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Low-spin nickel(ll) complexes containing bidentate ligands with modulated nitrogen donor ability, Py(Bz), or MePy-
(B2)2 (Py(Bz), = N,N-his(benzyl)-N-[(2-pyridyl)methyllamine, MePy(Bz), = N,N-bis(benzyl)-N-[(6-methyl-2-pyridyl)-
methyllamine), and a S-diketonate derivative, tBuacacH (tBuacacH = 2,2,6,6-tetramethyl-3,5-heptanedione),
represented as [Ni(Py(Bz),)(tBuacac)](PFe) (1) and [Ni(MePy(Bz),)(tBuacac)](PFs) (2) have been synthesized. In
addition, the corresponding high-spin nickel(ll) complexes having a nitrate ion, [Ni(Py(Bz),)(tBuacac)(NOs)] (3) and
[Ni(MePy(Bz),)(tBuacac)(NOs)] (4), have also been synthesized for comparison. Complexes 1 and 2 have
tetracoordinate low-spin square-planar structures, whereas the coordination environment of the nickel ion in 4 is a
hexacoordinate high-spin octahedral geometry. The absorption spectra of low-spin complexes 1 and 2 in a
noncoordinating solvent, dichloromethane (CH,Cl,), display the characteristic absorption bands at 500 and 540
nm, respectively. On the other hand, the spectra of a CH,Cl, solution of high-spin complexes 3 and 4 exhibit the
absorption bands centered at 610 and 620 nm, respectively. The absorption spectra of 1 and 2 in
N,N-dimethylformamide (DMF), being a coordinating solvent, are quite different from those in CH,Cl,, which are
nearly the same as those of 3 and 4 in CH,Cl,. This result indicates that the structures of 1 and 2 are converted
from a low-spin square-planar to a high-spin octahedral configuration by the coordination of two DMF molecules
to the nickel ion. Moreover, complex 1 shows thermochromic behavior resulting from the equilibrium between
low-spin square-planar and high-spin octahedral structures in acetone, while complex 2 exists only as a high-spin
octahedral configuration in acetone at any temperature. Such drastic differences in the binding constants and
thermochromic properties can be ascribed to the enhancement of the acidity of the nickel ion of 2 by the steric
effect of the o-methyl group in the MePy(Bz), ligand in 2, which weakens the Ni—N(pyridine) bond length compared
with that of the nonsubstituted Py(Bz), ligand in 1.
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Introduction

Control of the spin states of metal ions has attracted much

attention in inorganic* and biological chemistri® It has

been of special interest to clarify how the spin states of metal

ions can be controlled by external perturbation in the
viewpoint of applications to molecular memories and
switchest™*7 In the case of nickel(ll) complexes, in par-

ticular, the transformation of the nickel(ll) spin state from a
low-spin S = 0) state with a square-planar structure to a

*To whom correspondence should be addressed. E-mail: ktanaka@ high-spin & = 1) state with an octahedral geometry is

ims.ac.jp.
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triggered by the coordination of two solvent molecules to
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and solvatochromismrespectively.
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Spin State Equilibrium of Ni(ll) Complexes

A number of nickel(ll) complexes showing thermochromic ~ Synthesis All ligands used in this study were prepared according
and solvatochromic behaviors have been synthesized toto the following procedures, and the structures of the products were
explain the phenomena in terms of geometrical factors suchconfirmed by the analytical dataidle infra).
as changes in coordination geoméir{®# Among those N,N-Bis(benzyl)N-[(2-pyridyl)methylJamine (Py(Bz),) and
nickel(1) complexes with thermochromic and solvatochromic N:N-Pis(benzy)N-[(6-methyl-2-pyridyl)methyllamine) (MePy-
behaviors, however, only a few complexes have been (Bz),). These ligands used in this study were prepared as described

i 14
structurally establishetf. To the best our knowledge, more- prev',OUS|y' }
over, there has so far been no attempt to control the [Ni(Py(Bz).)(tBuacac)](PFs) (1). To a methanol solution of Py-

- . . (Bz), (0.288 g, 1.0 mmol) antBuacacH (0.184 g, 1.0 mmol) was
thermochromlsm_and the sqlvatochrom|sm, taking advantageadoled Ni(CIQ)>-6H;0 (0.366 g, 1.0 mmol) in methanol, and a few
of the donor ability of the ligands.

