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Complexes of Pd(btmbmtp)Cl; and Ptibtnbmptp)Cl; (btnbmtp = 2,5-bis(thiophen)- | -nonyl-3 4-bis(methvithio)-
pyrrole) were prepared and their crystal structures were determined at room temperature. In the structures, the two
thiophene moieties lie in ¢is form with an average dihedral angle of 53.26% o the pyrrole frame. The luminescence
properties of the free hgand and the complexes were mvestigated in solution and solid states. The hunmescence of
the compounds were not favored by substituting thiophene moieties to the pyrrole frame, compared to the unsub-
stituted nbmptp (nbmptp = 1-nonyl-3,4-bistmethylthio}pyrrole). In particular, thiophene substitution quenched the
emission from the complexes dissolved in CH2Cl» and reduced the charge transfer transitions from S atoms of the
thio moleties to Pt in crystalline state, which was very characteristic of Pt{nbmptp)Cla.

Key Wonds: 2.3-Bis(thiophen)-1-nony1-3.4-bis(methyIthio)pyrrole, Pt(Il), Pd{I). X-ray structure. Lumine-
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Introduction

The design and s¥nthesis of conducting polymers such as
polypyrrole and polythiophene have aftracted a great deal of
attention due to their possible applications to electrochromic-
devices." electrochemical cell.” light-emitting diodes.” and
energy storage device.” Furthermore. the addition of a func-
tional group at the 3- and 3 4-positions of pvrrole and thio-
phene plays an important role in solubility. conductivity and
morphology of their corresponding polvmers.™ Recently.
Meijer and co-workers synthesized 3.4-bis(alkylthio)thio-
phene and its polymer. and investigated the optical and elec-
trochemical properties of these thiophen derivatives upon the
complexation toward transition metal ions. " Complexation
diminishes the electron-donor ability of the sulfur to the thio-
phen ring and quenches the fluorescence of the derivatives.
Recently. we reported the synthesis and structural and optical
properties of Pd(II) and Pt(II) complexes with l-nony-3,4-bis
(methyIthio)py rrole (nbmtpH~). "' It was found that the com-
plex of Pt{nbmptp)Cl: produced emission at 618 nm via a
charge transfer from § to Pt(II) in main and from the pyrrole
ring to Pt(II) in minor. In this study. we synthesized 2.3-
bis(thiophen)-1-nonyl-3.4-bis(methylthio)pyrrole (btnbmtpH-)
in which thiophenes were substituted at the 2 and 5 positions
of nbmptH~ and investigated the substitution effect on the
optical properties of Pd(II) and Pt(II) complexes with binbmtp
and Cl. The new compounds will also be applied to be for
Sonogashia reaction'' as Pd and Pt catalyst and organic light-
emitting diodes (OLEDs) as emitting materials.

Experimental
Synthesis. 2,5-Dibromo-1-nonyl-3,4-bis(methylthio) pyrole

(1): A solution of nbmtpH- (2.87 g. 10.0 mmol) was prepared
in 115 mL of dried THF at -78 C under nitrogen atmosphere.

To this solution was added 3.37 g of A-bromosuccinide
dissolved in 90 mL of THF. The mixture was stirred for 12 h
at room temperature. the solvent was removed in vacuo. and
the crude product was purified by column chromatographic
purification on silica gel with hexane and CH-Cl> (19:1) to
afford 4.0 g (90.2%) of the title compound as a yellow liquid.
"H NMR (400MHz. CDCls) § 3.95-3.91 (1. 2H). 2.2 (s. 6H).
1.62-1.59 (m. 2H), 1.25-1.18 (m, 12H). 0.80-0.77 (t, 3H). '°C
NMR (100MHz. CDCl2) 8 119.5, 108.8.49.1.31.6.29.7.29.1.
28.99, 2891, 26.2. 22.4, 19.6. 13.9. GC-MS (rel.intensity)
443 (M+, 54). 317 (12). 283 (100). 252 (33). 236 (21). 212 (43).
198 (22). 171(9.3). IR (KBr1) vma 2960, 2925, 2854, 2733,
1739, 1457, 1434, 1371. 1336, 1269, 1129. 1082, 972 cm™';
AbS. Ama (in CH>Cl- solution) 237.8 nm.

