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Preface

. The present volume, “Manganese” D 4, continues the description of the manganese com-
plexes. The arrangement of the complexes in these D volumes is based on the ligand type. The
introduction, on p. 1, shows the classes of complexes which have already been described in
Chapters 1 through 16 in the Volumes D 1 (1979), D 2 (1980), and D 3 (1982).

in Chapters 16.2 to 16.8 of this volume, the description of the manganese complexes with
N-heterocycles is continued. Included are complexes with nucleosides and nucleotides of
pyrimidine and purine bases, and large sections on complexes with porphyrins and phthalo-
cyanines. Manganese complexes with porphyrins and phthalocyanines continue to receive a
great deal of attention. They are used as commercial dyes, optical and electrical materials, and
as catalysts. Another importance ascribed to these manganese complexes is their role as
models for the iron-porphyrin containing heme proteins. .

In Chapters 17 to 19, complexes with amino alcohols, -phenots, -ethers, aminooxo com-
pounds and amino acids are described. Chapters 20 and 21 give some information on
manganese complexes with peptides and proteins. These chapters, along with the sections on
complaxes with pucisosides, nucleotides, and nucleic acids, should permit the reader access to
the literature in tﬁe field of bicinorganic chemistry of manganese. - -

A formula index at the end of this volume lists the ligands and their empirical molecular
formulas.

Complexes with amine-N-carboxylic acids and with Schiff bases will be described ln
“Manganese” D 5 together with other complex types.

Frankfurt/Main
January 1985 Edith Schieitzer-Rust



Gmelin Handbook
of Inorganic Chemistry

Prepared
and issued by

Founded by
8th Edition

Continued by

 8th Edition

Gmelin Handbuch der Anbfganischen Chemie

Achte, vollig neu bearbeitete Auflage

Gmelin-Institut fir Anorganische Chemie
der Max-Planck-Gesellschaft
zur Forderung der Wissenschaften

Leopold Gmelin
8th Edition begun under the aus_piges of the
Deutsche Chemische Geselischaft by R.J. Meyer

E. H. E. Pietsch and A. Kotowski, and by
.Margot Becke-Goehring

Springer-Verlag Berlin - Heidelberg - New York - Tokyo

1985



Gmelin-Institut fir Anorganische Chbgvie
der Max-Planck-Geselischaft zur Féiderung des Wissenschaftén

ADVISORY BOARD

Dr. J. Schaafhausen, Ehairman (Hoechst AG, Frankfurt/Main-Hdch4t), Dr. G. Breil (Ruhrchemie-
AG, Oberhausen-Holten), Dr. G. Broja (Bayer AG, Leverkusen), Prof. Dr. G. Fritz (Universitat
Karisruhe), Prof. Dr. N. N. Greenwood (University of Leeds), Prot, Dr. R. Hoppe (Universitit
GieBen), Dr. H. Moell (BASF-Aktiengesellschaft, Ludwigshafen), Prof. Dr. H. N6th (Universitat
Miinchen), Prof. Dr. G. zu Putlitz (Universitit Heidelberg), Prof. Dr. A. Rabenau (Max-Planck-
Institut flir Festkdrperforschung, Stuttgart), Prof. Dr. Dr. H. A. Staab (Président der Max-Planck-
Gesellschaft, Mlinchen), Prof. Dr. Dr h.c. muit. G Wllka (Max -Planck-Institut fir Kohlenfor-
sthung, Mitheim/Rutw) - 0 &

DIRECTOR DEPUTY DIRECTOR
Prof. Dr. Dr. h.c. Ekkehard Fluck Dr. W. Lippert
CHIEF EDITORS

Dr. K.-C. Buschbeck — Dr, H. Bergmann, B. Heibel, Dr. H. Katscher Dr. R. Keim, D.pL-Ing
G. Kirschstein, Dipl.-Phys. D. Koschel, Dr. U. Krierks, Dr. H. K. Kugtler, Dr. P. Merlet, Dr.
E. Schisitzer-Rust, Dr. A. Slawisch, Dr. F. Schrdder, Dr. B. v. Tschirschnitz-Geibler, Dr.
R. Warncke

