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New mononuclear complexes of the 3,4-bis(trifluoromethyl)pyrrolyl ligand (3,4-(CF;),-Pyr’) with Rh(I)
and Ni(II) are reported. Reaction of 3,4-(CF;),-PyrNa with [Rh(COD)CI], produces [Rh(PMes);(3,4-
(CF;),-Pyr)] (1) while reaction of 3,4-(CF;),-PyrH with [Ni(PMes),Me,] (2) or [Ni(PMe;),Ph,] (4) gives
[trans-Ni(PMes),(3,4-(CF3),-Pyr)(CH3)] (3) or [trans-Ni(PMes),(C¢Hs)(3,4-(CF3),-Pyr)] (5) respectively.
Complexes 1, 3 and 5 have been characterized spectroscopically and all five compounds have been

structurally characterized by single crystal X-ray diffraction studies.

Introduction

There are many examples where pyrrole based moieties
contribute to the overall structures of macrocylic and porphyrin
ligands and a significant number of examples where a
deprotonated pyrrole (pyrrolyl, Pyr) acts as a ligand to a
transition metal."> One example is [Ni(PMe;),(Pyr)Cl] which has
been structurally characterized and was investigated for growing
metal containing thin films through oxidative polymerization of
the pyrrole.®” There are other reports of nickel pyrrolyl
complexes, most of which were prepared over 30 years ago, and
characterized spectroscopically using mainly IR and NMR. The
earliest report of a nickel-pyrrolyl complex was in 1969 by Jonas
and Wilke from the oxidative addition of pyrrole across a zero -
valent nickel complex [Ni(P(CsH 1)3)5] to give
[Ni(P(C¢H;1)3),(Pyr)H].® The nickel hydride stretch was found
easily in the IR at 1910 cm™ and was the only proof that the
complex was successfully synthesized. A year later two more
reports came out detailing the synthesis of [Ni(PR;),(NC4Hy)]
with various alkyl phosphines and [Ni(PPh;),(Cp)(NC4Hy)] using
potassium pyrrolide and the corresponding nickel dibromide salts
or lithium pyrrolide and [Ni(PPhs),(Cp)Cl] respectively.”'
Others have reported nickel nitrosyl complexes synthesized with
potassium pyrrolide in the presence triphenylphosphine and NO
from nickel bromide."" More recently, Garcia and others have
reported a complex in which the N-H bond of pyrrole was
oxidatively added to a Ni(0) phosphine complex, although it was
not structurally characterized.'?

Department of Chemistry and Biochemistry, The University of Texas at
Austin, 1 University Station A5300, Austin, Texas, 78712-0165, USA. Tel:
+1(512)471 - 1706, E-mail: rajones@mail.utexas.edu.

T Electronic Supplementary Information (ESI) available: CIF files for 1-
5, CCDC 1006065-1006069.
http://www.rsc.org/suppdata/XXXX for crystallographic data in CIF
format. See DOI: 10.1039/b000000x/

reference numbers See

%
=

=
S

There appear to be very few examples of non-chelating
substituted pyrrolyl complexes. An example for nickel is the
report by Carmona and coworkers who studied complexes of both
unsubstituted pyrrolyl as well as 3,4-dimethylpyrrolyl ligands in
trans-bis(trimethylphosphine) complexes with alkyls and aryls."
These complexes investigation as potential
carbonylation and carboxylation catalysts. As part of a program
aimed at the development of new ligands for CVD or ALD
precursors we have investigated the synthesis of new complexes
of the 3,4-bis(trifluoromethyl)pyrrolyl ligand (3,4-(CF;),-
NHC,H, or 3,4-(CF;),-PyrH). This ligand was chosen because it
is similar in size and structure to the well-known 3,5-bis
trifluoromethyl pyrazolate." It should have increased volatility
compared to the unsubstituted pyrrolyl ligand by virtue of the two
CF; groups and bind in a monodentate fashion leading to the
formation of mononuclear complexes (vs. higher nuclearity, less
volatile species). We report here new mononuclear complexes of
3,4-(CF;),-Pyr with Rh(I) and Ni(II) and also single crystal X-ray
diffraction studies on [trans-Ni(PMe;3),(CHj),] and [trans-
Ni(PMe;),(C¢Hs),] which, so far, do not appear to have been
structurally characterized.

were under

Results and Discussion

Synthesis of Rhodium Pyrrolyl Complex [Rh(PMej);(3,4-
(CF3),-Pyn)] (1).

