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Abstract: Titration calorimetry has been used to determine the effects of phosphine ligand basicity on the heats of protonation
(AHyy) of the metal in the CpIr(CO)(PR;) and Fe(CO);(PR;), complexes (PR3 = P(p-CIC¢H,);, PPh;, P(p-MeOC¢H,),,
PMePh,, PMe,Ph, PMe;) with CF,SO;H at 25.0 °C in 1,2-dichloroethane solvent. The AHy), values of the CpIr(CO)(PR;)
compounds range from =29.2 (PR; = P(p-CIC¢H,)3) to -33.2 keal mol™! (PR; = PMe,), and those of the Fe(CO)3(PR;),
compounds range from —14.1 (PR; = PPh;) to —23.3 keal mol™ (PR, = PMe,). Linear correlations of metal basicity (AHyy)
with phosphine basicity (AHyp or pK,) show that increasing the phosphine basicity by 1.0 kcal mol™ increases the CpIr(CO)(PR;)
basicity by 0.298 kcal mol™' and the Fe(CO)4(PR;), basicity by 0.458 kcal mol™ per PR, ligand. For both the Ir and Fe complexes,
the AHyy values correlate linearly with the respective v(CO) values. The effect of the indenyl, CS, and CO ligands on the
basicities (AHyy) of (indenyl)Ir(CO)(PPh,), Cplr(CS)(PPh,), and Cp*Ir(CO), are also discussed.

Introduction

There is considerable interest in the basicities of metals in
transition-metal complexes'~ because these basicities are indicators
of other types of reactivity that depend upon electron-richness at
the metal center.® 1t is widely recognized that metal basicity is
influenced by the basicity (e.g., pK,)> of phosphine ligands bound
to the metal. Numerous metal-phosphine complexes undergo
protonation at the metal center;® however, few quantitative
data?!9-1! are available concerning the relationship between
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phosphine basicity and meta! basicity. Recently, we’ reported
heats of protonation (AHyp in eq 1) of phosphines in 1,2-di-

PR, + CF,SO,H ——— HPR,*CF,SO;~  AHyup (1)

250 °C
chloroethane (DCE) solvent as a measure of phosphine basicity.
Heats of protonation (AHyy) have also been used as a measure
of the basicities of transition-metal complexes; this method has
been shown? to be capable of measuring basicities of compounds
that are either weakly or strongly basic. Calorimetric titrations
are performed with 0.1 M triflic acid (CF;SO;H) in 1,2-di-
chloroethane (DCE) solution (eq 2), the same conditions that were
ML, + CF,SO;H ———> HML,*CF,SO;"

AHuy  (2)

used to determine the heats of protonation (AHyp) of phosphines
{eq 1). Previously, it was established that the basicity (AHgy)
of the iridium in Cp/Ir(1,5-COD) complexes (Cp’ = n°-
CsMe,Hs_,, x = 0, 1, 3-5) increases linearly as the number of
methyl groups in the cyclopentadienyl ring increases.’

In this paper, we report studies of the basicities (AHyyy,) of two
series of complexes, CpIr(CO)(PR;) (eq 3) and Fe(CO),(PR;),
(eq 4), in which the basicity of the phosphine ligand is system-
atically varied. In addition, we include protonation studies of
(indenyl)Ir(CO)(PPh,) (11), CpIr(CS)(PPh;) (12), Cp*Ir(CO),
(13), and (1,2,3-CsMe;H,) Ir(CO)(PPh;) (14).

Experimental Section

General Methods. All preparative reactions, chromatography, and
manipulations were carried out under an atmosphere of nitrogen using
standard Schlenk techniques. The solvents were purified under nitrogen
as described below using the methods in Perrin et al.!> Hexanes and
CH,Cl, were refluxed over CaH, and then distilled. Tetrahydrofuran
(THF) and diethyl ether were distilled from sodium benzophenone.
Benzene was distilled from LiAlH, and toluene from sodium metal.
Deuteriochloroform (Aldrich) was stored over molecular sieves in air or
distilled from P,O5 under nitrogen. Anhydrous ethanol was obtained by
distillation of absolute ethanol from Mg(OEt), under nitrogen. Neutral
Al,O; (Brockmann, activity I) used for chromatography was deoxygen-
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DCE .
Ir +CFyS8OH ———~ | CF3SOg; AHyy  (3)

25.0°C r
R’ O RP” A “co
1-5 LH*CF,S0y - SH'CF;80y

PRg: P(p-CICeH)s (1, 1H"), PPhy (2, 2H'), PMePh, (8, 3H"),
PMe,Ph (4, 4H"), PMe, (5, SH"

H |*
PR
» CFySOH ——— OC"F“ RS p 50, Aty (4)
oc_Te‘CO + CF3803! 25.0°C RSP' e‘CO a>ls HM
PRq o
6-10 6H'CF3S0;5 - 10HCF3S0;’

PRj;: PPhy(6, 8H), P(p-MeOCgH,); (7, 7H'), PMePh, (8, 8H"),
PMe,Ph (8, 8H'), PMe; (10, 10H")

ated at room temperature under high vacuum (10 mm Hg) for 9 h,
deactivated with 5% (w/w) Nj-saturated water, and stored under N,.

