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Abstract

This review deals with the structures, preparation and spectroscopic properties of hydruzine
and substituted hydrazine metal complexes and includes examples of n'-, n*- and p,: p*-bonded
hydrazines.
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of rhodium hydrazine and related derivatives.
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1. Introduction

Hydrazine is a powerful reducing agent [ 1] and was used by Chait et al. [2] to
prepare the first platinum-hydride complex, trans-[ PL(HCI(PEt;).]. Subsequently,
protonation of coordinated dinitrogen has been shown to give a variety of derivatives,
including N, H,. More recently, a number of substituted and unsubstituted hydrazine
transition metal complexes have been reported and these form the basis of this
review”, Complexes containing hydrazine have not so far been reviewed specifically,
and complexes containir.g substituted hydrazine were last reviewed in 1976 [3].

2. Hydrazine complexes

The possible modes of bonding of bydrazine to a transition metal are shown in
Fig. 1. Examples of all the modes of bonding shown in Fig. | are now known. X-ray
crystallography is important for structural characterisation but is dependent on
suitable crystals being available and unfortunaicely only a few examples of crystallo-
graphically characterised hydrazine complexes have thus far been reported.
Furthermore, the direct location of H atoms is often not possible and it is often
difficult to be sure whether the complex contains hydrazine or hydrazide{—1).

Characterisation of most of the hydrazine complexes in the literature has relied
heavily upon IR and "H NMR spectroscopics and, as a result, the proposed structures
are still not unambiguous. It has been chiimed from IR studies that the position of
V(N N} in monodentate hydrazine ¢ .plexes occurs at 928 -937 ¢cm ™! whereas for
complexes which contain bidentate or bridging hydrazine v(N ~N) oceurs at
948 980 em *. These bunds are all at higher frequency than free hydrazine
(875 cm ') (4], Nevertheless, such assignments are diflicult without the benetit of
IR spectrt of UN/*Neisotopomers, and even then the IR spectrum in the
900 1600 em * region ix often crowded due to absorption from other ligands in the
complex, making ideatification of V(N N} diflicult, As a result, the stereochemistry
of meta! hydeazine complexes based on IR measurements must be viewed with
some caution,
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Fig. | Ronding mades of lydrasine: () monodentate; (b bridging (n: pé-) (¢) bidentate (n*h

* The tabelling scheme thronghout this review is; M N, Hy N, N HNGHR.



B T. Heaton ot of. j/Coordination Chemistry Reviews 154 ¢ 1996) 193-229 195

Multinuciear NMR measurements can provide much more unambiguous identifi-
cation of the complex. *N NMR coupled with X-ray crystallography, when suitable
crystals are available for structural characterisation, provides unambiguous structural
identification of hydrazine complexes. >N NMR data® can be obtained directly,
although this requires the complex to be isotopically enriched, or via indirect meas-
urements, INEPT [6], which can be carried out on complexes with natural *N-
abundance but these measurements depend upon there being no inter-exchange of
N-—H protons, (vide infra).

2.1. Monodentate hydrazine complexes

Apart from our work, there are only six examples of X-ray structurally character-
ised complexes containing hydrazine as a menodentate terminal ligand reported in
the literature. In all cases, the hydrazine acts as a two electron donor.

The diamagnetic octahedral Fe(1l) complex, {Fe(CyH,; NN HNCO)] (1),
contains a macrocyclic ligand {C,;H,;N,]*~ with trans CO and N, H, groups [7,8]
and was prepared by hydrazine displacement of base (e.g. CH,CN, py) from the
analogous complex under an atmosphere of CO.

A related complex [Fe(N,H,4)(‘NySs)] (2) containing a pentadentate amine—
thioether-thiolate ligand, ‘N S,’, has been reported [9] and is found to contain high
spin Fe(I1). This leads 1o high lability of hydrazine; similar behaviour is found for
other analogous compilexes containing o-donor ligands (e.g. NH;}, whereas replace-
ment of N,H,/NH,; by n-acceptor ligands {e.g. CO, N;H;) causes the Fe(ll) to
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A Throughout 1his review, 8('°N) is referred to external MeNO, with the appropriate conversions from
other reference stundards [57.
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become low spin and inert. Although it has not yet been possible to coordinate N,
to this metal complex system, this interconversion of spin states and substitution
lability/inertness on changing the type of ligand provides important information
about the stepwise reduction of N, to N,H; to N,H, to NH,.

A related complex [Fe{N,H }(S,C.H,):] ™~ (3) has been crystallographically char-
acterised; in this case, the complex is approximately square pyramidal and contains
high spin Fe(1I1) with a labile N,H, [10].

The weakly bound trifluorosulphonate/{triflate) group in (4) and (8) is readily
displaced by hydrazine 1o give (6) and (7) Eq. (1) and (7) has been characterised by
X-rity erysmallography [11].

The structure of {MINH LINH,NHCO,),] (8. M =Co [12]:9. M =2Zn [13])

S, |
o,
S S
(3)
coO cO
ocC PPhy CO PPh
N% NHy NI
M i
/ | \ /M\ (SO:CFy)
PhyP X Ph,P | X (n
0S0.CF, N,H,
(4) M =Ru, X=Cl (6) M =Ru, X =Cl

(8) M=On X~ Br (7) M=0s, X=0r
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0\\0 o NoH,
O ) N NH
-
HN=HN" | No—cCa
o
N,H,

(8) M=Co (9 M =2Zn

is shown above; the metal is pseudo octahedral and two monodentate hydrazine
ligands are trans to ¢ach other.

Although the H atoms associated with the N, H, ligands "vere not located in the
X-ray structure of (13b)%, the methods of preparation (Eq.{2)) coupled with multi-
nuclear NMR measurements (*H, 3!'P, !%*Rh) on (13) unambiguously ¢stablish the
structure [14]. Thus, the high field region of the 'H NMR spectrum consists of a
single resonance, 6(H) — 17.3 ppm, which appears as a pseudo-quartet (1:4:4:1)
that resuits from a doublet of triplets due to arcidental equivalence of J(Rh—H)
aind 2J(F—H) =15 Hz; the {!H}-1*Rh INEPTRD spectrum shows a triplet, 8(Rh}
345.5 ppm due to coupling to two equivalent phosphorus atoms 'J(Rh—P) 117 He,
o(P) 49.3 ppm.