CAUTION: There have been explosions with related alkali
metal pyrrolyl CF; species.”” Although we have never
experienced an explosion we recommend that alkali metal salts of
the pyrrolyl derivative should not be isolated.

The synthesis of Rh-3,4-(CF;),-Pyr complexes from the
lithium salt 3,4-(CF;),-PyrLi was unsuccessful, despite the fact
that other groups had found success with this route using
unsubstituted pyrroles.® However, the sodium salt, generated by
reaction of 3,4-(CF;),-PyrH with NaH, and used in situ, was

This journal is © The Royal Society of Chemistry [year]
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EiC CF;

[Rh(COD)Cl], + 2 ;O: Na

N

successfully used to synthesize the new complex [Rh(PMe;);(3,4-
(CF3),-Pyr)] (1) (Equation 1). Thus, reaction of a mixture of
s [Rh(COD)CI], and PMe; with two equivalents of 3,4-(CF;),-
PyrNa in hexane afforded 1 in high yield (72%). There appear to

CFs

be few examples of Rh-Pyr complexes where the pyrrolyl moiety

is not part of a macrocyclic entity or functionalized with a

chelating group.
Equation 1 Synthetic route to rhodium pyrrolyl complex
Table 1 Crystallographic data for compounds 1-5
1 2 3 4 5
Empirical formula C15H29F6NP3R1'1 C8H24P2Ni C]}Hz}F@NPzNi C]gHngzNi C18H25F6NP2Ni
Formula weight 533.21 240.92 427.97 365.05 490.04
Temperature (K) 100(2) 100(2) 100(2) 100(2) 100(2)
Space group Pnma P21/c P21/c PI P21/n
Unit cell dimensions
a(d) 15.096(2) 5.410(5) 9.4460(13) 6.3114(7) 14.992(5)
b (A) 11.8371(19) 15.773(3) 19.127(3) 8.6172(10) 8.881(3)
c(A) 13.136(2) 8.449(5) 11.7898(16) 18.474(2) 17.857(6)
a(®) 90 90 90 82.806(4) 90
B () 90 118.57(4) 116.467(3) 89.043(5) 110.989(5)
Y () 90 90 90 68.545(4) 90
V(R 2347.3(6) 633.2(7) 1906.9(5) 927.29(18) 2219.8(13)
A 4 2 4 2 4
D, (g cm’™) 1.509 1.264 1.491 1.307 1.466
4, (mm™) 0.978 1.736 1.234 1.211 1.071
F(000) 1080 260 880 388 1008
Orange (°) 3.10-27.48 2.58 -25.00 3.15-27.48 3.17-26.50 1.53-27.50
Reflections collected 32094 3741 14114 7798 9292
Unique reflections 2815 1099 4366 3755 5006
Rint 0.0634 0.0789 0.0548 0.0310 0.0464
Reflns used 2815 1099 4366 3755 5006
Restraints 102 148 0 0 0
Params 162 99 215 199 259
Goodness-of-fit 1.044 1.257 1.033 1.093 0.984
Final R indices [>2c(/)]* R, =0.0431 R, =0.1035 R, =0.0406 R, =0.0288 R, =0.0686
wR, = 0.0958 wR, =0.1846 wR, =0.0842 wR,=0.0777 wR, =0.1553
Rindices (all data)* R, =0.0711 R, =0.1275 R, =0.0579 R, =0.0320 R, =0.0956
wR,=0.1071 wR, = 0.1965 wR, =0.0907 wR,=0.0798 wR,=0.1766

Absolute Structure Parameter

Largest difference between peak and hole (¢ A”)

0.381 and -0.713

“ R1=2nki(|Fo| — |Fe|)/Znk|Fol, R2 = [Ew(|Fo| — |Fc|)/Zw]Fo|*]".

1.083 and -0.704  0.547 and -0.419

0.430 and -0.417 0.689 and -0.475

Fig. 1 ORTEP view of 1 with partial atom numbering scheme. Ellipsoids
are drawn at 30% probability level. Hydrogen atoms are omitted for
clarity.

