49

Journal of Organometallic Chemistry, 424 (1992) 49-55
Elsevier Sequoia S.A., Lausanne

JOM 22267

Syntheses and properties of isocyanide complexes of iron,
trans-[FeH(CNR)(Ph,PCH,CH,PPh,),JA] (A = BF, or
PF,)

Manuel B. Baptista, M. Amélia N.D.A. Lemos, Jodo J.R. Fraiisto da Silva
and Armando J.L. Pombeiro *

Centro de Quimica Estrutural, Complexo I, Instituto Superior Técnico, Av. Rovisco Pais, 1096 Lisbon
Codex (Portugal)

(Received July 5, 1991)

Abstract

The complexes trans-[FeH(CNRXdppe),IA] (R = Me, Et, 'Bu, C4H ,OMe-4, C¢H, Me-4, C¢H;, or
C4H,NO-4; A = PF, or BF,; dppe = Ph,PCH,CH ,PPh,) have been prepared either by treatment of
a tetrahydrofuran solution of trans-{FeHCI(dppe),] under argon with the appropriate isocyanide, in the
presence of TIA], or upon N, replacement in trans-[FeH(N,Xdppe),{A] by CNR. The dinitrogen
complexes were obtained by reaction of trans-[FeHCl(dppe),] in THF with TI[A] under N,.

Introduction

The dinitrogen-binding ability of some iron(II) and iron(0) phosphine-ligated
centres has been known since the seventies, particularly in complexes of the types
[FeH ,(N,X(PR;);(R = alkyl or aryD [1], [FeH(N,)L,lI[BPh,] [L = dppe
(Ph,PCH,CH,PPh,) or depe (Et,PCH,CH,PEt,)] [2], [FeH(N,)L][BF,] [L =
P(CH ,CH,PPh,); or N(CH,CH,PPh,);] [2] and [Fe(N,Xdppe),] [3]. More re-
cently, dinitrogen complexes with chelating N,O-containing ligands have also been
reported [4], Na,[Fe(Y)N,] [Y = (1,2-ethanediyldinitrilo)tetraacetate or trans-(1,2-
cyclohexanediyldinitrilo)tetraacetate].

However, the N, ligand usually does not exhibit appreciable chemical reactivity,
except in [Fe(N,XMe,PCH,CH,PMe,),], as recently reported [5a], and in some
less well-defined, dinuclear systems [5b]. Moreover, the suggestion that Mo is the
active metal in the iron-molybdenum cofactor of nitrogenase has gained indirect
support [6], and the coordination chemistry of N, at iron centres has not been
explored.

Nevertheless, an alternative nitrogenase has been discovered containing V
instead of Mo [7a] and, more recently, a further nitrogenase, without Mo or V, and
with Fe only, has also been recognized [7bl. This has revived interest in the field of
chemical nitrogen fixation, and extensive synthetic, Mssbauer [8], X-ray structural
[9] and chemical [5a] studies of various diphosphine complexes of iron(II) have
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been described. Here we report our investigation of the binding and activation of
alternative substrates of nitrogenase at iron centres which can ligate N,.

We have previously prepared series of isocyanide complexes with d® N,-
binding sites, for example trans-[M(CNR),(dppe), M = Mo or W) [10a],
[M(CNR),L,_ Kx = 2-4, L = PMe,Ph or PMePh,) [10b] and trans-{ReCI(CNR)-
(dppe),] [11], and studied their reactivity towards protic attack to give aminocar-
byne compounds, such as trans-{M(CNHMeXCNMeXdppe),]* [12] and trans-
[ReCI(CNHRXdppe),]* [13], Now we report the extension of this work to the Fe!!
site, trans-{FeH(dppe),} *, which also [2] ligates N,, and we compare the electronic
properties and chemical behaviour of the derived isocyanide complexes with those
exhibited by the afore-mentioned Group VI or VII transition-metal species.

Results and discussion
Syntheses

Treatment of a tetrahydrofuran (THF) solution of trans-[FeHCl(dppe),] under
argon with the appropriate isocyanide (in a molar ratio of 3:1), in the presence of
TI[A] (A = PF; or BF,) in a slight excess, gives the isocyanide complexes trans-
[FeH(CNRXdppe), Al (1; R = Me, Et, ‘Bu, C(H ,OMe-4, C.H,Me-4, C;H,, or
C¢H,NO,-4; A = PF, or BF,) (reaction 1, Scheme 1).