The structural data for all the complexes containing a mono-dentate hydrazine
thus far reported are shown in Table 1. There is little variation in d(N—N), which

{X =Cl or ONOy)
(10)
thI"Iz(Nzll.l)(ppl14‘)1](N0,‘) +N2Hﬂ - [RI\I’“z(NzHQ)z(PPha)zlx
(X = Clor NOy) (2)
(111) (13) '
[RI(N H)5 (P PRyl X o
(X = Cl or NO,)
(12)
PPhg
H N,H
~ 2
R (NO,)
P . o
]! aphhg .
PPh,
(13b)

4 Throughout this review, if 4 or b is appended to the numeral, then for jonic compounds, X =Cl or
NO, respectively and, for non-ionic compounds, X = Cl or ONO; respectively.
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Table 1
Structural data for the coetdinated hydrazine in meta! complexes containing a monodentate hydrazine
Complex dM—N) d(N—N) MNN Relerence
1A) (A) (deg)
[ Fes{ N; HOICONHC 3 Haa Ny (n 2.123(5) 1.446(6) 120133)  [78]
[Fe(N, H, ) ("N,S,)] {2) 2.192¢6) 1.439(10)  118.3(1) {93
[Fe(N:H,)(8:CH,), ] (3) 2.178¢3) 1452(5) 115.2(2) [10]
[Os{N.H)(COYLi PPh,),Br]{SO,CF,} (1 21810 L4517 119.3(3) [11]
[Co{N,H,):{NH,NHCO,),] (8) 2.17242) 1.454(2} 1&.1¢1) (121
[RhH (N, H,),{ PPh,),JINO;) {13by  2.291(% 1.459(17) 118.3(39) f14]
[Zn(NH ) NHNHCO,),] {9 2172 L.46(4) H2.5(1) [13]

is ‘_s_ipilar to that found for the free ligand (1.447 A) [15]. and all the values for
MNN are similar and somewhat opened from the tetrahedral value.

It is now worthwhile commenting upon the preparation and characterisation of
(10}, {11} and (12) which have been used to prepare (13). Eq. (3) shows the products
resulting from the addition of hydrazine to [RixH,X(PPh;),] (14). (14) undergoes
displacement of PPh; when X = Cl, whereas when X = ONO, displacement of the
weakly bonded nitrato group occurs { 14]. The lability of the nitrato group [16,17],
which can bond as either a mono- or bi-dentate ligand, has been exploited to prepare
(10b) and (14b), Eq. (4).

pPh,
Natly H, | o
(X - D R
PP, H” | NI,
a | ox PP,
RN — (10a)
n” | ek,
pphj (3}
14 i:ph_‘
He | NaH,
N il (NOY
w7 eew ‘
(X = ONO,) H !
PPh,
(11b)

The preparation of [Rh(N,H,),(PPh,),]Cl (12a) is most easily accomplished by
the addition of NyH, to a solution of [Rh,Cl,(PPh,),] (168} in CH 2Cl. Eq. (5).
[Rh{N,H, ) { PPh,), {NO,) (12b) has also been detected spectroscopicilly on addi-
tion of excess hydrazine 10 [RMONO, N PPh, ), 1 17h) T147 and carefir! staichiomet -
ric addition of N,H, to [RhX(PPh,)] (17) in CH,Cl; + MeOH (1:1) gives
[RR(N, H,){PPh,),]X (X = Cl. NO,) (18). Eq.(6).
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II>1=h3
+N,H, H ONO.
. 24 ; f 2
H I N,H,
PPh, PPhy
H O (10b)
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) —
o | No” (4)
PPh, PPhy
(15b) H | _ONO,
Rh
PPh ~
SR N H” | “PPh,
PPh,
(14b)
Ph,P Cl Pl
N /N / 13 N Ph3P\ N,H,
Rh Rh —— RN Cl
N 7N 7\ (5)
(16a) (12a)
ll‘l'h_-l PPhy “‘" ¥
| P Nt
Php e Rh— X LN o ppy o1, e "4 ‘l
N:H, AR (6)
¥ 3
-~ - Phyf NI,
(17) (18) (12)

Apart from (13b), none of the above Rh(I) or Rh(111} hydrazine complexes have
been crystallographically characterised, but the presence of meny different nuclei
with I = §, coupled with the stoichiometry of reagents and the method of preparation,
allows the unambiguous structural identification of the complexes (illustrated in
detail for (10a}).

in addition to resonances due to the starting material (148) Eq. (3}, the *'P NMR
spectrum of (10a) consists of a doublet at 47.7 ppm., 'J(Rh—P) 118 Hz. From this
spectrum it is diflicult to establish whether one or two PPhys are coordinated to
rhodium but tihe refocused and 'H-decoupled Rh - {H} INEPT spectrum (Fig. 2)
clearly shows a triplet at 331 ppm due to coupling to two PPh;s.

Consistent with the formulation presented for (10a}, there are two multiplet high
field 'H resonances at —16.6 and — 18.8 ppm. Fig. 3. Although it is not possible to
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Fig. 2. ™Rh-{'H} INEPT specteum of [RhH,Cl{ PPh,),(N,H,)] (10a) at 243 K.

] l9 Ta L r"| 15 id ] ' T T
- -1 =11 -3 - - -18 ~16 =17 -1 -
M 1 1 {6 19

Fig. 3. 'H NMR spectrum of [RhH,CHPPh, ), N, H,)] (10s) at 243 K. Asterisks denote starting material
[RhH,Cl(PPhy), ] (14a).
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unambiguously assign which rusonance is irans to Cl vs. trans to N,H,, specific
decoupling measurements have allowed all the coupling consiants to be obtained
(see Table 2). The direct "N NMR spectrum of (10a, ’N =95%) is consistent with
the presence of a terminal hydrazine ligand and consists of two resonances at
—3479 ppm (N,) and —355.3 ppm (Ng); these ®N, 3P and 'H NMR data for
Rh{I)-Rh(III) complexes containing monodentate hydrazine are summarised in
Tables 2 and 3.

A variety of complexes containing mono-dentate hydrazine have been formulated
on the basis of analytical, IR and/or 'H NMR measurements and these, together
with data on the complexes described above, if appropriate, are given ir: Table 4; the
more interesting and unambiguous aspects of their stereochemistry are described
below.

In Table 4, there appears to be quite a wide range of values for 8(N,H) and
3(NgH), which are also dependent on the solvent and, where assignments have been
made, then the values of (N, H) is always greater than 6{ NgH) with little difference
in J(N,H) and J(NyH).