STAFF

D. Barthel, Dr. N. Baumann, Dr. W. Behrendt, Dr. L. Berg, Dipl.-Chem. E. Best, P. Born-Heck,
Dipl.-Ing. A. Chavizon, E. Cloos, Dipl.-Phys. G. Czack, I. Deim, Dipt.-Chem. H. Demmer, R. Dowi-
deit, Dipl.-Chem. M. Dr&8mar, M. Engeis, Dr. H.<J. Fachmann, Dr. J. Faust, V. Frick, Dr.
R. Frobdse, J. Fissel, Dipl.-Ing. N. Gagel, E. Gerhardt, Dr. U. W. Gerwarth, M.-L. Gerwien, Dipl.-
Phys. D. Gras, Dr. V. Haase, H. Hartwig, Dipl.-Min. H. Hein, G. Heinrich-Sterzel, H.-P. Hente,
H. W. Herold, U. Hettwer, Dr. I. Hinz, Dr. W. Hoffmann, Dipl.-Chem. K. Holzapfel, Dr. S. Jéger, Dr.
J.von Jouanne, H.-G. Karrenberg, DiplL-Phys. H. Keller-Rudek, Dr. L. KieBling, Dipl.-Phys.
E. Koch, Dr. E. Koch, Dipl.-Chem. K. Koeber, Dipt.-Chem. H. Kdttelwesch, R. Kolb, E. Kranz,
Dipl.-Chem. I. Kreuzbichler, Dr. A. Kubny, Dr. P. Kuhn, Dr. W. Kurtz, M. Langer, Dr. A. Leonard,
A. Leonhard, Dipl.-Chem. H. List, H. Mathis, E. Meinhard, K. Meyer, Dr. M. Mirbach; K. N&ring, |
Dipl.-Chem. R. Nohl, Dipl.-Min. U, Nohi, Dr. W. Petz, C. Pialenz, 1. Rangnow, Dipl.-Phys -4} >
Richter-Ditten, Dipl.-Ghem. H. Fﬁeger.B Riegert, E. Risth,.Dr, B. Roth, A. Hooeﬂbomer. E. Ru-
dolph, G. Rudolph, Dipl.-Chem. S. Ruprecht, E. Sérve-Brihl, Dr. R. C. Sangster, V

DipL.-Chem. D. Schneider, Dipl.-Min. P. Sohubert, A. Schwiirzel, Dipl.-ihg. H. M. W%’Sﬁm'
mer, M. Teichmann, Dr.W. T8pper, DipL-ing. H.Vanuoek, Digt-Chem. P.Velié, Dipl-Ing.
U. Vetter, Dipl.-Phys. J. Wagner, R. Wagner, Dr. E. Warkentin, Dr. G. Weinberger, Dr. B. W&bka,
K. Wolff, U. Ziegler

CORRESPONDENT MEMBERS OF THE SCIENTIFIC STAFF
Dr. 8. J. Bodnar, Dr.J. R. Clark, Dr. J. L. Grant, Dr. K. Rumpf, Dr. U. Trobisch

EMERITUS MEMBER OF THE INSTITUTE Prof. Dr. Dr. E.h. Margot Becke

CORRESPONDENT MEMBERS OF THE INSTITUTE Prof. Dr. Hans Bock
: Y : Prof. Dr. Dr.-Alois Haas, Sc. D. (Cantab.)



Table of Contents

Page
Coordination Compounds of Manganese (Continued) ........................... 1
TORFOAUCTION 5o v mus 5w s s oras m e 609 6 00 500 5 M5 0w 5 A6 B8 B0 6 90 B0 6 0 g 30§ 50 1 0 i 1
16 Complexes with N-Heterocycles (Continued) ...........c.overirererininenes 3
16.2 Cof'nplexes with Heterocycles Containing Two NAtoms intheRing ............ 3
20T 217 14 SN 3
16.2.17 With Pyridazine and Its 3,6-Bis(2-pyridyl) Derivative ...................... 3
16.218  With PhHRGIAZING .. ... e.'eees et in et anteneeteene et eneanenns 5
16.2.18 With Pyrimidine and Derivatives ......... T o R £ 80 (s VR 5
16.2.20 With 2(1H)-Pyrimidinone and Derivatives ................. e U
16.2.21 With 2,4(1 H,3 H)-Pyrimidinedione and Derivatives ............ e 8
16.2.22 With Derivatives of 2,4,6(1H,3H, 5 H)-Pyrimidinetrione (= Barbituric Acid) .... 10
16.2.23 With 2.4,5.6(1H.3y Pyrimidinetetrone (= Alloxan) .......... P T 11
16.2.24 With Nucleosides and Nucleotides of PyrimidineBages ................... 12
16.2.25 With Purine and 'ts €-Chloro Derivative ..... D 16
16.2.26 With PUFINAMINGS . ...\ vtvvt veeeeieiins ceeeeeeenniaaness e 17
16.2.27 With Puring 1-OXide ..........cvirimeiorrenininrresescscesioeseesons 18
16.2.28 With Adenine 1-Oxide .............. ... TN PRI, oL DR 19
16.2.29 With Hypoxanthine and Derivatives ... ... i e vvr i e e E e 20
16.2.30 With Xanthine and Derivatives ........... s ddm e ges e 21
16.2.31 With Guanine ....... e dhwesiinia ittt ir e e, 23
16.2.32 With Nucleosides of Purine Bases and Related Compounds .......c.cc000ns 23
16.2.33 With Mononucleotides of Purine Bases ................ Cer e e et 26
With inosine Phosphates ........ ... .. iiieiiiiiisimirnnenenns B ko wn s . 28
With Adenosine Monophosphates and Related Compounds ......... SRR R 27
With Adenosine Diphosphat® . ...t iiiiaror s reans 30
With Adenosine Triphosphate ............c.cciiviiiieereiviinnsiinscerasens 31
With Analogues of Adenosine Triphosphate .............. S A A 36
With Quanosine Phosphates . ........ccvcieviiiniiiiricaneisics 5§ e 8w § 37
16.2.34 With Dinucleotides ............. ..o iiiiiiiioecainrensiitissrassons 38
With Dinuclsoside 3',5-Monophosphates ..........c.covvievieriornacivne..s 38
With Nicotinamide-Adenine Dinucleotide (Oxidized and Reduced)
and Related COMPOURGS ... c.. it iriiiierertniinnnenersaoensas e 39
With Diadg@nosine 5'-Pentaphosphate ..................... P s s RERERRE Ceneeei 40
16.2.35 With Benzoadenosine or Ethenoadenosine Phosphates ......,... w‘ . @
16.2.38  With Synthetic Polynucleotldes and Nuclelc Acids ...... i ver e vess B2
General Remarks "............. e alh o B oo o B 0 BN 6 B &5 AL 2 o0 e 42
‘With Synthetic Polynuclectides ........ it T L |
Gnn;ln Handbook ’

