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Hydride complexes [FeH(N-N)P;]BPh, (1, 2) [N-N = 2,2"-bipyridine (bpy) and 1,10-phenanthroline (phen); P =
P(OEt)s, PPh(OEt),, and PPh,OEt] were prepared by allowing FeCl(N-N) to react with phosphite in the presence
of NaBH,. The hydrides [FeH(bpy).P]BPh, (3) [P = P(OEt); and PPh(OEt),] were prepared by reacting the tris-
(2,2'-bipyridine) [Fe(bpy)s]Cl,+5H,0 complex with the appropriate phosphite in the presence of NaBH,. The protonation
reaction of 1 and 2 with acid was studied and led to thermally unstable (above —20 °C) dihydrogen [Fe(r%-H,)-
(N-N)P3J** (4, 5) derivatives. The presence of the H, ligand is indicated by short Ty, values (3.1-3.6 ms) and by
Jup measurements (31.2-32.5 Hz) of the partially deuterated derivatives. Carbonyl [Fe(CO)(bpy){ P(OEt)s} 5](BPhy),
(6) and nitrile [Fe(CH3CN)(N-N)P3](BPhy), (7, 8) [N-N = bpy, phen; P = P(OEt); and PPh(OEt),] complexes were
prepared by substituting the H, ligand in the #?H, 4, 5 derivatives. Aryldiazene complexes [Fe(ArN=NH)(N-N)-
P3](BPhy), (9, 10, 11) (Ar = CgHs, 4-CH3CgHy4) were also obtained by allowing hydride [FeH(N-N)P;]BPh, derivatives
to react with aryldiazonium cations in CH,Cl, at low temperature.

Introduction knowledge, no iron(ll) hydride complexes containing poly-

The chemistry of iron(ll) classical and nonclassical hydride pyridyl or mixed-ligand polypyridyl-phosphine as supporting

complexes has developed considerably in the last 30 years,Iigands have ever been reported.

highlighting the syntheses of a number of complexes with
interesting properties? The ancillary ligands used in this
chemistry involve mainlyr-acceptors such as tertiary phos-
phine, carbon monoxide, and cyclopentadienyl ligands, which
are associated with classical neutral Bejl FeH,(CO)P;,
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Mixed-Ligand Iron(ll) Hydride Complexes

Changes in the nature of the ancillary ligands may greatly
change both the reactivity of the #H bond and the
properties of the M-(y?>H,) group. In dihydrogen com-
plexes, for example, the following are important: stability
regarding the loss of Fithe bonding mode which may make
n?-H, stretched or unstretched, and the acidity of ke,
ligand. These properties have been raised in recently
reported dicationic dihydrogen such as [Fg{H,)(CO)-
(dppe)]*", [Os(7>-Hz)(dppe}(NCCHy)]** (dppe= 1,2-bis-
(diphenylphosphino)ethane), [@8{H.) (PPr3),(NCCHg)s] %™,
[M(#*H2)(dppp)(CO)F" [M = Ru, Os; dppp= 1,3-bis-
(diphenylphosphino)propane], and [@3H,)(PRs)(CO)-
(bpy)P* (R = Ph,'Pr).

For several years we have developed the chemistry of
classical and nonclassical metal hydride complexes of the
iron” and mangane&driads of the [MH{?-H,)P4]*, [MX-
(7?-Ha)PgJt (M = Fe, Ru, Os; X = CI7, Br, I),
MH(CO)yPs_n, and [M(@7?-H2)(CO)Ps-n]* (M = Mn, Re;n
= 1—4) types using phosphites as ancillary ligands. We have
now extended these studies with the aim of introducing
nitrogen-donor ligands such as 2pyridine and 1,10-
phenanthroline in the iron hydride chemistry. The results of
these studies, which allow the synthesis and reactivity of
the unprecedented mixed-ligand iron(ll) hydrides and dica-
tionic ©%-H, derivatives with phosphites and polypyridyls,
are reported here.

Experimental Section

All synthetic work was carried out under an appropriate
atmosphere (Ar, b using standard Schlenk techniques or a

Vacuum Atmospheres drybox. Once isolated, the complexes were

found to be relatively stable in air, but were stored under an inert
atmosphere at-25 °C. All solvents were dried over appropriate

drying agents, degassed on a vacuum line, and distilled into vacuum-

tight storage flasks. Triethyl phosphite was an Aldrich product,
purified by distillation under nitrogen, while the phosphines PPh-
(OEt), and PPKOELt were prepared by the method of Rabinowitz
and Pellorf. Diazonium salts were obtained in the usual Way.
Labeled diazonium tetrafluoroboratesstGN='N)BF, were pre-
pared from N&NO, (99% enriched, CIL) and aniline. 2;2
Bipyridine (bpy) and 1,10-phenanthroline (phen), HEF0 (54%
solution in E;O), CRSO;H, and CRSO;D were Aldrich products,
used without any further purification. Infrared spectra were recorded

(6) (a) Schlaf, M.; Lough, A. J.; Maltby, P. A.; Morris, R. Krgano-
metallics 1996 15, 2270-2278. (b) Rocchini, E.; Mezzetti, A,
Ruegger, H.; Burckhardt, U.; Gramlich, V.; Del Zotto, A.; Martinuzzi,
P.; Rigo, P.Inorg. Chem.1997 36, 711-720. (c) Luther, T. A;
Heinekey, D. M.Inorg. Chem.1998 37, 127-132. (d) Landau, S.
E.; Morris R. H.; Lough, A. Jlnorg. Chem.1999 38, 6060-6068.
(e) Smith, K. T.; Tilset, M.; Kuhlman, R.; Caulton, K. G. Am. Chem.
Soc.1995 117, 9473-9480.
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111, 2072-2077. (b) Amendola, P.; Antoniutti, S.; Albertin, G.;
Bordignon, E.lnorg. Chem.199Q 29, 318-324. (c) Albertin, G.;
Antoniutti, S.; Baldan, D.; Bordignon, Bnorg. Chem.1995 34,
6205-6210. (d) Albertin, G.; Antoniutti, S.; Bordignon, E.; Pegoraro,
M. J. Chem. Soc., Dalton Tran200Q 3575-3584.

(8) (a) Albertin, G.; Antoniutti, S.; Garcia-FomtaS.; Carballo, R.; Padoan,
F.J. Chem. Soc., Dalton Tran§998 2071-2081. (b) Albertin, G.;
Antoniutti, S.; Bettiol, M.; Bordignon, E.; Busatto, Brganometallics
1997, 16, 4959-4969.

(9) Rabinowitz, R.; Pellon, 4. Org. Chem1961, 26, 4623-4626.

