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Redox Potential-Structure Relationships in Metal Complexes. 
The Electrochemical Activation of Co-ordinated Hydrazido(2-)-ligands 

Part 3.t 

By Brian A. L. Crichton, Jonathan R.  Dilworth, and Christopher J. Pickett,’ A.R.C. Unit of Nitrogen 
Fixation, University of Sussex, Brighton BN1 9RQ 

Joseph Chatt, School of Molecular Sciences, University of Sussex, Brighton BN1 9QJ 

The complexes [Mo(N,RR‘) (S,CNMe,),] +, R,R’ = alkyl or aryl, undergo two  successive reversible one-electron 
reductions in non-aqueous electrolytes at platinum or vitreous carbon electrodes. The initial electron-transfer 
product [Mo(N,RR’) (S,CNMe,),I0 disproportionates to [Mo(N,RR‘) (S,CNMe,),]+ and to the product of the 
second electron transfer, [Mo(  N,RR’) (S,CN Me,),] -. Two-electron reduction of the cation leads to electro- 
activation of the N,RR’ ligand towards attack by electrophiles and reduction/protonation is shown to liberate the 
free hydrazine, NH,NMe(Ph), in ca. 57% yield. A plausible mechanism for this electroactivation is discussed, and, 
from studies of relatedcomplexes, it is suggested that theredoxorbitalsof the [Mo(N,R,) (S,CNMe,),]+ complexare 
associated with the Mo=N-N function. 

ELECTRON transfer to a moiety containing the Mo= 
NNH, group may be a step in the nitrogen-fixing process 
catalysed by nitr0genase.l The electrochemical re- 
actions of complexes containing such groups, MosNNR,, 
K = H, alkyl, or aryl, are therefore of interest in this 
context as well as from a broader viewpoint, that of 
electroactivation of co-ordinated ligands and of relation- 
ships between structure, redox potential, and reactivity. 

In previous papers we have discussed the electro- 
chemical behaviour of certain complexes containing the 
M o t N ,  and Mo-N=NR functions (R = alkyl or aryl) 
in terms of the influence of the co-ordination environ- 
ment of the Mo upon the redox potential of these com- 
plexes and how their electrochemical behaviour is 
related to certain other properties such as reactivity 
towards electrophiles and nucleophiles, vibrational and 
electronic In  this paper we consider the 
electrochemical properties of some dithiocarbamato- 
coinplexes of Mo containing the Mo=NNR, function. 
These complexes formally represent a further stage of 
reaction of a co-ordinated N, ligand with R+, although 
in this instance the complexes are prepared from a 
hydrazine rather than co-ordinated N,, equation (1) .  

Mo(N,) --+ Mo(N,R)+ % Mo(N,R,),+ 
R+ 

(1)  

RESULTS AND DISCUSSION 

Electrochemical Reduction of Complexes [Mo(N,RR’)- 
(S,CNMe,),] +, (A) +.-Structure of the complexes. The 
complexes [Mo(N,RR’)(S,CNMe,),]+, (A)+, R,R’ = alkyl 
or aryl, have the Mo centre formally in the 6+ oxidation 
state and they are diamagnetic. The structure of the 
complex [Mo(N,RR’){S,CN(CH,),),]+, R = Et,  R‘ = 
Ph, has been determined by X-rays: the co-ordination 
geometry is essentially pentagonal bipyramidal with the 
N,RR’ group occupying an apical position.6 The Mo-N 
bond is relatively short and the Mo-N-N group is 
essentially linear. This is consistent with the hydrazido- 
(2-)-ligand functioning as a four-electron donor to the 
molybdenum atom and hence conferring on the complex 
an 18-e closed-shell configuration. Undoubtedly, this 

t Part  2 is ref. 3. 

type of structure also pertains to the complexes (A)+ 
investigated in this work. 

