
RecentLy* the capilIary gas chromatography (Gc) of a number of a&y1 por- 
phyrins with vario~ central metal species has been reported’-’ and an account of 
some main feamres of their chromatography may be seen in r&f_ 3_ A number of 
reports of pack& column GC of silicon porphyria have also appeared-. To date, 
suocessfd GC of por&rins with polar srrbstjtuents has & beeti &hiev& altlzon~ 
the prepar&ion of the silicon complex of one such porphyrin (~esoporpbyr&-IX di- 
methyE ester) by Games and co-workers6*7, evidently with au + to studying its Gc 
pote&aI, was czrried out some years ago. 

GC and GC-mass spectrometric {rYrS> tectiques ha\@; hqwever, been used in 
relation to analysis of porphyrins with polar sub&uen&. empfoying degradative 
method@ to produce; for example, monopmole- subunits which aid in sb~ctu& 
jdentificapo~6. Simik~ly; oxidative degradation to male&ides-has been employed for 
a&y1 porphyriu iden&zatioti using GC_MSR_ : 

T&e apparent. dif&zuIties a+ciated with p+&y+ GC, -s&h .as irreti&ibfe 

* P-t address: ilepaament of Chemistry, N’ationaE Uniyxsity of Singap&, Kent Ride, 
SiRg+XC_ _. 

. . 

0021-%~3~82!oooo_ooooj~02_75 Q 1952 Eke-&r scientific PubEsking Compuir; 





. . ._.. _j ~. 
&&&.$&~_cc_~ o~_s~&&&&j~&&~ :;_.;__ _. .- ; .: -: ; .__3f3.‘._ 

:-: ‘I .-. 
_: . ~~. __ -- 

_:-:. -.:. _._ :.- ‘_ 

pO+ky%-w .&ne+y!- &t& &do-%YT -3&d D&O. T.-J&I&~ [mesoporphy@$ 
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Ike g&i &o&at&&h used was a &Jo. Bba F?V 4160_i&trument~‘~is w& 
-~-6&j with an ~on-cohnnn i&ctor & &anda&and w&s u&d ‘for& the w&k de- 
scribed. Ram&onisation-detection and. k$drogerYcar;rier gas-were empI6yed. 

-1. . . Gas ck&atographic-masS sp&troti&ic &ifyGzs -weGz &&_$I: Out using the 
same GC aS above interfaced to an AEI M$._3_0 mass spectrometer~~D~tails~6f Xhis -.. - . . . . . _ __. 
iqsteniha~ -&ready been given3_.Hy&rogen c&r&r was used for GC-_&IS wo&%f@ 
.!source temperaEur~ ca_ XXYC. 

-A glass capillary coIumo,20 m x 0.34 m& I.D., manufactured by Ckrompack 
and coated with CpSir.5, was used for most of tke resuits reported here. An OV-E 
coati flexibie silica cohumn (Phase Separations), 18 rq x 0.3 r&n I.D. was used for 
one &tipIe presented here, Conditions for the GC experimT_?tis:ar&indicated for 
individual ckr&matogans_ . .. -_ .- 

RE!MX ANIl DEGcUSSfON 

Fig. fa, b and c represent chromatographic traces for the deutero-IX (pezzk A],~ 
m&o-IX (peak B) and rkodo-XV (p&z-C) compounds, respectively_ The normal 
aikanes were coinjected in order to obtain retention indices for thfie porphyrins; Tire 
a&&e suite in Fig_ f a and 5 was obtained from an oil pipe dudge whilst those in Fig. 
Ic were pure alkane smdards (used to shop_& 0 _wftick_ ~ouJc$ ot&eq& coeiutti 
with the n-C3, aIkane)_ JI%e retention indices of tke porphyrins are tabulated in Table 

._ _ 

f @n&ding the index of the aetioporphyrin-I (structure 4) deriu&ve-used for-com- 
parative prrrposesf along with tkeir totaf carbon numbers and moIefzular wei&Es. 
Retention indices were caIcuMed by t@G appro$&&e linear interpoIation method, 
.6e@vee11 su$&sSe. z+Ikan& &hose retention times spanned that of thc,porph>& 6f 
ititire&. : '. 

