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AZAINDOLES. LXVIII.* 7-AZAINDOLES AS ~-ADRENOBLOCKING AGENTS 

T. V. Sycheva, L. V. Ershov, 
V. A. Azimov, S. D. Yuzhakov, 
and L. N. Yakhontov 

UDC 615.217.24:547.82 

Recent reports of enhanced B-blocking activity in conjunction with vasodilatory and 
hypotensive properties following the'introduction of cyano-substituents into benzene, 
pyridine, and indole in addition to the 3-isopropylamino-2-hydroxypropoxy group [7, 8, ii] 
are of considerable interest in selecting the best routes in the search for cardiovascular 
drugs. We have previously [3] shown that the introduction of these groups into the 6- and 
7-positions of 5-azaindoles has a simiiar effect, but such compounds are readily converted 
into 6-oxo-7-cyano-5-azaindoles as a result of the energy advantage of the 6-oxo-5-azaindole 
system [6]. In contrast to 5-azaindoles, 7-azaindoles (or 7-azaindolines) are less prone 
to form lactams [i0], and should be more stable. 

We have obtained l-benzyl- andl-bhtyl-4-methyl-5-cyano-6-(3'-isopropylamino-2'hydroxy- 
propoxy)-7-azaindoles (la, b) as follows: 
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4-Methyl-5-cyano-6-chloro-7-azaindoles [5] were reacted as described in [9] using the 
modifications reported in [3] with 2-phenyl-3-isopropyl-5-hydroxymethyloxazolidine (III) 

*For communication LXVII ,see [5]. 
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TABLE i. 
Acute Toxicities of 7-AzaindOlines la, 

Pharmacological Activity and 

b and Pyridines Va, b 

~-Adrenoblocking 
activity 

Compound ]i.ntr aveno~)~intravenous}; 
suppression ] inhib i t ion .  
of isadrinc ] o f  the de,, 
tachycardia[pr_e~or effec 

[ [ 6 f  isadrine 

>2 ,0  
0,8 
0,8 

>2,0  
>2 ,0  

0,42 

> 2 , 0  
1,5 
0,13 

>2 ,0  
>2 ,0  

0,092 

Acute to-, 
xicity (LDs0 , 
mg/kg  
intravenous) 

' ~ 3 , 0  
25,5 

' l ()~'  1 

'~ 43,0 
28.,0 

la 
Ib 
Ic 
Va 
Vb' 
Propranolol 

in toluene in the presence of potassium hydroxide and the phase transfer catalyst dibenzo~ 
18-crown-6. ~ The products IVa,:b were then hydrolyzedlwithout isolation: at pH 3.0,.50~ 
the desired products la, b being isolated as their hydrochlorides. 

The general method previously described by us [5] proved to be unsuitable for the prep- 
aration of the compound (llc) unsubstituted on the pyrroline nitrogen, since heating the 
ammonium salt of 2,6-dihydroxy-3-(~-hydroxyethyl)-4-methyl-5-cyanopyridine with phenyl ami- 
dophosphate as described in [2] resulted in complete resinification. For this reason, it 
was preferable to obtain llc from its N-benzyl derivative by debenzylation. It was found 
impossible to carry out this reaction by the method described for the debenzylation of 
l-benzyl-2-ethoxycarbonyl-7-chloroindole, using aluminum chloride in benzene at room tem- 
perature [12], and even when the amount of aluminum chloride and the duration of the reaction 
were doubles, only the starting material lib was obtained. However, raising the temperature 
to 80~ resulted in N-debenz~lation in 67% yield. The resulting compound llc converted into 
4-methyl-5-cyano-6-(3'-isopropylamino-2'-hydroxypropoxy)-7-azaindoline hydrochloride by re- 
acting with III in diglyme in the presence of potassium hydroxide and dibenzo-18-crown-6 fol, 
lowed by acid hydrolysis. As reported previously [1], the change from 6-(3'-isopropylamino- 
2'-hydroxypropoxy)-7-cyano-5-azaindoles to their des-aza analogs in the five membered ring 
resulted in a decrease or loss of p-adrenoblocking activity, but opening of the pyrroline 

