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Triflic Acid Mediated Ligand Fragmentation. Transfer
of an Isopropyl Group from Triisopropyl Phosphite to
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Summary: Trifluoromethanesulfonic acid (HOTY) reacts
with Cp*Ir(P(OPr)z)(CHs) to form methane and the allyl
complex [Cp*Ir(i73-C3Hs)(P(OH)(O'Pr),)]OTf (2). Mecha-
nistic studies show that the phosphite dealkylation is
preceeded by protonation of an Ir—C bond to give Cp™-
Ir(CH3)OTf(P(O'Pr)3), then cyclometalation of the ligand,
resulting in a pair of diastereomeric metallacyles which
decompose to give 2.

Complexes bearing phosphite ligands are employed
in a variety of metal catalyzed processes such as
hydrogenation, hydroformylation, and hydrocyanation.!
Usually these catalysts are more reactive than analo-
gous systems bearing phosphine ligands, but the phos-
phite complexes are more susceptible to degradation by
routes such as hydrolytic cleavage of the C—O bonds?
and Arbuzov-type dealkylation reactions.® This com-
munication describes an unusual acid-mediated dealky-
lation reaction in which an isopropyl group is trans-
ferred from a phosphite ligand to an iridium center.
Most noteworthy is that dealkylation of the ligand
occurs after the added acid is consumed. This is quite
different from the previously described mechanisms for
phosphite decomposition.3

The triisopropyl phosphite substituted complex Cp*Ir-
(P(O'Pr)3)(CH3)2 (1, Cp* = 35-CsMes) was prepared in
analogy to the known PPhz and PMe; substituted
systems.* Addition of 1.0 equiv of HOTf (OTf = CF»-
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SOs3) to an ether solution of 1 resulted in gas evolution;
however, the isolated product has spectral properties
which were quite different from several previously
prepared Cp*Ir(L)(CH3)X complexes.*® On the basis of
the spectral and analytical data, the product is assigned
as [Cp*1r(3-C3Hs)(P(OH)(O'Pr)2)]0Tf (2, Scheme 1). The
formation of an n3-allyl group is confirmed by a DEPT
135 experiment, which shows a single methylene carbon
at 6 37.4 ppm (Jcq = 166.5 Hz) and a methine carbon
at 0 76.8 ppm (Jcy = 166.2 Hz). A broad singlet in the
IH NMR spectrum at ¢ 10.8 ppm, which disappears
when the sample is treated with D,O, is characteristic
of a hydrogen-bonded hydroxyl group. The 3P{!H}
NMR signal shifts upfield from a value of 6 84.5 ppm
in the starting dimethyl complex to 61.4 ppm in 2, a
trend commonly observed upon dealkylation of a phos-
phite ligand.2 This compound may be prepared inde-
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pendently by addition of AgOTf and ((PrO),P(O)H to a
CHClI; solution of Cp*Ir(53-C3Hs)CL.87

Labeling studies were used to trace the origins and
fates of the protons and alkyl groups during the reac-
tion. The product produced from addition of DOTf to
an Et,0-djg solution of Cp*Ir(CD3)(P(O'Pr)y) is identical
to samples of 2 formed from the reaction of the non-
deuterated compounds. Most notable is the formation
of the (iPrO),POH ligand. No deuterium incorporation
into the complex was observed by 2H NMR. The only
significant deuterium-containing species observed was
CD4.8 The fate of the iridium—methyl groups was
determined by 13C{!H} and H NMR spectroscopies.
When Cp*Ir(13CHj3),(P(O'Pr)s) was treated with DOTH,
a 1:1 mixture of 13CH,4 and 3CH3D was observed. These
data suggest that of the two protons lost from an
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isopropyl group, one is transferred to an iridium—
methyl group, which leaves as methane, while the
second is donated to the (IPrO),POH ligand.

