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A. INTRODUCTION 

Although an early review of the chemistry of hydrazine [l J included 
a number of complexes containing co-ordinated hydrazines, some of the for- 
mulations have since been shown to be incorrect, particularly with regard to 
the number of protons retained by the hydrazine on co-ordination. It is now 
known that diazene, hydrazido- and hydrazine complexes amongst others can 
be obtained from fir&row metal ions, depending on the metal and reaction 
conditions. The ability of certain second- and third-row metals to form mul- 
tiple bonds to nitrogen increases the potential synthetic scope of hydrazines, 
and reactions of hydrazines with compounds of these metals can give rise to 
complexes containing co-ordinated imido-, diazenido- and nitrido-ligands. 
Since dinitrogen complexes can also be formed from hydrazines, the reactions 
of the latter with transition metals have a clear relevance to nitrogen fixation, 
and this has provided a stimulus for recent research in this area. 

The aim of this review is to survey the interactions of substituted hydrazines 
and related derivatives with transition metals. A recent review [Z] on the reac- 
tions of hydrazines with transition metal complexes was confined to a relativ- 
ely small range of substituted hydrazines, and omitted those with sulphur-con- 
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taining substituents. These were partially covered in a survey of sulphur-ni- 
trogen chelating agents 131 which appeared during the preparation of this 
review; the content is here restricted to complexes derived from substituted 
bycirazines or their metal complexes, and polynitrogen derivatives such as 
triazenes and tetrazenes. Hydrazones of substituted hydrazines functioning as 
hidentate ligands are included, but potentially polydentate ligands such as the 
dihydrazones of diketones are not discussed. 

Alkyl or aryl substitution of hydrazine effectively prevents it behaving as 
a bidentate bridging Jigand, and most alkyl- and aryl-substituted hydrazines 
function as simple monodentate ligands towards non-oxidising transition 
metal ions. Factors determining the stoichiometry and structures of com- 
plexes of this type are discussed in Sect. C.I. 

Hydra&es with functional substituent s, i.e. substituents containing poten- 
tial donor atoms, frequently form stable chelated complexes. Hydrazines 
with substituents containing a carbonyl or thiocarbonyl group adjacent to 
nitrogen can complex in a neutral keto- or a deprotonated enol-form. These 
chelated complexes are covered in Sect. C. II and are classified according to 
the donor atom in the functional substituent. 

First-row transition metal ions can oxidise arylhydrazines to dinitrogen and 
products such as benzene or phenol, depending on the reaction conditions. 
If, however, the metal forms stable metal-carbon bonds then a-bonded aryl 
complexes can be produced. The scope of this type of reaction as a route to 
the preparation of alkyl or aryl complexes is discussed in Sect. D. 

The ultimate products of oxidation of hydrazine itself are dependent on 
the conditions used, but dinitrogen and hydrogen azide can be formed either 
individually or as mixtures. Intermediates such as diazene, NH= NH, have 
been proposed but are generally too unstable to be isolated (see ref. 2). How- 
ever, if the hydrazine bears substituents, then the oxidised * intermediates 
(diazenes) or their transition metal complexes can readily be isoIated, as dis- 
cussed in Sect. E. In certain cases, such as reactions with cupric ions, these 
reactions can be used as a preparative route to diazenes which are otherwise 
inaccessible, Intermediate copper diazene complexes are generally formed 
and the diazene may then be displaced under appropriate conditions. 

The reactions of hydrazines with transition metal h&do-species can be 
accompanied by hydrohalide elimination with formation of a diazene com- 
plex. In the case of reactions of hydrazines with metal oxo-complexes, the 
M=O group appears to react much as the carbonyl group of aldehydes and 
ketones, and metal--nitrogen multiple bonds are formed with elimination of 
water. Second- and third-row transition metal complexes often Dot only 

* In some reactions of substituted hydrazines with first-row metal ions the hydrazinc 
is clearly oxidised and the metal reduced, as in the case of the formation of copper(I) 
diazene complexes. However, the products of the reactions of hydrazines with second- 
and third-row metals do cot aIways have ciearIy defined metal oxidation states and clas- 
sification as a redox reaction is not possible. 
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convert hydrazines to diazenes, but also promote cleavage of the nitrogen- 
nitrogen bond, giving metal-nitrogen multiply-bonded systems such as 
nitriclo- or imido-complexes (see also Sect. E). 

Certain complexes containing chelated substituted hydrazines (usually 
with sulphur-containing substituents) can be oxidised to intensely coloured 
complexes containing delocalisecl electron systems. These have redox prop- 
erties analogous to those of related dithiolene complexes, and their prepara- 
tion and properties are discussed in Sect. F. 

Mono- and l,l-di-substituted hydrazines can function as nucleophiles via 
the free NH2 groups towards co-ordinated ligands such as isocyanides, carbon 
monoxide and alkyl cyanides to give a diverse range of products, discussed 
in Section G. Cleavage of the N-N bond frequently occurs in these reactions 
and provides an illustration of how the weakness of the N-N single bond 
tends to dominate the chemistry of hydrazine and its substituted derivatives. 

B. NOMENCLATURE 

The !atest IUPAC proposals for the nomenclature of complexes derived 
from hydrazines and their oxidised forms suggest that delocalised iigands as 
in (A) are named as neutral molecules rather than dipoles, or if that is not 
possible, as ligating anions bearing the smallest possible formai negative 

(A) 

charge. The chelated ligand of (A) is named N’-benzoyfdiazenido (1-)-(N,O) 
in preference to N’-henzoylhydrazido(3)-(N,O). Azo-ligands containing the 
group R-N=N-metal are now described as diazenido-derivatives e.g. [PtCI- 
(-N= N-Ph)( PEt3)*] is named chloro-( N’-phenyldiazenido( l-)-N)-bis(triethyl- 
phosphine)platinum(Ii). Other more specific points of nomenclature are dis- 
cussed at the relevant point in the text, 

C. SIMPLE CO-ORDINATIVE BEHAVIOUR 

This section comprises complexes containing hydrazines behaving as sim- 
ple Lewis bases, without oxidation or deprotonation, except for bide&ate 
hydrazines or hydrazones which can be bound in a deprotonated ‘enol’ form 
in the presence of base. 

I. As monodentate iigands 

Unfortunately much of the early work on transition metal hydrazine com- 
plexes is unreliable, as the possibility of oxidation or deprotonation of the 
hydrazine was not always recognised. The reasonably well characterised com- 





33 

plexes of monodentate hydrazines are summarised in Table 1. High oxidation 
state transition metal halides can readily undergo hydrohalide elimination 
reactions with NH compounds and complexes formulated as complexes of 
neutral hydrazines such as [W(H~NNHPh)~]Cl~ 14 3 are probably admixtures 
of hydrazine hydrohalides and a metal phenylhydrazido-complex. Transition 
metal complexes containing monodentate hydrazines have received scant 
attention over the last few years and there is an almost complete dearth of 
X-ray structural information. 

Methyl- and phenylhydrszines generally give similar complexes with the 
non-oxidising transition metal ions Mn(II). Co(H), Ni(I1). Zn(II), Cd(II), of 
stoichiometry [MX2(H,NNHR)2] [5] -[lo] (R = Me or Ar; X = Cl or Br) (see 
Table 1). The nickel, cobalt and zinc complexes are polymeric with UV spectra 
characteristic of octahedral or pseudo-octahedral metal environments [ 5]_ The 
mode of bridging is not known, and either halogen or hydrazine could be 
involved in the intermolecular linkages. The palladium and platinum com- 
plexes [MX~(K~NNHPh~*] (X = Cl, Br) are monomeric 151. The titanium 
complexes formulated as [TiX,( N? NNHPh)? ] [ 111 have since been shown to 
be mixtures of PhNHNH,Cl and [ TiXJHNNHPh)] [ 121. The smaller methyl- 
hydrazine will also form [M(H2NNHMe),]C1, [13] [M = Co(II), Zn(II)] which 
are convertable to the polymeric [ {MX2(H2NNHMe), },,] by heating in vacua. 

The complexing behaviour of 1,l~iphenylhydrazine has not been studied, 
but l,l-dimethylhydrazine forms unstable complexes with NiCl, _ The spe- 
cies [NiC12(H2NNMe&], [NiClz(H2NNMe2)2] and [NiCL(H2NNMe2)l were 
identified tensimetrically [ 13]_ [ CoC12(H2NNMe2)2] is much more stable and 
probably has a tetrahedral structure [ 131. The analogous Zn(II) and Cd(I1) 
complexes have been prepared from Ph2PNHNMe, (see Sect. C. II (iv)) [14]. 
On the basis of ‘H and IR spectra, tetrahedral structures with the hydrazine 
bound via the methylated nitrogen were proposed [ 141. Although the pro- 
tonation of Me2NNH2 at the methylated nitrogen 1151 suggests that bonding 
to a metal may occur at the same site, ligation via the unsubstituted nitrogen 
would seem to be favoured on steric grounds. Unfortunately there are at 
present no X-ray crystal structures available to clarify the situation. 

The simple co-ordination chemistry of N,N’~isubstituted and tetra-sub- 
stituted hydrazines has been very little studied, apart from a few complexes 
of tetramethylhydrazine with aluminium 1161 [17]. On the basis of ‘H NMR 
spectra it was here proposed that the hydrazine functions as a bidentate 
ligand. The facile rearrangement of N,N’diphenylhydrazine (hydrazobenzene) 
to benzidine has complicated any studies of its behaviour as a ligand. 

