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A series of cis-dicyanoosmium(1l) complexes [Os(PPhs)2(CN),(N"N)] (N"N = Ph,phen (2a), bpy (2b), phen (2c),
Ph,bpy (2d), Bu,bpy (2€)) and [Os(DMSO),(CN),(N"N)] (3a-3e, N"N = Br,phen (3f), Clphen (3g)), were synthesized
and their spectroscopic and photophysical properties were examined, and [Os(PMes)2(CN),(phen)] (4) with axial
PMe; ligands was similarly prepared. The molecular structures of 2a, 2c, [2¢-Zn(NOs),], 2d, 2e, 3b, 3d, 3e, and
4 were determined by X-ray crystallographic analyses. The two CN ligands are cis to each other with mean Os—C
bond distance of 2.0 A. The two PR3 (R = Ph, Me) or DMSO ligands are trans to each other with P/S—0s—P/S
angles of ~177°. The UV-vis absorption spectra of 2a—2e display an intense absorption band at 268—315 nm (e
= ~(1.54-4.82) x 10* M~t cm™) that are attributed to z — z*(N"N) and/or - — z*(PPhs) transitions. The
moderately intense absorption bands with Ayay at 387-460 nm (e = ~ (2.4-11.3) x 10° M~t cm™1) are attributed
to a MLCT transition. A weak, broad absorption at 487—600 nm (¢ = ~390-1900 M~ cm™1) is assigned to a
SMLCT transition. Excitation of 2a—2e in dichloromethane at 420 nm gives an emission with peak maximum at
654-703 nm and lifetime of 0.16-0.67 u«s. The emission energies, lifetimes, and quantum yields show solvatochromic
responses, and plots of vmax, 7, and ®, respectively, versus Er (solvent polarity parameter) show linear correlations,
indicating that the emission is sensitive to the local environment. The broad structureless solid-state emission of
2a-2e at 298 (Amay 622—707 nm) and 77 (Amax 602—675 nm) K are assigned to 3MLCT excited states. The 77 K
MeOH/EtOH (1:4) glassy solutions of 2a—2e also exhibit MLCT emissions with Amax = 560-585 nm. The *MLCT
absorption and 3MLCT emission of 3a—3g occur at Ama = 332—-390 nm and 553—644 nm, respectively. In the
presence of Zn(NOs),, both the MLCT absorption and SMLCT emission of 2c in acetonitrile blue-shift from 397 to
341 nm and 651 to 531 nm, respectively. The enhancement of emission intensity (//l,) of 2e at 531 nm reached
a maximum of ~810 upon the addition of two equivs of Zn(NO3),. The crystallographic and spectroscopic evidence
suggests that 2¢ undergoes binding of Zn?* ions via the cyano moieties.
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the literature, studies in this area are mainly confined®o d
metal ions containing polypyridyl ligands,which display
intense absorption and emission in the visible region.
Previous reports have shown that thetal complexes
containing cyanide and polypyridyl ligands can non-
covalently interact with solvent molecules, and their emission
properties are sensitive to the polarity of the local meditma.
The observation of solvatochromic charge-transfer ab-
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Luminescent osmium(ll) complexes are relatively under-
developed’2! when compared to the ruthenium(ll) ana-
logues with polypyridyl ligand$? yet practical applications
can nevertheless be envisaged. For example, it has been
reported that luminescent osmium(ll) derivatives such as
[Os(diimine}]?" can potentially function as oxygen sens®rs,
whereas [Os(NN)(L*L)]?" (NN = substituted phenan-
throline; L"L = strong mw-acid ligand, e.g., PASCH=

sorption spectra for metal-cyanide complexes such asCHAsPh or PhPCH=CHPPh) and [Os(fptz)(PPhMe),]

[Fe(diimine}(CN),] was first described by Burge$%Sub-

(fptzH = 3-trifluoromethyl-5-(2-pyridyl)-1,2,4-triazole) have

sequently, La Mar and co-workers noted that intermolecular been utilized as OLED materiadéHere, we report a class

O—H(solvent)--N=C and C-H---N=C interactions could
affect the electronic properties of dicyano(porphyrinato)-
ferrate(l11)* Furthermore, complexes bearing protonadfed,
metalated®” and Lewis-acid (BE)'® adducts of cyano
ligands with spectral properties that are significantly different
from counterparts with free cyano moieties have been
reported.
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of solvatochromic dicyanoosmium(ll) complexes containing
a variety of diimine ligands. Notably, the water-soluble
DMSO-derivatized osmium(ll) complexes have been devel-
oped, thereby providing an entry to a new family of
phosphorescent sensory materials with applications in aque-
ous medium.

Experimental Section

Synthesis and General Proceduresgt,7-Diphenyl-1,10-phenan-
throline (Phphen), 2,2bipyridine (bpy), 1,10-phenanthroline (phen),
4,4-diphenyl-2,2-bipyridine (Phbpy), 4,4-di-tert-butyl-2,2-bi-
pyridine (Bu,bpy), and 5-chloro-1,10-phenanthroline (Clphen) were
purchased from Aldrich. Syntheses of 5,6-dibromo-1,10-phen-
anthroline (Bgphen)?> K,[Os"'O,(0OH),],26 and [OSQ(CN),(N"N)]

(N"N = Phyphenl®27 bpy 28 Bubpy)® were prepared according

to literature procedures. Dichloromethane for photophysical studies
was washed with concentrated sulfuric acid, 10% sodium hydrogen
carbonate, and water, dried by calcium chloride, and distilled over
calcium hydride. Acetonitrile for photophysical measurements was
distilled over potassium permanganate and calcium hydride. All
of the other solvents were of analytical grade and purified according
to conventional methods.

Instrumentation and Physical Measurements. Fast atom
bombardment (FAB) mass spectra were obtained on a Finnigan
Mat 95 mass spectrometer with a 3-nitrobenzyl alcohol matrix,
whereas electrospray mass spectra were obtained on a LCQ
guadrupole ion-trap mass spectrometet.(500 MHz), 13C (126
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cis-Dicyanoosmium(ll) Diimine Complexes

MHz), and3P (202 MHz) NMR measurements were performed [OsOL(CN),(phen)], 1c.Yield: 0.17 g, 72%!H NMR (DMSO-
on a DPX 500 Bruker FT-NMR spectrometer with chemical shifts dg): 6 8.47-8.50 (m, 2H), 8.55 (s, 2H), 9.34 (dd~= 8.3, 1.2 Hz,
(in ppm) relative to tetramethylsilan&{ and*3C) and HPO, (3'P) 2H), 9.99 (dd,J = 5.1, 1.2 Hz, 2H). FAB-MS:m/z 457 [M +
as references. Elemental analyses were performed by the InstituteH]*, 443 [M + H—N]*, 430 [M—CN]*, 414 [M—CN-O]*, 404
of Chemistry at the Chinese Academy of Sciences, Beijing. Infrared [M —2CN]". Anal. Calcd for G4HgN4O.Os: C, 37.00; H, 1.77; N,
spectra were recorded on a Bio-Rad FTIR spectrophotometer. UV 12.33. Found: C, 36.92; H, 1.90; N, 12.57. IR (KBry: 2157
vis spectra were recorded on a PerkinElmer Lambda 19 UV/vis (C=N), 861 (Os=O) cnr ™.

spectrophotometer. Thermal analyses were performed on a Perkin-  [0sO,(CN),(Ph,bpy)], 1d. Yield: 0.27 g, 89%.H NMR
Elmer TGA 7 thermogravimetric analyzer (heating ratel5 °C/ (DMSO-dg): 0 7.69-7.71 (m, 6H), 8.18:8.21 (m, 4H), 8.50 (i

min, N, atmosphere). Cyclic voltammetry was performed using a = 6.0 Hz, 2H), 9.51 (s, 2H), 9.65 (d,= 5.9 Hz, 2H). FAB-MS:
Bioanalytical Systems model 100 B/W electrochemical analyzer. nyz 585 [M + H]*, 569 [M + H—OJ*, 558 [M—CN]*, 542

The electrochemical cell was a conventional two-compartment cell [M—CN—O]J*. Anal. Calcd for GsH1gN4O,0s: C, 49.48; H, 2.77;
with a glassy carbon disk as the working electrode, apAiO; N, 9.62. Found: C, 49.10; H, 2.87; N, 9.24. IR (KBr): 2162
(0.1 M) electrode as the reference electrode, and a platinum wire (C=N), 851 (Os=0) cnr L.

as the counter electrode. Tetrabutylammonium hexafluorophosphate [0SOA(CN)(Brphen)], 1f. Yield: 0.12 g, 38%.H NMR

(0.1 M) was used as the supporting electrolyte. The ferrocenium/ (DMSO-): 6 8.54-8.57 (m, 2H), 9.45 (dJ = 8.2 Hz, 2H), 10.04
ferrocene was used as internal reference and all of the potentials A ' ' ’ " ’ ' o

. © (d, J = 4.4 Hz, 2H). FAB-MS: m/z 613 [M + H]*, 597 [M +
were quoted with respect to QHJ? . Th(_e El_/z values were taken H—OJ*, 581 [M + H—20J*. Anal. Calcd for GHeNBr,050s:
Z‘ii;g%\i’ifg?e%fﬂig%tvg%‘i'g and anionic peak potentials for thec, 57 7.4 0.99; N, 9.15. Found: C, 27.22; H, 1.13; N, 8.87. IR

