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Abstract: A seneral method has been developed for nearly quantitative synthesis of N-benzylpor- 
phyrins by use of benzvldiohenylsulfonium tetrafluoroborate. The N-benzylporphvrins (including 

natural, synthetic, water soluble and non-water soluble porphyrins) insert Cu(II), Co(II), 
Pd(I1) and Ni(I1) rapidlv and then readily lose the N-benzyl group to give non-N-substituted 

netallopornhprins. The reactions of Cu(II), Co(II) and Pd(I1) are efficient under mild condi- 
tions compatible with biolosical preparations. 

In order to nrepare radiolabelled porphyrin complexes of metal nuclides with short half- 

lives for medical applications, we have souaht more rapid and auantitative synthetic methods 

which would allow for insertion of nuclides at low concentration without subsequent separation. 

Three features of the chemistry of N-substituted porphyrins have led us to investigate the 

possibility that two stens of metalation of an h-substituted porphvrin and subsequent dealkyla- 

tion could occur taster than one steu metalation of a non-N-substituted porphvrin: 1) the N- 

substituted porphyrins react rapidlv with metal ions, as much as lo5 times faster than corres- 

ponding non-N-substituted porphyrins,’ 2) the K-substituent of these complexes can be removed 

to produce the non-W-substituted metalloporphyrin, 2 and 3) the p-nitrobenzyl substituent is 

readily removed by nucleophiles, including water. 2 Until now, however, the only synthetic 

method for K-benzplporphprins was limited to N-p-nitrobenzyl derivatives of meso-substituted 

porphvrins and does not proceed in high vield.3 Herein we report that 1) the use of benzyldi- 

phenylsulfonium salts provides a convenient, peneral method for synthesizin,R N-benzvlporphvrins 

and 2) the reactiors of ti-henzvlporphvrins with metal ions are fast, providing an efficient 

svnt!;rsis of metallopornhvrins. 

T.*o methods provide vields of Y-benzvlporrhvrins in excess of 90%. (Soectral characteris- 

tics are piven in Table I. A tvpical ureoaration of N-BzPPP DPlE A follows). Tn the first, 

I!,,PP D%E and a 10X excess OF benzvldiphenvlsalfcnium tetrafluoroborate, 5 (typically 2 x 10W3 L. 

to 10 
- 2 

4.) were stirred at room temnerature overnight. In the second, the reacents were 

combined at the same relative amounts (low2 V, 25r1 mp of H2PP DE’S and 175 mp of the sulfonium 

3521 



3522 

salt in CH2C12) in a glass tube with Teflon T E’. 
stopper and heated at 110” C for 2h. In each 

procedure, the reaction mixture was neutralized with 1 M aqueous ammonia and extracted with 

water. The product was isolated bv column chromatography using silica gel (or neutral alumina 

for tetraphenylporphyrin derivatives) with CH2C12 and CH2C12/CH3CN mixtures as eluents. In 

both cases, the product beEore chromatography often appears pure by spectrophotometry and TLC 

and isolated yields of over 90‘2 are typical. 

Table 1. Spectral Characteristics of Some N-beneylporphyrinaa -- 

Porphyrin W-Visible Spectra: Maxima,nm (Lop of Holar Absorbance) 

N-benzylprotoporphyrin IX 417 

dimethyl esterbSc 651 

(5.04), 511 (4.04), 544 (3.83), 593 (3.65), 627 (3.34), 
(3.34) 

N-benzyltetraphenylporphine 434 (5.59), 533 (4.11), 573 (4.34), 615 (3.85), 675 (3.82) 

N-p-nitrobenzyltetrakis- (p-sulfonatophenyl)porphine 4_435 (5.43). 540 (3.94), 584 (4.20), 610 (3.97), 672 (3.78) 

N-benzyltetrakia(p-carboxy- 437 (5.28), 536 (3.96). 578 (4.12), 618 (sh), 678 (3.66) 
phenyl)porphine 

a) Satisfactory analyses and ‘H nmr spectra were obtained. 
N-benzyldeuteroporphyrin IX DME and N-benzylmesoporphyrin 

b) Similar sp?ctra are observed fc 
IX DME. c) the H nmr spectrum shob 

25% of each isomer: CH, (Bz) 4 sets of double doublets, -4 to -4.4 ppm. 

The synthesis of metal complexes of PP DPIE using N-BzHPP D?lE on a 50 mg scale were run at 

