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Abstract - Clwmicrl iwliuticul (CI) mss smctromtry with H7 JS KfJgellt gas 
has been used to obta'n spectrJ.of.~ m&e; of demtillJted ilkyl pO*yrinS 
frca Jn oil sh~lc Jnd J bitumen. me spectrJ give more stwturrl inforr- 
tim than tk eiutm ilQsct spara. by vay Of odd electron diwmlic 
frqant ions. mus, the stn,murJl possibilities for Jewel C30 ratio 
porphyrin tmn been nrrmmedtotuo. ~lthagh 'R malt mkmd the 
possibilities to six. me spectrJ of four types of cmts contJinin9 J 
five, S'X, seven or rthyl-substituted six m&wed exaYclk ring Jbf, 
for exJmple, thJt time out of four C32 isarrs CJn be distlnpulshd. me 
twhnlque offers pmm'se JS J tool in structural elucibtion of other novel 
nsturrlly acurriq porphyrins. 

The porphyrins of Jaient sediments Jnd petrolews acur mJinly JS Jlkyl derivrtives cmplexod to 

nickel (II) or VJnJdyl. AnJlyticJl techniques such Js electron iqact YSS spectromtiy (EMS)'. 

high pressure liquid ChromtogrJphy (MPLC)2-4, 

(Gc-MS)5'fJ 

JndctiinedgJs chrartogrrphy-rss spectraetry 

hsve shorn that they acur Js coaplex l ixtuns of cc+ments cootriniq seven1 crrbon 

nuakr series and structural isoaers of J given crttm m-r. These findiqs hve been cwifirmed 

by isolrtion and chJracterisJtia of sevcrJ1 coqments frm Gilsooite bitwen (Eocene. U.S.A.)"', 

Julia Creek oil shsle (CretJceous, krstrJliJ)10-12, Clrrl slate (Pemirn, U.K.)13. Sarpl~t~ oil 

Shale (lrisssic, kritrerland)" and Clcssel oil shale (Eocene. Gerrny) 
15 

complexes of 1 (R=H or CH3), presuwbly derived fra chlorophyll J 9.10.1a 
kong these Jm the mtrl 

, 2 rrhich Jppars to ori- 

ginate frfn chlorophyll c l5 Jnd cments (2, R=H,CH3,C2H5) with J fern rdered exayclic Jlk- 

an0 ring which llray also irise from chlorophyllI~~l4. 

Positive iO!l ChniCJl iOniSJtiOh MSS Spat-try (CIk6)17 USiq h2 JS reJghnt glS, is useful 

in the structural analysis of porphyrins of the Jet10 type (e.g. 2) with no exaycl'c JlkJno ring. 

FrJFentJtion proceeds ViJ hydrogenation to yield the porphyrinqen, followed by clsavsge Jt the - 

meso (bridge) positions, to give mono- di-. rnd tripyrrolic ions. The SpectrJ hrve similJrities 

to those Qserved in the EMS of por@iyrinogens 18 . Identificatiofl of frJgmm ions, l spJciJlly the 

dipyrrolic ions, and of moleculJr tars, cm give rise to inforrtim on the sequence of the pyrrole 

rings Jnd. in certain CJses. csn distinguish positicml isoars. Informtion on meso substituents 

cJn also be obtalnedt7. To date only synthes'sed stadlrdr hrve been Jrulysed. 

In the spectrs of porchyrins of the Jet10 type, the rjor odd elctrcm dipyrrolic loos acur JS 

triplets ccmtaining 0, 1 and 2 meso cartms. Thus. the di~rrolic region in the spectnm of% shows 
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one such triplet at m/z 258, 272 and 286. in the approximate 

ively, arising from the following ions 17, 

_ 
H 

n/r 258 
H 

intensity ratio of 3:3:l respect- 

For ease of discussion of structural information from these ions, porphyrin types are described 
17 

using A. B. etc. for the pyrrole rings . Hence, 2 is described as an A4 or AAAA type, since all 

four pyrrole rings contain the same pairs of 8-substituents (Table 1). 