Several intermediates are observed when the reaction
is monitored by low-temperature NMR spectroscopy (see
Scheme 1). Addition of 1.0 equiv of HOTf to an Et,O-
do solution of 1 at —100 °C resulted in rapid formation
of methane and a new phosphite-containing product
characterized by H NMR signals at 6 1.70 and 1.48 ppm
(d, Jpn = 4.2 Hz) in a ~5:1 ratio. The spectral data are
consistent with the formation of the methyl—triflato
complex [Cp*Ir(P(O'Pr)3)(CH3)]OTf, 3. Compound 3 is
extremely reactive; after 10 min at —100 °C, some
conversion to the allyl complex 2 and two additional
Cp*-containing products 4 and 4a (in a ~3:1 ratio) are
observed. As the temperature of the sample is raised
to —50 °C, complete conversion of 3 to 4, 4a, and 2
occurs. The intensity of the methane signal continues
to increase during the course of the reaction. To further
identify the structures of 4 and 4a, a COSY spectrum
was run. Complete analysis of the spectrum was not
possible due to multiple overlapping resonances, but it
did confirm the presence of two independent ABX spin
systems. The 3!P{1H} NMR spectrum at this temper-
ature consists of two signals at ¢ 112.5 and 110.6 ppm
in a 1:3 ratio, as well as the expected signal for 2. These
intermediates cleanly convert to 2 as the temperature
is raised; no additional intermediates are observed.®

It is difficult to unambiguously assign the structures
of these intermediates, but the spectral data are con-
sistent with the formation of a diastereomeric pair of
metallacycles, 4 and 4a, formed by cyclometalation of
the triisopropylphosphite ligand. The large downfield
shifts observed in the 31P{1H} NMR spectrum of 4 give
further support for the formation of metallacycles as
intermediates. Orthometalation of triphenylphosphite,
forming a five-membered chelate, produces a large
downfield shift in the 3P chemical shift.1° This down-
field shift is opposite the trend observed when a phos-
phite ligand is dealkylated.® The final product may
form by C—O cleavage to give a cationic propylene
complex 5, which is then rapidly deprotonated by the
metallophosphite ligand (Scheme 1) affording the final
allyl complex.

The facility of the dealkylation reaction, especially
considering the poor nucleophilicity!® of the triflate
anion, and the transfer of the isopropyl group to the
iridium center are most unusual.’? Classically, dealky-
lation reactions are promoted by the addition of a strong
nucleophile such as I~ or CN~ to a cationic metal center?
or protonation of a coordinated phosphite’s oxygen with
a strong acid.’® The study shows that this acid-
mediated phosphite dealkylation reaction occurs by a
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mechanism quite different from those previously
described.’2714 The work by Bergman and Burger® on
intermolecular C—H activation reactions by [Cp*Ir-
(P(CH3)3)(CH3)]OTf supports the proposed mechanism
involving ligand metalation. It is not surprising that
the bulky triisopropyl phosphite ligand would undergo
intramolecular C—H activation.’> This postulate is
supported by the following observations: (1) CHD3
forms from the reaction of Cp*Ir(CD3),(P(O'Pr)s) with
DOTf, demonstrating that a ligand on the iridium
complex donates a proton; (2) no dealkylation is ob-
served when an iridium center that does not perform
C—H activation reactions is formed from the added
acid.>1% It is not clear why the C—O bond cleaves so
readily, but formation of the #83-allyl ligand undoubtedly
provides a driving force for the fragmentation.l”

Acid-mediated phosphite dealkylation is recognized
as a common side reaction which can occur when these
ligands are employed in catalysis. This study demon-
strates that in certain instances, dealkylation may be
promoted by intramolecular reactions of the ligand with
a Lewis acidic metal center. Superficially the transfor-
mation is similar to classical phosphite dealkylation
reactions yet the mechanism is quite different. It
depicts yet another manner in which these versatile yet
fragile ligands may decompose.

