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Room-Temperature Phosphorescence and Energy Transfer in Luminescent
Multinuclear Platinum(mr) Complexes of Branched Alkynyls

Chi-Hang Tao, Nianyong Zhu, and Vivian Wing-Wah Yam*!*!

Abstract: A series of luminescent
branched platinum(i) alkynyl com-
plexes, [1,3,5-{RC=C(PEt;),PtC=C-
CsH,C=C};C4H;] (R=CHs, C;H,OMe,
CHMe, CH,CF;, CH,N, CH,SAc,
1-napthyl (Np), 1-pyrenyl (Pyr), 1-an-
thryl-8-ethynyl ~(HC=CAn)), [1,3-

with R=C,H,,

found to show long-lived emission in
both solution and solid-state phases at
room temperature. The emission origin
of the branched complexes
{RC=C(PEt;),PtC=CC;H,C=C};C¢H;]
C¢H,OMe,
CH,CF;, CH,N, and CH,SAc was

alkynyl ligands, [1,3,5-{RC=C-
(PEt;),PtC=CC¢H,C=C};C¢H;] with
R =Np, Pyr, or HC=CAn, [1,3-{PyrC=C-
(PEt,),PtC=CCH,C=C},-5-{(iPr);SiC=
CJC¢H;], [1,3-{PyrC=C(PEt;),PtC=C-
CH,C=C},-5-(HC=C)C¢H;], and [1,8-
{CI(PEt;),PtC=C},An], was tentatively

[1.3.5-

CsH Me,

{PyrC=C(PEt;),PtC=CC¢H,C=C},-5-
{(iPr);SiC=C}CsH;], and [1,3-{PyrC=C-
(PEt;),PtC=CC¢H,C=C},-5-(HC=C)-
C¢H;], was successfully synthesized by
using the precursors [1,3,5-
{CI(PEt;),PtC=CC,H,C=C};C;H;] or
[1,3-{CI(PEt;),PtC=CC¢H,C=C},-5-
{(iPr);SiC=C}C¢H;]. The X-ray crystal
structures of [1,3,5-{MeOC.H,C=C-
(PEt;),PtC=CC¢H,C=C};CsH;] and
[1,8-{CI(PEt;),PtC=C},An] have been

tentatively assigned to be derived from
triplet states of predominantly intra-
ligand (IL) character with some mixing
of metal-to-ligand  charge-transfer
(MLCT) (dm(Pt)—m*(C=CR)) charac-
ter, while the emission origin of the
branched complexes with polyaromatic
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assigned to be derived from the pre-
dominantly *IL states of the respective
polyaromatic alkynyl ligands, mixed
with some *MLCT (dm(Pt)—mn*(C=C-
R)) character. By incorporating differ-
ent alkynyl ligands into the periphery
of these branched complexes, one
could readily tune the nature of the
lowest energy emissive state and the di-
rection of the excitation energy trans-
fer.

determined. These complexes were

Introduction

Excitation energy transfer plays an important role in natural
processes.? Many molecular devices have been designed
and constructed to harvest solar energy, and dendrimers are
probably one of the very few promising candidates that are
designed to mimic the natural photosynthetic process.’! The
construction and luminescence properties of various types of
organic dendrimers have been extensively investigated in
the past few decades.*™ In particular, the luminescence and
energy-transfer properties of a series of phenylene dendrim-
ers have been extensively investigated by Moore and co-
workers.['")
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With the increasing interest in the unique chemical and
physical properties possessed by metal complexes, metal-
containing dendritic molecules have also attracted much at-
tention and have been extensively investigated. Some of
these molecules have found applications in the field of catal-
ysisl" %) and sensor technologies.''®! Metal-containing den-
drimers with metal centers in each generation have been
scarce due to a lack of appropriately designed building
blocks; however, during the last decade, different synthetic
protocols have been developed by various groups towards
the synthesis of such materials."” For instance, the prepara-
tion of organometallic platinum-containing dendrimers with
a rigid alkynyl backbone has been accomplished by the
groups of Stang and Takahashi.'®!! There were also reports
by the groups of Schanze and Lewis on the luminescence
properties of organoplatinum(ir) alkynyl complexes, oligom-
ers, and polymers.”*%

In view of the increasing interest in metal-containing den-
drimers, as well as our on-going effort to study the lumines-
cence properties of transition-metal alkynyl complexes,” I
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we have investigated the luminescence properties of a series
of branched chloropalladium(i) and chloroplatinum(i) al-
kynyl complexes, which were found to emit from an intrali-
gand triplet (’IL) excited state at low temperature."* It is
envisaged that the previously synthesized chloroplatinum(ir)
alkynyl complexes [1,3,5-{CI(PEt;),PtC=CC,H,C=C},C,H;]
(1) and [1,3-{CI(PEt;),PtC=CCH,C=C},-5-{(iPr);SiC=
C}C¢H;] (2) are promising precursors for branched lumines-
cent materials or dendrimers that emit from the *IL excited
states.

As an extension of this work, we have directed our goal
towards the study of the luminescence and energy transfer

RC=CH, CuCl

properties of a series of branched platinum(i) alkynyl com-
plexes, [1,3,5-{RC=C(PEt;),PtC=CC,H,C=C};CH;] (R=
C¢H;s (3), C(H,OMe (4), CH,Me (5), CH,CF; (6), C;HN
(7), CcH,SAc (8), 1-napthyl (Np; 9), 1-pyrenyl (Pyr; 10), 1-
anthryl-8-ethynyl (HC=CAn; 11)), [1,3-{PyrC=C(PEt;),PtC=C-
C4H,C=C},-5-{(iPr),SiC=C}C¢H;] (12), and [1,3-{PyrC=C-
(PEt;),PtC=CCsH,C=C},-5-(HC=C)CH;] (13; Scheme 1).
With judicious design and choice from a wide variety of al-
kynyl ligands, the luminescence and electrochemical proper-
ties, as well as the direction of energy transfer of the com-
plexes, could be readily tuned and modified. Herein are re-
ported the synthesis, structural characterization, lumines-
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Scheme 1. Syntheses of multinuclear carbon-rich platinum(i) complexes of branched alkynyls. THF = tetrahydrofuran.
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cence properties, and electrochemical behavior of a series of
luminescent multinuclear platinum(i) complexes of
branched rigid alkynyls.

Results and Discussion

Synthesis and characterization: The branched dinuclear
chloroplatinum(i) complex 2 was obtained by modification
of the preparation of the related trinuclear complex 1 which
was reported previously (Scheme 1).*2 To depolymerize the
oligomeric materials during the course of the reaction, the
complex was prepared in refluxing toluene and piperidine in
the presence of a catalytic amount of CuCl. The branched
platinum(m) alkynyl complexes 3-12 were synthesized by
using a copper()-catalyzed dehydrohalogenation approach
with the multinuclear precursor complexes 1 or 2 as the
strating materials. Complexes 3-12 were obtained in reason-
able yields with various alkynes, thereby demonstrating that
the branched multinuclear chloroplatinum(i) complexes 1
and 2 are versatile and promising starting materials for the
synthesis of luminescent carbon-rich metal-containing mate-
rials.

In the synthesis of complex 8, ethyldiisopropylamine was
used instead of diethylamine. The use of a more sterically
hindered amine was essential in the preparation of the
sulfur-containing platinum or palladium alkynyl complexes.
In particular, the use of ethyldiisopropylamine is crucial in
the preparation of the 4-trimethylsilylethynylbenzenethio-
acetate from the 4-iodobenzenethioacetate through a palla-
dium(m)-catalyzed Sonogashira coupling reaction.**>"

In addition, attempts have also been made to synthesize
multinuclear complexes with
1,8-diethynylanthracenyl moi-
eties. A trinuclear platinum al-
kynyl complex, 11, was isolated
in good yield by using complex
1 as the precursor, while a di-
nuclear chloroplatinum(1r)
complex [1,8-{CI(PEt;),PtC=C},-
An] (14) was also isolated by
using a synthetic strategy simi-
lar to that of complexes 1 and
2 by refluxing 1,8-diethynylan-
thracene with an excess of
trans-[Pt(PEt;),Cl,] in the pres-
ence of a catalytic amount of
CuCl. With the versatility dem-
onstrated by the chloroplatinu-
m(1) alkynyl complexes 1 and
2, the “metallo-clip” 14 is a po-
tential building block for the <
construction of multinuclear k@@
platinum-containing assem- ces Ceo Cs8
blies.