BmbmtpH,(2): A solution of tributyl(2-thienyl)tin (0.535
g. 1.488 mmol). 1 (0.3 g. 0.67 mmol). and tetrakis(triphenyl-
phosphine) palladium(®) (0.039 g, 0.0338 mmol) in toluene
(10 mL) was heated at reflux for 18 h under a nitrogen atmos-
phere. The mixture was concentrated /17 vacro and subjected
to column chromatography on silica gel with hexane and
CH-CI-(19:1) to afford 0.26 g (86.7 %) of the title compound
as a vellow liquid. 'H NMR (400 MHz. CDCl3) & 7.48-7.47
(m. 2H). 7.167.13 (m. 4H). 3.87-3.83 (t. 2H). 2.27 (s. 6H).
1.441.39 (m. 2H). 1.25-0.92 (m. 12H). 0.88-0.84 (1. 3H): 1°C
NMR (100 MHz. CDCl3) 8 131.8. 130.1. 1294, 127.3.126.9,
1196.46.0,31.7.30.9.29.1,29.0.28.6,262.22.6,208. [4.1;
IR(KBI) vy 31035, 3070, 2956. 2921, 2854, 1653, 1539, 1457,
1418 1367, 1297, 1223, 1187, 1078, 1046, 969, 850. 834.
698; Abs. Lpa (in CH-Cls solution) 238.9 nm and 286 nm.

[Pd(btmbmtp)Cl;](3) : 2 (0.26 g, 0.578 mmol) was added to
a solution of [PACI(PhCN);] (0.22 g. 0.578 mmol) in dry
dichloromethane (16 mL). After stirming at room temperature
for 20 min. the solvent was removed i vacuro and hexane was
added to give a red precipitate of (3), which was filtered off
and dried in vacuo with a yield of 63.5 % (0.23 g)(see Scheme
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1). '"HNMR (400 MHz. CDCl3) & 7.61-7.39 (m. 2H). 7.24-7.20
(m. 4H). 4.05-3.80 (. 2H). 2.65-2.60 (d. 6H). L.61-1.49 (m.
2H). 1.25-1.03 (. 12H). 0.88-0.84 (t. 3H). "*C NMR (100
MHz, CDCly) & 130.4. 129.4. 129.4, 128.1, 127.2. 127.2.
126.6.31.7.31.0.30.9.29.0. 28 5,28 5.282,27.7.262.22.5,
14.0.. IR (KBI) vauy 3081, 3013, 2923, 2854, 1633, 1339, 1417,
1230. 974. 849.706. Abs. :na (in CH2Cl:solution) 244.7 nm:
Anal. Caled for C+~H~CI-NPdS,: C, 43.10; H. 4.77; N. 2.28:
S.20.92. Found: C. 42.43: H, 4.02: N. 2.97; S, 20.82.

[Pt{bmbmtp)CL](4) : 2 (0.19 g. 0.423 mmol) was added to
a solution of [PtCl:(PhCN):] (0.2 g. 0.423 mmol) in dry
chloroform (10 mL). After stirring at 60 °C for 6 I the solvent
was removed in vacuo and subjected to column chromato-
graphy on silica gel with hexane and ethyl acetate (30:1). The
vellow precipitate was recrystallized with ethyl acetate to
afford 0.09 g (30.3%) of the title compound as a vellow solid
(see Scheme 1). 'H NMR (400 MHz, CDCl3) 8 7.61-7.60 (m.
2H). 7.26-7.22 (m. 4H), 4.03-3.80 (m, 2H), 2.67-2.62 (d. 6H),
1.58-1.50 (m. 2H). 1.25-1.03 (m. 12H). 0.88-0.84 (t. 3H): °C
NMR (100 MHz, CDCl3) 8 130.4, 130.4. 129.4,129.3. 128.1.
127.3, 127.5. 47.3. 31.7, 31.0, 29.0, 29.0, 28.7. 28.6. 28.2.
26.2.26.1.22.5 14.0. IR (KBr) vpa 3077, 29552924 2853,
1739, 1461, 1414, 1375, 1234. 972. 707; Abs. I (in CHCl
solution) 244.7 nm and 293.9 nm: Anal. Caled for C~H~Cl--
NPtS;: C.37.66;H.4.17: N, 2.00: S. 18.28. Found : C,37.81:
H.4.19:N.2.03: S, 18.46.

