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Synthesis and characterization of [RuCly(L)(q°-C¢Hg)] (L = Py, SMe,), [RuCl,(CO)(n’-arene)]

(arene = p-cymene, CsMeg) and [RuCl(OAc)(n°-p-cymene)]

[RuCL(Py)(n°-C¢Hy)] (Chart S1).

Chart S1. Structure of [RuCl,(Py)(n8-CsHs)].
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The title compound was previously prepared from [RuCly(n®-C¢Hg)], in neat pyridine and was
isolated in 65 % yield after “several days” at room temperature.! An alternative preparation involves
the reaction of Cs[RuCl;(n°-C¢Hg)] with pyridine (ca. 50 eq.) in methanol at room temperature (86
% yield).? Herein we describe a more convenient and higher-yielding synthetic procedure.

In a 50 mL Schlenk flask, a brick-red suspension of [RuCl,(n%-C¢Hg)]> (316 mg, 1.26 mmol Ru) in
THF (10 mL) was treated with pyridine (0.30 mL, 3.7 mmol). After 2 h under reflux, an orange solid
and a pale-yellow solution were obtained. The suspension was filtered (G4) and the resulting solid
was washed with acetone and dried under vacuum (40 °C). Yield: 384 mg, 92 %. Soluble in DMSO,
poorly soluble in DMF, insoluble in THF, acetone, MeOH, CH,Cl,. IR (solid state): /cm ! = 3070w-
sh, 3055m, 3037w-sh, 2999w, 1061m, 1505w, 1476w, 1445s-sh, 1434s, 1357w, 1232w, 1216m,
1154w, 1142w, 106m, 1044w, 1008w, 978w, 966w, 936w, 835m-sh, 830s, 770m-sh, 760s, 702m-sh,

690s.
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[RuCl,(SMe;)(n-CsHg)] (Chart S2).

Chart S2. Structure of [RuCly(SMe,)(n8-CgHs)].
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An optimized version of the literature preparation is described below.? In a 100 mL Schlenk flask, a
brick-red suspension of [RuCly(n®-C¢Hg)], (628 mg, 2.51 mmol Ru) in anhydrous CH,Cl, (15 mL)
was treated with dimethyl sulfide (0.65 mL, 8.8 mmol) and stirred at room temperature overnight.
The resulting suspension (orange-red solution + solid) was allowed to settle. The saturated solution
was filtered over a celite pad (h 2 cm). The solid was repeatedly stirred with fresh aliquots of CH,Cl,
(tot. ca. 150 mL) until all the orange product was collected in the filtrate and thus separated from a
minor amount of a brown, insoluble residue. The filtrate solution was taken to dryness under vacuum
(room temperature) and the residue was triturated in petroleum ether. The suspension was filtered and
the resulting brown-red, microcrystalline solid was washed with petroleum ether, dried under vacuum
(room temperature) and stored under N,. Yield: 714 mg, 93 %. Moderately soluble in CH,Cl,, poorly
soluble in CHCls, insoluble in Et,O and hexane. Anal. calcd. for CgH;,Cl,RuS: C, 30.78; H, 3.87; S,
10.27. Found: C, 30.34; H, 3.87; S; 10.16. IR (solid state): d/cm’! = 3061w, 1433m-sh, 1248m,
1411w-sh, 1325w, 1156w, 1148w, 1135w, 1034w, 1028w, 1006w, 994m, 986m, 968w, 957w, 913w,
907w, 844m-sh, 835s. 'H NMR (CDCl;) &/ppm = 5.71 (s, 6H, C¢Hg), 2.32 (s, 6H, SMe,). *C{'H}
NMR (CDCls): 8/ppm = 85.5 (C¢Hg), 23.0 (SMe;). Compound [RuCly(SMe,)(n°-CsHg)] is stable in
the solid state for several months but much less so in solution of organic solvents. Traces of free C¢Hg
8y = 7.36 ppm) and SMe, (8y = 2.12 ppm) are already present in the 'H NMR spectrum of the

freshly-prepared solution.
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[RuCl,(CO)(m°-p-cymene)] (Chart S3).

Chart S3. Structure of [RuCl,(CO)(n%-p-cymene)].
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The title compound was previusly prepared from [RuCly(n®-p-cymene)], in hot hexane (50°C) under
10 atm of carbon monoxide (56 % yield)* on in CH,Cl, at room temperature by bubbling CO at
ambient pressure (60-70 % yield).> An improved version of this latter method is described below.

