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Summary 

The Group VIB complexes M(CO),L have been synthesized for the cases L = 
cis-1,2-diisopropyldiazene (c-DIPD) with M = Cr, MO, W, L = tr-ans-l,Zdiisopro- 
pyldiazene (t-DIPD) with M = Cr, W, and L = 1,Sdiisopropylhydrazine (DIPH) 
with IM = Cr, W. Failure to obtain any bimetallic complexes is discussed in 
terms of steric interactions of these and related complexes. The significance of 
diazene Iigand geometry is demonstrated by the differences in properties of the 
c-DIPD and t-DIPD complexes. The available evidence indicates that cis diazenes 
are better ligands than their trans isomers. Complex stability decreases in the 
order .W > Cr >> MO and c-DIPD > t-DIPD. Infrared, visible, and NMR spectra 
are interpreted in terms of bonding in the complexes_ A 30-60 cm-’ reduction 
of z$N=N) of the diazenes upon coordination is attributed to metal-ligand 
r-bonding with c-DIPD being a better r-acceptor than t-DIPD. The NMR spectra 
of the c-DIPD complexes are temperature dependent and show that the M(CO), 
moiety undergoes coordination site exchange between the two nitrogen atoms. 
No exchange occurs in the t-DIPD complexes. Coalescence temperatures of 10, 
-48, and 6°C were recorded for the Cr, MO, and W complexes of c-DIPD 
respectively, with the Gibbs free energy barriers of 15.0,11.5 and 15.0 kcal/ 
mol. A comparison with exchange in other M(CO)s(cis-diazene) complexes is 
made and the role of the diazene structure on the reaction rate is discussed_ 
The M(CO),(DIPH) (M = Cr, W) complexes have been oxidized by H202/Cu2+ 
and by activated MnO:, to DIPD complexes in low yield. The tungsten DIPH 
complex gives only W(CO)S(t-DIPD) but the chromium system gives predomi- 
nantly Cr(CO)S(c-DIPD). 



Introduction 

The synthesis and st.udy of transition metal carbony complc~c~s contnining 
coordinated diazenes (azo compounds) is ~111 area of active invc~stigat.ion i 11. 
For the most part these studies have utilizrlci cyclic ligantls in which thcl tlinwnc 
linkage is in a fixed cis configuration. Rclat.ively few acyclic diazencs have 
received serious at.tention, with co~nplescs havin g been reportr4 only for 

diazene I: 21, 1 ,%diphenyldiazene [ 3 1, 1,2-dicyclohesyldiazene [ 4 ] _ phcnyl- 
diazene [ 51, and 1,2-dimethyldiazene [ 5]_ We became interest&l in acyclic 
diazenes because they can esist in bot-h cis and trnrzs isomeric forms. Our goal 
has been to study the consequences of diazene geometry on the properties of 
transition metal carbonyl compleses. In addition to our work descrihtad here 
and in a preliminary report [ 61 only diazene (HN=NH) and 1,Xcliphenyl- 
diazene (azobenzene) have been reported in both the cis and tram forms in 
metal carbonyl complexes. Direct reaction of free cis- or t~ans-1,2-cliphenvl- 
diazene with M(CO)STHF (?I = Cr, $10, W) gave the monometallic cis complex 
I (R = C,H,) or the bimet.allic trarza complex 11 (R = C,H,), where h4 stands 
for the metal pentacarbonyl unit [3]_ The cis cornpIes is more stable than the 
tmns complex which decomposes readily in solution even at --40” C. For cis- 
and trcms-diazene a wider variety of metal systems has been studied but in 

R\ lR R\,=,/M R\ / R\ 
Y=!- 

!\I = N p.J ---N- 

/ \ / \ / \ 
M M R M M M R 

(I) (II) tm) mz) 

every case only bimetallic complexes of types II (R = H; M = Cr(CO)s_ CSH,-&In- 
(CO),, CsH5Re(CO),) and III (R = H; M = Cr(CO&, MOM, W(CO)s) are 
known [ 2] _ These complexes were all prepared by oxidation of related hydra- 
zinc complexes because of the extreme instability of the free diazene ligands. 

