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Tetranuclear [Cus(uz-dppm)s(uz-ta-NSz)(u2-ua-NS)] (1) and pen- Scheme 1
tanuclear [Cus(uz-dppm)a(ues-u-3-NS2)2]PFs (2:PFs) (dppm = bis- OO
(diphenylphoshino)methane, NS,>~ = 1,8-naphthalenedithiolate) OO NeBH

were synthesized from the reactions between NS,2~ and [Cua(uz- s—s TR o5 5o
dppm)2(CHsCN),](PFg),. Compound 1 features a square Cuy core NS, 1’8'Na”‘“a'e’2‘ed"“'°'ate
NS~

capped by a 5-coordinate S atom while 2-PFg exhibits an
unprecedented square planar Cus core. Both complexes display
dual emissions at 480 and 620 nm which arise from ligand-centered
nsz* and ligand—metal charge-transfer excited states, respectively.

thiolates? and 1,2-dithiolat€éshave long been used in the
synthesis of Cuaggregates of high nuclearity, many of them
displaying intriguing structures such as icosahedralg{Cu
(SR)e)*™ (R = CC(CN))*2and{ Cug(u2-dppmx[S,CC(CN)P-
(O)(OEt)]4} (PRs).* Herein we report the synthesis, struc-
tures, and spectroscopy of two novel luminescent polynuclear
Cu complexes of 1,8-naphthalenedithiolate (N$(Scheme

n1). The ligand is chosen partly because of its rather
unexplored coordination chemistry, but more importantly,
unlike many 1,1- and 1,2-dithiolates, 1,8-naphthalenedithi-
olate is unique for its rigid backbone and parallel alignment
of its two C—S bonds. These features of the ligand are
expected to give rise to cuprous clusters with new structures.

As an emerging class of inorganic materigfmlynuclear
Cu—chalcogenide species are drawing considerable attentio
because of their rich photophysics, photochemistand
structural diversity’."> Many novel structures have been
discovered in the search for emissive 'Ctlusters as
exemplified by the compound [Qiuz-dppmi(us-S)](PFs)220¢
which displays an unprecedented square pyramid comprising
a square Cly core capped by a tetracoordinate #n. The o o
work underscored the function of the S atom as a nucleating  1-8-Naphthalenedithiolate (NWS)* was prepared in situ
center for copper ions, and in fact, monothiolatds]-di- by reducing naphtho[1,8-cd]-1,2-dith&1¢NS;) with NaBH,

in refluxing THF (Scheme 1). Reacting M¥S and 2 molar
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Figure 1. ORTEP plot ofla (thermal ellipsoid= 50%) in the crystal of
1-1.5CH,Cl,. All the phenyl rings of dppm, C¥Cl,, and H atoms are moved
for clarity. Selected bond lengths (A) and angles (deg): Cu@l})
2.378(2), Cu(2yS(1) 2.357(2), Cu(1)S(2) 2.392(2), Cu(2yS(2) 2.392(2),
Cu(3)-S(2) 2.448(2), Cu(4yS(2) 2.419(2), Cu(3)S(3) 2.356(2), Cu(4y
S(3) 2.424(2), Cu(3)S(4) 2.321(2), Cu(4yS(4) 2.341(2), Cu(tyP(1)
2.284(2), Cu(1yP(2) 2.272(2), Cu(3)P(5) 2.189(2), Cu(})Cu(2) 3.074(2),
Cu(2y-Cu(3) 3.709(2), Cu(3)Cu(4) 2.641(2), Cu(4)Cu(1) 3.335(2),
Cu(1)-S(1)-Cu(2) 80.95(7), Cu(1)yS(2)—Cu(2) 79.97(7), Cu(3yS(2)-
Cu(4) 65.71(6), Cu(2)yS(2)—Cu(3) 100.04(7), Cu(h)S(2)—Cu(4) 87.77(6),
Cu(3)-S(3)-Cu(4) 67.06(6), Cu(3)S(4)-Cu(4) 68.99(6).

