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The mono- and binuclear aryldiazene complexes [Rdé8=NH)(CO)_PnBY 4 (1—5) and [ Re(CO}-nPn} -
(u-HN=NAr—ArN=NH)](BY 4)> (6—12) [P = P(OEt}, PPh(OEt, PPhOEt; n = 1—4; Ar—Ar = 4,4-CgH,s—

CeHay, 4,4-(2-CHg)CgH3—CgH3(2-CHg), 4,4-CeH,—CH,—CeHy; Y = F, Ph) were prepared by reacting the hydride
species ReH(CQ) P, with the appropriate mono- and bis(aryldiazonium) cations. These compounds, as well as
other prepared compounds, were characterized spectroscopicalBH(IRP, 13C, and®N NMR data), andla

was also characterized by an X-ray crystal structure determination. ReNE-NH)(CO) P(OEt)} 4|BPh (1a)
crystallizes in space groupl with a = 15.380(5) A,b = 13.037(5) A,c = 16.649(5) A,a. = 90.33(5), 8 =
91.2(1y, v = 89.71(9%, andZ = 2. The “diazene-diazonium” complexes [M(CQP.(HN=NAr—ArN=N)]-

(BFs)2 (13—15, 17) [M = Re, Mn; P= PPhOEt, PPhOMe, PPh; Ar—Ar = 4,4-CgHs—CgHa, 4,4-CeHs—
CH,—CgH4] and [Re(CO)(PPhOEL)(4,4-HN=NCgsH,—CsH4N=N)](BF). (16b) were synthesized by allowing

the hydrides MH(CQP, or ReH(CO)P to react with equimolar amounts of bis(aryldiazonium) cations under
appropriate conditions. Reactions of diazed&zonium complexe43—17 with the metal hydrideM2H,P 4
andM2'H(CO)_,P", afforded the heterobinuclear bis(aryldiazene) derivatis(CO)sPa(i-HN=NAr—ArN=
NH)M2HP 4 (BPhy), (ReFe ReRu, ReOs MnRu, MnOs) and M1(CO)Py(u-HN=NAr—ArN=NH)M2'-
(CO)%-nP'n)(BPhy)2 (ReMn, MnRe) [M1 = Re, Mn;M2 = Fe, Ru, OsM2' = Mn, Re; P= PPhOEt, PPROMe;

P, P' = P(OEty, PPh(OEY; Ar—Ar = 4,4-C¢Hs—CeHy, 4,4-CsHs—CH,—CeHy; n= 1, 2]. The heterotrinuclear
complexes [Re(CQJPPhOEt)(u-4,4-HN=NCgHs—CsHsN=NH)M{ P(OEt}} 4(-4,4-HN=NCgH,— CsHsN=
NH)Mn(CO)(PPROEL)](BPh)s (M = Ru, Os) ReRuMn, ReOsMn) were obtained by reacting the heterobi-
nuclear complexeReRu andReOswith the appropriate diazen&liazonium cations. The heterobinuclear complex
with a bis(aryldiazenido) bridging ligand [Mn(C@P PROEt)(u-4,4-N2CsHa—CeHaN2)Fe{ P(OEL)} 4]BPhy (MNFe)

was prepared by deprotonating the bis(aryldiazene) compound [Mp(ERWOEt)(«-4,4-HN=NCgHs—CsHsN=
NH)Fe(4-CHCsH4sCN) P(OEt)} 4](BPhy)s. Finally, the binuclear compound [Re(GHPhOEt)(u-4,4-HN=
NCsH4—CsHaN2)Fe(COY P(OPh}} ](BPhy), (ReF6 containing a diazernediazenido bridging ligand was prepared

by reacting [Re(CQIPPROEt)(4,4-HN=NCgH;—CsHsN=N)]* with the FeH(CO){ P(OPh)}, hydride deriva-

tive. The electrochemical reduction of mono- and binuclear aryldiazene complexes of both rh&nil®h g§nd

the manganese, as well as heterobinuclkRaRu and MnRu complexes, was studied by means of cyclic
voltammetry and digital simulation techniques. The electrochemical oxidation of the mono- and binuclear
aryldiazenido compounds Mn{BsN2)(CO)%P, and{ Mn(CO)Py} o(u-4,4-N2CeHs—CsHaN2) (P = PPROEL) was

also examined. Electrochemical data show that, for binuclear compounds, the diazene bridging unit allows
delocalization of electrons between the two different redox centers of the same molecule, whereas the two metal
centers behave independently in the presence of the diazenido bridging unit.

Introduction bridging ligands} and none containing two different metals have
ever been reported. In the course of our studies on the reactivity
of rhenium hydride complexes with mono- and bis(aryldiazo-
nium) cations, we prepared the mononuclear aryldiazene

Although a large number of studies on the syntheses, struc-
tures, and reactivity of aryldiazene and aryldiazenido complexes
of transition metals have been reporigdyery few of them
involve binuclear species with bis(diazene) or bis(diazenido) (2) (a) Zollinger, H.Diazo Chemistry i VCH: Weinheim, Germany,
1995. (b) Johnoson, B. F. G.; Haymore, B. L.; Dilworth, J. R. In

T Dipartimento di Chimica, Universit€a’Foscari di Venezia. Comprehensie Coordination ChemistpyWilkinson, G., Gillard, R.
* Universitadi Parma. D., McCleverty, J. A., Eds.; Pergamon Press: Oxford, U.K., 1987;
§ Dipartimento di Chimica Fisica, Universitaa’Foscari di Venezia. Vol. 2, p 130. (c) Henderson, R. A.; Leigh, G. J.; Pickett JCAdv.
(1) (a) Sutton, DChem. Re. 1993 93, 995. (b) Kisch, H.; Holzmeier, P. Inorg. Chem. Radiochert983 27, 197. (d) Nugent, W. A.; Haymore,
Adv. Organomet. Chenil992 34, 67. B. L. Coord. Chem. Re 198Q 31, 123.
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Chart 1 one type of stable aryldiazene complex, [ReCsHs)(CO),-

MA—:_MB (HN=NR)] (R = 4'C|‘bCGH4, 4'CH30C6H4), .haS been de-
scribed® " prepared by reacting an aryldiazenido [ReCsHs)-
(COXR(N2R)]BF4 complex with NaBH.

It therefore seemed of interest to report some new results on
the aryldiazene chemistry of rhenium, including an X-ray crystal
structure determination and an electrochemical study aimed at
comparing the obtained results with those for related manganese
E‘omplexe"é‘,b and shedding light on the different electrochemical
behaviors shown by bis(aryldiazene) and bis(aryldiazenido)
binuclear derivative&°

complexes {Re} —HN=NAr—ArN=N]?*, still containing a
diazonium—N=N group potentially able to react with another
metal hydride, affording heterobinuclear bis(aryldiazene) deriva-
tives (Chart 1).

The syntheses, characterizations, and electrochemical studie
of this new class of binuclear complexes, also including bis-
(aryldiazenido) and diazeraliazenido bridging ligands, are the
subject of this report.

Furthermore, in view of current interést*in the chemistry Experimental Section
of “diazo” complexes, due not only to their importance in ) ) )
nitrogen fixation processes but also to their diverse reactivity ~General Materials and Methods. All synthetic work was carried
modes and structural properties, in this paper we report an ©Utunder an appropriate atmosphere (Ar gy hing standard Schlenk
extensive study on the reactivity of the hydride species techniques or a vacuum atmosphere drybox. Once isolated, the

- . : . - complexes were found to be relatively stable in air but were nevertheless
ReH(CO}—nPn (P = phosphite) toward aryldiazonium cations, stored under an inert atmosphere-&25 °C. All solvents were dried

which allows mono- and homobinuclear bis(aryldiazene) com- yer appropriate drying agents, degassed on a vacuum line, and distilled

plexes to be prepared. into vacuum-tight storage flasks. Triethyl phosphite was an Aldrich
Diazo complexes of rhenium have been widely Stuﬁ_?&ihd product, purified by distillation under nitrogen. The phosphines PPh-
include mainly aryldiazeniddRe]—NAr, arylhydrazidoik6-8 (OEt), PPhOEt, and PP¥OMe were prepared by the method of

and hydrazin® derivatives, whereas there have been fewer Rabinowitz and Pellof: The complex R&CO), was purchased from
investigations on the aryldiazene complexes. In fact, apart from P_VESSU'I‘: Chemlcgtl Co-d(F’ltttrS]bUfgh,ls\}Aa)y?]nd uISlthdabS_ r(z_ceuveq. D)IaZO-
; nium salts were obtained in the usual he related bis(diazonium
chelate organodlazeni compleXesf the type [ReCiI(HN= salts [NATAINJBF)y [Ar—Ar = 4.4-ColuCotls, 44(2.Chy)-
Npy)(NNpy)(PPhMg),]*, [ReCh(NNCsH2N,CFs)(HN=NC,- :
7 CeH3z—(2-CHs)CeHs, 4,4-CeHs—CH,—CsH4] were prepared by treating
HZNZ_CF?’)(PPQ)]’ and _[ReCi(NNC5H4NH)(HN—NC5H4N)], the amine precursors,NAr—ArNH; with NaNQ, as described in the
obtained from the reaction of NaRg@r ReOCAP; (P = tertiary literature for common mono(diazonium) sa@f&he labeled diazonium
phosphine) with hydrazinopyridine or hydrazinopyrimidine, only  tetrafluoroborates [EHsN=1N]BF, and [4,4-'5N=NCgHs—CeHN=
15N](BF4)2 were prepared from N&NO, (99% enriched, CIL) and the
(3) (a) Albertin, G.; Antoniutti, S.; Bacchi, A.; Bordignon, E.; Pelizzi, appropriate amine. Alternatively, the Jds>N=N]BF, salt was pre-

(SBI; LBJQO' r':. .IrXJrgE.; Cg_emlggg 35{3' 6245' (t":) AILbel'_r tin, -i Antgﬂiutti, pared from NaN@and GHs'*NH,. Other reagents were purchased from

.; Bacchi, A.; Bordignon, E.; Busatto, F.; Pelizzi, @org. Chem. commercial sources in the highest available purity and used as received.
1997, 36, 1296. (c) Albertin, G.; Antoniutti, S.; Bacchi, A.; Barbera, h
D.: Bordignon, E.: Pelizzi, G.; Ugo, Pnorg. Chem1998 37, 5602. Infrared spectra were recorded on a Nicolet Magna 750 FT-IR

(4) (a) Hidai, M.; Mizobe, Y.Chem. Re. 1995 95, 1115. (b) Eady, R.  SPectrophotometer. NMR spectii( *'P, 3C, **N) were obtained on
R.; Leigh, G. JJ. Chem. Soc., Dalton Trank994 2739. (c) Sellmann, a Bruker AC200 spectrometer at temperatures betwe@hand+30
D. Angew. Chem., Int. Ed. Engl993 32, 64. °C, unless otherwise notetH and3C NMR spectra refer to internal

(5) For aryldiazenido complexes, see: (a) da Costa, M. T. A. R. S.; tetramethylsilane®'P{*H} NMR chemical shifts are reported with re-

Dilworth, J. R.; Duarte, M. T.; da Silva, J. J. R. F.; Galy&. M.; 0 - ) B . -
Pombeiro, A. J. L.J. Chem. Soc., Dalton Trand998 2405. (b) spect to 85% KPO, with downfield shifts considered positivéSN

Garcia-Minsal, A.; Sutton, DOrganometallic996 15, 332. () Rose, NMR spectra refer to external GHNO,, with downfield shifts con-
D. J.; Maresca, K. P.; Kettler, P. B.; Chang, Y.-D.; Soghomomian, Sidered positive. The SwaN-MR software packdgeas used to treat

V.; Chen, Q.; Abrams, M. J.; Larsen, S. K.; Zubietalnbrg. Chem. NMR data. The conductivities of 1® M solutions of the complexes
1996 35, 3548. (d) Coutinho, B.; Dilworth, J. R.; Jobanputra, P.; in CH3NO, at 25°C were measured with a Radiometer CDM 83.
Thompson, R. M.; Schmid, S.; Stiie, J.; Archer, C. MJ. Chem. Syntheses of the Complexedhe hydride species ReH(CQ)ReH-

Soc., Dalton Trans.1995 1663. (e) Cusanelli, A.; Sutton, D. -
Organometallics1995 14, 4651. (f) Cusanelli, A.; Batchelor, R. J.; (CO)Ps, ReH(CO)P,, ReH(CO)P, and MnH(CORP: [P = P(OEL),

Einstein, F. W. B.; Sutton, DOrganometallics1994 13, 5096. (g) PPh(OER), PPhROEt, PPROMe] were prepared according to literature
Kettler, P. B.; Chang, Y.-D.; Zubieta, lhorg. Chem1994 33, 5864. procedured*!®> The dihydride compounds FelP(OEt)]4,® [FeH(4-
(h) Carr, S. W.; Fontaine, X. L. R.; Shaw, B. . Chem. Soc., Dalton CHsCsH4CN){ P(OEt)} 4]BPhy, ¢ RUH[P(OEtY]4,2 OsHP,0 [P =

Trans.1987, 3067._ 0] AIi,_ H. M.; Leigh, G. JJ. (_Zhen_ﬁ. Soc., Dalton P(OEt), PPh(OEH], and FeH(CO)[P(OPh}],%° were also prepared
Trans.1986 213. (j) Barrientos-Penna, C. F.; Gilchrist, A. B.; Klahn- by following reported methods

Oliva, A. H.; Hanlan, A. J. L.; Sutton, DOrganometallics1985 4, y ’
478. (k) Dilworth, J. R.; Harrison, S. A.; Walton, D. R. M.; Schweda,

E. Inorg. Chem.1985 24, 2594. (11) Rabinowitz, R.; Pellon, J. Org. Chem1961, 26, 4623.
(6) Barrientos-Penna, C. F.; Einstein, F. W. B.; Jones, T.; Suttoimdry. (12) Vogel, A. I.Practical Organic Chemistry3rd ed; Longmans, Green
Chem.1982 21, 2578. and Co.: New York, 1956.

