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FT-IR and NMR spectra of isocyanide-arene complexes

Figure S1. Solid-state FT-IR spectrum (650-4000 cm™) of [RuCl2(CNXyl)(n®-p-cymene)], 1a.
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Figure S2. Solvent-subtracted FT-IR spectra (1300-2700 cm™) of 1a (black line) and xylyl isocyanide
(red dashed line) in CHClo.
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Figure S3. *H NMR spectrum (400 MHz, CDCls) of 1a.
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Figure S4. 3C{*H} NMR spectrum (100 MHz, CDClIs) of 1a.
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Figure S5. Solid-state FT-IR spectrum (650-4000 cm™) of [RuCI2{CN(2-naphthyl)}(n®-p-cymene)],
1b.
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Figure S6. Solvent-subtracted FT-IR spectra (1400-2700 cm™) of 1b (black line) and 2-naphthyl

isocyanide (red dashed line) in CH2Clo.
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Figure S7. *H NMR spectrum (400 MHz, CDCls) of 1b.
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Figure S8. 3C{*H} NMR spectrum (100 MHz, CDClIs) of 1b.
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Figure S9. Solid-state FT-IR spectrum (650-4000 cm™) of [RuCl2(CNBn)(n®-p-cymene)], 1c.
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Figure S10. Solvent-subtracted FT-IR spectra (1300-2700 cm™) of 1c (black line) and benzyl

isocyanide (red dashed line) in CH2Clo.
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Figure S11. *H NMR spectrum (400 MHz, CDCls) of 1c.
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Figure S12. BC{*H} NMR spectrum (100 MHz, CDCls) of 1c.
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Figure S13. Solid-state FT-IR spectrum (650-4000 cm™) of [RuCl2(CNCy)(n®-p-cymene)], 1d.
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Figure S14. Solvent-subtracted FT-IR spectra (1300-2700 cm™) of 1d (black line) and cyclohexyl
isocyanide (red dashed line) in CH2Clo.
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Figure S15. *H NMR spectrum (400 MHz, CDCls) of 1d.
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Figure S16. *C{*H} NMR spectrum (100 MHz, CDClIs) of 1d.
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Figure S17. Solid-state FT-IR spectrum (650-4000 cm™) of [RuCl2(CN'Bu)(n®-p-cymene)], 1e.
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Figure S18. Solvent-subtracted FT-IR spectra (1300-2700 cm™) of 1e (black line) and tert-butyl
isocyanide (red dashed line) in CH2Clo.
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Figure S19. *H NMR spectrum (400 MHz, CDCls) of 1e.

m
[*)
8
&
)
aee RU
chi \C
cl ~N )<
(d) d)
5.39 zo0
1(6.02) I(4.94)
(d) (hept) ) | s)
e =l (e
$ 9 § 9 S 9
NN bl tn - . -]
715 710 6:5 6:0 515 5.0 4:5 4:0 315 3:0 2:5 ?_IO 1:5 1:0 0:5 0:0
ppm
Figure S20. 3C{*H} NMR spectrum (100 MHz, CDClIs) of 1e.
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Figure S21. Solid-state FT-IR spectrum (650-4000 cm™) of [Rul2(CN'Bu)(m®-p-cymene)], 1f.
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Figure S22. Solvent-subtracted FT-IR spectra (1300-2700 cm™) of 1f in CH2Cl..
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Figure S23. *H NMR spectrum (400 MHz, CDCls) of 1f.
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Figure S24. 3C{*H} NMR spectrum (100 MHz, CDClIs) of 1f.
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Symmetry and isomerism for [RuCl2(CNXyl)(DMSO)s]

Chart S1. Symmetry properties, inequivalent methyl groups (a-d) for trans,mer, cis,mer and fac
isomers of [RuUCl2(CNXyl)(DMSO)s], 2a. Dashed red lines indicate NOEs expected from irradiation
of the 'H NMR CHs resonance of the xylyl group.
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FT-IR and NMR spectra of isocyanide-DMSO complexes

Figure S25. Solid-state FT-IR spectrum (650-4000 cmY) cis,mer-[RuClz(CNXyl)(kS-DMSO0)s], 2a.
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Figure S26. Solvent-subtracted FT-IR spectra (1300-2700 cm™?) of 1a (black line), 2a (blue line) and
xylyl isocyanide (red dashed line) in CH2Clo.
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Figure S27. *H NMR spectrum (400 MHz, acetone-ds) of 2a.
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Figure S28. 3C{*H} NMR spectrum (100 MHz, acetone-ds) of 2a.
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Figure S29. Black line: *H NMR spectrum (401 MHz, CDCls) of 2a. Blue line: *H NOESY with

irradiation at 3.53 ppm (SCHs-a). Violet line: *H NOESY with irradiation at 3.45 ppm (SCHs-b). Red

line: *H NOESY with irradiation at 3.37 ppm (SCHas-c). Green line: *H NOESY with irradiation at

2.56 ppm (C-CHs). Observed NOEs are indicated by the arrows; dashed lines represent weaker NOE

effects.

