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Abstract- Solutions of harmane and ?,Em-dlmethylharmane in con- 

centrated sulphurlc acid (16-18M) conducted to the corresponding 

C-6 sulphonated derivatives. 

0-Carboline (9H-pyrido[3,4-blindole) (I) 1s the parent compound of an important 

class of heterocycles that are often found as the basic structural unit of some 

lndole alkaloids of varied and potent biological activity.' In the last years, we 

have undertaken a serles of studles on the prototropic equillbria of 0-carboline 

alkaloids in order to gain insight into the chemistry and biochemistry of these com- 

pounds. Some of these results have recently been reported. 2-4 

In the context of such studies it was observed that unlike other 0-carbollne derlva- 

tlves, solutions of fully aromatic 6-carboiines in highly concentrated sulphuric 

acid were very unstable and therefore we were unable to make preclse pK determinations. 

Sulphonations of 6-carboline derivatives in these media are known from pioneering 

works on the chemistry of thesecompounds. However, in spite of the potentlal synthe- 
ric utlllty of such reactions they seem to be little explored and there is controver- 
sial about the structure of the sulphonated p r o d ~ c t . ~ - ~  Moreover, the reactions are 

of theoretical interest since the related compounds pyrrole, lndole and carbazole 

are insensible towards sulphonation in concentrated sulphuric acid solutlons. AS it 
1s well known, in these media pyrrole and indole protonate on a and B carbons, res- 
pectlvely and carbazole on nitrogen atom. 8-1 0 

Both synthetic and theoretical interest of these sulphonation processes induced us 

to extend our original investigations on the protonation equillbria of 6-carbollne 

alkaloids to examine with more dctail these reactions. The recent study of proto- 

troplc equilibria of some Harmala alkaloids in concentrated sulphuric acid solutlons 

reported by M. Krisnamurthy and S.K. Droga,ll in which this process has not been 

mentioned, prompted us to report our preliminary results on the sulphonation of 

harmane (1-methyl-9H-pyr~do[3,4-b]indole) (11) and its N,N'-dimethyl derivative (111). 
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F1g. 1.  UV-VIS absorption spectra of 

harmane in (-1 0.1 M H2S04 and 

(...I 18 M H2S04. 

The Uv-Vis and 13c nmr absorption spectra of harmane did not show much change from 

0.1 M up to 16 M solutions of sulphuric acid, In solutions of higher sulphuric acid 

concentrations, time dependent changes of the spectra were evident. These changes 

were irreversible and their rate depended upon sulphuric acid concentration (Fig.1). 

In 18 M sulphuric acid the reaction was completed in a few minutes. Dilution of 

these solutions with distilled water gave a whlte precipltate whose properties were 

very similar to those previously reported by Perkin and Robinson for sulphonated 

harmir~e.~ Thls compound was very sparingly soluble in water and in common organic 

solvents, but it was readily soluble in potassium hydroxide solutions from which 

acids precipitated the original substance. It decomposes without melting about 300°C. 

The elemental analysis and mass spectrometry were in agreement with the formulae 

C1 2H1 0N2S03. 2H20. 
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The treatment of N,:J1-dimethylharmane under similar conditions gave a slmilarproduct. 

This lndlcated that sulphonation took place on carbon as previously suggested by 

Kermack and coworkers.6 The definitive evidence for sulphonation on carbon was sup- 

ported for the replacement of a strong doublet in the non-decoupled 13c nmr spectra 

of harmane and N,N'-dimethylharmane by a small smglet upon acidif~cation in 18 M 

sulphuric acid. The position of sulphonation was fixed at C-6 by camparlson of the 

13c nmr spectra of harmane, !,fit-dimethylharmane and their sulphonated derivatives in 

4 M potasslum hydroxide solutions and on the basls of emplrlcal substltuent effects 

on chemical shifts (Table 1 1 .  

Table 1.  13c Nm, spectra of harmane, N,Nq-dimethylharmane and sulphonated harmane in 

various media. a 

Sulphonated 
Harmane riarmane - H, - ii'-Dimethylharmane 

C-atom DMSO 0 . 1 ~  H ~ S O ~  18M H2S04 4M KOH" 4M KOH" DMSO 18M H2S04 

a 13c Nmr spectra were run at 50.2 MHz in a Varlan XL-ZOO spectrometer. Chemical 

shifts are reported with respect to TMS. The spectra in 18M H2S04 and 4M KOH were 

run using the 13c resonance of benzene-d6 at 128.0ppm as an external standard 

(coaxial tube). The chemical shlft assignments were tentatively made using the data 

from reference (141 and with the aid of the non-decoupled spectra and APT rechniques. 

Signals marked with asterisks can be interchanged. 

In thls medlum harmane is protonated on the pyridlnlc nitrogen atom. 12 

In these medla harmane and sulphonated harmane are depmtonated at the m pyrmlic group. 4 

Chemlcal reactlvlty is also in favour of t h ~ s  assignment because C-6 is the most 

reactive positlon in other electrophilic substitution reaction of 6-carbolines. 13 

It is interesting to note that C-6 has also been assigned as the protonation site of 

Harmala alkaloids in concentrated sulphuric acid solutlons. l 1  However, our experimental 



results do not provide evidence for the existence of such cationic species in these 

media. 

It does not seem worthwhile at this polnt to speculate on the mechanism of Bxarbalmne 
ring sulphonatlon. Further kinetic studles are in progress and they will be reported 

along with a more comprehensive study of the sulphonatlon reactivity of other B-car- 

boline derivatives. 
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