(10) Vogel, A. I.Practical Organic Chemistry3rd ed.; Longmans, Green
and Co.: New York, 1956.

on a Nicolet Magna 750 FT-IR spectrophotometer. NMR spectra
(*H, 13C, 3P, 15N) were obtained on a Bruker AC200 or an
AVANCE 300 spectrometer at temperatures varying betwead
and—90°C, unless otherwise notetH and*3C spectra are referred

to internal tetramethylsilanéP{H} chemical shifts are reported
with respect to 85% kPO, while 15N shifts are referred to external
CH3!NO,, in both cases with downfield shifts considered positive.
The COSY, HMQC, and HMBC NMR experiments were performed
using their standard programs. The SwaN-MR software paékage
was used in treating the NMR data. Profarvalues were measured

in CD,Cl, at 200 MHz by the inversioarecovery method between
+30 and—90 °C with a standard 186-7—90° pulse sequence.
The conductivity of 102 mol dn2 solutions of the complexes in
CH3NO, at 25 °C was measured with a Radiometer CDM 83
instrument. Elemental analyses were determined in the Microana-
lytical Laboratory of the Dipartimento di Scienze Farmaceutiche
of the University of Padova (ltaly).

Synthesis of ComplexesBoth the red32and the orangé®
isomers of FeG(bpy) were prepared following the method previ-
ously reported. Also the Fegphen) was obtained using the same
method!213The tris(2,2-bipyridine) [Fe(bpyj]Cl,-5H,0 complex
was prepared by a procedure previously descriBdde spectro-
scopic data (IR and NMR) of the new complexes are reported in
Tables 1 and 2.

[FeH(bpy)Ps]BPh, (1) [P = P(OEt); (1a), PPh(OEt) (1b),
PPh,OEt (1c)]. In a 50-mL three-necked round-bottomed flask were
placed 0.500 g (1.8 mmol) of Fefpy) (orange isomer), 15 mL
of ethanol, and an excess of the appropriate phosphite (8 mmol).
An excess of NaBklI(10 mmol, 0.38 g) in 20 mL of ethanol was
slowly added, and the reaction mixture was stirred at room
temperature for 150 min. The resulting red-brown solution was
filtered through silica gel (TLC standard grade) and the solvent
removed under reduced pressure to give a brown oil. The addition
of an excess of NaBRI{0.68 g, 2 mmol) in 5 mL of ethanol caused
the separation of a red-brown solid, which was filtered and
crystallized from CHCI, and ethanol;>55%. Anal. Calcd for
Cs:H7.BFEN,OgP; (1a): C, 60.59; H, 7.24; N, 2.72. Found: C,
60.40; H, 7.35; N, 2.79Ay = 53.6 Q71 mol~! cn?. Calcd for
CesH7.BFENO6P; (1b): C, 68.22; H, 6.62; N, 2.49. Found: C,
68.01; H, 6.57; N, 2.43Ay = 55.8 Q71 mol~! cm?. Calcd for
Cr6H74BFENO3P3 (1C): C, 74.64; H, 6.10; N, 2.29. Found: C,
74.86; H, 6.19; N, 2.25Ay = 49.8271 mol~* cn?.

[FeH(bpy)Ps]CF3SOs (1-CF3SGs) [P = P(OE); (1a-CRS0s),
PPh(OEt), (1b-CF5;S0s), PPhOEt (1c-CFsSOs)]. In a 50-mL
three-necked round-bottomed flask were placed 0.500 g (1.8 mmol)
of FeChk(bpy) (orange isomer), 15 mL of ethanol, and an excess of
the appropriate phosphite (8 mmol). An excess of Nag mmol,
0.38 g) in 20 mL of ethanol was slowly added, and the reaction
mixture was stirred at room temperature for 150 min. The solvent
was removed under reduced pressure to give an oil, from which
the hydride [FeH(bpy)fCl was extracted with three 10-mL
portions of CHCI,. The extracts were evaporated to dryness to
give an oil, which was treated with an excess of Li§&; (7 mmol,

1.1 g) in 4 mL of ethanol. The resulting solution was stirred for 1

h and then the solvent removed under reduced pressure to give a
red-brown oil, from which the complex was extracted with three
5-mL portions of diethyl ether. By cooling te-25 °C of the

(11) Balacco, GJ. Chem. Inf. Comput. Sc1994 34, 1235-1241.

(12) Broomhead, J. A.; Dwyer, F. Rust. J. Chem1961, 14, 250-252.

(13) (a) Reiff, W. M.; Dockum, B.; Weber, M. A.; Frankel, R. Biorg.
Chem.1975 14, 800-806. (b) Charron, F. F., Jr.; Reiff, W. Nhorg.
Chem.1986 25, 2786-2790.
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Table 1. Selected IR and NMR Data for Iron Complexes

Albertin et al.

31P{ lH} 3lp{ lH}
IR 1H NMRb-e spin NMRbd IR IH NMRbe spin NMRbd

(cm™) assgnt (ppm;J, Hz) assgnt  syst  (ppm;J, Hz) (cm™) assgnt (ppm;J, Hz) assgnt syst (ppm;J, Hz)
[FeH(bpyI P(OEt}}s|BPh, (13) [Fté(n2 H2)(bpyY PPhOE® 3]%" (40)

1857 W  Vren 4.0 CH, AB.f 0a179.4 CH; AB,® oa 156.8
3.67 m 0p 161.3 0.80 br CHl op 154.1
3.46m Jas = 129.7 0.50 br Jag =57.1
1.28t Ch —13.3 br n?-Ha
0.94t [Fe@?-H2)(phen) P(OEty} 3]%* (5a)

AB2X H hydride 4.15 grft CH; AB; ¢ oa 152.9

O0x —18.34 3.82m 0 140.5
Jax =70 1.30t CH Jas = 128.0
JBX =56 0.84t

[FeH(bpyX PPh(OE®)} 3]BPhs (1b) —15.7 br n?-Ha

1886 W  Vren 3.87m Ch AB;  0a204.1 [Feg? Hz)(phen{ PPh(OEt} 3]%* (5b)

3.64 m 68 187.2 3.73 CH2 AB,® (SA 181.3
3.44m Jpe = 94.0 135t CH 0g172.8
1.32t Ch 1.241 Jag = 99.0
1.05t 0.75t

AB2X H hydride —16.2 br n?-Ha

ox —18.01 [Fe(CO)(bpy)P(OEt}} s](BPhy)-? (63)

Jax = Jgx = 62 2033s vco 4.20m Ch A-B 6A 147.0
[FeH(bpyX PPROEf 3]BPh, (10 3.59m 0p 129.2