Emission and Lifetime Measurements Steady-state emission (KBr): v 2157 (G=N), 860 (O?,o) o
spectra were recorded on a Fluorolog-3 Model FP3 spectro- [OSO,(CN),(Clphen)], 1g. Yield: 0.13 g, 51%.'H NMR
photometer. Solution samples for measurements were degassed witfPMSO-de): 0 8.49-8.58 (m, 2H), 8.87 (s, 1H), 9.25 (d,= 8.2
at least four freezepump-thaw cycles. Low-temperature (77 K) Hz, 1H), 9.43 (dJ = 8.8 Hz, 1H), 9.97 (dJ = 4.8 Hz, 1H), 10.07
emission spectra for glassy solutions and solid-state samples werdd: J = 4.6 Hz, 1H). FAB-MS:m/z491 [M + H]*, 476 [M+ 2H
recorded in 5 mm diameter quartz tubes, which were placed in a _ QJ*, 461 [M + 3H — 20]*. Anal. Calcd for GsH/N.CIO,Os:
liquid nitrogen Dewar flask equipped with quartz windows. The C»34.40; H, 1.44; N, 11.46. Found: C, 34.28; H, 1.55; N, 11.67.
emission spectra were corrected for monochromator and photo-IR (KBr): v 2159 (G=N), 853 (Os=0) cm™.
multiplier efficiency and for xenon lamp stability. Emission lifetime [Os(PPh)2(CN)(N"N)] (N"N = Phyphen (2a), bpy (2b), phen
measurements were performed with a Quanta Ray DCR-3 pulsed(2¢c), Phbpy (2d), ‘Buzbpy (2e)). To a stirred solution of [Os@
Nd:YAG laser system (pulse output 355 nm, 8 ns). Errorsifor ~ (CN)(N"N)] (0.95 mmol) in dichloromethane (15 mL) was added
values (1 nm), 7 (£10%), ® (£10%) were estimated. a solution of PPH(1.5 g, 5.73 mmol) in methanol (15 mL). The
Luminescence quantum yields were determined using the methodmixture was transferred to a quartz tube, stirred, and exposed to
of Demas and CrosBywith [Ru(bpy)|Cl. in degassed acetonitrile ~ broad-band irradiation(> 290 nm) with a 400 W mercury arc
as a standard reference solutio®, (= 0.062) and calculated  lamp under a nitrogen atmosphere for 4 h. The solvent was removed
according to the following equation®s = ®(B,/Bs)(n/n;)?(Ds/ under vacuum to give a brown solid. The crude product was purified
D,), where the subscripts s and r refer to sample and referenceby chromatography on a silica gel column using dichloromethane
standard solution respectively, is the refractive index of the  to remove excess PRland the dioxoosmium(VI) precursor, and
solvents,D is the integrated intensity, anfl is the luminescence  the orange product was eluted with @H,/CH;OH (4:1 viv)

quantum yield. The quantit® was calculated bg = 1 — 107AL, mixture. Removal of the solvent under vacuum gave a deep-red
whereA is the absorbance at the excitation wavelength lansl solid, which was recrystallized to give dark-red or brown crystals
the optical path length. The radiativie)(@and nonradiativek;,) rate by diffusion of diethyl ether into a dichloromethane solution.
constants were calculated By= ®o/7o andk,, = k; (1/®g — 1), Synthesis and characterization 24 were reported previoushy.

respectively. Solid-state emission quantum yields were determined  [Os(PPhy),(CN)2(bpy)], 2b. Yield: 0.64 g, 73%.!H NMR
by the method of Wrighton et &% using KBr as the standard, and  (CD;0OD): ¢ 6.63 (t,J = 7.0 Hz, 2H), 7.16-7.28 (m, 18H, PP}),
calculated by® = E/(Rsta — Remp), WhereE is the area under the  7.45-7.51 (m, 12H, PP¥), 7.63 (t,J = 7.6 Hz, 2H), 8.15 (dJ =
corrected emission curve of the sample, &3d and Rsmp are the 8.2 Hz, 2H), 8.31 (dJ = 5.8 Hz, 2H).13C{'H} NMR (CDCly/
corrected areas under the diffuse reflectance curves of the non-CD;OD 15:1 v/v): 6 120.8, 127.0, 127.8 (] = 4.7 Hz), 129.2,
absorbing standard and the sample, respectively, at the excitatiom31.6 (t,J = 23.9 Hz), 133.6 (tJ = 5.1 Hz), 134.0, 154.0, 156.4,

wavelength. Os—CN not resolved3P{H} NMR (CDCIyCD50OD 15:1 v/v): 6
[OsOA(CN)(N"N)] (NN = Phphen (1a), bpy (1b), phen (1c),  4.53. FAB-MS: m/iz 925 [M + H]*, 636 [M— PPh—CN]*. Anal.
Ph;bpy (1d), ‘Buzbpy (1€), Brphen (1f), Clphen (19)) K[0s"'O,- Calcd for GgHsgN4P,0Os: C, 62.46; H, 4.15; N, 6.07. Found: C,

(CN)(OH)] was prepared by literature meth&tPrevious reports  62.33; H, 4.03; N, 6.01. IR (KBr):» 2048, 2070 (&N) cm 2.

revealed thatis-dicyano dioxoosmium(VI) diimine complexes for [Os(PPhy)(CN)o(phen)], 2c. Yield: 0.56 g, 62%.:H NMR
NN = Phphen (a),'9*" bpy (1b)** and Bu;bpy (16 were (cpcy): ¢ 6.82 (dd,J = 8.1, 5.3 Hz, 2H), 7.037.13 (m, 18H,
prepared by the addition of a'N ligand in dichloromethane to a PPh), 7.26-7.33 (m, 12H, PP, 7.77 (s, 2H), 7.87 (d) = 8.0
freshly prepared aqueous solution {®s"'O,(CN),(OH),], in the Hz, 2H), 8.90 (d,J = 5.3 Hz, 2H).13C{1H} NMR (CDCl): &
presence of tetrabutylammonium chloride and acetic acid at room 155 5 126.7 127.7 (0 = 4.7 Hz), 128.9, 129.1, 131.6 (1, =
temperature. Similarlylc, 1d, 1f, and1gwere prepared according 53 g I:|z) 132.6 133.6 @=51 H‘z) 148.3 154.5 OCN not

to literature procedure.?-2? resolved3P{1H} NMR (CDCl): 6 4.77. FAB-MS: nVz 949 [M
+ H]*, 660 [M—PPh—CN]*. Anal. Calcd for GoHzgN4P,Os: C,
(31) Demas, J. N.; Croshy, G. A. Phys. Cheml1971, 75, 991-1024. . ) _ ) i
(32) Wrighton, M. S.: Ginley, D. S.: Morse, D. L. Phys. Cheml1974 63.41, H, 4.04, N, 5.92. Found: C, 63.48, H, 3.91, N, 591. IR
78, 2229-2233. (KBr): v 2053, 2068 (&N) cm™.
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[Os(PPhs)»(CN)2(Phbpy)], 2d. Yield: 0.66 g, 65%H NMR
(CDCl): 6 6.62 (d,J = 6.0 Hz, 2H), 7.13-7.14 (m, 18H, PPJ),
7.53-7.57 (m, 22H, PPhand Ph), 7.92 (s, 2H), 8.64 (d,= 6.1
Hz, 2H).13C{*H} NMR (CDCl): ¢ 118.7, 124.7, 126.8, 127.7 (t,
J=4.7Hz), 128.9, 129.5, 129.8, 132.1 Jt= 23.6 Hz), 133.8 (t,
J = 5.2 Hz), 136.9, 146.6, 154.2, 157.0, ©GN not resolved.
SIP{1H} NMR (CDCl): ¢ 3.63. FAB-MS: m/z 1075 [M—H] T,
998 [M—Ph—H]*, 814 [M—PPh]*, 787 [M—PPh—CN—H]".
Anal. Calcd for GoHaeNsP,Os: C, 67.03; H, 4.31; N, 5.21.
Found: C, 66.65; H, 4.30; N, 5.02. IR (KBr): 2052, 2072 (&N)
cm i,

[Os(PPh)»(CN)o(‘Busbpy)], 2e. Yield: 0.69 g, 70%*H NMR
(CDCl): 6 1.28 (s, 18H,Bu), 6.40 (dd,J = 6.1, 2.0 Hz, 2H),
7.08-7.14 (m, 18H, PP, 7.44-7.48 (m, 12H, PP}, 7.58 (d,J
= 1.9 Hz, 2H), 8.39 (dJ = 6.1 Hz, 2H).13C{1H} NMR (CDCly):

0 30.6 (QMes), 34.8 CMe3), 116.6, 124.3, 127.6 (1] = 4.6 Hz),
128.7,132.2 (tJ = 23.5 Hz), 133.8 (tJ = 5.2 Hz), 153.5, 156.4,
158.6, Os-CN not resolved3'P{1H} NMR (CDCL): ¢ 4.74. FAB-
MS: m/z 1035 [M—H]*, 959 [M—Ph]*, 774 [M—PPh]*, 747
[M—PPh—CN-H]*, 719 [M—PPh—2CN-3H]*. Anal. Calcd for
C56H54N4P2031 C, 6497, H, 526, N, 5.41. Found: C, 6459, H,
5.60; N, 5.15. IR (KBr): v 2055, 2074 (&N) cm ™.

[Os(DMSO),(CN)2(N"N)] (NN = Phyphen (3a), bpy (3b),
phen (3c), Phbpy (3d), 'Bubpy (3e), Br,phen (3f), Clphen (3g)).
A suspension mixture of [OSCN)(N"N)] (0.95 mmol) in
dimethyl sulfoxide (30 mL) was transferred to a quartz tube, stirred,
and exposed to broad-band irradiatidn>( 290 nm) with a 400 W
mercury arc lamp under nitrogen atmosphere for 4 h. The solvent
was removed under vacuum to give a brown solid, which was
purified by chromatography on a silica gel column, using,CH
to remove S@GMe,. The orange product was eluted with @3/
CH3OH (4:1 v/v) mixture, and recrystallization by diffusion of
diethyl ether into a dichloromethane solution gave dark-red or brown
crystals. Syntheses and characterization 3af were reported
previously®

[Os(DMSO0),(CN),(bpy)], 3b. Yield: 0.27 g, 51%.H NMR
(CDCl): 6 3.34 (s, 12H, SOMg, 7.59 (t,J = 6.6 Hz, 2H), 8.04
(t, J=7.9 Hz, 2H), 8.15 (dJ = 8.1 Hz, 2H), 9.74 (dJ = 5.6 Hz,
2H). B3C{'H} NMR (CDCly): ¢ 46.6 (SOMg), 122.9, 127.6, 128.8
(C=N), 137.9, 154.6, 158.8. FAB-MSm/z 557 [M + H]*, 479
[M + H— SOMe]*, 417 [M + 2H — SOMe— SOMeJ". Anal.
Calcd for GeHogN4S,0,0s: C, 34.65; H, 3.63; N, 10.10. Found:
C, 33.32; H, 3.60; N, 9.99. IR (KBr)» 2059, 2083 (&N) cm 1.

