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When N-alkyl(or aryl) sulfonylisoquinolinium salts are reacted in situ with l- 
methylpyrrole, 2-aryl(or alkyl)sulfonyl-l-(pyrrole-2-yl)-l,2-dihydroixoquino- 
lines and 2,5-di[2-aryl(or alkyl)-sulfonyl-l,2-dihydroisoquinolin-l-yl]-l- 
methylpyrroles form with high yields. 

The reactivity of isoquinolinium and other benzopyridinium and pyridinium cation in 
reactions with nucleophiles depends on the nature of the substituent at the nitrogen hetero- 
atom [i, 2]: The stronger are the electron-acceptor properties of the substituent, the more 
reactive is the cation. N-alkyl cations, which form very unstable salt-like adducts with 
many nucleophiles, are least active in these reactions [3, 4], the N--H and N--aryl cations are 
more active, and the N-acyl heteroaromatic cations, which are often used in in situ reactions 
with nucleophiles (so-called hetarylation reactions [3]), are the most reactive. We recently 
showed that N-arylsulfonylbenzimidoylisoquinolinium salts are even more active in these 
reactions and that with their aid it is possible to introduce an isoquinoline residue into a 
ferrocene molecule, which does not react with N-acyl cations [6]. It seemed to be of interest 
to evaluate the activity of the scarcely studied N-alkyl- and N-arylsulfonylisoquinolinium 
salts in hetarylation reactions. These salts can be obtained as a result of the aromatiza- 
tion of 1-substituted N-arylsulfonyl-l,2-dihydroisoquinolines under the action of N-acyliso- 
quinolinium cations [7], this being evidence of the great electrophilicity of the latter. 

A convenient object for comparing the activities of various cations in hetarylation reac- 
tions is l-methylpyrrole. It is known that N-acylisoquinolinium salts react with pyrrole to 
form mono (in an a or B position of the pyrrole ring) and dihetarylation (in both a positions) 
products [8]. The salts of the less electrophilic N-acylpyridinium cations form only mono- 
hetarylation products in these reactions [9, i0], and the reactions of the even less electro- 
philic N-alkylpyridinium cations give unstable adducts, rather than hetarylation products. 
These adducts are essentially ion pairs, which readily decompose into the original reactants, 
as was recently observed in reactions with indole in [4]. 

It was found that the reaction of isoquinoline with l-methylpyrrole in the presence of 
various sulfonyl chlorides results in the formation of both mono- and dihetarylpyrroles I 
and II with high yields (Table i). Monohetarylation products I can be used to obtain 
bishetaryl derivatives II in a similar reaction with isoquinoline and the appropriate sul- 
fonyl chloride : 
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The structures of compounds Ia and IIa synthesized were established with the aid of 
their PM~ and mass spectra, while the remaining compounds of types I and II have similar UV 
spectra, and were consequently assigned similar structures. The PMI~ spectrum of compound 
IIa (R= C6Hs) showed signals for the following protons: The singlet at 4.09 ppm (3H) was 
assigned to the methyl group of the pyrrole ring. The singlet of the C--H proton in position 

Dnepropetrovsk Construction-Engineering Institute, Dnepropetrovsk 320092. Translated 
from Khimiya Geterotsiklicheskikh Soedinenii, No. i0, pp. 1379-1382, October, 1984. Original 
article submitted June 16, 1983; revision submitted April 3, 1984. 

1136 0009-3122/84/2010-i136508.50 �9 1985 Plenum Publishing Corporation 



~o 
"-d 

[a.a 

~ 0 ~ ~ ~  
O 0 � 9  
Z Z Z ~ Z Z Z Z Z Z Z Z Z ~ Z Z  

r.D 

,H 
r.n 

>,., 

m 

0 

0 

t4~ 
0 

r~ 

, H  
4~ 

. H  

d3 
4.a 

m 

r ~  

r~ 

d d d d d d d d d d d d d d d d  

!iL!LT?77~777777 

L k~~ ~ v o  
~ z u ~ n  q.;~ .#=, I '=  z o a ;  m4. = 

oN'ca r U .L U ~ ~ C~" r,O 

1137 



1 of the isoquinoline fragment has ~ = 4.94 ppm (2H), and the singlet of the ~ protons of 
the pyrrole ring is detected at 6.52 ppm (2H). The aromatic protons of the isoquinoline 
ring and the phenyl protons are displayed in the form of a complicated multiplet at 6.2-7.7 
ppm (22H). 

