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Table I. Spectroscopic Data for
[Ir(trans-CH;CH=CHCHO)(CO)(PPh;),]ClO, (1) and
[Ir(trans-C¢HsCH=CHCHO)(CO)(PPh;),1ClO, (2)

compd electronic abs,” nm
1 438 (630), 383 (2670), 329 (3760)
2 437 (610), 381 (2960), ca. 320*
IR abs,® cm™
compd »(C=0) »(C=0)
trans-CH,CH=CHCHO 1689, 1642
1 1631, 1604 2003
trans-CsH,CH=CHCHO 1674, 1626
2 1612, 1580 1981
compd 'H NMR,? ppm

trans-CH;CH=CHCHO 9.58 (d, CHO), 6.96 (m, CH,CH), 6.14
(m, CHCHO), 2.02 (dd, CH;)

1 8.31 (d, CHO), 7.50 (m, PC¢H5), 6.76
(m, CH,CH), 5.46 (m, CHCHO),
1.80 (dd, CH3)

trans-C¢qHCH=CHCHO 9.67 (d, CHO), 7.30 ({m, C¢H,CH,
C¢H;CH), 6.52 (m, CHCHO)

2 8.64 (d, CHO), 7.50 (m, C,H.CH,
C¢H;CH, PC4H;)/ 6.02 (m, CHCHO)

2Under nitrogen at 25 °C in CH,Cl; solution. Extinction coeffi-
cients are given in parentheses. ®Shoulder due to the strong band near
300 nm. Nujol mull. 4Under nitrogen at 25 °C at 60 MHz, CDCl,
solution. Chemical shifts are relative to Me,Si. ¢Multiplets centered
at 7.30 ppm. /Multiplets centered at 7.50 ppm.

(CO)(PPhy),]*, whose spectral data were not reported,’ there have
been no reports on [IrL(CO)(PPh,),]* in which L is coordinated
through the = system of the olefinic group of L. The significant
decreases in »(C=0) of trans-CH;CH=CHCHO and trans-
C¢HsCH=CHCHO upon coordination to Ir(CO)(PPh,),* also
suggest that the unsaturated aldehydes in 1 and 2 are coordinated
through the oxygen atom but not through the olefinic group. The
y(C=C) bands of the unsaturated aldehydes are obscured by the
very strong absorption bands of »(C=0) in all spectra of the free
unsaturated aldehydes and iridium complexes. A strong and broad
absorption band observed at 1100 cm™ for 1 and 2 (not listed in
Table I) is attributable to the tetrahedral (Td) anion CIO,,° and
in agreement, 1 and 2 are 1:1 electrolytes as shown by the con-
ductance measurements (see Experimental Section). The fact that
the olefinic protons of trans-CH,CH=CHCHO and trans-
CH;CH=CHCHO do not show significant changes in the
chemical shifts upon coordination to Ir(CO)(PPh,),* (see Table
I) also suggests that the coordination of the unsaturated aldehydes
in 1 and 2 does not occur through the = system of the olefinic
group. It should be mentioned that the reactions of 3 with sat-
urated aldehydes such as CH;CH,CH,CHO and CH,;CH,CHO
did not afford the products analogous to 1 and 2. The isolated
greenish products seem to be mixtures of 3 and a small amount
of uncharacterized iridium complexes that do not contain the
saturated aldehydes.

Catalytic Activities

It is known that the complexes [IrL{CO)(PPh;),]CIO, (L =
unsaturated nitriles coordinated through the nitrogen atom) react
with H, to give dihydridoiridium(III) complexes [Ir(H),L-
(CO)(PPh,),]ClO, and that they catalyze hydrogenation of the
unsaturated nitrile (L) to the corresponding saturated nitrile at
elevated temperature (100 °C).! Reactions of 1 and 2 with H,
would provide valuable information for the catalytic hydrogenation
of trans-CH;CH=CHCHO and trans-C;H;CH=CHCHO with
1 and 2, respectively. It has been found that Ir(H),(ClO,)-
(CO)(PPh,), is the only product of the reactions of 1 and 2 with
H,.