[Os(DMSO),(CN),(phen)], 3c.Yield: 0.31 g, 56%H NMR
(CDsOD): ¢ 3.23 (s, 12H, SOMg, 8.07-8.11 (dd,J = 8.2, 5.2
Hz, 2H), 8.23 (s, 2H), 8.808.82 (dd,J = 8.3, 1.4 Hz, 2H), 9.74
9.76 (dd,J = 5.2, 1.4 Hz, 2H)X3C{1H} NMR (CDCk): o 46.5
(SOMe), 126.1, 127.8, 128.4 €EN), 130.7, 137.3, 150.0, 154.7.
FAB-MS: m/z581 [M + H]*, 518 [M + H—SOMe]", 503 [M +
H—SOMe)] ™. Anal. Calcd for GgH,oN4S,0,0s: C, 37.36; H, 3.48;
N, 9.68. Found: C, 37.40; H, 3.55; N, 9.58. IR (KBry: 2060,
2091 (G=N) cm L,

[Os(DMSO),(CN),(Phybpy)], 3d. Yield: 0.32 g, 48%H NMR
(CDCl): 6 3.41 (s, 12H, SOMg, 7.58-7.60 (m, 6H), 7.747.76
(m, 6H), 8.34 (d,J = 1.7 Hz, 2H), 9.74 (dJ = 5.9 Hz, 2H).
13C{1H} NMR (CDCl): ¢ 46.7 (SOMeg), 120.9, 125.4, 127.3,
129.0 (G=N), 129.7, 130.7, 136.0, 150.8, 154.5, 159.1. FAB-MS:
m/z 709 [M + H]*, 646 [M + H—SOMe]t, 631 [M + H—SOMe] ",
568 [M + H—SOMe— SOMeJt, 542 [M + H—SOMe—SOMe—
CN]*. Anal. Calcd for GgH,gN4S,0,0s: C, 47.58; H, 3.99; N,
7.93. Found: C, 47.43; H, 4.02; N, 7.81. IR (KBr):2068, 2089
(C=N) cm™.
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[Os(DMSO),(CN),(Bu,bpy)], 3e.Yield: 0.34 g, 54%H NMR
(CDCly): 6 1.45 (s, 18H!Bu), 3.36 (s, 12H, SOM#, 7.53 (dd,J
=6.0, 1.9 Hz, 2H), 8.05 (d] = 1.9 Hz, 2H), 9.56 (dJ = 5.9 Hz,
2H). 13C{*H} NMR (CDCl): ¢ 30.4 ((Mes), 35.6 CMey), 46.6
(SOMe), 119.8, 124.7, 129.2 &N), 153.9, 158.5, 162.9. FAB-
MS: m/z 669 [M + H]*, 591 [M + H—SOMe]*, 528 [M +
H—SOMe—SOMeJt, 502 [M + H-=SOMe—SOMe-CN]*. Anal.
Calcd for G4H36N1S,0,0s: C, 43.22; H, 5.44; N, 8.40. Found:
C, 43.05; H, 5.64; N, 8.15. IR (KBr)» 2064, 2087 (&N) cm™.

[Os(DMSO),(CN)2(Brphen)], 3f. Yield: 0.33 g, 50%*H NMR
(CDCl): 6 3.32 (s, 12H, SOMg, 7.99 (dd,J = 8.5, 5.2 Hz, 2H),
8.94 (dd,J = 8.5, 1.3 Hz, 2H), 10.04 (dd] = 5.2, 1.3 Hz, 2H).
B3C{1H} NMR (CDCl): ¢ 46.5 (SOMe), 126.5, 127.4, 127.8
(C=N), 130.8, 138.5, 149.8, 155.3. FAB-M3vz 739 [M + H],
659 [M + H—SOMe]*, 596 [M + H—SOMe—SOMel, 570 [M
+ H—SOMe—SOMe-CN]*. Anal. Calcd for GgH1gN4S,0,-
Br,Os: C, 29.36; H, 2.46; N, 7.61. Found: C, 28.95; H, 2.58; N,
7.47. IR (KBr): v 2076, 2090 (&N) cm™L.

[Os(DMSO),(CN),(Clphen)], 3g.Yield: 0.31 g, 56%H NMR
(CDCly): ¢ 3.30 (s, 6H, SOMg, 3.33 (s, 6H, SOMg, 7.93 (dd,
J=8.2,5.2 Hz, 1H), 8.02 (dd] = 8.4, 5.2 Hz, 1H), 8.15 (s, 1H),
8.43 (dd,J = 8.3, 1.3 Hz, 1H), 8.88 (dd) = 8.5, 1.3 Hz, 1H),
9.97 (dd,J = 5.2, 1.3 Hz, 1H), 10.06 (dd] = 5.2, 1.3 Hz, 1H).
13C{*H} NMR (CDCl): 6 46.4, 46.5 (SOMg, 126.4, 126.6, 126.7,
127.9 (=N), 128.0 (=N), 129.3, 129.8, 132.3, 134.9, 136.4,
149.2, 150.6, 154.7, 155.4. FAB-MS$w/z 615 [M + H]*, 537 [M
+ H— SOMe]*, 475 [M + 2H — SOMe—SOMel+, 448 [M +
H—SOMe—SOMe-CN]*. Anal. Calcd for GgH1aN4S,0,ClOs: C,
35.26; H, 3.12; N, 9.14. Found: C, 35.28; H, 3.45; N, 8.81. IR
(KBr): v 2070, 2089 (&N) cm™1,

[Os(PMes),(CN)2(phen)], 4. Yield: 0.35 g, 68%.'H NMR
(CDCly): ¢ 1.02-1.04 (m, 18H, Me), 7.75 (dd] = 8.1, 5.3 Hz,
2H), 7.98 (s, 2H), 8.32 (d] = 8.1 Hz, 2H), 10.13 (dJ = 4.5 Hz,
2H). 13C{H} NMR (CDCl): ¢ 13.2 (t,J = 16.3 Hz, Me), 125.5,
127.5, 130.4, 133.6, 149.2, 154.0,-8N not resolved31P{1H}
NMR (CDCl): 6 —38.35. FAB-MS: m/z 578 [M + 2H]*, 501
[M + H— PMej]*. Anal. Calcd for GoH2eN4P-Os: C, 41.81; H,
4.56; N, 9.75. Found: C, 41.51; H, 4.69; N, 9.79. IR (KBn):
2025, 2059 (&N) cm1L,

X-ray Crystallography. Crystals of2a-3CH,Cl,, 2c:2CH,Cl,,
[2¢-ZN(NO3)s]e, 20:CH,Cl*CH3CN, 2eCH,Cly*H,0, 3d-0.5-
(CHXCIy), 3e0.5(CHCI,)+0.5(EtO), and 4-CH,Cl,:2H,0 were
obtained by slow diffusion of diethyl ether into dichloromethane
solutions, whereas that @&b-CH;OH was obtained by diffusion
of diethyl ether into a ChCl,/CH3OH (3:1) solution. The crystal
data and details of data collection and refinement are summarized
in Table 1 and Table S1 in the Supporting Information. The crystal
structure of3a had previously been reportéd.

Diffraction data for2a-3CH,Cl,, 2¢:2CH,Cly, [2¢-Zn(NGOs)7] o,
2d°CH2C|2'CH3CN, ZeCHzCI2°H20, 3b'CH30H, 3d‘05(CH_7C|2),
and 3e-0.5(CH,CI,)-0.5(EtO) were collected on a MAR diffrac-
tometer with graphite monochromatized MaxKadiation ¢ =
0.71073 A), whereas that @ CH,Cl,-2H,0O was collected on a
Bruker Smart 1000 CCD diffractometer. The images were inter-
preted and intensities integrated using the progedaNZQ33 The
structure was solved by direct method employBigELXS-97*
(2e:CH,Cl,*H,0, 3d-0.5(CHCI,), 3e-0.5(CHCl,)-0.5(E£O), and

(33) Otwinowski, Z.; Minor, W. InProcessing of X-ray Diffraction Data
Collected in Oscillation ModeMethods in Enzymology, Vol. 276,
Macromolecular Crystallography, part A, Carter, C. W., Jr.; Sweet,
R. M. Eds.; Academic Press: New York, 1997; pp 3@26.

(34) Sheldrick, G. MSHELX 97 Programs for Crystal Structure Analysis
University of Gadtingen: Gitingen, Germany, 1997.
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Table 1. Crystal Data

[2¢:Zn(NG)7)o 2d-CH,Clp*CHCN 3b-CH30H 4-CH,Cl»2H,0
formula [QnggNeOeOSF}Zn]m C63H51C|2N505F} C17H24N403055 C21H32N402OSBC|2
fw 1136.37 1201.13 586.72 695.55
cryst size (mr) 0.40x 0.20x 0.10 0.35x 0.35x 0.20 0.60x 0.25x 0.15 0.50x 0.40x 0.30
cryst syst orthorhombic triclinic triclinic monoclinic
space group Pnna PL P1 P2/n
a(A) 25.929(5) 12.015(2) 7.671(2) 10.882(3)

b (A) 14.953(3) 13.223(3) 9.465(2) 10.392(3)
c(A) 11.856(2) 17.861(4) 15.651(3) 12.466(4)
a (deg) 90 83.28(3) 102.86(3) 90
S (deg) 90 87.84(3) 98.04(3) 100.07(2)
y (deg) 90 75.57(3) 104.78(3) 90
V (A3) 4596.8(16) 2729.1(9) 1047.6(4) 1388.0(7)
z 4 2 2 2
Dc (g cmd) 1.642 1.462 1.860 1.664
w(em™) 34.10 25.38 63.10 49.25
20max (deg) 51.32 50.92 50.96 51.34
no. unique data 4304 9415 3523 2636
no. obsd. Datal (= 20(1)) 2978 8417 3036 2111
no. variables 295 651 234 149
R2, R,° 0.034, 0.105 0.032, 0.086 0.034, 0.086 0.024, 0.065
residualp, eA3 +0.74,—0.79 +0.81,—1.42 +1.76,—2.56 +0.44,—1.20
AR = Y ||Fol — IFcll/YIFol- P Ruw = [W(IFo| — [Fc)?/Yw|FoZ*2
4-CH,Cl,2H,0) or SIR975 program Ra-3CH,Cly, 2¢-2CH,Cl, Scheme 1
[2¢Zn(NOs);]», 2d-CH,Cl,:CH3CN, and3b-CH;OH) on a PC.

