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The title compound, [Ir(C;sH;oN),(C;9H,N4)|PFs:CH30H, crystallizes in the
C2/c space group with one monocationic iridium complex, one hexafluorido-
phosphate anion, and one methanol solvent molecule of crystallization in the
asymmetric unit, all in general positions. The anion and solvent are linked to the
iridium complex cation via hydrogen bonding. All bond lengths and angles fall
into expected ranges compared to similar compounds.

3D view Chemical scheme
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Structure description

The solvent-free compound [Ir(C;sH;oN),(C9H,N,4)]PF¢ has been previously synthe-
sized, and its luminescent properties have been applied for carbon dioxide sensing (Ma et
al.,2015). Additionally, it has been found to act as an inhibitor of tumor necrosis factor-o
(Kang et al., 2016). In this study, we examined [Ir(C;sH;oN),(C;oH2N,)|PFs:CH30H, 1,
which crystallizes in the C2/c space group. The asymmetric unit contains one mono-
cationic iridium complex, one hexafluoridophosphate anion, and one methanol solvent
molecule of crystallization, all in general positions (Fig. 1). The iridium atom is found at
the center of the complex cation forming a distorted octahedral coordination environ-
ment (Table 1). A cis-C,C and trans-N,N configuration is observed in the chelating
1-phenylisoquinoline ligands, as the nitrogen atoms occupy the axial positions. The anion
and solvent are linked to the iridium complex cation via bifurcated N—H- - -F and simple
O—H- - -N hydrogen bonding, respectively (Fig. 1, Table 2). Similar bond lengths and
angles to those of 1 are found in previously reported [Ir(1-phenylisoquinoline),(1,10-
phenanthroline)](ClO,) (Zhao et al., 2006) and [Ir(2-phenylpyridine),(2-phenyl-1H-
imidazo[4,5-f][1,10]phenanthroline)|PFs (Zhao et al., 2007).
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Table 1 . Table 3
Selected geometric parameters (A, °). Experimental details.
Ir1—N1 2.054 (2) Ir1—N4 2.155(3) Crystal data
Ir1—N2 2.048 (3) Ir1—-C1 2.006 (3) Chemical formula [Ir(CysHoN)»(CoH 2Ny)]
Ir1—N3 2.146 (2) Ir1—C16 2.018 (3) PF¢-CH,O
M, 1074.02
N1—Irl—N3 98.87 (10) Cl—Ir1—N3 173.03 (11) Crystal system, space group Monoclinic, C2/c
N1—Irl —N4 91.43 (10) Cl—Irl1—N4 96.27 (11) Temperature (K) 100
N2—1Ir1—NI1 168.36 (10) Cl—Ir1—Cl16 88.89 (12) a, b, c(A) 21.7603 (1), 19.6660 (1),
N2—Ir1—N3 89.77 (9) Cl6—Irl1 —N1 91.39 (11) 22.1646 (1)
N2—Irl —N4 98.16 (10) Cl6—Ir1—N2 79.62 (11) B() 119.618 (1)
N3—Trl —N4 76.90 (10) C16—Ir1—N3 97.98 (11) V (A% 8245.75 (10)
Cl—Ir1—N1 79.73 (11) Cl6—Irl1—N4 174.49 (11) V4 8
Cl—Ir1—N2 92.61 (11) Radiation type Cu Ka
w (mm™") 7.29
Crystal size (mm) 0.23 x 0.1 x 0.08
Table 2 oL Data collection
Hydrogen-bond geometry (A, ©). Diffractometer XtaLAB Synergy, Dualflex, HyPix
D—H.---A D—H H---A DA D—H.--A Absorption correction Mlét]i)—sczz(i)r;g(CrysAlis PRO; Rigaku
N6—H6. - -F1 0.85 (5) 228 (5) 3.110 (4) 166 (4) T Tonns 0.561. ’1_00(3)
N6—H6- - -F2 0.85(5) 2.57(4) 3.249 (4) 139 (4) No. of measured, independent and 259576, 8995, 8896
O1—H1---N5 0.93 (7) 1.92 (7) 2.849 (4) 175 (6)

Synthesis and crystallization

Complex 1 was synthesized according to a previously
published procedure (Ma et al., 2015). Dark red crystals were

Figure 1
Anisotropic displacement ellipsoid plot of 1 drawn at the 50% probability
level with C—H hydrogen atoms omitted. Dashed lines show hydrogen-
bonding contacts, for which the N—H---F bond is bifurcated (see
Table 2).

observed [I > 20([)] reflections

Rint 0.048

(Sin O/A)max (A7) 0.640
Refinement

R[F* > 20(F%)], wR(F?), S 0.030, 0.078, 1.14
No. of reflections 8995

No. of parameters 595

H-atom treatment H atoms treated by a mixture of
independent and constrained
refinement

Apmax, A/Omin (e Ai}) 101, —1.32

Computer programs: CrysAlis PRO (Rigaku OD, 2023), SHELXT2018/2 (Sheldrick,
2015a), SHELXL2019/3 (Sheldrick, 2015b) and OLEX2 (Dolomanov et al., 2009).

obtained by dissolving 1 in a 5:1 dichloromethane:methanol
solvent mixture and layering with diethyl ether.