If the reaction with TI[A] is carried out under dinitrogen in the absence of
isocyanide the dinitrogen complex trans-[FeH(N,Xdppe),][A] (2, A = BF, or PF,)
is obtained (reaction 2, Scheme 1).

These reactions may be compared to the synthesis of trans-[Re(CNR),(dppe),]
[BE;] [14] upon N,- and chloride-replacement in the presence of TIBF,] in
trans-[ReCI(N,Xdppe), .

The isocyanide complexes 1 can also be prepared by treatment of a THF
solution of the dinitrogen compound 2 with the appropriate isocyanide (reaction 3,
Scheme 1).

Reactions 1 and 2 conceivably occur via the known 5-coordinate blue species
[FeH(dppe),]*, which is the product obtained from this reaction in benzene in the
absence of a substrate and which in THF forms the red hexa-coordinate
[FeH(THFXdppe),]* with a labile THF ligand [15a]. These reactions are closely
related to those reported for the syntheses of trans-[FeH(LXdppe),]Y (L = CO,
N,, NCMe, NCPh, NH,, pyridine, THF, or Me,CO; Y = BPh, or ClO,) by
treatment of [FeHCl(dppe),] with Na, Y, and L [15b], and for the preparation [16]
of the related complexes trans-[FeH(LXdepe),[BPh,] [L =CO, N,, CN'Bu,
(1) TI[A], CNR, Ar

—TICI

3)
@ —TICI CNR
TI[A], N, -N,

trans-[FeH(N, Xdppe), JAl

trans-| FeHCl(dppe),] trans-[FeH(CNR)(dppe),][A]

Scheme 1. Syntheses of the isocyanide complexes trans-{[FeH(CNRXdppe),JA] (1; R = alkyl or aryl;
A = PF, or BF,)
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Table 1
Physical data for complexes trans-[FeHL(dppe),JA] [L = CNR (1) or N,]
LA Colour Infrared (cm~ 1) ¢ Analysis [Found (calcd.) (%))
CNMe, PF; b Yellow 2140 59.8 5.0 1.5
' 605 49  (13)
CNMe, BF, ® Yellow 2140 63.0 5.0 13
63.9) 5.2) (1.4
CNEt, PF, Yellow 2140 62.2 52 1.3
©62.7) 5.2 (1.3)
CN'Bu, PF; © Yellow 2100 61.7 5.0 12
(62.2) (5.3) (1.3)
CNC4H ,OMe-4, PF, ¢ Brownish orange 2070 575 5.0 1.6
(57.2) (4.6) .y
CNC¢H ,OMe-4, BF, ¢ Brownish orange 2070 594 5.2 1.2
(59.9) 4.9) 11
CNC¢H Me-4, PFy Yellow 2030 64.9 52 11
(64.6) 6.1 (1.3)
CNC¢H;, PE, Yellow 2040 63.8 5.4 1.1
(64.3) 4.9) (1.3)
CNC¢H,NO,-4,PF,*  Red 2010 59.8 49 25
(60.1) 4.3) Q4
N,, BE, ? Yellow € 62.1 5.4 25

62.4) 4.9 .8

% In KBr pellets; strong »(CN) bands. ®° With 0.5 CH,Cl, of crystallisation. ¢ With H,0 of
crystallisation. ¢ With 2CH 2Cl, of crystallisation. ¢ »(N=N) = 2130 cm ™! (strong band).

CNC H ,OMe-4, NCMe, NCPh, P(OMe);, or P(OPh);; depe = Et,PCH,CH ,PEt,]
from reaction of [FeHCl(depe),] with L in the presence of NaBPh,.

Properties

Complexes 1 are isolated as red (R = C4H,NO,-4), orange (R = C,H,OMe-4)
or yellow (in all the other cases) solids which are stable in air at room temperature
for considerable periods.

