JIAICIS

ARTICLES

Published on Web 07/20/2002

Cleavage of Carbon —Carbon Bonds in Aromatic Nitriles Using
Nickel(0)

Juventino J. Garcia,™ Nicole M. Brunkan,* and William D. Jones*#

Contribution from the Facultad de Quica, Unwersidad Nacional Autooma de Mgico,
México, D.F. 04510, and Department of Chemistry, Lémsity of Rochester,
Rochester, New York 14627

Received April 5, 2002

Abstract: The nickel(0) fragment [(dippe)Ni] has been found to react with a variety of aromatic nitriles.
Initial zz-coordination to the C=C and C=N bonds of 2-cyanoquinoline is found to lead ultimately to C—CN
oxidative addition. 3-Cyanoquinoline reacts similarly, although no #2-CN complex is observed. 2-, 3-, And
4-cyanopyridines react initially to give n?-nitrile complexes that then lead to quantitative formation of C—CN
oxidative addition products. Benzonitrile reacts similarly but undergoes reversible insertion into the Ph—
CN bond to give an equilibrium mixture of Ni(ll) and Ni(0) adducts. A series of para-substituted benzonitriles
has been studied in terms of both the position of the equilibrium between (dippe)Ni(»?-arylnitrile) = (dippe)-
Ni(CN)(aryl) and the rate of approach to equilibrium, and the Hammett plots indicate a buildup of negative
charge at the ipso carbon both in the transition state and the Ni(ll) product. Terephthalonitrile gives both
n?-nitrile and oxidative addition adducts, as well as dimetalated products. No C—C or C—N cleavage of the
aromatic ring is seen with quinoline or acridine; only n?-arene complexes are formed. The structures of
many of these compounds are supported by X-ray data.

Introduction The nickel dimer also has been shown to cleave the central
carbon-carbon bond in biphenyleheand the G-C bond in
acetylenes.In these reactions, the hydrido dimer serves as a
source of the nickel(0) fragment [Ni(dippe)], which undergoes
oxidative addition to a variety of substrates. In an effort to
expand the HDS capabilities of this complex to include HDN

The cleavage of a variety of strong-& o-bonds, including
C—H, C—F, C-S, and C-C, has been accomplished using low-
valent transition metalsOf these, the latter remain a challenge
in substrates that do not contain ring strain or proximity effects

to bring about the bond cleqvage. Wg report he.re an examplereactions, we examined the reactivity of [(dippe)NiHith
of C—CN bond cleavage that is both efficient and, in some Cases’quinolines and other heterocycles. Rather than observiny C

reversible. These results are of relevance due to the fact thatcleavage however, we found that-CN cleavage in substrates

this type of activation a_nd thesg mtgrm(_adlates are _dlrectly derivatized with an electron-withdrawing cyano group was quite
connected to the selective functionalization of a variety of ¢ ia with this comple

organic nitriles for the production of unsymmetrical biar§ls;
they are involved in the cycloaddition of nitril@snd they have Results and Discussion

been reported more recently to be involved in the silicon-assisted ) o o ]

C—C bond activation of nitriles. Reactions of Quinolines and Derivatives.Reaction of

[(dippe)NiH], with quinoline leads to a single new produd},(

as determined by NMR spectroscopy. THe NMR spectrum

shows two broad asymmetric doublets, indicative of two types

of phosphorus environments. THd NMR spectrum shows a

1:1 ratio of dippe:quinoline resonances. Particularly, two

* Corresponding author. E-mail: jones@chem.rochester.edu. rezsonanc.:es.appear as multipletshad.2 and 4.7, sugge§tlng

T Universidad Nacional Autonoma de Meo. n*-coordination of one of the double bonds of the quinoline

( *)University of Rocheste?. A | (eq 1). A single-crystal X-ray structure tfprovides confirma-

1) For a recent review of these topics, se€opics in Organometallic : i ; ; ;
Chemistry. Actiation of Unreactie Bonds and Organic Synthesidurai, tI_On of this h)_/p_othe_5|s, with the €C dOUblef bond in the_
S., Ed.; Springer-Verlag: 1999; Berlin. nitrogen-containing ring bound to the metal (Figure 1). The ring

(2) Miller, J. A. Tetrahedron Lett2001, 42, 6991.

(3) Bruce, M. I.; Skelton, B. W.; White, A. H.; Zaitzeva, N. N..C. S. Dalton
2001, 3627. Bruce, M. |.; Skelton, B. W.; White, A. H.; Zaitzeva, N. N. (6) Edelbach, B. L.; Vicic, D. A.; Lachicotte, R. J.; Jones, W.@rganome-

The nickel dimer [(dippe)NiH] has been reported to be
capable of cleaving the €S bond in a variety of thiophenes,
benzothiophenes, and dibenzothiophénaed serves as a
functional model for the hydrodesulfurization (HDS) reaction.

Inorg. Chem. Commur2001, 4, 617. tallics 1998 17, 4784. Edelbach, B. L.; Lachicotte, R. J.; Jones, W. D.
(4) Taw, F. L.; White, P. S.; Bergman, R. G.; Brookhart, 84.Am. Chem. Organometallics1999 18, 4040.
S0c.2002 124, 4192. (7) Muller, C.; Iverson, C.; Lachicotte, R. J.; Jones, W.JDAm. Chem. Soc.
(5) Vicic, D. A.; Jones, W. DJ. Am. Chem. S0d.997, 119, 10855. Vicic, D. 2001, 123 9718.
A.; Jones, W. DOrganometallicsl998 17, 3411. Edelbach, B. L.; Vicic, (8) A preliminary report of this reactivity has appeared: Garcia, J. J.; Jones,
D. A,; Lachicotte, R. J.; Jones, W. @rganometallics1998 17, 4784. W. D. Organometallics200Q 19, 5544.
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Figure 1. ORTEP drawing of (dippe)Nif-quinoline), 1. Ellipsoids are
shown at the 30% probability level. Selected distances (&) and angles
(deg): Ni(1}-C(3), 1.969(5); Ni(1}C(4), 1.973(5); C(3)C(4), 1.435(6);
P(1)-Ni(1)—P(2), 92.45(5).

is bound symmetrically, with nickelcarbon distances of 1.969
(5) and 1.973(5) A for Ni+C3 and Ni1-C4, respectively. The
quinoline ring is tilted at an angle of 103.@ the Nil—C3—
C4 plane.

A similar situation is observed in the reaction of [(dippe)-
NiH], with acridine (eq 1). ThélP NMR spectrum of the
product @) is similar to that of thep?-quinoline complex;
however, in this case four upfield resonances are se&b &6,
5.32, 5.73, and 6.09 for the aromatic hydrogens in‘th&iMR
spectrum, suggesting ayf-bound arene ring. In contrast, a
single-crystal X-ray structure revealg-coordination to the
benzenoid ring, with the nitrogen being endo to thé
coordination site (Figure 2). The nicketarbon bond distances
show some evidence of metal interaction with a third carbon
atom, with distances for Ni2C2, Ni1l—C3, Ni1l—C4, and Nil-

C5 of 2.029(5), 1.969(5), 2.488(6), and 3.027 A, respectively.
The acridine ring is tilted at an angle of 91 # the Nil-C2—
C3 plane.