As indicated in Table 1, many of the hydrazine complexes are prepared 
from a metal salt and the appropriate hydrazine under anhydrous conditions. 
However, a few reductive, indirect methods of preparation have been.reported. 
Parshall [18], showed that protonation of [PtCl(-N=N-C,H,-p-F)(PEt,),] 
(I) gave the phenyldiazene complex [PtCl(HN=N-C,H,-p-F)(PEt,),]’ (11) 
which could be hydrogenated to the phenylhydrazine complex [ PtCl( Hz- 
NNHC~H~-~F~(PEt~)~]~ (III). Prolonged reduction of (III) gave p-F-CeHs- 



TABLE 2 

Complcxcs of bidentatc substituted hydrazines hound via nitrogens 
--- _--_-- - 

Complex n 
[M(2-HzNNI-ICSH4N)3][C10~]2 
[CO(~-H~NNHC~H~N)~][C~O~]~ 
[ Cu( 2.RR’C=NNHCsH4N)Cl] d 

[Ni{H,N-N=C(NHNHz)z )J2+ * 
[Co(PhNsPh)3 I 
[ @W’W’h ,)z I 
WV’hW’hhWh~hl 
[Pt(PhNsPh)(P-I’)z] 
(MX(PhN3Ph)(CO)(PPh~ 12 3 

[Rh(PhNsPh)s] 
MW’hNd’W%hl 
(Rh(PhN3Ph)(P-P)2 1 
[Rh(PhN3Ph)z(NO)(PPh3)zl 
[PtCI(PhNJPh)(PPhs)2] 

Remarks 
M = Fe(II), Co(II), Ni(I1). Prep: &and + metal perchlorate in water 

R = H, R’ = Me, Ph; R = R’ = Me; R = R’ = Ph. Prep: anhydrous CuC12 
+ ligand in dry EtOH 
M = Co(H), Ni(I1). Prep: metal perchlorate + 3 moles ligand in &OH-water 
Prep: metal per-chlorate + 2 moles ligand in I&OH- -water 
Prep: cobalt(II1) carbonate + 3 moles ligand in EtOH, then made alknhne 
Prep. from ligand* nickel pcrchtorate in EtOH. Forms macrocycle with Ma&JO 
M = Co(H), Ni(I1). X-ray crystal structur$? confirms dimeric formulation 
R = Ph, R = Me; R = R = Ph; R = Me, R = Ph, M = Fe(H), Co(H), Ni(I1) 

Prep. from nickel salt t hydrazino-guanidine in alcohol. Mode of bonding not 
known. 

X-my structure confirms three chelating triazenc ligands 
M = Cu(II), Ni(I1). X-ray structure confirms bridging triazene with M-H bond 
M = Ru, OS, Pt; Prep. by MHzP4 + trinzcne 
P-P-ditertiary diphosphine, triazene monodentate 
M = Ru, OS, X = H, Cl. Triazene monodentate 
Prep: [Rh#f2(C!sHi2)2] f triagene in benzene 
M = Rh, Ir, Prep: [MHs(PPhs)z] + trinzene in benzene 
Ionic product containing PhNsPh - anion 
Prep: [Rh(NO)(PPhs)s] t triazene in benzene 
Prep: [PtHCl(PPhs)2] + triazene in benzene, Monodentate triazene 

Ref. 
35 
35 
35 

35 
35 
35 
36 
37,38 
40 

42 

46 
45,47 

47,50 



(Ri~(Pl~N3Ph~2(PPh~)~] 
IM(PhN,Ph)(Co)(PP11,)2 1 
[RuH(PhNsPh)(PPh3)3 1 
b-MPhW’h)2 1 

I @hPhW’hhl 
[Ph~Cr(PhN~Pl~)] 
(Ph~r~PhN~Ph)2~tl~f)] 
!Cr(PhNsPh)nl 
[ {CudMeWfehl 

MMeN3Mehl 
[L2(CO)MCuX(RN3R)] 

(R2Zn(Me2N-N=N-NMez)J 
[MX2(Me2N-N=N-NMe2)] 
[(CO)sFe(Me-N4-Me)] 

[ (*Cp)Co(MeN4M) I 
[(CaHs)Ni(ChFsN4C6Fs)] 
I(PR3)2Ni(CbFsN‘rCsPs)] 
[ M(ArS02N4SO~Ar)(NO)(PPh3 )Z 1 
[Pt(ArS02N4S01Ar)(PPhs)2 
[Ir(p-XCsHJN4Ce13[4p~X)(PPh3)2]*BF~ 

Prep: [RhzClz(CsH1t)z] + Li[PhNjPh] in thf. Bidentate triaxene, u-n bonded at 49 
low temp 
Prep: ~RuCl2(PPl1~)2] t 2 ii[ PhN3Ph] in thf 
M = Rh, Ir. Prep: [MCl(CO)(PPh3)* ] + Li(PhN3Ph] in thf. Bridging triazcne &and 
Prep: [RuHCl(PPh3)2] + Li[PhNsPh] in thf 
Prep: H~(OAC)~ + PhNHNHp, Triaeene formed by coupling of 61 
PhN, and excess PhNHNH2 
Prep: CuCl + PhNsHPh 63 
Prep: [PhaCrjthf)~] f PhNsHPh 48 

Prep: CuCl f AI(McNsMc)s in Et20. X-ray structure confirmcd totrameric 
structure 
M = Ti, Zr. Prep: TiCI4 + MeN3 + MeMgBr in Et20,Structure unknown 
L = AsPhs, PPhs; M = Ir, Rh; X = Cl, Br, I; R = Me, Ph. Prep: [MX(CO)Lz] 
+ [{~u(RN~R)~~] (n = 2 or 4). X-ray structure confirms M-Cu bond 
R = Bun, Pin. Prep: RsZn + Me2N-N=N-NMe2 
M = Cd, Mg; X = Cl, Br, Prep: MX2 t tetrazene 
Prep: Fcz(CO)e + MCNJ in benzene. X-ray structure confirms bonding by 
methylated N’s 
Prep: [(n-Cp)Co(CO)t] + McN3 in methylcyclohcxaue 
Prep: [Ni(C~Hs)~]~ C~F~NJ 
Prep: [(CaHs )Ni(CeFsN&bFs)] + PRs(PR3 = PPhs, PPh2Me, PMeZPh, P(OMe)s] 
(M = Rh, Ir, Ar = C6HspCH3C6H~. Prep: [M(NO)(PPbs)s] + ArS02NJ 
Prep: [Pt(PPh3)3] + ArSOzN3 
X = M, F, Cl, Br, CP3, OMC. Prep: [IrC1(CO)(PPh3)2] + [~-XC~H~N~]BFJ. 
X-ray structure confirms bidentatc diaryltetrazcnc liganci 

51,52 

51 
53 

54 
55 
56,69 

57 
GO 

57(a) 
57(b) 
57(o) 

8 The complex can be drprotonated to neutral species. 



NH, and ammonia, and the system was advanced as an inorganic model for 
nitrogen fixation. The structures of each of the steps, I, II, and III in the 
above scheme have now been determined [ 19-211. The N-N bond lengths 
increase from I to III, paralleling the expected decrease in N-N bond order. 
The reduction of the cationic diazenido-compiexes [ Pt(-N= N-Ar)(PEt&] - 
BF, to arylhydrazine complexes has also been effected [ ‘221. Co-ordinated 
dinitrogen has not yet been converted to co-ordinated hydrazine, but it has 
very recently been shown [23] that the molybdenum dinitrogen complex 
[Mo(N,), (dpe)z] (dpe = Ph,PCH,CH,PPh,) can be alkylated with methyl 
bromide to the N’-methylhydrazido(2-)-N complex [MoBr~NNHMe)(dpe)~]Br. 

II As bide&ate ligands 

Attachment of functional substituents such as PhCO and HzNCS to hydra- 
zine generally results in the hydrazine being able to form chelated complexes 
with transition metal ions. These are much more stable than the monodentate 
type discussed above, and can frequently be deprotonated or oxidised while 
remaining bound to the metal. The complwes formed by these hydrazines 
have been classified according to the donor atoms bound to the metal, and 
are summarised in Tables 2, 3 and 4. 

(ij Bonding via nitrogens 
Included in this section (see Table 2) are complexes of triazenes, tetrazenes 

and other catenated polynitrogen compounds, as these can be regarded as 
substituted hydrazines and generally bind as chelating ligands via two nitro- 
gens. 

The observation that the addition of copper salts enhanced the anti- 
tuberculostatic activity of isonicotinylhydrazide ( 2-H2NNHCOCsH~N) stimu- 
lated research into the co-ordination chemistry of pyridine-substituted hy- 
drazides [ 32,331. The enhancement of activity was originally attributed 
to chelation of the copper ion, but subsequent work showed that 
2-P~NHNHCOC~H~N is highly active despite not forming a copper complex. 
fsonicotinyl hydrazide generally gives polymeric complexes with copper (II), 
bridging occurring through the pyridine nitrogen or carbonyl oxygen, depend- 
ing on the co-ligands [ 341. 