Reaction of [V(CO)(THF)Cp], and related molecules, with N,H, -esults in
displacement of THF to give [V(N;H)(CO),Cp] (19) [18]. The stereochemistry
of (19) is based on the presence of 3 v(CO) bands and 4 v(N—H) bands in the IR
spectrum, and the presence of two equally intense NH resonances in the NMR
spectrum; this formulation with an n'-N,H, provides 18 valencc electrons and
precludes an 12-N,H, formulation.

|

'Vi‘
oc” 7\ co
OC  N,H,

(1vy)

The steteochemistry of (24) and (25) is shown below together with the method of
preparation { Eq. (7)), which is similar to that described earlier and involves displace-
ment of the weakly coordinated triflate group. It has been suggested that it is the
steric bulk of the ‘W(CO),(NOXPR;), fragmen: that dictxies the n'- rather than
n2-coordination of N,H, [22].

NO NG, NO *
oc PR, oc PRy ocC PR,
\vlv/ CFy804 >,I,< N,H \vlv/
(-Hy) N
RaP/J{\(T(i ¥Ry | CO R,,P/l co (7
O-50,CF, NH;NHy
(24) R=Ph

(25) R=Cy
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Table 4
‘H NMR data and IR measurements relating to N;H, i complexes containing mono-dentate hydrazine
Compound 3(H) J(NH) */{HH) IR  Reference
[ V{N,H, CO),LCp) {19) 445 293° v [18)]
[V{N.HHCO) i -CsH,{5iMe;)i]  (20) 4.54°, 3030 [18]
[Cr(N,H,)(CO)s} (21) 435,340 v [19]
{Mo(N,H,)(CO)s] (22) 46,34 v [20]
[WINH,)(CO)] (23) 48 37 v [21]
[WIN;H{CO)L{NO)(PPh;),]" (25 373, 69 [22]
227 63
[W{N;H }(CO) i NO)PCy, )] {25) 373,227 [22]
[Re(NH,)(CO),Cp] {26) 505,35 Vv [23]
[Fe(N,H,)(CO),Cp]”* 27 v [24]
[Fe(N;H N COX'S,)T (28) 49,44 v [25]
[Fe(NaH )Ny 8,)]° (2) v (9]
[Ru{N,H {PPhy)('S,))¢ (29) 4.08, 3.22 v [26]
[Ru(N,H,)}(PPh,j(™8,)]° (30) 4.0]:, 4.29 10.8¢ v [27]
348
[Ru(N,H, K CON ™8, 31y 482 384 v [28]
[Ru(NH, HCON'N,;S;0)° (32} 7.66, 533 ¢ [29]
[Ru{N,H ;4 CO},{ PPh,)C1] Y 16} 4.33 49 F11]
335 49
[Ru(N;H,),(COD)}** (33} 604", 472 Vv [30]
421033%
[Ru{N,H,), H{COD}]* (34) broad v f30]
[Ru{NaH h{n®C Ha)] " (38) 573, 3310 v [31]
[Ru{N;H, hm*p-MeC, H.'Pr)] (36) 578, 342° v [31]
[Os{N,H ) CO),( PPh, ). Br]” (7) 4.35" 4.5 [11]
3.56° 4.5
[OSINLH)COD)]*! (3 v [32]

*NLH, PNGHG. € See text for PSS NG S NGS, Y ACHIT.

Sellmann et al. have prepared a variety of hydrazine complexes. Recently, they
have made use of n variety of related quadridentate ligands, which are shown below
together with their abbreviations and schematic representations, and the stereochem-
istry of complexes containing this type of ligand and hydrazine is shown below:

The formation of the above hydrazine complexes depends upon the generation of
a five-coordinate intermediate which can then easily add a sixth ligand. e.g. N, H,.
When L = CO, UV displacement of CO from the dicarbonyl precursor in the presence
of N, H, is sufficient to generate the desired complex, and, when L = PPh,, a simple
onc-pot synthesis generates the precursor to the five-coordinate intermediate which

can be isolated but is extremely sensitive even at —30°C (Eq. (8)).
s

3
RuCI(PPhy)y + Big . |, —w \Rlu/
S/

PPh,
NMe,OH
—

Cl

\_s— H"‘ s

(- Q1)
ANy . /

Ru —= PPh, (8)
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wing to the asymmetry induced by the aforementioned quadridentate ligands,
all four NH protons in N, H, in the static structure should be magnetically inequiva-
lent; for (30), two N H resonances are observed with the two NgHs becoming
equivalent because of rotation about N, N (see Table 4).

Interestingly, (30) undergoes ready oxidation (Eq. (9)) to give the diazene complex
[{Ru(PPhy)(*B*S )}, (1- N3 H,)] (38). (38) has been characterised by X-ray analysis
(including locaticn of the trans NHs) and is centrosymmetric with the middle of the
N—N unit connecting two enantiomeric ‘Ru(PPh;)(‘®"S,) fragments. The N—N
distance in (38) is 1.279(14) A and corresponds to a slightly elongated N=N consis-
tent with the presence of a 4¢c—6e n-bond in the Ru==N=N==Ru fragment. In
solution, there is NMR evidence for the presence of other diasterecisomers of (38).

(\l/”’“‘ 0,. CH,Cl,. RT (\
2 CHyCy, Ru_"NH‘ PP
OIS SE T
1)
W

(30 (38)

There are now increasing numbers of complexes containing either monodentate
or bridging diazenes; these could bc important intermediates in N,-fixation but
unfortunately fall outside the scope of this review.

Although fac- and mer-isomers for (34) are possible, (34) has been shown to be
isomorphous with the analogous complex [Rh(NH;NMe,), H(COD)]* which has
been crystallographically characterised [ 337, vide infra,

+
I N | /Nqu
/
' | N,H,
N,H,

39

Other complexes that are thought to contain monodentate hydrazine, which have
been formulated on the basis of other spectroscopic measurements, are described
below.

