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PORPHYRINS WITH A NOVEL EXOCYCLIC RING SYSTEM IN AN OIL SHALE
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Abstract - A C3p and a C31 alkyl porphyrin, each present in Serpiano oil

shale as the vanady! complex, have been is?Iated as the demetallated com-

pounds and their structures determined by 'H NMR spectroscopic analysis of

the zinc complexes, using selective decoupling and nuclear Overhauser

effects. The occurrence of these chiral optically inactive compounds with

a methyl-substituted, six membered exocyclic ring extends the known series

of isomeric structural types of sedimentary alkyl porphyrins.

INTRODUCTION

Alkyl metalloporphyrins (mainly Nill or va0) occur widely in sedimentary rocks and petroleums and
comprise complex mixtures containing mainly aetio components and components with an exocyclic ring
(DPEP's)1-5. Structural analysis of individual components isolated from these mixtures is essen-
tial to provide information both about the origins of the compounds in terms of their biological
precursors and of the sedimentary degradative pathways giving rise to them. Since the first unam-
biguous structure determination of two aetio porphyrins (1, 2) from a biwm6-7. most studies
have been concerned with DPEP cmponentsf. At least four structural types with an exocyclic alkano
ring have been found, including members with a fived-11 {e.g. 3a,3b), six!2 (either 4a or 4b) and
seven membered r-1ng13'14 (52 to 5¢). A C3y component with a methyl-substituted five membered ring
(6) has also been isolated recently from an oil shale!S. The structures of some of these compounds
clearly suggest an origin from known chlorophylls. For example, 3a and 3b may have originated from
degradation of chlorophyll a8.10, and 6 from chlorophyll ¢ via acid catalysed rearrangement
followed by decarboxylation and reduction of the vinyl group under sedimentary conditions!5.

5 B

1 2 3a: ReC M,

3b: R=CH,

* For convenience, all components with an exocyclic ring are referred to as DPEP types although the
term applies strictly to components of the type represented by 3.
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In the present study, two members of a novel alkyl porphyrin type with a methyl-substituted
six membered ring have been isolated fram the total metalloporphyrins (mainly V=0) of Serpiano oil
shale {Triassic,Monte S.Georgio,Switzerland}, which is known to contain a high concentration (ca.
1000 ppm) of metalloporphyrins?. Friedel-Crafts acylation!6 of components with a free 8 position,
as the Cull complexes, allowed ready chromatographic separation from fully alkylated components.
The two compounds, with a free 8 position, have been characterised as the deacetylated free bases,
using mass spectrometry and electron absorption spectrophotametry, and their structures elucidated
using 1H NMR and n.0.e. difference studies. The latter approach has been applied previously to
porphyring8,9:13-15,17 and related macrocyclic compounds!8.19,

EXPERIMENTAL
Me thods

Low resolution mass spectra were obtained, using the direct insertion probe technique, on a
Finnigan 4000 spectrometer coupled to an INCOS 2300 data system: ionisation voltage 40 eV, source
temperature 250°C and probe temperature programmed from 90° to 300°C. High resolution spectra
were recorded on a VG MS9 spectrometer coupled to a VG data system: ionisation voltage 70 ev,
source temperature 200°C and probe temperature programmed from 50° to 250°C; resolution ca.
10,000; perfluorokerosene as internal reference. -

A Perkin-Elmer 551 spectrophotometer was used to obtain electronic spectra from solutions in
CH2Cl2 (1 cm cell). H NMR spectral data were obtained, in CDC13 with TMS as internal reference,
on a SEOL FX 200 FT instrument. Concentrations used were typica?ly 2-5 mg m1-1, Optical rotation
measurements were recorded on a 241 MC Perkin-Elmer polarimeter using solutions in CH2C12 (2 cm
cell). High pressure liquid chromatography (HPLC) analyses were performed using a Spectra
Physics SP 8700 tertiary solvent delivery system and Rheodyne 7125 injector. Detection (400 rm)
was carried out using an LDC 1202 Spectromonitor 11 variable wavelength detector. Analytical
analyses were obtained with three columns (Spherisorb 3W; each 250 x 4.6 mm) connected in series,
using a combination of solvents similar to that described previously20. Preparative-scale HPLC
was also carried out on Spherisord 5W (250 x 10 mm).