NHNH* NbiN==CRR’ 

m P 
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2Pyridylhydrazine (IV) gives complexes of the type [M(H2NNHCSH~N)~] - 
[C104], (t\: = 2 for M = Fe(II), Co(H) or Ni(II) and x = 3 for M = Co(II1) 
[ 351). These complexes cannot be deprotonated, but the cationic complexes 
of the pyridyIhydrazo~es(V) (see Table 2) can be readily converted to inten- 
sely-coloured neutral complexes [ 35 ] . 

6-6’-Dihydrazino_2,2’bipyridyl forms a monomeric nickel(H) complex( VI) 
which can be converted to the thirteen-membered macrocyclic derivative VII 

by treatment with acetone [ 361. In contrast, 1,4dihydrazinophthalazine(VIII) 
binds two nickel(H) ions per mole of ligand f373. An X-ray crystal structure 
[38] shows each nickel to be octahedrally co-ordinated by two waters, two 
phthalazine nitrogens and two NH* groups, with an Ni-Ni distance of 3.79 A. 
Magnetic measurements [ 39f suggest that weak antiferromagnetic exchange 
occurs between the nickels. 

Amidrazones RC(= NH)NHNHR’ (R,R’ = alkyl, aryl, H) have been little 
studied as transition metal ligands, but have been reported [ 40 ] to form inten- 
sely coloured complexes with first-row divalent metal ions. More recently 
platinum amidrazone complexes have been produced by the hydrazinolysis 
of a co-ordinated nitrile ligand (reaction (1)) [ 411. A species IX, containing 

6,“’ C’ eu 
W-b / 1. oxtdattm 

[R -C12(BUtCN)2] - ,c=NH 
-Pt---NW=C 

\ 2. HCl 
H2N - NH h NHNH2 

lx X 

monodentate amidrazone is formed initially, which on oxidation and treat- 
ment with HCl gives the PtfIV) complex X. Alkali converts X to an intensely 
coloured, highly delocalised complex considered in more detail in Sect. F. 

Jensen and Miquel [ 421 prepared bright red cationic nickel( II) complexes 
[ NiL2] 2* of the hydraaino-guanidines (L = HN= C( NH2)NHNH2, HN= C- 
(NHNH2)2, H~NN=C~NHNH~)~), but the modes of bonding were not estab- 
lished. Formazans such as CH,C!(= NNHAr’)N= NAr, form intensely coroured 
neutral complexes with nickel(H) [43], and an X-ray crystal structure of the 
derivative with Ar = p-tolyl, Ar’ = phenyl, showed square planar nickel bound 
by the tolyl-substituted nitrogens, giving two tram six-membered chelate 
rings(X1) E443. 

Diaryltriazenes ArNH-N= N-Ar are potentially bidentate ligands and form 
intensely coloured complexes with many transition metal ions. However, it 
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is only recently that detailed investigations of their chemistry or structures 
have been made. X-ray crystal structures of the complexes [ {M(PhN,Ph)2 j2] 
[ 451 (M = Cu( II), Ni( II), Pd( II) showed them to have the binuclear structure 
XII with bridging triazenido-ligands and a short metal-metal bond length. 

However, a crystal structure [46] of the complex [Co(PhN,Ph),] showed 
the triazenido-ligands to be bidentate as in XIII. The bond angies Co-N-N 
and N--&-N in the four-membered ring ar8 96 and 104”) respectively, indi- 
cating considerable strain. There is considerable delocalisation over the tri- 
azenido-ligand as all the N-N bond lengths are about 1.31 W. The presumably 
isostructural I]Cr(PhN3Phj3] was prepared by reaction of [Ph,Cr(thf),] with 
excess diphenyltriazene. Use of one or two equivaients of the triazene yielded 
(Ph,WPhN,Ph)] and [PhCr(PhN,Ph), (thf)], respectively 1481. 

Diphenyl triazenido-complexes of some of the platinum group metals 
have been independently studied by two groups, 147,491 and comparisons 
made with the isoelectronic cafboxylate derivatives. Knoth [ 491 treated 
appropriate h&do-complexes with the lithium salts of diaryltriazenes. The 
co-ordinatively unsaturated [Rh(PhN,Ph)(PPh&] adds Hz, CO, O2 and NH3 
to give [Rh(PhN,Ph)(XY)(PPh,),] (XY = HZ, CO, NHa, 0,). Robinson and 
co-workers [50] prepared these and other complexes (see Table 2) by the 
reaction of a diary1 triazene with hydrido-complexes under reducing condi- 
tions. These complexes contain triazenide ions in a variety of bonding modes 
(see Table Z), and it was odginally suggested that bidentate and bridging 
modes of co-ordination could be distinguished by IR spectroscopy. However, 
this was shown to be unreliable, and ‘H nmr combined with a selection of 
reasonable co-ordination numbers was suggested as an alternative [49]. 

The dimethyltriazene complex [{Cu(MeN,Me) j4] was prepared from a 
cuprous h&de and Al(MeN~Me~~ in ether f51] and an X-ray structure [52] 
showed the tetramer to comprise a novel sixteen-membered folded ring sys- 
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tern (XIV). The complexes fM(MeN,Me),] (M = Ti, Zr) were synthesised by 
reaction of the metal halide with the 1,3dimethyltriazine Grignard prepared 
in situ from methyl azide and methylmagnesium iodide 1511. 

Cl Me 
\ / 

Cu--N 
1 /PPh;“$l 

..*/ 
OC-,Rh -N, 

m3p Me 

M’ 

XISZ xr 

Some unusual complexes containing heieronuclear metal-metal bonds 
bridged by a triazene ligand have recently been obtained by a form of oxida- 
tive addition of copper triazene complexes to iridium(I) or rhodium(I) deriva- 
tives [ 531. An X-ray structure of the complex f (PPhJ),(CO)RhCuC1(MeN,Me)] 
(XV) (from [(PPh~~~RhCl(CO~] and ~~Cu(MeN~Me}~]) confirms the Rh-Cu 
bond, and shows that chloride must migrate from rhodium to copper during 
the reaction. The metal-metal bond is presumably stabilised by the bridging 
triazenido-ligand. 

The tetramethyltetrazene complexes [R,Zn(Me,N-N=N-NMe,] (R = 
Bun, Ph) [ 541 and MX2(Me2N-N= N-NMe,)] (M = Mg, Cd; X = Cl, Br) [55] 
have been prepared from 1,1,4,4_tetramethyltetrazene and R2Zn and MX2, 
respectively. In both cases the tetrazene is believed to function as a bidentate 
ligand bound via the methylated nitrogens. Several complexes of 1,4clisub- 
stituted tetrazenes are known, but all have been prepared by indirect methods, 
the free ligand being unstable. Thus, methyl azide reacts with [Fe,(CO),] in 
benzene or [(rr-Cp)Co(CO),] in methylcyclohexane to give [(CO),Fe- 
(MeNJ@e) I 15431 and ~~~-Cp)Co(MeN~Me)] [57], respectively_ 

Pentafluorophenylazide reacts analogously with his{ 1,5-cycle-octadiene) 
nickel to give [ Ni(CtFsN&FS)(CsHs)] and thence [Ni(C6FSN&%FS)(?R3)2] 
(PR3 = PPh3, PPh,Me, PMe,Ph, P(OMe)3) by treatment with the appropriate 
tertiary phosphine [ 601. Arylsulphonylazides ArSO,N, (Ar = C,H, , 
p-CH,C&H.+) react with [M(NO)(PPh,),] (M = Rh, Ir) or [PtfPPh,),] to give 
~M(~~~,N,~~,~)(NO)(PPh,),l WWI and [ Pt(~SO*N~SO~~)(PPh~)~], 
respectively. The formation of ArS02NH2 and ArS02N3 on treatment of the 
platinum complex with mineral acid confirms the formulation as a tetrazene 
derivative rather than the isomeric bis(arylsulphonyldiazenido) complexes 
[57tb)I. 

Although diazonium salts usually react with transition metal complexes 
to give aryldiazenido or aryldiazene complexes, reaction with jIrCl(CO)- 
(Ph&] gives the 1,4_diaryltetrazene complexes fir@-XCo,H4N&&14-p-X)(CO)- 
(PPh&]+BF4 (X = H, F, Cl, Br, CF3, OMe). An X-ray crystal structure of the 
complex with X = OMe suggested that the ligand is best considered as being 
bound by two o bonds via the terminal nitrogens [57(c)]. 

There appear to be no reported examples of complexes of longer-chain 
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TABLE 3 

Complexes of bidcntate substituted hydrazines bound via nitrogen and oxygen 
~--~~---...~-_-” -.-----...._ .,--_ ---v 

Complex Remarks Ref. 

