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ABSTRACT: Three novel unsymmetrical 77°-2-azaallyl cobalt-
(I) complexes, [(2-PPh,)C¢H,]JCH=N[CHCH,(4-R)]Co-
(PMe;), (4—6) (R = H (4); Cl (5); and OMe (6)), were
synthesized by the reactions of Schiff base ligands [(2-
PPh,)C¢H,]CH=N[CH,CH,(4-R)] (1-3) (R = H (1); Cl
(2); and OMe (3)) with CoMe(PMe;), via sp> C—H bond
activation under mild reaction conditions. Complex {[(2-
PPh,)C,H,]CH=NCH,[CHCH,(4-R)]Co(PMe,),}I (7) as
an 18e cobalt(III) salt was obtained through the reaction of 4
with iodomethane. The substitution reaction of complex 4 with
carbon monoxide afforded the dicarbonyl cobalt(I) complex
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[(2-PPh,)C¢H,]CH[N=CHC4H,(4-R)]Co(CO),(PMe;) (8). The molecular structures of complexes 4—8 were determined by

single crystal X-ray diffraction.

B INTRODUCTION

Transition metal z-allyl complexes are of great importance in
the areas of organic synthesis and coordination chemistry.'™
Especially, z-allyl palladium(II) complexes have been exten-
sively studied in the allylic sp* C—H functionalization and some
m-allyl palladium(II) intermediates have been isolated and
completely characterized.>™"! For example, White and co-
workers reported the palladium-catalyzed formation of anti-2-
aminooxazoline and anti-imidazolidinone from common urea
precursors.'” Other transition metal z-allyl com6plexes like
Mo, ** Rh,'57¥ Ni %! Rg2>** 0525 Fe,* Ir” and
Zr**7** were also reported with the application in the area of
catalysis.

As the structurally similar ligands, the chemistry of azaallyl
ligands and their transition metal complexes has attracted much
interest because of diverse bonding modes with different
electronic properties brought by the substitution of the carbon
atom in the allyl ligand by the N atom in the azaallyl
ligand.>™*" Tt can be concluded from the literature that there
are several kinds of the azaallyl ligands and their coordination
modes (Scheme 1): (A) N-coordinated enamido mode,*>**°
(B) *-coordinated 1-azaallyl mode,”*™*’ (C) 7’-coordinated 2-
azaallyl mode,” ™" and (D) #’-coordinated 1,3-diazaallyl
mode®**® (Scheme 1).

Generally, there are several methods to prepare azaallyl
complexes. The first one is that the lithium salt of the azaallyl
ligand was prepared through deprotonation*' or insertion
reaction,’”*” and further transmetalation of this lithium salt
with a transition metal precursor afforded the final azaallyl
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Scheme 1. Kinds of Azaallyl Ligands and Their Coordination
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metal complex. The second one is that the azaallyl metal
complex was formed by deprotonation of the preformed metal
complex using a strong base, such as KH** and KO'Bu.*® The
azaallyl nickel complexes were synthesized by the reaction of
the precursor of azaallyl ligand, an organic iodide (RN=
C('Bu)-CHR-I), with Ni(cod), via oxidative addition of the C—
I bond at the nickel center.”® To the best of our knowledge, no
azaallyl transition metal complexes were directly obtained from
Csp®>—H bond cleavage mediated by transition metals.

In recent years, our group has prepared many Fe, Co, and Ni
complexes through C—H activation.”’ ™" In this paper, three
Schiff base ligands 1—3 were prepared. Unsymmetrical 7-2-
azaallyl cobalt(I) complexes 4—6 (C, Scheme 1) were
synthesized by the reactions of Schiff base ligands 1—-3 with
CoMe(PMe;), via Csp>~H bond activation of the methylene
group directly linked to the imine group. These complexes are
the first unsymmetrical 2-azaallyl cobalt(I) complexes. 2-
Azaallyl cobalt complexes 4—6 were completely characterized
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Figure 1. Molecular structures of complexes 4—6. Hydrogen atoms were omitted for clarity.

Table 1. Selected Bond Lengths and Angles of Complexes 4—6

Col—-N1
Col-C19
Col-C20
Col-P1
Col-P2
Col-P3
C19—-N1
C20—-N1
C19—-N1-C20
C19—-Col1-C20
N1-Col-C19
N1-Col—-C20
N1-C19-C18
N1-C20—-C21

bond length (A)

bond angle (deg)

4 S 6
1.962(S) 1.959(3) 1.961(1)
1.999(5) 2.000(3) 1.997(2)
2.097(5) 2.082(3) 2.086(2)
2.181(2) 1.180(1) 2.1769(6)
2.201(2) 2.187(1) 2.1864(S)
2.175(2) 2.198(1) 2.1828(5)
1.419(8) 1.406(S) 1.405(2)
1.393(6) 1.374(S) 1.385(2)
107.1(4) 107.3(3) 106.8(1)
67.0(2) 66.5(2) 66.48(6)
42.0(2) 41.6(1) 41.57(6)
40.0(2) 39.6(1) 39.87(6)
114.6(4) 113.4(3) 114.8(1)
117.8(5) 117.9(3) 118.(1)

by spectroscopic and X-ray diffraction technology. The
reactivity of complexes 4—6 has been explored.