In an effort to compare the reactivity with substituted
quinolines for C-N bond activation, [(dippe)NiH]was reacted
with 2-cyanoquinoline. At ambient temperature, a mixture of
two compounds is obtained, both of which appear to be Ni(0)
species. The®P NMR spectrum shows features for one
compound3a, which are similar to those df and2, implying
the formation of am?2-C,C-2-cyanoquinoline complex (Scheme
1). Also thelH NMR spectrum shows two doublets for the
coordinated &C moiety ato 5.48 and 5.66. Thé'P NMR
spectrum of the second produgh, also shows two inequivalent
phosphorus nuclei witbe_p consistent with a Ni(0) species (68

9548 J. AM. CHEM. SOC. = VOL. 124, NO. 32, 2002

Figure 2. ORTEP drawing of (dippe)Ni@-acridine), 2. Ellipsoids are
shown at the 30% probability level. Selected distances (A) and angles
(deg): Ni(1}-C(2), 2.029(5); Ni(1)-C(3), 1.969(5); Ni(1}C(4), 2.488-

(6); Ni(1)—C(5), 3.027; C(2yC(3), 1.424 (7); P(LyNi(1)—P(2),
92.13(6).
Scheme 1
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Hz), but no corresponding upfield resonances for a coordinated
olefin are seen in théH NMR spectrum. Initially, moreb is
formed tharBa. 3b is formulated as anp?-nitrile complex (vide
infra). Upon standing at room temperature, however, this mixture
of compounds %a and 3b) slowly converts into a single new
product,3c. Product3c is formulated as the Ni(ll) derivative
(dippe)Ni(CN)(2-quinolinyl), as thé’P NMR spectrum now
shows two sharp doublets witlhh-p = 21 Hz. A single-crystal
X-ray structure of the product is shown in Figure 3. The
quinoline ring is almost perpendicular to the nickel square plane
(109.5).

[(dippe)NiH], also reacts with 3-cyanoquinoline at room
temperature. In contrast to 2-cyanoquinoline, only a single
species 4a) is seen initially (Scheme 1Ya shows only two
31P NMR resonances as broad asymmetric doublets similar to
those forl, 2, and3a, with Jp_p = 55 Hz, and is consequently
formulated as ap?-C=C adduct. ThéH NMR spectrum shows
a single upfield singlet ab 4.54, indicating that coordination
has occurred at the cyano-substituted double bond and not at
the cyano substituent. A single-crystal X-ray structurdafs
shown in Figure 4, confirming the coordination site. The niekel
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Figure 3. ORTEP drawing of (dippe)Ni(2-quinoliny)(CNRc. Ellipsoids Figure 5. ORTEP drawing of (dippe)Ni(3-quinolinyl)(CNJb. Ellipsoids

are shown at the 30% probability level. Selected distances (A) and anglesare shown at the 30% probability level. Selected distances (A) and angles
(deg): Ni(1)-C(2), 1.918(2); Ni(1)-C(1), 1.877(3); C(LyN(1), 1.138- (deg): Ni(1)-C(3), 1.929(4); Ni(1}C(1), 1.912(4); C(1}N(1), 1.079-

(4); P(1)-Ni(1)—P(2), 89.15(3). (5); P(1)-Ni(1)—P(2), 88.69(4).

Figure 6. ORTEP drawing of (dippe)Nif-2-cyanopyridine)5a. Ellipsoids

Figure 4. ORTEP drawing of (dippe)Ni@-3-cyanoquinoline)da. El- are shown at the 30% probability level. Selected distances (A) and angles
lipsoids are shown at the 30% probability level. Selected distances (A) and (deg): Ni(1)-N(1), 1.935(6); l\.h(l)—C(_l), 1.862(7); C(IyN(1), 1.238-
angles (deg): Ni(BC(3), 2.004(16); Ni(1)>-C(4), 1.977(15); C(1yN(2), (9); N(1)-C(1)-C(2), 137.0(7); P(£yNi(1)—P(2), 91.45(8).

114(2); CEFC4), 1.40(2); P(FNI)—=P(2), 91.8(2). preferred binding mode to be th@-nitrile, 5a (Figure 6). The

carbon distances Ni1C3 and Nit-C4 are 2.004(16) and 1.977-  nitrile C=N bond is lengthened by 0.1 A upon coordination,

(15) A, respectively, and the quinoline ring is tilted at an angle as compared with the unperturbed aryl-CNiin The pyridine

of 99.8 to the Nil-C3—C4 plane. ring is coplanar with the nickel square plane geometry, but the
Upon gentle heating (5TC), 4ais converted completely into  H NMR spectrum is consistent with rapid rotation around the

the Ni(ll) oxidative addition product (dippe)Ni(CN)(3-quino- C—CN bond. As with the quinoline derivatives, nickel(0)

linyl) 4b, which precipitates from solution. Th&P NMR complex5a converts into a nickel(ll) €CN cleavage product
spectrum fordb shows the smaller value fdp_p of 26 Hz, as (5b) upon standing (Scheme 2). While an X-ray structure of
seen in3c. A single-crystal X-ray structure &fb is shown in the product was not obtainefib is assigned as the 2-pyridyl
Figure 5, showing a quinoline ring that is nearly perpendicular cyanide derivative. This formulation is consistent with th@

to the nickel square plane (109)Pas in3c. NMR spectrum, which contained a signaléal36.3 with a dd

Reactions of Cyanopyridines At this point, one can ask if ~ multiplicity, due to the coupling of the quaternary carbon of
the cleavage of aryl-CN bonds is specific to quinolines, or would the cyanide group to two inequivalent phosphorus atoms, and
monocyclic analogues also undergo similar reactions. Conse-a similar signal at 188.1 (dd) assigned to the carbon in position
quently, [(dippe)NiH} was reacted with 2-cyanopyridine. 2 of the heterocycle bound directly to the metal. PHe NMR
Anticipated binding modes include coordination of the nitrile spectrum for5b shows also a smaller value fds_p of 20 Hz,
nitrogen in ary!-fashion, coordination of the nitrile CN group  as seen inth.
in anzn?-fashion,;2-C=C coordination of the arene, and simple Reactions of [(dippe)NiH]with 3-cyanopyridine and 4-cy-
dative coordination of the pyridine nitrogen. It was not obvious anopyridine were also examined (Scheme 2). In each case a
which of these binding modes would be preferred 38yNMR single nickel(0) adduct was initially observeéa(and 7a,
spectroscopy, only a single Ni(0) complex was seen showing respectively). Thé'P NMR data for these species is consistent
two doublets at) 68.8 and 82.2J—p = 68 Hz). A single- with their formulation agj?-nitrile adducts. Resonances foa
crystal X-ray structure of the product (Figure 6) shows this are doublets ab 68.6 and 80.7, witldp_p of 64.5 Hz, and for
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Scheme 2
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7adoublets are seen &t67.0 and 79.0, witllp—p of 63.5 Hz.
These complexes then convert slowly into the nickel(H)@N
insertion productssb and7b, with resonances in théP NMR
spectrum ad 75.15 and 84.0J—-p of 24 Hz) andd 74.75 and
84.9 (Jp-p Of 24 Hz), respectively.

Reactions of Benzonitrile and Derivatives.Reaction of
[(dippe)NiH], with benzonitrile in THFdg solution leads to rapid
formation of then?2-nitrile complex, (dippe)Nig2-NCPh), 8a
(eq 2). The solution of the red dihydride complex becomes

X
PIJ2 Keq Prjz
AnylcN RN ky P
[Ni(dippe)Hl, — Ni—|l| \Ni (2)
p/ C ka 7N

) P CN
Pr2 PPy

X=H, 8a X=H, 8b

Figure 7. ORTEP drawing of (dippe)Nif-benzonitrile),8a. Ellipsoids

are shown at the 30% probability level. Selected distances (A) and angles
(deg): Ni(1)y-N(1), 1.908(3); Ni(1)-C(1), 1.867(4), C(1yN(1), 1.225-

(6); N(1)-C(1)—C(2), 136.1(4); P(EyNi(1)—P(2), 91.54(5).

character to the complex to account for the preference for a
square planar structure. The back-bonding is also evident in the
lengthening of the N3 C1 bond (1.225(6) A). The phenyl group
is coplanar with the NiN1—-C1 plane and the square plane
of the complex, despite the fact that a perpendicular arrangement
might have been expected on steric grounds, suggesting an
electronic preference for this geometry. ThENMR spectrum
shows no evidence, however, for hindered rotation around the
aryl—=CN bond.

