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Absbac-The mass spectra of the methiodides of cinnoline and 4-methylcinnoline have the highest 

mass peak at the mass of the cation. The respective appearance potentials were 6.5 eV and 6.2 eV compared 

to 9.15 eV, and 900 eV for the tertiary cinnolmes. The very low appearance potentials for the cations 

have been interpreted as due to Ionization of free radicals corresponding to the respective cations rather 

than as a fragmentation process from an adduct between the cation and anion. The free radicals are formed 

in a pyrolytic process. Further support for radical formation was found in the appearance potentials of a 

dihydrocinnoline, the value being 7.6 eV. 

Dihydrocinnolines were available by polarographic reduction of the corresponding cinnolinium cations. 

Cyclic voltammetry studies of the methiodides show that the 4-Me group strongly affects the chemical 

reactions following the charge transfer process. 

THE main pyrolytic process before evaporation of N-quaternary salts in the mass 
spectrometer have been stated to be dealkylations and Hofmann eliminations.’ We 
have recently reported on dealkylations and transalkylations,3-” on the possibility 
for valence isomerism in the evaporation process of betaines’-* as well as direct 
evaporation in the betaine form.4* 8 In a recent paper the existence of the cation of 
2,4-dimethylcinnolinium iodide in the gas phase was reported.’ No clear distinction 
seems to have been made between pyrolytic reactions and electron impact induced 
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processes. The cation as such cannot evaporate and a prior process to the evaporation 
must have taken place. We therefore decided that a closer examination of suitable 
Nquaternary cations would be necessary. For this purpose the methiodide and the 
trideuteriomethiodide of cinnoline and 4-methylcinnoline were used. 

SO im li0 

FIG 2 

After some dispute on the site of quaternization of these compounds it is now agreed 
that this occurs on N(2) rather than on N(l).” The main pyrolytic pathway in the 
source of the mass spectrometer is N-demethylation with formation of the parent 
cinnoline derivative (m/e 130 and m/e 144) and methyl iodide (m/e 142) (Figs 1 and 2). 
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Besides dealkylation the 4-Me derivative (Ib) and its deuterated analogue show loss 
of hydrogen iodide in contrast to the 4-desmethyl derivative (Ia). The proton lost 
therefore comes from the strongly activated 4-Me group. In the formation of an anhydro 
base in this system it is thought that the most likely structure (III) arises through 
synchronous proton abstraction and migration of the Me group from N(2) to N(1). 
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SCHEME I 

The most interesting feature of the spectra, however, is the appearance of peaks 
with the elemental composition corresponding to the two cations at m/e 145 and 
m/e 159 respectively. (Figs 1 and 2). Gaseous species with the highest mass number 
corresponding to the cation have also been reported in the case of triphenylcyclo- 
propenium bromide but was considered a fragment from the unstable adduct between 
the cation and anion i1 During this work a similar observation was reported for some 
pyrylium salts. ‘* Alternative explanations, however, may be formation of charge 
transfer complexes between anion and cation, which may dissociate into free radicals 
during or immediately after evaporation. Another possibility is ion pair formation 
upon electron impact of the complex in gas phase. We have tried to distinguish 
between these possibilities by using the metastable refocusing technique13 and the 
appearance potential of the ions in question. The usefulness of the latter in discussing 
the structure of the neutral species formed on pyrolysis of Nquaternary compounds 
has been proved in the case of the anilinium oxides14 and pyridinium oxides.15 

Addition of the anion to the cinnolinium cation can take place on either N(1) or 
C(3). In the former case a relatively weak N-halogen bond is formed, and in the latter 
case. rupture of the common double bond destroys the benzene aromaticity. No 
peak corresponding to the mass of the adduct was detected either with iodide or 
chloride anions nor were any metastable transitions from such species to m/e 145 or 
m/e 159 found. The ionization potentials of the species with mass to charge ratio 
corresponding to the respective cations, however, were found to be extremely low 
viz 6.5 eV for the N-methylcinnolinium cation (m/e 145) and 62 eV for the 4-Me 
homologue (m/e 159). These values should be compared with the values 9.15 eV 
and 9.00 eV for cinnoline and 4-methylcinnoline respectively. A possible adduct 
between the cation and anion would be expected to have relatively low ionization 
potential since such a structure would resemble an aromatic hydraxine derivative. 
To elucidate this possibility the cinnolinium iodides were reduced to the 12dihydro 
derivatives by polarography. The IP value for 1,2-dihydro-2-methylcinnoline was 
found to be 7.6 eV as compared with 764 eV for phenylhydrazine. The latter value 
was determined by photoionization, l6 however, and is expected to be somewhat 
lower than the electron impact value. The appearance potential for the [M-1( frag- 
ment from the adduct should be at least equal to or higher than the ionization potential 
of the adduct. Assuming that exchange of a hydrogen with halogen in the 1,2-dihydro- 
cinnoline (V) does not reduce the ionization potential by as much as one unit the 
low IP value is best explained by ionization of a free radical or possibly by an ion 
pair formation from the adduct. 

