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ABSTRACT

The scope of CCC −NHC pincer complex synthetic methodology by metalation/transmetalation has been extended to Ir. Structural characterization
revealed that it is isomorphous with the Rh complex. Both Rh and Ir complexes are efficient catalysts for the hydroamination/cyclization of
secondary amines in the presence of air and/or water.

The ability to functionalize alkenes with nitrogen is still in
its infancy, despite examples of efficient and asymmetric
C-N bond formation.1 Recently, the Overman group has
developed highly efficient catalysts for the allylic imidate
rearrangement to afford C-N bonds2 and has found ever-

broadening applicability of their chiral variants.3 C-N bond
formation through asymmetric aminohydroxylation has seen
advances.4 Aryl amination is another area of C-N bond
formation that has seen breakthroughs recently.5 A most
atom-economical method of C-N bond formation is the
direct addition of N-H to unactivated C-C double bonds,
hydroamination/ cyclization. Mark’s seminal report of lan-
thanide catalysts for hydroamination has sparked a flurry of
activity in the field.6-8 Recent reports include hydroamina-
tion/cyclization employing a Pt catalyst that was not sensitive
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to the addition of water,9 Rh,10 and numerous other ex-
amples.6b,11,12Several groups have recently reported asym-
metric variants.13

We report the extension of the metalation/transmetalation
methodology for the synthesis of CCC-NHC pincer com-
plexes to Ir14 and the first examples of Rh and Ir NHC pincer
complexes for the catalysis of intramolecular hydroamination/
cyclization of unactivated alkenes. These systems are highly
active catalysts giving near quantitative yields with low
catalyst loadings for secondary amine substrates. They
function in the presence of air and with water as solvent.
The new CCC-NHC pincer catalysts have been prepared
in high yield by a general synthetic methodology and have
been structurally characterized.

Synthesis of NHC pincer complexes has been an area of
intense research activity lately.15 Numerous groups have
contributed to the development of pyridyl bridged,16 xylyl
bridged,17 and 2,6-lutidinyl bridged systems.17a,18 We have
been focused on developing phenylene bridged systems19 and
have developed a methodology for the synthesis of the ligand

precursor and an effficient metalation strategy.14,20 Pincer
complexes, in general, have shown a great variety of
chemistries.21 A notable recent example is in the area of N-H
bond activation.22

We recently reported a general methodology for the
synthesis of CCC-NHC pincer complexes that exploited the
basicity and electrophilicity of Zr(NMe2)4 to activate three
C-H bonds simultaneously coupled with transmetalation
from Zr to prepare late transition metal CCC-NHC com-
plexes of Rh (Scheme 1,2b).14,20 We have extended that
methodology to include Ir2a.

While evaluating several routes to late transition metal
CCC-NHC pincer complexes, it was found that metalation
with Zr followed by transmetalation to Rh or Ir was a high-
yielding process providing Ir2a in 68% and Rh2b in 66%
(see Supporting Information). The bis imidazolium salt1 was
treated in situ with 2.5 equiv of Zr(NMe2)4. It was then stirred
with [IrCl(COD)]2 for 8 h. The resulting iodo-bridged dimer
was isolated in 68% yield. An X-ray quality crystal was
grown by slow evaporation of a CH2Cl2 solution.

A single-crystal X-ray analysis of2a revealed a structure
that is isomorphous with the Rh analogue (Figure 1). The
iodo-bridges between the Ir centers complete the octahedral
environment. The molecular structure contains a center of
symmetry that relates the two halves of the molecular
structure. Unlike the Rh analogue, no Ir ammine adduct was
noted spectroscopically, but it is anticipated that in solution
this dimer is readily split by coordination to the amine
functinal group of the substrate. Select metric data are
included in Figure 1. Other than the geometric constrains of
the tridentate ligand, the geometry of the complex is within
the normal ranges. Due to the chelating rings the C6-Ir-
C2 angle is only 78°, a significant deviation from the
idealized 90°. Likewise the C2-Ir1-C2′angle is 156°,
compared to the idealized angle of 180°.

Our initial evaluation of these complexes as catalysts for
the intramolecular hydroamination/cyclization focused on
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Scheme 1. Synthesis of Pincer Complexes2a and2b
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alkenylamine3. The crude product from the preparation of
3 was employed in the evaluations without further purifica-
tion. No purification of solvents or attempt to exclude air
was performed in the assay of the catalysts. Initial results
indicated the formation of pyrrolidine4 with no evidence
for the formation of piperidine5. In some experiments new
resonances appeared in the olefin region of the1H NMR
spectrum consistent with trace formation of internal alkene
isomers6. The use of environmentally friendly solvents such

as water for the synthesis of organic compounds serves as a
cornerstone of green chemistry.23 Since no special purifica-
tion or exclusion of water was required in the initial
experiments, the catalysts were evaluated with water as the
solvent. The results are presented in Table 1. Evaluation of
pincer complexes2aand2b in water showed no appreciable
loss of catalytic activity. In all cases there was no detectable
formation of isomerization products. The only cyclized
product observed by1H NMR was pyrrolidine4. Similar

results were obtained when THF, benzene, or toluene was
employed as solvent.