At room temperature in THF solutioB8a slowly converts to
a new product8b, as the solution turns a pale yellow. THe
and3P NMR spectra of compour@b display similar patterns
of resonances to those observed8ar The coupling constant
Jp—pin the3P NMR spectrum o8b is only 20.6 Hz; however,
and the IR spectrum b showsvc_y at 2108 cmt. The13C
NMR spectrum shows the=N o-coordinated to nickel ad
138.1 (dd,J = 80.5, 30.2 Hz). Crystals @b were isolated at
room temperature, and a single-crystal X-ray structure showed
the compound to be the-€C cleavage product (dippe)Ni(Ph)-

yellow as the reaction occurs, and the product can be isolated(CN) (Figure 8). The C£N1 distance is only 1.148 (3) A and

by removal of solvent (and dihydrogen) under vacuum and
recrystallization at low temperature. TA® NMR spectrum of
the product displays two slightly broadened doublét66.4
and 78.6) withJp_p = 68 Hz, characteristic of an asymmetric
Ni(0) complex. ThelH NMR spectrum shows four distinct

the CE-Ni—C2 bond angle is 89.6 (1) Note that the phenyl
group now rotates to lie perpendicular to the square plane of
the complex (78.9), in contrast to8a but in agreement with
structures3c and4b.

The formation of8b from 8a does not go to completion, but

methyl resonances for the two types of isopropyl groups along rather reaches an equilibrium favorip after 1-2 days (eq
with two methylene multiplets. Three phenyl ring resonances 2). Indeed, upon redissolving isolated crystals of p8iein
are also observed in the aromatic region of the spectrum. TheTHF-dg, 8a was seen to be regenerated at the expensb.of

IR spectrum in THF solution showsc-y at 1745 cn?,
substantially reduced from the free ligand value of 2235%tm
due toz-back-bonding to the nitrile. In thHEC NMR spectrum,
the benzonitrile &N carbon is shifted downfield té 169.2
(dd,J = 29.1, 8.8 Hz), compared tb 119 in the free nitrile.

The equilibrium constanKeq was found to be~1 at 91°C.

The equilibrium ratio of8a:8b varied with temperature, and
determination ofKeq Over the temperature range 491 °C
allowed for the determination of the thermodynamic parameters
AH® = 4.00(22) kcal/mol and\S’ = 10.9(6) eu from a van't

These data are consistent with an in-plane coordination of the Hoff plot (Figure 9).

benzonitrile ligand, and a single crystal X-ray structure confirms
this geometry (Figure 7). The 3-coordinate Ni(0) complex is
essentially planar, with the C and N atoms of the benzonitrile
ligand lying in the plane. Other,Ri(0)-7-alkyne complexes
are known to adopt a similar geome#¥he bent Nt-C1—-C2
angle of 150.9indicates substantiat-back-bonding to the CN
group, which adds enough® dNi(ll)-metallazacyclopropane

9550 J. AM. CHEM. SOC. = VOL. 124, NO. 32, 2002

The rate of approach to equilibrium was also monitored to
determine the observed rate of formation8af from 8a (Kopg
according to egs 2 and 3, wheRa]y is the initial concentration

(9) For instance see: Eisch, J. J.; Ma, X.; Han, K. |.; Gitua, J. N.g&ruC.
Eur. J. Inorg. Chem2001, 77. Rosenthal, U.; Shulz, W.; @s, H.Z. Anorg.
Allg. Chem1987 550, 169. Rosenthal, U.; GlIs, H.J. Organomet. Chem.
1988 348 135.
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Table 1. Effect of Substituents on the Equilibrium in Eq 2 (54 °C,

THF-dg)
X 0p Keg Kops, Min~1 kq, min—!
NH, —0.66 0.0395 0.014 68 0.000 558
OCHs -0.27 0.3423 0.002 076 0.000 529
CHs -0.17 0.7391 0.001 492 0.000 634
H 0 1.618 0.001 141 0.000 705
F 0.06 3.878 0.000 76 0.000 604
COCH;3 0.45 28.4 0.002 123 0.002 051
CRs 0.54 57.8 0.001 393 0.001 369
CN 0.66 >1000 0.003 119 0.003 119
@ 4
3
Figure 8. ORTEP drawing of (dippe)Ni(Ph)(CNgb. Ellipsoids are shown -
at the 30% probability level. Selected distances (A) and angles (deg): Ni- ; 1 o
(1)-C(2), 1.935(2); Ni(1}-C(1), 1.877(3); C(L}N(1), 1.148(3), P(Ly %
Ni(1)—P(2), 88.56(3). X ]
c
0 ,
-3
-0.25 1 -5 ‘ ‘ '
-1 0.5 0 0.5 1
g op
X 051
£ (b)
1.5 4 .
-0.75 1
-1 t t
0.0027 0.0029 0.0031
1T (K)
Figure 9. van't Hoff plot for the equilibrium: (dippe)Nif?>-benzonitrile)
— (dippe)Ni(Ph)(CN).
of 8a and Baleq is the equilibrium concentration @a The -1 \ ‘
expressions for the forward and reverse rate constants are shown 0.78 0.25 0.25 0.75
in egs 4 and 5. e
Figure 10. (a) Hammett plot for the equilibrium constantse) from eq
— _ — o kovd 2 vsop at 54°C (X = CN omitted). (b) Hammett plot for the forward rate
[8b] ([8810 [8a]eq)(l € ) (3) constantsk;) from eq 2 vsop at 54°C.
— Keqkobs 4) Similarly, a plot of Ink; vs op, also shown in Figure 10b,
14K, gives ap value of+1.3. While there is somewhat more scatter
in this plot, the positive slope correlation is unmistakable and
K= Kobs is consistent with the localization of charge density on the ipso
171+ Keq ®) carbon in the transition state forN bond cleavage, although
not so much as in the Ni(ll) product.
Similar reactions were also observed with a series of para- Reactions of Terephthalonitrile. The dicyano substrate
substituted benzonitrilep; XCgH4CN, where X= NH,, OCHg, terephthalonitrile reacts with [(dippe)Nik{2:1 ratio) to give

CHs, F, COOCH, CFs, and CN (eq 2). While the last member initially the Ni(0) complex, i.e., thg?-nitrile complex (dippe)-

of this series, terephthalonitrile, goes essentially to completion Ni(72-NCCgH4CN), 9a (Scheme 3). The NMR spectra of the
(Keq > 1000), the other members displayed equilibrium positions crude reaction mixture showed no evidence for any complex
and rates of approach to equilibrium that could be measuredother thar@a. The3P NMR spectrum showed two doublets at
by NMR spectroscopy. Table 1 summarizes the rate and ¢ 70.25 and 79.3, witllp_p = 63 Hz. A single-crystal X-ray
equilibrium data, as well as the Hammeit values for the structure of9a shows then?-coordination mode to the CN
aromatic substituents. A plot of leq Vs o is shown in Figure moiety (Figure 11). The arene group can be seen to be nearly
10a, and the strong correlation provides aalue of+6.1. This coplanar with the Ni+C1—-N1 unit, as in8a and 5a. Upon
large and positive value fqr indicates that negative charge is  standing at room temperature for 1 we®k, converts quanti-
being stabilized on the ipso carbon of the substituted aryl group, tatively into isomer9b, which is a nickel(ll) derivative with
consistent with the organometallic nature of this bond as one G-CN bond added to the metal center. AgaitP NMR
possessing substantial Ni-C%~ character. spectra showed the presence of only two doubletd @4.1

J. AM. CHEM. SOC. = VOL. 124, NO. 32, 2002 9551
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Figure 11. ORTEP drawing of (dippe)Nif-1,4-dicyanobenzenefa.
Ellipsoids are shown at the 30% probability level. Nit(1), 1.905(6);
Ni(1)—C(1), 1.857(7), C(1yN(1), 1.228(9); N(2)-C(8), 1.144(10); N(Ly
C(1)—C(2), 133.9(7); P(2yNi(1)—P(2), 91.42(8).

