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The 1,2-dicyanoethyl ligand has been reported to exhibit unusual dynamic processes in certain orga-
nocobaloxime complexes. The crystal and molecular structures of the complex trans-bis(dimethyl-
glyoximato)(1,2-dicyanoethyl)(1,5,6-trimethylbenzimidazole)cobalt(III)-0.5-ethanol, MezBzmCo-
(DH),CH(CN)CH,CN, are reported. The compound crystallizes in space group P1, triclinic, with a = 7.721
(DA, b=11845(2) A, c =15.078 (3) A, & = 79.09 (2)°, 8 = 80.65 (2)°, v = 75.65 (2)°, V = 1320.0 A3,
Z=2,Dpa=138gcm™, Dyg = 1.39 g cm™®, and R = 0.051 for 5261 independent reflections. The Co-C
bond distance of 2.061 (3) A is slightly shorter than that of 2.076 (2) A found in the structure of the isopropyl
analogue, whereas the Co-N(Me;Bzm) bond length (2.031 (3) A) is shorter than that in the isopropy! analogue
(2.097 (2) A). Hence, the 1,2-dicyanoethyl and isopropyl groups have similar bulk properties but different
trans influences. The rate constants, k,, were determined for dissociation of Me;Bzm from six
MegBzmCo(DH),R complexes where R ranges from weak donors such as CH,CF; to strong donors and
CH(CHg),. High-field 'H NMR spectroscopy showed that the CH(CN)CH,CN proton pattern, which is
distorted by second-order effects, is greatly affected by temperature and the trans influence of L. A
deuteration study in pyridine-d;/D,0 revealed no exchange of the -CH(CN)CH,CN after 2 months at
ambient temperature. These results militate against any unusually rapid dynamic processes involving the
CH(CN)CH,CN group. Rather, previous NMR spectral observations at low field could be understood as
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arising from the peculiar 'H NMR spectral characteristics of these compounds.

Introduction

Organocobalt complexes of the type LCo(DH),R, where
L = neutral ligand, DH = monoanion of dimethylglyoxime,
and R = alkyl group, containing both substituted and
unsubstituted alkyl groups have been the subject of con-
siderable interest.”1® Empbhasis on such systems originates
from the need to understand factors that influence Co-C
bond cleavage in coenzyme B;, and the skeletal rear-
rangement reaction in By,-dependent enzymic processes.!
The role of Co now appears to be limited to the provision
of an alkyl radical, namely the 5'-deoxyadenosyl radical,
which participates in H atom abstraction from substrate.56
The rearrangement of substrate to product evidently does
not involve cobalt.

The most persistent theme used to explain the accel-
eration of the Co-C bond cleavage by enzymes is the
“butterfly” bending of the equatorial ligand toward the
alkyl group, a process supported by structural and Co-C
bond cleavage trends for cases in which LCo(DH),R com-
plexes contain both a bulky P-donor ligand and a relatively
bulky R group, e.g. CH(CHy)(C¢Hs).2® In coenzyme By,
holoenzymes, the enzyme probably uses its binding energy
to distort the equatorial corrin ligand toward the &'-
deoxyadenosyl alkyl ligand.

Our studies aimed at detecting similar structural trends
when L = N-donor have not detected a similar effect; i.e.,
N-donors are not effective in inducing significant butterfly
bending characteristic of P-donors.2 This is true in the case
of 1,5,6-trimethylbenzimidazole (Me;Bzm) complexes.!
MezBzm is a model for the 1-substituted 5,6-dimethyl-
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benzimidazole ligand in coenzyme B;;. An effect of N-
donor L bulk on Co-C bond length might be observed if
the R ligand has a weak trans influence. The effective bulk
of the N-donor might become manifest since the Co-N
bond would be shorter. In most structural studies, the
bulky ligand also has a good trans influence (e.g. CH(CHj),,
adamantyl).
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The cyano group has a large electron-withdrawing ef-
fect,? and cyanoalkyl moieties can be prepared by a variety
of routes from Co(I) species.®*7® Of particular interest,
complexes derived from acrylonitrile and fumaronitrile
have shown interesting properties either in the solid state’
or in solution.?

We have chosen to examine the less well studied adducts
of fumaronitrile, which are believed to have the coordi-
nated 1,2-dicyanoethyl ligand, for several reasons. First,
this ligand should be both bulky and a poor donor, thus
providing an ideal situation to determine if N-donors can
exhibit significant steric effects. Second, evidence exists
that the group is a poor electron donor.? Third, the 1,2-
dicyanoethyl ligand has peculiar 'H NMR signal behavior,
which has been attributed to dynamic processes.?

Experimental Section

Reagents. 5,6-Dimethylbenzimidazole was purchased from
Sigma Chemicals. Chloroform-d (MSD Isotopes), methylene
chloride-d, (MSD Isotopes), deuterium oxide (Aldrich), and
pyridine-d; (KOR, Aldrich) were the solvents used for the NMR
studies. All other reagents were from Aldrich and were used
without further purification.

Instrumentation. 'H NMR spectra of 0.05 and 0.1 M solutions
(CDClg, CD,Cly, and CsDsN) were recorded on Nicolet NB-360
(360 MHz, 'H) and General Electric GN-500 (500 MHz, 'H)
spectrometers. 'H chemical shifts were referenced to internal
(CHy),Si. The program PaNIC, from Bruker, was used for the
spectral simulation of the second-order proton patterns of the
1,2-dicyanoethyl group of various L-substituted cobaloximes.
Spectral simulation of the strongly coupled proton pattern of the
4-cyanopyridine derivative of (1,2-dicyanoethyl)cobaloxime was
achieved by analyses of its 'TH NMR spectra obtained at two
different spectrometer frequencies, 360 and 500 MHz. 1,2-Di-
cyanoethyl proton chemical shift data in Table V are relative to
a field frequency of 360 MHz. Additional NMR data are reported
in Table VIIIs.!! MeyBzm dissociation rates were monitored
spectrophotometrically with a Perkin-Elmer Lambda-3B UV-
visible instrument equipped with a 3600 Data Station for the
slower reactions (kgpsq < 1.0 57!) and a Durrum-Gibson D-110
stopped-flow spectrophotometer for the fast reactions. Both
instruments were equipped with thermostated cell compartments
at 25.00 £ 0.04 °C.