X-ray Crystallography. Diffraction intensities of the com-
plexes were collected on a Bruker P4 diffractometer fitted
with Mo-K radiation. The absorption correction was applied
by using multiscan program SADABS. ' The structures were
solved with the direct method using SHELXTL'® and refined
by a full-matrix least-squares refinement on F- with the SHE-
LX97." Anisotropic thermal parameters were applied to all
non-hydrogen atoms and the hvdrogen atoms placed in ideal
positions. Crystal data as well as details of data collection and
refinements for the complexes are summarized in Table L.

Optical Measurements, The absorption spectra were re-
corded on a Shimadzu UV-2401PC spectrophotometer. To
measure low-temperatire lumingscence and excitation spectra.
samples in cryvstalline state were placed on the cold finger of a
CTI-cryogenics refrigerator using silicon grease. Excited
light from an Oriel 1000-W Xe arc lamp was passed through
an Oriel MS257 monochromator and focused on the sample.
The spectra were measured at an angle of 90 with an ARC
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Table 1. Crystallographic data and refinement details for Pd(btnb-

mitp)Cl: and Pi(binbmip)Cla

Campound Pd Pt

Formula Cg_\Hj]ClgPdNS.{ ijH_\[CletNSu
Formula weight 627.03 715.72
Crystal system monoclinic monoclinic
Space group P2im P2n

a(A) 14.7408(3) 14.6502(4)
b(A) 10.9906(3) 11.0732(2)
¢(A) 17.4216(4) 17.4493(3)
b(°) 106.6820(10) 106.8670(10)
I'(AY) 2703.69(11) 2716.33(10)
V4 4 4
Dea(mgm™) 1.540 1.750

F(000) 1280 1408
(mm™) 1.205 5.682

B rang (*) 1.60-28.30 1.60—28.29
Retlections collected 27097 28013

funmique [R{int)]

Completeness (%) [to 6 (%))
Data/restraints/parameters
Goodness-of-fit on 7

R1, @R2 with f > 2 0a(f)

final
all data

Largest diff. peak and

hole (e A™)

6710 [0.0343]
99.8 [28.30)
6710/4/330
0.994

0.0436, 0.0780
0.1233,0.1022
0.706
-0.789

/6718 [0.0447)
99.4 [28.29]
6718/4/330
1.016

00311, 0.0640
0.0492, 0.0706
1.465

-0.805

0.5-m Czeny-Tumer monochromator equipped with a cooled
Hamamatsu R-933-14 photomultiplier tube. To measure solu-
tion-state spectra. all samples were dissolved in CH-Cl,. and
the concentrations were adjusted to approximately 107-10™
M.

Results and Discussion

Crystal Structwre, Both compounds Pd(btnbmtp)Cl- and
Pt(btnbmtp)Cl: crystallized in the monoclinic P2i/n space
group. Selected bond lengths and angles are listed in Table 2
and the asymmetric unit of Pd(btnbmtp)Cl: is shown in Figure
1{a). The crystal structure of Pt(btnbmtp)Cl-is very similar to
that of Pd(btnbmtp)Cl-. The bond lengths and the bond angles
of the four coordinate configuration of M(btnbmtp)Cl: are
very comparable to those of M(nbmtp)Cl- (M = Pd and Pt).*
The sum of the bond angles of the four-coordinate metal ions
are 359.95" for Pd and 360.30" for Pt. The root mean square
(rms) deviation of the five atoms from the least-square’s plane
was 0.010 A for both P(II) and Pt(IT) complexes. indicating
that the complexes formed a planar configuration around the
metal ions. The average lengths of C-S bonds in two thiophene
moieties are 1 638 A for the Pd(IT) complex and 1639 A for
the Pt(I[) complex. This average C-S bond length is markedh
shorter than that of thiophene-benzobisthiazole (1.7273 A
The two thiophene planes formed c¢is geometry to the pyrrole
plane. and the angles of the two thiophene planes to the
pyrrole plane are 58 44 and 51 22" for the Pd(II) complex and
60.50 and 50.87° for the Pe(II) complex. These dihedral angles
between the thiophene and the pyrrole frames indicated that in
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Table 2. Selected bond lengths (A) and bond angles (°) of Pd-
{binbmtp) Cl> and Pt{btnbmip)Cl:

Pd Pt

M-S8(1) 22747 (11 2.2591(9)
M-S8(7) 2.2810(11) 2.2592(10)
M-Cli2) 2.3123(11) 2.3186(9)
M-Cl(1) 2.3180012) 2.3265(10)
S(-C(2) 1.752¢4) 1.762(4)
S(1)-C(8} 1.798{4) 1.814(4)
C(3)-N(4y 1.376(5) 1.381(3)
Nid)-C(3)y 1.380¢(5) 1.381(3)
N()-C(20) 1.473(5) 1.482(5)
Ci6)-8(7) 1.754() 1.765(4)
S(N-C9) 1.796(4) 1.808(4)
C0)-S011) 1.667(3) 1.686(4)
S(IDH-Ci12y 1.636(5) 1.666(35)
Ci15)-S(16) 1.655(5) 1.631(d)
S(16y-C(17} 1.5392{6) 1.574(6)
S(N-M-8(7) 92,074 92.42(3)
S(1-M-C1(2) 178.22(5) 178.69(4)
S(7)-M-C1(2) 86.71(4) 87.40(3)
S(H-M-Cl 1) 86.44(4) 87.14(4)
S(7)»-M-CI( 1) 177.64(4) 178.03(4)
Cli2)-M-CI(1) 94.73(4) 93.00()
Ci2)-S(H-Ci8)y 102.7(2) 102.56(18)
Ci2)-S(1)»-M 101.22(13) 101.44(12)
Ci8)-S(1)»-M 106.24(17) 107.20015)
C(3)-N-C(3) 109.6(3) 109.6(3)
C(3)-N{DH-Ci2 126.0(3) 124.9(3)
C(3)-N(H-Ci2y 123.5(3) 124.4(3)
Ci6)-S(N-Ci(9y 101.5(2) 101.04(19)

C(6)-S$(7T>-M
C(9)-$(7)-M

101.49(14)
107.75(16)

101.76(13)
108.33(14)

the near planar structure, the steric hindrances within the
molecule became very energetically unfavorable. For M(btn-
bmtp)Cl: (M = Pd and Pt), the isolated molecules were assem-
bled to higher dimensional frameworks by forming a zig-zag
S-H:-Cl hydrogen-bonded with two adjacent molecules, as
shown in Figure [(bottom). For The H---Cl distance in the same
direction (2.757 A for Pd and 2.744 A for Pt) is slightly shorter
than that in the opposite direction {2.967 A for Pd and 2,984 A
tor Pt). Although the molecules included rich-electron hetero-
cycles. no m---m stacking interaction was expected on the
crystal structure formation because of the zig-zag crystal-
network.

Optical Properties, Absorption: The absorption spectra of’
btnbmtpH:. and the Pd(11) and Pt(11) complexes dissolved in
CH:CI; are shown in Figure 2, and the absorption data are
summarized in Table 3. The Pd{11) complex produced three
absorption bands. with peaks at 410.2, 313.2 and 244.7 nm
(hereafter, referred to as A-, B- and C-absorption bands in
order of increasing energy). The Pt{[[) complex also produced
the three absorption bands, Compared to those of the Pd(Il)
complex. the bands were slightly blueshifted and the A-band
was very weak and appeared as a shoulder {see the spectrum
inserted in Figure 2). The peak positions and the band shapes
ofthe btnbmtp complexes were very similar to the correspon-
ding bands of the nbmtp complexes. The only ditterence was
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Figure 1. Perspective ORTEP drawing(top. thermal ellipsoids ol
50%) and c-axis-projccted packing diagram (bottom. symmetry
cquivalent positions : a:(xov. z). by (X+ 120y + 17202+ 172) e (-X. -
-z do(x-120 - 120 2-172) of Pd(btnbmtp)Cla.