A
. o
I\ |
S AN
3.6 3.5 3.4 3.3 3.2 3.1 3.0 2.9 2.8 2.7 2.6 2.5 2.4
ppm

S17

",



Figure S30. Solid-state FT-IR spectrum (650-4000 cm™) of cis,mer-[RuCIl2{CN(2-naphthyl)} (xS-

DMSO)3], 2b.
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Figure S31. Solvent-subtracted FT-IR spectra (1300-2700 cm™) of 1b (black line), 2b (blue line) and

2-naphthyl isocyanide (red dashed line) in CH2Cl..
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Figure S32. *H NMR spectrum (400 MHz, acetone-ds) of 2b.
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Figure S33. 3C{*H} NMR spectrum (100 MHz, acetone-ds) of 2D.
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Figure S34. Black line: *H NMR spectrum (401 MHz, acetone-ds) of 2b. Blue line: *H NOESY with

irradiation at 3.53 ppm (SCHs-a). Red line: *H NOESY with irradiation at 3.37 ppm (SCHs-c).

Observed NOEs are indicated by the arrows; dashed lines represent weaker NOE effects. The NOE

effect between SCHz-a and SCHzs-b is probably weakened by co-irradiation.
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Figure S35. Solid-state FT-IR spectrum (650-4000 cm™) of cis,mer-[RuClz2(CNBn)(xS-DMSO)3],

2cC.

100
98
96
94

Transmittance [%]
~
&

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumbers [cm ]

Figure S36. Solvent-subtracted FT-IR spectra (1300-2700 cm™) of 1c (black line), 2¢ (blue line) and

benzyl isocyanide (red dashed line) in CH2Clo.
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Figure S37. *H NMR spectrum (400 MHz, acetone-ds) of 2c.
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Figure S38. 3C{*H} NMR spectrum (100 MHz, acetone-ds) of 2c.
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Figure S39. Black line: *H NMR spectrum (401 MHz, acetone-ds) of 2c. Green line: *H NOESY with
irradiation at 5.33 ppm (CHy). Red line: *H NOESY with irradiation at 3.27 ppm (SCHs-c). Observed

NOEs are indicated by the arrows; dashed lines indicate weaker NOE effects.
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Figure S40. Solid-state FT-IR spectrum (650-4000 cm™) of cis,mer-[RuClz(CNCy)(xS-DMSO)3],

2d.
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Figure S41. Solvent-subtracted FT-IR spectra (1300-2700 cm™) of 1d (black line), 2d (blue line) and

cyclohexyl isocyanide (red dashed line) in CH2Clo.
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Figure S42. *H NMR spectrum (400 MHz, acetone-ds) of 2d.
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Figure S43. 3C{*H} NMR spectrum (100 MHz, acetone-ds) of 2d.
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Figure S44. Black line: *H NMR spectrum (401 MHz, acetone-ds) of 2d. Blue line: *H NOESY with
irradiation at 3.40 ppm (SCHs-a). Red line: *H NOESY with irradiation at 3.31 ppm (SCHs-c).
Observed NOEs are indicated by the arrows; dashed lines reresent weaker NOE effects. The NOE

effect between SCHz-b and SCHa-c is probably weakened by co-irradiation.
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Figure S45. Solid-state FT-IR spectrum (650-4000 cm™) of cis,mer-[RuClz(CN'Bu)(xS-DMS0)3],

2e in mixture with a byproduct of general formula {Ru(CN'Bu),(DMSO),}, 3e.
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Figure S46. Solvent-subtracted FT-IR spectra (1300-2700 cm™) of 1e (black line), 2e (blue line; +

3e by-product) and tert-butyl isocyanide (red dashed line) in CH.Cl..
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Figure S47. *H NMR spectrum (400 MHz, acetone-ds) of 2e. Signals due to the 3e by-product are

marked with asterisk (*).
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Stability of isocyanide-DMSO complexes in solution