20 Table 2 Selected bond lengths (A) and angles (°) for 1

Bond lengths Bond angles

Rh(1)-N(1) 2.087(4) P(1)-Rh(1)-P(2)  169.27(5)

Rh(1)-P(3) 2.2268(15) N(1)-Rh(1)-P(3)  177.49(13)

Rh(1)-P(1) 2.2972(17) N(1)-Rh(1)-P(1)  86.22(13)

Rh(1)-P(2) 2.3263(15) P(3)-Rh(1)-P(1)  96.29(6)
N(1)-Rh(1)-P(2)  83.05(13)

and

There are a few known Rh-Pyr complexes which incorporate CO
and PR; groups and these include those with a monodentate
pyrrolyl ligand of the type [Rh(PR;)(CO)(Pyr)] such as [trans-

25 Rh(PPh;3),(CO)(2,5-Me,-Pyr)]
((CHy)y-furyl),-3,4-(COCH;),-Pyr)].'*"
examples of Rh(I) complexes of the type [Rh(PMe;);X] including
the previously described pyrazolate complex [Rh(PMe;);(3,5-

[trans-Rh(PMe;),(CO)(2,5-
There are numerous

2 | Journal Name, [year], [vol], 00—-00
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(CF3),.P2)]"® but 1 appears to be the first reported pyrrolyl
compound with this general formula.

Complex 1 crystallizes in the orthorhombic space group Pnma
with the metal coordination plane lying on a crystallographic
mirror plane resulting in one half of a molecule in the asymmetric
unit and four independent molecules in the unit cell. Figure 1
shows the overall molecular geometry and atom numbering
scheme with crystallographic details given in Table 1 and a
listing of key bond lengths and angles in Table 2. The geometry
around the Rh(I) center is square planar with some distortion
towards tetrahedral likely due to steric crowding. The pair of
trans PMes ligands are bound so that there is a slight deviation in
the P-Rh-P angle from 180° (P(1)-Rh-P(2) 177.49(13)°), with the
N(1)-Rh-P(3) angle more distorted (169.27(5)°). As found in the
analogous 3,5-(CF3),-Pz complex, the Rh-P bond frans to the
pyrrolyl is shorter (2.2268(15) A) than the mutually trans Rh-P
bonds (avg. 2.3118(16) A) by 0.0845(12) A.'* The plane of the
pyrrolyl ligand is oriented perpendicular to the Rh coordination
plane, and this minimizes steric interactions between the PMe;
and CF; groups. This was also observed in [Rh(PMes);(3,5-
(CF;),Pz)."®

The *'P NMR spectrum of 1 contains a well resolved doublet
of triplets centered at -3.12 ppm (Jp_r, = 149.5 Hz, Jp.p = 45.8 Hz)
assigned to P trans to 3,4-(CF;),-Pyr. There is also a doublet of
doublets centered at -12.06 ppm (Jp.ry, = 134.1 Hz, Jpp = 45.2
Hz). The ""F NMR spectrum contains a singlet at -54.2 ppm
assigned to the two equivalent CF; groups. The complex was
tested for volatility in a sealed tube under vacuum (0.1 torr) and
found to sublime without melting at 108 °C to give X-ray quality
crystals that confirmed it was unchanged after sublimation.

Synthesis of Nickel Pyrrolyl Complexes

Several groups, including those of Schrock and Hoveyda, have
successfully utilized unsubstituted lithium pyrrolide as a
metalation reactant.'” However, in our hands attempts to prepare
(3,4-(CF3),-Pyr complexes of Ni via salt elimination routes using
(3,4-(CF3),-PyrLi  or (3,4-(CF;),-PyrNa were unsuccessful.
Reaction of n-BuLi with 3,4-(CF3),-PyrH in THF or diethyl ether
at -78 °C resulted in black solutions after only a few minutes.
Starting materials were recovered in high yields from reactions of
these solutions with a variety of Ni(II) based compounds. In
previous work by the Hartwig group and others unsubstituted
sodium pyrrolide was generated with NaH.®> This was used for
NaCl eliminations with metal chlorides, but similar attempts
using 3,4-(CF3),-PyrNa were unsuccessful and starting materials
were again recovered. Parkin has demonstrated that pyrrole
could be substituted onto titanium complexes via an alkane
elimination route using Ti-alkyl complexes,”® and since nickel
alkyl and aryl complexes are well-known this route was explored
successfully. Thus the reaction of excess 3,4-(CF3),-PyrH with
[trans-Ni(PMe3)2(CH3)2] or [trans-Ni(PMe3)2(C6H5)2] resulted in
substitution of only one of the alkyl or aryl groups (Scheme 1).
Both [trans-Ni(PMe3)2(CH3)2] and [trans-Ni(PMe3)2(C6H5)2] do
not appear to have been structurally characterized previously. The
structures were therefore determined by single crystal X-ray
crystallography and they provided valuable structural information
for comparative purposes, as well as unequivocally establishing

