
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

Cis-Trans Isomerism in Mononuclear Nickel(II) β-Ketoenamine Complexes
Andrew W. Mavericka; Frank R. Fronczeka; Daniel P. Martonea; Julie R. Bradburyb

a Department of Chemistry, Louisiana State University, Baton Rouge, Louisiana, USA b Department of
Chemistry, Washington University, St Louis, Missouri, USA

To cite this Article Maverick, Andrew W. , Fronczek, Frank R. , Martone, Daniel P. and Bradbury, Julie R.(1989) 'Cis-Trans
Isomerism in Mononuclear Nickel(II) β-Ketoenamine Complexes', Journal of Coordination Chemistry, 20: 2, 149 — 161
To link to this Article: DOI: 10.1080/00958978909408861
URL: http://dx.doi.org/10.1080/00958978909408861

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958978909408861
http://www.informaworld.com/terms-and-conditions-of-access.pdf


1. Conrd. Cht,m. 1989. Vol. 20. pp. 139-161 
Reprints a\ailable directly from the publisher 
Pho1ocop)ing permitted by license only 

0 1989 Gordon and Breach Science Publishers Inc. 
Primed in Great Britain 

CIS-TRANS ISOMERISM IN MONONUCLEAR 
NICKEL(I1) P-KETOENAMINE COMPLEXES 
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DANIEL P. MARTONE 

Deparrnient of Clieinistry, Louisiana State University. Baton Koirge. Louisiana 70503. U.S.A. 

and JULIE R. BRADBURY 
Deparlnienr of Cheinistry, I~7ashington University, St. Louis, hiissouri 63130, U S A .  

(Received Janiiary 3, 1989) 

Solution NMR and X-ray crystallographic structural studies of square-planar nickel(I1) Schiff base 
complexes are reported. In contrast to recently prepared cofacial binuclear complexes derived from 
bis(P-ketoenamines), which have the cis arrangement of 0 and NH donors about each metal atom, 
two representative mononuclear complexes, Ni(acim), (acimH = 4-amino-3-penten-2-one) and Ni- 
(bzacim), (bzacimH = 3-amino-l-phenyl-2-buten-l-one), are produced as trans isomers. 
(NiC,,H,,N,O,) is orthorhombic, space group Ccca, a = 16.770(2), 6 = 15.054(2), c = 13.?$Tk 
2 = 12, R = 0.055, R ,  = 0.042 for 143 parameters and 1748 reflections uith I > Io(I). Ni(bzacim), 
(NiC,,H,,N,O,) is monoclinic, space group P2,/c, a = 5.9186(8), 6 = 13.693(2), c = 11.944(4) A, f3 = 
112.18(2)", Z = 2, R = 0.038, R ,  = 0.037 for 156 parameters and 1589 reflections with I =- 2o(I). Crystals 
of Ni(bzacim), contain centrosymmetric, nearly planar trans molecules. The structure of Ni(acim), 
contains independent molecules with 2 and 222 symmetry, but both of these are disordered, so that 
whether the cis or trans isomer is present cannot be determined. However, solution 'H NOE and 
lanthanide shift measurements indicate that the trans isomer predominates for both compounds. 

Keywords: Nickel(ll), Schiff base, stereochemistry, crystal structure, NMR 

INTRODUCTION 

Square-planar complexes of Schiff base ligands constitute one of the most widely 
investigated classes of transition-metal complexes. A large number of these species 
have been prepared from P-ketoenamine ligands, as shown in Scheme I. In Ni(acen) 
(l),+ ethylenediamine is used to join the two P-diketone moieties, and the arrange- 
ment of 0 and N atoms about the metal atom is constrained to be cis. Bidentate 
ligands derived from amines RNH, (R = alkyl or aryl) lead exclusively to tram 