[M( RCONHNHa f2 12” a 

[M{PhC~N~NR~)~lz4 
~M(PhC~NHN=CMe~}z JXz n 
[Cu(PhCONHNH2)~ I(_CuaCl, f 
1 ~M~RcoNHNc~R~* In 1 

[TiF,(PhNHNHCONHNHPh)] 
[TiXa(PhNHNCONNHPh)] 
[Mo02(PhNzCONNHPh)l] 
[MozOs(PhNzCONNHPh)4 I 
[M(li~N~ONHNH2)~)X2 
[M(H~N~ONRNH~ )$ ISO, 
[M(PhNHCONHNH2)s](NDJ)a 
~Ni(H~NC~N(~H~~NH2)~]Cl~ 
[Ni ~FhN~~ON~CH~)NH(CH~) )z IS04 
~M~H~NNHCOO~~ I- 

[M(PhNNSOj2 1 

M = Co(H), N’,(H), Zn(II), Mn(IX), Fe(H); R = Ph, Me, Et, 0% Prep; metal 
salt + hydrazine in l&OH or water 
M = Mn(rI), I%(H), Co(R), I. I&ads cannot be deprotonated 
M = GofIX), Ni(H), Cu(I1); X = N03, Cl04 
Prep: C&Cl2 + hydrazinc in hot alcohol. X-ray crystal structure 
M = Fe(H), Co(II), Ni(II), Cu(H f. Polymeric structures with carbonyl 
oxygen bridges 
Prep: TiF4 + 1 mole ligand in benzcnc 
X = Cl, Br. Mode of bonding not certain 
Prep: acidified MOO’- 

4- 
+ PhNsCONHNHPh in water, structure not certain 

Prep: acidified Moo4 * PhNHNHCONHNHPh in water. Structure not certain 
M = Ni(II), Cu(Ii); 2 X = C12, SO4 
>I= NI(XI), Co(I1) 
M = Ni(II), Co(H) * 

M = Mn(II), Co(H), Ni(II), Zn(I1). Prep: CO* bubbled through aqueous solution 
of metal salt and hydrazinc hydrate. X-ray crystal structures of Ni(II) derivative 
shows pscudo.octahcdral geometry 
M = Mn(II), Co(II), Cu(II), Zn(Ii), Prep: metal salt ,c irydrazine hydrate + CO2 
from air. Xray crystal structure for Zn(I1) complex shows octahedral Zn(I1) 
X-ray crystal structures show polymeric structures 
with bridging carbonyl oxygens 
X-ray crystal structure shows five-coordinate Zn(I1) in polymeric carbonyl 
oxy~en.brid~ed structure 
M = Cu, Ng, Prep: M a&ate + PhNHNSO in benzene. Cu complex square planar 

62-65 

62,65 
62,84 
62,63 
66 

82 
82 
81 
81 

66 

69-71, 
74,75 

72 

‘l6,77 

78 

83 

a The complex can be deprotonated to a neutral species. 
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catenated nitrogen derivatives such as the pentazadiene Ph-N= N-N(Me)- 
N= N-Ph or hexa-azadiene Ph-N= N-N(COCH,)-N(COCH,)-N= N-Ph, 
which exist as stable crystalline solids. Attempts to prepare compleses of 
these with first-row metals, platinum(H) or platinum~0) were unsuccessful 
1581, probably as a result of delocalisation of the nitrogen lone pairs through 
the extended n-systems. 

(ii) Bonding via nitrogen and oxygen 
Although showing no anti-tubereulostatic activity analogous to the iso- 

nicotinyl hydrazides, the complexing ability of acyl- and aroylhydrazides 
RCONHNH, (R = alkyl or aryl) has been studied by several groups of wor- 
kers 162--65], with frequent duplication of results. Acid hydrazides give 
bis(XVI) or tris(XVI1) cationic complexes with the first row transition me- 
tals. Deprotonation of the bis-complexes XVI to the neutral complexes XVIII 
is a reaction common to many cationic complexes of functionally-substituted 
hydrazines, and IR studies have suggested that it is the amidic proton that is 
removed. In complexes of the hydrazones XIX this process is facilitated by 
formation of a conjugated ligand system. In contrast, dibenzoylhydrazine 
(PhCONHNHCOPh) forms polymeric complexes with most transition metal 
ions 166 J, and substituted hydrazides such as PhCONHNHPh only form rela- 
tively unstable complexes with the first-row metals [ 671. 

&VI(H~NNHCOR)~]~+ &(H,NNHCCR)J~+ [M(+NNCORfpj R-R-C=NNHCOR 

ml. PSII xsm XIX 

The complexes of type XVI and XVIII are usually isolated with solvent 
of crystallisation , and UV spectral measurements suggest octahedral co-ordina- 
tion of the metal f 621. Although ~Cu(H*NNHCOPh~~] Cl1 can be prepared 
in the cold, hot alcoholic solutions of benzoylhydrazine and copper chlo- 
ride evolve dinitrogen, and a complex of stoichiometry [Cu(H,NNHCOPh,] - 
[ Cu$&] is formed [ 621. An X-ray crystal structure [ 681 confirmed that the 
hydrazide ligand is bonded via the carbonyl oxygen and hydrazinic nitrogen, 
and the presence of the copper(I) chloro-anion. Hot aqueous solutions of 
other copper(I1) salts and benzoylhydrazine also evolve dinitrogen, with 
formation of benzoic acid and dibenzoylhydrazine [62]. 

Apparently prompted by their potential similarity to amino acids, hydra- 
zine carboxylic acid (H,NNHCOOH) complexes have been studied by several 
groups f69-711, and several X-ray crystal structures have been reported. An 
aqueous mixture of a divalent metal salt ~Mn(II), Co(H), Cu(II), Zn(I1)) and 
hydrazine hydrate slowly absorbs carbon dioxide from the air forming 
[M(N,H4)2(H,NNHC00),] (721. X-ray crystal structures of the derivative 
with M = Zn( II) [ 721 and M = Co( II) [ 731 show that the metal, ion is pseudo- 
octahedrally co-ordinated, the hydrazine carboxylic acid being bidentately 
bound via a carbonyl oxygen and _: f :T rminal nitrogen, the hydrazine car- 
boxylic acid nitrogens being in a truns con~guration (XX). 



Complexes of bidentate substituted hydmzincx bound via nitrogen nnd sulphur 
-- --- 

Complex Remnrks 
-~-~_~----_-._-- 

R 

Ref. 

[Cr(H;NNHCSt),]2 Hz0 
[M(H!,NNHC&),] 

[M(l~~NNHCSSCH~)~]X~ a 
[NiX~(H~NNHCSSCH~)* 1 
[M(Me+N-N=CSSMC)~ J 

(M(SICNHNRR’)l] 

[M(H;NNRWz I 
1M(H2NNHCSNH2j2 12’ a 

N’-S bonding. Prep: Cr salt and ligand in EtOH 
M = Ni(II), Pd(Il), Pt(II), Zn(II), Cd(U), Pb(I1). N’-S bonding, cis nnd tram 
isomers ior Pt(II) 
M = Ni(II), PdffI), Pt(i1); X = Cl, NOa, Br. N’-S bonding 
X = Cl, NCS; N’-S bonding. High-spin. 
M J Co(H), Ni(lI), P&II), Pt(Il). Squnre plannr except for tctrahedml Co(II) 
complex 

[ M(PbNHNCSNRi )2 ) 
[M(RINNCSNHR’)l 1 
[M(HINNHCSNHR);I) 

[M( H*NNHCSR), ] 2+ a 

[ Ni(HZNNHCSCH3)I ] 

M = Ni(II), Pd(II), PI(H); R = H, R’ = Ph; R = R’= Me; R a R’ Q PI); R = Me, 
R’ = Ph. S-S bonding 
M = Ni(II), Pd(II), Pl(I1); R = Me, Et,Pr”, Bun. N’-S bonding, 
M = Co(II), Cu(II), Ni(II), Pd(ll), l%(H), Cationic Pt(II) ns eis and lrans 
isomers. X-ray crystal structure for neutral and eationic Ni(II)~omplex 
M = Ni(II), Pd(ll), Pt(II); R = Me, Et 
M = Ni(II), Pd(II), Pt(I1); R = R’ = PI); K = Ph; R’ = Du’ 
M = Ni(II), Pd(II), Pt(II), Cu(I1) R = Me, Et, I(R)-menthyl 
X = Cl, Br; R, = R2 * Me or heptyl; R, = MC, Rz = Bu’ 
X-my crystal slructurc reported tetrnhedrnl Zn 
X-ray crystal titructure shows two distincl tetrnllcdral nloms 
Xmy crystal structure shows distorted triigonaf l~ipyrumid~l Ag atom 
M = Ni(Il), Pd(II), PI(H); R = Ii, Ph, PhCO, CoNH,,CSNHt, C(=NH)NHz, 
OEt, OPh 
Lipnd prcparcd in situ from thioacctamidc ond hydrazinc hydrate in presence 
nickel acctote 

[M(H1NNHCSNHNH1)2]CIz 
(M(H1NNHCSNHNH2)J]2’ 
~M(RNHNHCSNHNH*)~(NO~))NO~ 
( M(RNHNHCSNHNH2)Cl~] 

(Ni(PhN,CSNN’HPh),(bipy)] 

M = G(H), Cd(H), Hg(II), Ph(11) 
M = Ni(II), Cu(It) 
M = Ni(II), Co(H); R = PhCO, M&O, 2*llydro~ybenzoyi, 2-chlorohcnzoyi 
M = Ni(lI), Co(H). Co(H) complex pseud~oct~iledr~l and Ni(I1) complex 
tctrnhcdral 
Xmy crystal struclure shows octnhcdral Ni. N’-S bonded, dilhizonc, cis 
sulphurs. 