The number and relative intensities of both the *H and '*C NMR resonances of
the CN'Bu ligand, coupled with analytical data, support the stereochemistries for
[M(N;H LH(CN'Bujy1* (M = Ru, (39); ** = Os (40)) and [M(N,H,4)(CN'Bu), J**
(M = Ru. (41); M = Os (42)} which are ...own below [34].
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E E R Abbreviation
E E S H 1541
E E S But lBlIS ¥
" /S 4
l N H 'N,S,'
O
R R
( N l /
T
M L S2E3
Fe CcO 'S¢’ (28)
Ru PPh3 'S4 (29)
Ru PPhy Busy’ (30)
Ru Co ‘Bugy’ (31)
Ru co NSy (32)
+ 2+
N,y N,H, -
H,N CNBu! t t
4 2\ } / u Bu'NC hL/CNBM
NoH, N,H,
(3N M=R 4HM=Ru
(40)) M= Ol; 42)M=0s

Only one v(M~—Cl) band is observed for [M{N,H )X,;(PMe,Ph);]. which is
consistent with the structure shown below [ 35].

Low temperature 'H NMR measurements on (45) show the presence of two OMe
resonances of relative intensity 4:1 which suggests the formulation shown below

[3€].

Less well characterised complexes containing hydrazine include: [Co(N;Hy)s 1**
[37], [{CoF5(N,H,), 11, which is suggested to be polymeric with bridging fluorides
[38], whereas [{CrX,(N,H,);}.,] (X =Cl, Br, 1)} are suggested to contain bridging
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X
l“hMezP\l /NZH.,,
/ i
PhMe,P )‘( PMe,Ph

(43) M=Ru, X =Cl, Br
dM=0s X=CL

N,H,
MEO\NIb /OMe
MeO” | SoMe
OMe
(45)

hydrazine [39,40] with the analogous fluoro compound being unstable [ 4. j, and
[M(N;H,)(CN) ] (M = Fe, Ru) [42.43].

2.2, Bridging hydrazine complexes

As shown in Fig. 1, complexes containing a single bridging hydrazine ligand may
theoretically adopt cither a ¢is- or trans-configuration. However, X-ray data on the
complexes 5o fur reported show that the trans~contiguration is always adopted when
there iy no other bridging ligand present (Tuble 5); when other bridging ligands are
present, then stereochemical requirements force hydrazine to adopt a cis-zig-zag-
configuration (Table 6).

The only crystallographically characterised dinuclear complexes which contuin

Table §

Steuctural data for the coordinated hydrazine in dinuclear complexes contuining a single bridging
hydrazing

Complex dM-N}  d(N—-N) MNN Reference
(A} (A) (deg)
[Mo(n*CyHHCOL(S, PIOE - NaH] (461 23013 146250 117.6(2)  [44]
[{Mo(COM(S;CNEt ), F (=N, H, )] (47) 236609 1443)  1243(T)  [45)
244(2F 119¢1)
[iMoFe, S, CLClent) N, H Y (48) 2291014y  1.4N2) [46]
[Fel3,C H Hatpe N HODY (49 224(1} 142N 16.1(%) [47]
PO (NG HLP (50} 204 144(2)  1160(12) [48)
LIPCUPBY, ), b (uN H PR (81) 1.41(2) [49]

* Disordered structure. ® Bisects Mo(CO), angle. © Trans to Mo—CO.
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only a monobridging hydrazine ligand are shown in Table 5. In these complexes, the
M—N distance is in the range of 2.04-244 A and _the N—N bond iength is as
expected for a single N—N bond; the value for MNN is ca. 117° except in the
disordered complex (47).

The formation of (46) results from displacement of acetonitrile, Eq.(10). The
coordination about Mo is pseudo-octahedral: the allyl and CO groups are on one
triangular face and, as has been found in other structures containing the
‘(n’-allyl)Mo(CO),’ fragment, the open face of the allyl is directed towards the two
CO groups. There is a centre of symmetry for (46) at the mid-point of the N—N
bond [44].

ﬁ\ I

oc | co oc | co P(OED,

\MD/ N2H4 Hz S/\

N

s/l NCMe /[\ ~ \I/ (10}

\ _5 H
(EtO),P (EtO)zP 2 oc \

\/
(46)

In (47), hydrazine bridges two equivalent ‘Mo(CQ),(S,CNEt,),’ fragments. Each
Mo is seven-coordinate and the bridging hydrazine adopts a trans-configuration Lut
is statistically disordered as shown below:

N N,
Mo{ X /'Mo
NN

oC N
OC\X o

Mo

N e s
T

Mo
/ ~ CcO
N\
47

The structure of (47) shows that one Mo—N vector approximately bisects the
Mo(COQ), angle whereas the other Mo—N vector is more nearly trans to a Mo—CO
group and thus the value for d(Mo—N) is longer [45].

Displacement of acetonitrile from the cubane [(Cl,cat)MoFe;S,Cly(CH;CN)J?~
with anhydrous hydrazine results in the formation of (48) and electrochemical and
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4- Cl
}Fe /S — al o
O —
“—vla | / S o=
§=~|~—Mo— Cl 0O
yavd 4
Fe S
H,N
\Nﬂz
-~
(8]
e l Y
O /hio
Fe-Cl
/‘5—'7Fc -Ci

Cl-Fe
(48)

EPR studies suggest that there is no evidence for magnetic coupling between the
two cluster subunits [46].

(49) was the first crystallographically characterised complex containing a single
bridging hydrazine ligand and Fe is essentially square pyramidal with the apical sites
occupied by the bridging hydrazine [47].

Simple addition of hydrazine to [Pt,Cl,]?" results in the formation of (50) [48]
and a preliminary report of a structurally r~lated compound (51) has appeared [49].

A number of singly bridged hydrazine complexes of the type
[IM{e~ 00 Ny HY)) (M=Cr [1950); M=Mo [1950); M=W [21)),
[EW(C 1 e Phy)ba(ueNHOD [21] and [{MR{CO), Cp} (p-N,H){Cr(CO)s}] [51]
have been reported and, consistent with their formulation, the number of expected
bands due to v(CO) is observed and only one NH, resonance is observed in the 'H
NMR for the symmetrical dimers whereas two resonances are found for the unsym-
metrical dimer {{Mn(CO),Cp}(p-N, H,) {Cr(CO)s}].

Unambiguous muitinuclear NMR evidence has been obtained for the formulation

oy sz:ﬂ

HzN

Co>

NH\

{49)
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16

1
L _|
L—Pt—=NH,
Cl

H,N——Pt—1L

Cl

L

(50 L=Cl,n=2-
(51} L = PBuM, n =2+

of (52), (Eq. (11)) [ 14]. Thus, there are two equally intense *'P resonances (55.7 and
47.8 ppm), which at —30°C both appear as doublets of doublets due to 'J(Rh,P)
202, 165Hz respectively and 2J(P,P') 49Hz, and only one !N resonance
—327.5 ppm, J(Rh,N) 11, WJ(N,H) 71 and 2J(P,,,,N) 37 Hz.

