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Triazenide [M(z?-1,3-ArNNNAI)P,]BPh, [M = Ru, Os; Ar = Ph, p-tolyl; P = P(OMe)s, P(OEt)s, PPh(OEt),] complexes
were prepared by allowing triflate [M(«2-OTf)P,JOTf species to react first with 1,3-ArN=NN(H)Ar triazene and then
with an excess of triethylamine. Alternatively, ruthenium triazenide [Ru(7?-1,3-ArNNNAr)P,|BPh, derivatives were
obtained by reacting hydride [RuH(7?-H2)P4]* and RuH(«'-OTf)P, compounds with 1,3-diaryltriazene. The complexes
were characterized by spectroscopy and X-ray crystallography of the [Ru(z?-1,3-PhNNNPh){ P(OEt)s} 4]BPh, derivative.
Hydride triazene [OsH(r-1,3-ArN=NN(H)Ar)P,]BPh, [P = P(OEt);, PPh(OEt),; Ar = Ph, p-tolyl] and [RuH{#'-
1,3-p-tolyl-N=NN(H)-p-tolyl} { PPh(OEt),} 4]BPh, derivatives were prepared by allowing «-triflate MH(k*-OTf)P4 to
react with 1,3-diaryltriazene. The [Os(«*-OTf){ 77*-1,3-PhN=NN(H)Ph} { P(OEt)3} 4]BPh, intermediate was also obtained.
Variable-temperature NMR studies were carried out using '°N-labeled triazene complexes prepared from the 1,3-
PhISN=N®N(H)Ph ligand. Osmium dihydrogen [OsH(1%-H2)P4]BPh, complexes [P = P(OEt);, PPh(OEt);] react
with 1,3-ArN=NN(H)Ar triazene to give the hydride—diazene [OsH(ArN=NH)P4]BPh, derivatives. The X-ray crystal
structure determination of the [OsH(PhN=NH){ PPh(OEt),} 4]BPh, complex is reported. A reaction path to explain
the formation of the diazene complexes is also reported.
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Triazenide and Triazene Complexes of Ru and Os

triazenide is a donor ligand which has shown its ability to solvents were dried over appropriate drying agents, degassed on a
stabilize mono- and dinuclear derivatives. vacuum line, and distilled into vacuum-tight storage flasks. RuCl
Triazene 1,3-ArN=NN(H)Ar (Chart 1,C), instead, has ~ 3H:0 and (NH).0sCk salts were obtained from Pressure Chemical
been mainly used as a precursor for the triazenide complexesC0- and were used as received. Phosphite PPh @& prepared
resulting in its very limited use as a ligand. Only two by the method of Rabinowitz and Pelldmyhile P(OEt) was an
example& of IrCl(7%-codf RN=NN(H)R} (cod = cyclo- Aldrich product purified by distillation under nitrogen. 1,3-

. _ Diaryltriazenes, 1,3-Ar-NN(H)Ar (Ar = Ph, p-tolyl), were
octa-1,5-diene)- and RhAN=NN(H)Ar} (CO).-type com- prepared following the literature meth&iThe labeled triazene 1,3-

plexes, containing triazene as a ligand, are reported in thethN:leN(H)Ph was prepared from labeled anilinefH,
literature. This result is somewhat surprising because triazeneggos enriched, CIL) and NaNOOther reagents were purchased
may be compared to the substituted-diazene=AN (D), from commercial sources in the highest available purity and used
whose coordination chemistry has been extensively devel-as received. Infrared spectra were recorded on a Nicolet Magna
oped over the past twenty-five years, leading to the synthesis750 or Perkin-Elmer Spectrum One FT-IR spectrophotometers.
of several complexes with interesting properfies. NMR spectratH, 3!P,5N) were obtained on AC 200 or AVANCE
We are interested in the chemistry of “diazo” complexes 300 Bruker spectrometers at temperatures betwegh and+30
of transition metals and have reported on the synthesis and C: unless otherwise notedH spectra are referred to internal
the reactivity of aryldiazene and aryldiazenido complexes tetraTethyls'lané_l P{;H}.Chem'cal shifts are reported with respect
of manganese and iron triad%.The broadening of these 0 85% HPQy, while ™N is reported with respect to GANO,. In

tudies to “tri ,, . h tri d tri id both cases, downfield shifts are considered positive. The COSY,
stuaies 1o ”6_120 SPECIES Such as triazene _an razeni eHMQC, and HMBC NMR experiments were performed using their
should be of interest not only for a comparison between

' ) ; standard programs. The SwaN-MR software packages used
“diazo” and “triazo” ligands toward the same metal fragment {5 treat NMR data. The conductivity of 1®mol dni3 solutions
but also for extending the knowledge of the chemistry of of the complexes in CHNO, at 25°C were measured with a CDM
triazene and triazenide complexes. A glance through litera- 83 radiometer.
ture, in fact, shows that, except for the pioneer work of  Synthesis of ComplexesThe classicd? MH,P, and nonclas-
Robinson et af2f90n the chemistry of triazenide complexes  sical® [MH(7%*Hz)P,]Y [M = Ru, Os; P= P(OMe}, P(OEt}, PPh-
of ruthenium(ll) and osmium(ll), only some cluster com- (OEt); Y = BF,, BPh] hydride complexes were prepared according
poundgbcwith the triazenide ligand have been reported for tolthe procedure pgewously reported. The trlflat_e species, MH-
these metals. In this paper, we report some studies on thel* -OT0Ps and [M*-OTNPJOTI, were prepared in solution by
L . . . reacting hydride MHP, complexes with CESO;H (HOTf) or CFs-
reactivity of 1,3-diaryltriazene molecules toward classical and .
. . . . SO;CHs; (CH3OTH), following the reported methott.

nor_1c|a35|cal hydride complexes of_ ruthgnlum and osmium, [Ru(7%-1,3-ArNNNANP JBPh, (L, 2) [P = P(OMe); (1), P-
whlch allow the synthesis of new triazenides gnd of the first (OEt)s (2); Ar = Ph (a), ptolyl (b)]. Method 1. An equimolar
triazene complexes of Ru and Os to be achieved. amount of HBR-Et,0 (0.26 mmol, 37«L) was added to a solution
of the appropriate hydride RyR, (0.26 mmol) complex in 6 mL
of CH,CI;, cooled to—196 °C. The reaction mixture was brought

All synthetic work was carried out in an appropriate atmosphere to —30 °C and stirred for about 1 h, and then an excess of the
(Ar, Np) using standard Schlenk techniques or a vacuum atmosphereappropriate 1,3-Arl=NN(H)Ar triazene (0.52 mmol) in 2 mL of
drybox. Once isolated, the complexes were found to be relatively CH,Cl, was added. The solution was brought to room temperature
stable in air but were stored in an inert atmosphere2s °C. All and then refluxed for about 1 h. The solvent was removed under
reduced pressure yielding an oil which was treated with ethanol (2
mL). The addition of an excess of NaBR0©.78 mmol, 0.27 g) in
2 mL of ethanol caused the separation of a brown solid which was
filtered and crystallized from C}l, and ethanol: yield from 65
to 80%.

Method 2. An equimolar amount of GfSO;H (0.26 mmol, 23
uL) was added to a solution of the appropriate hydride FuH
(0.26 mmol) complex in 6 mL of CKCl, cooled to—196°C. The
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mmol, 24uL) was added, and the reaction mixture was stirred for
1 h at room temperature. A solution of the appropriate 1,3-ArN
NN(H)Ar triazene (0.28 mmol) in 2 mL of CCl, was added to

Albertin et al.

solution stirred fo 1 h atroom temperature. An excess of the
appropriate triazene (0.44 mmol) in 2 mL of toluene was added to
the resulting solution which, after the further addition of £

the resulting solution, which was stirred for 4 h, and then an excess (5 mL), was stirred at room temperature for 4 h. An excess of

of NEt; (1.04 mmol, 145u4L) was added. The reaction mixture
was stirred fo 3 h and filtered to remove the (NHECRSGO; salt,

triethylamine (0.44 mmol, 64L) was added to the reaction mixture,
which was stirred for 3 h, and then the solvent was removed under

and then the solution was evaporated to dryness under reducededuced pressure. The oil obtained was treated with ethanol (2 mL)

pressure. The oil obtained was treated with ethanol (2 mL)
containing an excess of NaBP(0.78 mmol, 0.27 g). A brown
solid slowly separated out, and it was filtered and crystallized from
CH,Cl; and ethanol: yield> 80%.

