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SUMMARY

1. The absorption spectra of various substituted haemin chlorides and alkaline
haematins are given for the region 350-430 my.

2. Alkaline haematins (esters) in ether show a single Soret band. Haemin chlorides
exhibit two absorption maxima in this region when the solvent is of low polarity such
as in benzene or diethyl ether. In acetic acid onliy a single band is observed.

3. For haemin chlorides in ether the position of one band (S band) is dependent
upon the electrephilic character of the substituents conjugated to the porphyrir ring.
This band is major when the substituents are highly electrophilic. The other, shorter
wavelength, band (S’ band) predominates where the substituents are weakly electro-
philic or non-electrophilic and shows no correlation with the nature of the substituents.

INTRODUCTION

The spectrum of a porphyrin or its derivatives is usually characterised by a single
absorption maximum of high extinction around 400 my in addition to the spectrum
in the visible region. This is known as the Soret band. Recently we have obtained tke
prosthetic group of lactoperoxidase as an cther-soluble haemin chloride! and an
examination of its spectrum in the Soret region has shown two distinct maxima which
has prompted the present study.

As early as 1936 ADaMs? reported a spectrum of protohaemin showing a second
maximum in the Soret region. More recently PauL AND THEORELL? have indicated a
shoulder on the Soret band of some “free ferriporphyrins” and the ferric complex
of a, B, y, 8-tetraphenylporphyrin in tenzene has been reported? to have two bands
in the Soret region. Apart from these observations this feature of porphyrin spectro-
scopy appears to have bzen little studied and where electrophilically substituted
porphyrin derivatives are concerned no studies have been reported. This paper
provides light absorption data between 350 mu and 430 mp for a series of variously
substituted haemin chlorides and alkaline haematins and attempts some correlation
between the structure of these haemins and their spectroscopic properiies.
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EXPERIMENTAL AND RESULTS
Abscrption spectra

Measurements were made with a Hilger “Uvispek” Spectrophotometer, the wave-
length scale being adjusted against the 546.1 mp and 656.3 my lines of hydrogen.
Most of this work has been carried out using ethereal solutions in which accurate
extinction measurements are difficult to determine, hence no quantitative extinction
data are given in this paper.

Solvents

Ether, not containing reducing agent, was used as supplied. Acetone, chloroform,
benzene and acetic acid were of analytical reagent grade and were distilled prior to use.
Pyridine was dried over potassium hydroxide and distilled.

Preparation of haemin chlorides

The following porphyrins, prepared by standard procedures, were converted into
the corresponding haemin chloride dimethyl ester by the method of MORELL, BARRETT
ANDCLEZY®: 2 4-diformyldeuteroporphyrin dimethylester®,4-formyldeuteroporphyrin-
dimethy] ester?, 2-formyl-4-vinyldeuteroporphyrin (chlorocruoroporphyrin) dimethyl
esterS, 2,4-diacetyldeuteroporphyrin dimethyl ester®, 2 + 4-monoacetyldeutero-
porplivrin dimethyl ester (obtained as a by-product of the 2,4-diacetyldeutero-
porphyrin preparation and separated from it by alumina chromatography), 2,4-
diethyldeuteroporphyrin (mesoporphyrin) dimethyl ester®. Protohaemin® and deutero-
haemin!! were converted to their dimethyl esters by allowing them to stand overnight
in methanol cuntaiiing 3% (v/v) sulphuric acid. The esters were returned to ether
and this solution was washed repeatedly with 5% (w/v) aqueous hydrochloric acid.

The complete conversion of porphyrin into haematin is difficult both to achieve
and to demonstrate. It is usual, therefore, to ensure the removal of any porphyrin
remaining by extraction with aqueous HCl. However, in the case of porphyrin 4 ester
its insolubility in 20 % HCIl did not permit its separation from the haemin a ester.
Also, since haemins, as distinct from prophyrins, cannot be esterified by diazomethane
without alteration'? the haemin a was prepared from porpkyrin « free acid and then
esterified by the methanol-sulphuric acid procedure.

The spectra of the haemin chlorides in ether were determined between 350 mpu
and 650 my and the maxima are given in Table I, Some representative curves in the
Soret region are recorded in Fig. 1.

Alkaline haematins

Ethereal solutions of the alkaline haematin esters (hydroxyhaematin esters)
were prepared by shaking the haemin esters in ether with two equal volumes of 1 N
NaOH. The spectra of the alkaline haematins in ether were deterrained between
350 my and 630 my and the maxima are given in Table I.