Table 1. Possible drpyrrolic fragments from H2 CM of porphyrins (after Ref.17) 

---~-__----- 

Porphyrin Structural Type Dipyrrolic Fragments. 

General Pyrrole sequence 
___--_--_-__-------- -- 

A? 

AAAA 
AAAB : AB 

A2 2 AABB AA: 2AB, BB 
ABAB 

A2BC AABC : AB AC, BC 
ABAC AE: AC' 

ABED ABCD AB, BC, CD. AD 
ACBD AC, BC. BD, AD 
ABK AB. BD, CD. AC 

l Each fragment canprises a triplet of ions containing 0. 1 and 2 meso carbons 
(see text). 

In this paper we report the first application of Ii2 CIHS to the structural analysis of natur- 

ally occurring alkyl porphyrins of sedimentary origin. Furtherore. we extend the compcund types 

Co those having an exocyclic alkano ring (DPEP-type porphyrins)*. For brevity, the DPEP components 

are described by a shorthand method incorporating the carbon nu&er and size of the exocyclic ring. 

Thus, 1 (R=CH3) is a Cj2 _. DPEP-5 component and 5 (R=H) is a C3, DPEP-6 Me' component, Co indicate 

a methyl substituent at C-15' 

- 

within the six membered exocyclic ring. 

/ 

\‘& ‘N_’ La- \ / 
3 J”. 
)_-; 

2 

l Although the tenn deoxophylloerythroetioporphyrin applies only Co components of type 1 DPEP IS 
used herein for all cannounds with an exocyclic ring. 

_: 
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4a - 

J 

4f 

5 R'.CH3; R2=CH2CH3 

e R'=CH2CH3; R2=CH3 

C30 Aetloporphyrin from Gilsonite 

lli NHR analysis of a C30 aetioporphyrin isolated by HPLC from Gilsonite (Peak I, Fi9.1). Clearly 

indicated six methyl and two ethyl f3-substituents 
19 . Nuclear Overhauser enhancement (n.O.e.1 

experiments2' were not possible since the four meso protons were not resolved at 200 mz. HeMe, 

:?4R evidence indicated the component to be one of 4&b-44. 

ccJ++i 
r 

\ 

fwFLi,.a,____ ~~ __ __-._. .- ____ -..- -.r- -- -- 
--.- - - __ 

- 
_.._+ 

10 20 30 4Omn-1 

Figure 1. HRC distribution of deetallated Ni(Il1 porphyrins from Gilsmite bfttmn. 

The Ii2 CI spectrun yielded mono-, di- and tetrapyrrolic ions, tripyrrolic ions being too weak in 

intensity for consideration (Fig.2). Ions at m/z 450 and 456 correspond to the porphyrin Ht. and 

the porphyrinogen (M+6)! respectively. The dipyrrolic region shated one triplet of odd electron 

ions at m/z 216. 230 and 244, although minor even electron ions were also observed, e.g. m/z 201, 

arising by secondary cleavage from n/z 216 (cf. Ref.17). Such a simple pattern implies either an 

AAAA or an ABAB type structure, giving only one triplet of dipyrrolic fragments 6e to AA or A8 

respectively (Table 1). the fonrw type being ruled out by 'H WR. 

This was substantiated by the mass spectra of two of the possible structural isomers, + of type 

AA88. and + of type ARAB. Both gave similar distributions of ims to the Gllsonite C30 aetiopor- 

phyrln in the mono- and tetrapyrrolic regions of the spectra, as expected. Figure 3A shows the 

observed pattern of odd electron dipyrrolic ions from fragmentation at the meso positions in 4b and -- - 

4c and the Gilsonite ccxnponent. Whilst 4c of type ABAB gave a similar distribution of dipyrrolic - - 
ions to the Gilsonite component, as expected, compound 4b of type AA88 gave a mOre complex pattern _- 
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Figure 
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Figure 2. Hz CI spectrvm of a cjO aetioporphyrfn from Ctlsonite Mtumen. 
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3. Patterns of odd electron dipyrrolic ions for C3 aetioporphyrins. A: observed for 
4J. 4c and Cilsonite component. 6: Predicted P - or 4a-g. 
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Figure 4. Ii2 Cl spectrum of 1 (R= H) frm Serpiano shale. 
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Figure 5. Proposed pathrsy to key dipyrrolic and monopyrrolic ions of 1 (RmH!. 
A = Exocyclic ring opening and hydrogenation. B - Benrylic Cleavage. 