Refinement

Crystal data, data collection and structure refinement details
are summarized in Table 3. The maximum and minimum
residual peaks of 1.01 e A~ and of —1.32 ¢ A~ are found
0.74 and 0.75 A from atoms N4 and Ir1, respectively.
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full crystallographic data
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Bis[2-(isoquinolin-1-yl)phenyl-«*N,C'](2-phenyl-1H-imidazo[4,5-f]
[1,10]phenanthroline-x*N,N")iridium(I1l) hexafluoridophosphate methanol

monosolvate

Silas Martin, William W. Brennessel, Ammar Hasan and Carly R. Reed

Bis[2-(isoquinolin-1-yl)phenyl-«*N,C'1(2-phenyl-1H-imidazo[4,5-f][1,10]phenanthroline-x*N,N")iridium(l1I)

hexafluoridophosphate methanol monosolvate

Crystal data

[Ir(Cy5HoN)2(C19H2N4) [PFs-CH,O
M, =1074.02

Monoclinic, C2/c

a=21.7603 (1) A

b=19.6660 (1) A

c=22.1646 (1) A

£=119.618 (1)°

V=8245.75 (10) A?

Z=8

Data collection

XtalLAB Synergy, Dualflex, HyPix
diffractometer

Detector resolution: 10.0000 pixels mm!

 scans

Absorption correction: multi-scan
(CrysAlisPro; Rigaku OD, 2023)

Tmin = 0.561, Thax = 1.000

259576 measured reflections

Refinement

Refinement on F?

Least-squares matrix: full
R[F?> 20(F?)] =0.030

wR(F?) =0.078

S=1.14

8995 reflections

595 parameters

0 restraints

Primary atom site location: dual

F(000) =4256

D,=1.730 Mg m3

Cu Ko radiation, A = 1.54184 A

Cell parameters from 182114 reflections
6 =3.2-80.0°

4 =729 mm!

T=100K

Block, red

0.23 x 0.1 x 0.08 mm

8995 independent reflections
8896 reflections with 1> 20(1)
R =0.048

Omax = 80.8°, Opin = 3.2°
h=-26—27

k=-25-25

[=-28-28

Secondary atom site location: difference Fourier
map

Hydrogen site location: mixed

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[6X(F?) + (0.0335P)* + 50.6715P]
where P = (F,2 +2F2)/3

(A/0)max = 0.002

Apmax = 1.01 e A7

Apmin=—132¢ A3
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Special details

Refinement. The O—H and N—H hydrogen atoms were found from a difference Fourier map and refined freely. All C
—H atoms were placed geometrically and treated as riding atoms: aromatic/sp?, C—H = 0.95 A with Ui(H) = 1.2U(C);

methyl, C—H = 0.98 A, with Us(H) = 1.5U4(C).

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso*/Ugq

Irl 0.18660 (2) 0.51478 (2) 0.22066 (2) 0.01310 (5)
N1 0.18720 (13) 0.60590 (13) 0.26621 (13) 0.0145 (5)
N2 0.16862 (13) 0.43208 (13) 0.15792 (13) 0.0149 (5)
N3 0.20633 (13) 0.44817 (13) 0.30505 (12) 0.0144 (5)
N4 0.30031 (13) 0.50921 (13) 0.27858 (13) 0.0147 (5)
N5 0.40672 (14) 0.33569 (13) 0.50363 (13) 0.0172 (5)
N6 0.48628 (14) 0.39005 (14) 0.48529 (13) 0.0173 (5)
H6 0.526 (2) 0.401 (2) 0.489 (2) 0.026 (11)*
Cl 0.18075 (15) 0.57962 (16) 0.14815 (15) 0.0157 (6)
C2 0.18909 (16) 0.56348 (16) 0.09124 (15) 0.0176 (6)
H2 0.192633 0.517194 0.081070 0.021*

C3 0.19226 (17) 0.61431 (17) 0.04933 (16) 0.0203 (6)
H3 0.197584 0.602566 0.010587 0.024*
C4 0.18768 (17) 0.68223 (17) 0.06385 (17) 0.0213 (6)
H4 0.190386 0.716726 0.035248 0.026*

C5 0.17921 (17) 0.69998 (17) 0.11978 (17) 0.0207 (6)
H5 0.176968 0.746519 0.130022 0.025*
Cé6 0.17395 (16) 0.64910 (15) 0.16112 (15) 0.0160 (6)
C7 0.16784 (16) 0.66066 (15) 0.22381 (16) 0.0160 (6)
Cs8 0.19469 (16) 0.60987 (16) 0.33094 (15) 0.0173 (6)
H8 0.211764 0.571409 0.360673 0.021*

C9 0.17829 (16) 0.66776 (17) 0.35421 (16) 0.0194 (6)
H9 0.186885 0.670506 0.400536 0.023*
C10 0.12331 (17) 0.78157 (17) 0.32736 (17) 0.0208 (6)
H10 0.129581 0.784740 0.372835 0.025*
cl1 0.09020 (17) 0.83321 (17) 0.28119 (18) 0.0219 (6)
H11 0.073887 0.872059 0.294600 0.026*
c12 0.08044 (18) 0.82843 (17) 0.21359 (18) 0.0232 (7)
H12 0.055001 0.863065 0.180716 0.028*
Cl13 0.10717 (17) 0.77443 (16) 0.19446 (17) 0.0195 (6)
H13 0.101974 0.773345 0.149323 0.023*
Cl4 0.14248 (16) 0.72020 (16) 0.24142 (16) 0.0174 (6)
Cl15 0.14841 (16) 0.72339 (16) 0.30850 (16) 0.0171 (6)
Cl16 0.07999 (16) 0.51145 (15) 0.17072 (16) 0.0151 (6)
c17 0.03519 (16) 0.54995 (16) 0.18522 (16) 0.0183 (6)
H17 0.054671 0.583842 0.220293 0.022*
C18 ~0.03760 (17) 0.53975 (18) 0.14932 (17) 0.0220 (7)
H18 —0.067336 0.567415 0.159181 0.026*
C19 ~0.06687 (18) 0.48936 (18) 0.09921 (18) 0.0225 (7)
H19 —0.116544 0.482254 0.075198 0.027*
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data reports