The 'H NMR spectra were recorded in CDCl; on a Nicolet-NT 300
MHz spectrometer using TMS (6 = 0.00 ppm) as the internal reference.
A Varian VXR-300 MHz instrument was used to obtain the '*C{H}
NMR spectra in CDCl, solvent (internal reference, CDCl;, 6 = 77.0
ppm). Infrared spectra of the neutral complexes 1-14 were recorded on
a Digilab FTS-7 FT-IR spectrometer. Spectra of the protonated products
were obtained either on the Digilab (1H*, 3H*, 4H*, TH*, 11H*, 13H*)
or on a Nicolet 710 FT-IR spectrometer for the remaining compounds.
Sodium chloride cells with 0.1-mm spacers were used to record all FT-IR
spectra. Elemental microanalyses were performed by Galbraith Labo-
ratories, Inc., Knoxville, TN.

The phosphine compounds P(p-CIC¢H,); and P(p-MeOC¢H,); were
purchased from Strem while PPh,, PMePh,, PMe,Ph, and PMe; (1.0 M
in toluene) were purchased from Aldrich. Vaska’s complex, IrCl-
(CO)(PPh,),, used in the preparations of 2, 11, and 14 was synthesized
according to an updated procedure.!* The iridium complexes 2,4 12,15
and 13'¢ were prepared as previously reported. The compounds [Cplrl,],
and Cplr(I),(PMe,) used for the preparations of 1 and §, respectively,
were prepared as reported by Heinekey et al.'” The starting material
for 6-10, Fe(CO),(bda) (bda = benzylideneacetone), was prepared ac-
cording to Brookhart and co-workers.'®  Preparations of compounds
6,!5-21 81962021 9 21 and 101922 by other methods have been previously
reported.

Preparation of Iridium Complexes, Cp’Ir(L)(L"), 1-5 and 11-14.
Cplr(CO)P(p-CIC¢H,);] (1). The starting material, Cplr(I),[P(p-
CIC¢H,);)-CH,Cl,, was prepared using the same procedure described for
the synthesis of Cplr(I),(PMe,).!” Tt coprecipitated with ! equiv of
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CH,Cl, as a deep red powder in 92% yield ['H NMR 6 5.44 (d, Jpy =
1.3 Hz, 5 H, Cp), 7.42 (m, 6 H, Ph), 7.51 (m, 6 H, Ph)]). A mixture of
Cplr(I),[P(p-CIC¢H,);]-CH,Cl, (908 mg, 0.944 mmol), Na,CO, (830
mg, 7.83 mmol), and anhydrous EtOH (30 mL) was heated to reflux
under a slow stream of carbon monoxide (1 atm) for 24 h. The color of
the mixture gradually turned from red to clear yellow. When monitoring
the reaction by '"H NMR spectroscopy we observed a yellow intermediate
[6 535 (d, Jpy = 1.3 Hz, 5 H, Cp), 7.3-7.5 (m, 12 H, Ph)] which
transformed to the desired yellow product 1. The EtOH solvent was
removed under vacuum, and the residue was extracted with CH,Cl; (3
X 5 mL). The extract solution was reduced to ~5 mL under vacuum
and diluted with 5 mL of hexanes. This solution was chromatographed
on a neutral alumina column (15 X 1.5 cm): elution with Et,0/hexanes
(1:5) gave a yellow band containing 1. After evaporation of the solvents,
the resulting solid was recrystallized from CH,Cl,/hexanes at ~40 °C
to give 390 mg of 1 as a yellow-orange powder in 63% yield ['"H NMR
55.13 (s, 5 H, Cp), 7.36 (m, 6 H, Ph), 7.48 (m, 6 H, Ph); IR (CH,Cl,)
»(CO) 1929 em™']. The similarity of its spectra to those of the other
CplIr(CO)(PR;) complexes established its identity as 1.

CpIr(CO)(PPh;) (2). This compound was prepared in 56% yield from
KCp?® and IrC1(CO)(PPh;),'* according to the previously reported pro-
cedure:'* '"H NMR 6 5.14 (d, Jpy = 1.0 Hz, 5 H, Cp), 7.34-7.61 (m,
15 H, Ph); IR (CH,Cl,) »(CO) 1923 ecm™.