Rate Measurements. Absorbance vs time data were obtained
for the substitution of MegBzm from Me;BzmCo(DH)R by P-
{OCHj) in CH,Cl, as described previously.? The pseudo-first-
order rate data were treated with the standard integrated ex-
pression for a first-order process by using linear least-squares
regression analysis and yielded classical Sy1(lim) behavior.%10

Preparations. Me;Bzm and Me;BzmCo(DH),R (except for
R = CH(CN)CH,CN) and LCo(DH),CH(CN)CH,CN (L = py
(pyridine), 4-CNpy (4-cyanopyridine), PhNH, (aniline)) complexes
were prepared as reported elsewhere.'® The other (1,2-di-
cyanoethyl)cobaloxime complexes were synthesized as follows.

Me;BzmCo(DH),CH(CN)CH,CN. To a solution of
PhNH,Co(DH),CH(CN)CH,CN (0.4 g) in 80/20 CH;0H/H,0
(100 mL) was added Dowex 50X8-100 cation-exchange resin (0.6
g). The solution was stirred and heated at reflux for 2 h. The
resin was removed by filtration, and the solvent was eliminated
by rotavaporation. CHCIl; (~20 mL) was added to dissolve the
oily orange residue (note: PhNH,Co(DH),CH(CN)CH,CN is
barely soluble in CHCly), and the solvent was again removed by
rotavaporation. The oily residue was redissolved in CHCl; (~20
mL) and extracted with an equal volume of distilled water. Then
a 10% excess of Me;Bzm (based on the starting PhNH, complex)
was added, and the mixture was stirred for 2 days. CH;CH,OH
(~5 mL) was added to the solution. The resulting solution
deposited an orange powder after 1 day. The solid was collected
by vacuum filtration, washed with distilled water and petroleum
ether, and air-dried; yield 0.20 g (35%).

(11) s denotes that the table or figure can be found in the supple-
mentary material.
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Table I. Experimental Parameters for the X-ray
Diffraction Study at 20 °C

fOrmula COO4N6C22H29'1/2C2H50H
mol wt 551.6

cryst syst triclinic

space group Pl

a A 7.721 (1)

b, A 11.845 (2)

c, A 15.078 (3)

«, deg 79.09 (2)

B, deg 80.65 (2)

v, deg 75.65 (2)

V, A3 1320.0

VA 2

Dmeudv g cmS 1.38

Degiedr g cm™ 1.39

F(000) 578

u{Mo Kea), em™ 7.3

cryst size, mm 0.2 X 0.25 X 0.4
radiatn (A, &) Mo Ka (0.71069)
monochromator graphite

scan type w/26

scan speed, deg min™! variable, 0.78-4
20 range, deg 6-60

total no. of rflns measd 7815

no. of indep rflns with I > 30(]) 5261
data/param ratio 15.3

Re 0.051

R’ 0.062

GOF¢ 1.20

SR=S(F,-F)/TF, "R, = [Sw(F,-F)}SwF'% w=1.
¢GOF = [Sw(F, - F)*/(m - n)]¥% m = number of observations, n
= number of variables.

LCo(DH),CH(CN)CH,CN (L = 3-pic (3-Methylpyridine),
4-t-Bu-py (4-tert-Butylpyridine), 4-pic (4-Methylpyridine),
4-Me,Npy (4-(Dimethylamino)pyridine), 1-MeImd (1-
Methylimidazole)). These compounds were prepared from
PhNH,Co(DH),CH(CN)CH,CN, on the basis of the method re-
ported previously for the synthesis of 4-CNpyCo(DH),CH-
(CN)CH,CN.®

Elemental Analyses. C, H, N analyses were performed by
Atlantic Microlabs, Inc. (Atlanta, GA), and were satisfactory for
all new compounds (Table IXs).

Crystal Data. Crystals of Me;BzmCo(DH),CH(CN)CH,CN
were grown from CH,Cl,/CH,;CH,OH. Lattice parameters were
determined by least-squares refinement of 25 reflections accurately
centered on an Enraf-Nonius CAD-4 diffractometer. Crystal data
and details of intensity data collection and refinement are sum-
marized in Table I. No significant change in the intensity control
reflections was observed throughout the data collection. Observed
data were corrected for Lorentz and polarization factors, but not
for absorption, because of the small size of the crystal and the
low u value.

Structure Solution and Refinement. The structure was
solved by conventional Patterson and Fourier methods. Fourier
maps revealed the presence of three additional peaks, which were
interpreted as a solvent ethanol molecule (05, C23, C24) with
half-occupancies. Hydrogen atoms were fixed at calculated
positions (0.96 A from the parent C atoms) with isotropic thermal
parameter B equal to 1.3 times the By, value of the atom to which
they are attached. The hydrogen atoms were included in the next
least-squares cycles, but their positional and thermal parameters
were not refined. Final full-matrix least squares converged to
R = 0.051. Neutral-atom scattering factors were taken from ref
12.  All computations were carried out on a PDP 11/44 computer,
using the SDP programs.’® Final positional and equivalent thermal
parameters are given in Table II. Bond lengths and angles (Table
Xs), anisotropic temperature factors (Table XIs), hydrogen atomic
parameters (Table XIIs), and structure factor amplitudes (Table

(12) Cromer, D. T.; Weber, J. T. International Tables for X-ray
Crystallography; Kynoch Press: Birmingham, England, 1974; Vol. IV
(present distributor D. Reidel, Dordrecht, The Netherlands).

(13) Frenz, B. A.; Okaya, Y. Enraf-Nonius Structure Determination
Package; Enraf-Nonius: Delft, The Netherlands, 1981.
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Table II. Atomic Positional and Equivalent Thermal Parameters for Me;BzmCo(DH,)CH(CN)CH,CN ¢!/,C,H;OH