' Ligand abbreviations: acacH = 2,4-pentanedione; acimH = acetylacetone imine (4-amino-3-penten-2- 
one); bzacimH = benzoylacetone imine (3-amino-I-phenyl-2-buten-I-one); admhH = pivaloylacetone 
imine (5-amino-2,2-dimethyI-4-hexen-3-one); acenH, = bis(acety1acetone)ethylenediimine (4,4'-[1,2- 
ethanediyldinitrilo]-bis(2-pentanone)); bzacenH, = bis(benzoy1acetone)ethylenediimine (3,3'-[1,2-ethane- 
diyldinitrilol-bis( I-phenyl-I-butanone)); salenH, = bis(salicyla1dehyde)ethylenediimine (2,2'-[1,2-ethane- 
diylbis(nitrilomethylidyne)]bis(phenol)); fodH = 2,2-dimelhyI-6,6,7,7,8,8,8-heptaBuoro-3,5-octanedione; 
BBIH, = [5-( I ,  I-dimethylethyl)- 1,3-phenylenebis(methylene)]bis(4-amino-3-pnten-2-one). 

* Author for correspondence. 
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I50 A. W. MAVERICK EI al. 

isomers 2 for steric reasons. (For bulky R groups, distortion of 2 to produce , 

pseudotetrahedral, paramagnetic complexes is often facile.') Unsubstituted p-keto- 
enamines prepared from NH,, however, can in principle produce either cis (3) or 
trnizs (4) isomers. 

Ni(acen) (1) Ni(acimR), (2) 

cis-Ni(acim), (3) frms-Ni(acirn), (4) 

cis-unri-Ni,(BBI), (5) 

cis-Pd(admh), (6) trans-Ni(bzacim), (7) Ni(bzacen) (8) 

SCHEME I hlononuclear and binuclear nickel(I1) Schifi base complexes. 

We have recently begun studying binuclear analogues of these complexes as 
potential catalysts for multielectron redox reactions. X-ray analysis shows that the 
bis(j3-ketoenamine) complexes Ni,(BBI), (5) and Pd,(BBI), have the cis-anti geo- 
metry.2 We were therefore interested in whether the corresponding mononuclear 
complexes are cis or trans. Surprisingly, although the complexes have generally been 
assumed to be traits (4), there is very little direct evidence in the literature for either 
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SCHIFF BASE COMPLEXES 151 

isomer. Many of the assumptions are based on a preliminary study of the crystal 
structure of Ni(acim),, in which the space group and unit-cell dimensions were 
determined., More recently the cis (6) and traits isomers of the palladium(I1) 
P-ketoenamine complex Pd(admh), have been prepared and separated, and their 
interconversion ~ t u d i e d . ~  Herein we report a fuller investigation of Ni(acim),, whose 
disordered structure is actually compatible with either isomer, the crystal structure of 
trans-Ni(bzacim), (7), and 'H NMR evidence that the tram isomers predominate in 
solution for both complexes. 

EXPERIMENTAL 

Materials and Procediires 

The method of Lacey' was used to prepare Ni(acim),. The following method was 
used to prepare bzacimH: an approximately 0.12 M solution of benzoylacetone 
(Aldrich) in conc. NH, (aq), prepared by slight warming, was warmed further until it 
became turbid. The mixture was then cooled to -15°C and the resulting solid 
collected and washed with a small amount of CH,OH at the same temperature. The 
compound was crystallized from a saturated solution in CH,OH by adding three 
times its volume of conc. NH,(aq) and cooling to -15°C; m.p. 141-143°C (lit.6 
143°C). Solutions of Ni(OAc),.4H2O(MCB; 0.44 g, 1.8 mmol) in 10% NH,(aq) and 
bzacimH (0.57 g, 3.5 mmol) in ethanol (25 cm3 each) were warmed together, pro- 
ducing a red-brown crystalline precipitate of Ni(bzacim),. Identical material was 
obtained by mixing solutions of Ni(NO3),.6H2O, triethylamine, and bzacimH (mol 
ratio 1 :2:2) in DMF. 13C NMR in CDCl,: 6 24.4 (CH,CO), 25.3 (CH,CNH), 97.2 
(CH), 166.7 (CNH), 176.3 (CO) ppm vs TMS. 