Solutions of 2a-e in acetone-ds or CDCl3 were maintained at room temperature and analyzed by NMR
(*H and *H-*C HMBC). A variable amount of DMSO (CDCI3z >> acetone-dg), presumably released
from 2a-e, and related signals ascribed to unidentified isocyanide-DMSO complexes, were detected
in the freshly-prepared solutions. The % amount of the {RuU(CNR)(DMSO)n} species was estimated
by the relative integral of 2a-d or 2e+3e with respect to the total Ru-DMSO resonances and is given
in the following. CDCls: 2a, 18-20 %; 2b, 21 %; 2c, 28 %; 2d, 22 %; 2e+3e, 15 %. Acetone-de: 2a, 8
%; 2b, 5 %; 2c, 4 %; 2d, 5 %; 2e+3e, 6 %. A modest increase in the amount of free DMSO was
observed for 2a and 2d in the *H NMR spectra (acetone-ds) after 24 h at room temperature, while
minimal changes occurred for 2b and 2d in the same conditions. A comparative view of the *H NMR
spectra of freshly-prepared solutions of 2a-d in CDClIz or acetone-ds is given in Figures S48-S49.

DMSO.*H NMR: §/ppm = 2.60 (CDCls); 2.54 (DMSO-ds); 2.52 (acetone-ds). 3C {1H} NMR: &/ppm

=41.1 (CDCls); 41.3 (acetone-ds).
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Figure S48. Comparative *H NMR spectra (400 MHz) of freshly-prepared solutions of 2a (top) or

2b (bottom) in acetone-ds (blue line) or in CDCls (red line).
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Figure S49. Comparative *H NMR spectra (400 MHz) of freshly-prepared solutions of 2c (top) or 2d

(bottom) in acetone-ds (blue line) or in CDClIs (red line).
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Table S1. Comparison of selected FT-IR and NMR data for [RuCI2(CNR)(n®-p-cymene)] (1a-e),
[Rul2(CN'Bu)(n®-p-cymene)] (1f), cis,mer-[RuClo(CNR)(xS-DMSO)s] (2a-d) and the respective

isocyanide ligand (CNR).

Isocyanide IR (CH2Cl>) BBC NMR
substituent R v(CN) / cm™ (4v / cm™1)El 3(CN) / ppm (46 / ppm)[alb]
Compound CNR 1 2 CNR 1 2
2162 2131 151.7 159.0
Xylyl a 2123 167.6
(+39) (+8) (—15.9) (-8.6)
2160 [ 2133 [ 149.5 158.6
2-naphthyl b 2127 164.3 [
(+33) (+6) (—14.8) (-5.7)
2200 2168 141.3 148.6
benzyl c 2155 157.7 U
(+45) (+13) (—16.4) (-9.1)
2194 2165 138.7 146.4
cyclohexyl d 2144 154.0
(+50) (+21) (—15.3) (~7.6)
e 2186 2154 137.9
+47 +15 —14.7
tert-butyl 2139 (+47) (+15) 152.6 [ ( )
f 2169 135.8
(+30) (—16.8)

[a] Coordination-induced shift (Ru-CNR vs CNR). [b] In CDCls for isocyanides and 1a-f; in acetone-

ds for 2a-e. [c] Only the main IR band is reported. [d] Taken from the literature.l?3
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Study of the p-cymene/DMSO exchange in toluene-ds.
Table S2. Monitoring of the reaction of [RuCl2(CNXyl)(n5-p-cymene)] (1a) and DMSO in toluene-

ds.

Compounds detected in
solution (*H NMR)
1a (traces), 2a, 2a%, p-cymene
2a/ 2a* ratio = 0.61
(2a+2aX) / p-cymene ratio = 0.96

Temperature, time Reaction mixture

Orange solid (1a)

roomT, 21 h .
+ pale yellow solution

1a, 1a%, 2a, 2a%, 3a, p-cymene

la/ 1a*/2a/2a*/ 3aratio =
+60°C,1h Yellow-orange solution 6:7:62:18:7

(2a+2a*+3a) / p-cymene ratio =
0.97
1a%, 2a, 3a p-cymene
+60°C, 15h Yellow solution 1aX/2a/ 3aratio = 5:82:13
(2a+3a) / p-cymene ratio = 1.0

DMSO. *H NMR (toluene-ds): 8/ppm = 1.74 (s). *C{*H} NMR (toluene-ds): &/ppm = 40.2.
p-cymene. *H NMR (toluene-ds): 8/ppm = 6.99 (s-br), 6.97* (s-br) (CsHa); 2.70 (hept, 3Jnn = 6.9 Hz,
1H, CHMe), 2.14 (s, 3H, CMe), 1.14 (d, *Jun = 6.9 Hz, 6H, CHMe;); *hidden by toluene-ds.