atom x y P B, A? atom x y z B, A2
Co 0.20355 (6) 0.25771 (4)  0.22476 (3) 2.017 (7) Cc7 0.1997 (5) 0.3472 (3) 0.0444 (3) 3.02 (8)
01 0.5153 (3) 0.3215 (2) 0.2589 (2) 3.52 (6) C8 0.2473 (7) 0.4068 (4)  —0.0502 (3) 4.5 (1)
02 -0.0294 (4) 0.1320 (2) 0.3479 (2) 3.51 (6) C9 0.3624 (6) 0.1000 (3) 0.1924 (3) 3.24 (8)
03 -0.0933 (4) 0.1794 (2) 0.1875 (2) 3.45 (6) C10 0.4161 (8) 0.0165 (3) 0.2724 (3) 3.66 (9)
04 0.4405 (4) 0.3801 (2) 0.0999 (2) 3.42 (6) C11 0.5268 (7) 0.1075 (4) 0.1231 (4) 4.5 (1)
N1 0.3758 (4) 0.2721 (2) 0.2947 (2) 2.63 (6) Ci12 0.6120 (7) -0.0087 (4) 0.0939 (4) 49 (1)
N2 0.1162 (4) 0.1789 (2) 0.3371 (2) 2.49 (6) C13 0.0457 (4) 0.5257 (3) 0.2477 (2) 2.16 (6)
N3 0.0348 (4) 0.2395 (2) 0.1534 (2) 2.56 (6) C14 0.1904 (5) 0.5795 (3) 0.2155 (3) 2.70 (7)
N4 0.2901 (4) 0.3374 (2) 0.1118 (2) 2.62 (6) C15 0.1634 (5) 0.6997 (3) 0.2153 (3) 2.97 (7)
N5 0.0294 (4) 0.4088 (2) 0.2546 (2) 2.22 (5) C16 0.3142 (6) 0.7615 (4) 0.1757 (4) 4.8 (1)
N6 -0.2358 (4) 0.5175 (3) 0.3027 (2) 2.65 (8) C17 —-0.0318 (7) 0.8981 (3) 0.2467 (4) 4.4 (1)
N7 0.4599 (7) —-0.0604 (4) 0.3330 (3) 6.1 (1) C18 -0.0057 (5) 0.7667 (3) 0.2480 (3) 2.93 (7)
N8 0.6788 (7) -0.0953 (4) 0.0709 (4) 6.4 (1) C19 -0.1497 (5) 0.7138 (3) 0.2797 (3) 2.84 (7)
C1 0.4921 (7) 0.2226 (5) 0.4429 (3) 5.0 (1) C20 -0.1208 (4) 0.56933 (3) 0.2782 (2) 2.24 (6)
C2 0.3593 (5) 0.2260 (3) 0.3797 (3) 3.08 (8) C21 -0.4221 (5) 0.5466 (4) 0.3449 (4) 4.1 (1)
C3 0.2020 (6) 0.1730 (3) 0.4057 (3) 3.08 (8) C22 -0.1405 (5) 0.4098 (3) 0.2874 (3) 2.54 (7)
C4 0.1491 (8) 0.1140 (5) 0.4999 (3) 5.1 (1) 05 -0.1628 (7) 0.433 (1) 0.5305 (4) 8.5 (3)
C5 -0.0736 (7) 0.2813 (5) 0.0040 (3) 49 (1) C23 0.035 (2) 0.4433 (8) 0.4913 (5) 12.9 (3)
Cé 0.0482 (5) 0.2881 (3) 0.0696 (3) 3.03 (7) C24 0.103 (1) 0.579 (1) 0.4800 (6) 5.6 (2)

XIiIs) have been deposited as supplementary material.

Results and Discussion

We will first discuss and present the structural results
and relate these to rate processes. On this basis, we will
present an analysis of the unusual spectroscopic observa-
tions reported earlier® based on an extensive 'H NMR
study of LCo(DH),CH(CN)CH,CN compounds. Next, we
will discuss our studies of D exchange of the CH(CN)C-
H.CN ligand. Finally, we will reinterpret the previously
reported results® on the LCo(DH),CH(CN)CH,CN com-
pounds.

Description and Discussion of the Structure. The
ORTEP drawing of the molecule with the numbering scheme
is shown in Figure 1. The structure confirms that the
product of the reaction of Co(I) compounds with fumar-
onitrile contains the 1,2-dicyanoethyl group. The coor-
dination of the alkyl group to Co is characterized by Co-
C9-CN and Co-C9-CH,CN angles of 112.5 (3) and 116.5
(3)°, respectively. The C9-CN and C9-CH,CN distances
are 1.455 (5) and 1.516 (6) A, respectively. We noticed also
that the orientation of CH,CN (C11-C12-N8) about the
Co-bonded C9 atom is such that its cyano group is pointing
away from the (DH), equatorial plane to minimize steric
interactions. The relative orientation of the two cyano
groups about the alkyl C9-C11 bond is gauche, with a
C10-C9-C11-C12 torsion angle value of 60.8 (4)°.

The (DH), ligand occupies the four equatorial positions
of a distorted octahedron around Co, the axial position
being occupied by Me;Bzm and CH(CN)CH,CN groups.
The two DH units are planar within £0.04 A and make
a dihedral angle o of 3.1°, bending toward the alkyl group.
The Me;Bzm ligand is planar within £0.05 A, and its
orientation with respect to the equatorial moiety may be
defined by the torsion angle C22-N5~Co-N*, where N*
is the middle point between the two equatorial N donors
on the C(22) side. The value of 3.7° in Me;BzmCo-
(DH),CH(CN)CH,CN indicates that the Me;Bzm plane
nearly bisects the two oxime bridges. The axial fragment
is characterized by Co-C and Co—-N distances and a N-
Co-C angle of 2.061 (3) and 2.031 (3) A and 175.3 (1)°,
respectively. As expected, the Co-N bond length is sig-
nificantly shorter than that in the CH; analogue (2.060 (2)
A),! because of the appreciable electron-withdrawing effect
of the CN and CH,CN substituents at C9. The coordi-
nation of N5 to Co is characterized by the angles Co-
N5-C13 = 133.7 (2)°, Co-N5-C22 = 121.1 (3)°, and C13-
N5-C22 = 105.3 (3)°, values very close to those in other
Me;BzmCo(DH),R complexes.11415  The Co-C bond

G o—0

Figure 1. ORTEP drawing (thermal ellipsoids, 50% probability)
and labeling scheme of MegBzmCo(DH),CH(CN)CH,CN.

length of 2.061 (3) A is slightly shorter than that of 2.076
(2) A found in the CH(CH,), analogue.! This difference
could be ascribed to the bulk of CN and CH,CN groups,
which are slightly different from that of the CH; group (see
next section). The similar Co—C bond lengths involving
these two alkyls suggest that these groups have similar
bulk.

Table III lists relevant X-ray structural data involving
the alkyl-Co—Me;Bzm moiety of several MezBzm alkyl-
cobaloximes. The CHg, CH(CI),, CH,NO,, and CH(CN)Cl
derivatives show nearly equal Co—C bond lengths (average
1.99 A). The added bulk on substitution of at least one

(14) Bresciani-Pahor, N.; Attia, W. M.; Randaccio, L.; Lopez, C,;
Charland, J.-P. Acta Crystallogr. 1987, C43, 1484.