Pyridine haemochromes

To characterise the haemins their pyridine haemochromes were prepared and their
absorption maxima are reported in Table II, together with some literature values.
For solubility reasons the pyridine haemochrome esters were prepared with equal

Biochim. Biophys. Acta, 71 (1963) 165-171



167

SORET LIGHI ABSORPTION OF HAEMATINS

‘[Awr0j-g pue (papuatxa) [futs-+ are wnagoads Sunooge sjuaniysqng

[y 09¢ 16€
068 tag Tof
009/¢6¢ 66§
619 10t
o1/Sog 1k
19 [¥AS tot
449 aot
170 £2¢ ord
ofo 43S (S22

I ‘: s

VDL S IDUD

gfora

tittg
sfa
£€0

otg

00

Cto

{viue) ot yvw voridivsgn
SAPLAOIYI UIIKADEY

ol¢ of¢ Co¢ 66€ oLE UTWdeYOIINAJ
ct tee Rf9o¢ L6§ olf (i qosow) I pidnmg-t e
[y ot/6£¢ 8y Lo¥ c/1g€ (unuaeyojoid) urmaeyorsinepiurstg-bz
cge ot¢ Lo¢ got €L[¢oE utwdeyodnapiseoeouoyy- + z
06¢ e ¢ Lit S9/og€ utuaeyolsnapiAaderq-t'e
000 1+¢ Lo¢ 1t ol[SoE urwaeyosaynapilaog-+
o1/S0q gt a1 Crt uglol€ (utwdrYOIONINOIO[YD)
utwoeyoninap [{ua-b-1Lusoq-z
00g o¢¢ Cot o1t oglolf P urwoRy
ob¢ ot¢ s czt 09¢ ururaeyonnap [Sutofig-+e
:‘ ‘ i ) A s s T o

vy

SNILYIRHAVH ANFIVNTY ANV SHAIJOTHO

1 3714V.L

NINHVH 40 VNIXVIX NOILd¥OSdV

Biochim. Biophys. Acta, 71 (1963) 165-1 71



168 P. S. CLEZY, D. B. MORELL

volumes of pyridine and 0.01 N aqueous sodium hydroxide with sodium dithionite as
reducer. The pyridine concentration which is somewhat higher than normally used is
possibly responsible for the slight discrepancies between values published here and
those reported earlier. In the Soret region only single bands were found tor all haemo-
chromes.

L beuteronasmin Protohaemin

Absorbancy

0.5F \

L P
360 380 300 B9
‘Waveiength {mu)
Fig. 1. Spectra in the Soret region of deuteroh protoh i formylh in and

diformylhacmin. Solvent cther. Absorbancics are arbitrarily adjusted so that maxima are equal
at 1.0,

DISCUSSION

An examination of the spectroscopic properties in ether of a variety of haemin
chlorides has revealed the presence of two absorption peaks in the Soret region—one
about 360-380 mp and the other between 400 my and 430 my. The position of the
band at longer wavelength is dependent on the electrophilic character of substituents
in conjugation with the tetrapyrrolic ring, while the position of the second maximum
is independent of the electrophilic character of the substituents. This is in contrast to
the finding of PAuL AND THEORELL® who report the position of both bands in the Soret
region of some ““free ferriporphyrins” to be dependent on the structure of the com-
pound. These authors do not list the haemins examined or the conditions under which
the measurements were made. Since the position of the Soret band in other porphyrin
derivatives is dependent on the electrophilic character of substituents we regard the
longer wavelength maxima of haemin hlorides as being the Soret band (S band),
while we shall refer to the other maxinia as the S’ band.

The nature of the solvent plays an important role in the shape of the curve in the
Soret region. Fig. 2 shows the spectra of protohaemin chloride in five solvents. In
benzene and ether two well developed bands are clearly shown, while in chloroform
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and acetone the S band has degenerated to an inflexion. In acetic acid only one band is
seen. This latter solvent is the one that has been commonly employed to record
haemin spectra which perhaps explains why this double absorption maximum in the
Soret region has not been reported upon more frequently. Fig. 2 shows the effect of
solvent on the spectrum of monoformylhaemin chloride. Since ether showed the devel-
opment of these two absorption maxima to the best advantage it was chosen as the
solvent to study a range of variously substituted haemin chlorides.