h . drops of triethylamine were then added to the resulting solution.
We report herein the synthesis, the X-ray crystal structure the reaction mixture was stirredrfa h atroom temperature and

determination, and the electronic spectroscopic investigationsconcentrated to dryness under reduced pressure. The residue was
of low-spin square-planar nickel(ll) complexes containing dissolved in a dichloromethane solution, and ammonium hexafluo-
bidentate ligands with modulated nitrogen donor ability, Py- rophosphate (0.326 g, 2.0 mmol) was added to the solution. After
(Bz), or MePy(Bz) (Py(Bzy = N,N-bis(benzyl)N-[(2- the mixture was stirred overnight at room temperature, insoluble
pyridyl)methylJamine, MePy(Bz)= N,N-bis(benzyl)N-[(6- material was removed by filtration. Addition of diethyl ether to
methyl-2-pyridyl)methylJamine)* and as-diketonate deriv- the filtrate gradually gave red powder that was collected by filtration
ative, tBuacacH (BuacacH= 2,2,6,6-tetramethyl-3,5-hep- and recrystallized from dichloromethane/di_ethyl ether. Yield: 0.304
tanedione), represented as [Ni(Py(B&#Buacac)](PB) (1) ﬁl(isig%lzl Anj_l‘ galscsdggr ﬁHgg%'_\klpfell\gl'EF’ t55'l4’ H, 5'82’t.
and [Ni(MePy(B2))(tBuacac)|(PE) (2). In addition, the , S:290- FOUNGE T, 99 8, HL 9. 15 T &9, Electrospray lonization
. . . . (ESI) mass datam/z 529 [M — PR]*.
corresponding high-spin octahedral nickel(ll) complexes

. . . . [Ni(MePy(Bz),)(tBuacac)](PFs) (2). This complex was prepared
having a nitrate ion, [Ni(Py(Bz)(tBuacac)(NQ)] (3) and in the same maimer as that for the synthesis o$ing the MePy-

[Ni(MePy(Bz),)(tBuacac)(NQ)] (4), have also been syn- gy, jigand instead of Py(Bz) Yield: 0.197 g (28.6%). Anal.
thesized and the spectroscopic properties are compared Witltalcd for GoH40,sNPiFsNi;: C, 55.04; H, 6.06; N, 4.01.
those of the low-spin complexes. The drastic difference in Found: C, 55.21; H, 5.95; N, 4.07. ESI| mass dat#z 543 [M —
the solvatochromic and thermochromic behaviors accompa-PR]".
nied by the change of spin states fré&dn= 0 to S= 1 is [Ni(Py(Bz)2)(tBuacac)(NG)] (3). Ni(NOs)2-6H,0 (0.291 g, 1.0
observed by the comparison of the low-spin square-planarmmol) in acetonitrile was added to an acetonitrile solution contain-
nickel(Il) complexes bearing Py(Bznd MePy(Bz)ligands. ing Py(Bz} (0.288 g, 1.0 mmol) antBuacacH (0.184 g, 1.0 mmol),
and a few drops of triethylamine were then added to the resulting
solution. The reaction mixture was stirredrfd h at room
N KO § KO temperature and concentrated to dryness under reduced pressure.
@\/ Ij\/ W The residue was dissolved in a dichloromethane solution and poured
NT N N~ N into diethyl ether to give pale blue powder that was collected by
O O filtration and recrystallized from dichloromethane/diethyl ether.
Yield: 0.291 g (49.2%). Anal. Calcd forsgH4005sN3Niqy: C, 61.92;
H, 6.70; N, 6.99. Found: C, 62.08; H, 6.71; N, 7.23. Fast atom
bombardment (FAB) mass datavz 529 [M — NOj]*.
Py(Bz) MePy(Bz), BuacacH [Ni(MePy(Bz),)(tBuacac)(NQ)] (4). This complex was prepared
in the same manner as that for the synthesi3 o$ing the MePy-
(Bz), ligand instead of Py(Bz) Yield: 0.306 g (50.5%). Anal.
Materials. All chemicals used for the synthesis of the ligands Calcd for GoH420s sNsNii: C, 62.46; H, 6.88; N, 6.83. Found: C,
and complexes were commercial products of the highest available62.48; H, 6.88; N, 6.88. FAB mass datayz 543 [M — NOg]*.