PhoP~ _Cl _PPhs _-Prhy
Rh IN;H, PhyP——RH—
AN e TR,
Ph;P Cl PPh, Cl | Y,
H,N—Rh—PPh, (11}
PPh}
(16a) (52)

There is now an increasing number of crystallographically characterised dinuclear
complexes which, in addition to containing a bridging hydrazine, also contain other
bridging groups (sec Table 6).

Tuble 6
Structural data ®a the coordinated hydrazine in dinuclear complexes containing more thun one bridging
group which includes hydrazine

Complex dM=N} dN-NF MNN  Reference
(A) (A) (deg)

[{MoFe, S,Cly{Clicat}} (-8} NaH )4~ (53 -—* - —° [52]
[{MoO(S,)2 } 2(uz-S7)(ia-N2HY) (54) 2490(8)  140{1) 126.2(6) [53}
[{ WO(S,); }2(Hz-S7Mpp-NyHo) P~ (58} 246(11)  135Q2) 127.5(1)  [53]
[{ WINPh)Mes } (11 2n-NHNH)(kp-N:H,))  (56)  2.338(11)  1.434(14) [54)
[{RuCHPOMe)y )5} 200-CD(pa-S:) (1N HY)Y (5T} 247H(T)  1.442(1) [55]
[{Ru(CH;CN){P(OMe); ) 2 },(u,-8,)

{#NH 11" {58) 2210(9) 1471(13) [56]
({Rh(PPh,); },(ny-NHa) 32 (59) 2170(13) 1516(2)  1120(5) [14]
[ CulpaCNYpp- N3 Hy)bed (65 2.17(1)  148(2) 1142(7) {63]

* For py-N,H,. ® R factor is too high to give meaningful distances.
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A preliminary communication has reported evidence for the heterometaliic
dinuclear cubane bridged by hydrazine and sulphur (53) [ 52] with the p,-S bridging
two iron atoms in different cubanes and u,-N,H, bridging the two Mo atoms as in
(48). The structure is clearly related to (48) and contains a mirror plane bisecting
the S and mid-point of the N, H, but the quality of crystals prevented an accurate
structural determination.

The structures of (34} and (55) are shown schematically below. The metal ions
are pseudo pentagonal bipyramidal with N, H, and oxygen occupying the axial sites.
However, there is a possibility that this compound could be formulated as a bridging
diazene (u-N,H.) complex since: (a) the NH groups were not located in the H
NMR; (b) Eq. (12) better fits with the formation of a bridging diazene rather than
a bridging hydrazine complex when it becomes impossible to balance both sides of
the equation

2(NH,:L[MO,S8,]+ 118+ N, H, + 2HCl + 2(Et,N)Br—
(Et,N)LE{MO(S;): }2(12-S:){p2-N, Ha)j
+ 2H,0 + 2(NH,)Br + 2(NH,}CI (12)

(¢) the MN,M unit is almost trans planar, as found for other bridging diazene
complexes, but the N—N bond lengths in (54) and (85) are significantly longer (see
Table 6) than in other bridged diazene complexes, e.g. [{Cr(CO)s }2(1,-N; H,)] 1.25 A
(571, [{Ru(S W PPhy)}a(1a-NyHy)) 1.279 A [27].

The alternative formation as a 1.2 hydrazido(—1I) ligand, which would have a
d(N--N) value in the range observed, is precluded both from charge considerations
and the observed value of d{M N} which is much longer than that found in
examples of complexes exhibiting this type of behaviour,

/“‘—\(Sh/—\s ] -I.'L
T g S |/
= | /s

o
(54) M = Mo
(58)M=W

Complex (56) has been obtained by the reaction of hydrazine with [W{NPh)Me, ].
The structure consists of pseudo-octahedral metals and, in this case, unambiguous
evidence has been obtained for the formulation of the bridging liguads from both
*H and N NMR mcasurements [ 54].

The structures of (57) and (88) are closely related; both are based on pseudo-
octahedral metals with, in each case. hydrazine trans to P(OMe); [55,56].

The preparations of (§7) and (58) are shown in Egs. (13) and (14); both reactants



are Ru(Ill), Ru{IIl) dimers but each product is a Ru(I1), Ru{IlI) dimer which has
only 35 valence electrons yet there is no evidence for any Ru—Ru bonding.

H{RUCHPOMe)) by St Cllpl 2, o) (13)
N,H,
4Ag"| CH,CN
[{RU(CH;CN)1(POOMed)y batity-Sp)] 323 Nala (58) (14)
Cl NH,=—H,N Cl
N\ / \ J/
(MeO),P /Ru\ Cl Ru\ P(OMe),
(MGO):;P ] S P(OME};;

(57

3+
CHL,CN NH, =—=H,N NCCH,
N AN
(Me()aP =——Ru~=—NH; —H,N===Rii—DP{OMe),
(MeO)el? S

g OMe),

(58)

The formation of (59) is best achieved according to Eq. (15)

INH,

[Rh,Cl,( PPh;}),] ——> [{Rh(PPh,), } (1N, Hy), 1** (15)

CH:Ch (59)

The structure of {89} consists of square-planar rhodium atoms with two bridging
hydrazines. Thz formulation of (59) is fully confirmed by multinuclear NMR measure-
ments in solution [14]. Thus, consistent with the presence of bridging hydrazines
there is only one '*N resonance at —340.3 ppm, which clearly becomes a triplet at
—30°C without *H-decoupling 'J(N,H) 72, 'J(N,Rh) 10, 2J{Pyape,N} 10, 3J (P, . . N)
10 Hz (see Fig. 4) and 8(P) 51.5 ppm, 'J{Rh,P) 176 Hz.

The two metals in the cofacial diporphyrin complex (60) arz ideally aligned to
accommodate small bridging ligands, e.g. N,, N;H,, Ny H, [58,59], and, in addition
to the other 'H NMR resonances, there is a single high field (— 10.75 ppm) resonance
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PPh, “l 2+
I’h;,t’\i
Bh
| NENH,
NHNH,
Rh_
i " PPh,
PPhy
(59)

due to the NH, groups; this assignment has been confirmed by **N-enrichment and
the high field shift arises from the ring currents of both the porphyrin rings.