C20
H20
C21
C22
C23
H23
C24
H24
C25
H25
C26
H26
C27
H27
C28
H28
C29
C30
C31
H31
C32
H32
C33
H33
C34
C35
C36
C37
C38
H38
C39
H39
C40
H40
C41
C42
C43
C44
C45
H45
C46
H46
C47
H47
C48
H48
C49
H49

~0.02360 (17)
~0.043410
0.04973 (15)
0.10093 (15)
0.22179 (16)
0.268933
0.20981 (17)
0.247386
0.12723 (18)
0.163464
0.06167 (19)
0.051504
0.00949 (18)
~0.034475
0.02072 (16)
~0.015625
0.08624 (16)
0.14120 (17)
0.15769 (16)
0.109209
0.17553 (17)
0.139528
0.24523 (17)
0.257901
0.29790 (16)
0.37268 (16)
0.42059 (16)
0.40060 (16)
0.44647 (18)
0.496217
0.41821 (17)
0.448525
0.34468 (17)
0.325949
0.32684 (16)
0.27599 (15)
0.47508 (17)
0.53159 (17)
0.51344 (18)
0.465587
0.56512 (18)
0.552253
0.63527 (19)
0.670585
0.65336 (19)
0.701460
0.60218 (18)
0.615347

0.44914 (17)
0.413398
0.46170 (16)
0.42230 (15)
0.39351 (16)
0.401861
0.34361 (18)
0.314992
0.28511 (18)
0.254616
0.28113 (19)
0.246443
0.32863 (18)
0.328342
0.37537 (16)
0.406575
0.37742 (16)
0.33454 (17)
0.41704 (16)
0.426945
0.37014 (16)
0.348196
0.35629 (16)
0.325045
0.38846 (15)
0.37856 (15)
0.41306 (16)
0.46029 (16)
0.49716 (17)
0.494251
0.53764 (18)
0.562402
0.54226 (17)
0.569747
0.46881 (15)
0.43432 (15)
0.34314 (16)
0.30699 (16)
0.25287 (18)
0.238572
0.22004 (18)
0.184010
0.23935 (18)
0.216890
0.29211 (19)
0.305317
0.32549 (18)
0.361333

0.08403 (17)
0.051067
0.11777 (15)
0.10704 (15)
0.16016 (16)
0.195821
0.11330 (18)
0.118743
0.00484 (18)
0.010214
~0.05280 (18)
~0.086268
~0.06218 (17)
~0.104222
~0.01193 (16)
~0.019150
0.05072 (16)
0.05647 (17)
0.31510 (16)
0.284676
0.36901 (16)
0.374208
0.41403 (16)
0.451028
0.40528 (15)
0.44779 (15)
0.43528 (15)
0.37990 (15)
0.36460 (17)
0.394022
0.30623 (18)
0.294778
0.26377 (17)
0.223272
0.33610 (15)
0.34924 (14)
0.52491 (16)
0.58436 (16)
0.61353 (18)
0.593134
0.67214 (18)
0.692242
0.70155 (17)
0.741742
0.67145 (19)
0.690984
0.61349 (18)
0.593424

0.0203 (6)
0.024*
0.0161 (6)
0.0146 (5)
0.0186 (6)
0.022*
0.0236 (7)
0.028*
0.0256 (7)
0.031*
0.0261 (7)
0.031*
0.0232 (7)
0.028*
0.0186 (6)
0.022*
0.0167 (6)
0.0201 (6)
0.0176 (6)
0.021*
0.0189 (6)
0.023*
0.0177 (6)
0.021*
0.0149 (6)
0.0156 (6)
0.0165 (6)
0.0163 (6)
0.0200 (6)
0.024*
0.0224 (7)
0.027*
0.0204 (6)
0.024*
0.0146 (5)
0.0135 (5)
0.0177 (6)
0.0184 (6)
0.0242 (7)
0.029*
0.0256 (7)
0.031*
0.0262 (7)
0.031*
0.0290 (8)
0.035*
0.0245 (7)
0.029*
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Pl 0.65912 (4) 0.44350 (4) 0.46518 (4) 0.01995 (16)
Fl 0.63651 (15) 0.44204 (13) 0.52467 (13) 0.0433 (6)
F2 0.58550 (11) 0.40494 (11) 0.41450 (12) 0.0324 (5)
F3 0.67841 (13) 0.44457 (13) 0.40529 (12) 0.0361 (5)
F4 0.73098 (12) 0.48095 (11) 0.51717 (12) 0.0333 (5)
F5 0.69646 (12) 0.37120 (11) 0.49073 (13) 0.0375 (5)
F6 0.62004 (12) 0.51513 (10) 0.43986 (13) 0.0338 (5)
o1 0.34705 (14) 0.28224 (14) 0.58277 (14) 0.0299 (5)
H1 0.369 (3) 0.300 (3) 0.559 (3) 0.08 (2)*
C50 0.3715 (2) 0.3233 (2) 0.6429 (2) 0.0382 (9)
H50A 0.363207 0.371312 0.629379 0.057*
H50B 0.422282 0315711 0.673445 0.057*
H50C 0.346082 0.311298 0.667589 0.057*
Atomic displacement parameters (4°)

