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Among condensed idole derivatives the attention of biologists and chemists has been attracted in recent  
years  by pyrroloquinolines-with various ring linkages. It has been shown that many of them (both synthetic and 
of natural origin} possess well-defined antitumoral, autimalarial, tuberculostatic, antiinflammatory, hypo- 
tensive, analgesic, and other activities [1-4]. In the  search for new biologically active substances among the 
pyrroloquinolines we have performed some typical electrophilic substitution reactions (the Mannich, the Vils- 
meier ,  and the azo-coupling reactions} not known for 1H-pyrrolo[3,2-h]quinoline (i), have obtained the co r -  
responding pyrroloquinolinylmagnesinm iodide, and have performed syntheses from it. Some pharmacological 
propert ies  of the compounds obtained have been studied. 

The Mmmich reaction has been described only for 2-methyl-lH-pyrrolo[3,2-h]quinoline [5]. We have 
performed this reaction with the unsubstituted heterocycle,  an improved method of synthesizing which has been 
proposed previously [6]. Aminoalkylation was carr ied  out by the method thai has become traditional in the 
indole s e r i e s - w i t h  dimethylamine, piperidine, and morpholine. 

II R* = R s = CHS; III NR*R s = piperidinyl 
IV NRIR = = mopholinyl 

The azo-coupling reaction of (I) was performed in d imethyl formamide-water  (1 : 1) in weakly acidic or neutral 
media with the diazonium salts obtained from aniline, p-nitroaniline, and p-chloroaniline. The azo derivatives 
(V, VI, and VII) were isolated with yields of 66-94%. 

We have established that (1) readily takes part  in the Vilsmeier reaction with N,N-dimethylformamide 
(DMFA) forming 3-formyl-lH-pyrrolo[3,2-h]quinoline (VIII) in good yield (93~c). However, the reaction of (D 
with N,N-dimethylacetamide or N,N-dimethylchloroacetamide under the same or even more  severe conditions 
did not lead to the corresponding 3-acetyl and 3-chloroacetyl  derivatives. 3-Acetyl-1 H-pyrrolo[3,2-h]quinoline 
(IX) was synthesized with a yield of 89.5% by the Grignard method from 1H-pyrrolo[3,2-h]quinolin-l-ylmagne- 
slum iodide. This Grignard reagent was also used for the synthesis of 3-allyl-lH-pyrrolo[3,2-h]quinoline (X) 
and the pyridine analog oftryptamine - 3-fl-(aminoethyl)-lH-pyrrolo[3,2-h]quinoline (X1). (See scheme on the 
following page.) In addition, an attempt was made to synthesize carboxylic acid derivatives of the heterocycle 
under study. From the products of the reaction of compound (D with monochloroacetic acid in an alkaline 
medium under increased pressure  we isolated 1H-pyrrolo[3,2-h]quinolin-3-ylacetic acid (XIID. When (D was 
t reated with sodium ethyl carbonate [7], 1H-pyrrolo[3,2-h]quinoline-3-carboxylic acid (XID was obtained. 

From the absence of the signal of a proton in position 3 of the ring at 6.57 ppm in the PMR spectra of 
the compounds described above (H-XIII) it was established that in all cases substitution took place in position 
3 of the pyrroloquinoline nucleus. 

Compound (D was methylated by the action of sodium amide and methyl iodide in liquid ammonia, giving 
1-methylpyrrolo[3,4-h]quinoline (XIV) with a yield of 95%. The methiodide of 1H-pyrrolo[3,2-h]quinoline (XV) 
was formed in high yield by boiling (1) with methyl iodide for 3 h. The s tructures  of the newly synthesized 
compounds were confirmed by their UV, IR, and PME spectra.  

D. I. Mendeleev Moscow Institute of Chemical Technology: Translated from Khimiko-Farmatsevt icheski i  
Zhurnal, Vol. 12, No. 6, pp. 53-58, June, 1978. Original art icle submitted January 5, 1978. 

734 0091-150X/78/1206-0734507.50 �9 1979 Plenum Publishing Corporation 



TABLE 1. 