Scheme 3
. PP,
NC INicippelH, _p°
—_—
[ Ni— 1
CN /G
A Pr,
9a
CN
CN l INi(dippe)Hl,
P, .
P F":Z
N
[ / I\ E \Ni—IH
P” "CN o’
9b 2
Pr2
9c P
7/
111—Ni j
P.
Pr

and 83.6, withJp_p = 24.5 Hz. The X-ray structure &b shows

the expected Ysquare planar geometry with the aryl group

rotated perpendicular (77)B3(Figure 12).

Alternatively, intermediat9a can be reacted with an ad-

ditional equivalent of [(dippe)NiH] A new product,9c, is

observed, which is characterized as having two (dippe)Ni

c7n cie)

Figure 12. ORTEP drawing of (dippe)Ni(4-cyanophenyl)(CNb. El-
lipsoids are shown at the 30% probability level. N{¥1J(1), 1.877(2); Ni-
(1)—C(2), 1.923(2); C(1yN(1), 1.141(3); (C(8yN(2), 1.148(3); P(Ly
Ni(1)—P(2), 88.92(2).

Figure 13. ORTEP drawing of [(dippe)Nil#?,7?-1,4-dicyanobenzene)g.
Ellipsoids are shown at the 30% probability level. NiN(1), 1.918(3);
Ni(1)—C(1), 1.853(3), C(1¥N(1), 1.225(4); N(2)-C(8), 1.148(3); N(1)
C(1)-C(2), 136.4(3); P(HyNi(1)—P(2), 91.70(4).

of C—CN cleavage is particularly impressive, considering the
strength of the &CN bond in benzonitrile (132.7 kcal/mad¥.
n?-Coordination of nitriles is also knowis.

Two recent reports following our communication of the ready
formation and interconversion 8a and8b are worth mention-
ing. First, Miller has found that reaction of benzonitriles with
alkoxy-modified Grignard reagents in the presence of catalytic
Ni(PMej3),Cl; leads to the formation of biaryl products in high
yields? This type of metal-catalyzed cross coupling is unprec-
edented and is likely to proceed through a nickel-base€R
cleavage. The present system might prove useful for similar
couplings. Second, Brookhart and Bergman have observed the

moieties per terephthalonitrile ligand. NMR data are consistent (11) For the formation of ECN bonds, see: (a) Favero, G.; Gaddi, M.;

with a bis#?2-nitrile compound, and’P NMR showed two
doublets at) 66.4 and 78.4, witllp_p = 68 Hz. A single-crystal

X-ray structure shows the two nitriles coordinated to a (dippe)-

Ni moiety (Figure 13). As expected,<CN cleavage can be

seen a®c undergoes the expected oxidative addition reaction. (1,

Comparison with Other C—CN Cleavages.While a few
examples of G-CN cleavage have been reportédhe revers-
ibility of this reaction is not well-documentééi The observation

(10) For the cleavage of ©€CN bonds, see: Abba, M.; Yamamoto, J.
Organomet. Cheml997, 532 267. Favero, G.; Movillo, A.; Turco, AJ.
Organomet. Cheml983 241, 251. Morvillo, A.; Turco,J. Organomet.
Chem.1981, 208, 103. Parshall, G. W0. Am. Chem. S0d.974 96, 2360.

Churchill, D.; Shin, J. H.; Hascall, T.; Hahn, J. M.; Bridgewater, B. M.;

Parkin, G.Organometallics1999 18, 2403. Gerlach, D. H.; Kane, A. R,;
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Cleavage of C—C Bonds in Using Nickel(0)
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stoichiometric cleavage of aromatic and aliphatie@N bonds
using a metatsilyl complex? Initial formation of an iminoacyl

(m, 4H), 1.9-2.1 (m, 4H), 5.26 (m, br, 1H), 5.32 (m, br, 1H), 5.73 (m,
br, 1H), 6.09 (m, br, 1H), 7.01 (m, br, 1H), 7.18 (m, br, 2H), 7.31 (d,

intermediate via migration of silicon to nitrogen is believed to 1H). 7.48 (d, 1H)3P: 6 (ppm) 60.9 (dJ 50 Hz), 75.3 (dJ 50 Hz).
precede isonitrile deinsertion. This result suggests that other Preparation of [(dippe)Ni(5*-C,C-2-CN-quinoline)] (3a), [(dippe)-
Lewis acids might be capable of affecting-CN cleavagélef  Ni(#*C,N-2-CN-quinoline)] (3b), and [(dippe)Ni(CN)(2-quinoliny)]

Finally, control of the reversible formation of-€CN bonds (3¢). Complex3awas prepared from [(dippe)Niki{0.22 g, 0.34 mmol)

might lead to improved regioselectivity in the hydrocyanation and 2-cyanoquinoline (0'1966 g,0.69 mmOI)'.Thef reagents were m|?<ed
of olefins at room temperature, adding the 2-cyanoquinoline to a THF solution

(10 mL) of the nickel dimer. After mixing a strong effervescence was
observed during 3 min and the solution was constantly stirred for 15
min, venting all the released gas to the box. The solution was then
We have demonstrated that a simple Ni(0) fragment can evaporated to dryness and dried for 2 h. The residue was recrystallized
cleave the GCN bonds of a variety of arylnitriles and from hexanes and further dried for 2 h, during the crystallization and
heterocyclic nitriles under very mild conditions. The-C bond drying the sample was kept in a dry ice/acetone cold bath. If the reaction
cleavage proceeds vig-coordination of nitriles and is revers- mi)_(ture is left in solution at room temperature, a precip?te_lte for complex
ible. The position of the equilibrium can be altered by variation 3¢1S Observed®2 h ofreaction, after 12 h such a precipitate becomes

. . rather abundant, the precipitate was filtered and washed with hexanes
gf th; S“bsdt't“ems on th(f ﬂre”e'hThe F’l%'a.r Chara;tke.r Of.meNO'l_ (2 x 10 mL). Yield: 88%. Anal. Calcd for GHagNoPoNi (30): C 60.65,
ond was demonstrated through equilibrium an Inetic stu IESH 8.05, N 5.89. Found: C 60.83, H 8.31, N 5.83. #RCN) 2106

using substituted benzonitriles. Further studies are currently ...-1 NVIR spectra fosb in THF-dg, *H: o (ppm) 0.87-1.32 (m, 24