Experimental Section

purities and were further purified by the standard methéds. X-ray Structure Determination. The syntheses of complexes

Solvents were also purified by standard methods beforé®use. 1, 2, and 4 afforded well-shaped crystals suitable for X-ray
diffraction study. The crystals were mounted on a glass capillary.

(8) (a) Ihara, Y.; Tsuchiya, RBull. Chem. Soc. Jpri98Q 53 1614~ The X-ray experiments were carried out on a Rigaku/MSC mercury

1617. (b) Ihara, Y.; Izumi, E.; Uehara, A.; Tsuchiya, R.; Nakagawa, - . . -
S.; Kyuno, EBull. Chem. Soc. Jpri982 55, 1028-1032. (c) Ihara, CCD diffractometer equipped with a Rigaku GNNP low-temper-

Y.; Tsuchiya, RBull. Chem. Soc. Jpr1984 57, 2829-2831. (d) Ihara, ature device. Data collections were performed at 173 K under cold
Y. Bull. Chem. Soc. Jpri985 58, 3248-3251. (e) lhara, Y.; Wada,  nitrogen gas using graphite monochromated Mw tadiation ¢

A.; Fukuda, Y.; Sone, KBull. Chem. Soc. Jprl986 59, 2309- — ;

2315. () Ihara. Y. Fukuda, Y.- Sone, Knorg. Chem 1987, 26, 0.71070 A) and pro_cessed with Crystal Cl&aThe structur_e

3745-3750. was solved by the direct methbdand expanded by Fourier
(9) Fukuda, Y.; Sone, KJ. Inorg. Nucl. Chem1972 34, 2315-2328. techniques8 The non-hydrogen atoms were refined anisotropically
(10) Vitiello, J. D.; Billo, E. J.Inorg. Chem 198Q 19, 3477-3481. by full-matrix least-squares calculations. Each refinement was

(11) (a) Hay, R. W.; Bembi, R.; Sommerville, Whorg. Chim. Actal982
59, 147-153. (b) Hay, R. W.; Jeragh, B.; Ferguson, G.; Kaitner, B.;

Ruhl, B. L.J. Chem. Soc., Dalton Tran$982 1531-1539. (15) Perrin, D. D.; Armarego, W. L. FPurification of Laboratory
(12) Laskar, I. R.; Maji, T. K.; Das, D.; Lu, T.-H.; Wong, W.-T.; Okamoto, Chemicas; Butterworth-Heinemann: Oxford, England, 1988.

K.; Chaudhuri, N. RPolyhedron2001, 20, 2073-2082. (16) Crystal Clear software package; Rigaku and Molecular Structure
(13) Flamini, A.; Fares, V.; Pifferi, AEur. J. Inorg. Chem200Q 537— Corporation: 1999.
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Table 1. Crystal Data for Complexes, 2, and4

Ohtsu and Tanaka

1 2 4
formula Q;]_HsgNzOzNilPlFe C32H41N202Ni1P1F6 C32H41N305Ni1
formula weight 675.33 689.35 606.39
color red purple light blue
crystal size/mm 0.3 0.10x 0.10 0.20x 0.20x 0.20 0.30x 0.15x 0.15
crystal system triclinic monoclinic monoclinic
space group P1 (No. 2) C2/c (No. 15) P2; (No. 4)
alA 10.8749(5) 21.82(1) 9.774(2)

b/A 11.9336(5) 11.160(6) 9.712(2)
c/A 14.6196(5) 27.91(1) 16.132(3)
o/deg 71.93(1)

pldeg 84.55(2) 104.536(5) 96.583(9)
yldeg 63.03(1)