TABLE 1

SPECTRAL DATA OF PYRIDINE HAEMOCHROMES

Pyridine haemuchomes
l/vmr/llwn (mps
Corresponding hacmatin S PR —
dimethyl ester Found

L lhmtun

Sorct band Aband x-band peband whand  Refe

2,4-Diacetvideutero-

hacmatin 430 340 573 539.7 575.2 13
2,4-Diformyldeutero-

haematin 450 548 9 584 549.7 5%4.3 13
2,4-Diethyld-utero-

hacmatin {meso 4i2-3 518 547 519 347 [

hacmatin)
Deuterohaematin** 407 315 545 513.3 344.9 15
2,4-Divinyldeuatero-

haematin 420 323 556 23 538 it

(protohaematin)
2-Formyl-4-vinyvldeutero-

heamatin 434 5324 5805 545.1 583.1 13

{chlorocruorohacmatin)
Monoacetyldeutero-

haematin™** 4223 520 570 530 571 13
4-Formyldeuterohacmatin =~ 428 530 578-9 548 578 i3
Haematin af 427 None 585 None 587 13
Oxorhodoporphyrin

2-acetyl-o-(des-

propionic acid}

carboxylic deutero-

porphyrin None 582 13

Thc pyridine haemochromes were preparcd in pyridine—o.01 N NaOH 4 Na,S$,0, (1:1, v/v).
1,3,5,8-Tetramethyl-6,7-di- pmprlomc acid porphin~Fe?* complex.
A mixture of the 2- and 4-isomers.
§ Sabstituents on the 2-, 4- and 8-positions are hydroxyalkyl, extended vinyl and formyl
respectively. Other positions are substituted as for deuterohaematin.

e

Some correlations in Table I deserve attention. We have already mentioned the
relationship of the position of the S band with the electrophilic character of sub-
stituents conjugated with the tetrapyrrolic ring—the more electrophilic the sub-
stituent the further the S band lies to longer wavelengths. 1t is interesting to note the
conflicting position of diacetyldeuterohaemin, in what might be termed the "electro-
philic series”. From the visible maxima (x-band of pyridine haemochrome, Table II;
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band 111 of haemin chloride, Table I; alkaline haematin, band I, Table I) the electro-
philic character of diacetyldeuterohaemin is judged to be less than of chlorocruoro-
haemin and monoformylhaeinin, but if the Soret region of the spectrum is considered
the order is changed and diacetyldeuterohaemin lies above chlorocruorohaemin and
monoformylhaemin (pyridine haemochrome, Table II; alkaline haematin and S band
of haemin chloride, Table I). The reason for this inconsistency is not clear.

Protonasmin spectra [Monotor myinaemin spectra

N

e (‘4"‘/——/\

Apsorboncy

Benzens

Il "
350 400 350 300
Wevelength (mu)

Fig. 2. The effect of solvents on the spectra of protohaemin and monoformylhaemin.

The ratio of the intensities of S/S’ shows some interesting correlations with the
structure of the haemin. When a powerful electrophilic group such as formyl or acetyl
group is present in the haemin chloride the ratio of S/S’ is greater than unity, while
the ratio is less than 1 in protohaemin, deuterohaemin and mesohaemin. It is also
interesting to note that when two electrophilic groups are present as in 2,4-diformyl-
deuterohazemin or 2,4-diacetyldeuterohaemin the ratio S/S’ is about 1.5 while in the
monoformylated or monoacetvlated haemins the ratio is lower, 1.2-1.3. Although this
correlation should be tested with a wider range of compounds, it may be of diagnostic
value in providing some information about the structure of a haemin from its spectrum
in the Soret region.

The alkaline haematin spectra show but a single band in the Soret region, the
position of which correlates with the electrophilic character of the haemin substituents
conjugated with the ring system. The extinction of this band is lower than the S band
of the corresponding haemin chloride which is possibly due to association. The position
of the alkaline haematin maximum lies 6-8 my to shorter wavelength than the maxi-
mum of the S band of the haemin chloride. This hypsochromic shift might be expected
in terms of the relative electronegativities of chlorine and oxygen.

The reason for the two bands in the Soret region of the haemin chloride spectra is
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not apparent. However, it may be relevant to point out that in both alkaline haematins
and haemin chlorides there appears to be a relationship between the absorption
maxima in the visible region of the spectrum with the bands near oo mp. Alkaline
haematins have one band in the Soret region and two maxima in the visible, the
position of all three being dependent on the structure of the parent porphyrin.
The haemin chlorides have two absorption maxima in the Soret region and four
maxima in the visible region of the spectrum. As already poinmted out above, the
position of the S band is dependent on the nature of the substituent groups
while the position of the $’ band is not. In the visible region the band III positicn
is structure-dependent while band IV is not. It is difficult to be certain about the
correlations of position of bands IT and I with structure a< these bands are not
always very sharp and band 1T is asyvrumetric.
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