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Depending on experimental conditions and the nature of the hydrazine, the reactions #% &l PPh(OEL)]
with RNHNH, (R = H, CHjs, Bu) afford the bis(dinitrogen) [Re(®:P4]" (21), dinitrogen ReCINP; (3), and
methyldiazenido [ReCI(CkN,)(CHsNHNH)Ps] ™ (17) derivatives. In contrast, reactions of ReI[P = PPh-
(OEt)y, PPROEL] with arylhydrazines ArNHNH (Ar = Ph,p-tolyl) give the aryldiazenido cations [ReCI(AsN
(ArNHNH_)P;] ™ (47) and [ReCI(ArN)P4] ™ (7%) and the bis(aryldiazenido) cations [Re(A)Ps] ™ (5T, 6'). These
complexes were characterized spectroscopicallyfRand3P NMR), and the BPhcomplexesl, 2, and7 were
characterized crystallographically. The methyldiazenido derivative [ReGNECHsNHNH){ PPh(OE®} 3][BPhy]

(1) crystallizes in space groupl with a = 15.396(5) A,b = 16.986(5) A,c = 11.560(5) A,o. = 93.96(5}, 3

= 93.99(5}, y = 93.09(5}, andZ = 2 and contains a singly bent GN,, group bonded to an octahedral central
metal. One methylhydrazine ligand, one Gtans to the ChN,, and three PPh(ORt)igands complete the
coordination. The complex [Reg{ PPh(OEL)} 4][BPh4] (2) crystallizes in space groupbaawith a = 23.008-
(5) A, b = 23.367(5) A,c = 12.863(3) A, andZ = 4. The structure displays octahedral coordination with two
end-on N ligands in mutually trans positions. [ReCI(PHNPPh(OE} 4][BPhs] (7) crystallizes in space group
P2,/n with a = 19.613(5) Ab = 20.101(5) Ac = 19.918(5) A8 = 115.12(2), andZ = 4. The structure shows
a singly bent phenyldiazenido group trans to the lgjand in an octahedral environment. The dinitrogen complex
ReCIN,P;4 (3) reacts with CESO;CHjs to give the unstable methyldiazenido derivative [ReCI§REP,][BPhy].
Reaction of the methylhydrazine complex [ReCI(#BH)(CHsNHNH2)Ps][BPh4] (1) with Pb(OAc) at —30 °C
results in selective oxidation of the hydrazine, affording the corresponding methyldiazene derivative [RBIEH{CH
NH)(CH3N2)Ps][BPhy] (8). In contrast, treatment with Pb(OAcdf the related arylhydrazines [ReCI(AsN
(ArNHNH2)Ps][BPhs] (4) [P = PPh(OEL)] gives the bis(aryldiazenido) complexes [Re(Ay¥s][BPhy] (5).
Possible protonation reactions of Brgnsted acids HX with all diazenldds5, 6, and8, were investigated and
found to proceed only in the cases of the bis(aryldiazenido) compteaed6, affording, with HCI, the octahedral
[ReCI(ArN=NH)(ArNy)Ps][BPhy] or [ReCK Ar(H)NN} (ArN)Ps][BPh4] (10) (Ar = Ph; P= PPhOETt) derivative.

Introduction the aim of obtaining insight into Nbinding and activation

Dinitrogen complexés® are an important class of compounds  tough metal complexation. N ,
which continue to attract interest because of their relevance to  COmplexes containing partially reduced dinitrogen ligands
nitrogen fixation processés! A number of N complexes have ~ SUch as diazene, NHNH, diazenides, RREN, or hydrazide,
been synthesizeld312-20 and several studies on their chemical, NHNH,~, were also prepared and studied as models for the

electronic, and structural properties have been carried out, with ntermediates of breduction?~2* The goal of these studies
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on diazo complexes was not only to provide insight into the N (PRs)*° (Cp = °-CsHs, Cp* = #5-CsMes), have been reported.
fixation mechanism and the nature of the intermediate but also Except for ReCl(PPhMg4(u-N2)MoCly(OMe)° and Tp(CO)-
to design a dinitrogen reduction process operating under mild Refu-N,)Re(COXTp (Tp = hydridotris(pyrazolyl)borate}! the
conditions. Development of synthetic methods for obtaining reported compounds are all mononuclear and are often obtained
organonitrogen compounds directly from lds the nitrogen by reactions of aryldiazenido [ReN,COPh and [Re}NAr
source under mild conditions was a further target of these species. They contain only one molecule of bis(dinitrogen)-
studies. Despite the number of research studies, none of thesehenium derivatives are still without precedent.
goals have yet been achieved, but it is generally believed that Diazo complexes of rhenium are also kné#i* and mainly
systematic in-depth studies on dinitrogen and diazo transitioninclude aryldiazenide speci€%,%2 as hydrazin&-%° and
metal complexes will soon lead to the activation of éhd its diazen&% 70 complexes are rather rare. No example of a
exploitation to produce Nkunder milder conditions than those  methyldiazenido complex has ever been reported.
of the Haber-Bosch process. New studies on diazo complexes of rhenium are therefore of
As part of our contributiof?~33 to this field, we report here  interest not only for their importance in nitrogen fixation
the syntheses, crystal structures and reactivity studies both ofprocesses, but also because of their diverse reactivity modes
the first bis(dinitrogen) complexes of rhenium and of other diazo and structural properti€d;2452-70 This paper reports a sys-
derivatives, including a rare example of a methyldiazenido tematic investigation of reactions of ReRJ complexes with

complex. hydrazines that afford a series of new diazo derivatives.
(Dinitrogen)rhenium complexes with tertiary phosphine and
carbonyl groups as ancillary ligands, of the types Re)®®43° Experimental Section

ReX(COR(N2)P,,35:38 ReX(N,)(P-P), 343537 [ReCI(N,)(P-P)]-

[FeCL],% and Re(SCNRy)(N>)(PPhMe)° (X = CI-, Br-, H-: General Materials and ProceduresAll synthetic work was carried

out under an appropriate atmosphere (Ag) ding standard Schlenk

P = monodentate phosphine; P=Pbidentate phosphiné§, techniques or a vacuum atmosphere drybox. Once isolated, the

and with cyclopentadienyl groups as ligands, of the types CpRe- complexes were found to be relatively stable in air but were nevertheless

(COX(N2),>4¢ Cp*Re(COX(N2),*"*8 and Cp*Re(CO)(N)- stored under an inert atmosphere-&5 °C. All solvents were dried
over appropriate drying agents, degassed on a vacuum line, and distilled
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for 24 h. The product was stored under nitroger-26 °C. Hydrazine, (probably the hydrazinium salt) that separated out from the resulting
NH:NH,, was prepared by decomposition of hydrazine cyanurate solution was filtered off and discarded. The solution was cooled to
(Fluka) following the reported methdd A solution of HCI (0.1 M) in —25 °C. After 24 h, an orange solid appeared. This was filtered off

Et,O was prepared by treating M&CIl with CH;OH. Other reagents and crystallized from a mixture of G&l, (3 mL) and ethanol (5 mL);
were purchased from commercial sources in the highest available purityyield =60%. Anal. Calcd for gH7sBCIN4sOsP;Re, 4a: C, 58.77; H,
and used as received. Infrared spectra were recorded on a Nicolet Magn&.83; N, 4.15; Cl, 2.63. Found: C, 58.61; H, 5.70; N, 4.29; Cl, 2.70.
750 FT-IR spectrophotometer. NMR spectttl,(3'P) were obtained Am = 56.2Q1 mol~ cn?. Anal. Calcd for GgHs:BCIN4OsP3Re, 4b:

on a Bruker AC200 spectrometer at temperatures betwe¥h and C, 59.32; H, 6.00; N, 4.07; Cl, 2.57. Found: C, 59.41; H, 5.92; N,
+30 °C, unless otherwise notedH spectra are referred to internal ~ 4.14; Cl, 2.68. Ay = 54.9 Q¥ mol™ cn?.