In this paper we present our results using cis- and fmns-l,Z-diisopropyldi- 
azene (DIPD) as ligands with the Group VIB metal carbonyls. This ligand pair 
imposes fewer experimental constraints because DIPD is more stable than free 
diazene (HN=NH) and does not undergo thermal or photochemical interconver- 
sion of the cis and tram isomers which can occur with the 1,2_diphenyldiazenes_ 
Indeed, cis-DIPD is almost unique among acyclic, non-aromatic diazenes in 
being stable enough to work with at room temperature [ 7]_ The DIPD ligands 
are of interest too because the isopropyl group has substantially different elec- 
tronic and/or steric properties compared with diazene or 1,2diphenyldiazene_ 
We have also examined the oxidation of some 1,Zdiisopropylhydrazine com- 
plexes to help to determine what factors may contribute to the in situ formation 
of a cis or tram diazene complex. A long term goal is the selective synthesis of 
metal carbonyl complexes of cis diazenes in which the diazene would be unsta- 
ble without coordination_ 
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Experimental 

Microanalyses were performed by Atlantic Microlab, Inc., Atlanta, Georgia. 

Infi-ared spectra were recorded on a Perkin-Elmer Model 621 spectrometer. A 

Gary 17 spectrophotometer was used to obtain ultraviolet and visible spectra. 

Proton NMR spectra were recorded on a Perkin-Elmer R12B spectrometer 
equipped with variable temperature and double resonance capability_ Organo- 
metallic samples were sealed in vacua using degassed solvents. Melting points 

were taken in open capillaries and are uncorrected. 

A nitrogen atmosphere was routinely used for all operations_ Solvents were 
dried and distilled under nit.rogen as follows: tetrahydrofuran (THF) from 

sodium benzophenone ketyl, dichloromethane from phosphorus pentoxide and 

pentane and hesane from calcium hydride_ Chromatography was performed on 
a column that was slurry-packed with alumina (Alcoa, F-20, chromatographic 

grade) or Florisil (Fisher Scientific) using petroleum ether (b-p. 30-60” C). 

Reduction of solution volume or stripping to dryness was done at <O.l Torr at 
the temperature specified. 

The metal carbonyls M(CO), (M = Cr, MO, W) were purchased commercially 

and sublimed before use. The norbornadiene derivatives (C$I,)M(CO), (AI = Cr 

[S], MO [S], N 191) were prepared by published procedures. Act.ivated manga- 

nese dioxide was purchased from Ventron Corporation (Alfa Division) and also 
prepared by the method of Attenburrow [lo] _ l,%Diisopropylhydrazine hy- 
drochloride was prepared by the method of Stowell [ 11]_ The free hydrazine 

was obtained by treating the powdered hydrochloride in vacua with a two-fold 

escess of powdered potassium hydroxide and enough water (-1 ml) to make a 
slurry_ The free hyclrazine was distilled off and dried over 4X molecular sieve. 
trans-l,Z-Diisopropyldiazene (t-DIPD) was obtained from the hydrazine by 
mercuric oxide or;idation [ 12]_ 

cis-Diisopropyldiazene (c-DIPD) was synthesized by oxidation of diisopropyl 

sulfamide [13] and by the photosensitized isomerization of t-DIPD [14]_ In 

the latter preparation 200 ml of a cyclopentane (spectroscopic grade) solution 

containing naphthalene (1.4 X lo-’ A/r) and t-DIPD (0.35 M) were placed in a 
quartz flask and irradiated with General Electric G15T8 germicidal lamps until 
photo-equilibrium occured (- 35% conversion)_ Reaction progress was moni- 
tored by NMR analysis of samples in CDCI,. In both synthetic procedures the 

majority of the solvent was removed by normal distillation and the remaining 
solution submitted to bulb-to-bulb fractionation on a vacuum line. Residual 

solvent and I-DIPD distill from a -40°C bulb leaving c-DIPD behind. Pure 
c-DIPD can be separated from naphthalene by several transfers from a -15°C 

bulb to a -196°C bulb. 
A;l(CO)& syntheses. All of the organometallic compounds M(C0)5L (Table 1) 

reported in this paper were prepared by essentially the same indirect photo- 
chemical method. The general procedure is described here with specific condi- 
tions, e.g. scale, reaction temperature, yield, for each compound summarized in 