The presence of a cinnoline radical in the gas phase could be the result of a homo- 
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lytic cleavage of the N-X bond in the adduct. The cleavage can occur either in the 
gas phase or in solid state prior to evaporation and the final result is a redox process 
(Scheme 2). 

1 IV 

SCHEME 2 

The free radicals formed are volatile,” and if formed in the solid state must be 
assumed to evaporate immediately. But free radicals are also very reactive species 
and could well dimerize or give a hydro derivative. No dimer was detected but 
species of low abundance were present at one mass unit higher than the mass of the 
cation. High resolution showed this to be a mixture of the isotope peak from the 
cation species and a peak with the elemental composition of the 1,2dihydro deriva- 
tive. It has been shown that a radical in gas phase may pick up a hydrogen radical 
from water absorbed on the walls of the ion source, ‘s but only a smaller fraction of 
the radicals picks up a deuterium radical in such experiments.* Due to the low abund- 
ance of the reduced species as well as low deuterium incorporation on simultaneous 
introduction of deuterium oxide these experiments were inconclusive. 

The ionization potential of a free radical is in most cases considerably lower than 
the value for the corresponding all covalently bonded parent molecule. Thus the 
difference between the ionization potentials of some stable free radicals and their 
hydro derivatives have been found to be more than 1 eV.lg Very low IP values have 
also been reported for radicals from hydrazine’” and certain hydrazine derivatives.” 
Such compounds bear some resemblance to the 1,Zdihydrocinnoline radical. 

The recorded ionization potential for the desmethyl derivative (IVa) agrees well 
with the calculated value cf 65 eV which was arrived at by a semi-empirical MO 
calculation using the unrestricted Hartree-Fock method.” This method has success- 
fully been applied to other free radicals.” 

The presence of iodine radicals are obscured by the large amount of methyl iodide 
present which fragments by loss of a Me group to m/e 127. In some cases, however, 
small amounts of molecular iodine were found at m/e 254, which indicates dimeriza- 
tion of iodine radicals. 

It is thus seen that both the experimental data and the theoretical calculation 
strongly indicate the presence of cinnoline radicals in the gas phase. 

Fragmentation of the 1,2-dihydro derivatives. Preparative polarographic reduction 
of the cinnolinium iodides (I) in N HCI gave the corresponding 1,4-dihydro salts (VI). 
The compounds were thermally dissociated in the mass spectrometer into hydrogen 
halide and the 1,2-dihydro base (V). 

The most important fragmentation pathways of the latter are expected to be 

l Unpublished work. 
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a-cleavage with respect to nitrogen. Thus the most intense fragment peaks in the 
spectra (Figs 3 and 4) are due to loss of hydrogen and a Me group respectively. The 
N(Z)-trideuteriomethyl derivatives (V) showed loss of *CDj, but no loss of deuterium. 
On simultaneous introduction of deuterium oxide into the instrument the molecular 
ion was largely shifted one mass unit higher, and with loss of deuterium as an important 
process. The fragmentation processes are consistent with the above results and are 
given in Scheme 3 below. 
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SCHEME 3 

On gradual increase of the evaporation temperature the spectra became more 
complex. Disproportionation of the 1,2dihydro compound seemed to take place 
since a peak appeared two mass units higher than that corresponding to the molecular 
ion of the 1,2-dihydro derivative. The ionized species are the N-quaternary cinnolinium 
salts (I) which decompose in the usual manner to give prominent peaks of m/e 144 
and m/e 130 corresponding to the tertiary cinnolines (II) and methyl iodide (m/e 142) 
(Fig 4). 

Since the dihydro tertiary amine is present in the solid state together with the 
N-quaternary analogue, generated in the redox process, N-alkylationdealkylation 
processes are possible. Thus the mass spectrum shows two new high mass unit peaks. 
One is fourteen mass units above the 1,2-dihydro derivative (V), the other of low 
intensity is fourteen units above the tetrahydro derivative. After about 15 minutes the 
1,2dihydro derivative had almost disappeared and the spectrum was now dominated 
by the fragmentations of the tetrahydro and the quaternary compounds. Dispro- 
portionation of 1,2dihydro aromatics are not unexpected on physical-chemical 
grounds and have also previously been reported such as in the mass spectra of 
dihydroquinoxaline derivatives.24 

Cyclic ooltammetry. The polarographic behaviour ofcinnolines has been described.25 
The first step in the polarographic reduction of cinnoline and its 4-Me analogue in 
N HCI was shown to be the formation of l+dihydro derivatives The product from 
the first two electron reduction of corresponding N(2) quaternary salts has been 
formulated as 1,Zdihydro derivatives, but no product was isolated.2s In acid solution 
the reduced species are best formulated as 1,4dihydro derivatives since the corres- 
ponding hydrazines are known to be unstable.26 