tetramethylsilane3'P{'H} chemical shifts are reported with respect to [Re(ArN2),Ps][BPh,] (5, 6) [P = PPh(OEt),, Ar = Ph (5a); P=
85% HPQ4, with downfield shifts considered positive. The SwaN- PPh(OEt),, Ar = p-tol (5b); PPh,OEt, Ar = Ph (6)]. An excess of
MR software packagéwas used to treat NMR data. The conductivities the appropriate arylhydrazine ArNHNH11.3 mmol) was added to a

of 107% M solutions of the complexes in GNO, at 25 °C were suspension of Reg®; (1.13 mmol) in 20 mL of ethanol, and the
measured with a Radiometer CDM 83 instrument. reaction mixture was refluxed for about 1 h. The solvent was removed
Syntheses of the ComplexeShe compounds Regk; [P = PPh- under reduced pressure, giving an oil, which was treated with ethanol
(OEt), PPROEL] were prepared as previously reportéd. (5 mL) containing an excess of NaBP({1.5 g, 4.5 mmol). The white
[ReCI(CH3N,)(CH3NHNH »){ PPh(OEt),} 5][BPh,] (1). To a suspen- solid (probably the hydrazinium salt) that separated out from the
sion of ReC4[PPh(OE®)]s (1 g, 1.13 mmol) in 15 mL of ethaneinder resulting solution was filtered off and discarded. An orange solid

an argon atmosphererere added first an excess of methylhydrazine appeared after the remaining solution was cooleet25 °C. This was
(0.6 mL, 11.3 mmol) and then an excess of Ngt57 mL, 11.3 mmol), filtered off and crystallized from a mixture of GBI, (3 mL) and
and the reaction mixture was stirred for about 2 h. The solvent was €thanol (5 mL); yield>=45%. Anal. Calcd for GH7sBN4OsPsRe, 5a
removed under reduced pressure, giving a brown oil, which was treatedC, 60.50; H, 5.77; N, 4.28. Found: C, 60.51; H, 5.74; N, 42Q.=
with 5 mL of ethanol. The addition of an excess of NaBFh33 g, 57.9Q" mol™* cn?. Anal. Calcd for GgH79BN4OsPsRe,5b: C, 61.03;
6.8 mmol) in 3 mL of ethanol to the resulting solution caused the H, 5.95; N, 4.19. Found: C, 61.16; H, 5.94; N, 4.2y = 56.0Q""
separation of a yellow solid, from which compoufidvas extracted mol~* c?. Anal. Calcd for GgH7sBN4OsPsRe, 6: C, 66.61; H, 5.38;
with three 4-mL portions of CkCl,. The extracts were evaporated to N, 3.98. Found: C, 66.51; H, 5.54; N, 4.18y = 58.5 Q" mol*

dryness, giving an oil, which was crystallized from ethanol; yee#tD%. cn,

Anal. Calcd for GgH7BCIN4OsPsRe: C, 54.92: H, 6.09; N, 4.57; Cl, [ReCI(PhN2){ PPh(OELt)z} 4][BPhy] (7). To a suspension of Reg&l

2.89. Found: C, 54.84; H, 5.89; N, 4.49; Cl, 2.8%, = 60.8 Q! [PPh(OE]s (1 g, 1.13 mmol) in 20 mL of ethanol were added first

mol~t cm?. an excess of PPh(OEt]0.79 mL, 4 mmol) and then an excess of
[Re(N2){ PPh(OEt)} 4][BPh4] (2). A 25-mL three-necked round- phenylhydrazine (1.15 mL, 11.3 mmol), and the reaction mixture was

bottomed flask was charged Wil g (1.13 mmol) of ReGIPPh(OEt)]5 refluxed for 1 h. The solvent was removed under reduced pressure,

and 15 mL of ethanolinder a dinitrogen atmosphergirst an excess ~ giving an oil, which was treated with ethanol (5 mL) containing an
of methylhydrazine (0.6 mL, 11.3 mmol), then an excess ofNEG7 excess of NaBP#(1.54 g, 4.5 mmol). The white solid (probably the
mL, 11.3 mmol), and last a slight excess of free PPh(©@®t}44 mL, hydrazinium salt) that slowly separated out from the resulting solution
2.26 mmol) were added, and the reaction mixture, was stirred for aboutwas filtered off and discarded. An orange solid appeared after the
90 min. The solvent was removed under reduced pressure, giving anfémaining solution was cooled t625 °C. This was filtered off and

oil, which was treated with ethanol (7 mL) containing an excess of Crystallized from ethanol; yield=60%. Anal. Calcd for GoHgs-
NaBPh (2.33 g, 6.8 mmol). A yellow solid slowly separated out from BCIN2OsPsRe: C, 58.43; H, 5.95; N, 1.95; Cl, 2.46. Found: C, 58.64;
the resulting solution, which was treated with four 3-mL portions of H, 6.09; N, 2.07; Cl, 2.68Au = 60.7 Q" mol™* cn?.

CH,Cl to extract the rhenium complexes that were formed. The extracts ~ [ReCI(CHsN=NH)(CHsN;){ PPh(OEt);} 3][BPh,] (8). A sample of
were evaporated to dryness, giving an oil, which was triturated with [ReCI(CHN2)(CHsNHNH2){ PPh(OE}3][BPhy] (1) (0.10 g, 0.082
ethanol until a solid separated out. This solid was a mixture of mmol) was placed in a 25-mL three-necked round-bottomed flask fitted
methyldiazenidd, bis(dinitrogen)2, and traces of ReCI®P, (3), from with a solids-addition sidearm containing an equimolar amount of Pb-
which 2 was separated by repeated fractional crystallization from (OAc)s (36 mg, 0.082 mmol). Dichloromethane (10 mL) was added,
ethanol; yield=15%. Anal. Calcd for G@HgBN,OgPsRe: C, 56.76; the resulting solution was cooled 630 °C, and Pb(OAg)was added

H, 5.95: N, 4.14. Found: C, 56.69; H, 5.95; N, 4.00, = 58.2Q1~ portionwise over 3640 min to the cold stirred solution. The reaction
mol~! cn?. mixture was brought to GC, and the solvent was removed under
ReCI(N,)[PPh(OEt),]4 (3). To a suspension of RefiPPh(OE®)]s reduced pressure to give an oil. The addition &€0f cold ethanol (2

(1 g, 1.13 mmol) in 15 mL of ethanol under a dinitrogen atmosphere ML) containing an excess of NaBP{55 mg, 0.16 mmol) caused the
were added first an excess'BUNHNH,-HCI (1.4 g, 11.3 mmol), then precipitation of a yellow-orange solid, which was filtered off and
an excess of NEt(3.14 mL, 22.6 mmol), and last a slight excess of ~crystallized at °C from a mixture of CHCl, (1 mL) and ethanol (3
PPh(OEH (0.4 mL, 2 mmol). The reaction mixture was refluxed for ~ML); yield =265%. Anal. Calcd for GH7BCIN.OsPsRe: C, 55.02; H,
30 min, and the solvent was then removed under reduced pressure-94; N, 4.58; Cl, 2.90. Found: C, 55.17; H, 5.86; N, 4.44; Cl, 3.01.
giving an oil, which was treated with ethanol (5 mL). A pale-yellow Awm = 53.6 Q' mol™* cn?.

solid slowly separated out after vigorous stirring of the resulting solution ~ [ReCI(PhN=NH)(PhN2)(PPhOE):][BPh4] (10). To a solution of

and was collected and crystallized from ethanol; yieldi0%. Anal. [Re(PhN)2(PPROEt)][BPh,] (6) (0.10 g, 0.071 mmol) in 10 mL of
Calcd for GgHeCIN,OgPsRe: C, 46.09; H, 5.80; N, 2.69; Cl, 3.40. CH:Cl, cooled to—196°C, was added a slight excess of HCI (0.078
Found: C, 45.90; H, 5.83; N, 2.60; Cl, 3.21. mmol, 0.78 mL of a 0.1 M solution in diethyl ether), and the reaction
[ReCI(ArN 2)(ArNHNH »){ PPh(OEt):} s][BPhJ] (4) [Ar = Ph (4a), mixture, brought to room temperature, was stirred for about 2 h. The
p-tolyl (4b)]. An excess of the appropriate hydrazine ArNHNH1.3 solvent was removed under reduced pressure, giving an oil, which was

mmol) was added to a suspension of REEPh(OE)]s (1 g, 1.13 triturated with 3 mL of ethanol containing an excess of NaB@&8
mmol) in 20 mL of ethanol, and the reaction mixture was stirred at MJ, 020 mmol). The red-brown solid that slowly precipitated out from
room temperature for 2 h. The solvent was removed under reduced the resulting solution was filtered off and crystallized from ethanol;
pressure, giving an oil, which was treated with ethanol (5 mL) Yield =270%. Anal. Calcd for €H7eBCINJOsPsRe: C, 64.93; H, 5.31;

containing an excess of NaBP{L.54 g, 4.5 mmol). The white solid N, 3.88; Cl, 2.46. Found: C, 64.81; H, 5.42; N, 3.76; Cl, 2.59. =
49.7 Q¥ mol™* cn?.
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(73) Balacco, GJ. Chem. Inf. Comput. Sc1994 34, 1235. X-ray diffraction analysis were obtained for compourig&, and7 by
(74) Garcia-Forita, S.; Marchi, A.; Marvelli, L.; Rossi, R.; Antoniutti, S.; slow cooling of saturated solutions of the complexes in ethanol.
Albertin, G.J. Chem. Soc., Dalton Tran&996 2779. Diffraction data for all compounds were acquired at room temperature
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Table 1. Crystal Data and Structure Refinement Details for [ReCHEH CHsNHNH2){ PPh(OEL)} s][BPh4] (1), [Re(N){ PPh(OEL} 4][BPhy]