Crystals of the nickel complexes suitable for X-ray diffraction were obtained by 
cooling of a hot saturated solution in acetone (Ni(acim),) or from dichloromethane 
by layering with hexane (Ni(bzacim),). NMR spectra were measured using Bruker 
AClOO or AC200 instruments; chemical shift values were reproducible within ca 
50.003 ppm. Lanthanide shift experiments employed solutions ca 0.03 M in 
Ni(acim), or Ni(bzacim),. Electronic absorption spectra were recorded by using 
Cary 14 or Cary 219 spectrophotometers. 

Crystallography 

An Enraf-Nonius CAD4 diffractometer, fitted with a MoK, source (h = 0.71073 A) 
and graphite monochromator, was used to measure the diffracted intensities. The 
space groups were uniquely determined by systematic absences in the diffraction 
data. The structures were solved by using the Enraf-Nonius SDP set of programs. 
Initial coordinates for all non-hydrogen atoms were obtained by direct methods. 
Except as noted below, all hydrogen atoms were located in difference Fourier maps, 
and their coordinates and isotropic displacement parameters were refined. Data for 
the two structures were corrected for absorption (\v scans). Additional data are 
summarized in Table I. 
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152 A. W. MAVERICK el al. 

TABLE I 
Data collection and refinement parameters.' 

Ni(acim), Ni(bzacim), 

Formula (fw) NiC,,II,,N,O, (254.93) NiC,,H,,N,O, (379.08) 
Colour, habit red, parallelepiped red-orange, parallelepiped 
Cryst. dirnen./mm 
Space group Crea (No. 68) P2,/c(No. 14) 
fllA 16.770(2) 5.9186(8) 
blA 15.054(2) 13.691(2) 

l3.49q I )  11.944(4) 
- 112.18(2) 

0.13 x 0.20 x 0.50 0.20 x 0.23 x 0.28 

C I A  

PI" 
v/ A 3407(1) 896.3(7) 
Z 12 2 
p,lg cm-3 1.49 1 1.405 
p,lg ~ 1 1 1 ~ ~  I .48(2) 1.38(2) 
T I T  24 26 
p(hloK,)/cm- I 16.97 11.00 
Abs. corr., transm. range 0.9009-0.9976 0.953 1 4 9 9 9 9  
0 range/" 1-35 1-30 
Octants collcd. h k I Ilk ? I  
Reflns. measd. 3752 2614 
Reflns. obsd. (threshold) 
RISTb - 0.0 I6 
Parameters 143 156 
R' 0.055 0.038 
Rwd 0.042 0.037 
P' 0.02 0.02 
GOF' 1.763 1.668 
hlax. shiftlegd 0.01 0.05 

1748 ( I  > lo ( I ) )  1589 ( I  > 20(I)) 

hlax. (min.) diff. pk/e A-3 0.67 (-0.43) 0.52 (-0.26) 

a In Tables I-IV, estimated standard deviations in the least significant digits of the values are given in 
parentheses. bAgreement factor on  I for equivalent observed reflections. ' R = ~~~Fol-F~l l~~Fol .  R ,  = 
J[E:n.(IF,,l -IF,1)2/X~cFo2]. Instability factor in non-Poisson \veighting scheme: IV = 4F,2[o2(r) + 
(P.Fo2)21-'. GOF = J~~~.(lF,l-lF,l)~/(N,a,-N,,,,,)l. 

Ni(aciiu) 

After the initial refinement of non-hydrogen atom coordinates and isotropic dis- 
placement parameters, a difference Fourier map revealed electron density peaks 
corresponding to imino H atoms near all atoms bound to Ni. Therefore, all of these 
atoms were modelled as superposed 0 and N atoms, each with occupancy 0.5, and 
with coordinates and displacement parameters constrained to be equal; all imino H 
atoms were also given 0.5 occupancy. Coordinates for the imino H atoms and one of 
the methyl H atoms (H43A) failed to refine satisfactorily; these atoms were thus fixed 
at  positions indicated by the difference Fourier maps. 

Ni(bzacin1) 

Crystals of this complex were reported to be isomorphous with those of 
Cu(bzacim),.' However, the non-hydrogen atom coordinates from the copper 
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SCHIFF BASE COMPLEXES I53 

structure did not serve as a successful starting point for least-squares refinement of 
the Ni(bzacim), structure. Unit-cell parameters (Table I )  and final coordinates 
(Table 11) for Ni(bzacim), are substantially different from those of Cu(bzacim),. 