Complex 1 catalyzes the hydrogenation of trans-CH;CH=
CHCHO to CH;CH,CH,CHO at 25 °C (see Figure 1). The
same results as shown in Figure 1 have been obtained by using

(7) Clark, H. C.; Reimer, K. J. Inorg. Chem. 1975, 14, 2133.
(8) Vaska, L.; Peone, J. Suom. Kemistil. B 1971, 44, 317.
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3 in place of 1. Complex 2 does not show catalytic activity for
the hydrogenation of trans-C¢H;CH=CHCHO even at 100 °C.
The olefinic group of trans-C¢H;CH=CHCHO may be too stable
due to the extended conjugate system to undergo the hydrogenation
reaction. It is interesting to see that complex 3 is active for the
hydrogenation of CH;=CHCHO to give CH;CH,CHO at 25 °C
(see Figure 1), although a CH,=~CHCHO complex of iridium
has not been isolated from the reaction of 3 and CH,=—=CHCHO.
Decarbonylation products (alkane and alkene) have not been
detected in the reactions of CH,=CHCHO with 3 and trans-
CH,;CH=CHCHO with 1 under N, and H, at 25 °C for several
days. The hydrogenation of CH,=CHCHO is much faster than
that of trans-CH;CH=CHCHO and proceeds to completion
without formation of oligomers whereas a considerable amount
of nonvolatile oligomers is obtained during the hydrogenation of
trans-CH;CH=CHCHO with 1 at 25 °C. Approximately the
same number of moles of trans-CH;CH=CHCHO is converted
into oligomers as is hydrogenated to CH;CH,CH,CHO in the
presence of 1 at 25 °C. A small amount of oligomers is also
produced in the absence of H,: less than 1% of trans-
CH;CH=CHCHO is converted into oligomers when 37 mmol
of trans-CH,CH=CHCHO is stirred under N, at 25 °C for 48
h in the presence of 0.1 mmol of 1. The hydrogenation of
CH,=CHCHO with 3 is somewhat different from the results
obtained with the rhodium complex, [Rh(CH,=CHCHO)-
(CO)(PPh,),]ClO,, which converts more CH,=CHCHO into the
oligomers than to the hydrogenation product, CH;CH,CHO.?

The fact that the hydrogenation with 3 and 1 occurs at the
olefinic group of CH,==CHCHO and trans-CH;CH=CHCHO
requires an intetaction between the olefinic group of the unsat-
urated aldehydes and the iridium in some part of the catalytic
cycle. It still remains uncertain whether the hydrogenation occurs
by the well-established mechanism through the olefinic r-bonded
complexes or by 1,4-addition of Ir-H to the unsaturated aldehydes.
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In previous reports' we described the synthesis of the first
aryldiazene iron(II) derivatives of the type [Fe(ArN=NH)-
(CO)P,]?* [P = P(OEt),], which showed the ArNNH ligand to
be a good leaving group in the complexes. The facile substitution
of this ligand should therefore make the diazene compound a
suitable starting material for the synthesis of new mono derivatives
of iron(II) with unusual ligands. In this paper, as part of our
studies on the chemistry of Fe(II) phosphite complexes,? we report
an extensive study on the reactivity of the [Fe(ArN=NH)-
(CO)P,]?** cations with several ligands, which allowed the synthesis
of aldehyde, sulfide, and arylhydrazine complexes containing the

(1) (a) Albertin, G.; Antoniutti, S.; Bordignon, E. J. Chem. Soc., Chem.
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(2) (a) Albertin, G.; Bordignon, E. Inorg. Chem. 1984, 23, 3822. (b)
Albertin, G.; Baldan, D.; Bordignon, E. J. Chem. Soc., Dalton Trans.
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Notes

Fe(CO)P, moiety. Furthermore, imidazole was also tested for
reactivity toward the diazene complex, and the preparation of the
[Fe(CO)(Im),P;]** derivative is also reported.

Experimental Section

Solvents and Reagents. Organic solvents were purified and dried by
standard methods and distilled under a stream of nitrogen just prior to
use. Diazonium salts were obtained as described in the literature.’
Aldehydes were purified by distillation under nitrogen. Other reagents
were purchased from commercial sources in the highest available purity
and used as received.