(2), and [ReCI(Phi){ PPh(OE®} 4][BPh] (7)

1 2 7
formula GeH74BCIN4OsPsRe Gs4HgoBN4OgPsRe GoHgsBCIN,OgPsRe
fw 1224.61 1354.26 1254.64
crystal dimensions (mm) 0.20.8x0.2 1x0.3x0.3 0.9x 0.3x 0.2
temp (k) 293(2) 293(2) 293(2)
wavelength (A) 0.71069_ 0.710 69 0.710 69
crystal system, space group triclinR] orthorhombic Pbaa monoclinic,P2;/n
color orange yellow red
unit cell dimensions (A; deg) a=15.396(5), a= 23.008(5), a=19.613(5),

b = 16.986(5), b= 23.367(5), b =20.101(5),
c=11.560(5) c=12.863(3) ¢ =19.918(5);
o = 93.96(5), p=115.12(2)
p=93.99(5),
y = 93.09(5)
volume (A3) 3003(2) 6916(3) 7110(3)
Z, calcd density (Mg/rf) 2,1.354 4,1.301 4,1.344
abs coeff (mm?) 2.196 1.901 1.889
max/min transmission factors 1.000/0.861 1.000/0.442 1.000/0.796
6 range for data collection (deg) -30 3-30 3-28
no. of collected/unique reflns 17 456/17 456 19 904/10 RH®if) = 0.0826] 16 450/16 450
no. od unique obsd refln$ B 20(1)] 12 407 3846 7496
no. of data/restraints/parameters 17 456/2/679 10 103/22/406 16 450/0/800
goodness-of-fit o2 0.889 0.920 1.030

final R1, wR2 indiced[l > 20(l)] 0.0340, 0.0661

0.0463, 0.1047

0.0414, 0.0768

*R1= 3 (IFol — IFel)/XIFol, WR2 = {F[W(Fo” — F&)/ Z[W(Fe?)T}>

on a Philips PW100 diffractometer using MaK(A = 0.710 73 A) 1.03 A and that of ReCl to 2.52 A, in agreement with average
radiation, a graphite monochromator, afM26 scans. In each case, literature values, and by applying rigid-bond and similar thermal motion
the intensity of one standard reflection was monitored every 100 restraints for N and CI. The final amount of chloride was 9%. The
measurements, and intensity decay corrections were found to besecond dinitrogen site (N3N4) was not involved in disorder and was
necessary fol and 2. Empirical i-scan corrections for absorption  refined independently, with rigid-bond restraints on the thermal
effects were applied in all cases. The intensity data were processedanisotropic parameters.

with peak-profile procedures and corrected for Lorentz and polarization  Electronic density maps were examined with the XtalView pro-
effects. Table 1 lists the most important details of the data collections gram?8 running on a Silicon Graphics workstation. The final geometries
and structure refinements for the compounds. In all cases, phasewere analyzed with the PARST97 progréfand the drawings of the
problems were solved by direct methods, using SIR®hich allowed structures were made with ZORTEPRAIl calculations were performed

all non-hydrogen atoms to be retrieved. Florit was necessary to  on a Digital Alpha 255 computer at the Centro di Studio per la
consider theP1 space group to solve the phase problem, although Strutturistica Diffrattometrica del CNR in Parma. Besides those of the
intensity statistics indicated centrosymmetric structure. The structure original literature, data for comparison with other compounds were
showed the presence of the center of symmetry, and refinement wasretrieved and analyzed by the software packages of the Cambridge
carried out in theP1 space group. Neutral-atomic scattering factors  Structural Databas@.Complete lists of final atomic fractional coor-
were employed, those for non-hydrogen atoms being corrected for dinates, atomic displacement parameters, and bond distances and angles
anomalous dispersion. Structures were successively refinéd lona are deposited in CIF format as Supporting Information.

full-matrix least-squares program using SHELXL®Tn the last stages

of refinement, anisotropic displacement parameters were used for all Resylts and Discussion

non-hydrogen atoms. In general, the substituents on the phosphites

showed considerable anisotropic motion, and in one dasme atom The outcomes of the reactions of the trichlororhenium
appeared in two positions. Hydrogen atoms were introduced into complexes ReGP; with hydrazines depend on the experimental
calculated positions, riding on their carrier atoms, with the exception conditions and the natures of the reagents, as shown in Schemes
of hydrazine hydrogens iy which were located on a difference Fourier 1 gnq 2.

map and refined isotropically, with restraints on bonding geometry.
For 2 and 7, isolated systems of residual peaks with significant Under an argon atmosphere, the R#&lcomplex reacted

electronic density were found and were introduced into the final With methylhydrazine to give the methyldiazenido [ReCl-
refinements as disordered solvent molecules. Nevertheless, the final(CHsN2)(CHsNHNHZ)Ps]* derivative 17, which was isolated
maps still revealed spurious features2|rone of the two coordination ~ as its BPl salt and characterized (eq 1). In contrast, under a
sites for N ligands (N1-N2) had a sausage-like electronic density and dinitrogen atmosphere, the reaction proceeded to give both
the N1-N2 distance refined to the extremely short value of 0.7 A.  methyldiazenidol and bis(dinitrogen) [Re(N.P4][BPhs] (2)

This indicated substitutional disorder between &hd CI* due to complexes, which were separated by fractional crystallization
contaminatio’ of 2 with the mono(dinitrogen) complex ReCI{N and characterized (eq 2). These results indicate thatligavd

[PPh(OEB]4 (3), obtained together witl from the reaction of ReGl  comes from the atmosphere of the reaction and is not due to
[PPh(OEt)]s with hydrazine (see below). The complementary site

occupancies of Nand CI- were consequently refined (for stoichiometric
consistence, the same occupancies were assigned amd\BPh"),
and convergence was achieved by restraining the NA distance to

(78) McRee, D. EXtalView Release 3.2; The Scripps Research Institute,
La Jolla, CA, 1997.

(79) Nardelli, M. PARST97, updated version of PARST2b. Appl.
Crystallogr. 1995 28, 659.

(75) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla, (80) Zsolnai, L.; Pritzkow, H.ZORTEP: ORTEP Original Program
M. C.; Polidori, G.; Camalli, M.J. Appl. Crystallogr.1994 27, 435. Modified for PG University of Heidelberg: Heidelberg, Germany,

(76) Sheldrick G. M.SHELXL97: Program for Structure Refinement 1994.
University of Goettingen: Goettingen, Germany, 1997. (81) Allen, F. H.; Kennard, O. Cambridge Structural Datab&em. Des.

(77) Davis, B. R.; Ibers, J. Anorg. Chem.1971, 10, 578. Autom. Newd993 8, 1, 31-37.




Diazo Complexes of Rhenium Inorganic Chemistry, Vol. 39, No. 15, 2008287

Scheme 1 that protons are liberated in the reaction course, as expected
. for the formation of the methyldiazenido ligand, eNH=N, in
R, ek CHANHNH, LY gf;fg”ﬁ_‘ 1 from the reaction of ReGP; with CHsNHNH.
T Ao RTG) S oH D Rhenium(V) complexes of the type ReQPRJ (P = tertiary
1 phosphine) are reported to react with arylhydrazf?é4,82-84
® affording mono- or bis(aryldiazenido) (Re@>,COPh)RB or
b wHNHCH, |* b op + ReCI(ArN,),P,) derivatives. The use of methylhydrazine with
ReClyp, —SXCCHINHNHY o LR 4+ NEN-Re-NZN @) Re(lll) ReCkP; starting materials allows both the first bis-
Mo KT (0 PP CHs ¥ (dinitrogen) and the first methyldiazeniganethylhydrazine
" 2 complexes,1 and 2, to be prepared. However, to test the
a influence of the ancillary ligands on these reactions, other studies
exe. CHyNHNE, o p —| + b are in progress on Re{F; complexes containing both tertiary
ReClP5 Nzw—}{—NzN . Cl_‘?é“_N;N (3 phosphine, PR and phosphite, P(OR)which will be the
PP PP subject of a forthcoming paper.
e R z o Bis(dinitrogen) complex2 was also obtained by treating
ReCkP; complexes either with hydrazine at 2& or with
b p methylhydrazine at reflux, but in these cases, the mono-
ReCl,P, % cx—}{—N;N (4) (dinitrogen) complex ReCI()P4 (3) (eq 3) was also formed
PP and had to be separated fréhby fractional crystallization. In

contrast, only the mono(dinitrogen) compound ReG)/ (3)