Elementary electron-trans fer  reactions of the complexes 
(A)+.  Cyclic voltammetry of (A)+ at  platinum or 

-1 -20 + 0.75 
V versu s Ag (s) 

FIGURE 1 Cyclic voltammogram of ca. 5 mmol dm-3 [Mo- 
(NN1/IePh) (S,CNMe,),]+ in thf-0.2 mol dm-3 [NBu,][BF,] at a 
platinum wire electrode. Scan rate 0.15 V s-l. Ag(s)-electro- 
lyte pseudo-reference electrode. The oxidation waves (b )  and 
(c) correspond to the intermediate (B) and product ( C )  respec- 
tively, generated by the second reduction process 

vitreous carbon electrodes in 0.2 mol drn--, [NBu,][BF,]- 
tetrahydrofuran (thf) or methyl cyanide show two one- 
electron reduction steps a t  moderately negative poten- 
tials. The first process is electrochemically reversible 
for each complex at scan rates >0.3 V s-l, whilst the 
second electron transfer shows electrochemical 
reversibility only at scan rates >10 V s-l. Figure 1 
shows a typical cyclic voltammogram for the complexes 
(A) + and Table 1 lists the appropriate electrochemical 
data. The elementary electron-transfer react ions of 
(A)+ may be summarised according to Scheme 1. 

The 
neutral species, (A)O, are not indefinitely stable in the 

The complexes [MoV(N,RR’) (S,CNMe2),l0, (A)O. 
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electrolyte media at ambient temperatures (ca. 20 4 
2 "C), their half-lives being in the order of several 
seconds. However, a stable solution of (A)O (R = Me, 
R' = Ph) may be prepared by controlled-potential 

( A ) '  2 ( A ) '  ( A ) -  
- e  - e  

M OY1 MOY M0IV 

18 e 'f red 19e E r e d  2 0 e  
SCHEME 1 

electrolysis of (A)+ at 0 "C (lEpred + 100 mV) in thf-0.2 
mol dm-3 [NBu,][BF,]. The current decays after the 
passage of 1 Faraday mol-l to a background level whilst 
the solution changes in colour from the orange-brown 
of (A)+ to purple. Examination of the catholyte by 
cyclic voltammetry after the 1 Faraday mol-l reduction 
indicates the formation of (A)O. Examination of a 
sample of the frozen catholyte solution at -145 "C by 
e.s.r. reveals. a paramagnetic signal, which we attribute 
to (AIO, characterised by g, = 1.995 9, g, = 1.968 0, 
and g3 =I= 1.957 8. The spectrum suggests that  the 
unpaired electron density is located on the Mo centre: 
molybdenum hyperfine lines observed, (AbIo) = 6.2 
mT, are consistent with an interaction between 97M0 
and 95Mo, spin +. The spectrum of the 19-e species 
suggests predominantly axial symmetry with some 
rhombic distortion (g, % g3) .  This is consistent with 
retention of the (presumed) pentagonal-bipyraniidal 
geometry of its 18-e precursor, (A)+. In this respect 
the spectrum is similar to that of the 17-e molybdenum(v) 
species [Mo(N,Ph) (S,CNMe,),]-+ which also retains the 
axial symmetry of its 18-e pentagonal-bipyramiclal 
parent ., 

T h e  mechanism of the dzcomeosition of (A)O. The 
cyclic voltammogram of the complexes (A)+ at ambient 
temperatures reveals that the one-electron reduction 
products (A)O are somewhat unstable and undergo a 
reaction followed by electron transfer. Thus the peak 

I 1 O 0  
O L L - - - l - - U  
0 0.1 0.2 0.3 04 0.5 

v I vs-' 
FIGURE 2 The stability of the complex [Mo(NNMePh)(S,- 

CNMe,),]O. Peak current ratio (iyox/ipred) (0 )  and peak 
current function (lZpred/d) (B) vevsus the scan rate, v, from 
cyclic voltammetry of (A)+ (2.1 mmol drn-,) in 0.2  niol ~ l r n - ~  
[NBu,][BF J-acetonitrile a t  a platinum wire electrode 

current ratio, lioxp/lipred, deviates from unity at the 
slower scan rates, V, whilst the peak current function 
lipred . v-) approaches that for an overall two-electron 
reduction, Figure 2. 

The intermediates produced upon cyclic voltammetry 
into the second reduction process, (B) and (C), which are 
characterised by the oxidation waves (b )  and (c)  respect- 
ively, Figure 1, also appear after holding the potential a t  
lEP + 100 mV for ca. 60 s prior to scan reversal. 

