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S Y N T H E S I S  O F  S U B S T I T U T E D  

5H-1 ,2 ,3 ,4 ,6 ,7 ,8 ,9 -OCTAHYDRODI  P Y R I D O -  

[4 ,3 -b ;3 ' , 4 ' - d ]PYRROLES BY T H E  

P I C T E T - S P E N G L E R  C O N D E N S A T I O N  

V. V. Bagutsky j and O. G. Kul inkov ich  2 

N.N', N"- Triallg'l-2, 5-bis(l-aminoeth3'l)pyrroles. prepared by the heterocvclization o1" 1.8-dibromooctan- 
3.6-dione with aliphatic amines, underwent the Pictet-Spengler reaction with./ormaldeh3"de and aromatic 
aldehvdes to gi~'e substituted 5H- 1,2, 3.4, 6. 7, 8. 9-octahydrodip3'rido[4, 3-b.'3'. 4'-d]pyrroles. 

Keywords: 2,5-bis(2-alkylaminoethyl)pyrroles, diazacarbazole, Pictet-Spengler reaction. 

The Pictet-Spengler reaction [l] is one of the most widely used methods for the preparation of 
isoquinolines [2] and [3-carbolincs [3,4] which have a wide spectrum of biological activity. However this route has 

not been used, with one rare exception [5], for the synthesis of derivatives of  pyrrolo[3,2-c]piperidines [6,7], 
7-carbolines [8], and 5H-dipyrido[4,3-b: 3',4'-d]pyrroles [9, 10] which have different types of biological activity 
[11, 12]. As for derivatives of 5H-l,2,3,4,6,7,8,9-octahydrodipyrido[4,3-b,Y,4'-d]pyrroles, there are no reports in 
the literature until now. 

In the present work a suitable method for the synthesis of  these compounds is proposed, based on the 
Pictet-Spengler condensation of fonnaldchydc and aromatic aldehydes with substituted 2,5-bis(2- 
aminoethyl)pyrroles (la,b), prepared by heterocyclization of aliphatic amines with 1,8-dibromooctan-3,6-dione 
(2). The latter were synthesized in two steps with an overall yield of 76% by reaction of diethyl succinate with 
cthylmagnesium bromide in the presence a catalytic amount of tetraisopropoxytitanium [13] followed by 
bromination of 1,2-bis( l-hydroxycyclopropyl)ethane produced [14]. 
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Reaction of dibromo diketone 2 with a 20-fold molar excess of  methyl- or benzylamine proceeded quite 
easily at room temperature in 1-2 h to give a high yield of the corresponding 2,5-bis(2-aminoethyl)pyrroles la,b 
(see Experimental). Attcmpts to prepare 2,5-bis(2-aminoethyl)pyrrole by reaction with the considerably less basic 
ammonia was unsuccessful since it led to the formation of  polymeric products. 

It should be noted that formation of the pyrrole ring in compounds la,b occurs in considerably milder 
conditions than the classical variant of  the Paal-Knorr reaction [15, 16] which may bc explained by anchimeric 
assistance of the alkylamino group in the removal of water from the intermediate products of  the addition of  the 
amines to the carbonyl group. 

The substituted 2,5-bis(2-aminoethyl)pyrroles la,b obtained were converted in high yield into the 
hydrochlorides of 2,5,8-trialkyl-5H-l,2,3,4,6,7,8,9-octahydrodipyrido[4,3-b;3',4'-d]pyrroles (3a,b) on boiling with 
2 equivalents of 37% formalin in the presence of concentrated hydrochloric acid in propanol-2. Under these 
conditions compound la reacted with aromatic aldehydes with predominant formation of anti-l ,9-diaryl-2,5,8- 
trimethyl-5H-1,2,3,4,6,7,8,9-octahydrodipyrido[4,3-b;3',4'-d]pyrroles (3c-h) (Table 1 ). However we were unable to 
condense compound la with paraldehyde or p-dimethylaminobenzaldehyde. The quantity of  hydrochloric acid 
used had a considerable influence on the yield of the desired products. It was determined empirically that the best 
yields of compounds 3a,b were obtained with 1.8 molar equivalents of  hydrochloric acid, whereas this was 
decreased to 1.2 molar equivalents for compounds 3c-h. 

The relative positions of  the aryl substituents in compounds 3c-h were established from their ~H NMR 
spectra in which the signals of the protons in positions 1 and 9 were shifted by ahnost 1 ppm to strong field in 
comparison with compound 4 (Table 2). This shift is explained by shielding of the protons in positions 1 and 9 in 
the anti-isomers of  3c-h by the ring currents of  the aryl substituents at positions 9 and 1 respectively, which is 
impossible for the svn isomers for steric reasons. 