All the complexes gave satis-
factory elemental analyses and
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have been characterized by IR, '"H NMR, and *P{'H} NMR
spectroscopy and FAB mass spectrometry. The X-ray crystal
structures of complexes 4 and 14 have also been deter-
mined.

The *'P NMR spectra of all the branched complexes 3-13
show a singlet in the range of d=11.10-12.05 ppm, which is
indicative of the highly symmetrical structure of the com-
plexes. Platinum satellites with Jpp values of approximately
2350 Hz were observed, which are indicative of a trans-P—
Pt-P configuration about the platinum metal centers.

Crystal structure determination: Figures 1 and 2 depict the
perspective drawings of complexes 4 and 14, respectively,
and selected bond lengths and angles for both complexes
are given in Table 1. All the platinum atoms in complexes 4
and 14 were found to adopt a slightly distorted trans-square-
planar geometry with the P-Pt-C and P-Pt-Cl angles in the
range of 86.2(3) and 92.8(3)°. It is conceivable that such dis-
tortion around the coordination plane could be a result of
the steric demand of the bulky triethylphosphine ligands.
The C=C bond lengths in both complexes lie in the range of
1.159-1.270 A, values that are comparable to those found in
other mononuclear platinum(ir) o-alkynyl complexes.!s1%3¢!
The Pt—C bond lengths in 4 (2.001(10)-2.045(10) A) are
considerably longer than that found in 14 (1.865(12) A), a
fact ascribed to the stronger trans influence of the alkynyl
group compared to that of the chloro group.

The coordination planes about the platinum atoms are
not coplanar with the aromatic rings and give interplanar
angles of 18.6-89.8° in 4 and 57.4° in 14; this is a characteris-
tic feature observed for platinum o-aryl-alkynyl com-
plexes.®1%31 The separation between the two platinum
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Figure 1. Perspective view of 4 with atomic numbering scheme. Hydrogen atoms have been omitted for clarity.
Thermal ellipsoids are shown at 50 % probability level. See Table 1 for selected bond lengths and angles.
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Figure 2. Perspective view of 14 with atomic numbering scheme. Hydro-
gen atoms have been omitted for clarity. Thermal ellipsoids are shown at
30% probability level. See Table 1 for selected bond lengths and angles.

atoms in 14 is approximately 6.37 A, which exceeds the dis-
tance for the existence of any Pt---Pt interaction. In fact, the
two platinum atoms are bending away from each other, as
evidenced by the C2-C1-Pt and C1-C2-C3 bond angles
which smaller than the expected 180° for a sp-hybridized
carbon atom.

Electronic absorption and emission: The electronic absorp-
tion spectra of the branched platinum() alkynyl complexes
2-8 show absorption bands in the range of 258-340 nm and
360-368 nm with extinction coefficients of the order of 10*-
10° dm*mol™'ecm™" (Figure 3). Table 2 summarizes the pho-
tophysical data of the complexes. With reference to previous
spectroscopic works on  trans-[Pt(PEt;),(C=CR),],F"*"! in
which the absorption bands at approximately 300-360 nm
were assigned as metal-to-alkynyl metal-to-ligand charge
transfer (MLCT) transitions, it is likely that the low-energy
transitions in these branched complexes would also involve
a certain degree of MLCT character. Another piece of evi-
dence for a MLCT assignment of the low-energy absorption
bands in these complexes was provided by the resonance
Raman investigation of trans-[Pt(PEt;),(C=CH),] and trans-
[Pt(dppm),(C=CPh),] (dppm =1,2-bis(diphenylphosphino)-
methane).’* Tt was demonstrated that the initial excited-
state vibrational reorganizational energy and displacement
were mostly along the nominal C=C stretch; this is in line
with an assignment of the absorption band to a MLCT
(Pt—C=CR) transition.’’*! In addition, the lengthening of
the C=C bond in the initial '"MLCT excited states of the
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Table 1. Selected bond lengths [A] and bond angles [°] for 4 and 14 with
estimated standard deviations in parentheses.

Complex
Complex 4
Pt1-C1 2.016(10) C17-C18 1.193(12)
Pt1-C37 2.045(10) C25—-C26 1.181(11)
Pt2—C26 2.001(10) C27-C28 1.178(11)
Pt2—C58 2.005(11) C35—C36 1.200(11)
Pt3—C36 2.006(9) C37-C38 1.191(11)
Pt3—C79 2.042(9) C58—Cs9 1.159(13)
C1—C2 1.173(11) C79—C80 1.183(11)
C9—C10 1.186(12)
C1-Pt1-P2 86.2(3) C27-C28-C29 176.0(10)
C37-Pt1-P2 91.9(2) C18-C17-C13 175.5(10)
C1-Pt1-P1 91.9(3) C17-C18-C19 179.1(11)
C37-Pt1-P1 90.1(2) C36-C35-C32 176.1(11)
C2-C1-Pt1 175.2(10) C35-C36-Pt3 178.4(9)
C1-C2-C3 173.5(9) C38-C37-Ptl 176.5(8)
C10-C9-C6 170.1(11) C37-C38-C39 176.2(10)
C9-C10-C11 174.4(11) C59-C58-Pt2 174.1(12)
C26-C25-C22 177.6(11) C58-C59-C60 173.1(15)
C25-C26-Pt2 173.5(11) C80-C79-Pt3 173.2(9)
C28-C27-C15 175.9(9) C79-C80-C81 179.1(12)
Complex 14
Pt1-C1 1.865(12) Pt1—Cl1 2.364(3)
Pt1-P1 2.304(3) C1-C2 1.270(14)
Pt1-P2 2.309(3)
C1-Pt1-P1 86.5(2) P2-Pt1-Cll 88.69(9)
C1-Pt1-P2 91.4(2) C2-C1-Ptl 173.5(8)
P1-Pt1-Cl1 92.74(9) C1-C2-C3 173.7(10)
25 +
20 + =
ex10%r 1® :
mol'dm>cm™”
10 A '\‘
5
0 T = R T 1
250 300 400 450 500

Alnm —

Figure 3. Electronic absorption spectra of 1 (s+++), 3 (—), and 10 (----- )

in dichloromethane at room temperature.
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mononuclear complexes relative to their ground states was
found to be consistent with an expected nominal bond-order
change from 3 to 2.5 for a Pt—n*(C=CR) metal-to-ligand
charge transfer.’”'! However, the very slight to almost no
influence on the absorption energies of the branched com-
plexes 3-8 that is exerted by the peripheral aryl-alkynyl li-
gands would suggest that the absorption pattern is dominat-
ed by intraligand (m—n*(C=CR)) transitions. Thus, the ab-
sorptions in these branched complexes are best described as
an admixture of IL (t—n*(C=CR)) and MLCT (dn(Pt)—
7*(C=CR)) transitions with predominantly IL character. It
is noteworthy that a slight red shift in absorption energy of
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Table 2. Electronic absorption and photophysical data for complexes 2—
14.