Experimental Section

General. Unless otherwise stated, all manipulations were
conducted using standard Schlenk-line and glovebox tech-
niques. Diethyl ether, hexane, and toluene were distilled from
sodium/benzophenone; methylene chloride and acetonitrile
were distilled from CaH,. C¢Ds, THF-dg, and Et,O-dio were
vacuum transferred from sodium/benzophenone. Zinc chloride
was dried by refluxing overnight in SOCI, and then heating
to 100 °C in vacuo. All other reagents were used as received
from standard chemical suppliers. The complex [Cp*IrCl;],
was prepared by the method of Maitlis.*® H, 3P, and 3C-
{*H} NMR spectra were recorded at ambient temperature at
300.2, 121.8, and 75.71 MHz, respectively.

Cp*IrCl(P(O'Pr);3). A 100 mL round bottom flask was
charged with 380 mg (0.477 mmol) of [Cp*IrCl;]; and 30 mL
of CH,Cl,. P(O'Pr); (264 uL, 223 mg, 2.25 equiv) was added
via syringe to the solution. After the mixture was stirred for
3 h at ambient temperature, the volatile materials were
removed in vacuo. The bright orange solid was collected on a
frit and washed with cold (—78 °C) hexanes. Residual solvent
was removed in vacuo to afford 538 mg (93%) of analytically
pure Cp*IrCly(P(O'Pr)s). *H NMR (CgDs): 6 5.17 (m, 3H), 1.44
(d, 3 = 3.2 Hz, 15H), 1.23 (d, J = 6.2 Hz, 18H) ppm. 3C{H}
NMR (CGDG): 0 93.3 (d, Jpc = 3.9 HZ), 71.2 (d, Jpc =7.0 HZ),
24.2, 8.56 ppm. 3P{*H} NMR (CsD¢): 6 72.7 ppm. IR(KBr):
2976 (m), 2871 (m), 1450 (m), 1020 (s), 983 (m), 764 (m) cm™1.
Anal. Calcd for Ci9H36CloIrCl,03P: C, 37.62; H, 5.98.
Found: C, 37.39; H, 7.65.

Cp*Ir(CH3)2(P(O'Pr)3) (1). A solution of 550 mg (0.907
mmol) of Cp*IrCly(P(O'Pr); in 50 mL of THF was allowed to
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stir at ambient temperature. CHsLi (1.9 mL of a 1.4 M soltion
in Et;0, 2.7 mmol, 3.0 equiv) was added via syringe, resulting
in color changes from yellow orange to brown and finally pale
yellow. The solvent was removed under reduced pressure, and
the yellow residue was extracted with hexanes (3 x 30 mL).
The combined hexane extracts were filtered through a pad of
Al,O3 supported on a frit. The filter cake was washed with
an additional 30 mL of hexanes, and the solution was
evaporated to yield an off-white solid. This was extracted into
~20 mL of hot acetonitrile. The resulting solution was filtered
through fine frit while hot and cooled to —30 °C for 2 days.
The resulting white crystals were collected on a frit and
washed with ~3 mL of cold (—30 °C) acetonitrile. Residual
solvent was removed in vacuo to afford 340 mg (66%) of
analytically pure 2. *H NMR (CgDg): 0 4.46 (m, 3H), 1.67 (d,
J = 2.6 Hz, 15H), 1.22 (d, J = 6.2 Hz, 18H), 0.60 (d, J = 3.6
Hz, 6H) ppm. 13C{H} NMR (CsD¢): 6 92.9 (d, Jpc = 4.9 Hz),
67.7 (d, Ipc = 4.7 Hz), 24.45 (d, Ipc = 4.1 Hz), 8.75, —24.32 (d,
Jpc = 13.1 Hz) ppm. ¥P{*H} NMR (C¢Dg¢): 6 83.9 ppm. IR-
(KBr): 2970 (m), 2812 (m), 1379 (m), 1004 (s), 970 (s), 880
(m), 761 (m) cm~. Anal. Calcd for C;H42IrOsP: C, 44.58; H,
7.48. Found: C, 44.56; H, 7.65.