The formation of the svn-isomers 4, observed only on interaction of N, N', N"-trimethyl-2,5-bis(2- 
aminoethyl)pyrrole la  with p-nitro-, and to a lesser extent, with p-chlorobenzaldehyde, is probably connected with 
differences in solubility of the products. The less soluble hydrochlorides of the anti-isomers 3c,e are precipitated 
during the reaction and take no part in further reactions. In fact our attempts to carry out this reaction in methanol 
or ethanol, in which the hydrochlorides of  3d-h dissolve well, gave no products of the Pictet-Spengler cyclization. 
Moreover, when 0.1 N solutions of mixtures of the hydrochlorides of 3e-4c in methanol were boiled for 6 h in an 
attempt to bring about svn-anti isomerization [ 17], only decomposition of the starting materials occurred. 

TABLE 1. Characteristics of the Compounds Synthesized 
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TABLE 2. Spectroscopic Characteristics of  5H-l,2,3,4,6,7,8,9-Octahydro- 
�9 - ) ) ) dlpyndo[4,3-/;3,4-d]pyrroles 3a-h, 4e,e 
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* 2a, 3a,c-h, 4c,e R = H (6H): 2b, 3b, 4i R = C,H5 (4H). 
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1264, 1404, 1550. 
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Bearing in mind the above observations, it may be proposed that the yield of  products in this reaction 
depends to an important extent on the choice o f  solvent which to dissolve the reactants even if only partially while 
the products should be practically completely insoluble. N,N',N"-Benzyl-2,5-bis(2-aminoethyl)pyrrole lb  
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underwent the Pictet-Spengler reaction in an aprotic medium without an acid catalyst [ 18, 19] to give a mixture of  
" 9 " " " h ' " the corresponding 2,5,8-tnbenzyl-l, -d,phenyldlpyndo[4,3- ;3,4-d]pyrroles 3 i - 4 i  with an overall yield of  93% 

(see Experimental). 

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

~H NMR spectra of  CDCI3 solutions of  the compounds synthesized with HMDS as internal standard were 
recorded with a Tesla BS-567A instrument with a working frequency of  100 MHz. IR spectra of  chloroform 
solutions were recorded with a Specord 75 IR spectrophotometer. Spectroscopic characteristics of  the compounds 
synthesized for the first time are given in Table 2. 

N, N' ,N"-Trimethyi-2,5-bis(2-aminoethyi)pyrrole  (1 a). A solution of  1,8-dibromooctan-3,6-dionc ( 12 g, 
0.04 mol) in methanol (300 ml) was added dropwise to a vigorously stirred 40% aqueous solution of methylamine 
(125 ml, 0.8 tool) at room temperature. The mixture was stirred at this temperature for 1 h, then NaOH (4 g) was 
added, the solvent was removed in vacuum (T < 60~ mm Hg), the residue was diluted with ether and dried 
over granulated KOH. Crude product (7.8 g, 93 % yield) obtained by removal of  the solvent was used without 

'9 1H further purification. IR spectrum: 1120, 1500, 1514, 2812, 2960, 3007, 3113, 3_,3, cm -~. NMR spectrum: 1.81 
(2H, s, 2NH): 2.43 (6H, s, 2CH~): 2.67-2.82 (8H, rn, 2CH_~CH_,): 3.41 (3H, s, CH3): 5.82 ppm (2H, s, Horn ). 
Found, %: C 67.87: H 10.91' N 21.79. C~H_~N3. Calculated, %: C 67.64: H 10.84: N 21.52. 

N, N' ,N"-Tribenzyl-2,5-bis(2-aminoethyl)pyrrole  (lb).  A solution of 1,8-dibromooctan-3,6-dione (18 g, 
0.06 mol) in methanol (400 ml) was added dropwise during 2 h to a vigorously stirred solution of benzylamine 
(128 ml, 1.2 mol) in methanol (200 ml) at room temperature. The reaction mixture was stirred at the same 
temperature for 30 rain, NaOH (5,5 g) was added, the solvent and the excess of  bcnzylamine were removed on a 
rotary evaporator (T 70~ mm Hg), the residue was dissolved in a 3:1 benzene-hexane mixture and washed with 
water until neutral (5 • 500 ml), and then dried over granulated KOH. After removal of  the solvent on a rotary 
evaporator slightly colored oil was obtained which was used without further purification. Yield 24 g (91%): 
mp52-53~ IR spectrum: 1193, 1461, 1500, 1605, 1800, 1853, 1944, 2824, 3032, 3067, 3090, 3307 cm -~. 
~H NMR spectrum: 1.44 (2H, s, 2NH); 2.53-2.88 (8H, m, 2CH,CH:): 3.68 (4H. s, 2CH_,), 5.01 (21-t, s, CH,_); 5.90 
(~H, s, Hot,): 7.15-7.32 ppm (15H, m, H ....... ). Found, %: C 82.31" H 7.89: N 10.31. C_,~H33N3. Calculated, %: 
C 82.23: H 7.85: N 9.92. 

