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Al&&-Total syntheses of 1-fluom-1-demethylmesoporphyrin-M and its metal complexes are 

described. The iron(m) complex forms stable reconstituted myoglobin. Paramagnetic '9F-nmr 

spectra of metalloporphyrins were measured for the high and low spin states of the iron(II0 

complexes. 

Regio- and site-specific fluorination of biologically important organic compounds and proteins has provided 

sophisticated approach in order to give deep insight to understanding structure and function of enzymes. If 19F 

nmr signal of the synthetic hemin containing fluorine at peripheral positions of porphyrin incorporated in the 

heme enzymes is observable for both diamagnetic and paramagnetic complexes, the present method using 

unnaturaI element as a nuclear probe may give us new information about heme enzyme. For this purpose, we 

have prepared pyrroles, porphyrins, and hemes directly linked with pemuoroalkyl groups and fluorine.' 

Recently Smith has reported 8-fluoromethyl analogues of protoporphyrin-IX and related derivatives.2 We have 

reported that 19F nmr spectra of perfluoroalkylporphyrin iron(II1) complexes and reconstituted myoglobin 

reveal clear signals for the high and low spin  state^.^ In particular, the ring-fluorinated hemes replaceable with 

naturally occurring prosthetic heme such as iron complex of protoporphyrin-M have interested us in the 

reconstitution investigation of heme enzymes and hemeproteins. Here, we wish to report briefly synthesis of 

the ring-fluorinatedporphyrin,1-fluoro-2,4-diethyl-3,5,8-trimethyl-6,7-dimethoxycarbonylethylporph~in, 
characteristic physico-chemical propemes, and reconstituted myoglobin with the monofluorohemin and sperm 

whale apomyoglohin. 

Porphyrin frame-work is divided to two kinds of dipyrromethenes on the basis of facile retro-synthetic 

consideration. Monofluoropyrrole ( lI4 was obtainable in 11.5% yield from photochemical reaction of 

tetrafluoroborate salt of ethyl 2-methyl-3-diazonium-4-ethylpyrrole-5-c&oxylate according to our previous 
report.'c Hydrolysis of 1 (798 mg) with KOH (1.5 g) in CH30H (30 ml) containing H20 (1 ml) at 75 "C for 

12 h gave 2-methyl-3-fluoro-4-ethylpyrrole-5-carboxyric acid (2)5 in 72.4% yield. Decarboxylation of 2 
(221 mg) in a glass vessel of Kugelrohr at 18O0U3 mmHg under N2 atmosphere afforded light green colored 

liquid 3 (133mg, 78.3%). The product was used immediately without further purification.6 Condensation of 
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3 (133 mg) and 2-formyl-3-methyl-4-ethylpyrrole (4)7 (143 mg) with 47% HBr (0.23 ml) in CH30H (1.1 

ml) gave 3',5-dimethyl-3,4'-diethyl-4-fluoro-2,2'- hydrobromide ( 9 8  (268 mg, 78.3%). A 

mixture of pyrrolemethene (5) (129mg) and 3,3'-dimethoxycarbonylethyl-4,4'-dimethyl-5-hromo-5'- 
bromomethyl-2,Z-dipyrromethenehydrobromde (6)9 (236 mg) was mated with anhydrous SnCI4 in d q  

CH2CL2 (95 ml). After concenaation of reaction mixture to dryness, the residue was oxidized in DMSO (70 

ml) containing pyridine (1.7 ml) at room temperature for 48 h. Usual work-up, chromatography on alumina 
gel with CHCI3, and crystallization from CHC13-CH30H afforded 1-fluoro-2,4-diethyl-3.5.8-himethyl-6,7- 

dimethoxycarbonylethylporphyrin (7)10 as red purple nystals in 27.5% yield; mass specmm mlz 598 (M+); 
19F nmr (CDCI3, CFC13); singlet at -147 ppm. The Zn(II) complex (8) was prepared by refluxing chloroform 

solution of free base (7) containing Zn(OCOCH3)2 (45 % ).I1 
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The Fe(II1) complex (9) was prepared by heating acetic acid solution of free base (7) containing FeS04.7Hz0, 

NaCl and pyridine (74% ).I2 Hydrolysis of dimethyl ester (9) with aq. KOH and CH30H gave the hemin 

(10) in 56.6% yield. Reconstitution with sperm whale apo-myoglobin and 10 in a 0.1 M potassium phosphate 

buffer solution (pH 7.0) brought about formation of stable unnatural myoglobin. The iron(II1) complexes at 

both high (S = 512) and low spin states (S =1/2) can be identified by 19F nmr measurement. Two sharp 

singlets were observed for the high spin complex at 151 ppm and the low spin state at -103 ppm, respectively. 
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The reconstituted myoglobin with the monoflumohemin in bufferized solution containing excess molar amount 

of KCN revealed a sharp signal of ' 9 ~  nucleus at -125 ppm, assignable to the low spin state. Axial chloro 

ligand of the prosthetic heme is probably replaced by CN- ligand. Therefore, the spin states of particular 

iron(II1) complex are readily identified by chemical shift of 1 9 ~  signal. Difference of paramagnetic 19F 

chemical shifts between the high and low spin states is much larger than that of the paramagnetic proton 

chemical shifts for both spin states. Visible spectra of the free base and its metal complexes are almost similar 

to those of mesoporphyrin-IX. 

Table I. ~a~f -wave  Potentials of Porphyrin Free Bases and Their Metal ~omp~exes' 

Compound M ring oxidation ring reduction 
El, (V vs. SCE) (V VS. SCE) 

second first first second 

7 2H 1.34 1.01 -1.30 

Zn(ll) 1.09 0.74 -1.49 
Fe(lll)CI 1.44 1.13 -0.88 -1.16 

FelllllIFelll) -0.31 

Fe(lll)Cl 1.37 1.03 
Fe(lll)/Fe(ll) -0.37 

'Measured in CH2CI2 (0.1 M TBPA) 

Cyclic voltammemc measurements of the free base and metal complexes were accomplished in CHZCIZ with 

tetra-n-butylammonium perchlorate as a supporting electrolyte. Table I lists redox potentials of the free base 

and metalloporphyrins with those of mesoporphyrin as a reference. Redox potentials of monofluoroporphyrin 

and metal complexes show slight anodic shifts comparing with those of the reference compounds. Present 

trend is readily explicable on the basis of electronic effect of fluorine substituent for aromatic compounds. 
Since electronic effect of fluorine on the n-electron structure of porphyrin is very small, the ring-fluorinated 

hemin is useful as a mimicking prosthetic heme in the reconstitution studies of various heme enzymes. Further 

work is now under way to investigate interaction between apo-enzyme and ring-fluorinated heme and reaction 

behavior of enzymes. 
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