For our mass spectrometry studies we required dihydro derivatives of the N(2)- 
quaternary compounds Ia and Ib. Prior to preparative polarographic reduction a 
closer examination of the systems by means of cyclic voltammetry was undertaken. 
At a cyclic scan rate of 02 V/s compound Ib in N HCl showed two cathodic waves 
at - 0365 V and - 0.790 V and an anodic wave at - 0.335 V (Fig 5) The desmethyl 
compound (Ia) had three cathodic waves at -0.337 V, -0WO V and at -0910 V, 
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but no anodic wave (Fig 6). Since the Me derivative (Ib) showed an anodic wave a 
separate study of the first cathodic process was carried out by selecting the switching 
voltage between the two cathodic peak voltages. The peak potentials for the cathodic 
and anodic waves were found to be independent of the scan rates from O-2 V/s to the 
17 mV/s, the minimum rate studied. The corresponding currents, however, showed 
great variations. The anodic peak current (id was very low at the lowest scan rate, but 
was increased to nearly the. same value as the cathodic peak current (iJ at high scan 
rate (Fig 7). Fig 8 shows a diagram of the ratio idi, as a function of the scan rate (v). 
The behaviour corresponds to a charge transfer followed by an irreversible chemical 
reaction.” The difference between the anodic and cathodic peak potentials is about 
32 mV which is close to the value for a two electron transfer process in a perfectly 
reversible process. ” Benzo[c]cinnoline is reduced to the corresponding hydrazine 
in a polarographically nearly reversible process. *’ The first step in the polarographic 
reduction of Ib is therefore a reversible formation of the l/dihydro derivative Vb 
which undergoes irreversible protonation to the cyclic hydrazone VIb. The irreversi- 
bility of the process Vb + VIb was verified by NMR which showed that no H(4) 
exchange by deuterium had taken place when VI\, was kept in TFA/D,O solution 
overnight. 

I mA 

FIO 5. Cyclic voltammogram of 2,4dimethylcinnolinium iodide (Ib) in N HCI. Scan rate 
02 V/s. Switching potential - 1-l V. 

Polarographic reduction of phenylhydrazones leads to cleavage of the N-N bond 
with formation of an aldimiae which may be reduced further. The corresponding 
product from a cinnoline undergoes ring closure to an indole (IX).25 At sufficiently 
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FIG 6. Cyclic voltammogram of 2-methylcinnolinium iodide (la) in N HCI. Scan rate @2 V/s. 

). 
Switching potential - 1.1 V. 

mA 

FIG 7. Cyclic voltammogram of 2,4dimethylcinnolinium iodide (lb). Scan rate 0.2 V/s 

Switching potential - 03’. 



Mass spectrometry of onium compounds XII 1745 

A 

x 

LO- 

0.5 

“X 
w 

200 500 

FIG 8. Diagram of the ratio of the anodic (iJ and cathodic (iJ peak currents versus scan rate 

A 
for lb in N HCI. Switching potential - 0.5 V. 
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FIG 9. Cyclic voltammogram of 2-methylcinnolinium iodide (1,) in N HCl. Scan rate 33 mV/s. 
Switching potential - 1.1 V. 
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negative voltage the second cathodic wave appears. At higher scan rates the peak 
potential is at slightly less negative value. The peak current is low at high scan rates, 
but increases with decrease in scan rate and is nearly the same as the first cathodic 
peak current at a scan rate of 17 mV/s. Simultaneously the anodic peak current de- 
creases and is almost absent at the slowest scan rate. Fig 9 shows the cyclic diagram 
at 33 mV/s scan rate. The discussed reaction pathways are given below: (Scheme 4). 
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SCHEME 4 

The lack of a third cathodic wave in case of Ib must be ascribed to rapid formation 
of skatole (IXb). The latter has been isolated after a four electron reduction of Ib.” 

The 2-methylcinnolinium iodide (Ia) showed a somewhat different behaviour. The 
first cathodic wave was slowly displaced from - O-333 V at a scan rate of O-2 V/s to 
- O-305 V at a scan rate of 17 mV/s. No anodic wave was found even at the highest 
scan rate. By sufficiently negative switching potential two new cathodic waves appeared 
rather closely together. Reduction in the scan rate to 17 mV/s displaced the second 
peak voltage to - 0.75 V. The corresponding peak current was relatively independent 
of the scan rate in contrast to what was found for compound Ib. The third cathodic 
wave was greatly reduced at the lower scan rates and was almost absent at 17 mV/s. 
The lack of anodic wave and the insensitivity of the peak current versus the scan 
rate for the second wave is interpreted as being due to a very rapid formation of Via. 
Thus the concentration of the 1,2-dihydro derivative (Va) at any time during the 
reduction process is very low. This interpretation agrees with the observation that 
the second cathodic wave is independent of the scan rate. The third cathodic wave 
may be due to further reduction of the imine (VIIa). The indole formation (IX) must 
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