, f
s ] il L= s . PPhy , PMe;
~eN Me” Me

For [2¢:Zn(NOs);], the two coordinated N are disordered
into two sets of positions, each with half occupancy. One crystal-
lographic asymmetric unit consists of half of one formula unit,
which is the basic unit of a polymer. The atoms of the disordered
NO;~ ligands were refined isotropically, the other non-hydrogen
atoms were refined anisotropically. Fa-3CH,Cl,, one crystal-
lographic asymmetric unit consists of one formula unit, including

three CHCI, solvent molecules. FoRc-:2CH,Cl,, one crystal-
lographic asymmetric unit consists of half of a formula unit, comMplexes [OSE{CN)(N"N)] (N"N = bpy (1b), phen (c),
including one CHCI, solvent molecule. Fo2d-CH,Cl,-CH3CN, Phbpy (1d), Brophen (f), Clphen (g)) were prepared by
one crystallographic asymmetric unit consists of one formula unit, the reaction of BusN),[OsSO(CN),(OH),] with NN ligands
including one dichloromethane and one acetonitrile solvent mol- in dichloromethane in the presence of acetic acid (the crystal
ecule, which was disordered into two sets of positions. For structure ofLahas been reporteé}.lrradiation of a CHCI,/
2e:CH;Cl,H,0, one dichloromethane and one water molecule were CH;OH mixture (1:1 v/v) of [OSQ(CN)(N"N)] and PPh
also Iocateq. One crystallographic asymmetric unit consists of one (6 equiv) using a 400 W mercury arc lamp ¢ 290 nm)
fOfL““'Zbug; on loaran o for4h gave [OS(PRICN)L(N'N)] (N°N = Phphen @a)
of oﬁ; formul3a ur;itori]r?cl(l:rg;; (?r?e:arlr])eiﬁisgllrzg?\?e%? ;glleg(lj:?ls:sr bpy (2b), phen €a), Phebpy (2d), ‘?uszy (¢€). The crude

' . S L products in each case were purified by chromatography on
3d-0.5(CHCI,), one crystallographic asymmetric unit consists of . .

a silica gel column, using Ci&l, as eluent to remove

one formula unit, including half of one dichloromethane solvent . . o
molecule. For3e'0.5(CHCl,)+0.5(E£O), two formula units are in greenish-yellow impurities, followed by a GEI/CH;OH

the crystallographic asymmetric unit, including two independent (4:1 V/v) mixture, to elute the product as an orange band.
osmium complexes, and one dichloromethane and one diethyl ethefRecrystallization by diffusion of diethyl ether into dichloro-
molecule. The Platon-squeeze metlodas used to subtract the methane (with the exception @b) or dichloromethane with
effect of unlocated solvent molecules. F&ICH,Cl,2H,0O, one 10% methanolZb) solutions yielded brown crystalline solids.
crystallographic asymmetric unit consists of half of formula unit, Similarly, [Os(PMg)(CN)(phen)] @) was prepared from
including half of dichloromethane and one water molecule. [OsO,(CN)x(phen)] and PMegin 68% yield (Scheme 1).

The complexes [Os(DMSGEN)(N"N)] (NN = Phyphen
(3a), bpy 3b), phen 8c), Phbpy (3d), ‘Busbpy (36), Brophen
(3f), Clphen 8g)) were obtained by the photolysis d&—
(CN)(N"N)] (N"N = Meybpy?® Phphen (a)!*?" and 1g in degassed DMSO for 6 h. The above purification
‘Buzbpy (1€))?° and [Osl(CN)(Phphen)] (L= PPh (2a) procedure was followed to afford brown crystals3af-3g
and DMSO 8a))*° have previously been communicated. The in 50—60% yields. Scheme 2 depicts the molecular structures
of 2a—2e 3a—3g, and4. The absorption spectral traces of
(35) Altomare, A; Burla, M. C.; Camalli, M.; Cascarano, M.; Giacovazzo, 1e (3.91 x 105 |\/|) in DMSO solution versus time of

¢.; Guagliardi, A; Moliterni, A. 6. G.; Polidori, G.; Spagna, !IR97 irradiation using a 400 W mercury arc lamp were recorded:

J. Appl. Crystallogr.1998 32, 115. ; ; .
(36) Spek, A. L.J. Appl. Crystallogr.2003 36, 7—13. at 0 min,1lein DMSO shows a band withnay at 300-320

h
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Results

Synthesis and CharacterizationThe synthesis of [Os©
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Scheme 2. cis-Dicyanoosmium(ll) Diimine Complexe®a—2e, 3a—3g, and4

L=PPh; 2a 2b
L=DMSO 3a 3b 3c 3d
L = PMe; 4

nm; after 1 min, thelmax shifted to~288 nm with a broad
and intense absorption tailing from 350 to 450 nm, similar
to the UV—vis absorption spectrum e (below), and no

Lai et al.

Cl

3f 3g

shift from 128.3 to 133.5 ppm was also observed by changing
the solvent from acetongs to CD;OD. The3'P{*H} NMR
spectra show a singlet centereddaB.63—4.77 for2a—2e

isosbestic spectral changes were observed. After photolysisandd —38.35 for4, revealing that the two trans phosphine

for 6 h, column chromatography of the reaction mixture with
dichloromethane as eluent gave dimethyl sulfone,(#&),%”
which was characterized B and*3C NMR (6 2.99 andd
41.7 respectively in CDG) and IR spectroscopyw(S=0)
1336 cmt in KBr). The yield of SQMe; (based on the dioxo

ligands are chemically equivalent. Upon the addition of
Zn(NGs); to 2ein CDsCN, the*P{*H} NMR signal shifted
from 6 3.86 (without Z&") to 6 4.88.

The IR spectra oRa—2ereveal twov(C=N) stretches of
equal intensity at~2050 and 2070 cni, consistent with the

precursor), as analyzed by capillary gas chromatography, wascis coordination geometry of the CN ligantfs-or 3a—3g,
in slight excess of 100%, presumably because of the presence¢he two »(C=N) bands appear at a higher frequency of

of residual oxygen in the reaction atmosphere.

2a—2e and 3a—3g have a good solubility in common
organic solvents, an8a—3g are soluble in water, whereas
the dioxo precursorsl@—1g) are insoluble in dichloro-
methane, chloroforrm-hexane, methanol, and acetonitrile
and are only sparingly soluble in DMF and DMSZa—2e
and3a—3g are stable in solid form. The TGA thermogram
of 2b (Figure S1 in the Supporting Information) revealed
that this complex is stable up to 42€, wherea2e, 3a,
and 3c showed the first decomposition temperature at 182,
215, and 257C, respectively. All of the complexes are stable
in CH,Cl,, CHCl;, CH;CN, or CHOH for 1 week, although
3a—3g are stable in aqueous solutions for 2 days.

The!H NMR spectra oRa—2eshow multiplets ad 7.03—
7.57 that are attributed to the phenyl protons of P&d
NN ligands. The signals ai 6.40-6.82 and 7.588.93
correspond to aryl protons of the diimine group. The
NMR spectra of3a—3g display a singlet ad 3.23-3.41,
attributable to the dimethyl protons of coordinated DMSO
ligands, whereas the diimine aromatic protons appedr at
7.53-10.06. The'*C{*H} NMR spectra o2a—2eand4 in
CDCl; are well resolved except for the ©€=N resonances;
peaks at) 116.6-158.6 are attributed to the aromatic carbon
atoms of PPk(with the exception off) and diimine ligands.
For 3a—3g, the 13C{*H} NMR spectra show the dimethyl
carbon atoms of the coordinated DMSO ligands at46.6,
whereas peaks @t 119.8-162.9 correspond to the carbon
atoms from the diimine and cyano ligands. THE{'H}
NMR spectra o8ein the absence and presence of ZnghO
in CDCly/CD30OD (2:1 v/v) have been recorded. The signals
of cyano carbon atoms shifted fradnl31.1 tod 134.9 upon
the addition of Z&". A similar change in th€=N chemical

~2060-2075 and 20832090 cn1?. This is consistent with
DMSO being a better acceptor than PBhThe twov(C=N)
bands of4 are at 2025 and 2059 crh as can be expected
because PMgs a superiols donor compared with DMSO
and PPk The reaction of2c with excess Zn(Ng@), in
acetonitrile afforded a greenish-yellow solid 86{Zn(NG3))«,

and the corresponding IR spectrum shows #H{E=N)
doublet at 2065 and 2101 cy which are at higher
frequencies than those (2053 and 2068 Yrfor 2c. This is
consistent with the existence of binding between the cyano
moieties and electrophilic 2h ions*® Similar shifts of
v(C=N) bands have also been observed upon the addition
of Zn(NGs), to 2a (from (2060, 2076) to (2071, 2105) ch)

and 2e (from (2055, 2074) to (2063, 2098) ch). The
shifting of »(C=N) bands due to Zi coordination was
reversible; upon the addition of excess sodium chloride to a
methanolic solution ofc-Zn(NOs),]«, the solution turned
from yellow to red, from which2c was isolated and
characterized by itg(C=N) stretching bands.