Table 1. 
Solid hexacarbonyl and 180 ml of THF were placed in a Pyrex iinmersion 

type photolysis apparatus and irradiated at - 20” C with a 450 watt medium 
pressure mercury lamp until the infrared spectrum showed an absence of the 
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hesacarbonyl. The yellow solution was transferred to a flask, equilibrated at 
the reaction temperature, and the ligand added by pipet. In most cases the solu- 
tion color dakened noticeably to an orange-brown at this point. After 1-2 h 
the solution was stripped to dryness (see Table 1 for temperature) and the solid 
residue taken up in hexane or pentane and filtered at room temperature_ If 
necessary the filtrate volume was reduced, then the product crystallized at 
-7s” C. The solid was isolated by decantantion or cold filtration; several 
washings with cold solvent were employed in this step. Finally the solid was 
pumped dry (<O.l Torr) while still cold and pumping continued while the tem- 
perature gradually rose to ambient_ The f-DIPD and hydrazine complexes were 
further purified by sublimation (lo-’ Torr) from ambient to a 0” or a -78” C 
probe. 

Deviations from the basic procedure were as follows. W(CO)S(t-DIPD) and 
W(CO),(c-DIPD): the stripped THF residue was estracted with pentane, the 
solution volume reduced, and chromatographed on a 2.5 X 55 cm alumina col- 
umn_ After elution of W(CO)6 with petroleum ether, the major yellow product 
band was eluted with lo-25% dichloromethane in petroleum ether solution. 
The solvent was removed, and the residue crystallized from hesane. This was 
the only way to obtain significant quantities of W(CO),(t-DIPD) free of 
W(CO)+ 

Cr(CO)s(c-DIPD): most of the residual Cr(C0)6 in the stripped THF residue 
was sublimed ((0.05 Torr) from the 0°C flask onto a -78°C probe before Cr- 
(CO),(c-DIPD) was estracted and crystallized. 

In general the solid left after extracting and filtering the stripped THF resi- 
due was worthless decomposition material. However, in the synthesis of Cr- 
(CO),(DIPH) a mustard-colored solid soluble only in polar solvents remained 
which appears to be cis-Cr(CO),(DIPH)2 based on spectroscopic data. In CH2-. 
Cl,v(CO) at 2062~~ 193Os, 187Ovs, 1842s; NMR in acetone-d, (ppm, T rela- 
tive to internal TMS) 4.49d (NH), 7.44 m (NH, two CH), 8.54d (CH,), 8.75d 
(CH,). Yield: 210 mg (O-53 mmoles), 9.2% based on DIPH_ Analysis was not 
possible but the following NMR qata support the proposed formula. 32.6 mg 
of the chromium compound and 34.7 mg of pdibromobenzene dissolved in 
acetoned were sealed in an NMR tube. The ratio of the relative areas of the 
DIPH protons in the complex to thep-dibromobenzene protons (7 2.6) was 
determined at 25°C. Found: 4.6; calcd. for Cr(C0)4(DIPH)2: 4.5; calcd. for 
[Cr(C0)5],(DIPH): 1.8. 

Photolysis of a W{CO)st-DIPD mixture. 2.08 g (5.92 mmol) of W(CO)6 and 
1.0 ml (6.7 mmol) of t-DIPD were photolyzed as described in the general pro- 
cedure_ The resultant solution was chromatographed on a 2.5 X 52-cm alumina 
column. The yellow bands of W(CO),(t-DIPD) and W(CO),(c-DIPD) were 
eluted successively with petroleum ether and a 2/3 dichloromethane/petroleum 
ether solution. Isolated yields were 117 mg (4.5%) and 29 mg (l-l%), respe& 
tively . 