(7) (a) Dilworth, J. R.; Henderson, R. A.; Dahlstrom, P.; Nicholson, T.; (13) Balacco, GJ. Chem. Inf. Comput. Scl994 34, 1235.
Zubieta, J. AJ. Chem. Soc., Dalton Tran%987, 529. (b) Barrientos- (14) Albertin, G.; Antoniutti, S.; Garcia-Fomas.; Carballo, R.; Padoan,

Penna, C. F.; Campana, C. F.; Einstein, F. W. B.; Jones, T.; Sutton, F.J. Chem. Soc., Dalton Tran$998 2071.

D.; Tracey, A. SInorg. Chem.1984 23, 363. (15) Albertin, G.; Antoniutti, S.; Bettiol, M.; Bordignon, E.; Busatto, F.
(8) (a) Nicholson, T.; Zubieta, J. A. Chem. Soc., Chem. Comm@885 Organometallics1997, 16, 4959.

367. (b) Nicholson, T.; Zubieta, J. ARolyhedron1988 7, 171. (16) Tebbe, F. N.; Meakin, P.; Jesson, J. P.; Muetterties, E.Am. Chem.
(9) (a) Vale, M. G.; Schrock, R. ROorganometallics1991, 10, 1661. (b) Soc.197Q 92, 1068.

Cheng, T.-Y.; Peters, J. C.; Hillhouse, G.1..Am. Chem. S0d.994 (17) (a) Albertin, G.; Antoniutti, S.; Lanfranchi, M.; Pelizzi, G.; Bordignon,

116 204. E. Inorg. Chem1986 25, 950. (b) Albertin, G.; Antoniutti, S.; Pelizzi,

(10) (a) Hirsch-Kuchma, M.; Nicholson, T.; Davison, A.; Davis, W. M.; G.; Vitali, F.; Bordignon, EJ. Am. Chem. S0d.986 108 6627. (c)

Jones, A. Glnorg. Chem.1997 36, 3237. (b) Hirsch-Kuchma, M.; Albertin, G.; Antoniutti, S.; Bordignon, Elnorg. Chem.1987, 26,

Nicholson, T.; Davison, A.; Davis, W. M.; Jones, A. &.Chem. Soc., 3416. (d) Albertin, G.; Antoniutti, S.; Pelizzi, G.; Vitali, F.; Bordignon,

Dalton Trans.1997, 3185. (c) Nicholson, T.; Cook, J.; Davison, A.; E. Inorg. Chem.1988 27, 829. (e) Albertin, G.; Antoniutti, S.;

Rose, D. J.; Maresca, K. P.; Zubieta, J. A.; Jones, AnGrg. Chim. Bordignon, E.J. Am. Chem. Sod.989 111, 2072.

Actal996 252 421, 427. (d) Kettler, P. B.; Chang, Y.-D.; Chen, Q.;  (18) Peet, W. G.; Gerlach, D. Hnorg. Synth.1974 15, 40.

Zubieta, J. A.; Abrams, M. J.; Larsen, S. Korg. Chim. Actal995 (19) Albertin, G.; Antoniutti, S.; Bordignon, B. Chem. Soc., Dalton Trans.

231, 13. 1989 23583.



Aryldiazene Complexes of Rhenium

[Re(CeHsN=NH)(CO){ P(OEt)3} 4|BPh,4 (1a), [Re(GHsN=NH)-
(CO)o(PPh,OE)4]BF, (2a), and [Re(GHsN=NH)(CO)sP,]BF, (3,
4, 5) [P = P(OEt); (3a), PPh(OEt) (4a), PPhOEt (5a)]. The
appropriate hydride ReH(C@)P, (n = 2, 3, 4) (0.15 mmol) and the
phenyldiazonium salt [§HsN2]BF,4 (0.15 mmol, 29 mg) were placed
in a 25-mL three-necked flask, and after the mixture was cooled to
—196°C, 10 mL of (CH).CO was added. The reaction mixture was
brought to room temperature and stirred for 4 h, and the solvent was

Inorganic Chemistry, Vol. 39, No. 15, 20083267

4,4-CeH4—CgH4 (b), 4,4-(2-CH3z)CeHz—CsH3(2-CHg) (C), 4,4-CeHa—
CH,—CgH4 (d)]. These complexes were prepared like the related,BPh
derivativesl0and11 by reacting the appropriate hydride ReH(GR)

(0.3 mmol) and [NAr—ArN;](BF,). salt at low temperature<(196°C)

in acetone solution (10 mL). The reaction mixture, evaporated to dryness
under reduced pressure, gave an oil, which was triturated with ethanol
(2 mL). In this case, a yellow solid slowly appeared in the resulting
solution. This was filtered off and crystallized by cooling+@5 °C a

then removed under reduced pressure. The resulting oil was treatedsaturated solution in ethanol prepared at°8) yield >70%. Anal.

with ethanol (2 mL), affording a yellow solution that slowly deposited
a crystalline solid, which was filtered off and crystallized by cooling
to —25 °C a saturated solution in ethanol prepared at’30 yield
>65%. The yield could be increased (to about 90%) by adding to the
yellow solution in ethanol an excess of NaBB.30 mmol, 33 mg) in
2 mL of ethanol. In the case df the complex was precipitated as its
BPh, salt by adding an excess of NaBRA.3 mmol, 103 mg) in 2 mL
of ethanol. After filtration and crystallization from a mixture of gH
Cl, (2 mL) and ethanol (3 mL), the yield was75%. Anal. Calcd for
CssHgsN2BO1sPsRe (La): C, 50.65; H, 6.65; N, 2.15. Found: C, 50.47;
H, 6.54; N, 2.10Ay = 51.2Q7 mol~* cn?. Anal. Calcd for GoHsiNa-
BF.OsPsRe a): C, 53.34; H, 4.57; N, 2.49. Found: C, 53.45; H,
4.46: N, 2.43 Ay = 89.7Q 1 mol~t cm? Anal. Calcd for GiHzgNo-
BF.OsP,Re (Ba): C, 31.71; H, 4.56; N, 3.52. Found: C, 31.54;
4.64; N, 3.45An = 92.2Q I mol~ cnm?. Anal. Calcd for GoHagN»-
BF.O/P,Re @a): C, 40.52; H, 4.22; N, 3.26. Found: C, 40.44;
4.15; N, 3.25Ay = 86.7Q 1 mol~t cm? Anal. Calcd for G/H3gN2-
BF.OsP,Re 6a): C, 48.11; H, 3.93; N, 3.03. Found: C, 47.98; H,
3.97; N, 3.13Ay = 85.9Q1 mol~* cn?.
[Re(CGH5N=15NH)(CO)3{PPh(OEt)z} 2]BF4 (43*) and [Re-
(CeHs™N=NH)(CO):{ PPh(OELt);},]BF, (4a**). These complexes
were prepared exactly like the related compouadusing labeled
[CeHsN='*N]BF, and [GHs'*N=N]BF, diazonium salts, respectively;
yield >65%.
[{ Re(CO)[P(OEt)s] 4} 2(u-HN=NAr —ArN =NH)](BPhy) (6b, 6d),
[{ Re(CO)P3} 2(u-HN=NAr —ArN =NH)](BPh.), (7b, 7d, 8b) [P=
PPh(OEt), (7), PPhOEt (8)], [{Re(CO)P,} 2(u-HN=NAr —ArN =
NH)](BPhJ), (10c, 11d) [P= PPh(OEt), (10), PPhOEt (11)], and
[{ Re(COU(PPh,OEL)} »(-HN=NAr —ArN =NH)](BPh,), (12b) [Ar—
Ar = 4,4’-C6H4—C5H4 (b), 4,4-(2-CH3)C6H3_C6H3(2-CH3) (C), 4,4-
CeHs—CH>—CeH4 (d)]. The appropriate hydride ReH(CQ)P, (n =
4, 3, 2, 1) (0.3 mmol) and bis(aryldiazonium) saltfM—ArN_](BF4)2
(0.15 mmol) were placed in a 25-mL three-necked flask, and the mixture
was cooled to-196°C, after which 10 mL of acetone was added. The
reaction mixture was brought to room temperature and stirred for 4 h,

H,

H,

Calcd for Q2H70N4BZF3018P4Re2 (9b) C, 3175, H, 4.44; N, 3.53.
Found: C, 31.98;H, 4.51; N, 3.48.y = 186.2Q~* mol~* cn?. Anal.
Calcd for GgH7oN4B2FsO14PsRe, (10b): C, 40.57; H, 4.11; N, 3.26.
Found: C, 40.72;H, 4.19; N, 3.28y = 177.1Q"* mol~* cn?. Anal.
Calcd for GeH72N4B2FsO14PsRe, (10d): C, 40.94; H, 4.19; N, 3.24.
Found: C, 40.82; H, 4.28; N, 3.18.y = 160.7Q~* mol~* cn?. Anal.
Calcd for G4H70N4B,FsO10PsRe; (11h): C, 48.17; H, 3.82; N, 3.04.
Found: C, 48.09; H, 3.90; N, 3.1y = 186.4Q"1 mol~! cn?. Anal.
Calcd for GeH7aN4BoFsO10PsRe; (110): C, 48.73; H, 3.98; N, 2.99.
Found: C, 48.61; H, 4.05; N, 3.0Ay = 180.7Q! mol~t cn?.

[{ Re(CO)(PPh,OEL) s} o(-4,4 -HSN=NCgH ,—CeH4N=1NH)]-
(BPhy), (8b*) and [{ Re(CO)[PPh(OEt)]2} 2(1-4,4-HN=NCgsHs—
CeH4N=1NH)](BF ;). (11b*). These complexes were prepared by
following the method described for the related compowigland11b
using the labeled [4,45N=NC¢H,—CsH4N="N](BF), bis(diazonium)
salt; yield >75%.

ReH(CO);(PPhg).. In a 25-mL three-necked Pyrex Schlenk flask
were placed 0.3 mL (2.1 mmol) of ReH(CHan excess of PRI{5.9
mmol, 1.6 g), and 25 mL of toluene, and the resulting solution was
irradiated at room temperaturerf® h using a standard 400 W medium-
pressure mercury arc lamp. A white solid began to precipitate during
irradiation, and after concentration of the reaction mixture to 10 mL,
this solid was filtered off, washed with toluene, and dried under vacuum;
yield =30%. Anal. Calcd for @Hs0OsP,Re: C, 58.86; H, 3.93.
Found: C, 58.67; H, 4.12. IR (KBr): 2080 m, 1914 (CO)] cn %

H NMR (CgDg, 25°C): 6 7.90-6.90 (m, 30 H, Ph)-4.45 (t, 1 H,
hydride, Jen = 18 Hz).3'P{H} NMR (C¢Dg, 25 °C): 9 22.54 (s).

[Re(CO)sP(HN=NAr —ArN =N)](BF,), (13b, 13d, 14b, 15b) [P
= PPh,OEt (13), PPh,OMe (14), PPh (15); Ar—Ar = 4,4-CgHys—
CeH4 (b), 4,4-CeHs—CH2—CgH4 (d)] and [Re(CO)4(PPhZOEt)(4,4’-
HN=NCsHs—CsH4N=N)](BF4). (16b). A solution of the appropriate
hydride ReH(COyP, or ReH(CO)P (0.3 mmol) in 40 mL of acetone
was cooled t6-80°C and quickly transferred by needle into a solution
of an [N;Ar—ArN,](BF4). bis(aryldiazonium) salt (0.3 mmol) in 30
mL of acetone cooled te-196 °C. The reaction mixture was brought

and the solvent was then removed under reduced pressure. The resultingp 0 °C and stirred for 5 h. The solvent was removed under reduced

oil was triturated with 2 mL of ethanol, giving a yellow solution, from
which the complex was precipitated by adding a slight excess of NaBPh
(0.4 mmol, 137 mg) in 1 mL of ethanol. After crystallization from
CH.Cl./ethanol/diethyl ether (1/3/5 mL), the complex was filtered off
and dried under vacuum; the yields were between 60 and 80%. Anal.
Calcd for GigH17dN4B2026PsRe; (6b): C, 50.69; H, 6.57; N, 2.15.
Found: C, 50.56; H, 6.65; N, 2.20.y = 114.5Q "t mol~! cm?. Anal.
Calcd for G_11H172N482025P3Re2 (6d) C, 5088, H, 662, N, 2.14.
Found: C,51.03; H, 6.74; N, 2.0Ay = 107.0Q "t mol~ cm?. Anal.
Calcd for G_24H14d\l482015P6Reg (7b) C, 5905, H, 559, N, 2.22.
Found: C, 59.22; H, 5.55; N, 2.18.y = 105.6Q 1 mol~* cn?. Anal.
Calcd for di‘|142N4BzolspeReg (7d) C, 5919, H, 564, N, 2.21.
Found: C, 59.25; H, 5.71; N, 2.09.y = 109.1Q"* mol~* cn?. Anal.
Calcd for Q48H14(3N482010P6Reg (Sb) C, 6548, H, 520, N, 2.06.
Found: C, 65.60; H, 5.12; N, 1.98.y = 104.8Q 1 mol~* cn?. Anal.
Calcd for GogH114N4B-0O14PsRe (10(:) C, 58.70; H, 5.20; N, 2.54.
Found: C, 58.81; H, 5.23; N, 2.4y = 113.3Q " mol~! cn?. Anal.
Calcd for GagHi12N4B2O1PsRe; (11d): C, 63.56; H, 4.86; N, 2.41.
Found: C, 63.41; H, 4.99; N, 2.40.y = 103.6Q "t mol~1 cm?. Anal.
Calcd for GeHsoN4B2O10P2Re; (12h): C, 60.51; H, 4.23; N, 2.94.
Found: C, 61.88; H, 4.11; N, 2.4%y = 106.4Q"* mol~! cn?.