L
O~ ()
HzN\ —— Biphenylene
NH, = diporphyrinato
' f tetra-anion
/ \ 7 \
L

L= I-w;t butylphenylimidazole, or
)

(60)

{{Ru(PPh,),Cl,1,(1-NaHy)a] (61) is converted into [{Ru(PPhy)(CO)CL;},
(n3"NH;NH,),] (62) on addition of CO and have both been formulated on the basis
of molecular weight, elemental analysis and the number of v(M —Cl)/w(CO) bands
in the IR spectrum [60]. Related structures with bridging hydrazines have been
found for [{MX,} (n,-N;H,); ], but in this case they are polymeric (63, X=CL. M =
Mn [61], Zn [62]; 64, X = CH,CO,, M = Zn [62)).

Complex (65) is also polymeric and contains infinite chains of bridging hydrazine
and cyano groups [63].

X X
—HN |y NH,__ r!a’ NHy—
_ - M —
Hy N~ ! NHy =~ NH3 ‘ ™~ NHy=—
X
(6 X=CIM =Mn, Zn
(64} X = CHyCO2, M = Zn
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I |
—Cy=—=C=N=-Cy-—

i i
NH NH
N O

-—(ITu—C— N—(I'.‘u—

(65)

S

(n) ’
w'%w;«wv"‘) Www

A ST D T
[0 am - 340 - 345

(1)

" Ay N,

,-"', \ r~ane / N Nooa S L

Fig. 4. Direct 1*N NMR spectra of [{Rh{PPh,);},(1-**N2H, ). 1+ (39) at 243 K: (a) with 'H-decoupling;
(b) without *H-decoupling.
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2.3. Bidentate n*-hydrazine complexes

Such complexes are still relatively scarce and the present crystallographically
characterised complexes containing %N, H, are shown in Table 7.

A preliminary report of the structure of (66) has appeared and the preparation of
(66) results from protonation of the analogous n*-NHNH, complex which has also
been crystallographically characterised [64]. Only one broad 'H NMR resonance,
8.6 ppm, was observed for the N,H, ligand consistent with rapid H-exchange.

NC\'«\!’;;NNHz SERER /E Nj\

K Il\ 7 TsN NTs
Ts
{66)

Schrock et al. have prepared a number of 1?-N,H, complexes and the pseudo-
octahedral 17-electron complex (67), which has been crystallographically charac-
terised, is prepared as shown in Eq. (16). Complex (67) undergoes ready deprotona-
tion but is remarkably stable when compared with the neutral analogue of (67)
which has not yet been detected spectroscopically [65]. Related to (67)
are [Cp*MoMe,(n®-N,H)1" [6869], [Cp*ReMey(n2-N,H,)]* [70,71] and
[Cp*WMe,(n3-N,H,)]* [72.73]. For [Cp*ReMey(n2-NyHy)l. two '*N resonan-
ces are observed consistent with a structure similar to (67), but it is also possible
that there is an n'sn? equilibrium of the coordinated hydrazine. For
[Cp*WMe, (n3-N;H,)). one *N and two 'H resonances for N, H, are observed and
this is attributed to the N atoms being equivalent with two H atoms pointing towards
and away from Cp* [68]. These data are summarised in Table 8.

Protonution of the crystallographically characterised hydrazido complex
[Coltripod)(n*-NHNH,)]* (tripod = MeC(CH,PPh,),) gives (68). Although it is
difficult to be sure that it is n*N,H, that is coordinated rather than some other
‘NyH,' fragment, the magnetic moment 3.84 p, indicates three unpaired electrons
consistent with a high spin d’ electron configuration for square pyramidal geometry.

Tabla 7

Hydrazine structural data for complexes containing n*-N; H,

Complex dM-N)(A) HN-N)(A) MNN(deg) Reference
[W(NAININTs},)ICUnNNHO*  (66) 205 142 [64]
(Cp*WMeyin®N H,iT* 61 21521 1.43¢1) 70.6(4) [65]
{Cottripodtni-N; K3 ® 68) 1945010 1.446¢17) [66]
[Cps Sm{THF n®N, H,)]° (69} 2.507(2) 1471(3) 729(1) [67]

*Ar= 2‘G‘C|:,H‘\‘Pr;: Ny NTS’; = 2.6'NC3 Hs(CH;T&};. b tl‘ip(ld = MCC{CH}_ Pphzla
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N,H,

H(OTH)

(Cp*WMe;(OTH)] ICp*WMeﬂT]z"NzHa)l(OTf)

(67)

c » +
p (16)
Me\‘l] /Me
Me”” | SNH,
-
H,N

(67)

This suggests the N, H, must be formally neutral. Furthermore, the Co—N distances
are the same, suggesting that N, H, is symmetrical; the N—N distance is in the range
for hydrazine but outside the ranges observed for n2-N,H, or 1*-N,, and the IR
shows four v(NH) bands (3148--3310 cm ™), as would be expected for the assigned
struct:-. . [66].

The preparation of (69), which is shown schematically below, also involves proton-
ation, as shown in Eq.(17). Integration of the 'H NMR resonances support this
formulation (see Tuble 8).

P\ /THF T

Sm N Hz

Cp* NH,
(69

{Cp 2Sm(THE)l2(u2-n2n2-NHNH)] + 2(EtNH)BPIy

lTHF (17)

HCp' 2Sm(THF)NZ-NaHg)Blhy + [Cp"2Sm{THF:]BIrhy
(69)
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3. Substituted hydrazines

Although direct >N NMR data have been reported on substituted hydrazines,
N,H.R,_.(R=Me, x=1...4 R=Ph, x=1, 2) (Table 9) [ 74,75], the resonances
were not until recently assigned to N, and N, and unambiguous assignments for
the unsymmetrically substituted hydrazines have only recently become available for
NH,NHMe and NH,NM¢, [76] (see Table 9). The continuing proliferation of
different reference standards by different groups causes real problems in making >N
NMR measurements useful, and these problems are accentuated when conversions
are done inaccurately. We have adopted the suggestion in Mason’s authoritative
review, which recommends the use of external MeNO, as a universal standard [5].
However, in a different compilation [77] the *N chemical shifts for hydrazines are
all quoted as positive when they should actually be negative, since they all resonate
at higher field compared with MeNO,.

