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The 2-(dimethylaminomethyl)thiophene (dmamt) complexes with copper(Il) chloride and bromide were prepared and
characterized by optical, EPR, XPS spectroscopies and magnetic susceptibility measurements. The low-energy absorp-
tion band above 850 nm and the relatively small EPR hyperfine coupling constant (A,~125 G) indicate the pseudotetra-
hedral site symmetry around copper(I) ion both in Cu(dmamt)Cl; and Cu(dmamt)Br; complexes. The higher satellite
to main peak intensity of Cu 2Ps/, core electron binding energy in XPS spectra also supports the pseudotetrahedral
geometry around the copper(Il) ions having CuNSX, chromophores. The distortion from square-planar to pseudotetra-
hedral symmetry is likely to arise from the steric hindrance of the bulky dmamt ligand in the complex. Magnetic
susceptibility study shows that these compounds follow Curie-Weiss law in the temperature range of 77-300 K with
positive Weiss constant exhibiting the ferromagnetic interaction between copper(ID ions in solid state.

Introduction

Blue copper proteins (Type 1) exhibit unusual spectral and
chemical properties in comparison with those of other copper
(I) complexes'. Such unusual properties are presumably jus-
tified with not only the nature of the donor atoms of ligands
coordinated to copper(I} but also with the distorted tetrahe-
dral geometry around copper(Il) site in the proteins'? The-
refore, The pseudotetrahedral coper(Il) complexes have been
used as model compounds for the copper proteins. The de-
gree of distortion from sqare plane to tetrahedron is highly

variable, being strongly influenced by the nature of the liga-
nds coordinated to copper(Il). In any case, the spectral and
chemical properties of the complexes usually provide useful
informations concerning their stereochemistry.

We prepared previously (—)-sparteine-copper(Il) halides,
which have pseudotetrahedral geometry around copper site,
and examined the thermal®, electrochemical®, structural and
magnetic® properties, and also reported the result of the me-
chanistic investigation of the hydrolysis of these complexes®.
The unusual properties of (—)-sparteine-copper(I) halides
complexes were discussed in terms of the coordination geo-
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metry around copper(I) ion.

In this report, as the extention of the study of 4-coordinate
distorted tetrahedral copper(I) complexes, we synthesized
2-(dimethlyaminomethyl)-copper(Il) halides complexes hav-
ing CuSNX, chromophore. These compounds stimulate our
interest since they contain sulfur and nitrogen donor atoms
as in the blue copper proteins, although the coordination
environment is somewhat different from that found in biolo-
gical system. The compounds were characterized by optical,
EPR, XPS spectroscopy, and by magnetic susceptibility mea-
surements.

Experimental

Preparation of Complexes. The 2-(dimethylamino-
methyl) thiophene (dmamt) complex with copper(Il) chloride
was prepared by the direct reaction of dmamt and anhydrous
CuCl;. 1.0 mmole of anhydrous CuCl; was dissolved in a
mixture of absolute methanol (50 m/) and trimethylorthofor-
mate (10 m/). A solution of dmamt (ca. 1.0 mmol) in a mix-
ture of methanol (50 m/) and trimethylorthoformate (10 m/)
was added dropwise to the solution. The mixture was reflu-
xed ca. 1-2 hr and refrigerated overnight. The brown precipi-
tate was collected by filtration and washed successively with
absolute methanol. The precipitate was dried in vacuum at
room temperature. The analogous copper(II) bromide comp-
lex was prepared by the similar method using anhydrous
CuBr;. The obtained compound was dark purple. Elemental
analysis was performed by the Korea Research Institute of
Chemical Technology, Daejeon, Korea.

Cu(dmamt)Cly; Cald, C; 30.50, H; 4.02, N; 5.08
Found C; 31.15, H; 4.10, N; 5.09
Cu(dmamt)Br;; Cald, C; 23.06, H; 3.04, N; 3.84
Found C; 22.83, H; 3.70, N; 3.80