. . -. 
~~dagorp~~~~-XV~-~~mo~~~~~'m_&ence 
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The direct insertion probe ,MS analysis of the trime&yisiioxy derivative of the 
siIicon rhodo-XV pro&xct.indicated the presence of a second Gompopent of.14 mass 
&its greater mo!ecuIar. weight than that of rhodo-XV; This corresponded to peak D 
in Fig. Ic, and will be referred to as the rhodo-XV komologue sinee its structure was 
.not established_ it evidently mas generated during the preparative procedure used for 
siricon &e~.Go~$~ydroiysis. since-the probe MS of the free base reactant indicated 
.rhodo-XV cirdy: Other observztions were that probe MS oftke reactant after attempt- 
ed deLivatisation of any remainingcarboxyfic acid- groups. gave OK+ rkodo-XV, and 
.dso a ‘+~tro~~-~reaction. procedure without the addition af the stiane gav15~o~y 
rhodo_XV,- and no~homologue. The homologue probably arises as a-result df.the 

* WXX%J~~~~~~Y&~ d&&-l ester &odo-.W* iifers to the &%cture ~S~&TII by 3, ‘and is ncit ia 
&e amfii sv?th the rhodo-tlpe porphm (so nvncd _lxczuse they have the rhodo-%- ekctronic 
spectm& which occur in geaIogicaI sampIes and which ark beIieved to possess a f&xi benzene ring 

a&srimt 0s o&e of the pJrrroie aT ._ -._. 





t fnchiing XxinietIqLsiioxy gi-oUps_ 
e CakxIated for the most abcmdaat isotopes. 

- Determined by lizar interpoIation ixtwen Bikaxs; quoted tq nezrst 5 index units_ 

rev&s that the &kr porphyrks have s&pifititI$ I&& &t&ii&& than the alkyd 
porphyrin (a&o-I)_ Aetio-I tid mesa-IX di%er in reten&jn index by 515 index units, 
whi+ the~$ructuraI difference is the presence afvo 2’-czrbomethoxye’&y~ groups_in 
m&0:1X compared with ethyl-groups in a&o-I. CkrIy the twe ester groups .wilf 
influen& .~d&re&e) voIati& to a much .&k&r e&&t than mo.ethyI gkoups-sub- 
stituted on the py=oIe p positions, since they protrude out more from the periphery of 
the molecuk These ester goups might have an &Gct upon chromatographic r&ten- 
tion to a similar extent to those usuaLiy o&ained for ester compounds 5 GC. Methyl 
egers of acid groups (R-CClOCK& u.s~aUy add 369-370 retention u&s’*=” to that 
abtaiikd fdr 5 comporind without the -COQCH, ~fmicfionality (R,H), tin apokr 
-cuIumnsJ%is v&s cu~m&l here-on a& 0%1. capillary c&mr~~y ckbmatogr%phing 
p+ane (a C,, is&prenoid alkane) and the m&thy1 ester qf phytank acid. (a C,, 
is.@$<noid acid), with a r&&ant .A1 @;te@on ir;dek differencex of 3?‘0., 

The above,~en~~~~~ionsafIon~ pred@tion of the retention i&i&s of.@e &ar 
porph$&s from those of the a!.kyl &phyrins. Since mesa-IX has two carbomethoxy 
gr&psZ addition 6f 2{36&370) i-e_ 72CL7’40 ret&ion units may be expected from this 
contribution_ Prediction of the-meso-1X re‘tention index on the basis of -&at for a&o- 
I would give 3330 + (72%T4U) = 405WO70, aizd this co&par& with an observed 
indes of 3975. Hence- the retention index of the polar porphkti is a littIe fess than 
that pr+icted. 

.- T& r$entio& diEer&ce be&e& de&g-IX and meso-Ik is A1 = 12%This is 
for a stnic~~$ difEer:nce of 4 ca+ons, tid is in close agregment with the Ak @due of 
aetio-I and octaeth&G$phyrin (Ai = IW)‘,. tihich aIso differ bi 4 L%bons.. The 
above discus&n ‘does not take into a&aunt absoIute structure differen- spch as 
$oGtjoti.of&ubstituents tio*tid tie maciocyclic @phyrin ring, and-the &kc&_ which 
these -&ight have are not yet &&Iished. 