10-2 M and a two-fold excess of the appropriate chloride salt of the metal in refluxing metha- 

nol. Aliquots were periodically withdrawn and injected into cold methanol to quench the 

reaction. Products were obtained at the completion of reaction by extraction into CH2C12 after 

addition of water to the reaction mixture, filtration, and crystallization from CH2C12/CH3CN 

mixtures. Reactions to form complexes of TPPC4 were carried otit at 9C,oC in lfie2 M acetate 

buffer (pH 6) or in 0.1 El borate buffer (pH 7-B). The 

complexes were isolated bv acidifvine the solutioil to 

washing with cold water and air dryincr. Products give the 

PP DME are given in the literature ha and those of TPPC 4- 4 

tetrakis(o-carboxvphenyl)porphyrin 

pH 4 with acetic acid, filtration, 

expected visible-uv snectra: those of 

6b are very similar to corresnonding 

TPP complexeshc’ d. In the case of N-p-N02BzHTFW4, the product arisinrr from t-he N-Rz group 

was extracted and identified by ‘ii K;E:R spectroscopy to be p-ni trobenzvlalcohol. Reactions at 

lower temperatures (15oC to 45°C) were carrtcd out at IO -6 to 10 -4 1’ in a thermostatted 

spectrophotometer. 
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The reaction of N-benzylporphyrins with metal ions such as Co(II), Cu(II), Ni(II) and 

Pd(JI) (Scheme 1) results in the formation of the corresponding non-N-substituted metallopor- 

phyrins at rates that are much faster (Table 2) than the corresponding rates for the direct 

formation of these complexes using non-l$-:.iL, 1.~tuted porphyrin precursors.' Reactions of 

Pd(II), Cu(II) and Co(I1) are sufficiently rapid under mild conditions (pH 7.8, 0.1 M borate 

buffer, 40nC, 90% yields in one hour or less) for their use in the presence of proteins. 

Spectra taken during the reaction of N-benzylporphyrins with Cu(II) and Co(II) show only the N- 

benzylporphyrin complex and the non-N-substituted product, demonstrating that the rate limiting 

step is debenzylation. Data for the reaction with Cu(II) shown in Table 3 are consistent, 

since the rate constant is independent of [Cu(II)]. Since the solvent acts as nucleophile, the 

overall rate at a particular temperature is relatively independent of concentrations of all 

reactants. Also, the rates in methanol and in aqueous solution are comparable. The fact that 

the reaction is independent of metal ion concentration is especially advantageous for the use 

of radiolabels normally employed at very low concentrations (< lO-'M). 

Spectral overlay experiments with Ni(II) and Pd(I1) (as PdC14*-) h s ow the rate determining 

step to be the complexation of the metal ion to form the initial N-benzylporphyrin complex (the 

observed spectra are those of the N-benzylporphyrin precursor and the non-N-substituted metal- 

loporphyrin product.) In these cases, the reaction rate is not independent of metal ion 

concentration, but the overall reaction is still several orders of magnitude faster than the 

formation of the metalloporphyrins directly from the non-N-substituted porphyrin precursor. In 

these cases, however, a pseudo-first-order excess of the N-benzylporphyrin precursor must be 

used to obtain a highly predictable formation rate. 

I’ 

,Ntt - -,N 

I’ 

NI-_-_N;I 

Scheme 1. 

H2O 

r; - -pJ 
,' M' ,' +. PhCH20H 

- Nf_ -\_-N’ 

The use of N-benzylporphyrins provides the first feasible way to obtain radiolabelled 

metalloporphyrins using submicromolar concentrations of metal ions in aqueous solution at mild 

temperatures. This method has recently been applied to the formation of 67Cu metalloporphyrins 

using porphyrin-antibody conjugates in buffered, aqueous solution at 40°C.6 
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Table 2. Reaction Times and Yields for Formation of Metalloporphyrins From N-benzylporphyrins. 

Porphyrin Metal Completion Yield Porphyrin Metal Completion Yield 

N-benzylprotopor- Co(IIjb 20 min 93% N-benzyltetrakis- Co(IIjb 2 min 98% 
phyrin IX Cu(II) 10 min 93% (p-carboxyphenyll Cu(II) 2 min 98% 
dimethyl estera Ni(I1) 10 min 82% porphine’ 

Pd( II) 10 min 92% Pd(II) 10 min 91% 

a) In refluxing CH OH. b) The initial species formed is a Co(II) complex which is rapidly 
oxidized to the Co III) complex. c) ? In 0.01 M acetate buffer, pH 6, 9O'C. 

Table 3. gate Constants for the Formation of Cu(II)TPPS4 from N-p-NO*-BzATPPS4. 

pH T,'C [Cu2+] ";-Bzpoa kobs, s-l x IO4 

CH30H 

T,'C [Cu2+] [N-Bzpor] kobs, s-l x lo4 

5.7 15 5.5 x 10 -4 4.1 x 10-5 0.27 ; 0.02 15 2.1 x 10-3 2.2 x 10-5 2.2 ; 0.2 

5.6 27 5.5 x 10 -4 4.1 x 10-5 3.0 ; 0.4 27 2.1x IO-' 2.2x10-5 5.6 ; 0.8 

5.8 27 3.0 x 1O-4 2.1 x 10-4 3.3 ; 0.1 27 2.1 x 10-3 4.3 x 10-5 5.4 ; 0.2 

5.8 27 3.0 x lO-4 4.1 x lo+ 4.1 ; 0.2 27 2.1 x 1O-3 8.6 x lo+ 5.6 : 0.4 

5.6 45 5.5 x 10 -4 2.1 x 1O-5 30.2 ; 1.9 45 2.1 x 10-3 2.2 x 10-5 35.0 ; 1.1 i 
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