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Functionalized 2-Pyridyl-Substituted Metallo-1,2-enedithiolates. Synthesis,
Characterization, and Photophysical Properties of

(dppe)M{ S,C,(2-pyridine(ium))(CH ,CH,OR")} and

(dppe)M[{ S;C2(CH2CH2-N-2-pyridinium) }]* (R” = H, Acetyl, Lauroyl; M = Pd, Pt; dppe =
1,2-Bis(diphenylphosphino)ethane)

Introduction

Transition metal complexes that are luminescent in room-
temperature solution have been used in a variety of chemical
and biochemical applicatiods!4 Many of these applications
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The complexes (dppe)\MB,Co(2-pyridine)(CHCH,OC(O)CH)} (dppe= 1,2-bis(diphenylphosphino)ethane; M

= Pd, Pt) were prepared from 1-(2-pyridyl)-4-acetoxy-2-bromobutan-1-one and the corresponding (dppg)M(SH)
complexes. The acetyl group was removed from the metal complexes to yield the corresponding alcohols, (dppe)M-
{S,Co(2-pyridine)(CHCH,OH)}. The lauroyl derivatives (dppe\b,C,(2-pyridine)(CHCH,OC(O)(CHy)1¢CHa)}

were prepared by esterifying the alcohols with lauroyl chloride. The alkylated pyridinium complexes [(dppe)M-
{S,Co(CH,CH2-N-2-pyridinium)} ]+ were generated by the addition of eithetoluenesulfonyl chloride or bis-
(triazole) o-chloroaryl phosphate to (dppej8.C,(2-pyridine)(CHCH,OH)}. [(dppe)PdS,Co(CH2CH2-N-2-
pyridinium)} ][BPh,] crystallizes in theP1 space group witla = 9.1924(2) Ab = 16.0191(2) Ac = 17.4368(3)

A, a = 106.292(2), B = 96.235, andy = 95.183(2). The molecule is best described as a square planar
palladium complex with a planar metallo-1,2-enedithiolate which is coplanar with the alkylated pyridinium. The
pyridinium-substituted platinum 1,2-enedithiolate complexes have a 1,2-enedithiolate to heterdostudege-

transfer transition (ILCT) that is the lowest lying band. Like [(dppESE&.(2-pyridinium)(H}]™, [(dppe)PES,Cx(CH,-
CHy-N-2-pyridinium)}]* is luminescent in room-temperature solution with two emissive states assigned to the
ILCT* singlet and triplet. The lifetime of théILCT* is 0.2 ns,1¢ = 0.002, while the lifetime of théILCT is

8.3us,%p = 0.01 (DMSO). While [(dppe)RB,C,(CH,CH,-N-2-pyridinium)} ] ™ is emissive, the [(dppe)P5.Ca(2-
pyridinium)(CHCH,OR")}]* complexes are weak emitters at best in solution with triplet quantum yields of
<0.0001 (DMSO). These photophysical studies suggest that the heterocycle and the 1,2-enedithiolate must be
coplanar in the ILCT excited states for the complexes to be emissive in room-temperature solution.

require that the metal lumiphore be functionalized so that it can
be appended to a molecule or macromolecule of interest or
activated by chemical reaction. Such functionalized lumiphores
have been used in electron-transfer studiésn the design of
new biosensor;,? and in the formulation of emissive pairitst*

T University of Maryland.

While platinum 1,2-enedithiolates have emerged as a new
class of luminescent molecul&s?’ most of the synthetic
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Scheme 1
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methods for these complexes have not allowed functionalization but R was limited to either H or Me. As shown in Scheme 1,
of the lumiphores. In this paper, we report the synthesis of this method has now been extended to 1,2-enedithiolate
(dppe)M S,Co(2-pyridine)(CHCH,0OH)} (M = Pd, Pt; dppe= complexes containing'R= CH,CH,OH, a group that is readily
1,2-bis(diphenylphosphino)ethane). These 1,2-enedithiolate com-functionalized. Theo-substituted ketone required for this
plexes are readily functionalized and can be used to generatemethod is generated in three steps frgrbutyrolactone and
[(dppe)M S;Co(CH,CH,-N-2-pyridinium} ] *. A comparison of ~ 2-bromopyridine. 1-(2-Pyridyl)-4-acetoxy-2-bromobutan-1-one,
the photophysical properties of [(dppe)BC,(2-pyridinium)(CH- 3, reacts with (dppe)M(SH) where M= Ni, Pd, and Pt, to
CHOR")}]* (R" = H, acetyl, lauroyl) with those of [(dppe)-  generate, upon neutralization, compleXess. The terminal

P S,Co(CH,CH-N-2-pyridinium}]* and [(dppe)RiS;Cx(2- alcohol of the Pd and Pt complexes was deprotected using
pyridinium)(H)}]* provides evidence that the intraligand charge standard conditions to generate complexesd8. While only
transfer (ILCT*) excited states have considerable 1,2-enedi- the synthesis of the 2-pyridyl-substituted 1,2-enedithiolate
thiolate to heterocycla* charge transfer character and that the |igands is described, this method is versatile being limited only
emissive excited states likely possess a coplanar 1,2-enedity the ability to prepare a lithio aryl or lithio heterocyclic

thiolate and heterocycle. reagent. Since a range of substitutedutyrolactones and
d-valerolactones are either commercially available or readily
Results and Discussion prepared>33it should be possible to vary both 1,2-enedithiolate
appended groups by adapting this method.
In previous studie®28a new synthetic route to metallo-1,2- Complex4 was prepared only to aid in the assignment of

enedithiolates (eq 1), patterned after the Synthesis of Organicthe electronic transitions of these CompleXeS and was not studied

1’4_d|th||ns (eq 239*31 was apphed to the Synthesis of a range further. Itis anticipated that the nickel analogueS7Gind8
could be prepared by methods similar to those described for

the corresponding Pd and Pt complexes.