Key: 
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arising frm three overlapping triplets due to the AA. 2AB ad BB fragments (Table 1). Dn the crude 

assunpticm that each dipyrrolic fraqnent gives rise to a 3:3:1 triplet, Fig.38 predicts the patterns 

of odd electron dipyrrolic ions expected in the spectra of fi (ABAB type), 2 and c (AABB type) and 

9 (AAAC type). Although the observed fraqwnts containing both meso carbons are smewhat leer in 

intensity than might be expected in C (m/r 244) and $ (m/z 258). it appears that the Gilsonite 

component corresponds to either 4c or 4d and the structural possibilities are limited to one or a -- 
mixture of these two isuners. 

DPEP-5 Porphyrins 

Two cmpcments which occur in Gilsonite (Fig.1) as Hi cmplexes 7 .g and in Serpiano oil shale as 

vanadyl cmplexes, have been fully characterised recently in Julia Creek oil shale 10,ll as 3,4- 

didehydro-3,14-diethy1-4,8,9,13,1B-pentamethy1phorbine (1. R=HI and 3,4-didehydro-3,9,14-triethyl- 

4,8,13,lB-tetrsnethylphorbine (1. R=CH3). The Ii2 CI spectnm of 1 (R=H) frm W-piano (Fig.4) shows 

Hz at m/z 462 and the porphyrin&en ion at m/z 468, and an (H+4): ion at m/z 466. Such an (M*4): 

ion is absent frm the spectra of aetioporphyrins and presumably arises from incmplete hydrogena- 

tion of the macrocyclic ring. This is likely to result fran a kinetic effect, in that the substitu- 

ted llyso carbon does not becme hydrogenated until ring strain is reduced by hydrogenation at the un- 

substituted meso positions. Hono- and dipyrrolic ions are also present at the expected masses (Figs. 

4 and 5). - The dipyrrolic region of this ABAC porphyrin shws only two overlapping triplets of odd 

electron ions, AB and At, at m/z 216, 230 and 244 and m/z 228, 242 and 2% respectively, the latter 

triplet containing the exocyclic ring. Cleavage at the substituted meso carbon, followed by further 

hydrogenation, also occurs (Fig.5). as indicated by the ion at m/z 258. Such behaviour has been 

observed previously in the spectna' of 3,4-didehydro-9,13-di(2-neVloxycarbonylethyl)-3,4,B.l4,lB- 

pentarbethylphorbine2'. and prewmably also contributes to m/z 230 and 244. The presence of the exo- 

cyclic ring adds a canplication to interpretation of the relative intensities of the dipyrrolic ions, 

since cleavage at a substituted rr~?so carbon occurs to a lesser extent '7*2'. to contribute to m/z 216 

(no mc~~ cations) and 230 (1 ceso carbon), krt not to m/z 244 (2 meso carbons) in the AB triplet and 

m/z 242 (1 meso carbon) and 256 (2 neso carbons) but not to m/z 228 (no meso carbons) in the AC tri- 

plet (Fig.5). Despite these complications, it is possible to rationalise in a crude manner the 

relative intensities of the odd electron dipyrrolic ions if the following assumptions are made: (i) 

there is a 3:3:1 ratio for the intensities of the 'aetio-type' AB triplet, (ii) the AC triplet 

occurs in a 1.5:3:1.5 ratio, (iii) cleavage at the meso substituted carbon contributes an equal 

intensity to the appropriate ions within the AB and AC triplets, this intensity being 20% of the 

major ions in (i), and (iv) each odd electron ion containing the exocyclic ring contributes an amount, 

equivalent to 501 of its observed intensity, to the corresponding ring-opened fragment. The patterns 

of odd electron dipyrrolic ions arising frw the porphyrinogen molecular ion predicted on this basis 

and the same observed ions forI(R=H). and for '_(R=Cti3) also isolated from Serpiano, are show in 

Fig.6. There is reasonably good agrewen t in the patterns. 