[{ Re(CO)P} »(u-HN=NAr —ArN =NH)](BF ») (9b, 10b, 10d, 11b,
11c) [P = P(OEt)s (9), PPh(OEt) (10), PPhOEt (11); Ar—Ar =

(20) Brunet, J. J.; Kindela, F. B.; Neibecker, Dorg. Synth.1992 29,
156.

pressure, giving an oil which was rather difficult to transform into a
solid. However, after crystallization of the oil from GEl./ethanol (2/5
mL), solid products were obtained in the case of compourland
15. These were filtered off and dried under vacuum. Gummy orange
products were obtained for compounti$ and 16, which were also
characterized and used for further reactions. The yields were between
60 and 80%. Anal. Calcd for £H3gN4B2FsOsP;Re (13b): C, 46.38;
H, 3.53; N, 5.03. Found: C, 46.46; H, 3.60; N, 5.3, = 184.7Q1
mol~t cn?. Anal. Calcd for G4H4iN4B2FsOsP.Re (13d): C, 46.87; H,
3.66; N, 4.97. Found: C, 46.71; H, 3.68; N, 5.4y = 191.4Q!
mol~* cn?. Anal. Calcd for GiH3sN4B2FsOsP.Re (14b): C, 45.37; H,
3.25; N, 5.16. Found: C, 45.59; H, 3.34; N, 5.26y = 185.6 Q!
mol~! cn?. Anal. Calcd for GiH3gN4B2FsOsP.Re (15h): C, 52.02; H,
3.34; N, 4.76. Found: C, 52.16; H, 3.46; N, 4.88, = 182.9Q!
mol~t cn?. Anal. Calcd for GoH24N4BoFsOsPRe (6hb): C, 39.54; H,
2.65; N, 6.15. Found: C, 39.35; H, 2.69; N, 6.304 = 188.4Q!
mol~t cr?.

[Re(CO)s(PPhOEL)»(4,4-HN=NCsHs—CsHsN="N)](BF ). (13b*)
and [Re(CO)(PPhg)(4,4-HN=NCeHs—CsH4N='N)](BF 1) (15b*).
These complexes were prepared exactly like the related compounds
13b and15b using the labeled [4;45N=NC¢H;—CsH,N="°N](BF )
bis(diazonium) salt; yield>70%.

[MNn(CO) 5(PPhOEL)2(4,4-HN=NCgH4—CsHiN=N)](BF )2 (17b).
This compound was prepared by following the method used for the
related rhenium complek3b by reacting MnH(CO)YPPhOEt), (0.34
mmol, 200 mg) with [4,4N,CeHs—CsHaN2](BF4)2 (0.34 mmol, 127
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mg) in acetone at-196 °C. After crystallization from CHCl,/ethanol
(2/6 mL), the yield of the gummy orange product was about 75%. Anal.
Calcd for GsHagN4BoFsMnOsPs: C, 52.58; H, 4.00; N, 5.70. Found:
C, 52.75; H, 3.88; N, 5.86Ay = 179.5Q~! mol~* cn?.

[MNn(CO) 3(PPh,OEt) (4,4 -HN=NCgH4—CsHN=15N)](BF 4)>
(17b*). This compound was prepared exactly likéo using the labeled
[4,4’-ISNENCGH4_C5H4NEISN](BF4)2 salt; yleld >75%.

[Re(CO)sP,(u-HN=NAr —ArN =NH)RuHP';](BPh,), (ReisRu-b,
ReisRu-d, ReyRu-b) [P = PPhOEt (Reys), PPhOMe (Rew); P’
P(OEt)g; Ar —Ar = 4,4’-CaH4—CeH4 (b), 4,4-C6H4—CH2—CGH4 (d)]
and [Re(CO)(PPh,OEt)(u-4,4-HN=NC¢H4—CsH,N=NH)RuUH-
{P(OEt)s}4](BPhy), (ReigRuU-b). The hydride RuH{P(OEt)], (0.13
mmol, 0.10 g) and the appropriate diazemgazonium complex [Re-
(COX-nPr(HN=NAr—ArN=N)](BF4)2 (13, 14, 16) (0.13 mmol) were
placed in a 25-mL three-necked flask and cooled-t06 °C, after
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N)]?" cations; yield=80%. Anal. Calcd for GeH14d0N4B.MnO;gPsRe

(Mny7Re-b): C, 59.87; H, 6.06; N, 2.41. Found: C, 59.77; H, 6.15;

N, 2.48.Ay = 103.2Q71 mol~! cn?.
[Re(CO)s(PPhOEL),(-4,4-HN=NCgsHs—CesHsN=NH)FeH-

{P(OEt)s}4](BPhs). (RewsFe-b). A solution of [Re(CO)PPhOEt)-

(4,4-HN=NCsHs—CsHaN=N)](BF4)- (0.277 mmol, 308 mg) in 10 mL

of CH,Cl, was cooled to—80 °C and quickly transferred by needle

into a 25-mL three-necked flask containing 200 mg (0.277 mmol) of

FeH,[P(OEt)]4 cooled to—196 °C. The reaction mixture was brought

to room temperature and stirred for 4 h, and the solvent was then

removed under reduced pressure. The resulting oil was triturated with

3 mL of ethanol, giving a red-brown solution, from which the complex

was precipitated by adding an excess of NaB@hmmol, 342 mg) in

2 mL of ethanol. After crystallization from a mixture of GEl, (2

mL) and ethanol (5 mL), the complex was filtered off and dried under

which 10 mL of acetone was added. The reaction mixture was brought vacuum; yield>60%. Anal. Calcd for @GsHi41N4BoFeO7PsRe: C,
to room temperature and stirred for about 2 h, and the solvent was 60.03; H, 6.18; N, 2.43. Found: C, 60.20; H, 6.24; N, 2.3% =
then removed under reduced pressure. The resulting oil was treated104.1Q~* mol™* cn?.

with ethanol (5 mL) containing an excess of NaBFh52 mmol, 178
mg), giving a red solid, which was filtered off and crystallized from a
mixture of CHCI, (2 mL) and ethanol (7 mL); yield=70%. Anal.
Calcd for G1sH141N4B-0O17/PsReRu RelgRU-b): C, 58.87; H, 6.06; N,
2.39. Found: C, 58.99; H, 6.12; N, 2.5Qy = 100.6Q2~* mol~1 cn?
Anal. Calcd for GidH149N4B0:17/PsReRu ResRu-d): C, 59.03; H, 6.11;
N, 2.37. Found: C, 58.88; H, 6.20; N, 2.3%y = 97.8 2~* mol?
cn?. Anal. Calcd for GiaH13N4B,017PsReRU ResRu-b): C, 58.55;
H, 5.96; N, 2.42. Found: C, 58.76; H, 6.04; N, 2.3¢, = 103.1Q7*
mol~! cm?. Anal. Calcd for GoHi26N4B20:17PsReRu RegRu-b): C,
57.14; H, 5.92; N, 2.61. Found: C, 57.29; H, 5.98; N, 2.A0 =
100.1Q7* mol™* cn?.

[Re(CO)s(PPhOEt)(-4,4 -HN=NCgH 4— CsH4N=15NH)-
RuH{P(OEt)3} 4](BPhy), (ReisRu-b*). This compound was prepared
like the related compoundRe;sRu-b using the labeled [Re(C®)
(PPROEtL(H¥N=NCgHs—CsHsN=N)](BF4), derivative; yield=70%.

[Mn(CO) 3(PPh,OEt),(-4,4 -HN=NCgHs—CsHsN=NH)RuUH-
{P(OEt)3} 4](BPhys)2 (Mn17Ru-b). The complex was prepared like the
related compleXReisRu-b by reacting RukP, with [Mn(CO)s(PPh-
OEt)(4,4-HN=NCgsHs—CsHsN=N)](BF4)2 (17b) in acetone at-196
°C; yield =65%. Anal. Calcd for @sH14:1N4B-MnO17PsRu: C, 62.36;
H, 6.42; N, 2.53. Found: C, 62.55; H, 6.55; N, 2.4y = 107.5Q7*
mol~* cn?.

[Re(CO)s(PPhOE) (1-4,4-HN=NC¢H4—CsHisN=NH)OsHP']-
(BPhy)2 (Rewz0s-b, Ras0s;-b) [P' = P(OEt)s (Os), PPh(OELt), (Osy)]
and [Mn(CO),(PPhOE),(u-4,4-HN=NC¢H,—CeHsN=NH)OsH-
{P(OEt)s}4](BPhy), (Mn;0s-b). These heterobinuclear complexes
were prepared like the related compR&isRu by reacting the hydride
OsH:P, with the appropriate diazenaliazonium [M(CO)P,(4,4-HN=
NCsH4—CsH4N=N)](BF4). (M = Re, Mn) derivatives; yield>65%.
Anal. Calcd for G1sH141N4B20O170sRRe Res0s-h): C, 56.72; H, 5.84;
N, 2.30. Found: C, 56.65; H, 5.95; N, 2.24y = 104.3Q"1 mol~!
cm?. Anal. Calcd for G31H141N4B201:0sRRe (Rel3OS:|_-b): C, 61.38;
H, 5.54; N, 2.19. Found: C, 61.57; H, 5.68; N, 2.2%, = 102.8Q1
mol~* cn?. Anal. Calcd for GisH14:1NsB2MNO;;0sR (Mn17;0s-b): C,
59.95; H, 6.17; N, 2.43. Found: C, 60.12; H, 6.28; N, 2.3% =
99.6 Q~* mol~* cn?.

[Re(CO)sP2(u-4,4-HN=NCsHs—CsH4sN=NH)Mn(CO) sP';]-
(BPhy)2 (ReMn-b, ReisMn-b) [P = PPROEt (Reys), PPhs (Reys);

P'" = PPh(OEt),]. These complexes were prepared according to the
general method, by reacting the hydride MnH(G®y) with the
appropriate [Re(CQP2(4,4-HN=NCsHs—CesHsN=N)](BF,). com-
plexes in acetone; yiele 70%. Anal. Calcd for @ 4H110N4B2MNO;.P,-

Re ReisMn-b): C, 64.75; H, 5.24; N, 2.65. Found: C, 64.93; H, 5.38;
N, 2.57. Ay = 112.5Q"1 mol~! cn?. Anal. Calcd for GoH110N4B2-
MnOyoPsRe ReisMn-b): C, 67.25; H, 5.09; N, 2.57. Found: C, 67.33;
H, 5.12; N, 2.67Ay = 108.7Q* mol~* cn?.

[Mn(CO) 3(PPh,OEY) z(1-4,4-HN=NCgH4—CcHsN=NH)Re(CO)-
{P(OEt)s}4](BPhs), (Mn17Re-b) and [Mn(CO)3(PPh,OE),(u-4,4-
H15N=NC6H4—C6H4N=15NH)RG(CO){ P(OEt)g} 4](BPh4)2 (Mn 17Re-

[Re(co):;(PPthEt)2(,14-4,4'-HN=NC6H4_CGH4N=NH)RU-
{P(OEt)3} a(u-4,4-HN=NCgHs—CsHsN=NH)Mn(CO) 3(PPh,OEt)]-
(BPhy)s (Re1sRuMnN 17). A solution of the diazenediazonium complex
[MNn(CO)5(PPhOELt)(4,4-HN=NCsHs—CsHsN=N)](BF4)> (17b) (0.25
mmol, 254 mg) in 10 mL of acetone was cooled+80 °C and quickly
transferred into a 25-mL three-necked flask containing [Re¢E®Ph-
OEt)(u-4,4-HN=NCgHs—CsHaN=NH)RuH{ P(OELt}} 4] (BPhy), (Re1sRu-

b) (0.25 mmol, 586 mg) in 10 mL of acetone cooled-t80 °C. The
reaction mixture was brought to room temperature and stirred for 8 h,
and the solvent was then removed under reduced pressure. The resulting
oil was triturated with ethanol (5 mL) containing an excess of NaBPh
(0.50 mmol, 170 mg), affording a red-brown solid, which was filtered
off and crystallized from a mixture of Gi€l, (2 mL) and ethanol (7

mL); yield >60%. Anal. Calcd for GyeH220NsBsMNOPsReRu: C,
65.23; H, 5.85; N, 2.95. Found: C, 65.39; H, 5.96; N, 2.814.= 244

Q= mol™* cn?.

[Re(CO)g(PPhgoEt)2(,u-4,4'-HN=NC6H4—C6H4N=NH)Os-
{P(OEt)3} a(u-4,4-HN=NCgHs—CsHsN=NH)Mn(CO) 3(PPh,OEL)]-
(BPhs)s (Re1sOsMnyy). This compound was prepared like the related
trinuclear Re;gRuMni7 complex; yield =45%. Anal. Calcd for
CoodH220NsBsMNO,,0sRRe: C, 63.73; H, 5.71; N, 2.89. Found: C,
63.89; H, 5.83; N, 2.84Ay = 235Q"1 mol~t cm?.

[Mn(CO) 3(PPh,OELt)2(u-4,4-HN=NCgHs—CecHsN=NH)Fe(4-
CH3CGH4CN){ P(OEt)3}4](BPh4)3 (Mn17Fe1-b). In a 25-mL three-
necked flask were placed the hydride [FeH(43CkH,CNX P(OEt)} 4]-

BPh; (0.2 mmol, 230 mg) and the diazendiazonium complex
[Mn(CO)3(PPhROELt)(u-4,4-HN=NCgHs—CsHsN=N)](BF ). (17b) (0.2
mmol, 196 mg), and the mixture was cooled-td96 °C, after which

10 mL of acetone was added. The reaction mixture was brought to
room temperature and stirred for about 5 h, and the solvent was then
removed under reduced pressure. The resulting oil was triturated with
ethanol (5 mL) containing an excess of NaBR®.4 mmol, 137 mg).