Complex 4 [nm]
(e [dm*mol ' cm ™))

2 258 (46210), 270 sh (43370),

Medium Ao [nm]
(T'[K]) (@, [s])
CH,CL, (298) 531 (6.5)

340 (92540), 360 (104080) solid (298) 527 (6.0)
solid (77) 527 (747)
glass (77)® 532 (350)

3 268 (78850), 298 (72470), CH,CL, (298) 532 (49.7)
338 sh (141600), 366 (228900)  solid (298) 533 (0.2)

solid (77) 538 (745)

glass (77) 533 (359)

4 268 (88870), 298 (78380), CH,CI, (298) 535 (45.6)
338 sh (140530), 368 (235480) solid (298) 532 (7.1)

solid (77) 530 (127)

glass (77)® 530 (394)

5 268 (79610), 298 (71610), CH,Cl, (298) 532 (41.4)
338 sh (134590), 364 (213650) solid (298) 530 (0.15)

solid (77) 538 (115)

glass (77)® 528 (409)

6 274 (55640), 298 (59180), CH,CI, (298) 532 (60.8)
338 sh (121 900), 366 (195090) solid (298) 533 (0.14)

solid (77) 537 (30.9)

glass (77)® 532 (381)

7 278 (70370), 298 (74960), CH,Cl, (298) 531 (47.9)
364 (210715) solid (298) 532 (0.18)

solid (77) 536 (29.8)

glass (77)® 532 (371)

8 280 (61605), 300 (75520), CH,Cl, (298) 532 (49.8)
366 (169270) solid (298) 533 (0.16)

solid (77) 534 (30.1)

glass (77)® 532 (412)

9 308 (78380), 370 (244950) CH,Cl, (298) 546 (60.8)
solid (298)
solid (77) 548 (13.4)
glass (77) 543 (438)
10 280 (92765), 292 (129200), CH,Cl, (298) 660 (45.2)

352 sh (138440), 372 sh (196190), solid (298) -
388 (218465), 400 (197640) solid (77) -
glass (77) 655 (244)
CH,CL, (298) 744 (37.2)
solid (298)

1 256 (251010, 270 sh (181495),
278 sh (154015), 302 sh (74025),

342 sh (146190), 364 (174590), solid (77) .y

404 (60145), 428 (53460) glass (77)® 735 (96.5)
12 276 (64060), 292 (83070), CH,Cl, (298) 657 (42.8)

352 sh (89870), 372 (123310), solid (298) -

388 (133860), 400 (121170) solid (77) el

glass (7)) 655 (248)

13 276 (94860), 329 (123020), CH,C, (298) 658 (36.1)
352 sh (133000), 372 (182615),  solid (298) 523 (<0.1)
388 (198230), 400 (179440) solid (77) 522 (<0.1)

glass (77)® 655 (218)

14 272 (127440, 354 (7000), CH,CI, (298) 743 (0.2)
370 (9520), 390 (14080), solid (208) I
410 (24990), 434 (26010) solid (77) ke

glass (77) 733 (6.8)

[a] Measured in CH,Cl, at 298 K. [b] Measured in a EtOH/MeOH (4:1,
v/v) glass. [c] Nonemissive.

the low-energy band is observed on going from the precur-
sor 1 (362 nm) to complexes 3-8 (364-368 nm); this result is
supportive of a mixing of MLCT (dn(Pt)—n*(C=CR)) char-
acter and may indicate the presence of conjugation through
the metal centers. Similar findings have also been reported
in related linear oligomers.*”!
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The branched complexes with peripheral polyaromatic al-
kynyl ligands, 9-14, show highly structured absorption bands
at approximately 276-352 nm and 370-434 nm with extinc-
tion coefficients of the order of 10°~10° dm*mol 'cm™'. In
view of the similar absorption patterns and extinction coeffi-
cients with their corresponding free polyaromatic alkynes,
the assignment of IL (w—x*(C=CR)) transitions is favored,
although the possibility of an involvement of a MLCT
(dnt(Pt)—n*(C=CR)) transition is also likely for the reasons
described above. Again, the transitions in complexes 9-14
are similarly assigned as an admixture of IL (x—n*(C=CR))
and MLCT (dn(Pt)—n*(C=CR)) transitions with predomi-
nantly IL character.

Upon photoexcitation, all the branched complexes display
luminescence in deaerated dichloromethane solutions at
room temperature (Figure 4). All complexes show lifetimes

T T T I
500 600 700 800
Alnm ——

Figure 4. Emission spectra of 3 (—), 9 (-----), and 10 (+++++) in dichloro-
methane at room temperature.

in the microsecond range, which is indicative of their triplet
parentage. The strong spin-orbit coupling introduced by the
heavy platinum(1) metal center enhances the accessibility of
the ’IL (m—mn*) excited states and renders the Pt(PEts),
moiety a good building unit to access the spin-forbidden *IL
excited states. In contrast to the nonemissive behavior of
the precursor complex 1 at room temperature, complexes 3—
8 show intense yellowish green luminescence at about 531-
535 nm, with vibrational progressional spacings of approxi-
mately 1130 and 2160 cm™ in both the solution and solid-
state emission spectra at room temperature. It is interesting
to note that complexes 3-8 emit at nearly identical wave-
lengths with similar vibronic structures to the chloroplatin-
um (1) precursor complex 1 both in the solid state and in an
alcoholic glass at 77 K. The emission energies of these com-
plexes appear to be insensitive to the electron-withdrawing
or -donating nature of the substituents on the peripheral
aryl-alkynyl ligands. These findings are supportive of a trip-
let emission emanating mainly from the central (C=C-
C¢H,C=C);CsH; moiety. However, a red shift in the emis-
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sion energies is observed for the branched complexes on
going from the palladium complexes to the platinum ana-
logues; this is indicative of the involvement of triplet metal-
to-alkynyl MLCT character in the emissive states.”” In addi-
tion, a recent theoretical study on related mononuclear plat-
inum(m) alkynyl complexes, trans-[Pt(PEt;),(C=CPh),] and
trans-[Pt(PEt;),(C=CC¢H,C=CH),], by Brozik and co-work-
ers using density functional theory*? showed that a d orbital
on the platinum atom is directly involved in the = system in
the highest occupied molecular orbital (HOMO) of the
complexes they studied. The lowest unoccupied molecular
orbital (LUMO) of the complexes, on the other hand, has
essentially no electron density located on the platinum
metal, a result that is in line with an emission from a mixed
IL (m—m*(C=CR)]"MLCT (dm(Pt)—m*(C=CR)) manifold.
It is interesting to note that emission from the IL state of
the peripheral alkynyl ligands was not observed in these
complexes owing to their relatively high-lying energy, and
the energy absorbed by the peripheral ligands would proba-
bly be transferred to the central emitting core (Figure 5).
Degassed dichloromethane solutions of the branched plat-
inum(m) alkynyl complexes with polyaromatic peripheral li-
gands 9-14 show emission in the yellow to red region with
lifetimes in the microsecond range. Shorter lifetimes were
observed for complexes 11 and 14, which emit at relatively
lower energies, in line with the energy-gap law. Vibrational
progressional spacings of approximately 1360-1380 cm™*
were observed in the emission spectra of complexes 9-13,
which is typical of the C=C stretching mode of the aromatic
rings. With reference to previous work on cis-[Pt(dppe)(C=C-
Np),]  (dppe=1,2-bis(diphenylphosphino)ethane)*!  and
trans-[Pt(PnBu;),(C=CPyr),],*/ in which the *IL emissions
of these platinum complexes with polyaromatic alkynyl li-
gands also occur at similar energies with comparable vibron-
ic structures, these highly structured emissions of complexes
9-11 are likely to be of mainly ’IL character. However, the
involvement of MLCT character could not be completely
ruled out; thus, the emissions of complexes 9-11 are tenta-
tively assigned as being derived
from a mixed °IL (n—n*(C=
CR))"MLCT (dm(Pt)—n*(C=
CR)) state with predominantly
IL character. It is noteworthy
that the *IL emission from the
central (C=CC¢H,C=C),C,H;
moieties could not be ob-
served, probably due to the ex-
istence of another lower lying
’IL excited state upon coordi-
nation of the polyaromatic al-
kynyl ligands, in which case the
energy absorbed by the central
core would be transferred to
the lowest energy emissive
state of the peripheral ligands
(Figure 5). By incorporating

different alkynyl ligands into  kynyls.
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the periphery of these branched complexes, one could con-
trol the direction of energy transfer; this work represents a
rational design and synthesis of branched platinum(1) alkyn-
yl complexes with desired directional energy transfer.