(0] \
S R o i . .
AH R)krR' o I (1) Complexes? and8 can be esterified with acid chlorides or
M\SH + TR R anhydrides, as shown in eq 3 for the synthesis of the lauroyl
X -HX derivatives9 and 10.
X =Br
M= Cp,M
dé’éeﬁ' M'= Ni, Pd, Pt OH OC(0)(CH3)10CH;
S a. S
(dppeM || ——» (dppeM | 3
0 5 i \ i 3)
1 M\ Py i
R)j\rR'+ S ST’ S@ 7 M=Pd 9 M=Pd 65%
X H H.mx o R 8 M=Pt 10 M=Pt 53%
X=Cl, Br a. lauroyl chloride, 0°C in pyridine
of (dppe)M SC2(R)(R)} (dppe= 1,2-bis(diphenylphosphino)- The alkylated pyridinium complexeks and 16 (Scheme 2)

ethane; M= Ni, Pd, P.t) deri\{atives. In these previous studies, \yere prepared by either the addition pftoluenesulfonyl
the R group was varied to included a number of heterocycles chjoride or bis(triazolep-chloroaryl phosphate tbands. These

- - - - reactions presumably proceed through intermediates which
25) ga'gv"’;r’ S: Péﬁsu’fég};fé‘éaﬂgﬁﬂ%s’ L. M. Rheingold, A. L Pilato, - o vain an appended tosylatel(and 12) and phosphatel@

. S.Inorg. Chem. , 36, . . \
(26) Kaiwar, S. P.; Vodacek, A.; Blough, N. V.: Pilato, R.JSAm. Chem. and 14), respectively, and which undergo attack from the

S0c.1997 119, 9211-4. _ appended 2-pyridine resulting in the generatioribfand 16

@ ga'wfgg'ﬁé\%dﬁceek’ A.;Blough, N.V.; Pilato, R-5Am. Chem.  (gcheme 2).  Complexe45 and 16 were isolated as the

0ocC. A ), —0. L.
(28) Hsu, J. K.; Bonangelino, C. J.; Kaiwar, S. P.; Boggs, C. M.; Fettinger, t€traphenylborate salts upon the addition of NaB®Bmethanol

J. C,; Pilato, R. Slnorg. Chem.1996 35, 4743-51. solutions of the metal complexes.
(29) Caputo, R.; Ferreri, C.; Palumbo, Getrahedron1986 42, 2369
76.

(30) Caputo, R.; Ferreri, C.; Palumbo, Synthesisl991, 223-4. (32) Mulzer, J. InComprehensie Organic SynthesisTrost, B., Ed.;
(31) Wood, W. InOrganosulfur Chemistry, Synthetic Aspetttood, W., Pergamon Press: New York, 1991; Vol. 6, pp 338.
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2-Pyridyl-Substituted Metallo-1,2-enedithiolates Inorganic Chemistry, Vol. 37, No. 18, 1998649

Scheme 2
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N
11 M=Pd ] N(S
— 12 M=Pt (dppe)M
S

OP(O)(OATr)(triazole) /

15 M=Pd 54%
16 M=Pt 56%

a. p-toluenesulfonyl chloride 0°C in pyridine
b. (O)P(OAr)(triazole) , in dioxane 5°C
OAr= o-chlorophenyl

Complex 16 was also prepared from the reaction of the 2pi€ 1. Crystallograpic Data fof5

o-phosphorylated ketoné&7 with (dppe)Pt(SH) and likely formula GoHsBNP,PdS
proceeds through intermediat® (eq 4)3 fw 1018.29
space group P1
a (é) 9.1924(2)
0 k b (A) 16.0181(2)
N s P0),(0AD c(A) 17.4368(3)
- a —_— o (deg) 106.292(2)
' > |idprePe 5 (deg) 96.235(2)
K y (deg) 95.183(2)
17 0’ OAr 18 \Z/(A3) 2430.09(7)
- crystal color, habit red plate
OAr = o-chloropheay! a. dppePt(SH), DMF/NE!; Dilc (g/cm3) 1.392p
S u(Mo Ko (cm™1) 5.75
o ] @ T(°C) —55(2)
(dppe)Pt, + diffractometer Siemens P4/CCD
S z radiation Mo Ka (A = 0.710 73 A)
16 0% (| RF) [1 > 20()], %° 6.42
Ru(F) [I > 20(1)], %2 11.80
2 Quantity minimized: Ry(F?) = S[W(Fs2 — FA/ S[(WF2)ZY2 R
X-ray Crystallography Results for Complex 15 as the _ Z%I/J;(nFL)% Zﬁlgrﬂze_ Ej( ) = 2 [wW(Fo A3 [(WF?)?]