underway for the expansion of this reactivity to alkyl cyanides. ) 1.7-1.74 (m, 4H), 2.152.16 (m, 2H), 2.172.4 (m, 2H), 7.50
(m, 1H), 7.65 (M, 1H), 7.84 (d] 7.6 Hz, 1H), 7.9 (d,) 8.4 Hz, 1H),
8.01 (d,J 8.4 Hz, 1H), 8.15 (dJ 8.4 Hz, 1H).3'P: S (ppm) 68.9 (d,
All reactions were carried out using standard Schlenk and glovebox J 68 Hz), 82.75 (dJ 68 Hz). NMR for 3ain THF-ds, 'H: 6 (ppm)
techniques, under nitrogen. Solvents were dried and distilled before 5.48 (d.J 8 Hz, 1H), 5.66 (dJ 8 Hz, 1H), 6.85 (m, 1H), 6.96 (m, 1H),
use. Deuterated solvents (Cambridge Isotope Laboratories) for NMR 7-3 (M, 1H), 8.2 (m, 1H). NMR spectra f@cin THF-dg, *H: 6 (ppm)
experiments were distilled from sodium/benzophenone ketyl and stored 0.9-0.97 (m, 6H), 1.+1.15 (m, 6H), 1.26:1.32 (m, 6H), 1.451.51
over 3 A molecular sieves. All other chemicals, filter aids, and (M, 6H), 1.65-1.82 (m, 4H), 2.+-2.14 (m, 2H), 2.38-2.41 (m, 2H),
chromatographic materials were reagent grade and used as received/-31 (M, 1H), 7.49-7.57 (m, 2H), 7.64 (dJ 8 Hz, 1H), 7.70 (d,) 8.4
1H, 13C, and3!P NMR spectra were determined on a Bruker AMX400 Hz, 1H), 7.91 (dJ 8.4 Hz, 1H)."*C: 6 (ppm) 17.98 (s, Ch), 18.9 (s,
or AVANCE400 spectrometers in THe& unless otherwise statelH CHg), 19.14 (s, br, Ch), 19.80 (dd, CH), 19.99 (s, br, Ch), 22.33
and 13C chemical shifts §) are relative to the deuterated solvent (dd, CH), 24.15 (d, CH), 25.3 (d, CH), 123.8 (s, CH), 125.9 (s, C),
resonances, arfdP NMR spectra are relative to external 85%P@;. 127.9 (s, CH), 128.2 (s, CH), 128.3 (s, br, CH), 128.5 (s, CH), 132.25
Infrared spectra were obtained using a Perkin-Elmer 1600 FT spec- (d, CH, Jp-c 10 Hz), 140.5 (ddJp-c 70.4 Hz, 20.1 Hz, CN), 148.65

Conclusions

Experimental Section

trophotometer. Desert Analytics, USA, and USAINAM carried out
elemental analyses. [(dippe)NiHvas synthesized according to the
previously reported procedutéQuinoline, acridine, 2-cyanoquinoline,

(d, Jp—c 10 Hz, CH), 192.0 (ddJp-c 90.5 Hz, 30.0 Hz, C)3P: &
(ppm) 73.7 (dJ 21 Hz), 80.27 (d)) 21 Hz).
Preparation of [(dippe)Ni(5?-C,C-3-CN-quinoline)] (4a) and

3-cyanoquinoline, benzonitrile, and 1,4-terephthalonitrile were pur- [(dippe)Ni(CN)(3-quinolinyl)] (4b). Complex4a was prepared from
chased from Aldrich; 2-cyanopyridine and 4-cyanopyridine were [(dippe)NiH], (0.192 g, 0.29 mmol) and 3-cyanoquinoline (0.0920 g,
purchased from Fluka; liquid ligands were distilled and dried over 0.59 mmol), following a similar procedure as described 8z
molecular sieves before use; solid ligands were dried under high vacuumAnalogously, complexia reacts further in solution to give complex
for 12 h. A Siemens SMART system with a CCD area detector was 4b; however, improved yields fotb were obtained if the reaction was
used for X-ray structure determinations. All complexes were purified gently warmed to 50°C for 12 h. Yield: 80%. Anal. Calcd for
by crystallization. Microsoft Excel was used for all data analysis. Errors CasHzsNoP:Ni (4a and 4b): C 60.65, H 8.05, N 5.89. Found
are indicated as standard deviations of least squares linear fits. (respectively): C 60.28, H 8.13, N 5.93, and C 60.56, H 8.10, N 5.81.
Preparation of [(dippe)Ni(52-quinoline)], 1. Quinoline (102. 7L, NMR spectra fodain THF-dg, 'H: o (ppm) 0.18-0.24 (m, 6H) 0.9-
0.86 mmol) was added to a THF solution (10 mL) of the nickel dimer 0.1.2 (m, 12H), 1.3.1.34 (m, 6H), 1.521.69 (m, 4H), 2.03-2.1 (m,
[(dippe)NiH], (0.28 g, 0.43 mmol) at room temperature in the glovebox. 4H), 4.54 (s, br, 1H), 6.936.98 (m, 2H), 7.07 (m, 1H), 7.23 (m, 1H),
After mixing, a strong effervescence was observed for 3 min. The 8.13 (s, br, 1H)3P: ¢ (ppm) 64.9 (dJ 55 Hz), 69.9 (d,J 55 Hz).
solution was then stirred for 30 min, venting all the released gas (H NMR spectra fodb in THF-dg, *H: 6 (ppm) 0.88-0.97 (m, 6H), 1.1+
to the box. The reaction mixture was evaporated to dryness and dried1.16 (m, 6H), 1.271.32 (m, 6H), 1.461.52 (m, 6H), 1.79-2.0 (m,
under vacuum for 6 h. The residue was recrystallized from hexanes 4H), 2.07-2.2 (m, 2H), 2.46-2.46 (m, 2H), 7.38 (m, 1H), 7.46 (m,

and further dried for 2 h. Yield: 90% of yellow crystals. Anal. Calcd
for CagHsgNPNi: C 61.35, H 8.73, N 3.12. Found: C 61.27, H 8.57,
N 3.09. NMR spectra in THEg, H: 6 (ppm) 0.9-1.3 (m, 24H), 1.5

1.8 (m, 4H), 2.6-2.15 (m, 4H), 4.2 (m, br, 1H), 4.7 (d, br, 1H), 6.81

1H), 7.60 (d,J 8 Hz, 1H), 7.88 (dJ 8.4 Hz, 1H), 8.03 (d, 4.8 Hz,
1H), 9.02 (s, br, 1H)}C: 6 (ppm) 17.7-20.9 (m, CH), 22.33 (m,
CHy), 24.5 (m, CH), 25.7 (m, CH), 125:1128.8 (m), 129.1 (s), 129.7
(s, CH), 138.8 (ddJp_c 75.5 Hz, 27 Hz, C), 142.5 (s), 143.1 (s), 145.8

(m, br, 1H), 6.86 (m, br, 1H), 6.99 (m, br, 1H), 7.19 (m, br, 1H), 8.26 (), 152.0 (ddJe—c 70.5 Hz, 30.0 Hz, CN), 157.5 (s), 158.4 (¥p:

(m, br, 1H).3*P: 6 (ppm) 65.3 (dJ 68.5 Hz), 66.6 (d,] 68.5 Hz).
Preparation of [(dippe)Ni(y?-acridine)], 2. Complex2 was pre-
pared from [(dippe)NiH] (0.26 g, 0.4 mmol) and acridine (0.1447 g,

o (ppm) 74.6 (dJ 26 Hz), 84.1 (dJ 26 Hz).
Preparation of [(dippe)Ni(%>C,N-2-CN-pyridine)] (5a) and [(dip-
pe)Ni(CN)(2-pyridyl)] (5b). Both compounds were prepared as

0.8 mmol) following the same procedure and purification methods as described above f@aand3c, respectively, from [(dippe)NiH](0.1953

described above for compleix Yield: 85%. Anal. Calcd for gHas-
NP.Ni: C 64.82, H 8.26, N 2.79. Found: C 64.51, H 8.30, N 2.81.
NMR spectra in THFdg, *H: 6 (ppm) 0.6-1.1 (m, 24H), 1.451.6

(14) Vicic, D. A.; Jones, W. DJ. Am. Chem. S0d.997, 119 10855.

g, 0.30 mmol) and 2-cyanopyridine (0.0631 g, 0.606 mmol). Analo-
gously, compleXareacts further in solution to give complék. Better
yields for 5b were obtained if the reaction was gently warmed to 50
°C for 12 h. Yield: 86%. Anal. Calcd for £gH3sN2P:Ni (5a and5b):
C 56.50, H 8.53, N 6.58. Found (respectively): C 56.45, H 8.50, N

J. AM. CHEM. SOC. = VOL. 124, NO. 32, 2002 9553



ARTICLES

Garcia et al.