Mn Main Vol D4



R . : Page
With Deoxyribonucleic Acids (DNAS) .......... ..., .45
With Ribonucleic Acids (RNAS) ..............ouiiiiininiiieneennrnneeeinnnnas 47
With Transfer Ribonucleic Acids and AMINO ACIS ... i:uwesinesmnrn s visan . 49

16.2.37 With Derivatives of Piperazine .................cciiiiiiniriiiinnnrans . 48
16.2.38 With 1,4-Diazabicyclo[2.2.2]octane and Its Ammoniumlons ............... 50
16.2.39 With Pyrazine and Its Derivatives ....................... o s wwr B g g g S 51
16.2.40 With Derivatives of Quinoxaline .................ciiiiiiiiiiniinninnn, 54
16.2.41 With Derivatives of Pteridine ................iiiiiiiiiieninerinninenns 56
“16.2.42 With Derivatives of Phenazine ................coiiiniiiiirunrnnnennenn. 57
16.2.43 With Riboflavin ...... G 05 & B )66 S G R E IS B G e A T E RIE A § RS e AR 60
16.2.44 With Riboflavin Tetraacetate and Related Compounds .................... 61
16.2.45 With Nucleotides of Flavin . .......... .. ... ittt 62
16.2.46 With (—)SParEINE .. ...\ttt ettt 783
16.3 Complexes with Heterocycles Containing Three N Atoms intheRing .......... 63
16.301T WIith 1,2,4-THAZOW & s i wiv s v s wiasimssiss mesns mnsnssssbme assmsame s s 63
16.3.2-16.3.5 With Derivatives of 1,2,4-Triazole ....... .... b o i n oreR gt om B e 66
16.3.6 With Benzotriazoles ..................c.cconnnnn. CECRRETTI S pees 69
16.3.7 With Other Derivativesof Triazole ............. ... ... . i iiiiiiiieniinnnn. 7
16.3.8 With Urazole .........coiiniiiiiiiiii i i it it en e 72
16.3.9 With Derivatives of 1,3,5-Triazine and Hexahydro-1_,3.5-triazine % 5 5L RS £ MRS P £
16.3.10 With Macrocyclic Ligands Containing Three N Atoms intheRing ........... 74
16.4 Complexes with Heterocycles Containing Four N Atoms in the ﬁing ATIR i 75
16.4.1 With Derivatives of Tetrazole and Related Compounds ..................... 75
16.4.2 With 3,6-Bis(2-pyridyl)-1,2,4,5-tetrazine .............c... . i 78
16.4.3 With Hexamethylenetetramine (Urotropine) ..................... sy e o 78
16.4.4 With 1,4,8,11-Tetraazacyclotetradecane ..... I 83.
16.4.5 With Derivatives of 1,4,8,1 1-Tetraazacyclotetradecané
' and Other Tetraazamacrocycles .................. e te.. .85
16.4.6 With Tetraazamacrocycles Formed by Template Reactions "............ i & o8 91
16.4.7 Complexes with Porphyrins and Related Compounds .......:........ e o s - 92
Introduction ................ e e e NP S 92
General References ................. ..ot o9
With POPhYIING ... uveeesessrsmonssmemnsvossssnemesmaymsesanswe pssmesnes 93
Manganese(ll) Compounds ..............coiiiiiiiiiiiii it & et 101
Methods of Preparation ........................ i, sesens - 101
Kinetics of Formation ............. ... 104
Molecular Structures . .......... ..., e b g e v 106
Magnetic Properties ............c.cciiiiiiiiiiiiiiiiii i iiaeiaenas DI 14
Infrared and Electronic Spectra. Electronic Structure ....................... 109 -
Chemical ReaCtioNS .............coviiuiinnineeronaeronnaseeneoaecnenss 113
Gmetin Handbook