PMe;

HzsC——Ni—CHs +

F3C. CF3 FaC. TMea
/
5 PhMe o
U — j:\jm T; CHa
N FoC

PMe; PMes

2 3

PMes F3C. CF3 FsC, F|’M93

/
Ph—Ni—Ph + 2 —PhMe N—Ni—FPh

A = |

PMey N FsC PMe3

4 5

Scheme 1 Synthetic route to nickel pyrrolyl complexes

C1 @
NIt P1
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/ ©
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60
Fig. 2 ORTEP view of 2 with partial atom numbering scheme. Ellipsoids
are drawn at 30% probability level. Hydrogen atoms are omitted for
clarity.

Table 3 Selected bond lengths (A) and angles (°) for 2

Bond lengths Bond angles

Ni(1)-C(1) 1.987(15) C(1)-Ni(1)-P(1) 88.5(9)

Ni(1)-P(1) 2.145(3) C(1)-Ni(1)-P(1)! 91.509)
C(1)-Ni(1)-C(1) 180.0(11)
P(1)-Ni(1)-P(1) 180.00(18)

65

the structures of the compounds.

[trans-Ni(PMes),(CH3),] (2). Although frans-dimethyl-
bis(trimethylphosphine)nickel(Il) was first synthesized and
characterized almost 40 years ago by Klein and Karsh, there has
never been an investigation of the solid state structure by single
crystal X-ray diffraction.”’ This is likely due to the extreme air-
sensitive, thermal instability, and potentially pyrophoric nature of
2. The complex was prepared by a slightly modified procedure as
described previously. Methyllithium was added dropwise to a
75 diethyl ether solution of [Ni(PMe;),Cl,] at -78 °C. This was
warmed to -5 °C and stirred for 2 hours. After volatiles were
removed in vacuo, extraction of the residue with cold hexane (-5
°C) and cooling to -30 °C afforded yellow needles of 2. The
reaction was not allowed to warm above -5 °C since the product
was found to be thermally unstable.

Complex 2 crystallizes in the monoclinic space group P2,/c
with the unique Ni atom sitting on an inversion center. This
results in only half of the molecule in the asymmetric unit with
one unique PMe; group and one Ni bound methyl (Figure 2).
ss Crystallographic details are given in Table 1 and selected bond

lengths and angles are given in Table 3. The Ni center has a

This journal is © The Royal Society of Chemistry [year]
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square planar coordination geometry with a C(1)-Ni(1)-P(1) bond
angle of 88.5(9)° and bond lengths of 2.145(3) A and 1.987(5) A
for Ni-P and Ni-C respectively. When compared to the starting
material [Ni(PMe;),Cl,], the Ni-P bond lengths are slightly
shorter for 2 by 0.08(2) A. All other spectroscopic data were in
accord with previously published values."”

[trans-Ni(PMe;),(3,4-(CF3),-Pyr)(CH3)] (3). The treatment

of 2 with two equivalents of 3,4-(CF3),-PyrH at -10 °C in toluene
followed by a slow warming, heating to reflux and reaction time
of 8 hours resulted in a yellow solution of 3. Removal of the

Fig. 3 ORTEP view of 3 with partial atom numbering scheme. Ellipsoids
are drawn at 30% probability level. Hydrogen atoms are omitted for
clarity.

Table 4 Selected bond lengths (A) and angles (°) for 3

Bond lengths Bond angles

Ni(1)-N(1) 1.942(2) N(1)-Ni(1)-P(1) 91.62(6)

Ni(1)-C(1) 1.943(3) C(1)-Ni(1)-P(1) 88.18(8)

Ni(1)-P(1) 2.1830(7) N(1)-Ni(1)-P(2) 90.09(6)

Ni(1)-P(2) 2.2002(7) C(1)-Ni(1)-P(2) 90.68(8)
N(1)-Ni(1)-C(1) 173.66(11)
P(1)-Ni(1)-P(2) 174.52(3)

volatiles in vacuo and crystallization from hexane at -30 °C
afforded bright yellow prisms of 3 in 74% yield which were
suitable for X-ray diffraction studies. The reaction proceeds
slowly at room temperature and after several hours a mixture of 2
and 3 is produced. Interestingly only one Ni-Me group is replaced
even after prolonged heating of the reaction mixture.