1863 W  Vren 3.29m Ch AB, 0a177.0 141t CH Jae = 148.0
3.02m 0g 167.0 1.02t
0.70 t Ch Jag = 74.0 [Fe(CHCN)(bpy) P(OEty} 5](BPh)2 (7a)
0.47t 4.25 gnt Chl AB; oa 153.4
ABX H hydride 3.72m 0g 137.0
ox —16.87 2.07s CECN Jas = 133.6
JAX = JBX =56 1.42t CH phOS
[FeH(phenj P(OEt)} 3]BPh, (2a) 1.01t

1890 W  Vren 4.21 gnt CH AB;  0a180.3 [Fe(CHCN)(bpyX PPh(OE)} 3](BPhu)2 (7b)
3.69m 0 160.0 430 m Chi AB> 0a 1915
3.45m Jas = 130.0 3.84m 0g 170.1
142t Ch 1.34s CHCN Jas = 100.0
0.90t 149t CHphos
AB2X H hydride 1.23t
Ox —17.95 0.98t
Jax =70 [Fe(CHCN)(phenj PPh(OE®)} 3](BPhy)." (8b)

Jex = 56 430m CH AB; oa 190.8
[FeH(phenj PPh(OER)} 3]BPhs (2b) 3.70m 0g 170.2

1887 W  Vren 3.98m Ch AB;  0a205.9 142s CECN Jag = 97.2
3.50m 0g 187.9 156t Chphos
1.38t Ch Jag = 95.0 1.17t
0.97t 0.89t
AB,X H hydride [Fe(GHsN=NH)(bpy) P(OEt} 3](BF’h4)2 (9a)
ox —17.74 13.88s, br NH oa 148.1
Jax = Jgx = 62 4.19m CH 0g 134.2

[FeH(bpy){ P(OEt}}1BPh, (338) 3.69m Jas = 136.9
1782w  veen 3.65gnt CH 168.6 s 135t Chl
1.00t Ch 1.01t
—13.13d H hydride [Fe(8HsN=15NH)(bpy)X P(OEt)} 5](BPhy)7 (92-15N)
Jpy =116 13.87d NH ABY oa 147.9
[FeH(bpy)}{ PPh(OE)}]BPh (3b) sy = 68 Y=1N) 0p134.2

1798 W  Veen 3.85m Ch 193.8s 418 m CH Jas = 136.8
1.18t Chs 3.69m Jay = 8.6
1.04t 1.32t CH Jey =8.4
—12.86d H hydride 0.99t
Jpr =102 [Fe(4-CHCeHN= NH)(bIOY){ P(OEt)z}sl(BPh4)z (1Oa)
[Fe@7?-Hy)(bpyX P(OEty} 3]" (4d) 13.68 s, br Oa 148.6
3.96 nf CH, AB,f 0a151.8 420 m C|2| 0g 134.6
3.44m 0g 140.4 3.70m Jas = 136.6
1.33 br CH Jag = 127.5 2.49s Chglp-tolyl
1.00 br 1.35t CHphos
—15.7 br n?-Ha 1.01t

[Fe(n2 Hz)(bpy){ PPh(OE®}3]** (4b) [Fe(4-CHCeHsN=NH)(bpyX PPh(OEL} 3](BPh4)2 (10b)

CH; AB,f 0a179.8 13.37 s, br NH oa 181.6
3.66 m 0 172.3 4.20 m Chi 0g 168.7
3.41m Jag = 99.7 3.78 m Jag = 104.6
1.29t Ch 2.50s CH p-tolyl
117t 151t CHphos
1.14t 1.14t
—16.3 br 7]2-H2
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Mixed-Ligand Iron(ll) Hydride Complexes

Table 1. Continued

3lp{ lH} Slp{ 1H}
IR2 1H NMRbe spin NMRbd IR 1H NMRb-e spin NMRbd
(cm™) assgnt (ppm;J, Hz) assgnt syst  (ppm;J, Hz) (cm™) assgnt (ppm;J, Hz) assgnt syst  (ppm;J, Hz)
[Fe(4-CHCgHaN= NH)(phen{ P(OEty}3](BPhs), (118) [Fe(4-CHCsHsN=NH)(phenj] PPh(OE®)} 3](BPhs)> (11b)
13.85s NH AB  0a130.2 13.77 s, br NH AB 0a181.3
4.26 m Ch 0g 115.3 4.32m Chi 0g 168.9
3.53m Jag = 136.5 3.58 m Jag = 105.0
251s CH p-tolyl 255s CH p-tolyl
141t CH; phos 1.61t CHphos
0.82t 1.19t

a|n KBr pellets.? In CD,Cl, at 25°C unless otherwise note@Phenyl proton resonances omitted; for the 8&€group of the phosphingy = 7 Hz.

d Positive shifts downfield from 85% 3P0, € At —70°C. f At

—30°C. 913C NMR (CD:Cl,, 25°C): 207.8 (dt, COJcp,, =

Jer,... = 55 Hz), 165-122 (m,

Ph+ bpy), 65.9 (m, CH), 16.2 (m, CH). "13C NMR (CD;Cl,, 25°C): 165-122 (m, Ph+ phen), 137.8 (s, C4CN), 67.2 (m, CH), 17.1 (m, CH phos),
3.65 (S,CH3CN). 1 15N NMR (CD,Cl,, 25 °C; 0 from CHs!SNOy): AB,Y spin systemdy 17.6,Jay = 8.6, Jsy = 8.4 Hz.

Table 2. Timin (200 MHZz) andJyp NMR Data for Some Dihydrogen and Hydride Complexes and CalculateH Bistances

compound T (K) o Tamin (MS) Juo (H2) - (A)
4a [Fe@2-H2)(bpy) P(OEty} 412 210 —15.7br 31 315 0% 073 0.9%
4b [Fe(;2-Hz)(bpy) PPh(OED} 5]2 218 ~16.3br 3.6 325 0.94 0.75 0.89
5a [Fe(y?-Hy)(phen] P(OEtY} o2 213 ~15.7br 3.3 312 0.93 0.74 0.92
5b [Fe(y2-Hz)(phen] PPh(OED) 512+ 205 ~16.2br 3.1 32.0 0.92 0.73 0.90
la FeH(bpyj P(OEty} 3] ™ 193 —18.34 dt 196

abThe H-H distances were calculatéet® from the Timin values for fast rotatichor static regimesof the H ligand.© H—H distances calculated from
the Jup values for HD complexes using the equaffghry—y = 1.44-0.0168 (up).