Their IR spectra (Table 1) exhibit strong bands in the 2140-2020 cm ™! region
assigned to v(CN), whereas the strong bands at 835 or ca. 1050 cm™! are due to
the [PF;]~ and [BF,]” counter-ion, respectively; for (1, R = C;H,NO,-4), the
medium intensity bands at 1582 and 1510 cm™! are due to the NO, substituent.
Weak and broad bands at ca. 1840 or 1825 cm ™! are observed for (1, R = Me and
Et, respectively) and they are tentatively assigned to »(FeH) by analogy with
trans-[FeHCl(dppe),] which exhibits this stretching mode as a weak band at 1955
cm™ . However, no band which could be attributed to »(FeH) has been detected
for the other complexes 1; such an absence also occurs for related dinitrogen or
isocyanide complexes of Fe' with depe [16] or hexaphenyl-1,4,7,10-tetraphos-
phadecane [17]. ‘

Although »(CN) occurs in complexes 1 at a wavenumber which is slightly lower
than that exhibited by the corresponding free isocyanide (e.g., 2140 vs. 2150 cm ™!
for ligating or free CNMe, respectively), thus suggesting considerable m-electron
donor ability of the Fe!' centre, the »(CN) lowering upon coordination of the
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isocyanide at this centre is much less than those reported for the d® Mo, W or Re
centres, namely trans-[Mo(CNMe),(dppe),] where »(CN) = 1862 cm~! and the
isocyanide is known to present a bent geometry at the N atom [10]. This IR
behaviour parallels that observed for N, at those centres where, for example,
v(N,) = 1970 cm~! for trans-[Mo(N,),(dppe),], whereas, at trans-
[FeH(N,Xdppe),]™, it occurs at a much higher frequency, 2130 cm ™.

Therefore, the electronic structure of the ligating isocyanide at iron(II) should
be represented intermediate between the two following forms, but closer to the
first, whereas at molybdenum the structure is closer to the second.

—_— ..
M—C=N—R ««— M=C=N__
R

These results are consistent with the expected lower electronrichness of the Fell
compared to the Mo® or Re! centre, the first having weaker m-electron release
and stronger o-acceptor character. A similar rationale explains the lower »(CN) or
v(N,) frequencies (by ca. 40-50 cm™!) exhibited by trans-[FeHL(depe),]*
(L=CN'Bu, CNC¢H ,OMe-4 or N,) [16] compared with the dppe complexes 1 of
our study. In compounds 1, the aryl isocyanide complexes display »(CN) frequen-
cies lower than those of the alkyl isocyanide complexes, consistent with the
expected stronger sr-acceptor character of the former.

In the 'H NMR spectra of complexes 1 [(CD,),CO, 298 K] (Table 2), the
hydride resonance occurs as a quintet (2J(PH) = 46.4-46.9 Hz, at 8 —8.6to —11.5
ppm) due to coupling to the 4 equivalent P nuclei, whereas in the *'P{'H} NMR
spectra’s a is observed singlet at 8 —48.0 to —51.9 ppm rel. P(OMe),, indicating a
trans geometry of those compounds. Moreover, in the 3'P—!'H-undecoupled spec-
trum, a broad doublet is observed with the expected coupling constant, in agree-
ment with the **P coupling to the hydride 'H.

In comparison with [FeHCKdppe),] (§(FeH) —26.8 ppm, 2J(PH) = 49.1 Hz), a
substantial shift to lower field is observed in the '"H NMR spectra for the hydride
resonances of 1, in which isocyanide is a weaker net-electron donor.

In the '"H NMR spectrum of 1 (R = C¢H,NO,-4), the phenyl proton resonances
of the isocyanide give rise to two AB doublets CJ(HH) = 9.1 Hz) at & 8.16 and 6.79
ppm; the lower field pair can be assigned to the phenyl ring protons in ortho-posi-
tions relative to the nitro group, by analogy with the spectrum quoted [18] for
[Co(CNC4H ,NO,-4),{PPh(OE),},)[C1O,]. For 1 (R =C4H,OMe-4 or C,H,Me-
4), the lower field half of the AB-type resonance of the isocyanide phenyl ring
protons is buried under the dppe-phenyl complex multiplets.

We have also examined the reactivity of complexes 1 towards electrophiles and
nucleophiles, but no reaction was detected either with mineral acids or with
alcohols (MeOH or EtOH) or amines (such as MeNH,) (in a ten- to twenty-fold
molar excess).