CpIr(CO)(PMePh,) (3). To a solution of 2 (150 mg, 0.27 mmol) in
20 mL of toluene was added PMePh, (0.27 mL, 1.45 mmol). The
mixture was refluxed for 5 h when the starting material (2) was observed
by 'H NMR spectroscopy to be completely reacted. The solvent was
removed under vacuum, and the oily residue dissolved in hexanes was
added to a chromatography column of neutral alumina (10 X 1.5 cm).
Elution with Et,0O/hexanes (1:10) gave a yellow band which was col-
lected. The solvent was slowly evaporated under vacuum until a pre-
cipitate began to form. Cooling the solution to —20 °C gave yellow
crystals of 3 (108 mg, 82% yield): 'H NMR § 2.30 (d, Jpy = 9.9 Hz,
3H, Me),15.13 (s, 5 H, Cp), 7.4-7.6 (m, 10 H, Ph); IR (CH,Cl;) »(CO)
1922 ecm™.

Cplr(CO)(PMe,Ph) (4). To a solution of 2 (403 mg, 0.735 mmol)
in benzene (20 mL) was added PMe,Ph (0.53 mL, 3.7 mmol). The
mixture was refluxed for 2 h as the solution developed a yellow-red hue.
The '"H NMR spectrum showed that 2 was completely reacted. After
cooling to room temperature the solvent was removed under vacuum.
The oily residue was then dissolved in hexanes and chromatographed on
a column of neutral alumina (10 X 1.5 cm) with a mixture of Et,O/
hexanes (1:5). A yellow band was collected, and the solvent was evap-
orated under vacuum affording yellow needles. They were dissolved in
a 1:3 mixture of Et,O/hexanes and filtered through a 2 X 3 cm column
of alumina. Recrystallization from Et,O/hexanes at =20 °C gave yellow
crystals of 4 (178 mg, 56% yield): 'H NMR 4 2.02 (d, Jpy = 10.2 Hz,
6 H, Me), 5.24 (s, 5 H, Cp), 7.40-7.80 (m, 5 H, Ph); IR (CH,Cl,) »(CO)
1917 em™. Anal. Calcd for C,,H(IrOP: C, 39.71; H, 3.81. Found:
C, 39.61; H, 3.88.

CpIr(CO)(PMe;) (5). A mixture of CplIr(I),(PMe;,)'? (435 mg, 0.741
mmol) and Na,CO; (600 mg, 5.66 mmol) in anhydrous EtOH (30 mL)
was heated to reflux under a slow stream of carbon monoxide for 16 h.
During this time the red suspension turned to a milky orange-yellow
suspension. The mixture was then allowed to cool slowly to room tem-
perature while maintaining the CO atmosphere. After removing the
solvent under vacuum, the residue was extracted with 30 mL of hexanes.
The hexanes solution was added to a neutral alumina column (15 X 1.5
cm), and a yellow band was eluted with Et,O/hexanes (1:5). After
evaporation of the solvents under vacuum, the yellow solid was dissolved
in 10 mL of hexanes; the solution was filtered and cooled to -20 °C to
obtain 145 mg of § (54%) as yellow needles. Yields of § were variable
and ranged from 27 to 54%: 'H NMR 6 1.77 (d, Jpy = 10.5 Hz, 9 H,
Me), 5.30 (s, 5 H, Cp); IR (CH,CL,) »(CO) 1914 ¢cm™; IR (hexanes)
»(CO) 1937 cm™. Anal. Calcd for C,H,IrOP: C, 29.91; H, 3.90.
Found: C, 30.19; H, 3.95.

(Indenyl)Ir(CO)(PPh;) (11). This compound was prepared in 63%
yield from K(indenide)? (0.16 g, 4.1 mmol) and IrCI(CO)(PPh,), (0.83
2, 1.1 mmol) according to the procedure reported for the synthesis of 2.14
THNMR 6 5.18 (brs, 2 H, H1, H3), 6.25 (m, 1 H, H2), 6.81 (m, 4 H,
H4-H7), n’-indenyl;® 7.0-7.4 (m, 15 H, Ph); IR (CH,Cl,) »(CO) 1934
cm™. Anal. Caled for Cy3H,yIrOP: C, 56.27; H, 3.71. Found: C,
55.92; H, 3.69.

CpIr(CS)(PPh;) (12). This complex was prepared from KCp?* and
IrCI(CS)(PPh;),? according to the previously reported procedure:!’ yield

(23) Assignments for the indenyl and PPh, ligands are based on those for
[(indenyl)Ir(H)(PPhy),]*: Crabtree, R. H.; Parnell, C. Organometallics 1984,
3, 1727-1731.

(24) Kubota, M. Inorg. Synth. 1979, 19, 206-208.