[BPhy]~ Salt. Complex15 was the subject of a single-crystal

X-ray study, the results of which are presented in Table 1 and more than 0.026 A. The sum of the bond angles about N(1) is
shown in Figure 1. The solid-state structurelsfis similar to 359.9(6Y, suggesting that the heterocyclic ring is aromatic.
those of other group VIII metallo-1,2-enedithiolate  yv—visible Spectra. In accord with our previous studies
complexed>253540 The S(1}-Pd—S(2) angle of 89.49(8) the of (dppe)M S;Cx(Het)(H)} (M = Ni, Pd, Pt; Het= 2-, 3-, and
P(1)-Pd-P(2) angle of 84.67(7) and the coplanarity of Pd,  4-pyridine(ium), 2-pyrazine(ium), 2-quinoxaline(ium)), all of the
S(1), S(2), P(1), and P(2) (the mean deviation from the plane complexes prepared in this study have a visible band assigned
of the five atoms is 0.0584 A) are all expected for a bis- g an intraligand charge-transfer transition (ILCT) with consid-
(phosphine) Pd(ll) complex. The P& bond lengths are 2.297-  graple 1,2-enedithiolate to heterocycte® charge-transfer
(2) and 2.303(2) A and are best described as single bonds, whilecharacte?5-27 For the cationic complexes reported, the transi-
the C(1)-C(9) bond at 1.372(9) A is best described as a double tjon is found between 430 and 500 nm, where it can be readily
bond. The metallo-1,2-enedithiolate is a planar five-membered stydied. The ILCT assignment is based on (1) the similarity in
ring with no atom deviating from the least-squares plane by energy of the bands for the corresponding Ni, Pd, and Pt
complexes (Table 2), (2) the solvent dependence of the energy
(34) Compound.7was prepared by phosphorylation of the corresponding of these bands, and (3) the red shift of these bands upon
diol: Van Houten, K.; Boggs, C. M.; Pilato, R. Setrahedron protonation or alkylation. The similarity in the energy of the

accepted for publication. " . .
(35) Olk, E_ M.: O|E' B.: Dietzch, W.; Kirmse, R.: Hoyer, Eoord. Chem. transition for the corresponding Ni, Pd, and Pt complexes rules

Rev. 1992 117, 99-131. out assignment of this transition to a metal to ligand charge
g% gﬁﬁ?&ﬂ}u%TE"-eEe whegeghgmﬁ ;ZC'Cﬁg?nEEC)%%“;?iizs—g transfer (MLCT), ligand to metal charge transfer (LMCT), or d
, M. R,; ) J. . . \ . iy . 541,42 .
(38) Miller, J. B.; Amy, N. K.J. Bacteriol. 1983 155 793-801. to d transition (Figure 2%° The energy of these bands in
(39) Kato, R.; Kobayashi, H.; Kobayashi, A.; SasaloChem. Lett1985
131-4. (41) Shupack, S. I.; Billig, E. C.; Williams, R.; Gray, H. B. Am. Chem.
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Table 2. UV—Visible Data for Complexed—10 (Neutral and Protonated}5, and16 Recorded in CKCI,

lmax (E)a
complex M R, R pyridine pyridinium
4 Ni 2-py, CH,CH,OAc 357 (4300), 580 (90) 365 (4400), 456 (3350), 580 (90)
5 Pd 2-py, CHCH,OAc 348 (5600), 525 (530) 347 (5700), 448 (2850), 511 (2370)
6 Pt 2-py, CHCH,OAc 334 (4300), 415 (410) 332 (8000), 471 (2800)
7 Pd 2-py, CHCH,OH 334 (8400), 520 (440) 346 (6900), 435 (3500), 508 (2000)
8 Pt 2-py, CHCH,OH 350 (6000), 410 (580) 334 (4300), 455 (1800)
9 Pd 2-py, (CH),O-lauroyl 348 (5500), 506 (540) 345 (6900), 449 (4000), 510 (2050)
10 Pt 2-py, (CH),O-lauroyl 342 (5200), 415 (490) 333 (6100), 470 (2700)
15 Pd CHCH,-N-2-pyridinium 329 (11 700), 489 (2700)
16 Pt CH,CH,-N-2-pyridinium 344 (12 400), 496 (3200)

2 Amaxin NAnometerse(is the molar absorptivity)? In CH,Cl,, the ILCT and LMCT overlap; in CECN, these bands are observed at 463 and 512
nm.
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Figure 1. ORTEP drawing ofl5with the thermal ellipsoids drawn at  Figure 2. UV—vis absorption spectra in GBl,. Part A: solid line,
50% probablility. Selected bond lengths (A) and angles (deg)- Pd (dppe)PS,C,(2-pyridine)(H} ; dashed line, [(dppe)R&,C,(2-pyri-
S(1), 2.297(2); Pe&S(2), 2.303(2); S(1)yC(1), 1.748(6); S(2YC(9), dinium)(H)}]*. Part B: solid line, (dppe)R&,Cx(2-pyridine)(CHCH,-
1.709(7); C(1)-C(9), 1.372(9); C(1yC(2), 1.434(9); S(yPd—S(2), OAc)}; dashed line, [(dppe)R&.C,(2-pyridinium)(CHCH,OAC)]*.
89.49(6); Pa-S(1)-C(1), 102.6(7); PerS(2)-C(9), 102.5(2); S(Ly Part C: solid line, (dppe)NB.Cx(2-pyridine)(CHCH,OAC)} ; dashed
C(1)—C(9), 121.4(5); C(9yC(1)—C(2), 121.6(6). line, [(dppe)N{SC,(2-pyridinium)(CHCH,OAc)}]*. Part D: solid
line, (dppe)RtS:Cx(2-pyridine)(CHCH,OAC)} ; dashed line, [(dppe)-

the cationic complexes increases ®2000 cnt! when the  P{S:Cp(2-pyridinium)(CHCH,OAC)}]*. Insets in parts AD are
expansions of the regions of the visible spectra assigned to the d to d