exctracts, red-brown microcrystals of the product separated out, C3;Hs/FFeNO1,PsS: C, 42.09; H, 6.15; N, 3.17. Found: C, 42.27;

which were filtered and dried under vacuum; yietd5%. Anal.
Calcd for Q9H54F3Fe'\}2012P35 (13-CF3803) C, 40.48; H, 6.32;
N, 3.26. Found: C, 40.63; H, 6.25; N, 3.28y = 76.8Q1 mol~*
cn?. IR (KBr): 1890 w [p(FeH)] cnmt. *H NMR [CD,Cl,, 25°C;
0]: 9.58-7.28 (m, 8 H, bpy), 4.00 gnt, 3.65 m, 3.47 m (18 H,
CH,), 1.23, 0.90 (t, 27 H, CBJ, spin system ABX (X = H), ox
—18.41 (1 H, Fe-H, Jax = 70, Jgx = 58 Hz).31P{1H} NMR [CD,-
Cly, 25°C; 0]: spin system AB, 0 178.9,0g 160.1,Jag = 127.9
Hz. 3C{*H} NMR [CD,Cl,, 25°C; 6]: 159—-117 (m, bpy), 120.5
(g, CR, YJcg = 319 Hz), 61.9d, 60.7 t (C}), 16.2 d, 16.0 t (CH).
Calcd for GiHs4FFeN,OgPsS (1b-CF3SOs): C, 51.47; H, 5.69;
N, 2.93. Found: C, 51.28; H, 5.55; N, 3.08 = 80.4Q"1 mol~?
cn?. IR (KBr): 1886 w [p(FeH)] cnt ™. 1H NMR [CD,Cl,, 25°C;
0]: 9.21-7.12 (m, 15 H, Ph and 8 H, bpy), 3.86, 3.61, 3.38 (m,
12 H, CH,), 1.30, 1.05, 1.03 (t, 18 H, Gl spin system ABX (X
=H), 0x —18.04 (1 H, Fe-H, Jax = Jsx = 62 Hz).3'P{1H} NMR
[CD.Cly, 25°C; d]: spin system AB, 6a 204.0,0p 187.2,Ja8 =
93.5 Hz. Calcd for GHssFsFeNOsPsS (1c-CRSOs): C, 60.46;
H, 5.17; N, 2.66. Found: C, 60.28; H, 5.29; N, 2.%%, = 78.8
Q~tmoltcn?. IR (KBr): 1865 w [p(FeH)] cn. *H NMR [CD,-
Cl,, 25°C; d]: 9.32—7.05 (m, 30 H, Ph and 8 H, bpy), 3.32 m,
2.99 gnt (6 H, CH), 0.72, 0.47 (t, 9 H, Ch), spin system ABX
(X =H), 6x —16.86 (1 H, Fe-H, Jax = Jgx = 56.2 Hz).3P{1H}
NMR [CD.Cl,, 25°C; d]: spin system AB, da 177.5,0g 167.0,
Jag = 74.0 Hz.

[FeH(phen)Ps]BPh, (2) [P = P(OEt);3 (2a), PPh(OEt) (2b)].

H, 6.25; N, 3.10Ay = 82.5Q7* mol~* cn?. IR (KBr): 1890 w
[v(FeH)] cn. IH NMR [CD.Cl,, 25°C; §]: 9.11—7.05 (m, 8 H,
phen), 4.25 gnt, 3.55 m (18 H, G} 1.47, 0.90 (t, 27 H, Ck),
spin system ABX (X = H), 0x —17.91 (1 H, Fe-H, Jax = 70,
Jex = 56 Hz).3P{H} NMR [CD.Cl,, 25 °C; d]: spin system
ABy, da 180.5,0g 159.8,Ja5 = 130.5 Hz.
[FeH(bpy).P]BPh,s (3) [P = P(OEt); (3a), PPh(OELt) (3b)].
To a solution of [Fe(bpy]Cl»-5H,0 (1 g, 1.46 mmol) in 15 mL of
ethanol were added first an excess of the appropriate phosphite (2
mmol) and then an excess of NaBH0 mmol, 0.38 g) in 10 mL
of ethanol. The reaction mixture was stirred at room temperature
for 2 h, and then the resulting red-brown solution was filtered
through silica gel (TLC standard grade). The solvent was removed
under reduced pressure to give an oil, which was triturated®@t 0
with ethanol (5 mL) containing an excess of NaBR2.5 mmol,
0.86 g). A red-brown solid slowly separated out, which was filtered
and crystallized from CbCl, and ethanol; yield-50%. Anal. Calcd
for CsgHs.BFeN,OsP (3a): C, 70.27; H, 6.13; N, 6.56. Found: C,
70.02; H, 6.10; N, 6.49Ay = 54.3 Q1 mol~! cm?. Calcd for
CsiHs,BFEN,O.P (3b): C, 73.15; H, 5.91; N, 6.32. Found: C,
72.96; H, 6.00; N, 6.25Ay = 48.6 271 mol~* cn?.
[Fe(m?H2)(bpy)Ps]*" Y~ (4), [Fe@*H2)(phen)Ps]*" Y~ (5) [P
= P(OEt); (4a, 5a), PPh(OEt) (4b), PPhOEt (4c); Y =
2CF5;S0s7] and [Fe(n2-H,){ PPh(OEt)5} s(phen)2+Y2~ (5b) (Y*~
= BPh,~ and CF3;SO;7). These complexes were prepared in

These red-brown complexes were prepared exactly like the relatedsolution in an NMR tube at a temperature bele®0°C. A typical

bipyridine complexed starting from the FeG{phen) precursor;
yield =45%. Anal. Calcd for gH;.BFeNOoP; (2a): C, 61.49;
H, 7.07; N, 2.66. Found: C, 61.35; H, 6.95; N, 2.34, = 56.0
Q-1 mol~t cnm?. Calcd for GeH74BFeNOsP; (2b): C, 68.88; H,
6.48; N, 2.43. Found: C, 68.97; H, 6.56; N, 2.49, = 51.8Q!
mol~t cn?.

[FeH(phenX P(OEt)3}3s]CF3SOs (2a-CRSOs). This complex
was prepared like the related triflate compléa-CRSO; using
LiICF3SO; as precipitating agent; yield 15%. Anal. Calcd for

experiment involves the preparation of a solution of the appropriate
hydride (0.04 mmol) in CBCI, (0.5 mL) in an NMR tube which
was cooled to—80 °C. An excess (0.08 mmol, 74L) of triflic
acid was added and the tube transferred into the probe of the NMR
instrument, precooled t680 °C. The progress of the reaction was
monitored by!H and3P{!H} spectra recorded from-80 to 20
°C.