Electrochemical properties: The cyclic voltammograms of
the platinum(m) alkynyl complexes 1-14 do not show observ-
able reduction waves upon scanning up to —2.0 V (all values
measured versus the saturated calomel electrode (SCE)),
while the oxidative scans of complexes 1-14 generally show
two or three irreversible oxidation waves at +0.86 to
+1.27, +1.33 to +1.74, and +1.87 to +1.98 V. Table 3

Table 3. Electrochemical data for complexes 1-14%,

Complex Oxidation E,, [V versus the SCE]™
1 +1.27

2 +1.25, +1.59, +1.87
3 +1.12, +1.64

4 +0.99, +1.65

5 +1.12, +1.64

6 +1.20, +1.68

7 +1.21, +1.69

8 +1.20, +1.68

9 +1.07, +1.88

10 +0.93, +1.72, +1.98
11 +0.98, +1.60

12 +0.93, +1.74

13 +0.92, +1.73

14 +0.86, +1.33

[a] In dichloromethane (0.1m nBu/NPF,); working electrode, glassy
carbon; scan rate =100 mV's™'. [b] E,, refers to the anodic peak potential
for the irreversible oxidation waves.

summarizes the electrochemical data of the branched platin-
um(1) alkynyl complexes.

The first oxidation waves observed for complexes 3-8
(+0.99 to +1.20 V) were found to occur at potentials simi-
lar to those of their chloroplatinum(1) precursor complexes
1 and 2, in which potentials of +1.27 and +1.25 V were ob-

Figure 5. Representation of energy transfer in multinuclear carbon-rich platinum(i) complexes of branched al-
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served for their first oxidations, respectively. Slightly less
positive potentials were observed for complexes 3-8 com-
pared to their precursors and this observation is in line with
the slight red shifts observed in the lowest energy absorption
and emission bands in their respective electronic absorption
and emission spectra. Given the first oxidation of R—
C¢H,C=CH occurred at approximately +1.5 to + 1.7 V,*
which is a more positive potential than the conjugated al-
kynes (HC=CC,H,C=C);C¢Hj; (about +1.35 V), the first ox-
idation waves of complexes 3-8 are probably due to the oxi-
dation of the central organic (C=CC¢H,C=C);C,H; back-
bone. However, the less positive potentials for the first
oxidation waves observed for the platinum complexes 1
(+1.27 V) and 2 (+1.25 V), compared to those of their pal-
ladium analogues, [1,3,5-{CI(PEt;),PdC=CCH,C=C};CsH;]
(+1.34V) and [1,3-{CI(PEt;),PdC=CCH,C=C},-5-
{(iPr);SiC=C}C4H;] (+1.38 V), are indicative of the presence
of some metal character in their HOMO; this is in line with
the red shift in the absorption and emission energies on
going from the palladium complexes to the platinum com-
plexes. It is likely that the two irreversible oxidation waves
for this class of complex may also possess a certain degree
of metal-centered character; thus the two irreversible oxida-
tion waves of complexes 3-8 could be best described as
ligand-centered oxidation with some mixing of metal-cen-
tered character.

For the platinum(1) alkynyl complexes with polyaromatic
ligands 9-14, the first oxidation waves were found in the
range of +0.86 to +1.07 V, values that are slightly less posi-
tive than those of 3-8 (+0.99 to +1.20 V) and their chloro-
platinum(m) precursor complexes 1 (+1.27V) and 2
(+1.25 V). The large shift in the potential for the first oxida-
tion of 14 (+0.86 V) relative to that of the branched chloro-
platinum(1) complex 1 (+1.27 V) is indicative of an oxida-
tion that is predominantly ligand-centered in character. This,
together with the less positive potentials for the oxidation
of the polyaromatic alkynes (+1.0 to +1.2 V) relative
to that of 1,3,5-(HC=CCsH,C=C);CiH; (approximately
+1.35V), suggested that the first oxidation waves of com-
plexes 9-14 are probably derived from the ligand-centered
oxidation of the polyaromatic alkynyl ligands. However, an
involvement of some metal-centered character could not be
completely ruled out. The predominantly ligand-centered
origin of these first oxidations observed for complexes 1-14
agrees well with the assignment of a predominantly ligand-
centered character for both the electronic absorption and
emission behavior of these complexes.

Conclusion

A series of luminescent platinum(m) alkynyl complexes,
[1,3,5-{RC=C(PEt;),PtC=CC,H,C=C};C;H;] where R=
C.Hs,, C.H,OMe, CsH,Me, C,H,CF,, C;H,N, CsH,SAc, Np,
Pyr or HC=CAn, [1,3-{PyrC=C(PEt;),PtC=CC,H,C=C},-5-
{(iPr);SiC=C}C¢H;], [1,3-{PyrC=C(PEt;),PtC=CCH,C=C},-
5-(HC=C)C¢H;], and [1,8-{CI(PEt;),PtC=C},An] were suc-
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cessfully synthesized. The crystal structures of [1,3,5-
{MeOC4H,C=C(PEt;),PtC=CC,H,C=C};CsH;] and [1,8-
{CIPt(PEt;),C=C},An] were determined, thereby confirming
the distorted square planar geometry at the platinum center,
with bond lengths in the normal ranges expected for this
class of compounds. These complexes are found to be emis-
sive at room temperature with rich vibronic structures; their
lowest lying emissive states were tunable and assigned to be
derived from predominantly “IL states, either of the central
(C=CC¢H,C=C);C4H; moiety or the peripheral polyaromatic
alkynyl ligands, probably mixed with some *MLCT
(dn(Pt)—x*(C=CR)) character. Through rational design
and synthetic methodologies, the direction of energy trans-
fer in branched platinum(1) alkynyl complexes can be easily
tuned.

Experimental Section

Materials and reagents: [1,3,5-{CI(PEt,),PtC=CCH,C=C};C;H;] (1),*”
1,3-{lHC=CC4H,C=C},-5-{(iPr);SiC=C}C¢H,,*"!  4-ethynylpyridine,*  4-
ethynylbenzenethioacetate,! and 1,8-diethynylanthracene® were syn-
thesized according to literature procedures. Ethynylbenzene (Aldrich,
98 %), 1-ethynyl-4-methoxybenzene (Maybridge), 1-ethynyltoluene (GFS,
98 %), 1-ethynyl-4-trifluoromethylbenzene (Aldrich, 97 %), 1-ethynylnap-
thalene (Aldrich, 97 %), 1-ethynylpyrene (Lancaster, 96 %), and nBu,NF
(1™ solution in THF; Lancaster) were purchased and used as received.
All organic amines were distilled over potassium hydroxide and stored
over potassium hydroxide prior to use. All other solvents and reagents
were of analytical grade and used as received.

