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A novel, high-yielding synthesis of meso-substituted porphyrins
via the direct arylation of porphine
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Abstract—A new method for the synthesis of meso-substituted porphyrins is described: reaction of 5,10,15,20-tetrabromoporphine
magnesium complex with aryl or heteroaryl boronic acids in the presence of Pd(PPh3)4 gave meso-substituted porphyrins in yields
up to 70%. © 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

Interest in cationic porphyrins that modify gene expres-
sion or inhibit human telomerase has led us to design a
number of novel porphyrins that might interact selec-
tively with tetraplex DNA and thereby modify the
growth of tumour cells.1–5 Whilst synthesis by the con-
ventional condensation of pyrrole with aryl and het-
eroaryl aldehydes proved adequate where the aldehydes
were readily available, the poor yields encountered in
the porphyrin-forming step (typically in the range 1–
17%) meant that this approach was unsuitable for the
preparation of substituted porphyrins where the corre-
sponding aldehyde was only available after several syn-
thetic steps; yields were particularly low in the case of
aldehydes bearing heterocylic groups.1

The observation that the meso positions of unsubsti-
tuted porphine 1 show more aromatic than olefinic
character in their reactions6 led us to investigate the

direct substitution of porphine. Thus, we envisaged that
meso-tetrabromoporphine, 3, could undergo a Suzuki
cross-coupling7 reaction with arylboronic acids in the
presence of a palladium(0) catalyst to yield 5,10,15,20-
tetra aryl—or tetra heteroaryl—porphines, 4 (Scheme
1).

2. Results and discussion

The selective bromination of porphine at the meso
positions is known but experimental details have not
been reported. Crucially, bromination with N-bro-
moacetamide was directed to the meso positions when
porphine was present as the magnesium complex, whilst
in the absence of magnesium, bromination was
observed solely at the pyrrole �-positions.8 Magne-
sium·porphine complex 29 was prepared by an adapta-
tion of the method of Lindsey and Woodford;10 it was

Scheme 1. Reagents and conditions : (i) MgBr2·OEt2, Et3N, CH2Cl2, 60°C; (ii) CH3CONHBr, CHCl3, 0°C; (iii) ArB(OH)2,
Pd(PPh3)4, Na2CO3, PhCH3, MeOH, 70°C; (iv) HCl.
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extremely acid labile so was purified by careful chro-
matography on basic alumina. Subsequent bromination
with a small excess of N-bromoacetamide yielded the
desired 5,10,15,20-tetrabromoporhine 311 in 97% iso-
lated yield. Coupling with aryl boronic acids using
standard Suzuki conditions, followed by a final acid
wash to remove the magnesium ion, furnished the
desired meso-aryl products, 4, in up to 70% yields.12

The Suzuki coupling reaction has seen wide application
in the preparation of biaryl compounds and its versatil-
ity has resulted in its use in the construction of combi-
natorial libraries, adaptation to solid phase
technologies and a rapid increase in the range of com-
mercially available boronic acids. Herein, its value in
the preparation of substituted porphyrins has been
demonstrated. In the course of this work, conceptually
similar investigations were reported13,14 using palla-
dium-catalysed reactions to arylate meso-halogenated
porphyrins; none the less, the current report shows the
generality of the method and extends it to the introduc-
tion of heterocyclic substituents.

Acknowledgements

The authors would like to associate this communication
with Professor Laurence Hurley in whose laboratory
this project was initiated. We thank Alvin Carter of
Mid-Century Chemicals, Chicago IL, for many helpful
discussions. Mass spectra were obtained from the
EPSRC National Mass Spectrometry Service Centre,
University of Wales, Swansea, UK.

References

1. Shi, D.-F.; Wheelhouse, R. T.; Sun, D.; Hurley, L. H. J.
Med. Chem. 2001, 44, 4509–4523.

2. Izbicka, E.; Wheelhouse, R. T.; Raymond, E.; Davidson,
K. L.; Lawrence, R. A.; Sun, D.; Windle, B. E.; Hurley,
L. H.; Von Hoff, D. D. Cancer Res. 1999, 59, 639–644.

3. Han, F. X.; Wheelhouse, R. T.; Hurley, L. H. J. Am.
Chem. Soc. 1999, 121, 3561–3570.

4. Wheelhouse, R. T.; Sun, D.; Han, H.; Han, F. X.;
Hurley, L. H. J. Am. Chem. Soc. 1998, 120, 3261–3262.

5. Siddiqui-Jain, A.; Grand, C. L.; Bearass, D. J.; Hurley,
L. H. Proc. Natl. Acad. Sci. USA 2002, 99, 11593–11598.

6. (a) Nudy, L. R.; Coffey, J. C.; Longo, F. R. J. Hetero-
cycl. Chem. 1982, 19, 1589–1590; (b) Nudy, L. R.;
Scheiber, C.; Longo, F. R. Heterocycles 1987, 7, 1797–
1803.