A yellow solid slowly precipitated. This was filtered off and crystallized
from a mixture of CHCI, (2 mL) and ethanol (5 mL); yiel&60%.
Anal. Calcd for GasH16MNsBsFeMnO7Ps: C, 67.78; H, 6.46; N, 2.69.
Found: C, 67.63; H, 6.55; N, 2.6\ = 181.8Q~1 mol~! cm?.

[Mn(CO) 3(PPh,OEL)5(-4,4 -HN=NCgH 4—CsH4N=1NH)Fe(4-
CH3CsH4CN){ P(OEt)3} 4](BPhy)s (Mn 17Fe1-b*). This compound was
prepared exactly like the related unlabeled complien /Fe;1-b starting
from the labeled [Mn(CQYPPhOEt)(u-4,4-HN=NC¢H,—CsHsN=
15N)](BF4)2 (17b*) complex; yield=60%.

[MNn(CO) 2(PPhOE) 2(u-4,4 -N2CeHs—CoHN2)Fe{ P(OEL)s} 4]
BPh, (MnFe-b). An excess of NEt(0.5 mmol, 69uL) was added to
a solution of [Mn(COY(PPhOEt)y(1-4,4-HN=NCsHs—CsHsN=NH)-
Fe(4-CHCsH.CN) P(OEtY} 4] (BPhy)s (Mn 177€s-b) (0.1 mmol, 260 mg)
in 5 mL of CH,Cl,, and the reaction mixture was stirred for about 50
min. After filtration to remove the [NHE}BPh, salt, the solution was
evaporated to dryness and the resulting oil triturated with 2 mL of
ethanol. The red-brown solid that slowly formed was filtered off and
crystallized from a mixture of CKCl, (2 mL) and ethanol (5 mL);

b*). These complexes were also prepared according to the generalyield =60%. Anal. Calcd for GeH11dN.-BFeMnQePs: C, 59.42; H, 6.54;

method, by reacting ReH(CO)[P(OR#f)with the unlabeled and labeled
diazene-diazonium [Mn(CO)(PPhOEt)(4,4-HN=NCsH,—CsHsN=

N, 3.08. Found: C, 59.56; H, 6.64; N, 3.00y = 52.6 Q71 mol~*
cne.
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Table 1. Crystal Data and Structure Refinement Details for showed no significant features. All calculations were performed on a
[Re(GHsN=NH)(COX P(OEt}} 4]BPh, (13) Digital Alpha 255 workstation at the Centro di Studio per la Struttur-
L istica Diffrattometrica del CNR in Parma. The final geometry was
f?,(,n pirical formula 1%‘1?‘185’\'2013%?6 analyzed with the program PARST%7and the drawing of the structure
temp €C) 20(2) was made with ZORTEP.
wavelength (A) 0.71069_ Electrochemical Apparatus and ProceduresVoltammetric experi-
crystal system, space group triclinkl ments were carried out in a three-electrode cell. The working electrode
unit cell dimensions (A; deg) a=15.380(5)b = 13.037(5), was a glassy-carbon (area 0.2%mr platinum disk (area 0.07 cén
¢ = 16.649(5)0. = 90.33(5), mirror-polished with graded alumina powder. The voltammetric patterns
B =91.2(1),y =89.71(9) of the tested compounds showed similar characteristics on both Pt and
volume (&%) 3337(2) glassy-carbon electrodes (apart from large peak current values, which
ibgﬁggf??g;'%’ (glch) %917%98 are on scale with respect to electrode area). All data presented here
final Rindices | > 20(1)]* R1= 0.0384, WR2=0.0811 were obtained using a glassy-carbon disk as the working electrode.

The working electrode was surrounded by a platinum spiral counter

Rindices (all data) R¥ 0.0970, wR2=0.0970 electrode. The reference electrode (aqueous KCl-saturated Ag/AgCl)
AR1=Y||Fo| — IFI/¥|Fol; WR2 = {3 [W(F2 — FAA/ Y [W(FA} 2 was placed in a Luggin capillary reference electrode compartment.
w = 1{0%(F?) + [0.17(ZF2 + FP)/I3)%. All potentials are referred to this Ag/AgCl reference electrode. The
Ei1 value for the ferrocene/ferrocenium (Fc/ffacouple, measured
[Mn(CO) o(PPh,OEL) (-4,4' -*N=NCgH s~ CeH4N=N)Fe- in the supporting electrolyte used in this work, (0.1 M tetrabutylam-

{P(OEt)3}4]BPh4 (MnFe-b*). This compound was prepared exactly monium hexafluorophosphate, TBAH, in dichloroethane, DCE) was
like the related unlabeled compl&inFe-b by deprotonation with NEt +0.520 V vs Ag/AgCl. The specific resistance of the electrolyte solu-

of the labeled [Mn(CQ)PPhOEt)(u-4,4-H®N=NCsHs—CsH,N=15- tion, measured with a Crison CM 2202 conductometer, was X250

NH)Fe(4-CHCsH,CN)Y P(OELt)} 4] (BPhy)s (Mni7Fe-b*) derivative; cm. All measurements were carried out at room temperature under a

yield >60%. nitrogen atmosphere. The voltammetric equipment used was an EG&G
[Re(CO)s(PPhOEL) 2(-4,4-HN=NCeHs—CsHisN=N)Fe(CO),- PAR Model 273 potentiostat controlled by a personal computer via M

{P(OPh)s};](BPhy); (ReisFe;). A solution of [Re(CO)PPhOEt)(4,4- 270 software, using a positive feedback correction of uncompensated

HN=NCsH;—CsHsN=N)](BF4), (0.277 mmol, 308 mg) in 10 mL of IR drops.

acetone was cooled t680 °C and quickly transferred by a cannula Digital simulations of experimental voltammograms were performed

into a 25-mL three-necked flask containing 203 mg (0.277 mmol) of with Digisim 2.1 (Bas Inc.), a cyclic voltammetric simulation program,
FeH,(CO)[P(OPh}], cooled to—196 °C. The reaction mixture was running on an HP 735/90 CPU Pentium computer. The voltammograms
brought to room temperature and stirred for about 20 h, and the solventof the binuclear compounds were simulated by the following reaction
was then removed under reduced pressure. The resulting oil wassequence, where A is the starting binuclear compound:

triturated with 3 mL of ethanol, giving a red-brown solution, from which

the complex was precipitated by adding an excess of NaBP&immol, A+e=B Q)
274 mg) in 2 mL of ethanol. After crystallization from a mixture of B=C ©)
CH.CI; (2 mL) and ethanol (5 mL), the gummy solid obtained was
filtered off and dried under vacuum; yield55%. Anal. Calcd for C+e=D 3)
CrodH10dN4BFeOQsPsRe: C, 67.05; H, 4.75; N, 2.42. Found: C, 67.31;
H, 4.73; N, 2.34Ay = 105.1Q"1 mol ! cn. D=E 4

X-ray Structure Determination of [Re(CsHsN=NH)(CO){P-
(OEt)s}4]BPh4 (1a). Suitable crystals for X-ray analysis were obtaine
by recrystallization from ethanol. The data were collected at room
temperature on a Philips PW 1100 diffractometer using graphite-mono-
chromatized Mo K radiation. Despite the values of the angles, all
near 90, a cell reduction program failed to show the presence of a
higher symmetry, and the choice of the triclinic centric space group
P1 was justified by the intensity distribution statistics and the
satisfactory refinement of the structure. No crystal decay was observed. B+e=A )
Pertinent crystallographic parameters are summarized in Table 1. The
data were processed with a peak-profile procedure and corrected for C+e=B (6)
Lorentz and polarization as well as for absorption effects, using the
y-scan method. A total of 19 477 reflectionsi4k,+1) were measured ~ where A was always the starting complex; reaction 6 was excluded in

d The voltammograms of the relevant mononuclear compounds were
simulated by a similar mechanism from which, however, reactions 3
and 4 were excluded. For all the compounds studied in this work, the
fits between simulated and experimental data were optimized using
the simulation parameters listed in Table 2. For digital simulation of

the oxidation of mono- and binuclear Mn aryldiazenido compounds,

the following mechanism was adopted:

by using the9—20 scan technique to a maximung alue of 60. the case of the mononuclear compound. The fits between simulated
The structure was solved by direct meth8ded refined by a full- and experimental data were optimized by the simulation parameters
matrix least-squares procedure & with SHELXL9722 All non- listed in Table 3.

hydrogen atoms were refined with anisotropic thermal parameters. Although a positive feedback correction of the ohmic drop of the

Hydrogen atoms were inserted at calculated positions using a riding solution was used to obtain the experimental data, slightly better fits

model, with the exception of the hydrogen belonging to the nitrogen between experimental and simulated voltammograms were achieved

in the phenyldiazene group, which was detected inFamap and by introducing a residual uncompensated resistance of¢200 the

refined freely. Phenyl groups of the anion were refined as rigid bodies. simulations. A double-layer capacitance of »6 10°° farad was
Neutral-atomic scattering factors were employed, and anomalous employed.

dispersion terms were included for non-hydrogen atoms. The refinement . .

for 653 parameters converged with R10.0384 (for 10 297 observed ~ Results and Discussion

data), wR2= 0.0970, and GOF= 0.829. The final difference map Aryldiazene Complexes.The rhenium hydride complexes

21) Alt A-Burla M. C.- Camalli M- C G Gi ReH(CO}-,P, quickly react with both mono- and bis(aryl-
( )C_.og]ueggl’iarai xij'al’\ﬂoﬁteﬁ']i "X.n‘é.'.’ Pc;iidoariscgr.?%oﬁag'ﬁa 'g?%\’;zzo’ diazonium) cations to give the aryldiazene derivatives [Re-

A new program for sefng and refining crystal structuredstituto di
Ricerca per lo Sviluppo di Metodologie Cristallografiche, CNR: Bari, (23) Nardelli, M. PARST97, updated version of PARST9b. Appl.
Italy, 1997. Crystallogr. 1995 28, 659.

(22) Sheldrick, G. M.SHELXL97 Program for structure refinement (24) Zsolnai, L.; Pritzkow, HZORTEP ORTEP original program modified
University of Goettingen: Goettingen, Germany, 1997. for PC; University of Heidelberg: Heidelberg, Germany, 1994.
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Table 2. Fitting Parameters Used in the Digital Simulations of the Reductions of Selected Aryldiazene Cofplexes

E°(1) k(1) k(2) E°(3) 10%(3) k(4) 10°D(A) 10°D(B) 10°D(C) 10°D(D) 10PD(E)
cmpd V) al) ecms?Y) Kef2) (s (V) a3) (cms?Y Ked) (s (cnmPs™?) (cnmPs?) (cnmPs?t) (cnPst) (cnPs™)

5a —-0.79 0.2 0.005 300 100 2.0 2.0 2.0

11b —0.70 0.37 0.017 30 400—-0.83 0.22 9 3x 10° 100 2.4 2.4 2.4 2.0 2.0

ReisRu—b —-0.66 0.2 0.002 500 100—1.24 0.3 5 3x 10* 500 2.0 1.8 2.0 2.0 2.0

Mny —0.89 0.2 0.0015 300 100 1.5 1.0 1.0

Mn» —0.73 0.2 0.001 300 1-0.95 0.2 1 3x 10¢ 150 1.0 1.0 1.0 1.0 1.0

Mni;;Ru—b —-0.85 0.2 0.0012 X 10° 100 —1.24 0.3 3 3x 10* 500 1.2 1.8 8.0 8.0 8.0

a oo = transfer coefficientks = standard heterogeneous rate constart, diffusion coefficient, and the other symbols have their usual meanings.
Mn 1 = [Mn(CeHsN=NH)(CO)(PPhOEtL]|BF4 Mn, = [{ MN(CO)(PPhOEt)} »(1-4,4-HN=NCeHs—CsHsN=NH)](BPhy),.>*

Table 3. Fitting Parameters Used in the Digital Simulations of the Oxidations of Aryldiazenido Compounds of Manganese

E°(5) 10%(5) E°(6) 10°k(6) 10°D(A) 10°D(B) 10°D(C)
cmpd V) a(5) (cms?) V) a(6) (cms?) (cn?s™) (cn?s™) (cn?s™)
Mn3 0.425 0.4 1.5 6.5 6.5

Mng 0.44 0.35 1.5 0.48 0.35 2.0 5 5 5

a Mn3 B Mn(C6H5N2)(CO)2(PPl10Et)2, Mn4 = {Mn(CO)z(PPI}OEt)Z}2(/4—4,4’—N2C36H4—C6H4N2).3b

Scheme 2 Scheme 2
P\ /P ; T 2ReH(CO)5.nPy + [NAr-ArN,J2*
ReH(CO)P, + PhN,* —— OC—Re—N [{Re(CO)5.nPnla(-HN=NAr-ArN=NH)]?*  6-12
trans /N \
P P 'N—Ph
trans H j2+
" 7 N
+ oc P N P
R PH =
\/ | _‘ \Re< /NN/ \Re<
ReH(CO),P; + PhN,* —= OC—Re—N P | SN X P | Dco
mer-cis /\ N\ P r%ns b
OC P 'N—Ph H
mer-cis H _l2+
- 7 N
oc P N co
oc pH |* Sre <O Z e’
s \/ | e N S @
ReH(CO)sP, + PhN,* —~ OC—Ré—N oc” | N er-cis P | “co
mer-trans or P/ \Co\\N o P J{ 7,8 P
fac-cis -
mer-trans H _|2+
3a, 4a, 5a T ’L T o
B ocC co N
ap = P(OEt) (1, 3), PPh(OEH) (4), PPhOEL (2, 5). Spe” /NN/ Re”
oc” l N mer-trans oc” | o
(PAN=NH)(COX_P]* (1-5) and [Re(CO}-_nPu}2(u- P 9 10. 11 P
HN=NAr—ArN=NH)]2" (6—12), which were isolated as BF H T H —]2+
or BPhy~ salts and characterized (Schemes 1 and 2). co | P
An exact stoichiometric ratio between the reagents and the oc_| co N_ | co
. . ~NJ) - N~
start of the reaction at low temperature seems to be crucial for Re NN “ “Re
. " Lo . SN PN
successful synthesis of the aryldiazene derivatives. Otherwise, ~ 0¢” | "N cis oc” | “co
some decomposition products or oily substances were found in P }L 12 co

the final reaction products. _ _ P = P(OEt) (6, 9), PPh(OES (7, 10), PPhOEt (8, 11, 12): Ar—Ar
Good analytical data were obtained for all the aryldiazene — 4 4.cH,—~CsH, (b), 4,4-(2-CHs)CeHa—CeHa(2-CHs) (C), 4,4-

complexes, which are yellow or orange solids and are stable in c;H,~CH,—CsH,4 (d).