Mo(CO)~(c-DIPD) from I~~o(CO)s(norbornadiene). A mixture of 304 mg (1.0 
mmol) of Mo(COj,(C,H,) and 0.2 ml (1.4 mmol) of c-DIPD in 35 ml of hesane 
was stirred for 6 h at -20°C. A gold solid gradually deposited which was iso- 
lated by decantation, washing with 10 ml of -78°C hexane, and dried under 
vacuum at -25”C_ Yield: 215 mg (0.61 mmol, 61%). 
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Oxidation studies 
_A_ With MnO,. To 5-10 ml of CM&I, at 0 “C were added 100-500 mg of hy- 

drazine complex M(CO)S(DIPH) (M = Cr, W), a ten-fold molar amount of acti- 
vated MnO,, and 1 g of anhydrous N&SO,_ The mixture was warmc~d to room 
temperature and st.irred. Reaction progress was monitored by mithclra~ving sam- 
ples, drying under nitrogen purge, and esaminin g the hesane extract by infra- 
red spectrometry. When reaction was complete, the mixture was filtered and 
the filtrate stripped to dryness at O’C. Product composition was determined by 
infrared and NMR spectrometry; with M = W some samples were worked up 113: 

chromatography on alumina as described above. 
Free DIPH (1 mmol) was oxidized as above at temperatures from ambient to 

-3O”C_ The reaction was monitored by filtering a sample into CDCI, and 
recording the NMR. 

B. With Hz0 qJC~~ ’ + _ The method is similar to that of Sellmann [ 21. In a typi- 
cal reaction 410 mg (1.0 mmol) of Cr(CO)5(DIPH), 5 ml of THF, 4 g of anhy- 
drous Na2S04, 2 drops 0.15 f’U CuSO,, 1.7 ml of H,O, solution (1.1 ml 30% 
H,O, in 5.0 ml THF), and a stirring bar were placed in a Schlenk tube at 
--50” C. The temperature was raised to 10” C and the reaction monitored by gas 
evolution (76 ml)_ After 2 h the solution was filtered while cold and stripped to 
dryness at 0°C. Analysis was as described in the MnO, osidations. 

Free DIPH (0.4 g) was oxidized in a similar manner (1.1 ml H,O;, solution) at 
10°C. 

Results and discussion 

Synthesis and properties_ The compounds described in this study are all of 
the type M(C0)5L (M = Cr, Mo, W; L = c-DIPD, t-DIPD, or DIPH). Analytical 
(Table 1) and spectroscopic data (vide infra) support their formulations as 
monometallic complexes_ In all cases synthesis was readily accomplished by 
reaction of the free ligand, L, with photochemically generated M(CO)STHF 
with generally fair to good yields. Despite several attempts the poor yield of 
W(CO),( t-DIPD) could not be improved. Mo(CO)S(c-DIPD) was also synthe- 
sized by the reaction of c-DIPD with Mc(CO),(norbornadiene) in hexane at 
-25” C, This material, was superior in quality to that from the THF method as 
the product which precipitated during reaction was spectroscopically pure and 
had the highest melting point. However, neither the chromium nor tungsten 
c-DIPD complexes could be obtained by this alternate route. All attempts to 
isolate molybdenum complexes of t-DIPD and DIPH by either synthetic pro- 
cedure failed, even when reaction and work up were conducted at -30°C or 
below. 