Ull l]ZZ (P} U12 U13 l]l?;
Irl 0.01145 (7) 0.01431 (8) 0.01156 (7) 0.00028 (4) 0.00417 (5) 0.00151 (4)
N1 0.0140 (12) 0.0143 (12) 0.0141 (11) —0.0007 (9) 0.0059 (10) —0.0004 (9)
N2 0.0148 (12) 0.0123 (11) 0.0165 (12) 0.0009 (9) 0.0070 (10) 0.0017 (9)
N3 0.0158 (12) 0.0151 (12) 0.0118 (11) 0.0010 (9) 0.0065 (10) 0.0036 (9)
N4 0.0062 (11) 0.0182 (13) 0.0135 (12) 0.0002 (9) 0.0001 (9) 0.0019 (9)
N5 0.0163 (12) 0.0172 (12) 0.0161 (12) 0.0019 (10) 0.0064 (10) 0.0022 (10)
N6 0.0118 (12) 0.0197 (12) 0.0162 (12) 0.0012 (10) 0.0037 (10) 0.0036 (10)
Cl1 0.0122 (13) 0.0180 (14) 0.0135 (13) 0.0008 (11) 0.0037 (11) 0.0040 (11)
C2 0.0169 (14) 0.0218 (15) 0.0129 (13) —0.0011 (11) 0.0064 (12) 0.0007 (11)
C3 0.0189 (15) 0.0253 (16) 0.0168 (14) —0.0016 (12) 0.0088 (12) 0.0005 (12)
C4 0.0219 (16) 0.0237 (16) 0.0189 (15) —0.0008 (13) 0.0105 (13) 0.0053 (12)
C5 0.0227 (16) 0.0179 (15) 0.0222 (15) 0.0001 (12) 0.0117 (13) 0.0024 (12)
C6 0.0154 (14) 0.0155 (14) 0.0146 (13) 0.0012 (11) 0.0056 (11) 0.0032 (11)
C7 0.0138 (13) 0.0143 (14) 0.0170 (14) 0.0002 (11) 0.0055 (11) 0.0017 (11)
C8 0.0168 (14) 0.0195 (15) 0.0137 (13) —0.0024 (11) 0.0062 (12) —-0.0014 (11)
C9 0.0163 (14) 0.0247 (16) 0.0152 (14) —0.0021 (12) 0.0061 (12) —-0.0012 (12)
C10 0.0177 (15) 0.0229 (16) 0.0210 (15) —0.0026 (12) 0.0091 (13) —0.0047 (12)
Cl1 0.0183 (15) 0.0186 (15) 0.0297 (17) —0.0026 (12) 0.0126 (13) —0.0041 (13)
C12 0.0197 (16) 0.0216 (16) 0.0267 (17) 0.0017 (12) 0.0102 (14) 0.0008 (13)
C13 0.0192 (15) 0.0171 (14) 0.0195 (15) —0.0008 (12) 0.0075 (12) 0.0008 (12)
Cl4 0.0131 (13) 0.0203 (15) 0.0160 (14) —0.0038 (11) 0.0049 (11) —0.0013 (11)
Cl15 0.0135 (13) 0.0175 (14) 0.0181 (14) —0.0033 (11) 0.0062 (11) —0.0021 (11)
Cl6 0.0103 (13) 0.0174 (15) 0.0141 (14) —0.0013 (10) 0.0033 (11) 0.0020 (11)
C17 0.0165 (14) 0.0208 (15) 0.0161 (14) 0.0029 (12) 0.0070 (12) —0.0001 (12)
C18 0.0192 (15) 0.0276 (17) 0.0241 (16) 0.0007 (13) 0.0144 (13) —0.0018 (13)
C19 0.0165 (15) 0.0296 (18) 0.0197 (16) —0.0009 (13) 0.0076 (13) —0.0011 (13)
C20 0.0162 (15) 0.0232 (16) 0.0212 (15) —0.0008 (12) 0.0090 (13) —0.0035 (12)
C21 0.0117 (13) 0.0175 (14) 0.0146 (13) —0.0003 (11) 0.0032 (11) 0.0000 (11)
C22 0.0131 (13) 0.0134 (13) 0.0136 (13) —0.0018 (11) 0.0039 (11) —0.0004 (11)
C23 0.0140 (14) 0.0173 (14) 0.0198 (15) 0.0017 (11) 0.0047 (12) 0.0000 (12)
C24 0.0160 (15) 0.0248 (16) 0.0251 (16) 0.0042 (12) 0.0065 (13) —0.0014 (13)
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C25 0.0222 (17) 0.0268 (17) 0.0265 (17) 0.0042 (13) 0.0110 (14) —0.0050 (14)
C26 0.0246 (17) 0.0294 (18) 0.0215 (16) —0.0027 (14) 0.0091 (14) —0.0106 (14)
C27 0.0183 (15) 0.0295 (17) 0.0188 (15) —0.0011 (13) 0.0069 (13) —0.0029 (13)
C28 0.0159 (14) 0.0204 (15) 0.0153 (14) —0.0003 (11) 0.0047 (12) —0.0021 (11)
C29 0.0168 (14) 0.0175 (14) 0.0160 (14) 0.0008 (11) 0.0084 (12) 0.0013 (11)
C30 0.0201 (15) 0.0201 (15) 0.0203 (15) 0.0026 (12) 0.0101 (13) —0.0009 (12)
C31 0.0171 (14) 0.0179 (14) 0.0182 (14) —0.0007 (11) 0.0089 (12) 0.0017 (12)
C32 0.0194 (15) 0.0191 (15) 0.0213 (15) —0.0004 (12) 0.0124 (13) 0.0015 (12)
C33 0.0203 (15) 0.0168 (14) 0.0172 (14) 0.0029 (12) 0.0102 (12) 0.0008 (11)
C34 0.0151 (14) 0.0146 (13) 0.0147 (13) 0.0005 (11) 0.0072 (11) —0.0001 (11)
C35 0.0157 (14) 0.0151 (14) 0.0127 (13) 0.0024 (11) 0.0045 (11) 0.0017 (11)
C36 0.0141 (14) 0.0185 (14) 0.0130 (13) 0.0002 (11) 0.0037 (11) 0.0002 (11)
C37 0.0143 (14) 0.0170 (14) 0.0143 (13) 0.0012 (11) 0.0046 (11) 0.0010 (11)
C38 0.0177 (15) 0.0196 (14) 0.0195 (15) —0.0033 (12) 0.0068 (13) 0.0007 (12)
C39 0.0171 (15) 0.0249 (17) 0.0242 (16) 0.0000 (13) 0.0095 (13) 0.0081 (13)
C40 0.0173 (15) 0.0220 (16) 0.0203 (15) —0.0022 (12) 0.0082 (13) 0.0041 (12)
C41 0.0124 (14) 0.0154 (13) 0.0117 (13) 0.0014 (11) 0.0027 (11) 0.0014 (11)
C42 0.0124 (13) 0.0142 (13) 0.0099 (12) 0.0028 (10) 0.0023 (11) 0.0022 (10)
C43 0.0202 (15) 0.0167 (14) 0.0162 (14) 0.0015 (12) 0.0091 (12) 0.0014 (11)
C44 0.0196 (15) 0.0189 (15) 0.0157 (14) 0.0050 (12) 0.0081 (12) 0.0016 (11)
C45 0.0215 (16) 0.0236 (16) 0.0263 (17) 0.0042 (13) 0.0108 (14) 0.0082 (13)
C46 0.0240 (17) 0.0277 (17) 0.0234 (16) 0.0049 (14) 0.0105 (14) 0.0084 (14)
C47 0.0273 (18) 0.0261 (17) 0.0180 (15) 0.0060 (14) 0.0056 (14) 0.0036 (13)
C48 0.0177 (16) 0.0293 (18) 0.0279 (18) —0.0004 (14) 0.0020 (14) 0.0047 (15)
C49 0.0217 (16) 0.0208 (16) 0.0243 (16) 0.0002 (13) 0.0062 (14) 0.0047 (13)
Pl 0.0199 (4) 0.0197 (4) 0.0203 (4) —0.0003 (3) 0.0099 (3) —0.0011 (3)
Fl1 0.0672 (17) 0.0390 (13) 0.0444 (14) —0.0122 (12) 0.0433 (14) —0.0067 (11)
F2 0.0216 (10) 0.0284 (11) 0.0422 (12) —0.0034 (8) 0.0119 (9) —0.0080 (9)
F3 0.0401 (13) 0.0451 (13) 0.0316 (11) —0.0054 (10) 0.0243 (10) —0.0069 (10)
F4 0.0262 (11) 0.0322 (12) 0.0299 (11) —0.0052 (9) 0.0050 (9) —0.0044 (9)
F5 0.0329 (12) 0.0246 (11) 0.0421 (13) 0.0048 (9) 0.0087 (10) 0.0037 (9)
F6 0.0283 (12) 0.0234 (11) 0.0429 (13) 0.0029 (8) 0.0123 (10) 0.0012 (9)
Ol 0.0318 (14) 0.0317 (14) 0.0290 (13) —0.0014 (11) 0.0171 (11) 0.0015 (11)
C50 0.037 (2) 0.051 (3) 0.0280 (19) —0.0005 (19) 0.0174 (17) —0.0025 (18)
Geometric parameters (4, )