Complex 3 crystallizes in the monoclinic space group P2,/c
with four independent molecules in the unit cell. The structure is
shown in Figure 3 with crystallographic details given in Table 1
and selected bond lengths and angles in Table 4. As found for
[Ni(PMe;),Cl,], the geometry of the Ni center is pseudo-square
planar. The structure is slightly distorted towards tetrahedral with

30 P(1)-Ni(1)-P(2) and C(1)-Ni(1)-N(1) bond angles of 174.52((3)°

and 173.66(11)° respectively. The Ni-PMes lengths are similar

65

for Ni-P(1) and Ni-P(2) at 2.1830(7) A and 2.2002(7) A
respectively. There is only a slight lengthening of these bonds
from that found in 2, which has a Ni-P bond length of 2.145(3) A.
There is a reduction in the Ni-Me bond length compared to the
starting material (1.987(15) A and 1.943(3) A for 2 and 3
respectively. Although this is relatively small, this may be an
indication of the trans-influence of the pyrrolyl ligand. Since
there is only one other structurally characterized nickel pyrrolyl
complex to compare with, [trans-Ni(PMe;),Cl(Pyr)], it is difficult
to provide an in-depth comparative discussion on the nature of
the nickel-pyrrolyl bonding. The Ni-N bond length in the

@
\P.

Fig. 4 ORTEP view of one of the independent molecules of 4 with partial
atom numbering scheme. Ellipsoids are drawn at 30% probability level.

Hydrogen atoms are omitted for clarity.

Table 5 Selected bond lengths (A) and angles (°) for both molecules of 4.

Bond angles Bond lengths

Ni(1)-P(1) 2.1639(5) C(4)-Ni(1)-P(1) 90.70(5)

Ni(2)-P(2) 2.1660(5) C(4)-Ni(1)-P(1)' 89.30(5)

Ni(1)-C(4) 1.9377(18) C(13)-Ni(2)-P(2) 90.52(5)

Ni(2)-C(13) 1.9366(18) C(13)-Ni(2)-P(2)' 89.48(5)
P(1)"-Ni(1)-P(1) 180.000(18)
C(4)-Ni(1)-C(4)' 180.000(1)
P(2)-Ni(2)-P(2)' 180.00(3)
C(13)'-Ni(2)-C(13)  180.00(13)

chloride complex is slightly shorter than that found in 3 (1.883(3)
vs. 1.942(2) A). This is possibly due to the difference in the trans
ligand, CHj3 vs. Cl, or the presence of the electron-withdrawing
CF; groups. Both complexes contain the pyrrolyl ring oriented
perpendicular to the Ni coordination plane. This is no doubt due
to steric restraints, as in both cases, a parallel orientation would
be met with severe crowding between the o-carbons and
hydrogens of the pyrrolyl and the PMe; ligands.

NMR spectroscopic data for 3 in C4Dy is consistent with the
solid state structure. The 'H NMR spectrum contains a methyl
resonance at -0.96 ppm which is consistent with other Ni-Me
complexes. The PMej; protons are observed as a singlet at 0.42
ppm and the aryl protons are a singlet at 6.94 ppm. Integration of
the peaks is consistent with a 3:18:2 ratio. The '°F and *'P NMR
spectra both consist of sharp single peaks at -54.71 and -11.01
ppm respectively. The volatility of the complex was investigated

4 | Journal Name, [year], [vol], 00—00
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in a similar manner as before and it sublimes without melting in
the range 125-130 °C. After the sublimation was complete, the
isolation of single crystals and an X-ray diffraction study
confirmed to 3 to be stable under the conditions of the
sublimation process.

[trans-Ni(PMe;),(C¢Hs),] (4). The diphenyl nickel complex,
trans-diphenyl-bis(trimethylphosphine)nickel(II) was described
in 2005, although there appears to be no recorded structural study
in the literature.”” The complex is moderately air stable, with
noticeable decomposition occurring over the course of 24 hours.
In contrast to the original report, in our hands, it is thermally
stable at room temperature though not at temperatures higher than
35°C.

The complex was prepared by a slightly modified procedure as
described previously.?? Phenyllithium was added dropwise to a
diethyl ether solution of [Ni(PMe3),Cl,] at -78 °C. This was
warmed to room temperature and stirred for 4 hours. The
volatiles were removed in vacuo. Extraction of the residue with
hexane and cooling to -30 °C afforded yellow plates of 4 suitable
for study by X-ray diffraction.