(15) Chen, Q.; Marzilli, L. G.; Bresciani-Pahor, N.; Randaccio, L.;
Zangrando, E. Inorg. Chim. Acta 1988, 144, 241.
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Table III. Selected Geometrical Data from X-ray Structures of Me;Bzm Derivatives of Various Alkylcobaloximes

R Co-N, A Co-C, A a,deg  £Co-C-X,, deg (X;) £Co-C-X, deg (Xy)  £Xs-C-X,, deg (X;-C-X,)
CH(CN)CH,CN® 2.031 (3) 2.061 (3) 3.1 112.5 (3) (CN) 116.5 (3) (CH,CN) 109.3 (3) (C10-C9-C11)
CH(CN)CP 2.010 (3) 2.000 (5) 1.9 118.2 (3) (CN) 126.1 (3) (C) 115.3 (3) (C10-C9-C))
CH,NOy* 2.013 (3) 1.988 (5) 4.8 115.7 (4) (NO,)

CH(Cl),? 2.043 (2) 1.983 (2) 1.5 116.5 (1) (C11) 115.8 (1) (C12) 106.8 (1) (C11-C9-C12)
CHy* 2.060 (2) 1.989 (2) 4.7

CH(CHjy)y* 2.097 (2) 2.076 (2) 4.0 114.0 (2) (C10) 114.3 (2) (C11) 112.4 (2) (C10-C9-C11)
adamantyl® 2.137 (4) 2.179 (5) -6.1 110.3 (4) (C11) 111.6 (3) (C10) 109.3 (3) (Co—C9-C11)

s This work. ®Reference 14. ¢Reference 1. ¢Reference 15.

Table IV. First-Order Rate Constants k, (s™!) for Me;Bzm
Exchange of Me;BzmCo(DH),R with P(OCH,); in
CH,C], at 25 °C

log k&,
R ky log k; (4-CNpy)

CH,CF, 1.30 (4) X 10° -4.89 -3.57
CH,Br® 1.23 (3) x 10 -3.91 -2.58
CH,CI 2.71 (3) X 10™* -3.57 -2.51
CH; 4.19 (4) X 10 -2.38 -1.39
CH,C(CH;){COOCH,CH,),® 2.05 () X 102 -1.69 -0.51
CH,CH; 1.13 (5) X 10! -0.95 -0.02
CH,C(CH,), 1.23 (6) 0.09 1.04
CH(CHjy), 3.8 (1) 0.58 1.43
c-CeHyp® 6.1(2) 0.79 1.59

2 Lopez, C. Unpublished resuits. ®Bayo, F. Unpublished results.

methyl hydrogen could be detected through the dihedral
angle «, between the two DH units, and the Co—C-X angle
values at the Co-bonded C atom of the alkyl group.
However, substitution of one methyl hydrogen by the flat
NO, group does not seem to distort the equatorial ligands,
as the « value is retained and the Co-N(MeyBzm) bond
is shorter. On the other hand, replacement of at least one
methyl hydrogen by a chloro group (e.g., CH(CN)CI and
CH(Cl);) does induce steric hindrance as the « value de-
creased to ~1.7°. At the same time, Table III shows, for
these three cases, similar and slightly distorted Co-C-X
angle values, with departure ranging from ~6 to 17° from
the normal tetrahedral angle value of 109.5°. This way
of relieving steric interactions is different from that in
CH(CN)CH,CN, CH(CH,;),, and adamantyl derivatives.
The CH(CN)CH,CN and CH(CHj3), groups are much alike
with « values of 3.1 and 4.0°, respectively, and Co-C-C
angle values that are much closer to the ideal tetrahedral
angle value. Nonetheless, steric pressure has been de-
creased through lengthening of the Co-C bond. The ad-
amantyl group is the bulkiest and the most rigid of the
groups in Table III. The six angles at the Co-bonded C
atom average 109.5°, the ideal tetrahedral angle value. In
this case, the steric strain was relieved by further length-
ening of the Co—C bond and by folding the DH units to-
ward the neutral L donor since o has now become negative.

Rates. The Me;Bzm ligand-exchange rate constants (k)
were determined for six Me;BzmCo(DH),R compounds in
the noncoordinating solvent CH,Cl, (Table IV) and can
be compared with other results also reported in Table IV.
As expected, the stronger electron-donating alkyl groups
(e.g., CH(CHjy),, CH,C(CHg)) lead to greater MezBzm
rates compared to those induced by the poorer electron-
donating groups (e.g., CH,CF3, CH,Cl). A plot of log &,
for dissociation of MegBzm from Me;BzmCo(DH),R vs log
k, for the dissociation of 4-CNpy from 4-CNpyCo(DH),R
(Figure 2) is linear, with the relationship

log k;(MesBzm) = [1.09 (2)][log k,(4-CNpy)] - 0.98

correlation coefficient 0.9988

109.4 (5) (C10-C9~C12)

(
(

107.8 (4) (C11-C9-C10)
(
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e—CgHy

CHy(CHy)y
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diester

CH,Br
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Figure 2. Plot of log k; «f MesBzm cobaloximes vs log k; of
4-CNpy cobaloximes.

Cha.t 1
P
C11
Ne O 7 \H1
cs
[
Hs Co(DH),

The k, values for 4-CNpy cobaloximes are roughly 10 times
greater than those for the Me;Bzm analogues, but both
ligands have a similar dependence on R. Furthermore,
ligand dissociation is twice as fast in pyCo(DH),CH; (&,
= 0.0080 s71)2 as in Me;BzmCo(DH),CHj (k; = 0.0042 s7}).
Thus, py and Me;Bzm can be considered as ligands having
similar coordinating properties and are poorer leaving
groups than 4-CNpy. The results are consistent with the
view from our structural studies that the C22 and phe-
nylene sides of Me;Bzm are less and more sterically bulky,
respectively, than pyridine. The linear relationship in
Figure 2 indicates also that Me;Bzm is not particularly
bulky overall. Although the dynamic and H-exchange
studies reported earlier® were for pyCo(DH),CH(CN)-
CH,CN, we were not able to obtain suitable crystals for
this compound. Nevertheless, our rate and structural
studies indicate that this compound must have structural
features analogous to those of the Me;Bzm compound.

Influence of L on the 'H NMR Spectra of the 1,2-
Dicyanoethyl Ligands. The three protons of this alkyl
group in various L-substituted cobaloximes give rise to 'H
NMR spectral patterns that are diverse and complex.
Figure 3 shows examples of CH(CN)CH,CN proton pat-
terns from CDCl; solutions of some cobaloxime derivatives,
namely, 4-CNpy, py, 4-Me,Npy, and 1-Melmd. At high
field, the pattern clearly changes from the strongly coupled
ABC (4-CNpy) to the more typical ABX (4-Me,Npy) type
patterns. The 1-Melmd spectrum could be regarded as
a deceptively simple second-order spectrum.