[Ii~(PhN2CSNN’HPI~)11 1 2 py X.ray crystal structure shows tctrnhcdrul Hg, py not bonded. N’-S bonded 

[Cu(PhN&SNN’HPh),] 
fNi(iI,NN’HC6H4S(CH1)2SC6H4N’HNHlf’ 

X-ray crystal structure shows N’-S bonded dithizonc, square planar Cu 
Ni bonded via S and N’ 

dithizonc 

Prep: Dihydrnzinc complex + formaldehyde 

Prep: Dihydrazinc complex + cyclohexnnonc 

07 
86,87. 

113 
a7 
a7 
88 

85,&i 

86 
89-94, 
65 
65 
96 
96,97 

115 

98 
99 

100 

102 

103 
104,106 
IOG 

111 

109 

110 
112 

112 

112 

- 
a The complex cun be deprolonnted to neutral species. 

-- 
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If carbon dioxide is bubbled through the aqueous metal salt-hydrazine 
mixtures the octahedral complexes [N,H,] [M(H2NNHC00)3] (M = Mn(II), 
Cu(II), Co(H), Zn(II)) are formed [72]. Two apparently independent struc- 
ture determinations of Che nickel(H) derivative [74,75] confirmed that the 
ligands were O,N-bonded with the oxygen atoms in a cis configuration. The 
complex is racemic with both enantiomorphous forms co-existing in the crystal. 
The tris-hydrazine carboxylate complexes were all shown to be isostructurai 
1721. 

The hydrazine carboxylates of other transition metals are frequently 
polymeric, bridging occurring via carboxyl oxygens as in [ (Mn(H2NNHC00)1- 
(H20)2 1, I ]761 and [ {Cd(H,NNHCOO), I,] 1771. The structure 1781 (XXI) 
of [ { Zn(H,NNHC00)2 },‘J . IS unusual in having five-co-ordinate zinc within a 
polymeric structure held together by carboxyl bridges. 

PhN~NUCONnNH~ FhNHNHCO-N=N--Ph 

XXII XXUI 

Diphenylcarbazide(XXI1) and diphenylcarbazone(XXII1) have for many 
years been employed as spot test reagents, intensely coloured derivatives 
being formed with Hg, Mg, MO, Cr, V and Cd [?9,80]. However, these deriva- 
tives have rarely been well characterised. The reactions of XXII and XXIII 
with molybdenum(V) and molybdenum(W) have been studied [Sl], but in 
the absence of IR data the structural assignments are rather doubtfui, as are 
those for complexes of copper(I1) and titanium(IV) [SZ]. 

N-sulphinylhydrazine (PhNHNSO) is reported [83] to react with copper 
acetate in benzene to give monomeric ~Cu~PhNNSO)~], believed to contain 
square planar copper bound to the suiphonyl oxygens and phenyl-substituted 
nitrogens. The complex slowly decomposes in solution to give thiophenol and 
copper(I1) oxide. Mercury(H) acetate reacts similarly to give unstable yellow 
[Hg(PhNNS0)2] of unknown structure [82]. 

(iii) Bonding via nitrogen and SldphuF 

The co-ordination chemistry of the sulphur analogues of the hydrazine 
carboxylates, the dithiocarbazates, has only relatively recently been studied 
in detail, although the nickel complexes were first isolated over 40 years ago 
1853. Dithiocarbazates can co-ordinate in two ways, using either one sulphur 
and a hydrazinic nitrogen(XXIV) or the two sulphurs(XXV). The modes of 
co-ordination have been distinguished by IR and UV spectroscopy. 





the type such as [Ni(MezNCSNHNHPh)z]” can be deprotonated to a neutral 
species and then oxidised to the complexes fNi(Me,NCSNzPh)z] [QS] which 
are treated in more detail in Sect. F. 

Complexes of thiosemic~bazides derived from opticalfy active amines have 
been prepared [973, and their circular dichroism spectra show very large 
Cotton effects. The relatively large asymmetry imposed on the chelated 
ligand by the amine group was attributed to a solvent molecule forming a 
hydrogen-bonded bridge between the amine nitrogen and the thioamidic 
nitrogen atom [97] _ 

Silver thiosemicarbazide complexes tend to have unusual stereochemistries. 
[{AgCl(HzNCSNHNHZ) ),] h as a polymeric structure with two distinct pseudo- 
tetrahedral silver ions. One is bound to 2 sulphurs and 2 chlorines, the other 
to 1 chlorine and 3 sulphurs [ 981. The co-ordination about the silver ion in 
t$(NCS)(H,NCSNHNR,) ],](XXVIII) is a distorted trigonal hipyramid 

. 

W, 7 
,C+-NH-NNHZ 

s*l : 
\: 

~Ag-N-c-? 
=Y_-NH i 

H&’ 1 
--NH2 

S-_C-_N----- 

The compIexing ability of thiohydrazides of the type R-CSN-HNHR’ 
(R = Ph, R’ = H, CH3, Ph, PhCO, CONHt , CSNH2) [loo] have been studied 
and the complexes are generally analogous to those of the thiosemicarbazides. 
[Mn(CO),(PhCSNNHCH,)1 has been prepared by reaction of [MnCl(CO),] 
with the thiohydrazide in the presence of base [ lOl]_ The thiohydrazide 
CH&SNHNHZ is too unstable to isolate, but the complex [Ni(CH&SNNH& J 
was prepared in situ from thioacetamide, hydrazine hydrate and nickel(H) 
[lOZ]. A partial X-ray crystal structure showed that the ligands were in a 
trans configuration f102) _ 

Thiocarbohydrazide (H,NNHCSNHNH,) generally acts as a neutral biden- 
tate ligand bound via the thione sulphur and a terminal nitrogen. The com- 
plexes are of stoichiometry [M(H2NNHCSNHNH2)&Iz [M = Zn(II), Cd(H), 
Hg(ff), Pb(IIf] [103] or [M(H~NNHCSNHNH*)~12+ [M = Ni(II), Cu(II)] 
[104,105]. Substituted thio~arbohydrazides of the type RNHNHCSNHNH* 
(R = PhCO, MeCO, nicotinyl, Z-hydroxybenzoyl, 2-chlorobenzoyl) give the 
nickel and cobalt complexes [M(RNHNHCSNHNH,),(NOs)JNO, containing 
both ionic and bidentate nitrate [ 106 1. IR studies suggested that the thiocarbo- 
hydrazide is not bound via the oxygen of the R substituent but via the thio- 
carbonyl sulphur and hydrazinic nitrogen. Although the values of the asso- 
ciation equilibrium constants for thiocarbohydrazide with Co(H), and Ni(II) 
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are comparable with those for carbohydrazide (HJWN)2C0, the latter binds 
better to Zn( II) than its sulphur analogue [ 1071. 

Dithizone (PhNHNHCSN,Ph) has found extensive ure as a colourimetrie 
reagent for the determination of metals, and forms int +.nse red to brown 
colours with 21 ions of 18 metals [108]. However, few of the complexes 
responsible for these intense colours have been well ch:~acterised. X-ray 
crystal structures of [Hg(PhNHNCSN,Ph),] [109] and jCu(PhNHNCSNzPh),] 
fllO] confirmed bonding via the thione sulphur and the protonsted nitrogen. 
The dithizone figand in [Ni(PhNHNCSN*Ph~~ (bipy) J ias shown by an X-ray 
crystal structure [ill] to be bound in the same manner but with the thione 
suiphurs in a cis configuration. 

n ILKxxs 

The “template” effect of a metal ion has been used to synthesis@ the novel 
macrocyclic complex XXIX by reaction of the nickel compIex of the dihy- 
drazine XXX with formaidehyde [112 3. Use of cyclohexanone gives the 
di-cation XXX& and the derivative with R=H was proposed as a possible 
intermediate in the formation cf XXIX. 

(iv) Hydrazines with phosphorus- and arsenic-containing substituents 
Although the phosphorus-containing hydrazines Ph,P(X)NHNKR (R = H, I%; 

X = 0, S) were first prepared at the beginning of the century f 116,117], 
their co-ordination chemistry has scarcely been investigated. Recently Peter- 
sen and co-workers [ 118,119) have studied some complexes of PhzPNHNMez 
and Ph2PSNHNMe,. IR and ’ H NMR measurements suggest monodentate 
binding through phosphorus in [M(Ph2PNHNMe2)2C12] (M = Pd, Pt) and the 
same type of bonding was postulated for [Mn~CO~~~Ph*PNH~e~)] [Z20]. 
The complexes of stoichiometry [M~Ph~PNHNMe~)CI~~ (M = Pd, Pt) are 
monomeric in acetone solution and believed to contain a four-membered 
chelate ring (XxX11). Dimerisation occurs in dibromomethane to give a chloro- 
bridged species with monodentate hydrazine ligand, bound via phosphorus. 

Tn the compIexes ~M(PhzPSNHNMez)Clz] IR spectra show that the Iigand 
is bound via the sulphur and the position of v(N-H) suggested binding via 
the protonated nitrogen, giving four-membered chelate ring (XXXIII). At- 
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tempts to prepare zinc or cadmium complexes of Ph2PNHNMe2 resulted in 
loss of phosphorus and gave [ Zn(H2NNMe2)&12] and [Cd(HJ~NMe,)Cl,], 
the structures of which have been discussed in Sect. C.I. 