Cp*Ir(*3CH3)2(P(O'Pr)3) (1-13C). In the drybox, an oven-
dried ampule attached to a Kontes high-vacuum stopcock was
charged with 125 uL (281 mg, 2.0 mmol) of *3CHsl, 20 mL of
Et,0, and ~100 mg of magnesium turnings, then closed and
allowed to stir overnight at ambient temperature. ZnCl; (136
mg, 1.0 mmol) was added to the reaction mixture. After the
mixture was stirred an additional 2 h at ambient temperature,
the ZnCl; dissolved to give a biphasic solution. The ampule
was removed from the drybox, atttached to a vacuum line, and
degassed by three freeze—pump—thaw cycles. A similar
ampule containing 350 mg (0.597 mmol) of Cp*IrCl,(P(O'Pr)s)
in 20 mL of toluene was degassed by the above procedure. The
solution of (*3CHs),Zn was then condensed onto the frozen
toluene solution at —196 °C. The receiving flask was allowed
to warm to room temperature and stir overnight. During this
time, the color of the solution changed from bright orange to
colorless. The volatile materials were removed in vacuo, and
the residue was extracted with 3 x 15 mL hexane, filtered
through a pad of Celite, and evaporated. Crystallization from
acetonitrile afforded 227 mg (64% yield) of Cp*Ir(*3CH3),(P(O'-
Pr)s). The use of (*3CH3),Zn gave much higher yields of 1-13C
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than the above procedure using methyllithium or the corre-
sponding Grignard reagent. Presumably, the presence of
iodide interferes with the alkylation reaction. ¥C NMR
(CeDs): 0 —24.27 (d of g, Icn = 127.3 Hz, Jpc = 13.1 Hz) ppm.

[Cp*Ir(n3-C3Hs)(P(OH)(O'Pr),)]TOTf~ (2). Addition of
HOTf (44 uL, 0.497 mmol, 0.95 equiv) to an Et,0 solution of 1
(296 mg, 0.523 mmol) resulted in a rapid color change from
very pale yellow to bright orange. As the reaction mixture
was allowed to stir at room temperature for 30 min, the color
of the reaction medium faded, producing a colorless solution.
The solvent was removed, and the pale yellow residue was
washed with hexanes (2 x 10 mL), extracted into a miminum
amount of hot Et,O (~15 mL), and cooled to —30 °C. After 2
days, white crystals (300 mg, 84%) of analytically pure 2 were
collected. *H NMR (THF-dg): 6 10.8 (bs, 1H), 4.74 (m, 2H),
3.72 (m, 1H), 3.64, (m, 1H), 3.01 (d of d, J = 1.0 Hz, 6.7, 2H),
2.38 (m, 2H), 2.00 (d, 3 = 2.7 Hz, 15H), 1.30 (d, J = 6.1 Hz,
6H), 1.29 (d, 3 = 6.1 Hz, 6H) ppm. 3C NMR (THF-dg): 6 98.0
(d, Ipc = 2.5 Hz), 76.9 (d, Icn = 166.3 Hz), 71.9 (d of d, Jpc =
9.4 HZ, JCH = 148.2 HZ), 37.4 (t of d, Jpc = 5.8 Hz, Jcy = 166.5
Hz), 24.7 (q of d, Jpc = 12.0 Hz, Jcn = 125.8 Hz), 24.3 (q of d,
Jpc =12.1 Hz, Jcy = 125.8 HZ), 9.2 (q, Jen = 1288) ppm. 31p-
{*H} NMR (THF-dg): 6 61.4 ppm. IR (Fluorolube): 2979 (m),
2931 (m), 1478 (m), 1387 (m), 1296 (m), 974 (s) cm~*. Anal.
Calcd for CoHssF3lrOgPS: C, 35.13; H, 5.16. Found: C, 35.41;
H, 5.30.
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