Syntheses:

[1,3-{C1(PEt;),PtC=CCH,C=C},-5-{(iPr);SiC=C}C4H;] (2): This was syn-
thesized according to a modified version of a literature procedure for the
synthesis of complex 1. trans-[Pt(PEt;),Cl,] (1.000 g, 1.99 mmol) and
1,3-(HC=CC(H,C=C),-5-{(iPr);SiC=C}CH; (252 mg, 0.50 mmol) were
dissolved in a mixture of toluene (70 mL) and piperidine (5 mL). The re-
action mixture was heated to reflux for 30 min after which CuCl (5 mg,
0.04 mmol) was added and the reaction mixture was then refluxed under
nitrogen for two days. The solvent was removed under vacuum and the
yellow oily residue was dissolved in dichloromethane and washed succes-
sively with aqueous ammonium chloride solution and deionized water.
The organic fraction was then dried over anhydrous MgSO, and filtered.
Purification was accomplished by column chromatography (basic alumi-
num oxide, 50-200 microns), in which the excess trans-[Pt(PEt;),CL] was
first eluted with dichloromethane/petroleum ether (1:1, v/v) and then 2
was eluted with dichloromethane. Subsequent recrystallization from ben-
zene/n-pentane afforded 2 as a very pale yellow microcrystalline solid:
Yield=504 mg, 70%; 'HNMR (400 MHz, CDCl;, 298 K, relative to
Me,Si): 0=1.14 (s, 21H; iPr), 1.21 (vq, J=5.0 Hz, 36 H; CHj;), 2.03-2.12
(m, 24H; CH,~P), 7.22 (d, 4H, J(H,H)=11.0 Hz; C{H,), 7.36 (d, 4H,
J(H,H)=11.0 Hz; C¢H,), 7.55 (d, 2H, J(H,H)=1.5 Hz; C,H;), 7.59 ppm
(s, 1H, J(H,H)=1.5 Hz; C4H,); *C{'H} NMR (125.8 MHz, CDCl,, 298 K,
relative to Me,Si): 6=8.04 (s; CH;), 11.29 (s; iPr), 14.56 (t, J(C,P)=
17.0 Hz; CH,—P), 18.67 (s; iPr), 86.46 (t, Jcp=16.0 Hz; acetylenic car-
bons), 88.48, 90.99, 92.08, 101.85, 105.38 (s; acetylenic carbons), 119.21,
124.09, 124.17, 129.18, 130.82, 131.36, 133.89, 134.16 ppm (s; aromatic car-
bons); *'P{'H} NMR (162 MHz, CDCl;, 298 K, relative to 85% H,;PO,):
0=15.30 (s, J(Pt,P)=2381 Hz) ppm; IR (KBr disc): 7=2114(s), 2154(w),
2211(w) em™, #(C=C); positive-ion FAB MS: m/z: 1439 [M]*; elemental
analysis calcd (%) for 2: C 50.9, H 6.45; found: C 50.7, H 6.28.
[1,3,5-{CsH;C=C(PEt;),PtC=CC4H,C=C};C¢H;] (3): This was synthesized
according to a modified version of a literature procedure for the synthe-
sis of related compounds."” Complex 1 (142 mg, 0.077 mmol) and ethy-
nylbenzene (26 mg, 0.252 mmol) were dissolved in a mixture of THF
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(20 mL) and diethylamine (10 mL). CuCl (5 mg) was added to this reac-
tion mixture as a catalyst. The pale-yellow mixture was then stirred over-
night at room temperature, and the solvent was removed under reduced
pressure. The greenish-yellow gummy residue was then redissolved in di-
chloromethane, washed successively with brine and deionized water, and
dried over anhydrous sodium sulfate. The solution was then filtered, and
the solvent was removed under reduced pressure. The yellow residue was
chromatographed on basic aluminum oxide (50-200 microns) with di-
chloromethane as the eluent. Subsequent recrystallization of the crude
product with dichloromethane/n-hexane afforded 3 as a pale-yellow
powder: Yield=68 mg, 43 %; "H NMR (400 MHz, CDCl,, 298 K, relative
to Me,Si): 0=1.22 (vq, J=8.0 Hz, 54H; CH,), 2.10-2.20 (m, 36 H; CH,—
P), 7.10-7.30 (m, 21H; CHs and CH,), 7.36 (d, 6H, J(H.H)=8.2 Hz;
CH,), 7.60 ppm (s, 3H; CHs); *'P{'H} NMR (162 MHz, CDCl,, 298 K,
relative to 85% H;PO,): 0=11.18 ppm (s, J(Pt,P) =2366 Hz); IR (KBr
disc): 7=2099(s), 2205(w) cm~', v(C=C); positive ion FAB MS: m/z:
2044 [M+1]*; elemental analysis caled (%) for 3: C 56.38, H 5.91;
found: C 56.52, H 6.01.
[1,3,5-{MeOCH,C=C(PEt;),PtC=CC{H,C=C};C,H;] (4): The procedure
was similar to that for 3 except that 1-ethynyl-4-methoxybenzene (33 mg,
0.252 mmol) was used instead of ethynylbenzene to afford 4 as a pale-
yellow powder: Yield=85mg, 52%; 'H NMR (400 MHz, CDCl,, 298 K,
relative to Me,Si): 0=1.23 (vq, /J=8.0 Hz, 54H; CH,—CH;), 2.10-2.25
(m, 36H; CH,~P), 3.85 (s, 9H; OMe), 6.77 (d, 6H, J(H,H)=9.0 Hz;
C¢H,OMe), 721 (d, 6H, JHH)=9.0Hz; CH,0OMe), 7.24 (d, 6H,
J(H,H)=9.0 Hz; CH,), 7.36 (d, 6H, J(H,H)=9.0 Hz; CH,), 7.59 ppm (s,
3H; C.H,); *'P{'H} NMR (162 MHz, CDCl;, 298 K, relative to 85%
H,PO,): 6=11.10 ppm (s, J(Pt,P)=2374 Hz); IR (KBr disc): #=2097(s),
2207(w) cm ™!, ¥(C=C); positive-ion FAB MS: m/z: 2134 [M+1]*; ele-
mental analysis calcd (%) for 4: C 55.69, H 5.95; found: C 55.74, H 5.72.
[1,3,5-{MeCH,C=C(PELt;),PtC=CCH,C=C};C¢H;] (5): The procedure
was similar to that for 3 except that 1-ethynyltoluene (29 mg,
0.252 mmol) was used instead of ethynylbenzene to afford 5 as pale-
yellow powder: Yield=80 mg, 50 %; '"H NMR (400 MHz, CDCl,, 298 K,
relative to Me,Si): 0=1.22 (vq, J=8.0 Hz, 54H; CH,—CHj;), 2.10-2.25
(m, 36 H; CH,—P), 2.29 (s, 9H; C;H,Me), 7.01 (d, 6H, J(H,H)=8.0 Hz;
CsHMe), 7.18 (d, 6H, J(HH)=8.0 Hz; C;H,Me), 7.24 (d, 6H, J(H.H) =
12.0 Hz; CH,), 7.30 (d, 6H, J(H.H)=12.0 Hz; C¢H,), 7.60 ppm (s, 3H;
CoH,); *'P{'H} NMR (162 MHz, CDCl,, 298 K, relative to 85% H;PO,):
0=11.18 ppm (s, J(PtP)=2393Hz); IR (KBr disc): #=2099(s),
2207(w) em ™!, v(C=C); positive-ion FAB MS: m/z: 2085 [M]*; elemental
analysis caled (%) for 5: C 56.97, H 6.08; found: C 57.10, H 6.13.
[1,3,5-{F;CCH,C=C(PEt;),PtC=CCH,C=C};C{H;] (6): The procedure
was similar to that for 3 except that 1-ethynyl-4-trifluoromethylbenzene
(43 mg, 0.252 mmol) was used instead of ethynylbenzene to afford 6 as a
pale-yellow powder: Yield=81 mg, 47%; 'HNMR (400 MHz, CDCl,,
298 K, relative to Me,Si): 6=1.23 (vq, /=8.0 Hz, 54H; CHj;), 2.10-2.20
(m, 36H; CH,~P), 7.25 (d, 6H, J(HH)=8.3 Hz; CH,), 7.34 (d, 6H,
J(H,H)=8.1 Hz; C,H,CF;), 7.38 (d, 6H, J(H,H)=8.3 Hz; C;H,), 7.45 (d,
6H, J(H,H)=8.1 Hz; C,H,CF;), 7.60 ppm (s, 3H; C¢H;); *'P{'H} NMR
(162 MHz, CDCl;, 298 K, relative to 85% H;PO,): 6=11.33 ppm (s,
J(Pt,P)=2356 Hz); IR (KBr disc): #=2100(s), 2207(w) cm', v(C=C);
positive ion FAB MS: m/z: 2249 [M+1]*; elemental analysis caled (%)
for 6: C 52.87, H 5.24; found: C 53.04, H 5.37.
[1,3,5-{NC;H,C=C(PEt;),PtC=CCH,C=C};CH;] (7): The procedure
was similar to that described for the preparation of 3 except that 4-ethy-
nylpyridine (26 mg, 0.252 mmol) was used instead of ethynylbenzene to
afford 7 as a yellow powder: Yield=66 mg, 42%; 'H NMR (400 MHz,
CDCl;, 298 K, relative to Me,Si): 0=1.23 (vq, J=8.0 Hz, 54H; CHj;),
2.20-2.30 (m, 36H; CH,—P), 7.10 (d, 6H, J(H,H)=5.4 Hz; C;H,N), 7.25
(d, 6H, J(H,H)=8.2 Hz; C(H,), 7.38 (d, 6H, J(H,H)=8.2 Hz; C(H,), 7.61
(s, 3H; C.H3), 8.39 ppm (d, 6H, J(H,H)=5.4 Hz; C;H,N); 'P{'H} NMR
(162 MHz, CDCl;, 298 K, relative to 85% H;PO,): 6=11.35ppm (s,
J(Pt,P)=2347 Hz); IR (KBr disc): #=2095 (s), 2205(w) cm™, v(C=C);
positive-ion FAB MS: m/z: 2048 [M+1]*; elemental analysis caled (%)
for 7: C 54.54, H 5.76, N 2.05; found: C 54.37, H 5.69, N 2.16.
[1,3,5-{Ac¢SC{H,C=C(PELt;),PtC=CCH,C=C};C¢H;] (8): The procedure
was similar to that for 3 except that 4-ethynylbenzenethioacetate (44 mg,
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0.252 mmol) and ethyldiisopropylamine (10 mL) were used instead of
ethynylbenzene and diethylamine, respectively, to afford 8 as a yellow
powder: Yield =50 mg, 29 %; 'H NMR (400 MHz, CDCl;, 298 K, relative
to Me,Si): 0=1.22 (vq, J=8.0 Hz, 54H; CH,—CH,), 2.10-2.25 (m, 36H;
CH,—P), 2.40 (s, 9H; SAc), 7.25-7.30 (m, 18 H; C(H, and C,H,SAc), 7.42
(d, 6H, J(H,H)=9.0 Hz; C,H,), 7.64 ppm (s, 3H; CH); *'P{'H} NMR
(162 MHz, CDCl;, 298 K, relative to 85% H;PO,): 6=11.30 ppm (s,
J(Pt,P)=2360 Hz); IR (KBr disc): #=2098(s), 2207(w)cm', v(C=C);
positive-ion FAB MS: m/z: 2266 [M+1]*; elemental analysis calcd (%)
for 8: C 54.03, H 5.60; found: C 54.17, H 5.51.
[1,3,5-{NpC=C(PEt,;),PtC=CCH,C=C};CH;] (9): The procedure was
similar to that for 3 except that 1-ethynylnapthalene (38 mg, 0.252 mmol)
was used instead of ethynylbenzene to afford 9 as a very pale orange
powder: Yield=106 mg, 63%; '"H NMR (400 MHz, CDCl;, 298 K, rela-
tive to Me,Si): 0=1.22 (vq, J=8.0 Hz, 54H; CHj;), 2.15-2.25 (m, 36H;
CH,—P), 7.27 (d, 6H, JHH)=8.0Hz; CH,), 7.34 (d, 3H, JHH)=
6.0 Hz; Np), 7.40 (d, 6H, J(H,H)=8.0 Hz; C4H,), 7.42-7.49 (m, 9H; Np),
7.61 (s, 3H; C¢H;), 7.63 (d, 3H, J(H,H)=12.0 Hz; Np), 7.80 (d, 3H,
J(H,H)=12.0 Hz; Np), 8.51 ppm (d, 3H, J(H,H)=12.0 Hz; Np); *'P{'H}
NMR (162 MHz, CDCl;, 298 K, relative to 85% H;PO,): 6=11.69 ppm
(s, J(Pt,P) =2365 Hz); IR (KBr disc): #=2093(s), 2207(w) cm™', v(C=C);
positive-ion FAB MS: m/z: 2194 [M]*; elemental analysis calcd (%) for
9: C59.09, H 5.79; found: C 59.21, H 5.62.
[1,3,5-{PyrC=C(PEt;),PtC=CCH,C=C};C¢H;] (10): The procedure was
similar to that for 3 except that 1-ethynylpyrene (57 mg, 0.252 mmol) was
used instead of ethynylbenzene. Subsequent recrystallization of the crude
product with dichloromethane/n-hexane afforded 10 as a yellow powder:
Yield=114 mg, 61 %; "HNMR (400 MHz, CDCl;, 298K, relative to
Me,Si): 6=1.30 (vq, /=8.0 Hz, 54H; CH;), 2.20-2.30 (m, 36 H; CH,—P),
7.29 (d, 6H, J(H,H)=8.0 Hz; C(H,), 7.40 (d, 6H, J(H,H) =8.0 Hz; C{H,),
7.62 (s, 3H; CcH;), 7.92-8.15 (m, 24H; Pyr), 8.72 ppm (d, 6H, J(H.H) =
9.0 Hz; Pyr); *'P{'H} NMR (162 MHz, CDCl,, 298 K, relative to 85%
H,;PO,): 6=12.05 ppm (s, J(Pt,P)=2365 Hz); IR (KBr disc): 7=2085(s),
2111(sh), 2205(w)cm™', v(C=C); positive-ion FAB MS: m/z: 2416
[M+1]%; elemental analysis caled (%) for 10: C 62.60, H 5.50; found: C
62.46, H 5.39.