P = PPh(OEU); (i) = in CoHsOH solution containing an excess of NEt3 (10:1 ratio); (ii) = in was produced Upon reaCting R@EQ Complexes Withtert'
C,HsOH solution containing an excess of NEt3 (10:1 ratio) and a slight excess of PPh(OEt); bUtthydraZine (eq 4)’ and |t was isolated in gOOd y|e|d and
(2:1 ratio) characterized.
No dinitrogen complex was obtained after treating REEI
Scheme 2 complexes with arylhydrazines (Scheme 2), aryldiazenido
N R NHNHAC _| + Qe;ivativEs4—6 being the Ionly productz. . A':] roorPhtedmpgrature,
ReClupy Cl—Re=N= R, (5) in act, t e ReQ«JPa complexes reacte W|t+ ar}r/ ydrazines to
PP give aryldiazenido [ReCI(ArB)(ArNHNH2)P5]* (4%) cations (eq
4 5), while under reflux, the reactions proceeded to give bis-
av (aryldiazenido) [Re(ArN),Ps]* (5, 61) derivatives (eq 6). Last,
, . treatment of an Re@P; complex with an excess of an
. exc. AINHNH, N:Nlee""\P —‘ © arylhydrazine at reflux in the presence of free phosphit(_e PPh-
o Ny, reflux (i) N ]I’\\\N (OEt)z afforded the [ReCI(ArM)P4] T (77) cation (eq 7), which
s 6t \\N\ was isolated as its BRh salt and characterized.
v oA Good analytical data were obtained for all rhenium complexes
1-7. They are air-stable diamagnetic solids and are soluble in
exc. ATNHNH; NE ‘I ' @ organic polar solvents in which they (exce)tbehave as 1:1
ReClPy e ClRe==N=N_ electrolyte$® The IR and NMR data (Table 2) support the
PP proposed formulations.
7 At 3325-3205 cn1?, the IR spectrum of methyldiazenido
Vi complex1 shows three bands of weak intensity due to the
P = PPh(OEt); 4, 5, 7; PPhyOEt 6: Ar = Ph a; p-tolyl b; (i) = in CoHsOH solution; (NHZ) andV(NH) of the methy|hydrazine |igand and a medium-
(ii) = in C2HsOH solution containing an excess of PPh(OEt); (3:1 ratio) intensity absorption at 1714 crh attributed tOV(N N) of the

methyldiazenido ligand. This value, falling above 16007¢m
also indicates a singly bent diazenido ligédyrmally present

as CHN,", with the central metal in an oxidation state of I.
The X-ray structure confirms this assignment (Figure 1). In the
NMR proton spectra, the methylhydrazine shows the ldhid

NH groups as broad multiplets at 5.74 and 3.28 ppm, respec-
tively, and the methyl substituent as a doublet at 2.61 ppm.
These assignments were confirmed by integration data and
homodecoupling experiments. In the temperature range between
+30 and—80 °C, the3'P{1H} NMR spectrum ofl appears as

an AB, multiplet, indicating that two phosphines are magneti-
cally equivalent and different from the third. The spectroscopic
data, however, do not allow a geometry in solution fdo be
unambiguously assigned, sincela, andlb (Chart 1) equally

fit both IR and NMR data.

degradation of methyldiazenido compléxor the dinitrogen
formed by decomposition of the oxidation product of £H
NHNH.. The reduction of the central metal from Re(lll) to Re-
(I) probably involves the methylhydrazine, whose oxidation
product can liberate } affording the dinitrogen complex. In
the raw product of the reaction carried out under argon, traces
of dinitrogen complexX2 were observed, but it was only when
the reaction was conducted under tNat a reasonable amount
of 2 was obtained.

Addition of free phosphite ligand PPh(OE®nd varying
amounts of NEfto the reaction mixture only resulted in a slight
variation of the ratio betweeh and2 (eq 2), with an increase
in bis(dinitrogen) comple® in the presence of PPh(OEgnd
an excess of NEtWe also attempted to isolate some intermedi-
ates, to collect information on the reaction path and the nature
of t.he .intermediate rhe.n.ium fragment WhiCh,bind§ Nut the (82) Dilworth, J. R.; Harrison, S. A.; Walton, D. R. M.; Schwedalrtarg.
solids isolated at the initial stage of the reaction or with the use Chem.1985 24, 2594.
of a low CHNHNH,:Re ratio contained a mixture of paramag- (83) Nicholson, T.; Lombardi, P.; Zubieta, Bolyhedron1987 6, 1577.
netic species, preventing any clear identification. However, in (84) fgh;‘f’z%éf”w"“h’ J.R. Leigh, G. J.; Gupta, V. D.Chem. Soc. A
the final reaction product, we always observed a white solid (gs) Geary, W. JCoord. Chem. Re 1971 7, 81.
identified as the ammonium salt [NHH{BPh,], which indicated (86) Haymore, B. L.; Ibers, J. Anorg. Chem.1975 14, 3060.
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Table 2. Selected IR and NMR Data for the Rhenium Complexes

Albertin et al.

Compound 1H NMRb-< spin Slp{ 1H} NMRbd
no. formula IR (cm™) assgnt (ppm;J, Hz) assgnt  syst (ppm;J, Hz)
1 [ReCI(CHN,)(CHsNHNH,){ PPh(OER)} 5][BPhy] 3325w »(NH) 5.74m,br NH AB; 0,=130.5

3287 m 3.28m NH 0g=121.0
3205w 4.15-3.50 m ChH Jpg = 22
1714 s v(Ny) 3.16s CHN>
2.61d CHNH
JHH =6.2
1.33,1.29,1.21t CH
2 [Re(Ny){ PPh(OE} 4][BPhy] 2094 s v(N2) 3.69m CH A, 130.3s
126t Ch
3 [ReCI(N:){ PPh(OER} 4] 2027 s v(N2) 3.96,3.64m CH A, 129.0s
1.19t Ch
4a [ReCl(GHsN2)(CsHsNHNH,){ PPh(OE®} 5][BPhy] 3354w v(NH) 6.57 br NH AB, 0a=131.2
3287 m 5.89t, br NH o0g = 118.7
3214w 4.00, 3.65m CH Jps = 22
1653s v(N2) 1.22,1.19,1.12t CH
4b  [ReCl(4-CHCsHaN,)(4-CHCsHaNHNH,){ PPh(OE®} 5][BPhs 3353w v(NH) 6.53 br NH AB, 0A=1335
3288 m 5.78t, br NH 0p=123.2
3219w 4.16-3.60 m ChH Jpg = 22
1653s v(Np) 2.44,2.33s ChCsH4
1.23,1.19,1.13t CH
5a {Re(GHsN2){ PPh(OEL)} 3][BPh4] 1642m  v(Np 3.58m ChH AB29 da=143.5
1616 s 1.26,1.23,1.06t GH 0 =123.5
JAB =15
5b [Re(4-CH;CGH4N2)2{PPh(OEQ}3][BPh4]f 1635 m ’V(Nz) 3.70m CH AB, (SA =144.3
1617 s 252s ChCsHa 0g=125.2
1.27,1.22,1.06t CH Jas =15
6 [Re(GHsN2)(PPhOELK][BPh] 1653sh  v»(N2) 3.37m CH AB, 0a=125.3
1620 s 0.72t CHq 0g = 104.0
JAB =12
7  [ReCl(GHsN2){ PPh(OER} 4][BPh,]’ 1662 s v(Np) 3.69m ChH A, 118.6s
122t CH 134-105 nt
8 [ReCI(CHN=NH)(CHsN.){ PPh(OE®}s][BPhs] 1695 s v(Np) 15.89d, br NH AB 6a=129.0
3.90m CH 0g =119.6
3.34s CHN; Jpg = 26
4.05s CHN=NH
1.31,1.30,1.28t CH
10 [ReCl(CsHsN=NH)(CsHsNo)(PPROEt)][BPh,] 1670s  v(Ny) 14.20d, br NH AB 6, =105.6
3.50-3.30m CH 0 =93.0
1.03,0.99,0.85t CH Jpe = 20

2|n KBr. ? In CD,Cl, at 25°C. ¢ Phenyl proton resonances are omittéRositive shift downfield from 85% §PO;. ¢ At —90°C. fIn (CDj).CO.
9At —30°C.

Figure 1. Perspective view of the crystal structure of the cation [ReCl-
(CH3N2)(CHsNHNH){ PPh(OER} 3] ™ (1%), with thermal ellipsoids

Chart 1
P p cLop P p
CI—Re=N=R P—Re==N=N RHNH,;N— e ==N=N_
P NH,NHR R P NH,NHR R P al R
1 Ia Ib

R = CH3, Ph, p-tolyl

Methyldiazenido complexes are rather Fdré€ and have
often been obtained by reactions of diazomethane with transition
metal hydrides. The use of methylhydrazine with REePh-
(OEt)]; allowed us to synthesize the first complex containing
both a methyldiazenido and a methylhydrazine ligand bonded
to the same central metal.

