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ABSTRACT -The synthesis and characterizations of2-bromoporphin, 5-bromoporphin, 
?j 15-dlbromoporphin, and 5, 10.15-tribromoporphin are described. Yields of the 
b;omoporphina obtained with a variety of brominating agents are reported. 
Spectral properties were measured and, along with chemical properties, ape 
presented as evidence for a preferred delocalizatibn pathway in porphin. 

IRTRODUCTION 

There have been several recent publications which deal with question of the preferred path of 

delocalization of the n -electrons, in the porphyrin structure. Some studies support the inner 16 

membered dianion while other studies support a system which includes the peripheries of opposite 

pyrrole residues. The bases of these arguments lie in ‘~C-NMRI1,2),‘H-NMR(3,4,5), 

crystallographic, (6) theoretical (71, and chemical studies (8). 

In thia manuscript we describe a study of the bromination of the parent compound porphin. We 

feel that theworksupporta thehypothesis originally proposed by Fleischerand Webb that the pathway 

of r-electron delocalieation does not include the B-carbon atoms of the pyrrl residues. 

Electrophilic substitution on porphyrins generally leada to products which are meso rather 

than beta substituted. Several recent reviews of such reactions contain numerous examples which 

confirm this general aelectivity.(9,10,11) One notable exception to this general trend is the 

previously reported brominetion of porphin. Samuele, Shuttleworth, and Stevens reported that 

brominationofporphinrithmolecularbrominein chloroform gives 2-bromoporphin, ercluaively.(l2) 

A consideration of the Pleischer-Webb hypothesis (13), that the beta pyrryi positions of the 

porphyrinmoietyare somewhatolefinic, suggests that the formation ofthe2-bromoporphinmay result 

from Br2 addition followed by HBr elimination. We attempted to test this idea but, surprisingly, 

all attempts to form 2-bromoporphin by direct bromination of porphin failed. The synthesis and 

characterization of the various bromoporphina obtained in this study are reported in this paper. 

EXPERIMENTAL 

Visible absorption spectra were measured at room temperature in spectral grade aoiventa with 
the Perkin ElmerModel920Spectrophotometer. 
in this paper are given in Table 1. 

Spectral data for all of the new porphyrins reported 
Fluorescence spectra were measured with the Spex Fluoroiog 222 

equippedwitha450Wrenonlampand photoncountingcapability; allsolutionawhose fluorescencewas 
examined had optical densities of approximately 0.04 at band IV. 
Joel FT 9OQ; we have previously communicated 

The N’MR spectra were taken on a 

dibromoporphin, and 5, 10. 15-tribromoporphin.(14) 
the NMR spectra of 5-bromoporphin, 5, 15- 
Due to the low solubilityof2-bromoporphinwe 
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were forced to use highly deuterated chloroform (99.96% atom purity) to obtain its .VRR spectrum. 
Wass spectra were recorded with the Finnegan 4021 GS/MS/DS System and the HP 5995 CC/MS System. 

5,10,15_tribromoporphin To a 5-liter flask equipped with stirrer and condenserwaa added 90mgof 
porphin and two liters of 90% acetic acid in water at room temperature. When all the porphin had 
dissolved an equimolar quantity of bromine in 30 ml of the same solvent waa added dropwise over a 
period of 5 minutes. Stirringofthe solutionwas continued for two hours at which point the solvent 
was removed by rotoevaporator. The red solid was redissolved in benzene and chromatographed on a 
column (5cm x 120cm) packed with 4 kg of dry neutral alumina (Brockman Activity 1). After elution 
with benzene four major bands were apparent. The three bands which were eluted first did not 
fluoresce. Significant broadening of theee bands occurred a8 they moved down the column. The 
firatband, whichmoved close to the solvent front, was concentrated and allowed tocrystallize from 
a solution of 5Ov:5Ov, hexane-beneene. The mass 
spectrum revealed a base peak at 540 m/e. 

The red crystrla were washed with cold hexane. 
The ratio of peak heights at 544, 546, 548 and 550 m/e was 

1:3.1:3.5:1.0. Taking into account only bromine isotope effects, the maas ratio expected for a 
tribromo compound is 1:3:3:1. The components of the next three bands in order of elution were 
identified as follows: 5.15-dibromooornhin. 5-bromonornhin end nornhin. reanectivelv. 5- 
bromoporphin and 5,15-dibrbmoporphin ‘can‘ best de prepired‘ with other &gents (&da infr’e). 