Ir1—N1 2.054 (2) C22—C29 1.430 (4)
Ir1—N2 2.048 (3) C23—H23 0.9500

Ir1—N3 2.146 (2) C23—C24 1.357 (5)
Ir1—N4 2.155(3) C24—H24 0.9500

Ir1—C1 2.006 (3) C24—C30 1.410 (4)
Ir1—C16 2.018 (3) C25—H25 0.9500

N1—C7 1.353 (4) C25—C26 1.368 (5)
N1—C8 1.364 (4) C25—C30 1.415 (5)
N2—C22 1.355 (4) C26—H26 0.9500

N2—C23 1.364 (4) C26—C27 1.404 (5)
N3—C31 1.333 (4) C27—H27 0.9500
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N3—C42
N4—C40
N4—C41
N5—C35
N5—C43
N6—Ho6
N6—C36
N6—C43
Cl—C2
C1—Co
C2—H2
C2—C3
C3—H3
C3—C4
C4—H4
C4—C5
C5—HS5
C5—Co
Co—C7
C7—Cl14
C8—HS&
Cc8—C9
C9—H9
C9—CI15
C10—HI10
C10—C11
C10—C15
Cl11—H11
Cl11—C12
Cl12—H]12
C12—C13
C13—HI13
C13—Cl14
C14—C15
Cl16—C17
Cl6—C21
C17—H17
C17—C18
C18—HI18
C18—C19
C19—H19
C19—C20
C20—H20
C20—C21
C21—C22

N1—Ir1—N3
N1—Ir1—N4

1.365 (4)
1.333 (4)
1.364 (4)
1.373 (4)
1.328 (4)
0.85 (5)
1.382 (4)
1.376 (4)
1.397 (4)
1.419 (4)
0.9500
1.389 (4)
0.9500
1.389 (5)
0.9500
1.385 (5)
0.9500
1.399 (4)
1.477 (4)
1.429 (4)
0.9500
1.368 (4)
0.9500
1.412 (4)
0.9500
1.367 (5)
1.417 (4)
0.9500
1.409 (5)
0.9500
1.375 (5)
0.9500
1.422 (4)
1.429 (4)
1.392 (4)
1.416 (4)
0.9500
1.392 (4)
0.9500
1.386 (5)
0.9500
1.392 (5)
0.9500
1.409 (4)
1.470 (4)