Control experiments were performed without adding
catalyst by heating the substrate neat, in benzene, or in water.
In each of these cases no reaction occurred, and only starting
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Chemistry for the EnVironment; American Chemical Society: Washington,
DC, 1996. Nelson, W. M.Green SolVents for Chemistry: perspectiVes and
practice; Oxford University Press: Oxford, New York, 2003.

Figure 1. ORTEP representation of the molecular structure of
CCC-NHC Ir pincer complex2a. Selected geometric data:
Ir1-C6, 1.965(3) Å; Ir1-C2, 2.059(4) Å, Ir1-I1, 2.6720(3) Å;
Ir1-I2, 2.6803(3) Å; Ir1-I2′, 2.8175(3) Å; C6-Ir1-C2,
78.36(14)°; C2-Ir1-C2′, 156.47(13)°; C6-Ir1-I1, 92.38(10)°;
C2-Ir1-I1, 89.07(10)°; I1-Ir1-I2, 177.705(9)°; C6-Ir1-I2′,
174.89(10)°.

Scheme 2. Initial Hydroamination Results with2a and2b

Table 1. Comparison of Benzene and Water as Solvent for
Hydroamination/Cyclization of Unactivated Alkenes with 2.5
mol % 2b

a Percent alkene isomerization.

Table 2. Intramolecular Hydroamination/Cyclization of
Unactivated Alkenes Yielding Pyrrolidines and Piperidines
Catalyzed by 2.5 mol %2a or 2ba

a Reaction conditions: C6D6, 110 °C, 16 h. Conversion determined by
1H NMR. b (% conversion to heterocycle/% alkene isomerization).c Isomer-
ization not detected.d Isolated yield: 77%.e Isolated yield: 80%.f Isolated
yield: 80%.g 22 h.
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material was recovered. A control experiment that excluded
air and used purifed solvent showed no loss of activity.
Additional control experiments were run adding catalytic
quantities of I2 in place of2a and2b to check for iodine- or
acid-catalyzed hydroamination as reported by Bergman.24

Under these conditions the product formed was a cyclized
iodine addition product based on1H NMR and MS data.

An examination of the scope of these catalysts is presented
in Table 2. Secondary aminoalkene substrates gave good
yields of the desired hydroamination/ cyclization products.
Excellent isolated yields were obtained for selected examples
(entries 1, 3, 9; see footnotes), andexo-trig cyclization
products were obtained exclusively (entries 1, 10). Lack of
substitution on theâ-position (R ) H) led to a dramatic
decrease in the rate of cyclization and an increase in the
isomerization product as the only product (entry 11). Primary
amines did not yield cyclization products (entry 4). Aryl
amines were cyclized successfully also (entries 3, 9). The
presence of an aryl bromide was tolerated by the catalysts
(entry 5). The Ir catalyst2awas found to give superior results
for the diphenyl derivatives and was employed in the
evaluation of the dimethyl derivatives in entries 6-9. Pincer
complexes2a or 2b typically had produced near 90%
conversion at 6 h in examples that were checked. Attempts
at intermolecular cyclization did not yield hydroamination
products, and 6-exo-trigcyclization was found exclusively
in the formation of the piperidinyl derivative (entry 10).
Finally, spirocyclic compounds could be formed in excellent
yields efficiently (entries 12 and 13). Analysis of these data
suggest that the chelate effect along with the Thorpe-Ingold
effect are required of the substrate to achieve efficient
cyclization.

The lack of hydroamination with primary amines is not
consistent with the formation of imido complexes as part of
the catalytic mechanism, which is seen in early transition

metal complexes.25-27 It is consistent with M-N bond
formation, olefin coordination, and migratory insertion
followed by reductive elimination, orπ-coordination with
amine attack.9,10,28

In summary, we have reported the efficient synthesis of a
CCC-NHC Ir pincer complex with applications of the Rh
and Ir pincer complexes as air and water-stable hydroami-
nation/cyclization catalysts for the formation of five- and
six-membered nitrogen-containing rings. Further work on the
scope, limitations, functional-group tolerance and mechanism
of this reaction and applications of these catalysts are
ongoing. Extension of the synthetic methodology is also
underway.
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