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: SUMMARY

The sucwssfui gas chromatographv (GC} of a number of standaud poiar por-
, phvrms (with ester side chains) is reported for the first time. This is effected by .
preparation of their bts(tnmethylsﬂoxv)smcon(ﬁj derivatives which show consider-

_ ably greater volatility than the free base porphyrin precursor. Results for the mass
spectrometric (MS} analysis (as GC-MS) are presented, ‘thus facilitating ideéntifi-
cation of some of the components which almost coelute, and establishing the pres-
ence of a homologue (presumably a mixed ester) of one of the porphyrins. The GC
retention volumes are correlated with structurai features of the compounds, and this
enables a superficial prediction of anuemated reteutxon mdlces for other bloioglcaﬂy

'sxgmﬁcant nolar aorphyrms o -

INTRODUCTION

Recently, the capillary gas chromatography (GC} of a number of alkyl por-
phyrins with various central metal species has been reported™ and an account of
some main features of their chromatography may be seen in ref. 3. A numbér of
reports of packed column GC of silicon porphyrins have also appeared*S. To date,
successful GC of porphyrins with polar substituents has not been achieved although
the preparation of the silicon complex of one such porphyrin (mesoporphynn X di-
methyl ester) by Games and co-workers®7, evidently vnth an aim to studymg 1ts GC
potentral was carried out some years ago.

- GC and GC-mass spectrometric (MS) techmques haxe however been’ used n
relation to analysis of porphyrins with polar- substituents, employing degradatue
‘methods® to produce. for example, monopyrrole subunits which aid in structural
identification®. Similarly, oxidative degradation to ma!emdes has been emploved for
alkyl porphyrin identification using GC-MS®. " *

' The apparent difficulties assocxated thh porphynn GC such as me\ersxble
*Pr:sent addrss Department of Cﬁemxstry. E\anona}'. Umvcmty of Smgapore, f\em: Rxdce,
002I-9673;’8210000—0(X)0f502.75 © 1982 Elsevier Scicntiﬁc Pubh‘shing Company
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adsorption on packed cclumns® (although recent resuits suggest that these can-be
overcome with capillary column technology®~>) have prompted analysts to evaluate
alternztive methcds for high resolution fractionation of porphyrins. In the feld of
porphyrins with polar subsfituents {referred to herain as “bioclogical ™ porphyrins), the
advent of high-performance lquid chromatography (HPLC) has proved to be of
major importznce and there are many reports of HPLC of porphyrin free acids on
normal and reverse phases™ and using ion-pairing techniques!!. The most
favoured procedure appears to be HPLC of the ester (usually methyi ester} deriva-
tives”1¥*, and some examples of HPLC of their metal chelates have been pre-
sentad?s-18,

Other chromatographic techniques {thin-layer chromatography, paper chro-
matography and column LC) in general are widely employed in porphyrin analysis
for both purification and separation®”, however, GC remains an as vet unestablished
too! for routine analysis of porphyrin pigments. In this paper, 2 new method for the
analysis of porphyrins with polar ester substituents based upon capillary GC and
GiIC-MS of their volatile silicon derivatives is presented, and its poteniial application
to the analysis of porphyrins with increasing numbers of polar substituents (such as
those isolated from biological sources) is discussed.

EMZERIMENTAL

Preparazion of silicon derivatives

The preparative procedure was based upon that of Bovian ez ¢l.° and Alturkit®
and kas besn described elsewhere’. Briefly, hexachlorodisilane was added to a sofu-
tion of free base porphyrin in dry toluene in 2 twe-necked round-bottom flask, with a
flow of dry nitrogen fushing through the reflux coudenser/flask system. The solution
wizs refiuxed for about 30 min, and its UV-visible spectrum was checked for absence
of frec base absorption bands. The required product was isolated as the dihydroxy
species, which was derivatised to the bis(trimethyisiloxy) compound for GC studies.