D. REACTEONS INVOLVING ELIMINATION OF DINITROGEN 

The oxidation of phenylhydrazine by ferric and cupric ions has been inves- 
tigated by several workers [IZl-1231. In acid solution phenylhydrazine is 
initially oxidisecl by iron(W) chloride to a diazonium salt, but in the presence 
of an excess of the ironfII1) chloride, chlorobenzene is formed in good yield 
[121,123]. Under acid conditions copper oxidises phenylhydrazine to 
benzene and dinitrogen, and [Ru(NH3)&1]C12 gives monomeric and dimeric 
dinitrogen complexes ard benzene [i.Z9]. It was also claimed that alkylhydra- 
zines are oxidised by copper(I1) salts to dinitrogen and hydrocarbon products 
via a free radical pathway ]124]. 

It was first reported over 50 years ago that aryf mercury compounds could 
be generated in excellent yields using phenylhydrazine; thus phenylmercuric 
acetate reacts with phenylhydrazine to give diphenylmercury in over 90 % 
yield (611. Much more recently this has been adapted to the preparation of 
aryl gold complexes, by reaction of arylhydrazine hydrochlorides with tetra- 
h~o-a~ate~~II) anions [ 1251. The mechanism outlined befow (reaction 2) 
was proposed since a pare-substituted arylhydrazine gave a para-substituted 
aryl gold complex, ruling out any ortho-metallation reaction. 

NHNHZ + Au’24 - y NH-NH2 + AdI C Cl- NH-NH-Aucl;I- 

Five co-ordinate organocobalt(II1) complexes of the macrocyclic ligand 
XXXIV ~Co~~,*H~~N~)~] have been prepared by reaction of the hydrazines 
RNHNHz (R = Me, Et, ff , PI!, COMe,CO,Et, Ph, CH2Ph) with the corre- 
sponding square planar coba.lt(II) complexes of XXXIV in the presence of 
oxygen [1263. 

Analogous reactions with cobalt(H) complexes of other macrocyclic ligands 
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and with the five co-ordinate iron{ III) thiocyanate complex of XXXV to give 
[Fe(Gz,H,,N.+)R] were also reported. An X-ray crystal structure of the five- 
coordinate iron phenyf complex of [ l?e(i&HzzN4)Ph] showed a rather short 
Fe-G bond length of 1.933 A. More recently the preparation of an iron methyl 
carbonyf complex XXXVII (Y(G=U) - 2035 cm-“) by reaction of the his- 
(cyano) complex XXXVI with methylhydrazine and carbon monoxide in 
the presence of strong base has also been reported I. 127 ] a An X-ray crystal 
structure confirmed the presence of trans methyl and carbonyl ligands. 
The ~~bonyl-m~tbylhydrazi~e complex [FefC,oHzoNsffCU)(CH,NHNH,)]2’ 
can be isolated as an intermediate in the formation of the Methyk-ad3Onyf 

XXXVII. 
Fenocene can be substituted at the 1 or at both the 1 and 1’ positions 

by reaction with the hydrazines RNHNHz (R = Ph, PhGO, Me, PhCH2, 
P-C~--fX34, p-Me~-GG&, p-N02-GEZ) in acetic acid in the presence of 
silver oxide 11283. The mechanism is not known, but free radical substitu- 
tion of the ferricinium ion was proposed as a possible pathway. 

E. FORMATTON OF DIAZENE. DIAZENIDO- AND HYDRAZIDO-COMPtEXES 

The oxidation of arylhydrazines by first-row transition metals in acid solu- 
tion to diazonium salts, or their degradation products f121,122] (see Sect. D) 
has long been believed to proceed via the intermediate formation af unstable 
aryldiazenes, ArN=NH. However, it is only comparatively recently that the 
phenyldiazene complex [Gu4G14(PhN= NH)] was isolated from the reaction 
of phenylhydrazine with copper(H) chloride in aqueous solution El.301. The 
phenyldiazene is iiberated by solution of the complex in acetonitrile and can 
be identified by its cha~cteri~ti~ UV spectrum [ 1311. Although the analogous 
methyldiazene complexes cannot be prepared from m~thyl~yd~z~ne and 
copper(H) salts, [Cu,C&(MeN= NH) is isalabfe from the direct reaction of 
methyldiazene with copper(I) chloride. 

Phenyldiazene complexes are now widely distributed among the transition 
metals, but most have been prepared by the protonation of N-phcnyldiazenido- 
N’-complexes (e.g. eq. (3)) [132], or by reaction of diazonium salts with 
metal hydrido-complexes (e.g. eq. (4)) [lS]. 

~RhGl*(N~~)(PPh~)~l+ HGl --f [ RhGl,(NH= NAr))PPh&] (3) 

The deep red cofouration produced by the addition of phenylbyd~z~ne to 
acidified m~lybdate solutions has been attributed to the formation of a molyb- 
denum( V) complex of 1,4-diphenyltetrazene PhNH-N= N-NHPh [ 133,134] - 
It was post.ulated that the tetrazene arose from the coupling of PhNHNO (from 
oxidation of the hydrazine) with exceSSi phenylhydrazine, but this mechanism 
appears purely specuhdtive. 

1,2-Disubstituted hydrazines RNHNHR (R = alkyl) are &so readily oxidised 
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by copper(I1) salts to give copper(I) complexes of 1,24substituted diazenes 
[ 1353 . Since the diazene is readily liberated from the complexes on treatment 
with base, this has been used as a preparative route to the relatively stable 
1,2-disubstitut~ diazenes. An X-ray crystal structure of [Cu,C&(Me-N= N- 
Me)J f1361 h s ows approximately tetrahedrally co-ordinated coppers, each 
bound to three chlorides and a diazene nitrogen. The diazene has a trans con- 
figuration and bridges two adjacent cuprous chloride chains. A common 
feature of all copper diazene complexes appears to be a polymeric cuprous 
halide chain, but with only this crystal structure available no correlations 
between stoichiometry and structure can be made. 

Iron(III) chlorides, mercury(I1) chloride, and the permanganate ion also 
oxidise 1,2disubstituted hydrazines to diazenes, but in these cases no com- 
plexes containing diazene Iigands are isolable. The kinetics of the reaction of 
1,2dimethylhydrazine with manganese(II1) in acid solution have been studied 
by stopped-flow methods El371 , and the results interpreted in terms of for- 
mation of 1,2-dimethyldiazene. 

Reaction of 1,ldimethylhydrazine with copper( II) halides in dilute aqueous 
acid at 0°C gives the complexes [(Me2N=N)&u3X3] (X = Cl, Br) [ 1301, [138]. 
Evidence for the complex containing the so-called 1,ldimethyldiazene ligand 
(R,N= N)* was obtained by mixing cold acidic solutions of the complex and 
the 1,ldiethyldiazenium ion (from the hydrazine and potassium bromate). 
Treatment with the base and ether extraction gave a nearly statistical distribu- 
tion of Et*N-N=N--lW& , Et+N-N=N-N-NMe, and Me2N-N=N-NMe,. 

If the reaction of copper(H) bromide and l,l-dimethylhydrazine is carried 
out at 25”C, the salt [Me,N,CHN,MeJ [Cu,Br,] is formed. An X-ray crystal 
structure [138] confirmed the presence of the 1,1,5,5-tetramethylformazinium 
ion and a polymeric copper(I) anion. Acid treatment of the ionic complex 
gives 1,5,54rimethyIformazan in low yieId. The following mechanism was 
advanced to explain the formation of the formazinium cation 

2 cl?+ 
Me2NN+H, - Me&NH =z Me-L-Nk$ 

&H* 

= tvleN+H,Nt+ + ‘u20 

M@&=NH H, j---NM% 

MezNNHz + C&O - Cb$=NNMe, - H/c\ N=NMe2 

,N=N-Me 

HC 
% N-NMeZ 

H+ 
//N- NMe2 + 

HC 
\ 

N=NMe2 

1,5,5-trimethyllormazan tetramethylformattnium 100 

In general, the oxidation of l,l-disubstituted hydrazines can give rise to 
different products depending on the mode of decomposition of the I,l-di- 

* The problem of nomenclature of complexes containing RtNN figands is discussed on p. 51: 
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methyldiazene intermediate (eq. (5)) and on the oxidant used. 

R. ,"--_N=N-N /R 
1, 

R ‘w 
(51 

R-R’ C N, 

Path (b) is followed if R=R’ = benzyl, or with other alkyl groups if a 
heterogeneous oxidising system such as mercuric oxide--ethanol is used. The 
solid surface presumably serves to keep the 1,ldimethyldiazene fragments 
apart, facilitating dinitrogen evolution and preventing tetrazene formation. 
The use of homogenous oxidants such as iron(II1) chloride gives tetrazenes 
via path (a) [139]. 

The reaction of transition metal complexes containing oxo-groups with 
substituted hydrazines, provides a preparative route to a range of diazene and 
hydrazido-complexes. Thus, the rhenium(V) oxo-complex [ReOCl,(PPh& ] 
reacts with benzoylhydrazine hydrochloride in refluxing ethanol: to give com- 
plex XXXVIII, and in refluxing acetone complex XXXIX f140]. 