Isolation

The total metalloporphyrins were extracted from the shale (3.5 kg) 1nd demetallated as des-
cribed previouslyb. The product of Friedel-Crafts acylation of the Cull complexes!® was separated
into three fractions by TLC (Kieselgel G, CHpClp developer). Treatment with methanesulphonic acid
(98%, N2, 100°C, 2h) of the fraction of inte jate polarity (Rf = 0.56) gave a free base, deace-
tylated product (Fig.1). Preparative HPLC afforded a number of components including 7a and 7b.
3,8-Diethyl-2,7,12,18-tetramethyl-15,17-(15!-methy1)propanoporphyrin (7a): LRMS (40 eV) signifi-
cant ions 476 (100%, M*), 461 (36), 238 (22, M2*), HRMS found 476,2948, C32H36N4 requires
476.2940; Amax(e) soret 400 (ca. 135,000), 498 (ca. 10,500), 533 (ca. 3,200), 568 (ca. 4,200),
622 (ca. 980); !H NMR, see text. - - -
B-Eth')?T-Z.3.7.12.18~penumethyl-IS,!?-(!S'-methyl)propanoporphyrin (7b): LRMS (40 eV) significant
jons 462 (100%, M%), 447 (26), 231 (18, Mz’); HRMS found 462.2790, C_|N34N4 requires 462.2790;
Amax(€e) soret 400 (ca. 131,000), 498 (ca. 7,500), 532 {(ca. 3,500), 568 {ca. 4,000), 623 (ca. 700);
YH NMR, see text. - -

RESULTS AND DISCUSSION
Analytical HPLC analysis (Fig.1) of the monoacetylated Cull fraction, after removal of Cu and
deacetylation, showed the presence of a mixture of components with a2 free B position. Preparative-
scale HPLC afforded four components (> 95% pure by analytical HPLC). Two were 5a and 5b (Fig.1),
the major one coeluting with 5a!3 on coinjection. Component 5b, which has aiso been isolated

previously!d, was assigned by comparison of NMR spectral data with 5a and by using n.O.e. differ-
ence studies (cf. ref. 13).
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Figure 1. HPLC trace of a free base porphyrin fraction containing components
with a free 8H position, from Serpiano oil shale. Numbers refer to
structures in text.

Two other components also had electronic absorption spectra and low resolution mass spectra
suggesting the presence of an exocyclic alkano ring in each case; high resolution mass spectro-
metry indicated that the molecular ioms corresponded to C32H3gNg and C31H3aNg respectively.

S
‘0

72 : R = (oHg

76 : R = CH
The 200 MHz ‘N NMR spectrum (Fig.2; Table 1} of 72 (as Znll complex) showed the presence of 4g-
methyls, 28-ethyls, 3 meso-H's and 1 8-H. The presence of the -CHpCHaCH(CH3)-moiety in the exo-
cyclic ring was confimed by decoupling and n.0.e. difference experiments {Table 1). Furthermore,
spatial connections between the -CH,CHCH(CH3)-moiety and H-13 and CH3-12 (3.77 ppm) could also be
established (Fig.2 and Table 1),