[Fe(CO)(bpy)X P(OEt)s} 3](BPhy), (6a). An excess of HBEFEL,O
(0.6 mmol, 86uL of a 54% solution in BEO) was added to a
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solution of [FeH(bpy)P(OEt)} ;]BPh, (0.200 g, 0.19 mmol) in 10
mL of CH,CI, cooled to—80 °C and placed under a CO atmosphere
(1 atm). The reaction mixture was allowed to reach room temper-
ature overnight with stirring. The solvent was removed under
reduced pressure to give an oil, which was triturated with ethanol
(3 mL) containing an excess of NaBP(®.4 mmol, 0.137 g). An
orange solid slowly separated out from the resulting solution, which
was filtered and crystallized from GBI, and ethanol; yield-60%.
Anal. Calcd for GHosBoFeN,O,oPs: C, 67.17; H, 6.81; N, 2.03.
Found: C, 67.32; H, 6.88; N, 1.9%\y = 119.5Q~1 mol~* cn?.

[Fe(CH3CN)(bpy)Ps](BPhy), (7) [P = P(OEt)s (7a), PPh(OELt)

(7b)]. To a solution of the appropriate hydride (0.19 mmol) in 10
mL of CH;CN cooled to—80 °C was added an excess of HBF
Et,O (0.6 mmol, 86uL of a 54% solution in BO), and the reaction
mixture was allowed to reach room temperature and stirred for 2
h. The solvent was removed under reduced pressure to give an oil
which was treated with ethanol (3 mL) containing an excess of
NaBPh (0.4 mmol, 0.137 g). An orange solid slowly separated
out, which was filtered and crystallized from @El, and ethanol;
yield =65%. Anal. Calcd for GHoeBFENsOgP; (78): C, 67.40;
H, 6.96; N, 3.02. Found: C, 67.21; H, 7.04; N, 2.93, = 124.0
Q-1 mol~t cm?. Calcd for GoHoeB2FENsOgPs (7h): C, 72.74; H,
6.51; N, 2.83. Found: C, 72.93; H, 6.60; N, 2.8Yy = 119.7
Q-1 mol~t cn?.

[Fe(CH3CN)(phen) PPh(OEt),} 5](BPhs), (8b). This orange
complex was prepared exactly like the related bipyridine complexes
7; yield >60%. Anal. Calcd for GoHgeB,FEN;sOgP5: C, 73.17; H,
6.41; N, 2.78. Found: C, 73.04; H, 6.50; N, 2.69y, = 112.6
Q1 mol~t cm?.

[Fe(ArN=NH)(bpy)Ps](BPhs). (9, 10) [Ar = CeHs (9),
4-CH3C¢H4 (10); P = P(OEY); (a), PPh(OELt), (b)]. In a 25-mL
three-necked round-bottomed flask were placed solid samples of
the appropriate hydride (0.34 mmol) and an excess of the appropri-
ate aryldiazonium salt (1 mmol), and the flask was coole¢ 196
°C. Dichloromethane (10 mL) was slowly added, and the reaction

Albertin et al.

31p spectra using a delay time of 10 s between pulses. A typical
experiment involved the addition of 3@l0 mg (0.03-0.04 mmol)

of the appropriate hydride [FeH(N-NJEF;SO; in a screw-cap
NMR tube placed in a Vacuum Atmospheres drybox.,CR (0.5

mL) was added, the solid was dissolved and the tube was sealed
by the screw-cap. After standard NMR measurements, incremental
amounts of CESOG;H were added (from 0.5 to 4 equiv) by a
microsyringe to the NMR tube cooled te-80 °C and then
transferred into the probe precooled+80 °C. Approximately 1.5
equiv of CRSG;H is required to completely generate the [#e(
H,)(N-N)Ps]2* dicationic species for all the hydriddsand 2.

Results and Discussion

Preparation of Hydride Complexes.Dichloro complexes
FeCk(bpy) and FeCGlphen) react with phosphites in the
presence of NaBlto give the mixed-ligand hydride cations
[FeH(bpy)R]™ (1) and [FeH(phen)®" (2), which were
isolated as BPhor CRSGO; salts and characterized (eq 1).

excess P, excess NaBH

[FeH(N-N)R)] "
1,2
N-N = bpy (1), phen @); P= P(OEt), (a),
PPh(OE) (b), PPhOET (c)

FeCL(N-N) 1)

EtOH

Studies on the reaction course showed that both the
isomers of FeG[N-N) compounds, which were reported to
be a chain polymer containing either a six-coordinated (red
isomer) or a five-coordinated (orange isomer) iron(ll) ddit,
did not react with phosphites in ethanol, and only the addition
of NaBH, led the reaction to proceed yielding the final
speciesl or 2. These compounds, however, were the only
hydrides we isolated from the reaction, and changes in the

mixture was allowed to reach room temperature and stirred for 2 €XPerimental conditions, i.e. change of the ratio among the
h. The solvent was removed under reduced pressure to give an oil/é@gents, addition of free bpy or phen, or the lowering of
which was treated with ethanol (3 mL) containing an excess of the reaction temperature, resulted only in a lowering of the
NaBPh (0.88 mmol, 0.30 g). A yellow-orange solid slowly Yyield of the final complexed and2.

separated out from the resulting solution, which was filtered and  The tris(bipyridine) complex [Fe(bpyCl.-5H,0O also
crystallized from CHCI, and ethanol; yield=70%. Anal. Calcd  reacted with NaBHlin the presence of phosphites and gave
for CaHooBoFeN,OoPs (98): C, 67.69; H, 6.86; N, 3.85. Found:  the bis(bipyridine) [FeH(bpyPI" (3) hydride cations, which

C,67.89; H, 6.95; N, 4.0y = 118.7Q"* mol* cn¥. Caled for — \yere isolated as BRIsalts and characterized (eq 2). The
C83H10182Fel\h09P3 (108) C, 67.86; H, 6.93; N, 3.81. Found: C,

67.80; H, 7.02; N, 3.74Ay = 126.6 Q271 mol~ cm?. Calcd for
CosH101B2FEeNyOsP; (10b): C, 72.90; H, 6.50; N, 3.58. Found: C,
72.68; H, 6.55; N, 3.51Ay = 119.9Q~1 mol! cn?.

[Fe(CeHsN=1NH)(bpy){ P(OEt)3} 3](BPhy), (9a-**N). This com-
pound was prepared exactly like the related unlabeled con@alex
using the [GHsN='°N]BF, as a reagent; yield 65%.