equidistant from the four Cu ions (G15(2) = 2.392(2)-
2.448(2)A). The Curus-S(2) distances are close to the-€u
u>-S distances (2.321(2R.424(2) A), and similar bond dis-
tances are observed in other polynuclear-@hiolate com-

plexes such as [G(PPh)4(u-SPh)] (Cu—S=2.34 and 2.42
A).3d The S(2) coordinating to four Cuons makesl the
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Figure 2. ORTEP plot of2-PFRsEt;0-1.8CH,CI, (thermal ellipsoid=
50%). All the H atoms, phenyl rings, solvent molecules, and anions are
omitted for clarity. Selected bond lengths (A) and angles (deg): Gu(1)
S(4) 2.3233(1), Cu(})S(1) 2.5182(1), Cu(4)S(2) 2.3103(1), Cu(4)S(4)
2.5685(1), Cu(2rS(1) 2.3539(1), Cu(3)S(1) 2.3539(1), Cu(2)S(3)
2.4702(1), Cu(3yS(3) 2.3362(1), Cu(3)S(2) 2.5377(1), Cu(5)S(1)
2.2826(1), Cu(5yS(2) 2.2721(1), Cu(5)S(3) 2.2844(1), Cu(5)S(4)
2.2781(1), Cu(1)}Cu(2) 3.881(1), Cu(2)Cu(3) 3.904(1), Cu(3)yCu(4)
3.934(1), Cu(4yCu(l) 3.897(1), Cu(5¥Cu(l) 2.752(1), Cu(53Cu(2)
2.790(1), Cu(5yCu(3) 2.747(1), Cu(5)Cu(4) 2.752(1), Cu(:)yP(8)
2.24839(1), Cu(X)yS(1)-Cu(2) 105.58(5), S(3)Cu(5)-S(2) 114.25(5),
S(3)-Cu(5)-S(1) 111.36(5), S(HCu(5)-S(4) 113.14(5), S(4)Cu(5)—
S(2) 114.26(5), P(BCu(1)-P(8) 123.67(5), Cu(BCu(5)-Cu(5) 88.92(2).

2). The Cy core, which is essentially planar, is connected
to four equatorial dppm moieties and two axial KSgroups
whose naphthalene rings are nearly orthogonal to each other
with their planes slightly deviated from the middle lines of
the square. The dppm moieties are bent from the plane of
Cus, showing an alternate “updown” conformation. This
gives the molecule a saddlelike configuration as observed

first compound which features a pentacoordinate sulfur. The in [Cus(uz-dppm)(uz-CSs)2]* and [Cu(uz-dppmy(us-S)P+ .2

bridging Cu-S—Cu angles range from 67.06¢6p 80.95-
(7)°. These values are close to the-€s—Cu angles (76

80°) found in some Clucomplexes which contain bridging

thiolates3™>
When the reaction of N3~ and [Cu(ux-dppm}(CHs;CN),]-

(PRs)2 was carried out in refluxing THF for 4 h, another

complex, [Cu(uz-dppmh(us-us-NS,),]PFs (2:PFs), was pro-
duced in moderate yiefd® The most intriguing structural

The Cu-P bond lengths are similar to those found.ifeach
sulfur atom of the two dithiolates bridges two Cu ions on
each side of the square. The bridging is slightly asymmetric
as the S atom is closer to one of the Cu ions than the other
(e.g., Cu(1¥S(1) = 2.5182(1) A and Cu(®S@1) =
2.3539(1) A). As a result, the complex shows an approximate
S, symmetry with thes, axis passing through the central Cu
ion which is also the center of inversion. Notably, the