VIA3 1605.2(2) 6579(5) 1521.2(4)
z 2 8 2

TIK 173 173 173

Dd/(g cnr3) 1.397 1.392 1.324
radiation Mo Ko (A = 0.71070 A) Mo Ka (A = 0.71070 A) Mo ke (4 = 0.71070 A)
ulem™t 7.19 7.04 6.82
F(000)/e 704.00 2880.00 644.00
20ma/deg 55.0 55.0 55.0

no. of reflctns measd 7043 7815 3568

no. of observations 6978 7392 3562

no. of variables 388 397 371

GOF 1.88 1.74 1.28

Ra (1 > 2.00x(1)) 0.069 0.062 0.034
Ry (I > 2.00(1)) 0.087 0.078 0.048

AR = 3(IFol = IFe)/3|Fol; Ry = [IW(IFol — [Fe)ZZWIFol7*% w = 1io*(Fo).

continued until all shifts were smaller than one-third of the standard polycrystalline sample was embedded in Parafilm to prevent
deviations of the parameters involved. Atomic scattering factors torquing of the crystallites in an external field. A diamagnetic
were taken from the literatuf@All hydrogen atoms were located  correction, estimated from Pascal's constdhtwas added from

at the calculated positions, and they were assigned a fixed the experimental susceptibilities to give the molar paramagnetic
displacement and constrained to ideal geometry wittHG= 0.95 susceptibilities. Elemental analyses were carried out at the Research
A. All the calculations were performed by using the teXsan Center for Molecular-scale Nanoscience, Institute for Molecular
crystallographic software program pack&gé&ummaries of the Science.

fundamental crystal data and experimental parameters for the

structure determination of complexes2, and4 are given in Table ~ Results and Discussion

1.

Instrumental Measurements.Electronic spectra were measured -
with a Hewlett-Packard 8453 diode array spectrophotometer with comple?(esl and2 are shown in Flgure_ 1 (p_arts a_ anq b,
a Unisoku thermostated cell holder designed for low-temperature respectively), and th_a_t of the_corre_spo_ndlng h'gh'Sp_'n nickel-
experiments. NMR measurements were performed with a JEOL (/) complex4 containing a nitrate ion is shown in Figure 2.
GX-500 (500 MHz) NMR spectrometer. ESI mass spectra were Selected bond distances and angles of compléx@sand
obtained with a Shimadzu LCMS-2010 liquid chromatograph mass 4 are summarized in Tables 2, 3, and 4, respectively.
spectrometer. FAB mass spectra were recorded with a JEOL JMS- The nickel ions inl and2 have tetracoordinate structures
GCmatell spectrometer. Cold-spray ionization (CSI) mass spectraformed by the pyridine nitrogen, the tertiary amine nitrogen,
were taken on a JEOL JMS-T100CS spectrometer attached to agnd two oxygens fronBuacac. The bond lengths afand
syringe pump apparatus (Harvard Apparatus model 22). Sampley fom the nickel ion to each of the donor nitrogens and

solutions were delivered to the sprayer through a fused silica ox ; C NG
) i ygens are NiN(1), 1.893(3) and 1.936(2) A; NiN(2),
capillary (100um diameter) at 1@&L/s. The sprayer was held at a 1.944(3) and 1.949(3) A: NiO(1), 1.842(3) and 1.844(2)

potential of 2.0 kV, and compressed, Mhich controlled the ) . .
temperature at 248 K was employed to assist liquid nebulization. A; and Ni—0O(2), 1.821(3) and 1.845(2) A, respectively. It

The orifice potential was maintained at 30 V. The positive ion csI Should be noted that the NN(1) distance in2 (1.936(2)
mass spectra were measured in the range = 100-1000. A) is significantly longer than that in (1.893(3) A). Such
Variable-temperature magnetic susceptibility data were measureda difference in the Ni-N(pyridine) distance may be ascribed
on polycrystalline samples of complexés2, 3, and4 using a to the steric effect of th@-methyl groug? of the MePy-
Quantum Design MPMS-7 SQUID susceptometer in the temper- (Bz), ligand in2, which leads to weaker coordination to the
ature range 4300 K with an applied field of 5.0 kG. The  nickel ion as compared to the case of the nonsubstituted Py-

: (Bz), ligand in1. This is consistent with the higher value of
(18) DIRDIF94: Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, M . P . .
W. P de Gelder. R.: Istael R Smits. J. M. Nhe DIRDIF94 the binding constant with DMF i@ than in1, as discussed

program system Crystallography Laboratory, University of Nij-  later. The dihedral angles between the-Ni(1)—N(2) plane

megen: The Netherlands, 1994. ; - ;

(19) International Tables for X-ray Crystallographitynoch Press: Bir- and the N1—O(1) 0(2) one inl and2 are 12.4 and 1979
mingham, U.K., 1974; Vol. IV.