[1,3,5-{HC=CAnC=C(PEt;),PtC=CC,H,C=C};C¢H;] (11): The proce-
dure was similar to that for 3 except that a large excess of 1,8-diethyny-
lanthracene (252 mg, 1.12 mmol) was used instead of ethynylbenzene and
the complex [1,3,5-{CI(PEt;),PtC=CCH,C=C};C,H;] (100 mg,
0.054 mmol) was added dropwise to the solution of 1,8-diethynylanthra-
cene. Subsequent work-up procedures similar to that for 3 followed by
column chromatography on silica gel (70-230 mesh) with dichlorome-
thane as the eluent gave the crude 11 as a bright yellow powder. Recrys-
tallization from dichloromethane/n-hexane in the absence of light yielded
11 as an analytically pure bright yellow powder: Yield=73 mg, 56 %;
'HNMR (400 MHz, CDCl;, 298 K, relative to Me,Si): 0=127 (vq, J=
5.0 Hz, 54H; CHj;), 2.17-2.26 (m, 36H; CH,—P), 3.47 (s, 3H; C=CH),
7.28 (d, 6H, J(H,H)=9.0 Hz; CH,), 7.38-7.42 (m, 12H; 3-An, 6-An and
C¢H,), 7.52 (d, 3H, J(H,H)=9.0 Hz; 4-An), 7.62 (s, 3H; CH,), 7.74 (d,
3H, J(H,H)=9.0 Hz; 5-An), 7.80 (d, 3H, J(H,H)=9.0 Hz; 2-An), 8.01
(d, 3H, J(H,H)=9.0 Hz; 7-An), 8.40 (s, 3H; 10-An), 9.56 ppm (s, 3H; 9-
An); *P{'H} NMR (162 MHz, CDCl;, 298 K, relative to 85% H,PO,):
0=11.82 ppm (s, J(Pt,P)=2365 Hz) IR (KBr disc): 7#=2085(s), 2153(w),
2208(w) cm ™!, v(C=C); positive ion FAB MS: m/z: 2421 [M+1]"*; ele-
mental analysis calcd (%) for 11: C 62.60, H 5.50; found: C 62.66, H 5.55.
[1,3-{PyrC=C(PEt;),PtC=CCH,C=C},-5-{(iPr);SiC=C}C,H;] (12): The
procedure was similar to that for 10 except that 2 (163 mg, 0.11 mmol)
was used instead of 1 to afford 12 as a yellow powder: Yield=126 mg,
63%; '"HNMR (400 MHz, CDCl;, 298 K, relative to Me,Si): 0=1.15 (s,
21H; iPr), 1.29 (vq, /=5.0 Hz, 36 H; CHj;), 2.22-2.30 (m, 24H; CH,—P),
7.28 (d, 4H, J(H,H)=9.0 Hz; C;H,), 7.39 (d, 4H, J(H,H) =9.0 Hz; C(H,),
7.56 (d, 2H, J(H.H)=1.5 Hz; C(H;), 7.62 (t, 1H, J(H,H)=1.5 Hz; C(H,),
7.94-8.14 (m, 16H; Pyr), 8.72ppm (d, 2H, J(H,H)=11.0 Hz; Pyr);
'P{'"H} NMR (162 MHz, CDCl,, 298 K, relative to 85% H;PO,): 0=
11.75 ppm (s, J(Pt,P)=2365Hz) ppm; IR (KBr disc): 7=2086(s),
2153(w), 2209(w)cm™!, v(C=C); positive-ion FAB MS: m/z: 1818
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[M+1]%; elemental analyses caled (%) for 12: C 64.08, H 6.10; found: C
64.16, H 6.25.

