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The low and high-resolution mass spectra and the spectra of the metastable ions 
(DADI) of a number of porphyrins and their copper complexes with-CH==N--R, --CH2NHR, 
and -CH2NRR substituents in the meso position of the porphyrin ring were investi- 
gated. The principal pathways of fragmentation of the meso-substituted porphy- 
rins were established. 

During a study of the chemical properties of immonium salts of etioporphyrin I (I) and 
octaethylporphyrin (II) we obtained a number of compounds with various functional groups -- 
azomethine [2], dimethylaminomethyl [3], and mono- and disubstituted aminomethyl groups -- 
in the meso position of the porphyrin ring. The aim of the present research was to estab- 
lish the principal mass spectrometric mechanisms in the fragmentation of the synthesized 
meso-substituted porphyrins and their metal complexes. 

R + 

I I=N(CHa) 2 CI- 

I R~CH3; II R:'C2H s 
I, II 

The mass spectra of the Schiff bases of the meso-formylporphyrins are presented in Table 
i and Fig. i. The molecular-ion peaks in the spectra of the investigated compounds are not, 
as is usually the case for porphyrins, the most intense peaks, and this attests to the lower 
stabilities of these compounds with respect to electron impact as compared with octaalkyl- 
porphyrins. An intense peak of [M -- 15] + ions, which in the case of Schiff bases I and II 
may be formed by detachment at the ~ bond of a methyl group from one of the four ethyl sub- 
stituents of the porphyrin ring (evidently the ethyl group located in the pyrrole ring ad- 
jacent to the meso substituent), is observed in all of the spectra. In general, ~ cleavage 
is also characteristic for all of the described mass spectra of alkyl-substituted porphyrins. 
However, in the given case the [M -- 15] + fragment may also be a consequence of homolytic 
detachment of a methyl substituent (~ cleavage). A confirmation of the high probability of 

cleavage is the characteristic (for all of the Schiff bases) peak of [M -- C~Hs] + ions, the 
intensity of which reaches 87% in the spectrum of V and 100% in the spectrum of VII. This 
cleavage of the ~ bond for substituents in the pyrrole rings of the porphyrin ring, which is 
observed only in the mass spectra of the Schiff bases of meso-formylporphyrins, can be ex- 
plained by the existence of steric compression between the substituents in the adjacent pyr- 
role rings and in the meso position. It is characteristic that the detachment of a meso sub- 
stituent at the ~ bond, in contrast to the previously described meso-substituted porphyrins 
[5], does not occur in this case; this is most likely associated with the existence of con- 
jugation between the ~ system of the macrocycle and the meso substituent. 

*See [i] for communication VI. 
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Principal Ions in the Mass Spectra of Schiff Bases 
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i. Mass spectra of Schiff bases of meso-formylporphyrins 
(the following abbreviations were used: EP is the etloporphyrln 
residue, OEP is the octaethylporphyrin residue, and Cu--EP is 
the copper complex of EP). 

Another peculiarity of the mass spectra of the Schiff bases of meso-formylporphyrins is 
the presence of [M -- R] + and [M -- NHaR] + ions (see Table 1 and Fig. i); the intensity of the 
peak of the [M- NH2R] + ion is almost the maximum peak in the spectra of all of the compounds. 
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TABLE 2. Precise m/e Values of the lons and Their Elementary 
Compositions in the High-ResolutionMass Spectra of Some meso- 
Substituted Porphyrins 

Corn- EmpiNcal !m/e of the 
pound formula 

I X C,asI I,~!N~O 

XI C:I6I t,sNa 

ion 
(measured) 

534.326O 
520.3026 
504.3118 
488.2894 
532.3438 
518,3248 
504,304O 
488,2915 

Elementary 
composition of 
the ion 

Ca~114aNsO 
CaattasNsO 
CaaHasNa 
CaaI IasN., 

Caslt,~Ns 
Ca41 I4oN~ 
CaaltasN5 
C33HaaN4 

m /e  of the ion 
( c a l c . )  

534,3232 
520,3076 
504,3127 
488,2949 
532,3440 
518,3283 
504.3127 
488,2949 

Eliminated 
group of atoms 

CHa 
CatIs 
CaHsO 
CalIrNO 
C Ha 
Calls 
Catir 
CaHgN 

The elementary compositions of these ions are confirmed by data from the high-resolution mass 
spectra (Table 2), and their formation from the molecular ions was proved by mass spectrom- 
etry of the metastable ions (DADI) (Table 3). 