TABLE I1 
Fractional coordinates and isotropic equivalent displacement parameters for non-hydrogen atoms.’ 

Atom 

NiIA 
NilB 
NOIAb 
NOIB’ 
NOZA’ 
CIA 
CIB 
C2A 
C2B 
C3A 
C3B 
C4A 
C5A 

Ni 
01 
N2 
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
CIO 
CI 1 
c12 

.+ 

0.16663(3) 

0.0860( 1) 
0.4196(1) 
0.2472( I )  
0.0943(2) 
0.4279(2) 
0.1666(2) 

0.2395(2) 
0.3537(2) 
0.0184(2) 
0.3154(2) 

1 
2 

1 
2 

0 
0.2 I58(2) 

0.2279(3) 
0.0763(4) 

0.4241(4) 
0.4270(4) 
0.6053(5) 
0.7839(5) 
0.7870(4) 
0.6089(4) 

-0.1673(3) 

-0.1210(4) 

-0.2787(4) 

Ylb 

A. Ni(acim), 
1 a 
I a 
0.2969( 1) 
0.3342( I) 
0.2933( I )  
0.3428(2) 
0.4200(2) 
0.3640(2) 
0.4626(2) 
0.3389(2) 
0.4739(2) 
0.3723(2) 
0.3643(2) 

B. Ni(bzacim), 
0 

0.0575( 1) 

0.0001 (2) 

-0.0633( 1) 

-0.0561 (2) 

0.0548(2) 
-0.1171(2) 
-0.141 l(2) 
-0.2003(2) 
-0.2380(2) 
-0.2 l43(2) 
-0.1544(2) 

0.1 103(2) 

z/c 

1 
4 
I z 
0.1717(2) 
0.2592(2) 
0. I697(2) 
0.0901(2) 
0.2622(2) 
0.0392(2) 
1 
4 
0.0882(2) 
0.2773(3) 
0.04 lO(3) 
0.036 1 (3) 

0 
0.1335( I) 
0.0851(2) 
0.2446(2) 
0.2799(2) 

0.3320(2) 
0.4464(2) 
0.5218(2) 
0.4888(3) 
0.3778(2) 
0.3002(2) 
0.25 12(2) 

0.20 lO(2) 

2.326(7) 
2.51(1) 
3.06(5) 
3.07(4) 
3.08(4) 
2.92(6) 
2.80(5) 
3.60(6) 
3.28(8) 
3.10(6) 
4.16(7) 
4.81(8) 
4.68(8) 

3.730(8) 
4.1 5(3) 
4.20(4) 
3.66(5) 
4.11(5) 
3.82(5) 
3.79(5) 
5.13(6) 
6.49(8) 
6.28(8) 
5.68(7) 
4.50(6) 
5.05(6) 

a Bcqv is the equivalent isotropic displacement parameter (4/3)[a2p11 + b’p,, + c2Pa3 + ac cos p p13]. ’0 
and N atoms (occupancy 0.5 each), with positional and displacement parameters constraincd to be equal. 

RESULTS AND DISCUSSION 

Description of Striictiires 

Ni(aciiti), 

Two independent molecules are present in this structure, one with crystallographi- 
cally imposed 2 (C,) symmetry (eight molecules per unit cell; atoms labelled “A” in 
the ORTEP8 drawing of Figure 1) and one with 222 ( D J  symmetry (four molecules 
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IS4 A.  W. MAVERICK el al. 

per unit cell; “B”). The molecules at the 222 (“B”) sites must be disordered, since the 
maximum symmetry of Ni(acim), is iiu112 (CZv, cis) or 2/m (&, trans). Although it 
was claimed in the previous study of Ni(acim),’ that the molecules at  the lower- 
symmetry “A” site must be train, the orientation of the two-fold axis at this site (see 
drawing) is actually consistent with an ordered structure only if it is cis. In fact, 
however, the “A” molecules are disordered as well; peaks corresponding to the half- 
populated hydrogen atoms appeared in the difference Fourier maps near both NOlA 
and N02A, and the refined displacement parameters for the +(N + 0) atoms are 
reasonable. Therefore, the arrangement of the molecules in the crystal is too highly 
disordered for the direct determination of which isomer is present. 