solvent is changeq from gelz to DMSO. The s_o!vent and LMCT bands.
dependence is consistent with a charge-transfer transition where
the excited state is less polar than the ground state. In thethan in the corresponding Ni and Pt compleXe&.42 The
protonated or alkylated complexes, the ILCT would diffuse the LMCT transitions in the palladium complex&s7, and9, the
positive charge imparted to the heterocycle by protonation or corresponding protonated complexes, dadverlap with the
alkylation and the excited state would be less polar than the d to d transition which in (dppe)R&,C,(2-pyridine(ium))(H}
ground state. While the energy of the ILCT transition is solvent is found at 520 nme—q = 80—90). The LMCT transition in
dependent, this dependence does not correlate with the solventhe Ni and Pt complexes is likely found at higher energy with
polarity parameterk* . ct ands*, 42 an observation consistent  the s to z* transitions.
with our previous findings for ILCT transitions in related While all of the complexes have an ILCT transition, it is the
complexeg>28 The red shift of this band upon protonation lowest energy band in only the cationic platinum complexes.
or alkylation is consistent with lowering the reduction potential From previous studies, complexes with lowest lying ILCT
of the appended heterocycle which bears the accepting orbitaltransitions can be emissive at room temperature in solution, and
in the electronic transitiof? as such the emissive properties of the protonated forras&f
While the pyridinium-substituted Ni and Pt complexes and10, as well asl6, were investigated.
prepared in this study have visible spectra similar to those of ~Emission Spectra. Like [(dppe)P{S;Co(2-pyridinium)(H} 1,
the (dppe)M S:Ca(2-pyridinium)(H)} complexes (see Figure  [(dppe)PfS;Co(CH.CH,-N-2-pyridinium}]*, 16, is luminescent
2)2525the palladium complexes have an additional visible band in room-temperature solution with two emissive states (Figure
(Figure 2) which has been assigned to a LMCT transition. This 3). As in our previous studies, the emissive states have been
assignment is consistent with an electron-releasihgraup, assigned to aHLCT* and an3|LCT*. 2627 The lifetime of the
decreasing the energy of the transition. It is also consistent ILCT* is 0.2 ns,%¢ = 0.002, while the lifetime of thélLCT
with the transition being lower in energy in the Pd complexes is 8.3us, % = 0.01 (DMS0)?* Given the’ILCT* lifetimes,
this excited state is rapidly quenched by exposure to dioxygen,
and as such the measur@dCT* lifetime in aerated DMSO is
560 ns (Table 3).

(42) Gray, H. B.; Ballhausen, C. J. Am. Chem. S0d.963 85, 260-4.
(43) Manuta, D. M.; Lees, A. dJnorg. Chem.1983 22, 3825-8.
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Table 3. Solvent Dependence of the Luminescence Maxima, Quantum Yields, and Lifetini€s of

solvent ¢ 3 Ymax (NmM) #Amax (NM) airga (ng) Arza (ns)
DMSO 0.002 0.01 677 732 0.2 (77%) 0.2 (less than 20%)
560 (23%) 8300(greater than 80%)
DMF 0.003 0.008 678 739 0.1 (80%) 0.1 (23%)
270 (20%) 6500 (77%)
CH.Cl, 0.0009 0.004 703 739 0.2 (85%) 0.2 (39%)
240 (15%) 6800 (61%)

aifetimes; the values in parentheses are the contributions of the species to the overall efhidstermined by transient absorption spectroscopy.

In principle, the ILCT* excited states are similar to twisted
internal charge-transfer (TICT) excited states. In the TICT

\ excited states emission occurs when the charge separation is
24 \ stabilized by twisting the molecule by 9844 In these ILCT*
excited states, emission occurs when maximum positive charge
is localized on the 1,2-enedithiolate sulfurs, which requires a
/ \ coplanar 1,2-enedithiolate and heterocycle.
V//\\ o Conclusion. In this study we have further developed a
0 ~ ~ versatile new method to functionalized metallo-1,2-enedithi-
600 800 olates. This method was applied to the preparation of (dppe)M-
{SCy(2-pyridine)(CHCH,OR")} where M= Ni, Pd, or Pt and
] o Waveleng_th (nm) ] R" = H, acetyl, or lauroyl. The further development of this
Figure 3. Emission spectra ofi6 in DMSO at 298 K prior to method will make it possible to append metallo-1,2-enedithi-
instrument correction: solid line, air free; dashed line, in air. . -
olates to a range of other molecules by functionalizing the-CH
While  [(dppe)PtS;Co(CH,CHa-N-2-pyridinium)} ]+ and ~ CH20H group. By tosylation or phosphorylation of (dppe)M-
[(dppe)Pf S,Cx(2-pyridinium)(H} ]+ have similar excited-state ~ {S2C2(2-pyridine)(CHCH,OH)}, the [(dppe)M S;Co(CHCH,-
properties, all of the [(dppe)P$.Co(2-pyridinium)(CHCH,- N-2-pyridinium}]* complexes can be obtained. The conversion
OR")}]* complexes are weak emitters at best viigh< 0.0001  Of the nonemissive (dppe)FCy(2-pyridine)(CHCH,OH)} to
in DMSO. While the rapid nonradiative decay in [(dppe)Pt- the luminescent [(dppe)}f$,Co(CH,CHz-N-2-pyridinium}]™
{ S:Co(2-pyridinium)(CHCH,OR")}]* could be due to high- ~ could serve as a probe for molecules which functionalize
frequency N-H modes, this seems unlikely given that [(dppe)- alcohols. As such, (dppe)}F3.Cx(2-pyridine)(CHCH,OH)} is
P{ S,Co(2-pyridinium)(H)} ]+ is emissive. Furthermore, similar ~ be€ing studied as a possible probe for the detection of activated
quenching of both the singlet and triplet emissions by methyl Phosphates

Intensity

substitution in the complexes (dppe)BiC,(2-quinoxaline)(R)} The Ni aqd Pd complexe;_ as well as the neutr.al Pt complexes
(R = H, Me)?” was observed, suggesting that steric bulk bf R have low-lying d to d transitions that lead to rapid decay of the
is a controlling factor for room-temperature emiss#én. excited states by nonradiative processes. Upon protonation (or
The difference in the quantum yields of [(dppe)BCa(CH,- alkylation as inl6), the Pt complexes have a 1,2-enedithiolate
CHy-N-2-pyridinium}]* and [(dppe)RtS,Cx(2-pyridinium)- 7 to heterocycler* intraligand charge-transfer transition (ILCT)
(H)}]* from that of [(dppe)RtS:Ca(2-pyridinium)(CHCH,- as their lowest lying band, an observation consistent with our