The stability of complexes was in each case W > Cr >> MO and for the 
diazenes c-DIPD > t-DIPD both for pure materials and in solution_ The low- 
melting solids frequently became oily. The Cr and W solids were stable in air 
for brief periods. Only the tungsten and DIPH compounds showed no decom- 
position in solution under nitrogen at room temperature. The tungsten DIPD 
complexes were stable enough for chromatography on alumina, while Cr(CO)S- 
(t-DIPD) and the DIPH complexes decomposed significantly on Florisil. All of 
the t-DIPD and DIPH complexes sublime at moderate temperatures whereas the 
c-DIPD complexes are nonvolatile- 
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Since synthesis and isolation of c-DIPD for use in complex formation is time 
consuming, in one experiment the more accessible t-DIPD was photolyzed 
along with W(CO), in THF. Under these condit.ions a p,artial conversion of 
i-DIPD to c-DIPD occurs, and it was hoped that the more stable W(CO)5- 
(c-DIPD) could be obtained in good yield. However the ratio of W(CO)j- 
(t-DIPD) to W(CO),(c-DIPD) was 4/i with a total yield of about 6% which 
makes this an unattractive synthetic route. 

Attempts to synthesize bimetallic complexes of the type [i\:l(CO),] ?L by 
using a four- to six-fold excess of M(CO)STHF were unsuccessful. This con- 
trasts sharply with the complexes of cis- and trans-diazene which are aI1 bime- 
tallic [ 21. This difference is undoubtedly due to the greater steric bulk of t.he 
isopropyl group compared to a hydrogen atom. In the crystal of the THF sol- 
vate [Cr(C0)5]2(t-HN=NH) - 2 THF (1,R = H; M = Cr(C0)5) significant inter- 
action between the Cr(CO), moiety and the N-H bond cis to it is indicated 
[ 15]_ Space filling models show that replacement of the hydrogen atoms with 
isopropyl groups would lead to a very crowded bimetallic t-DIPD complex. If 
the C-N=N bond angle is increased to reduce interaction with t.he cis-M(CO)5 
group, steric interaction with the gejn-M(CO)S group becomes important_ Only 
a monometallic complex of t-DIPD can minimize interaction of iM(CO)s with 
both cis- and geln-isopropyl groups. Surprisingly tl-alzs-1,2-diphenyldiazene 
forms bimetalllic complexes [ 31. Based on space filling models it appears highly 
unlikely that the diazene can retain the planar structure of the free ligand in 
such a complex and that significant rotation of the phenyl rings out of the 
C-N=N-C plane probably occurs_ The extreme instability of [M(CO),] *- 
(t-C6H5N=NCoHs) in solution may be indicative of the steric strain that must 
exist in this complex. 

In bimetallic compleses of type II, [M(C0)5],L in which L is a cis diazene, 
&he degree of crowding of the cis-M(CO)5 units is influenced by the C-N=N 
angle of the diazene. The diazirine V has a C-N=N angle around 60” [16] and 
readily forms type II bimetallic complexes [ 1’7]_ The rigid bicyclic diazene VI 

-N-_-N 

has a C-N=N angle of 116.3” [Ml. No complexes of type II have been 
reported for VI but bridged complexes (CO),ML,M(CO), and (CO),ML,M- 
(CO), (M = Cr, MO, W) are easily obtained [19]. For cis-1,2_diphenyldiazene 
and the cyclic analog benzo[c]cirmoline (VII) with C-N=N angles of 121.9” 
[ZO] and 120-121” [Zl], respectively, only monometallic complexes M(C0)5L 
have been reported [2,22] _ In the [M(C0)5] .(c-HN=NH) complexes the 
H-N=N angle can be reduced to less than the 120” found in the tram complex 
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[ 151 without crowding the hydrogen atoms. The C-N=N bond angle in c-DIPD 
is estimated to be 130-140” [23]_ Steric interaction between the isopropyl 
groups prevents reducing the C-N=N angle in the complex which would make 
a bimetallic complex prohibitively crowded_ 

Infrawd spectra. The major infrared spectral features of the complexes are 
summarized in Table 2. The patterns in t.he carbonyl region are typical of 
M(CO)sL structures_ The five frequencies for the c-DIPD and DIPH complexes 
indicate significant deviation from ideal C+ symmetry_ The weak feature in the 
19’70-1990 cm-’ region in these complexes was reproducible in intensity in 
separate syntheses and after purification. Hence we confidently assign it to the 
l% mode which is formally infrared forbidden in C,, symmetry rather than to 
M(CO)c. impurity. 