Chart I shows the numbering scheme of the 1,2-di-
cyanoethyl protons that will be used for the remainder of
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Figure 3. NMR spectral patterns of the CH(CN)CH,CN protons in (going from left to right) the 4-CNpy, py, 4-Me,Npy, and 1-MeImd

Table V. 'H NMR, Kinetic, and Basicity Data and Conformer Distribution of Various L Derivatives of
(1,2-Dicyanocethyl)cobaloximes®

General Data

L .
4-CNpy py 3-pic Me;zBzm 4-t-Bu-py 4-pic 1-Melmd 4-Me,Npy av
pK, 1.9 5.2 5.6 5.6 6.0 6.0 6.9 9.7
log k; (i-Pr) 14 0.5 0.6 -0.1 -0.9 -0.8
8, 765.2 7724 771.1 779.6 773.4 770.3 763.8 769.5
82 752.2 754.9 753.2 755.8 756.6 754.1 163.3 746.7
b3 765.4 748.0 748.3 746.2 737.1 739.0 698.0 716.8
Jigf -17.5 -17.7 -17.3 -17.3 -16.6 -1713 -16.7 -174 -17.3 (4)
Jia 8.3 8.7 8.9 10.2 9.0 5.4 9.0 9.3 9.1 (6)
Ja3 6.2 6.2 6.4 44 5.6 4.7 5.9 5.8 5.7 (7)
P 0.59 0.65 0.68 0.87 0.69 0.75 0.70 0.74 0.71 (8)
Py 0.29 0.29 0.31 0.03 0.20 0.07 0.25 0.23 0.21 (10)
P 0.12 0.06 0.01 0.10 0.11 0.18 0.05 0.03 0.08 (5)
Chemical Shifts of pyCo(DH),CH(CN)CH,CN in CD,Cl, and Pyridine-d;®
solvent 51 52 63 le Jla Jga
CD,Cl, 756.2 744.6 707.6 -17.7 10.4 5.3
pyridine-d; 925.8 904.9 901.3 -16.5 11.1 5.1

3 NMR data in Hz, in CDCl;, at 360 MHz; pK, values are from ref 16. ®Esd’s on the chemical shifts range from 0.04 to 0.7 Hz. “Esd’s on

the coupling constants range from 0.01 to 0.3 Hz. 4360 MHz.

the discussion. Table V lists the least-squares-fitted
spectral parameters of several L-substituted 1,2-dicyano-
ethyl cobaloximes with some other useful related data.
The chemical shifts of H; and H, derived from the fit
remain relatively constant: H;, from ~2.13 to ~2.17 ppm;
H,, from ~2.07 to ~2.10 ppm. However, the H; chemical
shifts span more than 0.15 ppm, indicating that this proton
on the Co-bonded carbon is influenced by some shielding
effect.

Since, qualitatively, Figure 3 and Table V show that the
CH(CN)CH,CN proton pattern simplifies as the pK, value
of L increases, the H; chemical shifts were plotted against
the pK, values of L (Figure 6s) and, also, against log &, for
the dissociation of L from L-substituted isopropylcobal-
oximes (Figure 4). Isopropylcobaloximes were selected
because the isopropyl and 1,2-dicyanoethyl groups have
similar bulk, but the 1,2-dicyanoethyl complexes react too
slowly to study. We can see in both plots that, except for
the 1-Melmd data, the chemical shift of H; correlates
reasonably well with the pK, (correlation coefficient 0.981)
and log &, (correlation coefficient 0.992) values. Thus, the
H; shifts may be responding directly to increased electron

770

4—CNpy
760
750 4 )24
= ® MeyBzm
Ll) 740 4—-t—but-py ®
i 730 4
S
m 7204
© 4—MesN
710 2"y
700 4
©1-Melmd
680 T T - v
-1.00 -0.50 0.00 0.50 1.00 1.50
Log kg 4-CNpy

Figure 4. Plot of the H; chemical shifts of the related (1,2-di-
cyanoethyl)cobaloximes vs log &, of various isopropylcobaloximes.

density at C9, indirectly to changes in Co anisotropy (vide
infra), or to both factors.

The different bulk of 1-Melmd, when compared to those
of Me;Bzm and pyridine derivatives, may explain its de-
parture from the trend. Me;Bzm and py are of nearly
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Chart II
N H, Hp
Ha CN Ha CN H, N
Hy | Hy N H, HT [ N
Co(DH), Co(DH), Co(DH),
1 1I I

equal bulk, as their Co—-N distances in various alkyl-
cobaloximes are similar’!* and longer than in analogous
1-Melmd derivatives. These differences become more
apparent if the 1-MeImd and 4-Me,Npy compounds are
compared. Although 4-Me,Npy (pK, = 9.7)1¢ is roughly
500 times more basic than 1-Melmd (pK, = 6.95),'8 it
dissociates faster than 1-Melmd.

Another possible steric factor that must be considered
is the variation in the geometry of the 1,2-dicyanoethyl
ligand with change in .. As stated in a previous report,
Co~C~C angles and Co—C distances tend to open up and
lengthen, respectively, as the bulk of L increases.? These
individual modifications or a combination of them will
slightly change the position of H; with respect to Co and,
hence, will affect its chemical shift, which may be influ-
enced by the Co anisotropy (vide infra).

Conformational Analysis of the 1,2-Dicyanoethyl
Group in Solution. Table V lists the average geminal
and vicinal coupling constants between the cyanoalkyl
protons. The J;, value of —17.3 Hz closely resembles that
of —20 Hz reported for CHy(CN),.!7 However, the J;3 and
Jys values of 9.1 and 5.7 Hz, respectively, are intermediate
between the values of ~11 and ~4 Hz predicted from the
Bothner-By modification of the Karplus equation!® for the
trans and gauche geometries found in the solid-state
structure. Indeed, in substituted ethanes of the type C-
(R)H,C(R,)(Ry)H, such as the C(CN)H,C(Co)(CN)H
group (see Chart I), the vicinal coupling constants J;; and
o3 of a three-spin system formed by the three magnetically
nonequivalent protons are weighted averages of the cou-
pling constants of the three minimum potential energy
rotgmers illustrated by the Newman projections in Chart
1L

In rotamer III, both ;5 and J,; are gauche, whereas they
are gauche and trans in I and II, respectively. If we define
rotamer proportions Py, Py, and Py (P = 1 - Py - Py,
J15 and Jy3 can then be expressed as (t = trans, g = gauche)

Jig = Pt + Pyt + Py® (1)
J23 = F’IJg + P[Ie]t + PIHJg (2)

By rearranging these two equations and inserting suitable
values for J* and J¢, we calculate the proportions of the
rotamers as

Py = (Ji5 - J8) /(Jt = J?) 3)
Py = (Joz = J8) f(J' ~ J?) (4)
Pp=1-P-Py (5)

This treatment was applied successfully in amino acid
and peptide conformational studies® with J* and /& values

(16) Perrin, D. D. Dissociation Constants of Organic Bases in Aque-
ous Solutions; Page Bros.: Norwich, U.K., 1965.