OR")}]* supports an ILCT* excited state where the charge Previous findingg>=?” The difference in the quantum yields
transfer formally oxidizes a 1,2-enedithiolate sulfur and reduces Of [(dppe)P{S;Co(CH,CHz-N-2-pyridinium} ]+ and [(dppe)Pt-
the pyridinium nitrogen. This leads to an exocyclic double bond {S2Ca(2-pyridinium)(H}]™ from that of [(dppe)RtS,Cx(2-
between the dithiolate and the heterocycle in the excited statePYridinium)(CHCH,OR")}]* provided insight into the nature

as shown in egs 5 and 6. Such a configuration requires a0f the ILCT excited states. These findings strongly support a
planar ILCT* excited state where a 1,2-enedithiolate sulfur is

8 R' i s R' formally oxidized and the pyridinium nitrogen reduced.
(@ppoPtl | oy (dppe)Pt<+\ H ) While [(dppe)P§S;Ca(2-pyridinium)(CHCH,OR")}]* are
S z N weak emitters in solution, they are currently being studied in
rigid media and under pressure, where free volumes are
decreased and the heterocycle and 1,2-enedithiolate are more
likely to be coplanar and hence the molecules emis¥igé.

S . .
(dppe)Pt(S | A vy (dppe)p< o () Experimental Section
S "+ | SN Physical Measurements.NMR spectra were acquired with a Bruker
X
16

~ | AF 200, AM 400, DRX 400, or DRX 500. IR spectra were collected
*16 with either a Perkin-Elmer 1600 or a Nicolet 5 DXL FT-IR spectrom-

N X
+ | |
NS NS

coplanar 1,2-enedithiolate and heterocycle. This criterion is (44) Loutfy, R. O.Macromolecules1981, 14, 270-5.
forced upon 416 by the ground-state structure (see Figure 1). (45) &a) Vgﬂ Houéef&b*;-Pﬁ~;tHe§thé DVC-ZFF;"a:O, Rk S-H Su?hm'gedcl-tOA
; HH m. em. S0 llato, R. S.; Van Routen, K.; neatn, D. C.

Howeverf 'n the protonated complexes (eq 5) the z_iblllty of the New Sensor for Solution and Gas Phase Detection of Phosphate Esters.
1,2-enedithiolate and heterocycle to be coplanar is controlled Patent Pending.
by the bulk of the Rgroup. It would appear that the GEIH,- (46) R’lettig, W.; Lapoulzlade, RTop:ics in Fluorescence Spectroscppy

' i _ Plenum: New York, 1994; Vol. 4, pp 16949.
OR .gr.OUpS are SUﬁ.IC.Ie.mly bulky as to not al!ow the :!".2 (47) Rettig, W.; Fritz, R.; Springer, J. IRPhotochemical Processes in
enedithiolate and pyridinium to be coplanar. This destabilizes Organized Molecular Systerridonda, K., Ed.; Elsevier: Amsterdam,

the charge-transfer state and leads to rapid nonradiative decay.  1991; p 61.
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eter. UV-visible spectra were recorded on either a Perkin-Elmer 1746 (s), 1697 (s), 1583 (m), 1346 (m), 1362 (m), 1318 (m), 1243 (s),

Van Houten et al.

Lambda 2S or a Hewlet Packard 8452A spectrometer. El and FAB 1043 (m), 995 (m). Mass spectrum (Elwz 287 (M*).

mass spectral data were collected on a Magnetic Sector VG 7070E.
Luminescence Measurements.Room-temperature excitation and

emission spectra were acquired with an SLM AB2 fluorescence pyridyl)-2-bromo-4-acetoxybutan-1-one (132 mg, 0.463 mmol). The

Emission spectra were corrected for instrumental orange solution was stirredrf@ h and became purple. The DMF was

spectrometer.

(b) (dppe)Ni{ S,Cx(2-pyridine)(CH»CH,0Ac)}, 4. To a DMF (5
mL) solution of (dppe)Ni(SH)(100 mg, 0.191 mmol) was added 1-(2-

response using factors supplied by the manufacturer. Oxygen-freeremoved in vacuo, and the solid was chromatographed ornxa2d

luminescence measurements were made o M solutions of all
complexes that were deoxygenated by three frepzenp—thaw Np-

cm alumina column where the product was eluted withbClkl The
eluate was evaporated to dryness to ghas a green crystalline solid

backfill cycles in a fluorescence cell equipped with a reservoir and a in 78% yield (108 mg, 0.152 mmol)H NMR (CDCls): ¢ 8.52 (m,

Teflon valve. Quantum yieldgj, were calculated relative to Zn(tpp)

{¢sta = 0.04 (tpp = tetraphenylporphyrinat® in air and under Ar.

1H, GHaN,), 7.78-7.70 (m, 8H, P@Hs and 1H, GH.N), 7.54-7.42
(m, 12H, PGHs and 1H, GH4N), 7.02 (m, 1H, GHN), 4.22 (t, 2H,

Luminescent lifetimes at various quencher concentrations were CHz0, Ju-n = 7 Hz), 3.01 (t, 2H, @iz, Jy—n = 7 Hz), 2.35 (m, 4H,
acquired with an ISS K2 digital frequency-domain spectrofluorometer. PCHy), 1.84 (s, 3H, Es). P NMR (DMSO): 6 58.6 (br s). IR
Singlet and triplet lifetimes were determined using an ISS K2 digital (thin film, cm™?): 3210 (w), 3052 (w), 2962 (w), 1732 (s), 1582 (s),
frequency-domain spectrofluorometer. The excitation source was a 3001435 (m), 1260 (m), 1099 (s), 1027 (m). High-resolution mass
W xenon lamp and the band-pass of the excitation monochromator wasspectrum (FAB)Wz calcd, 710.101 62 for £H3s0,NP,S;*Ni; found,
16 nm. Sample and reference solutions were contained in 1 cm quartz710.101 72.