98.87 (10)
91.43 (10)

C27—C28
C28—H28
C28—C29
C29—C30
C31—H31
C31—C32
C32—H32
C32—C33
C33—H33
C33—C34
C34—C35
C34—C42
C35—C36
C36—C37
C37—C38
C37—C41
C38—H38
C38—C39
C39—H39
C39—C40
C40—H40
C41—C42
C43—C44
C44—C45
C44—C49
C45—H45
C45—C46
C46—H46
C46—C47
C47—H47
C47—C48
C48—H48
C48—C49
C49—H49
P1—F1
P1—F2
P1—F3
P1—F4
P1—F5
P1—F6
Ol—H1
01—C50
C50—HS0A
C50—H50B
C50—Hs50C

C23—C24—H24
C23—C24—C30

1.370 (5)
0.9500
1.416 (4)
1.417 (4)
0.9500
1.404 (4)
0.9500
1.369 (4)
0.9500
1.404 (4)
1.434 (4)
1.414 (4)
1.382 (4)
1.425 (4)
1.404 (4)
1.416 (4)
0.9500
1.378 (5)
0.9500
1.402 (4)
0.9500
1.445 (4)
1.467 (4)
1.400 (5)
1.389 (5)
0.9500
1.387 (5)
0.9500
1.384 (5)
0.9500
1.392 (5)
0.9500
1.381 (5)
0.9500
1.619 (2)
1.620 (2)
1.578 (2)
1.592 (2)
1.596 (2)
1.597 (2)
0.93 (7)
1.419 (5)
0.9800
0.9800
0.9800

120.2
119.6 (3)
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N2—Ir1—NI1
N2—Ir1—N3
N2—Ir1—N4
N3—Irl1—N4
Cl—Ir1—N1
Cl—Ir1—N2
Cl1—Ir1—N3
Cl—Ir1—N4
Cl—Ir1—C16
Cl6—Ir1—NI1
Cl6—Ir1—N2
Cl16—Ir1—N3
Cl6—Ir1—N4
C7—N1—Irl
C7—N1—C8
C8—N1—Irl
C22—N2—Irl
C22—N2—C23
C23—N2—Irl
C31—N3—Irl
C31—N3—C42
C42—N3—Irl
C40—N4—Irl
C40—N4—C41
C41—N4—Irl
C43—N5—C35
C36—N6—H6
C43—N6—H6
C43—N6—C36
C2—Cl1—Irl
C2—C1—C6
C6—Cl—Irl
C1—C2—H2
C3—C2—C1
C3—C2—H2
C2—C3—H3
C4—C3—C2
C4—C3—H3
C3—C4—H4
C5—C4—C3
C5—C4—H4
C4—C5—H5
C4—C5—C6
C6—C5—HS5
C1—C6—C7
C5—C6—Cl1
C5—C6—C7
N1—C7—C6

168.36 (10)
89.77 (9)
98.16 (10)
76.90 (10)
79.73 (11)
92.61 (11)
173.03 (11)
96.27 (11)
88.89 (12)
91.39 (11)
79.62 (11)
97.98 (11)
174.49 (11)
115.4 (2)
121.3 3)
122.4 (2)
116.2 (2)
120.3 (3)
122.9 (2)
1263 (2)
118.7 (3)
114.84 (19)
125.9 (2)
119.4 (3)
114.7 (2)
105.2 (3)
126 (3)
127 3)
107.0 (3)
126.4 (2)
118.3 (3)
114.9 (2)
119.6
120.8 (3)
119.6
119.9
120.3 (3)
119.9
119.8
120.4 (3)
119.8
120.1
119.7 (3)
120.1
113.9 (3)
120.4 (3)
125.5 (3)
112.9 (3)

C30—C24—H24
C26—C25—H25
C26—C25—C30
C30—C25—H25
C25—C26—H26
C25—C26—C27
C27—C26—H26
C26—C27—H27
C28—C27—C26
C28—C27—H27
C27—C28—H28
C27—C28—C29
C29—C28—H28
C28—C29—C22
C28—C29—C30
C30—C29—C22
C24—C30—C25
C24—C30—C29
C25—C30—C29
N3—C31—H31

N3—C31—C32

C32—C31—H31
C31—C32—H32
C33—C32—C31
C33—C32—H32
C32—C33—H33
C32—C33—C34
C34—C33—H33
C33—C34—C35
C33—C34—C42
C42—C34—C35
N5—C35—C34

N5—C35—C36

C36—C35—C34
N6—C36—C37

C35—C36—N6

C35—C36—C37
C38—C37—C36
C38—C37—C41
C41—C37—C36
C37—C38—H38
C39—C38—C37
C39—C38—H38
C38—C39—H39
C38—C39—C40
C40—C39—H39
N4—C40—C39