Physical Measurements. Solution 'H NMR spectra were obtained
with a Varian EM-390 or Varian FT-80A spectrometer, with tetra-
methylsilane as internal standard. Fourier-mode, proton-noise-decoupled
31P{!H]} spectra were collected on a Varian FT-80A operating at 32.203
MHz. The chemical shifts are referred to 85% H;PO,, downfield shifts
being considered positive. IR spectra were recorded on a Perkin-Elmer
Model 683 spectrophotometer. Conductivities of 10~ M solutions of the
complexes in nitromethane at 25 °C were measured with a “Halosis”
bridge. Solution magnetic susceptibilities were determined by the Evans
method.*

Synthesis of the Complexes. All preparative work was performed
under an inert atmosphere using standard Schlenk techniques. Once
isolated, the compounds were shown to be air-stable for a period of days.
The hydride [FeH(CO){P(OEt),},]BPh, species was prepared according
to the procedure previously reported.!®

[FeL(CO){P(OEt),},(BPh,), [L = CH;CHO (1a), CH;CH,CHO (1b),
C¢H;CHO (1c), (CH;),S (2a), CH,(C,H,)S (2b), 4-CH,C(H,NHNH,
(3a), 4-CH,0C,H,NHNH, (3b), 4-NO,CH,NHNH, (3c), 4-
CH;0C¢H,NH; (4), CsHN (py) (5)]. These complexes were originally
prepared by treating the [Fe(ArN==NH)(CO){P(OEt);},](BPh,), (Ar
= 4-CH;C¢H, or 4-CIC,H,) complexes with an excess of the appropriate
ligand in dichloromethane. Since the diazene complex is quantitatively
formed when the hydride [FeH(CO){P(OEt),},]* is reacted with the
aryldiazonium salt, the following method is more direct. For example,
the synthesis of [Fe(CH,;CHO)(CO){P(OEt),},](BPh,), (1a) is as fol-
lows. To a solution of [FeH(CO){P(OEt);},]BPh, (1.07 g, 1 mmol) in
10 mL of CH,Cl, was added a slight excess of [4-CH;C¢H,N,]BF, (0.31
g, 1.5 mmol), and the reaction mixture was stirred at room temperature
for 24 h. After filtration to remove the unreacted diazonium salt, an
excess of acetaldehyde (0.17 mL, 3 mmol) in 10 mL of CH,Cl, was
slowly added to the diazene solution, which was stirred for ca. 20 h. The
solvent was removed under reduced pressure to give a brown oil, which
was triturated with ethanol (20 mL). The addition of NaBPh, (0.68 g,
2 mmol) afforded a yellow solid, which was filtered and twice crystallized
from CH,Cl,/ethanol (3:20 mL); yield 260%. The other complexes were
synthesized in parallel ways, giving yields ranging from 60 to 85%.
Physical constants and elemental analyses for the complexes follow.