N••OOOH5 
o~mo ~ 
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C h a r a c t e r i s t i c s  of the Subst i tu ted  P y r r o l o q u i n o l i n e s  (II-XIID ~ ~ 1 ~  

II 

III 
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VI 

VII 

VIII 

IX 

X 

XI 

XI1 

XIII 

a 

b a 
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-O0OH 

- O H t  O 0 0 H  

74,57 

80,99 

68,25 

68,91 

Found, % 

4,57 

6,09 

Molecular 
formula 

CI4H15N~ 

CnH19N~ 

C16HlvN~O 

CnHI2N 4 

C,~HIINs02 

67,92 
68,99 

4,23 

4,30 

C17HnN 4C1 

CI=H 8N20 

C~aHgN20 

C14HI=N2 

CaaH~3Na* 

CI~H 8N20= 

CI~HIoN202 

Calculated, % IR spectra~ cm -1 
characteristic 

NH !absorption 
bands 

1530s (C--NO2) 
1340 s (C--NO2) 

166o (c=o) 

1650 (C=O) 

1000 m 
(CH2=CH--) 

1640 (NH2) 

1665 (C=O) 

1690 (C= O) 

Chemic~ 
~hift~, :~ 
ppm 

~a =2,20; 
8b = 3,75 

~a = 1,55; 
6b =2,50; 
5 c =3,75 

6a =3,65; 
~ib =2,50; 
5 c = 3,75 

8CH o -  10,03 

6CH2----2,51 

5a ~-3,48; 
8b ----6,04; 
6 c =5,08 

~NH =3,80 
6CH ' N2,89 

~CH ==3,76 

* The t ryp t a rn ine  ana log  was  ana lyzed  in the f o r m  of i ts  sa l t  with adipic  acid  (see  E x p e r i m e n t a l  pa r t ) .  
t s o l v e n t  m i n e r a l  oil or ,  in the c a s e  of (X), c a r b o n  t e t r a c h l o r i d e .  
$ Solvent  fo r  (11) CDaOD, fo r  (III) c a r b o n  t e t r a c h l o r i d e ,  and fo r  (VIII-XIID d ime thy l  su l foxide) .  
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The p roper t i e s  of the compounds (II-XI1D are  given in Table 1. 

EXPERIMENTAL 

Biological 

The biological activities of compounds (H, IH, V, VI, VIII, IX, XI, and XV) were investigated in the S. 
Ordzhonikidze All-Union Scientific-Research Institute of Pharmaceutical Chemistry (Laboratory of Corre- 
sponding Member of the Academy of Medical Sciences of the USSR G. N. Pershin), and also in the Oncological 
Center of the Academy of Medical Sciences of the USSR. These compounds possess a low tuberculostatic 
activity in relation to strain H-37R. A high tuberculostatic activity was shown only by the thiosemicarbazone 
of 3-formal-lH-pyrrolo[3,2-h]quinoline. This compound retarded the growth of the tubercle bacilli in a con- 
centration of 0.03 #g/ml in the absence of serum. However, in the presence of serum the activity fell. Com- 
pound (XV) possessed no antispasmodic, analgesic, or local anesthetic activity. In urethane-narcotized cats 
the intravenous administration of 5-10 mg/kg of this compound caused a brief hypotensive reaction. Larger 
doses proved to be lethal. The substance possessed cytotoxic action on C-37 and L5178 cultures and Ehrlich's 

tumor. 

We also studied the radioprotective properties of compound (D and (XI). The experiment was performed 
with random-bred female white mice with an average weight of 23-25 g. The substances investigated were dis- 
solved in distilled water extempore and were administered 5-10 min before ~ irradiation on a volume of 0.1 
ml per 10 g weight of the animal. The dose of~/ radiation was 900 R at a power of the source of 34R/rain. The 
radioprotective activities of the compounds were estimated from the percentage survival rate of the mice and 
from the mean lifetimes of the animals that died. The radioprotective effect of compound (XI) was 20% and of 
compound (D 10% at mean lifetimes of 8.8 *0.5 and 7~ • days, respectively. 

C h e m i c a l  

The IR spec t r a  were  r eco rded  on a UR-10 ins t rument  in mine ra l  oil or  in carbon te t rach lor ide .  The 
e lec t ron ic  spe c t r a  were  obtained on a Specord ins t rument  at a layer  thickness of 1 cm in ethanol.  The PMR 
spec t ra  were  r e c o rded  on a Varian HA-100D s p e c t r o m e t e r  using as solvents b i s t r ideu te romethy l  sulfoxide and 
carbon te t rach ior ide ,  and as in ternal  s tandard hexamethyldis i loxane.  The accuracy  of the m e a s u r e m e n t  of the 
chemical  shift  6 = 0.01 ppm. The r e su l t s  of e l emen ta ry  analysis  and of IR and PMR spec t roscopy  a re  given 

in Table 1. 