1a. *H NMR (toluene-ds): 8/ppm = 5.17 (d, 3Jun = 5.8 Hz, 2H), 4.96 (d, 3Jun = 5.8 Hz, 2H) (CsHa);
2.30 (s, 6H, CY'CHa); 2.04 (s, 3H, CsHaCHa); 1.04 (d, 3Jun = 6.8 Hz, 6H, CHMe,).

1aX (unknown n®-cymene complex). *H NMR (toluene-ds): 8/ppm = 5.07 (d, 3Jun = 5.8 Hz, 2H), 4.88
(d, 3Jun = 5.8 Hz, 2H) (CeH4); 1.05 (d, 3Jnn = 6.9 Hz, 3H, CHMey).

2a. 'H NMR (toluene-ds): 8/ppm = 6.79-6.74 (m, 1H), 6.67 (d, 3Jun = 7.6 Hz, 2H) (CsHs); 3.20 (s,
12H, DMSO0), 2.98 (s, 6H) (SCH3); 2.38 (s, 6H, CCHs). BC{*H} NMR (toluene-ds): 8/ppm = 47.3,
45.6, 42.9 (SCHj).

2a* (unknown DMSO complex). *H NMR (toluene-ds): 8/ppm = 3.07 (s, 6H), 3.05 (s, 12H) (SCHs);
2.36 (s, 6H, CCHs3). °C NMR (toluene-ds): 8/ppm = 42.8 (DMSO).

3a (unknown DMSO:CNXyl 1:1 complex). *H NMR (toluene-ds): 8/ppm = 3.09 (s, 6H, SCH3), 2.41

(s, 6H, CCHs). °C NMR (toluene-ds): 8/ppm = 44.6 (DMSO).
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Figure S50. *H NMR spectra (400 MHz) of the 1a+DMSO reaction mixture in toluene-ds after 21 h
at room temperature (top, blue line) and after a subsequent heating at 60 °C for 1 h (middle, green

line) or 15 h (bottom, red line).
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Table S3. Monitoring of the reaction of [RuCl2(CNCy)(m®-p-cymene)] (1d) and DMSO in toluene-

de.
Temperature, time Reaction mixture Cosrglz(zilgr;ld(slgeﬁﬁ/ltig n
1d, 2d, 2d%, p-cymene
. X - .0
room T, 16 h Orange solid (_1d) + orange 1d /2d / 2d” ratio = 67.9.24
solution (2d+2dX) / p-cymene ratio =
0.91

1d*t, 1d*?, 2d, 3d, p-cymene

1d*/ 1d*2/2d / 3d ratio =
+65°C,3h Yellow-orange solution 5:10:53:32

(2d+3d) / p-cymene ratio =
0.91
1d*?, 2d, 3d, p-cymene
1d*2/2d / 3d ratio = 17:51:32

(2d+3d) / p-cymene ratio =
0.91

+65°C,18h Golden yellow solution

1d. *H NMR (toluene-ds): 8/ppm = 5.12 (d, 3Jun = 6.0 Hz, 2H), 4.91 (d, 3Jun = 5.9 Hz, 2H) (CeHa);
3.37-3.27 (m, 1H, NCH®); 2.66 (hept, 3Ju = 5.9 Hz, 1H, CHMey); 1.95 (s, 3H, CCH3); 1.69-1.58
(m), 1.51-1.32 (m), 1.04-0.93 (M, 10H, CH2%); 1.07 (d, 3Jnn = 6.9 Hz, 6H, CHMey).

101 (unknown n°-p-cymene complex). *H NMR (toluene-ds): 8/ppm = 5.08 (d, 3Jun = 5.9 Hz, 2H),
4.86 (d, 33uH = 5.9 Hz, 2H) (CeHa); 1.93 (s, 3H, CCHa); 1.06 (d, 2Jun = 6.9 Hz, 6H, CHMey).

10*2 (unknown n°-p-cymene complex). *H NMR (toluene-ds): 8/ppm = 5.04 (d, 3Jun = 6.1 Hz, 2H),
4.84 (d, 2Jun = 6.1 Hz, 2H) (CsHa); 1.82 (s, 3H, CCHa); 1.05 (d, 3Jun = 7.0 Hz, 6H, CHMe,). *C{*H}
NMR (toluene-dg): 8/ppm = 100.0 87.0 (CsHa).

