
APPLKATIONS OF HIGH-PRESSURE LIQ’UID CHRO~IATOGRAPHY AND 
F$ELD DESOPmION MASS SPECXROMEFRY IN STUDfES OF NATURAL 
POkPHYRINS AND CHLOROPHYLL DERIVATIVES 

Mixfzres of porphyrins derkd from E&I& sources can be readily separated- 
by high-pressure liquid chromatography both anafytically and on a preparative scale. 
A variety of procedures f;a.ve been developed not only for the esters but also for free 
acids, and on the ana&tical scale quantitation is easily achieved by visible absorption. 
The retention times are largeIy characteristic of the number of czrboxyk acid side 
chains (or other polar groups) but further information can be obtained by mass 
spectrometric studies of the various fractions. Field desorption m;Fss spectrometry is 
particukrty usefur for this purpose because the emitter wire can be dipped directly 
into the etuafes. The field desorption spectra of porphyrin free acids and esters as 
well as their metaf complexes give essentially molecular ions with %Etfe or no fra_men- 
tation in most cases, whereas electron-impact mass spectrorzetqt particuk&y of free 
acids, is impeded by the low volatility of porphyrks. Mixtures can also be analysed 
by field desolption Mass spectrometry, and t&s provides not only a rapid qu&tative 
assessment of the components of a mixture, but also a check on the subsequent chro- 
matographic separations. 

Hitherto the analysis and characterisation of the components of a tixture of 
porphyrins has relied on the use of paper, thin-layer OF column chromatography and 
countercurrent distribution techniquesL, followed by spectroscopic studies fUV, 
mass spectrometry (IVES) and EiP&C in particukr~. High-pressure Eqtid chromato- 
graphy (HPLC) now seems hiely to supersede the former methods in view of the 
many advantages it has in speed, quantitation and resolution, whikt EeId desorption 
MS is particulzrrly suited to handle reIatively inv&ttiIe substances Iike the porphyrins 
and t&e’% met& complexes. In this paper we wish to indicate how these two new tech- 
niques can be used either independentfy or in corn&nation to separate and analyse a 
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Mixture of porphyrins and to character%= partial& the individual components; 

o&j a few aPo&&ons of HPLC to the am3ysis of porPhy&s have -bee” rem 
ported pre-ev;,ousty, and these have been IergeEy eoncemed;tith separatio= Of fiOmerlc 
sabsta~ces. Thus, hardero- and isoharderooOrphyrk have been resoked k 2 silica 
gel cohmd and the separation of isomer& coproporphyrins has been described by 
ktersbys. fn the related field of vitamio B,, chemistry, preparative EWX+i~s PWed 
zm important role irr the total synthesis of cobyric acid derivatives4S5. 

MS together wiih other spectral methods has had extensive application in 

stmctural studies of natural tetrapyrrolic campatmds5. Ko=vei; the Po@Sens 
involved in haem metaboiism- are relatively mvolatile and in most cases satisfactory 

mass spectra may only be obtaiimed by conversion into *heir more volatife methy! 
esters’. The preparation of bis-(trimethy2silo~~~-s~~i~o~ complexes of ajkylporphy+s 

enhanced ‘&eir volatility considerably and these derivatives have been used irx gas 
chromatography (GC)S*9 and GC-MSLg studies. Attempts to extend this study to 

‘porPhyrins with polar substituents in their side c&&s resulted in the Preparation of 
the bis-(diethoxyj-silicon compfex of mesoporphyrin IX dimethyf ester, which was 
considerably more volatile than its parent porphyrlnlff. Copper complexes of porphyrin 
esters have also been srudfed as a means of achieving enhanced volatility for mass spec- 

tmlstrrdy ; howey~r,‘they ~y~ref~~d to be fess v&t& thhan the parent porphyrin ester+. 
A solution of the orobkm of the invoiatifity of porphyrins fn MS has now’ 

-been provided by the appiicatiorr of th e so-caHed “soft iamsation” techique --field 

desOrptiOn. In this Meihad the ions are produced by direct QeSOr@ion from a tungsten 

fih%ment COated with fine carbon needks (the emitter), and its worth has &ready been 
Proved w&h a variety of tierma!fly iablie or fnvohtifs orgmic COPIOUS& inchihg 
met&C SZ&~“*~.. Fmtherrnore, Geld desoE@ion MS is a pa&ulaf& useful technique I 
to me in CombinatiOR with HRLC because the ekfier wire m be dipped d2&Jy 

kt0 :he cOhZ% efkes; the utility of the com_bination has aheady been sho~;r, in 
studies of steroids*” and vitamins~*. 

We now wish to describe the application of these te&aiques to porphy&s 
obtained from variots bieIo@cal sources, especially the ur&e and faces of porPhyec 
subjects, as well as to cfilorophylt derivatives. 

