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The reaction of [ReCl2(OCH3)(NO)(PPh3)2] with phosphane
in the presence of NaBH4 gives different dihydride
[ReH2(NO){PPh2(OEt)}3] (1) and alkoxy-hydride [ReH(OR1)-
(NO)P3] (2, 3) [R1 = CH3, C2H5; P = PPh(OEt)2, P(OEt)3] deriv-
atives depending on the nature of the phosphane and the
solvent used. The protonation reactions of the new hydrides
with Brønsted acid were performed and led to thermally un-
stable [Re(OR1)(η2-H2)(NO)P3]+ (2*, 3*) dihydrogen cations.
Hydrazine complexes [ReH(RNHNH2)(NO){PPh2(OEt)}3]-
BPh4 (4) (R = H, CH3,C6H5) and [Re(OR1)(RNHNH2)(N-
O)P3]BPh4 (5, 6) [R1 = CH3, C2H5; R = H, CH3,C6H5; P =
PPh(OEt)2] were prepared by allowing the hydrides
[ReH2(NO)P3] and [ReH(OR1)(NO)P3] to react first with triflic
acid and then with hydrazine. The complexes were charac-
terized spectroscopically and by the X-ray crystal structure
determination of [Re(OC2H5)(NH2NH2)(NO){PPh(OEt)2}3]-
BPh4 (5a). Oxidation of the hydrazine complexes 4−6 was
studied with Pb(OAc)4 at −30 °C and, depending on the na-

Introduction

The chemistry of transition metal complexes containing
partially reduced dinitrogen ligands such as aryldiazenido,
ArN2, diazene, RN�NH, or hydrazine, RNHNH2, has de-
veloped considerably in the past 25 years,[1�3] not only be-
cause of the similarity of these derivatives with the inter-
mediates in nitrogen fixation, but also for the interesting
reactivity modes and structural properties that this class of
compounds may exhibit.[1�4]

Among the metal centers used to bind diazo molecules,
rhenium plays a prominent role and a number of studies on
aryldiazenido [Re]�N2Ar complexes have been reported.[5]

Less attention, however, has been devoted to hydrazine and
diazene chemistry. A glance through the literature shows, in
fact, that hydrazine or substituted hydrazine complexes are
rather rare and include, apart from the pioneering work on
[Re(NCO)(CO)2(NH2NH2)P2] (P � tertiary phosphane)
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ture of the hydrazine and the stoichiometry of the complexes,
led to aryldiazene [ReH(C6H5N=NH)(NO){PPh2(OEt)}3]BPh4

(7c), [Re(OC2H5)(C6H5N=NH)(NO){PPh(OEt)2}3]BPh4 (8c),
methyldiazene [ReH(CH3N=NH)(NO){PPh2(OEt)}3]BPh4 (7b)
and a mixture of methyldiazene [Re(OCH3)(CH3N=
NH)(NO){PPh2(OEt)}3]BPh4 (9b) and methyleneimine [Re-
(OCH3)(η1-NH=CH2)(NO){PPh2(OEt)}3]BPh4 (9*b) derivat-
ives. Mono- and binuclear aryldiazene complexes
[ReH(ArN=NH)(NO){PPh2(OEt)}3]BPh4 (10), [{ReH(NO)-
[PPh2(OEt)]3}2(µ-HN=NAr−ArN=NH)](BPh4)2 (11), [Re(OR1)-
(ArN=NH)(NO)P3]BPh4 (12, 14, 16) and [{Re(OR1)(NO)P3}2(µ-
HN=NAr−ArN=NH)](BPh4)2 (13, 15) [R1 = CH3, C2H5; P =
PPh(OEt)2, P(OEt)3; Ar = C6H5, 4-CH3C6H4; Ar-Ar = 4,4�-
C6H4-C6H4] were also prepared by allowing hydrides
[ReH2(NO)[PPh2(OEt)}3] and [ReH(OR1)(NO)P3] to react with
mono- and bis-aryldiazonium cations.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

complexes,[6] only two papers[7] on [ReCp*Me3-
(NH2NH2)]CF3SO3 (Cp* � pentamethylcyclopen-
tadienyl) and [Re(NH2NH2)(CO)3(PPh3)2]CF3SO3 hydra-
zine derivatives, and another on the substituted hydrazine
complex [ReCl2(PPh3)2{NNC(O)Ph}{H2NNHC(S)Ph}].[8]

Only a few studies on aryldiazene complexes have been
reported and include, apart from chelate organodiazene
complexes[9] such as [ReCl(HN�Npy)(NNpy)(PPhMe2)2]�,
[ReCl2(NNC4H2N2CF3)(HN�NC4H2N2CF3)(PPh3)], and
[ReCl3(NNC5H4NH)(HN�NC5H4N)], only two types[10] of
stable aryldiazene complexes — [Re(η5-C5H5)(CO)2(HN�
NR)] (R � 4-CH3C6H4, 4-CH3OC6H4) and [Re(NH�
NPh)(CO)3(PPh3)]BF4.

We are active in this field[3] and have recently re-
ported[11,12] on the synthesis and reactivity of aryldiazene
and hydrazine complexes of rhenium stabilized by mixed
phosphane-carbonyl ligands of the type [Re(ArN�
NH)(CO)nP5�n]BPh4 and [Re(RNHNH2)(CO)nP5�n]BPh4

[P � P(OEt)3, PPh(OEt)2 and PPh2OEt; n � 1�4] obtained
from the hydride [ReH(CO)nP5�n][13] as precursor. We now
extend these studies to include nitrosyl and phosphane as
supporting ligands with the aim both to increase the knowl-
edge of the ‘‘diazo’’ chemistry of rhenium and to determine
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the influence of these ligands on the stability and on the
properties of both diazene and hydrazine derivatives. The
precursors for these syntheses needed to be mixed-ligand
hydride complexes with the phosphanes P(OEt)3,
PPh(OEt)2, PPh2OEt and nitrosyl, whose synthesis has not
previously been reported.[14,15] We therefore began to study
how to prepare rhenium hydrides containing both phos-
phane and nitrosyl ligands to use as precursors in diazo
chemistry. The results of these studies, which include the
preparation of new rhenium hydrides and their use as pre-
cursor for the synthesis of new diazene and hydrazine com-
plexes, are reported here.

Results and Discussion

Preparation of Hydride Complexes

The outcome of the reaction of the dichloro complex [Re-
Cl2(OCH3)(NO)(PPh3)2] with phosphanes and NaBH4 de-
pends on the nature of the phosphorus ligands and the sol-
vent used, as shown in Schemes 1 and 2.

Scheme 1. P � PPh2OEt

Scheme 2

In the presence of ethoxydiphenylphosphane PPh2OEt,
the reaction of [ReCl2(OCH3)(NO)(PPh3)2] with NaBH4 in
ethanol proceeds to give the dihydride [ReH2(NO)P3] (1;
P � PPh2OEt) which was isolated as white microcrystals in
about 83% yield (Scheme 1). In the presence of PPh(OEt)2

and P(OEt)3 the reaction proceeds to give exclusively the
monohydride [ReH(OC2H5)(NO)P3] (2) [P � PPh(OEt)2

(a), P(OEt)3 (b)] containing the ethoxide group OC2H5 as a
supporting ligand (Scheme 2). The presence of this OC2H5

ligand in the final complex 2 as well as the absence of traces
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of the dihydride [ReH2(NO)P3] in the raw reaction product
prompted us to use a different solvent for the reaction. The
reaction of [ReCl2(OCH3)(NO)(PPh3)2] with NaBH4 in
acetonitrile, in the presence of PPh(OEt)2 and P(OEt)3,
however, also only gives the monohydride [ReH(OCH3)-
(NO)P3] (3) [P � PPh(OEt)2 (a)] which, in this case, con-
tains the OCH3 group as a ligand. The hydride was isolated
as a stable solid with PPh(OEt)2 (3a), while with P(OEt)3

only an oily product was obtained (Scheme 2). The reaction
of [ReCl2(OCH3)(NO)(PPh3)2] with NaBH4, in the presence
of ethoxydiphenylphosphane PPh2OEt, in acetonitrile sol-
vent was also performed and gave the dihydride
[ReH2(NO)P3] (1), as in the reaction in ethanol but with a
lower yield.

These results seem to indicate that the nature of the phos-
phane ligand determines the stoichiometry of the hydride
obtained from the reaction of [ReCl2(OCH3)(NO)(PPh3)2]
with NaBH4. The dihydride 1 can be obtained under all
conditions with PPh2OEt, which is a bulkier ligand[16] than
PPh(OEt)2 and P(OEt)3, but less π-acid, while only the al-
koxy-monohydrides [ReH(OR1)(NO)P3] (2, 3) were ob-
tained with the ligands PPh(OEt)2 and P(OEt)3. The good
π-acceptor ability[16] of these latter phosphanes probably re-
quires the presence of an alkoxy ligand bonded to an
{ReNO}6-metal fragment[17] for the stabilization of the
complexes. The nature of the solvent is important in deter-
mining the type of OR1 group in the monohydride species.

Although a number of mono- and polyhydride complexes
of rhenium have been reported,[14,15] few of them contain
phosphanes as an ancillary ligand and none, to the best of
our knowledge, an alkoxy group. The use of [ReCl2(OCH3)-
(NO)(PPh3)2] as a precursor in the reaction with phos-
phanes and NaBH4 allows the synthesis of new types of
nitrosyl-hydride complexes to be achieved.