3-Dimethylaminomethyl -1  H-pyrrolo[3,2-h]quinol ine (II). The Mannich reac t ion  was pe r fo rmed  by Dewar'  s 
method [5]. F r o m  3.4 g (0.02 mole )o f  (D was obtained 3.9 g (84.5%) of substance (I1) with mp 165.5-166.5~ 
(from aqueous ethanol}. UV spec t rum,  ~max nm, l o g e :  217 (3.13), 244 (3.87), 272 (4.61}, 333 (3.52). 

3 -P iper id inomethy l - lH-pyr ro lo [3 ,2 -h]qu ino l ine  (HI). Similar ly ,  3.46 g (0~ mole) of (I) and piperidine gave 
(IH) with a yield of 4.7 g (88.6%), mp 149.5-151.5~ (from aqueous ethanol). UV spect rum,  Xmax, nm (logs 
206 (4.32), 232 (4.22}, 259 (4.80), 322 (4.02), 340 (3.90). 

3 -Morphol inomethyl - lH-pyrro lo[3 ,2-h]quinol ine  (IV).  This was obtained s imi la r ly  by  the Mannich r e -  
action with a yield of 67.4%; mp 143~ (from ethanol);  UV spec t rum,  Xmax, nm(logs  217 (4.50}, 224 (3.85), 

333 (3.60). 

3 -Pheny lazo- lH-pyr ro lo [3 ,2 -h]qu ino l ine  (V). A few drops of a 0.1 N solution of caust ic  soda was added 
to a solution of 0.84 g (0.005 mole) of (D in 20 ml of DFMA and 20 ml  of water  to br ing  the pH to 6.0-7.0 and, 
at 5~ a solution of 0,005 mole ofbenzenediazonium chlor ide p repa red  by the usual method was slowly run in. 
During the whole of the p rocess  the pH was kept at about 5.0 by the addition of 0.1 N caust ic  soda. Coupling 
was c a r r i e d  out at 5-10~ for  3 h. The ye l low-orange  precipi ta te  formed was f i l te red  off and washed with 
water .  Yield of 0.91 g (66.4%), mp 224-225~ ( f rom acetone).  UV spect rum,  Xmax, nm (log ~): 203 (4.78}, 
243 (4.79}, 274 (4.63}, 370 (4.88). 

3 - (4-Ni t rophenylazo)- lH-pyrro lo[3 ,2-h]quinol ine  (VI). This was obtained by the method descr ibed  above 
f rom 0.84 g (0.005mole} of (1) and an equimolar  amount of p-ni t robenzenediazonium chlor ide .  Red-orange  c r y s -  
tals with mp 321-322~ (decomp., f rom DMFA). Yield 1.10 g (68%). UV spect rum,  Xmax, nm (log s 203 (4.13), 

242 (4.09), 274 (4.23), 408 (4.45). 

3 - (4-Chlorophenylazo)- lH-pyrro lo[3 ,2-h]quinol ine  (VII). The coupling o f  0.84 g (0.005 mole) of (D and 
an equimolar  amount of p-chlorobenzenediazonium chlor ide was c a r r i e d  out by the method descr ibed  for  com-  
pound (V). The brown precip i ta te  of the azo compound (VII) obtained was f i l te red  off. Yield 1.45 g (94%), mp 
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277-279~ (f rom ethanol).  UV spec t rum,  Xmax, nm (loge):  205 (4.23), 217 (4.22), 243 (4.25), 272 (4.09), 374 (4.26). 

3 - F o r m y l - l H - p y r r o l o [ 3 , 4 - h ] q u i n o l i n e  (VIlI). To 2.9 g (0.04 mole) of f r e sh ly -d i s t i l l ed  d imethy l fo rmamide  
cooled to 0~ was s lowly added 1.6 g (0.011 mole) of phosphorus oxychlor ide.  The reac t ion  mix tu re  was s t i r r e d  
at  r o o m  t e m p e r a t u r e  for  1 h and then 1.68 g (0.01 mole) of (D in 4 ml  of DMFA was added. The resul t ing m i x -  
ture was heated at 80~ for  3 h and left  overnight ,  a f te r  which it was poured into water ,  0.1 N caust ic  soda 
solution was added to give an alkal ine reac t ion ,  and the p rec ip i ta te  that  deposi ted was f i l te red  off. Yield 1.85 
g (94%), nap 237-238~ ( f rom ethanol).  UV s pec t rum (ethanol), 7,max nm (log e): 217 (4,31), 255 (4.47), 339 
(2.27). T h i o s e m i c a r b a z o n e  of (VIII),. mp  335-336~ (f rom DMFA). Found, %: C 57.9, H 4.1, N 26.2, S 11.8%. 
C13HliNsS. Calculated,  %: C 57.9, H 4.1, N 25.9, S 11.9. 