N4—C40—H40

120.2
119.9
120.2 (3)
119.9
120.2
119.6 (3)
120.2
119.3
121.3 3)
119.3
119.8
120.3 (3)
119.8
123.8 (3)
117.9 3)
118.3 (3)
121.2 (3)
118.6 (3)
120.1 (3)
118.8
122.4 (3)
118.8
120.3
119.5 (3)
120.3
120.1
119.7 (3)
120.1
125.9 (3)
117.7 3)
116.4 (3)
127.4 (3)
111.0 3)
121.7 (3)
1312 (3)
105.2 (3)
123.6 (3)
126.4 (3)
118.2 (3)
115.3 3)
120.5
119.0 (3)
120.5
120.0
120.0 (3)
120.0
121.9 (3)
119.0
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N1—C7—Cl14
C14—C7—C6
N1—C8—HS
N1—C8—C9
C9—C8—HS
C8—C9—H9
C8—C9—C15
C15—C9—H9
C11—C10—H10
C11—C10—C15
C15—C10—H10
C10—Cl11—H11
C10—C11—C12
C12—Cl11—H11
Cl11—C12—H12
C13—C12—C11
C13—C12—H]12
C12—C13—H13
C12—C13—C14
C14—C13—H13
C7—C14—C15
C13—C14—C7
C13—C14—C15
C9—C15—C10
C9—C15—C14
C10—C15—C14
C17—Cl6—Ir1
C17—C16—C21
C21—Cl6—Ir1
Cl6—C17—H17
C18—C17—C16
C18—C17—H17
C17—C18—H18
C19—C18—C17
C19—C18—H18
C18—C19—H19
C18—C19—C20
C20—C19—H19
C19—C20—H20
C19—C20—C21
C21—C20—H20
Cl6—C21—C22
C20—C21—C16
C20—C21—C22
N2—C22—C21
N2—C22—C29
C29—C22—C21
N2—C23—H23

119.5 (3)
127.6 (3)
119.1
121.8 (3)
119.1
120.4
119.2 (3)
120.4
119.5
121.1 3)
119.5
120.2
119.6 (3)
120.2
119.5
121.0 (3)
119.5
119.6
120.8 (3)
119.6
118.2 (3)
123.9 (3)
117.8 (3)
121.5 (3)
119.0 (3)
119.5 (3)
127.0 (2)
118.4 (3)
114.5 (2)
119.4
121.2 3)
119.4
119.9
120.2 (3)
119.9
119.9
120.1 (3)
119.9
120.1
119.7 (3)
120.1
114.8 (3)
120.1 (3)
124.9 (3)
112.9 (3)
119.8 (3)
127.3 3)
118.8

C39—C40—H40
N4—C41—C37
N4—C41—C42
C37—C41—C42
N3—C42—C34
N3—C42—C41
C34—C42—C41
N5—C43—N6
N5—C43—C44
N6—C43—C44
C45—C44—C43
C49—C44—C43
C49—C44—C45
C44—C45—H45
C46—C45—C44
C46—C45—H45
C45—C46—H46
C47—C46—C45
C47—C46—H46
C46—C47—H47
C46—C47—C48
C48—C47—H47
C47—C48—H48
C49—C48—C47
C49—C48—H48
C44—C49—H49
C48—C49—C44
C48—C49—H49
F1—P1—F2
F3—P1—F1
F3—P1—F2
F3—P1—F4
F3—P1—F5
F3—P1—F6
F4—P1—F1
F4—P1—F2
F4—P1—F5
F4—P1—F6
F5—P1—F1
F5—P1—F2
F5—P1—F6
F6—P1—F1
F6—P1—F2
C50—01—H1
01—C50—HS0A
01—C50—HS50B
01—C50—HS0C
H50A—C50—H50B