RhodoiXTJ and deutero-IX almost &elute5 af,thou_+ th& ~trktur~ are c@te 
different, D@ero-IX has two unsubstituted ppsitions on the pyrqole ring (compartid: 
~5th -two substituetit ethy1 &oupc in rhod&XV) a&d rhodo-XJ! has a -COgCrC; 
g&p inst&d.of the _CHzCH,COOCH~~group of de&o-IX. Evid&nfI;rtthese S&K- 
turd vari&&om tie ghost &xg&rba‘I~d -@hen their co&rib&ions tti gas &o&a- 
tographic prtipekies are &mpar& 





Fig 3. ~-F&S traces for (OTMS],Si(rbodo-Xv) (C) and its presumed homoIogoe (D), with tioinjected 
e (.&ane sampIe as used in Fig_ fa znd bj_ Scans 600 to 800 only iIIostrat&_ Trace m,k 55!2-800 is a 
sumnrationofallionswithinmassrar;pnrj=SS~ tamjz%M andticIud&themajor ions-for thegio~hyrins. 
thus presenting adkpiay of the two individual porpbyEin peAs. Mass cbromatogams of singe masses m,k 

784.174695 and 6&E correspond to displays of the moiectiar iooo for D, mokcu!ar ion for C, loss of ask! 
I@nd from D .znd loss of axi’al Egand from C..reqqtkly. CoImmx as in Fig_ I, using the same tempera- 
ture programme condi$ons as in Fig_. I. 295°C isacherinat hoI& commenc&Uat scaxs 670. Total scan time 

(per qcIe) =. 3.25 se-c f scanning fmm m!-_ 8% to Z-5). _. 

_. :- . . . 

2, the relative intensity of the tiiz;S5 ion. fbr normd Kane C,, .is 6 oA of that of-the 
tot& sum of ions-giving rise to peak A. : 

Rhodo-XV <C) and its homologue (R) are shown in Fig; 3,-&h three traces 
indicatipg the RTC, the~mass chromatogram of m/z 55 and an averaged mass chroma- 
tqG!J-zm c&tied by- summing aii ions betxveen m/z 550 and 800 (which plots out the 
porphyrin peaks). As can be seen, the homoIogue elutes just .a!Zter ‘n-C,,- (not easily 
identified in the RIG or GC traces). In Fig_ 3, mass chromatograms of indiGdual ions 
ofmasseSm/z 681,69$770 and 784 are illustrated for the same data/The mas&s 770 
znd .%4 correspond to moIecuI~ ions for rhodo-XV miiit.s homolo~e;with~681-and- 
695 &kg .their majorlfragment ions, respectkeiy (for loss of axkI trimethykiloxy 
@and). ; -_ :._ _. 
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Fig_ 5. fsotopk patterns for mokcuIar ions arrd M - 89 ions for t&e (0TMS)ISi porphyrin derivatives, 
obtained under the folIowing espezimenti amdition& ExampIes L and 4 = probe an&&s data; exampies 
2.3,s and 6 = K-MS tiysis data, obttined by suzumstion of indh<dual scaq &ross the peak. I and 2 
r&c ta compound B CabIe I). 3 r&&s to D, 4 and 5 reeker to C, and 6 refers to compound h _ 

obtained by summing ions over the solute elutiort peakin a GC-MS experimetit, were 
[in terms ofmass (intensity)] 593 (s?), 594 (42), 593 (17), 596 (225); 687 (iOO), 683 (ST), 
684 (ZS), 685 (9)_ Mass 682 correspotids to the most intense mokctiar ion;and 593 iS 
the-ion for loss of one aimethytsiloxy group. The other ions fisted 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 Iegend, generally resekble the expected patterns caIcuIated for the silicon and 
carbon isotope abundances for these compounds. 

In the GC-MS a.naIyses, fragmentations of polar side chains from the mokcu- 
far ion were genera& not very intense (CL I % or ks), with the spectrum dominated 
by the loss of one axial &and. This reduced intensity, compared with the usually 
observed fragment ion intensities seen for the free base arMowes, has been pre- 
vicudy~noted by BzidziI~e~icz. 24 For the -CH2CH,COOCH, side chain.% losses df _ 
31, 59 and 73 (cIeauage @ to the pyrrdle ring) were observed, in accordance‘witk 
expectations for such substituents on porphqTins”‘*‘5_ 