In the mass spectrum of this compound, which was obtained with an energy of the ionizing 
electrons equal to 70 eV, there is no peak for the molecular ino (M§ and in the region of 
high m/z values there is a peak at 350,* which corresponds to the [M-- C~sHIINSO2] + fragment 
(F~). 

c,s~,iNso~ ) Phso2_ ~ 

819 PIsso Pz 209 

The further fragmentation of the pseudomolecular FI ion follows a known scheme [6]: Split- 
ting of the internuclear bond with the formation of ions 80 and 270 occurs to a lesser extent, 
and the splitting of the N--S bond with the formation of the PhSO2 + (141) and F2 (209) ions 
occurs to a greater extent. The fragmentation of the F2 ion, which has the structure of the 
l-(l-methylpyrrol-2-yl)isoquinolinium cation, follows the paths characteristic of bishetaryls 
[7, 8]: dehydrogenation with the formation of ions 208 and 207, which results in the cycliza- 
tion of hetaryl residues with the simultaneous splitting of the pyrrole ring to a pyridine 
ring and the elimination of a neutral HCN particle (ion 182) with the subsequent elimination 

of the methyl radical (ion 167). 

When the energy of the ionizing electrons was lowered to 15 eV, were were able to detect 
a peak for M + (619). In this case, ion 478, which corresponds to the [M -- SO2Ph] + fragment, 
was detected along with the others already cited. 

The mass spectrum of compound Ia contains both M + (350) and all the fragment ions 

described above. 

The PMR spectra of compounds Ia and IIaare identical: the singlet of the protons of the 
methyl group on the pyrrole ring has ~ = 3.78 ppm (3H), and the aromatic 3-H, 4-H, and 5-H 
protons in this ring produce a complex multiplet owing to the long-range spin--spin interac- 
tion with centers at 6.32, 5.24, and 5.72 ppm. The aromatic protons of the isoquinoline frag- 
ment (Hs-s) produce a signal in the form of a complex multiplet at 7.01-7.53 ppm (4H). The 
3-H and 4-H protons form a quartet for an AB system with a center at 7.64 ppm (2H) (J3,4 = 
2 Hz), the I-H proton is detected at 4.78 ppm (IH), and a multiplet for the phenyl grouping 
is detected at 6.15-6.67 ppm. The UV spectra of compounds I and II are characterized by the 
following absorption bands: %max = 225 nm (~ = 1.8.10 -4 ) and 263 nm (~ = 1.5-104). 

EXPERIMENTAL 

The mass spectra% were obtained on a Finnigan 4021 spectrometer, the ionizing voltage 
corresponds to 70 eV, the temperature of the source was 170~ and the accelerating voltage 
was equal to 2.5 kV. The PMR spectra were recorded on a Tesla-80 spectrometer in CDCI3 with 

HMDS as an internal reference. 

The thin-layer chromatograph in A1203 was carried out with elution by a 6:1:30 benzene-- 

hexane--chloroform solvent mixture. 

2-Benzenesulfonyl-l-(l-methylpyrrol-2-yl)-l,2-dihydroisoquinoline (Ia) t A mixture of 
6.4 g (50 mmole) of anhydrous isoquinoline and 4.4 g (25 mmole) of freshly distilled benzene- 
sulfonyl chloride in 30 ml of absolute benzene is given an addition of 4.06 g (50 mmole) of 
N-methylpyrrole, and the resultant mixture is held for 4-6 h at 18-20~ with intense stir- 
ring. Then the reaction mass is dissolved in 50 ml of chloroform, and the chloroform solution 
is washed with dilute (i:i) HCI and then dried with magnesium sulfate. The residue remaining 
after evaporation is crystallized from methanol. The yield is 6.42 g (74%) (see Table i). 

*The numbers characterizing an ion define the value of m/z. 

%We sincerely thank N. A. Klyuev for recording and interpreting the mass spectra. 
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IR spectrum (KBr tablets): 1625 (~C--C), 1338 (~asSO2), 1172 cm -I (Vs, SO2). Mass spectrum 
(70 eV), m/z, %: 39 (17.4), 42 (15.7), 51 (16.1), 53 (16.9), 77 (32.2), 80 (45.5), 81 (51.7), 
189 (21), 167 (17.8), 182 (i00), 207 (16.1), 209 (46.9), 350 (35.7). 

All the compounds Ia-i (Table i) were obtained in a similar manner. 

Compounds IIa-g were obtained by reacting 50 mmole of isoquinoline, 50 mmole of a sul- 
fonyl chloride, and 25 mmole of l-methylpyrrole (Table i). Mass spectrum of compound IIa 
(15 eV, the ions with an intensity ~ 15% are given), m/z, %: 77 (35.6), 129 (80.0), 182 
(32.5), 209 (37.2), 350 (i00), 352 (25.1), 619 (17.3). 
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