Physical Measurements. Electronic spectra were ta-
ken on a Hewlett Packard 8451A and Cary 17 Spectrophoto-
meter in solution. EPR spectra of powdered samples were
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obtained from a Varian E-3 X-band spectrometer (~9.5
GHz). The magnetic field was calibrated by using an NMR
gaussmeter (Magnion Model G-502) and a Hewlett Packard
precision frequency counter. The free radical DPPH (g=
2.0036) was used as a field marker. The magnetic susceptibi-
lity data from 77 K to room temperature were collected using
Faraday method with a Cahn 2000 electrobalance. The mag-
netometer was calibrated with HgCo(SCN),". All data were
corrected for the diamagnetism of the constituent atoms
using Pascal’s constant and for temperature-independent para-
magnetism of copper(Il) which was estimated to be 60X
1076 cgsu per atom. XPS spectra were recorded on a Perkin
Elmer Physical Electronics Model 5400 X-ray photoelectron
spectrometer equipped with a magnesium anode X-ray sou-
rce and a hemispherical analyzer, at residual gas pressure
of 5X107° torr. The samples were mounted on the fresh
surface of an indium foil to make a good contact with the
spectrometer. The binding energies (BE) were calibrated
using Au 4f7» peak at 849 eV and the Cu 2P;, peak at
9324 eV. The adventitious C 1s line at 284.6 eV was used
for charge referencing.

Results and Discussion

Electronic spectra for Cu(dmamt)X; were recorded from
250-1600 nm in chloroform solution. The results of the elec-
tronic spectra of the compounds and other pseudotetrahedral
copper(Il) complexes are summarized for comparison in Ta-
ble 1. Only one broad band above 800 nm was observed
in Cu(dmamt)X, compounds. Such low-energy absorption ba-
nds are commonly found in the pseudotetrahedral copper(Il)
complexes. R. B. Wilson and coworkers'® assigned previously
the band at 825 nm to d.<d,, transition in pseudotetrahedral
Cu(dmaep)Cl, (dmaep=dimethylaminoethylpyridine) comp-
lex. The intense bands (e>~10° M~! cm™!) absorbed at 310-
350 nm arise from the charge transfer. The band at around
310 nm is presumably due to sulfur-to-copper (d:z-,2) cha-

Table 1. Electronic spectral data for some pseudotetrahedral copper (II) complexes

Compd. Solvent Amax (nM) References
Cu(dmamt)Cl, chloroform 280 (3.40X10%° this work
315 (sh. 2.54X10%)
352 (sh. 1.92X10%
860 (br. 1.72X10%
Cu(dmamt)Br; chloroform 310 (3.22X10%) this work
880 (br. 1.72X10%)
Cu(dmaep)Cl; dicholromethane 825 (133), 1050 (132)
Nujol 400, 800, 1030 (8)
Cu(dmaep)Br. dichloromethane 860 (252), 1080 (247)
Nujol 430, 495, 840, 1100 ®8)
Cu((— )-sparteine)Cl, Nujol 780 (©)
Cu((—)-sparteine)Br; Nujol 830 (©)]

sMolar absorptivity (g) is in parenthesis.
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Figure 1. EPR spectrum of Cu(dmamt)Cl, doped into analogous
ZnCl; (1%).

rge transfer since the complexes having CuN,S, chromophore
exhibit strong bands in the range of 300-400 nm while CuN,
complexes display no band in this region" %

Figure 1 shows the room temperature EPR spectrum of
polycrystalline Cu(dmamt)Cl, doped into the corresponding
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diamagnetic Zn(II) complex (1%). It exhibits four hyperfine
lines resulting from the coupling of the unpaired electron
with the nuclear spin of copper(I) ion. EPR g and A, values
are well resolved. The results are listed in Table 2. the Ay,
values of Cu(dmamt)Cl, and Cu(dmamt)Br; are 125 and 130
gauss, respectively. These values are somewhat larger than
that of blue copper proteins, but are comparable to those
of some distorted tetrahedral copper(Il}) complexes. The va-
lues of less than 150G are observed for a variety of distorted
tetrahedral copper(Il) complexes'. The relatively small A,
values in tetrahedral symmetry are explained by the fact
that 4s and 4p orbitals in the ground state can be easily
mixed in low symmetry complexes. The limiting case of this
is given by the CuCl?™ anion in Csy(Zn, Cu)CL(A,~25G)*.
J. R. Wasson et al.'® pointed that the A-values decrease and
g-values increase as the distortion from square-planar to tet-
rahedral symmetry increases. Such an effect was also observ-
ed in EPR spectrum of copper(Il) complex with 2-methyla-
mino-1-cyclopentene-1-dithiocarboxylate) anion in the diama-
gnetic host lattices’.