The positive FAB mass spectrum @gZn(NOs),], shows
peaks atm/z 1037, 1163, and 1353, corresponding to the
[M + H]*, [M + H + ZnNG;]*, and [M+ H + Zn(NGy),

+ ZnNG;]t ions, respectively. The electrospray ionization
mass spectrum of a methanolic solutiorRefupon addition

of 1000 equiv of Zn(N@), (Figure S2 in the Supporting
Information) displayed similar peaks atz 1162.0 [M +
ZnNGQ;] ™ and 1351.7 [M+ Zn(NGs), + ZnNGO;]*, and upon
dilution with methanol/HO, their intensities gradually
diminished, whereas that of the parent fMH]" ion atm/z
1037.1 slowly increased. Similarly, the positive FAB mass
spectrum of Ba-Zn(NOs),], displayed [M+ H + Zn(NG;),

-+ ZnNQ;,]* ions atm/z 1049, whereas the ESI mass spectrum

(37) (a) Sharipov, A. KRuss. J. Appl. Chen2003 76, 108-113. (b)
Lyavinets, A. S.; Marushchak, N. Russ. J. Gen. Cher2004 74,
885-889.
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(38) (a) Schilt, A. A.Inorg. Chem.1964 3, 1323-1325. (b) Spaulding,
L.; Reinhardt, B. A.; Orchin, Mlnorg. Chem1972 11, 2092-2094.
(39) Shriver, D. FStruct. Bondingl966 1, 32—58.
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Figure 1. Perspective view o2d (30% probability ellipsoids).

in H,O revealed peaks at/z 857.8 [M + ZnNGQ;]* and
1047.7 [M+ Zn(NGQs),; + ZnNG;5] .

Crystal Structures. The crystal structures o?d, [2c
Zn(NOs);]., 3b, and4 (ORTEP diagrams in Figures—-4),
and?2a, 2¢, 2e 3d, and3e(Figures S3-S7 in the Supporting

S4 in the Supporting Information). The two CN ligands are
coordinated to [Zn(N@),], and the coordination sphere
around the zinc atoms can be described as a distorted trigonal
bipyramid, with oney?- (bidentate: Zr-O 1.91(1), 2.37(1)
A) and onenl-nitrate (Zn-O 2.24(1) A) ion, plus two
cyanide groups from [Os(PBB(CN)(phen)] molecules
(Zn—N 1.935(5) A).

3b (Figure 3) shows a geometry similar to that of the £Ph
derivatives,2a and 2c—2e. The mean OsC, C=N, and
Os—N bond lengths are 2.02, 1.15, and 2.13 A respectively,
which are comparable to those 2a and2c—2e The mean
Os-S distance of 2.30 A is comparable to those reported
for [0OsXz(DMSO)] (2.34—2.35 A; X = CI-, Br).*3 Apart
from intermolecular interactions between the cyanide ligands
and solvent molecules (methanol), there are short inter-
molecular contacts (2.34.65 A) from the coordinated
O=S(CH), ligands to the aromatic €H groups of bipyri-
dine and DMSO hydrogens.

Intermolecular interactions between the cyanide and phen
ligands (aryl C-H---N=C intermolecular contact 2.587
A) were observed in the crystal structure &{Figure 4),
and water molecules are present between the methyl groups
of PMe; and cyanide or aryl (EH) groups of adjacent
molecules. The intermolecular =N-:-H,0, HO:--H—
C(PMey), and HO---H—C(phen) distances lie in the range

Information) have been determined; selected bond lengthsyf 2 460-2.824 A.

and angles are listed in Table 2 and Table S2 in the
Supporting Information. The two cyano ligands are cis to

each other, and the mean-©8 bond lengths o2aand2c—
2e are ~2.02 A, which are comparable to that in [OsO
(CN)(pyridine)] (2.039 A¥® and [OsQ(CN)(Phyphen)]
(2.02 and 2.053 AJ’ The average cyano=EN distance is
1.14 A, which is typical for the unbridged=eN termini (1.15
A in [Fe(CN),(CO)]2~ and [Mn(CN}(CO)]?").4° The two
PPh ligands of2a and2c—2e are trans to each other with
a mean OsP bond length of 2.36 A, similar to O
distances observed in [(RH(OMe)PRh(CO)(PPh),] (~2.34
A)4t and mer[OsCI(SGFs)(Ny)(PMePh)] (~2.38 A for
Os—P distances not residing trans to ¢5€).#? For 2a, the
phenyl substituents of the Rihen ligand are displaced by
a mean angle of 54from the plane of 1,10-phenanthroline
(Figure S3 in the Supporting Information). Similarly, f2d,
the phenyl rings are displaced by36° from the bpy plane
(Figure 1). There are intermolecular=Ql---H—CHCI,

hydrogen-bonding interactions (2.689 A) and short contacts

(<3.35 A) between PRhligands and CKCN solvent
molecules.

The X-ray crystal structure oRE-Zn(NGs),].. (Figure 2)
contains 1D zigzag polymeric chains with alternate [Osg3Ph
(CN)z(phen)] and Zn(NG), units. The N-C—0s (172.9(5))
and C-N—Zn angles (168.5(8) are slightly bent from 180
The structural parameters of the [Os(BRICN)(phen)]
units in 2c-Zn(NGs),]. are comparable to those 2a (Figure

(40) Contakes, S. M.; Hsu, S. C. N.; Rauchfuss, T. B.; Wilson, $aétg.
Chem.2002 41, 1670-1678.

(41) Bohle, D. S.; Jones, T. C.; Rickard, C. E. F.; Roper, WJ.RChem.
Soc., Chem. Commuh984 865-867.

(42) Cruz-Garritz, D.; Gelover, S.; Torrens, H.; Leal, J.; Richards, R. L.
Chem. Soc., Dalton Tran§988 2393-2396.

Absorption and Emission SpectroscopyThe UV—vis
absorption data da—2eand4 in CH,Cl,, and those o8a—
3g in CH.CIl, and HO are listed in Table 3; the spectral
data measured in other solvents are given in the Supporting
Information (Table S3). All of the complexes are soluble in
common organic solvents with the exception2if which
is sparingly soluble in dichloromethane, chloroform, and
methanol.2a—2e display an intense absorption band with
Amax @t 269-313 nm € = (2.50-4.55) x 10* M~ cm™Y),
together with a broad and moderately intense absorption at
Amax 406—446 nm € = (3.10-10.0) x 10* M~1 cm™?) and
tailing to 520-580 nm ¢ = (600-1800) Mt cm™) in
CH,CI, solutions. In the literature, [Ru(bpy}" and
[Os(bpy}]?" have individually been reported to display an
intense low-energy absorption band with. at 450 and 480
nm, respectively, both of which have been assigned to MLCT
transitions** Thus, the low-energy absorptions 2d—2e at
406-446 nm are assigned MLCT: (d,)Os— a*(N"N)
transitions, whereas the tailings at 52880 nm withe values
of (600—1800) M~ cm* could be due t8MLCT transitions.

The solvent effect on the absorption spectra@f2e has
been investigated, and the data are given in the Supporting
Information (Table S3). Fo2e, the high-energy absorption

(43) (a) Robinson, P. D.; Hinckley, C. C.; Ikuo, Acta Crystallogr., Sect.
C 1989 45, 1079-1080. (b) McDonagh, A. M.; Humphrey, M. G.;
Hockless, D. C. RAust. J. Chem1998 51, 807-811.

(44) (a) Creutz, C.; Chou, M.; Netzel, T. L.; Okumura, M.; Sutin,N.
Am. Chem. Socl98Q 102 1309-1319. (b) Pankuch, B. J.; Lacky,
D. E.; Croshy, G. A.J. Phys. Chem198Q 84, 2061-2067. (c)
Ferguson, J.; Herren, F.; Krausz, E. R.; Maeder, M.; Vrbancich, J.
Coord. Chem. Re 1985 64, 21-39. (d) Meyer, T. JPure Appl.
Chem.1986 58, 1193-1206. (e) Johnson, S. R.; Westmoreland, T.
D.; Caspar, J. V.; Bargawi, K. R.; Meyer, T. lhorg. Chem.1988
27, 3195-3200.
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Figure 2. Perspective view ofJc-Zn(NOs)2]. (30% probability ellipsoids).

C(16)

Figure 3. Perspective view 08b (30% probability ellipsoids).

maximum shows a minor shift frombmax at 291 nm §é =
23000 Mt cm™) in CH3;OH to 298 nm é = 28300 Mt

cm 1) in benzene, whereas the low-energy absorption bands

atl1 > 400 nm display a substantial solvatochromism: the
largest shift of peak maximum is from 410 nm € 3130
M=t cm™) in CH30OH to 460 nm é = 2500 Mt cm™) in
toluene Av = 2650 cmY). The electronic absorption spectra
of 2ein different solvents at 298 K are depicted in part a of
Figure 5, and a plot of the absorption energies2eversus
the solvent polarity, as defined by tiig value (classified
with respect to the longest-wavelength solvatochromic
absorption band of the pyridiniuid-phenolate betaine dyé),
affords a linear correlation, as shown in part b of Figure 5.
The absorption bands 88, 2c, and2d at 387440 nm show
similar solvatochromism, and the maximum shift ARax
values are 750 cmi for 2d, 1570 cm?® for 2¢, and 2290
cm ! for 2awhen the solvent changes from methanol to THF
or toluene. The molar extinction coefficient fac changes
markedly frome = 3200 M~ cm™! at 408 nm in pyridine

(45) (a) Dimroth, K.; Reichardt, C.; Siepmann, T.; BohlmannJ#stus
Liebigs Ann. Chenl963 661, 1—37. (b) Marcus, YChem. Soc. Re
1993 22, 409-416.
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to 6700 Mt cm™® at 398 nm in DMSO.4 shows the
absorption peak maximum varying from 404 nm in methanol
to 465 nm in chloroform (Figure S9 in the Supporting
Information).

Upon excitation at 420 nm2a—2e show an intense
emission withAmax at 602-717 nm. The effect of solvents
on the emission properties has been examined. As an
example, the emissiotnax Of 2e (concentration= 3 x 10°°
M) varies with the solvent (Table S3 in the Supporting
Information and Figure 6) from 627 nm in GBH to 707
nm in toluene Avmax = 1800 cnl); the emission quantum
yield (®) and lifetime ) decrease for lower emission
energies. The maximun® and 7 values of2e occur in
CH3OH (0.035 and 0.3Ls respectively Amax = 627 nm)),
and these values decrease to 0.017 and 8518 DMF (Amax
= 662 nm), and 0.003 and 0.0& in toluene fmax = 707
nm). The long emission lifetime in the microsecond regime
suggests triplet parentage for the emissive excited state.