(20) teXsan crystal structure analysis package; Molecular Structure (21) Mabbs, F. E.; Marchin, D. JMagnetisms and Transition Metal
Corporation: 1985 and 1999. ComplexesChapman and Hall: London, 1975.

Crystal Structures. ORTEP views of low-spin nickel (11)
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Spin State Equilibrium of Ni(ll) Complexes

(a) \%\:}/ > Table 2. Selected Bond Distances and Angles of Complex
=N N N
\&:\iﬁ?&g/ R Bond Distances (A)
Ni—N(1) 1.893(3) Ni-O(1) 1.842(2)
Ni—N(2) 1.944(3) N~O(2) 1.821(3)
Bond Angles (deg)
N(1)—Ni—N(2) 86.0(1) N(2-Ni—0(1) 89.9(1)
N(1)—Ni—0O(1) 169.6(1) N(2)-Ni—0(2) 170.5(1)
N(1)—Ni—0(2) 90.2(1) O(1yNi—0(2) 95.3(1)

Table 3. Selected Bond Distances and Angles of Comg®@ex

Bond Distances (A)

Ni—N(1) 1.936(2) Ni-O(1) 1.844(2)
Ni—N(2) 1.949(3) Ni-O(2) 1.845(2)
Bond Angles (deg)

N(1)—Ni—=N(2) 85.7(1) N(23-Ni—0(1) 88.39(10)
N(1)—Ni—0(1) 165.5(1) N(2y-Ni—0(2) 164.3(1)
N(1)—Ni—0(2) 94.38(10) O(LyNi—0(2) 94.87(9)

Table 4. Selected Bond Distances and Angles of Complex

Bond Distances (A)

Ni—N(1) 2.086(3) Ni-O(2) 1.979(2)

Ni—N(2) 2.184(2) Ni-O(3) 2.120(2)

Ni—O(1) 1.983(2) Ni-O(4) 2.182(3)

Bond Angles (deg)

N(1)—Ni—=N(2) 80.9(1) N(23-Ni—0(4) 152.34(10)
N(1)—Ni—0(1) 177.23(9) O(XyNi—0(2) 91.10(8)
N(1)—Ni—0(2) 90.7(1) O(1yNi—0(3) 88.1(1)
N(1)—Ni—0(3) 90.70(9) O(LyNi—0O(4) 87.8(1)
N(1)—Ni—0(4) 93.75(10) O(2YNi—0O(3) 164.22(9)
N(2)—Ni—0O(1) 96.67(9) O(2yNi—0O(4) 103.99(9)
N(2)—Ni—0(2) 103.20(10) O(3)Ni—0(4) 60.23(9)

N(2)-Ni—O(3)  92.55(9)

Figure 1. ORTEP views of (a) [Ni(Py(Bz)(tBuacac)](PE) (1) and (b) The transformation from low-spin square-planar complexes
[Ni(MePy(Bz))(tBuacac)](PE) (2). The hydrogen atoms and the counter- 1 and2 to the corresponding high-spin octahedral complexes
;Pc')%gb?lrify ‘g‘/ged for clarity. Thermal ellipsoids are drawn at the 50% 55 qemonstrated by the 1:1 adduct formation with a nitrate
’ ion affording 3 and 4, respectively (see the Experimental
Section), and well-shaped crystals suitable for X-ray structure
determination were obtained in the caseloThe coordina-
tion geometry of the nickel ion i is an octahedral structure
with two nitrogens of the pyridine and the tertiary amine,
two oxygens fromtBuacac, and two oxygens of the nitrate
ion bonded in the bidentate manner, as shown in Figure 2.
The bond lengths and angles around the nickel coordination
sphere of4 (see Table 4) are essentially the same as those
of the reported complex [Ni(dipe)(acac)(WpP?324Thus, the
structure of3 is also quite similar to those of and [Ni-
(dipe)(acac)(N@)],%32* with respect to the coordination
geometry. In addition, the effective magnetic moments of
3, 4, and [Ni(dipe)(acac)(Ng)]*>?**were 3.20, 3.02, and 3.23
us, respectivel?325 indicating that the spin states of the
nickel ions in these complexes are high-spin stages ().
Absorption Spectra in Noncoordinating and Coordi-
nating Solvents. Parts a and b of Figure 3 show the

(22) (a) Nagao, H.; Komeda, N.; Mukaida, M.; Suzuki, M.; Tanaka, K.