The hydride complexes 1�3 are white diamagnetic solids
that are stable in air and in solution in the more common
organic solvents, where they behave as non-electrolytes.
Analytical and spectroscopic data (Table 1) support the
proposed formulation and a geometry in solution was also
established. The IR spectrum of [ReH2(NO)(PPh2OEt)3] (1)
show two νReH bands at 1914 and 1841 cm�1 suggesting a
mutually cis position of the two hydride ligands. A strong
band at 1637 cm�1 attributed to the νNO of the nitrosyl
ligand is also present. In the temperature range between
�20 and �80 °C the 31P{1H} NMR spectra of the complex
appear as an AB2 multiplet, in agreement with the presence
of two magnetically equivalent phosphanes that are differ-
ent to the third. The 1H NMR spectrum confirms the pres-
ence of the hydride ligand showing, besides the signals of
the PPh2OEt groups, a multiplet between δ � �2 and
�4 ppm. Taking into account the AB2 pattern of the 31P
NMR spectra, the hydride multiplet can be simulated using
an AB2XY model (X, Y � H) with the parameters reported
in Table 1. This model involves two inequivalent hydride li-
gands, one hydride with two very similar JP,H values, while
the other has different JP,H values (29.5 and 39.8 Hz). On
the basis of these data a geometry of type I (Scheme 1) can
reasonably be proposed for the dihydride complex.
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Table 1. IR and NMR spectroscopic data of the rhenium complexes

Compound IR[a] 1H NMR[b] Spin 31P{1H} NMR[b] [c]

(cm�1) Assignment δ (J/Hz) Assignment system δ (J/Hz)

[ReH2(NO){PPh2(OEt)}3] (1) 1914 m ν(ReH) 3.59 m CH2 AB2 δA � 118.3
1841 m 3.06 qnt δB � 117.5
1637 s ν(NO) 1.17 t CH3 JA,B � 14.5

1.00 t
AB2XY spin system ReH
δX � �2.08
δY � �3.95
JA,X � 29.5
JA,Y � 39.8
JB,X � 28.6
JB,Y � 28.7
JX,Y � 6.20

[ReH(OC2H5)(NO){PPh(OEt)2}3] (2a) 1832 m ν(ReH) 4.21�3.70 m CH2 phos A2B δA � 142.3
1635 s ν(NO) 2.82 q CH2 δB � 135.0

1.34 t CH3 phos JA,B � 19.6
1.27 t
1.25 t
0.018 t CH3

A2BX spin system ReH
δX � 0.26
JA,X � 26.0
JB,X � 92.5

[Re(η2-H2)(OC2H5)(NO){PPh(OEt)2}3]BF4 (2*a) 4.19�3.88 m[d] CH2 phos A2B[d] δA � 147.4
2.92 q CH2 δB � 144.9
1.38 t CH3 phos JA,B � 16.6
1.34 t
0.31 t CH3

[ReH(OC2H5)(NO){P(OEt)3}3] (2b) 1864 m ν(ReH) 4.03 m[e] CH2 phos 126.5 s, br
1657 s ν(NO) 3.27 q CH2

1.23 t CH3 phos A2B[e] δA � 127.8
1.20 t δB � 126.4
0.55 t CH3 JA,B � 27.1
A2BX spin system ReH
δX � 0.86
JA,X � 8.0
JB,X � 36.1

[ReH(OCH3)(NO){PPh(OEt)2}3] (3) 1848 s ν(ReH) 3.90 m CH2 A2B δA � 141.6
1650 s ν(NO) 2.81 s CH3O δB � 135.3

1.30 t CH3 JA,B � 19.2
1.27 t
A2BX spin system ReH
δX � 0.51
JA,X � 26
JB,X � 92

[Re(η2-H2)(OCH3)(NO){PPh(OEt)2}3]BF4 (3*) 4.05 m CH2 A2B[d] δA � 148.0
3.84 m δB � 144.7
2.56 s CH3O JA,B � 17.0
1.37 t CH3

1.33 t
1.28 t

[ReH(NH2NH2)(NO){PPh2(OEt)}3]BPh4 (4a) 3341 w ν(NH) 5.75 br NH2 AB2 δA � 110.0
3304 w 3.74 br NH2 δB � 101.1
3215 m 3.45 br CH2 JA,B � 13.0
1683 s ν(NO) 3.10 qnt

1.06 t CH3

0.58 t
AB2X spin system ReH
δX � �3.48
JA,X � 30
JB,X � 20

[ReH(CH3NHNH2)(NO){PPh2(OEt)}3]BPh4 (4b) 3609 w ν(NH) 5.60 br NH2 AB2 δA � 110.8
3289 w 4.13 br NH δB � 100.6
1683 s ν(NO) 3.51 m CH2 JA,B � 15.5

3.16 qnt
2.47 d CH3 hydraz
JH,H � 6
1.12 t CH3

0.63 t
AB2X spin system ReH
δX � �3.40
JA,X � 20
JB,X � 32

 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org Eur. J. Inorg. Chem. 0002004, 1922�19381924
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Table 1. (continued)

Compound IR[a] 1H NMR[b] Spin 31P{1H} NMR[b] [c]

(cm�1) Assignment δ (J/Hz) Assignment system δ (J/Hz)

[ReH(C6H5NHNH2)(NO){PPh2(OEt)}3]BPh4 (4c) 3601 m ν(NH) 6.71 br, m NH2 AB2 δA � 109.8
3289 m 6.53 br, m NH δB � 101.6
3217 w 3.41 m CH2 JA,B � 14.5
1690 s ν(NO) 3.14 qnt

0.97 t CH3

0.66 t

[Re(OC2H5)(NH2NH2)(NO){PPh(OEt)2}3]BPh4 (5a) 3356 m ν(NH) 5.61 br NH2 AB2 δA � 128.3
3329 m 4.00 m CH2 phos δB � 122.6
3270 m 3.58 m JA,B � 22.8
1690 s ν(NO) 3.21 q CH2

1.26 t CH3 phos
1.22 t
1.01 t
0.81 t CH3

[Re(OC2H5)(CH3NHNH2)(NO){PPh(OEt)2}3]CF3SO3 (5b2) 3335 m ν(NH) 5.84 br NH2 AB2 δA � 128.1
3302 m 4.00 m CH2 phos δB � 122.9
3217 w 3.56 m JA,B � 24.0
1690 s ν(NO) 3.32 q CH2

2.81 d CH3 hydraz
JH,H � 6
1.34 t CH3 phos
1.30 t
1.12 t
0.88 t CH3

[Re(OC2H5)(C6H5NHNH2)(NO){PPh(OEt)2}3]BPh4 (5c) 3375 m ν(NH) 6.34 m NH2 AB2 δA � 131.5
3302 m 3.86 m CH2 phos δB � 123.1
3237 w 3.69 m JA,B � 23.6
1696 s ν(NO) 3.41 q CH2

1618 m δ(NH2) 1.27 t CH3 phos
1.25 t
1.22 t
0.88 t CH3

[Re(OCH3)(NH2NH2)(NO){PPh(OEt)2}3]BPh4 (6a) 3368 w ν(NH) 5.73 br NH2 AB2 δA � 127.8
3322 m 3.97 m CH2 δB � 122.2
3270 m 3.44 m JA,B � 23.1
1683 s ν(NO) 3.23 s CH3O

1.35 t CH3

1.31 t
1.10 t

[Re(OCH3)(CH3NHNH2)(NO){PPh(OEt)2}3]BPh4 (6b) 3323 m ν(NH) 5.75 s br NH2 AB2 δA � 127.6
3296 m 3.96 m CH2 δB � 122.6
1670 s ν(NO) 3.65 m JA,B � 23.4

3.45 s CH3O
3.30 m, br NH
2.78 d CH3 hydraz
JH,H � 6
1.36 t CH3

1.33 t
1.11 t

[Re(OCH3)(C6H5NHNH2)(NO){PPh(OEt)2}3]BPh4 (6c) 3302 m ν(NH) 6.31 s, br NH2 AB2 δA � 131.0
3243 w 3.86 m CH2 δB � 122.5
1697 s ν(NO) 3.50 m JA,B � 23.9
1604 m δ(NH2) 3.28 s CH3O

1.24 t CH3

1.20 t

[ReH(CH3N�NH)(NO){PPh2(OEt)}3]BPh4 (7b) 1696 s ν(NO) 15.74 d, br NH AB2 δA � 109.9
4.17 s CH3N� δB � 101.7
3.67 q H hydride JA,B � 16.0
JP,Hcis � 6
JP,Htrans � 6
3.29 m CH2

3.14 m
1.02 t CH3

0.92 t

[ReH(C6H5N�NH)(NO){PPh2(OEt)}3]BPh4 (7c) 1736 s ν(NO) 17.32 d, br NH AB2 δA � 117.0
3.66 q H hydride δB � 105.7
JP,Hcis � 6 JA,B � 16.0
0.90 t

[Re(OC2H5)(C6H5N�NH)(NO){PPh(OEt)2}3]BPh4 (8c) 1729 s ν(NO) 17.26 d, br NH A2B δA � 133.2
3.90 m CH2 δB � 132.6
1.34 t CH3 JA,B � 18.9

Eur. J. Inorg. Chem. 2004, 1922�1938 www.eurjic.org  2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 1925
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Table 1. (continued)

Compound IR[a] 1H NMR[b] Spin 31P{1H} NMR[b] [c]

(cm�1) Assignment δ (J/Hz) Assignment system δ (J/Hz)

1.27 t
1.23 t
1.17 t

[Re(OCH3)(CH3N�NH)(NO){PPh(OEt)2}3]BPh4 (9b)[f] 1723 s ν(NO) 18.73 d HN�N AB2 δA � 133.1
� 1690 s 15.68 d HN�C δB � 127.6

[Re(OCH3)(η1-NH�CH2)(NO){PPh(OEt)2}3]BPh4 (9*b) [f] 4.06 s, br CH2�N JA,B � 26.0
3.85 m CH2

3.73 s CH3N� AB2 δA � 132.6
3.30 s CH3O δB � 126.7
1.31 m CH3 JA,B � 28.0

[ReH(C6H5N�NH)(NO){PPh2(OEt)}3]BPh4 (10c) 1729 s ν(NO) 13.83 d NH AB2 δA � 112.1
13.61 d δB � 111.1
3.55�3.25 m CH2 JA,B � 24.0
AB2X spin system H hydride
δX � 2.83 AB2 δA � 108.5
JA,X � 29.5 δB � 93.2
JB,X � 20.0 JA,B � 19.5
1.03 t CH3

0.83 t
0.78 t
0.66 t

[ReH(C6H5N�15NH)(NO){PPh2(OEt)}3]BPh4 (10c1) 1723 s ν(NO) 13.84 dd NH AB2Y δA � 112.1
J15

NH � 65 δB � 111.1
13.62 dd JA,B � 24.1
J15

NH � 64.0 JA,Y � 28.8
3.55�3.25 m CH2 JB,Y � 2.2
AB2X spin system H hydride
δX � 2.82 AB2Y δA � 108.9
JA,X � 29.0 δB � 93.5
JB,X � 19.7 JA,B � 19.5
1.01 t CH3 JA,Y � 39.3
0.85 t JB,Y � 1.8
0.79 t
0.68 t

[ReH(4-CH3C6H5N�NH)(NO){PPh2(OEt)}3]BPh4 (10d) 1729 s, br ν(NO) 13.62 d, br NH AB2 δA � 112.2
1705 sh 13.45 d, br δB � 111.3

3.62�3.20 m CH2 JA,B � 23.0
2.40 s CH3 p-tolyl
2.38 s AB2 δA � 108.7
1.18�0.65 m CH3 δB � 92.1