B RESULTS AND DISCUSSION

Syntheses of 2-Azaallyl Cobalt(l) Complexes. The
reaction of Schiff base ligands 1—-3 with CoMe(PMe;), in
THF afforded three 18e 2-azaallyl cobalt(I) complexes 4—6 via
sp> C—H bond activation with the elimination of methane (eq

1).
HOHUH H N H
\N pentane 7T
+CoMe(PMeg), ——> | Q)
PPh R -HiMe p-COs R
2 -2PMe, Ph, g,MF;l\gﬂes
1-3 4-6
1.2 3
4 5 6
R=H ClI OMe

Complexes 4—6 were obtained as red crystals by
crystallization from pentane and Et,0 at —10 °C in the yield
of 74% (4), 61% (5), and 72% (6), respectively. Complexes 4—
6 in the solid state were stable in the air at room temperature
for about 3 h, but they quickly decomposed when their
solutions were exposed to the air.

In the IR spectra of complexes 4—6, the typical stretching
vibrations of the C=N bond in ligands 1—3 disappeared. The
signals of the imine-H (9.08 (1), 8.98 (2), and 8.99 (3) ppm)
and benzyl-H (4.72 (1), 4.63 (2), and 4.61 (3) ppm) in the free
ligands were moved to the upfield region (3.11/2.11 (4), 2.94/
2.08 (2), and 3.17/2.14 (3) ppm) in the '"H NMR spectra of
complexes 4—6 because the deprotonation of the ligands and

the back-bonding from the cobalt(I) center to the 7°-(C-N-C)
ligand make the two hydrogen atoms basic. In the *'P NMR
spectra of complexes 4—6, diphenylphosphanyl signals appear
at 72.0 (4), 72.0 (5), and 71.1 (6) ppm, respectively, and
trimethylphosphine signals are located at 12.1, 10.8 (4), 11.5,
9.4 (5), and 13.7, 11.3 (6) ppm.

Single crystal X-ray diffraction confirmed the structures of
complexes 4—6 (Figure 1). Selected bond lengths and angles of
complexes 4—6 are listed in Table 1. The table of selected
crystallographic data of complexes 4—6 is in the Supporting
Information. With complex 4 as an example, we discuss the
molecular structures of complexes 4—6 because the three
complexes have the similar structures. As we can see from eq 1,
the Csp®—H activation of the free ligand furnished 77*-azaallyl-
(C-N-C) coordination. The averaged N—C bond distances
(N1-C19 (1.419(8) A) and N1-C20 (1.393(6) A)) explain
the delocalization of the four coordinated 7-electrons. Both N—
C bond distances are comparatively longer than those (1.30
and 1.38 A) in the 2-azaallyl iron(II) complex.** The angle
C19—N1-C20 is 107.1(4)°. Compared with the azaallyl
coordination in the literatures,*"** the biggest difference is
that Col is not in the azaallyl (C19—N1—C20) plane in
complex 4, while the metal atoms are in the azaallyl planes in
the literatures. If the midpoints of bonds N1-C19 and N1—
C20 are regarded as two coordination sites in complex 4, the
cobalt atom is centered in a penta-coordinated geometry. The
phenyl (C21—C26) and the 2-azaallyl moieties (C19—N1—
C20) are in one plane, while the phenyl (C13—C18) is almost
perpendicular to the azaallyl moiety. This confirms that phenyl
(C21—C26) and 2-azaallyl are conjugated together. The bond
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distances Col—C19 (1.999(5) A) and Co1—C20 (2.097(5) A)
are in the normal region of the cobalt(I)—carbon lengths.>*
Col—N1 (1.962(5) A) is comparable with that of the cobalt—
Nimine distance.>

Reaction of 2-Azaallyl Cobalt(l) Complex 4 with
lodomethane. The combination of complex 4 and iodo-
methane afforded the diorganocobalt(IIl) complex 7 as yellow
crystals (eq 2). In this process, the oxidative addition of Me-I at
the cobalt(I) center furnished the 18e cobalt(III) coordination
cation via C,N-coupling. In the IR spectrum of complex 7, the
signals of (C=C) and p(PMe,) appeared at 1593 and 952
cm™’, respectively. In the '"H NMR spectrum of complex 7, the
methyl group connected to the nitrogen atom was registered at
3.25 ppm. The two hydrogens (NC-H) were found at 3.01 and
2.79 ppm, respectively. In the *'P NMR spectrum of complex 7,
the diphenylphosphanyl signal appeared at 73.1 ppm and PMe;
signals appeared at 18.9 and 10.1 ppm.