Anal. Caled for 1a: C, 62.95; H, 7.33. Found: C, 62.69; H, 7.36.
Mp: 163 °Cdec. Ay = 1252 Q' cm? mol™. 'H NMR (CD,Cl,): &
7.30 m and 6.96 m (C¢Hs), 4.10 m (CH,), 1.32t (CH;). Anal. Calcd
for 1b: C, 63.17; H, 7.39. Found: C, 63.00; H, 7.32. Mp: 134 °C dec.
Ay = 118.1 @' cm? mol™!. 'H NMR (CD,Cl,): 4 7.30 m and 6.96 m
(C¢Hs), 4.09 m (CH,), 1.31 t (CH;). Anal. Calcd for 1e: C, 64.35; H,
7.16. Found: C, 64.09; H, 7.16. Mp: 167 °Cdec. Ay = 121.7 Q' cm?
mol™. '"H NMR (CD,Cl,): 6 7.30 m and 6.96 m (C¢Hy), 4.09 m (CH,),
1.29 t (CH,). Anal. Calcd for 2a: C, 62.16; H, 7.37. Found: C, 61.86;
H, 7.43. Mp: 149 °C dec. Ay = 114.6 @' cm? mol'!. 'H NMR
(CD,Cly): 6 7.30 m and 6.96 m (C¢Hs), 4.07 m (CH,), 1.31 tand 1.29
t (CH;). Anal. Caled for 2b: C, 62.39; H, 7.44. Found: C, 61.95; H,
7.42. Mp: 159 °Cdec. Ay =121.9 @' cm? mol™. 'H NMR (CD,Cl,):
8 7.30 m and 6.97 m (C¢Hs), 4.10 m (CH,), 1.28 t and 1.29 t (CH,).
Anal. Calcd for 3a: C, 63.67; H, 7.35; N, 1.86. Found: C, 63.31; H,
7.43; N, 1.64. Mp: 140 °Cdec. Ay =122.6 Q' cm? mol™'. 'H NMR
(Me,SO-dg): §7.19 m and 6.88 m (C¢Hs and C¢Hy), 4.19 m (CH,), 2.22
s (CH; (arylhydrazine)), 1.37 t, 1.28 t, and 1.26 t (CH,). Anal. Calcd
for 3b: C, 63.00; H, 7.27; N, 1.84. Found: C, 62.90; H, 7.29; N, 1.69.
Mp: 130 °C dec. Ay = 122.6 Q' cm? mol™!. 'H NMR (Me,SO-d¢):
6 7.16 m and 6.88 m (C¢H; and C¢H,), 4.22 m (CH,), 3.69 s (CH,
(arylhydrazine)), 1.33 t and 1.29 t (CH,). Calcd for 3¢: C, 61.61; H,
7.00; N, 2.73. Found: C, 61.30; H, 6.99; N, 2.55. Mp: 131 °C dec.
Ay = 1133 Q7' cm? mol”'. 'H NMR (Me,SO-d;): 6 8.26 m, 7.19 m,
and 6.88 m (C¢H; and C¢Hy), 4.19 m (CH,), 1.37 t and 1.26 t (CHS).
Anal. Calcd for 4: C, 63.63; H, 7.28; N, 0.93. Found: C, 63.41; H,
7.35; N, 0.85. Mp: 136 °Cdec. Ay =113.4 Q' cm? mol!. 'H NMR
(CD,Cl,): 6 7.30 m and 6.97 m (C¢H; and C¢H,), 4.08 m (CH,), 3.74

(3) Vogel, A. L. Practical Organic Chemistry, 31d ed.; Longmans, Green
and Co.: New York, 1956; p 609.

(4) Evans, D. F. J. Chem. Soc. 1959, 2003. Bailey, R. A. J. Chem. Educ.
1972, 49, 297.
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s (CHj; (anisidine)), 1.33t, 1.32 t, and 1.26 t (CH;). Anal. Calcd for
5. C,63.90; H, 7.22; N, 0.96. Found: C, 63.71; H, 7.28; N, 0.81. Mp:
165 °C dec. Ay =122.9 Q7' cm? mol™'. 'H NMR (Me,CO-d;): §7.35
m and 6.88 m (C¢Hj), 4.40 m (CH,), 1.42 t (CH,).

[FeN;(CO){P(OELt),},]JBPh, (6). An excess of LiN; (0.17 g, 3.47
mmol) was added to a solution of [Fe(ArN=NH)(CO)P,](BPh,), (0.6
g, 0.4 mmol) in 15 mL of CH,Cl, and the reaction mixture stirred for
24 h. After filtration, the solution was evaporated to dryness, leaving a
yellow oil, which was triturated with ethanol (10 mL). The yellow solid
that slowly formed was crystallized by slow cooling to -30 °C of its
saturated dichloromethane/ethanol (0.5:10 mL) solution; yield =85%.

Anal. Caled: C, 53.03; H, 7.27; N, 3.79. Found: C, 53.20; H, 7.12;
N, 3.61. Mp: 105 °C dec. Ay = 50.3 Q7! ¢cm? mol”'. 'H NMR
(Me,CO-d,): 67.35m and 6.88 m (C¢H;), 4.32 m (CH,), 1.38 ¢, 1.35
t, and 1.31 t (CH,).

[Fe(Im)¢}(BPh,), (7) (Im = C;H,N,, Imidazole). To a solution of
[Fe(ArN=NH)(CO)P,](BPh,), (0.6 g, 0.4 mmol) in 10 mL of CH,Cl,
was added an excess of solid imidazole (0.27 g, 4 mmol) and the solution
stirred until the precipitation of the white solid that immediately began
to form had been completed. The solid was filtered and crystallized from
acetone (20 mL) and ethanol (10 mL); yield 290%.

Anal. Caled: C, 71.88; H, 5.85; N, 15.25. Found: C, 71.63; H, 6.08;
N, 15.31. Mp: 186 °C dec. Apn(Me,CO) = 187.2 Q7' ecm? mol™.
= 5.4 up (in Me,CO).