The binding energies of core electrons were investigated
by X-ray photoelectron spectroscopy (XPS). The data are
summarized in Table 3. The Cu 2p orbital is split into 2ps»
and 2pi. levels. The binding energies of Cu 2p;, and Cu

Table 2. EPR and magnetic data for dmamt-copper halide complexs

EPR parameters* Magnetic moment Curie-Weiss
Complex g A, (gauss) room temp. lig N; temp. fitting
Cu(dmamt)Cl, £1=2.336 &r=225 _
£2:=2.062 125 2.03 246 0=+253 K-
g3=1.962
Cu(dmamt)Br, £1=2.197 {g)=233
2.—1.970 130 2.06 2.20 0=+16.7 K
2:=1916
*EPR data were obtained in doping analogous zinc(II) halides.
Table 3. Binding energies of some copper(Il) compounds (eV)
Copper halide
Compound N (s) S 2p) 2p)
2Py, 2Py,
satellite main satellite main
Cu(dmamt)Cl, 941.2 933.6 962.6 953.7 3994 1634 197.5 (Cl)
943.9 1644 199.0
CuCl; 2H,0 936.6 956.6 200.8
CuCl, 942.0 934.6 963.2 9544
944.6
Cu(dmamt)Br, 9414 933.7 962.6 952.2 399.7 163.9 685 (Br)
942.7
CuBr; 941.5 933.1 962.9 952.9 715

943.1
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2p» core electrons for Cu(dmamt)Cl; are 933.6 and 953.7
eV, respectively. The values are smaller than those of CuCl;
by ~1.0 eV, indicating the lower positive charge density on
copper ion for Cu(dmamt)Cl,. This smaller binding energy
is comparable to the values found for nickel and other tran-
sition metal complexes with sulfur-containing ligand’®. The
compounds exhibited smaller binding energy than expected
for a particular oxidation state of the metal due to the signi-
ficant electron donating effect of the ligand. The shake-up
satellite peaks were observed at an energy level of ~8 eV
higher than the corresponding main peaks in the copper 2p;
and 2p,. levels. The presence of shake-up satellite peaks
is known to be the charateristic phenomenon of paramagnetic
copper(ll) oxidation state due to the charge transfer from
ligand to copper(Il) ion'. The intensity of the shake-up satel-
lite peaks is known to be affected by the different electronic
environment such as the relative position of copper and li-
gand valence holes and by the amount of hybridization®.
A. A Gewirth and coworkers" studied XPS spectra of
sguare-planar (Dy) and pseudotetrahedral (D,) CuCl?#”
anions and correlated the satellite intensity to the geometry
of copper site. The authors demonstrated that the ratio of
the satellite peak intensity (I;) to the main peak intensity
(I,) in Dy; symmetry is greater than that in Dy, symmetry.
Cu 2ps; relative satellite intensity (I,/I,,) values of 0.63 and
0.85 were reported for Dy, and D,y CuCl,>™ salts, respectively.
It was concluded that the I,/I, values decrease as the tetra-
hedral distortion from the planar copper(ll) site increases.
The measured relative satellite intensity in Cu(dmamt)Cl,
and Cu(dmamt)Br, were about 0.70 in both compounds, sup-
porting the distorted tetrahedral geometry around copper(Il)
site. The N 1s binding energies are 399.4 and 399.7 eV whe-
reas N 1s in NH; is 398.9 eV® This binding energy shift
(~1 eV) is justified by the coordinated nitrogen atom in
the complexes. Similar results were observed in the binding
energy of halogen in the complexes. For example, the bin-
ding energy of Cl 2p in Cu(dmamt)Cl; (197.5 eV) is less
than that in CuCl,-2H,0 (200.8 eV). The S 2p peaks are
slightly asymmetric with a shoulder at the low-binding ene-
rgy side. S 2p binding energies in Cu(dmamt)X, are similar
to those of some copper protein model compounds (163.0-
163.9 eVy.