Controlled-potential electrolysis a t  a potential of 
lE, + 100 mV at ca. 20 "C tends towards a two-electron 
overall reduction whilst the current against charge 
passed plots are non-linear a t  this potential, consistent 
with the cyclic voltammetry, Figure 3. Controlled- 

----+-- O L- 
Charge passed / Faradaysrnol-' 

FIGURE 3 Plot of charge passed v e y s u s  cell current for the 
electrolysis of [Mo(NNMePh) (S,CNMe,),]Br in thf-0.2 mol 
dnr3 [NBuJjlBI;,] at a platinum gauze electrode. Electrolysis 
was carried out at -0.74 V veysus s.c.e. on 23.1 mg of sample in 
20 om3 of catholyte under N, 

potential reduction at potentials + 100 mV show 
linear current against charge passed plots with the con- 
sumption of 2 €7 per mol of complex, Figure 4. Examin- 
ation of the catholytes by cyclic voltammetry after 
either the lE, + 100 mV or the -t 100 mV two- 
electron reductions show that a single major product, 
(C), characterised by the oxidation process ( c ) ,  Figure 2 ,  
has been formed. 

These results are entirely consistent with a dis- 
proportionation mechanism with the regeneration of 
electroactive (A) and unstable (A)- [equation (2)j. The 

stabilities of the species (A)O decrease in the order 
N,Me(Ph) z N,Ph, > N,Me,. The disproportionation 
constants &, which may be calculated from the redox 
potential data and which are listed in Table 1, decrease 
in the order N,Ph, > N,Me(Ph) > N,Me,. Evidently, 
K, must he larger with the more electron-tlonating N,Me, 
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TABLE 1 

Electrochemical data for complexes [Mo(N,RR') (S,CNMe,)d+ determined by cyclic voltammetry * 
1IE red - 1 O6Kd 

Complex lE+"d/V Epoq/mV (ipox/ipre(i) 2Epred/V AEImV ln 2%P. 298 K 
:Mo(NNMe,)(S,CNMe,),]+ -0.7'7 80 1.1 - 1.05 45 1 (0.9) 1 (0.9) 5 
-Mo(NNMePh) (S,CNMe,) 3] + -0.61 60 1.1 - 0.90 40 1 (1.0) 1 (1.0) 10 
:Mo(NNPh,) (S,CNMe) 3] + -0.58 70 1.05 -0.85 40 1 (1.0) 1 (1.0) 5 

Range h0.01 V &5 mV 5 0 . 0 5  + O . O l  V f 5  mV fO.1 f O . l  f 3  

Mo("Me2)(S2CN(CH2) &3]+ -0.77 100 1.1 - 1.06 45 1 (0.9) 1 (0.9) 6 
MoN(S,CNMe,),] - 0.40 150 1 (0.8) 

* In 0.2 mol dm-3 [NBu,][BF,]-acetonitrile at a platinum electrode. AE = 2Epred - 2EpFl. The values of ln and 2n are the 
riumbers of electrons involved in the primary and secondary clcctrode processes respectively: 

group attached to the Mo. That Me,"= is more 
donating is reflected by the ca. 190 mV difference be- 
tween the reduction potential of the complex with this 
ligand and the complex with the Ph,N,= ligand, Table 1. 

The formation of free organohydrazine via electrochemical 
activation of the Mo(N,MePh) group. Two-electron 
reduction of (A)+ (R = Me, R' = Ph) gives the stable 
product (C) a t  potentials close to lEpred or ,E, in thf or 
MeCN electrolytes as discussed above. (Cj reacts 
rapidly with HC1--diethy1 ether as evidenced by the 
immediate discharge of the oxidation peak ( c )  observed 
upon cyclic voltammetry of (C). Base extraction and 
analysis by gas-liquid chroniatography (g.1.c.) reveals 
that (C) has been converted to the free hydrazine 
NH,NMe(Ph) in ca. 5774 yield: less than 1% amine 
was detected, equation (3). 

-i 2e ( i )  H +  
(A)+ -+ (C) NH,NMe(Pli) (3) 

( 40% 1 

extract ion 

( i i )  excess of ca. 67",, 
aqueous K[OH] 

( i i i )  diethyl ether 

Clearly the electro-reduction activates the MoN,Me(Ph) 
group towards protic attack. 

The mechanism of hydrazine formation: the nature of 
the intermediate (B) and Product ( C ) .  We have not been 
able to isolate and characterise the reactive product (C). 
I t  clearly retains an organodinitrogen group bound to 
the Mo as the hydrazine NH,NMe(Ph) is not released 
until (C) is destroyed by acid. Nevertheless, certain 
conclusions as to the nature of the product (C) and its 
precursor (B) may be drawn from a consideration of the 
redox potential data in Tables 1 and 2. 