air and in solutions of polar organic solvents, where they behave

as 1:1 or 2:1 electrolyte®. The IR and NMR data (Table 4) In the temperature range betwe¢80 and—80 °C, the3'P
support the proposed formulations and allow geometries in NMR spectra of the monocarbonyl complexeand6 appeared
solution to be established for all the complexes (Schemes 1 andas sharp singlets, indicating the magnetic equivalence of the
2). In particular, the presence of the diazene ligand was four phosphite ligands, whereas the IR spectra showed only one
confirmed by the'H NMR spectra, which showed the charac- v(CO) band. On this basis, the mutual trans positions of the

teristic NH proton signal as a broad resonance at 1412121 diazene and carbonyl ligands may be proposed.
ppm. For the related labeled compounts, 4a**, 8b*, and For both the mononuclear dicarbonyl complexXeand the
11b*, this signal was split into a sharp doublet withsy = binuclear dicarbonyl complex&sand8, the IR spectra showed

62—66 Hz ancRJisyy = 3.5 Hz, in agreement with the proposed two strongr(CO) bands, suggesting a cis arrangement of the
formulations!226The 15N NMR spectra of labeled compounds
8b* and 11b* further support the assignments, showing a gg; 8;’?_22}] W'K*]%Of’éddb(i:nhseo’:]"SRele?ﬁI; 81\1/{ & Chem. Soc.. Dalton
doublet of triplets for the!>NH resonance (Table 5) due to Trans. 1%’73' 2713. (b) Carrol, J. A.; )éutt'on': D.: Xiaoheng, Z.

coupling with the proton and phosphorus nuclei. Organomet. Chenl982 244, 73.
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Table 4. IR and NMR Data for Selected Mono-, Bi-, and Trinuclear Compléxes

IR(KBT) 1H NMR®be© spin 31p{1H} NMRbd
compd v(cm™?) assgnt o (ppm;J, Hz) assgnt system o (ppm;J, Hz)
la [Re(GsHsN=NH)(CO) P(OEt}} 4]BPh4 1903 (s) v(CO) 14.37 (qi) NH As 116.4 (br)
=4 [117.6 ()}
4.04 (m) ()
1.26 (1) Hs
2a [Re(CsHsN=NH)(CO),(PPROEt)]|BF 4 1968 (s) v(CO) 12.21 (d) NH AB; op=115.5
1889 (s) 3.34 (m) (=P o0 = 108.8
0.84 (1) Hs Jas = 28
0.65 (1)
4a [Re(GsHsN=NH)(CO)s{ PPh(OE®)} 2]BF4 2072 (m) »(CO) 14.30 (s, b® NH AN 136.0 (s)
1979 (s) 3.97 (m) € [137.9 (s)}
1960 (s) 1.24 (1) €3
4a* [Re(CsHsN=15NH)(CO){ PPh(OE®)} ;]BF4 2078 (m) v(CO) 14.31 (d§ NH AoXe9 137.8 (d)
1979 (s) Jisyy = 63 2Joipisy = 2.5
1960 (s) 3.98 (m) €
1.24 (1) H3
5a [Re(CsHsN=NH)(CO)(PPhOEt)]|BF4 2071 (m) »(CO) 12.55 (s) M Az 110.9 (s)
1979 (s) 3.65 (m) €
1948 (s) 1.18 (1) €3
11b [{ Re(COX(PPhOELt)} o(u-4,4-HN=NCeHs— 2075 (m) »(CO) 13.46 (s) ] Az 110.5 (s)
CeHsN=NH)](BF4)- 1981 (s) 3.67 (m) (D)
1925 (s) 1.22 (1) €3
12b [{Re(COMPPhOEL)} o(u-4,4-HN=NCgHs— 2115 (m) »(CO) 12.78 (s) M A 106.3 (s)
CsHaN=NH)](BPhs) 2033 (s) 3.70 (qi) €,
2017 (s) 1.21 (1) €3
1980 (s)
13b [Re(COx(PPhOEL)(4,4-HN=NCsHs— 2266 (m) v»(N=N) 13.70 (s) NH Az 110.4 (s)
CsHaN=N)](BF4) 2071 (m) »(CO) 13.55 (s)
1979 (s) 3.64 (qi) (=P}
1942 (s) 1.22 (1) €3
13b* [Re(CO}(PPhOEt)(4,4-HN=NCgsHs— 2232 (m) v(N=N) 13.71(d) NH AxX 110.6 (s, br)
CeHaN="5N)](BF ) 2072 (m) v(CO) 13.54 (d)
1979 (s) Jisyy = 66
1942 (s) 3.64 (br) (=P
1.21 (br) GHs
17b [Mn(CO)3(PPROEt)(4,4-HN=NCeHs— 2265 (m) »(N=N) 13.11(s) NH Az + AN 161.9 (s, br)
CsHaN=N)](BF4) 2061 (m) v(CO) 12.95 (s)
1984 (s) 3.58 (br) €
1952 (s) 1.20 (br) (S}
ReisRu-b [Re(COX(PPROEt)(u-4,4-HN=NCgsHs— 2072 (m) v(CO) 13.98 (s, br) M, Ru Ao+ Az 109.8 (s), Re
CeHaN=NH)RuH{ P(OEt)} 4](BPh)2 1978 (s) 12.72 (s) N, Re 109.6 (s)
1943 (s) 12.68 (s) ARC op =149.5, Ru
4.05 (m) (P og =141.7
3.62 (q) 0c=136.7
1.30 (t) O‘|3 JAB =62.0
1.26 (t) Jac =415
1.24 (t) Jsc =43.0
1.19 (1)
—6.89 to H, hydride
—7.90 (m)
ReisRu-b*  [Re(COR(PPROEt)(u-4,4-HN=NCgsHs— 2071 (m) »(CO) 13.99 (d) NH, Ru AoX + AX  109.8 (s, br) Re
CeHaN=NH)RUH{ P(OEt)} 4](BPhu), 1978 (s) 12.71 (d) N, Re
1941 (s) 12.66 (d) ABCX oa =149.5, Ru
4.05 (m) H, og=141.6
3.62 (qi) O0c =136.7
1.30 (1) Hs Jag = 62.6
1.26 (1) Jac =41.7
1.23 (1) Jax =52.4
1.19 (1) Jsc =43.0
—6.88 to H, hydride Jsx = 4.6
—7.89 (m) Jex = 3.8
Mni7Ru-b [Mn(CO)3(PPROEt)(u-4,4-HN=NCsHs— 2060 (m) »(CO) 14.14 (s, b® NH, Ru A+ A 162.6 (s, br), Mn
CeHsN=NH)RUH{ P(OEt)} 4](BPhs)2 1981 (s) 14.06 (s) N, Mn AB,CY oa=151.6, Ru
1954 (s) 13.98 (s) 0g = 145.0
4.27 (br) H, 0c=137.4
4.08 (br) Jae = 61.3
3.70 (qi) Jac =415
1.34 (1) Hs Jec =41.0
1.30 (1)
1.26 (1)
1.22 (1)
—6.76 to H, hydride

~7.70 (m)
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Table 4 (Continued)
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IR(KBr) 1H NMRbe spin  3'P{H} NMRPH
compd v (cm™T) assgnt o (ppm;J,Hz) assgnt system o (ppm;J, Hz)

Res0s-b  [Re(COX(PPhOEt),(1-4,4-HN=NCsH4— 2071 (m) ¥(CO) 14.61(s,br) ®,0s A +A; 109.7(s), Re
CeHaN=NH)OsH P(OEt)} 4](BPh)2 1978 (s) 12.59 (s) N, Re 109.5 (s)

1947 (s) 12.54 (s) [110.7 (s)
[12.60 (s) 110.5 (s)]
12.53 (s)] A-BC o0a =103.9, Os
4.17-3.94 (M) G, o =101.2
3.64 (m) dc=100.4
1.30 (t) CH3 JAB =47.3
1.23 (1) Jac = 29.6
1.20 (1) Jgc=—32.7
—-8.32to H, hydride

—8.82 (m)
ReigMn-b  [Re(CO}(PPhOE)(u-4,4-HN=NCgHs— 2064 (w)  ¥(CO) 12.75 (s) M,Re A 186.6 (s), Mn
CeHaN=NH)Mn(CO){ PPh(OE®)};](BPh4)y 1978 (s, br) 12.73 (s) [187.6 (5)]
1950 (s, br) 12.55 (s) N,Mn A+ A; 109.7 (s, br), Re
4.09 (br) s [110.8 (s, br)]
3.65 (m)
1.37 (t) Hs
1.18 (tbr)
Mni/Re-b  [Mn(CO)s(PPROEt)(u-4,4-HN=NCsHs— 2060 (M) ¥(CO), Mn  14.47 (br) N,Re A+A; 161.4(s, br), MA
CsHiN=NH)Re(COY P(OEt}} 4](BPhy)2 1981 (s) 12.47 (br) N, Mn A, 123.6 (s), Re
1954 (s) 4.06 (m) (=H)
1865(s)  »(CO),Re  3.60 (m)
1.30 (m br) s

ResRUMN 17 [Re(COR(PPhOE)(u-4,4-HN=NCgHs— 2060 (m, br) ¥(CO) 14.12 (br) N, Ru  As+A; 160.7 (br), Mn
CeHaN=NH)RU P(OEt}} 4(u-4,4-HN=NCgHs— 1980 (s, br) 12.85 (s) N,Mn A;+A; 110.0(s),Re
CeHaN=NH)Mn(CO);(PPROEL)](BPh)4 1947 (s, br) 12.73 (s) 109.9 (s)

12.51 (s) NH, Re  AB» 0a=126.5, Ru
12.39(s) o =116.7
4.05 (m) s Jag = 61.5
3.62 (m)

1.30 (m) Hs

1.18 (m)

Re1s0sMny7 [Re(COR(PPhOEt)(u-4,4-HN=NCgH,s— 2071 (m, br) ¥(CO) 14.62 (br) NH,Os A +A, 160.8 (br), Mn
CeHaN=NH)OS{ P(OEt}} 4(u-4,4-HN=NCsHs— 1980 (s, br) 12.92 (s) N,Mn A;+A, 109.9(s, br),Re
CsHaN=NH)Mn(CO)y;(PPhOEt)](BPtu)4 1948 (s, br) 12.91 (s) MBC o0a =102.8, Os

12.56 (s) N, Re ds = 101.0
12.42 (s) oc = 100.5
4.10 (m) CHz Jag = 31.0
3.62 (m) Jac =45.5
1.37-1.15 (m) CHs Jec=29.8

MnFe-b [MN(CO)o(PPhOE)(1i-4,4-NCeHa— 1931(s)  »(CO) 4.05 (br) G, Ao+ 174.1 (s), Mn

CsHaN2)Fe{ P(OELty} 4]BPhy 1853 (s) 3.69 (br) AB@ dp=169.2, Fe
1653 (m) »(N=N), Fe 1.30 (br) Els Og = 166.8
1617 (m)  v(N=N), Mn dc=152.6
1560 (m) Jag = —3.75
1585 (m)  +(N=N), Mn Jac = 1225
Jsc =126.3
MnFe-b*  [Mn(CO)y(PPROEt)(u-4,4-15N=NCsHs— 1931(s)  ¥(CO) 4.05 (br) G, AX+  174.7 (s, br), Mn
CeH4N=15N)Fe{ P(OEt)} 4]BPhy 1854 (s) 3.70 (br) ABGX 170150 (m), Fe
1604 (m) v(N=N), Fe 1.31 (br) Els
1580 (m)  »(N=N), Mn
1541 (m)
1558 (m)  +'(N=N), Mn
ReiFe [Re(CO}(PPhOEt)(u-4,4-HN=NCgH4— 2073 (m) »(CO),Re  14.37(bH NH A2+A; 1459 (s), Re
CsHaN2)Fe(COY P(OPh)} 5](BPhy), 1978 (s) 3.78 (m) (=H AS 111.0 (s, br), Fe
1944 (s) 1.21 (1) €l
2054 (m)  ¥(CO), Fe
2000 (sh)
1752 (m)  v(N=N)

2]R and NMR data for all the prepared complexes are reported in Table S1 (Supporting Infornfatio@D,Cl, at 25 °C unless otherwise
noted.c Phenyl proton resonances are omittéRositive shift downfield from 85% HPO,. ¢ At —90 °C. T 33C{*H} NMR, o: 202.2 (dt,Jcp,, =
Ji3cp,, = 8.5 Hz, CO), 193.7 (dt)cp,, = 8.2, Ji3cp,,,. = 67 Hz, CO), 135120 (m, Ph), 65.35 (d), 64.95 (t), (G 15.8 (t), 15.5 (d) (CH). 9In

(CD3),CO."At —30°C." At —70 °C.

two carbonyl ligands. However, these two ligands are not The IR spectra of complex&4, 5, 9, 10, and11, containing
magnetically equivalent, as shown by the two well-separated the tricarbonyl fragment Re(Ceh,, showed three bands (one
multiplets due to the carbonyl carbon atom that appear at 202.2medium and two of strong intensity) in thgCO) region,