6.47, and C 56.60, H 8.48, N 6.34. NMR spectra3ain THF-dg, *H:

0 (ppm) 1.0-1.30 (m, 24H), 1.621.67 (m, 4H), 2.+2.21 (m, 4H),
7.2 (m, 1H), 7.65 (m, 1H), 7.74 (d,8 Hz, 1H), 8.57 (d,) 4 Hz, 1H).

31P: 6 (ppm) 68.6 (d,J 68 Hz), 82.3 (d,) 68 Hz). NMR spectra fobb

in THF-ds, *H: 0 (ppm) 0.87-0.98 (M, 6H), 1.1+1.15 (m, 6H), 1.24

1.32 (m, 6H), 1.4+1.48 (m, 6H), 1.76-1.9 (m, 4H), 2.142.2 (m,

2H), 2.30-2.42 (m, 2H), 6.52 (m, 1H), 6.94 (m, 1H), 7.47 @8 Hz,

1H), 8.31 (d,J 4 Hz, 1H).*3C: ¢ (ppm) 13.4 (s, Ch), 16.96 (s, CH),

18.0 (s, CH), 18.26 (s, CH), 19.23 (s, CH), 23.3-25.4 (m), 115.98
(s, CH), 129.3 (s, CH), 135.2 (d,9 Hz, CH), 136.3 (ddJ 75 Hz,J

30 Hz, CN), 188.1 (ddJ 94 Hz,J 29 Hz, C).3%P: ¢ (ppm) 72.5 (d,J

20 Hz), 79.6 (dJ 20 Hz).

Preparation of [(dippe)Ni(7?-C,N-3-CN-pyridine)] (6a) and [(dip-
pe)Ni(CN)(3-pyridyl)] (6b). Both compounds were prepared as
described above f@aand3c, respectively, from [(dippe)NiH](0.1676
g, 0.260 mmol) and 3-cyanopyridine (0.0542 g, 0.520 mmol). Analo-
gously, compleX6areacts further in solution to give complék. Better
yields for 6b were obtained when the reaction was gently warmed to
50 °C for 12 h. Yield: 80%. Anal. Calcd for £H3sN-P.Ni (6a and
6b): C 56.50, H 8.53, N 6.58. Found (respectively): C 56.60, H 8.61,
N 6.43, and C 56.28, H 8.72, N 6.32. NMR spectra6arin THF-ds,

H: S (ppm) 1.0-1.17 (m, 18H), 1.231.3 (m, 6H), 1.63-1.72 (m,
4H), 2.09-2.20 (m, 4H), 7.3 (m, 1H), 7.95 (d,8 Hz, 1H), 8.48 (d,)
4 Hz, 1H), 8.91 (s, 1H)3'P: 6 (ppm) 68.6 (dJ 65 Hz), 80.7 (d,J) 65
Hz). NMR spectra fo6b in THF-dg, *H: 6 (ppm) 0.88-0.95 (m, 6H),
1.06-1.15 (m, 6H), 1.26-1.29 (m, 6H), 1.39-1.46 (m, 6H), 1.73
1.92 (m, 4H), 2.042.14 (m, 2H), 2.36-2.42 (m, 2H), 6.80 (m, 1H),
7.58 (m, br, 1H), 7.89 (d] 4 Hz, 1H), 8.48 (s, 1H)}*C (ppm) 18.1 (s,
CHg), 19.22 (s, CH), 19.4 (s, CH), 20.3 (s, CH), 22.5-23.1 (m, CH),
24.68-26.4 (m, CH), 123.1 (s, CH), 136.6 (m, br, CN), 143.7 (s, CH),
145.2 (s, CH), 154.7 (dd} 70 Hz,J 30 Hz, C), 157.1 (s, CHFP: ¢
(ppm) 75.15 (dJ 24 Hz), 85.0 (dJ 24 Hz).

Preparation of [(dippe)Ni(7?-C,N-4-CN-pyridine)] (7a) and [(dip-
pe)Ni(CN)(4-pyridyl)] (7b). Both compounds were prepared as
described above f@aand3c, respectively, from [(dippe)NiH](0.2097
g, 0.325 mmol) and 4-cyanopyridine (0.0678 g, 0.651 mmol). Analo-
gously, complex’areacts further in solution to give compl&k. Best
yields for 7b were obtained when the reaction was gently warmed to
50 °C for 12 h. Yield: 80%. Anal. Calcd for £gH3N2P.Ni (7a and
7h): C 56.50, H 8.53, N 6.58. Found (respectively): C 56.33, H 8.42,
N 6.62, and C 56.61, H 8.46, N 6.18. NMR spectrafarin THF-dg,
1H: 6 (ppm) 1.0-1.16 (m, 18H), 1.231.31 (m, 6H), 1.621.77 (m,
4H), 2.03-2.21 (m, 4H), 7.45 (dJ 4 Hz, 2H), 8.54 (dJ 4 Hz, 2H).
31P: ¢ (ppm) 67.0 (d,J 63 Hz), 79.0 (d,) 63 Hz). NMR spectra forb
in THF-dg, *H: 6 (ppm) 0.92-1.0 (m, 6H), 1.09-1.15 (m, 6H), 1.22
1.28 (m, 6H), 1.351.43 (m, 6H), 1.681.90 (m, 4H), 2.042.14 (m,
2H), 2.34-2.40 (m, 2H), 7.37 (m, br, 2H), 7.83 (m, br, 2HJC: ¢
(ppm) 18.1 (s, Ch), 19.21 (s, CH), 19.4 (s, CH), 20.3 (s, CH), 22.5~
23.0 (m, CH), 24.8226.4 (m, CH), 123.1 (s, CH), 135.3 (s, CH),
136.4 (m, br, CN), 145.9 (s, CH), 177.0 (dH70 Hz,J 30 Hz, C).3%P:

o (ppm) 74.75 (dJ 24 Hz), 84.9 (dJ 24 Hz).

Preparation of [(dippe)Ni(?-C,N-benzonitrile)] (8a) and [(dippe)-
Ni(CN)(phenyl)] (8b). Both compounds were prepared as described
above for3a and3c, respectively, froml (0.180 g, 0.279 mmol) and
benzonitrile (0.0576 g, 0.558 mmol). Analogously, compaxeacts
further in solution to give comple&b. Best yields foi8b were obtained
when the reaction was gently warmed to’&Dfor 3 days. Yield: 85%.
Anal. Calcd for G;H3z/NP.Ni (8aand8b): C 59.46, H 8.79, N 3.30.
Found (respectively): C 59.36, H 8.97, N 3.30, and C 59.46, H 8.90,
N 3.40. NMR spectra foBa in THF-dg, *H: 6 (ppm) 1.05-1.18 (m,

18 H), 1.23-1.29 (dd, 6 H), 1.611.72 (m, 4 H), 2.09-2.17 (m, 4 H),
7.27(q,J=7.1Hz,2H), 732 (tJ=7.0Hz,1H),7.72(dJ=7.0
Hz, 2 H).3P: § (ppm) 66.4 (dJ = 68 Hz), 78.6 (dJ = 68 Hz).3'P:
o (ppm) 66.4 (dJ = 68 Hz), 78.6 (dJ = 68 Hz). NMR spectra fo8b
in THF-dg, *H: ¢ (ppm) 0.92 (ddJ = 14.7, 7.2 Hz, 6 H), 1.14 (dd,
J=13.7, 7.1 Hz, 6 H), 1.27 (dd] = 13.3, 6.8 Hz, 6 H), 1.45 (dd,
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J =157, 7.2 Hz, 6 H), 1.691.89 (m, 4 H), 2.062.14 (m, 2 H),
2.37-2.43 (m, 2 H), 6.67 (tJ = 7.1 Hz, 1 H), 6.87 (ptJ = 7.1 Hz,
2 H), 7.34 (pt,J = 5.6 Hz, 2 H).31P:  (ppm) 71.2 (dJ = 20.6 Hz),
81.7 (d,J = 20.6 Hz).