Final comments

This work has extended to an Fe!! hydride the syntheses of isocyanide com-
plexes at a centre capable of binding dinitrogen.

However, in comparison with the electron-rich Re!, Mo? or W centres, the
{FeH(dppe),}* site has a much lower m-electron releasing ability and the iso-
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Table 2
Selected 'H and 3'P{'"H} NMR data ¢ for complexes trans-[FeH(CNRXdppe),JA] (1, A = PF, or BF,)
R 'HNMR* 31p('H}
5t Relative  Assignment ?E‘AR
intensity
Me ' 3205 3 CNCH, —48.045°
-11.03qt ¢ 1 FeH
Et 3.58q/ 2 CH,CH, —48.53s
1.03t/ 3 CH,CH,
-11.03qt % 1 FeH
‘Bu 1.10s 9 Q(CH>), -5042s
—11.48qt ¢ 1 FeH
C¢H,OMe-4 6.86d" 2 CNC4H,OMe (2Hp) ~49.37s
3.87s 3 CNC¢H ,OCH,
-987qt’ 1 FeH
C¢H Me-4 6.48d 7, br 2 CNC¢H,Me 2Hp) —-51.84s
2.32s 3 CNCH Me
-10.04 qt * 1 FeH
C¢H; 6.83-6.78m 2 CNC(H; ()™ —4955s"
-957qt* 1 FeH
C4H,NO,-4 8.16d" 2 CNC¢H,NO, (2H, ortho to NO,)  —50.42s
6.79d" 2 CNC H,NO, (2H}, ortho to CN)
-857qt’f 1 FeH

¢ In (CD3),CO; s, singlet; d, doublet; t, triplet; q, quartet; qt, quintet; m, multiplet; br, broad. 5 Dppe
resonances generally in ranges & =8.0-6.9 (aromatic) and 3.0-2.1 (methylene). ¢ & Values in ppm
relative to trimethylphosphite. ¢ 2J(PH) 46.4 Hz. ¢ Broad doublet [2/(PH) = 46 Hz] in the *'P-!H-un-
decoupled spectrum. £ 3J(HH) 7.8 Hz. ¢ 2J(PH) 46.7 Hz. " 3J(HH) 4.0 Hz (higher field half of an
AB-type resonance—see text). | 2J(PH) 46.9 Hz. / *J(HH) 8.2 Hz (higher field half of an AB type
resonance). ¥ 27(PH) 46.8 Hz. ! Broad doublet [2/(PH) = 48 Hz] in the 3!P-!H-undecoupled spectrum.
™ Other phenyl resonances obscured by dppe aromatic resonances. " Lower and higher field halves of
an AB-type resonance (see text), >J(HH) 9.1 Hz.

cyanides bound to iron are much weaker w-acceptors and stronger o-donors, and
are probably bound linearly. Accordingly, and in contrast to the known susceptibil-
ity of the isocyanides bound to those electron-rich sites [12,13] to electrophilic
attack at the N atom, these ligands are not activated towards electrophilic attack at
the iron site. Moreover, isocyanide activation towards nucleophilic attack by
reagents such as amines or alcohols has not been observed in complexes 1,
although such reactivity has been well documented [19] in cases where the ligating
isocyanide behaves mainly as a o-donor and exhibits »(CN) values well above
those of the free isocyanide.

The chemical behaviour appears to agree with the following trend: electrophilic
or nucleophilic attack is observed only for sufficiently low (negative) or high
(positive) CN frequency shifts upon coordination. The {FeH(dppe),}* centre
appears to have electron donor/ acceptor properties intermediate between those
exhibited by the metal sites which are able to induce electrophilic or nucleophilic
attack at isocyanides.
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Experimental

All reactions were carried out by standard inert-gas flow and vacuum tech-
niques. Solvents were purified by standard techniques. IR spectra were recorded
with Perkin Elmer 683 or 457 spectrometers. NMR spectra were recorded using
JEOL EC 100 or VARIAN Unity 300 machines.

[FeHCl(dppe), ] was prepared by a literature method [15a), as were CNMe [20),
CNEt [21], CN'Bu [21] and the aryl isocyanides [22].