�9 ring enabled this activity to be retained. It was desirable to prepare also for pharmaco- 
logical examination some novel 3-(3'-isopropylamino-2'hydroxypropoxy)-3-cyano-4-aralkylami- 
nopyridines (Va, b) with different aralkyl substituents on the amino-group in the y-position 
of the pyridine ring. The aralkyl substituents chosen were phenylisopropyl and 3,4-dimeth- 
.oxyphenylethyl, which are present in number of drugs possessing high tropicity towards adre- 

NHR NHR 

cN / y e n  
POCIa 

l 
H 

VIa, b Vlla, b 

- NHR 

~ /  /CN 

i ' OCH~ 

NHR 

i I 
O N ~  C~H~- iso 

CeHs 
VII Ia,b 

J yc,x 

Va,b 
Va, Via,  VIla,  VIIIa;R = C6HsCH~CH(CHa); 
Vb. Vtb, VI Ib, VII Ib-'R ~ 3,4-(CHaO)~C6H3CH~CH ~. 
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noreactive systems. Compounds Va, b were obtained from the appropriate 3-cyano-4-aryalkyla- 
mino-2-pyridones (Via, b) [4], by treatment with POCI3 to give the chloro-compounds Vlla, b 
which were then reacted with the oxazolidlne III, followed by acid hydrolysis of the inter- 
mediate compounds VIIla, b: 

EXPERIMENTAL (CHEMICAL) 

Mass spectra were obtained on a Varlan MAT-If2 instrument (Switzerland) with direct in- 
troduction of the sample into the source, ionizi=g electron energy 70 eV, ionization chamber 
temperature 180~ PMR spectra on a JNH-4H-100, internal standard TMS, and iR spectra on a 
Perkin-Elmer 457 (USA) in vaseline 011. 

4-Methyl-5-cyano-6~gh!oro-7-az@~ndoline (llc). To 7.1 g (25 mmoles) of l-benzyl-4-methyl- 
5-cyano-6-chloro-7-azalndoline (lib) in 70 ml of benzene was added 13.6 g (i00 mmoles) of 
anhydrous aluminum chloride. The mixture was stirred at the boil for i h, cooled, water 
(500 ml) added, and the mixture extracted with chloroform (4 • i00 ml). The organic layer 
was washed with water (2 • I00 ml), dried over magnesium sulfate, and evaporated under reduced 
pressure. The residue was treated with 60 ml of ether, and the insoluble residue filtered off 
and reerystallized from acetone to give 3.25 g (67%) of llc as colorless crystals with a pink 
tinge, mp 225-226~ The compound was soluble in chloroform and alcohols, but insoluble in 
benzene, ether, and water. IR spectrum, cm-~: 3200 (NH), 2200 (CN); mass spectrum: 193 (i00) 

[M]+, 192(87) [M-- H]+, 178(11) [M-- CHs]+, 166(17) [M-- HCN]+, 157(17) [M-- HCI~+, 156(21) 
[M-- H -- HCI]+. Found, %: C 55,94; H 4.05; C! 18.16, N 22.08. C,HsCIN3. Calculated %: C 
55.96; H 4.15; C1 18.13, N 21. 76. 

2-Chl0rg-3-cyano-4'-(3'~4'-dimethoxyphenylethylamino~pyridine (VIIb~. A mixture of 1 g 
(3.3 mmoles) of VIb, i0 ml of phosphoryl chloride, and 0.5 ml of dimethylaniline was boiled 
for 2 h. The mixture was then evaporated under reduced pressure, and the residue treated 
with i0 g of finely-crushed ice, and boiled for 0.5 h. The mixture was then cooled, neutra- 
lized with 10% Sodium hydroxide, and the solid which separated was filtered off to give 1 g 
(94.2%) of VIlb, mp 149-151~ (from ethanol). Found, %: C 60.49; H 5.01; C1 11.41; N 13.25. 
CI~HI~CIN302. Calculated, %: C 60.47; H 5.04; C1 ii, 18; N 13.23. 