(17) Abraham, R. J.; Loftus, P. Proton and Carbon-13 NMR Spec-
troscopy; Heyden: New York, 1980; pp 44, 46, 178.

(18) Bothner-By, A. A. Adv. Magn. Reson. 1965, 1, 201.

(19) Wehrli, F. W.; Wirthlin, T. Interpretation of Carbon-13 NMR
Spectra; Heyden: New York, 1976; pp 210-212.

Charland et al.

Table VI. Vicinal Coupling Constants of Selected
Cyano-Substituted Diels-Alder Adducts®

compd J& Hz J' Hz  ref
5 28
N
H
3.4 11.8 29
4.2 30
4.5 30
3.4 10.6 30
4.1 10.6 31
4.3 11.3 32
4.5 10.9 32
4.4 11.5 32
4.6 10.8 33

4.2 (av) 11.1 (av)

aExcept for J* from ref 29, the J* values are J °* values to which
was added 1.5 Hz. This 1.5-Hz value was obtained from the
Bothner-By modification of the Karplus equation.!” It is the dif-
ference between J*' and J°® values estimated for oriented vicinal
C-H bonds with torsion angle values of 0 and 180°, respectively.

of 13.6 and 2.6 Hz, respectively. However, Thomas stated
in a review article that the values mentioned above, al-
though suggested by perfectly rational arguments, seem
to be suspect in that Jt, in particular, has rarely been found
to be greater than ca. 12 Hz, even in systems without
electronegative substituents.? He proposed for amino acid
systems more realistic, intermediate values of 10.5 Hz for
J*and 2.7 Hz for J8 These last two values, averaging 6.6
Hz, would be unsuitable for our (1,2-dicyanoethyl)cobal-
oxime system, with averaged observed ;3 and J,; values
averaging 7.4 Hz. Indeed, in a saturated CH-CH fragment
such as C(H3)(Co)(CN)-C(H;)(H,)(CN), the electronega-
tivity of the substituents will affect the value of the vicinal
J1; and J,; coupling constants. It is known that 3J,,, the
vicinal coupling constant in a freely rotating CHRR,-
CHR;R, moiety, shows the following simple dependence
on electronegativity:

3 = 3Jy — 0.82(Ex — Ey) (6)

where the summation term accounts for the electronega-
tivity differences of the groups R, to R,, with respect to
H.!7 3J, stands for the 3J value for ethane (8.0 Hz). The
following electronegativity values were used for the CH-
(CN)(Co)-CH,CN group: Co, 1.8;22 CN, 2.49;% H, 2.1.%

(20) Cavanaugh, J. R J. Am. Chem. Soc. 1967, 89, 1558. Ogura, H.;
Arata, Y.; Fujiwara, S. J. Mol. Spectrosc. 1967, 23, 76. Newmark, R. A ;
Miller, M. A. J. Phys. Chem. 1971, 75, 505. Dezube, B.; Dobson, C. M,;
Teague, C. E. J. Chem. Soc., Perkin Trans. 2 1981, 730.

(21) Thomas, W. A. Annu. Rep. NMR Spectrosc. 1976, 6, 1.

(22) Barrow, G. M. Physical Chemistry; McGraw-Hill: New York,
1973; p 288.

(23) Cavanaugh, J. R.; Dailey, B. P. J. Chem. Phys. 1961, 34, 1099.

(24) Lazlo, P.; Schleyer, P. v. R. J. Am. Chem. Soc. 1963, 85, 2708.
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Figure 5. Series of !H NMR spectra of the py derivative of
(1,2-dicyanoethyl)cobaloxime in CDCl; as a function of temper-
ature.

The 3J,, value of 7.6 Hz calculated from eq 6 compares well
with the average ohbserved value of 7.4 Hz.

More suitable J* and J& values can be derived if we use
compounds containing properly substituted H-C-C-H
systems that are fixed predominantly in a single steric
arrangement. Table VI reports vicinal coupling constants
found in some Diels-Alder adducts with acrylonitrile and
fumaronitrile. Diels-Alder compounds are most inform-
ative in vicinal constants related to gauche and cis inter-
actions. The resulting average J%, 11.1 Hz, and J&, 4.2 Hz,
would seem to be well adapted to our system. These values
have been used in eqs 3 and 4 to calculate Pj, Py, and Py
(Table V). The averaged Py, Py, and Py clearly indicate
that isomer I, which is observed in the solid state, pre-
dominates in solution. Noteworthy is the fact that, of the
three possible isomers, I shows the least amount of steric
hindrance as the CH,CN cyano group is oriented away
from the (DH), equatorial plane. In contrast, the lower
abundance of isomers II and III might be explained by
some steric strain involving the CH,CN cyano group
pointing toward the equatorial (DH), plane. Such strain
could be relieved by opening the Co—C9-C11 angle and/or
lengthening the Co—C9 and/or the C9-C11 bond(s).

Influence of Temperature on the '!H NMR Spectra
of (1,2-Dicyanoethyl)cobaloximes. In order to elucidate
the conformational behavior of the 1,2-dicyanoethyl group
in solution and gain more information about the factors
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Table VII. 'H NMR and *Co NMR Spectral Data for

LCo(DH),CH,
3(Co-CHy)®
(50/50 (v/v)
8(Co—CHy)? 8(Co~CHy)* DMSO0-dq
Le (CH40H) (CDCly) D,0)
4-CNpy ' 0.78 0.63
CH,0H 4110
py 3660 0.68 0.55
4-pic 3660 0.65 0.52
4-NH,-py 0.40
imid 3590
PBu, 2620
P(OCHa), 1580

s Abbreviations: 4-NH,-py = 4-aminopyridine; imid = 1-(2-(tri-
fluoromethyl)phenyl)imidazole; PBu; = tributylphosphine. °In
ppm, against Co(CN)s* as an external reference.?” °In ppm,
against (CH3),Si as an internal reference.?

responsible for its 'H NMR spectral modifications, vari-
able-temperature 'H NMR studies in CDCl; were under-
taken on three pyridine derivatives, namely 4-CNpy, py,
and 4-Me,Npy. Spectra as a function of temperature for
the py adduct are shown in Figure 5 (see Figure 7s for
4-CNpy and 4-Me,Npy). When the temperature is low-
ered, the H; signal is upfield-shifted while the cyano-
methylene (H; and H,) peaks are slightly downfield-
shifted, with respect to their positions at room tempera-
ture. The resulting frequency separation of signals sim-
plified the spectrum. At -60 °C, the spectrum, which looks
very similar to that of 1-MeIlmd at room temperature, can
be interpreted by using first-order rules with 3J,;, =~ 7.5
Hz.