JA,B � 18.1

[{ReH(NO)[PPh2(OEt)]3}2(µ-4,4�-HN�NHC6H4-C6H4N�NH)](BPh4)2 (11a) 1696 s ν(NO) 13.45 d, br NH AB2 δA � 112.1
3.45 m CH2 δB � 110.6
AB2X spin system H hydride JA,B � 24.3
δX � 2.93
JA,X � 20.4
JB,X � 29.4
0.84 t CH3

0.81 t

[{ReH(NO)[PPh2(OEt)]3}2- (µ-4,4�-H15N�NC6H4-C6H4N�15NH)](BPh4)2 (11a1) 1696 s ν(NO) 13.44 dd NH AB2Y δA � 112.6
J15

NH � 64.0 δB � 111.3
3.45 m CH2 JAB � 24.3
AB2X spin system H hydride JAY � 29.1
δX � 2.95 JBY � 1.0
JA,X � 20.0
JB,X � 29.5
0.85 m CH3

[Re(OC2H5)(C6H5N�NH)(NO){PPh(OEt)2}3]BF4 (12c) 1736 s ν(NO) 13.67 d, br NH AB2 δA � 127.1
3.96 m CH2 δB � 116.7
3.78 m JA,B � 26.0
1.24 t CH3

1.20 t
1.15 t

[Re(OC2H5)(NO)(C6H5N�15NH){PPh(OEt)2}3]BF4 (12c1) 1734 s ν(NO) 13.68 dd NH AB2Y δA � 127.1
J15

NH � 64.5 δB � 116.8
3.96 m CH2 JA,B � 26.0
3.78 m JA,Y � 43.5
1.25 t CH3 JB,Y � 4.0
1.13 t

[Re(OC2H5)(4-CH3C6H4N�NH)(NO){PPh(OEt)2}3]BF4 (12d) 1722 s ν(NO) 13.47 d, br NH AB2 δA � 127.3
3.93 m CH2 δB � 116.9
3.60 m JA,B � 26.0
2.43 s CH3 p-tolyl

 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org Eur. J. Inorg. Chem. 0002004, 1922�19381926



New Nitrosylrhenium Hydrides as Precursors of “Diazo” Complexes FULL PAPER

Table 1. (continued)

Compound IR[a] 1H NMR[b] Spin 31P{1H} NMR[b] [c]

(cm�1) Assignment δ (J/Hz) Assignment system δ (J/Hz)

1.25 t CH3

1.22 t
1.13 t

[{Re(OC2H5)(NO)[PPh(OEt)2]3}2(µ-4,4�-HN�NC6H4�C6H4N�NH)](BF4)2 (13a) 1728 s ν(NO) 13.77 d, br NH AB2 δA � 127.5
13.66 d, br δB � 117.3
4.00 m CH2 JA,B � 26.1
3.68 m
1.31 t CH3 AB2 δA � 127.3
1.28 t δB � 117.0
1.24 t JA,B � 26.2
1.21 t

[{Re(OC2H5)(NO)[PPh(OEt)2]3}2(µ-4,4�-H15N�NC6H4�C6H4N�15NH)](BF4)2 (13a1) 1729 s ν(NO) 13.79 dd NH AB2Y δA � 127.6
J15

NH � 64.5 δB � 117.3
13.65 dd JA,B � 26.2
J15

NH � 64.5 JA,Y � 45.0
4.00 m CH2 JB,Y � 4.0
3.66 m
1.30 t CH3 AB2Y δA � 127.4
1.25 t δB � 117.1
1.24 t JA,B � 26.1
1.21 t JA,Y � 45.2

JB,Y � 4.0

[Re(OCH3)(4-CH3C6H4N�NH)(NO){PPh(OEt)2}3]BPh4 (14d) 1736 s ν(NO) 13.67 d, br NH AB2 δA � 127.3
13.52 d, br δB � 116.9
3.98 m CH2 JAB � 25.6
3.70 m
2.51 s CH3 AB2 δA � 126.9
2.46 s δB � 117.2
1.32 t CH3 phos JA,B � 26.0
1.29 t
1.27 t
1.24 t
1.17 t

[{Re(OCH3)(NO)[PPh(OEt)2]3}2(µ-4,4�-HN�NC6H4�C6H4N�NH)](BPh4)2 (15a) 1742 s ν(NO) 13.76 d, br NH AB2 δA � 126.9
13.63 d, br δB � 116.7
4.00 m CH2 JA,B � 26.3
3.72 m
1.32 t CH3 AB2 δA � 127.1
1.26 t δB � 116.8
1.20 t JAB � 24.5

[{Re(OCH3)(NO)[PPh(OEt)2]3}2(µ-4,4�-H15N�NC6H4�C6H4N�15NH)](BPh4)2 (15a1) 1736 s ν(NO) 13.76 dd NH AB2Y δA � 127.4
J15

NH � 64.0 δB � 117.1
13.63 dd JA,B � 26.4
J15

NH � 64.0 JA,Y � 45.1
4.00 m CH2 JB,Y � 2.9
3.75 m
1.31 t CH3 AB2Y δA � 127.0
1.25 t δB � 116.7
1.20 t JA,B � 26.0

JA,Y � 45.0
JB,Y � 3.0

[Re(OC2H5)(4-CH3C6H4N�NH)(NO){P(OEt)3}3]BF4 (16d) 1722 s ν(NO) 14.03 d, br NH AB2 δA � 108.3
4.10 m CH2 δB � 96.3
2.49 s CH3 p-tolyl JA,B � 36.5
1.32 t CH3

1.25 t

[a] In KBr pellets. [b] In CD2Cl2 at 25 °C unless otherwise noted. [c] Positive shift downfield from 85% H3PO4. [d] At �30 °C. [e] At �70
°C. [f] 13C{1H} NMR (CD2Cl2): δ � 165�121 (m, Ph), 64.0 (br, s, CH2�NH), 63.0 (m, CH2), 62.5 (s, CH3N�NH), 16.6 (m, CH3) ppm.

The infrared spectra of the alkoxide complexes [Re-
H(OR1)(NO)P3] (2, 3) show only one medium-intensity
band at 1864�1832 cm�1 attributed to νReH of the hydride
ligand and one strong absorption at 1657�1635 cm�1 due
to the νNO of the nitrosyl group. In the temperature range
between �20 and �80 °C the 31P{1H} NMR spectra ap-
pear, for each of the hydrides, as an A2B multiplet in agree-
ment with the presence of two magnetically equivalent
phosphanes that are different from the third. The 1H NMR
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spectra confirm the presence of both the hydride and the
alkoxide ligand showing, besides the signals of the phos-
phane protons, a multiplet at δ � 0.86�0.26 ppm attributed
to the hydride ligand and the characteristic signals of either
an OC2H5 or an OCH3 group. The multiplet of the hydride
can be easily simulated using an A2BX model (X � H) with
the parameters reported in Table 1. The values of the two
JP,H coupling constants deduced from this simulation are
rather different between each other and suggest that the hy-
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dride occupies a trans position with respect to one phos-
phane and a cis position with respect to the other two. On
this basis a geometry of type II (Scheme 2) can be reason-
ably proposed in solution for all the monohydride
[ReH(OR1)(NO)P3] (2, 3) derivatives.

Protonation Reactions

The protonation reaction of the new hydrides 1�3 with
Brønsted acids was studied in an NMR tube at tempera-
tures between �20 and �80 °C. The results are summarized
in Scheme 3.

Scheme 3

Addition of an equimolar amount of CF3SO3H or
HBF4·Et2O to a solution of the dihydride [ReH2(NO)P3] (1)
in CD2Cl2 at �80 °C causes a change in the 1H and 31P
NMR spectra of the solution with evolution of H2 at this
temperature. The formation of H2 suggests that the pro-
tonation forms a dihydrogen [ReH(η2-H2)(NO)P3]� inter-
mediate[18] which is unstable to the loss of H2 even at �80
°C, yielding either a coordinatively unsaturated
[ReH(NO)P3]� cation or a neutral [ReHY(NO)P3] species
(Y � BF4 or CF3SO3). The formation of a dichloromethane
complex[19] of the type [ReH(CH2Cl2)(NO)P3]�, however,
cannot be excluded. These complexes are thermally un-
stable and decompose above �30 °C, preventing their iso-
lation in the solid state. The loss of H2 at low temperatures
(�70 °C) was also observed in the protonation with
CF3COOH of similar[15c] [ReH2(CO)(NO)L2] [L � P(iPr)3,
P(OiPr)3] hydride complexes which yield, in this case, the
trifluoroacetate [ReH(OOCCF3)(CO)(NO)L2] derivatives.

The protonation of the alkoxy-hydride [ReH(OR1)(-
NO)P3] (2, 3) with CF3SO3H or HBF4·Et2O at �80 °C pro-
ceeds with the disappearance of the hydride multiplet in the
1H NMR spectra at δ � 0.86�0.26 ppm and a simul-
taneous change in chemical shift of all the other signals of
both the phosphanes and the alkoxide groups. The 31P{1H}
NMR spectra also show the disappearance of the A2B mul-
tiplet of the hydride precursor and the appearance of a new
A2B pattern (Table 1). These data may be interpreted on
the basis of the formation of a dihydrogen[18] complex of
the type [Re(OR1)(η2-H2)(NO)P3]� obtained by the attack
of the acid on the hydride ligand. In the 1H NMR spectra,
however, no signal attributable to the η2-H2 resonance was
clearly observed, and this may make the presence of the
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dihydrogen complex uncertain. In order to obtain further
information, we increased the temperature of the sample
and observed no change in the profile of the spectra until
�10 °C. At this temperature a signal at δ � 4.58 ppm
due[20] to free H2 appears in the 1H NMR spectra, which
increases in intensity with time with the simultaneous low-
ering of all the other signals. The 31P NMR spectra also
show a decrease in the intensity of the A2B multiplet and
the formation of decomposition products near �10 °C. The
appearance of free H2 as the temperature is increased seems
to confirm the formation of the [Re(OR1)(η2-H2)(NO)P3]�

(2*, 3*) dihydrogen cation whose η2-H2 signal is probably
masked by the intense methyl multiplet of the phosphane
ligands. The chemical shift of the η2-H2 ligand,[18] in fact,
generally falls at lower values than those of the related hy-
dride precursor, making the signal, in our case, probably
superimposed by the methyl multiplet of the phosphane.
The formation of the dihydrogen complexes 2* and 3* also
indicates that among the three potential sites for pro-
tonation in [ReH(OR1)(NO)P3] complexes — the alkoxy,
the hydride or the NO — the hydride is probably the most
accessible and affords the corresponding η2-H2 complex.
Unfortunately, this species is thermally unstable and the
loss of H2 already at �10 °C prevents its isolation in the
solid state.