X-ray structural information shows that the C-0 and C-N bonds of com- 
plexes such as XXXIX [ 1411 have bond o?ders intermediate between single 
and double bonds. It is therefore clear that no one of the several possibie 
canonical forms represents the true structure, and in this section this is indi- 
cated by the use of dotted bonds to denote delocalisati=?n. As mentioned in 
the introduction, for the purpose of nomenclature the ligand is arbitrarily 
assigned the lowest possible charge. Thus complex XXXVIII is named as a 
rhenium(II1) derivative with the chelated ligand bearing a uninegative charge. 
Complex XXXVIII reacts with certain tertiary and ditertiary phosphines in 
refluxing methanol to give methyl benzoate and rhenium(I) dinitrogen com- 
plexes 11421 via an intermediate, isolable benzoyldiazenido-complex [142] 
(es. (6)). 

XXXVIII a [ReC12(N&OPh)(PR&]a [ReCI(N2)(PR,),] + PhCO,Me 

(6) 

Just as hydrazine itself is cleaved at the N-N bond phenyl- or acetylhy- 
drazine reacts with [ReOC13(PPh3&] to give [ReN&(PPh&] [143]. The 
hydrazines RNHNHR’ (R = R’ = Me; R = Ph, R’ = PhCO or MeCO) are also 

cleaved to give the imido-complexes [ReCl,(NR)(PPh,),]. When R = R’ = Et 
or pr” , then an alkyl group is lost, giving the nitrido-complex, and in the case 
ofR=R’ = CH,Ph, the amide-complex [ReCl~~N~CH*Ph~~PPh~~~] is the main 
product f1443. 
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The oxo-complex [MoOC12(PMe,Ph)3] reacts with benzoylhydrazine in 
refluxing meth~ol to give complex XL [145] and the structure was con- 
firmed by X-ray crystallography [ 1413. The presence of the proton appears 
to prevent degradation of the chelated diazene to co-ordinated dinitrogen as 
observed for the rhenium complex XXXVIII. As with rhenium, the hydrazines 
RCONHNHPh (R = CH:, , Ph) undergo N-N bond fission on reaction with 
[ MoOClz(PMezPh)s] to give complexes of structure XL1 [ 1451. The MO(V) 
oxo-complex ~MoOCl~(dpe)] (dpe = Ph~PCH~C~~PPh~~ reacts with the hy- 
drazines RCONHNHR’ to give the novel ionic species [MoOCl(dpe),] 
[MoOCI,(RCON~R’) ] [146], the structure having bean established by X-ray 
crystallography [ 1471. 

Only one of the oxo-groups of the bis-oxo-molybdenum(V1) complexes 
[MoO*~S~CNR~~~~ (R =: Me, Et, Ph) is removed on reaction with the l,ldisub- 
stituted hydrazines R’R’NNH? (R’ = Me, Et), to give the complexes [MOO- 
(NNR’R’)(S,CNR,),] [148]. Only when R = Me and R’ = Ph can the bisderiva- 
tive [ Mo( NZPh2)2( S2CNMe,)2] be prepared. Complexes of analogous ligands 
have also recently been prepared by the alkylation of co-ordinated dinitrogen 
in the compIexes [M(N,),(dpe),] 1231 (M = MO or W; dpe = Ph,PCH,CH2PPh2). 
In addition certain alkyl- or aryldiazenido-complexes of molybdenum f 1481 
can be protonated at the terminal substituted nitrogen to give derivatives 
containing the N-NHR group (R = Me, Ph). An X-ray crystal structure of 
[MoO(NNMe2)(S,CNMez)2] [ 1471 shows the MO-N-NR, system to be essen- 
tially linear with MO-N and N-N distances of 1.85 and 1.24 a, respectively. 
These bond lengths suggest that there is considerable delocalisation along the 
ligand, and that the true structure lies between the two forms Mo+N=&Me2 
and Mo==N-NMe2. However, for nomenclature purposes the complexes as 
those of copper discussed earlier, are named as hydrazido(2-)derivatives 

Mono-substituted hydrazines R’NHNH2 (R’ = Me, Ph, PhCO) react with 
oxo-complexes [Mo02(S2CNR2),] in the presence of an excess of sodium 
dithiocarbamate to give the diazenato-complexes [Mo(N,R’)(S&NR&] 
11481 which can be protonated or alkylated to give the cationic hy.drazido- 
(2-)-complexes IMo(N-NR’R”)?S,CNR,),]*(R” = H, Me, Et) 11481. 

‘R 
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Osmium complexes containing a chelated diazene ligand are obtained 
from [OsOCl#‘Ph&) and the hydrazines RCONHNHAr (R = Me, Et, Pf, 
Pr” ; Ar = C6HS, ;7-Cl-C&L p-0~N-C6H~, p-CHa-GHa, p-C&O-GE-f,) 
[149j_ Structure XL11 was confirmed by X-ray crystallography for the 
derivative with R = CH:, ; Ar = P-CH3--C6H4 [1473. An unusual feature of 
these complexes is the large ‘H and 13C NMR shifts that are observed despite 
the apparent diamagnetism of the complexes. The anomalous shifts are 
proportional to temperature, restricted to the diazene ligand, and highly 
dependent on the substituents in the diazene aryl group. They have been 
attributed to the mixing of a thermaliy inaccessible pammagnetic state Iocal- 
ised on the diazene ligand with an essentially diamagnetic ground state. 

The intensely coloured complexes [Mo(PhCSN,R),] (M = Re, MO; R = 
Ar, Me) are precipitated in high yield by addition of the thiohydrazides 
PhCSNHNHR to acidified molybdate or perrhenate [ 145]_ The complexes 
show similar redox properties to the related dithiolene complexes, although 
the reduced products are rather unstable. One of the diazene ligands of 
[Mo(PhCSNNHj,] reacts with acetone in the presence of acid to give 
[Mo(PhCSNHN=CMe2)(PhCSNNH),]. Th e oxidation necessary for the forma- 
tion of the tris-diazene complex originates from the metal oxo-anion which 
contrasts with the formation of re!ated complexes of the platinum metals, 
discussed in Sect. E, where an external oxidant such as iodine is required. 

Diazene or hydrazido-complexes can also be prepared by the reaction of 
certain halido-complexes of second- and third-row transition metals with 
substituted hydrazines by elimination of hydrogen halide. This can be repre- 
sented by the general equation 

fL,MX6-,] + RNHNHR + ~MX~-~(RN~R)L~] + 2HX 

Lithiated hydrazines react analogously with elimination of lithium halide 
(eq. (7)) [150]. Analogous complexes can also be prepared by reaction of 
azobenzene with Ni(0) species [ 1511 or by displacement of a n-bonded olefin 
with azobenzene [1523 _ An X-ray crystal structure of [ Ni(PhNzPh)(BuLNC)2! 

[153] (XLXII) shows that the N-N bond length (1.39 Ii) is considerabiy 
longer than in azobenzene (-1.20 A) and lies close to the value for a N-N 
single bond. The nitrogen lone pairs are probably not involved in the bonding 
which is analogous to that in olefin complexes. By contrast, reaction of azoben- 
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zene with [(r-Cp),Ni] gives an or&o-metallated azobenzene complex 11541, 
which represents the more common mode of bonding of azobenzene. 

[M&L21 + PhN(Li)N(Li)Ph + [M(FhN*Ph)L~] + ZtiX (7) 

M = Ni, Pd, Pt; L = PPh3, Bu”NC 

However, the diazene or hydrazido-complexes of paliadium and platinum 
can be prepared more directly by treatment of an halide-complex with the 
hydrazine in the presence of base (eq. 8) [155,156]. 

[MC12(PR&] + RCYNHNHRlNs3 IM(RCYN,R’;tPR,)zI (6) 

PR3 = PPh3, PMe,Ph; M = Pd, Pt; Y = S, R = Ph, R’ = Me; 

Y=0,R=CH3,R’=CH3CO;Y=0,R=Ph,R =PhCO 

Crystal structures of the derivatives with Y = 0, R = CH,, R’ = CH,CO 
Cl411 and Y = 0, R = Ph, R ’ = PhCO [ 1571 have shown the platinum to be 
square planar, bound to one oxygen and a nitrogen to give a five-membered 
chelate ring. The square plan&r geometry shows unequivocally that the plat- 
mum is in the divalent oxidation state and the l&and must be dianionic 
XLIV rather than the neutral diazene XLV. This is also borne out by the 
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COPh CClPh 
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observed bond lengths of 1.29 A for C-N, and 1.41 A for N,-N, which cor- 
respond closely to the values expected for a C=N double bond and N-N 
single bond, respectively. The complexes are accordingly named as deriva- 
tives of the N-N’-dibenzoylhydrazido(2-)N-O ligand. The same complexes 
can be prepared by the oxidative addition of N,N’-diary1 or N,N’ifiacyldia- 
zenes to zerovalen t platinum complexes. 

The analogous nickel complex [Nib-CH3C,H.&ONtCOC6H~-p-CH,)- 
{P@-CH,-&HA), j2] has recently been prepared from [Ni(cyclooctadiene),], 
tritolylphosphine and the ditolyldiazene in pentane [ 1581. The ’ H NMR spec- 
trum revealed that there is an equilibrium between a square planar diamag- 
netic and a tetrahedral pammagnetic species. This equilibrium is solvent depen- 
dent, and the diamagnetic species is favoured by solvents such as carbon 
disulphide. At elevated temperature there is a further dyna_mic process which 
renders the two tolyl groups of the tetrahedral form equivalent [ 1581. 