7. Miyaura, N.; Yanagi, T.; Suzuki, A. Synth. Commun.
1981, 11, 513–519.

8. Schlozer, R.; Furhop, J.-H. Angew. Chem., Int. Ed. Engl.
1975, 14, 363.

9. Porphine magnesium complex (2). A mixture of porphine
(99 mg, 0.32 mmol) and MgBr2·OEt2 (2 g, 7.75 mmol) in

800 ml of CH2Cl2 in the presence of Et3N (1.5 ml) was
stirred at 60°C overnight. The reaction mixture was
washed with 5% aqueous NaHCO3 (3×150 ml) and water,
then dried over K2CO3. The product was purified by
chromatography on alumina eluting with CH2Cl2–MeOH
(50:1) to give red crystals (105 mg, 97%) �H (CDCl3, 250
MHz) 10.25 (s, 4H), 9.47 (s, 8H); MS (CI) m/z 333
(M+1).

10. Lindsey, J. S.; Woodford, J. N. Inorg. Chem. 1995, 34,
1063–1069.

11. 5,10,15,20-Tetrabromoporphine magnesium complex (2).
To a solution of compound 2 (60 mg, 0.18 mmol) in 120
ml of CHCl3 was added dropwise a solution of N-bro-
moacetamide (116 mg, 0.846 mmol) in 20 ml of CHCl3 at
0°C over 5 min. The reaction mixture was then stirred at
room temperature for further 10 min, then 20 ml of
acetone and 20 ml of water were added to quench the
reaction. The organic phase was separated and the
aqueous phase was extracted with CHCl3 until no
product was detected by TLC. The combined organic
phases were dried over K2CO3. The product was purified
by chromatography on alumina using CH2Cl2–MeOH
(200:3) as eluent to give a green-purple powder (94.7 mg,
81%) �H (CDCl3, 250 MHz) 9.51 (s, 8H); MS (CI) 649
m/z (M+1).

12. General procedure for preparation of 5,10,15,20-tetra-sub-
stituted porphines (4). Magnesium complex 3 (20 mg, 30.8
�mol), aryl or heteroaryl boronic acid (140 �mol) and
Pd(Ph3P)4 (1 mg, 0.8 �mol) were dissolved in a mixture of
toluene (2.5 ml) and methanol (0.6 ml) under N2.
Aqueous sodium carbonate (2 M, 0.5 ml) was added via
a syringe and the reaction mixture was stirred at 70°C for
20 h. The mixture was poured into 40 ml of water and
extracted with chloroform (4×30 ml). The combined chlo-
roform extracts were shaken with 1 M HCl (to disrupt
the magnesium complex), washed with 1 M ammonia
solution, dried over Na2SO4, concentrated to a small
volume and purified by chromatography on silica gel
eluting with appropriate mixtures of dichloromethane
with methanol or hexane. 5,10,15,20-Tetra(3-
methylphenyl)porphine (4a). Yield 70%; �H (CDCl3, 250
MHz) 8.85 (s, 8H), 8.02–8.00 (m, 4H), 7.64–7.55 (m, 4H),
2.63 (s, 12H, CH3), −2.92 (br, 2H, NH); MS (FAB)
671.3174 (M+H), C48H39N4 requires 671.3183. 5,10,15,20-
Tetra(3-nitrophenyl)porphine (4b). Yield 42%; �H (CDCl3,
250 MHz) 9.18 (d, 4H), 8.72 (s, 8H), 8.56 (br d, 4H),
8.10–7.94 (m, 8H), −2.98 (br, 2H, NH); MS (FAB)
795.1945 (M+H), C44H27N8O8 requires 795.1953.
5,10,15,20-Tetra(thiophen-3-yl)porphine (4c). Yield 52%;
�H (CDCl3, 270 MHz) 8.91 (s, 8H), 7.96 (dd, 4H), 7.93
(dd, 4H), 7.67 (dd, 4H), −2.80 (br, 2H, NH); MS (FAB)
639.0801 (M+H); C63H23N4S4 requires 639.0806.

13. Shi, B.; Boyle, R. W. J. Chem. Soc., Perkin Trans. 1 2002,
1397–1400.

14. Odobel, F.; Suresh, S.; Blart, E.; Nicholas, Y.; Quintard,
J. P.; Janvier, P.; Le Questel, J. Y.; Illien, B.; Rondeau,
D.; Richomme, P.; Haupl, T.; Wallin, S.; Hammarstrom,
L. Chem.—Eur. J. 2002, 8, 3027–3046.


	A novel, high-yielding synthesis of meso-substituted porphyrins via the direct arylation of porphine
	Introduction
	Results and discussion
	Acknowledgements
	References