H N H Me T
/F\Lph THF N7 Ph 2
+Mel ——> | @
P~ pue P~} ~PMe,
Ph, PMe; ° Phy PMe,
4 7

The molecular structure of complex 7 was determined by
single crystal X-diffraction (Figure 2). The cobalt atom is

Cc23 ", .C24
Cc22/ N C25

C32

Figure 2. Molecular structure of complex 7. Hydrogen atoms were
omitted for clarity. Selected bond lengths (A) and angles (deg): N1—
C20 147(10), N1-C19 144(10), N1-C21 1.42(10), N1—Col
1.90(6), Col—C19 1.98(7), Col—C21 2.06(8), Col—P1 2.22(2),
Col—P2 225(2), Col—P3 2.21(2); N1-Col—C21 41.8(3), N1—
Col—C19 43.6(3), N1—Col—P1 104.2(2), P1-Col—P3 105.52(9),
P3—Col1—C21 99.5(2), C19—Col1—P2 162.1(2).

situated in the center of a strongly distorted octahedron owing
to the coordination of the (C-N-C) moiety. The angles
between Co—P bonds are deviated from 90° (P1—Col—P2
98.79(8)°, P1-Col—P3 105.51(8)°, and P2—Col-P3
98.30(8)°). C19—N1-C21 (106.1(6)°) indicates that N1 is
an amine-N (sp>-hybridized) and has a tetrahedral geometry.
The phenyl (C22—C27) and the moiety (C19—N1—C21) are
in one plane, while the phenyl (C13—C18) is in the plane of
the chelate ring (Col—P1—-C13—C18—C19). The sum of the
inner angles of the five-membered chelate ring is 538.1° (C19—
Col—P1 85.1(2)°, Col—P1-C13 101.9(3)°, P1-C13-C18
114.0(6)°, C13—C18—C19 117.1(7)°, and C18—C19—Col
120.0(5)°). This implies that the five atoms of the chelate ring

are not completely in one plane. The bond distances N1-C19
(1.44(1) A) and N1-C21 (1.42(1) A) are a little bit shorter
than the normal C—N bond (N1-C20 1.47(1) A). The
coordination bonds (N1—Col 1.895(7) A, Co1—C19 1.975(8)
A, Col-C21 2.055(9) A) are in the normal ranges of the
corresponding bonds.

However, complex 4 did not react with EtBr, C;Cl,, and CO,
under the normal reaction conditions. Complex 4 in the
presence of HCI decomposed into the free Schiff base ligand 1
and CoCl(PMe,); as violet crystals (eq 3). Both ligand 1 and
CoCl(PMe;); were confirmed by spectroscopic methods. In
addition, complex 4 could not catalyze the hydrosilylation of
aldehydes and ketones.

A A

/|\\4Ph THF SN ph

Cou + HC|— + CoCl(PMe3)s (3)
P PMe PPh

F,h2 PMe3 8 2

4 1

Reaction of 2-Azaallyl Cobalt(l) Complex 4 with
Carbon Monoxide. A THF solution of complex 4 was stirred
under 1 bar of carbon monoxide atmosphere for 24 h to afford
complex 8 (eq 4). After extraction and crystallization, complex
8 was isolated as yellow crystals. In the IR spectrum of complex
8, two strong signals of two terminal carbonyl ligands were
registered at 1899 and 1956 cm™ . However, the signal of
p(PMe,) appeared at 950 cm™". In addition, a signal of the
PMe; ligand appeared at 0.77 ppm in the '"H NMR spectrum
and 30.6 ppm in the *'P NMR spectrum. The diphenylphos-
phanyl signal was found at 66.5 ppm in the *'P NMR spectrum.
In the 'H NMR spectrum, the benzyl-H was recorded at 6.59
ppm because of the influence of the negatively charged benzyl-
carbon atom while the imine-H was registered at 8.69 ppm.

Ph
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P”" 1 “PMe, p~{ "CO
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Single crystal X-ray diffraction confirmed the molecular
structure of complex 8 (Figure 3). The 2-azaallyl coordination

C31

Figure 3. Molecular structure of complex 8. Hydrogen atoms have
been omitted for clarity. Selected bond lengths (A) and angles (deg):
N1-C21 1.437(2), N1—-C22 1.280(2), Col—C21 2.0824(19), Col—
Cl 1.746(2), Col—C2 1.750(2), Col—P1 2.2006(5), Col—P2
2.1945(6), O1-C1 1.149(3), 02—C2 1.150(2); C21—Col-P2
176.44(5), C1—Col-P1 114.66(7), C1—Col—C2 120.97(10), C2—
Col-P1 123.40(7).
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mode in complex 4 was destroyed because of the strong
coordination between the cobalt(I) center and the carbonyl
ligands caused by the strong s-backbonding. There is only
cobalt-Ci,,yi coordination among the three atoms of the (C-N-
C) moiety. The imine function with the phenyl group
orientates toward the direction away from the cobalt center.
The distance from the cobalt center to the nitrogen atom
(2923 A) indicates that there is no bonding interaction
between them. The distances N1—C22 (1.280(2) A) and N1—
C21 (1.437(2) A) explain that the former is a C=N double
bond and the latter is a C—N single bond.

