
HANDBOOK OF PORPHYRIN SCIENCE - With Applications to Chemistry, Physics, Materials Science, Engineering, Biology and Medicine 
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/chemistry/7376.html

Contents

Preface xi
Contributing Authors xiii
Contents of Volumes 1–5 xix

11 / The Key Role of Peripheral Substituents in the Chemistry
of Phthalocyanines 1

Victor N. Nemykin and Evgeny A. Lukyanets
List of Abbreviations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

I. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
II. General Aspects of Synthesis of Substituted Phthalocyanines . . . . . . . 6

A. Phthalocyanines with Alkyl, Alkenyl, Alkynyl, Aryl
and Trialkylsilyl Substituents . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1. Phthalocyanines with Alkyl, and Aryl Substituents . . . . . . . . . . 7

a. 1,8(11),15(18),22(25)-Tetrasubstituted Compounds . . . . . . . 7
b. 2,9(10),16(17),23(24)-Tetrasubstituted Compounds . . . . . . 10
c. 1,2,8,9,(10,11),15,16(17,18),22,23(24,25)-

Octasubstituted Compounds . . . . . . . . . . . . . . . . . . . . . . 17
d. 1,3,8,10(9,11),15,17(16,18),22,24(23,25)-

Octasubstituted Compounds . . . . . . . . . . . . . . . . . . . . . . 17
e. 1,4,8,11,15,18,22,25-Octasubstituted Compounds . . . . . . 18
f. 2,3,9,10,16,17,23,24-Octasubstituted Compounds . . . . . . 23
g. Dodeca-Alkyl- or Aryl-Substituted Phthalocyanines. . . . . . 31
h. 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-

Hexadecasubstituted Compounds . . . . . . . . . . . . . . . . . . 31
2. Phthalocyanines with Alkenyl and Alkynyl Substituents . . . . . 34
3. Trialkylsilyl-Substituted Phthalocyanines . . . . . . . . . . . . . . . . 42
4. Phthalocyanines with Substituents Connected via

a Methylene Group to the Phthalocyanine Core . . . . . . . . . . 45
B. Phthalocyanines with Electron-Withdrawing Groups . . . . . . . . . . 62

1. Halogen-Substituted Phthalocyanines . . . . . . . . . . . . . . . . . . 62
2. Nitro-Substituted Phthalocyanines. . . . . . . . . . . . . . . . . . . . . 79
3. Phthalocyanine Sulfoacids and Their Derivatives . . . . . . . . . . 83

v

b867_Vol-03_FM.qxd  3/4/2010  9:52 AM  Page v



HANDBOOK OF PORPHYRIN SCIENCE - With Applications to Chemistry, Physics, Materials Science, Engineering, Biology and Medicine 
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/chemistry/7376.html

4. Alkyl- and Arylsulfonyl and Sulfinyl-Substituted
Phthalocyanines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

5. Phthalocyanines Functionalized with Carboxylic Acids
and Their Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

6. Phthalocyanines Functionalized with Phosphoric Acid
Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

C. Phthalocyanines with Electron-Donating Groups . . . . . . . . . . . 114
1. Amino-Substituted Phthalocyanines and Their Derivatives . . 114
2. Hydroxy-, Alkoxy-, and Aryloxy-Substituted

Phthalocyanines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
3. Alkylthio- and Arylthio-Substituted Phthalocyanines. . . . . . . 173

D. Phthalocyanines with Electron-Donating and Electron-
Withdrawing Substituents in the Same Benzene Ring . . . . . . . . 190

III. General Trends in Properties of Substituted Phthalocyanines. . . . . . 198
A. Electronic Absorption Spectra Trends . . . . . . . . . . . . . . . . . . . . 198
B. Redox Potential Trends and Stability. . . . . . . . . . . . . . . . . . . . . 289

IV. Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294
V. Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294

VI. References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294

12 / Organometallic C–C Coupling Reactions for Porphyrins 325
Natalia N. Sergeeva, Mathias O. Senge and Aoife Ryan

I. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325
II. Organometallic Transformations with RLi . . . . . . . . . . . . . . . . . . . 326

A. Preparation of Porphyrins . . . . . . . . . . . . . . . . . . . . . . . . . . . . 326
B. Preparation of Hydroporphyrins . . . . . . . . . . . . . . . . . . . . . . . . 332
C. Synthetic Applications. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334

III. Palladium-Mediated C–C Coupling Reactions . . . . . . . . . . . . . . . . 335
A. Suzuki-Type C–C Coupling Reactions . . . . . . . . . . . . . . . . . . . 336
B. Sonogashira C–C Coupling Reactions. . . . . . . . . . . . . . . . . . . . 341
C. Heck and Stille C–C Coupling Reactions . . . . . . . . . . . . . . . . . 345
D. Macromolecules: Dendrimers and Conjugated Polymers . . . . . . 348

IV. Metal-Mediated C–C Coupling Reactions . . . . . . . . . . . . . . . . . . . 352
A. Ruthenium-Catalyzed C–C Coupling Reactions. . . . . . . . . . . . . 352
B. Copper, Nickel, Cobalt and Rhodium C–C Coupling

Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 354
V. Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 360