Mn Main Vol. D 4



7 Page
Manganese(lll) CompouNdS . .........cocviieireneneenrareienaeaiivatin.. 116
Methods of Preparation .............cooviiiiiiiiiiniiiiineeiinnen YETEIN- ¥16
Molecular Structures ............ et e ee e et e e e e e e e e e e e e 124
Magnetic Properties .............ccciiiiiiiiiiiiiiii i e 126
Infrared Spectra ................. s g 2 6 s e m v g g 28 2y s ey o e e 130
Electronic Structure. SPectra ................coieviiniiiiiiiininn. a3 55 i g 132
ChromMatoOQrapRY s i cimssmsmmsmswbs e os pss o s s ssmssesbne s e w140
Reactions of Manganese(lll) Compounds .............. ..., 14
Manganese(lV) CoOmMpPoUNdS . .........ooouiriiieierii e eenireerneries 153
Formation and Properties in Solution ................ ... 153
L 1801Atad COMPOUINGS: ;s mis s msme s s m e s s o 6 o s 505 5 £ 87 5 6055 & & 55 5 O § ©5 00 3 155
Manganese(lV) Porphyrin Complexes as Oxidants .......................... 158
Manganese(V) Compounds .......... R WA R N AT B W S AT AR A S e E T S 158
Manganesa Porphyrin Complexes as Catalysts .. .... R Rl 8 E R T RS 160
...Porphyrin-Protein Complexes .............c.oioiivoneneiiieieiiiieiinian, 163
Complexes with Reduced Porphyrins lncludmg Chlorophyll Analogues ............ 170
16.5 Complexes with Heterocycles Containing Five N Aloms intheRing ............ 176
16.6 Complexes with Heterocycles Containing Six or Morq N Atoms inthe Ring ...... 184
16.7 Complexes with Phthalocyanines ................ S PR 189
16.7.1 Complexes with Unsubstituted Phthalocyanine ........................... 180
Manganese(l) Compounds .. 190
-“‘Manganese(ll) Compounds “*: 193
Manganese(lll) Compounds 201
g =T T 114 T T 201
PhySical PTOPOrtios: .« suseeomsomms s5ame o @mso o506 55 s 66§85 55865 8 055554 203
Reactions ..............cciiiiiiiiiiiiiin i, et o0 B o ;o ¢t 3 e 205
Electrochemical Properties ................coiiiiiiiiiiiiiiniiiinennnnn, 206
16.7.2 Complexes with Tetrasubstituted Phthalocyanine ......................... 208
With Phthalocyaninetetrasulfonic Acid .............. .. oo onn. 208
‘With Tetra-t-butyl-29H,31H-phthalocyanine ........ D R R 209
16.7.3 Complexes with Naphthalocyanine and Its Tetrasubstituted Derivatives ....... 210
16.8 Complexes with Heterocycles Containing N and O Atoms intheRing ..... e 211
16.8.1 With 2,5-DiphenyloXazole . ............eueeunnerennseineeenneeeneennn. " 211
16.8.2-16.8.3 With Isoxazole and Derivatives ..... P N 8 6 S 6 306 6 B B G B8 B 213
16.8.4 With (R)-4-Amino-3-isoxazolidinone ................... 4 [
16.8.5 With Derivatives of Benzoxazole .............c..iveeiiiierinannnans Ve st 217
16.8.6 With 1,2,5-Oxadiazole ..............c.cciririiniiiannininiinnnasn. 217
16.8.7 With Morpholine ............. e e 218
16.8.8-16.8.9 With Derivatives of Benzoxazinone and Phenoxazone ............... 218
16.8.10 With Macrocycles Containing NandOHetero Atoms ..................... 219

Gmelin Handbook
Mn Main Vol. D4



X

E : Page

. 17 Complexes with Aminoalcohols, -phenocis, and -naphthols ............. Ceeees : 223
17.1 With Ethanolamine or Dieihanolamine ........................... T B § 7§ B 223
17.2 With Choline Salts and Related COmpounds ....................... eeei... 208
17.3  With Derivatives of Mono- and Diethanolamine .............. B o v e 226
17.4 With Triethanolaming ... ... i e eteean, 227
© 1741 Complexes in SOtION ... ...t e 227
17.4.2 Isolated M COMPIEXES . ... '\ttt ettt e e 232
17.6 With Other Hydroxyalkyl Derivatives of Monoamines ........... T 234
176 With Hydroxyalky! Derivatives of Di- and Polyamines ............ U L. 2%
17.7  With 2-Aminophenol and Its Derivatives ...................... . T TR 238
© 17.8 With Catecholamings ...................ccvvvirinmeseeenines . 237
17.9 With 2~Aminonaphthol and Aminonaphtholsutfonic Acids ..,....... R, . 239
1790 With Esters of AMIn0alConDIS . ... ... o.verrere st ieeeee s 241