[Fe(4-CH3;CgH4N=NH)(phen)Ps](BPh,), (11) [P = P(OEt)s
(11a), PPh(OEt) (11b)]. These orange complexes were prepared
following the method used for the related bipyridine derivatives
10; yield =65%. Anal. Calcd for @Hi01B.FeNOgP; (118): C,
68.37; H, 6.82; N, 3.75. Found: C, 68.44; H, 6.91; N, 3.8§.=
121.0Q71 mol~* cm?. Calcd for G7H101BoFENOeP; (11b): C,
73.31; H, 6.41; N, 3.53. Found: C, 73.08; H, 6.54; N, 3AQ.=
115.8Q~1 mol~! cn?.

Acidity Measurements. The protonation of [FeH(N-NYCFs-
SO; complexesl-CF;SO; and2-CF3SO; was studied in an NMR
tube by3P and!H NMR mesurements in CiZI, at low temper-
ature. The concentrations of [FeH(N-N)Pand [Fef;>-H,)(N-N)-
P52+ were determined by integration of the inverse-gated decoupled (15) Geary, W. JCoord. Chem. Re 1971, 7, 81-122.

excess P, excess NaBH

[Fe(bpy)l*

EtOH

[FeH(t;IOY)zF’]+ )

P = P(OEt) (a), PPh(OE) (b)

reaction of the related phenanthroline [Fe(phEh)cation,
instead, gave under all conditions the tris(phosphite) com-
plexes [FeH(phen¥pP (2), isolable either in pure form or
as a mixture containing the starting [Fe(ph#t)derivative.
The new hydrided—3 are red-brown solids moderately
stable in air and in a solution of polar organic solvents, where
they behave as 1:1 electrolyt®sThe analytical and spec-
troscopic data (Table 1) support the proposed formulation,
and a geometry in solution was also established. The IR
spectra show a weak band at 189(¥82 cnv! attributed to
the v(FeH) of the hydride ligand. Its presence is confirmed
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Chart 1 measurement of thé,p values of the isotopomer [Fgt
+ b _| + HD)(N-N)Ps]?" derivatives. These HD complexes were
(N\ T/p (N\ | N prepared py the gddltlon of deu_terated triflic aC|d36Q:D
N/Fle\H N F|e\N to the hydrided, 2 in CD,Cl,. Their’H NMR spectra exhibit,
P H in the hydride region, a relatively sharp triplet of doublets
1 mer Il trans of intensity ratio 1:1.3:1. The increased intensity of the center

_ o peak of the triplet of the HD resonances is due to the presence
by the*H NMR spectra which show the characteristic low- of a small amount of bispecies, resulting from the incom-
frequency multiplet between12 and—19 ppm. This pattern  plete deuteration of the triflic acid, while the doubling of
appears as an A (X = H) multiplet for the [FeH(N-N)-  each signal of the triplet is attributable to the coupling with
P3]" (1, 2) cations, due to the coupling with the phosphorus the phosphorus nuclei of the phosphites ik, of 12
nuclei. A simulation of the spectra can be obtained with the Hz for 4a, 4b and 14 Hz for5a From this triplet a value
parameters reported in Table 1, which show that the valuespetween 31.5 and 32.5 Hz fdkp was measured, which
of the two Jpy are equal in some cases or comparable in confirms the formation of the dihydrogen derivatives. From
magnitude (i.e. 70 and 56 Hz) in the others, suggesting thatthe 3,; values the H-H distance® were calculated, and they
the hydride should occupy the same mutual position with are reported in Table 2. Values between 0.89 and 0.92 A
all the phosphite ligands. Taking into account that in the \yere observed for oup-H, complexess, 5, which fall in
temperature range betweer20 and—80 °C the *'P{*H} the range found in the previously reported dicationic dihy-
NMR spectra appear as an ABultiplet, amergeometry  grogen derivativeisof iron and ruthenium. The presence of
of typel _(Chart 1) (_:an.reasonably be proposed for the tris- e poorz-acceptor bpy or phen ligands does not seem to
(phosphite)l, 2 derivatives. have a strong influence on the-HH distances of dicationic

Support for this proposal comes from the X-ray crystal n%-H, complexes. The HH bond length in the iligand
structure determinatiéhof the related ruthenium complex .o also be calculat&tfrom the Ty values. The results
[RuH(bpy) P(OE:}s]BPhy, whose spectroscopic data are o, our complexes (Table 2) show that there is a general
very similar, and amer geometry was established. agreement between the distance calculated fromJthe

The hydride signals for the bis(bipyridine) [FeH(bg)" values and those determined by fhemethod using a static
complexes3a and 3b each appear as a doublet (a13.13  q41i0n model. For a fast rotation obHnstead, the observed
and at—12.86 ppm) withJey values of 116 and 102 Hz. 1 "\ 4,65 give rather short+H lengths, which are also

These values are somewnhat higher than those observed in,, ¢omnarable with the known dihydrogen derivatives. An
the related [FeH(N-N)§™ complexes, 2) and may suggest analysis of Juo and Timn data of known dihydrogen

a mutually tdrrims position oét: N h){dride and phosphite ligands complexes that havép values>25 Hz has been recently
asina typ' geomgtry ( art' )- N reported® and shows as in only a few cases, namely those
Protonation Reactions.Hydride [FeH(N-N)R]™ (1, 2) - 2 Vit _

) i with general formularans{MH(#%?-H,)(P-P}]* (M = Fe,
complexes react with the anSFed aciceS6:H (or HBF) Ru; P-P= chelating phosphine) it is necessary to invoke
IaDt]IZerV\/(;tlerg)p;r:rlit\llJ;thgsgl\;(; ?ﬁoazﬁrzgeg [ﬁszxrzl{(;\g;tion the fast-rotation model to produce a reasonabtdtlistance

3 ' ' q o P in the K, ligand. In general, the HH distances should be

CF,SOH calculated fromTyn data using a static rotation model, as
[FeH(N-N)P] " [Fe(™H)(N-N)PJ*"  (3) observed in our case. However, the dicationic dihydrogen
1,2 4,5 complex [Fef?-H,)(CO)(dppe))?" [dppe= 1,2-bis(diphen-

N — P ylphosphinoethane)] recently reported by Morris and co-
N-N=bpy (L, 4), phen @, 5); P = P(OE (a), worker$d shows that the HH distances obtained from the
PPh(OERY (b), PPROEL () Jup are consistent with those calculated frdm,, data using

a fast-spinning model. Our mixed-ligand dicationic dihy-

reaction was carried out at variable temperatures and Wasgrogen complexed and5 differ from that of Morris in this
monitored by*H and®'P NMR spectra. The addition of the aspect.