The magnetic susceptibility data were collected from 77
to 300 K and summarized in Table 2. Figure 2 shows the
temperature dependence of the magnetic susceptibility for
Cu(dmamt)Cl,. The data are well described by the Curie-
Weiss law expressed by the equation

_ C _ NgpsGs+1
T T-0 3k(T-6)

X

where the symbols have usual meanings. The solid line was
calculated by the Curie-Weiss law with {g)>=2.25, 6= +25.3
K for Cu(dmamt)Cl,. It was fitted by using standard linear
least-square method. The values of {¢>=2.23 and 8= +16.7
K were obtained for Cu(dmamt)Br,. The effective magnetic
moments (L) are 2.03, and 2.06 BM at room temperature
for Cu(dmamt)Cl; and Cu(dmamt)Br;, respectively. It was ca-
Iculated from the equation, py=2.828y/X-T. It is known that
the magnetic moments of a variety of pseudotetrahedral cop-
per(I) complexes are around 2.0 BM at room temperature
since the low-symmetry ligand fields are large compared to
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Figure 2. Temperature dependence of inverse magnetic suscep-
tibility and magnetic moment of Cu(dmamt)Cl;: solid line is the
best fit to the Curie-Weiss law with {g>)=2.25 and 6=25.3 K.

the spin-orbit coupling of copper(I) metal®®>. The effective
magnetic moment increases slowly as the temperature dec-
reases, exhibiting 246 BM and 220 BM at 77 K for Cu
(dmamt)Cl; and Cu(dmamt)Br;, respectively. The observed
temperature dependence of the magnetic moment and the
positive value of the Weiss constant (8) strongly imply the
ferromagnetic exchange coupling between copper(Il) ions.
The magnetic data for Na,Cu(COs);-3H,0® and Cu[O(CH,-
CO.),]** also showed the ferromagnetic interaction between
copper(Il) ions with positive Weiss constant.

In summary, the optical, EPR and XPS spectal properties
reveal the pseudotetrahedral geometry around copper(Il) site
in Cu(dmamt)Cl, and Cu(dmamt)Br, complexes. The small
values of the binding energy of Cu 2p core electrons indicate
that sulfur atom coordinates strongly to copper metal as well
as nitrogen atom having CuNSX; chromophores. The pseu-
dotetrahedral geometry is arising from the steric hindrance
of the bulky dimethylaminomethylthiophene ligand in the
complexes. The magnetic study shows the ferromagnetic in-
teraction between copper(Il) ions in the solid state, although
an X-ray structure determination in necessary for further
elucidation of these subject matters.

Acknowledgement. This research was supported by
NON DIRECTED RESEARCH FUND, Korea Research Foun-
dation, 1993.

References

1. (@) Otsuka, S.; Yamanaka, T. Metalloproteins; Elsevier
1988; (b) Spiro, T. G. Copper Proteins; John wiley &
Sons, Inc.: 1981; (c) Bertini, I.; Drago, R. S.; Luchinat,
C. The Coordination Chemistry of Metalloenzymes; NATO
Advanced Study Institute 1982; (d) Sakurai, T.; Ikeda,
O.; Suzuki, S. Inorg. Chem. 1990, 29, 4715; (e) Clair, C.
S. S.; Ellis Jr., W. R.; Gray, H. B. Inorg. Chim. Acta
1992, 191, 149.

2. (a) Malkin, R; Malmstrom, B. G. Adv. Enzymol. 1970,
33, 177; (b) Bnill, A. S.; Bryce, G. F. J. Chem. Phys. 1968,
48, 4398.



NMR Study on a,2,6-Trichlorotoluene

3. Kim, Y. I; Park, J. Y.; Choi, S. N. J Kor. Chem. Soc.
1990, 34, 108.

4. Choi, S. N; Park, J. H; Kim, Y. I; Shim, Y. B. Bull

Kor. Chem. Soc. 1991, 12, 276.

. Choi, S. N.; Kim, Y.; Kim, Y. I. unpublished results.

6. Kim, Y. L; Choi, S. N;; Kim, J. S.; Kim, H. K. J Kor.
Chem. Soc. 1988, 32, 122

7. Brown, D. B.; Crawford, V. H.; Hall, J. W.; Hatfield, W.
E. J Phy. Chem. 1977, 81, 1303.

8. Wilson, R. B.; Wasson, J. R.; Hatfield, W. E.; Hodgson,
D. J. Inorg. Chem. 1978, 17, 641.

9. Choi, S. N.; Bereman, R. D.; Wasson, J. R. . Inorg. Nucl.
Chem. 1975, 37, 2087.

10. Wilson, R. B; Wasson, J. R.; Hatfield, W. E.; Hodgson,
D. J. Inorg. Chem. 1978, 17(3), 641.

11. Aoi, Nobuo; Matsubayashi, Gen-etsu; Tanaka, Toshio J.
Chem Soc., Dalton Trans. 1983, 1059.

12. Amundsen, A. R.; Whelan, J.; Bosnich, B. /. Am. Chem.
Soc. 1977, 99, 6730.

13. Wasson, J. R.; Richardson, H. W.; Hatfield, W. E. Z. Na-
turforsch 1977, 326, 551.

14. (a) Scharnoff, M. J. Chem. Phys. 1965, 42, 3383; (b) Schar-

o

Bull. Korean Chem. Soc. 1994, Vol. 15, No. 7 553

noff, M.; Reimann, C. W. J. Chem. Phys. 1965, 43, 2993.