Some difficulty was experienced with these experiments, The small enhancements, in part due to
slow molecular tumbling!7, result from the low power irradiation necessary to achieve good selec-
tivity at 200 MHz. The principal source of difficulty was, however, poor instrument stability
resulting from thermal variations, and the absence of suitable software for interleaving the con-
trol and irradiated measurements. The resulting variations in signal positions, phases, and line-
shapes produce signals in the difference spectra which either have a dispersion form {from posi-
tion or phase changes) or a doubledispersion form (from line width changes), as shown in Fig.3.
Detection of n.0.e. enhancements from these difference spectra was greatly facilitated by integra-
tion of the difference spectra. 8oth the dispersion and double dispersion line shapes have a net
integral of zero, whereas any enhancement caused by a2 n.0.e. will give a net positive integral.
Application of this technique is shown in Fig.3(a), where artifacts resulting from instrument in-
stability are clearly distinguished by their net integrals of zero, and the enhancement of H-13
shows 2 net positive integral when the signal at 5.58 ppm {u-as’) was irradiated. Figure 3(b)
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Figure 2. Partial 'M NMR spectrum of 3,8-diethyl-2,7,12,18-tetramethy).15,17(15'-
methy) jpropanoporphyrin (7a), as zinc complex. Numbers indicate posi-
tions carrying the appropriate protons. Arrows indicate nuclear Over-
hauser enhancements observed; dotted arrows indicate weak enhancement
observed.

Table 1. 1H FR chemical shifts (200 MHz), coupling constants and n.0.e. results for 7a, as
2nll complex in CDCI3. -

§ (ppm) Multiplicity Coupling Constants” n.O.e.f Assignments
9.92 s - 3.96, 3.77 H-10
9.72 s - 3.56, 3.40 H-20
9.55 s - 3.83, 3.46 H-5
9.36 d 0.9 (3.77) 5.58, 3.77, 2.10 H-13
5,58 m ? (3.17, 2.98, 2.10) 9.3, 3.17, 2.98, 2.10 H-151
3.96 q 9.92, 3.46 CH3CHo-8
3.83 q 7 (1.81,1.71) 9.55 CHyCHp-3
3.90 t$ n.d. n.d. 2H-153
3.77 d 0.9 (9.36) 9.92, 9.36 CH3-12
3.56 s - 9.72, 3.83"" CH3-2tt
3.46 s - 9.55, 3.96 CH3-7
3.40 s - 9.72 CH3-18*t
3.17, 2.98 2m n.d. 5.58, 3.90"" 2H-152
2.10 d 7 (5.58) 9.36, 5.58 CH3-151
HACH,-
:3: z 7 (3.96, 3.83) n.d. {cain;g

J = H (§ coupled nuclei)

Chemical shifts where enhancements seen when § signal irradiated.

§ Obscured by CH3CHp quartets, but observed when CH3 at 1.81 and 1.71 ppm decoupled.
Weak enhancement observed.

Assignments may be reversed, see text.

n.d. Not determined.
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shows how connection between the signals at 3.40 and 3.56 ppm with the flanking H-20 was established.
From the n.0.e. difference measurements, the assignments given in Table 1 could be unequivocally
established, with the exception of CHy-2 and CH,;-18. The possibility of these assignments being
reversed must be considered, since the close chemical shift dispersion in the methylene region
(Table 1) made observation of n.0.e.'s on these signals (2H-153 and CH,CHp-3) difficult when the
appropriate methyl neighbours were irradiated. This does not affect, however, the structure assign-
ment.
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Figure 3. Bottom: Partial T NMR spectrum of meso-region (a) and methylene, methyl regions (b)
of 7a as zinc complex, 1
MiddTe: N.O.e. difference spectra arising from irradiation of H-15' (a) and H-20 (b)
Top: Integrated n.0.e. difference spectra.

The 'H NMR spectrum of the Znll complex of 7b was essentially similar to that of the Zn!l com-
plex of 7a and showed S8-methyls, 1B-ethyl, 3 meso-H's and 1 B-H. The appropriate n.0.e. and de-
coupling experiments were carried out and the presence of the six membered, methyl-substituted exo-
cyclic ring was established as before. The resulting connections between substituents for 7b (Zn!!
complex) are summarised as follows (see also Table 2):

N.0.e. difference results revealed that meso Hp and Hg are each flanked by a pair of methyls at
3.56 and 3.38 ppm and 3.45 and 3.35 ppm, respectively. As the link between CH3-7 and CH3CHp-8 and
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between CH3-18 and the methylene 153 substituent at (-17 could not be established, Hy may be at
C-5 or C-20, with Hg at the altemative position. The assignments for the two pairs of methyls in
question can, therefore, be interchanged; for example, if Hy is at C-20 then the methyl with a
chemical shift of 3.56 ppm may be at (-2 or C-18. This does not affect the assignment of the
structure. Considering the close similarity in chemical shifts of the substituents in the Znll
complex of its C3p homologue (7a), tentative assignments of meso Hy and meso Hg and the flanking
methyls could be made and are summarised in Table 2.