‘Table 3. Ilectronic absorption data for btnbmupl 1z, Pd(binbmip)Cls
and Pt(binbmtp)Cl: dissolved in CHACls

compound Absomtion band o/ M em (hgns/ M)
A-band -

I'ree ligand 3-band 3.2 < 10%(355.5)
C-bang L3 10°2686)
A-band 2.4 10%410.2)

Pd complex B-band L2 10 (313.2)
C-band 4.6 x 10°(244.7)
A-band L0 x 1071390.0)

Pt complex 13-band 1.2 x I(J'g(303‘6)
C-band 2.7 % 107(239.0)

that the molar absorbance of the B- and C-absorption bands
increased more than 10 times compared to those of the nbmtp
complexes. This was due to two substituted thiophene
moieties. The m — a* transitions of the thiophene moieties
were reinforced to those of the pyrrole frame, accounting for
as the B- and C-band absorptions. Specially, the relative
intensity of the B-band to the C-band of the btnbmtp complexes
was strongly enhanced to produce the well-shaped B-band in
the 280-350 nm region, which was observed as 4 weak band
for the nbmpt compounds. The A-absorption band associated
with the n — ¢* transition of thiol was usually very weak but
its oscillator strength increased to some extent by coordinating
to the metal. Thiophene-benzobisthiazole dissolved in CH2Cla
showed two characteristic absorption bands : a broad band
(Pame —362nM, £~ 2.3 % 10" M eny )and a sharp band (% — 288
nm, &= 1.9 x 10* M em™"). The observed B-absorption band of
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Figure 2. Absorption spectra of btnbmtpIlz (1), Pd(btubmtp)Cls (2)
and P{binbmtp)Cls (3) dissolved in CH1Cla.

btnbmtpIT> resembled the 362 nm band of thiophence-benzo-
bisthiazole, conforming that the B-band 1s associated with the
transitions of not only the pyrrole trame but also the thiophene
moieties,

Luminescence and Excitation: Previously, we measured
the Tuminescence and excitation spectra of the (ree ligand.
nbmptl Iz, dissolved in CH;Cly. The nbmptl]; solution extubited
two emission bands, peaking at 388 and 525 nm. The high-
and low-energy cimissions were mainly produced by the 320
and 403 nm excrtations, respectively. These two excitations
correspond to the B- and A-absorption bands of the nbmptH,
ligand, respectively. The high- and low-energy emissions are
assoctated with the T — * transition ol the pyrrole (rame and
the n — 6* transition of the thiol groups, respectively. Figure
3 shows the luminesceence and excitation speetra ol the bsn-
bmptH> ligand dissolved in CH2Cla. In contrast to the case of
nbmptll,, the btnbmptll; ligand produced only the low-
energy emission, peaking at 330 nm. The emission {tom the
pymrole frame was complelely quenched in (he solution slate.
This may have been due to the interaction between the =
clectrons of the pvrrole frame and of the substituted thiophene
moictics. As shown in Tigure 3, the excitation and lumine
scence spectra are mirror image and the spectral range of the
excitation corresponds to the low-energy shoulder, referred to
as the A-absorption band. The peak position of the excitation
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Figme 3. Lummescence (A, = 460 nm) and excitation {Ze,: = 360
nm ) speetra of binbmipH: dissolved in CHCla.