Similarly, from Via there was obtained 2-chloro-3-cyano-4-phenylisopropylaminopyridine 
(VlIa), yield 78.8%, mp I09-III~ (from heptane). Found, %: C 66.16; H 5.02; C1 13.08; N 
15.35. CIsHI~CIN3. Calculated, %: 66.30; H 5.16; C1 13.08; N 15.47. 

l_Butxl_4_methyl_5_cyano-6_(3,%isqpropylamino-2'-hydroxypropoxy)-7-azaindoline Hydro~ 
chloride (Ia). To a solution of 3 g (12 mmole) of l-butyl-4- methyl-5-cyano-6-chloro-7- 
azaindoline (IIa) in 50 ml of toluene was added 3.7 g (17 mmoles) of 2-phenyl-3-isopropyl-5- 
hydroxymethyloxazolidine (IIl) in 50 ml of toluene, 1.36 g (24 mmoles) of potassium hydroxide, 
and 0.2 g (0.6 mmole) of dibenzo-18-crown-6, and the mixture 5oiled with vigorous stirring 
for 5 h. The mixture was then cooled, poured into 100 ml of water, the toluene layer sepa- 
rated, and the aqueous layer extracted with 100 ml of toluene. The combined toluene extracts 
were washed with water until neutral, then extracted with 1 N hydrochloric acid (2 • 100 ml), 
and the hydrochloric acid extracts adjusted to pH 3.0 with potassium acetate. The resulting 
solution was kept for 2 h at 50~ then cooled to 20~ concentrated sodium hydroxide added 
to pH 13, and extracted with chloroform (3 • 100 ml). The combined chloroform extracts were 
dried over magnesium sulfate, and evaporated to give 1.7 g (42%) of Iaas yellowish crystals, 
mp 169-170~ (decomp.~ from ethyl acetate). The compound was readily soluble in chloroform, 
acetone, alcohols, and water, but insoluble in benzene and ether. IR spectrum, cm -~ 3320 
(NH), 2200 (CN), mass spectrum: 346(2) [M]+, 303 (3) [M-C3HT]+, 274 (5)[M--CH=NHC3Hz]+, 
232 (46) [274--COCH=]+, 231 (49) [274--COCH~]+' 188 (i00) [231--C3Hz]+, i00 (27) [C3HTNHCH2CO]+, 
72 (81) [CH2=NHC3HT]. Found, %: C 60.01; H 8.27; C1 9.20; N 14.86. C~gH~oN~-HCI. Calculated, 
%: C 59.61; H 8.10; C1 9.28; N 14.64. 

!rBenzyl-4-methylrb-cyano-6-(3(-isopropylamino-2'-hydroxypropoxy)-7-azaind~ hydr~ 
chloride ~ was obtained similarly to the above, from 2.83 g (i0 mmole) of the chloroazaln- 
doline lib and 3.2 g (16 mmole) of III, yield 1.6 g (39%), greenish crystals, mp 122-123~ 
(decomp., from ethy I acetate). The compound was readily soluble in chloroform, acetone, 
alcohols, and water, but insoluble in benzene and ether. IR spectrum, cm -~. 3280 (NH), 2200 
(CN). PMR spectrum, 6, ppm (in CDCI3): 1.46 and 1.47 [6H, CH(CH3)2]; 2.18 s (3H, CH3); 2.85 
t (2H, 3CH2); 3.22 m (2H, CHIN); 3.42 m [IH, CH(CH~)=]; 3.53 t (2H, 2CH2); 4.46 m (IH, CH20), 
4.56s (2H,CH=C6Hs); 4.46m(IH, CHOH); 7.3m (5H,CH=C6H3). Mass spectrum: 380 (<i) [M]+; 365 (i) [M-- 
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CH3]+, 362 (i) [M--H20]+, 337 (5) [M-C3HT]+, 308 (7) [M--CH=NHC3HT]+, 266 (8Y [M-CH2COCH2NHC3HT]+, 
265 (i00) [~-CH2=C(OH)-CH2NHC3HT], 174 (6) [265-CH2C6Hs]+, 188 ~8)[265-C6Hs+. Found, %: C 
63.38; H 6.59; CI 8.69; N 13.28. C=2H22N~O2"HCI. Calculated, % C 63.46, H 6.97, CI 8.41, N 

