

60,0I 5.45 

60,01 5.45 

60.92 7.09 

54,95 5.54 

56,96 5.34 

235 4.5 
290 4,1 

240 4.32 
295 4.22 

234 4,57 
298 4,00 

224 3.94 
300 3.51 

22t 4.46 
2,95 4,01 

224 4.26 
298 4.54 

217 4.76 
227 4,70 
295 4,12 

228 4.42 
285 3.74 
230 4,87 
290 3,96 

234 4.42 
287 3.34 

232 4,80 
280' 4.10 

240 4,26 
295 3.43 
300 3,45 

223 3.98 
298 3,45 

231 4.78 
292 3,95 

233 4,76 
282 3,98 

230 4.39 
282 3,75 

288 4.28 

2t8 3.99 
23t 3.92 
289 3.53 

230 4.89 
,283 4.16 

Yield, 
% 

68 

225 

34 

31 

19.5 

30 

24 

38.5 

34 

25 

28 

27.5 

28.6 

23,5 

49.3 

26 

32,5 

25,5 

3 4 7  



compound IV (compound 8, see table). 
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