band ol the low-cnergy enussion from bbmptI Ty was 450
nm, which was redshifted by about 50 nm compared to that of
nbmptt L2, In the erystalline state, however, the ligand produced
not only the low-energy emission but also the high-energy
emission, as shown in Figure 4(a). The 325 nm He-Cd line
excitation produced high-energy emission with relatively strong
mtensity at 400 mm and low-energy cmission with relatively
weak intensity n the 450-700 nm region. The low-energy
emission composed of three Gaussian components, with peaks
at 506, 537 and 577 nm. The multi-peak structure was duc to
the vibronic distortion, which is usually observed in thiols.
The A-band excilalion (A, = 460 nm) also produced low-energy
emission with multi-peak strueture, as shown in Figure 4¢b).
The excitation spectrum of the low-energy emission 1s very
broad, spanmimg over the 330-500 nm region with the peak
position at 470 nm, as shown in Figure 4(¢). Compared to the
solution state, the emission and cxcitation spectra of the
crystals were redshifted as usual. The excitation spectrum of
the high-energy emission with a peak al 350 nm spanned over
the 250-370 nm region and was the nurror-image ol the
lugh-cnergy emission band. This indicated that the high-energy
emission was responsible lor emission Itom the pyrrole frame,
which did not appear in the solution state.

The complex of Pd(btnbmpt)Cly dissolved m CILCl,
produced no luminescence, and its luninescence inlensity

‘Table 4. Excitation and cmission data* and assignment of emissive transitions for btnbmtplla, Pd(btnbmtp)Cl and Pt{btabmtp)Cl-

Lxeitation (nm} Lmission (nm) Assignment
binbmipHa
(CH.Cla) 450 330 o¥ — n (S, thiol)
{solid) 350 403 a* — n(pyrrole)
370 S06(p). 337(p). 377(s) a* — n(S. thiol}
Pd(btnbmtp)Cl,
{solid) 325-nm 11eCd line 396 a* — n(pyrrole)
587 a* — n(S. thiol)
Pt binbmitp )Clo
(solid) 350 330 - 720 d {PLy — n (8, thiol)
420 o — (S, thiol)
440 p{Pt) n(S. thiol)

* The data tor the solid state was obtained at 70 K.
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Figure 4. {(a) PL and (b) luminescence (i, = 460 nm) spectra of
btnbmtpH: in ¢rvstalline state, measured at vanous temperatures
(T=:1.10K, 2: 70K, 3: 130 K, 4; RT), and (¢) excitation spectra
ez =2 1405 nm, 2; 333 nm)at T= 10 K.

was very weak even in the crystalline state. Figure 5(a) shows
the PL spectra of the crystals, measured at various tempera-
fures. At room temperature. the complex produced only back-
ground intensity. At low temperature, the crvstals produced
the high- and low-energy emissions spanning over the 350-
700 nm region. The PL intensity of the complex at low
temperature was much weaker (approximately 30 times) than
that of the ligand. The spectral shape of the high-energy
emission, however. was very similar to that of the ligand.
Although the low-energy emission appeared in the longer
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Figure 5. PL and excitation spectra of Pd(binbmip)Cls in crystalline
state: (a) PL measured at 1; 10 K_2: 70K, 3; 150K and 4; RT (he=
325 nm He-Cd line) and (b) excitation measured at 10 K (7. = 620
nm).

wavelength region compared to that of the ligand, the excitation
spectrum of the 580 nm emission measured at T = 70 K was
very sinular to that from the ligand. as shown in Figure 3(b).

The Pt(1I) complex in solution and crystalline states pro-
duced no luminescence at room temperature. In crystalline
state. however. the 325 nm excitation produced only the
low-energy emission spanning over the 520-750 nm region.
as shown in Figure 6(a). The PL intensity was very strong
(more than 10 time) compared to that of the ligand. As shown
in Figure 6(b) and (¢), the A- and B-band excitations produced
broad luminescence from vellow to deep red. This spectral
range was markedly redshifted compared to the low-energy
enussion (green-orange) from the thio moieties of the ligand.
The spectral shape of the A-band emission (Zew,= 340 nim) was
somewhat different from that of the B-band emission (e, =
420 nm). The A-band emissions composed of three Gaussian
components. with peaks at 562. 624 and 680 nm. The inten-
sities of the two low-energy components were enhanced by
the A-band excitation. The excitation spectra were measured
at 70 K by monitoring four different enussions. As shown in
Figure 6(d). the spectral features of the excitation were
somewhat dependent on the observed emission wavelength.
For the 560 nm emission. the excitation spectrum was coms-
posed of two bands. with peaks at 350 and 440 nm. The 440
nm excitation band was almost the same as that of the ligand,
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Figure 6. (a) PL and (b,c) luminescence (e, = : b; 340 nm, ¢ 420 nm) spectra of Pt{btnbmtp)Cls, measured at various temperatures (T = : 1,
10K, 2. 70K, 3: 130 K, 4: RT), and (d) excitation spectra (Leme = 11 360 nm, 2: 600 nm. 3; 640 nm, 4. 680 nm) at T =10 K.