Bragnsted acid tdl or 2 caused the disappearance of the In the temperature range betweeB0 and—20 °C the
hyglride multiplet and the appearance of a broad signal (half- 31P[1H} NMR spectra ofy>-H, complexest and5 appear
height width of about 200 Hz) betweenl3 and—17 ppm as an AB multiplet. Taking into account that tH&l NMR

attributed to they>-H; ligand. Measurements @ on these . ot
signals gave d1min Value of about 3 ms (Table 2) in agree- spectra of the isotopomers [RAHD)(N-N)P;|*" recorded

ment? with the presence of a dihydrogen derivative. Further

(18) (a) Heinekey, D. M.; Luther, T. Alnorg. Chem.1996 35, 4396~

support for the presence of thyg-H, ligand came from the 4399. (b) Maltby, P. A.: Schiaf, M.. Steinbeck, M.: Lough, A. J.
Morris, R. H.; Klooster, W. T.; Koetzle, T. F.; Srivastava, R. L.
(16) Albertin, G.; Antoniutti, S.; Bacchi, A.; D’Este, C.; Pelizzi, Gorg. Am. Chem. S0d.996 118 5396-5407. (c) King, W. A.; Luo, X.-L.;
Chem.2004 43, 1336-1349. Scott, B. L.; Kubas, G. J.; Ziim, K. WJ. Am. Chem. S0d.996 118
(17) (a) Hamilton, D. G.; Crabtree, R. H. Am. Chem. S0d 988 110, 6782-6783.
4126-4136. (b) Bautista, M. T.; Earl, K. A.; Maltby, P. A.; Morris, (19) Earl, K. A;; Jia, G.; Maltby, P. A.; Morris, R. HI. Am. Chem. Soc.
R. H.; Schweitzer, C. T.; Sella, A. Am. Chem. So&988 110, 7031~ 1991, 113 3027-3039.
7036. (c) Desrosiers, P. J.; Cai, L.; Lin, Z.; Richards, R.; Halpern, J. (20) Gusev, D. G.; Kuhiman, R. L.; Renkema, K. B.; Eisenstein, O.;
J. Am. Chem. S0d.99], 113 4173-4184. Caulton, K. G.Inorg. Chem.1996 35, 6775-6783.
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Chart 2 Scheme 12
Heh | 2+ €O _» [Fe(CO)N-NPSR*
N\ | P 6a
Fel 2 2+
N~ > [Fe(n?-H2)(N-N)Pj]

CHaC [Fe(CH3CN)(N-N)P3]2*
m 7a,7b, 8b

. ap = P(OEt}, N-N = bpy (6a, 7a); P = PPh(OEt), N-N = phen {b,
at —40 °C show a strong couplinggJyp of 12 and 14 Hz) 8h).

between HD and one phosphorus nucleus suggesting a

mutually trans position between the hydrogen and one We have also studied the protonation of the mono-
phosphite ligand, éacgeometnyll (Chart 2) can reasonably — phosphite [FeH(bpyP]" (3) at low temperatures with both

be proposed for our derivativésand5. The protonation of ~ CRSOH and HBR-ELO, but in this case no formation of
the hydridesl and 2, therefore, involves an isomerization #°-Hz species was detected By NMR spectra. The addition

as well, giving a final complex containing the, itans to of the Brgnsted acid at low temperature causes a color change
the z-acceptor phosphite ligand. of the solution followed by the separation of solid products
indicating that decomposition takes place. It seems therefore
);hat only complexes containing three phosphites and one
bipyridine or phenanthroline lik&, 2 can stabilize they?-

The variable-temperatuteél NMR spectra oft and5 also
show that the complexes are thermally unstable and, alread
at —20 °C, the signal of free Kat 4.6 ppm appears in the

proton spectra. Unfortunately, this thermal instability prevents M2 derivatives, at least at low tezmpe_rature._
the isolation of the complexe$ and 5 in the solid state. Reactivity. The lability of they®-H; ligand in complexes

This instability, however, is somewhat unexpected in light 4 5 prompted us to test the substitution r_eactio_n with several
of the relatively long H-H distances and of the behavior of 192nds, and the results are summarized in Scheme 1.
the comparable [Fef-H)(CO)(P-P}J2* dicationic complesd Although the reaction proceeds easily with CO, phosphite,
which does not lose Hin solution at room temperature. 1S0Cyanide, HO, CHCN, etc., only the carbonaand the

Probably, either the trans influence of the phosphite ligand nitrile 7, 8 com_plexes were obtained in pure form. In th_e
in our compoundst and5 as compared to CO in [Fef- other cases, mixtures of products were obtained from which
H)(CO)(P-P)]?* derivative, or the nature of the Fe(N-N)P the detected complexes were not separated.

fragment makes the [Fgd-H2)(N-N)P5]2* derivative unstable The new iron(ll) complexe$—8 were isolated as BRh
toward the loss of bl salts and are orange solids stable in the air and in a solution

. . of polar organic solvents in which they behave as 2:1
ples)fggl?: dicc):r;tteh de tﬁzt?gséliﬂa%f ihg LZ?J:'/(I\(I)ng)&CHOTS electrolytes® Analytical and spectroscopic data (Table 1)
: ' 3 support their formulation. The IR spectrum of the carbonyl
required to completely generate the [Fe,)(N-N)P;]>" (4, upp ! ua pectru y

) . et SN e complex6a shows, besides the absorptions of the BPh
5) species. This result indicates that our dicationic dihydrogen anion and of the bpy and P(OEtjgands, one strong band

complexest and5 are less acidic than the related dicationic at 2033 cm! attributed to the/(CO) of the carbon
o yl group.
7*-Hz derivative$®© such as [Osf*-H,)(CO)(dppejl*" and 14 130(31H} NMR spectrum confirms the presence of the

[Fe(nz-Hz)(CO)(dppe3]2+, Whi,Ch require at_ least 10 999“’ CO ligand showing one doublet of triplets at 207.8 ppm due
OfCESQH for their preparation. The relatively low acidity to the carbonyl carbon atom coupled with the phosphorus
observed in our complexes, 5 is probably due to the nuclei of the phosphites. The twdcp have the same value

presence of the bpy or phen ligands, V_VhiCh can .delocalize of 55 Hz, suggesting that the carbonyl ligand should occupy
the total charge of the complexes making #ffeH; ligand yhe same mutual position with all the phosphite ligands. In

less acidic. However, all the compared complexes contain i, temperature range betweer20 and—80 °C the 31P-
CO as a ligand, whose-acceptor properties in those M(CO)- {1H} NMR spectrum appears as anBAmultiplet. On this

(dppe) fragments should lead to a strong acidity of e agis amer geometrylV can be reasonably proposed for
H. ligand. A qualitative comparison can also be made with {4 carbonyl complega.