VI. References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 361

vi Contents

b867_Vol-03_FM.qxd  3/4/2010  9:52 AM  Page vi



HANDBOOK OF PORPHYRIN SCIENCE - With Applications to Chemistry, Physics, Materials Science, Engineering, Biology and Medicine 
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/chemistry/7376.html

13 / Porphyrin Functionalization via Palladium-Catalyzed
Carbon–Heteroatom Cross-Coupling Reactions 367

Kimberly B. Fields, Joshua V. Ruppel, Nicole L. Snyder
and X. Peter Zhang

I. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 368
A. General Mechanistic Overview . . . . . . . . . . . . . . . . . . . . . . . 369
B. Oxidative Addition of Palladium with Porphyrin Halides . . . . . 370

II. Palladium-Catalyzed C–B Coupling . . . . . . . . . . . . . . . . . . . . . . . 373
A. meso-Borylation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 374
B. β-Borylation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377

III. Palladium-Catalyzed C–N Coupling. . . . . . . . . . . . . . . . . . . . . . . 379
A. Amination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379

1. meso-Amination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379
2. β-Amination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
3. aryl-Amination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389

B. Amidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395
1. meso-Amidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395
2. β-Amidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 398
3. aryl-Amidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401

IV. Palladium-Catalyzed C–O Coupling. . . . . . . . . . . . . . . . . . . . . . . 404
A. meso-Etheration and Hydroxylation . . . . . . . . . . . . . . . . . . . . 404
B. β-Etheration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413

V. Palladium-Catalyzed C–S and C–Se Coupling. . . . . . . . . . . . . . . . 413
A. meso-Sulfanylation and Selenation . . . . . . . . . . . . . . . . . . . . . 413
B. β-Sulfanylation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415

VI. Palladium-Catalyzed C–P Coupling . . . . . . . . . . . . . . . . . . . . . . . 417
A. meso-Phosphoration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 418

VII. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421
VIII. Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 422

IX. References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 422

14 / Peripherally Metalated Porphyrin Derivatives:
Synthetic Approaches and Properties 429

Sébastien Richeter, Christophe Jeandon,
Jean-Paul Gisselbrecht and Romain Ruppert

I. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430
A. Introduction and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430
B. Early Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432

Contents vii

b867_Vol-03_FM.qxd  3/4/2010  9:52 AM  Page vii



HANDBOOK OF PORPHYRIN SCIENCE - With Applications to Chemistry, Physics, Materials Science, Engineering, Biology and Medicine 
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/chemistry/7376.html

II. Porphyrins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435
A. Compounds Containing One Porphyrin . . . . . . . . . . . . . . . . . . 435

1. Metallocenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435
2. Other Peripheral Organometallics or Coordination

Complexes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444
B. Dimers and Oligomers Linked by Metal Ions . . . . . . . . . . . . . . 447

1. Metallocenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447
2. Other Peripheral Organometallics or Coordination

Complexes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451
III. Porphyrazines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463

A. Compounds Containing One Porphyrazine. . . . . . . . . . . . . . . . 463
B. Dimers and Oligomers Linked by Metal Ions . . . . . . . . . . . . . . 472

IV. Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477
V. References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 478

15 / Combinatorial Libraries of Porphyrins: Chemistry
and Applications 485

Charles Michael Drain and Sunaina Singh
I. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486

A. Porphyrinoids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
B. Overview of Combinatorial Chemistry . . . . . . . . . . . . . . . . . . 486
C. Porphyrin Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488

II. Solution Phase Combinatorial Libraries of Porphyrin. . . . . . . . . . . 489
A. Mixed Reactant Approaches . . . . . . . . . . . . . . . . . . . . . . . . . . 489

1. Mixed Pyrroles: From Natural Products to Drug
Discovery. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 491

2. Two Mixed Aldehydes. . . . . . . . . . . . . . . . . . . . . . . . . . . . 492
a. Adler-Type Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . 493
b. Dynamic Libraries Based on H-Bonds. . . . . . . . . . . . . . 498
c. Small Libraries for Therapeutic Discovery . . . . . . . . . . . 502

3. Large Solution Phase Libraries . . . . . . . . . . . . . . . . . . . . . . 506
4. Equilibrium Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508

B. Modification of the Porphyrin Macrocycle. . . . . . . . . . . . . . . . 509
III. Solid Phase Porphyrin Library Synthesis . . . . . . . . . . . . . . . . . . . . 513
IV. Combinatorial Libraries of Other Porphyrinoids . . . . . . . . . . . . . . 515

A. Phthalocyanines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 516
B. Corroles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 517
C. Hexaphyrins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 519

viii Contents

b867_Vol-03_FM.qxd  3/4/2010  9:52 AM  Page viii



HANDBOOK OF PORPHYRIN SCIENCE - With Applications to Chemistry, Physics, Materials Science, Engineering, Biology and Medicine 
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/chemistry/7376.html

Contents ix

V. Porphyrins and Combinatorial Peptide Libraries . . . . . . . . . . . . . . 519
VI. Conclusions and Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 523
VII. Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 524
VIII. Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525

IX. References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 530

b867_Vol-03_FM.qxd  3/4/2010  9:52 AM  Page ix