Free base starting materials were obtained from Professor P. S. Clezy (rhodo-

Suectures of {ree bass porphytias:

i Deuterocporphyrin-IX dimethyl ester (deutero-EX)
i=3=35=8=Me:2=4¢=H;6=7=p*

2 Maesoporphyrin-IX dimsthyl ester {meso-IX)

t=3=5= ~'\{C._=4-E 6—'7=PL‘=
3 Rhedoporphyrin-XV dimethy! ester (’i:o;c-XV}
=3=5=8=DMe2;2=4=Et;6=p*;7=-CO0Me

4 Rhedoporphytin-RKV homolcgus (Fhode-XV homologue)

Structure as rhodo-XV, but with an additicnz] methylene unit at oce e substituent po;me:x
5 Aetioperphytin-I {22tc-f}

1-3—3—/-11':,--— =6=8 =EL
{hfe = methyl; Et = ethyl; p™ = —CH,CH.COOMe}
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rporphyrm-XV dnnethvl &ster* rhodo—XV 3) and Dr O T Jom (mesoporphynn-j
?D(chmethy{ @ster m@so-IX, 2 and deuteroporphynn—IX dunethyl &ster deutero-IX,,
,1) ; ‘
.,GC and GC—MS vzszrumenratzan T ' B ' 2 ) T
- ‘The gas chromatogxaph used was a Caﬂo Erba FTV 4160 mstrumeut Thxs was
-fﬁtted with an on-column injector as standard, and. was used for “all the work de- .
ﬁ'scnbed Flame ionisation ‘detection and hydrogen carrier gas were employed ,
- Gas chromatograpmc-mass spectromeétric analyses were carried. out usmg the
‘same 'GC as above interfaced to an AEI MS 30 mass spectrometer: Détails of this-
system have already been ngen Hy drogen carrier was used for GC—MS work. with
‘source temperature ca. 200°C. - :
"A glass capilfary column, 20m x O 34 mm L D., manufactured by Chrompack
and coated with CPSil 5, was used. for most of the results reporteci here. An OV-I
coated flexible silica column (Phase Scparations), 18 m x 0.3 mm L D. was used for -
one example presented here. Condmons for the GC expemments are mdxcated for

-individual chromatograms S -

RESULTS AND DISCUSSION -

. Fig. la, b and c represent chromatographic traces for the deutero-IX (peak A},
meso-IX (peak B} and rhodo-XV (peak:C} compounds, respectively. The normal
alkanes were coinjected in order to obtain retention indices for the porphyrins. The
alkane suite in Fig. 12 and b was obtained from: an oil pipe sludge whilst those in Fig.
Ic were pure alkane staadards (used to show peak D which would otherwise coelute
with the n-Cy4 alkane). The retention indices of the porphytins are tabulated in Table
I fincluding the index of the aetioporphyrin-I-(structure 4} derivative used for com-
parative purposes] along with their total carbon numbers and molecular weights.
- Retention indices were calculated by the approximate linear interpolation method,
.between successive n—aﬂxanes whose retention tlmes spanned that of the porphvrm of
rmt"rest. :

Rizadaporphwm—X V “homa[ogue accurrence
- The direct insertion probe MS analysis of the trimethyisiloxy denvan\e of the
silicon rhodo-XV product indicated the presence of a second component of 14 mass
units greater molecular weight than that of thodo-X V. This corresponded to peak D
in Fig. I¢c, and will be referred to as the rhodo-XV homologue since its structure was
- not established. It evidently was generated during the preparative procedure used for
silicon insertion/hydrolysis. since-the probe MS of the free base reactant indicated
- rhodo-XV only: Other observations were that probe MS of the reactant after attempt-
ed derivatisation of any remaining carboxylic acid- groups gave only rhodo-XV, and
- also a “control™ reaction. procedure- without the addition of the silane gave:only
- rhodo-XV, and no-homologue. The homoiogue pfobab[y arises as a-r&eult of the

. * Rhoooporph‘ﬁn—XV dxmethyi este:' (rhodo-m refers to the strucmre as glven b} 3, a.nd is not ta
be confused with the rhodo-type porphyrins (s named because they have the rhado-type electronic
spectrum} which occur in geological smnls and winch are beheved te poss&ss a fused beazeue rng
-suusum.-_ntononeof‘the pyrrole sings.. © o R R :
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Fig. 1. Capillary gas chromatograms of {OTMS},Si{IV) derivatives of porphyrins, coigiected with normal
alkapes. Chrompack CPSHl 5 glass column, 20 m x 034 mum LD, temperature programmed from 68°C te
295°C at 6°C min L. Hydrogen carrier gas average linear flow velocities (&} were: (g} 45 cm sec™%; (b) 36 cm
sec i () 33 crasec™ ' Peaks A, B, C and D correspond to the derivatives of this same designation'ic: Table
I. Some coinjected r-alkanes are identified by their carbon pumbers (fe. 40 = n-C; etc).