If lowering the temperature had resulted in sets of sig-
nals for each individual conformer with an intensity dis-
tribution based on the proportions evaluated from the
room-temperature spectrum, we should have observed a
low-temperature spectral pattern more complex than that
of Figure 5. Thus, rotation about the C9—C11 bond is not
prevented (the rotational energy barrier of a C,,+—Cyys bond
is very low, ca. 3-5 kcal/mol).1" Another possif)ility would
have been the observations of the spectral pattern of the
more abundant and geometrically favorable conformer I,
with vicinal coupling constants matching its geometry.
However, we again find a deceptively simple second-order
spectrum with 3J,;, =~ 7.5 Hz, which is the average of the
J13 and o3 values deduced from the analysis of the spectra
taken in CDClg, at room temperature. This finding sug-
gests a conformer distribution similar to that at room
temperature. This variable-temperature study shows that
the spectral simplification obtained at room temperature
upon increasing the “effective” trans influence of L
transmitted through Co can be observed also upon low-
ering the temperature for any given L-substituted (1,2-
dicyanoethyl)cobaloxime, except 1-Melmd.

Explanation of the Temperature Dependence of the
'H NMR Signals of the 1,2-Dicyanoethyl Ligand. A
reasonable explanation for such behavior is found in the
Co anisotropic contribution to the chemical shift.
McConnell’s equation can be used to estimate such a
contribution:

6 = Ax[(1 - 3 cos? 6) /3R?]
where o, the shielding contribution, is a function of Ay,
the magnetic susceptibility of the contributing atom (for

instance, Co), and a geometric term (see ref 25 for a full
description). If we assume the same average geometry of

(25) McConnell, H. M. J. Chem. Phys. 1957, 27, 226. Pople, J. A. Proc.
R. Soc. London, Ser. A 1957, 239, 550.
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the Co-CH(CN)CH,CN group at all temperatures, then
the increasing shielding effect with lower temperature is
directly linked to an increase in Ax. Levy reported that
the *Co shift of Co(acac); was also shifted upfield upon
cooling.?® Also, as summarized in Table VII, a Co NMR
study of methylcobaloximes with various L's showed that
the cobalt signal was shifted upfield as the electron-do-
nating power of L increased.?” The 'H NMR shifts of the
Co-bonded methyl group of methylcobaloximes (Table VII)
also show the same upfield-shifting trend.? Thus, changes
in the magnetic anisotropy of the Co center resulting from
ligand substitution and temperature variation appear to
explain our findings. Furthermore, such a complex de-
pendence of spectral pattern on temperature could easily
be incorrectly attributed to dynamic processes, as was done
previously.?

Deuterium-Exchange Study. Schrauzer et al. men-
tioned briefly that the three 1,2-dicyanoethyl protons of
the pyridine derivative underwent full deuterium exchange
in a D,O/pyridine-ds solvent mixture.2 We have decided
to reinvestigate qualitatively this deuterium-exchange
reaction. In comparison with our spectra recorded in
CDCl; and CD,Cl,, the spectrum of pyCo(DH),CH(CN)-
CH,CN in py-ds is quite different. First, it is shifted
downfield with respect to other spectra. Second, the
spectral dispersion is smaller in py-ds. Using py-ds ob-
tained from Aldrich and a batch supplied by KOR, we
found no deuteration when D,0 was added. For example,
in one study, a 0.05 M solution of pyCo(DH),CH(CN)-
CH,CN in py-d; (1 mL) was monitored by ‘H NMR
spectroscopy daily for 10 days after addition of D,0O (50
uL). The 12 protons of the four DH methyl groups, as-
sumed not to be deuterated, were used as an integration
standard. No loss in signal intensity was observed. An
additional 50 uL of D,O was added and, after 2 months,
no exchange was detected. No exchange was observed also
with py-d;/ D50 solutions. In one case, partial exchange
was noted over several days but this reaction could not be
reproduced. Clearly, no facile exchange process occurred,
especially on the NMR time scale.

Reinterpretation of Previous Results. Schrauzer et
al. used several lines of evidence to suggest that dynamic
valence tautomerism involving a 7—o¢ transition state was
occurring in the CH(CN)CH,CN ligand.®? We will present
this evidence and then offer our alternative explanation.
First, the pattern of *H coupling of the 'H NMR signal of
CH(CN)CH,CN collapsed in py-ds. We have pointed out
that 'H NMR chemical shifts of cobaloximes are influenced
greatly by dramatic aromatic solvent induced shifts.?2. The
relatively positive periphery of the py plane, i.e. the region
with the H (or D), will preferentially solvate the negative
end of the polar cobaloximes, in this case the alkyl group.
Since the in-plane region of the anisotropic py ring is
downfield-shifting, the alkyl signals are shifted downfield.
Under circumstances where the solvations of protons under
observation are slightly different, e.g. for H;, H,, and Hg,
then the signals will have either greater or lower dispersion

(26) Levy, G. C.; Bailey, J. T.; Wright, D. A. J. Magn. Reson. 1980, 37,
3563.

(27) LaRossa, R. A.; Brown, T. L. J. Am. Chem. Soc. 1974, 96, 2072,

(28) Cruse, W. B. T.; Fleming, I.; Gallagher, P. T.; Kennard, O. JJ.
Chem. Res., Miniprint 1978, 4418.

(29) Gedoux, B.; Aycard, J.-P. J. Chem. Res., Miniprint 1979, 2616.

(30) Davis, J. C., Jr.; van Auken, T. V. J. Am. Chem. Soc. 1965, 87,
3900.

(31) Marchand, A. P.; Cornell, D. R.; Hople, R. E.; Fowler, B. N,;
Washburn, D. D.; Zinsser, C. C. Tetrahedron Lett. 1972, 3277.