[Fe(CO)(Im),{P(OEt)};}(BPh,), (8). An excess of imidazole (0.27
g, 4 mmol) was added to a stirring solution of [Fe(ArN=NH)(CO)P,]**
(0.6 g, 0.4 mmol) in 20 mL of dichloromethane, and after 15 min, an
excess of triethylphosphite (2 mL, 12 mmol) was also added. The solu-
tion was refluxed for ca. 1 h, cooled at room temperature, and then
filtered. The solvent was removed at reduced pressure to give a yellow
oil, which was treated with ethanol (20 mL). The resulting solid obtained
was repeatedly crystallized from CH,Cl,/ethanol (4:25 mL); yield >65%.

Anal. Caled: C, 64.61; H, 6.91; N, 4.13. Found: C, 64.85;H, 6.75;
N, 4.20. Mp: 146 °C dec. Ay = 126.7 @' cm? mol™!. 'H NMR
(Me,CO-d,): 6 7.32 m and 6.89 m (C¢Hs), 4.08 m (CH,), 1.33 t and
1.24 t (ratio 1:2; CHy).

Results and Discussion

The synthesis of the new [FeL(CO){P(OEt),};] (BPh,), com-
plexes containing aldehyde (1), sulfide (2), arylhydrazine (3), and
anisidine (4) as ligands has been achieved by reacting the diazene
derivatives [Fe(ArN=NH)(CO){P(OEt)3},]** (Ar = 4-CH,C,H,
or 4-CIC,H,) in CH,Cl, with an excess of the appropriate ligand,
as shown in (1).

L

[Fe(ArN=NH)(CO){P(OEt),},}** ——

excess

[FeL(CO)P(OEt)3},]** (1)

L: CH,CHO, 1a; CH,CH,CHO, 1b;
C4H,CHO, 1c; (CH,),S, 2a; CH,(C,H;)S, 2b;
4'CH3C6H4NHNH2, Sa; 4'CH30C6H4NHNH2, 3b,
4-NO,C,H,NHNH,, 3¢; 4-CH,0CH,NH,, 4

Selected spectroscopic properties of the iron(II) complexes,
which are diamagnetic and 2:1 electrolytes,’ are reported in Table
I. For all compounds the infrared spectra show only one »(CO)
band at 2034-2004 cm™, both in the solid state and in CH,Cl,
solution. Furthermore, except for the aldehyde compounds 1, the
3'P{'H} NMR spectra are AB,C multiplets in the temperature
range from —70 to +34 °C, which can be simulated with the
parameters reported in Table I. Cis geometry (I) can therefore
be proposed in solution for these compounds. On the contrary,
a trans structure (II) seems to be attributable to aldehyde® com-

P co

/CO
I

P\ Fe P\ Fe/P
— I N

L
I II

(5) Geary, W. J. Coord. Chem. Rep, 1971, 7, 81.

(6) Any attempt at preparing the formaldehyde complex by reacting the
diazene precursor with both paraformaldehyde and gaseous CH,0 was
unsuccessful.
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plexes 1, whose ¥'P{!H} NMR spectra between —70 and +34 °C
appear as sharp singlets at § 131.8-131.6.

The infrared spectra of RCHO complexes 1 show the »(CO)
of the aldehydic carbonyl group at 1668-1620 cm™! (CH,Cl,),
reduced by about 55 cm™ as compared to the free ligand value.
Moreover, the 'H NMR spectra show the peaks of both the
aldehydic and nonaldehydic protons shifted to high field (ca. 0.4
and 0.1 ppm, respectively). These data support the coordination
of the RCHO ligand, but do not allow the coordination mode for
the aldehydic group to be assigned unambiguously. However, a
comparison with the previously reported ketone and aldehyde
complexes'?’ seems to exclude a 7-bonded RCHO ligand on the
basis of the presence® of its »(CO) at 1668-1620 cm™'. Moreover
n*-coordination would involve lowering of »(CO) of much more
than the observed 55 cm™ in comparison to the free ligand.®
Therefore a o-bonded oxygen atom for our RCHO derivatives
can be tentatively proposed.

In complexes 1 the aldehydic ligand does not show any exchange
with nitromethane at 34 °C within 2 h.