Metal Basicity in Cplr(CO}(PR;) and Fe(CO);(PR;},

45%; '"H NMR & 5.06 (s, S H, Cp), 7.39~7.70 (m, 15 H, Ph); IR (Nujol
mull) »(CS) 1291 cm™.

Cp*Ir(CO), (13). This complex was synthesized from [Cp*IrCl,],'6®
and Fey(CO),,? as previously reported:'®® yield 64%; '"H NMR § 2.19
(s, 15 H, Cp*); IR (CH,Cl,) »(CO) 2010 (s), 1938 (s) cm™',

(1,2,3-CsMe;H,)Ir(CO)(PPh;) (14). Compound 14 was prepared
using K(1,2,3-CsMe;H,)? (0.39 g, 2.7 mmol) and IrCI(CO)(PPh,), (0.32
g, 0.41 mmol) in the same manner as previously described for the syn-
thesis of 2:'* yield of 14 45%; '"H NMR 6 1.85 (d, Jpy = 1.9 Hz, 6 H,
1,3-Me,Cp), 2.06 (d, Jpy = 1.1 Hz, 3 H, 2-MeCp), 4.77 (s, 2 H, Cp),
7.3-7.6 (m, 15 H, Ph); IR (CH,Cl;) »(CO) 1914 cm™. Anal. Calcd for
CyHylrOP: C, 54.99; H, 4.44. Found: C, 54.60; H, 4.61.

Preparation of Iron Complexes, Fe(CO);(PR;),. Method A. Toa
solution of Fe(CO);(bda)'® (280 mg, 1.0 mmol) in THF (20 mL) was
added the triarylphosphine (2.2 equiv). The mixture was stirred at room
temperature for the length of time indicated below. During this time
much of the Fe(CO);(PR;), complex precipitated from solution. After
reducing the solution to ~10 mL under vacuum, it was diluted with
hexanes (20 mL). The resulting precipitate was filtered and washed with
hexanes (3 X 3 mL). Recrystallization by dissolution of the golden
yellow solid in a minimum of CH,Cl,, layering this solution with Et,0
(10 X volume of CH,Cl,), and cooling to ~20 °C gave the desired
product.

Method B. A solution of Fe(CO),(bda)!® (420 mg, 1.5 mmol) in
THF (30 mL) was mixed with the phosphine (3.3 equiv). The mixture
was stirred for the time indicated below. Evaporation of the solution
under vacuum gave an oily residue. The residue was dissolved in a
minimum of CH,Cl, and added to a neutral alumina column (20 X 1.5
c¢m). Elution with CH,Cl; gave a very pale yellow band. Evaporation
of the eluent to dryness and recrystallization from CH,Cl,/hexanes
(1:10) at -20 °C gave the desired product.

Fe(CO);(PPh;), (6). Method A: reaction time 20 h; yield 82%; 'H
NMR § 7.40~7.60 (m, Ph); IR (CH,Cl,) »(CO) 1965 (w), 1881 (s) cm™.

Fe(CO),[P(p-MeOCH,);]; (7). Method A: reaction time 15 h; yield
78%; 'H NMR 6 3.82 (s, 18 H, Me), 6.91-7.51 (m, 24 H, Ph); IR
(CH,Cl,) »(CO) 1964 (w), 1875 (s) cm™!,

Fe(CO);(PMePh,), (8). Method B: reaction time 15 h; yield 87%;
'H NMR 8 2.18 (d, Jpy = 6.8 Hz, 6 H, Me), 7.39-7.67 (m, 20 H, Ph);
IR (CH,Cl,) »(CO) 1965 (w), 1876 (s) cm™.

Fe(CO);(PMe,Ph), (9). Method B: reaction time 24 h; yield 72%;
"H NMR 5 1.88 (s, 12 H, Me), 7.42-7.78 (m, 10 H, Ph); IR (CH,Cl,)
»(CO) 1965 (w), 1870 (s) cm™.

Fe(CO);(PMe;), (10). Method B: reaction time 96 h; yield 74%; 'H
NMR 6I 1.59 (d, Jpu = 8.3 Hz, Me); IR (CH,Cly) »(CO) 1963 (w), 1864
(s) ecm™.

Protonation Reactions of Iridium Complexes 1-5 and 11-14. Com-
pounds 1-5 and 11-14 were protonated by dissolving ~30 mg of each
compound in 3 mL of CH,Cl, under N,. To the solution was added 1
equiv of CF,SO,H by microliter syringe. Immediately, the color of the
solution was bleached. The IR spectra showed new »(CO) bands at
higher frequency (~140 cm™', see below) and the complete disappear-
ance of the bands corresponding to the neutral starting material (see
above). Solutions of the protonated complexes are stable as long as they
are kept under nitrogen or argon. By adding 1 equiv of 1,3-diphenyl-
guanidine base (except for SH* which requires excess base) the original
color reappeared as did the IR bands corresponding to the unprotonated
starting material. The protonated complexes 2H*X~ (X = BPh,",
BF,),!17 12H*CI-,'% and 13H*BF,",2 have been isolated and charac-
terized previously.