Anal. Calcd for GgHeeBN3O12P4RU (1a): C, 51.81; H, 5.98; N,
3.78. Found: C, 52.03; H, 6.11; N, 3.6&y: 51.5Q71 mol™
cnm?. IH NMR (CDCl,, 20°C): 6 7.40-6.87 (m, 30 H, Ph), 3.77
{virtual triplet (vt), Jyp = 5.3 Hz, 18 H, CH}, 3.51 (vt,Jup = 5.3
Hz, 18 H, CH). 31P{1H} NMR (CD.Cl,, 20°C): 6 A,B; spin syst,
Oa 139.0, 0 129.2,Jag = 57.0 Hz. Anal. Calcd for gH7¢
BN3O,P,Ru (1b): C, 52.64; H, 6.18; N, 3.68. Found: C, 52.48;
H, 6.23; N, 3.56 Ay: 50.6Q1 mol~1 cn?. IH NMR (CD,Cl,, 20
°C): 6 7.38-6.86 (m, 28 H, Ph), 3.74 (vilup = 5.3 Hz, 18 H,
CHjs phos), 3.53 (vtJup = 5.3 Hz, 18 H, CH phos), 2.35 (s, 6 H,
CHjz p-tolyl). 31P{1H} NMR (CD.Cl,, 20 °C): ¢ A,B; spin syst,
Oa 138.8, 0 129.5,Jag = 57.0 Hz. Anal. Calcd for gHgg
BN3;O1,P4,RU 23): C, 56.25; H, 7.08; N, 3.28. Found: C, 56.36;
H, 7.14; N, 3.20Ay: 53.3Q 1 mol1cn? H NMR (CD,Cl,, 20
°C): 0 7.56-6.87 (m, 30 H, Ph), 4.12, 3.85 (m, 24 H, gH1.33
(t, Jun = 7 Hz, 18 H, CH), 1.06 (t,Juq = 7 Hz, 18 H, CH).
SIP{1H} NMR (CD.Cl,, 20 °C): & A,B; spin syst,0a 134.5,08
125.2,Jas = 58.1 Hz.

[Ru(n?-1,3-PHSNNNPh) P(OEt)3} 4]BPh, (2a). This complex
was prepared exactly like the related unlabeled compo2end
following Method 1 and using the labeled 1,3!FNINN(H)Ph
triazene ligand: yield=60%.H NMR (CD,Cl,, 20°C): 6 7.55~
6.87 (m, 30 H, Ph), 4.13, 3.87 (m, 24 H, @H1.33 (t,Juy = 7
Hz, 18 H, CH), 1.06 (t,Juy = 7 Hz, 18 H, CH). 3P{*H} NMR
(CD.Cl, 20°C): 6 AA'B,XX' spin syst (X, X = 15N), o4 135.3,
65 1260,JAA' - 63.5,JAB - JA'B - 57-31~]AX - \]A'X’ - 46.6,JA)('
= JA')( = 4.95,-]3)( = \]BX' = 5.20,Jxx' = 4.05 Hz.

[Ru(n?-1,3-PhNNNPhY PPh(OEt),} 4]BPh, (3a). An equimolar
amount of methyltriflate (CFSO;CHs, 0.33 mmol, 37uL) was
added to a solution of RUIPPh(OE#t)}4 (0.33 mmol, 0.30 g) in
6 mL of toluene cooled to-196 °C. The reaction mixture was

brought to room temperature and stirred for 1 h, and then an excess

of 1,3-PhNNN(H)Ph (0.70 mmol, 0.138 g) in toluene (2 mL) was

added. Dichloromethane (10 mL) was added to the reaction mixture

which was refluxed for about 30 min. The solvent was removed

containing an excess of NaBP(D.44 mmol, 0.15 g). A brown
solid slowly separated out which was filtered and crystallized from
CH.Cl, and ethanol: yield75%. Anal. Calcd for GoHgoBN3O; -
OsR, (4a): C, 52.59; H, 6.62; N, 3.07. Found: C, 52.42; H, 6.68;
N, 3.01.Ay: 51.5Q 1 mol~t cn?. H NMR (CD,Cl,, 20°C): 6
7.98-6.87 (m, 30 H, Ph), 4.10, 3.83 (m, 24 H, @H1.34 (t,Jun
=7 Hz, 18 H, CH), 1.06 (t,Juy = 7 Hz, 18 H, CH). 31P{1H}
NMR (CD2C|2, 20 OC)Z o A-B, Spin syst,éA 91.8,53 79.1,Ip =
40.5 Hz. Anal. Calcd for gHgsBN30,,0sR, (4b): C, 53.25; H,
6.78; N, 3.00. Found: C, 53.41; H, 6.73; N, 2.88y: 52.7Q71
mol~t cn?. 1H NMR (CD,Cly, 20 °C): 6 7.50-6.86 (m, 28 H,
Ph), 4.21, 3.82 (m, 24 H, Cij 2.33 (s, 6 H, CH p-tolyl), 1.31 (t,
Jun = 7 Hz, 18 H, CH phos), 1.04 (tJuqw = 7 Hz, 18 H, CH
phos).31P{1H} NMR (CD.Cl,, 20°C): 6 A,B, spin systda 92.3,
0g 80.2,Jag = 41.0 Hz. Anal. Calcd for gHgoBN3OzOsPR, (5a):
C, 60.92; H, 6.05; N, 2.80. Found: C, 60.79; H, 6.16; N, 2.67.
Awm: 50.9Q71 mol~t cn?. IH NMR (CD,Cl,, —30°C): 6 7.55—
6.86 (m, 50 H, Ph), 4.05, 3.60, 3.35 (m, 16 H, §HL.29, 1.27,
1.17, 1.15, 1.05, 0.84 (fun = 7 Hz, 24 H, CH). 31P{*H} NMR
(CD,Cl,, —30°C): 6 ABC, spin systpa 122.7,0g 122.2,0c 111.2,
Jpg = 24.2,Iac = 26.7,Jgc = 30.5 Hz.
[Os(k1-OTf){n*-1,3-PhN=NN(H)Ph}{ P(OEt)s} 4]BPh,; (6a).
An equimolar amount of methyltriflate (0.11 mmol, 12) was
added to a solution of OsfIP(OEtk}4 (0.12 mmol, 0.10 g) in 6
mL of toluene cooled te-196°C. The reaction mixture was brought
to room temperature, stirred for 1 h, and then cooled agairl@6
°C. A slight excess of CfSO;H (0.13 mmol, 12uL) was added,
and the solution was stirredrfd@ h atroom temperature. An excess
of 1,3-PhN=NN(H)Ph (0.22 mmol, 44 mg) in 2 mL of Cil,
was added, and the reaction mixture, after the addition of 5 mL of
CH,CI,, was stirred for 2 h. The solvent was removed under reduced
pressure to give an oil which was treated with ethanol containing
an excess of NaBRH0.44 mmol, 0.15 g). A brown solid slowly
separated out which was filtered and crystallized fromClkland
ethanol: yield> 45%. Anal. Calcd for @Hg;BF3N3O;50sSRS: C,
48.19; H, 6.03; N, 2.76. Found: C, 48.06; H, 6.14; N, 2.83.
51.2Q71 mol~! cm?. H NMR (CD.Cly): 6 (—80°C) 11.65 (s, 1
H, NH); (=50°C) 11.2 (s, br, 1 H, NH), 7.346.90 (m, 30 H, Ph),

under reduced pressure to give an oil which was treated with ethanol4-18 (M, 24 H, CH), 1.33 (t,Ju = 7 Hz, 15 H, CH), 1.12 (t,Jun