Preparation of Hydrazine Complexes

The unstable complexes formed by the protonation of the
hydrides 1�3 are either coordinatively unsaturated or con-
tain one labile ligand (Y or η2-H2) and should therefore
react easily with the appropriate ligands, allowing the syn-
thesis of new complexes. This reaction does occur with hy-
drazine and a series of new complexes was prepared and
characterized (Schemes 4 and 5).

Scheme 4. P � PPh2OEt; R � H (a), CH3 (b), C6H5 (c)

The new hydrazine complexes 4a�c, 5a�c, 6a�c were
isolated in good yields as BPh4

� salts and are white or pale-
yellow solids that are stable in air and in solution in polar
organic solvents, where they behave as 1:1 electrolytes.[21]

Their characterization is supported by analytical and
spectroscopic data (IR, NMR, Table 1) and by the X-ray
crystal structure determination (Table 2) of the derivative
[Re(OC2H5)(NH2NH2)(NO){PPh(OEt)2}3]BPh4 (5a).
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Scheme 5. P � PPh(OEt)2; R � C2H5 (5), CH3 (6); R1 � H (a),
CH3 (b), C6H5 (c)

Table 2. Crystal data and structure refinement for
[Re(OCH2CH3)(NH2NH2)(NO){PPh(OEt)2}3]� (5a)

Empirical formula C56H74BN3O8P3Re
Molecular mass 1207.10
Temperature 293(2) K
Wavelength 0.71069 Å
Crystal system monoclinic
Space group P21/n
Unit cell dimensions a � 9.6930(10) Å

b � 18.093(3) Å β � 84.276(3)°
c � 33.710(5) Å

Volume 5882.4(14) Å3

Z 4
Density (calculated) 1.363 Mg/m3

Absorption coefficient 2.199 mm�1

F(000) 2480
θ range for data collection 1�26°
Index ranges �11 � h � 11, �22 �

k � 22, �41 � l �39
Reflections collected 50057
Independent reflections 11598 [R(int) � 0.0969]
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 11598/1/576
Goodness-of-fit on F2 1.182
Final R indices [I � 2σ(I)] R1 � 0.0722, wR2 � 0.1125
R indices (all data) R1 � 0.1319, wR2 � 0.1309

The molecular structure adopted by the cation in the
solid state is shown in Figure 1, along with the labelling
scheme. The metal coordination is octahedral, with the
nitrosyl ligand placed trans to the ethoxy group, while the
hydrazine molecule is coordinated trans to a phosphane.
The ligands NO�, NH2NH2 and CH3CH2O� are in a mer
arrangement, and two more phosphanes complete the coor-
dination. The relevant bond lengths and angles for the cat-
ionic complex are in Table 3.

The hydrazine ligand is in a Z configuration relative to
the nitrosyl molecule and is almost perfectly coplanar with
it [N1�Re�N2�N3 � 2.5(6)°]. The Re�N2 and N2�N3
bonds (Table 3) are typical of coordination by a single σ-
bond via the terminal -NH2 group, with a bonding ge-
ometry similar to that observed previously for the coordi-
nation of methylhydrazine to rhenium [Re�N � 2.235(3),
N�N � 1.445(4) Å].[3d] The nitrosyl bonding mode
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Figure 1. Perspective view and labelling scheme of the cation
[Re(OC2H5)(NH2NH2)(NO){PPh(OEt)2}3]� in the crystal struc-
ture of 5a; thermal ellipsoids at the 30% level; phenyl and ethyl
groups of phosphane ligands are omitted for clarity; intramolecular
hydrogen bonds are dashed

Table 3. Selected bond lengths (Å) and angles (°) for compound 5a

1.763(7) Re�P(1) 2.418(2)Re�N(1)
Re�O(7) 2.016(5) Re�P(3) 2.443(2)
Re�N(2) 2.256(6) N(1)�O(8) 1.215(8)
Re�P(2) 2.352(2) N(2)�N(3) 1.44(1)

N(1)�Re�O(7) 176.2(3) P(2)�Re�P(1) 91.35(8)
N(1)�Re�N(2) 92.0(3) N(1)�Re�P(3) 95.0(2)
O(7)�Re�N(2) 84.3(2) O(7)�Re�P(3) 84.1(2)
N(1)�Re�P(2) 89.7(2) N(2)�Re�P(3) 86.9(2)
O(7)�Re�P(2) 94.0(2) P(2)�Re�P(3) 92.96(8)
N(2)�Re�P(2) 178.3(2) P(1)�Re�P(3) 169.87(8)
N(1)�Re�P(1) 94.2(2) O(8)�N(1)�Re 174.2(6)
O(7)�Re�P(1) 86.4(2) N(3)�N(2)�Re 114.1(5)
N(2)�Re�P(1) 88.5(2)

[Re�N1 � 1.763(7), N1�O8 � 1.215(9) Å] agrees with the
average geometry found in the literature {e.g. Re�N �
1.765, N�O � 1.200 Å in [ReCl3(NO)(PPh3)2]}.[22] The
ethoxy group is also roughly coplanar with the hydrazine,
and the α-carbon is oriented towards N2
[C31�O7�Re�N2 � �12.8(8)°].

The Re�P bond trans to the hydrazine ligand is signifi-
cantly shorter [Re�P2 � 2.352(2) Å] than the Re�P bond
of the phosphanes trans to each other [Re�P3 � 2.443(2)
and Re�P1 � 2.418(2) Å, respectively], which are similar
to those observed for trans PPh(OEt)2 groups bonded to
rhenium, ranging between 2.41 and 2.46 Å.[3d] This trend
has already been observed in [ReCl(CH3N2)(CH3-
NHNH2){PPh(OEt)2}3]BPh4,[3d] where the Re�P distance
trans to the methylhydrazine [2.362(1) Å] is remarkably
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shorter than those observed for the phosphanes situated
trans to each other [2.406(1) and 2.412(1) Å]. As also
pointed out in the above paper, the Re�P elongation is sup-
ported by a system of intramolecular hydrogen bonds be-
tween the hydrazine NH groups and the ethoxy substituents
carried by the adjacent phosphanes [N2···O5 � 2.871(9) Å,
N2�H···O5 � 131.6(4)°, N2···O2 � 2.941(9) Å,
N2�H···O2 � 139.2(4)°], and is accompanied by a bending
of the phosphanes P1 and P3 towards the hydrazine
[P3�Re�N2 � 86.9(2)° and P1�Re�N2 � 88.5(2)°].

The IR spectra of all the hydrazine complexes 4�6 show,
besides the bands of the phosphane and the BPh4 anion, a
strong absorption at 1697�1670 cm�1 due to the νNO of the
nitrosyl ligand and three or four medium-intensity bands
between 3609 and 3215 cm�1 attributed to the νNH of the
hydrazine ligand. In some compounds the δNH2 band is also
observed at 1630�1620 cm�1.

The presence of the hydrazine ligand is confirmed by the
1H NMR spectrum, which show the characteristic broad
multiplets between δ � 6 and 3 ppm (Table 1) of the NH2

and NH protons of the RNHNH2 ligand. Integration meas-
urements and 1H COSY experiments confirm the pro-
posed attributions.

In the 1H NMR spectra of complexes
[ReH(RNHNH2)(NO)P3]BPh4 (4) one multiplet at δ �
�3.40 and at �3.48 ppm is also present, attributed to the
hydride ligand, and can be simulated by using an AB2X
(X � H) model with the parameters reported in Table 1.
The two JP,H coupling constants have different values (20
and 30 Hz) which suggests that the hydride should be trans
to one phosphane and cis to the other two. In the tempera-
ture range between �20 and �80 °C the 31P{1H} NMR
spectra appear as an AB2 multiplet, in agreement with the
presence of two magnetically equivalent phosphanes that
are different from the third. On this basis a geometry of
type III can be reasonably proposed for the hydride-hydra-
zine complexes 4.

The 1H NMR spectra of the alkoxy derivative 5 and 6
show, besides the signals of the phosphanes and of the hy-
drazine, the resonance of the OR1 ligands, which appear as
a triplet and a quadruplet for OC2H5 and as a singlet for
OCH3. The 31P{1H} NMR spectra also indicate that for
these complexes an AB2 multiplet is present. These data,
however, do not allow us to unambiguously assign a ge-
ometry for the alkoxy complexes although, by analogy with
the solid state, a complex of type IV can reasonably be pro-
posed. The preparation of complexes 4�6 highlights the
fact that both hydride [ReH(NO)P3] and alkoxy [Re(OR1)-
(NO)P3] nitrosyl fragments can bind the hydrazine molecule
to give stable derivatives that can be isolated.

Oxidation of Hydrazine Complexes

The oxidation reaction of the hydrazine complexes 4�6
with Pb(OAc)4 was studied extensively and the results are
summarized in Schemes 6 and 7.
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Scheme 6

The outcome of the oxidation reactions depends on the
nature of both the metal fragment and the hydrazine used.
The NH2NH2 complexes 4a, 5a and 6a do not give any
diazene complexes in the reaction with Pb(OAc)4 and only
decomposition products were obtained. The reaction pro-
ceeds with a color change of the reaction mixture but prob-
ably leads to unstable species. Instead, the phenylhydrazine
is selectively oxidized in both the hydride (4c) and the
ethoxy (5c) derivatives to the corresponding phenyldiazene
compounds (7c and 8c, respectively), which were isolated in
the solid state and characterized. Surprisingly, the reaction
of methylhydrazine gives the methyldiazene complex 7b in
the oxidation of the hydride [ReH(CH3NHNH2)(NO)P3]�

(4b), while a mixture of the methyldiazene complex [Re-
(OCH3)(CH3N�NH)(NO)P3]� (9b) and the methyleneim-
ine[11] complex [Re(OCH3)(η1-NH�CH2)(NO)P3]� (9*b)
was obtained in the reaction with the methoxy-methylhy-
drazine derivative [Re(OCH3)(CH3NHNH2)(NO)P3]� (6b).
The hydride-methyldiazene complex 7b was isolated in the
solid state and in a pure form, whereas the two compounds
9b and 9*b were obtained as a mixture and were not sepa-
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Scheme 7

rated. The spectroscopic data, however, strongly support
their formulation (see below).