Figure 2. ORTEP view of [Ni(MePy(Bz)(tBuacac)(NQ)] (4). The Inorg. Chem 1996 35, 6809-6815. (b) Shimazaki, Y.; Huth, S.;
hydrogen atoms are omitted for clarity. Thermal ellipsoids are drawn at Hirota, S.; Yamauchi, CBull. Chem. Soc. Jpr200Q 73, 1187-1195.
the 50% probability level. (c) Ohtsu, H.; Shimazaki, Y.; Odani, A.; Yamauchi, O.; Itoh, S.;

Fukuzumi, S.J. Am. Chem. So@00Q 122, 5733-5741. (d) Ohtsu,

. . . . H.; ltoh, S.; Nagatomo, S.; Kitagawa, T.; Ogo, S.; Watanabe, Y;
respecu_vely. Thus, the coordination environmentd ahd Fukuzumi, S,m(?rg_ Chem 2001 %10’ 320&3307. (e) Ohtsu, H.:
2 are slightly distorted square-planar structures, which are 23) l;ulﬁugum;,( Sghim-CLet’tAZ_OOL 920;92'\1‘. y .- SoneBKd
. . . i ukuda, Y.; Fujita, C.; Milyamae, H.; Nakagawa, R.; sone .
consistent with the magnetic susceptibilitiesladind 2 that Chem. Soc. Jpri.989 62, 745-752.

were diamagnetic§ = 0). (24) dipe= 1,2-dipiperidinoethane, acae acetylacetonate.
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Figure 3. Absorption spectra of (a) [Ni(Py(B2)tBuacac)](PE) (1 10.0 Figure 5. Absorption spectral change observed upon addition of various
mM) and (b) [Ni(MePy(Bz})(tBuacac)](PE) (2: 10.0 mM) in CHCl, at amounts of DMF into a CECl, solution of [Ni(Py(Bz})(tBuacac)](PE)
208 K. (1: 10.0 mM) at 298 K. Inset: plot offy — A)/(A — A.) vs [DMFJ2.
bands due t8A,q — 3T14 (F) transitions® Such a difference
04l in the absorption maxima betwednand 2 or between3
and 4 may be caused by the steric effect of thenethyl
group of the pyridine moiety. In addition, the reflectance
& i (a) spectra ofl, 2, 3, and4 in the solid states showed the same
< ®) bands, indicating that the structures hf2, 3, and4 are
02 maintained in the solution states.
The absorption spectra tifand2 completely change when
L a coordinating solventy,N-dimethylformamide (DMF), has
been used instead of a noncoordinating solvent@HThe
. ) . . A2y — *Ty4 (F) transition bands af and2 in DMF appeared
0 400 600 800 at Amax (¢/(M~t cm™)) = 630 (20) and 645 (20) nm,
Wavelength / nm respectively, which are quite close to those3odnd 4 in
Figure 4. Absorption spectra of (a) [Ni(Py(B2)tBuacac)(NQ)] (3: 10.0 CH,ClI,, as shown in Figure 4. This result |nd|cat¢s that the
mM) and (b) [Ni(MePy(Bz))(tBuacac)(NQ)] (4: 10.0 mM) in CHCl, at structures ofl and2 are transformed from a low-spin square-
298 K. planar to a high-spin octahedral configuration because of the

coordination of two DMF molecules to the tetradentate
square-planar nickel ion. Formation of the 1:2 DMF adducts
has been further confirmed by the CSI mass spectruth of
in DMF, which exhibited a signal atyz= 677. The observed
mass and isotope patterns correspond to the ion [Ni(PyBz)

absorption spectra ol and 2, respectively, in dichlo-
romethane (CkLly), which is a noncoordinating solvent. An
intense absorption band at 500 nen=t 120 Mt cm™?) of