Closely related to the methyldiazenido complexare the
aryldiazenide-arylhydrazine complexes [ReCI(AsNArNHNH)-
Ps][BPhy] (4), which were obtained with the phenyld) and
p-tolyl (4b) substituents at the diazo groups (Scheme 2).

drawn at the 50% probability level. The ethyl and phenyl groups of
the phosphites are omitted for clarity. The network of intramolecular (87) Herrmann, W. AAngew. Chem., Int. Ed. Endl975 14, 355.
hydrogen bonds between methylhydrazine and ethoxy groups is (88) Herrmann, W. A.; Ziegler, M. L.; Weidenhammer, Kngew. Chem.,

represented as dashed bonds.

The solid-state structure (Figure 1) shows that the halide CI
is in a trans position with respect to the goo@cceptor CHN,
group, and it is therefore probable that such geometry (type
is also preserved in solution.

Int. Ed. Engl.1976 15, 368.

(89) Hillhouse, G. L.; Haymore, B. L.; Herrmann, W. Aorg. Chem.
1979 18, 2423.

(90) Turney, T. W.Inorg. Chim. Actal982 64, L141.

(91) Day, V. W.; George, T. A.; Iske, S. D. A. Am. Chem. Sod.975
97, 4127.

(92) Tatsumi, T.; Hidai, M.; Uchida, Yinorg. Chem.1975 14, 2530.
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Figure 2. Perspective view of the crystal structure of the cation [Re-
(N2)A{ PPh(OE®} 4]+ (21), with thermal ellipsoids drawn at the 50%  Figure 3. Perspective view of the crystal structure of the cation [ReCl-
probability level. The ethyl and phenyl groups of the phosphites are (PhNo){ PPh(OER}4]* (7+), with thermal ellipsoids drawn at the 50%
omitted for clarity. Substitutional disorder between-\42 (91%) and probability level. The ethyl and phenyl groups of the phosphites are
Cl (9%) is not shown. The cation has 2-fold crystallographic symmetry. omitted for clarity.

_ trogen)2 and the new mono(dinitroge®)rhenium derivatives
The spectroscopic data (Table 2) support the proposedi pe prepared.

formulation for4 and suggest the presence of a singly bent .\ \ VR data for the arvidiazenido [ReCI(P R+ cation
aryldiazenido ligandy(N;) at 1653 cmr®) formally present as 7% indicate temperature-d)épendent bf[ehavi(()rii)n ]solution. The
ArN,* bonded to a Re(l)_centrgI mleﬁélHowever, the IR and broad singlet appearing at 118 ppm in fi8 NMR spectrum
NMR data (ABz_muItlpIet in the*'A{ *H} NMR spectra) do_ ot at 25°C does change as temperature falls and resolves into a
allow us to assign a geometry among the three shown in Chartcomplicated multiplet at-90 °C. This result implies the

ior:ggﬁgg? V\E’g t::taa:g\?glyvgtrgpghsee g:ietgre;g?tgﬁlrd;ﬁmdo presence of inequivalent phosphorus nuclei and, in contrast with
diazenido d'erivativesl with the CF and Ar\o* ligands in the trans structure observed in the solid state, suggests a cis
o arrangement for the Cland ArN,* ligands. However, thélP
mutually trans positions. e spectra may also be interpreted on the basis of a trans geometry,
The IR spectrum of the bis(dinitrogen) complex [R@)@; in which the four PPh(OEj)ligands are made inequivalent by
{PPh(OEt}4][BPhy] (2) shows only one strong(N;) band the different arrangement of the phenyl and ethoxy groups of

1 X "
3.t 2t094 Can. ’ Sljjggestlng Tutugll)f/] translpo_?;;[!or)s for ]E.he tv(\i/o one phosphite with respect to the other. Examples of inequiva-
initrogen ligands (geometry, Scheme 1). This is confirme lent phosphorus nuclei in octahedral complexes containing four

by th_e *P{'H} NMR spectra which, betweer30 and__go PPhMe or PPh(OEH ligands in a plane were recently reported
°C, display only one sharp singlet near 130 ppm. A similar trans for [IrCl(PPhMe)s]ClO4 19 FeHCI[PPh(OE#],12 and MnH-
geometry was_opserved in the solid state (Figure 2). (CO)[PPh(OE)]41° derivatives. Taking into account these
The mono(dinitrogen) complex ReGIRPh(OER]4 (3) also precedents and the crystal structure shown in Figure 3, discussed
shows¥(N,) as a sha[)p stror;% bf”d at 2027°¢nwhereas, ooy we find that the trans octahedral geomatiy (Scheme
between+30 and—90 °C, the*P{"H} NMR spectra show @ 5y may 4150 be proposed in solution for the [ReCI(PKRPh-
sharp singlet, suggesting mutually trans positions for the ClI (OEt),}4][BPhs] compound 7). A singly bent aryldiazenido

ligand and the dinitrogen ligand (geometty, Scheme 1). PhN;* ligand is also present in the complex, fitting theN,)
Mononuclear complexes containing two dinitrogen ligands 5jye of 1662 cm! observed in the IR spectra.

7 i -
are scarce’ and include the well-known Mo and W complexes The bis(aryldiazenido) [Re(ArY,P5[BPh] derivatives 6,

M(N2)2(P-Py» and M(N)2Ps (P, P-P = mono-, bidentate . . . |
ar 6) show two medium-intensity(N,) bands at 16531616 cn1?,

934 99 -
phosphin and the Na[V(N)>(MePCHCH,PMe;)] com indicating the mutually cis positions of the two AgNgands.

pound!®the related rhenium bis(dinitrogen) derivatives being . o . >
. . The absorption values also indicate a singly bent coordination
unknown. The use of methylhydrazine as a reducing agent for : L ;
the Re(lll) complex ReGIPPh(OER]; allows both bis(dini- for both aryldiazenido ligands, which are therefore formally
P 3 bonded as Ari" to a metal center, resulting in the formal

oxidation state of-1 [Re(—I)]. Between+30 and—80 °C, the

(93) Nakamoto, K.Infrared Spectra of Inorganic and Coordination

CompoundsWiley: New York, 1970. 31p( 1_H} NMR spectra of complexe§ and 6 appear as AB
(94) Hidai, M.; Tominari, K.; Uchida, Y.J. Am. Chem. Sodl972 94, multiplets, indicating that two phosphites are magnetically
110. equivalent and different from the third. However, the IR and

(95) fghf;t’zjl'égearma”’ A J; Richards, RILChem. Soc., Dalton Trans. . \\mR data do not allow us unambiguously to assign a geometry

(96) Carmona, E.; Marin, J. M.; Poveda, M. L.; Atwood, J. L.; Rogers, R. in solution to the compounds, since both geometvieend VI
D. J. Am. Chem. S0d.983 105 3014. (Chart 2) fit the spectroscopic data.

(97) Dadkhah, H.; Dilworth, J. R.; Faiman, K.; Kan, C. T.; Richards, R.
L.; Hughes, D. L.J. Chem. Soc., Dalton Tran$985 1523.

(98) Anderson, S. N.; Richards, R. L.; Hughes, DJLChem. Soc., Dalton (101) Deeming, A. J.; Doherty, S.; Marshall, J. E.; Powell, Nl.IChem.

Trans.1986 245. Soc., Chem. Commuh989 1351.
(99) George, T. A.; De Bord, J. R. D.; Kaul, B. B.; Pickett, C. J.; Rose, D. (102) Albertin, G.; Antoniutti, S.; Bordignon, B. Organomet. Chem1996
J. Inorg. Chem.1992 31, 1295. 513 147.
(100) Rehder, D.; Woitha, C.; Priebsch, W.; Gailus, H.Chem. Soc., (103) Albertin, G.; Antoniutti, S.; Bettiol, M.; Bordignon, E.; Busatto, F.