Substituted hydrazines NH. R _, (x =1, 2, 3; R =Me, Ph) can act as ligands
and, as found for hydrazine itself, examples of complexes containing N,H,R,_, in
terminal, u,- or n2-modes of bonding are now known. Nevertheless, for unsymmetri-
cally substituted hydrazines it is difficult to be sure whether the substituted or
unsubstituted nitrogen atom will preferentially coordinate to the metal because of
competing steric/electronic effects, Thus, studies on substituted hydrazines suggest
that they are all less basic than hydrazine itself, but this has to be contrasted with
methylamines which are all more basic than ammonia [78]. However, data have
not yet been reported which distinguish the basicities of the inequivalent nitrogens,
although there is some evidence that protonation of the unsymmetrically alkyl-
substituted hydrazine occurs at the substituted nitrogen atom, N, [79].

4. Substituted hydrazine complexes
4.1. Complexes containing monodentate substituted hydrazine(s)

As mentioned earlier, it is difficult to be sure, especially for Me-substituted hydra-
zines, whether coordination will be preferred at the substituted (N,) or substituted
(Np) nitrogen. The structures, which have presently been crystallographically charac-
terised, are shown in Table 10; for unsymmetrically substituted hydrazines it is always
the unsubstituted nitrogen N, which is coordinated to the metal. Nevertheless, it is
possible for coordination to occur via a substituted nitrogen, as evidenced by the
structure of [RhCl,(PPh;}(NHM ~THMe)]™ (76) [84].

In all cases the N—N bond distances are as expected for coordination of
N,H, R, (x =2,3) via donation of a single lone pair, and the values for MNN are
similar to those found for the unsubstituted hydrazines (Table 1) with the smaller
angles being found in the less sterically hindered square planar complexes.

The structures of these compounds are shown below:
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+
NHNHPH
OIS N
Sy -
( - Salen = ( D
o™ 0
Nt,NHPh
(70}
X R NH,NHPh
I
PhNN, _NNe
PN \ NNPh
PhEINTE;N R X

(71} X =OMe, R = Me
(72 X=CLR="Pr
{73) X=Cl,R=Me

Eg I NH,NHMe
™ pph,

(M)

m H *
N | NiNue;

R
| HNMey
NN Mt‘_,

(75}

NEMeNHMe

(76)
il’!’h_‘ -' .

X—M—L

Pih,

(77} M= Rh, X =CO, L = NH,NHMe
(") M=Rh X =CO,L = NH-NME»
(TH M= Rh }\ CO L NHaNHPh



B.T. Heaton et al [Coardination Chemistry Reviews 154 ¢ 1996) 193-229 219

Table 10
Structural data for the substituted hydrazine in complexes containing monodentate substituted
hydrazine(s)

Complex M—N, &M—N) d{N—N) MNN Reference
tA) (A) {deg)
[Visalen)(NH,NHPh),]* (70) NH; 2.170{4) 1.434¢6)  110.8(3) [80]
[{Mo(N,Ph).{OMe)(NH,NHPh)}, (71) NH,  2267(3) 1423(4) 1155(2) [81]
(1,-OMe}, ] 2265(5)  1445(9)  1154(3) [82]
[{Mo(N,Ph),CI{(NH,;NHPh})}, (72) NH, 2.248(6) 1.413(9)  1158(3) [81]
(1-OPr);]
[{Mo(N, Ph),CI{NH,NHPh)}, (73) NH,  222(1)  141(1)  1i83(8) ([81]
(12-OMe); ]
ERu{'S Y PPhy HINH,; NHMe)] (74) NH, not yet reported [83]
[RuH{COD){(NH,NMe,},]1" {(75) NH, 2.19¢1)° 1.47(1) 1189(7) [33]
2.28(1)°
[RhCi,(PPh;}{ NHMeNHMe)]~ (76) NHMe 2216(8) 1.405(9) 1174(5) [84]

[Rh(CO)(PPh),(NH,NHMe)]* (77} NH,  212(2)  146(2)  109(1)  [85]
FRh(CO) PPh,),(NH,NMe,)]* (78) NH,  216(1)  145(2)  110.1(7) [85]
[Rh(C-j(PPhy),(NH,NHPh)]* (79) NH,  214(1)  146(4)  111.8(8) [85]
[PtCI(PEL,),(NH,NHp-FC,H,)]* (80} NH,  2081(7)  1436(11) 1132(5) [86]

* Trans 1o COD. ® trans to H,

It is worthwhile commenting upon the preparation and structures of complexes
listed in Table 10 where analogous unsubstituted hydrazine derivatives are unknown.
The formation of (78) cannot be achieved by direct halide displacement and a
mote indirect route (Eq. {18)) had to be employed [80].
Al (O1)

[1 VO(salen)}, [ 1] =—————— [ V(salen( NH;NHPh), 11 (18}

NHNIPEMeCN
(70}

The resulting d* V(11) complex exhibits strong H-bonding of one of the hydrogens
on each NH, group with the anion, leading to a linear N~ H -- -] configuration.
(T1). (72} and (73) all contain linear phenyl diazenido ligands and have been prepared
according to Egs. (19) and (20) [81,82].
excess NH;NHPh
[ MoO,(acac)] —_— [{Mo(N,Ph},(OR){NH,NHPh)},(p,-OR};]
(71) R =Me (19)

excens NH;NHIPh

ROH_’ [{MO(NZPh)zCl(NHzNHPh)}z(Mz“OR)z]
(72) R = Pr, (73) R = Me

[MoOCI,(H,0)]
(20,

The preparation of the only crystallographically characterised complex which
contains a substituted N, atom is simply achieved by the reaction of [RhCl(PPh;);]
with NHMeNHMe- 2HCI [84].
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The preparation of mono-dentate hydrazine complexes by displacement of weakly
bonded groups provides a good route. This is further illustrated by the displacement
of the O-bonded perchlorate group from trans-{ Rh( PPh,),(CO)(OC10,)] by substi-
tuted hydrazines to give (77), (78) and (79) [85].

The formation of {80) is a classic example of early work for the indirect preparation
of substituted hydrazines involving the reactions shown in Eq.(21) [87].

[PtHCI{PEty),] ——2— [ PtCI(NHNR)(PEt,),]* —2s
R= p-FC(,H.;

[PtCI{(MH,NHR)} PEt;),]" {21)
(80}

Other complexes containing mono-dentate substituted hydrazines which have been
claimed on the basis of NMR and/or IR spectroscopic data of the complexed ligand
are shown in Tables 11 and 12, together with the complexes included in Table 10
where appropriate.

[t is worthwhile commenting upon some of the structures in Tabie 1.