(3 mL) containing an excess of NaBP{®.66 mmol, 0.23 g). A
brown solid separated out which was filtered and crystallized from
CH,Cl, and ethanol: yield=75%. Anal. Calcd for GHgoBN3OgP4-
Ru: C, 64.77; H, 6.44; N, 2.98. Found: C, 64.55; H, 6.35; N, 3.10.
Anm: 51.9 Q71 mol™t cm?. 1H NMR (CD,Cly, 20 °C): 6 8.04—
6.66 (m, 50 H, Ph), 4.363.60 (m, 16 H, CH), 1.50 (t,Jun = 7
Hz, 6 H, CHy), 1.25 (t,Jun = 7 Hz, 6 H, CH), 1.09 (t,Jyn = 7
Hz, 12 H, CH). 3P{1H} NMR [(CDj3),CO/CDCk, —100°C): o
A;B; spin syst,da 163.0,0g 153.8,Ja = 44.4 Hz.
[Os(1?-1,3-ArNNNAI)P 4]BPh, (4, 5) [P = P(OEt); (4), PPh-
(OEY), (5); Ar = Ph (a), p-tolyl (b)]. An equimolar amount of
methyltriflate (0.11 mmol, 12L) was added to a solution of the
appropriate hydride OsiR, (0.11 mmol) in 6 mL of toluene cooled
to —196°C. The reaction mixture was brought to room temperature,
stirred for 1 h, and then cooled again+d.96 °C. An equimolar
amount of triflic acid (0.11 mmol, 1@L) was added, and the

3818 Inorganic Chemistry, Vol. 45, No. 9, 2006

= 7 Hz, 21 H, CH). 3'P{1H} NMR (CDCl,, —80 °C): 6 A,BC

Spin SySt,(SA 846,(33 742,6(: 63.5,JAB = 41.8,JAC = 44.9,-]3(:

= 48.7 Hz. IR (KBr, cnl): 3327 w (’NH).
[OsH{#n*-1,3-ArN=NN(H)Ar } P,]BPh, (7, 8) [P= P(OEt); (7),

PPh(OEt), (8); Ar = Ph (a), p-tolyl (b)]. A solid sample of the

appropriate OskP, hydride (0.1 mmol) in 6 mL of toluene was

placed in a 25 mL three-necked round-bottomed flask, and the

resulting solution was cooled t6196 °C. An equimolar amount

of methyltriflate (0.11 mmol, 12L) was added, and the reaction

mixture was brought to room temperature and stirred for 1 h. An

excess of the appropriate triazene 1,3-AMNN(H)Ar (0.20 mmol)

in 2 mL of toluene was added, and the reaction mixture, after the

addition of 5 mL of CHCI,, was stirred at room temperature for 4

h. The solvent was removed under reduced pressure to give an oil

which was treated with ethanol containing an excess of NaBPh

(0.44 mmol, 0.15 g). A dark-green solid slowly separated out which



Triazenide and Triazene Complexes of Ru and Os

was filtered and crystallized from GBI, and ethanol: yield from
60 to 75%. Anal. Calcd for gHo,BN301,0sR;, (7a): C, 52.51; H,
6.76; N, 3.06. Found: C, 52.42; H, 6.88; N, 3.: 52.6Q1
mol~t cm?. IH NMR (CD,Cl,, —90°C): 6 10.84 (s, br, 1 H, NH),
7.90-6.67 (m, 30 H, Ph), 4.123.60 (m, 24 H, CH), 1.24 (t,Jun
=7Hz,9H, CH), 1.17 (t,Jun = 7 Hz, 9 H, CH), 1.15 (t,Jpn =
7 Hz, 18 H, CH), —8.19 t0o—8.66 (m, 1 H, OsH)3P{1H} NMR
(CD4Cl,, —90°C): 6 A,BC spin systpa 107.0,0g 102.5,6¢ 100.2,
Jag = 32.3,Jac = 44.4,Jc = 29.0 Hz. IR (KBr, cn1l): 3345w
(vNH). Anal. Calcd for GeHg,BN3OsOsR, (8a): C, 60.84; H, 6.18;
N, 2.80. Found: C, 60.67; H, 6.28; N, 2.7&y: 55.8Q 1 mol!
cn. IH NMR (CD,Cly, —90°C): ¢ 11.04 (s, br, 1 H, NH), 7.90
6.55 (m, 50 H, Ph), 4.183.34 (m, 16 H, CH)), 1.27 (t,Jun = 7
Hz, 3 H, CHy), 1.20 (t,Juy = 7 Hz, 6 H, CH), 1.14 (t,Jqyy = 7
Hz, 9 H, CH), 1.04 (t,Juny = 7 Hz, 6 H, CH), —7.92 t0—8.36
(m, 1 H, OsH).31P{*H} NMR (CD,Cl,, —90 °C): 6 AB,C spin
syst,0a 124.6,05 123.5,0¢ 120.4,Jpg = 19.3,Jpc = 29.7,Jpc =
20.4 Hz. IR (KBr, cnth): 3358 w ¢/NH), 1975 w (OsH). Anal.
Calcd for GgHosBN3OgOsR, (8b): C, 61.29; H, 6.33; N, 2.75.
Found: C, 61.44; H, 6.26; N, 2.6%y: 55.3Q"1mol-1 cn? H
NMR (CD.Cl,, —80°C): 6 10.12 (s, br, 1 H, NH), 7.466.47 (m,
48 H, Ph), 4.05-3.40 (m, 16 H, CH), 2.35 (s, 6 H, CH p-tolyl),
1.23 (t,J4ny = 7 Hz, 6 H, CH phos), 1.19 (tJuy = 7 Hz, 6 H,
CHjs phos), 1.10 (tJun = 7 Hz, 12 H, CH phos),—7.83 to—8.46
(m, 1 H, OsH).31P{*H} NMR (CD,Cl,, —80 °C): & AB,C spin
SySt,(SA 1267,63 1216,(5(; 121.2,dpg = 20.1,Jac = 29.6,Jgc =
22.1 Hz. IR (KBr, cn?): 3359 w (¢’NH), 1990 w ¢OsH).
[OsH{#n*1,3-PHN=NN(H)Ph}{ PPh(OEt)} |BPh, (8a). This

[OsH(PhN=NH)P4BPh,4 (10a, 11a) [P= P(OEt); (10), PPh-
(OEt), (11)]. An equimolar amount of GSO;H (0.1 mmol, ulL)
was added to a solution of the appropriate Rthydride (0.1
mmol) in 5 mL of dichloromethane cooled t6196°C. The reaction
mixture was stirred fol h atroom temperature, and then an excess
of 1,3-PhN=NN(H)Ph (0.3 mmol, 59 mg) was added. The resulting
solution was stirred at room temperature for 10 h, and then the
solvent removed under reduced pressure to give a brown oil which
was treated with ethanol containing an excess of NaB®& mmol,

68 mg). An orange solid slowly separated out which was filtered
and crystallized from CKCl, and ethanol: yield> 45%. Anal.
Calcd for G4Hs/BN,O1,0sR, (10a): C, 50.62; H, 6.84; N, 2.19.
Found: C, 50.54; H, 6.96; N, 2.03y: 54.7Q 1 mol-1 cm?. H
NMR (CD,Cl,, 20°C): 6 14.47 (s, br, 1 H, NH), 7.366.97 (m,
25 H, Ph), 4.02 (m, 24 H, CH\, 1.27 (t,Juy = 7 Hz, 9 H, CH),
1.24 (t,duy = 7 Hz, 9 H, CH), 1.18 (t,Juy = 7 Hz, 18 H, CH),
—8.28 t0—8.68 (m, 1 H, OsH)31P{1H} NMR (CD.Cl,, —90°C):
o) AB,C spin systﬁA 102.4,53 1005,5(; 99.5,Jp = 32-5,~]AC =
42.8,Jgc = 31.7 Hz. Anal. Calcd for @Hg/BN,OgOsR; (118): C,
59.66; H, 6.22; N, 1.99. Found: C, 59.84; H, 6.30; N, 181
50.4Q71 mol~t cn?. IH NMR (CD.Cly, 20°C): 6 13.42 (s, br, 1
H, NH), 8.05-6.67 (m, 45 H, Ph), 4.023.20 (m, 16 H, CHj),
1.30 (t,dun = 7 Hz, 6 H, CH), 1.12 (t,Juy = 7 Hz, 6 H, CHy),
1.08 (t,Juny = 7 Hz, 12 H, CH), —7.78 t0—8.45 (m, 1 H, OsH).
31P{1H} NMR (CD,Cl,, —90°C): 6 AB,C spin systpa 125.8,0z
123.7,0¢ 119.8,Jpg = 19.2,Jac = 22.7,Jgc = 30.0 Hz.