ethanolic hydrolysis step, with subsequent formation of an ethyl ester. Since this
would entail hydrolysis of a2 methyl ester (the initial free base porphyrin reactant was
supnposedly the dimethyl ester), it is more likely that the ethyl group is incorporated
on the ~-CH,CH,COOQ- group rather than the -CQO- group, since the methyl ester
of the former is more easily bydrolysed*®. The cccurrence of the homologue is rather
unusual, if the above rationale is correct, since both deutero-IX and meso-IX did not
produce a second compound after the silicon insertion/hydrolysis work up. It has
been reported that trace quantities of ethanol in sclvents can result in the formation
of mixed esters during the preparation of the methyt esters of urcporphyrin®*. The
relative chromatographic retentions of rthodo-XV and its assumed homologue are
reasonably consistent with the suggestion that they are homologues.

. Relarive retention indices of porphyrins )
Comparison of the retention index of aetio-I and thase of the other parphyrins
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»TABLEI . : L S e E

GC RE‘ENTION DATA FOR (O"MS),,Sl(IV) DERIVATIVES OF som—: PORPHYRINS ON A
'CPsil 5 COATED GLASS CAPH.LARY COLUMN © - S

-Porp[zyr‘iz:' T s Structure - - GC . No.of-*.  Molecular - Retentzon
S . o " offres’ ~ ~  peck ' carbors® . .- weighrie o mder***
"Peutero-IX- 0 - - - E S WE N 1 S T Ry . o B § SR 3850 - C
_ Meso-IX o2 B 42 SV 79838 Sse7s 1T
_Rhodo-XV.. _ . : 3 " C 40 770.35 7 3855 -
- Rhodo-XV- “hon:oiogue T4 D 41 . T84.37 . 13905

-5 E

Aetio-I 38. 68237 | 3330

. * Including trimethylsiloxy groups.
- ** Calculeted for the most abundant isctopes. ‘ :
- %%t Determined b} linear interpolation between aIkans, quoted to neartst 5 mdec units.

reveals that the poiar porphyrins have srgmﬁcantly Iouger retentmns than the alkyl
porphyrin (aetio-I}). Aetio-I and meso-IX differ in retention index by 515 index units,
whilst the structural difference is the presence. of two 2'-carbomethoxyethyl groups in
méso-IX compared with etny!. groups in astlo—I ‘Clearly the two ester groups will
influence (decrease) volatility to a much greater extent than two ethyl groups sub-
stituted on the pyrrole § positions, since they protrude out more from the periphery of
the molecule. These ester groups might have an effect upon chromategraphic reten--
tion to a similar extent tc those usually oBtained for ester compounds in GC. Methyl
esters of acid groups (R~COOCHS;) usually add 360-370 retention upits?®** to that
obtained for a compcund Wxthout the -COOCH; ﬁmcuonaht} {R-H), on apofar
‘columns, This was confirmed here on an OV-1 caszary column by, chromatographmg
pnstane {a Cio xsoprenoxd alkane) and the methyl ester of phytamc acid (a C,q
isoprenoid acid), with a resultant AF (retention: index difference) of 370. )
_ . The above generalisations alfow prediction of the retention indices of the polar
, po*phynns from those of the alkyt porphyrins, Since meso-IX has two carbomethoxy
groups, addition of 2(360—370} i.e. 720740 retention units may be expected from this
contribution. Prediction of the meso—IX retention index on the basis of that for aetio-.
I weuld give 3330 + (720-740) = 405040 70, and this compares with an observed
index of 3975. Hence, the retention index of the polar porphyrin is a little less than
that predicted.

° The retention d:iference between de&tero-IX and meso—[X is AI = E25 Th:s ISv
fora strucmrai difference of 4 carbons, and is in close agreement with the Al value of
detio-I and octaethyiporphvnn “r I = 130y, which also differ by 4 carbons. The '
above discussion does not take mto account absolute structure differences such as
- pasition of substituents aromd the macrocychc porphyrm ting, and the effects whlch
these might have are not yet established.