Dalton Trans.1992 364. Organometallics1997, 16, 4959.
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Table 3. Selected Bond Distances (A) and Angles (deg), with
Esd’s in Parentheses

b l 5N4NAr [ReCI(CHN2)(CHsNHNH,){ PPh(OEt)} 3][BPhy] (1)
. _n=Nar P—]?f P Distances
AN=N==ReZ_ Re-Cl 2.438(1) P2-03 1.610(2)
| P I Re—P1 2.362(1)  P204 1.593(3)
P N Re-P2 2.406(1) P305 1.610(2)
Re-P3 2.412(1) P306 1.602(2)
v VI Re-N1 1.817(3) N1-N2 1.199(4)
Re-N3 2.235(3) N2-C32 1.431(6)
As comparisons with the data reported for other pentacoor- P1-01 1.601(2) N3-N4 1.445(4)
dinate aryldiazenido complexes whose X-ray structures are P1-02 1.601(2) N4-C1 1.480(6)
knowr?1-25104indicate that singly bent aryldiazenido ligands Angles
generally occupy equatorial positions in bipyramidal geometries, Cl—Re-P1 92.86(3) P3Re-N3 85.43(8)
we tentatively propose cis geomeWyfor our bis(aryldiazenido) Cl—Re-P2 89.38(3) NiRe-N3 95.4(1)
complexess ands. Cl-Re-P3 86.66(3) ReP1-01 119.37(9)
Cl-Re-N1 175.66(9) ReP1-02 112.38(9)
X-ray Crystal Structures. In the cationic complex [ReCl- Cl-Re—-N3 80.65(7) Re-P2-03 105.10(9)
(CH3N2)(CHsNHNH2){ PPh(OE®} 3] * (1), the metal coordi- P1-Re-P2 91.78(4) ReP2-04 121.19(9)
nates one methyldiazenido, NN2—C32, and one methylhy- P1-Re-P3 94.97(3) ReP3-05 106.67(9)
drazine, N3-N4—C1, molecule; octahedral coordination is Ei:ge—Nl 91.14(9) Rep3__06 126.00(9)
. . O e-N3 173.47(8) ReN1-N2 173.3(3)
completed by a chloride, trans to the methyldiazenido ligand, ps>_Re—p3 172.33(4) NEN2—C32 125.0(3)
and three phosphites (Figure 1). Table 3 lists relevant geometric p2—Re—N1 92.17(8) Re-N3—N4 115.6(2)
features ofl*. The structure is completed by a BPhcoun- P2-Re—-N3 87.45(7) N3-N4-C1 108.8(3)
teranion. This is the first known crystal structure of a rhenium  P3-Re-N1 91.34(8)
complex containing either an NNGlér an NHbNHCH;3 ligand. [Re(N2)o{ PPh(OER} 4][BPh] (2)
The diazenido fragment shows a linear arrangement around N1 Distances
(Re—=N1—-N2 = 173.3(3}) and an SE) geometry around N2 Re—N3 1.970(9) Re P1 2.445(2)
(N1-N2—-C32 = 125.0(3)). This suggests a marked double-  Re-N1 2.025(7) NEN2 1.022(2)
bond character for the RN and N—-N bonds, as indicated by Re—P2 2.434(1) N3-N4 1.09(2)
the very short bond distances Re1 = 1.817(3) and N:+N2 Re-Cl 2.442)
=1.199(4) A, explained by back-donation from the metal to Angles
the ligand, fitting the geometry found for dicarbony} N3—Re-N1 180 P2-Re-PI 90.02(5)
cyclopentadienyl)(methyldiazenido)tungst&w—N = 1.850, “ffgekpz 92.22(4) N3Re-P1 93.25(4)
—Re-P2 87.78(4) N+Re-P1 86.75(4)
N-N = 1.281 A; W-N-N = 173, N-N-C = 116). The N3—Re-P2 92.22(4) P2-Re-P1 90.03(5)
situation is different when the diazenido group is protonated, N1-Re-P2 87.78(4) P2-Re-P1 89.72(5)
as intrans,transeicarbonyl(methylhydrazine)nitrosylbis(triphen- P2-Re-P2 175.56(8) P1-Re-P1 173.50(9)
ylphosphine)tungsten hexafluorophosphéteyhere the bond N3—Re-P1 93.25(4) Re-N1-N2 180
geometry is bent around the metalitrogen bond and the ';';_‘F'?:__Ell, gg;gggg Re-N3-N4 180
increase in bond strength is shifted toward the terminal methyl '
(W—N=2.215, NN = 1.330, N-C=1.336 A; W-N—N = [ReCI(PhN)]{ PPh(OEL} 4][BPh4] (7)
117, N-N—C = 119). These two complex&%1%are the only Distances
other structurally known compounds containing the NNCH Re-P1 2.441(2) ReCl 2.437(2)
ligand. The mode of coordination of the diazenido ligand Re-P2 2.448(2) ReN1 1.799(6)
influences the ReCl bond, situated trans to N1, which is longer E:Ei g'jgg% “12_('\‘:% iii?l()?)
(2.438(1) A) than the mean distance found for terminal chlorides ' ’
in octahedral Re complexes (2.391 A). The methylhydrazine b1 Re_p2 85.73(7)A”9|65P3R6_P4 86.94(7)
mo[ecule, N3—N£}—C1, is co.ordlnated to rhenlgm by a typ|cal P1-Re—P3 168.76(7) P3Re—Cl 84.05(7)
o single bond via the terminatNH, group, with a bonding P1—-Re—P4 92.78(7) P3Re—N1 93.9(2)
geometry similar to that observed foanscarbonyl(methyl- P1-Re—Cl 84.72(7) P4Re—Cl 89.32(7)
hydrazine)bis(triphenylphosphine)rhodium perchldi&gN—N P1-Re-N1 97.2(2) P4-Re-N1 86.6(2)
= 1.454, N-C = 1.459 A; R-N—N = 110, N-N—C = 113), P2-Re-P3 94.90(7) ChRe-N1 175.5(2)
the only other structurally known metal complex containing this P2-Re-P4 177.55(7) ReN1-N2 170.9(6)
: ¢ P2—Re-Cl 92.48(7) NEN2-C1 125.8(7)
ligand. The Re-N3 and N-N bond lengths agree with those P2—Re—N1 91.7(2)

found for similar systems. The coordination of phosphite$ in

is an interesting example of the influence that nonbonding |engths by deforming bond angl&¥. In compoundi, the
interactions may have on the bonding of metal complexes. It distance ReP1 = 2.362(1) A, trans to N3, is comparable to
has been shown that these effects can induce distortions of upthose observed fd and7 (see below). The distances Re2

to 0.02 A and +2° in coordination geometry; among others,

=2.406(1) A and ReP3= 2.412(1) A are significantly longer,

“second-order effects” have been deSCfibEd,WhiCh affect bond due to a system of strong intramolecular hydrogen bonds

(104) Albertin, G.; Antoniutti, S.; Pelizzi, G.; Vitali, F.; Bordignon, E.
Am. Chem. Socl986 108 6627.

(105) Smith, M. R., lll; Keys, R. L.; Hillhouse, G. L.; Rheingold, A. L.
Am. Chem. Sod989 111, 8312.

(106) Davies, C. J.; Dodd, I. M.; Harding, M. M.; Heaton, B. T.; Jacob,

between the hydrazine NH groups and the ethoxy substituents
carried by P2 and P3: N3H1---O3 (N3:-03 = 2.855(4) A,
N3—H1:--0O3 = 102(2F), N3—H2:--05 (N3--O5 = 2.807(4)
A, N3—H---05 = 130(3f), N4—H--:0O3 (N3:-03 = 3.165(4)

C.; Ratnam, JJ. Chem. Sag¢Dalton Trans.1994 787.

(107) Martn, A. M.; Orpen, A. G.J. Am. Chem. Sod 996 118 1464.
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') ever, ours is the first case in which the metal is coordinated to
2 Cr - two N, molecules. The ReN and N-N distances tend to be
N2 anticorrelated, according to a possibteback-donation from
? Q Re d occupied orbitals to the* LUMO of N,. The extreme
Q N (é cases aremeriris(dimethylphenylphosphine)(dinitroge)-
O— 1S ) (diphenyldithiophosphinat&(methyl isocyanide)rheniutff
) / (Re—N =1.828, N-N = 1.128 A; Re-N—N = 174°), in which
P2 p2

b1 back-donation is significant, and tetrakis(diethylphenylphos-
D/q phine)(dinitrogenN)hydridorheniur® (Re—N = 2.055, N-N

dO\Q— C/(J\/CO{ D) = 1.018 A; Re-N—N = 180C), in which the N-N distance,
O/C Re \O trans to H, is apparently shorter than the, Nhternuclear

P1

distance in the gas phase (1.0976 A). Compo2falls in the

N3 intermediate range, typical of complexes in which the dinitrogen
is bonded trans to a chloride or a PMigand.
C{ \O The asymmetric unit also contains half of a BPleounter-
o Ne O anion, with the B atom lying on a crystallographic 2-fold axis;
crystal packing does not show any other important features
Figure 4. Complete sketch of the cation [Ref{ PPh(OE}4]" (2*),  except for van der Waals interactions.
Ehl(iwl\llr;_g the arrangement of phenyl groups around coordination site In the cation [ReCI(PhB{PPh(OEB]* (7+), thenium is

bonded to a phenyldiazenido group, trans to a chloride ligand,
A, N4—H---03 = 135(5)). The same effect was observed in and four phosphites complete the octahedral coordination (Figure

the complex bis(hydrazine)tetrakis(triethoxyphosphine)osmium g)i_The I::rystal structure is ([:)omén_leted by a BPlanfion. Jable_
bis(tetraphenylboratéf, where a network of intramolecular Ists the most Important bonding parameters for the cation.

hydrogen bonds induced a lengthening of about 0.06 A in the Comparison between the bonding situations of the diazenido