feature of the complex as revealed by X-ray crystallography molecular structure of the catid is surprisingly similar
is a square Gucore which consists of four Cu ions at the to those of [Cu(uz-dppm)(u2-CSs)2]*P and{ Cus(u2-dppmy)-
corners and one Cu ion at the center of the square (Figure[u2-S;CC(CN)P(O)(OE)]2};* both feature a square ¢u
capped symmetrically by two 1,1-ditholate ions. However,
®) ?gqﬂi?oenSi?)for?azlpk'\\lt?lgg (g_-gg]‘_‘lgzr_giﬁ]igﬁl;“?g i%asg ag%e(:n trgo?) T?}fe the Cu-Cu distances between the peripheral Cu iongtin
mixture was stirred for 30 min, and the color of the solution changed (3.881(2)-3.934(2) A) are much longer than the correspond-
from red to colorless. The solution was transferred to a Schlenk flask ing ones in Cu(uo-dppmy(u2-CSs), (3.305(6)-3.32(6) AfP
containing [Cu(u2-dppmy(MeCNY](PFs)2 (1.18 g, 1 mmol). After ~ ~
stirring for 1 h, th2e solution was fiItered.ZThe filtrate was treated with and { Cuu(u-dppm[u. SQCC(CN)P(O).(OEB]_Z} (3.186-
excess diethyl ether to precipitate the product as orange solids. Orange3.595 A)4¢ Apparently, the parallel orientation of the two
crystals were obtained from slow diffusion of,Btinto a CHCI,/ _ i
MeOH (1:1) solution of the compound. Yield:2 50.0% Anal. éalcd C S bZCindS and the Ionger distance between the two S .atoms
(%) for (CosH7eCwPsS4)+0.5CHCly: C, 62.65; H, 4.35, S, 7.01. Found in NS,*~ allow the CuS,4Ps scaffold to Undergo expansion
(%): C, 62.24; H, 4.25; S, 6.57H NMR (500 MHz, CDCl,, to accommodate the fifth Cu ion. The central Cu(5) ion is
coordinated to the four sulfur atoms in a tetrahedral geometry

olppm): 9.206-6.14 (m, 72H, Ph and naphthalene H), :-B318 (m,
6H, CHy). 3'P{H} NMR (121.5 MHz, CDRCl,, o/ppm): —8.75 (d,
2P),—12.05 (m, 2P);-22.04 (d, 2P). Synthesis &8fPFs: The synthetic
procedure for compourtPFs is similar to that of compound except (9) Bera, J. K.; Nethaji, M.; Samuelson, A. Giorg. Chem 1999 38,
the THF solution of [Ce(uz-dppmy(MeCN)](PFs)2 and N$?~ was 218.

refluxed for 4 h. Yellow crystals were obtained from slow diffusion  (10) Attempts to synthesize compoudrom refluxing a THF solution of
of E,O into a CHCl,/MeOH (1:1) solution of the compound. Yield: either compound or a mixture of compound and [Cuy(dppm}(CHs-
37.8%. Anal. Calcd (%) for GdHiodCUsFsPeSs: C, 60.54; H, 4.20; CN),](PFs)2 (1:1) proved unsuccessful.

S, 5.29. Found (%): C, 60.15; H, 4.07, S, 5.32.NMR (500 MHz, (11) (a) Che, C.-M.; Mao, Z.; Miskowski, V. M.; Tse, M.-C.; Chan, C.-
CD,Cly, 6/ppm): 8.08-6.26 (m, 92H, Ph and naphthalene H), 2-:60 K.; Cheung, K.-K.; Phillips, D. L.; Leung, K. HAngew. Chem., Int.
3.10 (m, 8H, CH). 3P{*H} NMR (121.5 MHz, NMR, CDCl,, Ed. 200Q 39, 4084. (b) Hermann, H. L.; Boche, G.; Schwerdtfeger,
o/ppm): —13.0 (s). P.Chem. Eur. J2001, 7, 5333.
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Figure 3. A. UV —vis absorption spectra of (a) N$— - —), (b) 1 (—),
and (c)2-PFs (- - -) in CHsCN at room temperature in GEN. B. Emission
spectra of degassed GEN solutions of (a) N&(— - —), (b) 1 (—), and
(c) 2-PFs (- - -): excitation wavelength= 380 nm, excitation and emission
slit widths = 5 nm. Asterisk indicates enhanced emission at 620 nm at
excitation wavelengti+ 450 nm.