[OsH(Ph>N=NH){ PPh(OEt),} 4]BPh, (11a;). This compound
was prepared exactly like the related unlabel&dcomplex, using

complex was prepared exactly like the related unlabeled compound1,3-PH5N=N5N(H)Ph as a reagent: yiekl 45%.H NMR (CD.-

8a using the 1,3-PRNNNPh triazene ligand: yield-65%. H

NMR (CD.Cl,, —80 °C): 6 11.05 (d, 1 H, NH sy = 92 Hz),

7.90-6.58 (m, 50 H, Ph), 4.143.34 (m, 16 H, CH), 1.27 (t,dun

=7Hz,3H, CH), 1.20 (t,Jun = 7 Hz, 6 H, CH), 1.14 (t,Juy =

7 Hz, 9 H, CH), 1.04 (t,dun = 7 Hz, 6 H, CH), —7.91 t0—8.38

(m, 1 H, OsH).3P{1H} NMR (CD.Cl,, —80°C): 6 AB,CX spin

syst Q( = 15N), 6A 1247,63 1237,60 120.4,Jpg = 19.2,Jac =

29.7,Jax = 1.0,Jgc = 20.6,Jgx = 1.0,Jcx = 6.30 Hz. IR (KB,

cm1): 3347 w ¢NH), 1972 w ¢OsH).
[RuH{#*-1,3p-tolyl-N=NN(H)-p-tolyl } { PPh(OEt),} 4|BPh,4 (9b).

An equimolar amount of methyltriflate (G6O;CHz, 0.33 mmol,

37uL) was added to a solution of RufPPh(OE)} 4 (0.33 mmol,

0.30 g) in 6 mL of toluene cooled t6196°C. The reaction mixture

was brought to room temperature and stirred for 1 h, and then an

excess of 1,3-tolyl-N=NN(H)-p-tolyl (0.70 mmol, 0.158 g) in

toluene (2 mL) was added. Dichloromethane (10 mL) was added,

and the reaction mixture was stirred at room temperature for 3 h.

The solvent was removed under reduced pressure giving an oil

which was triturated with ethanol (2 mL) containing an excess of

NaBPh (0.60 mmol, 0.21 g). A green solid slowly separated out

which was filtered and crystallized from GEl, and ethanol: yield

>70%. Anal. Calcd for GgHgsBN3OgPsRU: C, 65.09; H, 6.72; N,

2.92. Found: C, 65.31; H, 6.85; N, 2.78y: 49.5Q! mol™*

cnm?. 'H NMR (CD.Cly): ¢ (20°C) 9.84 (s, br, 1 H, NH), 8.18

6.85 (m, 48 H, Ph), 4.153.50 (m, 16 H, CH), 2.43 (s, 3H, CH

p-tolyl), 2.40 (s, 3 H, CH p-tolyl), 1.51 (t,Jus = 7 Hz, 3 H, CH

phos), 1.35 (tJus = 7 Hz, 6 H, CH phos), 1.27 (tJuu = 7 Hz,

9 H, CH; phos), 1.10 (tJun = 7 Hz, 6 H, CH), —6.70 to—7.30

(m, 1 H, RuH); £90°C) 11.97 (s, 1 H, NH), 8.066.60 (m, 48

H, Ph), 4.16-3.50 (m, 16 H, CH), 2.41 (s, 3 H, CH p-tolyl),

2.38 (s, 3 H, CHp-tolyl), 1.35-1.15 (m, 24 H, CHphos),—6.78

to —7.15 (m, 1 H, RuH)3*P{*H} NMR (CD.Cl,, —90°C): 6 AB,C

spin syst,éA 172.2,(55 165.2,(5(; 160.4,Jpg = 44.5,Jac = 29.5,

Jsc = 27.9 Hz. IR (KBr, cnrl): 3331 m ¢NH).

Cly, 20°C): 6 13.40 (s, br, 1 H, NH), 8.046.67 (m, 45 H, Ph),
4.00-3.20 (m, 16 H, CH), 1.30 (t,Juy = 7 Hz, 6 H, CH), 1.14
(t, Jun = 7 Hz, 6 H, CH), 1.08 (t,Jun = 7 Hz, 12 H, CH), —7.78

to —8.45 (m, 1 H, OsH)3*P{'H} NMR (CD.Cl,, —90°C): 6 AB,C

Spin SySt,éA 1259,65 1236,(3c 119.8,Jpg = 19.2,Jpc = 22.7,

Jgc = 30.2 Hz.

X-ray Crystal Structure Determinations. The data collection
was taken on a SIEMENS Smart CCD area-detector diffractometer
with graphite-monochromated Mookradiation at room temperature
for 2aand at—100°C for 11a Absorption corrections were carried
out using SADABS'®

The structure of [Rufz-1,3-PhNNNPh)P(OEt}} 4]BPh, (2a8) was
solved by the Patterson method, and the structure of [OsH{PhN
NH){ PPh(OE®)} 4|BPh, (118 was solved by direct methods. Both
were refined by a full-matrix least-squares methods baseeféh
Non-hydrogen atoms were refined with anisotropic displacement
parameters. Hydrogen atoms were included in idealized positions
and refined with isotropic displacement parameters, except for those
labeled as H1, bonded to the Os atom, and H11, bonded to a
nitrogen atom, in [OsH(PRNH){PPh(OE}4BPh, (118). H1
and H11 were located on a difference electron-density map. H11
was refined with isotropic displacement parameters, but for H1,
the positions were not refined. Atomic-scattering factors and
anomalous dispersion corrections for all atoms were taken from
International Tables for X-ray CrystallograpkiyDetails of the
crystal data and structural refinement are given in Table 1.

(15) Sheldrick, G. M.SADABS. An empirical absorption correction
program for area detector datdJniversity of Gdtingen: Gutingen,
Germany, 1996.

(16) Sheldrick, G. MSHELX-97. Program for the solution and refinement
of crystal structuresUniversity of Gdtingen: Giatingen, Germany,
1997.

(17) International Tables for X-ray Crystallographiluwer: Dordrecht,
The Netherlands, 1992; Vol. C.

Inorganic Chemistry, Vol. 45, No. 9, 2006 3819



Table 1. Crystal Data and Structure Refinement

2a lla
empirical formula GoHaoBN3012PsRU CroHg7BN20sOsRP,
fw 1281.11 1409.31
temp 293(2) K 173(2) K
wavelength 0.71073 A 0.71073 A
cryst syst triclinic triclinic
space group P1 P1

unit cell dimensions

o = 88.894(2) o= 87.1340(10)
S = 85.266(2) B =83.7010(10)
y = 75.550(2) y = 82.9620(10)
vol 3369.3(6) R 3394.1(3) R
z 2 2
density (calcd) 1.263 Mg/tn 1.379 Mg/n?
abs coeff 0.385 mmt 2.027 mnrt
F(000) 1352 1452
cryst size 0.42¢< 0.39x 0.20 mm  0.36x 0.32x 0.27 mm
6 range 1.42-28.03 1.65-28.0F
index ranges —-16<h=<16 —-16<h=<13
—17=k=19 —19=<k=16
—19=<1=<24 —-19=<1=<283
refins collected 19 562 21481
independentrefins 13 683 14 976

reflns obsd ¢ 20)

data completeness

max. and min.
transmission

a=12.5801(13) A
b=14.8211(16) A
c=18.7249(19) A

[R(int) = 0.0293]
6917

0.839
1.000 and 0.883

a=12.5264(6) A
b=15.1969(7) A
c=18.0865(8) A

[R(int) = 0.0291]
12163
0.912
1.000 and 0.900

data/restraints/ 13 683/0/742 14 976/0/788
params
GOF onF? 0.821 0.864
final R indices R; = 0.0506 R =0.0351
[1 > 20(1)]
WR2= 0.0945 wR2=0.0567
R indices R; = 0.1088 R =0.0481
(all data)
wR2=0.1078 wR2=0.0591

largest diff. peak
and hole

0.572 and-0.381 e A3

Results and Discussion

2.025 and-1.254 e A3

Triazenide ComplexesTriazenide [M{?-1,3-ArNNNA)-
P4BPh, complexes of rutheniunil(-3) and osmium4 and
5) were easily prepared by reacting triflate pHOTF)P,] "
cations with 1,3-diaryltriazene and then with an excess of
NEts, as shown in Scheme 1.