3 -Ace ty l - lH-pyr ro lo [3 ,2 -h ]qu ino l ine  (IX). A solution containing 16.8 g (0.1 mole) of (D in 50 ml  of ab -  
solute e the r  was  added to an e the rea l  solution of 0.15 mole  of me thy lmagnes ium iodide. The mix tu re  was kcpt 
at a boi l  f o r  2 h and was  cooled to 5~ a f te r  which a solution of 8.8 g (0.11 mole) of acety l  chloride in 50 ml  
of absolute  e ther  was added and the resu l t ing  mix tu re  was boiled for  another  10 h. Then it was cooled and 
was poured into 50 ml  of 2% acet ic  acid, arid the light brown prec ip i ta te  that deposited was f i l te red  off. Yield 
22.6 g (89.5%), mp  231-232~ ( f rom ethanol).  UV spec t rum (ethanol), ~max,  nm (log ~): 205 (3.08), 229 (4.1), 
257 (3.62), 322 (3.83), 392 (3.70). 

3 -Al ly l - lH-pyr ro lo [3 ,4 -h ]qu ino l ine  (X). A solution of 1.15 g (0.009 mole) of allyl b romide  in 50 ml  of 
absolute benzene was  added to a Solution of 0.13 mole  of 1H-pyrro lo[3 ,2-h]quinol inylmagnes ium iodide in ab-  
solute e ther .  The e ther  was dis t i l led off and the reac t ion  mix tu re  was boiled for  4 h and was then poured into 
water ,  and the white p rec ip i t a te  that  deposited was f i l te red  off. Yield 0.61 g (60%), mp  113-114~ ( f rom ethanol). 
UV s p e c t r u m  (ethanol), Xmax, nm (log ~): 218 (4.48), 242 (3.87), 269 (4.59), 332 (3.57). 

3 - ( f l -Aminoe thy l ) - lH-pyr ro lo[3 ,2-h]qu ino l ine  (XI). A solution of 5.6 g (0.13 mole) of e thyleneimine in 
50 m l  of absolute t e t r ahydro fu ran  was added to a solution of 0.13 mole  of 1H-pyrro lo[3 ,2-h]quinol inylmagne-  
s lum iodide in absolute e ther ,  and then the e ther  was dist i l led off and the reac t ion  mix tu re  was boiled under 
ref lux for  6 h, a f t e r  which it was cooled and was poured into 50 ml  of 10% ammonium chloride solution. The 
light brown prec ip i t a te  that  deposi ted was f i l te red  off. Yield 1.7 g (80.5%), nap 158-159~ ( f rom ethan61). The 
b a s e  obtained was unstable  and it was  t h e r e f o r e  conver ted  into the adipate,  mp 204-205~ Found, %: 
C 66.6, H 6.2, N 14.5. 

1H-Pyr ro lo [3 ,2 -h !qu ino l ine -3 -ca rboxy l i c  Acid (:KID. In smal l  por t ions,  18 g (0.4 mole) of d ry  ice was added 
to a solution obtained by  dissolving 4.6 g (0.2 mole) of me ta l l i c  sodium in 100 ml  of absolute ethanol, and the 
reac t ion  mix tu r e  was kept for  1 h. The white prec ip i ta te  of sodium ethyl carbonate  that  deposited was f i l tered 
off, washed  with absolute  e ther ,  and dried,  Yield 17.55 g. 

A mix tu re  of 3.4 g (0.02 mole) of (D and 17.5 g (0.16 mole) of sodium ethyl carbonate  was slowly heated 
over  1 h to 250~ and was kept  at  this  t e m p e r a t u r e  for  4 h, a f te r  which it was cooled and poured into 200 ml  
of cold wa te r ;  10% hydrochlor ic  acid was added to pH 3.0 and the brown prec ip i ta te  that deposi ted was f i l te red  
off. Yield 3.36 g (86.3%), mp  305-306~ (f rom ethanol).  

1H-Pyr ro lo [3 ,2 -h ]qu ino l in -3 -y lace t i c  Acid (XI1D. A mix tu re  of 1.68 g (0.01 mole) of compound (I), 1.4 g 
(0.015 mole) of monoch lo roace t i c  acid, and 5.61 g (0.1 mole) of caus t ic  potash in 30 ml  of wa te r  was heated 
in an autoclave at  250~ in an a tmosphe re  of n i t rogen for  12 h. The resu l t ing  solution of the po tass ium sal t  
of the acid was poured into 100 ml  of wa te r  and the unchanged init ial  (D was ex t rac ted  with e ther .  The acid 
(XII1) was prec ip i ta ted  f r o m  the aqueous solution by acidif icat ion with 10% acid to pH 5.0. The yellowish p r e -  
cipi tate  that  deposi ted was f i l te red  off. Yield 0.77 g (35%), mp 241-242~ ( f rom ethanol).  