Syntheses of trans-[FeH(CNR)(dppe),][A] (1, A = PF; or BF,)

(a) From trans-[FeHCl(dppe),]. Since the method is general, only the synthe-
sis of 1 (R = Me, A = BF,) is given, as an example.

Methyl isocyanide (0.16 cm? 3.3 mmol) and TI[BF,] (0.48 g, 1.6 mmol) were
added to a solution of trans-[FeHCl(dppe),] (0.98 g, 1.1 mmol) in THF (50 cm?)
under argon, and the mixture was stirred at room temperature for 1 h. The yellow
precipitate was filtered off, thoroughly washed with portions of distilled water
(total of 50 cm?) to remove the thallium salts (TICI and the excess of TI[BE,]), then
with EtOH and, finally, with Et,O; the yellow residue of complex 1 (R = Me,
A = BF,) was then dried in vacuo. A further crop of this product was obtained
upon concentration of the mother-liquor and addition of EtOH (or MeOH),
followed by removal (by filtration) of the precipitated yellow solid, which was then
washed with distilled water, EtOH and Et,O, before being dried in vacuo. The
product was recrystallized from CH,Cl,/ Et,0. The total yield was above 80%, as
well as for the other alkyl isocyanide complexes 1; however, considerably lower
yields (which can be < 10%), particularly for 1, R = C¢H;, CiH,Me-4 or
C H,Cl-4, were commonly obtained when a smaller excess of the isocyanide
(below a 2 molar ratio relative to the metal) was used.

(b) From trans-[FeH(N,)(dppe),][A] (A = PF; or BF,). This method has the
disadvantage of requiring the prior synthesis of a dinitrogen complex. It is general,
and a typical procedure for the preparation of 1 (R = Me, A = PF,) was carried
out as follows.

Methyl isocyanide (0.050 cm?, 1.0 mmol) was added to a solution of trans-
[FeH(N,Xdppe), [PE,] (0.31 g, 0.30 mmol, prepared as indicated below) in THF
(35 cm®) and the mixture was stirred under argon for ca. 1.5 h. The isolation of the
isocyanide complex product was carried out as in (a), but with omission of water as
a wash.

Syntheses of trans-[FeH(N,)(dppe),][A] (A = PF or BF,)

Dinitrogen was bubbled through a solution of trans-[FeHCl(dppe),] (0.65 g, 0.73
mmol) in THF (30 cm®) to which TIBF, (0.32 g, 1.1 mmol) (or TIPF,, 0.75 g, 2.1
mmol) was then added. The suspension was stirred for ca. 1 h and a yellow solid
was filtered off, thoroughly washed with distilled water (total of 50 cm?) and EtOH
and then dried in vacuo. A further crop was obtained from the mother-liquor,
upon concentration and addition EtOH, which gave a precipitate which was
filtered off, washed with distilled water and EtOH and dried in vacuo. The total
yield was ca. 30%.



55
Acknowledgements

This work has been partially supported by JNICT (National Board for Scientific
and Technological Research) and INIC (National Institute for Scientific Research).

References

1 M. Aresta, P. Giannoccaro, M. Rossi and A. Sacco, Inorg. Chim. Acta, 5 (1971) 115 and 203; D.H.
Gerlach, W.G. Peet and E.L. Muetterties, J. Am. Chem. Soc., 94 (1972) 4545; Yu.G. Borodko, M.O.
Broitman, L.M. Kachapina, A.K. Shilova and A.E. Shilov, Zh. Struct. Khim., 12 (1971) 545.

2 P. Stoppioni, F. Mani and L. Sacconi, Inorg. Chim. Acta, 11 (1974) 227.

3 R.A. Cable, M. Green, R.E. Mackenzie, P.L. Timms and T.W. Tumey, J. Chem. Soc., Chem.
Commun., (1976) 270.

4 M.G. Basallote, J.M.L. Alcala, M.C.P. Vizcaino and F.G. Vilchez, Inorg. Synth., 24 (1986) 207.

5 (a) G.L. Leigh and M.J. Tenorio, J. Am. Chem. Soc., 113 (1991) 5862; (b) Yu.G. Borodko, M.O.
Broitman, L.M. Kachapina, A.E. Shilov and L.Yu. Ukin, J. Chem. Soc., Chem. Commun., (1971)
1185; M.O. Broitman, T.A. Vorontsova and A.E. Shilov, Kinet. Katal., 13 (1972) 61; B. Tchoubar,
A.E. Shilov and A.K. Shilova, Kinet. Katal., 16 (1975) 179; B. Jezowska-Trzebiatowska and P.
Sobota, J. Organomet. Chem., 46 (1972) 339.