FIGURE 1 ORTEP’ stereoscopic drawing for Ni(acim),, with a vertical and b horizontal. The total 
vertical length shown is approximately half of the a dimension (ca 8.5 A). Thermal ellipsoids are drawn at 
the SO% probability level, and all H atoms except those in the disordered imino groups are  omitted for 
clarity. The crystallographically independent molecules “A” (site symmetry 2) and “B” (site symmetry 
222) are shown, along tvith the two-fold axes parallel to a and b. A total of four asymmetric units are 
shown (two “A” molcculcs and one “B” molecule) in order to illustrate intermolecular contacts (see text). 

The packing arrangement in the crystal provides no new information concerning 
the isomer distribution; no unusual intermolecular contacts (which might be sugges- 
tive of a preference for one isomer) are observed. The closest such contacts are along 
the twofold axis parallel to a (see Figure l), both between adjacent “A” molecules 
(NOlA-NOIA, 3.21 %.) and betweeen “A” and “B” molecules (NOlB-N02A, 
3.19A). Both of these are consistent with weak NH-0 hydrogen bonding, and 
therefore a molecule at one site will probably pack most efficiently with the same 
isomer at adjacent sites. However, neither cis nor trails can be ruled out on this basis. 
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SCHIFF BASE COMPLEXES 155 

One of the CH, hydrogen atoms in Ni(acim), approximately eclipses each of the 
imino H atoms in the chelate rings. We have observed similar conformations in the 
structures of bis(P-diket~ne)~. '~  and bis(P-ketoenamine)* complexes. 

TABLE 111 
Bond distances (A). 

Atoms Distance Atoms Distance Atoms Distance 

A. Ni(acim), 
Ni IA-NO1 A 1.856(2) CIA-CZA 1.371(4) Nil B-NOIB 1.854(2) 
Nil A-NO2A 1.850(2) CIA-C4A 1.505(4) NOIB-CIB I .300(3) 
NO1 A-CI A 1.301(4) C2A-C3A 1.383(5) CIB-C2B I .380(3) 
NO2A-C3A I .302(3) C3A-C5A 1.501(5) CIB-C3B I .498(4) 

B. Ni(bzacim), 
Ni-0 I 1.841(1) C3-C6 1.490(2) C7-C8 1.366(3) 
Ni-N2 I .842(2) C4-C5 1.408(3) C8-C9 1.362(4) 
01-C3 1.304(2) CS-Cl2 1.493(3) C9-CIO 1.37 l(3) 
N2-C5 I .306(2) C b C 7  1.400(3) C I o C l l  1.380(3) 
c 3 c 4  1.361(3) C6-CI 1 1.383(3) 

TABLE IV 
Bond angles ("). 

Atoms Angle Atoms Angle Atoms Angle 

NO1 A-Nil A-NOIA 
NOIA-NIIA-NO2A 
NO 1 A-Ni 1 A-NO2A 
NO2A-NiIA-NO2A 
Nil A-NOIA-CIA 
NilA-NOIAC3A 
NO1 A-CI A-C2A 

OI-Ni-N2 
Ni-OI-C3 
Ni-N2-C5 
OI-C3-C4 
01 -C3-C6 
C4C3-C6 

~~ ~ 

A. Ni(acim), 
86.4(1) NOIA-CIA-C4A 116.0(3) NOlB-NiIB-NOIB 
93.70(9) C2ACIA-C4A 119.9(3) NOIB-NIIB-NOIB 

178.13(9) CIA-C2A-C3A 124.2(3) Ni I B-NO1 B-CI B 
86.2(1) N02A-C3A-C2A 123.6(3) NOIB-CIB-C2B 

127.0(2) N 0 2 A C 3 A C S A  116.4(3) NOIB-CIBC3B 
127.4(2) C2AC3A-CSA 120.0(3) C2BCIB-C3B 
124.0(3) NO1 B-Nil B-NO1 B 86.72(8) CI B-C2B-CIB 