Os—P distances. These interactions cause the bending of theIigands in1 and 7 shows that replacement of the methyl

: _ _ bstituent in the former with a phenyl group in the latter slightly
phosphite toward N3 (P2Re—N3 = 87.45(7), P3-Re—N3 = su !
85.43(8), Re-P2—03 = 105.10(9), Re-P3-05 = 106.67(9)), shortens the ReN bond (1.817(3) and 1.799(5) A, respectively)
slightly hindering the overlap of bonding orbitals between Re and lengthens the NN bond (1.199(4) and 1'220.(,7) A,
and P and producing the elongation of the-Rebonds. respectively), according to the greateacceptor capability of

The complex cation [Re({ PPh(OER} 4]+ (2+) showsCs the phenyldiazenido with respect to the methyldiazenido li§and.
point group symmetry, the metal and the two dinitrogen As already observed fdr, the geometry of the diazenido group

; : : . i tially linear on N1 (ReN1—N2 = 170.9(6Y) and bent
molecules being collinear on a crystallographic 2-fold axis along IS essen - ;
z (Figure 2). The geometry around the metal is completed by 02n '}2 _(NerNZ_Cl_ 1ﬁ5.8(7)j).(;!’he_Re—(_3l (_j||stance (2';'37'
four phosphite groups, symmetrically related in pairs, giving (f) h) IS t eds_ame .35 tl_at 'lé n |c?jt|n€ simi z::)r trzns ? eclts
octahedral coordination. Table 3 lists principal bond distances of t ethWOh |azerl;| 0 Igdazn S’h an bt elelé. onas cealr)yd
and angles for the complex. The overall geometry of the cation 'SSEMP€ those observedanwhere bonding Is not perturbe
is close toC, symmetry, the two independent phosphites being by intramolecular hydrogen bonds. The phenyl group is slightly
related by a pseudo-4-fold axis coinciding with the crystal- rot?ted aro_und th? N'Zc_l bond (N.1_N2_C1_06 - _17'.
lographic 2-fold axis along, and the cell constants simulate a (2)°), allowing optimization of the intramolecular interaction

tetragonal setting. The octahedral geometry is highly regular in 86h—H---O3 (Cf°fﬁ3_: 3'440|(8) ’BI‘ C6-H---03= 1'70.?('5)’).d'f
the equatorial plane containing the P atoms, and it is slightly Other nonnegligible intramolecular interactions involving di-

distorted along the axis, as the angles-FRe—N3 are 93.25- ferent phosphites_, may partial_ly account for the temperature-
(4) and 92.22(&) for P1 and P2, respectively. The bending of dependent behavior observed in the solufshNMR spectrum,
the phosphites toward NﬂNZ’ is related to the peculiar which indicates that the four phosphites are not magnetically

arrangement of the ethoxy and phenyl groups, shown in Figure equivalent; e, their free rotation around the—R‘_fe bonds is
4. The aromatic moieties define a 4-fold corolla around-N1  Semewhat hindered. In the solid state, the substituents on the P

N2, with the torsion angles NARe—P—C = 26.3(3) and 15.3-  alomsare differently oriented and the shortest contacts observed
9 (3) are C12-H+-N2 (C+-N = 3.22(1) A, G-H---N = 118.4(5}),

3)° for P1 and P2 tively, and with a dihedral angle of
(3)° for P1 and P2, respectively, and with a dinedral angle of o o7/~ 1] = 3.39(1) A, G-H--Cl = 122.4(5}), and

85° between the two independent rings-a36 and C11+C16.
The ethoxy groups surroupnd the NBIL?moIecule onthe other ~ C3%-H+O1 (G0 = 3.10(1) A, C-H--O = 135.6(6)),

side of the complex. A cavity with a volume of about 132 A where C1'2 belongs to the phenyl at P1, C19 is bonded to O4,
is located on the molecular 2-fold axis, centered about 3.1 A and C39 is bonded to 0_8' ] )
from N4, and contains approximately 5 electrons. This blurry [0 the crystallographic literature, 15 cases of rhenium
electronic density has been explained in terms of a disorderedcomplexes with phenyldiazenido ligands are known, containing
solvent, whose loss might be the cause of the crystal decaydifferent substituents on the aromatic ring. In only one case
observed during X-ray exposure. As mentioned in the Experi- (Pis(1,2-bis(dimethylphosphino)ethane)bis((4-chlorophenyl)dia-
mental Section, the coordination site of the molecule-N2 zenido)rhenium(l1l) hexafluorophosphatejs the coordination

is partially occupied by a chloride anion and this prevents Pent (Re-N—N = 147 and 149 for two independent ligands,
satisfactory definition of local bonding geometry. The distances acting as 1-electron donors); the geometry is generally linear
Re—N3=1.970(9) A and N3-N4 = 1.09(1) A agree with other

values observed for dinitrogen complexes of rhenium. (108) Polmbeiro, A. J. L.; Hitchcock, P. B.; Richards, RJLChem. Soc.,
; ; Dalton Trans.1987 319.
A search of the Cambridge Crystallographic DataBase (109) Chiu. K. W.. Howard, C. G.. Rzepa, H. S.. Sheppard, R. N.
(October 1998 release) revealed that 13 other molecules™ ™ wikinson, G.: Galas, A. M. R.; Hursthouse, M. Bolyhedron.982

containing the ReN=N system are structurally known. How- 1, 441.
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Scheme 3 Scheme 4
CH + Ar +
H r~/1 ’ H 1\4
\ — + =
P * P N7 P NH,NHA R N
\ NN, Pb(OAc), \F \ S Pb(OAc), a \R; N=N w
—Re==N=N S EEEE—— —Re==N=—N Cl—Re==N=N —_— —Re==N=—=
cl Re N N\CH -30 °C, CH,Cl, c R'e-.,, N N\CH B SAr -30 °C, CH,Cl, NAr
PP } PP } PP PP
* 8" 4" (91
(VIID)
P = PPh(OEt), Ar
/ +
. o ) ) p N4.N. P /.N.‘Ar
in the remaining molecules, with R&—N angles ranging from \ s . cr . /N/
159 to 178. In all cases, the NN—C angles range from 116 TN, JAR A
to 126. P P b
Reactivity. The new dinitrogen complexes [RefbP][BPhs] (Al 5
(2) and ReCI(N)P;4 (3) are very stable, both as solids and in
solution, and the B group cannot easily be substituted by P'=PPh(OEy; Ar=Ph, p-tolyl

ligands such as CO or phosphite even after long reaction times.

For example, bis(dinitrogen) compl@showed no substitution ~ drazido(2-), NN(H)CHs, liganc?®#2 1 formed by oxidation of

of N, after 24 h of reaction with CO (1 atm) at room the methylhydrazine molecule. A doublet due to the coupling
temperature. Protonation with HBBr CR:SOsH and methy- with the NH proton should in fact be present for the {3itjnal
lation with CRSO;CHs were also investigated and found to  0f @ NN(H)CH ligand, with the NH signal at a lower frequency

cause decomposition of compouRdwith loss of N. However, than 15 ppm (1312 ppm), as observed for other methylhy-
in the case of ReCI()Ps (3), while protonation resulted in  drazido(2-) complexe¥: 11112
decomposition, methylation with GEO;CHs proceeded slowly The infrared spectrum o8 shows thevN, band of the

to give a rather unstable compound, which was isolated as amethyldiazenido ligand at 1695 cthwhereas, betweer 80
BPh;~ salt and whose IR and NMR data support its formulation and-+30°C, the*'P{*H} NMR spectra display an ABmultiplet.
as the methyldiazenido derivative [ReCI(€¥3)P4][BPhJ] (eq These spectroscopic data (IR and NMR) fit the proposed

8). The IR spectrum shows a medium-intensity band at 1739 structure V1Il ), which is based on the hypothesis that oxidation
of CH3NHNH; does not change the geometry from that of