For 2a, its emissionimax Shows a similar bathochromic
shift from 637 nm in methanol to 712 nm in toluene. The
absorption faps= 398—438 nm) and emissio.{m = 637—
712 nm) maxima oRa in various solvents are red-shifted
from those oflaps= 387—412 nm andle, = 621-661 nm
observed for2c. Because of its poor solubility, the photo-
physical properties dtb can only be examined in methanol,
dichloromethane, and chloroforid has a better solubility
than2b, and its photophysical properties in different solvents
have been examined. The solvent effect on the emidsign
for 2d is also evident, wherénax varies from 650 nm in
methanol to 717 nm in THF.

The solid-state emission o2e at 298 K exhibits a
structureless band withynax at 670 nm ¢ = 0.15us), which
blue-shifts to 632 nm with a lifetime of 1.Q6s at 77 K. In
a 77 K glassy MeOH/EtOH (1:4) solution, the emissignx
blue-shifts to 560 nmy( = 16.1us). Similarly, the solid-
state emission o2b exhibits a broad band dtna.x 622 nm
with a quantum yield of 0.017 at room temperature.
Compared with the PRlzounterpartZc), the emissiongmax
of 4 are red-shifted and have lower quantum yields and
shorter lifetimes both in the solid state and in solutions.
Solvatochromism has also been observed for the emission
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Figure 4. (a) Perspective view of (30% probability ellipsoids). (b) Crystal packing diagram.

Table 2. Selected Bond Lengths (Angstroms) and Angles (Degrees) counterparts (387460 nm). The emissioAnax Of 3a—3e

[26-Zn(NO3)2]e (583—-640 nm) are at higher energies than thosaf 2e
os(1)-C(1) 1.993(6)  Zn(1N(1) 1.935(5) at 621-717 nm. The absorption and emission properties of
N(1)—C(1) 1.140(6)  Zn(1)}0O(1) 1.91(1) 3a—3e are solvent-dependent. F8b, its absorptionimax
828);';'(%) 22%‘1((‘1)) érr‘]((lgggg ggzgg varies from 341 nm in kD to 376 nm in CHCl,, and its
C)-0s(1)-C(1  97.9(3) N(1)-C(1)-Os(1)  172.9(5) emissionimax red-shifts from 563 nm in bO to 630 nm in
C(1)-0s(1)-N(2) 169.7(2)  C(1¥N(1)-2zn(1) 168.5(5) DMF. The emission quantum yield and lifetime & vary
C(1)-Os(1}N(@2)  923(2)  N(1*)-Zn(1)-N(1)  123.5(3) from 0.03 and 0.22:s in H,O to 0.27 and 0.9@s in CHCE,
N(2)—Os(1)-N(2%)  77.4(2) O(4y-Zn(1)-0(2)  134.9(6) : ; . :
P(1-Os(1-P(1*)  178.81(7) O()}Zn(1)-O(4)  75.1(7) respectively. The absorption and emission propertieaef
C(1)-0s(1)-P(1) 89.4(2) N(1}Zn(1)—0(4) 109.8(3) 3ehave been examined in aqueous solutions. As an example,
N(@29-Os(1)-P(1) 90.2(1)  O(yZn(1)-N()  112.3(4) the UV-vis absorption and emission spectra & in

2d-CHyCl>*CH,CN aqueous solution are depicted in Figure 7. The excitation
828)):88 g:ggggg 8253%‘3 g:ﬂggg spectrum oB3b in H,O, monitored at emissiokinax 563 nm,
N(1)—C(1) 1.145(5)  Os(BP(1) 2.361(1) shows peak maxima at 296, 331, and 376 nm, which matches
N(2)—-C(2) 1.149(6)  Os(HP(2) 2.387(1) the ground-state absorption spectrum. The room-temperature

C(1)-0s(1)-C(2) 94.2(2) P(1}Os(1)-P(2)  175.45(3)

C(1)-0s(1)-N(3) 94.4(1) C(1)-0s(1)-P(2) 86.7(1) solid-state emission d3b shows a broad band at.x 581
C(2)-0s(1)-N(3) 171.5(1)  N(3Y0s(1)-P(2) 89.83(9) nm with a quantum yield of 0.37, the latter being significantly
N(3)-Os(1)-N(4)  76.7(1) N(1)-C(1)-Os(1)  175.3(4) higher than that of 0.017 for the PPtongener2b. For 3f
3b-CH;OH and3g containing the Biphen and Clphen ligands, respec-
828)):88 gzgiigg 82@@8 2213%13((52)) tively, their absorptiomaat 376 and 363 nm are red-shifted
N(1)—-C(1) 1.141(9)  Os(BS(2) 2.305(2) from that of3c at 352 nm in CHCI, solution. Similarly, the
N(2)—C(2) 1.150(9)  S(:O(1) 1.468(5) emissionstimay of 3f and3g at 626 and 615 nm respectively
Cl ol g seis) SO gae;®  are red-shifted from that cc at Ama 600 nm in CHCl,
C(1)-0s(1)-N(4) 173.1(2)  N(3O0s(1)}-S(1)  90.9(2) solution.
N@)-Os(1)yN@)  77.02)  N(I}C(1)-0s1)  176.2(7) Because the emission energy of tiedicyanoosmium(ll)
0s(1)-C(0) L 9‘;&;‘)20'2'282((31_)’\](1) 2.1053) complexes are solvent-dependent, it is pertinent to apply the
N@)-C(1) 1169(6)  Os(BP(1) 2.345(1) energy-gap law to this systeffiFigure 8 shows a plot of In
C(1)-Os(1>-C(1*)  95.1(2) P(1}Os(1>-P(1*)  173.78(6) k. against theMLCT emission energy ofc at 298 K in
gggigzg)tmg;) 237-1‘(52()1) Cﬁfﬁ%ﬁﬁ?ﬁﬁ% gg-i(ll(g) various solvents. There is a linear decrease itk,rwith
N(L)-Os(1)-N(1*  78.2(2) N(@2)-C(1)-Os(1)  174.5(4) increasing energy gafE{/cm 1) between the ground and

excited states. The slope-5.02 eV'1) and intercept (24
1) of the plot for2c were obtained, and comparisons were

of 4; its emissioMmax varies from 701 nm in methanol with made with the values of ca-7.5 eV and 28-30,

at of 0.092us to 760 nm in ethyl acetate withreof 0.033

us. :
- ; - (46) (a) Caspar, J. V.; Kober, E. M.; Sullivan, B. P.; Meyer, TJ.JAm.
In nonaqueous solutlons', the absorptignx of 3a—3e Chem. So0c1982 104, 630-632. (b) Caspar, J. V.. Meyer, T. J.
(332-390 nm) are blue-shifted from those of tBa—2e Phys. Chem1983 87, 952-957.
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Table 3. Photophysical Data d2a—2e, 3a—3g, and4

complex  medium (T/K) Aapdnm (e / M~1cm1) en? / NM; T/us Dem

2a CH.CI>(298) 284 (45 500), 323 (sh, 11 80@)16 (10 000), 447 (sh, 8500), 521 (sh, 1800) 667;0.67 0.063
solid (298) 707;0.39
solid (77) 675; 2.66
glass (77) 582;15.9

2b CH.Cl>(298) 296 (24 800), 328 (sh, 630@)46(3100), 555 (sh, 640) 665; 0.16 0.012
solid (298) 622;0.21 0.017
solid (77) 602; 3.06
glass (77) 575; 14.4

2c CH,Cl» (298) 269 (33 300), 295 (sh, 18 60@)6(6300), 430 (sh, 5900), 525 (sh, 1100) 654; 0.53 0.046
solid (298) 622;0.18
solid (77) 605; 2.85
glass (77) 562; 25.1

2d CH,Cl» (298) 313 (37 500), 348 (15 200)31(8800), 462 (sh, 8300), 580 (sh, 1400) 703;0.16 0.010
solid (298) 663;<0.1
solid (77) 646; 0.57
glass (77) 585; 18.5

2e CH,Cl» (298) 295 (28 4001440 (3700), 550 (sh, 620) 657;0.27 0.022
solid (298) 670; 0.15
solid (77) 632; 1.06
glass (77) 560; 16.1

3a CH.Cl>(298) 271 (32 500), 291 (31 400), 313 (sh, 11 3@®?1 (10 900), 406 (sh, 7020), 471 (sh, 1390)  609; 1.42 0.34
H-0 (298) 288 (38 500)328(sh, 15 000), 380 (sh, 8500) 563; 1.22 0.15
solid (298) 610;0.18
solid (77) 578, 611, 1.58, 1.65
glas$ (77) 540; 12.4

3b CH.Cl»(298) 280 (18 300), 307 (sh, 6200), 316 (sh, 50807% (3500), 393 (sh, 3100), 487 (sh, 520) 613; 0.45 0.070
H.O (298) 266 (23 000), 304 (14 600), 315 (13 9(Y)1(5000), 411 (sh, 850) 563; 0.33 0.085
solid (298) 581; 0.47 0.37
solid (77) 560; 4.67
glass (77) 532;11.2

3c CH.Cl> (298) 260 (28 200), 274 (sh, 16 200), 290 (sh, 11 8863(5320), 391 (sh, 4160), 462 (sh, 660)  600; 1.20 0.22
H,0 (298) 272 (24 500), 316 (sh, 6380), 348 (sh, 44865(4040), 409 (sh, 940) 553; 0.40 0.068
solid (298) 573;0.45
solid (77) 552, 556, 7.20, 7.77
glass (77) 524, 550 (sh); 16.8

3d CH.CI»(298) 258 (27 800), 298 (41 600), 323 (sh, 16 6@36(8910), 401 (sh, 8250), 498 (sh, 1210) 623; 0.55 0.13
H,O (298) 286 (24 500), 323 (sh, 10 70857 (5780) 574;0.45 0.085
solid (298) 622;0.15
solid (77) 561, 606; 0.44, 0.56
glass (77) 543; 13.5

3e CH,Cl»(298) 255 (sh, 8400), 279 (15 500), 303 (sh, 6200), 313 (sh, 5300Y3100), 464 (sh, 500) 598; 0.78 0.16
H,0 (298) 255 (sh, 16 600), 270 (19 200), 302 (11 500), 312 (10 &3@)(4500), 402 (sh, 1000) 555; 0.22 0.030
solid (298) 589; 0.30
solid (77) 555; 3.86
glass (77) 530; 10.6