15. Kim, W. S;; Y. I; Choi, S. N. Bull. Kor. Chem. Soc. 1990,
11, 85.

16. (a) Tolman, C. A; Riggs, W. M,; Linn, W. J.; King, C.
M.; Wendt, R. C. Inorg. Chem. 1973, 12, 2770; (b) Colpas,
G. J; Maroney, M. J.; Bagyinka, C.; Kumar, M.; Wills,
W. S.; Suib, S. L. Inorg. Chem. 1991, 30, 920.

17. Wallbank, B.; Main, L. G.; Johnson, C. E. J. Electron Spect-
rosc. Relat. Phenom. 1974, 5, 259.

18. Van der Laan, G; Westra, C.; Hass, C.; Sawatzky, G. A.
Phy. Rev. 1981, B23, 4369.

19. Gewirth, A. A; Cohen, S. L.; Schugar, H. J.; Solomon,
E. L. Inorg. Chem. 1987, 26, 1133.

20. Srivastava, S. Apply. Spectro. Rev. 1986, 22, 401.

21. Walton, R. A. Inorg. Chem. 1980, 19, 1100.

22. Figgis, B. N.; Lewis, ]. The Magnetic Properties of Transi-
tion Metal Complexes; Prog. Inorg. Chem. 1964, 6, 37,
John-Wiely & Son, Inc.: N. Y.

23. Gregson, A. K.; Moxon, N. T.; Weller, R. R; Hatfield,
W. E. Aust. | Chem. 1982, 35, 1537.

24. Corvan, P. J; Estes, W. E.; Weller, R. R.; Hatfield, W.
E. Inorg. Chem. 1980, 19, 1297.

An NMR Study on Molecular Motions of 0,2,6-Trichlorotoluene
in Solution State

Sangdoo Ahn and Jo Woong Lee*

Department of Chemistry
College of Natural Sciences and Research Institute of Molecular Science
Seoul National University, Seoul 151-742, Korea
Received February 12, 1994

Dynamics of CH,CI group in 0,2,6-trichlorotoluene dissolved in CDCl; was studied by observing various relaxation
modes for C under proton undecoupled condition. Partially relaxed ®C spectra were obtained at 34C as a function
of evolution time after applying various designed pulse sequences to this AX; spin system. It was found that nonlinear
regression analysis of the relaxation data for these magnetization modes could provide the information about dipolar
and spin-rotational auto-correlation and eross-correlation spectral densities for fluctuation of the 3C-'H internuclear
vector inCH,CI group. The results show that the effect of cross-correlation is comparable in magnitude to that of
auto-correlation and the relaxation in this spin system is dominated by dipolar mechanism rather than spin-rotational
one. From the resulting spectral density data we could calculate the bond angle #HCH (105.1°) and elements of

the rotational diffusion tensor for CH,Cl group.

Introduction

The theory describing intramolecular nuclear magnetic re-
laxation phenomena in multispin systems is nowadays well
established and has been shown to be a very powerful tool
for the study of dynamics and structure of molecules in li-
quid.'™* For spin 1/2 nuclei, such as 'H and ®C, in small
molecules the most important relaxation mechanisms are
known to be the inter- and intramolecular dipole-dipole in-
teractions modulated by molecular reorientation and the

*To whom correspondence should be made.

spin-rotation interactions modulated by random fluctuation
in molecular rotational angular momenta. The dipolar me-
chanism is usually much more prevailing over the spin-rota-
tional one, but if a system can easily undergo the change
in rotational motions, then the contribution from the latter
may be substantial.

In a previous investigation® we have studied the spin-lat-
tice relaxation of ®C and 'H spins in methyl group of 2,6-
dichlorotoluene dissolved in CDCIl; at 34C . The result show-
ed that the spin-rotational contribution to the total relaxation
rate was found to be about 20%, which indicates that the
internal rotation of methyl group is quite fast and facile in