For all the diazene complexes there is a 30 to 60 cm-’ reduction in v(N=N) 
in the complex relative to the free ligand. We attribute the decrease in V(N=N) 
to sr-acceptor capability of the diazene ligands. Qualitative molecular orbital 
considerations show that -ir-bonding can occur between the metal dyZ or d,, 
orbital of the M(CO), unit and the diazene r* molecular orbital [ 24]_ sr-Accep- 
tor ability for the cyclic cis diazene VI has been reported previously based on 
carbonyl frequencies [ 251 and force constant calculations [ 19b]. Since the 
decrease of v(N=N) for the c-DIPD complexes is nearly twice that for the 
f-DIPD complex of the same metal, it appears that c-DIPD is a better r-accep- 
tor than t-DIPD. Interestingly the magnitude of the reduction of v(N=N) fol- 
lows the same order as the stabilities of the complexes for a given ligand, i.e. 
MO < Cr < W. Work with other c&tram diazene pairs is required to test the 
generality and significance of this observation_ 

-Visible spectra. The absorption spectra of all but the very unstable molyb- 
denum c-DIPD complex were recorded and are also summarized in Table 2. A 
detailed study of the Group VIB M(CO)&diazene) compounds concerned with 
a variety of cis diazene ligands has recently appeared [ 241. The spectral fea- 
tures have been interpreted in terms of the molecular orbital scheme shown in 
Fig. 1. The two lowest energy transitions expected are a charge transfer 
M-diazene (CTML) type due to d,: + K* (predominantly r*(N=N)) and a ligand 
field (LF) type due to d,, + d,+2_ The energy of the n* orbital in the com- 
plex depends on the energy of n*(N=N) in the free ligand and the extent of 
metal-ligand r-bonding. Generally, in spectra of the t-DIPD and c-DIPD com- 
plexes only a single well-defined absorption peak is observed, and we conclude 
that the CTML and LF bands overlap. Only W(CO)S(c-DIPD) shows a shoulder 
to the low energy side at about 425 nm in hexane which is probably the CTML 
absorption_ In an effort to resolve the two band spectra of the more stable 
tungsten compounds were recorded in solvents of varying polarity. Both the 
CTML and LF bands should shift to the blue in more polar medium with the 
former experiencing the greater effect [ 24]_ Only one major peak was observed 
in all cases, and the blue shift of -1000 cm-’ is consistent with a LF band. 
However, there was in each case a broadening of the peak to the high energy side 
suggesting a somewhat greater movement of the underlying CTML transition. 

For the DIPH complexes the bonding can be reasonably described simply by 
removing the orbitals labelled X- and K* in the free ligand and the complex in 
Fig. 1. The lowest energy transition in the complex should be unambiguously 



214 

-5- 

eV 

-lO- 

-_N=N- ._ 

/ 

the LF dxZ -+ d,+ 2. The single band observed in the spectra and the -700 
cmel blue shift in the more polar solvent is consistent with this assignment. 
Interestingly the extinction coefficient of the LF band in the DIPH complexes 
is about half that for the band in the diazene complexes which was assigned to 
the two overlapped LF and CT&IL transitions. 

With the exception of benzo[c]cinnoline (VII) Frazier and Kisch found a 
good correlation between the energy of the CT&IL transition in the diazene 
complex and the energy of the n -+ r* transition of the uncoordinated cis- 