(dt) and 193.7 (dt) ppm in theé3C NMR spectrum of indicating a mer rearrangement of the three carbonyl ligands.
[Re(CsHsN=NH)(CO)(PPhOEt)]BF, (2a). Furthermore, the  In the temperature range betweei30 and—80 °C, the31P-
31P{1H} NMR spectra appear as an ABwultiplet, suggesting {IH} NMR spectra consisted of sharp singlets, indicating the
a mer-cis geometry for the dicarbonyl derivatives. magnetic equivalence of the two phosphite ligands. On this basis,
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Table 5. >N NMR Data for Selected Labeled Complexes

compd 0 ° (ppm;J, Hz) assgnt

8b* [{ Re(COYPPhOE)s} o(u-4,4-HN=N-CgH,s— CsHs-N=1NH)](BPhy). —11.5 (dt) 15NH

2Jisp =4

lJl5NH =62
11b* [{ Re(CO}(PPhOELt)} o(u-4,4-H*¥N=N-CsHs—CsH4-N=1NH)](BF 1) —17.6 (dt) I5NH

Jisp=14

sy = 66
13b* [Re(COX(PPhOEt)(4,4 -HN=N-CsHs—CsHs-N=1N)](BF ), —8.3(d, br) 15NH

—16.6 (d, br)

Jisyy = 66

—70.0 (s) N=1N
15b* [Re(COX(PPh)y(4,4-HN=N-CsHs—CsHs-N=15N)](BF,), —15.0 (d) 15NH

—20.0 (d)

Jisyy = 66

—70.0 (s) N=1N
17b* [MN(CO)s(PPhOE)2(4,4-HISN=NCsHs—CsHsN=15N)](BF )2 16.8 (d, br) 15NH

11.6 (d, br)

Jisyy = 65

—70.0 (s) N=1SN
MnFe-b* [Mn(CO)(PPhOEt)(u-4,4 -**N=NCgsH,—CeH4N=N)Fe{ P(OEt}} 4]BPhy 58.0 (1) MnSN=N

Jisyp = 13

27.0 (m, br) FEN=N

aln CD,Cl, at 25°C. b Positive shift downfield from Ckl°NO..

a mer-trans geometry of the type in Schemes 1 and 2 may be
proposed for the tricarbonyl compounds. It may also be noted
that exclusively mer-trans complexes were obtained by reacting
both mer-trans and fac-cis isomers of the ReH(§Eohydride
precursors prepared in the case of the /i ligand.

Finally, mutual cis positions for the phosphite and diazene
ligands of the tetracarbonyK Re(CO)PPhOEty} »(u-4,4-
HN=NCsH;—CgHsN=NH)](BPhy), (12b) complex may be
proposed on the basis of the presence of i@O) bands in
the infrared spectra.

A comparison of these results for rhenium aryldiazene
complexes with those previously reported by us for related
manganese derivativ®showed that, in both cases, aryldiazene
complexes can be obtained by “apparent” insertions of aryl-
diazonium cations into the MH bonds of the monohydride
species MH(CQ)-,P, (M = Mn, Re) containing phosphites as
anC|IIary_ ligands. However,_ whereas stable dlazen_e complexes{ P(OEt}}4]* (1a") with thermal ellipsoids drawn at the 50% probability
of rhenium can be obtained for all CO:P ratios in the |evel. Ethyl groups of phosphite ligands are omitted for clarity.
[Re(ArN=NH)(CO)_nP;]* (n = 1—4) complexes, only the
tricarbonyl fragment Mn(CQp; allowed stable aryldiazene  cQ or one phosphite ligand may explain the different behaviors
derivatives to be prepared. Furthermore, the [Mn(#iNH)- of the aryldiazene complexes of the two metals.

(CO%P]* cations can easily be deprotonated with NEt  x_ray Crystal Structure of 1a. The crystal structure dfa

affording aryldiazenido Mn(Arb)(CO)P; derivatives, in agree-  consists of discrete [Reg@sN=NH)(COX P(OEt}} 4]+ cations

ment with eq 7. Surprisingly, no reaction [as in (8)] was and BPR~ anions, which interact only by means of electrostatic

" and dispersive forces. The complex cation showing the atom-
[Mn(ArN=NH)(CO),P,] " + NEt; —~ labeling scheme used is depicted in Figure 1. Selected bond
Mn(ArN,)(CO),P,+ CO+ [NHEt3]+ (7) distances and angles are given in Table 6. The coordination
polyhedron is a distorted octahedron in which the rhenium atom
[Re(ArN=NH)(CO)&-,_nPn]+ + excess NEt»  (8) is coordinated by four phosphite groups, one phenyldiazene
molecule, and one carbonyl group, the two last ligands being

Figure 1. ORTEP view of the cation [Re@ElsN=NH)(CO)-

observed when the related rhenium aryldiazene complex&2 mutually trans. The angles in the coordination sphere range
were treated with base. The starting [R&]JH=NAr compound, from 169.91(3) to 176.24(&)trans) and from 82.7(1) to 97.6-
in fact, could be recovered unchanged even after1IDh of (2)° (cis). The orientation of the phosphite groups containing

reaction with an excess of Nfat room temperature, whereas P1 and P4 is determined by an intramolecular bifurcated
longer reaction times or reflux conditions only caused decom- hydrogen bond involving two ethoxy oxygens and the hydrazidic
position of the aryldiazene derivative. This unreactivity was —NH: N1—H---02 (2.924(5) A, 108(3) and Nt-H:--012
rather unexpected in view of the known properties of aryldiazene (2.902(4) A, 120(3)). This compound is the first case in which
complexe$!” and may be explained by taking into account eq the structure of the ReNH=N—-Ph system has been deter-
7, which involves deprotonation of AENNH and concurrent mined.

dissociation of one ligand, affording a pentacoordinate #In( Like that of the phenyldiazene ligand, this structure may be
I) aryldiazenido derivative. In agreement with this path, the compared with the structure of the similar comghgn(CO)z-
probable reluctance of the rhenium complexes to dissociate one(4-CH;CsHsN=NH){ PPh(OE®)}]*, in which the metal envi-
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Table 6. Selected Bond Distances (A) and Angles (deg) for Scheme 4
[Re(GHsN=NH)(COX P(OEt}]* (1a)
Distances MH(CO)3P2 + "NoAr-ArN, —QoC
Re-C1 1.887(5) ReP4 2.366(2)
Re—N1 2.136(4) 013C1 1.180(4) T2+
Re-P1 2.370(1) NEN2 1.229(4) P\ Co /N—@—@—N:N_—l
Re—P2 2.372(2) N2C2 1.424(5) 0C—M—N’
Re-P3 2.368(1) VAN A
Angles oC
C1l-Re-N1 175.6(1) P3-Re-P1 169.91(3)
Cl-Re-P4 89.6(1) CtRe-P2 86.7(1)
N1—-Re—P4 86.1(1) NtRe—P2 97.6(1) oc j2+
Cl-Re-P3 93.2(1) P4Re-P2 176.24(4) \ ©o
N1-Re-P3 87.8(1) P3Re-P2 92.86(9) P—M—P
P4-Re-P3 87.82(9) P1Re-P2 91.61(9) / B
Cl-Re-P1 96.1(1) N2-N1-Re 135.4(3) H-N CO
N1—-Re-P1 82.7(1) NEN2—-C2 118.6(3) N\ _
P4-Re-P1 88.30(9)  O13Cl-Re  178.6(3) N—O—O—N=N
Scheme 3 13,14, 15,17
—_ + - +
[Re]—H + *N,Ar-ArN, (CD3),CO

ReH(CO)4(PPh,OE) + *NoAr-ArNy*

H G 0°C
| oc 2+
[Re]—N \ £o //N—Q—Q—NEN

N—Ar—Ar—N=N: OC——Ré—N

", \

ronment consists of two phosphite ligands trans to each other, OC/ P H
three carbonyl groups, and opéolyldiazene moiety, and with 16
the structure of chlorodicarbongiéphenyldiazene)bis(tri- “Top: M = Re (13 14, 15), Mn (17); P = PPhOEt (13, 17),
phenylphosphine)ruthenium{).5« The structural parameters of Zi,bg'\lf:e ((1:?_)' Pgﬁ (13)' Bottom: Ar—Ar = 4,4-CeHs—CeHa (b),
the Re-NH=N—C system (ReN = 2.136(4), N-N = 1.229- % CoHa=CHzCaba ().
(4), N-C = 1.424(5) A; Re-N—N = 135.4(3), N-N—-C =
118.6(3)) agree with sp hybridization for both N atoms. In
the aryldiazene ligand of the above-mentioned Mn derivative,
the distances are slightly longer M = 1.263(10), N-C =
1.438(11) A) and the bond angles more regular {Ni-N =
125.1(5), N-N—C = 119.8(7}). The geometry of the Ru
complex (N-N = 1.218, N-C = 1.409 A; Ru-N—N = 129,
N—N—-C = 118), is not significantly different from that of
the Re compound, apart from the-N—N angle. It is in-
teresting to compare the geometry of-Ré¢H=N—Ph with that
of the Re-N=NH—Ph system found in dibromo(phenyldiaz-
enido)(phenylhydrazido)bis(triphenylphosphine)rhentiimhere
the shift of the proton from N1 to N2 produces shortening of
the Re-N bond (1.922 A) and lengthening of the-W bond
(1.276 A).

“Diazene—Diazonium” Derivatives. In the course of syn-
thesizing the binuclead Re(CO}-nPn} 2(u-HN=NAr—ArN=
NH)]%" cations, we observed that, in some cases!ithBIMR

complexes [Re(CQ)nPy(HN=NAr—ArN=N)]?>* (n = 2, 1)
(13—16), which were isolated in pure form and characterized
(Scheme 4). ThéH, 3P, and'>N NMR data of complexe$3—
15indicate the presence of two stereoisomers of typesdB
(Scheme 4), which will be discussed below.

Investigations of the reactions between ReH(£¢H, species
containing phosphines witethoxy groupsnd bis(diazonium)
salts showed that the mononuclear diazedi@zonium com-
plexes were obtained exclusively with hydrides containing the
PPROEt ligand, whereas all other hydrides containing P(@Et)
or PPh(OEH) always afforded the binuclear derivatives under
any conditions. These results may be related to the electronic
and steric propertié$ of PPhOEt as compared to other
phosphites, which induce a unique reactivity in ReH(&0O)
(PPROEL), toward the bis(diazonium) cations. Furthermore, the
formation of the diazenediazonium complexes [Re(C&hy-
(4,4-HN=NCgHs—CsH4N=N)](BF,), with P= PPhOMe (14)
and P= PPh (15) confirmed that phosphine ligands with large

y P ’ the mononuclear derivativels3—16 to be prepared.

led us to hypothesize that the reactions between the hydrides . : )
- . . . The properties shown by the rhenium hydrides ReH¢(CP),
ReH(CO}-,P, and bis(aryldiazonium) cations may also afford containing bulky PPJOR or PPh ligands prompted us to

?rc')\lnirlllucﬁar SF::C:e; c:f t:]% ty?e [Ii)te(ﬁangHNfNﬁr; f investigate the reactivity of the related manganese complexes
onl _on)e] engsof t;’;‘eE*N aArE:”\l:isli gno?s v(\a/ith t>P/1e ilafjr?d;s 0 MnH(CO)P, toward bis(aryldiazonium) cations under appropri-
Sc);uame 3 2 2 19 y ate experimental conditions, in an attempt to prepare similar
( ).‘ . . diazene-diazonium derivatives. Binuclea ¥in(CO)sP,} »(u-

To test this hypothesis and to attempt to isolate these mono'HN=NAr—ArN=NH)]2+ species have recently been synthe-
gﬂfelef?)rrr(rjlo:/nvgosl':ggizgct)r?éarlggz:%;nglg?tewu:;znolggl-rr : :“gB;;r:adn:;in sized®® Results showed that also the manganese diazene
*NoAr—AMN,* species extensively and found that hydrides diazonium complex [Mn(CQIPPROE;(4,4-HN=NCeHa—

CeHsN=N)](BF,)2 (17b) can be prepared as a mixture of the

containing PPIOEL, P.PBOMe.' and PP under appropriate ., isomersa andB (Scheme 4) and characterized.
conditions, reacted with equimolar amounts of bis(aryldiazo-

nium) cations to give the mononuclear diazedé&zonium (28) (a) Tolman, C. AChem. Re. 1977, 77, 313. (b) Rahman, M. M.;

Liu, H.-Y.; Eriks, K.; Prock, A.; Giering, W. POrganometallicsL989
(27) Haymore, B. L.; Ibers, J. Al. Am. Chem. Sod.975 97, 5369. 8, 1.
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appearing as slightly broad doublets due to slight coupling with

N NMR 2+ the two magnetically equivalent phosphite ligands. The spectra
oc Te,‘-co also show a singlet at70 ppm (Table 5), attributed to the
oc” | NN O-Orn=tN diazonium®®N resonance of the 445N=NCgHs—CsHsN="15>

NH group. The presence of two NH resonances is probably due
to two isomers of the types shown in Scheme 4, with H and

aryl substituents mutually in trans and cis positions with respect
to the N=N moiety. For these two isomers, two proton NH

. and two!*N NMR resonances are expected; the difference in
chemical shifts of the farthéefN=N group in the two isomers
is probably smaller than the line width, giving only oM
signal. Furthermore, the two NH resonances do not coalesce
into only one signal as temperature increases, indicating that
0 5.0 10 15 20 65 10 5 the two stereoisomers do not interconvert betw&sa and—60
ppm °C. Support for this hypothesis is given by th&{H} NMR
Figure 2. 15N NMR spectrum of [Re(CQIPPhOEt)(4,4-HN= spectra which, in the temperature range betv_veaﬁ and—80
NCeHs—CsHsN=5N)](BF4)2 (13b*) derivative, in CRCl, at 25°C. °C, show two singlets for each diazengiazonium compound
The peak marked with the asterisk is due to an impurity. with close chemical shift values (Table 4), as expected for the
two isomers.