The different behavior of the hydrazine complexes
towards oxidation may be explained by taking into account
that, whereas coordinated aryldiazenes[1�3] are generally
stable and can be easily isolated, 1,2-diazene complexes
[M]�NH�NH are rare and few metal fragments are able
to stabilize the unstable NH�NH species.[23] Our
[ReH(NO)P3] and [Re(OR1)(NO)P3] fragments are not
among these, although they are able to stabilize the methyl-
diazene CH3N�NH giving 7b and 9b. Furthermore, the
oxidation of methylhydrazine bonded to the [Re(OCH3)-
(NO)P3] fragment with Pb(OAc)4 shows a second example
of a new reaction[11] of coordinated methylhydrazine, which
can give both methyldiazene and methyleneimine η1-NH�
CH2 species. This reaction depends on the nature of the
metal fragment, and only in the case of the alkoxy precur-
sor [Re(OCH3)(CH3N�NH)(NO)P3]� were both 9b and 9*
b obtained; with the hydride derivative [ReH(CH3N�
NH)(NO)P3]� only the formation of methyldiazene 7b was
observed. These results show that the substitution of only
one ligand — H� with OCH3

� — in the rhenium nitrosyls
changes the nature of the reaction course in the oxidation
of the methylhydrazine ligand with Pb(OAc)4. Further-
more, a comparison with related carbonyl complexes[11]

highlights the fact that both the nitrosyl
[Re(OCH3)(CH3NHNH2)(NO)P3]� and the carbonyl
[Re(CH3NHNH2)(CO)2P3]� methylhydrazine derivatives
react with Pb(OAc)4 to give a mixture of η1-NH�CH2 and
CH3N�NH complexes. A different behavior is shown by
the hydride-nitrosyl [ReH(CH3NHNH2)(NO)P3]� cation,
which only gives the methyldiazene 7b. Studies were also
carried out to identify the product of the reaction with
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Pb(OAc)4 in order to obtain information on a possible reac-
tion path giving 9*b. Unfortunately, apart from acetic acid
and traces of NH3, no other nitrogen-containing products
were unambiguously identified in the reaction mixture and
therefore no proposal can be made about the mechanism of
the reaction, which involves the cleavage of the N�N bond
of methylhydrazine to give an η1-NH�CH2 species.

Good analytical data were obtained for all the diazene
complexes 7�9 which are pale-yellow solids stable in air
and in solutions of polar organic solvents, where they be-
have as 1:1 electrolytes.[21] The IR and NMR spectra
(Table 1) support the proposed formulation and a geometry
in solution was also established. The presence of the diaz-
ene ligand is confirmed by the 1H NMR spectra, which
show the characteristic, slightly broad NH signal at δ �
16�18 ppm.

In the 1H NMR spectra of the complexes [ReH(RN�
NH)(NO)P3]BPh4 (7b, 7c) a quadruplet at δ �
3.68�3.67 ppm also appears, which can be attributed to the
hydride ligand coupled to the phosphorus nuclei of the
phosphanes. This attribution was confirmed by 1H, 31P
NMR spectra and HMQC experiments. The two JP,H coup-
ling constants have the same value of 6 Hz, suggesting that
the hydride should be in the same position relative to all
the phosphane ligands. It should also be noted that the
chemical shifts of the hydride fall at very high frequencies
as compared to known rhenium hydrides,[14,15] and this fea-
ture may be due to the combined influences of both the
diazene and the NO ligands. In the temperature range be-
tween �20 and �80 °C the 31P{1H} NMR spectra of 7b
and 7c appear as AB2 multiplets, in agreement with the
presence of two magnetically equivalent phosphanes that
are different from the third. These data do not allow us to
unambiguously assign a geometry to the complexes. How-
ever, further information comes from a comparison of the
IR spectra of the diazene compounds 7b and 7c with those
of the precursors 4b and 4c, which shows that the νNO val-
ues are similar for 4b and 7b (1683 and 1696 cm�1, respec-
tively) whereas a higher value is found in the phenyldiazene
complex [ReH(C6H5N�NH)(NO)P3]BPh4 (7c) (νNO �
1736 cm�1) than in the precursor 4c (1690 cm�1). This high
νNO value for 7c seems to indicate that the NO ligand is
trans to a good π-acceptor ligand such as the phosphane
and therefore, taking into account the 1H and the 31P NMR
spectra, a geometry such as V can be proposed. In the
methyldiazene complex 7b the NO group should be trans to
a σ-donor ligand as in a type-VII geometry.

The IR spectrum of the alkoxy complex [Re-
(OC2H5)(C6H5N�NH)(NO)P3]BPh4 (8c) shows the νNO at
higher value (1729 cm�1) than its hydrazine precursor 5c
(1685 cm�1) suggesting, also in this case, the mutually trans
position of NO and one phosphane ligand. Taking into ac-
count that the 31P NMR spectra is an A2B multiplet, a type-
VI geometry may be proposed.

The IR spectrum of the oxidation product of [Re-
(OCH3)(CH3NHNH2)(NO)P3]BPh4 (6b) shows two νNO

bands at 1723 and 1650 cm�1 and two AB2 multiplets in
the 31P{1H} NMR spectra, suggesting the presence of two
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compounds formulated as a mixture of [Re(OCH3)(CH3N�
NH)(NO)P3]� (9b) and [Re(OCH3)(η1-NH�
CH2)(NO)P3]� (9*b). The 1H NMR spectra show, besides
the phosphane and BPh4 signals, two slightly broad signals
at δ � 18.69 and 15.73 ppm attributed to two NH groups.
A singlet at δ � 3.73 ppm and a slightly broad signal at
δ � 4.05 ppm are also present. The singlet at δ � 3.73 ppm
is correlated to the broad signal at δ � 18.69 ppm (1H
COSY experiment) and can be attributed to the CH3N�
NH group. An APT experiment confirmed this attribution.
The slightly broad signal at δ � 4.05 ppm is correlated to
the proton resonance at δ � 15.73 ppm (1H COSY) and an
APT experiment indicated a CH2 group attributable to the
CH2�NH ligand. The 13C{1H} spectra show, besides the
signals of the phosphane and BPh4 anion, two singlets at
δ � 62.5 and 64.0 ppm, and HMBC and HMQC experi-
ments allow the attribution of these carbon resonances to
the CH3N�NH and CH2�NH groups, respectively, and
are thus in agreement with the proposed formulation for
the mixture of the two compounds 9b and 9*b. These attri-
butions, indeed, are strongly supported by a comparison
with the data we previously reported on methyleneimine
[Re(η1-NH�CH2)(CO)P4]BPh4 and methyldiazene
[Re(CH3N�NH)(CO)P4]BPh4 complexes.[11] In conclusion,
although the two compounds 9b and 9*b cannot be sepa-
rated, the strong similarity of their spectroscopic data with
those of known complexes[11] supports their proposed for-
mulation.

Reactions with Aryldiazonium Cations

The synthesis of the aryldiazene complexes 7c and 8c
prompted us to test whether analogous compounds can be
prepared by the insertion reaction of aryldiazonium cations
into the Re�H bond of our hydrides 1�3. The reaction was
studied extensively and the results can be summarized in
Schemes 8 and 9.

Aryldiazonium cations react quickly with an equimolar
amount of dihydride [ReH2(NO)P3] to give the aryldiazene
complexes 10, which were isolated and characterized as
BPh4 salts. The reaction was also studied in the presence of
an excess of ArN2

� to test whether the insertion of two
diazonium salts can take place giving bis(aryldiazene) com-
plexes. Although the reaction proceeds, the solid obtained
contains several products which decomposed during crys-
tallization and were not separated. The NMR spectra reveal
the presence of new diazene complexes besides 10, but also
of large amounts of decomposition products which prevent
any further investigation.

Bis(aryldiazonium) cations [N2Ar�ArN2]2� also react
with the hydride [ReH2(NO)P3] yielding the binuclear com-
plexes 11 containing the bis(diazene) NH�NAr�ArN�
NH as a bridging unit (Scheme 8).

Parallel to the behavior of the dihydride, the hydride-al-
koxy complexes [ReH(OR1)(NO)P3] also react with both
mono- [ArN2]� and bis(aryldiazonium) [N2Ar�ArN2]2�

cations to give the corresponding aryldiazene derivatives
12�16, which were isolated and characterized (Scheme 9).
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Scheme 8. P � PPh2OEt

Scheme 9

These results highlight that the same aryldiazene com-
plexes of rhenium (7c and 10c) and (8c and 12c) can be
prepared both by the oxidation of the arylhydrazine deriva-
tive with Pb(OAc)4 and by the insertion of an aryldiazon-
ium cation into the Re�H bond of the appropriate hydride.
The two methods, however, give isomers with a different
geometry, as will be discussed below. Furthermore, a com-
parison of the results obtained in the reaction of our nitro-
syl hydrides 1�3 with ArN2

� with those we[12] previously
reported on the carbonyls [ReH(CO)nP5�n] shows that, in
both cases, aryldiazene rhenium complexes can be obtained
by ‘‘apparent’’ insertion of aryldiazonium cations into the
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Re�H bond of all the hydride species. The reaction seems
to be general for both the carbonyl and nitrosyl hydrides
yielding stable aryldiazene complexes. Some differences,
however, were observed in the reaction with bis(aryldiazon-
ium) salts, which allow, in the case of carbonyls
[ReH(CO)nP5�n] containing the bulky PPh2OEt ligand, the
preparation of ‘‘diazo-diazene’’ [Re(CO)nP5�n(HN�
NAr�ArN�N)]2� (n � 1, 2) derivatives[12] through the in-
sertion of only one end of the �N2Ar�ArN2

� ligand with
the hydride. The same mononuclear compounds were not
obtained with the nitrosyl-hydride [ReH2(NO)(PPh2OEt)3]
which gives exclusively binuclear bis(aryldiazene) deriva-
tives, under all conditions.

The aryldiazene complexes 10, 11, 14 and 15 were iso-
lated with the BPh4 anion whereas the ethoxy derivatives
12, 13 and 16 were obtained as BF4 salts. All are yellow or
pale-yellow solids, stable in air and in solution in polar or-
ganic solvents where they behave as 1:1 or 2:1 electrolytes,
respectively. Some decomposition was observed for the al-
koxy derivatives 12, 13 and 16 in solutions of ethanol. Ana-
lytical and spectroscopic data (Table 1) support the pro-
posed formulation for the complexes and for the hydride-
diazene derivatives 10 and 12 a geometry in solution can
also be established.