18 Complexes with Aminoethers and Aminooxo Compounds ........... Posmmns .. 242 .
8.1 With D-Glucosamine and its Poiycondensate Chitosane .............. eeaei. 242
18.2 With o-, m=, Or p-Anisidine ............cciiiiii i seenee. 242
18.3 With 3,3'-Dlniethoxybenzidine .......................................... 245
18.4 With Aminodiphenyl Ethers .........c..ovvriieiiiinvenrnions. G a Ry 248
18.5 With Aminoanthraquinone Derivatives ... ............. F 248
18 Complexes with Amino Acids ..................... e R AN R E R S E Gy 8 248'
19.1  With Ahphatﬁc Monoamino Monocarboxylic Acids " ......................... 243
19,17 WIth GlyGING ... ittt con i caan e i.... 248
Complexes in Aqueous Solution ...........c.ccviieiiriiiniverreenrivevsvenes - - 248
Complexes in Aqueous Organic Solvegus ..................................... 250
The Systemn MnF,H,NCH,COOH-H0 .. .oiiiii i iieiiiiiiieniinaens . 251
Isolated Compounds .................. e e e 251
Mn{CoHNODRHIO i e hiim 55 b § 5005 9 TS 586 w3 5 F S S8 S A6 00 B E S 5 b 251
Nitrates, Mn(C,HsNO,)(NOg)y (n=2,4,8) .................. T TR 252
Chlorides, Mn(C,HsNO,),Cl, and Mn(C,HsNO,),Cly: xH,0 (n=1, 204,8) «........ . 252
@metin Handbook

Mn Main Voi. D4



Page
Bromides, Mn(C,HgNO,),Br, and Mn(C,Hs),Bry-xH,0 (n=1,2,4,0r6) ........... 258
lodides, Mn(C,HsNO,),l; (n =2, 4, or 6) and Mn(C,HsNO,),l, 2H,0 ... ST 261
Sulfates, Mn(C,HsNO2),8O0, (n=1,2,4,076) ... ...t 261
Mixed Ligand COmMPOUNGS .........iiiiiiiinnirii it 263
19.1.2 With N:Substituted Derivatives of Glycine .................ovvverennnn. L. 264
19;‘7’“.3‘_‘Withd-Alanine 5 406 5§ 0 6 L KRR R RS [ET 266
19.1.4 With Phenylalanine and Related Compounds ............coviiiiiiiiiiit 269
19.1.5 With p-Alanine . ............. T S 272
19.1.6 With Derivatives of B-Alanine .............. oo i 5o i wr B E e 6 0D 274
19.4.7 With Histidine .................cooveenenn. TR ST 275
19.1.8 With Tryptophan ...ttt ittt 279
19.1.9 With Serine ........ o R R 06000 R e 280
19.1.10 With Other Aliphatic Monoamino CarboxylicAcids ..................0c0n 282
192 With cis-2-Aminocyclohexanecarboxylic Acld . ............. e T 288
19.3 With Aliphatic Diamino Carboxylic Acids ........... 1 R ST P " 288
. * |
18.4 Complexes with Amino Carboxylic Acids Centaining Su‘ltur O cernie, 200
.18.4.1 With Cysteine .......... kg £ ...; v, 200
1942 WithCysteic Acid ............ccovvnnnnnn bl e AL L v e el aw 201
19.4.3 With S-Methylcysteine ............... 3 s el e e 291
19.4.4 With Penicillamine and lts N-Acetyl Derivative ....oicovvviveinreninennne. 202
18.4.5 With S-(Carboxymethyl)cysteine ........ o g g o 0 i e i 20 292
19.4.6 With S-(Triphenylmethyljoysteine ..........is 0. ... 0in. Nesieeneenenas . 282
19.4.7 With Cystine ..........  inonm e g 3 @ et . 202
19.4.8 With Methionine ......... SPR— v Tiaeiee Siecn 5 i v o'y R S |
19.4.9 With ELhIONING ... .vovuesereneensarrsaneinnasainenns POERS AT 2905
10.4.10 WIth HOMOGYBUING . ...\ ' eteereee e neeeeseees s el 295
19.8 Complexes with Aromatic Amino Carboxylic Acids .. ... T e ,. 296
19.5.1 With Anthranilic Acid (2-Aminobenzoic Acid) ..........c.coiiiiiiinnennn, 296
19.5.2 With N-Methylanthranilic Acid ..................c..0 SR ;TS SO . .208
19.5.3 With Phenylsubstituted Derivatives of AnthranilicAcid ..................... 298
19.5.4 - With 3-AMINODONZOIC AGIE ... ...evveeireeeinneiirneeineeannnne... 299
19.55 With 4-Aminobenzolc Acid ..................... AR SR 209
19.5.86 With 4-Amino-2-hydroxybenzoic Acid ............covveiiiiierinnrcnniens 301
18.58.7 With the 2-Diethylaminoethyl Ester of 4-Aminobenzoic Acid groi e - 301
Gmelin Handbook