CF3805CH; . precursorl to that of the final diazene derivativg&
ReCIN,P, —————> [ReCl(CH;N;)P4] ®) Methyldiazene complexes are r&fd%.113and no examples
are reported for rhenium. The easy oxidatior @fith Pb(OAc),

cm™1, attributed tovN, of the CHN, group formed by allows the synthesis of the first complex containing both one
methylation of the N ligand. In the!H NMR spectrum, the ~ methyldiazene and one methyldiazenido ligand bonded to the
singlet of the methyl substituent appears at 3.12 ppm, but in same central metal.
the 31P{*H} NMR spectrum, a multiplet appears, indicating a  Arylhydrazine-aryldiazenido complexesalso react with Pb-
cis arrangement for the Cland CHN,, ligands. In contrast to (OAc), at —30 °C to give, after workup, red-orange solids,
the related [ReCI(CEN2)(CHsNHNH,)Ps][BPh4] (1) complex, which turn out to be the bis(aryldiazenido) [Re(A)bPs][BPh4]
the new methyldiazenido [ReCI(GN2)P4] ™ cation is unstable,  derivatives §) and not the expected [ReCI(AsNH)(ArN,)-
both as a solid and in solution, and this prevents its complete P;][BPh,;] complexes. However, this result is not completely
characterization. However, the spectroscopic data and thesurprising, taking into account the known properties of aryl-
precedent of compountl strongly support the formation of a  diazene complexed; 25.28.29.32.33.104yhich can easily be depro-

methyldiazenido species by electrophilic atfé€lof CHs*™ on tonated to give the corresponding aryldiazenido derivatives. On
the coordinate Nmolecule in3. this basis, it is plausible to hypothesize the path shown in
The methylhydrazine ligand in the [ReCl(GHNL)(CHs- Scheme 4 for the formation of the bis(aryldiazenido) complexes
NHNH,)P;][BPhy] (1) complex was selectively oxidized by Pb- 5 from the oxidation of complexes.
(OAc), at low temperature to give the corresponding methyl-  In fact, in this case too, reactions of compleXewith Pb-
diazene derivative [ReCIl(CGIN=NH)(CH3N2)Ps][BPh4] (8), (OAc)s probably give the aryldiazerearyldiazenido cations
which was isolated in good yield and characterized (Scheme [9]", which can lose the diazene proton to give intermediates
3). [A], each containing two aryldiazenido ligands, one singly bent

Complex8 is an orange-yellow stable solid, which is also (ArN2*) and one doubly bent (Ari). The deprotonating agent
stable in solutions of polar organic solvents, where it behaves may be the acetate ion present in the reaction mixtures. Upon
as a 1:1 electrolyt& Analytical and spectroscopic data (Table rearrangement of Arjf to ArN>* and concurrent formal
2) support the proposed formulation. In particular, the presence reduction of the central metal to Rel), the bis(aryldiazenido)
of the diazene ligand is confirmed by thld NMR spectrum, complexes are formed and probably lose one ligand to reach
which shows the characteristic NH signal as a broad doublet atthe more stable 18-electron configuration, asSinAlthough
15.89 ppm. The spectrum also contains two singlets at 4.05 andthe intermediatef9]" were not detected in these reactions, the
at 3.34 ppm, attributed to the methyl substituents of theMN&H closely related complex [ReCI(PRANH)(PhN,)(PPROEL)]-

NH and CHN; ligands, respectively. The sharp singlet at 4.05 [BPhy] (10) can be obtained by protonation of [Re(PiuPPh-
ppm and the rather high frequency of the NH proton signal

_(111) Barrientos-Penna, C. F.; Campana, C. F.; Einstein, F. W. B.; Jones,
(15.89 ppm) also seem to exclude the presence of a methylhy T Sutton, D.. Tracey, A. Snorg. Chem 1084 23, 363.
(112) Albertin, G.; Antoniutti, S.; Bacchi, A.; Bordignon, E.; Giorgi, M.
(110) Diamantis, A. A.; Chatt, J.; Heath, G. A.; Hooper, N. E.; Leigh, G. T.; Pelizzi, G. Manuscript in preparation.
J.J. Chem. Soc., Dalton Tran%977, 688. (113) Ackerman, M. Nlnorg. Chem.1971, 10, 272.
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Scheme 5 protonated, affording an aryldiazene, A#NIH, or an arylhy-
drazido(2-), Ar(H)NN, derivative of typelOaor 10b, respec-
tively. However, the observed spectroscopic properties are not
sufficient to distinguish between the two possible protonation

;\f_‘* i r’ * sites on the aryldiazenide ligand, and the absence of any X-ray

N AN structure prevents conclusive assignment of the geometry. The

//N . IR spectrum shows &N, absorption of the aryldiazenido ligand

- Sap o OTRTNEN at 1670 cm', whereas théH NMR spectrum shows an NH

PP P P signal due to the ArlNH or Ar(H)NN ligand present as a

broad doublet at 14.20 ppm. Two phosphines, magnetically

equivalent and different from the third, are also present in the
complex, as indicated by the ABnultiplet observed in thé'P-

OEtk][BPhy (6) with HCl (see below). The subsequent {'H} NMR spectrum. The(N;) adsorption at 1670 cnt also

treatment of10 with NEt; gives back the bis(aryldiazenido) indicates a singly bent ArN ligand. On this basis, the

complex8, thus strongly supporting the path shown in Scheme aryldiazene [ReCI(Ar-NH)(ArN2)Ps| * (10a") should contain

4. a formal Re(l) central metal and the arylhydrazide}2ReCl-
These results prompted us to treat the methyldiazene complext Af(H)NN}(ArN2)P3] * (10b™) & formal Re(lll), indicating that

[ReCI(CHsN=NH)(CHaN,){ PPh(OE}3][BPh4] (8) with an Fhe protonation reaction of a.smgly bent aryl@azgmdo ligand

excess of NEtin an attempt to prepare a bis(methyldiazenido) " [Re(ArN2)2P3] " (67) results in 2 e or 4 e oxidation of the

[Re(CHsN2),Ps][BPh4] complex related t& (eq 9). However, ~ central metal. _ o
This feature may also explain the lack of reactivity toward

[Re(ArN,),P,]* exc. HCI
6+
H

\
P NT ¢ p

.o

Cl—Re==N=N
/ i

10a* 10b*
P = PPhOFEt; Ar = Ph

+ acid of all the mono(aryldiazenido) Re(l) complexgs4, 7,
ReCl(CH;N=NH)(CH;N,)P NE %
[ReCI(CH, JCHNDPSI + NEG and 8, whose probable reluctance to give rhenium complexes
[Re(CH;N,),P3]* + NHEL'CI  (9) in a high oxidation state (Il or V) prevents protonation from
M taking place.

in this case, no reaction occurred and starting comg@ex
was recovered unchanged after 24 h at°s This result
was rather unexpected but may be explained as being due to This paper reports some new aspects of the diazo chemistry
the absence of acidity in methyldiazene in contrast to the Of rhenium. In particular, the syntheses of both the unprec-
properties of the related aryldiazene. However, as previously €dented bis(dinitrogen) [Re¢¥P4][BPhy] (2) and methyldia-
reported resulfd—25.2829.3¢33.104ndjicate that deprotonation of ~ zenido [ReCI(CHN2)(CHsNHNH2)Ps|[BPhy] (1) derivatives
a diazene is often closely linked to one rearrangement, oneWere easily achieved using methylhydrazine as the reducing
reduction and the dissociation of one ligand (see Scheme 4),agent for the trichloro Re(lll) complex Ref%. Diazo com-
the lack of reactivity o8 toward a base may be related to the Plexes such as the mono(dinitrogen) ReG)@ (3), the bis-
whole sequence of reactions and not only to the low acidity of (aryldiazenido) [Re(Arb)2Ps][BPhs], and the mono(aryldiaz-
the diazene. Furthermore, the properties of the final aryldiaz- €nido) [ReCI(ArN)(ArNHNH_)Ps][BPhy] and [ReCI(ArN)Ps]-
enido compounds can also influence the deprotonation reactions[BP] derivatives were prepared. The first structural parameters
and the nonreactivity 08 may also be due to a reluctance to for both bis(dinitrogen@ and methyldiazenidemethylhydra- -
form a bis(methyldiazenido) Re() derivative. In any case, the ~ Zine 1 complexes of rhenium were also obtained. Reactivity
natures of the substituents on the NN groups in these diazenestudies carried out on these new complexes highlighted their
and diazenido rhenium complexes seem to be significant in interesting properties, including selective oxidation of the
determining their chemical properties. methylhydrazine ligand irl by lead tetraacetate to give the
Aryldiazenido complexes are reported to react with Brgnsted corresponding methyldiazene derivative [ReClg8HNH)-
acids to give the corresponding aryldiazene derivafi¥e¥,and (CH3N2){ PPh(OER} 5][BPh4] (8). The methylation reaction of
we therefore tested this type of reaction using HCls&B:H, the dinitrogen ligand in3, affording an unstable species
and CRECOOH, for both the methyldiazenido complexieand characterized as methyldiazenido [ReCI@BE)P4] ¥, was also
8 and the aryldiazenido complexds-7 derivatives. Results ~ detected.
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The other mono(diazenido) complex&s8, 4 and7 do not

react toward protonation (as ascertained by NMR) and may be ~ Supporting Information Available: X-ray crystallographic files,

isolated unchanged even after treatment with excess acid. N CIF format, for the structure determinations of compleke3, and
The new compoundO is an air-stable orange solid that is 7. This material is available free of charge via the Internet at

diamagnetic and behaves as a 1:1 electrolyte. Its spectroscopi@ttp://DUbs'acs'org'

data indicate that only one aryldiazenido ligand 6nis IC990970R

Conclusions