TABLE 1: Visible Absorption Data 

Wavelength in ma (extinction coeffienta x 10 -3) 

Porphyrin 

5, LO, 15 - Tribromoporphin 

5, 10 - Dibromoporphin 

5 - Bromoporphin 

2 - Bromoporphin 

Porphin (9) 

Soret IV III II 

417(217) 518(13.2) SSl(7.6) bOO(4.1) 

415(238) 508(12.7) 540(7.6) 586(4.0) 

402(242) 495(14.3) 525(2.9) 572(4.4) 

398(246) 492(16.3) 522(5.2) 563(5.8) 

395(261) 490(16.0) 520(3.0) 563(5.2) 

I 

657(3.2) 

640(2.5) 

625(0.59) 

616(0.83) 

616(0.89) 

TABLE 2: BROMINATIONS OF PORPHIN 

PERCENT RECOVERY 

REAGENT PORPHIN 5-BRONOPORPHIN 5.15-DIBROMOPORPHIN 

Molecular Bromine 24 54 15 

Pyridinium Bromide Perbromide 31 53 15 

N-Bromo auccinimide 20 71 8 

5-Bromoporphin and 5,15-Dibromoporphin 
100 a as prodiEts 0 e reaction ofporphin with molecular bromine in CHCl 
bro:idtTperbromide in Egg, 

The 5-bromoporphin and the 5,15_dibromoporphin can be 
, 

or with A-bromosuocinimide in 
with pyridinium 

CHCl 
with each of the different 

Yields of p a rphyrins obtained . 
rominating reagents are reported in T #x le 2. In all cases an equimolar 

amount of brominating agent in solution is added over a 5 minute period to a stirred eolution of 
porphin in the same solvent at 2’-5’C. The concentration of porphin was of the order of 10%. 
Reaction is quenched after another 5 minutes by addition of an excess amount of acetone. The 
solutionis thenwashedwithxater, dried overanhydroua sodiumsulfate, filtered, and evaporated to 
dryness to yield a red solid. Flashchromatographyoneilicagel(40 maverageparticle) diameter, 
supplied by Baker) with a 33v:67v hexane-toluene eluent was found to be more practical than 
separation on alumina. In this method two non-fluorescent bands elute first: the first band proved 
to be 5,15_dibromoporphin and the second, 5-bromoporphin. 

The first band was concentrated and recrystallised from50v:50vherane-benceneproducingared 
solid which has a base peak in ite mass spectrum at 468 m/e. The intensities of peaks at 466, 468 and 
47Om/ewere found in the ratioof1:2.2: 1.2; (expectedratiofordibromoporphin: 1:2:1). TheRMR 
spectrum in a 50% by volume mixture of CDCl 
symmetrical beta multiplet centered at d 

and CP3COOD showed a meso peak at 10.9 ppm from TMS and a 
.8 ppm. 

0.02):l; (expected for 5, 15-dibromoporphin: 
The beta to meso area ratio observed was (4.0 

4:l). 

The second non-fluorescent band was isolated and recrystallizedinthe samefaahion. The q ase 
spectrumrevealedtvopeaka at388and 39Om/ewith a relative abundance of98 and 100% respectively: 
expected for 5-bromoporphin: 1:l. 
multipletat9.9p 

The RKR showed a meao peak at 11 ppm and a s etrical beta 

f? 
The beta area to meso area ratio was found to be (2.7 

7:f). 
0.1): 1 cpected for 5- 

bromoporphin: 2. 

%%%!$%e method of Andereon and Lee 
A stirred solution containing 0.6 g of 4-bromo-2- methylolpyrrole 

(15) and 0.94 g of 2-methyl01 pyrrole 
obtained by the method of Silverstein, Ryakiewice, and Chaikin (16) was maintained at 
hours. At thia point the solution was cooled, filtered and evaporated to dryness on a 
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rotoevaporator. The resulting red solid was then dissolved in a 53v:67vheptane-toluene solution 
and flash chromotographed on silica gel. Two major bands, both of vhich fluoresce were collected 
and found to be porphin and 2-bromoporphin; the latter xas eluted firat. Spectroscopic yields of 
the major components were determined using Soret extinction coefficients. Ye obtained 
approximately0.4%yield of 2-bromoporphinxith a0.6%recoveryofporphin. Porphinwas identified 
by its viaible abaorption spectrum. The 2-bromoporphinvas identified bymass apectrometry, which 
gave the appropriate doublet of peaks at388and~90m/ecorrespondingto~heexpectedmolecularions 
and byEFIR indeuteochloroformvhichrevealed three peaks in themeso region centered at 10.5 ppm and 
a complex multiplet in the beta region centered at 9.6 ppm. The beta to meeo area ratio was 1 .S: 1 

(expected for a 2-bromoporphin 1.75: 1). Figure 1 is a comparison of the RUR spectra of 5-bromo and 
of 2-bromoporphin. 