B. Ni(bzacim), 
93.72(6) C3-CK.5  12432) C7-CbC I 1 

126.8(1) N2-CSC4 120.9(2) C6-C7-C8 
1 2 9 4  I )  N 2 C S C 1 2  119.8(2) C7-CSC9 
124.5(2) C4-CS-CI2 119.2(2) C8-C9-C10 
I13.5(2) C3-CbC7 122.3(2) C9-CIO-CI 1 
121.9(2) C 3 C W I  1 120.2(2) C b C l  l C l 0  

93.80(8) 
l72.3( I )  
127.2(2) 
123.5(3) 
117.0(2) 
I19.5(2) 
124.5(3) 

117.5(2) 
120.3(2) 
121.6(2) 
119.1(2) 
120.2(2) 
121.2(2) 

Ni(bzacitn) 

The structure consists of centrosymmetric molecules, with a nearly planar tram 
arrangement about the Ni atoms. An ORTEP drawing of the molecule is shown in 
Figure 2. The phenyl ring (C6-Cll) makes an angle of 17.3(2)' with the p- 
ketoiminato chelate ring (01, C3, C4, C.5, N2), which is planar within 0.006A. The 
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I56 A.  W. MAVERICK el al. 

nickel atom is displaced 0.082 8, out of the chelate ring. This displacement, combined 
with the inversion symmetry of the molecule, results in a slightly “stepped” structure. 
The perpendicular distance between the two chelate rings (s, according to the 
description of these stepped structures by Holm and co-workers”) is 0.16 A. The 
crystal contains parallel stacks of molecules arranged along the a axis. The major 
difference between the present structure and that of Cu(bzacim),’ is that the 
individual molecules are more closely parallel to the be plane in Ni(bzacim),. 

In contrast with Ni(acim), and with our previously determined binuclear struc- 
tures, the hydrogen atoms at C12 in Ni(bzacim), do  not eclipse either H4 or H2N 
(for example, the torsion angle C4-C5-C12-H121 is - 155”). No  significant inter- 
molecular contacts are observed. 

FIGURE 2 ORTEP’ drawing for Ni(bzacim),, with thermal ellipsoids drawn at the 50% probability 
level. 

Cis-trans Isomerism in Solution 

Electronic spectra 
As mentioned above, planar bis(P-ketoiminato)nickel(II) complexes can form two 
isomers only when the imino N atoms are unsubstituted (i.e. NH). By comparing its 
electronic absorption spectrum with those of other complexes of known stereo- 
chemistry, Archer concluded that Ni(acim), possesses the trails geometry.” He 
observed two low-energy absorption maxima for Ni(acim), and for other complexes 
with trarrs-N,O, environments about Ni, but only one band for Ni(acen) and 
Ni(salen), both of which are constrained to be cis. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



SCHIFF BASE COMPLEXES 157 

We have measured the electronic spectrum of Ni(acim), as well as those of 
Ni(acen) and Ni,(BBI), (see Table V). We find small shoulders at higher energy in all 
three spectra. These data suggest that the absorption spectrum in the 400-500nm 
region may not be sufficient to distinguish between cis and trans isomers. 

TABLE V 
Electronic spectral data for nickel(I1) Schiff base complexes.' 

Complex 

Ni(acen) 565 458 (30)' 
Ni(acim), 552 (43); 435 (85)b 
Ni,(BBI), 555 (150); 458 (40)' 

l,,,/nm (E/M - ' cm- I )  

a hleasured in CHCI, solution. The higher-energy bands are shoulders, and therefore the values of Xmas 
and E are probably uncertain by 10 nm and & 50% respectively. Ref 12. This work. 

TABLE VI 
'H NMR chemical shifts.' 

Complex Solvent c -  1 c-3 c -5  NH aromatic 

Ni(acim), CDCI, 1.72 4.82 1.87 5.0 
Ni(acim), C6D6 1.73 4.72 1.24 5.0 
Ni(acirn), CD,CI, 1.68 4.84 1.86 ca. 5.0 
Ni(bzacim), CDCI, 5.53 2.05 5.4 7.3m, 7.6m 

5 
R 

N' ' 
R 

1 

Ni(acim), (R = CH,) 
Ni(bzacim), (R = Ph) 

G/ppm vs TMS, 20-25°C. 