Complex 4 crystallizes in the triclinic space group P1 with
two crystallographically unique Ni centers in the asymmetric
unit, both of which lie on crystallographic inversion centers. Two
half molecules are in the asymmetric unit with two independent
molecules in the unit cell. The structure is shown in Figure 4
with crystallographic details given in Table 1 and selected bond
lengths and angles given in Table 5. There is virtually no
distortion of the square planar geometry towards tetrahedral with
P-Ni-P bond angles of 180° and average P-Ni-C angles of
90.61(6)°. The Ni-P bonds are slightly longer than those found in
the Me analogue 2 (2.1650(4) A vs. (2.145(3) A). This is likely a
result of the greater electron withdrawing ability of the phenyl
rings versus the methyl groups resulting in less Ni-P n-bonding
with the phosphines. The average Ni-C(Ph) bond length is
1.9372(17) A. NMR and IR spectroscopic data were consistent
with previously published values.?

[trans-Ni(PMe;),(C¢Hs)(3,4-(CF3),-Pyr)] (5). The treatment
of 4 with two equivalents of 3,4-(CF5),-PyrH at room temperature
in toluene followed by heating to reflux and reaction time of 12
hours resulted in a yellow solution of 5. Removal of the volatiles
in vacuo and crystallization of the residue from hexane at -30 °C
afforded bright yellow prisms of 5 in 78% yield which were
suitable for X-ray diffraction analysis. The reaction proceeds
slowly at room temperature giving a mixture of 4 and S after
several hours.

Complex 5 crystallizes in the monoclinic space group P2,/n
with four independent molecules per unit cell. The structure of
one molecule is shown in Figure 5 with crystallographic details
given in Table 1 and selected bond lengths and angles given in
Table 6. The overall geometry features a slightly distorted square
planar Ni center, though there is some distortion towards a square
pyramidal geometry.  The N(1)-Ni(1)-C(1) bond angle is
175.0(2)° and P(1)-Ni(1)-(P2) is 175.34(5)°. Both are distorted
towards the same side of the Ni coordination plane. This is
possibly a result of packing forces as this distortion forces all of
the ligands away from a nearby CF; group from an adjacent
molecule. The Ni-P bond lengths are slightly longer than those
found for the starting material, [Ni(PMe;),Ph,] 4 (2.1917(9) A

60

70

and 2.1650(4) A in 5 and 4 respectively). A similar pattern to
that observed in the Ni-Me complexes is also observed for the Ni-
Ph complexes with a reduction of the Ni-C(Ph) bond length from
1.9372(17) A to 1.908(4) A in 4 and 5 respectively. This effect is
observed in the chemical shifts of the phenyl protons in the 'H
NMR in C¢Dg¢ where all of the resonances are shifted upfield to
6.79, 6.91, and 6.95 ppm from the diphenyl precursor where they
are observed at 7.02, 7.19, and 7.60 ppm for the para-, meta-, and
ortho-protons respectively. A classic pseudo-triplet at 0.241 ppm
(IZJP’H + 4JP,HI = 3.6 Hz) is observed for the mutually trans PMe;
ligands. The '°F and *'P NMR spectra consist of singlets at

Fig. S ORTEP view of 5 with partial atom numbering scheme. Ellipsoids
are drawn at 30% probability level. Hydrogen atoms are omitted for
clarity.

Table 6 Selected bond lengths (A) and angles (°) for 5

Bond angles Bond lengths

Ni(1)-C(1) 1.908(4) C(1)-Ni(1)-P(1) 89.43(14)

Ni(1)-N(1) 1.924(4) N(1)-Ni(1)-P(1) 91.48(12)

Ni(1)-P(1) 2.1879(14) C(1)-Ni(1)-P(2) 87.39(14)

Ni(1)-P(2) 2.1954(13) N(1)-Ni(1)-P(2) 91.40(12)
C(1)-Ni(1)-N(1) 174.98(18)
P(1)-Ni(1)-P(2) 175.34(5)

-54.71 and -12.71 ppm respectively. The '’F shift is almost
identical for the phenyl and the methyl substituted nickel
complexes. The *'P resonance is shifted downfield by 1.7 ppm
from the methyl analogue 3.

Compound 5 is volatile 30 °C below the melting point at 138-
140 °C. Slow sublimation of the complex (0.1 torr) allowed
growth of crystals suitable for an X-ray diffraction study which
revealed that the compound is unchanged after sublimation.
When the complex was sublimed by heating rapidly at 0.1 torr it
began to decompose at 175 °C.

Conclusions

We report the synthesis and structures of new complexes of the
substituted pyrrolyl 3,4-(CF;),-Pyr with Rh(I) and Ni(Il) based
PMe; complexes. The compounds are sufficiently volatile to
serve as precursors for CVD and these studies are in progress.