diazene ligand, which was taken as a rough measure of the energy of r*(N=N). 
(The apparekt assumption is that the energy of n, is constant in the sequence 
of ligands, although there is a variation of nearly 1 eV [ la,231 _) For free c-DIPD 
the n -+ r* energy is 3.25 eV [23] _ The lowest possible value for CTML in 
W(CO),(c-DIPD) is 2.-92 eV (425 nm) which is well above that predicted by the 
suggested correlation. Such a deviation is not surprising_ The CTML transition 
energy depends on the energy of both the 5~~ and d,, orbitals in the complex. 
The change in energy of the r* orbital in the complex relative to the free ligand 
depends on the effectiveness of metal-ligand n-bonding, with stronger 
n-bonding raising 7r* and thereby E(CTML). While the d,, orbital does not 
formally bond to the diazene ligand in C 4u symmetry, the energy of this orbital 
is still subject to substantial variation in the complex_ Elian and Hoffmann have 
shown that the energy of the e(dsz, d,,) orbitals in the M(CO), fragment is 
sensitive to the angle between the axial and equatorial carbonyls in C,, symme- 
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try [ 26]_ In an LAI(CO), complex t.his angle depends on both the o-bonding 
strength of L and its steric requirements. It, would seem highly unlikely that the 
series of cis diazene ligands involved [ 241 would affect the 5~~ and d,, orbitals 
in the complex in a similar manner. 

Only W(CO),(DIPH) eshibited a weak feature at low energy (-440 nm) that 
might be t.he singlet--triplet LF transition which is well-known in analogous 
systems [ 27]_ 

NMR specfm. The proton NMR spectral features of all compounds studied 
are summarized in Table 3. The spectra of the t-DIPD and DIPH complexes 
show two inequivalent isopropyl groups as expected for a st.ructure in which 
only one of the nitrogen atoms is bonded to t.he M(CO)s moiety. The CH, reso- 
nances are only slightly affected and in t.he DIPH complexes only one doublet 
is discernible_ In the t-DIPD complexes the more down-field shifted CH reso- 
nance is assigned to the isopropyl groups on the coordinated nitrogen_ A broad 
feature ciue to the NH of the coordinated nitrogen in the DIPH complexes is 
clearly visible and is well down-field shifted, while the NH signal of the uncoor- 
dinated end is buried under the CH restinances. In the tungsten DIPH complex 
the NH resonances are too broad to see at 35” C and emerge only at lower tem- 
peratures. At low temperature the CH and CH, signals of both ~vI(CO)~DIPH 
complexes (A’1 = Cr, W) broaden and poorly defined splitting is observed, prob- 
ably due to slowed conformer interconversion. The chromium complex decom- 
poses slowly to free DIPH and a compound which appears to be Cr(C0 j4- 
(DIPH), (see experimental section)_ 

The NMR spectra of the c-DIPD complexes ars temperature dependent. At 
35°C the chromium and tungsten compounds show only one type of isopropyl 
group; the molybdenum compound decomposes quickly at 35” C but shows a 
similar spectrum at --20” C. Lowering the temperature causes the signals to 
broaden and eventually a spectrum indicative of two inequivalent isopropyl 
groups emerges. A sharp limiting spectrum consistent with a rigid type I struc- 
ture is reached at -30” for chromium and tungsten and at -85°C for molyb- 
denum. This behavior is indicative of coordination site exchange of the IvI(CO)~ 
unit between the lone pairs on the two nitrogen atoms. When the complex and 
free c-DIPD are present together, separate, unbroadened and unshifted signals 
are observed for each. Addition of t-DIPD or triphenylphosphine produces no 
h’I(CO),(t-DIPD) or M(C0)5PPh,. These observations support a non-dissociative 
site exchange mechanism_ Using the CH, resonances, the coalescence tempera- 
tures for the Cr, MO, and W complexes were determjned to be 10, -48, and 
6” C respectively from which the corresponding activation free energies, AG+, 
were rxlculated as 15.0, 11.5, and 15.0 k&l/mol [28]. The lower energy bar- 
rier for exchange in the case of molybdenum is further support for weaker 
metal-diazene bonding in this c-DIPD complex compared to the other two as 
deduced above from the change in v(N=N) and the thermal stability. 