NMR weasurements 

Since neither the crystal structure nor the electronic absorption spectrum . of 
Ni(acim), reveals unambiguously which isomer is present, we examined the 'H NMR 
spectra of solutions of Ni(acim), and Ni(bzacim), in the presence of the lanthanide 
shift reagent Eu(fod),. Experiments of this type with Schiff base complexes were first 
reported by Lindoy and Moody.13 They observed a downfield shift of ca 9.3 ppm in 
the resonance for the methyl group adjacent to the carbony10 atom of Ni(acen) (1) 
when it was treated with a slight excess of Eu(fod),. They attributed this shift to 
chelation of the cis 0 atoms in Ni(acen) to the paramagnetic Eu atom. 
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FIGURE 3 
room temperature). 

Isotropic shifts in the CH,CO 'H resonance of Ni(acim), on addition of Eu(fod), (CDCI,, 

We observe shifts in the Ni(acim), spectrum on addition of Eu(fod), (see Figure 
3), but the effects are much smaller; 1 equiv of Eu(fod), causes a shift of only 
0.090 ppm. Assuming that the affinity of cis-Ni(acim), for Eu(fod), is similar to that 
of Ni(acen), no more than cn 1% of Ni(acim), can be in the cis form.tt 

We wished to compare the above data, which strongly favour the trans isomer for 
Ni(acim), in solution, with Ni(bzacim),, which is trans in the solid state. In this case 
the most closely related cis complex is Ni(bzacen), 8. Lindoy and Moody observed a 
shift of 0.23ppm in the methine resonance for Ni(bzacen) on treatment with 
Eu(fod),. The shift is probably smaller than those for Ni(acen) because of steric 
interference from the phenyl groups in Ni(bzacen). We observe a shift of less than 
0.01 ppm in the Ni(bzacim), methine resonance on addition of Eu(fod),. This 
indicates that Ni(bzacim), is also predominantly trans in solution. 

The results described above for solutions of Ni(acim), and Ni(bzacim), favour the 
trans isomer in crystalline Ni(acim), as well. 

+'The 1 %  figure should be regarded as an upper limit, for two reasons. First, the Iran3 form may also 
show an isotropic shift on treatment with Eu(fod),. Second, selective binding of Eu(Fod), to cis- 
Ni(acm), will favour formation of the cis isomer (see reactions 1 and 2). 
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NMR clier?zical-sli ft assigmnerits 
The largest shift in the 'H spectrum of Ni(acim), on treatment with Eu(fod), occurs 
for the methyl resonance at 1.72 ppm, indicating that this resonance is attributable to 
CH,CO and therefore that the CH,CNH resonance lies at  1.87ppm. This was 
surprising, since 0 ordinarily exerts a greater electron-withdrawing effect than N; as 
a result, CH,CO resonances are often found farther downfield than the CH,CNH 
resonance. We wished to use 'H NOE measurements to confirm this new assignment; 
irradiation of the N H  resonances should cause an increase in the intensity of the 
CH,CNH resonance (minimum H-H distance ca 2.0A; in the trarzs isomer, the 
closest distance between N H  and CH,CO is cn 3.7 A.) 

We were unable to make the NOE measurement in CDCI,, since the NH and CH 
(methine) resonances overlap. However, both the NOE and the Eu(fod), experiments 
can be performed in C6D6, in which the NH and CH chemical shifts differ by ca 
0.5 ppm. Treatment of Ni(acim), with Eu(fod), in C6D6 causes the largest shift in the 
1.74 ppm resonance. Also, irradiation at  5.2 ppm (NH) leads to a positive NOE in 
the 1.25 ppm resonance. Therefore, the 1.25 and 1.74ppm resonances are due to 
CH,CNH and CH,CO, respectively (Dilli and Maitra observed that chemical shifts 
for Ni(acim), and related complexes are solvent-sensitive;" however, they did not 
distinguish the CH,CNH and CH,CO resonances). 