The complexes I: Rh,(PhCON,COPh)(CO),(PMe,Ph),] formulated as con- 
taining a bridging dibenzoyldiazene ligand was prepared by the reaction of 
dibenzoylhydrazine with [RhC13(PMe,Ph)3] in the presence of base [3S6]_ 
The mode of bridging of the diazene ligand is not known The reaction prob- 
ably proceeds via [ RhCl(CO)( PMezPh)z ] as this gives the same dimeric product 
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on reaction with the hydrazine. Phenylhydrazine reacts with mer-[ReCl,- 
(PMe,Ph),J in ethanol under reflux to give predominantly ]ReC12(NH3)(N2Ph)- 
(PMezPh)z] (XLVI) together with a small amount of [ReC12(N,Ph)(PMe2Ph)3 J- 
(XLVII) [3.59]. The appearance of ammonia in the co-ordination sphere of 

~,PM@pl 

Me2pnC;FT;;rN-Ph 
,_~c;~: - -m 

‘I 

2 
M2PhP f._.q” 

3 

XLVI XLVli 

XLVI suggests that a complex redox reaction involving N-N bond cleavage 
has occurred. Although complex XLVII is inert to hydrohalic acids, complex 
XLVI is readily protonated, and an X-ray crystal structure [ 1601 has con- 
firmed that the phenyldiazenato-ligand is protsanated at the nitrogen adjacent 
to the phenyl group. The reasons for the subtle dependence of the reactivity 
of the diazene ligand on the other ligands in the co-ordination sphere are not 
all clear. 

Complexes containing bridging hydrazido or diazene ligands are relatively 
rare, but it was recently reported [161] that the dimers [ {(n-Cp)Mo(NO)X2 121 
(X = Cl, Br, I) react with the hydrazines RR’NNH2 (R = R’ = Me, Et: R = Me, 
R’ = Ph) to give dimers bridged..by the RR’NN group. AA X-ray crystal struc- 
ture XLVIII (X = I, R = R’ = M “‘) e confirwed the presence of a novel asym- 

Me \ /Me 
CP HN2 

+ 

AMO’ 1 

ON ’ \NH 
\ PI-4 
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metric bridging hydrazido( Z-) ligand. Under similar conditions, phenylhy- 
drazine initially gives [(rr-Cp)Mo(NO)I,(H,NNHPh)] which then reacts further 
with phenylhydrazine to give [(n-Cp)Mo(NO)I (HNNHPh)]. The latter can 
be protonatecl to give [(n-Cp)Mo(NO)I(H,NNHPh)]‘; shown by an X-ray 
crystal structure (XLIX) to contain a dihapto phenylhydrazine ligand 
1161 (a)], which is the first well-established example of a hydrazine bound 
in this manner. f(?r-Cp)Mo(NO)I(HNNHPh)] also reacts with [{(n-Cp)Mo- 
(NO)12 }*] to give [ {(n-Cp)Mo(NO)I},NNHPh], a structural analogue of 
XLVIII. The only other complex containing bridging hydrazinederived ligands 
is [ {(PPh,),Pt(N,H) I-,] [ 1621 where the bridging N=H group was confirmed 
by an X-ray structure 11631. 

F. FORMATION OF DITHIOLENE-LIKE COMPLEXES 

As indicated in Sect. C. 11 (:&ii) [Ni(PhCSNHNH2)2]2* can readily be depro- 
tonated to neutraI [Ni(PhCSNNH,),]. Aerial or iodine oxidation then gives 
bright blue [Ni(Ph~SNNH)*] [100,164] which can be reversibly electro- 
chemically reduced to mono and dianionic species (Table 5). The platinum 
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analogue [Pt(PhCSNNH)2] has been prepared by the hydrogen peroxide 
oxidation of [Pt(PhCSNHNH2)2 ] in alcohol and also undergoes reversible 
electrochemical reduction f 1653 (-Table 5). 

The related complexes ~Pt(RR’N~SN~Ph~~] (R = R’ = Me; R = H, R’ = 
Bu’;R=H,R’ = Ph), derived from substituted semicarbazides, were initially 
prepared by Podchainova et al. [166] by aerial oxidation of alkaline solutions 
of the complexes [ Pt( RR’NCSNHNHPh)*] , but were incorrectly formulated. 
Further investigations established the correct stoichiometry, and their redox 
properties were also studi& [ 1643 (Table 51, and the neutral complexes 
shown to be the central members of a five-membered electron transfer series. 
The cyclovoltammetric electrochemical data, although not strictly com- 
parable as different solvents are used, shows that the platinum complexes 
are generally harder to reduce than their nickel anlogues. In contrast to the 
substituted thiosemiearbazide complexes, the thiohydrazide derivatives only 
show irreversible oxidation waves, reflecting the instability of the oxidised 
species. 

More recently Bechgaanl reported [167] the related five-membered elec- 
tron-transfer series of nickel complexes [Ni(EtzNCSN1_Ph)l]Z (2 = 2*, l’, 0, 
l-, Z-, Table 5). The complex with 2 = 0 is interesting in that an X-ray crystal 
structure 11681 has shown the nickel is in a tetrahedral environment with a 
dihedral angle of 78O between the planes of the chelate rings_ All the related 
palladium and platinum complexes are assumed, or have been shown to be, 
square planar. The deviation from planarity for the nickel complex was attrib- 
uted to steric interactions of the phenyl @ups. The complex with 2 = 0 and 
analogous compounds, also show small temperature independent contact 
shifts in their ‘I-I NMR spectra, attributed to unpaired spin density arising from 
thermal population of low-lying excited states. 
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The related complexes L have been prepared by the oxidation of the 
amidrazone-derived complexes IX generated by the reaction of hydrazine 
with platinum(H) t-butyl cyano-complexes 1411. The first part of the reaction 
has already been discussed in Sect. C. II (i). 

The red neutral complex is converted to the green acetate-complex LI by 
acetic anhydride (eq. (9)). An X-ray crystal structure 14%) of LE showed 
square planar co-ordination about the platinum. Polarographic reduction of L 
showed two waves at E,,, - 0.25 and -0.56 V VS. S.C.E. Controlled potential 
reduction experiments 141 J revealed that the species with E, t2 - 0.56 V was 
a binuclear mono-anion. Reduction of the formally platinum(I1) derivative Lf 
proceeds with formation of a mixed-valence dimer probably bridged via the 
acetate groups. 
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In the above complexes there is a real problem in assigning a formal oxida- 
tion state to the metal and providing an adequate nomenclature system. 
Jensen et al. [96] showed that the zinc complex [Zn(Et2NCSN2Ph)2] was 
paramagnetic with a magnetic moment of 2.4 B.M., suggesting that this and 
the Ni, Pd and I?& complexes should be fonnufated as the divalent metal co- 
ordinated by anionic radical ligands. To circumvent the difficulty of naming 
this type of ligand and to avoid trying to name canonical forms, it has now 
been proposed that the complexes should be named on the basis of defining 
the stereochemistry by a prefix (e.g. T-tetrahedral: S-P, square-planar), and 
naming the figand as a neutral species. Thus the complex ~Ni(Et~NCSN~Ph)~~ 
is now named T-[N-diethylaminothioeabonyl,N’-phenyldiazene(N’-S)ni~kel]. 

G. REACTIONS WITH CO-ORDINATED IXGANDS 

The bright red complexes resulting from the reaction of hydrazine with 
platinum{ II) isocyanide complexes were originalfy [ 1681 formulated as hy- 
drazine-bridged dimers, but subsequent investigation [169,170] showed that 
these should be reformulated as the cheIated carbene complex LII (R = H). 
An analogous compIex is formed with methylhydrazine (LII, R = Me) and 
its structure has been confirmed by X-ray crystallography [ 1691. It can be 
protonated with HCI to the di-cation LIII whereas protonation of complex 
LII with R = H under similar conditions results in loss of the isocyanide iigands 
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and formation of [CH3NHCNHNHCNHCH3)PtClZ]. Tne methyl group presum- 
ably functions as a blocking group and prevents complete protonation of the 
chelated dicarbnne Iigand. 

Fischer and Aumann have reported [171] the formation of cyano-com- 
piexes from reaction of chromium and tungsten carbene derivatives with X,1- 
dimethylhydrazine. The mechanism proposed (eq. (10)) involved r-m&o- 
phiJic attack at the carbene carbon, with methanol and dimethylamine formed 
as by-products. 

Me2NNH-r 
[(CO),CrC(OMe)Me] s E(CO)&rC(NHNMe2)Mel + f(COlsCr(NCMe)] +MezNH 

(10) 

The carbon of certain metal carbonyls is also susceptible to nucleophilic 
attack by hydrazines and isocyanates are the ultimate products (eq. (11)) 

I1721 - 



fn-3=pFe(GO)& + HzNNR’R+ InCpFe(GO)~(GQNHNRR’)] + [?XpFe(CO)zNCO] f NHRR’ 

LIV 

WI 

The intermediate LIV can only be isolated when a l,l-disubstituted hy- 
draziine is used. 

1 should like to thak Professor Chatt and my eollezzgues at the Unit of 
Nitrogen Fixation for their helpful comments and advice during the prepara- 
tion of this manuscript. 
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