It is apparent from Table I that the [M -- R] + and [M -- NHaR] + fragments are character- 
istic for all of the investigated Schiff bases and can be used for the elucidation of the 
structures of both the amine and porphyrin residues. 

On the basis of the observations presented above, the fragmentation of the Schiff bases 
can be represented by Scheme i. 

It is apparent from Scheme I that the detachment of the amine residue (R) and the amine 
(RNH=) is accompanied by transfer of two hydrogen atoms from the porphyrin ring to the meso 
substituent. We suppose that this transfer occurs from the ethyl or methyl groups adjacent 
to the meso substituent to give ions of the A type. 

I., 

M*" 

(M-15) + (M-2.~) + 

HN 

A 

/ 
" 4- 

H2R 

N R 

Z + 
H N H 2 r 

Oo 

\~N-- + Ntl2R 

488 

The possibility of the formation of cyclic products of th~ A type under the influence 
of electron impact is confirmed indirectly by the isolation of similar compounds in the 
chemical hydrolysis of immonium salts of meso-formyletioporphyrin I [6]. 

There are usually no fundamental differences in the character of the fragmentation in 
the mass spectra of porphyrins and their complexes with divalent metals. However, in the 
case of the mass spectra of the copper complexes of the Schiff bases the general form of the 
spectrum changes very markedly because of the sharp decrease in the intensities of the iM -- 
15] + , [M -- 29] + , and [M -- R] + ion peaks. Detachment of amine to give an intense (~i00%) [M -- 
NHaR] ion peak is primarily characteristic for the copper complexes. The subsequent fragmen~ 
tation of the porphyrin ring, i.e., detachment of the CHa=N--Rsubstituent, proceeds as in the 
case of metal-free porphyrins. 
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TABLE 3. Pathways of Fragmentation of the Principal Ions of 
Some meso-Substituted Porphyrins 

Parent ion, Daughter ions, m / e  ( E / ~  ratios m the 
Compound .~l m / e  spectra of the metastable ions) 

I l l  " 

VIII 

XX 
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624 (0,9762), 610 (0.9549), 488 (0,7635) 
660 (0,9789). 646 (0.,9576), 490 (0,7267) 
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Mass spectra of meso-aminomethyletioporphyrin 
derivatives. 

The fragmentation of the Schiff bases with tyramine (XIX, Fig. i) and methoxytyramine 
(XX) differs from the fragmentation of the other investigated compounds with respect to the 
presence in the spectra of peaks of [M -- 2] + and 490 ions,* the intensities of which change 
markedly as the conditions under which the spectra are recorded are changed. The 121, 107, 
91, and 77 fragments for the Schiff bases with tyramine and the 135, 121, 107, 91, and 77 
fragments for the Schiff bases with methoxytyramine are due to fragmentation of the R resi- 
due. However, the presence in the spectra of intense 108 ion peaks for XIX and 122 for XX 
constitutes evidence for preferred benzyl type cleavage of the molecule with the simultaneous 
migration of a hydrogen atom from the porphyrin part of the molecule. 

The Schiff bases that we investigated usually gave low-intensity peaks of ions formed 
by detachment from the molecular ion of more than two alkyl substituents directly attached 
to the porphyrin ring, However~ the mass spectrum of the Schiff base from ethyl glycinate 
(XVIII, Fig. i) contained, in addition to [M -- CH3] + and [M -- C2H5] + ion peaks, peaks of 
[M -- CH3, C2H5] +, [M -- 2CHa, C2H5] +, [M -- 2C2H5] +, and other ions; this is evidently due to 
the greater effect of conjugation of the meso substituent with the porphyrin ring than in the 
case of the Schiff bases from aliphatic amines. 

In the spectra of the Schiff bases from secondary and tertiary amines (Table 4 and Fig. 
2) the intensities of the molecular ion peaks decrease as the mass and complexity of the 
structures of the substituents attached to the nitrogen atom increase. In most cases the 
most intense ion peak (490) in the spectrum corresponds to elimination of the amine (NHRR') 
from the meso substituent with transfer of a hydrogen atom from the porphyrin ring to the 
nitrogen atom of the amine residue. 