Scheme 1
M(E-OTHP,J*OTF 1,3-ArN=NN(H)Ar
4 —_—
+
i
g |
P oTf P J
>NI/ | exc. NEt, \M/ N BPh.
N\, 2 T BPh, 4
=S | ’il)\l 4 P/ | \'I“
P Ar P Ar
[A] 1-5

(1)
M = Ru (1, 2, 3), Os @4, 5); P = P(OMe} (1), P(OEt} (2, 4, 6),
PPh(OE) (3, 5); Ar = Ph @), p-tolyl (b); OTf~ = CRSO;~ and when M
= Os, P= P(OEt}, Ar = Ph, [A] = 6a.

Albertin et al.

Scheme 2

) N 1,3-ArN=NN(H)Ar
[RuH(M*-H,)P,*OTf

1,3-ArN=NN(H)Ar
~oTr

RuH(x'-OT)P,

N
P\R ap Ha P\R 7N Beh
u u
P/|\N/)\l +BPh,- P/‘\/ 4
| 1
P oA P Ar
[B] 1,2,3

(1
P = P(OMe); (1), P(OEt} (2), PPh(OE (3); Ar = Ph @), p-tolyl (b).

The reaction of the?triflate [M(x>-OTf)P,]* cations with
1,3-diaryltriazene (Scheme 1) proceeds with the initial
coordination of the triazene to give the [M(OTf){#*-1,3-
ArN=NN(H)Ar} P, (A) intermediate which, in the case of
the [Osg*-OTf){7-1,3-PhN=NN(H)PH { P(OEt}} 4] * cation,
was isolated in the solid state and characterizéd). (
Treatment of thesg-triazeneqA) with an excess of NEt
gives the final triazenide derivative$-(5). Triethylamine,
in fact, deprotonates thg-triazene allowing;?-coordination
of the 1,3-ArNNNAr triazenide ligand.

The reaction of the ruthenium hydrides (Scheme 2) was
followed by NMR spectroscopy and showed that the addition
of triazene to both the [Rubjt-H,]P4]* and RuHg*-OTf)-

P, hydride precursors causes the substitution of the Rhile
n?-H; or ¥1-OTf ligand and the formation of a new complex
formulated as the hydridetriazene intermediatéB). This
complex was not isolated in pure form, but its formulation
is supported both by the NMR data and by the separation,
as solids, of the related hydrigi¢riazene [MH 7*-1,3-ArN=
NN(H)Ar} P4]BPh, complexes of both rutheniun®lf) and
osmium 7—8) (see below). In fact, thtH NMR spectrum

of the reaction mixture shows, starting from the triflate
complex, the disappearance of the signals of the Rb&H(
OTf)P, precursors and the appearance of a new hydride
multiplet at—8.10 to—8.60 ppm. Furthermore, at40 °C

a broad signal near9.2 ppm also appears and is attributable
to the NH proton of they'-coordinate triazene ligand. Finally,
the 3P NMR spectra show a nonsymmetric AB type
multiplet, in agreement with the presence of an intermediate-
type(B) compound. As the reaction proceeds, tespectra
show the appearance of the;BY multiplet of the final
triazenide [Rug?-1,3-ArNNNAr)P,] ™ (1—2) derivatives. At
room temperature, however, the formation of the triazenide
complex is slow and needs higher temperatures°®(0to

be completed in a reasonable time. The formation of the final
complexes1—2) from the hydride-triazene intermediat@)

Furthermore, in the case of ruthenium, the reactions of is not surprising and can be explained by taking into account

both [RuH@?H2)P4*t and RuHg*-OTf)P, hydride com-
plexes with 1,3-diaryltriazene give the triazenide [Rd(
1,3-ArNNNArP]* (1 and 2) derivatives, which were
isolated as BPhsalts and characterized (Scheme 2).

3820 Inorganic Chemistry, Vol. 45, No. 9, 2006

(18) In the case of the [Rubj#-Hp){ PPh(OER} 4]OTf complex, the known
stability!32 to the loss of the kiligand prevented the preparation of
triazenide3a in pure form, which was obtained as a byproduct in a
mixture of compounds.
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the increased acidity of the triazene N-H hydrogen atom
caused by thej'-coordination of the 1,3-ArkENN(H)Ar
group® and the protonation of the hydride [RulH ligand

to give a B molecule. Thus, an intramolecular atidase
reaction between the triazene NH protonsgfl,3-ArN=
NN(H)Ar ligand and the RuH hydride group in the
intermediate specig®) may result in evolution of Kand
formation of the chelatg?-triazenide ligand. Support for this
hypothesis comes from tHél NMR spectra of the reaction
mixture of RuH*-OTf)P, with 1,3-PhN=NN(H)Ph in CDs-

Cl,, which show a weak signal at 4.6 ppm charactefstic
of the presence of free dihydrogen, in agreement with the
path proposed in Scheme 2.

The 1,3-triazenide complexes of ruthenium and osmium
can be isolated with both the 1,3-diphenyl and 1,3-dolyl
ligands. However, complexesa—5a can only be prepared
with the 1,3-PhNNNPh group with all the phosphites used.
With the 1,3p-tolyl-NNN-p-tolyl ligand, instead, triazenide
complexeslb and 4b were obtained only with the good
m-accepting! P(OMe) and P(OE® phosphite ligands. The
use of the lesg-acidic* PPh(OE) ligand probably makes
the NH hydrogen atom of the [Rl{l‘f’l-p-t0|y|-N=NN(H)' Figure__l. Cation [Ruf?1,3-PhNNNPh)P(OEt}}4]BPhy (28) (30%

probability level), where the carbon atoms have been drawn as small spheres.
p-tolyl} P]* and the [M!-OTf){#n"-p-tolyl-N=NN(H)-p- Hydrogen atoms have been omitted.
tolyl} P,] ™ intermediates less acidic, preventing the intra-
molecular acie-base reaction between RuH and the triazene

Table 2. Selected Bond Lengths (A) and Angles (deg) 2ar

NH hydrogen atom, in one case, and the deprotonation by Ru(1)-N(3) 2.163(3) Ru(L)N(1) 2.170(3)
NEt; in the other. As a result, samples of pure hydride EEEB:EE‘B gggggggg EEEEE% gégg%gg
triazene [Rull;'-p-tolyl-N=NN(H)-p-tolyl}{ PPh(OER} 4]- N(1)-N(2) 1.319(4) N(2)¥N(3) 1.312(4)
BPh, (9b) complex can be isolated (see below). We have

also used LiOH as a base, instead of Mt the reaction of HE?}:SE&QZ‘&; 1%%.‘;31((%%) N@Eﬂ§i§§§;‘§ 182:2?8;

the triflate—triazene intermediatéd) (Scheme 1), but with N(1)-Ru(1)}-P(2)  161.14(9) P(4)Ru(1)-P(2) 92.24(4)
g i i N(3)—-Ru(1)}-P(1) 90.30(8)  N(L}Ru(l}-P(1)  81.59(8)

_both the PPh(OEﬁ)and thethIyItrlazene ligands, only P()-RU(1}-P() 95.06(4) P RU(L)-P() 91.25(2)
intractable mixtures were obtained. N(3)-Ru(1-P(3) 82.01(8) N(1}Ru(1)-P(3) 90.59(8)