Mn Maln Vol. D 4



XV

% Page
19.5.8 With Aminoterephthalic Acid and with 3-Amino-2-naphthoic Acid ........ .. 302
19.5.9 With 3',3'-Benzidinedicarboxylic Acid ................ ..., 303
19.6 Complexes with N-Heterocyclic Carboxylic Acids and Their Esters ............ 303
19.6.1 With 2-Pyrrolidinecarboxylic ACid ..............viiiiviiiiiiiennnnneann 303
19.6.2 With 4-Hydroxy-2-pyrrolidinecarboxylic Acid ...........................n. 305
19.6.3 With cis-2,5-Pyrrolidinedicarboxylic Acid ....................cu... ceees . 306
19.6.4-19.6.5 With Acid Derivatives of 2,2'-Dipyr-omethene and Biliverdine ......... ' 306
19.6.6 With 1H-Indole-3-acetic ACId ..............ciiiiiiereiiiiiiiiiiinnnns 307
19.6.7-19.6.8 With Carboxylic Acids of 1H-Pyrazole and Hexahydro-2H-indazole .... 307
19.6.9 With 1H-Benzimidazole-2-carboxylic Acids ................ SN RTONPp 308
19.6.10 With Pyridinemonocarboxytic Acids and Retated Compounds .............. 308
With Picolinic Acid and DEriVativeS .............................ccooeieiies. 308
WIth INICOINIC ACIE & cic s s oo s i 3785 0 60 s Bl ot & 0 w815 556 5 00w 8 108 80 6 8 806 6 5 6 00 5 S 312
With Isonicotinic ACId .. ... ..o i i e 315
With Derivatives of Nicotinic and Isonicotinic Acids. +............ s SITE § 61 & BIE e B 317
With N-Oxides of Pyridinemonocarboxylic Acids and Their Esters ........... A< 1 4
With Other Derivatives of Pyridine- and Piperidinemonocarboxylic Acids .. :i....... - 326
19.6.11 With 2,6-Pyridinedicarboxylic Acid and Its 4-Amino Derivative ............. 327
19.6.12  With Other PyridinedicarBoxylic ACIS ... ............coooeeeeieenn.. .. 330
19.6.13 . With. Derivatives of y-Piperidone and y-Piperidoles ..... weree S ORI e 331
19.6.14 With 2,4,6-Pyridinetricarboxylic Acid ........ P T e T e wdh o ! 382
196.15 With Quinolinecarboxylic Acids and Their Derivatives .................... 332
19.6.16 With Oxolinic Acid and NalidixicAcid ...................... et ST e .. 334
19.6.17 With 1,10-Phenanthroline-2-carboxylic Acid .................... RO 334
19.6.18 With 6—Chloro-3~hydroxy#pyridazinecarboxyﬁc.Acid ' 5 6 03 G e e A e 334
19.6.19 With Carboxylic Acidsof Pyrazine .................. . iiiiiinnn.n, 335
19.6.20 With (1H,3H)-Pyrimidine-2, 4-dionecarboxylic Acids and Their Derivatives .... 336
19.6.21 With Oxonic Acid .............coviiiiiiinnnnn, A B § B S W G 8 o 337
19.6.22 With 1,3,5-Triazinetricarboxylic Acid ......... ... ... ... oaoiiainans . 337
19.6.23 With the Cation lonophore A23187 ..............o i 338
19.6.24 With Esters of Diazabicyclononanedicarboxylic Acids .. ... FRPEITERS B s - 338
20 Complexes withPeptides ............. ... ... .. .. . . . iiiiviiiiniennns 340
20.1 With Glycylglycine ........ i i o e ¢ 5§ e S P g M 0 & et g e PR .. 340
20.2 With Other Dipeptides ...............ccooiiiiiiiiiiinnnn, AL ST . 34t
20.2.1 Formation in SOWUtION, < vssminasmesinavusizines dieastmeeh HF 0 abisvine 341
20.2.2 lIsolated COMPOUNTS ......iveueeeoneeennenaniveinnneenanneeeainnes. 344
Gmetin Handbook