(32) Williamson, K. L.; Hsu, Y. F. L.; Lacko, R.; Youn, C. H. J. Am.
Chem. Soc. 1969, 91, 6123,

(33) Williamson, K. L. J. Am. Chem. Soc. 1963, 85, 516.
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than in, for example, CDCl;. Since H; is on the C bound
to cobalt, it should be the most electron-rich H in the alkyl
group. It is also upfield, and solvation by py-d; will shift
H; relatively more downfield than it will shift the H; and
H, signals. Such collapse of signal dispersion would be
expected of a dynamic process and was incorrectly at-
tributed to rapid H exchange. Second, the !H NMR sig-
nals were temperature-dependent. We have explained this
by changes in Co anisotropy. Third, (rn-Bu)sPCo-
(DH),CH{CN)CH,CN ((n-Bu)sP = tri-n-butylphosphine)
had a more disperse coupled alkyl signal than the py
compound. This was attributed to =-bonding by the (n-
Bu);P ligand that destabilized a putative =-bonded alkyl
intermediate needed for the dynamic process. We at-
tribute this greater dispersion to the difference in Co an-
isotropy due to the greater electron donation by (n-Bu),P
than by py. 1-Melmd can not w-bond in the same way but
has an effect on the spectrum similar to that of (n-Bu)sP.
Fourth, the CH(CN)CH,CN group undergoes D exchange.
We have also observed this result once, for one batch of
py-d; from KOR. In other batches of py-d; from KOR and
Aldrich, no exchange was observed in days to months. A
dynamic process would require exchange to take place in
a matter of minutes, although we do not know why ex-
change was observed in one batch of py-d; from KOR (a
company no longer in business). Even in this case, the
exchange process was too slow to be consistent with a
dynamic process on the NMR time scale.

Conclusions

The characterization of the Me;Bzm derivative of (1,2-
dicyanoethyl)cobaloxime by X-ray crystallography allowed
us to establish beyond question the identity of the alkyl
group. In addition to being a weak electron donor similar
to CH,CN and CH(CN)CI, as demonstrated by the short
trans Co~N bond, the CH(CN)CH,CN group has a steric
bulk which closely resembles that of the strong electron-
donating isopropyl group. The k; rate data for dissociation
of MeyBzm from Me;BzmCo(DH),R compounds indicated
that Me;Bzm has coordination and steric properties similar
to those of pyridine type ligands, in agreement with the
X-ray results.

Assignment of the 1,2-dicyanoethyl 'H NMR signals and

| coupling constants by second-order and least-squares

analyses revealed that the alkyl proton pattern is greatly
affected by the trans influence of L, especially the proton
of the Co-bonded carbon. The resulting shielding phe-
nomenon can be explained in terms of transmission
through the Co(DH), moiety of the electron-donation
power of L. A similar shielding behavior is also observed
upon lowering the temperature and is attributed to a
change in Co anisotropy. The complex nature of these
observations deceptively suggests that the CH(CN)CH,CN
group is involved in an unusual dynamic exchange process.
In no case was a rapid deuteration process observed.

Independent of the factors influencing these shifts, we
have shown that the (1,2-dicyanoethyl)cobaloximes exist
in solution as an unequal mixture of conformers, with the
conformer found in the solid state the most abundant. Our
results, on the other hand, are quite understandable in
terms of standard organocobaloxime chemistry. Finally,
on the basis of our analysis of coupling patterns, the
proportion of conformers does not appear to depend
greatly on L. However, this study was confined to N-donor
L groups, which are relevant to coenzyme B;,. We have
shown that P-donor ligands can cause much greater dis-
tortions of the Co(DH), moiety, and a study of such com-
pounds might reveal a dependence of CH(CN)CH,CN
conformation on the bulk of P-donor L.
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Novel dimeric cyclometalated complexes of 2-vinylpyridine derivatives [e.g., bis(u-chloro)bis[2-(2-
pyridinyl)-3-acetoxypropenyl-C,N]dipalladium(II)] that possess Pd-C, i’ o-bonds have been synthesized

and characterized by 'H and ®*C NMR spectroscopy. The pyridine and P

h; monomers of these complexes

were also synthesized, and the existence of the Pd-C ¢-bond was proven by an X-ray crystal structure

determination of chloro[2
(PdchQBHgsNOQP): a = 9.5939 (10) A
P2)/c, Z = 4.

Introduction

Although five-membered N,C-cyclometalated ¢ com-
plexes, where the carbon bonded to the metal is sp? hy-
bridized, are well-known, examples with pyridine as the
N donor are rather limited? and most reports have used
2-arylpyridines. Considering the greater reactivity of an
isolated carbon-carbon double bond compared to an aryl
moiety, cyclometalation of 2-vinylpyridine (2-vp) should
be more facile than 2-phenylpyridine, for example. How-
ever, to the best of our knowledge, reports of cyclo-
metalated 2-vp (or derivatives) are also limited.® This can
be rationalized by considering the accepted mechanism of
the reaction. The first step is the straightforward for-
mation of the M-N bond. Next, electrophilic attack of the
metal on the double bond (2-vp) or aromatic ring (2-
arylpyridine) occurs, generating a positive charge on the
carbon «a to the pyridine. In 2-arylpyridines, this positive
charge is stabilized by delocalization in the carbocyclic ring,
but in 2-vp, delocalization would result in disruption of
the aromaticity of the pyridine ring. Thus, the charge
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-(2-pyridinyl)-3-acetoxypropenyl-C,N]( trlghenylphosphlne)palladlum(II)
b =29.702 (4) A, c = 9.0964 (16

= 100.045 (11)°, monoclinic,

resides mostly on the a-carbon, which is a secondary
carbocation possessing an electron-withdrawing group
(pyridine), which destabilizes the cation even further. To
circumvent this, a very electrophilic metal must be used
or the cation intermediate must be stabilized by suitable
electron-donating substituents (R). The final step in the
mechanism is deprotonated at the §-position to regenerate
a double bond.

We tested this hypothesis by studying the cyclo-
metalation reactions of suitably a-substituted 2-vinyl-
pyridines with PdCl, and found that cyclometalation
readily occurs, at 25 °C, to give the dimeric complexes

{Pd[pyC(R)=CH]{(u-Cl)}, (R = CH,0H, CH,0Ac).*

Results and Discussion

Dichloropalladium(II) does not readily undergo cyclo-
metalation with 2-vp because of the formation of an in-
termediate secondary carbocation (see Figure 1). To
circumvent this problem, the a-substituted derivative 1
was chosen for cyclometalation for two reasons: (1) a-
substitution would generate a more stable tertiary cation
in the intermediate; (2) a functionalized a-substituent
would allow such uses as polymer functionalization, syn-
thesis of dinuclear complexes, and easy ligand modifica-
tion.

Ligand la was easily synthesized by the method of
Bohlmann et al.? from the commercially available® 2-(2-
pyridinyl)-1,3-propanediol. Treatment of the propanediol
with acetic anhydride at reflux for 6 h yielded (94%) 1a,

(4) Under the same conditions, 2-vinylpyridine does not undergo cy-
clometalation.
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(6) 2-(2-Pyridyl)-1,3-propanediol was purchased from Aldrich Chem-
ical Co., Milwaukee, WI, but is no longer available. See ref 5.
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