The triazenide [M§?-1,3-ArNNNAr)P,BPh, (1—5) com- P(4)-Ru(1)-P(3) 91.06(4) P(2YRu(1)-P(3) 94.91(4)
plexes are red-brown microcrystalline solids stable in air and PM-Ru(l)=P@)  171.14(4)  NHN@)-NE)  107.003)
in a solution of polar organic solvents where they behave 107.0(3Y, similar to that of previously reported complexes
like 1:1 electrolyteg? Their formulation is supported by  with triazenide ligand¥-cebut slightly larger than that for

analytical and spectroscopic data and by the X-ray crystal the Ru(ll) complex [Ru(PhNNNPKPPH),]2 with an aver-

structure determination of [Rigf-1,3-PhNNNPh)P(OEt)} 4]- age value of 104.0(8) The N-N distances, 1.319(4) and
BPh, (2a) for which the ORTEP diagram of the cation is  1.312(4) A, are well within the range expected for this ligand
shown in Figure 1. and, together with the RuN distances of 2.163(3) and

Selected bond distances and angles2fare in Table 2. 2.170(3) A, show an important delocalization over the ring
The cation complex contains the Ru(ll) atom in a distorted and its strained nature. The RR distances are in two
octahedral environment which is coordinated to N1 and N3 different sets, since those in the equatorial plane are shorter
of the triazenide ligand [RuNN bite angle of 58.4(L&nd than those in axial positions. This could be an effect of the
to four phosphorus atoms of four monodentated phosphite electron withdrawal of the triazenide ligand added to the
ligands P(OEg The octahedron can be described as having mutually trans effect of the phosphites in the axial positions.
the nitrogen atoms in the distorted equatorial plane, with the Those last values are not very different from those found in
dihedral angle between the RuPP and the RUNN planesthe already mentioned complex [Ru(PhNNNRBRPR)],2
being 11.5(2). The N1-N2—N3 angle takes a value of in which the phosphine ligands are also mutually in trans

— positions.
(09 0 utierons > . P Crerto1a 02 199,195 Sl In the fomperature range betweed0 and—30°C, the
(c) Hansen, L. D.; West, B. D.; Baca, E. J.; Black, CJLAm. Chem.  3P{*H} NMR spectra of the P(OMg)and P(OEf com-

Soc 1968 90, 6588-6592. :
(20) Crabtree, R. H.; Lavin, M.; Bonneviot, LJ. Am. Chem. Sod.986 .plexeSla’ 1b, Za.’ 4a, and4b appear as an /8, multiplet,
108 4032. in agreement with a geometry of typ€Schemes 1 and 2),
(21) lg/la) Iplm;n\,(C-EA%heP Flfe- 1k91\7, 7CZ, 3,13—%/3%%3) Rahamtarll[, M. like that observed in the solid state. We have also prepared
., LU, R.-Y.] EIKS, K.; Prock, A.; Glering, . rganometallics
1989 8 1.7, 9 g the labeled [Ruf*-1,3-PHNN'*NPhY P(OEt}} JBPh, (2a)
(22) Geary, W. JCoord. Chem. Re 1971 7, 81-122. complex using the 1,3-P¥IN=N!*N(H)Ph ligand and ob-
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Table 3. >N NMR Data for Selected Triazene and Triazenide

Albertin et al.

Triazenide complexes of ruthenium(ll) and osmium(ll)

Complexes have been reported with carbonyl and triphenylphosphine
15N NMR2P ligands and are neutral species of the MX(ArNNNAr)(CO)-
compound 0 (IHz2) assignment (PPh), (X = H, Cl) and M(ArNNNAr),(PPh), types?® The
PHSN—=N—15N(H)Ph —205$ PHSN=15NH use of both the dihydrogen [Rubf-H,)P4]* and the triflate
—-198.0d [M(x?-O,SOCR)P,]" (M = Ru, Os) cations as precursors
23 [Ru(?-13-PHSNNINPH) j';SANﬁBjX?(Z, allows new cationic [Mg2-ArNNNAr)P4]* triazenide com-
{P(OI’Et);}4]BPr14 spin syst plexes stabilized by phosphite ligands to be prepared.
g<=_>1<£(;5N Triazene Complexes.Hydride—triflate OsHL-OTf)P,
J:X = I complexes react with an excess of 1,3-diaryltriazene to give
=46.6 the hydride-triazene [OsKir*-1,3-ArN=NN(H)Ar} P,]* de-
Jox 7 e rivatives, which were isolated as BP$alts and characterized
I = Jax (Scheme 3).
=4.95
Jxx' = 4.05 Scheme 3
1la  [OsH{PHSN=NH) -10.7s PRN= .
{PPQ(OEQ}Q]EPN 15 HisN =15 T H\N’AT|
82y [OsH{7L-1,3-PHSN=NIN(H)PH} —15.6nt PHSN=15NH ) H
{PPh(OE} JBPh, ~199.2d Ost(c-OTp, LEANMNGA_ T | BPh,”
Jisyg = 92 4 P/ I \N//
afFrom CH!NO,. PIn CD,Cl, at 20 °C unless otherwise note@lAt P p[,
—-90°C. 7.8

served a complicated multiplet in tR& spectra. A simula-
tion using an AAB,XX' (X, X' = *N) model, however, gave
an excellent agreement between the simulated and thecheme 4

P = P(OEt} (7), PPh(OEY) (8); Ar = Ph (@), p-tolyl (b)

1,3-p-tolyl-N=NN(H)p-tolyl

experimental spectra, allowing the NMR parameters to be RuH(x'-0TfP, +BPh,

calculated. Thé>N NMR spectrum oRa, was also recorded P p—ton_I|+

and appears as an ABoXX' (X, X' = 15N) multiplet at P |/H fil’

—140.0 ppm whose parameters are reported in Table 3. —_— P/Ru\ N BPh,~
The 31P{1H} NMR spectra of the PPh(OEtjierivatives Fl, N

3a and 5a are temperature-dependent and result partially polyl

different from those of the related compourj<2, and4. (*ﬁ’)

The broad multiplet observed at room temperature for both P — PPh(OED

3a and 5a changes as the temperature is lowered and, for
the ruthenium complex3@), resolves at-100 °C into an
A-B, multiplet, in agreement with a typegeometry. In the
case of the osmium compoumd, instead, a well-resolved

multiplet appears at30 °C which remains unchanged until ] _ R N
—100°C and was simulated using an AB@odel with the The hydride-triazene [OsKl;*-1,3-ArN=NN(H)Ar} P]

parameters reported in the Experimental Section®A (7, 8) cations are very stable and do not give rise to evolution

spectrum of this type is not in agreement with the proposed Of Hz nor to formation of the related triazenide [@3(L,3-

formulation of the compound, which should give a symmetric ATNNNAnP,]" cations under any conditions. This unreac-
A.B-type spectrum. However, taking into account that the tivity of the osmium species is rather surprising (see Scheme

values of the chemical shifts of A and B are very close and 2) @hd may be attributed to a different reactivity of the-®s

that the PPh(OE#)igand can give rotational isomeféthe @S compared to that of RiH toward the NH of the
VT 3P spectra oba may be explained on the basis of the Coordinater’-1,3-triazene.

restricted rotation of the phosphine ligand around the-Ps The hydrogen atom in the [OsH group probably has
bond. At—30°C, two PPh(OEf)phosphites are magnetically less hydridic charact&®? than the related [RujH and
equivalent, while the other two can be made virtually needs a stronger acid than the NH of #ietriazene for its
inequivalent by the different arrangement of the phenyl and protonation. The absence of this acioase reaction between
ethoxy groups of one phosphite with respect to the other. the hydride and the triazenic NH group prevents the
The steric requirements of the PPh(QEgs compared to
the P(OER phosphite ligand in oup?-triazenide complexes,  (24) Albertin, G.; Antoniutti, S.; Bordignon, B. Organomet. Chen1996
probably lead to the asymmetric ABG!P spectra in the 513 147-153,

. . (25) Deeming, A. J.; Doherty, S.; Marshall, J. E.; Powell, NJ.IChem.
[Os(7?-1,3-PhNNNPH)PPh(OEL)} 4|BPh, (5a) derivative. Soc., Chem. Commum989 1351.