This is the first report of this type of dynamic behavior for an acyclic 
diazene complex. Two cyclic cis diazene complexes have been observed to 
behave similarly_ In ArCr(C0),(2,3-diazabicyclo[ 2.2.l]hept-2-ene) (VIII, Ar = 
benzene or substituted benzene) exchange between the two nitrogen sites 
occurs at elevated temperature [29]. Depending on the substituents on the 
aromatic ring the coalescence temperature for the bridgehead proton signals 
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ranged from 50-95° C with A&* values from l‘i.O-19.S kcal/mol at coales- 
cence. The two complexes RI(CO)5(benzo[c]cinnoline) (IX, M = Cr, W) are dy- 

CzrrI) ux) 

namic at room temperature but exchange does not occur at -60” C [ 22,24]_ No 

coalescence temperature or AG” values were given. 
Because VIII requires a higher temperature than IX (M = Cr) for site 

exchange to occur, Frazier and Kisch concluded that the activation energy for 
this process was higher in complexes with high-lying n’(N=N) orbitals [24]. 
While it is possible that such a correlation may emerge as data on more diazene 
systems are obtained, it does not appear valid based on the three ligands so far 
studied_ Uncoordinated c-DIPD and VI have very close #( N=N) energies [ 231, 
and their LCr(CO)* compleses have comparable electronic spectra [24]. On 
these grounds Cr(CO)s(c-DIPD) would also be classified as a complex with a 
high-lying n*(N=N) orbital. Yet, like IX, which has a low-lying n*(N=N) orbital 
[ 241, Cr( CO)S(c-DIPD) undergoes exchange at a much lower temperature (and 
with a lower free energy barrier) than VIII. Since VIII has an ArCr(CO):! rather 
than a Cr(CO)s-metal car-bony1 moiety, this could contribute to the difference 
in rates. However, LCr(CO)S (L = VI) is known and does not appear to undergo 
exchange at NMR probe temperature (- 35” ) [19a]. 

We believe that ligand geometry should be an important factor in determin- 
ing the rate of the nitrogen coordination site exchange process in diazene com- 
plexes and might be the dominant influence in the complexes so far studied. In 
the ground state (static complex of type IV) simple molecular orbital consider- 
ations 1241 show that the metal-diazene o-bonding in M(C0)5L complexes 
occurs between the metal d,z orbital and the n, orbital of the cis diazene as in 
X. Additionally some r-bonding between the diazene r*(N=N) orbital and the 

(Xl (XI) 

metal cZ,,z orbital also occurs. In the transition state the M(C0)5 fragment spans 
both lobes of the nitrogen n, orbital, and bonding must be through the metal 
d,, (or dYL) orbital as in XI. 

Poor overlap between the n,. and d,, orbitals will raise the energy of the 
transition state leading to a slower exchange rate. Overlap is expected to 
decrease as the distance between the lobes of the n, orbital becomes too large 
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thetically useful compared with the reaction of the uncoordinated DIPD mole- 
cules with M(C0)5THF as described above. Nonetheless, the D-IPD complexes 
formed in these oxidations <are of interest_ NMR analysis of the products 
formed with either osidizing system showed that for tungsten only W(CO)5-. 
(t-DIPD) was present while with chromium predominantly Cr(CO),(c-DIPD) 
occurred_ Since W(CO),(c-DIPD) is more stable than its chromium counterpart, 
we conclude that none of it was formed. When uncomplexed DIPH was oxi- 
dized under identical conditions only t-DIPD was formed. This rules out a 
mechanism by which the DIPH dissociates from the chromium complex but 
not the tungsten complex, is oxidized to c-DIPD, and then forms Cr(CO)5- 
(c-DIPD). The origin of the c-DIPD complex with chromium thus appears to be 
dependent on the metal but not the oxidant_ Sellmann found that H,O, oxida- 
tion of Cr(CO)5NaH4 gave a mixture of both (t-HN=NH)[Cr(CO),lz and 
(c-HN=NH)[Cr(CO)S], but reported only (c-HN=NH)[W(CO),] 2 from W(CO)5- 
N,H, [2a] _ Since these ;Ll‘e bimetallic diazene compleses and those of DIPD are 
monometallic a direct comparison of the two studies may not be appropriate. 
Oxidation studies on other hydrazine complexes of chromium and tungsten are 
needed before the significance of the current observations can be understood. 
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