Mn Main Vot. D 4



Xv

Page
20.3 With Biocytin and Related Compounds . ............coviiiiiinieenenennns 345
20.4 With Phosphoryl Peptides ..... GO 5 G 3 AR S UG B B B e § SN e § G084 Uk 8 I 8 WK S B 6 B 346
20.5 With POIYPOPYABS . cucvomio s ssmesmssss o ssm s soi o s o s sosasans s smes 346
21 Complexes with Protelns ............. ... ... iriiiiiiiiiinnnnnnnennns 348
211 General Remarks ................cccvvunirunven e 348
21.2 Complexes with Important Human and Animal Proteins ..................... 349
21.3 Complexes with Apomanganoprotein§ and Mn?*/Mg?* Dependent Enzymes .... 351
213 INrOdUCKION s v missiveiios misims s a5 5 b ime 66 5w 560 & 5A T 6198 69 6 15 § W06 8 85105 90 4 - 351
21.3.2 Complexes with Apomanganoproteins .. ... 6§ o 3 R (ed1 B B 7 BN T R W B 5 W6 352
21.3.3 Complexes with Mn2*/Mg?* Dependent ENnzymes .................cc..v..n 356
21.4 With Other Enzymes .......... T 360
2141 BInary COMPLOXOS <o omswiisss s sssaissnssissssessssusssssssiosss 360
21.4.2 Ternary and Higher Order Complexes ..............coiiiiiiiiiiniinarinn, 362
Ligand Formula IndeX .............co ittt iiriin it eann, vees o309
Table of Conversion Factors ........ ST e 394
Gmelin Handbook

Mn Main Vel D4



Coordination Compounds of Manganese
(Continued)

Introduction

Arrangement. in Series D coordination compounds of manganess, with the exception of the
organometallic compounds; are described. The volumes “Mangan” D1 to D 3 contain the
following chapters:

“Mangan” D 1, 1979 1) Review
2) Complexes with H,0
3) Complexes with Alcohols

4) Complexes and Salts with Phenols and
Qther Aromatic Hydroxy Compounds

5) Complexes with Aldehydes
6) Complexes with Ketones
7) Complexes with Quinones

8) Complexes with Ethers -
and O-Heterocycles

“Mangan” D 2, 1980 9) Complexes and Salts of Carboxylic
) Acids and Their Derivatives

10) Cyanomanganate Complexes

11) Cyanato, Thiocyanato,
and Selenocyanato Complexes

“Manganese” D 3, 1982 12) Complexes with Ammonia-
, 13) Complexes with Amines
e 14) Complexes with Hydrazine
and Its Derivatives
15) Complexes with Hydroxylamine
16) Complexes with N-Heterocycles

This volume continues the description of complexes with N-heterocycles. They are arranged
by the number of N atoms in the ring. Ligands with the same number of N atoms are arranged by
ring size. For ligands containing several heterocyclic rings, that with the largest number of
N atoms takes precedence. Complexes with heterocycles containing N and O hetero atoms are
placed at the end of Chapter 16. Chapters 17 to 21 describe complexes with amino alcohols,
aminophenols, aminoketones, aminoethers, amino acids, peptides, and proteins,
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2 Introduction

Mixed ligand complexes are generally arranged according to the principle of last pesition.
For example, the complexes containing both amino acids and N-heterocyclic ligands are
placed in Chapter 19 “Complexes with Amino Acids”. The index at the end of this volume, which
lists the empirical formulas of the ligands, is intended to expedite locating specific compounds.

Rules and Definitions. Generally the names of the ligands correspond to IUPAC nomencla-
ture; trivial names are also used.

The stepwise stability (formation) constants K, for the formation of complexes in solution
from a central atom M and ligands L and the cumulative constants f3, are defined as follews:

K,=[ML,J/IML,_,]-[L] in L/mol for equilibria ML,_; + L==ML, (n=1,2, 3, ...)

B,=[ML,J/[M]-[L]" in L"mol" for equilibria M+nL=ML, (n=1, 2, 3, ...)
The formation of complexes with protonated ligands is described by:

KmeL= [MH_L)/[M]- [H,L] for equilibria M+H,L=MH.L (p=1,2,3, ..)

Enthalpy (AH), free enthalpy (AG), or entropy changes (AS) are given the same subscript as the
corresponding K: e.g., AH, for constant K,. For reactions represented by cumulative con-
stants 8, the notation AHg, is used. lonic strengths are given in moUL.

Abbreviations and Dimensions. Temperatures are normally _iven in °C; K stands for Kelvin.
Abbreviations used with temperatures are m.p. for melting point and dec. for decomposition.
With thermodynamic data, (s) is used to label solids, (g) is used to designate the gaseous state,
and (l) is used for liquids.