First, the complexes (A)+ do not give diazenido- 
complexes upon reduction (4). This reaction is elimin- 
ated as the R = Me or Ph complexes (D) oxidise at 

+ ae 
[ Mo( NNR,) (S,CNMe,)& + 7 

[Mo("R)(S,CNMe,),l + RH (4) 
(D) 

considerably more positive potentials than (B) or (C) 
and i t  would be inconsistent with the formation of 
NH,NMe(Ph). 

Secondly, the absence of significant amounts of the 
amine NHMe(Ph) as a product of the reaction of (C) with 
acid and the absence of an oxidation or reduction process 
assignable to  the nitride [MoN (S,CNMe,),lJ eliminates the 
reduction (5). Finally, the formation of [Mo(S,CNMe,),- 

Treatment of (A)' in thf with HC1-diethyl ether does 
not produce NH,NMe(Ph) and indeed no reaction is 
evident. Less than I yo of the free hydrazine is detected 
after 2-e reduction and examination of the catholyte 
by g.1.c. without the acidification and work-up steps. 

TABLE 2 
Electrocliemical data for complexes [Mo(N,RR') (S,CNMe2),X,] and some related species determined by cyclic voltammetry a 

Primary reduction process Primary oxidation process 

ipv-k c-'/ 
st V-+ 

1.8 
1.7 

M-1 A-3 
1E red/ t 
- 1.70 
-1.54 

AIEg/ 
mV 
110 
94 

Complex 
(1 )  [MoO(NNMe2)(S2CNMe2),] 
(2) [MoO{NN(Me) Ph)- 

(3) [MoO(NNPh,) (S,CNMe,),] 
(4) [Moo NN(Me)Ph),- 

(5) [MoC1,(NNMe2)- 

(6) [MoC12{NL4(Me)Ph)- 

(S,CNMe,)21 

(S2 d NMe2) 21 

(S2CNEt,),l 

(S2CNMe2) 21 

(S,CNMe,),l 
(7) [MoCl,(NNPh,)- 

(8) [MoN (S,CNEt,) J 

(10) [MoOCI,(S,CNEt,),] 
(9) [MoO,(S,CNEt2l2! 

napp. 
1 (0.8) 
1 (0.7) 

Ea/mV 
120 

97 

qzapp. 
1 (0.7) 
1 (0.7) 

1( 0.7) 
1 (1.0) 

1 (1.0) 

1 (0.7) 

1 (0.8) 

1 (0.5) 

0.92 
1.06 

- 1.50 
-2.50 

115 
120 

1.7 
2.4 

1 (0.7) 
1 

1.13 
0.42 +O.S8 40 

118 
55 

1.7 
2.6 

- 1.18 128 2.7 1 (1.1) 

1 (0.9) 

1 (1.0) 

1 (0.8) 
1 (0.7) 
1 (0.7) 

1.30 +1.23 70 60 2.5 

1.8 - 0.99 144 2.2 1.37 +1.32 ti0 61 

-0.87 130 2.6 1.41 +1.36 50 55 2.0 

- 0.40 
-0.85 
- 0.32 

150 
80 

114 

1.8 
2.0 
2.1 

1.39 
No oxidation process 
No oxidation process 

154 1.2 

Range hO.01 V f 5 m V  + O . l  &0.1 kO.01 V + O . O l  V i 5 m V  A 5  mV kO.1 h0.l 
In 0.2 mol dm-3 [NBii,][BF,]-acetonitrile at a platinum electrode, scan rate 0.3 V s-l. M = mol Values of nepp., the 

apparent number of electrons involved in the irreversible electron-transfer steps, were determined by comparison of their current 
functions at 0.3 V s-' with that for ferrocene oxidation at the same electrode, for which i,~-~[ferrocene]-~ = 2.5 st V-+ M-l A-3. 
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(X2R2)2: or SXoO(~,Cil;Jie,)aIr\T,R,)! complexes, which 
rniglit bc conceivably found zlia partial decomposition 

1 25  
i I ~ I ~ ( S , I ~  p,cx&re,)31 1 7  

XoN(S,CIY31e2),i j- N H R ,  (5) 
o f  tlic c-n-ordination shell of Mo upoil reduction, were riot 
ctt1tc.t-tccl el~ictrorlit.inicallv during cyclic voltammetry or 
i.i,ntroilt.\l-p,otc.nti;l cicctrolqvs of (A) + . 