Experimental
General procedures

CAUTION: There have been explosions with related alkali
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metal pyrrolyl CF; species.”” Although we have never
experienced an explosion we recommend that alkali metal salts of
the pyrrolyl derivative should not be isolated.

All reactions were performed under a dry, oxygen-free
nitrogen atmosphere or under vacuum using standard Schlenk
line and dry box techniques. Solvents were dried prior to use by
distillation from sodium benzophenone ketyl anion under
nitrogen. The compounds 3,4-bis(trifluoromethyl)pyrrole (3,4-
(CF3),-PyrH),” [Rh(COD)CI],,** [Ni(PMe;),Cl,],”
[Ni(PMe;),Me,],>! and [Ni(PMe;),(CgHs),]** were prepared as
previously described. Trimethylphosphine (97%) and n-butyl
lithium (1.6 M in hexane) were purchased from Aldrich and used
without further purification.

Instrumental Details

NMR spectra were recorded on a Varian 300 Unity
spectrometer (‘H, 300 MHz; '°F, 282 MHz; *'P, 121 MHz) at 25
°C. 'H NMR signals are reported relative to residual proton
resonances in deuterated solvents. Electrospray Ionization (ESI)
mass spectra were recorded on a Thermo-Fisher LTQ. Infrared
spectra were recorded using a Nicolet IR 200 FTIR spectrometer
using attenuated total reflectance (ATR). Microanalysis (C, H,
N) were performed by Galbraith Laboratories of Knoxville, TN
or QTI Labs of Whitehouse, NJ. Melting points were obtained
using an Electrothermal resistively heated melting point
apparatus in sealed glass capillaries under a dinitrogen
atmosphere or 0.1 torr vacuum.

X-Ray Experimental: All crystals were mounted on a glass
fiber. The data was collected on either a Nonius Kappa CCD
diffractometer using a graphite monochromator with MoKa
radiation (A = 0.71073A) at reduced temperature using an Oxford
Cryostream low temperature device or a Rigaku AFCI12
diffractometer with a Saturn 724+ CCD wusing a graphite
monochromator with MoKa radiation at reduced temperature
using a Rigaku XStream low temperature device. Data reduction
was performed with either DENZO-SMN? or Rigaku Americas
Corporation’s Crystal Clear version 1.40. The structures were
solved by direct methods using SIR97 and refined by full-matrix
least-squares on F 2 with anisotropic displacement parameters for
the non-H atoms using SHELXL-97.>" The absolute configuration
was assigned by internal comparison to the known absolute
configuration of selected portions of the molecule. The hydrogen
atoms on carbon were calculated in idealized positions with
isotropic displacement parameters set to 1.2xUeq of the attached
atom (1.5xUeq for methyl hydrogen atoms). The function,
Iw([Fol? - [F¢[?)2, was minimized, where w = 1/[(LJ(Fo))? +
(0.0528*P)2 + (0.685*P)] and P = ([Fo[?> + 2[F¢/2)/3. Neutral
atom scattering factors and values used to calculate the linear
absorption coefficient are from the International Tables for X-ray
Crystallography (1992).® All figures were generated using
SHELXTL/PC.

[Rh(PMe;)3(3,4-(CF3),-Pyr)] (1)

A solution of 3,4-(CF;),-PyrH (0.42 g, 2.07 mmol) in hexane
(50 ml) was added to a suspension of NaH (0.059 g, 2.48 mmol)
in hexane (50 ml) at room temp. and stirred for 4 hours. In a
separate flask PMe; (0.46 g, 6.18 mmol) was added dropwise to a
suspension of [Rh(COD)CI], (0.51 g, 1.03 mmol) in hexane (80