It should be emphasised that the cmplex fraqnentations are necessarily dependent on source CM- 

ditions and although the same pathways are always observed, the relative abundances of the ims can 

alter. In practice, a conmwcially-available alkyl aetioporphyrin (e.g. 4a) is run first and the 

CofMitions (H2 Pressure, source temperature, source and lens voltage) are optimised to obtain the 
- 

expected specttun. 

DPEP-6 Porphyrin 

me spectrum of a C32 DPEP-6 frolr Gilsonite (peak II in Fig.') is shcwn In Fig.7. 'H NMR experi- 

ments reduce the structural possibilities to one of two isaners , '9 
differing only in the ordering of 

the B-substituents in the top half of each molecule represented by e (ABAC type) and E (AABC type). 

The fragnentations giving the odd electron dipyrrolic ions are similar to those in the spectra of the 

DPEP-5 cunpcments, and two obvious triplets occur at m/z 216. 230 and 244 and at m/z 242, 256 and 

270. the latter containing the uocyclic ring. Ions at m/z 258 and 272 arise solely frm opening of 

the exocyclic ring followed by hydrogenation, and this process presumably also contributes to m/z 244. 



Swucture analysis of naturally occurringalkyl porphynns 3783 

230 

216 
244 

i(l 

2% 

73c 
244 

il ?56 

k 

Figure 6. Patterns of odd electron 
Unshaded = predicted. 

dipyrrolic ions for C31 and C32 DPEP-5. Shaded = observed; 

Figure 7. H2 CI spectrun of a C32 DPEP-6 from Gilson te. 
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Figure 8. H2 Cl spectrum of 3(R=CH2CH3) from Serpiano shale. 

\ 

Figure 9. H2 Cl spectw of 5 [R=CH31 fron Serpiano shale. - 
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Making the same assumptions as for the DPEP-5 ccmponents. the predicted patterns for the odd 

electron dipyrrolic icns fore and g can be obtained, which are similar to each other and to the 

observed pattern for the Gilsonite component. The similarity in the predicted patterns arises 

because fragmentation at the substituted meso carbon in e to give AA and BC fravts is expect& 

to be a minor process (rf. DPEP-5 ccnponents) and would only affect slightly the predicted pattern. 

Hence, the spectnm does not distinguish the Go iscrwrs. 

DPEP-7 Porphyrins 

A C32 DPEP-7 component from Serpiano oil shale has been assigned as 15.17~butano-3,8-diethyl- 

2,7,12,18-tetranethylporphyrin (3. R=CH2CH3)'4. The spectrum (Fig.8) of this AABC porphyrin shows 

three obvious sets of dipyrrolic frapwnts: AA triplet (m/r 230, 244 and 258). BC triplet (n/z 

228, 242 and 256). and AB doublet (m/z 202 and 216). as would be expected. The expected AC doublet 

(m/r 270 and 284) is of negligible intensity. Furthennore, the BC triplet containing the exocyclic 

ring is mOre intense than the AA triplet, unlike the DPEP-5 and DPEP-6 caspwnds. This C32 iscmer 

is readily distinguished from its DPEP-5 and DPEP-6 counterparts. 

D~etallation of the Serpiano vanadyl porphyrins also all& isolation of a C3, DPEP-7 capon- 

ent as the free base. This component also occurs in Julia Creek oil shale as the Ni caiplex 
12 . 

The Ii2 Cl spectmn (not shown) of this ABCD ccmponent. is strictly analogous to that of its C32 

cwnterpart (Fig.8). 