2d. 'H NMR (toluene-ds): &/ppm = 3.22 (s, 6H), 3.20 (s, 6H), 3.03 (s, 6H) (SCHs). B*C{*H} NMR
(toluene-ds): &/ppm = 47.1, 45.5, 42.9 (SCH3); 2.71? (m, NCH®),

2dX (unknown DMSO complex). *H NMR (toluene-ds): 8/ppm = 3.10 (s, 12H), 3.08 (s, 6H) (SCHs3).
3d. (unknown DMSO complex). *H NMR (toluene-ds): 8/ppm = 3.15 (s, 6H, SCH3). *C{*H} NMR

(toluene-ds): 6/ppm = 44.6 (SCHa).
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Figure S51. *H NMR spectra (400 MHz) of the 1d+DMSO reaction mixture in toluene-ds after 16 h

at room temperature (top, blue line) and after a subsequent heating at 65 °C for 3 h (middle, green

line) or 21 h (bottom, red line).
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FT-IR and NMR spectra of 4a

Figure S52. Solid-state FT-IR spectrum (650-4000 cm™) of [RuCla(CNXyl)(xS-DMSO)(u-
DMSO);]2, 4a.
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Figure S53. *H NMR spectrum (400 MHz, CDCls) of 4a. Only the major set of signals is highlighted;

minor signals are ascribed to different isomers.
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Table S4. The standard enthalpy change of dehydrogenation of different alcohols used as hydrogen

donors in CTH.

X—= A+
R R’ R R’
Alcohol AH° (kJ/mol)
Methanol +130.1
Ethanol +85.4
1-Propanol +87.3
2-Propanol +70.0
1-Butanol +79.7
2-Butanol +69.3
1-Pentanol +84.3
2-Pentanol +67.9
1-Hexanol +68.2
2-Hexanol +70.0
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Investigation of the catalytic reaction mixture by GC-MS
Figure S54. Chromatogram of the post-reaction mixture obtained under the optimized reaction
conditions: compound 1 is y-valerolactone; compound 2 is ethyl levulinate; compound 3 is 2-butyl
levulinate and compound 4 is 2-butyl-4-hydroxypentanoate (MW heating, 150 °C, 60 min, complex

1a 0.56 mol% with respect to EL 5 mmol, 2-butanol 10 mL, KOH 1 mol% with respect to EL).
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Figure S55. Mass spectrum of compound 1 reported in Figure S52.

Compound 1 at 8.405 min.
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Figure S56. Mass spectrum of compound 2 reported in Figure S52.
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Figure S57. Mass spectrum of compound 3.

Compound 3 at 11.270 min.
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Figure S58. Mass spectrum of compound 4.
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Ruthenium speciation in the final reaction mixture

A freshly-prepared solution of ethyl levulinate + 2-butanol/KOH and 1a was sampled for ICP-OES
analyses (soluble Ru: 0.362 £+ 0.001 mg/mL). Next, the transfer hydrogenation reaction was carried
out under the optimized conditions, affording a black solid and pale brown-green solution. The final
solution was sampled for ICP-OES analyses (soluble Ru: 0.212 + 0.001 mg/mL; corresponding to
about 59 % of the initial level). Therefore, the mixture was filtered twice on a G4 sintered glass filter
and the resulting black solid was washed with Et2O, petroleum ether and dried under vacuum (40 °C).
The solid-state FT-IR spectrum showed no isocyanide or carbonyl stretching band. The *H NMR
(DMSO-ds) spectrum showed no resonances in the typical range of n°-p-cymene ligands (5-6 ppm).
Anal. Found: C, 7.30; H, 1.12; N, 0.07.

The filtrate was taken to dryness under vacuum. The residue was analyzed by *H NMR and FT-IR,
which allowed us to identify y-valerolactone as the predominant component. IR (CH2Cly): d/cm™ =
1772s (C=0). *H NMR (DMSO-de): 8/ppm = 3.60-3.53 (m, 1H, CHCH3); 2.46 (t, J = 7.0 Hz), 2.12—
2.06 (M), 2.03-1.95 (m) (2H, CH,CO); 1.46 (dd, J = 12.3, 6.3 Hz, 2H, CH,CH); 0.98 (d, 3Jun = 6.2
Hz, CHs).