Samples of 1H*-SH* and 11H*-14H"* for '"H NMR spectroscopy
were prepared by adding | equiv of CF,SO3H to solutions of the neutral
complex (~10 mg) in CDCly (~0.5 mL). The yields as determined by
'H NMR spectroscopy are also quantitative.

Compounds 1TH*CF,SO;™ and 14H*CF,SO,™ were isolated as white
solid precipitates by protonation of 11 (20.7 mg, 0.0346 mmol) and 14
(39.0 mg, 0.0661 mmol), respectively, with CF,SO3H (1 equiv) in Et,0
(5 mL) solution. After filtration, 11TH*CF,SO;™ (18.1 mg, 0.0242 mmol)
was obtained in 70% yield, and 14H*CF,SO,™ (36.8 mg, 0.0497 mmol)
was obtained in 75% yield. They were characterized by their spectra as
compared with those of 2H*, 12H*, and 13H* which were previously
reponed.m,ls.n.zs

Spectroscopic data for 1H*CF;SO,—5H*CF,SO," and 11H*-
CF,SO;™~14H*CF,;SO;" are presented below.

{CpIr(H)(CO)[P(p-CIC¢H,),}CF,S0; (1H*CF,S0,7): 'H NMR &
5.94 (s, 5 H, Cp), 7.35 (d, Jyy = 9.0 Hz, 6 H, meta Ph protons), 7.57
(dd, Jpy = 12.3 Hz, 6 H, ortho Ph protons), ~14.45 (d, Jpy = 24.41 Hz,
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1 H, Ir-H); IR (CH,Cl,) »(CO) 2063 cm™'.

[CpIr(H)(CO)(PPh;)CF,SO; (2H*CF,S0;,7): 'HNMR 4 5.88 (s, 5
H, Cp), 7.56-7.40 (m, 15 H, Ph), -14.44 (d, Jpy = 24.10 Hz, 1 H, Ir-H);
IR (CH,Cl,) »(CO) 2063 ¢cm™.

[CpIr(H)(CO)(PMePh,)ICF;S0O; (3H*CF;S0,™): 'H NMR 4 5.90 (s,
5 H, Cp), 2.70 (d, Jpyy = 12.3 Hz, 3 H, Me), 7.5 (m, 10 H, Ph), -14.66
(d, Jpy = 23.21 Hz, 1 H, Ir-H); IR (CH,Cl,) »(CO) 2061 cm™L.

[CpIr(H)(CO)(PMe,Ph)]CF,SO; (4H*CF,S0;7): 'H NMR 5 5.89 (s,
5 H, Cp), 2.36 (d, Jpy = 11.6 Hz, 3 H, Me), 2.39 (d, Jpy = 11.4 Hz,
3 H, Me), 7.27-7.62 (m, 5 H, Ph), -15.03 (d, Jpy = 25.11 Hz, 1 H,
Ir-H); IR (CH,Cl,) »(CO) 2057 cm™.

[CpIr(H)(CO)(PMe;)ICF,S0;™ (SH*CF;80,7): 'H NMR § 6.01 (s,
S H, Cp), 2.12(d, Jpy = 12.1 Hz, 9 H, Me), -15.32 (d, Jpy; = 25.33 Hz,
1 H, Ir-H); IR (CH,Cl,) »(CO) 2052 cm™,

[(Indenyl)Ir(H)(CO)(PPh,)ICF;S0; (11H*CF,S0,7): 'H NMR &
6.63 (br s, 2 H, H1, H3), 7.19 (1, J,,., = 7.6 Hz, 1 H, H2), 7.84 (d,
Jse«7 = 8.4 Hz, 2 H, H4, H7), 6.32 (d, 2 H, HS, H6) n’-indenyl;?* 7.00
(m, 6 H, ortho Ph protons), 7.51 (m, 9 H, meta and para Ph protons),
-17.14 (d, Jpy = 21.6 Hz, 2 H, Ir-H); IR (CH,Cl,) »(CO) 2058 cm™.

[CpIr(H)(CS)(PPh;)]CF;S0; (12H*CF,S0,7): '"H NMR 4§ 5.85 (s,
5 H, Cp), 7.44~7.56 (m, 15 H, Ph), -13.72 (d, Jpy = 24.32 Hz, | H,
Ir-H); IR (CH,Cly) »(CS) 1372 em™.