A variety of complexes containing different arenes/substituted hydrazines have
been prepared and examined by 'V NMR [18]. The structures are all similar
to (19) described carlier, except for [V(CO);(n*-CsH,SiMe;)(MNH,NHPh)] and
[V(CO)(n*-Cs HyMecetyl)( NH,NHPh)] for which 'V NMR spectra suggest tha:
bonding of the monodentate hydrazine occurs cither through the NH,- or NHPh-
groups to about an equal extent [18].

Displacement of the aryldiazene (ArNHN) from the corresponding complex with
excess NH;NHALY gives [Fe(CO)  P(OE); },{ NH,NHAr)]** which from P NMR
studies has been shown to have the cis-configuration [90].

Use of the INEPT pulse sequence to obtain N speetra can casily distinguish
which nitrogen in unsymmetrically substituted hydrazines is coordinated (o rhodium
[76] (Table 12},

On the basis of electronic and susceptibility measurements, [Co{ind, Mlivie) )2,
together with the blue complex (CoCl,(NH,NHMe),],. have been reported, with
the latter complex being polymeric and suggested to contain both bridging and
bidentate NH,NHMe groups [37].

Table 12
YN NMR data for complexes containing monodentate substituted hydrvines

Comjirx 8N} SNy VIRh--N,)  W{Pe—N,)  Reference
{Rh{PPh, ), NH;NHMe)] -7 ~ 3118 1.2 9.5 [76]
[RACIPPh LNH,NHMe)]  ~3M21 ~3166 106 368 [76]
[RBCIPPhy)(NHNMe,)] K a 1.7 3.0 [76)
[RR(PPh(NH,NHMe)L,]® =300  —3166 150 290 [76]
[Rh{PPhy)L(NH,NMe,), 1! - 2930 -t 10.6 285 [76]

* Could not be detected from YN — 'HY INEPT measurements.
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4.2. Bridging substituted hydrazines

There is only one crystiallographically characterised example of a bridging
substituted hydrazine, ie. [{Ru(COD)CI}(u-H)p,-Cl)(u;n'n'-NH,NMe,)-
{Ru(COD)H}] (81) [92] and the structural data are given in Table 13.

N,
N " C}
" A “,
"o,. -“‘ "I’, “\\\

| ——Rul:Qezy Ryl
N

(81)

Each Ru is octahedral and the value of d(Ru' —NMe,) is significantly longer than
d(Ru®>-~NH,) probably due to steric effects. The presence of hydride and chloride
rather than two bridging chlorides has also been ascribed to minimisation of steric
effects, but unfortunately (81) is too insoluble to obtain spectroscopic data to confirm
this. Nevertheless, there is crystallographic evidence for the bridging hydride and IR
(nujol mull) evidence for the terminal hydride {v(Ru—H) 2055 and 2035 cm™'). The
preparation of (81), which was originally misformulated [30], is shown in Eq. (22).
However, it is unclear why the substituted hydrazine occupies the bridging position
in (81).

LiX

[RuH(COD)(NH;NMey);]* ——— [{Ru(COD)XH},(u"NH;NMe,)]*
(81)

(22)

Reaction of [{Cp*RiX},{p, X),] (X=Cl, Br, 1} with NH;NHMe gives
[{Cp*Rh}, X NH; NHMe)] (82), unlike the reaction with mono-aryl-, 1,1-dimethyl-
and 1-methyl-1-phenyl-hydrazines which gave 1:1 adducts (see Table 11). Detailed
variable temperature measurements on (82) have been carried out and evidence has
been obtained for the equilibrium in Eq. (23) [91].

By contrast, chloride displacement from (82) gives (83), which is found not to be
fluxional, and the structure shown below has been proposed [91].

Table 13
Structurai data for the bridging-substituted-hydrazine complex. {81)

P e
Complex HRu'—N} d(Ru?—N) d(N-N} Ru'NN Ru’NN Reference

[{Ru(COD)Cl}{n-H)-
{h-Cl)(p-NMe, NH, )-
{RW{CODIH " (81) 2.24(2) 2.12(2) 1.51(4) 103(1) 114(2) [921

® See (81) in text for labelling scheme.
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Cl Q
CP'\ 22 \Rh
a” Ny HMe
(82)
Cp nMc 2+
7
RS §, Cl . :
/7 N\ +  2[Cp RhCly}
Cl NN
HMe Rh\
Cp’
H
n—RMe

RAN AN
Rh Rh\
N\ Vo

(83)

(PF,)

4.3. Bidentate n*-substituied hydrazine complexes

Only two crystullographically charactecised ni-substituted hydrazine complexes
have been reported (see Table 14) and their structures are shown below.

(84) was prepared by the reaction of [ VCl;{MeCN),; ] with MePhNNH, and the
coordination about V is approximately pentagonal bipyramidal with the axial posi-
tions occupied by Cl and NNMePh. There are four molecules in the unit cell with
significant H-bonding between the NH, groups, axial Cl atoms and ionic chlorides
[931.

For (85), a mono-substituted hydrazine is found to bond in a bidentate mode
and the preparation involves protonation of the analogous phenylhydrazido{—1I)
complex [94,95].

Table 14

Structural data for the substituted hydrazine in complexes containing bidentate substituted hydrazines

Complex dM-—-NH,) JM—NRR'} Jd(N—N} Reference
(A) (A) (A)

[VCl;(NNMePh)(ns-NH,NMePh),]*  (84) ca. 21 ca. 2.1 ca. 1.48 [93]

LMoICp{NO}n*NH,NHPh)] * (85) 2.13443) 2.184(3) 1.430(5) [9495]
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<l +

MO--..

- NHPh
ON l/ \ s
2

(85)

The presence of two and three orbitals, which are available for mono- or bidentate-
hydrazine coordination in the 'Cp*MMe,’ and ‘Cp*MMey’ (M =Mo, W, Re)
frugments respectively [96], undoubtedly assists ni-coordination of substituted
hydrazines, and the compounds reported so far are listed in Table 15. Substituted
hydrazine complexes containing the 'Cp*MMe, (M = Mo, W) fragment are of course
paramagnetic, and multinuclear NMR characterisation of the diamagnetic com-
pounds is only possible on the analogous compounds containing the *[Cp*ReMe,]**
and "'Cp*MMe,' (M = Mo, W) fragments. This facility has been exploited by Schrock
et al. to monitor the site of deprotonation in both hydrazine and substituted hydra-
zine complexes, but these results fall outside the scope of this review and have been
discussed recently [97,98].
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