E_XPERIF&ENTAL 

MPLC was carried out with a system consisting of a Waters Mudel6W Pump 
and a septu_m iEjector, with &in. O.D. x 0.085 In. I.D. analytical cofums of 316 
sg&less steel, and a Cecil variable-wavelength detector fitted with a EO-,td flow &I. 
For iaaxirrrum sensitivity rfie detector was set at about 4OQ 01ll and iised to monitor 
the porphyrin Soret band. With comp!ex mixtures con~&iining several porphyrins, two 

digerent techniques were found suitable for obtaining rapid and complete separation, 
viz. {ii) Bow programming and iii) gradiem elution. 

Ffo~ p~GgnZmmkg. Using 3 SOfYmt i&cture of inter,nediate po$a&y the fess 
polar components in the mi~tme were ehzed at a low flow-rate, and the more Polar 
components then eluted by a step-wise increase in ffow-rate to shorten retention times 
and sharpen the peaks. 

Grmfkwl; eA&m. AS the pump in use had a ve%T small inremal volume it was 
pos&b!e to employ a simple gfass mk chamber to geenerate an exponential s&erg 



gradient whicfi could be delivered to the cohnnn for eiution of compfex mixturesz”. 
Detis of the soEvent systems, columns, etc. are given in the text and in the 

legends to the @ures. For preparative-scale separations a 4 ft. x 1 in_ O.D. stzidess- 

steel column was used. 
FieId desxrption mass spectra were determined with a Varian CXSD double- 

facussing high-resolution mass spectrometer equipped with a combined field desorp- 
tionfieid ion-electron impact source, a SSWCI data system and a States fast 
recxder. Sampfes were prepared as chloroform solutions (approximately IO pg/,~l) and 
transferred to the conditioned emitter by dippingE7 ox direct loading from a 5-$ 
syringe. H_+m feng$hs of tungsten wire. spot-welded on supporfing posts and condi- 
tioned in a Varian apparatus in a manner similar to that described by SchuBen and 
Beckeyf8 were used as anodes. The HPLC fractions were concentrated before transfer 
to the emitter. Spectra were obtained at a source temperature of 80” and a resalution 
of 1200; a 3-kV accelerating potential with --7 kV on the cathode and wire curreots 
between I8 and 22 mA were used. 

FEstJ-LTs AND DISCUSSEOPL’ 

HPLC analysis of porphyrins (methyl esters in the case of CarboxyIic ester 
derivatives) is readily performed on silica columns, the packing material being either 
of the pe!iicular type (e.g., Corasil TI) or the microparticufate type (5_IO*+~rn porous 
silica, e.g., Merckosorb SE 60 or Par&it). Examples of some typical separations and 
wnditions are shown in Table I. 

TAELE 1 
ANALYTICAL SEPARATIONS OF CLOSELY aLATED PORPKYRINS BY HPLC 
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As described in Experiment&, a variab&wavelength detector set at about 4-W 
nm sws normally used to monitor the porphyrin Soret band. In the case of phaeo- 
phytins a and b, whose UY maxima differ significantly (Q, 412 nm; b, 434 nm>, it w&s 
found advantageous to use two detectors corrpled in series and set at different wave- 
!engths. The results are shown in Fig. 1. 
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min 

Fig. 2. Separation of porpttyrin methyl esters (2-8 carboxyE groups) by KPLC rrsing isocr&ic dution 
with Bow pro gzmm&g. Colurrm: 2 x 3 ft. x + in. Q.D. Corzsil II. Mobile phase: 45% ethyl 
acetate in Light petrofeum ether &.p. 604Xlcj. Detector: UV, 400 nm 
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Fip. 3. Separztion af porphylin methyl esters (2-8 carboxyL groups) by HFLC zsing gradient elutior.. 
C&IDYX 2ft. x &in. O.D. Merckosorb SI 60 (10-~~m siiicz~. MobiIe phase: gradient (---), 
hexzne to ethyl acetate; ffow-rate, 3.0 mljrn&. Derector: UV’, W LEE. 

a column packed with Corasi&s CpeIIicuIar silica w<th a clremicaHy bonded octa- 
decyIsGne coating) using 20 % chIoroform in fight petroleum (b.p. 6CH05) as the 
mob& phase. A partition column was prepared cotrtaining silica gel with a chemically 
bonded benzoylbenzytsiiaae coatin~$~ sod this gave a good separation of the methyl 
esters of coproporphyrin and “S411” (a dehydrocoproporphyryrin). 