(26) Albertin, G.; Antoniutti, S.; Bettiol, M.; Bordignon, E.; Busatto, F.
(23) Examples of inequivalent phosphorus nuclei in octahedral complexes Organometallics1997, 16, 4959-4969.
containing four PPh(OEtpr PPhMe ligands in a plane have recently ~ (27) (a) Dedieu, ATransition Metal HydridesWiley-VCH: New York,
been reported for FeHOPPh(OE} 4,2* [IrCl 2(PPhMe),]ClO4,2° and 1992. (b) Peruzzini, M.; Poli, RRecent Adances in Hydride
MnH(COX PPh(OEt)} 4 26 derivatives. Chemistry Elsevier: Amsterdam, 2001.

Related ruthenium triazene complexes were also prepared
in only one case, using both the 1,3pdtelyltriazene and
the PPh(OEY) phosphite ligands, as shown in Scheme 4.
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formation of the triazenide complexes and, for the first time,

allows the preparation of 1,3-diaryltriazene complexes.
The absence of the acidhase reaction is also observed

in ruthenium complexXb, in which the nature of both the

phosphite and the triazene ligands prevents the formation of

the ?-triazenide derivative.

The hydride-triazene [MH 7%-1,3-ArN=NN(H)Ar} P,]-
BPh, (7—9) compounds are green or yellow-green solids
stable both as solids and in solutions of polar organic
solvents, where they behave like 1:1 electrolyfe3he
infrared spectra show a weak band at 333831 cnt?
attributed to the NH of the triazene and, foand8, a weak
band at 19961975 cn1? from vy—u. The presence of both
the triazene and the hydride ligands is confirmed by'the
NMR spectra, which also indicate that the complexes are

Scheme 5
T H\N/?|+ e I H\N—Ar
P\I\L/H ,!, = P\| H + N=N
P/l\hll// P/,l W

Ar
(1)

multiplet and was simulated using the parameters reported
in the Experimental Section, thus confirming the proposed
geometry 1) for the hydride-triazene derivative3a,.

Further support for geomettyy comes from a comparison
of the >N NMR spectra of8a; with those of the free 1,3-
PHSN=N'N(H)Ph ligand (Table 3), which shows that, while
the chemical shift of the diazenic PN= nitrogen atom

fluxional (see Figure S1). The broad signals that appear atchanges by about 5 ppm upon coordination, that of the NH

room temperature in the proton spectra of compleke9
change as the temperature is lowered, and-80 °C, a
slightly broad singlet attributed to the NH of the triazene
ligand appears at 11.97.0.12 ppm. At this temperature, a
well-resolved multiplet of the hydride ligand betweeb.70
and —8.66 ppm is also present, as well as the signal of the
phosphite groups. At-90 °C, the 3P NMR spectra also
resolve into an ABC or A,BC pattern, which was simulated
with the parameters reported in the Experimental Section.
Further information on the behavior in solution of the
hydride—triazene complexes come from VT-NMR studies
of the labeled [OsK1,3-PH*N=N**N(H)Ph} { PPh(OE®} 4]-
BPh, (8ay) derivative (see Figure S2). The broad signal at
10.5 ppm that appears at30 °C in the proton spectra of
the [OsH 1,3-PhN=NN(H)Ph}P,]* (8a) cation is now a
broad doublet in the spectra of the labeled compo8ad
and resolves into a sharp doublet (11.05 ppm) Witk of
92 Hz at —80 °C. These results strongly support the
formulation proposed for the triazene complexes9 and
suggest that a geometry of the tyjpe with the hydride and

group remains practically the same, in agreement with a type-
[l coordination.

The fluxional behavior shown by triazene compleXe®
may be explained by an intermolecular process involving,
as suggested by a reviewer, the dissociation of the triazene
ligand, as shown in Scheme 5. This dynamic process, which
involves both dissociation of the 1,3-triazene and hydrogen
exchange between the two N atoms of the free 1,35ArN
NN(H)Ar species® may explain the VT NMR spectra
observed.

Strong support for such a dissociation equilibrium of the
triazene ligand in the complexes has been obtained by adding
the *N-labeled free triazene to the unlabeléa) 8a, and9b
compounds in a NMR tube and observing that exchange
between the labeled and unlabeled triazene does take place.
On the basis of these results, the dissociation process of
Scheme 5, which slows at80 °C, can reasonably be
proposed to explain the VT behavior of our triazene
derivatives.

The IR spectrum of the triflatetriazene [Os¢-OTf)-

the triazene ligands in a mutually cis position, is also present {77-1,3-PhN=NN(H)PH{ P(OEt}} JBPh (62) complex shows

at—80°C. The ABC or A,BC pattern of thé'P spectra, in
fact, and the complicated multiplet of the hydride ligand
observed in théH NMR spectra, with one largé- value
and three small ones, agree with this arrangement.
Furthermore, the absence of a detectable couffling
between the NH proton and tR& nuclei of the phosphine
seems to suggest that structlirewith the diazene nitrogen
atom bonded to the central metal, is present in the low
exchange-limit conditions. The proton coupl&il NMR
spectrum (Table 3) supports this hypothesis showing,8t
°C, a doublet at-199.2 ppm with &Jisy, value of of 92 Hz
from the SNH triazene nitrogen atom and a multiplet at
—15.6 ppm attributed to the AN=N—1°N diazenic atom
coupling with the phosphorus nuclei of the phosphine, in
agreement with a geometry of tyfle The coupling between
the >N and the®'P nuclei is also observed in the spectra of
the 3P NMR which appears as an ABX (X = 13N)

(28) Values between 2 and 10 Hz for fdgp were observed both in diazene
[Ru(ArN=NH),P4](BPhy), and [Re(NH=NH)(CO)R|BPh, complexes
and in hydroxylamine [M(NHOH);P4(BPhs), (M Ru, Os)
derivativest4c.29.31b

a weak band at 3327 crh attributed to thevNH of the
triazene ligand. ThéH NMR spectra confirm the presence

of this ligand and also indicate that the compound is
fluxional. The NH signal of the triazene, in fact, begins to
appear at-40°C as a very broad signal near 11 ppm, which
sharpens as the temperature is lowered and becomes a slightly
broad signal at 11.6 ppm at80 °C. The3P{'H} NMR
spectrum also changes as the temperature is lowered, and
the broad multiplet that appears at room temperature resolves
into an ABC multiplet at—80 °C. On the basis of these
data, a dissociation equilibrium of the type shown in Scheme
5 probably also occurs for this complex containing tfie
triazene and the triflate ligand in a mutually cis position.

(29) Albertin, G.; Antoniutti S.; Giorgi, M. TEur. J. Inorg. Chem2003
2855-2866.

(30) It can be noted that the labeled 1,34 +=N*°N(H)Ph free diazene
molecule is fluxional (see Figure S3), and at room temperature, no
NH signal was observed in the proton NMR spectra.-480 °C a
broad signal appears which splits into two humps-@0 °C, and at
—90 °C, a well-resolved doublet withlisyy of 92 Hz appears. This
behavior may be explained on the basis of a proton exchange between
the two 15N nitrogen atoms in the molecule, which is fast at room
temperature and prevents the observation oflfsqy.
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Scheme 6 €23 Q) C24
N @
o T " _l C25
(OSHOEH P 4°Y 1,3-ArN=NN(H)Ar \Os/ c22
n= 2 T —— i
AP
P/ | ’i‘u/,\t Ar Oyc26
H (yC2i
10a, 11
(111 . O . Hi c210
o DR o P2 €29
P = P(OEt} (10), PPh(OER (11); Y~ = OTf~, BPh~; Ar = Ph (@) é 27
Scheme 7 & o4 W 022 21 A o
e - »s Nz
H—|+ H ‘ -’ 4 " " - /‘,’
sy N, \Y Y o L3 A < o
Y He b 3 < 0
.\ A}
\_/ Ar \!‘ X g' s \\“ .
v S RN
H . 5 &
~ + Q ) v,
— | [0s] + INSN—Ar + ANH, 4
SH
)
—|+ Figure 2. Cation of [OsH(PhN=NH){PPh(OEt)}.BPh: (118 (30%
(O8] probability level). Hydrogen atoms, except for two, were omitted for clarity.
—_— S,
\N//N\Ar ) .
| analytical data have been obtained for the two complexes,
H which were characterized spectroscopically (IR and NMR
103, 11a data) and by the X-ray crystal structure determination of
[Os] = OsR [OsH(PhN=NH){ PPh(OE)}4BPh, (118. The ORTEP
Aryldiazene Derivatives. Dihydrogen [OsHg?-H,)P,]Y diagram of.the catlon. oflais §hqwn in F|gur.e 2. ]
(Y = OTf, BPh~) complexes slowly react with 1,3- The osmium atom in the cationic complex is coordinated
diaryltriazene to give the aryldiazene [OsH(A#NIH)P,]- by four phosphonite ligands, a phenyl diazene group, and a
BPh, (10aand114) derivatives which were isolated in about hydride ligand, which is cis to the diazene ligand. Unfortu-
a 60% yield and characterized (Scheme 6). nately, the position of the hydride ligand was not refined,