The reactions of both the rhenium and manganese hydrides |n contrast with the results obtained for the diazene
MH(CO)s-Pn with bis(aryldiazonium) cations can therefore diazonium derivatived3—17, all of the mono- and binuclear
proceed (with special phosphite ligands and under appropriatearyldiazene cations [Re(ABINH)(CO)-_.P,]* (1-5) and [ Re-
conditions) through the insertion of only one=Nl group, (CO)-nPr} 2(u-HN=NAr—ArN=NH)]*" (6—12), including those

affording the mononuclear diazendiazonium complexe$3— containing the PRIDE ligand, show only on&H andN NH

17. However, also in the case of PRIR or PPR complexes,  resonance, in agreement with the presence of only one stere-
the reactions give the mononuclear complet8s-17 as the oisomer involving the K=N group. The solid-state structure of
main products, since the binuclegM(CO)s-nPn} 2(u-HN= [Re(GsHsN=NH)(CO) P(OEt}} 4]BPhy (18) confirms the exist-

NAr—ArN=NH)]?* cations are always present in the reaction ence of only one isomer of typA. The formation of two
products as secondary species {26%). In contrast, with stereoisomers in the case of the [Re(GFRHN=NAr—ArN=
hydrides containing P(ORt)and PPh(OEY) ligands, the bi-  N)J2* complexes13—17) and only one for the other aryldiazene
nuclear derivative—11 were obtained exclusively. derivatives {—12) is rather surprising and may be explained
These results may tentatively be explained on the basis of on the basis of the different reaction conditions (reagent ratios,
rather low rates of NoAr—ArN;" insertion into the M-H bonds temperature, concentration) used in the two syntheses, which
in the cases of MH(CQ).nP, hydrides containing PBOR or may also cause two different mechanisms to operate in the
PPh ligands. As the second insertion involving a [M(GQPx- reactions. Preparing the binuclediRe(CO}(PPhOELt)} »(u-
(HN=NAr—ArN=N)]?* cation is probably slower than the first, =~ 4,4-HN=NCgH;—CsHsN=NH)]2" complex (1b) under dilute
the use of diluted reaction mixtures at low temperatures with conditions at ®C afforded a mixture of [Re(CQPPhOEt)-
hydrides that react slowly withN,Ar—ArN," allows diazene (4,4-HN=NCgH;—CeHsN=N)]?" (13b) and the binuclear
diazonium complexes to be prepared. complex11b, both showing two proton NH resonances probably
The mononuclear [M(CQ)nP(HN=NAr—ArN=N)](BF ), due to two stereoisomers for each compound. This fact partly
derivatives {3—17) are obtained as orange solid or gummy supports the hypothesis of the influence of experimental
products, stable both in air and in solutions of polar organic conditions on reaction mechanism.
solvents, where they behave as 1:2 electrol§tdslemental Heterobinuclear and Heterotrinuclear Aryldiazene Com-
analyses and IR and NMR data (Tables 4 and 5) support theplexes. The diazenediazonium [M(CO}—,P,(HN=NAr—
proposed formulation. The spectroscopic data also indicate theArN=N)]2* cations (3—17) contain an—N=N group which
existence of stereoisomess and B for each mononuclear may potentially react with a new metal hydride to afford
complex, with the geometries shown in Scheme 4. binuclear bis(aryldiazene) complexes. We therefore treated these
Besides the/(CO) bands, the IR spectra of the mononuclear complexes with several metal hydrides whose reactivity with
compoundd.3—17 show one medium-intensity absorption band aryldiazonium cations is well-knowh’ obtaining the first
between 2281 and 2265 ciy attributed tov(N=N) of the HN= heterobinuclear complexes with bis(aryldiazene) bridging ligands,
NAr—ArN=N group. This band falls at a lower frequency than as shown in Scheme 5.

that of the free species Pr—ArN;J(BF4)2 [v(N2) at 2315 The complexes were obtained as orange or reddish-brown
cm 1] and is shifted to a lower frequency (about 35 ¢jnfor solids, stable in air and in solution of polar organic solvents,
the labeled [M(COXPPhOEt)(4,4-HN=NCgHs—CsHsN= where they behave as 1:2 electrolyteé\nalytical and spec-
N)](BF4)2 [M = Re (@13b*), Mn (17b*)] complexes, in  troscopic data (Table 4) confirm the proposed formulation and
agreement with the proposed formulation. also indicate the geometries shown in Scheme 5. The binuclear

The'H NMR spectra of diazerediazonium derivatives show  complexes were in fact obtained as mixtures of the two
the NH diazene signal in the high-frequency region, appearing stereocisomer#& and B, like those observed for the diazene
as two slightly broad resonances at 14:42.95 ppm, both split diazonium precursors with the H and aryl substituents mutually
into doublets for the labeled [M(CQPPhOEt)(4,4-H1N= trans or cis to the RN moiety. However, this isomerism only
NCgH4—CsHsN=1*N)]2" [M = Re (L3b*), Mn (17b*)] cations involves the metal-bonded diazene of the [M(GRJHN=
with 1Jyy = 66 Hz. The proton-coupled (Figure 2) and NAr—ArN=N)]?" precursors, since the other diazene is present
decoupled™N NMR spectra of 13b* parallel the proton in only one isomer. ThéH NMR spectra of the heterobinuclear
spectrum, showing tw&NH resonances in the coupling spectra, complexes show two sets of NH proton resonances in the high-
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Scheme 8
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Scheme 6
[Re(CO)3P(u-4,4'-HN=NCgH4-CoH4N=NH)M2H{P(OE)3}4]°* +

[MN(CO)3P2(4,4'-HN=NCgH4-CgH4N=N)]2*

R co |*
\ /
p_N—Ar—Ar—-N=NH—Re—CO
7 / \
P | HN oc P
M2
p' | HN_ R CO
P \N—Ar—Ar—N:NH—yIr\\—CO
oC P

Re13FIuMn1-,, Re1305Mn17
aM = Ru, Os; P= PPhOEt; P = P(OEt),

reaction with a diazonium group, and we therefore reacted these
complexes with diazenediazonium [M(CO}P,(HN=NAr—
ArN=N)]?" derivatives in an attempt to obtain heterotrinuclear
complexes. Although the reactions were rather slow, they did
yield, after workup, [Re(CQJPPhOEt)(u-4,4-HN=NCgsHs—
CeHaN=NH)M2{ P(OEt}} 4(1-4,4-HN=NCgH;— CeHsN=NH)-
Mn(CO)(PPhOELtL](BPhy)s (M2 = Ru, Os) ReisRuMn
Re;s0sMny7) derivatives, which were isolated as solids and
characterized (Scheme 6).

The IR spectra show thre¢CO) bands (two strong and one
weak) which are quite broad due to the overlap of Re@CO)
and Mn(CO) fragments. In the proton NMR spectra, apart from
the signals of the phosphites and BPthree groups of NH
resonances appear, attributed to the diazene bonded to the three
metals. Two of these groups of resonances, attributed te=ReN
NH and MnN=NH proton signals, appear as a set of two signals,
again indicating the presence of several isomers. SHgH}

NMR data support the formulation of the complexes as tri-
nuclear species, showing three groups of signals at chemical
shift values near those expected for the Re(fP&))RuP; (or
OsR), and Mn(COjP, fragments, in agreement with the
proposed formulation.

Heterobinuclear Bis(aryldiazenido) ComplexesThe known
properties of some aryldiazene compleXgsof transition
metals, which may be deprotonated with base to give aryldia-
zenido compounds, prompted us to attempt to synthesize a
heterobinuclear complex with a bis(aryldiazenido) bridging
ligand. The strategy used for this synthesis should therefore have
involved the initial preparation of a binuclear bis(aryldiazene)

frequency region, one appearing as a broad signal and the othespecies containing two metal fragments, each able to convert
as two slightly broad singlets. The latter are very similar to those the diazene ligand into the related diazenido ligand. However,

of the M1(CO)P,(HN=NAr—ArN=N)]%" precursors13—17)

the properties shown by the rhenium aryldiazene complexes

and fall at similar chemical shift values, indicating the presence 1—12, which are unreactive toward base and do not give
of two isomers with H and aryl substituents mutually in cis aryldiazenido complexes, exclude the use of an Re aryldiazene

and trans positions with respect to th&lH=N(R) moiety. The

as one end of the binuclear complexes. Instead, only aryldiazene

heterobinuclear nature of our complexes is also confirmed by species containing a rather labile ligand are repdttetfde
the31P spectra, which show two groups of signals of phosphites to afford, by deprotonation, aryldiazenido complexes, according
bonded to two different metals. In particular, the spectra of to Scheme 7, which involves rearrangement of the Aghdup

ReRu, MnRu, ReOs ReFe and MnOs show complicated
AB,C multiplets due to theis-M2HP, (M2 = Ru, Os) fragment

and a doublet due to stereocisomérandB of the M1(CO)P;

and dissociation of one ligand to give a singly bent ArN
species wit a 2 ereduction of the central metal.

We therefore prepared the new heterobinuclear complex

(M1 = Re, Mn) center of the binuclear complexes. The proton [Mn(CO)s(PPBOEt)(1-4,4-HN=NCsH,—CsHsN=NH)Fe(4-
spectra of these complexes also have multiplets, at low CH;CsH4sCN)Y P(OEt)} 4](BPhs)s (Mn17Fer-b) by reacting [Mn-

frequency, attributed to the hydride resonance of MtZHP,
fragment, in agreement with the proposed formulation.
Complexes 1 (CO)P,(u-HN=NAr—ArN=NH)M2HP 4)>*

still contain a metathydride group accessible for further

(COX(PPhOE),(4,4-HN=NCgH;—CsHasN=N)](BF ), with the
hydridet’e [FeH(4-CHCsH4CN){ P(OEt)} 4]BPhy and studied
the deprotonation reaction with an excess of NEhe reaction
proceeds at room temperature in £LHp with a rapid color
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Scheme 9
[Re(CO)3(PPh,OEt),(4,4'-HN=NCgH,-CgHsN=N)1>*  +

FeH,(CO),[P(OPh)3],
2+
P i
0C._ F(|e _co

0oC” | “HN=N-Ar_ '

(.| _co
N=N==Fe__

Re13Fe2 'l co

ap = PPhOEt; P = P(OPh).

toward SP geometry may result in an ABtype spectrum, as
previously proposed for the related mononudé&qdFe(ArN,)-

P4)* and binuclea® [{ FeR} 2(u-NoAr—ArNy)]?* cations. This
distortion may have occurred in our case too, although restricted
rotation at low temperature of the AArNN group placed in

the equatorial plane of a regular TBP (Scheme 8) may also result
in an ABG-type 3P spectrum.

The easy deprotonation of the aryldiazene complexes of
manganese [Mn(C@P,(HN=NAr)]*, on one hand, and the
unreactivity of the rhenium complexes [Re(GBYHN=
NAr)]*, on the other, suggested treating a binuclear [Re{P0O)
(u-HN=NAr—ArN=NH)Mn(CO)P,](BPhs), complex with base

to prepare a binuclear complex with a diazed@&zenido
bridging ligand of the type in [Re(CGR2(u-HN=NAr—ArN=

_ _ N)Mn(CO)P,]BPh,. However, although the reaction with NEt
change of the solution and the separation of (N\§ely asa  proceeded easily at room temperature, no stable complex could
white solid, according to Scheme 8. be obtained.

_After workup, the heterobinucleafinFe-b complex with a A different strategy was therefore employed in order to
bis(aryldiazenido) bridging ligand was isolated as a stable prepare heterobinuclear complexes with an aryldiazemg-
reddish-orange solid and characterized in the usual way. Thediazenido bridging ligand, involving the reaction of the diazene
compound is a diamagnetic solid and behaves as a 1:1 electrolytjiazonium [Re(COYPPhOEt)(4,4-HN=NCgHs—CsHsN=
in solutic_)n?5 IR spectrum shows two strong bands in the N)]2+ cation with the dihydride FeiCO)[P(OPh)s]» (Scheme
(CO) region due to the two carbonyl ligands cis to the M(&®)  9), whose reactions with aryldiazonium cations are repéited
gnd of the complex. The spectrum also shows one medium-tg give aryldiazenido [Fe(Ar§(CO){ P(OPh)s} 2]+ derivatives.
IntenSIty band at 1653 cm and two others at 1617 and 1560 The reaction proceeded SIOWIy, affording the [Re(geyh_
cm L. These bands shift to lower frequencies (1604 and 1580, OEt)(u-4,4-HN=NCgsH;4—CsHsN=N)Fe(CO}[P(OPh)s]]-
1541 cnr?, respectively) in the spectrum of the labeled [Mn- (BPhy), (RersFe,) complex (Scheme 9), which was isolated in
(COYPo(u-4,4-"N=NAr—ArN="N)FePs]BPh, (MnFe-b*) moderate yield and characterized.
der_l\llatlve and are attributed te(N2) cl)f the FeNAr— (1654 Diagnostic for the presence of the diazenézenido bridging
cm ) and MnNAr— (1617, 1560 cm) groups, respectively. jigand ,-HN=NAr—ArN=N are both IR andH NMR spectra
Attributions are based on comparison with the IR spectra of \;nich show respectively, a medium-intensit{N,) band at
the mononuclear Mn(CG@Rx(ArN,) la7r;d [FePu(ArN,)] ™ deriva- 1752 cm! and a slightly broad NH signal at 14.37 ppm.
tives, previously reported by 8;"®which contain a singly  Eyrthermore, the(CO) region of the IR spectrum contains five
bent aryldiazenido Ardl" ligand bonded to the formal Mr() bands which may be attributed, by spectral comparison with
or Fe(0) central metal. This probably also applies to the binuclear ipa related mononuclear complexes, to the CO ligands of the

MnFe-b derivative and is confirmé&=°by the'*N NMR data two ends of the complex. In particular, the two bands at 2054

(Table 5). ] and 2000 cm! are assigned to the two carbonyl ligands cis to
The*P{*H} NMR spectrum of the complex agrees with the  the Fe(COy moiety, whereas the three at 2073(w), 1978(s), and

proposed formulation, showing two groups of signals attributed 1944(s) cmi* are attributed to the Re(C@Jragment with the

to the phosphorus nuclei of the Ma&nd FeR, fragments. The  carbonyls in a mer arrangement. In the temperature range

spectrum is also temperature dependent, and whereas the singléjetween+30 and—80 °C, the3!P{H} NMR spectra show the

due to MnR at 174 ppm remains unchanged betwee30 and signals of the phosphorus nuclei of the two end groups as

—90°C, the rather broad resonance observed at room temper-jnglets, in agreement with the presence of two magnetically

ature for the FeR phosphorus nuclei resolves into an ABC  equivalent phosphite ligands for both metals. On these bases, a

multiplet at—30 °C. This type of spectrum seems to exclude a geometry of the type reported in Scheme 9 can be proposed for

regular TBP geometry of the type shown in Scheme 8, for which s binuclear Re;sFe, complex with a diazenediazenido
an AB; spectrum would be expected. However, a TBP distorted pridging ligand.

ap = PPhOEt; P = P(OEt); R = 4-CHyCeH..