1 (Figure 3a) can be assigned to theditransition {Aq—

1A,9,%6 which is characteristic of low-spin square-planar (tBuacac)(DMF)". _ .
nickel(Il) complexes. This is consistent with the results of _ AS e€xpected from the solvatochromic properties @ind

X-ray crystal structure determination and magnetic suscep- 2 the spectral changes can be observed upon gradual addition
tibility. The absorption spectrum of a GEl, solution of2 ~ ©f DMF into a CHClI, solution of1 and 2, as shown in
(Figure 3b) displays th&A,,— A, transition ban@ at 540~ Figures 5 and 6. The absorption bands at 500 oand
nm (€ = 120 M~ cmY) which is red-shifted compared to 240 nm (for 2) characteristic of the _mc_kel(ll) I_ow-spm
that of 1 (500 nm,e = 120 M~ cm™Y). square_—planar complexes decrease Wlth increasing th_e con-
The absorption spectra of the corresponding high-spin c€ntration of added DMF, accompanied by increases in the
complexes3 and 4 having a hexacoordinate octahedral 2PSOrption bands at 615 and 635 nm, respectively, which
structure in CHCI, are shown in parts a and b of Figure 4, Pelong to the corresponding high-spin octahedral DMF

respectively. The spectra 8fand4 exhibit prominent bands adducts. Such spectral changes are reasonably associated with
centered at 610 and 620 nm € 20 M~* cm? in both the 1:2 complex formation betweehor 2 and DMF, as

complexes), respectively, and the absorption coefficient of shown in SChgme T. The binding constantsk) for the
4 is slightly red-shifted compared to that & These 1:2 adducts with DMF expressed by eq 1 are calculated by

characteristic bands at600 nm are assigned to the-d using the equation

: : : K, = [Ni(L)(tBuacac)(DMF)J/[Ni(L)( tBuacac)] [DM Ff
(25) The effective magnetic moments ®fand4 are independent of the

measured temperature range-@00 K). (1)
(26) Lever, A. B. Plnorganic Electronic Spectroscopgnd ed.; Elsevier _

Science: Amsterdam, The Netherlands, 1984. L = Py(Bz),or MePy(Bz)
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Scheme 1
tBu
\\ Ph Phy PhL__
\en \Ph o Bu  +2DMF /0 B
-0 - s N_I o7 'Bd
f u/N 3 /N 0§ :N'/o
Me °° =% | ‘DMF
© tBu DMF
R=H, Me
[Ni(Py(Bz),)(tBuacac)]*  [Ni(MePy(Bz),)(tBuacac)]* [Ni(Py(Bz),)(tBuacac)(DMF),]*
or
[Ni(MePy(Bz),)(tBuacac)(DMF).]*
Scheme 2
Ph. PhL"
\'\‘,—Pho Bu _A \'\‘/? 0\/ Bu
SNIiTT N >NiT”
é leo;S + 2 Acetone A é N Acetone
tBu Acetone

[Ni(Py(Bz),)(tBuacac)]*

(A0 — A/A — A.) = 0.0K,[DMF]2 The plots of
(Ao — A)/(A — As) versus [DMF? give straight lines pass-

[Ni(Py(Bz),)(tBuacac)(Acetone),]*

ture-dependent change between the low-spin square-planar
and high-spin octahedral structures. Reliable magnetic

ing through the origin, as depicted in the insets of Figures 5 susceptibility of1 in acetone, however, was not obtained

and 6. TheK, values are determined as 0.20 and 930* M
for 1 and 2, respectively, from the slopes of the plots. The
significantly larger binding constant @fcompared with that
of 1 indicates that thed>-methyl group of the MePy(Bz)
ligand greatly enhances the acidity of the nickel ion. This is
consistent with the longer NiN(pyridine) distance in2
(1.936(2) A) than irl (1.893(3) A), derived from the crystal
structuresfide suprg. Such a drastic difference &% values
in 1 and2 reflects the thermal behavior of both complexes
as described in the next section.

Thermochromic Properties. We observed that complexes
1 and2 display very different thermal behaviors in acetone,

which is a weaker coordinating solvent as compared to DMF.