ml) and added to the suspension of 3,4-(CF;),-PyrNa. Stirring for
8 hours resulted in a color change of the suspension from orange
to yellow. The reaction was filtered and the filtrate evaporated to
dryness. Extraction of the residue with hexane (2 x 150 ml) and
cooling (-25 °C) gave yellow prisms of 1. Isolated yield: 0.79 g,
72%. m.p. 121-123 °C . (1 atm N,); 108-110 °C sublimes (0.1
torr). 'H NMR (300 MHz, C¢Dg 27 °C) & 7.17 (s, 2H, Ar-H),
0.64 (d, Ju.p = 7.4 Hz, OH, P-CH;), 0.67 (t, Py + “Jpyl = 2.6
Hz, 18H, P-CH;). '’F NMR (282 MHz, C¢D) & -54.20 (s, CF}).
Sp{'"H} NMR (121 MHz, C¢Dg) 8 -3.12 (dt, Jpry = 149.5 Hz,
Jop = 45.8 Hz, 1P), -12.06 (dd, Jp.gy = 134.1 Hz, Jpp = 45.2 Hz,
2P). MS m/z 331 [M, -Pyr]; 255 [M+, -Pyr, —-PMe;]. FT-IR
(ATR, cm™): 2916 (w), 1656 (w), 1527 (w), 1418 (w), 1350 (w),
1299 (m), 1255 (m), 1216 (w), 1142 (s), 1118 (vs), 1021 (w),
1003 (w), 943 (v), 867 (m), 853 (m), 810 (m), 750 (m). Anal.
Found: C, 29.1; H, 5.0; N, 4.8. Calc: C, 28.3, H, 4.6; N, 5.1 %.

trans-Ni(PMe;),(3,4-(CF;),-Pyr)(CHs) (3)

A solution of 3,4-(CF;),-PyrH (.120 g, 0.591 mmol) in toluene
(30 ml) was added to solution of [trans-Ni(PMes),(CHs),] (0.072
g, 0.296 mmol) in toluene (80 ml). The mixture was stirred and
refluxed for 8 hours. The volatiles were removed in vacuo and
the residue extracted with hexane (120 ml) and filtered. The
volume of the filtrate was reduced (40 ml) and cooling (-30 °C)
gave yellow plates of 3. Isolated yield: 0.094 g, 74%. m.p. 134-
137 (1 atm N,) 125-130 sublimes (0.1 torr). 'H NMR (300 MHz,
CeDg): 0-0.96 (s, 3 H, Ni-CHjy), 0.42 (s, 18H, P-CH3;), 6.94 (s,
2H, Pyrrole-H); '""F NMR: (282 MHz, C¢Dy): & -54.71 (s, CF;);
3P NMR: (121 MHz, C¢Dg): § -11.01 (s). FTIR (ATR, cm™):
2909 vw, 1543 m, 1506 w, 1427 w, 1051 m, 1326 m, 1288 w,
1260 w, 1142 s, 1098 vs, 976 m, 943 vs, 853 w, 831 m, 735 m.
EI/MS m/e: 225 [M", -Pyr] 167 [M*', -PMe;, -CH3, -H]. Anal.
Found: C, 36.0, H, 5.0; N, 3.1. Calc: C, 36.5; H, 5.4; N, 3.3 %.

trans-Ni(PMe;),(3,4-(CF3),-Pyr)(C¢Hs) (5)

=
G

=3
&

A solution of 3,4-(CF;),-PyrH (1.80 g, 0.886 mmol) in toluene
(30 ml) was added to solution of [trans-Ni(PMe;),(CsHs),] (0.15
g, 0.443 mmol) in toluene (80 ml). The mixture was stirred and
refluxed for 12 hours. The volatiles were removed in vacuo and
the residue extracted with hexane (120 ml) and filtered. The
volume of the filtrate was reduced (50 ml) and cooling (-30 °C)
gave yellow plates of 5. Isolated yield: 0.17 g, 78%. m.p. 163-166
(1 atm N,) 138-140 sublimes (0.1 torr). 'H NMR (300 MHz,
CsDg) 60.241 (t, 18 H, P-CHj3, (12]p g+ 4Jpul = 3.6 Hz), 6.79 (t,
1H, H-p), 6.91 (m, 2H, H-m) 6.95 (s, 2 H, Pyr-H), 7.08 (m, 2H,
H-0); ’F NMR: (282 MHz, C¢Dy): & -54.71 (s, 6 E, -CF5); *'P
NMR: (121 MHz, C¢Dg): § -12.71 (s, 2P). FTIR (ATR, cm™)
3048 vw, 2978 vw, 2909 vw, 1546 m, 1510 w, 1454 vw, 1421 w,
1361 m, 1327 m, 1281 m, 1261 s, 1236 s, 1147 vs, 1097 vs, 1056
w, 1020 m, 978 s, 945 s, 859 w, 834 w, 799 w, 734 s, 707 m.
EI/MS m/e: 287 [M+, -Pyr] Anal. Found: C, 43.9; H, 5.1; N,
2.8. Cale: C,44.1; H, 5.1; N, 2.9 %.
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X-ray data were collected on instrumentation purchased with
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