cells at room temperature. A scattering solution of glycogen in Milli-Q

(c) (dppe)Pd S,C,(2-pyridine)(CHCH,OAC)}, 5. This compound

water was used as the reference. For some low-intensity samples, avas prepared and isolated as described for complaging (dppe)-
neutral density filter was used to reduce the intensity of the reference Pd(SH) (250 mg, 0.438 mmol) and 1-(2-pyridyl)-2-bromo-4-acetoxy-

scatter. Single-channel detection at 9&s employed, with long-pass

butan-1-one (132 mg, 0.438 mmol). ComplBxwas isolated as a

filters used to block the excitation line and Raman scatter from the yellow crystalline solid in in 62% yield (206 mg, 0.271 mmol)H

sample. The frequency range used for the experiments was3004

NMR (CDCL): 6 8.49 (m, 1H, GHsN,), 7.79-7.77 (m, 8H, P@Hs,

MHz. Lifetimes were determined from the frequency dependence of and 1H, GHaN), 7.55-7.23 (m, 12H, P@Hs, and 1H, GH.N), 6.99
the signal phase shifts and demodulation, relative to the reference, using(m, 1H, GHaN), 4.25 (t, 2H, G120, Ju-n = 7 Hz), 2.89 (t, 2H, Ei,
the ISS least-squares analysis software. The minimization proceduredi-v = 7 Hz), 2.47 (m, 4H, PgH,), 1.86 (s, 3H, E3). P NMR
assumed discrete lifetimes. The procedure provided lifetimes, fractional (DMSO): 6 51.7 (br g, second-order spectrum with line spacings of

photon contributions, ang? for the least-squares fit. The® values

for the data reported are between 20 and 30. From the least-square2846 (w), 1734 (s), 1588 (s), 1537 (m), 1464 (w), 1423 (s), 1264 (m),

41 and 4 Hz). IR (thin film, cm?): 3210 (w), 3052 (w), 2899 (w),

fit matrix analysis, the errors associated with the measurement of the 1102 (s). High-resolution mass spectrum (FARjz calcd, 759.062 32

singlet emission 016 were <0.03 ns while those of the triplet emission

were <1100 ns.

Materials. (dppe)M(CI} and (dppe)M(SH)(M = Ni, Pd, Pt; dppe
= 1,2-bis(diphenylphosphino)etharf€)>! 1-(2-pyridyl)-4-acetoxybu-
tan-1-oneé? and 2-chlorophenyl bis(triazole) phospltateere prepared

for C37H3502NP2821°8Pd; found, 759.059 45.

(d) (dppe)P{ S,Co(2-pyridine)(CHCH,OCOCH?3)}, 6. This com-
pound was prepared and isolated as described for complesing
(dppe)Pt(SH) (250 mg, 0.379 mmol) and 1-(2-pyridyl)-2-bromo-4-
acetoxy-butan-1-one (114 mg, 0.417 mmol). Comfexas isolated

according to the literature procedures. All reactions were performed as a yellow crystalline solid in in 70% yield (266 mg, 0.265 mmol).
under an atmosphere of nitrogen using standard Schlenk line techniques™ NMR (CDCl): 0 8.45 (m, 1H, GH4N), 7.98-7.75 (m, 8H, PEHs,
Workups were performed in air unless stated otherwise. Dichlo- and 1H, GHaN), 7.48 (m, 1H, GHN,), 7.43-7.24 (m, 12H, PEHs),
romethane, acetonitrile, and pentane were dried over calcium hydride 6.96 (m, 1H, GHaN), 4.28 (t, 2H, G40, Ju-n = 7 Hz), 3.02 (t, 2H,
and distilled under nitrogen. Diethyl ether, tetrahydrofuran, and dioxane CHz, Ju-1 =7 Hz), 2.43 (m, 4H, PgH,), 1.85 (s, 3H, El3). 3P NMR
were dried over Na/benzophenone and distilled under nitrogen. Tri- (DMSO): 6 45.8 (d with Pt satellites)p-p = 12 Hz; Jorp = 2748
ethylamine was dried over potassium hydroxide and vacuum-distilled. Hz), 45.5 (d with Pt satellitesle-p = 12 Hz; Jprp = 2748 Hz). IR
DMF, y-butyrolactone, 2-bromopyridine, amebutyllithium were used (thin film, cm™): 3052 (w), 2961 (w), 1732 (s), 1676 (w), 1582 (m),
as received from Acros Chemical. Neutral activated alumina; 80 1463 (w), 1437 (s), 1244 (s), 1104 (m). High-resolution mass spectrum
325 mesh, was purchased from EM Science, Cherry Hill, NJ, and treated (FAB), Wz calcd, 847.123 41 for §H3:0,NP,S,'*Pt; found, 847.121 76.
with 6% H,O by weight to generate the Brockmann activity 3 material (&) (dppe)Pd S,Cz(2-pyridine)(CH.CH.OH)}, 7. To a solution of
used throughout this study. 0.1 M KxCGOs in MeOH was added complex(141 mg, 0.185 mmol).
Syntheses. (a) 2-PyCOCH(Br)CHCH:0Ac, 3. A solution of The solution was stirred at 25C for 1 h, and the resulting mixture
bromine (914 mg, 5.72 mmol) in acetic acid (2 mL) was added to 1-(2- Was concentrated in vacuo. The resulting solid was dissolved in CH
pyridyl)-4-acetoxybutan-1-one (1.02 g, 4.92 mmol). The mixture was Cl,, and the solution was washed with®and concentrated in vacuo
heated at 80C for 10 min and then cooled to 2Z&. The mixture to yield complex7 in 90% yield (120 mg, 0.167 mmol)’H NMR
was diluted with HO and extracted with C}€l, (3 x 10 mL). The (CDCly): 0 8.33 (m, 1H, GH4N), 7.79-7.74 (m, 8H, PEHs, and 1H,

extract was collected and evaporated to dryness in vacuo to3ield
97% yield as a brown oil (1.36 g, 4.76 mmol}H NMR (CDCl): ¢
8.62 (m, 1H, GH4N), 8.00 (m, 1H, GH4N), 7.81 (m, 1H, GH4N),