[(CsMes)ir(H)(CO),]CF;S0; (13H*CF,S0;7): 'H NMR 6 2.43 (s,
15 H, Me), -13.80 (br s, | H, Ir-H); IR (CH,Cl,) »(CO) 2119 (s), 2080
(s) cm™.

[(1,2,3-CsMe;H,)Ir(H)(CO)(PPh,)ICF;S0; (14H*CF,SO;7): 'H
NMR 6 1.93 (s, 3 H, 2-Me), 2.13 (s, 3 H, 1,3-Me,), 2.22 (s, 3 H,
1,3-Me,), 5.59 (s, 2 H, Cp), 7.56-7.38 (m, 15 H, Ph), -14.43 (d, Jpy =
25.5 Hz, 1 H, Ir-H); IR (CH,Cl,) »(CO) 2045 cm™!.

Protonation Reactions of Iron Complexes 6-10. These complexes were
protonated using the same procedure described above for the iridium
complexes. However, we found that filtration of solutions of 6-10 in
air-free CDCl, through a short column of Celite (2 X 0.5 cm), under N,
resulted in better quality "H NMR spectra of the protonated products
6H*CF,SO,;-10H*CF,SO;". Yields of the protonated products as de-
termined by IR and 'H NMR spectroscopy are quantitative. Only the
protonation of 6 in H,SO, solution was reported previously.?’ Attempts
to isolate the protonated complexes as solids were unsuccessful; however,
solutions are stable if kept under N, or Ar. The spectroscopic data for
6H*CF;SO;—10H*CF,S0;™ are given below.

[Fe(H)(CO);(PPh;),]CF,S0; (6H*CF,S0;7): 'H NMR 5 7.45-7.61
(m, 30 H, Ph), -7.90 (t, Jpy = 30.7 Hz, 1 H, Fe-H); IR (CH,Cl,) »(CO)
2088 (w), 2039 (m, sh), 2026 (s) em™..

{Fe(H)(CO),[P(p-MeOC¢H,),),}CF.S0; (TH*CF,S0;7): 'H NMR
6 3.88 (s, 18 H, Me), 7.06-7.33 (m, 24 H, Ph), ~7.89 (t, Jpy = 29.9 Hz,
1 H, Fe-H); IR (CH,Cl,) »(CO) 2080 (vw), 2032 (m, sh), 2020 (s) em™.

[Fe(H)(CO);(PMePh,),JCF,S0; (8H*CF,S0,™): 'H NMR 4 2.42 (s,
6 H, Me), 7.6 (m, 20 H, Ph), -8.27 (t, Jpy = 34.2 Hz, | H, Fe-H); IR
(CH,Cly) »(CO) 2092 (w), 2027 (s) cm™.

[Fe(H)(CO);(PMe,Ph),ICF,SO0; (9H*CF,S0,7): 'H NMR § 2.07
(br, s, 12 H, Me), 7.5 (m, 10 H, Ph), -8.92 (t, Jpy = 36.7 Hz, 1 H,
Fe-H); IR (CH,Cl,) »(CO) 2090 (w), 2023 (s) em™.

[Fe(H)(CO),(PMe;),]CF,SO; (10H*CF,S0,7): 'H NMR 6 1.76 (d,
Jpy = 8.5 Hz, 18 H, Me), -9.49 (t, Jpy = 36.6 Hz, | H, Fe-H); IR
(CH,Cl,) »(CO) 2090 (w), 2023 (s) cm™..

Calorimetric Titrations. The calorimetric titration procedure was
similar to that previously described.” Typically a run consisted of three
sections: initial heat capacity calibration, titration (at 25.0 °C), and final
heat capacity calibration. Each section was preceded by a baseline
acquisition period. The titration period involved the addition of ~1.2
mL of a 0.1 M CF;SO;H solution (standardized to a precision of
+0.0002 M) in DCE under an argon atmosphere at a constant rate
during 3 min time to 50 mL of 2 ~2.6 mM solution of the metal complex
(~10% excess) in DCE. In order to reduce the amounts of the iridium
complexes (3, 4, and 12) required, 2-min titration periods were used. The
reaction enthalpies were corrected for the heat of dilution (AHyy) of the
acid in DCE (-0.2 kcal mol™").2

The enthalpy values are reported as the average of usually four ti-
trations and as many as eight. However, only three titrations were
performed with 12. At least two different standardized acid solutions
were used for the titrations of each compound. The error is reported as
the average deviation from the mean.

Results

Synthesis of Iridium Complexes 1-5, 11, 12, and 14. In spite
of the well-developed syntheses of CpM(CO)(PR;) complexes

(25) King, R. B. Organomet. Synth. 19685, 1, 95-98.
(26) Herrmann, W. A ; Plank, J.; Bauer, C.; Ziegler, M. L.; Guggolz, E;
Alt, R. Z. Anorg. Allg. Chem. 1982, 487, 85-110.