The formation of an aryldiazene complex from the reaction SO itS geometrical parameters are not precise. The coordina-
of a 1,3-triazene species is rather surprising because coorion polyhedron can be described as a distorted octahedron
dinate aryldiazenes are generally obtafédfrom the  Where the hydride and the diazene ligands are in the
insertion reaction of an aryldiazonium cation, Af\into ~ €quatorial positions. The other two equatorial position and
the M—H bond of a hydride derivative. However, when the the axial positions are occupied by four PPh(QEhos-
properties of both the osmiup?-H, complexe® and of the phonite I|gand§. The main source of thg d|st0rt|0n_|s the usual
1,3-diaryltriazene molecule are taken into account, a reaction@end of the ligand toward the position occupied by the
path to explain the synthesis of hydriddiazene complexes ~ hydride ligand, as is shown by the value of the axial
10and11 can be proposed (Scheme 7). Although 4, P—0Os—P angle of 166.70(3)or the N11-Os—P1 angle of

ligand in the osmium [OsHE-H,)P,]* cations is stable to 165.91(9j. Th_e Os—P_distan_ces show that the phosphonite
the substitution by other ligands, such as triazene, it is trans to the diazene ligand is about 0.04 A shorter than the

sufficiently acidid® to be able to protonate the aminic othe_r three. The GsN and C-N distances are as expecteq
nitrogen atom of the 1,3-Ar¥NN(H)Ar molecule. The  for single bonds, although there are not any structural studies
protonation of the triazene to the amine nitrogen atom can ©n OS(Il) complexes with diazene ligands to our knowledge.
result in cleavage of the NN bond with formation of both ~ The N(11)-N(12) distance, 1.241(4) A, is typical for a
the amine, ArNH, and the aryldiazonium cation, AgNl The ~ double bond and is within the range expected for aryldiazene
reaction of ArN* with the dihydride OskPs, formed from ~ COmplexegbe31.32

the deprotonation of the [OshftH)P,]* cation, can give ~ The phosphonite ligand being trans to the hydride ligand
the final aryldiazene derivativeldaand11a allows a hydrogen bond to be established between the NH

The presence of free ArNtHamine (detected biH NMR) group of the diazene ligand and theclc_)ud of the phenyl
in the reaction mixture and the known reacti¥#of the ring bond to the phosphorus atom, with parametersOn
dihydride OsHP, complexes toward aryldiazonium cations

+ H i + WAa- (31) (a) Albertin, G.; Antoniutti, S.; Pelizzi, G.; Vitali, F.; Bordignon, E.

ArNz", which gives the same [OSH(ARRNH)P,]™ deriva J. Am. Chem. S04986 108 6627-6634. (b) Albertin, G.. Antoniuti
tives, support the path proposed in Scheme 7. S.; Pelizzi, G.; Vitali, F.; Bordignon, Hnorg. Chem1988 27,829

The osmium aryldiazene complexeH) and 11, were 835.

. . . . . (32) Melenkivitz, R.; Southern, J. S.; Hillhouse, G. L.; Concolino, T. E;
isolated as stable diamagnatic yellow solids, soluble in polar Liable-Sands, L. M.; Rheingold. A. L1. Am. Chem. So@002 124,

organic solvents, where behave like 1:1 electrolyté3ood 12068-12069.
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Table 4. Selected Bond Lengths (A) and Angles (deg) fdma with the path proposed in Scheme 7 for the formation of the
Os—N(11) 2.104(3) 0sP(1) 2.2716(9) diazene derivative.
Os—P(3) 2.3296(9) OsP(4) 2.3297(9)
Os-P(2) 2.3382(9) OsH(1) 1.7848(2) Conclusions
N(12)-C(51) 1.423(4) N(1BN(12) 1.241(4)
N(11)-Os-P(1) 165.91(9) N(11}0s-P(3) 90.91(9) In this paper we r_eport the sy_ntheS|s of_ gnpreced_ented
P(1)-Os—P(3) 103.01(3) N(11Os—P(4) 85.08(8) complexes of ruthenium and osmium containing 1,3-diaryl-
E‘(é)l—)O(sj—P(PAf()z) gg.gé% Eg_})gs—ggg ggéig; triazene as a monodentate ligand. The complexes are

—Os— . S— . i _op ° i ;
P(3)-05-P(2) 92.13(3) P(4y0s-P(2) 166.70(3) fngmnaI, and at—90 °C, a geometry _W|th the diazene
nitrogen atom of the 1,3-ArikNN(H)Ar ligand bonded to
= 2.90(4) A, H-Ct = 3.694(3) A, and N-H-Ct = the metal was proposed. The hydrideazene [MH 5*-1,3-

ArN=NN(H)Ar}P,]* species are unstable in some cases and
lead to thep?-triazenide [Mg?-1,3-ArNNNAr)P,]BPh, de-
rivatives. However, a route for the facile synthesis of this
type of triazenide complexes of ruthenium and osmium can
be achieved using the-triflate [M(«*-0,SOCR)P4] " cation

as a precursor. The structural parameters for the chelate
triazenide [Rug?-1,3-PhNNNPH)P(OEt}} 4]BPh, complex
the3P NMR data appear, for both compouriiaand11a were also obtain_ed. Finally, we also report a new rgaction
as an ABC multiplet, in agreement with a mutually cis S"own by the dihydrogen [Oskf{-Hz)P,]™ cation which
position of the hydride and the diazene ligand. On the basis Y1€lds the aryldiazene [OsH(AFNNH)P,] " derivative when

of these data, a geometry of typé (Scheme 6) like that treated with diaryltriazene 1,3-AERNN(H)Ar molecules.

observed in the solid state can be reasonably proposed for "€action path for this reaction, involving &N cleavage
diazene complexedaand1la We have also prepared the ©f the triazene, is also proposed.

labeled [OsH(PHN=NH)P,]BPh, (11&) complex from the Acknowledgment. The financial support of MIUR (Rome),
reaction of PEPN=N*N(H)Ph with [OsHg?*-H2)P,]" and PRIN 2004, is gratefully acknowledged. We thank Daniela
recorded both thé—! and®™N NMR spectrum. In t_he proton  Baidan for technical assistance.

spectra, only one signal of the diazeflgH proton is present

in the high region of the spectra at 13.4 ppm, and although Supporting Information Available: Crystallographic data in
the broadness of this signal prevents the determination of CIF format for complexea and1laand NMR data in Figures
the Jisyy, the spectrum indicates that a value lower thai87 S1, S2, and S3. This material is available free of charge via the
Hz for Jisyy can be estimated. These data confirm that the 'Mernet at hitp://pubs.acs.org.

15N-labeled atom is in th@ position, in further agreement  1C052063U

149(4y¥, where Ct represents the centroid of the ring.

The 'H NMR spectra of the aryldiazene complexés),
and11 show, in addition to the signals of the phosphite and
the BPh anion, slightly broad signals at 14.410@ and
13.42 (118 ppm, attributed to the NH diazene proton, and
a multiplet between-7.78 and—8.68 ppm from the hydride
ligand. In the temperature range betwee?0 and—80 °C,
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