Rhodo-XV and deutero-IX almost coelute althouzh. their structu:es are quzte
dxﬁ'erent. Deutero-IX has two unsubsntuted posxtzons on the pyrroie rings (compared.»
with ‘two substituent ethyl groups in rhodo-XV) and rhodo-XV ‘has a -COQCH7
group mstead of the —CH,C}Z—zzCOOCH3 group of deutero-IX. Evidentls Jr, these struc-
© tural variztions are almost counterbalanced when their contr:bt.t:{ons to gas chroma—

tographic propemes are compared :
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Fig. 2. GC-MS trzces for (OTMS)LSi{deutaro-IX) (A) and (OTMS],Si(aetic-I} (E). with z coinjected
stznidard altane mixture. Lower trace, reconstructed fon chromatogram (RIC); upper trace, plot of diag-
nostic ion myz 85, which arises from fregmentztion of the alkznes. Phase separations OV-1 ﬁenhle silica
colump, 18 m x 0.3 mm LD temperature programmed from 606°C to 320°C et 6°T min™ . 320°C
isothermal hold commenced at scan 760. Total scan time {per cycle} = 3.5 sec {scanning from m/z 800 to
50). )

The above observations may allow prediction of retention indices of por-
phyrins with an increased mnumber of polar substituents (ester groups). Therefore,
coproporphyrin tetramethyl ester (4 x methyl, 4 x —CH.CH,COQCH; groups)
might be expected to clute at about nm-C.g and this is approaching the Hmits for
routine capillary GC. Uroporphyrin octamethyl ester would elute in the region of n-
Csq, which is rather an impractically high retention volume for routine analysis.
Other important porphyrin classes which may be of interest include protoporphyrin
(structure as mesoporphyrin, except with two vinyl groups instead of ethyl groups
and hematoporphyrin, and these are currently being investigated.

Gas chromategraphy-mass spectrometry )

GC-MS analyses were routinely carried out on the prepared samples on 2
GUC-MS system daveloped for this work. GC-MS data should prove indispensable
when complex porphyrin samples derived from natural sources are to be analysed.
The results of a few selected examnples of the standard porphyrins follow.

In Fig. 2, two traces indicate the recoastructed ion current (RIC} chromato-
gram and nfz 85 chromatogram (lower and upper traces, respectively}. The alkane
diagnostic fon {m/z 85 plot allows identification of the pezks on the RIC which
correspond to altkanes. The two porphyrin peaks, at scan numbers 626 and 714, are
astic-I and deutero-IX, respectively, and both exhibit excellent peak shapes. Relative
intensities are indicated in this figure, and also in Figs. 3 and 4. These are quoted
redative to an RIC value of 100, which corresponds to the intensity of the sum of all
icms ia the particalar scan which preduces the largest peak on the RIC. Thus, in Fig.
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Fig. 3. GC-MS traces for (OTMS)-.Sl(rhodo-XV} (C)and its pfsumed homologue (B}, with comjectear
aikanes (alkane sample as used in Fig: a and b}. Scans 600 to 800 only illustrated. Trace m/z 550800 isa

. summation of all ions within mass range nzfz 550 to m/z 800 and includes the major fons for the' potphyrms,
thus preseating a display of the two individual porphyrin peaks. Masschromatograms of single masses m/=z
784, 770, 695 and 681 correspond to displays of the molecular ion for D, molecutar ion for C, loss of axial
Tigand from D and loss of axial igand from C, respectively. Column as in Fig. I, using the same tempera-

" ture programme conditions as in Fig. 1. 295°C isothermat hold, commenced ‘at scarr 670 ‘Total scan time
{per cycle} = 3.25 s=c (smnmng zmm m!" 850 to 3 <) S : I

2, the relative mtens;tv of the nifz 85 ion for normai dkane Cig is 6 ‘}’ of that of the
total sum of fons-giving rise to peak Al
- Rhodo-XV {C) and its homologue (D) are shown in Fzg. 3 with- threﬂ traces
mdxcatmz the RIC, the mass chromatogram of mfz 85 and an averaged masschroma-
‘tagram obtained by summing all ions between mfz 550 and 800 (which plots out the
porphyrir peaks). As can be seen, the homologue elutes just after 7-Csg (not easily
identified in the RIC or GC traces). In Fig. 3, mass chromatograms of individual ions
‘of masses mfz 681, 693, 770 and 784 are illustrated for the same data. The masses 770G
and 784 correspond to molecular ions for rhodo-XV and its homologue, with 681 and:
695 being their major fragment ions; respectwely (for Ioss of axzal tnmethyiszloxy

hgand).,- . -
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Fig. 4. GC-MS analysis of a2 mixture of 21 4 porphyrin derivatives (A, B, C and D), coinjected with the
alkane sample used in Fig. 2. Trace m/> $06-830 includas all the major ions for the porphyrins. Ioas of mf=
738, 784, 77C and 742, displayed in: the mass fragmentograms, correspond fo the porphyrin molecular ions
{se= Table I}. Column and conditions as Fig. 3, with 285°C isothermal hold commencing at scan 660.