CsHaN), 7.54-7.25 (m, 12H, PgHs, and 1H, GHaN), 6.96 (m, 1H,
CsHaN), 3.94 (t, 2H, G1,0, Jyy = 5 Hz), 2.89 (br t, 2H, Chl Ji_«
= 5 Hz), 2.45 (m, 4H, P@1;). 3P NMR (DMSO0): 6 51.6 (br q,

second-order spectrum with major line spacings of 41 and 4 Hz). IR
(thin film, cm™): 3052 (m), 2964 (w) 1742 (s), 1673 (s), 1582 (s),
1538 (m), 1486 (m), 1435 (s), 1247 (s), 1104 (s). High-resolution mass
spectrum (FAB)Wz calcd, 716.043 95 for H3,ONPS,1%%Pd; found,
716.043 59.

(f) (dppe)PY{ S,C2(2-pyridine)(CHCH,OH)}, 8. This compound
(48) Quimby, D. J.; Longo, F. Rl. Am. Chem. Sod975 97, 5111-7. was prepared and isolated as described for complaxsing6 (160

(49) Van Hecke, G. R.; Horrocks, W. D., Jnorg. Chem1966 5, 1968- mg, 0.189 mmol). Comple8 was isolated as a yellow solid in 91%
74. yield (138 mg, 0.172 mmol).'H NMR (CDCl): ¢ 8.34 (m, 1H,
(50) Davies, J. A.; Hartley, F. R.; Murray, S. G. Chem. Soc., Dalton CsH4N), 7.82-7.75 (m, 8H, PGHs, and 1H, GH4N), 7.53-7.41 (m,
Trans.1979 1705-8. _ 12H, PGHs, and 1H, GH4N), 7.02 (m, 1H, GHJN), 3.94 (t, 2H, G1,0,
(51) :fzt:hﬂ'gdiﬂgo Hoffmann, G. G.; Holler, Rnorg. Chim. Actal979 Jun =5 Hz), 2.90 (br t, 2H, Chl Jy_n = 5 Hz), 2.68 (broad singlet,
(52) Ohkawa, S. Terao, S.; Terashita, Z. I.; Shibouta, Y.: Nishikawa, K. H: OH), 2.50 (m, 4H, P&,). %P NMR (DMSO): 6 45.5 (d with Pt
J. Med. Chem1991, 34, 4, 267-76. satellites,Jp—p = 13 Hz; Jpr_p = 2722 Hz), 45.4 (d with Pt satellites,
(53) Crockett, G. CAldrichimica Actal983 16, 47—56. Jp—p = 13 Hz; Jprp = 2722 Hz). IR (thin film, cn®): 3210 (w),

7.45 (m, 1H, GHuN), 5.98 (t, 1H, GiBr, Ju—n = 6 Hz), 4.23 (t, 2H,
CH30, J4—n = 6 Hz), 2.39 (second-order t, 2HHG, line spacing= 6
Hz), 1.94 (s, 3H, El3). 3C NMR (CDCk): 6 193.5 (2-p¥0), 170.6
(OCO), 148.9, 137.1, 127.6, 123.24H4N), 61.7 CHBr), 42.8 CHy),
32.1 (CH0), 20.7 CH3). IR (thin film, cm™): 3055 (w), 2961 (w),




2-Pyridyl-Substituted Metallo-1,2-enedithiolates

3053 (w), 2959 (w), 2851 (w), 1587 (s), 1542 (w), 1464 (w), 1435 (s),
1237 (m), 1104 (s). High-resolution mass spectrum (FABY; calcd,
804.104 98 for GH3,ONP:S,19%Pt; found, 804.107 85.

(9) (dppe)Pd S,Co(2-pyridine)(CH2CH0CO(CH2)10CH5)}, 9. To
a solution of complex’ (100 mg, 0.140 mmol) in pyridine (10 mL)
was added lauroyl chloride (34-, 0.150 mmol), and the solution was
stirred for 2 h. The pyridine was removed in vacuo, and the resulting
solid was chromatographed on ax120 cm alumina column where
the product was eluted with GBIl,. The eluate was evaporated to
dryness to give as a red solid in 65% yield (81 mg, 0.090 mmaH.
NMR (CDCl): 6 8.65 (m, 1H, GH4N), 7.86-7.73 (m, 8H, P@Hs,
and 1H GH.N), 7.46-7.40 (m, 12H, PEHs, and 2H GH.N), 4.21 (t,
2H, CH0, Jy-n = 7 Hz), 2.90 (m, 2H, E;), 2.53 (m, 4H, PGH,),
2.31 (t, 2H, OCOG@ly, Ju—n = 7 Hz), 1.43 (t, 2H, G1.CH3, Ju-n =7
Hz), 1.18 (m, 16H, €l,), 0.84 (t, 3H, Gls, Ju—n = 7 Hz). 3P (CDCh):

0 45.6 (br q, second-order spectrum with major line spacings of 44
and 5 Hz). IR (thin film, cm?): 3054 (w), 2926 (m), 2853 (w), 1719
(s), 1576 (m), 1539 (s), 1458 (m), 1436 (s), 1262 (w), 1187 (w), 1104
(s). High-resolution mass spectrum (FABYz calcd, 897.218 44 for
C47H5502NP282106Pd; found, 897.218 47.