The 1H NMR spectra of the cations [ReH(ArN�
NH)(NO)P3]� (10) show two slightly broad signals in the
high-frequency region (δ � 13.84�13.45 ppm) attributed to
two diazene protons. This attribution is confirmed by the
spectra of the labeled complex 10c1 which show two high-
frequency doublets centered at the same chemical shift of
the two slightly broad signals of unlabeled 10c and with a
1J15

N,H coupling constant of 65 Hz, in agreement with the
presence of two diazene ligands. This is also confirmed by
the 15N{1H} NMR spectrum of 10c1 which shows two
AB2Y (Y � 15N) multiplets at δ � �2.57 and at δ �
�8.70 ppm (Table 4) due to the coupling with the phos-
phorus nuclei. Because the compounds contain only one
aryldiazene ligand, the presence of two NH signal may sug-
gest the existence of two isomers. This was confirmed by
the 31P NMR spectra, which show two AB2 multiplets
which can be simulated using the parameters reported in
Table 1. The formation of two isomers for 10 is not unex-
pected due to the chemical non-equivalence of the two hy-
drides in the [ReH2(NO)P3] precursors which give two iso-
mers through the insertion of only one ArN2

� into each of
the two Re�H bonds. Whether or not an isomerization may
be excluded, the insertion should only give the two isomers
A and B (Scheme 8) which were isolated in a 30:70 ratio.
This ratio is probably related to the different insertion rate
of ArN2

� into the two different hydrides.
In the 1H NMR spectra of 10c one AB2X (X � H) mul-

tiplet at δ � 2.83 ppm is also present which can be attri-
buted to one of the hydride ligands. The H� signal of the
other isomer probably overlaps the multiplet of the methyl-
ene protons, as well as those of 10d. Furthermore, the νNO

band observed in the IR spectrum appears slightly broad in
10c and also contains a shoulder in 10d in agreement with
the presence of more nitrosyl compounds. These data con-
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Table 4. 15N{1H} NMR spectroscopic data for selected rhenium
compounds

Compound 15N{1H} NMR[a]

δ (J/Hz)

[ReH(C6H5N�15NH)(NO){PPh2- AB2Y spin system
(OEt)}3]BPh4 (10c1) δY � �2.57

JA,Y � 28.8
JB,Y � 2.0
AB2Y spin system
δY � �8.70
JA,Y � 39.3
JB,Y � 2.0

[{ReH(NO)[PPh2(OEt)]3}2(µ- AB2Y spin system
4,4�-H15N�NC6H4�C6H4N� δY � �3.0
15NH)](BPh4)2 (11a1) JA,Y � 29.1

JB,Y � 1.0

[Re(OC2H5)(NO){PPh(OEt)2}3- AB2Y spin system
(C6H5N�15NH)]BF4 (12c1) δY � �7.9

JA,Y � 44.0
JB,Y � 4.0

[{Re(OC2H5)(NO)[PPh(OEt)2]3}2(µ- AB2Y spin system
4,4�-H15N�NC6H4�C6H4N� δY � �8.20
15NH)](BF4)2 (13a1) JA,Y � 45.0

JB,Y � 4.0
AB2Y spin system
δY � �12.2
JA,Y � 45.0
JB,Y � 4.0

[{Re(OCH3)(NO)[PPh(OEt)2]3}2(µ- AB2Y spin system
4,4�-H15N�NC6H4�C6H4N� δY � �8.05
15NH)](BPh4)2 (15a1) JA,Y � 45.0

JB,Y � 3.0
AB2Y spin system
δY � �12.4
JA,Y � 45.0
JB,Y � 2.9

[a] In CD2Cl2 at 25 °C. Positive shifts downfield from CH3
15NO2.

firm the formulation proposed for the hydride-aryldiazene
complexes, but do not allow us to unambiguously propose
a geometry in solution. However, a comparison of the spec-
troscopic data of 10c with those of the related complex 7c
obtained by the oxidation of phenylhydrazine shows differ-
ent chemical shift values for both the NH proton signals
and the 31P nucleus suggesting that the complex 7c has a
geometry that is different from those of the two isomers.
Since a geometry of type V (Scheme 6) for 7c had been
proposed and the structure of the [ReH(ArN�
NH)(NO)P3]� complex can be discussed in terms of only
three geometries, it follows that VIII and XI should be pro-
posed for the two isomers A and B of complexes 10.

The 1H and 31P NMR spectra of the dinuclear complexes
11 indicate the presence of only one isomer. In fact, only
one diazene signal at δ � 13.45 ppm is present in the 1H
NMR spectrum of 11a, which is split into a doublet with a
1J15

N,H coupling constant of 64 Hz in the labeled com-
pound 11a1. In the 1H NMR spectrum one AB2X (X � H)
multiplet, simulated with the parameters reported in
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Table 1, is also present which was attributed to the hydride
ligand. The two JP,H coupling constants deduced from the
spectra have different values of 20.4, 29.4 Hz, respectively,
suggesting that the hydride should be in trans to one phos-
phane and cis to the other two. In the temperature range
between �20 and �80 °C the 31P NMR spectra show only
one AB2 multiplet in agreement with the presence of only
one isomer with two magnetically equivalent phosphanes
that are different from the third. On the basis of these data
a geometry of type IX can reasonably be proposed for the
binuclear complex 11a.

The formation of only one isomer with the bis(aryldi-
azonium) cation may be explained on the basis of the faster
insertion rate of the aryldiazonium cation into one of the
two Re�H bonds which affords, in the case of the dinuclear
complexes, only traces of the other isomers that were dis-
carded by crystallization.

The 1H NMR spectra of the alkoxy complexes 12�16
confirm the presence of the diazene ligand showing the
characteristic high-frequency NH signal which splits into a
doublet in the 15N-labeled complexes (Table 1). In the spec-
tra the characteristic resonance of the alkoxy OR1 ligand is
also present, along with the signals of the phosphane and
BPh4 anion. The 31P{1H} NMR spectra show, for some
complexes, the presence of only one AB2 multiplet, while
two AB2 multiplets are present in the spectra of 13, 14 and
15, suggesting the probable presence of two isomers. These
data support the proposed formulation for the complexes
but, in the absence of an X-ray determination, do not allow
us to unambiguously propose a geometry in solution for
these aryldiazene derivatives.

Conclusion

In this contribution we have reported the synthesis of
new rhenium nitrosyl hydrides of the [ReH2(NO)P3] and
[ReH(OR1)(NO)P3] type containing both phosphane and
alkoxy groups as supporting ligands. Their protonation
with Brønsted acids allows thermally unstable η2-H2 com-
plexes to be obtained. Both classical and non-classical rhe-
nium hydrides behave with an easy entry into ‘‘diazo’’
chemistry and allow the synthesis of the first hydrazine and
diazene complexes stabilized by nitrosyl ligands. The struc-
tural parameters for one hydrazine complex,
[Re(OC2H5)(NH2NH2)(NO){PPh(OEt)2}3]BPh4, are also
reported. Reactivity studies also show that aryldiazene
[ReH(ArN�NH)(NO)P3]BPh4 and [Re(OR1)(ArN�
NH)(NO)P3]BPh4 complexes can be prepared both by in-
sertion of an aryldiazonium cation into the Re�H bond of
an appropriate hydride and by the oxidation of the related
arylhydrazine derivatives with Pb(OAc)4. Furthermore,
the oxidation of the methylhydrazine complex
[Re(OCH3)(CH3NHNH2)(NO){PPh(OEt)2}3]BPh4 with
Pb(OAc)4 shows a new example of formation of a methyl-
eneimine [Re(OCH3)(η1-NH�CH2)(NO){PPh(OEt)2}3]-
BPh4 derivative.
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Experimental Section

General: All synthetic work was carried out under an inert atmos-
phere using standard Schlenk techniques or in a Vacuum Atmos-
pheres dry box. Once isolated, the complexes were found to be
relatively stable in air, but were stored under an inert atmosphere
at �25 °C. All solvents were dried over appropriate drying agents,
degassed on a vacuum line and distilled into vacuum-tight storage
flasks. The phosphanes PPh(OEt)2 and PPh2OEt were prepared by
the method of Rabinowitz and Pellon,[24] whereas P(OEt)3 was an
Aldrich product, purified by distillation under nitrogen. Diazonium
salts were obtained in the usual way.[25] The related di-diazonium
salts [N2Ar�ArN2](BF4)2 (Ar�Ar � 4,4�-C6H4-C6H4) were pre-
pared by treating the amine precursors H2NAr-ArNH2 with
NaNO2 as described in the literature for the common mono-
diazonium salts.[25] The labeled diazonium tetrafluoroborate
[C6H5N�15N]BF4 and [4,4�-15N�NC6H4�C6H4N�15N](BF4)2

were prepared from Na15NO2 (99% enriched, CIL) and the appro-
priate amine. The hydrazines C6H5NHNH2, C6H5CONHNH2 and
CH3NHNH2 were Aldrich products and used as received. Hydra-
zine (NH2NH2) was prepared by decomposition of hydrazine cyan-
urate (Fluka) following the reported method.[26] High-grade
(99.99%) lead() acetate was purchased from Aldrich. Other re-
agents were purchased from commercial sources in the highest
available purity and used as received. Infrared spectra were re-
corded on a Nicolet Magna 750 FT-IR spectrophotometer. NMR
spectra (1H, 13C, 31P, 15N) were obtained on Bruker AC200 or
Avance 300 spectrometers at temperatures varying between �90
and �30 °C, unless otherwise noted. 1H and 13C chemical shifts
are referenced to internal tetramethylsilane, while 31P{1H} chemical
shifts are reported with respect to 85% H3PO4, with downfield
shifts considered positive. 15N NMR spectra are referenced to ex-
ternal CH3

15NO2, with downfield shifts considered positive. The
SwaN-MR software package[27] was used to treat NMR spectro-
scopic data. The conductivities of 10�3  solutions of the com-
plexes in CH3NO2 at 25 °C were measured with a Radiometer
CDM 83 instrument.

Synthesis of Complexes: [ReCl2(OCH3)(NO)(PPh3)2] was prepared
following a reported method.[15a]

[ReH2(NO)(PPh2OEt)3] (1): An excess of PPh2OEt (2.05 mL,
8.9 mmol) and then an excess of NaBH4 (0.404 g, 10.68 mmol) in
15 mL of ethanol were added to a suspension of [ReCl2(OCH3)-
(NO)(PPh3)2] (1.5 g, 1.78 mmol) in 30 mL of ethanol. Upon re-
fluxing the reaction mixture both a color change of the solution
from red-brown to yellow and the separation of a yellow solid were
observed. After about 90 min of reflux the mixture was cooled and
the solid obtained was filtered and crystallized from CH2Cl2 and
ethanol; yield 1.34 g (83%). C42H47NO4P3Re (908.96): calcd. C
55.5, H 5.2, N 1.5; found C 55.7, H, 5.3, N 1.4.