A mixture of all three porphyrins produced the result in Fig. 4, again with the
surnmed mass chromatogram (ez/z SG0-830) displaying the porphyrin peaks. The
mass chiromatograms of the ions of m/z 742, 770, 784 and 798 (Fig. 4} correspond to
the compounds of the same molecular weights in Tabie I. The mass chromatogram
displays can be vsed to separate deutaro-IX from rhade-XV, which overlap severely
on this columa. Meso-IX (/- 793) also contributes a smali 2zmount of ior current to
the: m/z 784 mass chromatogram, due to fragmentation resulting in loss of 15 mass
vrnits, which could ¢cither be ascribed to fcleavage of a methyl group of one of the
ethyl side chains®? or to fass of a methyl from the trimethylsiloxy ligand®3, according
to general gbservations.

Figs. 3 and 4 are partial chromatograms, plotted from just before the iso-
thermat hold region of 295°C, after programming up to this temperature at 6°C/min.

Some portions of the mass specira of these compounds are preseanted in Fig. 5.

_As 2 comparison, ion inteasities for (OTMS),Si (zetic-I} {(molecular weight 682}



~ CAPILLARY. GC AND GC-MS OF SILICON(IV) PORPHYRINS IR

RELATIVE #N INTENSITIES

gm

4

j ‘
gfw g

Fig. 5. Isotopic patterns for molecular fons aad M — 89 ions for the (OTMS),;St porphyrin derivatives,
obtained under the following experimental conditions: Examples I and 4 = probe analysis data; examples
2,3, 5and 6 = GC-MS analysis data, obtained by summation of individual scats across the peak. I and 2
refer to compound B (Table I}, 3 refers to I3, 4 and 5 refer to C, and 6 refers to compound A.

obtained by summing ions over the solute elution peak in a GC-MS experiment, were
[in terms of mass (intensity)] 593 (87). 594 (42), 595 (17), 536 (5.5), 682 (100}, 683 (57},
684 (28), 685 (9). Mass 682 corresponds to the most intense molecular ion, and 593 is
the-ion for loss of one trimethylsiloxy group. The other ions listed are those for the
isotopic contributions to the mass, and they arise primarily from carbon and silicon.
The isotopic patterns for the porphyrins in-Fig. 5, obtained under the conditions in -
the legend, generally resemble the expected patterns calculated for the silicon and
carbon isotope abundances for these compounds.

In the GC-MS analyses, fragmentaticns of polar side chains from the molecu-
far ion were generally not very intense (ca. I 9 or less), with the spectrum dominated
by the loss of one axial ligand. This reduced intensity, compared with the usually
observed fragment ion intensities seen for the free base analogues, has been pre-
viously noted by Budzikiewicz?4. For the -CH.CH,COOCH, side chains, losses 6f
31, 59 and 73 (cleavage B to the pyrrole ring) were abserved, in accordance with
expectations for such <ubst1tuents on porphvrmsn 23
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. Thls pauc; has {ikzs;ratecz the first successﬁll Ge anaiysis. of peiar porphy:ms
‘(those with ester side<hains}). The apparently favourable GC and GC-MS results
suggest that a wide range of simifar tetrapyrreles should be evaluated for their GC
suitzbility. The main constraints placed upon such analyses appear to be the melecu--
lar weight of the derivatised sample and its degree of functzonausa&on which thereby .
infiuence retention volumes in the GC experiment. Mesoporphyrin-IX dimethyl ester,
witiz a molecular weight of 798 after derivative formation; kas-a retenton index oE_
almost 400G (i.e., eluies close to 7-C,y), and by prediction of retention volumes of
other polar porphytins (using simple structure-retention arguments} it is probable
that G-C methodologies should be suitable for porphyrins with about four carbome-
thoxyethy! substituents, in addition to alkyl groups on the other pyrrole positions
{zithough the use of higher temperature—stab!e columns could extend this mit).

The retention behaviour of polar porphyrins seems to be consistent with ex-
pected retention when contributions to retention volume from structeral features of
the side chains are considered. Peak shapes in general eompare very favourably wzth
those of alkanes with similar retention volumes.