Ru analyses (ICP-OES). Samples were 1:100 diluted in 2% HNO3z and analyzed by Inductively
Coupled Plasma — Optical Emission Spectroscopy (ICP-OES). Analyses were carried out with
Optima 8000 ICP-OES (Perkin Elmer) operating at 1500W and equipped with autosampler S10,
MiraMist® Nebulizer (Perkin Elmer) and cyclonic chamber. Argon (420.069 nm) was used as the
internal standard. Ru was examined at 240.272 nm wavelength. Metal content was determined by
comparison with calibration curves obtained by commercial standard solutions (Fluka TraceCERT®©)
properly diluted in 2% HNOs to a final concentration of 0.5-1-2-5 mg/L. The results are expressed as
the average of three independent measurements. A blank solution was analyzed after each sample to

check for memory effects of the system.
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SEM measurements. Scanning electron microscopy associated with energy-dispersion spectrometry
(SEM/EDS) analysis was performed with a JEOL-6010/LA microscope. The EDS spectra were

obtained using a working distance of 10 mm and a voltage of 20 KV.

Figure S59. SEM-EDS of the black Ru-based solid recovered at the end of the catalytic reaction
under optimized conditions (MW heating, 150 °C, 60 min, 1a 0.56 mol% with respect to EL 5 mmol,

2-butanol 10 mL, KOH 1 mol% with respect to EL).
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Mass Mass Norm. Atom abs. error (%]
Element At. No. Netto

%] (%] [%] (1 sigma)
Oxygen 8 1893 20.41 20.44 4117 3.94
Chlorine 17 18695 27.09 27.13 24.66 0.96
Potassium 19 16799 34.45 3450 28.44 112
Ruthenium a4 7971 17.91 17.94 5.72 0.67
Sum 99.86 100.00 100.00

A transfer hydrogenation reaction was carried out with 1a in 2-propanol at 110 °C for 2 h, as described
in the main text. An aliquot of the final mixture was filtered over celite and transferred into an NMR
tube, together with a sealed glass capillary filled with CsDs. The *H NMR spectrum was recorded
with 500 scans. Low-intensity resonances that do not correspond to those of organic species are listed
in the following. *H NMR: &/ppm = 10.9 (s), 10.0 (s), 7.36 (m, 2H, Xyl), 7.10 (m, 1H, Xyl), - 21.1

(s, Ru-H), - 23.5 (s, Ru-H).
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Table S5. Crystal data and measurement details for 1d, 1e and 2a.

Compound 1d le 2a
Formula Ci7H25CINRuU Ci5H23ClNRu C1sH27CI:NOsRuUS;
FW 415.35 398.31 537.52
T, K 100(2) 293(2) 100(2)
A, A 0.71073 0.71073 0.71073
Crystal system Monoclinic Tetragonal Monoclinic
Space group P2i/c P432,2 P2i/c
a, A 10.1271(7) 14.9514(7) 10.5216(4)
b, A 14.7241(10) 14.9154(7) 16.1879(5)
c, A 12.3019(8) 16.0020(9) 12.8394(4)
B.° 97.854(2) 90 91.9860(10)
Cell Volume, A3 1817.2(2) 3577.2(4) 2185.53(13)
z 4 8 4
D, grem’® 1.518 1.446 1.634
w, mm-! 1.151 1.163 1.263
F(000) 848 1584 1096
Crystal size, mm 0.24x0.21x0.18 0.15x0.12x0.09 0.19x0.16x0.13
0 limits,° 2.457-27.136 1.864-25.497 1.937-25.997
Reflections collected 25665 43491 30193
Independent reflections 4002 [Rint = 0.0288] 3341 [Rint = 0.0659] 4284 [Rin: = 0.0382]
Data / restraints /parameters 4002/0/193 3341/72/7191 4284/0/234
Goodness on fit on F2 [ 1.111 1.160 1.205
Ri (1 >20(1)) P! 0.0179 0.0356 0.0205
WR; (all data) [ 0.0439 0.0854 0.0465
Largest diff. peak and hole, e A®  0.407 /-0.417 0.824 /-0.363 0.368 / -0.332

[a] Goodness on fit on F? = [Ew(Fo? — Fc?)?/(Nrer — Nparam)]*2, where w = 1/[6%(Fo?) + (aP)? + bP], where P =
(Fo? + 2Fc?)/3; Nret = number of reflections used in the refinement; Nparam = number of refined parameters. [b]
R1 = X||Fo| — |Fd|l/Z|Fol. [c] WR2 = [Ew(Fo? — Fc?)YZw(Fo?)?]Y?, where w = 1/[c?(Fo?) + (aP)? + bP], where P
= (Fo? + 2F2)/3.
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