which was attributed to the n — ¢* transition of the thio
moieties. It is unlikely that the nature of the 330 nm excitation
band is absolutely different from that of the free ligand in the
crvstalline state. For the ligand in the crvstalline state, exci-
tation at 350 nm produced emission at 403 nin with a namow
bandwidth, which originated from the l(mz*) excited state of
the pyvrrole frame. while for the Pt(I) complex. excitation at
350 nm produced broad emission from vellow to deep red. A
possible model for the 330 nm excitation is the charge transfer
transition from the nonbonding orbital of S to a high-lying
orbital of Pt(I[). The peak position of the high-energy excitation
band was almost independent of the monitoring emission
wavelength up t0 iems = 640 nm. With increasing monitoring
emission wavelength. however. the peak position of the low-
energy excitation band was blueshified and its relative intensity
increased. For J.... = 680 nm. the excitation spectrum showed
one peak at 420 nm. For Pt{nbmitp)Cl-. the single crystals
were found to produce a red emission. with a peak at 623 nm
vig the charge transfer from S to Pt. The charge-transfer
excitation spectrum extended over the region from 300 to 480
nm with a peak at 420 nm. The similarity suggested that the
420 nm excitation could be associated with the charge transfer
transition from the nonbonding orbital of the thio moieties to
a low-lying orbital of Pt(II).

To clarify the observed luminescence properties of Pt(btn-
bmtp)Cls, a quantum mechamnical calculation was performed
using SDD basis functions (LanL.2DZ for Pt: 6-31G(d) for S

and Cl: 6-31G for the rest atoms). As in the case of the
Pt(nbmtp)Cl: molecule, the main component of the lowest
unoccupied molecular orbital (LUMO) is dv'+* of Pt. forming
a o* orbital with S and Cl, by taking the square-plane mole-
cular axes along the x- and y-axes under the C», symmetry.
The next several LUMOs were made from the @* orbitals of
the thiophene moieties and/or the s and p oiitals of Pt
Among LUMOs contributed mainly from the Pt orbitals. the
order of the energy level was LUMO(p,) < LUMO(p,) <
LUMO(p,) < LUMO(s). Accordingly. the 420 nm and 350 nm
excitations can be attributed to the transitions from the non-
bonding otbitals of the thio moieties to the dv* and p orbitals
of Pt. respectively.

Conclusion

The substitution of thiophenes at the 2 and 5 positions of the
3. 4-bis(methylthio)pyrrole derivative. nbmptH.. was very un-
favorable for the luminescence properties of the free ligand
and its metal complexes. In the CH-Cl: solution. the unsub-
stituted nbmptH- and its metal complexes excited with UV
light produced two emission bands: emission at 402 nm from
the pvrrole frame and emission at 325 nm from the thiol
moieties. For 2.5-dithiophene substituted btnbmptH-. the
emission from the pymole frame of the free ligand and its
Pd(I) and Pt(Il) complexes was almost quenched in the
solution. Furthermore. the emission originated from the charge
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transfer from S to Pt(I). which was unique for Pt(nbmpt)Cl,
in crystalline state. For Pt(btnbmpt)Cla. however. the crystals
excited by UV light produced the vellow to deep-red emission
with lowered intensity via direct excitation of the thio groups
and the charge transfer to Pt(II). These unfavorable results
could have been due to the m-electron interaction between the
pyvrrole frame and the thiophen moieties lying with the average
dihedral angle of 35.26".
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