- Electrochemical Reductions of Aryldiazene Complexes.
(29) Haymore, B. L.; Hughes, M.; Mason, J.; Richards, RJLChem.  y/gltammograms for the electrochemical reductions of the
Soc., Dalton Trans1988 2935.

(30) Dilworth, J. R.; Kan, C. T.; Richards, R. L.; Mason, J.; Stenhouse, . mononuclear compoundiaand [Mn(GHsN=NH)(CO)(PPh-
J. Organomet. Cheni.98Q 201, C24. OEty]BF4 (Mn3) in 0.1 M TBAH/DCE, recorded at 0.05 V
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s™1, are characterized by one irreversible reduction peak located

at —0.81 V for 5a and —0.92 V for Mn;. Increasing the scan

rate @) to >1 V s7! causes the progressive appearance of a 0.0
return peak with a concomitant increase in tifé,, ratio (where

I, andly, are the currents of the peaks recorded in the backward
and forward scans, respectively), which approaches unity at a
scan rate of 30 V§.

I v~ values decrease slightly (by about 15%) when the
scan rate is increased from 1 to 30 V:sThe peak potential
recorded in the forward scaiky) shifts negatively with scan
rate, with a shift of about 80 mV when the scan rate is increased 1
from0.1b1Vsl

These findings indicate that the reduction follows an EC
mechanism, which involves a quasi-reversible electron-transfer 4.0x10° 7
step followed by a chemical reaction. The quasi-reversibility
of the charge transfer is supported by the evidence that, when . .

v < 1V s71, the shift in peak potentials with scan rate is higher 15 10 05 00

than the 30 mV/decade value expected for an EC process with E (V)

reversible electron transfer. The value of almost unity for the rigyre 3. Experimental (full line) and simulated (dotted line) cyclic
In/l ratio at 30 V st indicates that, at this scan rate, almost  voltammograms obtained for2 10 M [Re(COX(PPhOEt)(u-4,4 -
pure diffusion-controlled conditions hold. Comparison of peak HN=NCeHs—CsHsN=NH)RUH{ P(OEt}}s](BPhy). (Re;sRu-b) at 0.05
currents recorded at this scan rate with reduction peak currentsV s Supporting electrolyte: 0.1 M tetrabutylammonium hexafluoro-

of mononuclear ruthenium complexes with one aryldiazene phosphate/c_jichIoroethane. Working electrode: glassy carbon (area 0.2
ligand, which have been shown to undergo one-electron cn?). Potentials are referred to an aqueous Ag/AgCl reference electrode.

reduction32indicates that the process is a one-electron reduction.
Half-wave potentialsKi), calculated asHy, + Ep)/2 (where
Ep, is the potential of the peak recorded in the backward scan)
from the voltammograms at 30 V5 are—0.80 V for 5a and
—0.88 V forMn . Satisfactory agreement between experimental
and simulated data is achieved using the<(2) mechanism
and the fitting parameters listed in Table 2.

These findings indicate that, for mononuclear compounds
the reduction mechanism is the following:

-2.0x10° 1

1(A)

The chemical reactions coupled with the electron transfer
could be proton-transfer reactions, isomeric equilibria, or (for
reactions 10 and 14) simple decomposition reactions. In any
case, they are well fitted in the simulations as simple first-order
processes.

The main point is that, for both the Re and Mn binuclear
compounds, the two electron-transfer processes take place at
' different potential values: delocalization of the electron between

the two metal centers makes the first reduction process easier
than in the case of the mononuclear compounds. Moreover, in
M()] "+ e—[M(0)]° ) the homobinuclear complex, the addition of the first electron
[M(O)]°= P1 (10) mgkeg the.sec'ond reduction process more energy Qemanding.
This situation is comparable to that observed previously for
ruthenium-diazene binuclear complex&s;onfirming that the
ability to provide electronic communication between the two
metal centers in the binuclear compounds is a property typical
of the diazene ligand
~ The importance of delocalization of the electron between the
' two redox centers via the diazene bridging ligand is also
confirmed by the electrochemical behavior of heterobinuclear
. compounds containing rheniufuthenium or manganese
V for 11b qnd —0.84 and—_l.OO V for Mn2. The change in ruthenium redox centers. The full-line voltammogram of Figure
voltammetric parameters with scan ralig, (/alues, appearance 3 545 the pattern for theesRu-b heterobinuclear complex.
of return peaks, etc.) follows the same trend as that observedryg qotted-line voltammogram refers to data obtained by digital

for th? mononuclear compounds;_a sat_isfactory fit betwe_en simulation (see Table 2 for fitting parameters). A similar pattern
experimental and simulated data is achieved via mechanismig opserved for thevin1-Ru-b binuclear complex (at 0.05 V

where M= Re or Mn and P1 is an unknown product.
Voltammetric patterns for the reduction of the binuclear
compounds1lb and [Mn(CO)(PPhOEt)}(u-4,4-HN=
NCgHs—CgHsN=NH)](BPhy), (Mn), recorded at 0.05% v <
10V s%, are characterized by two irreversible reduction peaks
associated return peaks can only be detected at 30'VA$
0.05 V s'1, E, values for the two peaks are0.70 and—0.77

1)—), U?”‘Q the.fitt?ng parameters of Tgble 2. . s1 the potentials of the two peaks areéd.81 and—1.29 V).
These findings indicate that the following redgctlon mech-  The first reduction process clearly involves the reduction of
anism is operative for the binuclear compounds: either rhenium or manganese, while the second reduction peak

involves the ruthenium centétAt variance with results relevant
M) —M(D] %" + e— {[M(0)—M(1)] "}* (11) to previously studied homobinuclear ruthenium compléRes,

e + all the scan rates employed in this work, the Ru reduction peak
{IMO)-MO] " }* = {[M(O)—M()] "} (12) is irreversible (a broad reoxidation peak starts to appear at 30
{IM©O)—M(1)] + } 4 e— [M(O)—M(O)]O (13) V s71). This indicates that, in the heterobinuclear compounds,

electron transfer to the Ru center is followed by a chemical

[M(0)—M(0)]° = P10 (14) reaction. At variance with Ru homobinuclear compoufidbe
presence of a different metal center (Re or Mn) makes the
where M= Re or Mn{[M(0)—M(1)] '}* and {[M(0) —M(I)] *}- reduction products more unstable, thus decreasing their lifetimes

** are two forms of the mixed-valence complex in equilibrium and hindering the possibility of observing their reoxidations on
with each other, and P10 is an unknown product. a voltammetric time scale.
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Electrochemical Oxidations of Aryldiazenido Complexes.
Results obtained from voltammetric studies of mono- and
binuclear complexes with bis(aryldiazene) bridging ligands
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complexes were neutral species, whereas the Fe complexes
studied in ref 3c were cationic. Moreover, electrochemical
oxidations of Mn compounds are less irreversible than those of

prompted us to extend investigations also to binuclear aryldia- Fe compounds, as evidenced by both the presence of small return

zenido complexes of manganese, with the aim of clarifying the

different electrochemical behaviors observed between bis-

(aryldiazene) and bis(aryldiazenido) complexes of ifcand
whether this behavior is typical of iron complexes or if it also
involves other central metals.

Voltammetric patterns for electrochemical oxidations of the
mononuclear Mn(gHsN2)(CO)(PPROEL), (Mn3) and binuclear
{MH(CO)Q(PPQOEt)z} 2(/1-4,4'-N2C6H4—C6H4N2) (Mn4) com-

peaks and th&s values used in the simulations which, for Mn
complexes, are roughly 1 order of magnitude higher than those
obtained previously for the Fe ca%e.

It must be emphasized that oxidation of diazenido binuclear
complexes with both Fe(0) and Mn() metal centers proceeds
in such a way that each metal center does not show any
interaction with the other metal center of the same molecule,
since both centers are oxidized at potential values which may

pounds are characterized by an oxidation peak with which a be compared with each other as well as with that of the
small reduction peak (shifted toward much less positive potential mononuclear compound. These results contrast with those
values) is associated in the return scan. Values of the oxidationobserved for binuclear bis(aryldiazene) complexes of F&ll),

peak potentials at 0.05 V" are 0.680 and 0.570 V for the

Ru(ll),2aMn(1),3° and Re(l) and may be attributed to the different

mononuclear and binuclear compounds, respectively. Both of electronic properties of the aryldiazenidc=NAr—ArN=N
these peak values shift toward more positive potential values (singly bent coordinatios} as compared to the aryldiazene

with increasing scan rate; for instance, at 0.500 Vthey are
0.940 V forMns and 0.670 V forMn 4. Peak currents increase
linearly with the square root of the scan rdigfi,, values remain

HN=NAr—ArN=NH bridging ligand, which prevent electronic
communication between the two metal centers in bis(aryldia-
zenido) derivatives.

almost constant at 0.64.67, i.e. always much lower than unity, Conclusions

independent of the scan rate. All these findings, together with

the satisfactory fitting with simulated voltammograms [see Table
3 and mechanisms (5)6) for simulation parameters], indicate

The present studies show that aryldiazene complex cations
of rhenium of the types [Re(ArfNH)(CO)_,P]* and [ Re-

that the charge-transfer process is irreversible. Comparison of(CO)-nPn} 2(u-HN=NAr—ArN=NH)]** may easily be pre-

the Mn3 and Mn4 oxidation peak currents indicates that the
process for Mn(GHsN2)(CO)R(PPhOEL), is a one-electron
oxidation, whereas that for the binuclear compo{hth(CO),-
(PPROEt)} o(u-4,4-N2CeHa—CeHaNy) is a two-electron oxida-
tion. The shape of the voltammogra,(— E,/2 values, where
Ep/2 is the half-peak potential) and the fitting with mechanism
(5)—(6) indicate that, as already observed for similar aryldia-
zenido compounds of iroff,oxidation of the binuclear complex

pared by insertions of mono- and bis(aryldiazonium) cations
into the Re-H bonds of the hydride species ReH(GQOP..
The first “diazene-diazonium” derivatives [M(CQ)-,P,(HN=
NAr—ArN=N)]2"* (M = Re, Mn) were prepared through the
insertions of only one-N=N group of the bis(aryldiazonium)
cations [N=ENAr—ArN=N]?" into the MH(CO}-,P, hydrides
containing bulky phosphite ligands. These diazediazonium
derivatives are building blocks for heterobinucléét—M2 and

of manganese is composed of two separate one-electronheterotrinucleaM1—M—M2 complexes with bis(aryldiazene)
processes, in which the two Mn centers behave as localizedbridging ligands. In fact, the reactions dfiL (CO)s—nPr(HN=
redox centers not interacting with each other. Under these NAr—ArN=N)]>* with M2H,P; or M2'H(CO)P'; metal
conditions, the peak parameters are the same as those for a ondwydrides allow several examples of this new class of bi- and
electron-transfer process, the only difference being an increasetrinuclear complexes, of the type R&u, Re-Os, Mn—Ru,

in peak current>-32The scheme for oxidation of the binuclear

compound that matches experimental and simulated voltam-

mograms is

[Mn—Mn] — [Mn—Mn]" + e
[IMn—Mn]* — [Mn—Mn]*" + e

(15)
(16)

In the case of the mononuclear compound Myi{EN2)(CO),-
(PPhOELt), oxidation is limited to the one-electron irreversible
process

[Mn] —[Mn]" + e (17)
Comparison of aryldiazenideMn(—1) compound data with
those for the Fe(0) complexes studied previotfaigveals that

oxidations of Mn complexes occur at less positive potential
values. This may be explained by the fact that the starting Mn

(31) Flanagan, J. B.; Margel, S.; Bard, A. J.; Anson, FJCAm. Chem.
S0c.1978 100, 4248.

(32) Ammar, F.; Saveant, J. M. Electroanal. Chem. Interfacial Electro-
chem.1973 47, 115.

Re—Mn, Re-Ru—Mn, etc., to be prepared. Furthermore,
syntheses of the heterobinuclear complexes incorporating a bis-
(aryldiazenido) bridging ligand [Mn(CGQRP,(x-N2Ar—ArNy)-
FeP4)BPh, were also achieved, together with syntheses of the
“diazene-diazenido” [Re(COP.(u-HN=NAr—ArN=N)Fe-
(CO)P,]2" cationic species. Finally, the structural parameters
of an aryldiazene complex of rhenium were determined and
electrochemical studies were conducted for both mono- and
binuclear derivatives prepared in this work.
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