[1,3-{PyrC=C(PEt;),PtC=CCH,C=C},-5-(HC=C)CH;] (13): This com-
plex was prepared according to a modified version of a published proce-
dure for the deprotection of the triisopropylsilyl group.”"! nBu,NF (1 mL,
1M solution in THF) was added to a solution of 12 (25 mg, 0.014 mmol)
in THF (15 mL). The reaction mixture was stirred at room temperature
for 1 h and was quenched with water. The organic solvent was removed
under reduced pressure and the residue was partitioned between di-
chloromethane and deionized water. The organic phase was dried over
anhydrous magnesium sulfate and filtered. Removal of solvent gave the
crude product 13 as a yellow powder. Column chromatography on silica
gel (70-230 mesh) with dichloromethane/hexane (1:1, v/v) as the eluent
gave 13 as a pure pale yellow powder: Yield=18 mg, 78 %; 'H NMR
(400 MHz, CDCl;, 298 K, relative to Me,Si): 6=1.29 (vq, J=5.0Hz,
36H, CH,), 2.22-2.30 (m, 24H; CH,~P), 3.11 (s, 1H; C=CH), 7.28 (d,
4H, J(HH)=9.0 Hz; CH,), 7.39 (d, 4H, J(H,H) =9.0 Hz; C(H,), 7.57 (d,
2H, JHH)=1.5Hz; CH,;), 7.65 (t, 1H, J(H,H)=1.5 Hz; C{H;), 7.90-
8.14 (m, 16H; Pyr), 8.72 ppm (d, 2H, J(H,H)=11.0 Hz; Pyr); *P{'H}
NMR (162 MHz, CDCl,;, 298 K, relative to 85% H;PO,): 6=11.75 ppm
(s, J(Pt,P)=2368 Hz); IR (KBr disc): #=2085(s), 2155(w), 2211(w) cm ™,
v(C=C); positive-ion FAB MS: m/z: 1660 [M+1]*; elemental analysis
caled (%) for 13: C 63.61, H 5.46; found: C 63.82, H 5.52.

[1,8-{CI(PEt;),PtC=C},An] (14): The procedure was similar to that for 2
except that 1,8-(HC=C),An (75 mg, 0.332 mmol) was used instead of 1,3-
(HC=CC(H,C=C),-5-{(iPr);SiC=C}C4H;. Column chromatography on
silica gel with dichloromethane as the eluent gave complex 14 as a bright
yellow powder. Subsequent recrystallization from dichloromethane/n-
hexane yielded 14 as bright yellow needle-like crystals: Yield =250 mg,
65%; "H NMR (400 MHz, CDCl,, 298 K, relative to Me,Si): 0 =1.24 (vq,
J=80Hz, 36H; CH,), 2.10-2.20 (m, 24H; CH,~P), 7.32 (dd, 2H,
J(H,H)=9.0 Hz, 9.0 Hz; 3-An and 6-An), 7.45 (d, 2H, J(H,H)=9.0 Hz;
4-An and 5-An), 7.79 (d, 2H, J(H,H)=9.0 Hz; 2-An and 7-An), 8.34 (s,
1H; 10-An) , 9.41 ppm (s, 1 H; 9-An); *'P{'H} NMR (162 MHz, CDCl,,
298 K, relative to 85% H;PO,): 6=14.25 ppm (s, J(Pt,P)=2393 Hz); IR
(KBr disc): #=2106(s) cm~, v(C=C); positive-ion FAB MS: m/z: 1158
[M+1]*; elemental analysis caled (%) for 14: C 43.46, H 5.92; found: C
43.62, H 6.11.

Physical measurements and instrumentation: 'H NMR spectra were re-
corded on Bruker DPX 300 (300 MHz) or Bruker DPX 400 (400 MHz)
Fourier-transform NMR spectrometers with chemical shifts reported rela-
tive to tetramethylsilane, Me,Si, while *C{'H} and *'P{'H]} spectra were
recorded on either a Bruker DPX 400 or a Bruker DPX 500 Fourier-
transform NMR spectrometer with chemical shifts reported relative to
Me,Si and 85 % H;PO,, respectively. Positive-ion FAB mass spectra were
recorded on a Finnigan MAT95 mass spectrometer. IR spectra were ob-
tained by using KBr disks on a Bio-Rad FTS-7 Fourier-transform infra-
red spectrophotometer (4000-400 cm™). Elemental analyses were per-
formed on a Carlo Erba 1106 elemental analyzer at the Institute of
Chemistry, Chinese Academy of Sciences. The electronic absorption spec-
tra were obtained by using a Hewlett—Packard 8452 A diode array spec-
trophotometer. Steady-state excitation and emission spectra recorded at
room temperature and at 77 K were recorded on a Spex Fluorolog-2
Model F111 fluorescence spectrofluorometer. Solid-state photophysical
studies were carried out with solid samples contained in a quartz tube
inside a quartz-walled Dewar flask. Measurements of the ethanol/metha-
nol (4:1, v/v) glass or solid-state samples at 77 K were similarly conduct-
ed by using liquid nitrogen filled in the optical Dewar flask. All solutions
for photophysical studies were degassed on a high-vacuum line in a two-
compartment cell consisting of a 10 mL Pyrex bulb and a quartz cuvette
(1 cm pathlength) and sealed from the atmosphere by a Bibby Rota-
flo HP6 Telflon stopper. The solutions were rigorously degassed with at
least four successive freeze—pump-thaw cycles. Emission lifetime meas-
urements were performed by using a conventional laser system. The exci-
tation source used was with a 355 nm output (third harmonic) from a
Spectra-Physics Quanta-Ray Q-switched GCR-150-10 pulsed Nd-YAG
laser. Luminescence decay signals were detected by a Hamamatsu
R928 PMT apparatus, recorded on a Tektronix Model TDS-620 A
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(500 MHz, 2 GSs™!) digital oscilloscope, and analyzed by using a program
for exponential fits. Cyclic voltammetric measurements were performed
by using a CH Instruments, Inc., model CHI 750 A electrochemical ana-
lyzer. Electrochemical measurements were performed in dichlorome-
thane solutions with 0.1m nBu,NPF¢ (TBAH) as the supporting electro-
lyte at room temperature. The reference electrode was an Ag/AgNO;
(0.1Mm in acetonitrile) electrode and the working electrode was a glassy
carbon electrode (CH Instruments, Inc.) with a platinum wire as the
counter electrode. The working electrode surface was first polished with
1 mm alumina slurry (Linde) on a microcloth (Buehler Co.). It was then
rinsed with ultrapure deionized water and sonicated in a beaker contain-
ing ultrapure water for five minutes. The polishing and sonicating steps
were repeated twice and then the working electrode was finally rinsed
under a stream of ultrapure deionized water. The ferrocenium/ferrocene
couple (FeCp,*") was used as the internal reference. All solutions for
electrochemical studies were deaerated with prepurified argon gas prior
to measurements.