Bl CONCLUSIONS

In conclusion, three unsymmetrical 7°-2-azaallyl cobalt(I)
complexes 4—6 were synthesized through sp® C—H bond
activation under a mild condition without additives. A
diorganocobalt(Ill) coordination cation 7 could be obtained
from the reaction of complex 4 with iodomethane via C,N-
coupling. In the presence of HCIl, complex 4 decomposed to
the free ligand 1 and CoCl(PMe;);. A penta-coordinate
dicarbonylcobalt(I) complex 8 was isolated by the reaction of
complex 4 with carbon monoxide. The molecular structures of
4—8 were determined by single crystal X-ray diffraction.

B EXPERIMENTAL SECTION

General Procedures and Materials. Standard vacuum techni-
ques were used in the manipulations of volatile and air-sensitive
materials. Solvents were dried by distillation from Na-benzophenone
under nitrogen before use. CoMe(PMe;),,**o-diphenylphosphino-
benzaldehyde,* and the Schiff base ligand 1°° were prepared by the
literature methods. Infrared spectra (4000—400 cm™), as obtained
from Nujol mulls between KBr disks, were recorded on a Bruker
ALPHA FT-IR instrument. 'H, *'P, and 3C {H} NMR spectra (300,
121.5, and 75 MHz, respectively) were recorded on a Bruker Avance
300 spectrometer with C¢Dg or CDCIl; as the solvent without an
internal reference at room temperature. The *C and *'P NMR
resonances were obtained with broad-band proton decoupling.
Elemental analyses were carried out on an ElementarVario ELIIL
Melting points were measured in capillaries sealed under nitrogen and
are uncorrected.

Synthesis of Ligand 2. Chlorobenzylamine (2.43 g, 17.24 mmol)
was added to a solution of o-diphenylphosphinobenzaldehyde (5.00 g,
17.24 mmol) in 10 mL of methanol. The mixed solution was stirred
for 10 min. Ligand 2 was afforded by the crystallization in methanol at
—10 °C, yield 6.76 g (16.38 mmol, 95%). IR (Nujol mull, cm™"): 1581
v(C=C), 1640 v(C=N). '"H NMR (300 MHz, CDCl,, 298 K, ppm):
8.88 (d, *lpy = 6.0 Hz, 1H, —HC=N), 8.03—6.84 (m, 18H, Ar-H),
4.63 (s, 2H, CH,). P NMR (121.5 MHz, CDCl,, 298 K, ppm):
—13.31 (s). 3C NMR (75 MHz, C4D, 298 K, ppm): 160.9 (m, CH=
N), 139.2 (Cy,), 137.4 (Cy,), 1342 (C,,), 132.5 (Cy), 129.3 (Cy),
128.6 (Cy,), 127.8 (Cy,), 64.3 (s, benzyl-C).

Synthesis of Ligand 3. Methoxybenzylamine (2.36 g 17.24
mmol) was added to a solution of o-diphenylphosphinobenzaldehyde
(5.00 g, 17.24 mmol) in 10 mL of methanol. The solution was stirred
for 10 min. Ligand 3 was afforded by the crystallization in methanol at
—10 °C, yield 6.56 g (16.03 mmol, 93%). IR (Nujol mull, cm™): 1612
v(C=C), 1633 v(C=N). '"H NMR (300 MHz, CDCl,, 298 K, ppm):
8.99 (d, *p = 3.0 Hz, 1H, —HC=N), 8.06—6.73 (m, 18H, Ar-H),
4.61(s, 2H, CH,), 3.78 (s, 3H, —OCH;). *'P NMR (121.5 MHz,
CDCl,, 298 K, ppm): —13.85 (s). *C NMR (75 MHz, C¢Dy, 298 K,
ppm): 1602 (m, CH=N), 158.5 (Cy,), 139.4 (Cy), 136.3 (Cu),
133.1 (Cy,), 130.3 (Cy,), 128.9 (Cy,), 127.7 (Ca,), 113.8 (Cay), 64.5 (s,
benzyl-C), 55.29 (s, OCH,).