(27) (a) Davison, A.; McFarlane, W.; Pratt, C.; Wilkinson, G. J. Chem.
Soc. 1962, 3653-3666. (b) Bregecault, J. M.; Jarjour, C.; Yolou, S. J. Mol.
Catal. 1978, 4, 225-229.
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Table I. Heats of Protonation (AHyy) of Cp/Ir(L)(L’) and
Fe(CO)1(PR;), Complexes

-AHyp,* -AHpwm,*
metal complex kecal mol~! keal mol™!
CpIr(CO)[P(p-CIC¢H,)4), 1 17.9 (£0.2) 29.2 (£0.2)
Cplr(CO)(PPh;), 2 21.2 (£0.1) 30.1 (£0.2)
Cplr(CO)(PMePh,), 3 24,7 (£0.0) 31.5 (£0.1)
Cplr(CO)(PMe,Ph), 4 28.4 (£0.2) 32.4 (20.3)
CplIr(CO)(PMe,), § 31.6 (£0.2) 33.2 (£0.5)
(indenyl)Ir(CO)(PPh;), 11 21.2 (£0.1) 29.8 (£0.3)
CplIr(CS)(PPhy), 12 21.2 (£0.1) 26.51 (£0.01)
Cp*Ir(CO),, 13 21.4 (£0.1)
Cplr(1,5-COD)? 22.8 (£0.2)
Cp*Ir(1,5-COD)? 28.5 (£0.2)
Fe(CO);(PPhy),, 6 21.2 (£0.1) 14.1 (£0.1)
Fe(CO);[P(p-MeOC¢H,)31,. 7 24.1 (£0.2) 16.2 (£0.3)
Fe(CO),;(PMePh,),, 8 24.7 (£0.0) 17.6 (£0.4)
Fe(CO);(PMe,Ph),, 9 28.4 (£0.2) 21.2 (£0.3)
Fe(CO)3(PMe,),, 10 31.6 (£0.2) 23.3 (£0.3)

9For protonation with CF,SO;H in DCE solvent at 25.0 °C.
bReference 7. °Numbers in parentheses are average deviations.
4Reference 3.

where M = Co, Rh,*% only the preparations of Ir complexes 2!
and 428 have been reported previously. However, 5 was recently
identified spectroscopically in a solid CO matrix as a product from
the photolysis of CplIr(C,H,}(PMe;).? Compounds 1-5 and
11-14 have the half-sandwich geometry shown in eq 3 as con-
firmed for 2 by an X-ray crystallographic determination.®® The
compounds were characterized by 'H NMR and IR spectroscopy
(see Experimental Section). Only 5 is air-sensitive in the solid
state; even so, it can be handled in air for brief periods. As a
precaution all compounds were stored under N,, and solutions
were prepared using dry deaerated solvents. Compound §, how-
ever, is best stored for long periods under vacuum in a sealed glass
ampoule.

We have found potassium cyclopentadienide (KCp)® more
convenient to prepare than NaCp. Thus, known complexes 214
and 12'5 were prepared from KCp and IrCI(CO)(PPh,), or
IrCI(CS)(PPhs,),, respectively. Similarly, the previously unre-
ported complexes 11 and 14 were prepared from KCp’ (Cp’ =
indenyl, 1,2,3-CsMe;H,)? and IrCI(CO)(PPh;), (eq 5).

KCp' + IrCl(CO)(PPh;), —re
Cp’Ir(CO)(PPh,) (5)
Cp’ = indenyl, 11, 40%
Cp’ = 1,2,3-CsMe;H,, 14, 45%

Attempts to prepare 3 and 4 from KCp and IrCI(CO)(PR;),
(PR, = PMePh,, PMe,Ph)*! resulted only in low yields of the
desired products. But starting from 2, the PPh; ligand was
completely replaced with PMePh, or PMe,Ph (eq 6) under reflux.

xs PMePh,, toluene reflux

Cplr(Cg)(PPhﬁ or xs PMe,Ph, benzene reflux
CpIr(CO)PR;  (6)
PR; = PMePh,, 3, 60%
PR3 = PMeZPh, 4, 82%

Unfortunately, the reaction conditions used to prepare 3 and
4 (eq 6) were not successful for the synthesis of the PMe; derivative
5 as only decomposition of the starting material 2 was observed.
However, reduction of Cplr(I),(PMe;)!" in slightly basic alcoholic
solution®? under an atmosphere of carbon monoxide gave 5 (eq

(28) Shapley, J. R.; Adair, P. C.; Lawson, R. J.; Pierpont, C. G. Inorg.
Chem. 1982, 21, 1701-1702.