119.1
121.5 (3)
116.7 3)
121.8 (3)
122.0 (3)
116.8 (2)
121.1 3)
111.6 (3)
124.1 (3)
124.3 (3)
118.7 (3)
122.3 (3)
119.0 (3)
119.9
120.2 (3)
119.9
119.7
120.6 (3)
119.7
120.5
119.1 (3)
120.5
119.6
120.8 (3)
119.6
119.8
120.4 (3)
119.8
87.82 (13)
178.04 (15)
90.34 (13)
91.62 (13)
90.58 (14)
90.54 (14)
90.22 (14)
178.01 (14)
90.55 (12)
90.48 (12)
90.08 (14)
89.12 (12)
178.46 (14)
88.77 (14)
89.82 (12)
104 (4)
109.5
109.5
109.5
109.5
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C24—C23—N2 122.4 (3) H50A—C50—H50C 109.5
C24—C23—H23 118.8 H50B—C50—HS50C 109.5
Ir1—N1—C7—C6 —20.0 (3) C18—C19—C20—C21 -2.6 (5)
Ir1—N1—C7—C14 158.0 (2) C19—C20—C21—C16 4.9 (5)
Ir1—N1—C8—C9 —164.0 (2) C19—C20—C21—C22 179.0 (3)
Ir1—N2—C22—C21 -15.8 (3) C20—C21—C22—N2 -163.2 (3)
Ir1—N2—C22—C29 164.1 (2) C20—C21—C22—C29 17.0 (5)
Ir1—N2—C23—C24 —172.4 (3) C21—C16—C17—C18 0.6 (5)
Ir1—N3—C31—C32 175.0 (2) C21—C22—C29—C28 14.6 (5)
Ir1—N3—C42—C34 -176.5 (2) C21—C22—C29—C30 —168.3 (3)
Ir1—N3—C42—C41 3.50) C22—N2—C23—C24 -1.2(5)
Ir1—N4—C40—C39 177.3 (3) C22—C29—C30—C24 -7.4(5)
Ir1—N4—C41—C37 -179.5 (2) C22—C29—C30—C25 174.3 (3)
Ir1—N4—C41—C42 1.6 (3) C23—N2—C22—C21 172.4 (3)
Ir1—C1—C2—C3 -172.2 (2) C23—N2—C22—C29 -7.8 (4)
Ir1—C1—C6—C5 171.1 (2) C23—C24—C30—C25 177.1 (3)
Ir1—C1—C6—C7 -3.7(3) C23—C24—C30—C29 -1.1(5)
Ir1—C16—C17—C18 —176.0 (2) C25—C26—C27—C28 —5.8 (6)
Ir1—C16—C21—C20 173.2 (2) C26—C25—C30—C24 —174.4 (4)
Ir1—C16—C21—C22 -1.5(3) C26—C25—C30—C29 3.8(5)
N1—C7—C14—C13 —166.2 (3) C26—C27—C28—C29 0.9 (5)
N1—C7—C14—C15 9.2 (4) C27—C28—C29—C22 —176.8 (3)
N1—C8—C9—C15 4.3 (%) C27—C28—C29—C30 6.1(5)
N2—C22—C29—C28 —165.2 (3) C28—C29—C30—C24 169.9 (3)
N2—C22—C29—C30 12.0 (4) C28—C29—C30—C25 -8.4(5)
N2—C23—C24—C30 5.7(5) C30—C25—C26—C27 3.4 (6)
N3—C31—C32—C33 1.2 (5) C31—N3—C42—C34 -0.4 (4)
N4—C41—C42—N3 -344) C31—N3—C42—C41 179.5 (3)
N4—C41—C42—C34 176.5 (3) C31—C32—C33—C34 -0.8 (5)
N5—C35—C36—N6 0303) C32—C33—C34—C35 —179.4 (3)
N5—C35—C36—C37 179.0 (3) C32—C33—C34—CA42 -0.2 (4)
N5—C43—C44—C45 11.6 (5) C33—C34—C35—N5 1.1 (%)
N5—C43—C44—C49 -167.0 (3) C33—C34—C35—C36 —179.5 (3)
N6—C36—C37—C38 —2.0 (6) C33—C34—C42—N3 0.8 (4)
N6—C36—C37—C41 176.7 (3) C33—C34—C42—C41 —179.2 (3)
N6—C43—C44—C45 —169.9 (3) C34—C35—C36—N6 —179.2 (3)
N6—C43—C44—C49 11.4 (5) C34—C35—C36—C37 -0.5(5)
C1—C2—C3—C4 0.5(5) C35—N5—C43—N6 0.8 (3)
C1—C6—C7—NI1 15.4 (4) C35—N5—C43—C44 179.5 (3)
C1—C6—C7—Cl14 -162.3 (3) C35—C34—C42—N3 —179.9 (3)
C2—C1—C6—C5 -334) C35—C34—C42—C41 0.2 (4)
C2—C1—C6—C7 —178.0 (3) C35—C36—C37—C38 179.7 (3)
C2—C3—C4—C5 -0.7 (5) C35—C36—C37—C41 -1.6 (4)
C3—C4—C5—C6 -1.2 (%) C36—N6—C43—N5 —-0.7 (4)
C4—C5—C6—C1 3.1(5 C36—N6—C43—C44 -179.3 (3)
C4—C5—C6—C7 177.3 (3) C36—C37—C38—C39 175.9 (3)
C5—C6—C7—NI1 —159.0 (3) C36—C37—C41—N4 -175.9 (3)
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C5—C6—C7—Cl14 23.2(5) C36—C37—C41—C42 3.0(4)
C6—C1—C2—C3 1.5(4) C37—C38—C39—C40 0.9 (5)
C6—C7—C14—C13 11.4 (5) C37—C41—C42—N3 177.7 (3)
C6—C7—C14—C15 -173.2 (3) C37—C41—C42—C34 -2.3(5)
C7—N1—C8—C9 4.7 (5) C38—C37—C41—N4 3.0(5
C7—C14—C15—C9 —-0.6 (4) C38—C37—C41—C42 -178.2 (3)
C7—C14—C15—C10 —179.6 (3) C38—C39—C40—N4 1.1 (5)
C8—NI1—C7—C6 170.6 (3) C40—N4—C41—C37 -1.1(5)
C8—N1—C7—Cl14 -11.4 (4) C40—N4—C41—C42 -179.9 (3)
C8—C9—C15—C10 173.0 (3) C41—N4—C40—C39 -1.0 (5)
C8—C9—C15—C14 —6.0 (4) C41—C37—C38—C39 -2.8(5)
C10—C11—C12—C13 -3.7(5) C42—N3—C31—C32 —0.6 (4)
C11—C10—C15—C9 -175.6 (3) C42—C34—C35—N5 —178.1 (3)
Cl11—C10—C15—C14 3.4 (5 C42—C34—C35—C36 1.2 (4)
Cl1—C12—C13—C14 3.1(5) C43—N5—C35—C34 178.7 (3)
C12—C13—C14—C7 176.1 (3) C43—N5—C35—C36 -0.7 (3)
C12—C13—C14—C15 0.7 (5) C43—N6—C36—C35 0.3(3)
C13—C14—C15—C9 175.1 (3) C43—N6—C36—C37 —178.3 (3)
C13—C14—C15—C10 -3.94) C43—C44—C45—C46 —176.4 (3)
C15—C10—C11—C12 0.4 (5) C43—C44—C49—C48 177.0 (3)
Cl16—C17—C18—C19 1.7 (5) C44—C45—C46—C47 -1.4(5)
Cl16—C21—C22—N2 11.2 (4) C45—C44—C49—C48 -1.7 (5)
Cl16—C21—C22—C29 —168.6 (3) C45—C46—C47—C48 —0.1 (6)
C17—C16—C21—C20 -3.9(5) C46—C47—C48—C49 0.7 (6)
C17—C16—C21—C22 —178.6 (3) C47—C48—C49—C44 0.2 (6)
C17—C18—C19—C20 -0.7 (5) C49—C44—C45—C46 2.3(5)
Hydrogen-bond geometry (4, )

N6—H6-F1 2.28 (5) 3.110 (4) 166 (4)
N6—H6-F2 2.57 (4) 3.249 (4) 139 (4)
O1—H1-N5 1.92 (7) 2.849 (4) 175 (6)
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