[ReH(OC2H5)(NO)P3] (2) [P � PPh(OEt)2 (a), P(OEt)3 (b)]: An
excess of the appropriate phosphane (12 mmol) and then an excess
of NaBH4 (0.45 g, 12 mmol) in 15 mL of ethanol were added to a
suspension of [ReCl2(OCH3)(NO)(PPh3)2] (2 g, 2.37 mmol) in
45 mL of ethanol. The reaction mixture was refluxed for 1 h, co-
oled to room temperature, filtered and concentrated to about
20 mL by evaporation of the solvent under reduced pressure. At
this point, the method to obtain solid samples of the complexes
depends on the nature of the phosphane ligand. In the case of
PPh(OEt)2 yellow crystals of 2a were obtained by cooling the re-
sulting solution to �25 °C. These were filtered and dried under
vacuum. In the case of P(OEt)3, the solid obtained by cooling the
solution to �25 °C gave PPh3. Finally, by further concentrating
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and cooling of the solution, yellow crystals of 2b separated out,
which were filtered and dried under vacuum; yield 1.58 g for 2a
(78%); 0.36 g for 2b (20%).
2a: C32H51NO8P3Re (856.88): calcd. C 44.9, H 6.0, N 1.6; found C
44.7, H 6.0, N 1.5.
2b: C20H51NO11P3Re (760.74): calcd. C 31.6, H 6.8, N 1.8; found
C 31.4, H 6.9, N 1.8.

[ReH(OCH3)(NO){PPh(OEt)2}3] (3): An excess of PPh(OEt)2

(2.76 g, 12 mmol) and then an excess of NaBH4 (0.45 g, 12 mmol)
in 20 mL of CH3CN were added to a solution of [ReCl2(OCH3)-
(NO)(PPh3)2] (2 g, 2.37 mmol) in 30 mL of CH3CN. The reaction
mixture was refluxed for about 2 h and then the solvent was re-
moved by evaporation under reduced pressure. The oil obtained
was treated with 8 mL of ethanol and the resulting solution, after
filtration, was allowed to stand at �25 °C. A yellow-green solid
slowly separated out which was filtered and crystallized from
CH2Cl2 and ethanol; yield 1.04 g (52%). C31H49NO8P3Re (842.85):
calcd. C 44.2, H 5.9, N 1.7; found C 44.3, H 5.7, N 1.6.

[ReH(RNHNH2)(NO)(PPh2OEt)3]BPh4 (4) [R � H (a), CH3 (b),
C6H5 (c)]: An equimolar amount of CF3SO3H (9.7 µL, 0.11 mmol)
was added to a solution of [ReH2(NO)(PPh2OEt)3] (100 mg,
0.11 mmol) in 8 mL of CH2Cl2 cooled to �196 °C. The reaction
mixture was warmed to about �10 °C, stirred for 1 h and then an
excess of the appropriate hydrazine (0.22 mmol) was added. After
two hours of stirring at �10 °C, the solvent was removed under
reduced pressure to give an oil which was treated with ethanol
(2 mL) containing an excess of NaBPh4 (75 mg, 0.22 mmol). A yel-
low solid slowly separated out from the resulting solution which
was filtered and crystallized from CH2Cl2 and ethanol; yield 93 mg
for 4a (67%), 91 mg for 4b (65%), 100 mg for 4c (98%).
4a: C66H70BN3O4P3Re (1259.2): calcd. C 63.0, H 5.6, N 3.3; found
C 63.2, H 5.7, N 3.2. ΛM � 48.7 Ω�1 mol�1 cm2.
4b: C67H72BN3O4P3Re (1273.3): calcd. C 63.2, H 5.7, N 3.3; found
C 63.0, H 5.6, N 3.2. ΛM � 51.8 Ω�1 mol�1 cm2.
4c: C72H74BN3O4P3Re (1335.3): calcd. C 64.8, H 5.6, N 3.2; found
C 64.6, H 5.7, N 3.1. ΛM � 50.3 Ω�1 mol�1 cm2.

[Re(OC2H5)(RNHNH2)(NO){PPh(OEt)2}3]BPh4 (5) [R � H (a),
C6H5 (c)]: An equimolar amount of CF3SO3H (10.3 µL,
0.117 mmol) was added to a solution of [ReH(OC2H5)-
(NO){PPh(OEt)2}3] (100 mg, 0.117 mmol) in 8 mL of CH2Cl2 co-
oled to �196 °C and the reaction mixture brought to 0 °C and
stirred for 1 h. The solution was cooled to �196 °C again and an
excess of the appropriate hydrazine (0.24 mmol) added. The reac-
tion mixture was brought to 0 °C, stirred for about 2 h and then
the solvent removed under reduced pressure. The solid obtained
was treated with ethanol (3 mL) containing an excess of NaBPh4

(85 mg, 0.25 mmol). A pale-yellow solid slowly separated out from
the resulting solution, which was filtered and crystallized from
CH2Cl2 and ethanol; yield 80 mg for 5a (55%), 86 mg for 5c (58%).
5a: C56H74BN3O8P3Re (1207.2): calcd. C 55.7, H 6.2, N 3.5; found
C 55.5, H 6.3, N 3.5. ΛM � 49.5 Ω�1 mol�1 cm2.
5c: C62H78BN3O8P3Re (1283.2): calcd. C 58.0, H 6.1, N 3.3; found
C 57.8, H 6.0, N 3.3. ΛM � 51.4 Ω�1 mol�1 cm2.

[Re(OC2H5)(CH3NHNH2)(NO){PPh(OEt)2}3]CF3SO3 (5b2): This
complex was prepared following the method used for the related
BPh4 complex 5a by reacting [ReH(OC2H5)(NO){PPh(OEt)2}3]
first with CF3SO3H and then with an excess of CH3NHNH2 in
CH2Cl2 as a solvent. After the reaction was finished, the solvent
was removed under reduced pressure to give a pale-yellow solid
which was triturated with ethanol (1.5 mL). A yellow solid slowly
separated out from the resulting solution, which was cooled to �25

Eur. J. Inorg. Chem. 2004, 1922�1938 www.eurjic.org  2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 1935

°C to complete the precipitation. The solid was filtered, washed
with cold ethanol and dried under vacuum; yield 52 mg (42%).
C34H56F3N3O11P3ReS (1051.01): calcd. C 38.9, H 5.4, N 4.0; found
C 39.0, H 5.5, N 3.9. ΛM � 78.5 Ω�1 mol�1 cm2.

[Re(OCH3)(RNHNH2)(NO){PPh(OEt)2}3]BPh4 (6) [R � H (a),
CH3 (b), C6H5 (c)]: These complexes were prepared exactly like the
related ethoxy complexes 5a and 5c by reacting
[ReH(OCH3)(NO){PPh(OEt)2}3] first with CF3SO3H and then
with an excess of the appropriate hydrazine. After precipitation
with NaBPh4 in ethanol, the yields were 95 mg for 6a (65%), 89 mg
for 6b (63%) and 101 mg for 6c (68%).
6a: C55H72BN3O8P3Re (1193.1): calcd. C 55.4, H 6.1, N 3.5; found
C 55.2, H 6.0, N 3.5. ΛM � 54.8 Ω�1 mol�1 cm2.
6b: C56H74BN3O8P3Re (1207.2): calcd. C 55.7, H 6.2, N 3.5; found
C 55.6, H 6.3, N 3.4. ΛM � 53.3 Ω�1 mol�1 cm2.
6c: C61H76BN3O8P3Re (1269.2): calcd. C 57.7, H 6.0, N 3.3; found
C 57.9, H 6.2, N 3.3. ΛM � 49.6 Ω�1 mol�1 cm2.

[ReH(CH3N�NH)(NO)(PPh2OEt)3]BPh4 (7b) and [ReH(C6H5N�
NH)(NO)(PPh2OEt)3]BPh4 (7c): A sample of the appropriate hy-
drazine complex [ReH(RNHNH2)(NO)(PPh2OEt)3]BPh4 (4) (R �

CH3 or C6H5; 0.07 mmol) was placed in a three-necked 25-mL
round-bottomed flask fitted with a solid-addition sidearm contain-
ing an equimolar amount of Pb(OAc)4 (31 mg, 0.07 mmol). The
system was evacuated, CH2Cl2 (10 mL) was added, the solution
cooled to �30 °C and the Pb(OAc)4 was added portionwise over
10�20 min. The reaction mixture was then allowed to warm to 0
°C, stirred for 10 min and the solvent removed under reduced press-
ure. The oil obtained was treated at 0 °C with ethanol (2 mL) con-
taining NaBPh4 (34 mg, 0.10 mmol). A white solid slowly separated
out upon stirring the resulting solution at 0 °C, which was filtered
and crystallized at 0 °C from CH2Cl2 and ethanol; yield 64 mg for
7b (72%) and 65 mg for 7c (70%).
7b: C67H70BN3O4P3Re (1271.2): calcd. C 63.3, H 5.6, N 3.3; found
C 63.1, H 5.4, N 3.2. ΛM � 49.9 Ω�1 mol�1 cm2.
7c: C72H72BN3O4P3Re (1333.3): calcd. C 64.9, H 5.4, N 3.2; found
C 64.6, H 5.3, N 3.0. ΛM � 52.1 Ω�1 mol�1 cm2.

[Re(OC2H5)(C6H5N�NH)(NO){PPh(OEt)2}3]BPh4 (8c): This com-
plex was prepared exactly like the related complexes 7 by oxidation
of the phenylhydrazine derivative [Re(OC2H5)(C6H5NHNH2)-
(NO){PPh(OEt)2}3]BPh4 (5c) with Pb(OAc)4 at �30 °C; yield
56 mg (62%). C62H76BN3O8P3Re (1281.2): calcd. C 58.1, H 6.0, N
3.3; found C 57.9, H 6.1, N 3.2. ΛM � 52.0 Ω�1 mol�1 cm2.

[Re(OCH3)(CH3N�NH)(NO){PPh(OEt)2}3]BPh4 (9b) and [Re-
(OCH3)(η1-NH�CH2)(NO){PPh(OEt)2}3]BPh4 (9*b): These com-
plexes were obtained as a mixture by oxidation of the methylhydra-
zine compound [Re(OCH3)(CH3NHNH2)(NO){PPh(OEt)2}3]BPh4

(6b) with Pb(OAc)4 at �30 °C following the method used for the
related 7 and 8 complexes.