(Cu(5-S = 2.2721(1)-2.2844(1) A and SCu-S =
102.14(5)-114.26(5%), and accordingly, the S atoms are in
us-bridging mode. The fact that Cu(55 bond lengths are
significantly shorter than the peripheral €8 bond length

singlet at—13.0 ppm. This indicates that the complex reverts
to a higher symmetry, i.eD,q4, where all the P atoms are
equivalent.

The electronic absorption spectrabfnd2-PF; display
intense bands at 375 nmafx = 2.3 x 10* M~1 cm™) and
360 NM €max = 1.8 x 10* M~t cm™Y), respectively (Figure
3A). Itis noted that, apart from an intense— s* transition
at 252 nm émax = 1.9 x 10* M~* cm1),13 the spectrum of
NS, displays an absorption band at 367 nepaf = 1.1 x
10* Mt cm™) which is attributable to the n(S) =*
transition. In view of the similar energy and intensity, the
absorptions at 375 and 360 nm are assigned to intraligand
n(S)— x* transitions. While Ng does not absorb between
270 and 310 nm and beyond 400 nm, the two copper
complexes show moderate absorption in 4600 nm and
strong absorption in 266400 nm. Previous spectroscopic
studied® of [Cus(ux-dppm)(us-SR)us-X)] ™ (R = alkyl or
aryl, X = SR or CI) demonstrated that the ligand(RS
metal(Cu) charge-transfer (LMCT) absorption extends from
290 to 400 nm. Possibly, the 46800 nm absorption of
and 2-PF; is part of an LMCT (S— Cu) transition which
overlaps with the intraligand absorption.

Photoexcitation of degassed GEN solution of NS and
of the complexed and 2-PF; at 380 nm gives emissions
maximized at 410 nm, and 486 and 489 nm, respectively
(Figure 3B). The 410 nm emission of N attributable to
Ynz*) fluorescencé? Poorly resolved vibronic structures
with spacing of~1100 cni! are seen in the 486 and 488
nm emissions of the complexes. The emissions are tentatively
assigned to the spin forbiddéms*) phosphorescence on
the basis of the large Stokes shift between the emission and
the absorption. Close inspection of the emission spectra of
the complexes reveals a weak emission band around 620 nm
whose intensities increase as the excitation wavelength is
changed from 380 to 450 nm. Notably, emissions of similar
energy, which are assigned to tiICT excited staté,have
been widely observed for polynuclear'Ethiolates such as
[Cus(uz-dppmy(us-SR) (z-X)] " (Aem = 610 nm¥c¢ and [Cu-
(SGsH4-2-CH,NMe))]3 (Aem = 610 nm)?" Accordingly, the
620 nm luminescence of the present complexes could arise
from an3LMCT (S — Cu) excited state.
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2.7472(8Y-2.7897(8) A away from the four peripheral Cu
ions. It is known that Cle--CU interaction is possible within
such distance¥.An interesting way to interpret the structure
is to consider the Ci$, core as a metallacrowtwhich traps

a Cu ion in the center via-SCu coordination and possibly
cuprophilic interactions. The few reported '€aomplexes
show regular bipyramidal (e.g., [@u>-SBu)s] )32 or open
cubane (e.g., [Giu>-SPh}]?")% metal cores. As far as we
are aware, the 2-D array gwxhibited by2" is unprec-
edented. Thes, symmetry observed in the X-ray crystal

structure could have resulted from crystal packing as the (14)

solution®P{H} NMR spectrum of the complex exhibits a
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Thesz* flourescence of the ligand is observed at 320 nm when the

excitation wavelength is 250 nm.