(h) (dppe)PH S;C,(2-pyridine)(CH ,CH,OCO(CH>)1,CH3)}, 10.
This compound was prepared and isolated as described for cofiplex
using complex8 (66 mg, 0.082 mmol) and lauroyl chloride (14,
0.081 mmol). CompletOwas isolated in 53% yield as a yellow solid
(43 mg, 0.435 mmol).'H NMR (CDCl): 6 8.49 (m, 1H, GH4N),
7.84-7.76 (m, 8H, PEHs, and 1H GH4N), 7.53-7.36 (m, 12H, PgHs,
and 2H, GHuN), 4.29 (t, 2H, G&1,0, Ju—n = 7 Hz), 3.02 (t, 2H, E,,
Ji-n =7 Hz), 2.52 (m, 4H, PgH>), 2.43 (t, 2H, OCOEl;, Jy-n =7
Hz), 1.51 (t, 2H, G1,CHs, J4— = 7 Hz), 1.2 (m, 16H, El), 0.85 (t,
3H, CHz, Jy-n = 7 Hz). 3P NMR (DMSO): ¢ 46.5 (d with Pt
satellites,Jp—p = 13 Hz; Jprp = 2769 Hz), 46.4 (d with Pt satellites,
Jp—p = 13 Hz; Jprp = 2769 Hz). IR (thin film, cn?): 3052 (w),
2960 (W), 2926 (m), 2854 (w), 1732 (s), 1582 (m), 1462 (w), 1435 (s),
1262 (m), 1103 (m), 1208 (w). High-resolution mass spectrum (FAB),
m/z. calcd, 986.281 53 for GHss0:NP.S1%Pt; found, 986.279 72.

(i) [(dppe)Pd{ S;C(CH2CH2-N-2-pyridinium) }][BPhy], 15. Com-
plex 7 (32 mg, 0.040 mmol) was dissolved in dry pyridine (10 mL),
and the solution was cooled t610 °C. To this solution was added
p-toluenesulfonyl chloride (15 mg, 0.080 mmol). The reaction mixture

was allowed to warm to room temperature over 1 h, and the reaction

was quenched by the addition of 1 mL of water. The pyridine solution

was subsequently removed in vacuo. The resulting solid was dissolved

in 5 mL of MeOH to which 1 mL of a NaBPhsaturated MeOH solution
was added. Comple%5 was isolated by filtration as a red solid in
54% yield (24 mg, 0.021 mmol) and was washed witkk $ mL of
MeOH. H NMR (DMSO): ¢ 8.59 (m, 1H, GH4N), 8.52 (m, 1H,
CsHJN), 7.83-7.71 (m, 8H, P@Hs, and 1H, GH4N), 7.57-7.46 (m,
12H, PGHs, and 1H, GHuN), 7.21-7.12 (m, 9H, B(GHs)4), 6.95-
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6.87 (m, 9H, B(GHs)4), 6.80-6.73 (m, 2H, B(GHs)4), 4.57 (m, 2H,
CHy), 2.90 (m, 2H, ®,), 2.76 (m, 4H, PGH,). 3P NMR (DMSO):

0 45.7 (q, second-order spectrum with major line spacings of 39 and
44 Hz). IR (thin film, cnT?): 3054 (w), 2958 (W), 1619 (s), 1493 (s),
1435 (s), 1262 (m), 1103 (m). High-resolution mass spectrum (FAB),
m/z: calcd, 698.046 39 for £gH3NP,$,'°%Pd; found, 698.048 65.

() [(dppe)Pt{ S,C(CH2CH2-N-2-pyridinium) }][BPh4], 16. This
compound was prepared and isolated as described for cot¥plesing
complex8 (0.200 mg, 0.228 mmol) armtoluenesulfonyl chloride (0.87
mg, 0.456 mmol). Complet6 was isolated in 56% yield (152 mg,
0.127 mmol) as an orange solidH NMR (CDCl): 6 8.49 (m, 1H,
CsHuN), 7.62-7.58 (m, 8H, P@Hs, and 1H GH4N), 7.45-7.37 (m,
12H, PGHs, and 1H, GH4N), 7.13-7.09 (m, 9H, B(GHs)4), 7.00 (M,
1H, GH4N), 6.87-6.80 (m, 9H, B(GHs)s), 6.69-6.62 (m, 2H,
B(CGH5)4), 3.93 (t, 2H, G"z, =7 HZ), 2.60 (t, 2H, (E'z, JH-H =
7 Hz), 2.38 (m, 4H, P@&,). 3P NMR (DMSO): d 47.3 (d with Pt
satellites,Jp—p = 13 Hz; Jpr-p = 2790 Hz), 47.2 (d with Pt satellites,
Jr—p = 13 Hz; Jprp = 2790 Hz). IR (thin film, cm?): 3054 (w),
2960 (w), 1620 (s), 1494 (s), 1435 (s), 1264 (m), 1104 (m). High-
resolution mass spectrum (FAB)Yz calcd, 787.117 60 for £H32-
NP,S;'%Pt; found, 787.109 92.

Crystallographic Structural Determination. The single-crystal
X-ray diffraction experiment was performed on a Siemens P4/CCD
diffractometer. The systematic absences in the diffraction data were
consistent for space grouggl and P1. The E statistics strongly
suggested the centrosymmetric space g@iipwhich yielded chemi-
cally reasonable and computationally stable results of refinement. The
structure was solved using direct methods, completed by subsequent
difference Fourier synthesis, and refined by full-matrix least-squares
procedures. All non-hydrogen atoms were refined with anisotropic
displacement coefficients. All hydrogen atoms were treated as idealized
contributions. All software and sources of the scattering factors are
contained in the SHELXTL (version 5.03) program library (G.
Sheldrick, Siemens XRD, Madison, WI).
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