In a 25 mL round bottom flask, a brick-red solution of [RuCly(n%-p-cymene)], (111 mg, 0.363 mmol
Ru) in anhydrous CH,Cl, (8 mL) was placed under 1 atm of carbon monoxide via a T-junction
connected to a 2 L gas balloon. The mixture was stirred for 30’ at room temperature, affording a dark
blood-red solution. Argon was flushed into the system and the conversion was checked by IR
(CH,Cl,). Next, volatiles were removed under vacuum. The residue was dissolved in CH,Cl, and
filtered over celite. The filtrate solution was taken to dryness under vacuum, affording a raspberry
red solid. The solid was washed with hexane, dried under vacuum (room temperature) and stored
under N, at 4 °C. Yield: 110 mg, 92 %. Soluble in CH,Cl,, insoluble in Et,0O and hexane. IR (solid
state): d/cm! = 3036w, 2973w, 2956w, 2016s (CO), 1977w-sh, 1504w, 1473w, 1463w, 1447w,
1392w, 1323w, 1281w, 1202w, 1167w, 1113w, 1096w, 1056w, 1037w, 849m, 797w, 737w, 683w.
IR (CH,Cl,): d/cm! = 2052 (CO). '"H NMR (CDCl;): 8/ppm = 5.96 (d, 3Jun = 6.3 Hz, 2H), 5.80 (d,

3 = 6.2 Hz, 2H) (CeHa); 2.89 (hept, 3y = 6.8 Hz, 1H, CHMe,); 2.37 (s, 3H CMe); 1.33 (d, 3

= 6.9 Hz, 6H. CHMe,).
The reaction time is crucial: after 1 h under a CO atmosphere the blood-red solution becomes turbid
and after 2.5 h an abundant brown precipitate is present. The formation of soluble carbonyl by-

products was assessed by IR (d/cm™! = 1986, 1957).
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[RuClL,(CO)(m%-CsMeg)] (Chart S4).

Chart S4. Structure of [RuCl,(CO)(n%-Ce¢Meg)].
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The title compound was previusly prepared from [RuCl,(n®-C¢Mey)], in CH,Cl, at room temperature
by bubbling CO at ambient pressure (60-70 % yield).>® An improved version of this latter method is
described below.

In a 25 mL round bottom flask, an orange suspension of [RuCl,(n®-C¢Mey)], (99 mg, 0.296 mmol
Ru) in anhydrous CH,Cl, (6 mL) was placed under 1 atm of carbon monoxide via a T-junction
connected to a 2 L gas balloon. The mixture was stirred for 2 h at room temperature, affording a dark
blood-red solution. Argon was flushed into the system and the conversion was checked by IR
(CH,Cl,). Next, volatiles were removed under vacuum. The residue was dissolved in CH,Cl, and
filtered over celite to remove a dark brown solid. The filtrate solution was taken to dryness under
vacuum and the residue was triturated in a Et,O/hexane 1:1 V/V solution. The suspension was filtered
and the resulting red-purple solid was washed with hexane, dried under vacuum and stored under N».
Yield: 95 mg, 93 %. Moderately soluble in CH,Cl,, poorly soluble in acetone, CHCI;, MeOH,
insoluble in Et,0 and hexane. IR (solid state): d/cm!' = 2922w, 1986s (CO), 1536w, 1506w, 1435m,
1377m, 1277w, 1263w, 1069m, 1021w-sh, 1003m, 786w, 738w. IR (CH,Cl,): d/cm™! = 2026 (CO).

'"H NMR (acetone-dg) 8/ppm = 2.19 (s).
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[RuCl(OAc)(n®-p-cymene)] (Chart S5).

Chart S5. Structure of [RuCI(OAc)(n8-p-cymene)].
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Despite being mentioned various times in the literature, a convenient and high-yielding synthetic
procedure has not been reported for the title compound.”

In a round-bottom flask, a mixture of [RuCly(n®-p-cymene)], (150 mg, 0.49 mmol Ru) and sodium
acetate trihydrate (67 mg, 0.49 mmol) in ‘PrOH (20 mL) was stirred at room temperature for 5 h. The
resulting suspension was filtered over a celite pad and the filtrate was taken to dryness under vacuum.
The residue was dissolved in CH,Cl, and filtered again through celite to completely remove sodium
salts. Volatiles were removed under vacuum, affording an orange solid. Yield: 129 mg, 80 %. IR
(solid state): b/cm! = 3071w, 2961w, 2929w, 2878w; 1514m (Vasym,co2); 1469s, 1417m (Veymco2);
1386m, 1373m-sh, 1324w, 1298w, 1275w, 1262w, 1202w, 1162w, 1140w, 1117w, 1089w, 1055w,
1005w, 948w, 903w, 889w, 807w, 679s. 'H NMR (acetone-dg): 8/ppm = 5.75 (d, 3Jun = 6.1 Hz, 2H),