[Os(?-H2)(CHiCN)(dppe)](BF.)2 %2 and [M(@7%-Ho)(PRy)--
(bpy)(CO)F" (M = Ru, Os)é¢ whose formation from the
monohydride required a large excess of HEO for the low intensity?2 However, the presence of this ligand is

former and 4 equiv of CFSOH for the latter, suggesting  confirmed by the'H NMR spectra which show a singlet at
that the mixed-ligand iron(ll) dihydrogen complexes [Fe- 1 342 g7 ppm of the methyl group of the GEN. The'3C-
(7%-H2)(N-N)P5]2* (4, 5) can be estimated as the least acidic 14y NMR spectra oBb further support the presence of the
among the above-reporfedicationic dihydrogen derivatives. pjrile showing a singlet at 3.65 ppm due to the methyl carbon
Only the dicationié! [Os(;*H;)(NHs)s]*" is less acidic than  regonance and a singlet at 137.8 ppm of tkeNCcarbon
our 4 and5 derivatives, probably owing to the presence of 5tom. The HMQC and HMBC experiments confirm this
the o-donor NH; ligands, which make the amino complex  attribution showing the correlation between the methy! proton
stable toward base. signal at 1.42 ppm of C#CN with the 1°C signal at 3.65

The IR spectra of the nitrile complex&s8 do not show
any band attributable to(CN) probably owing to their very

(21) Harman, W. D.; Taube, H. Am. Chem. S0499Q 112 2261-2263. (22) Rouschias, G.; Wilkinson, G. Chem. Soc. A967, 993-1000.
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Chart 3 Chart 4
2+ 2+ 2+
e ] o] ]
~
NG e NG e ( SFeP N-ar
N,Fe\ N,Fe\ N | \N//
| ~co | TNCCH3 P
P H
v v VI

ppm in HMQC and with those at 137.8 ppm in HMBC, in  spectra of the labeled [Fe{@sN="NH)(bpy) P(OEt}} s]-
agreement with the proposed formulation. (BPhy), (9a-°N) complex, which appear as an AB

In the temperature range betweei30 and—80 °C the multiplet (Y = 5N) due to the coupling with the phosphorus
$1P{*H} NMR spectra of the nitrile complexes 8 appear  nuclei. The two coupling constantdye show very similar
as AB; multiplets which were simulated with the parameters values (8.4 and 8.6 Hz) as expected for a diazene ligand
reported in Table 1. These data, however, do not allow uswhich is in the same mutual position with all the phosphite
to unambiguously assign a geometry in solution to these Jigands. On this basis a geometry of tyge (Chart 4) can

complexes, although by analogy with the carbogeylamer be reasonably proposed for the aryldiazene derivagveisl.
typeV (Chart 3) may be tentatively proposed.

Reactivity studies on the new hydrides [FeH(N-§BPh,
(1, 2) and [FeH(N-N)P]BPh, (3) were devoted also to an
insertion reaction into the FeH bond. Several unsaturated
molecules were tested such as terminal alkynes, heteroallene
(CO,, CS, ArNCS) and aryldiazonium cations. The results
showed that only aryldiazonium cations ArNreact with )
[FeH(N-N)R]BPh, to give isolable aryldiazeR&[Fe(ArN= Conclusions
NH)(N-N)Ps](BPhy), (9, 10, 11) derivatives (eq 4). Decom-
position products were obtained with the other reagents in
the reaction with the mixed-ligand hydridés 3, except with
carbon dioxide, which does not react with either tris-
(phosphite) [FeEH(N-N)R* or the mono(phosphite) [FeH-

Aryldiazene complexes of iron(ll) are know?®> but
contain exclusively phosphites as supporting ligands. The
synthesis of complexe3—11 shows that also polypyridyls
such as phen and bpy are able to stabilize aryldiazene iron-
fll) derivatives.

An easy route for the synthesis of the first iron(Il) hydride
complexes containing both polypyridyl and phosphite as
supporting ligands of the [FeH(N-NyBPh, and [FeH-
(bpy)P]BPHh, type is described. Mixed-ligand dihydrogen

(bpy)P]* hydride derivative. qomplexes [Fef-H2)(N-N)Ps]>" were _obtained by protona-
tion of the [FeH(N-N)B|BPh, hydride precursors with
L AN ot Brgnsted acid. Measurements By, and Jyp values give
[FeH(N-N)R] [Fe(ArN=NH)(N-N)P;]~"  (4) information on the H-H distances of thg?H, ligand, while
9,10 11 protonation studies suggests a strong acidic character of the
N-N = bpy (©, 10), phen (1); P= P(OEt), (a), dihydrogen ligand. However, the presence of the polypyridyl

ligand makes the [Fgf—H2)(N-N)Ps]** complexes among
the least acidic of the known dicationic dihydrogen deriva-
tives. New polypyridyl iron(ll) complexes can also be
prepared using both classical and nonclassical hydride
complexes as precursors. Thus, carbonyl [Fe(CO)(bpy)-
{ P(OEt}} 3] (BPhy),, nitrile [Fe(CHCN)(N-N)P;](BPhy),, and

PPh(OE) (b); Ar = CgH; (9), 4-CH,CH, (10, 11)

Good analytical data were obtained for aryldiazene
complexes9, 10, 11, which are orange solids stable in air
and in a solution of polar organic solvents where they behave
as 2:1 electrolyte®. The spectroscopic data (Table 1) support )
the proposed formulation, and a geometry in solution was aryld_|azene [Fe(ArR=NH)(N-N)P|(BPh,), complexes were
also established. Diagnostic for the presence of the diazeneObta'ned‘
ligand are théH NMR spectra which show the characteristic
slightly broad NH signal between 13 and 14 ppm. Support
for this attribution comes from th#d spectra of the labeled
9a-'N complex which shows th®NH resonance as a high

frequency ‘gfu'f_"et at 13.87 ppm WiﬂjNH_ of 68 _HZ in Supporting Information Available: Observed and calculated
agreemerit* with the presence of the diazene ligand. In siprsyy NMR spectra of compoungb (Figure S1). The hydride
the proton spectra the signals of the phosphite, the polypyri- part of the proton spectrum of compoutd (Figure S2). This

dyl ligand, and the BPhanion are also present, while the material is available free of charge via the Internet at http:/pubs.
31p spectra appear as an ABultiplet suggesting that two  acs.org.
phosphites are magnetically equivalent and different from
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the third. Furthermore, we also recorded tPé{'H} NMR 1C0348190
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