Sulfides of the type (CH;),S and CH;(C,H;)S can easily
substitute the diazene group to give the first thioether iron(II)
complexes (2) containing phosphite ligands.'°

The infrared spectra of arylhydrazine complexes (3) show two
bands of medium intensity in the 3362-3290-cm™! region, assigned
to the v(NH) frequencies (Table I). In the 'H NMR spectra two
broad signals, which disappear on shaking with D,0O, are present
at 6 4.7-5.2 and 6.16-7.82 and were attributed respectively to the
NH, and NH protons of the hydrazine ligand.!! Comparison
with the 'H NMR spectra of the free ligand show that, while the
NH, protons are shifted to low field on coordination, the NH
signal remains almost unaltered in the complexes, suggesting that
the hydrazine ligand is unidentate in these derivatives.'> In
contrast with the diazene ligand in [Fe(ArN=NH)(CO){P-
(OEt);}4]** compounds, the arylhydrazine group in 3 is rather inert
to the substitution reaction, and starting complexes 3 can be
recovered unchanged after 2-3 days of reaction with CO or CNR.

The diazene complex [Fe(ArN=NH)(CO)P,]** reacts in
CH,ClI, with an excess of azide ions to give only the mono de-
rivative [FeN;(CO)P,]* (cation of 6). The IR spectrum shows

(7) (a) Johnson, E. C.; Meyer, T. J.; Winterton, N. Inorg. Chem. 1971, 10,
1673. (b) Wiltiams, W. E.; Lalor, F. J. J. Chem. Soc., Dalton Trans.
1973, 1329. (c) Susz, B. P.; Weber, R. Helv. Chim. Acta 1970, 53,
2085. (d) Foxman, B. M,; Klemarczyk, P. T.; Liptrot, R. E.; Rosen-
blum, M. J. Organomet. Chem. 1980, 187, 253. (e) Schmidt, E. K. G;
Thiel, C. H. J. Organomet. Chem. 1981, 209, 373.

(8) A w-bonded aldehydic ligand should show the disappearance of »(CO)
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Notes

a strong band at 2056 cm™' (CH,Cl,), attributed to stretching
of the azide ligand, and the *'P{!H} NMR spectrum between ~70
and +34 °C is an AB,C multiplet—in agreement, in this case too,
with cis geometry for the complex.

We also studied the reaction of the diazene complex toward
pyridine (py) and imidazole (Im); the results are summarized in
Scheme I. While the starting [Fe(ArN=NH)(CO)P,]** com-
pound reacts with pyridine to give the trans-[Fe(CO)(py)P,]**
derivative (singlet at 6 130.5 in the *'P{!H} NMR spectrum), with
imidazole the white paramagnetic (u.; = 5.4 ug) [Fe(Im)g]**
(cation of 7) complex!? is obtained. Owing to its low solubility,
the hexakis derivative separated out from the reaction mixture
even when we operated with a low complex:imidazole ratio (1:1
or 1:2). The reaction with imidazole was also carried out in the
presence of excess of phosphite ligand; in this case, we obtained
the new complex [Fe(CO)(Im),P;]>* (cation of 8), which was
isolated and characterized!4 (Table I). The [Fe(CO)(Im),P;]**
compound is a stable yellow solid, is diamagnetic, and is a 1:2
electrolyte. Its *'P{'H} NMR spectrum is an AB, multiplet be-
tween —70 and +34 °C, which can be simulated with the values
reported in Table I. The infrared spectra of 8 show the »(CO)
band at 2004 cm™ (in CH,Cl,), and by comparison with the data
reported in Table I for other analogous Fe(II) complexes,* this
value seems to indicate that the CO ligand is trans to an imidazole
group. On this basis, type III geometry may reasonably be

111

proposed in solution for this compound. In the phosphite methyl
region the '"H NMR spectra of 8 show two triplets of intensity
ratio 1:2, while a complicated multiplet appears in the methylene
region. This may be explained on the basis of virtual coupling
of the two mutually trans phosphites present in type III geometry.
Last, the '"H NMR spectra show a broad signal near § 11.9,
attributed to the nitrogen-bound proton on the imidazole group,
and three resonances between & 7.73 and 6 8.47, tentatively as-
signed to the other H-C protons of the Im ligand (Table I), in
agreement with previously reported!® imidazole complexes of
cobalt(III).
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