3f CH.CI>(298) 269 (22 900), 286 (sh, 14 000), 313 (sh, 4680} (4200), 403 (sh, 3500), 488 (sh, 850) 626; 0.61 0.10
H»0 (298) 283 (26 000), 326 (sh, 730850(4300), 377 (sh, 3800) 579;0.53 0.14
solid (298) 630;0.11
solid (77) 611; 1.04
glass (77) 552;9.37

39 CH,Cl» (298) 264 (21 000), 279 (sh, 11 300), 288 (sh, 8886% (3700), 399 (sh, 3000), 484 (sh, 740)  615;0.87 0.19
H,0 (298) 277 (23 600), 318 (sh, 7108p5(4000), 372 (sh, 3300), 412 (sh, 870) 567; 0.69 0.22
solid (298) 609; 0.42
solid (77) 590; 4.15
glass (77) 551;11.1

4 CH.CI, (298) 266 (38 100), 289 (sh, 11 100), 314 (sh, 2570), 435 (6433)(6490), 558 (sh, 1190) 728;0.072 0.0017
solid (298) 678, 707 (max); 0.15
solid (77) 660; 2.41
glass (77) 612; 11.7

aThe bold number indicatemax for the MLCT absorption band. Excitation wavelength at 420 nm f@a—2eand4, and 370 nm foBa—3g. ¢ Measured
in MeOH/EtOH= 1:4.
respectively, for the [OsX] and [OsXL, series spectrum of3c in H,O recorded 0.2 ps after laser exci-
(X = halides, nitrogen donors, phosphines, or CO; tation at 266 nm shows a broad band with,x ~470 nm,
L = bpy or phen).” Similarly, a plot of Ink,, versuskEenm for which undergoes a single-exponential decay with a rate
3ein aprotic solvents afforded a straight line with slope of constank of ~2 x 10*?s™! to the3MLCT excited stateWe
—9.84 eV'! and an intercept of 34 2, and the data are  assign the 470 nm emission to originate from tML.CT
given as Supporting Information (Figure S10). The emission excited state.
_ Effects of Metal lons upon Photoluminescence. (l) In
“47) é%)gga(sbga,zo‘é'e\r/"'EM&Y?'C’JS'F‘)]A;’AT'\f?fummgﬁﬁyggé éoami‘ry’iﬁ ;. Acetonitrile or Methanol Solution. Because the emission
J. Phys. Cheml986 90, 3722-3734. energies oRa—2eand3a—3g are solvent-sensitive, we have
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Figure 5. (a) UV—vis absorption spectra &e in various solvents at 298 K. (b) Plot of absorption energies in'cior 2e againstEr value of solvents.
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Figure 7. Absorption (solid) and emission (dashyx = 370 nm) spectra
of 3bin H,O at 298 K.

Figure 6. Emission spectra d2e in various solvents at 298 K. 146, pyridine

also examined the absorption and emission properties of this

class of complexes in the presence of metal ion% jMFor 14.4 -
2e, upon the addition of up to 2 equiv of Zn(NJ@, the
absorptiondmax gradually shifted from 424 to 367 nm and  Ink .
the weak low-energy band at 526 nm diminished. When more 14.2
than 2 equiv of ZA" ions were added, a slight further red-

shift of the absorption maximum from 367 to 371 nm (with

10 equiv of ZR") was recorded. The absorption spectral 14.0 -
traces are not isosbestic, and the data are provided in the
Supporting Information.

The emission spectral traces 2¢in a 0.1 M"Bus;NPF; 13.8
methanolic solution upon the addition of Zn(K)@ in
methanol at different concentrations were recorded (Figure
9). A plot of the emission intensity enhancement factor (
lo) at 531 nm versus the number of equivalents of'Zis (up to 810 ath = 531 nm) and emission lifetime (from 0.31
given in the inset of Figure 9. Upon the addition of up to 2 to 2.4 us). Further addition of Zn(Ng¢), led to a slight
equiv of Zn(NQ),, the emissiorimax Significantly blue-shifts decrease in the emission intensity and a red-shift in the
to 531 nm, with concomitant enhancement of the value emission Amax to 541 nm (at 10 equiv of Zi). When

T M T T T T T T T T 1
15200 15400 15600 15800 16000 16200
Emission Energy / cm™
Figure 8. Plot of In kyr againstEenm for 2c in various solvents at 298 K.
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been evaluated by the 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) ass&¥y.Complex 3c
showed no significant cytotoxicity toward HepG2 and
SUNEL1 cells, with more than 90% cell survival at a complex
concentration up to 50M and IGs (inhibitory concentration)

values greater than 1QaM.

Figure 9. Emission spectral traces and (inset) emission intensity enhance-
ment factor [/, monitored at 531 nm) a2e at increasing equivalents of
Zn(NOg)2 in 0.1 M "BusNPFRs methanolic solution at 298 Kigx = 420 nm,

[26 = 4.96 x 1075 M).

monitoring at 541 nm, the excitation spectrum 2é
in the presence of 10 equiv of Zn(NJR is similar to that

Electrochemistry. The cyclic voltammograms dc, 3c,
3f, 3g, and4 in CHsCN solutions at 298 K were recorded at
a scan rate of 100 mV/s using 0.1 MBwNPFR as a
supporting electrolyte. Complex@&s, 3¢, and4 display one
reversible couple aE;, = +0.53, +0.92, and+0.31 V,
respectively. There is also a reversible one-electron reduction
couple ats;, = —1.97,—1.70, and—1.93 V for 2¢, 3c, and
4, respectively. We assign the couplesBat = +0.31 to
+0.92 V to the metal-centered oxidation [Os(If) e —
Os(l)], whereas the reduction couplesEf, = —1.70 to
—1.97 V are due to the reduction of diimine ligarfdg.he
E1z (Os'') of 3c at +0.92 V is cathodically shifted from
that of +0.53 V for 2¢, which is consistent with the fact
that DMSO is a betterr acceptor than PBhThe Ey, (Os
Wy of 4 at +0.31 V could be attributed to PMéeing a
bettero donor than DMSO and PRHTheEy, (Os"") values

of the ground-state absorption spectrum under the sameof 3f (+0.96 V) and3g (+0.91 V) are similar, consistent

conditions.

The effect of other cations has also been investigated.
Addition of 2 equiv of Cu(ClQ), to a 0.1 M"BusNPF
acetonitrile solution ocled to a blue-shift of the absorption
maximum from 397 to 342 nm and complete quenching of
the emission. The presence of 100 equiv of Li¢ler
NaClQ, did not cause a dramatic change in the emission
properties; the emission intensity only decreased b9 and
10%, and the emissioimay slightly shifted to 645 and 650
nm, respectively. Blue shifts in emissi@Rax (AVmax = 3460
cm1) andl/l, values of 208-1500 were also observed upon
addition of 200 equiv of Mg(Clg),, Cd(CIQy),, or Zn(CIQy),
to 2c in 0.1 M "Bu/NPF; acetonitrile solution. Similar
findings on the changes in the emission propertie8af
3ein acetonitrile solutions upon the addition of Zn(j©O
were also recorded. As an example, the emissioBaoih
0.1 M "BusNPF; acetonitrile solution shows a blue shift in
Amaxfrom 626 to 540 nm andl, of 124 at 540 nm upon the
addition of up to 2 equiv of Zn(Ng)..

(1) In Agueous Solution. The addition of up to 10 equiv
of Zn(NQs), to an aqueous solution &a at 298 K did not
cause a notable blue-shift in emissibgax or a substantial
enhancement of emission intensity (maximiig = 1.5 at
562 nm with 2 equiv of Z#&"). This reveals that the binding
of Zn?* to 3ais significantly diminished in aqueous medium.
Emission titration of3a upon the addition of different
concentrations of Zn(Ng), in 0.1 M "Bu,NPF; aqueous

with the metal-centered assignment for the electrochemical

oxidation.

The excited-state redox potentials dfis-dicyano-
osmium(ll) diimine complexes can be estimated from the
electrochemical and spectroscopic data. Eag (0s""")

values can be expressed By, (0s""") = Ey;, (OsV") —

Eo—o (OS'"M); the Eo—o value can be estimated from low-
temperature solid-state emission (2.06 eV 2oy 2.26 eV

for 3c; 1.89 eV for4), and thek,, (Os"") value is obtained
from cyclic voltammetric data. Therefore, thg, (Os""")
were calculated to be-1.53, —1.34, and—1.58 V for 2c,

3c, and 4 respectively, revealing that ti#MLCT excited
states are strong reductapfts.

Discussion

This work demonstrates that photolysis of [Q8CN),-
(N”N)] in the presence of PRhPMe;, or DMSO is a useful
method for the preparation of strongly luminesceig-
dicyanoosmium(ll) complexes bearing diimine" ligands.