2,5,8-Trialkyl-5H-l,2,3,4,6,7,8,9-octahydrodipyrido[4,3-b; 3' ,4 '-a ']pyrroles (3a,b). Hydrochloric acid 
O/ (35yo, 1.6 ml, 180 tool. %) and 37% lbnnalin (1.5 ml, 0.02 mol) were added with stirring to a solution of 

N,N',N"-trialkyl-2,5-bis(2-aminoethyl)pyrrole la ,b  (0.01 mol) in propanol-2 (40 ml). The reaction mixture was 
slowly heated to boiling (-30 min), boiled for [5 min, and then cooled to room temperature. The fine crystalline 
powder of  hydrochloride of  3a,b was filtered oft, washed with propanol-2 (2 • 10 ml) and ether (20 ml), and dried 
in vacuum. Hydrochloride of  3a was recrystallized from a mixture of methanol and ether. 

To obtain the free base hydrochlorides of  3a-g were dissolved in the minimum amount of  methanol, a two- 
fold molar excess of  NaOH was added, and the mixture was boiled until alkali had dissolved completely, methanol 
was removed on a rotary evaporator, the residue was suspended in anhydrous diethyl ether, filtered and evaporated 
to dryness. The compounds 3a-g obtained required no further purification (Table 1 ). 

To obtain the free bases hydrochlorides of  3b,h without preliminary recrystallization were dissolved in 
minimum of  water, a two-fold molar excess of  NaOH was added and the product was extracted with methylene 
chloride. The combined organic extracts were dried exhaustively over K_~CO3. The residue after removing the 
solvent was recrystallized from nitromethane (Table 1). 

••9-Diary•-2•5•8-trimethy•-5H-••2•3•4•6•7•8•9-••tahydr•dipyrid••4̀ 3-b;3'•4'-d•pyrr••es (3c-h). 
Hydrochloric acid (35%, 1.1 ml, 120 tool. %) and aromatic aldehyde (0.02 mol) were added to a solution of 
N,N',N"-trimethyl-2,5-bis(2-aminoethyl)pyrrole la  (1.96 g, 0.01 mol) in propanol-2 (40 ml) and the mixture was 
boiled with stirring for 3 h until the starting compound 2a had completely dissolved (beginning of the precipitation 
of  hydrochloride product may occur in parallel), alter which the reaction mixture was left overnight. The fine 
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crystalline powder of hydrochloride of 3c-h was filtered off, washed with propanol-2 (2 x l0 ml) and ether 
(20 ml), and dried in vacuum. Hydrochloride of  compound 3g was recrystallized from a mixture of  methanol and 
ether. 

To obtain the free bases hydrochlorides of 3c-f were dissolved in thc minimum amount of water, made 
basic with an excess of NaOH, the product was filtered off\ washed with water, and dried for 3 h over granulated 
KOH in a vacuum desiccator at 1 mm Hg, and recrystallized from propanol-2 (3c,e, 4c,e) or nitromethane (3d,f) 
(Table 1 ). 

2~5~8-Tribenzy~-5H-~`9-dipheny~-~`2`3"4`6~7~8~9-~tahydr~dipyrid~4~3-b;3''4'-d]pyrr~e (Mixture of 
Isomers 3i,4i). A solution of N,N',N"-tribenzyl-2,5-bis(2-aminoethyl)pyrrole lb (4.47 g, 0.01 mol) and 
benzaldehyde (2.1 ml, 0.02 tool) in benzene (50 ml) was boiled with a water separator for 48 h. The residue, after 
removal of benzene on a rotary evaporator, was recrystallized from nitromethane. Yield 93%: mp 160-165~ 
IR spectrum: 700, 1192, 1263, 1453, 1493, 1539, 1600, 1733, 1800, 1860, 1939, 2796, 2834, 2928, 3026, 3062, 
3081 cm -~. IH NMR spectrum: 2.32-2.95 (8H, m, 2CH:CH:), 3.14, 3.58 (1.86 H, AB, .]~ =13.4 Hz, 2CH2): 3.45 
(2.19 H, s, 2CH,): 3.73 (0.91 H, s, 2CH): 4.40 (1.12 H, s, 2CH): 5.01 (2H, s, CHz): 6.75 (5.54 H, s, H .. . .  ); 
6.86-7.48 ppm (19.32 H, m. H ...... ). Found, %: C 86.33: H 6.95; N 7.24. C43H4iN3. Calculated, %: C 86.10; H 6.89; 
N 7.01. 
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