Thc &(idition of two electrons to tlie 18-e ( A ) +  to give 
the 3O-f~ specifbs (A) -- mu\t result in considerable 
r.lcctronic- strain. Tbis may be relieved by decorn- 
position ( i f  (A) either by ligand dissociation (6) or by 

S 
Me2N--C<g>Mo _I) MeZN-C-S-Mo II (6 

20 e 18 e 

( 7 )  t- 
M O z N - N R ,  ---+ Mo-N 

\ 
NRZ 

renrrangement of the electrons in the hydrazido(2-)- 
ligancl (7) .  Keorganisation of ligancls around a metal 
ceritre, c.g. cis-to-trans iwmerisni, can induce changes 
in oxichtiou potential of the order of m V  or less. 
1 lit: C!ifft‘rtwCc: in oxidatioii potential.: of tlie initial 
recluction product ( A -  and that o f  the intermediate 

I .  

jMo(N2PhMe)(S2CNMez)3]+ differ by ca. 1 100 mV 
Charge ncutralisation could take place by either proton- 
ation of (Bf or via loss of an anionic ligand from it. We did 
not detect oxidation waves attributable to free S,CNMe,- 
and therefore suggest that stabilisation is a consequence 
of protonation on the u-N atom, reaction (8). Complexes 
of Arc) containing the side-on NHNR, .group have 
recently been cliaracterised by X-ray analysis, moreover, 
further protonation of these yield hydrazines.’ 

Support for an electrophilic attack upon the species 
(A)- or (B) is as follows. Cyclic voltammetry of (A)+ 
(R -1 Me, R’ = Ph) in the presence of a ten-fold excess 
of Me1 results in the loss of the product oxidation waves 
(b )  and (c), Figure 1,  whilst a new peak which corresponds 
to tlie oxidation of free iodide ion is observed. The 
compound PrnBr has a similar effect although consider- 
ably less marked. Controlled-potential electrolysis of 
(A) + in the presence of an excess of Me1 remlzins an overall 
2-t. reduction : this excludes the oxidative regeneration 
of ( & 4 ) O  as a possible reaction as this must consume 
2 2  e per molecule of complex. The product (C) which 
rapidly reacts with HC1 is also sufficiently nucleophilic 
to react with one equivalent of MeI. 

The identity of the metal product following proton- 
ation of (C) remains elusive. :\ broad reduction wave 
observed after the addition of HC1--diethy1 ether to a 
tlif catliolyte containing (C,) may possibly be associated 

( H )  is c a .  300 mV:  this stabilkation of the redox orbital 
iipon co~iversioii of (A) - to (R) would be consistent with 
thc rearrangement (6) or (7). 

‘The oxidation potential of the product (C) differs from 
that of (A)O by some 700 mV rind from that of (A)- by 
some 1 000 mV. This is consistent with charge neutral- 
iwt i ( i n  q m i  the coilversion (A) - --+ (C)  , For example, 
the oxidation potcntiatls of [Mo(N,Yh) (S,CNMe,),] and 

with the reduction of [MoCl(S,CNhle,),] although this is 
by no means certain. 

In conclusion, we have shown that the MoNNRK’ 
group in (A)” is activated towards protonation by electro- 
reduction, but have not been able to establish unambigu- 
ously the mechanism of the activation. A plausible 
reaction sequence based on the above data is advanced 
in Scheme 2. 

D i sp ropor  t i o n a t  i on  

MoC I (S2CNMe2)3 il NHzNMePh + 
SCHRME 2 Elcctroactivation of Mo=NN,MePh towards protic attack. Species in braces are non-isolated intermediates ; ( b )  arid (c) 

refer to the oxidation waves of Figure 1 
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Influence of the Ligand Environment of Mo=NNR, 
Complexes upon their Redox Behaviour.-The effect of 
changing R or R' in the complexes (A)+ upon their 
reduction potential is minimal: the expected trend is 
observed, with lEpred more positive in the order N,Me, < 
N,Me(Ph) < N,Ph, (Table 1) .  