X-ray crystal structure determination: Crystals of 4 were obtained by
layering of n-hexane onto a concentrated dichloromethane solution of
the complex. Crystal data: [CoH,,O3P¢Pt;]; formula weight=2135.09,
triclinic, space group PI1 (no. 2), a=13.296(3), b=16.894(3), c=
23.088(5) A, a=108.23(3), =96.20(3), y=93.33(3)°, V=4873.7(18) A?,
Z=2, Perea=1455gem™, p(Mog,)=4.439 mm~, F(000)=2136, T=
253 K. A crystal of dimensions 0.5 x0.4x0.3 mm mounted in a glass capil-
lary was used for data collection at 253 K on a MAR diffractometer with
a 300 mm image-plate detector and with graphite monochromatized
Moy, radiation (1=0.71073 A). Data collection was made with 2° oscilla-
tion step of ¢, 600s exposure time, and scanner distance at 120 mm.
100 images were collected. The images were interpreted and the intensi-
ties integrated by using the DENZO program.’ The structure was
solved by direct methods by employing the SIR-97¥ program on a PC.
Pt, P, and many non-hydrogen atoms were located according to direct
methods and the successive least-squares Fourier cycles. Positions of
other non-hydrogen atoms were found after successful refinement by
full-matrix least-squares with the SHELXL-97"* program on a PC. Some
Et groups of triethylphosphines were disordered into two different posi-
tions. Restraints were applied to the triethylphosphines, with the assump-
tion of similar 1,2- and 1,3-P—C bond lengths within each phosphine, re-
spectively. For one disordered Et group restraints were also applied to
assume the same displacement parameters for the disordered parts, re-
spectively. According to the SHELXL-97 program,*¥ all 16029 independ-
ent reflections (R;, equal to 0.0473, 10524 reflections larger than 40(F,),
where R, =Y |F;—F’(mean)|/X[F3]) from a total of 32691 reflections
participated in the full-matrix least-squares refinement against F>. These
reflections were in the range —15<h <15, —-20<k <20, —27<[<26 with
20, equal to 50.76°. One crystallographic asymmetric unit consisted of
one formula unit. In the final stage of the least-squares refinement,
carbon atoms of triethylphosphines were refined isotropically, other non-
hydrogen atoms were refined anisotropically. The hydrogen atoms were
generated by the SHELXL-97"* program, were calculated based on the
riding model with thermal parameters equal to 1.2 times that of the asso-
ciated carbon atoms, and participated in the calculation of final R indices.
Since the structure refinements were against F°, R indices based on F*
were larger than (more than double) those based on F. For comparison
with older refinements based on F and an OMIT threshold, a convention-
al index R, based on observed F values larger than 40(F,) was also given
(corresponding to Intensity >20(1)). wR,={S[w(Fi—F)/S[w(F3))"",
R,=X||F,|—|F.||/S|F,|. The goodness of fit (GoF) is based on F:
GoF =S=(X[w(F3—F?)?)/(n—p)}'?, where n is the number of reflections
and p is the total number of parameters refined. The weighting scheme
is: w=1/[0*(F})+(aP)’+bP], where P is [2F>+Max(F?,0)]/3. Convergence
((A/0)max=0.001, av. 0.001) for 799 variable parameters by full-matrix
least-squares refinement on F* reaches to R;=0.0507 and wR,=0.1372
with a goodness-of-fit of 0.993; the parameters a and b for the weighting
scheme are 0.0788 and 0. The final difference Fourier map shows maxi-
mum rest peaks and holes of 2.064 (near the Pt atom) and —1.321 eA~
respectively. Selected bond lengths and angles are summarized in
Table 1.
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Crystals of 14 were obtained by layering of n-hexane onto a concentrated
dichloromethane solution of the complex. Crystal data: [C,,HgCLP,Pt,];
formula weight=1157.92, monoclinic, space group C2/c, a=26.705(5),
b=12.999(3), ¢=13.953(3) A, B=101.30(3)°, V=4749.7(16) A*, Z=4,
Peaea=1.619 gem™, W(Mog,) =6.158 mm~', F(000)=2280, T=253K. A
crystal of dimensions 0.6 x0.3x0.12 mm mounted in a glass capillary was
used for data collection at 253 K on a MAR diffractometer with a
300 mm image plate detector and with graphite-monochromatized Moy,
radiation (1=0.71073 A). Data collection was made with 2° oscillation
step of ¢, 600s exposure time, and scanner distance at 120 mm.
100 images were collected. The images were interpreted and intensities
integrated by using the DENZO program.*? The structure was solved by
direct methods by employing the SIR-97°% program on a PC. Pt, Cl, P,
and many non-hydrogen atoms were located according to direct methods
and the successive least-squares Fourier cycles. Positions of other non-hy-
drogen atoms were found after successful refinement by full-matrix least-
squares by using the SHELXL-97"* program on a PC. According to the
SHELXL-97 program,®* all 4159 independent reflections (R, equal to
0.0539, 2600 reflections larger than 40(F,), where R, =% | Fo—F%(mean) |/
Y[F2]) from a total 12461 reflections participated in the full-matrix least-
square refinement against F*. These reflections were in the range —31<
h<31, —=15<k<15, —15<1<15 with 26,,,, equal to 50.98°. One crystal-
lographic asymmetric unit consisted of a half formula unit. In the final
stage of the least-squares refinement, all non-hydrogen atoms were re-
fined anisotropically. The hydrogen atoms were generated by the
SHELXL-975% program, were calculated based on the riding model with
thermal parameters equal to 1.2 times that of the associated carbon
atoms, and participated in the calculation of final R indices. Since the
structure refinements were against F?, R indices based on F? were larger
than (more than double) those based on F. For comparison with older re-
finements based on F and an OMIT threshold, a conventional index R,
based on observed F values larger than 40(F,) was also given (corre-
sponding to Intensity <20(1)). wR,={S[w(Fa—F2)//S[w(F?)* )2 Ri=X|
|Fy| —|F.||/Z|F,|. The goodness of fit (GoF) is always based on F:
GoF=S=({S[w(F;—F?)*)/(n—p)}"?, where n is the number of reflections
and p is the total number of parameters refined. The weighting scheme
is: w=1/[0*(F})+(aP)*+bP], where P is [2F>+Max(F?,0)]/3. Convergence
((A/0)max=0.001, av. 0.001) for 227 variable parameters by full-matrix
least-squares refinement on F* reaches to R;=0.0525 and wR,=0.1325
with a goodness-of-fit of 0.913; the parameters a and b for the weighting
scheme are 0.0907 and 0. The final difference Fourier map shows maxi-
mum rest peaks and holes of 2.462 (near the Pt atom) and —3.005 eA~?,
respectively. Selected bond lengths and angles are summarized in
Table 1. CCDC-248964 (4) and CCDC-248965 (14) contain the supple-
mentary crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.
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