The vibrational spectra are labeled as IR (infrared) or R (Raman). The assigned bands (wave
numbers in cm™') are labeled with the symbols v, for stretching vibrations, and 8, for deforma-
tion vibrations. The intensities are placed in parentheses (w = weak, m = medium, s =strong,
vs = very strong, etc.); sh means shoulder; br means broad. The UV absorption maxima of the
electronic spectra are given in nm (Age) OF CM™' (vy,); the extinction coefficient €
(L-mol™'-cm™") or log € is in parentheses.

Abbreviations for ligands, solvents, and methods frequently used in this volume are listed
below. Additional abbreviations, which are used only in the chapter on complexes with
porphyrins are tabulated on p. 93.

Hacac acetylacetone = 2,4-pentanedione DTA  differential thermoanalysis
Hsedta ethylenediaminetetraacetic acid TG thermogravimetry

bpy 2,2'-bipyridyl DTG differential thermogravimetry
en ethylenediamine DSC differential scanning calorimetry
phen 1,10-phenanthroline ESR electron spin resonance

py pyridine NMR nuclear magnetic resonance
DMF dimethylformamide PRR proton relaxation rate

DMSO dimethyl sulfoxide
THF tetrahydrofuran
DMA dimethylacetamide
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16 Complexes with N-Heterocycles 3

16 Complexes with N-Heterocycles (Continued)
16.2 Complexes with Heterocycles Containing Two N Atoms in the Ring

Remark. Comiplexes with 1H-pyrazole, 1H-imidazole, 1H-benzimidazole, and derivatives of
these ligands are described in “Manganese” D 3, 1982, see Sections 16.2.1 to 16.2.16, pp. 271
to 320.

16.2.17 “With Pyridazine and Its 3,6-B|s(2-pyrldyl) Derivative

Ry
/‘ | Ry, Rp=H; (=C4HsNy)
N 5N . Ry, Ry=2-CsHyN; (=Cy4HqoNy)
R7 TN

Mn(C,H,N,)X, (X=Cl, Br) and Mn(C,H,N,)SO,. The chloro and bromo complexes were
precipitated by mixing solutions of hydrated manganese(ll) halide and pyridazine in absolute
ethanol [1, 2]. The precipitates were washed with a mixture of ethanol and ether and dried at
80°C [1], or washed with ethanol and dried in vacuo at room temperature [2]. The chloro
complex may be precipitated by adding pyridazine to an aqueous solution of MnCl,-4H,0 [3].
The sulfato complex was obtained by dissolving hydrated manganese(ll) sulfate in a minimum
amount of water, adding a filtered ethanol solution of the ligand, and adding ethanol until
precipitation began. The complex was washed and dried as above [1].

The complexes are all colorless. Their magnetic-moments pey (in pg) at 25°C, the assigned
band maxima in the electronic reflectance spectra (in cm™") and the assigned far IR absorption
maxima in the 400 to 40 cm ™' region (in cm™', polyethylene discs) are listed in the following
table [1]:

complex et electronic t‘rahsit’ior'vs,‘trom ®A4(S) to . molecular vibrations

\ Tig(G) . *To(G). ME(G): *A(G) v(Mn-N) v(Mn-X)
Mn(C,H,N,)Cl, 58 18800 21600 23600 260, 232 196, 148
Mn(C,HN,)Br, 57 18800 20700 23200 236, 200" 148, 116

Mn(C,HN,)SO, 5.8 19600 22000 24000 -—_ —
) In the original paper assigned to the pyrazine complex, probably in error.

Similar magnetic moments and electronic spectra, the latter with an additional band in the
27000 cm™" region, had also been found for the chloro and bromo compounds by [2], but the
strong bands at 237 and 189 cm™' in the far IR spectrum (recorded in the 650 to 80 cm ™" region)
were assigned to v(Mn-Cl) and v(Mn-N), respectively [2], contrary to the assignments of [1].
Other bands occurring in the far IR spectra are ligand bands or could not be assigned [2]. The
sulfato complex shows only the very strong IR band of the v4(SO3") vibration at about
1100 cm™; other sulfate modes apparently are masked by ligand peaks [1]. The magnetic
moments and absorption spectra of the compounds suggest high-spin polymeric octahedral
complexes, which must involve bridging anions (Cl~, Br~, SO%~) and possibly also bridging
ligands [1, 2]. Mn(C,H,N,)CL; is sparingly soluble in water [3].

Mn(C,H,,N,),(NO,), was prepared by blending hot solutions of Mn(NO,),-6H,0 and 3,6-bis-
(2-pyridyl)pyridazine in a mixture of methanol and HC(OC,Hs),. On cooling overnight, yellow air-
stable crystals appeared. According to Weissenherg and precession photographs these are
triclinic, space group P7-C! (No. 2), with lattice constants a=8.88, b=11.95, c=14.20 A (each
+0.03 A), 0 =107.0°, f=87.6°, y=103.0° (£0.3°); Z=2. V=1404 + 11 A%, The atomic positions,
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