The absorption spectrum afin acetone at room temperature
is quite close to that in C4Cl, (see Figure 3a) and exhibits
the 1A, — A, transition bangf at 500 nm. Upon cooling
an acetone solution df down to 183 K, however, the color
gradually changes from red.{a = 500 nm) toward pale
blue @max= 610 nm), as shown in Figure 7. The remarkable

because of the low solubility of the complex at low
temperature. The spectral change depending on the temper-
ature can be reasonably explained by the shift of the
equilibrium to the right with decreasing temperature (Scheme
2).

Indeed, the absorption spectrumloin acetone at 183 K
is quite close to that in the presence of DMF in £}
(Figure 5). On the other hand, the absorption spectrugé of
in acetone displayed only the 630 nm band arising from the
high-spin octahedral configuration at room temperature, and
no spectral change was observed upon cooling the solution
down to 183 K.

In contrast to the case df the lack of thermochromism
in an acetone solution &apparently results from too strong
an affinity of the nickel ion for acetone. The distinct
difference in the thermochromic behavior betwdeand 2
is associated with the binding constantd @ind2 with DMF,
K, = 0.20 and 930 M, respectively gide suprg. Thus,
the o-methyl group of the pyridine moiety i@ plays the

thermochromism is associated with the reversible tempera-key role in developing thermochromism as well as solvato-

S

(Ag-A) / (A-A,)

Abs.

0.2 04
103 [DMF]?/ M2
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| |
400 600

Wavelength / nm

Figure 6. Absorption spectral change observed upon addition of various
amounts of DMF into a CkCl, solution of [Ni(MePy(Bz))(tBuacac)](PE)
(22 10.0 mM) at 298 K. Inset: plot ofAy — A)/(A — Ax) vs [DMF]2.
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Figure 7. Absorption spectral change observed by decreasing the

temperature from 298 to 183 K in an acetone solution of [Ni(Py{Bz)
(tBuacac)](PB) (1: 10.0 mM).
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chromism by weakening the NN(pyridine) bond at a  indicates that the steric effect of tlkemethyl group of the
certain level compared with the case of the nonsubstituted MePy(Bz} ligand greatly enhances the affinity of the central
Py(Bz), ligand in 1. Ni(ll) ion toward coordinating molecules. As a result, an
acetone solution oR exists as octahedral high-spin [Ni-
(MePy(Bz))(tBuacac)(acetong) in a wide range of tem-
The low-spin square-planar nickel(ll) complexes [Ni(Py- peratures. On the other hand, complemaintains the low-
(Bz),)(tBuacac)](PB) (1) and [Ni(MePy(Bz))(tBuacac)]- spin square-planar geometry ([Ni(Py(Bg)Buacac)f) in
(PFs) (2), having bidentate ligands with modulated nitrogen acetone at room temperature, but the molecular structure of
donor ability ang3-diketonate derivatives, exhibit the unique 1 gradually changes to octahedral high-spin [Ni(PytBz)
solvatochromism as well as the thermochromism induced by (tBuacac)(acetong) with decreasing temperature. Thus,
the change of the spin states of the nickel(ll) ion from the control of the spin states in nickel(ll) complexes can be
square-planar low-spirS(= 0) to the octahedral high-spin  accomplished by fine-tuning of the donor abilities of the
(S= 1) states. The binding constantsloénd2 for the 1:2 ligands. The present results will provide valuable information
adduct formation with DMF are determined as 0.20 and 930 for the development of molecular memories and switéh#s.
M1, respectively, by the titration upon addition of DMF
into a CHCI, solution of 1 and2. The significantly larger
binding constant of2 compared with that ofl clearly

Conclusions
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(27) The octahedral diaqua-complex [Ni(git).0).]>" (en= ethylenedi- . Supporting Information Available: X-rf.iy Crystalllographi.c file
amine) favors theis configuration as compared to thens one in in CIF format for complexe§, 2, and4. This material is available

the solution state: Farago, M. E.; James, J. M.; Trew, V. CJG.  free of charge via the Internet at http://pubs.acs.org.
Chem. Soc. A967, 820—-824. In the case of the DMF adducts with
1 and2, the type of coordination has yet to be determined. 1C035486+
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