13.46. 

4-Methy~-5-cyan~-6-(3~-is~r~py~amin~-2~-hydr~xypr~p~y)-7-azaind~inehydr~ch~ride (Ic). 
To a solution of 2.12 g (ii mmoles) of the chloroazaindoline (llc) in 150 ml of diglyme was 
added 3..4 g (15.5 mmoles) of 2-phenyl-3-isopropyl-5-hydroxymethyloxazolidine (III) in 50 ml 
of diglyme, 1.8 g (32 mmoles) of potassium hydroxide, and 0.32 g (0.9 mmole) of dibenzo-18- 
crown-6, and the mixture stirred vigorously at 130-135 ~ C for 4 h. The mixture was evaporated 
~to dryness under reduced pressure, the residue cooled to 20~ and treated with 150 ml of 
toluene and i00 ml of water. The toluene layer was separated, the aqueous layer extracted 
with 100 ml of toluene, and the combined toluene layers washed with water until neutral, ex- 
:traits adjusted to pH 3.0 with potassium acetate. The resulting solution was kept for 12 h at 
4-6~ then concentrated potassium hydroxide was added to bring the pH to 13, and the mixture 
extracted with chloroform. The chloroform extracts were dried over magnesium sulfate, and 
evaporated to give 0.7 g (19.5%) of Ic as greenish crystals, mp 226-228~ (decomp., from 
propan-2-ol). The compound was readily soluble in water, less so in alcohols, and insoluble 
in acetone, ether, and benzene. Ir spectrum, cm-1:3260 (NH), 2200 (CN). ~mss spectrum: 
291 (3) [M+H]+, 275 (3) [M--CH3]+, 247 (19) [M-CH (CH~)2]+, 218 (6) [M--CH2=NH--CH(CH3)2], 
175 (i00) [M--CH2=C(OH)--CH=NHC3HT]+. Found, %: C 55.12; H 7.25; CI 10.74, N 17.50. CzsH22N402" 
HCI. Calculated, %: C 55.04; H 7.04; CI 10.87, N 17.15%. 

2-(3~-~s~pr~py~amin~-2~-hydr~xyis~pr~p~xy)-3-cyan~-4-(e-methy~-~-pheny~ethy~amin~)~yri- 
d~ne Dihydrochloride Hydrate (Va)~ Obtained as for la and Ib, from i0 mmoles of Vlla and 16 
mmoles of III, yield 61.3%, mp 69-70~ (triturated with ether), colorless solid, sparingly 
soluble in ether but more so J n acetone, readily soluble in alcohols and water. Found, %: 
C 53.78; H 7.16; CI 15.17; N 11.57. C2~H28NA02"2HCI'I.5 H20. Calculated, %: C 53,84; H 7.10; 
CI 15.14; N 11.96 %,=" 

~2q(3~-~s~pr~Py~amin~-2~hydr~xypr~p~xy)-3-cyan~-4-[B-(3~,4~-dimeth~xypheny~)ethy~amin~] 
~yridin e Dihydrochloride (Vb)~ Obtained as for la, b, from i0 mmoles of Vllb and 16 mmoles 
of~lll, yield 41.2%, mp 98-99~ colorless hygroscopic solid, sparingly soluble in ether, 
benzene, and acetone, but more readily in alcohols, and readily in water found, %: C 54.07; 
H 7.26; CI 14.54; N 11.29. C22H3oN404"2HCI. Calculated, %: C 54.21; H6.62; C1 14.55; N 11.50 
Molecular mass (mass spectrum) 414. Calculated, 414.49 (base). 