As dimethyl sulfone was detected after photolysis of

[OsO(CN)(N"N)] in DMSO solutions, the photoreduction
of dioxoosmium(VI) to osmium(ll) likely involves the
transfer of an oxygen atom from the electronic excited
state(s) of [OSGCN),(N"N)] to DMSO. The photochemical
reactions of [OS@{CN)x(N"N)] with PR; and DMSO are
depicted in Scheme 1. Previous studies showedtthat

solution was undertaken; addition of Zn(up to 3 equiv)
induced no shift in the emissidaxat 563 nm. The emission
intensity atimax was slightly affected by the addition of
Zn(NGs),, but the changes were sporadic and irregular.
Cytotoxicity. The cytotoxicity of3c toward a panel of

several selected human cancer cell lines (human hepato-

cellular carcinoma (HepG2), human nasopharyngeal carci-
noma (SUNEL1), and human breast cancer cells (MCF7)) has
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(48) Mosmann, TJ. Immunol. Method4983 65, 55-63.
(49) (a) Collison, D.; Mabbs, F. E.; Mclnnes, E. J. L.; Taylor, K. J.; Welch,
A.J.; Yellowlees, L. JJ. Chem. Soc., Dalton Tran$996 329-334.
(b) Chan, S.-C.; Chan, M. C. W.; Wang, Y.; Che, C.-M.; Cheung,
K.-K.; Zhu, N. Chem—Eur. J.2001, 7, 4180-4190.
(50) (a) Kober, E. M.; Marshall, J. L.; Dressick, W. J.; Sullivan, B. P.;
Caspar, J. V.; Meyer, T. Jnorg. Chem.1985 24, 2755-2763. (b)
Kober, E. M.; Sullivan, B. P.; Dressick, W. J.; Caspar, J. V.; Meyer,
T. J.J. Am. Chem. Sod.98Q 102, 7383-7385. (c) Kober, E. M,;
Caspar, J. V.; Sullivan, B. P.; Meyer, T. lhorg. Chem.1988 27,
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cis-Dicyanoosmium(ll) Diimine Complexes

dioxoosmium(VI) complexes supported by nitrogen donor Scheme 3

and/or CN ligands have a long-lived and emissij(el,)* L 5 . 51

(dks 0)'] excited state in solution and are powerful photo- <N"'~."|§."u\“CN (N'mé“ls.m“c"‘

oxidants. Indeed, light-induced photochemical oxidation of N” | vend N" | end

alkenes to epoxides by [Og(@N),(‘Busbpy)] complexes had L_» <_L__

previously been demonstratéd.The [OsQ(CN)(N"N)] Ground State MLCT Excited State

complexes in this work have a long-lived emission in the

visible region. As an examplége shows an emission at 653  than that of the ground state, and decreasing solvent polarity
nm with a lifetime of 0.6%s and a quantum yield of 6.3 leads to stabilization of the excited state to a greater degree.
107*in CH5CN solution. The emission dfewas found to  Thijs is consistent with the assignment of the emissive excited
be quenched by DMSO with a quenching rate constant of state to be gOs') — #*(N"N) in nature, as depicted in
3.0 x 10° M~ s7L, This suggests that the photodeoxygen- Scheme 3.

ation of Leprobably occurs via th#(ds)" (d., d,)'] excited The solvatochromic behavior of the emission of these
state. This assumption is supported by the finding that the 0s(Il) complexes follows a linear correlation betweerkjn

photoreduction ofle to 3ein DMSO occurred efficiently 4F 5o predicted by the energy-gap law. A plot okl

ywthm 30 min upon light excitation at = 450'r.1m, v;/r;;(;? against the emission energy of tHLCT excited state of

Is the spectral region for th&p_'.(d"z’ d2) trans!t|ons% N 2c in various solvents afforded a linear correlation with a
In _th's work, the’MLCT emission energy otﬁls-dl_cyano- slope of—5.02 eV'1 and an intercept of (24 1), as depicted

osmium(ll) complexes are affected by: (1) substituent(s) on in Figure 8. A simplified equation for the relationship

the diimine ligand, (2)r-acceptor auxiliary ligands (RRnd between Ik, and the emission energiemis: In ky = (In

DMSO), (3) solvent polarity, and (4) the presence of metal B — Su) — (o Eerfhiww), assuming a single acceptor

cations. Derivatization of the diimine ligand with electron- . ™~ L :
! : . " . vibration#2 The 8 value relates to the spirorbit coupling
withdrawing substituents stabilizes th# orbital, whereas . ;
constant for osmium(ll) complexes, is a measure of

the electron-donating alkyl substituent increases the energy . . : . B
of the #* orbital. Thus, the3MLCT emission energy in excne.d—state d_|stort.|on and = In (E?”/S“' haw) 1,wh_ere.

o . o -° .. hwyw is the vibrational progression of the deactivating
acetonitrile decreases in the order: (i) for phen derivatives: NS

_ _ mode(s). For2c and 3g, variation in Inf should be small.
2¢ (Aem = 651 Nnm)> 2a (669 nm), wherea8¢ (Aem = 613 well ved vibronic low-t t 77 K) af .
nm) > 3a (626 nm)> 3g (628 nm)> 3f (644 nm), (i) for  © °FTETONEC IOTE DU BB ureb(t . ()jgiff'y e
bpy derivatives:2e (Aem = 653 nm)> 2b (656 nm)> 2d tsrl10n sfpec ra Catf‘t t-e a:j\{e notbeen o a|or|1e n |stvxéor '
(697 nm), wherea8e (fem = 613 nm)> 3b (626 nm)> 3d erefore a quantitative discussion §a andy, cannot be

1 .
(634 nm). The strong-acceptor axial ligands (L) increase made: The slope«9.84 eV™) of tlhe plot for_3e IS more
the energy gap between the(@s) andz* (N"N) orbitals negative than that dfc (—5.02 eV'1), and the intercept (34

as a result of {Os)— L z backbonding. Because DMso = 2) for 3eis relatively larger than that of (24 1) for 2¢,
is a betterz acceptor than trimethyl- and triphenylphos- suggesting that the excited-state structural distortion (related
phine% the emissions oBa—3g are at higher energiedd, to Sy andhAwy values) of the former cou!d be smaIIe_r than
= 613-644 nm in CHCN) than those observed faa—2e that _of the Igtter. FoBa—3f_, the absor!otlon and emission
(Aem = 651—697 nm) andd (Aem = 731 NM). maxima are m_genera_l at higher energies tha_n thosgder

In this work, intermolecular interactions between the 2& The emission excited states &—3f contain more’iL

coordinated cyanide groups and solvent molecules affect thecharacter, and, hence, the excited-state distortion of the
SMLCT emission of the Os(Il) complexes. For example, the metal-ligand bond(s) in the case 8&could be smaller than
emissionimna, of 2e blue-shifts from 707 nm in toluene to that of 2¢c, the latter exhibits 8MLCT excited state. The
627 nm in CHOH. We attribute this to hydrogen-bonding data for2cin protic solvents (MeOH and EtOH) show slight
interactions between the protic solvent molecules such asdeviations from a linear correlation, and this may be
MeOH or EtOH and coordinated CN ligands, which is also rationalized by hydrogen-bonding interactions between the
revealed by difference in chemical shifts of the cyano carbon Solvent molecules and cyano groups in the excited t4te.
atoms of3erecorded in CROD and acetonek (6 133.5 vs Similarly, the relatively low® and shortr of 3a—3e in
8 128.3). The cyanide-solvent hydrogen-bonding interaction @queous solution can be attributed to hydrogen-bonding
causes a shift of electron density away from Os(ll). As a contacts between the DMSO ligands and water molecules.
result, the ¢g(Os) level would be lowered, leading to increases  The MLCT absorption and emission maximum 2é
in *MLCT absorption andMLCT emission energies in protic  exhibit hypsochromic shifts upon the addition of metal
solvents® Alternatively, the red-shift of the emission oi- cations; this shift was also accompanied by an enhancement
dicyanoosmium(ll) diimine complexes in less polar solvents of the emission intensity. The most-dramatic effect was
suggests that the dipole moment of the excited-state is lowerobserved with Zn(Ng),: upon the addition of up to 2 equiv
, , _ : , , of Zn(NGQ;),, the emissionimax in 0.1 M "BusNPFs in

1) é";i'ﬁgYVé'ﬂén\ﬁ'lg”éﬁfalyég'ilﬁg,H°'°k'”s' M. DAdv. Transit. Met. methanol shifted from 627 to 531 nm with a 810-fold
(52) Cotton, F. A.; Wilkinson, G. Idvanced Inorganic Chemistrd increase in/l, at A of 531 nm. Analysis of the solution by
(53) ecsjé}é\lgllggsge,smsé.wﬁgtz\fol{h'Ig.?gzérglgg,oll_. M.; Polonuer, D. D.; ESI mass spectrometry indicated the formation 2&Zn-

Colombano, C. G.; Olabe, J. Anorg. Chem1995 34, 1830-1835. (NOs)2:ZnNGO;] species. We propose that the cyanide ligands
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of the osmium(Il) complexes undergo binding to the elec- The two cyanide ligands of theis-dicyanoosmium(ll)
trophilic Zr?t ions, causing a decrease in electron density diimine complexes can bind metal ions. The MLCT absorp-
at Os(ll) and leading to destabilization of tHéLCT excited tion and emission bands undergo substantial blue shifts in
state and, hence, an increase inMM&CT emission energy.  energy, and the emission intensity is significantly enhanced
The enhancement in emission intensity and blue shift in upon complexation of metal ions. The emission enhancement
emissioMmax (from 627 to 531 nm) oRein the presence of  may be a consequence of increased molecular rigidity upon
Zn(NGs), could likely be attributed to a change in the triplet the coordination of Z#t ions by cyanide groups. The water-
excited state fromdMLCT with Anaxat 627 nm to that having  soluble Os(Il) complexes [Os(DMS@QEN)(N"N)] (3a—
mixed?®IL and 3MLCT parentages Wit maxat 531 nm. The 39) are potentially applicable in luminescent signaling studies
results of NMR experiments are consistent with the decreaseinvolving molecules of biological interest. Their relatively
in electron density around Os(ll) upon the addition of nontoxic nature, as observed f8¢, facilitates their future
Zn(NGOs),. The3C chemical shift of the cyano carbon atoms development in biosensory applications. Very recently, we
of 3e(6 131.1 in CDCYCDs0OD (2:1)) and thé'P chemical have accomplished the synthesis of tlees-dicyano-
shift of 2e (6 3.86 in CxCN) increase ta) 134.9 andd osmium(ll) diimine complex bearing a functionalizable bpy
4.88, respectively, in the presence of Zn({)O group, [Os(DMSOYCN)(bpy(COOH})]. Treatment with

We have determined the crystal structure @t-Zn- N-hydroxysuccinimide (NHS) is envisaged to give [Os-
(NOs),]. (Figure 2), which comprises [Zn(N§3] moieties (DMSO)(CN)2(bpy(NHS}Y)], which can readily undergo
linked via the cyanide groups o2c units to form an covalent attachment to biomolecules, and we will publish
alternating zigzag chain. The room-temperature solid-statethis work in due course.
emission of eZn(NGs)2]. Shows almax at 548 nm, which
is significantly blue-shifted from that dte (Amax 670 NmM).
This supports the rationale that the coordination ofZny
the CN groups increases tARILCT emission energy.
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