(29) Bell, T. W.; Haddleton, D. M.; McCamley, A.; Partridge, M. G.;
Perutz, R. N.; Willner, H. J. Am. Chem. Soc. 1990, 112, 9212-9226.

(30) Bennett, M. J; Pratt, J. L,; Tuggle, R. M. Inorg. Chem. 1974, 13,
2408-2413,

(31) Smith, L. R,; Lin, S. M,; Chen, M. G.; Mondal, J. U.; Blake, D. M.
Inorg. Synth. 1982, 21, 97-99.

(32) Sce, for example: Booth, B. L.; Haszeldine, R. N.; Hill, M. J. Or-
ganomet. Chem. 1969, 16, 491-496.
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7) in variable yields (27-54%)
EtOH, reflux
Na,;CO,
CplIr(CO)(PR;) N
PR3 = P(p'ClC6H4)3, 1, 60%
PR; = PMe;, §, 27-54%

CpIr(1),(PR,) + CO (1 atm)

which tended to be lower for prolonged reaction times. The
P(p-CIC¢H,), derivative 1 was prepared similarly. The syntheses
of 1 and § are best followed by 'H NMR spectroscopy. An
intermediate, which is observed in each reaction (see Experimental
Section), is tentatively assumed to be Cplr(H)(OEt)(PR;).*
Carbon monoxide-induced reductive elimination of EtOH then
produces the CpIr(CO)(PR;) product.

Protonation Reactions of the Iridium Complexes. The pro-
tonated complexes 2H*X™ (X = BPh,”, BF,),!**!7 12H*CI-,!?
and 13H*BF, % have been isolated and characterized previously.
It was established that protonation occurred at the iridium metal
center. We observed that the addition of 1 equiv of CF;SO,H
to solutions of the neutral metal complexes (1-5 and 11-14) in
CH,Cl, results in quantitative formation of 1IH*CF,SO,—5H*-
CF;SO;™ and 11H*CF,;SO;—14H*CF;SO;" as indicated by IR
spectroscopy. The »(CO) band moves by ~140 cm™ (or 81 cm™!
for the »(CS) band of 12) to higher frequency (see Experimental
Section). Quantitative formation of IH*-5H* and 11H*-14H*
in CDC], solution is also observed by 'H NMR spectroscopy.
Hydride resonances for 1H*-5H* occur as doublets between
-14.45 (1H*) and ~15.32 ppm (5H*) with 2/py = 24-25 Hz due
to coupling with the phosphine phosphorus. The Ir-H resonances
for 11H*-14H" are found in a wider range, —13.72 for 12H* to
-17.14 ppm for 11H*. Complexes 11H*CF,SO;~ and 14H*-
CF;SO;™ were isolated as white solids in yields of 70% and 75%,
respectively, from reactions of 11 and 14 with CF,SO;H in Et,0
solution.

In 4H*CF,SO;" the Me groups in the PMe,Ph ligand are
diastereotopic;'” thus, they are observed as two sets of doublets
centered at 2.32 (3Jpy = 11.6 Hz) and 2.39 ppm (3Jpy = 11.4
Hz) in the '"H NMR spectrum. Also, the 1,3-Me groups in the
1,2,3-CsMe;H ligand of 14H*CF;SO;" are diastereotopic which
gives rise to separate signals for these Me groups at 2.13 and 2.22
ppm. The resonance at 1.93 ppm because it is the most different
from the other two was assigned to the 2-Me group. The chemical
shifts of the 4,5-Cp’ ring protons are indistinguishable, but in
principle they could also give two distinct 'H NMR resonances.

The protonated complexes are stable in solution as long as they
are kept under an atmosphere of N, or Ar. However, solutions
of SH*CF,S0;™ decompose readily upon exposure to air. The
isolated complexes 11H*CF,;SO;™ and 14H*CF,SO;" are stable
in air long enough to be weighed out. Also, 11H*CF;SO; did
not isomerize (vide infra) or decompose after 24 h in refluxing
DCE (bp 83 °C) under N,. The protonated compounds can be
deprotonated with 1,3-diphenylguanidine base and recovered by
chromatography.

Syntheses of Iron Complexes, Fe(CO);(bda). The use of Fe-
(CO),(bda) (bda = benzylideneacetone) as a source of the Fe-
(CO); moiety in the preparation of Fe(CO);(n*-diene) complexes
has been described.'®3* Except for brief reports of the synthesis
of Fe(CO);(PPh,), (6),!°* Fe(CO),(bda) has not been widely
used as a precursor to other Fe(CO),(PR;), complexes. We used
Fe(CO);(bda) to prepare all of the Fe(CO);(PR;), compounds,
6-10 (eq 8). The generality of this reaction and the ability to
st