Reaction of [(dippe)NiH]; with 1,4-Terephthalonitrile. The reac-

tion of [(dippe)NiHE (0.1010 g, 0.156 mmol) and 1,4-terephthalonitrile
(0.0401 g, 0.313 mmol) produced almost quantitatively the complex
[(dippe)Ni@?-C,N-1,4-(CN)-benzene)],9a. Similar to the above-
described reactions, on warming a solution of this compound 50
for 12 h, complex [(dippe)Ni(CN)(4-CN-phenyl)Bb, was obtained.
The use of [(dippe)NiH] (0.0950 g, 0.147 mmol) and 1,4-terephtha-
lonitrile (0.0188 g, 0.147 mmol) allowed the production of complex
[(dippe)Nil(7?n?>-C,N-1,4-(CN}-benzene)],9¢c. Total yield: 90%.
NMR spectra for9a in THF-dg, 'H: ¢ (ppm) 1.05-1.18 (m, 18 H),
1.23-1.29 (m, 6H), 1.651.73 (m, 4 H), 2.06:2.22 (m, 4 H), 7.69 (d,
J8 Hz, 2 H), 7.75 (d, 8.0 Hz, 2 H).3'P: 6 (ppm) 67.5 (d,J 63 Hz),
79.3 (d,J 63 Hz). NMR spectra foBb in THF-dg, *H: ¢ (ppm) 0.92
(m, 6 H), 1.13 (m, 6 H), 1.27 (m, 6 H), 1.44 (m, 6 H), 1:72.82 (m,
4 H), 2.06-2.10 (m, 2 H), 2.382.41 (m, 2 H), 7.14 (dJ 8 Hz, 2 H),
7.6 (d, br,J 8 Hz, 2 H).3P: 6 (ppm) 73.1 (dJ 24.5 Hz), 83.6 (d)
24.5 Hz). NMR spectra fo8c in THF-dg, 3'P: ¢ (ppm) 66.4 (dJ 68
Hz), 78.7 (d,J 68 Hz).

Hammett Studies.In the glovebox, a colorless solution of ArCN
(Ar = 4-RGHs; R = NH, OCH;, CHs, H, F, COOCH, CF;, or CN;

39 umol) in THF was added to a dark red solution of [(dippe)NigH)]
(12.0 mg, 18.eumol) in THF in an NMR tube. The reaction mixture
immediately turned golden-brown, and gas evolved. To removezH
the solvent was evaporated in vacuo, leaving a brown, oily residue
that was dried fo5 h and then redissolved in THi: A 3P NMR
spectrum showed complete conversion to #3e€CN Ni(0) complex
but no formation of the Ni(ll) G-CN cleavage product. The sample
was then heated to 54C, and conversion of the Ni(0) to the Ni(ll)
complex was monitored b3P NMR over a period of 43 days, until

an equilibrium mixture of Ni(0) and Ni(ll) was obtaineleq = [Ni-
(INJ/[Ni(0)] was calculated from the average integrations of several
3P NMR spectra of the equilibrium mixture. The first-order rate
constantksps (Min~2), was obtained by fitting a plot of [Ni(Il)] vs time

to the equatiorC = (Cina — Cinitia)(1 — €7%d), whereC = [Ni(Il)],
using Microsoft Excel. The forward rate constakt, (min™), was
calculated via the equatidq = Kond[1 + (1/Keg)]. Hammett plots of
In(KedKo) Vs op and Inka/ko) vs o, were generated using the valués
andko derived for R= H.

(dippe)Ni(ArCN); Ar = Cg¢Hs. Vide supra.

(dippe)Ni(Ar)(CN); Ar = C¢Hs. Vide supra.

(dippe)Ni(ArCN); Ar = 4-NHxCgHa. 3'P{*H} NMR (162 MHz,

THF-dg): 6 = 75.9 (d,2Jp—p = 71.6 HZz), 63.7 (d2Jp—p = 71.6 Hz).
'H NMR (400 MHz, THFdg): 6 = 7.49 (d,J = 8.0 Hz, 2 H, ArCN),
6.53 (d,J = 7.6 Hz, 2 H, ArCN), 4.72 (br s, 2 H, N}, 2.14 (m, 4 H,
Pr CH), 1.64 (m, 4 H, PC}), 1.24 (dd,J = 7.2 Hz, 14.8 Hz, 6 HPr
CHy), 1.11 (m, 18 H,/Pr CHp).

(dippe)Ni(Ar)(CN); Ar = 4-NHyCgH.. *P{*H} NMR (162 MHz,

THF-dg): & = 79.3 (d,2Jp_p = 20.7 Hz), 68.8 (d2Jp_p = 20.7 Hz).
IH NMR (400 MHz, THF4gg): 6 = 6.96 (br m, 2 H, Ar), 6.39 (br m,
2 H, Ar), 4.42 (br s, 2 H, Nk, 2.38 (m, 2 H,/Pr CH), 2.1-2.2, one
resonance under Ni(0) resonance (m, 2AdCH),1.85 (m, 4 H, PC}),
1.44 (dd,J= 7.0 Hz, 15.4 Hz, 6 HPr CH), 1.1-1.3, two resonances
under Ni(0) resonances (dél H each/Pr CH), 0.96 (dd,J = 7.2 Hz,

15.2 Hz, 6 H,Pr CHy).

(dippe)Ni(ArCN); Ar = 4-OCH3CeH.. 31P{*H} NMR (162 MHz,

THF-dg): 0=176.4 (d,z\]pfp =69.1 HZ), 64.2 (d,z\]pfp =69.1 HZ).
'H NMR (400 MHz, THFdg): 6 = 7.68 (d,J = 8.4 Hz, 2 H, ArCN),
6.89 (d,J = 8.4 Hz, 2 H, ArCN), 3.79 (s, 3 H, OCHji 2.14 (m, 4 H,
iPr CH), 1.66 (m, 4 H, PC}J, 1.25 (dd,J = 7.2 Hz, 14.8 Hz, 6 HPr
CHg), 1.11 (m, 18 H/Pr CHp).

(dippe)Ni(Ar)(CN); Ar = 4-OCH3C¢H4. *P{*H} NMR (162 MHz,
THF-dg): & = 79.8 (d,2Jp-p = 21.5 Hz), 69.4 (d2Jp_p = 21.5 Hz).
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IH NMR (400 MHz, THFdg): 6 =7.17 (m, 2 H, Ar), 6.60 (dJ=7.6
Hz, 2 H, Ar), 3.63 (s, 3 H, OCB), 2.39 (m, 2 H,/Pr CH), 2.22 (m, 2
H, 'Pr CH), 1.84 (m, 4 H, PC}), 1.45 (dd,J = 6.8 Hz, 15.6 Hz, 6 H,
'Pr Chg), 1.1-1.3, two resonances under Ni(0) resonances (dd, 6 H
each,'Pr CH), 0.94 (dd,J = 7.2 Hz, 15.2 Hz, 6 HiPr CH).

(dippe)Ni(ArCN); Ar = 4-CH3CgH4. 3P{*H} NMR (162 MHz,
THF-dg): 6 = 76.4 (d,?Je—p = 68.9 Hz), 64.2 (d2Jp-p = 68.9 Hz).
H NMR (400 MHz, THFdg): 6 = 7.61 (d,J = 8.0 Hz, 2 H, ArCN),
7.14 (d,J = 7.6 Hz, 2 H, ArCN), 2.33 (s, 3 H, C#}, 2.15 (m, 4 H,Pr
CH), 1.66 (m, 4 H, PCh), 1.26 (dd,J = 7.2 Hz, 14.8 Hz, 6 HiPr
CHs), 1.11 (m, 18 HIPr CH).