The presence of 492 and 478 ions in the spectra of the Schiff bases from secondary and 
tertiary amines is explained by thermal decomposition of the meso-substituted porphyrins ~o 
etioporphyrin (M 478) and meso-methyletloporphyrln (M 492) during vaporization of the sample 
into the ionization chamber of the mass spectrometer. We proved the possibility of this 
type of destruction by chemical and mass spectrometric analysis of the products of vacuum 

*Here and subsequently, the numbers characterizing the ions are the ratios of the mass to the 

charge. 
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TABLE 4. 
o f  m e s o - A m i n o m e t h y l p o r p h y r  i n s  

'x~ R R' C ~ I I 2 _  R ,~,! 
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XXI 
XXII 

XX[II 

XXIV 
XXV 

XXVI 
XXVII 

XXVIII 
XXIX 

XXX 
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Principal Ions in the Mass Spectra of Derivatives 

Relative intensides of the types 
of ions, % 

3 

4. '  

{ 

other characteristic 
ions, m/e (relative in- 
tensities in percent) 

R* =NHMe 
R = NHCH2CH2COOMe 

R=NHCII2COOE 

R=NH(CH2) ,,CH3 
R=N(Meh 
R=N(Me)2, R'=Et 
R=NMe(Et) 
R = NEt2 
R =NPr~ 

R = NMeAc 

R = NMeCOPh 

*The nondesignated R' = Me. 

521 
593 

593 

675 
535 
591 
549 
563 
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55 
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506 (9), 492 (57), 28 (28) 
578 (4), 492 (62), 
478 (100) 
578 (3), 520 (8), 
492 (lOO) 
492 (100), 478 (68) 
492 (51), 58 (30) 
548 (,52), 58 (28) 
492 (48), 72 (t4),44 (6) 
492 (41), 96 (37),58 (12) 
492 (47), 114 (36), 
72 (16) 
520 (45), 492 (30), 
478 (30) 
520 (65), 492 (50), 
478 (8o) 

sublimination of samples of the Schiff bases from secondary amines. In addition, analysis 
of the mass spectra of the metastable ions of the Schlff bases from secondary amines shows 
that the 492 and 478 ions are not formed from the molecular ions and are consequently due to 
thermolysis of the sample under analysis. 

Intense peaks of ions formed as a result of splitting out of an amine from the porphyrin 
ring can be observed in the low-mass region. The fragmentation of the amine residue proceeds 
via the classical scheme [8], and this makes it possible to reliably identify the substituents 
attached to the nitrogen atom by means of the mass spectra. The establishment of the struc- 
ture of the alkyl residue attached to the nitrogen atom presents considerable difficulties 

M.* 

I --~RR 

~--/~c.~-~,~' I'l N-----(. 

/ 

- N H R ~  

,190 

I i IIN- 

>. 

+ CH2=NRR' 
I --(R'-.) 

4" CI'I2~NH R 

473 461 
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in the case of the Schiff bases from secondary amines (XXI-XXIV) because of the thermal in- 
stability of the substances. 

Thus the fragmentation of the prophyrins with a--CH2NRR' group in the meso position can 
be represented by the scheme (see previous page). 

Acylation (acetylation or benzoylation) of the Schiff bases from secondary amines leads 
to a sharp increase in the intensities of the molecular ion peaks; this can also be used for 
the identification of these compounds. Thus acylation of porphyrin XXI gave derivatives XXX 
and XXXI, for which the intensities of the molecular-ion peaks become the maximumvalues in 
the spectra. The most characteristic pathway for fragmentation of N~acyl derivatives CTable 
4 and Fig. 2) is detachment of the acyl residue ~. 

The authors sincerely thank B. V. Rozynov for his participation in the discussion of the 
results of this research. 

EXPERIMENTAL 

The low- and high-resolution mass spectra and the spectra of the metastable ions (DADI) 
were recorded with a VarianMAT-311 mass spectrometer at an ionizing-electron energy of 70 
eV and a cathode emission current of 300 ~A. The samples were introduced through a direct 
inlet system. The vaporization temperature of the samples was 200-250~ and the ionization 
chamber temperature was 250~ The purity and individuality of the samples of the porphyrins 
were confirmed by the results of elementary analysis and thin-layer chromatography on silica 
gel. 
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