Reduction and oxidation potential data for some 
related complexes [Mo(N,RR) (S,CNMe,),X,] in which 
X = 40 ,  C1, or gNNRR' are listed in Table 2. The 
influence of a change in R or R' upon the reduction and 
oxidation potentials of these complexes follows the same 
trend as in the complexes (A)+. What is more interest- 
ing is the influence of X. Each complex reduces in an 
irreversible one-electron step at scan rates up to 10 V 
s-l and oxidises more or less irreversibly in a one- 
electron process. The influence of X is substantial: 
oxidation and reduction potentials, lEpoX and lEpretl 

respectively, become increasingly positive in the order of 
X, QN,RR' < +O < C1. There is an excellent correl- 
ation between lEpoX and lEpred for the two redox pro- 
cesses and the slope of Figure 5 demonstrates that the 
lowest unoccupied molecular orbital, l.u.m.o., responds to 
a change in X to much the same extent as does the highest 
occupied molecular orbital, h.o.m.0. Some caution is 
necessary in the interpretation of the redox data as 
lEp0" and lEpred  are not purely thermodynamic. Never- 
theless, the implications are that the 1.u.m.o. has sub- 
stantial metal character. The complex (A)+;  R = Me, 
R' = Ph lies upon the redox potential plot, Figure 4, 
whereas the complexes [MoO,(S,CNMe,),] and [Mo(-N)- 
(S,CNMe,),] do not, and we may conclude that the 
h.o.m.0. and the 1.u.m.o. are therefore both associated 
with the Mo=N-NR, system. 

Conclusions.-It has been suggested that the reduction 
of an intermediate containing the linear Mo=NNH, 
group may be a step in the catalytic reduction of dinitro- 
gen via nitrogenase.5 We have demonstrated that 2-e 

5*0 t 

FIGURE 4 Plot of charge passed versus cell current for electroly- 
sis of [Mo(NNMePh) (S,CNMe,),]Br in thf-0.2 mol dmW3 
[NBu,][BF,] at a platinum gauze electrode. Electrolysis was 
carried out at - 1.0 V veysus s.c.e. on 26.9 mg of sample in 20 
cm3 of catholyte under N, 

2.0 
'EPoXIV 

0 

FIGURE 5 Correlation of reduction and oxidation potentials. 
Plot of lEpred veysus lEpoX for various dithiocarbamato-com- 
plexes of MoVr containing the MoNNRR' group. Slope of 
d(lEpd)/d(lEpoX) = 1.63 (dimensionless). The numbering 
corresponds to that of the complexes in Table 2 

reduction of certain 18-e complexes containing the Mo= 
NNR, group can lead to the activation of the organo- 
dinitrogen ligand towards attack by electrophiles, and 
in one case that reductionlprotonation leads to the 
liberation of free organohydrazine in ca. 57 yo yield. 

EXPERIMENTAL 

The preparations of the complexes investigated have been 
described The solvents and the electrolyte 
were purified and dried by standard procedures. 

Cyclic voltammetry was carried out in oxygen-free 
electrolytes under an atmosphere of dinitrogen using a two- 
compartment, three-electrode electrochemical cell, a Hi-Tek 
Instruments Ltd. DT2101 potentiostat, and a Chemical 
Electronics (Birtley) Ltd. type 01 waveform generator. 
Voltammograms were recorded on a Philips PM8041 X-Y 
recorder at ambient temperature, 20 f 2 "C. 

Controlled-potential electrolyses were performed in an 
H-type three-electrode, three-compartment cell with a 
working electrolyte volume of 20 cm3. Platinum gauze 
working and auxiliary electrodes of nominally 1 cm2 were 
employed. Electrolyses were carried out on 50-100 
pmol of complex under a dinitrogen atmosphere and the 
charge passed was measured using a Chemical Electronics 
integrator. 

After electrolysis the catholyte was quenched with an 
excess of HCl-diethyl ether and removed from the cell. An 
equal volume, ca. 20 cm3, of 40% aqueous K[OH] was 
added to the catholyte and the resulting solution extracted 
three times with diethyl ether in 20-cm3 aliquots. The 
ether extracts were combined and reduced in volume to 20 
cm3 and examined by g.1.c. on a Carbopak 4% Carbowax 
(20 mol dm-3)-0.870 K[OH] column a t  150 "C. Under 
these conditions NHMePh had a retention time of ca. 3 min 
and NH2NMePh a retention time of ca. 6 min. Acetonitrile 
electrolyses gave substantially lower yields of the hydrazine 
(5-7y0) than did the thf electrolysis of the complex [Mo- 
(N2MePh)(S,CNMe,)Jf. This may be attributed to the 
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condensation of the hydrazinc with hydrolysis products 
CH,CN. 

Electron spin resonance spectra were recorded on 
Varian Associates Ltd. E9 spectrometer. 

0 f 

<a 
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