1-Methylpyrrolo[3 ,2-h]quinol ine  (XIV)~ Liquid ammonia  (20 ml) was t r ea t ed  with powdered f e r r i c  chlo-  
r ide  (0.3 g), and then 1 g of meta l l ic  sodium was added. Af ter  the blue dye becomes  g r e y  (about 20 rain), 3.4 g 
(0.02 mole) of I is added. The reac t ion  mix tu re  was s t i r r e d  fo r  20 rain and then 3.5 g (0.025 mole) of methyl  
iodide was added and a f te r  the mix tu re  had been allowed to stand for  10 min, the ammonia  was evapora ted  off, 
150 mt  of cold wa te r  was added, and the white p rec ip i t a te  that deposited was f i l t e red  off. Yield 3.5 g (95%), 
mp 52.5-53.5~ ( f rom ethanol).  Found, %: N 15. CnH10N2. Calculated,  %: N 15.3. The IR spec t rum (paraff in 
oil, CC14) lacked the c h a r a c t e r i s t i c  NH band at  3200-3100 cm -1. UV spec t rum (ethanol), ~'max, nm (log e): 
217 (3.49), 266 (3.67). 

1H-Pyrro lo[3 ,2-h]quinol ine  Methiodide (X-V). A mix tu re  of 1.68 g (0.01 mole) of compound (D and 1.70 
g (0.012 mole) of methyl  iodide was boiled on a wa t e r  bath  for 3 h. Then 20 ml  of benzene was added and the 
resu l t ing  yellow prec ip i t a te  was f i l te red  off. Yield 2.9 g (92%), mp 203-204~ ( f rom ethanol). Found, %: N 9.1. 
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CI2H10N2L Calculated, ~: N 9.1. 
282 (4.52), 384 (3.86). 

1. 

2. 
3. 
4. 
5. 
6. 
7. 

UV spectrum (ethanol): Xmax, nm (logs 203 (4.52), 219 (4.55), 247 (4.15), 
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The new synthesis of 2-(2,6-dichlorophenylamino)-2-imidazoline (klofelin; clonidine) (I) that we have 
developed [1, 2], based on the use as the starting materials  of N-dichloromethylene-N,N-dimethylammonium 
chloride (I~ [3, 4] and ~-chloro-N'-(2,6-dichlorophenyl)-N,N-dimethylformamidine hydrochloride (HI), has 
created the prerequisites for obtaining from (I1) and (Hi) various N,N',N"-substituted guanidines which are of 
interest in connection with the search for new hypotensive agents. In this connection, in the present work we 
have synthesized and subjected to pharmacological study previously unknown hydrochlorides of N-substituted 
N'-(2,6-dichlorophenyl)-N", N"-dimethylguanidines of the general formula (IV), which may be considered as 
"open" analogs of klofelin. 

Compounds (IV) were synthesized from (HI) [1, 2] by treating it with ammonia, pr imary aliphatic and 
aromatic amines, and secondary heterocyclic amines in isopropanol or acetonitrile. 

lH CI 2.HCI ~ - ~  H O" 
c1 5' ~r 

/Ira) X=NH l d) X--&OIO61~NH 
I~ X=J~IOH2OH~k~,~ e ~ X = piperidino 
c) X= 4-MoOObH41~I f) X = mopholino 

g)X=4- methylpiperazino 

The yields and properties of compounds (IV) are given in Table 1. 

The compounds obtained are fairly strong bases (pK a 7.42-10.37); their structure was confirmed by IR 
and UV spectroscopy. The IR spectra of compound (IV) show absorption bands of C =N groups in the 1620- 
1665 cm -i region and the UV spectra of them are characterized by the presence of absorption maxima in the 
237-272 nm region. 

By a method analogous to that used for the production of (IV), from sydnophen (V) [5] and the "immonium 
chloride" (I1) we also synthesized new structural analogs (V1) of the psyehostimulator sydnocarb (Vile) [6], 
differing from the latter by the fact that in position 5 of the sydnone ring in place of a urea residue they in- 
clude a fragment of a substituted guanidine ring. 

Compounds (V'l) were synthesized by the reaction of sydnophen with an equimolar amount of (I1) in aceto- 
nitrile followed by treatment of the substituted "chloJ~oformamidinium" chloride (VIIB with ammonia, benzyl- 
amine, and phenylhydrazine in the same solvent. 
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