Synthesis of Complex 4. A solution of ligand 1 (0.62 g, 1.60
mmol) in THF (30 mL) was added to a solution of CoMe-
(PMe;),(0.62 g, 1.60 mmol) in THF (30 mL) at —78 °C. The
reaction mixture was warmed to 25 °C and stirred for 24 h to get a red

solution. THF was removed under reduced pressure. The residue was
extracted with pentane (60 mL) and diethyl ether (60 mL) in turn to
give a red solution. Complex 4 was obtained as red crystals from the n-
pentane solution and diethyl ether solution at —10 °C, yield 0.71 g
(1.21 mmol, 74%). m.p.: 160—162 °C, C;,H;,CoNP; (589.51 g/mol):
caled. C 65.20, H 6.67, N 2.38; found C 65.55, H 7.03, N 2.12. IR
(Nujol mull, cm™): 1583 v(C=C), 934 p(PMe;). '"H NMR (300
MHz, C,Dy, 298 K, ppm): 8.60—7.12 (m, 19H, Ar-H), 3.11 (m, 1H,
azaallyl-H), 2.14 (d, J = 21.0 Hz, 1H, azaallyl-H),1.13 (d, >4 = 6.0
Hz, 9H, PMe;), 0.77 (d, *Jpu; = 9.0 Hz, 9H, PMe;). *'P NMR (121.5
MHz, CDy, 298 K, ppm): 72.04 (m, 1P, PPh,), 12.10 (s, 1P, PMe;),
10.83 (m, 1P, PMe;). 3C NMR (75 MHz, C(Dg, 298 K, ppm): 154.0
(Car), 147.8 (Cyy), 141.8 (Cy,), 1382 (Cy,), 132.9 (Cy,), 131.8 (Cyy),
123.6 (Cy,), 73.7 (azaallyl-C), 65.2 (azaallyl-C), 21.2 (m, P(CHj);),
19.7 (m, P(CHj)5).

Synthesis of Complex 5. A solution of ligand 2 (0.67 g, 1.61
mmol) in THF (30 mL) was added to a solution of CoMe(PMe;,),
(0.61 g, 1.61 mmol) in THF (30 mL) at —78 °C. The reaction mixture
was warmed to 25 °C and stirred for 24 h to get a red solution. THF
was removed under reduced pressure. The residue was extracted with
pentane (60 mL) and diethyl ether (60 mL) in turn to give a red
solution. Complex § was obtained as red crystals from the n-pentane
solution and diethyl ether solution at —10 °C, yield 0.61 g (0.97 mmol,
61%). m.p.: 154—157 °C, C;,H33CICoNP; (623.96 g/mol): caled. C
61.60, H 6.14, N 2.24; found C 62.01, H 6.02, N 2.41. IR (Nujol mull,
ecm™): 1578 v(C=C), 950 p(PMe;). "H NMR (300 MHz, C(D, 298
K, ppm): 8.40—7.13 (m, 18H, Ar-H), 2.95 (m, 1H, azaallyl-H), 2.12
(d, J = 18.0 Hz, 1H, azaallyl-H), 1.12 (d, *Jp; = 6.0 Hz, 9H, PMe;),
0.71 (d, ¥ = 9.0 Hz, 9H, PMe;). *'P NMR (121.5 MHz, C¢D, 298
K, ppm): 72.0 (m, 1P, PPh,), 102 (m, 2P, PMe;). *C NMR (75
MHz, C;Dg, 298 K, ppm): 154.3 (Cy,), 146.7 (Cy,), 141.6 (Cy,), 137.8
(Car)y 1329 (Cyy), 1317 (Cy,), 1269 (Cy,), 73.4 (azaallyl-C), 63.6
(azaallyl-C), 21.1 (m, P(CHj;);), 19.7 (m, P(CH;);).

Synthesis of Complex 6. A solution of ligand 3 (0.65 g, 1.58
mmol) in THF (30 mL) was added to a solution of CoMe(PMe,),
(0.60 g, 1.58 mmol) in THF (30 mL) at —78 °C. The reaction mixture
was warmed to 25 °C and stirred for 24 h to get a red solution. THF
was removed under reduced pressure. The residue was extracted with
pentane (60 mL) and diethyl ether (60 mL) in turn to give a red
solution. Complex 6 was obtained as red crystals from the n-pentane
solution and diethyl ether solution at —10 °C, yield 0.71 g (1.14 mmol,
72%). m.p.: 166—169 °C, C33H, CoNOP; (619.54 g/mol): caled. C
63.98, H 6.67, N 2.26; found C 64.34, H 6.29, N 2.39. IR (Nujol mull,
em™): 1579 v(C=C), 947 p(PMe;). 'H NMR (300 MHz, C(D,, 298
K, ppm): 8.54—6.92 (m, 18H, Ar-H), 3.41 (s, 3H, OCH,), 3.16 (m,
1H, azaallyl-H), 2.18 (d, ] = 21.0 Hz, 1H, azaallyl-H), 1.16 (d, 2]P7H =
6.0 Hz, 9H, PMey), 0.81 (d, Yoy = 6.0 Hz, 9H, PMe;). P NMR
(121.5 MHz, CDg, 298 K, ppm): 71.1 (m, 1P, PPh,), 13.7 (s, 1P,
PMe;), 11.3 (m, 1P, PMe;). *C NMR (75 MHz, C(Dy, 298 K, ppm):
154.8 (Cy,), 142.1 (Cy,), 141.0 (Cay), 139.7 (Cy,), 133.0 (Cy,), 131.8
(Car), 126.7 (Cy,), 73.6 (azaallyl-C), 65.3 (azaallyl-C), 54.5 (OCHs,),
21.2 (m, P(CH;)3), 19.8 (m, P(CH,),).