A separate IH-l3C shift-correlation measurement (see spectrum in supplementary 
material) shows that the 'H resonances at  1.72 (CH,CO) and I .87 ppm (CH,CNH) 
in CDCI, are correlated with the I3C resonances at 24.4 and 25.3 ppm respectively; 
therefore, the methyl resonances in the 13C spectrum (see Experimental Section) can 
also be assigned for the first time. 

Energetics of cis-trans isoriierizatiorz in Ni(acirii), 
AGO,, for isomerization of Ni(acim), (1)  may be estimated from the Eu(fod), 
experiments, if the afinity of Eu(fod), for cis-Ni(acim), (2) is also included. 

trans-Ni(acim), e cis-Ni(acim), K,= ( 1 )  

cis-Ni(acim), + Eu(fod), e cis-Ni(acim),-Eu(fod), KEu (2)  

Our lanthanide-shift data (e.g., ca 1% cis isomer present when total Ni and Eu 
concentrations are 0.03 M) yield a value of cn 0.3 M-'  for KICKEu in CDCI,. 
Assuming that KEu is similar to the value Lindoy and Moody', found for Ni(acen) 
(> 1000 M-'), K,, may be no larger than 3 x lo-', corresponding to AGO,, = 
20 kJ mol-'. 

The substantial stability of trans-Ni(acim), may be due in part to steric repulsion 
between the nonbonded imino H atoms in the cis form. However, this repulsion is 
unlikely to account for all of the observed isomerization energy; a molecular- 
mechanics calculation using the SYBYL program" suggests that the rraizs isomer is 
more stable by only ca 2 kJ mol-'. The remainder of the free-energy difference may 
therefore represent a significant electronic preference for the trnris isomer. Such a 
preference would be different from the Pd(admh), system, in which K,, is close to 1,' 
and from planar O,S, complexes, in which the cis isomer is favoured.16 

Holm and co-workers have studied extensively the planar and pseudotetrahedral 
forms of nickel(I1) Schiff base complexes. It is likely that the cis-trnris isomerization 
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of Ni(acim), occurs via such a pseudotetrahedral intermediate (another possible 
route, ligand dissociation, is much slower than the planar-tetrahedral eq~ilibrium'~).  
However, Everett and Holm observed no paramagnetic shifts attributable to the 
pseudotetrahedral form of Ni(acim), even a t  85°C.'' Assuming that a contact shift 
of 5 Hz would have been detectable by Everett and Holm, a lower limit for the cis- 
traits isomerization barrier is ca 20 kJ mol-'. In order to estimate the barrier further, 
we studied the 'H NMR spectrum of Ni(acim), at  low temperature, If isomerization 
is slow on the NMR time scale, four methyl resonances are expected, and if 
Ni(acim), is similar to Pd(~idmh),,~ the cis and traits methyl resonances may differ 
by ca 0.04ppm. We observe essentially no change in the spectrum of Ni(acim), 
in CD,Cl, even at  -85°C. This suggests that the barrier is no larger than 
40 k~ m ~ i - ~ . ~ ~  

Cis-trans Isortierism iit Biitirclear Coiiiplexes 

We began the present work largely because of the unusual cis geometry adopted by 
Ni,(BBI), and Pd,(BBI),.' The lanthanide-shift technique discussed here is likely to 
be useful for identifying isomers in new binuclear systems. 

The trails isomer appears to be favoured in the mononuclear complexes. The 
preferential formation of cis-anti-Ni,(BBI), in DMF is due to weak hydrogen 
bonding with the solvent. Some additional stabilization may also result from the 
high polarity of DMF, which is expected to favour the cis isomer. We attempted 
to prepare cis-Ni(bzacim), by a similar procedure (by mixing Ni(N03),.6H,0, 
bzacimH and Et,N in DMF), but only the traits isomer (shown crystallographically) 
formed. This suggests that, even if cis complexes can be preparcd initially, they will 
be stable only if isomerization is sterically impossible. 
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factors (21 pages) are available from the Authors. 
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