The significance of these results lies in the fact ti:a;. a technique utzksmc a
sensitive, high-resolution analytical tool has been shown to have great potential for
the analysis of porphyrins containing polar substituents. Advantages include the
ability to fractionate complex samples, to obtain information on the molecular weight
of components, and to analyse data using computerised processing capabilities.
Stwudies involving isotopic iabeliing of porphyrins should aiso be amenable to GC—
MS. :

The proven HPLC techaigus offers certain attractions, such as relatively simple
compound handbug prior to analysis, but HPLC-MS requires considerable develop-

- ment before compzex mixtures can be efectively tudxeé

AC KNOWLEDGEMENTS

We wish to thank Professor P. S. Clezy and Dr. O. T. Jones for their generous
provision of the porphyrin standards, and also to British Petroleum, Exploration
Division, for the r-alkane standards. Financial support from the Science and En-
Zineering Research Council (Grant GR/B/04471} is acknowledged, and alsc the Nat-
vral Eavironment Research Council for the mass spectrometer and computing facil-
ities (Grants GR3/2951 and GR3/3758). We thank Mr. I. Roberts, Phase Separattcns

Lad. for useful discussions and providing the ﬂex;bie silica columan. : ,

REFERENCES

i R. Al A!emdc:, G. EE}I&S"&., .f E’ Gu and J.K. Volkman, 7. r:'wi: Resglz:. Chromatogr, Ciu-omtag-.
| Cortgmme, 3 (1S80) 321 . ) .

P X Marricir, I.P. Glland G. Eg!inion, £ Cf:.ronf.azégr., 236 (1582} 395,

P. I. Marriow, J. P. Gili and G. Eglinton, J. Chromarogr., . (1582) T

D. B. Boylan and M. Calvin, J. dmer. Cherr. Soc., 82 (1967 5472

D. B. Bovlan, Y. L. &lwurki and G. Egiinren, iz P. A. Schenck and L. Hawnaar {Ed;tcrs), éaﬁw.ces ar
Orgaric Geockemistry, 1968, Pargamon Press, New York, 1969, p. 227. .

Wi W 5}



CAPILLARYGCAND uC-’VIS 01-‘ sxucow(m PORPHYRLNS S j 321

_6‘ D. E. Gams, Al H:J'a.cxson and D S. Mi.lmgton in A P'lgro and N Cas:agnou (Ednors), Mass
- Speczrametr}- in Blochamszzy and Afedicine, Raven Press, New York, 1974, p. 257.
C T-N. Eva.ns, D. E. Games, A. H: Jackson and S. A. Matlin, J. Chromarogr., 115 (19?5) 32s.
©8 JIMCE. Qtirke, G. J. Shaw, P. D. Soper and J. R. Maxwell, Zetrchedron, 36 {1980) 3261.
-~9 H.A. Scoble; M. McKeag, P. K. Brown and G. J. Kavarnos, Clin. Chim. Aéta, 113 (1981} 253.
“10. C-K. Lim and ¥ Y. Y. Chan, J.~ Chromatogr., 228 (1982) 305 and references therein. - - - .
I1 H. D. Meyer; K Facob, W. Vogt and M. Knedel, J. Chromatogr., 199 (1980) 339; 217 (1981) 473, -
-12 N. Ewvans, A. H. Jackson, S. A. Matlin and R. Towill, J. Chromarogr., 125 ([976) 345
13 Z.J. Petryka and C. J. Watson, Anal, Biochem., 84 (1978} 173. . - - _
. 14 1.G: Straka, J. P. Kushger and B. F. Burnham, 4nal. Biockent.; HI (1981.) 269.
I5 V. Miller and L--Malinda, J. Chromatogr., 145 (1578) 290. -
- 16 M. L. Richter and K. G. Rienits, FEBS Lerr., 116 (1980) 211,
17 K. M. Smith (Editor), Porphyrins and Metalloparphyrins, Elsevier, Amsterdam, 1975.
18 Y.L A. Alturki, PE.D. Thesis, University of Bristol, Bristol, 1972,
19-P. S. Clezy, personal communicaton. - . -
20 5. K. Hzken and D. Srisukh, J. Chromarogr., 219 (1981} 45.
21 F. Sawra-Calixto and A. Garcia Raso, Chromatographia, 14 (1981} 143,
22 A H Yackson. G. W. Kenner, K» M. Smith, R. T. Aplin, H. Budzikiewicz and C.-Djerassi, Tetrahe-
drom, 21 (1965) 2913.
23 J. W. Buchler, L. Puppe and H. H. Schneshage, Amr. Chenz., 749 (1971} 134,
24 H. Budzkiewicz, in D. Dolphin (Editor), The Porphyrins, Academic Press, New York, 1978, VoL IIL,
- Chapter 9.
25 A H. Jackson, Pail. Trans. R. Soc. E.almb't, A293 (1979) 21.