Synthesis of Complex 7. A solution of complex 4 (0.48 g, 0.81
mmol) in THF (20 mL) was added to a solution of iodomethane (0.12
g, 0.81 mmol) in THF (20 mL) at —78 °C. The reaction mixture was
warmed to 25 °C and stirred for 24 h to give a muddy orange solution.
The muddy solution was filtered to give a clear orange solution. The
residue was extracted with THF (180 mL) to give a clear orange
solution. Complex 7 was obtained as orange crystals from the THF
solution at —10 °C, yield 0.33 g (0.46 mmol, 56%). m.p.: 201—-203 °C,
C;33H4,CoINP; (731.45 g/mol): caled. C 54.19, H 5.79, N 1.91; found
C 53.85, H 6.17, N 2.00. IR (Nujol mull, em™): 1593 v(C=C), 952
p(PMe;). '"H NMR (300 MHz, CO(CD;), 298 K, ppm): 8.03—7.06
(m, 19H, Ph-H),3.25 (d, ] = 3.0 Hz, 3H, —CH,), 3.01 (dd, ] = 6.0 Hz,
J =3.0Hz, 1H,NCH), 2.79 (s, IH, NCH), 1.13 (d, *Jp 4 = 6.0 Hz, 9H,
PMe;), 1.04 (d, *Jpy = 6.0 Hz, 9H, PMe;). *'P NMR (121.5 MHz,
CO(CD;), 298 K, ppm): 73.1 (m, 1P, PPh,), 18.9 (m, 1P, PMe,), 10.1
(s, 1P, PMe;). ®C NMR (75 MHz, C¢Dg, 298 K, ppm): 138.1 (Cy,),
137.9 (Cyy), 136.0 (Cyy), 134.5 (Cuy), 133.0 (Cy,), 131.8 (Cy,), 72.4
(C-N), 44.4 (CH,), 23.7 (m, P(CHj;)5), 22.8 (m, P(CH,),).
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Synthesis of Complex 8. A solution of complex 4 (0.59 g, 1.00
mmol) in THF (40 mL) was stirred in the atmosphere of carbon
monoxide for 24 h at 25 °C to give a light yellow solution. The THF
was removed under reduced pressure. The residue was extracted with
pentane (60 mL) and diethyl ether (60 mL) in turn to give a light
yellow solution. Complex 8 was obtained as yellow crystals from the n-
pentane solution and diethyl ether solution at —10 °C, yield 0.32 g
(0.59 mmol, 59%). m.p.: 146—147 °C, C5,H;,CoNO,P, (569.11 g/
mol): caled. C 65.38, H 5.31, N 2.46; found C 65.67, H 5.52, N 2.56.
IR (Nyjol mull, cm™): 1956, 1899 v(C=0), 1611 v(C=N), 950
p(PMe,). 'H NMR (300 MHz, CD,, 298 K, ppm): 8.69 (s, 1H,
CH=N), 8.20—7.03 (m, 19H, Ar-H), 6.59 (s, 1H, benzyl-H) 0.77 (d,
*Jp = 9.0 Hz, 9H, PMe;). *'P NMR (121.5 MHz, C¢Dy, 298 K, ppm):
66.5 (d, *Jpp = 30.4 Hz, 1P, PPh,), 30.6 (d, J = 41.3, 1P, PMe;). *C
NMR (75 MHz, C(Dy, 298 K, ppm): 162.3 (m, CH=N), 152.2 (C,,),
138.7 (Cay), 133.8 (Cay), 130.1 (Cy,), 125.8 (Cy,), 125.0 (C,,), 69.1
(benzyl-C), 19.5 (dd, 'Jpc = 27.0 Hz, ], = 4.5 Hz, P(CHy);).

X-ray Crystal Structure Determinations. Single crystal X-ray
diffraction data of the complexes 4—8 were collected on a STOE
STADIVARI Cu or Stoe IPDS2 diffractometer. Using Olex2,%” the
structure was solved with the ShelXS>® structure solution program
using Direct Methods and refined with the ShelXL*® refinement
package using Least Squares minimization. CCDC-1505636 (4),
-1505637 (5), -1505638 (6), -1505639 (7), and -1514772 (8) contain
supplementary crystallographic data for this paper. Copies of the data
can be obtained free of charge on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (fax: (+44)1223-336-033; e-mail:
deposit@ccdc.cam.ac.uk).

B ASSOCIATED CONTENT

© Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.organo-
met.6b00884.

Table of selected crystallographic data and original IR,
'"H NMR, “C NMR, and *'P NMR spectra of the
compounds (PDF)

Crystallographic data (CIF)

H AUTHOR INFORMATION

Corresponding Author
*E-mail: xli63@sdu.edu.cn.

ORCID
Xiaoyan Li: 0000-0003-0997-0380

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS
This work was supported by NSFC No. 21372143.