[ReH(ArN�NH)(NO)(PPh2OEt)3]BPh4 (10) [Ar � C6H5 (c), 4-
CH3C6H4 (d)]: Solid samples of [ReH2(NO)(PPh2OEt)3] (0.1 g,
0.11 mmol) and the appropriate aryldiazonium salt [ArN2]BF4

(0.11 mmol) were placed into a 25-mL three-necked round-bot-
tomed flask. The mixture was cooled to �196 °C and CH2Cl2
(8 mL) slowly added. The reaction mixture was allowed to warm
to room temperature, stirred for about 8 h and then the solvent
removed under reduced pressure. The oil obtained was treated with
ethanol (2 mL) containing an excess of NaBPh4 (75 mg,
0.22 mmol). A yellow solid slowly separated out from the resulting
solution which was filtered and crystallized from CH2Cl2 and etha-
nol; yield 107 mg for 10c (73%) and 105 mg for 10d (71%).
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10c: C72H72BN3O4P3Re (1333.3): calcd. C 64.9, H 5.4, N 3.2; found
C 64.8, H 5.5, N 3.0. ΛM � 49.4 Ω�1 mol�1 cm2.
10d: C73H74BN3O4P3Re (1347.3): calcd. C 65.1, H 5.5, N 3.1; found
C 65.3, H 5.6, N 3.0. ΛM � 53.8 Ω�1 mol�1 cm2.

[ReH(C6H5N�15NH)(NO)(PPh2OEt)3]BPh4 (10c1): This complex
was prepared exactly like the related compound 10 using the lab-
eled diazonium salt [C6H5N�15N]BF4; yield 95 mg (65%).

[{ReH(NO)(PPh2OEt)3}2(µ-4,4�-HN�NC6H4-C6H4N�NH)]-
(BPh4)2 (11a): Solid samples of [ReH2(NO)(PPh2OEt)3] (0.1 g,
0.11 mmol) and the bis(aryldiazonium) salt [4,4�-N2C6H4-
C6H4N2](BF4)2 (21 mg, 0.055 mmol) were placed into a 25-mL
three-necked flask. The mixture was cooled to �196 °C and
CH2Cl2 (12 mL) added. The reaction mixture was brought to room
temperature, stirred for about 12 h and then the solvent removed
by evaporation under reduced pressure. The oil obtained was tritu-
rated with ethanol (3 mL) containing an excess of NaBPh4 (75 mg,
0.22 mmol). A red solid separated out from the resulting solution
which was filtered and crystallized from CH2Cl2 and ethanol; yield
217 mg (74%). C144H142B2N6O8P6Re2 (2664.6): calcd. C 64.9, H
5.4, N 3.2; found C 64.7, H 5.5, N 3.2. ΛM � 115 Ω�1 mol�1 cm2.

[ {ReH(NO)(PPh 2 OEt) 3 } 2 (µ -4 ,4 � -H 1 5 N�NC 6 H 4 �C 6 H 4 -
N�15NH)](BPh4)2 (11a1): This complex was prepared exactly like
the related compound 11a using the labeled bis(aryldiazonium) salt
[4,4�-15N�NC6H4�C6H4N�15N](BF4)2; yield 194 mg (66%).

[Re(OC2H5)(ArN�NH)(NO){PPh(OEt)2}3]BF4 (12) [Ar � C6H5

(c), 4-CH3C6H4 (d)]: Equimolar amounts of [ReH(OC2H5)-
(NO){PPh(OEt)2}3] (100 mg, 0.117 mmol) and the appropriate ar-
yldiazonium salt [ArN2]BF4 (0.117 mmol) were placed into a 25-
mL three-necked flask. The mixture was cooled to �196 °C and
CH2Cl2 (8 mL) added. The reaction mixture was brought to room
temperature, stirred for 8 h and then the solvent was removed un-
der reduced pressure. The oil obtained was triturated with diethyl
ether (10 mL) until a pale-yellow solid separated out, which was
filtered and dried under vacuum; yield 112 mg for 12c (91%) and
109 mg for 12d (88%).
12c: C38H56BF4N3O8P3Re (1048.8): calcd. C 43.5, H 5.4, N 4.0;
found C 43.4, H 5.5, N 3.9. ΛM � 88.7 Ω�1 mol�1 cm2.
12d: C39H58BF4N3O8P3Re (1062.8): calcd. C 44.1, H 5.5, N 4.0;
found C 44.23, H 5.37, N 4.02. ΛM � 93.1 Ω�1 mol�1 cm2.

[Re(OC2H5)(NO)(C6H5N�15NH){PPh(OEt)2}3]BF4 (12c1): This
complex was prepared exactly like the related compound 12c using
the labeled aryldiazonium salt [C6H5N�15N]BF4; yield 104 mg
(85%).

[{Re(OC2H5)(NO)[PPh(OEt)2]3}2(µ-4,4�-HN�NC6H4�C6H4N�
NH)](BF4)2 (13a): This complex was prepared following the
method used for the related mononuclear compound 12 by reacting
[ReH(OC2H5)(NO){PPh(OEt)2}3] with [4,4�-N2C6H4-
C6H4N2](BF4)2 in CH2Cl2 with a reaction time of 12 h; yield
218 mg (89%). C76H110B2F8N6O16P6Re2 (2095.6): calcd. C 43.6, H
5.3, N 4.0; found C 43.7, H 5.2, N 3.9. ΛM � 188 Ω�1 mol�1 cm2.

[{Re(OC2H5)(NO)[PPh(OEt)2]3}2(µ-4,4�-H15N�NC6H4�C6H4N�
15NH)](BF4)2 (13a1): This complex was prepared exactly like the
related compound 13a using the labeled bis(aryldiazonium) salt
[4,4�-15N�NC6H4-C6H4N�15N](BF4)2; yield 206 mg (84%).

[Re(OCH3)(4-CH3C6H4N�NH)(NO){PPh(OEt)2}3]BPh4 (14d):
Solid samples of [ReH(OCH3)(NO){PPh(OEt)2}3] (100 mg,
0.119 mmol) and the diazonium salt [4-CH3C6H4N2]BF4 (23 mg,
0.119 mmol) were placed into a 25-mL three-necked round-bot-
tomed flask and the mixture cooled to �196 °C. Dichloromethane
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(8 mL) was added and the reaction mixture brought to room tem-
perature and stirred for 9 h. The solvent was removed under re-
duced pressure to give an oil which was treated with ethanol (2 mL)
containing an excess of NaBPh4 (82 mg, 0.24 mmol). A yellow solid
slowly separated out from the resulting solution which was filtered
and crystallized from CH2Cl2 and ethanol; yield 126 mg (83%).
C62H76BN3O8P3Re (1281.2): calcd. C 58.1, H 6.0, N 3.3; found C
58.2, H 5.9, N 3.2. ΛM � 52.7 Ω�1 mol�1 cm2.

[{Re(OCH3)(NO)[PPh(OEt)2]3}2(µ-4,4�-HN�NC6H4�C6H4-
N�NH)](BPh4)2 (15a): This complex was prepared following the
method used for the related mononuclear compound 14d by re-
acting [ReH(OCH3)(NO){PPh(OEt)2}3] with the bis(aryldiazon-
ium) salt [4,4�-N2C6H4-C6H4N2](BF4)2 in CH2Cl2 for about 13 h;
yield 205 mg (68%). C122H146B2N6O16P6Re2 (2532.4): calcd. C 57.9,
H 5.8, N 3.3; found C 57.7, H 5.7, N 3.4. ΛM � 113 Ω�1 mol�1

cm2.

[{Re(OCH3)(NO)[PPh(OEt)2]3}2(µ-4,4�-H15N�NC6H4�C6H4N�
15NH)](BPh4)2 (15a1): This complex was prepared exactly like the
related compound 15a using the labeled bis(aryldiazonium) salt
[4,4�-15N�NC6H4-C6H4N�15N](BF4)2; yield 196 mg (65%).

[Re(OC2H5)(4-CH3C6H4N�NH)(NO){P(OEt)3}3]BF4 (16d): Equi-
molar amounts of solid samples of [ReH(OC2H5)(NO){P(OEt)3}3]
(100 mg, 0.13 mmol) and [4-CH3C6H4N2]BF4 (27 mg, 0.13 mmol)
were placed in a 25-mL three-necked round-bottomed flask and
the mixture cooled to �196 °C. Dichloromethane (8 mL) was ad-
ded and the reaction mixture brought to 0 °C and stirred for 9 h.
The solvent was removed under reduced pressure to give an oil
which was triturated with diethyl ether (7 mL). A pale-yellow solid
slowly separated out which was filtered and dried under vacuum;
yield 103 mg (82%). C27H58BF4N3O11P3Re (966.69): calcd. C 33.6,
H 6.1, N 4.4; found C 33.7, H 6.2, N 4.3. ΛM � 89.4 Ω�1 mol�1

cm2.

Protonation Reactions: The protonation of the hydrides
[ReH2(NO)(PPh2OEt)3] (1) and [ReH(OR1)(NO)P3] (2, 3) was car-
ried out in a 5-mm NMR tube at temperatures of between �80
and �20 °C. A typical experiment involved the preparation, in an
argon-filled dry-box, of a solution of the appropriate hydride
(0.04 mmol) in CD2Cl2 (0.5 mL). The solution was placed in a
screw-cap NMR tube, cooled to �80 °C, and then an equivalent
amount (0.04 mmol, 3.5 µL) of CF3SO3H was added. The tube was
transferred into the NMR probe (pre-cooled to �80 °C) and the
1H and 31P NMR spectra of the solution were recorded.

X-ray Crystal Structure Determination of [Re(OC2H5)-
(NH2NH2)(NO){PPh(OEt)2}3]BPh4 (5a): A pale-yellow single crys-
tal was mounted on a glass fiber and X-ray diffraction data were
collected on a Bruker-Siemens SMART AXS 1000 equipped with
CCD detector, using graphite monochromated Mo-Kα radiation
(λ � 0.71069 Å). Data collection details are: crystal to detector
distance � 5.0 cm, 2424 frames collected (complete sphere mode),
time per frame � 30 s, oscillation ∆ω � 0.300°. Crystal decay re-
sulted negligible. Data reduction was performed up to d � 0.90 Å
with the SAINT package[28] and data were corrected for absorption
effects by the SADABS[29] procedure (Tmax � 1.000, Tmin � 0.746).
The phase problem was solved by direct methods[30] and refined by
full-matrix least-squares on all F2,[31] implemented in the WinGX
package.[32] Anisotropic displacement parameters were refined for
all non hydrogen atoms, while hydrogen atoms were introduced in
calculated positions, except for hydrazine hydrogens, which were
located from Fourier maps and refined isotropically. Use of the
Cambridge Crystallographic Database[33] facilities was made for
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structure discussion. The final map was featureless. Data collection
and refinement results are summarized in Table 2.
CCDC-220153 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK; Fax: (internat.) � 44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].
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