DPEP-6 Me' Porphyrins 

TWO novel DPEP components (2. R=CH3 and H) with a nthyl-substituted exocyclic ring, have also 

been isolated fnn Serpiano oil shale 22. me specttw of each (Fig.9 for the C32 caponent) is 

essentially identical to its DPEP-7 counterpart, each is-tic pair being of the MBC and ABCD 

types respectively. 

CONCLuSIfflS 

1. Ii2 CICIS of naturally occurring ratio and DPEP porphyrins gives rise to spectra containing con- 

siderably more structural infomtion than the corresponding EI spectra. 

2. A C30 aetio porphyrin frm Gilscmite has been sham to be one or a mixture of two compounds. 

although 'Ii M4R (200 Mir) only reduced the stmctural possibilities to six. 

3. Of the fwr basic types of DPEP examined, three were readily distinguished by H2 CM. 

4. me techniques should be useful in providing structural informatiai about unkntam porphyrins, 

either where insufficient material is available for MR spectroscopy, or where M4R data are liai- 

ted. For example, the spectm of a C31 DPEP isolated fn the &ssel shale, after demetallatitm. 

in insufficient quantity for 'H WR analysis, gave a spectrum consistent with 2 (AABC) type. whose 
15 nickel complex has been reported as a major porphyrin conpooent . Ihe pattern of odd electron di- 

pyrmlic ions was analagcus to that observed for the C32 DPEP-6 Me'. Two major triplets were 

observed at m/z 214, 228 and 242 (BC) and n/r 230, 244 and 258 (AA). In addition, at lower inten- 

sity, a doublet at m/z 202 and 216 (AC) was also observed. Ions at m/z Z6 and n/z 2x) (AB) were, 

however, much less intense than predicted by the method described above, as was the case for the 

C32 DPEP-6 Me'. Similarly, a C32 DPEP-5 component isola:jad fra Messel oil shale has been assig- 

ned as 1 (R=CH3) from HPLC coinjection and H2 CIHS alone . 

5. - Prior to analysis, care rmst be taken to obtain reproducible spectra by optimising source con- 

ditions using one or more known compounds as standards. 

EXPERIMENTAL 

Mass spectmmetly 

Mass spectra were obtained on a Finnigan 4000 quadrupole spectraeter, in the CI mode, samples 
being introduced by direct probe. The reagent gas eras H2 (99.991) and the swrce pressure was 
0.14-0.16 torr. Typical operating conditions were: swrce 200°C; mission current 350 uA; 
electron voltage 40 eV. me probe was progrslcd ballistically frcr 100°C to 350°C (ca. 5 min.), 
after an initial period of 5 min. During this tiw. the spectracter was scanned cyclically (8s) 
fron m/z 50 to 700. Data were acquired and processed using a Finnigan INCOS data system. Spectra 
were averaged o*er the period of volatilisation (E. 225-275°C) ad were subtract& for background 
ions. 

High Performance Liquid Chroastography 

HPLC analyses were perfotwd on three columns (Spherisorb 3Y; 3 x 150, 4.6m i.d.) connected 
in series, using a Spectra Physics SP 8700 tertiary solvent delivery systm. and RJieodyne 7125 in- 
jector valve. Detection (400 rm) was carried out using an LDC 1202 Spectwitor II variable 
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wavelength detector. Solvent program conditions were similar to those described previously*. 

Samples 

bee.";e::~l;~'i~~,~:l~n9 
llated porphyrin fractions ftw Gilsonite and Serpiano oil shale has 
Stngle components were isolated by preparative HPLC (Spherisorb 5U; 

250 x l(hn i.d. and were purified by TLC (Silica gel G, 5% acetcme/toluene) and by distillation 
of volatile in&ties (100°C. 10-6 torr, 6hl prior to MS analysis. Uhere only sasll amounts were 
available (< 1Oug) single components were analysed by MS without TLC purification and distillation 
of volatile impurities. 
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