B REFERENCES

(1) Braunstein, P. J. Organomet. Chem. 2004, 689, 3953—3967.

(2) Hartwig, J. F; Stanley, L. M. Acc. Chem. Res. 2010, 43, 1461—
1475.

(3) Takeuchi, R;; Kezuka, S. Synthesis 2006, 3349—3366.

(4) Trost, B. M.; Van Vranken, D. L. Chem. Rev. 1996, 96, 395—422.

(5) Pattillo, C. C.; Strambeanu, J. I; Calleja, P.; Vermeulen, N. A;
Mizuno, T.; White, M. C. J. Am. Chem. Soc. 2016, 138, 1265—1272.

(6) Tao, Z.-L,; Li, X.-H.; Han, Z.-Y,; Gong, L.-Z. J. Am. Chem. Soc.
20185, 137, 4054—4057.

(7) Nishikawa, Y.; Kimura, S.; Kato, Y.; Yamazaki, N.; Hara, O. Org.
Lett. 2015, 17, 888—891.

(8) Stang, E. M.; White, M. C. Nat. Chem. 2009, 1, 547—551.

(9) Liu, G.; Yin, G.; Wu, L. Angew. Chem.,, Int. Ed. 2008, 47, 4733—
4736.

(10) Chen, M. S.; Prabagaran, N.; Labenz, N. A.; White, M. C. J. Am.
Chem. Soc. 2005, 127, 6970—6971.

(11) Trost, B. M.; Metzner, P. J. J. Am. Chem. Soc. 1980, 102, 3572—
3577.

(12) Strambeanu, 1. I; White, M. C. J. Am. Chem. Soc. 2013, 135,
12032—-12037.

(13) Krafft, M. E.; Procter, M. J. Tetrahedron Lett. 2000, 41, 1335—
1338.

(14) Faller, J. W.; Linebarrier, D. L. J. Am. Chem. Soc. 1989, 111,
1937—1939.

(15) Shibata, Y.; Kudo, E.; Sugiyama, H.; Uekusa, H.; Tanaka, K.
Organometallics 2016, 35, 1547—1552.

(16) Song, G.; Li, X. Acc. Chem. Res. 2015, 48, 1007—1020.

(17) Archambeau, A.; Rovis, T. Angew. Chem, Int. Ed. 2015, 54,
13337—-13340.

(18) Cochet, T.; Bellosta, V.; Roche, D.; Ortholand, J.-Y.; Greiner,
A.; Cossy, J. Chem. Commun. 2012, 48, 10745—10747.

(19) Mathew, J.; Nakajima, Y.; Choe, Y. K; Urabe, Y.; Ando, W,;
Sato, K.; Shimada, S. Chem. Commun. 2016, 52, 6723—6726.

(20) Iwasaki, T.; Min, X; Fukuoka, A,; Kuniyasu, H.; Kambe, N.
Angew. Chem., Int. Ed. 2016, S5, 5550—5554.

(21) Campora, J.; de la Tabla, L. O.; Palma, P.; Alvarez, E.; Lahoz, F.;
Mereiter, K. Organometallics 2006, 25 (25), 3314—3316.

(22) Bayer, A.; Kazmaier, U. Chem. - Eur. ]. 2014, 20, 10484—10491.

(23) Bruneau, C.; Dixneuf, P. H. Chem. Commun. 1997, 507—512.

(24) Wen, T. B,; Lee, K-H.; Chen, J; Hung, W. Y,; Bai, W,; Li, H;
Sung, H. H. Y,; Williams, I. D.; Lin, Z.; Jia, G. Organometallics 2016,
35, 1514—1525S.

(25) Batuecas, M.; Esteruelas, M. A.; Garcia-Yebra, C.; Onate, E.
Organometallics 2010, 29, 2166—2175.

(26) Qi, L.; Ma, E; Jia, F; Li, Z. Tetrahedron Lett. 2016, 57, 2211—
2214.

(27) Garza, V. J.; Krische, M. J. J. Am. Chem. Soc. 2016, 138, 3655—
3658.

(28) Coffinet, M.; Jaroschik, F.; Vasse, J.-L. Eur. J. Org. Chem. 2016,
2016, 2319-2327.

(29) Babushkin, D. E.; Panchenko, V. N.; Brintzinger, H.-H. Angew.
Chem., Int. Ed. 2014, 53, 9645—9649.

(30) Glockner, A.; Bannenberg, T.; Daniliuc, C. G.; Jones, P. G;
Tamm, M. Inorg. Chem. 2012, 51, 4368—4378.

(31) Yue, N,; Hollink, E.; Guérin, F.; Stephan, D. W. Organometallics
2001, 20, 4424—4433.

(32) Lieber, S.; Prosenc, M.-H.; Brintzinger, H.-H. Organometallics
2000, 19, 377—387.

(33) Leung, W.-P,; Chan, Y.-C; So, C.-W.,; Mak, T. C. W. Inorg.
Chem. 2016, 55, 3553—3557.