Although porphyrins are readily analysed as their methyl esters, their wide- 
spread occurrence in nature as free acids makes it desirable to have auailab3fe a chro- 
mato&aphic method of analysis which does not require prior derivatisation. Such a 
method has been found in the ion-exchange technique, in w&h the free acids may 
be applied directly in aqueous sofution, sod an esampfe of tie use of this method is 
shown in Fig. 4. 
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HPLC is pa.rticufarEy useful for the analysis of very small quantities Of pOr- 
phyrins. In 2 high-sensiiiviry run (UY sectin, = 0.Z a.rr.f.s.), 1-2 pmotes of copropor- 
phyrin were readily detected by monitoring r,t WI zm. Analyses were routineEy carried 
out cm ItI-20 pmoles of components artd colkctlon af the material from a single peak 
gene&@ &ave ;i sufficient quantity for a l?efd desorption mass spectmm to be ob- 
tined. 

As the field desorgxion spectra of the pure porphyrins oniy gave si_rmifrmnt 
ions in rhe mokcular ion and the dorlbly charged mofaxkr ion regicms, It seemed I&e- 
Ey thar this technique could provide is fingerprint cf the mofecnkr species present in 
nature! pcxphyrin mixtures. F&. 5 sEows the field desoqtion spec~um &t&ed ffom 
the meEhyf2ted extract of the utiIne of 8 human porphyric. The five grci~ps of ions at 
m/e 5%2, 884, 826, 768 and 710 .ZFZZ assised io the methyl esters of the aLa-, hepa-, 
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Fig. 6. Field desorption spectrum of a mkture of phzophytins CL md b. 

hexa- and peatzcarbaxylic porphyrins, respectivelJr. Fig. 6 shows the field desarptian 
spectrum obtained from a mixture of phaeaphJitins a and b, the ions ar, m/e 870 and 
884 being assigned to the moIecular ions of phaeaphytins a ZII~ lo, respectivelely. 

For the complete identificztian of in complex mixture of porphyrins, z cam- 
bined HPLC-MS technique wzs employed. A field desarptian spectrum of the crude 
mixture was t&en Erst, providing infarmatian zbalrt the number and type of cam- 
ponents. These were then separated by HPLC, and further mass spectra of the indi- 
viduat, isolated fractions, together with retention data fram the chramatagrams, al- 
lowed a complete chuacterisatian of the constituents to be made. wherever possible, 
by direct comptisans with authentic siimples. 

The field desarptian spectra of the various tetrapyrrafic compounds zre 
&en in Treble IE. With the exception of a haemztaparphyriz and haemin, 5.~1’ or 

FIELD DESORPTION MASS SPECXRA OF PORPHYRKNS 

Cunzpbcmd M3f. iUf_ nrJe (f,L relatise intensity) 

Mesopor$iyrin fX 565 56S(45) .567(100) 566<76) 
Hemzitoporp&+ 598 X4(39) 563(73) 562fL00) 
Coproporplqtin ITI 654 Ca) 65S(Zj 657(9) 656(32) 6.%(lOU) 

653(l) 609(2) 
(II)’ 658(I) 657(N) 65@?2) 655((rKJ) 
654(2) 653C3) 61 f(2) 609(3) 541(3) 

HWliEl 652 6ES(17) 617(5Q) 616(IoC) 
r-&fioporp~yrk 478 48ofl i) 479(35} 47E(IaO) 
octaeth,vIg?arphyrin 534 536(13) 535(a) 534(100) 
Pratoporpfrtin IX &methyl ester 590 591(41) 59G(rNQ 
M~OpO@QTiIl IX &methyl 6bi 594 597(I) 596fIO) 595(4S) 594(100) 

297.5(S) 297(18) . 
Coproporph_yrin III tetramethyl ester 710 713(S) 7f2(19) 711(5Z) 7fo(mI) 651(3) 
PenticarkoxyIic porph_y& pentvnethyf ester 768 770(14) 769(553) 768(10(5) 709fS) 
HexacarboxyIic pok@yrin hewmethyl ester 826 S3of3) 829(5) g28(iQ 82?(36) ~26(l@J) 

767(l j 725(l) 413(0.5) 
Septzcarboxylic porphyk heptzmetfryl ester 884 ssq4rg ss4w5l SS2CS) 
UroporpIqrin TIE occramp,Lhyl ester 942 945(2) 9Gq6) 913(12) 942(foq 9*f(s) 

9&J(8) 9I3(iO) 9t2(7) ES4(6J 883(13) 

* Kiiker emitter current. 
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umn packed with IO-pm Merckosorb SI 60. For the separation on a preparative scale, 
a 4 ft. x I in. 0-D. column packed with 37-75pm PorasiI A(60) WE empioyeti (Fig. 
7b); It wiB be acted that, aIthorr& the eIution time is greatly increased, reso!ution is 
maintained. The use of a variable-wavelength detector is especiaIty advantageous in 
that, by tuning to a wavelength at which the response is lowered, overloading of the 
defector response CZUI be avoided and tie peaks CSII aI1 be kept 011 scale. A number 

of the components in this mixture have afready been ideotifiedzu and further work in 
this &Id is currently in progress. 
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