6 For reviews see, e.g.: (a) J. Chatt, J.R. Dilworth and R.L. Richards, Chem. Rev., 78 (1978) 589; (b) J.
Chatt and R.L. Richards, J. Organomet. Chem., 239 (1982) 65; (c) A.J.L. Pombeiro and R.L.
Richards, Coord. Chem. Rev., 104 (1990) 13.

7 See, e.g.: (a) R.R. Eady, R.L. Robson, R.N. Pau, P. Woodley, D.J. Lowe, R.W. Miller, RN.F.
Thorneley, B.E. Smith, C. Gormal, K. Fisher, M. Eldridge and J. Bergstrom, in H. Bothe, F.J. de
Bruijn and W.E. Newton (Eds.), Nitrogen Fixation: Hundred Years After, G. Fischer, Stuttgart,
1988, p. 81; (b) P.E. Bishop, R. Premakumar, R.D. Joerger, M.R. Jacobson, D.A. Dalton, J.R.
Chisnell and E.D. Wolfinger, ibid, p. 71.

8 J.E. Barclay, G.J. Leigh, A. Houlton and J. Silver, J. Chem. Soc., Dalton Trans., (1988) 2865.

9 J.E. Barclay, A. Hills, D.L. Hughes and G.J. Leigh, J. Chem. Soc., Dalton Trans., (1988) 2871.

10 (a) J. Chatt, C.M. Elson, A.J.L. Pombeiro and R.L. Richards, J. Chem. Soc., Dalton Trans., (1987)
165; (b) A.J.L. Pombeiro, J. Chatt and R.L. Richards, J. Organomet. Chem., 190 (1980) 297.

11 AJ.L. Pombeiro, C.J. Pickett and R.L. Richards, J. Organomet. Chem., 224 (1982) 285.

12 J. Chatt, A.J.L. Pombeiro and R.L. Richards, J. Chem. Soc., Dalton Trans., (1980) 492; A.J.L.
Pombeiro and R.L. Richards, Transition Met. Chem., 5 (1980) 55 and 281.

13 A.J.L. Pombeiro, M.F.N.N. Carvalho, P.B. Hitchcock and R.L. Richards, J. Chem. Soc., Dalton
Trans., (1981) 1629.

14 A.J.L. Pombeiro, Inorg. Chim. Acta, 103 (1985) 95.

15 (a) P. Giannoccaro and A. Sacco, Inorg. Synth., 17 (1977) 69; (b) P. Giannoccaro, M. Rossi and A.
Sacco, Coord. Chem. Rev., 8 (1972) 77.

16 G.M. Bancroft, M.J. Mays, B.E. Prater and F.P. Stefanini, J. Chem. Soc. (A), (1970) 2146.

17 C.A. Ghilardi, S. Midollini, L. Sacconi and P. Stoppioni, J. Organomet. Chem., 205 (1981) 193.

18 E. Pordignan, U. Croatto, U. Mazzi and A.A. Orio, Inorg. Chem., 13 (1974) 935.

19 For reviews see: E. Singleton and E. Oosthuizen, Adv. Organomet. Chem., 22 (1983) 209; F. Bonati
and G. Minghetti, Inorg. Chim. Acta, 9 (1974) 95; P.M. Treichel, Adv. Organomet. Chem., 11 (1973)
21.

20 R.E. Schuster, J.E. Scott and J. Casanova, Jr., Org. Synth., 46 (1966) 75.

21 G.W. Gokel, R.P. Widera and W.P. Weber, Org. Synth., Coll. Vol. VI, (1988) 232.

22 1. Ugi and R. Meyr, Org. Synth., Coll. Vol. V, (1973) 1060.