Figure 1. Proton NMR spectra of Z-bromoporphin and 
5-bromoporphin in 99.96% deuterated CHCl.,. 

RESULTS AID DISCUSSION 

The Fleiacher-Webb (F-W) model in which the aromaticity does not extend to the beta pyrryl 

positions permita the explanation of meso nitration (17) and formylation (18) as ordinary 

electrophilic aromatic eubstitution. Initially, wedevised experiments to detennlnethemechanism 

of bromination, which according to the literature, reeulted in beta attack only, yielding 2- 

bromoporphin (12) and thereforedidnotappeartobeinaccordrith theF-If Model. Beta-bromination 

would conform to the F-W Model provided that it take place via an addition-elimination reaction 

involving a 6 - pyrryl bond. Experimentsdevised to teat this possibilitywerenegative; ve found 

that bromination of porphin can be detected only at the meso positions under the conditions of our 

experiments. Our observations are inagreementxith the observations of Callot and Schaeffer (19) 

who briefly investigated the bromination of porphin in order to evaluate the competition between 

meso and beta-pyrryl carbon atoms. The results of our studies with different brominating q ystems 

are presented in Table 2; note that the yield of 5-bromoporphin by bromination with B- 

bromosuccinimide is quite high. In no case were re able to detect beta brominated species as 

reported by Samuels, et. al. 

Indeed faint bands were noticed during the chromatographic separation of the porphyrin 

productsoftheee reactions. The smallyieldaof these materials precluded structural analysis but 

the presence of 2-bromoporphin can probably be ruled out: Theae faint bands were eluted after 

porphinwhereas 2-bromoporphinhas agreaterRfthanporphinunderthe sameconditions. We estimate 
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using a molar absorptivity of 2 x 105 in the Soret region that the total yield of porphyrins in these 

bandaisless than 1%. These bandavere flu,orescentand theviaible spectrawere different from the 

spectra of the structure8 which we have identified. 

Ofthetwo possiblemeso dibremo porphina only 5,15-dibromoporphinwas detected in our product 

mixtures. Since the dibromo species is produced from 5-bromoporphin it is obvioua that the bromo- 

substituent at the meao position exhibita a predictable directing effect (20). We have nor 

demonstrated that bromo, nitro, and N-acetylamino groupa, substituted at the meso poaition of 

porphin, direct the nextaubatitutioninapredictablemannerand we conclude that the electrophilic 

substitution studies on porphin (6, 9, 11, 15) support the F-V model. 

The trenda in the visible absorption and floreacence data for the bromoporphina can be 

explained in terms of the F-V model also. The effect of a bromine aubstituent on the optical 

properties of the porphyrins is show-n in Table 1. Listed are the absorption maxima and molar 

absorptivitiea for the porphyrins which we have synthesized. These data demonstrate that the 

bonding of a bromine atom to a peripheral position results in bathochromic shifts of absorption 

maxima and diminutions of the Soretmolar absorptivities. Both of these effects aremuch q mailer 

for 2-bromoporphin than for 5-bromoporphin. The shifta and diminutiona increase with increasing 

meso-bromination. 

2.11E 06 L 

Wave1 ength I nml 
Figure 2. Fluorescence spectra: porphin indicated by 

solid line. Z-bromoporphin by dashed line. and 5-bromoporphin by dotted line. 

The corrected fluorescence spectra ofporphin. 2-bromoporphin, and 5-bromoporphinare ahomin 

Figure2. ConsideringtheQ(O-0) tranaitionrhich 0ccur.e at 625 nm, it appears that theinteneity 

of fluorescence forporphinis 10 timeagreaterthanthatof2-bromoporphinand 50timesgreaterthan 

thatof5-bromoporphin. GoutermanandKhalil(21)have examined the effectofbromine and iodine on 

the luminescence ofvarioua metal free porphyrins. They found that the fluorescence intensity of 

meaoporphyrinIXdimethylesterinEPA (ethyl ether: iaopentane: ethanol in avolume ratio of 5:5:2) 

was 7 times greater than the fluorescence from a solution which was 90 EPA/10 ethyl iodide and 52 

times greater than from a solutionwhich was 25 EPA/75 ethyl iodide. It appeara, considering the 

fact that the atomic spin-orbit coupling constant for I is 5.4times greater than that forBr, that a 

bromine atom bonded to a beta position on the porphin periphery is nomore effective a quencher than 
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Our studies of the bromoporphina continue to demonetrate that it ia poeaiblewiththeP-Umodel 

to predict and -plain the chemical and physical properties of the parent porphyrin. 
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