(34) Farrell, W. S.; Yonke, B. L.; Reeds, J. P.; Zavalij, P. Y.; Sita, L. R.
Organometallics 2016, 35, 1132—1140.

(35) Mangelinckx, S.; De Sterck, B.; Colpaert, F.; Catak, S.; Jacobs, J;
Rooryck, S.; Waroquier, M.; Van Speybroeck, V.; De Kimpe, N. J. Org.
Chem. 2012, 77, 3415—3425.

(36) Yuan, S.; Bai, S.; Liu, D.; Sun, W.-H. Organometallics 2010, 29,
2132—2138.

(37) Caro, C. F.; Lappert, M. F.,; Merle, P. G. Coord. Chem. Rev.
2001, 219—221, 605—663.

(38) Hitchcock, P. B.; Lappert, M. F.; Layh, M. Z. Z. Anorg. Allg.
Chem. 2000, 626, 1081—1086.

(39) Qin, L.; Xu, M,; Xiao, X;; Chen, X. J. Organomet. Chem. 2016,
809, 1—6.

(40) Zhang, Z; Bu, X; Zhang, J; Liu, R; Zhou, X; Weng, L.
Organometallics 2010, 29, 2111-2117.

(41) Frazier, B. A.; Wolczanski, P. T.; Lobkovsky, E. B.; Cundari, T.
R. J. Am. Chem. Soc. 2009, 131, 3428—3429.

(42) Li, B.; Adrio, J.; Bellomo, A.; Walsh, P. J.; Yucel, B. Chem. Sci.
2014, S, 2383—2391.

(43) Malassa, A.; Agthe, C.; Gorls, H.; Friedrich, M.; Westerhausen,
M. J. Organomet. Chem. 2010, 695, 1641—1650.

(44) Volpe, E. C.; Wolczanski, P. T.; Lobkovsky, E. B. Organo-
metallics 2010, 29, 364—377.

DOI: 10.1021/acs.organomet.6b00884
Organometallics XXXX, XXX, XXX—XXX


mailto:deposit@ccdc.cam.ac.uk
http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.organomet.6b00884
http://pubs.acs.org/doi/abs/10.1021/acs.organomet.6b00884
http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.6b00884/suppl_file/om6b00884_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.6b00884/suppl_file/om6b00884_si_002.cif
mailto:xli63@sdu.edu.cn
http://orcid.org/0000-0003-0997-0380
http://dx.doi.org/10.1021/acs.organomet.6b00884

Organometallics

(45) Frazier, B. A.; Wolczanski, P. T.; Lobkovsky, E. B. Inorg. Chem.
2009, 48, 11576—11585.

(46) Prokopchuk, D. E.; Lough, A. J; Morris, R. H. Dalton Trans.
2011, 40, 10603—10608.

(47) Huang, S.; Zhao, H.; Li, X.; Wang, L,; Sun, H. RSC Adyv. 2015, 5,
15660—15667.

(48) Wang, L.; Sun, H.; Li, X. Eur. J. Inorg. Chem. 2015, 2015, 2732—
2743.

(49) Zhao, H.; Sun, H; Li, X. Organometallics 2014, 33, 3535—3539.

(50) Zhou, H.; Sun, H.; Zhang, S.; Li, X. Organometallics 2015, 34,
1479—-1486.

(51) Zhu, G; Wang, L; Sun, H;; Li, X. RSC Adv. 2015, 5, 19402—
19408.

(52) Yuan, S.; Sun, H.; Zhang, S.; Li, X. Inorg. Chim. Acta 2016, 439,
100—108S.

(53) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson,
D. G.; Taylor, R. J. Chem. Soc., Dalton Trans. 1989, S1—S83.

(54) Klein, H.-F.; Karsch, H. H. Chem. Ber. 1975, 108, 944—955.

(55) Jarvis, A. G; Sehnal, P. E.; Bajwa, S. E.; Whitwood, A. C;
Zhang, X; Cheung, M. S,; Lin, Z.; Fairlamb, L J. S. Chem. - Eur. ].
2013, 19, 6034—6043.

(56) Liek, P. M. C; Nickel, T.; Schenk, S.; Stelzer, M. T. O.;
Machnitzki, P.; Tepper, M. Z. Naturforsch,, B: J. Chem. Sci. 1999, 54,
1532—1542.

(57) Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A. K;;
Puschmann, H. J. Appl. Crystallogr. 2009, 42, 339—341.

(58) Sheldrick, G. M. Acta Crystallogr,, Sect. A: Found. Crystallogr.
2008, A64, 112—122.

(59) Sheldrick, G. M. Acta Crystallogr,, Sect. C: Struct. Chem. 20185,
C71, 3—8.

DOI: 10.1021/acs.organomet.6b00884
Organometallics XXXX, XXX, XXX—XXX


http://dx.doi.org/10.1021/acs.organomet.6b00884