EXPERIMENTAL (PHARMACOLOGICAL) 

Compounds (la-c) and (Va, b).were subjected to pharmacological testing. B-Adrenoblocking 
activity was measured in narcotized male rats weighing 200-250 g by determination of the EDso 
values by the intravenous route with respect to inhibition of the positive chronotropic and 
depressor effects of isadrine (i ~g/kg, intravenous). Acute toxicities were determined in 

white mice weighing 16-17 g, by the intravenous soute. The activities and toxicities of the 
test compounds were compared with those of the ~-adreno-blocking egent propranolol. 

It was found that Ib and (Ic) display B-adrenoblocking activity slightly less than that 
of propranolol (Table i), and their acute toxicities were similar to that of propranolol. 

We have previously shown that some 5-azaindoles containing the chain characteristic of 
B-adrenoblocking agents in the 6-position of the azaindoline bicycle together with a cyano- 
group in the 7-position, and a methyl or benzyl group in the 1-position display marked ~- 
adrenoblocking activity zn v~vo~ and especially zn v~t~o. Contrary to expectation, the 
7-azaindoline compounds Ib, c were less active, or even inactive (la) as B-adrenoblocking 
agents. 

The cyanopyridine Va which contains a phenyl-isopropylamine residue in the 4-position, 
a cyano-substituent in the 3-position of the pyridine ring, and a 3-isopropylamino-2-hydro- 
xypropoxy residue in the 2-position, is devoid of B-adrenoblocking activity. It is noteworthy 
that the introduction of two methoxy groups into the para- and meta-positiOns of benzene 
ring of the 4-phenylethylamino residue in the pyridine nucleus (Vb) results in loss of B- 
adrenoblocking activity, although in analogous compounds the introduction of a single methoxy- 
group into the meta- or the para-position of the benzene ring results in an increase in the 
affinity of the compounds for the vascular ~=-adrenoreceptors [I]. 
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SYNTHESIS AND ANTIARRHYTHMIC ACTIVITY OF 3 ~-AMINO-5-~- 

ANDROSTAN-2 ~-OL-17-ONE 
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G. S. Grinenko, K. A. Zaitseva, 
and M. D. Mashkovskii 

UDC 615.22.012.1.07 

There have been a few reports in the literature of the occurrence of antiarrhythmic ac- 
tivity in compounds of steroidal structure, For example, it has been reported [3] that the 
steroidal sex hormones testosterone, progesterone, and estradiol are able to decrease the 
maximum reproducible frequency of contraction of isolated rabbit auricle, and they also ter- 
minate fibrillation in cat auricle induced byelectrical stimulation. The highest activity 
is shown by testosterone, with progesterone and especially estradiol being less active. 
Antiarrhythmic properties are also possessed by the mineralocortocoid desoxyeorticosterone 
and the synthetic steroid spironolactone, in which quinidine-like activity has been observed 
experimentally [I], whereas the spironolactone antagonist aldosterone and the glucocorticoid 
prednisolone are devoid of these properties [5]. 

Reports have recently appeared in the foreign literature of the experimental study of 
antiarrhythmic activity in 3~-amino-5~-androstan-2 B-o!-17-one hydrochloride (VI, ORG 6001) 
[8, i0, 12]. 

O 

According to these workers, the compound ORG 6001 shows antiarrhythmic properties in 
several types of experimental arrhythmia. Chemically speaking, this compound may be regarded 
as an analog of testosterone. 

We repeated the synthesis of Vl from 5~-androst-2-en-17-one (I) as described in [2, 4]: 
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