Table 2. 'H NMR chemical shifts (200 MHz), coupling constants and n.0.e. results for 7b, as Znll
complex in CDCl3.

& (ppm) Multiplicity  Coupling Constants® n.0.e.t Assignments
9.93 s - 3.96, 3.78 H-10
9.69 s - 3.56, 3.38 H-205
9.49 s - 3.45, 3.35 H-58

9.36 d 0.9 (3.78) 5.59, 3.78, 2.10 H-13
5.59 m ? (3.23, 2.99, 2.10) 9.36, 3.23, 2.99, 2.10 H-15!
3.96 q 7 (1.81) 9.93 CH3CH2-8
3.93 " n.d. n.d. 2H-153
3.78 d 0.9 (9.36) 9.93, 9.36 CH3-12
3.56 s - 9.69 CH3-28
3.45 s - 9.49 CH3-7%
3.38 s - 9.69 CHy-185
3.35 s - 9.49 CH3-35
3.23, 2.99 2m n.d. 5.59, 3.93 2H-152
2.10 d 7 (5.59) 9.36, 5.99 CH3-15!
1.81 t 7 (3.96) n.d. CH3 CH,-8

* J = Hz (& coupled nuclei)

Chemical shifts where enhancements seen when § signal irradiated.

Tentative assignment, see text.

** Obscured by CH3CH2 quartet but observed when (M3 signal at 1.81 ppm decoupled.
n.d. Not determined.

Both 7a and 7b have 2 chira) centre at c-157 but optical rotation measurements revealed that
each homologue is optically inactive, i.e. comprises a racemic mixture. The occurrence of 7a and
Ib, as the vanady! complexes, in Serpiano oil shale emphasises the complexity of the mixtures of
sedimentary porphyrins containing an exocyclic alkano ring substituent. The major components in
sediments with this structursl feature lie in the carbon number range C32 - C3p. Thus, four C32
structural isomers are now known to occur having a five (3a), six (4a or 4b) or seven (5a) member-
ed exocyclic ring or a methyl-substituted six membered ring (7_a). Similarly, four C3y isomers can
occur with a five (3b) or seven (5b) membered ring or with a methyl-substituted five (6) or six
(113) membered ring. It has been proposed that the C32 compound 3a retains the carbon skeleton of
its presumed precursor, chlorophyll a, by vinyl reduction, ester hydrolysis, carbonyl group reduc-
tion and decarboxylation'o. In the case of the (3, compound with the methyl-substituted exo-
cyclic ring (_7_a). there is no known chlorophyll with the appropriate carbon skeleton which could
give rise to this compound by an analogous pathway of defunctionalisation. To our knowledge, the
only biological tetrapyrrole with a six membered carbocyclic ring is a nickel complex found in
methanogenic bacteriall.

The C31 compound with a methyl-substituted five membered ring (g) has been proposed to arise
from chlorophyll ¢ in the sedimentary column by way of acid catalysed rearrangement, vinyl reduc-
tion and decarb0xy1ation'5. A pathway from chlorophyll a, involving a rearrangement process, has
also been suggested to account for the occurrence of sedimentary porphyrins with a seven membered
exocyclic ring“. It is difficult at present to envisage, however, a rearrangement process of a
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known chlorophyll or chlorophyll product which could give rise to 73 or 7b, although it is pos-
sible that they may be related in origin to their counterparts with the seven membered exocyclic
ring, by way of a ring contraction step during the sedimentary degradative pathway.
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