(dippe)Ni(Ar)(CN); Ar = 4-CH3CeH4. 3P{*H} NMR (162 MHz,
THF-dg): 6 = 79.6 (d,?Jp—p = 20.4 Hz), 69.3 (d2Jp-p = 20.4 Hz).
H NMR (400 MHz, THF¢g): 6 =7.21 (m, 2 H, Ar), 6.75 (dJ = 6.8
Hz, 2 H, Ar), 2.40 (m, 2 HIPr CH), 2.16 (s, 3 H, Ch}, 2.14 (m, 2 H,
'Pr CH),1.84 (m, 4 H, PC}), 1.45 (dd,J = 6.8 Hz, 15.6 Hz, 6 HPr
CHs), 1.26 (dd,J = 6.8 Hz, 15.6 Hz, 6 HPr CH), 1.13 (dd,J = 6.7
Hz, 13.7 Hz, 6 H/Pr CH), 0.93 (dd,J = 7.2 Hz, 15.2 Hz, 6 HiPr
CHa).

(dippe)Ni(ArCN); Ar = 4-FCgH,. 31P{*H} NMR (162 MHz, THF-
dg): 0 =176.9 (d,z.]pfp = 66.3 HZ), 64.8 (d,z\]pfp = 66.3 HZ).lH
NMR (400 MHz, THFdg): 6 = 7.74 (m, 2 H, ArCN), 7.08 (t) = 8.6
Hz, 2 H, ArCN), 2.15 (m, 4 HIPr CH), 1.68 (m, 4 H, PCH), 1.26
(dd,J = 7.2 Hz, 14.8 Hz, 6 HIPr CH), 1.12 (m, 18 H/Pr CH).

(dippe)Ni(Ar)(CN); Ar = 4-FCgHg4. 3P{*H} NMR (162 MHz,
THF-dg): 6 = 80.6 (d,?Jp—p = 23.0 Hz), 70.0 (d2Jp-p = 23.0 Hz).
IH NMR (400 MHz, THF€g): 6 = 7.28 (m, 2 H, Ar), 6.71 (tJ = 8.8
Hz, 2 H, Ar), 2.40 (m, 2 HiPr CH), 2.14 (m, 2 H'Pr CH),1.84 (m, 4
H, PCH), 1.45 (dd,J = 7.0 Hz, 15.8 Hz, 6 HIPr CHy), 1.27 (dd,J =
7.0 Hz, 13.4 Hz, 6 HPr CHy), 1.14 (ddJ = 7.0 Hz, 13.8 Hz, 6 HPr
CHjg), 0.95 (dd,J = 7.4 Hz, 15.4 Hz, 6 HiPr CH).

(dippe)Ni(ArCN); Ar = 4-CH3O(CO)C¢H4. 3P{*H} NMR (162
MHz, THF-dg): 6 = 76.9 (d,?Jp—p = 65.5 Hz), 65.0 (d?Jp—p = 65.5
Hz). 'H NMR (400 MHz, THFdg): 6 = 7.99 (d,J = 8.0 Hz, 2 H,
ArCN), 7.72 (d,J = 8.0 Hz, 2 H, ArCN), 3.86 (s, 3 H, OMe), 2.15 (m,
4 H,'Pr CH), 1.69 (m, 4 H, PC}), 1.27 (dd,J = 7.0 Hz, 15.0 Hz, 6
H, IPr CHy), 1.11 (m, 18 H,/Pr CHy).

(dippe)Ni(Ar)(CN); Ar = 4-CH30(CO)CeH4. 3'P{*H} NMR (162
MHz, THF-dg): 6 = 80.6 (d,?Jp—p = 22.6 Hz), 70.3 (d?Jp—p = 22.6
Hz). 'H NMR (400 MHz, THFdg): 6 = 7.54 (d,J = 2.8 Hz, 4 H,
Ar), 3.75 (s, 3 H, OCH), 2.41 (m, 2 H,/Pr CH), 2.10 (m, 2 HIPr
CH),1.80 (m, 4 H, PCH), 1.45 (dd,J = 7.2 Hz, 15.6 Hz, 6 HIPr

CHs), 1.28 (dd,J = 7.2 Hz, 13.6 Hz, 6 HiPr CHy), 1.14 (dd,J = 7.0
Hz, 13.8 Hz, 6 H/Pr CH), 0.96 (dd,J = 7.4 Hz, 15.4 Hz, 6 HIPr
CHy).

(dippe)NI(ArCN); Ar = 4-CFsCeHa. 3P{'H} NMR (162 MHz,
THF-dg): 0=77.2 (d,z\]pfp = 64.3 HZ), 65.2 (d,z\]pfp = 64.3 HZ).
IH NMR (400 MHz, THFdg): 6 = 7.83 (d,J = 8.0 Hz, 2 H, ArCN),
7.67 (d,J= 8.4 Hz, 2 H, ArCN), 2.15 (m, 4 HPr CH), 1.69 (m, 4 H,
PCH), 1.27 (dd,J = 7.0 Hz, 15.0 Hz, 6 HIPr CH), 1.12 (m, 18 H,
iPr CHy).

(dippe)Ni(Ar)(CN); Ar = 4-CF3CeH4. 3'P{*H} NMR (162 MHz,
THF-dg): 0 = 81.0 (d,2Jp_p = 23.0 Hz), 70.6 (d%Jp_p = 23.0 Hz).
IH NMR (400 MHz, THF€g): 6 =7.59 (m, 2 H, Ar), 71.5 (dJ=7.7
Hz, 2 H, Ar), 2.42 (m, 2 HiPr CH), 2.10 (m, 2 H'Pr CH),1.84 (m, 4
H, PCH), 1.46 (dd,J = 7.2 Hz, 15.6 Hz, 6 HPr CH), 1.29 (dd,J =
7.0 Hz, 13.4 Hz, 6 HPr Ch), 1.15 (dd,J = 7.0 Hz, 13.8 Hz, 6 HPr
CHs), 0.95 (dd,J = 7.2 Hz, 15.6 Hz, 6 HiPr CHy).

(dippe)Ni(ArCN); Ar = 4-CNCgH.. 3P{H} NMR (162 MHz,
THF-dg): o=77.3 (d,Zprp = 63.3 HZ), 65.5 (d,z.]pfp = 63.3 HZ).
1H NMR (400 MHz, THFdg): 6 = 7.75 (d,J = 8.0 Hz, 2 H, ArCN),
7.69 (d,J = 8.0 Hz, 2 H, ArCN), 2.14 (m, 4 HPr CH), 1.70 (m, 4 H,
PCH), 1.26 (dd,J = 7.2 Hz, 14.8 Hz, 6 HIPr CH), 1.10 (m, 18 H,
iPr CHy).

(dippe)Ni(Ar)(CN); Ar = 4-CNCgH,. 3'P{*H} NMR (162 MHz,
THF-d): 0 = 81.5 (d,2Jp_p = 23.8 Hz), 70.9 (d2Jp_p = 23.8 Hz).
IH NMR (400 MHz, THFdg): 6 = 7.61 (m, 2 H, Ar), 7.14 (d) = 7.6
Hz, 2 H, Ar), 2.42 (m, 2 HIPr CH), 2.09 (m, 2 HiPr CH),1.84 (m, 4
H, PCHp), 1.45 (dd,J = 7.4 Hz, 15.8 Hz, 6 HPr CH), 1.28 (dd,J =
6.8 Hz, 13.6 Hz, 6 HPr Ch), 1.14 (dd,J = 7.0 Hz, 13.8 Hz, 6 HPr
CHa), 0.96 (dd,J = 7.4 Hz, 15.4 Hz, 6 HiPr CHy).
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