5.49 (d, 3Jun = 6.1 Hz, 2H) (C¢Hy); 2.88* (hept, *Jyy = 6.9 Hz, CHMe,); 2.23 (s, 3H, CMe“™), 1.62

(s, 3H, O,CMe); 1.36 (d, 3Jyy = 6.1 Hz, 6H, CHMe,); *over H,O peak. 'H NMR (CDCls): 8/ppm =
5.63 (d, 3JHH =6.1 HZ, 2H), 5.41 (d, 3JHH =6.0 HZ, 2H) (C6H4); 2.93 (hept, 3JHH =17.0 HZ, C_HMGQ),

2.31 (s, 3H, CMe“™), 1.82 (s, 3H, 0,CMe), 1.38 (d, *Juy = 6.9 Hz, CHMe,).
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IR, NMR and X-ray characterization of Ru arene bis-halide isocyanide complexes

Figure S1. Solid-state IR spectra (650-4000 cm-") of pure [RuCl,(CNMe)(n®-p-cymene)], 1a (top, blue line)
and a mixture of 1a and trans-[RuCly(CNMe),] (bottom, red line).
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Figure S2. "H NMR spectrum (400 MHz, CDCl;) of 1a.
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Figure S3. '"H NMR spectrum (400 MHz, CDCIls) of 1a in admixture with trans-[RuCl,(CNMe),] (the related

resonance is indicated by an asterisk *).
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Figure S4. 3C{'"H} NMR spectrum (100 MHz, CDCI3) of 1a in admixture with frans-[RuCl,(CNMe),] (the related

methyl resonance is indicated by an asterisk *).
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Figure S5. Solid-state IR spectrum (650-4000 cm™') of [RuCl,{S-CNCH(Me)Ph}(né-p-cymene)], 1c.
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Figure S6. '"H NMR spectrum (400 MHz, CDCl,) of 1c.
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Figure S7. 3C{"H} NMR spectrum (100 MHz, CDCI;) of 1c.
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Figure S8. Solid-state IR spectrum (650-4000 cm™) of [RuCl,{CNCH,PO(OEt),}(n®-p-cymene)], 1d.
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Figure S9. '"H NMR spectrum (400 MHz, CDClI3) of 1d.
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Figure $10. '3C{'"H} NMR spectrum (100 MHz, CDClI3) of 1d.
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Figure S11. 3'P{'H} NMR spectrum (162 MHz, CDCl;) of 1d.
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Figure S12. Solid-state IR spectrum (650-4000 cm™') of [RuCl,{CNCH,CO,Et}(n-p-cymene)], 1e.
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Figure S13. "H NMR spectrum (400 MHz, CDCIl;) of 1e.
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Figure S14. 3C{'H} NMR spectrum (100 MHz, CDClI,) of 1e.
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Figure S$15. Solid-state IR spectrum (650-4000 cm') of [RuCl,{CN(4-CsH;OMe)}(né-p-cymene)], 1g.
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Figure $16. "H NMR spectrum (400 MHz, CDCI;) of 1g.
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Figure S17. 13C{'H} NMR spectrum (100 MHz, CDCIs) of 1g.
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Figure S18. Solid-state IR spectrum (650-4000 cm-") of [RuCl,(CNMe)(n8-CsMes)], 2a.
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Figure $19. "H NMR spectrum (400 MHz, CDCI;) of 2a.
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Figure S21. Solid-state IR spectrum (650-4000 cm-') of [RuCI,(CNCy)(n%-CsMes)], 2b.
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Figure S22. 'H NMR spectrum (400 MHz, CDCI3) of 2b.
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Figure S$23. '3C{'"H} NMR spectrum (100 MHz, CDCl;) of 2b.
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Figure S24. Solid-state IR spectrum (650-4000 cm') of [RuCl,{S-CNCH(Me)Ph}(n-CsMes)], 2c.
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Figure $25. '"H NMR spectrum (400 MHz, CDCI;) of 2c.
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Figure S27. Solid-state IR spectrum (650-4000 cm-') of [RuCI,{CNCH,PO(OEt),}(n%-CsMes)], 2d.
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Figure S28. 'H NMR spectrum (400 MHz, CDCI3) of 2d.
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Figure S$29. '3C{'"H} NMR spectrum (100 MHz, CDCl;) of 2d.
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Figure S31. Solid-state IR spectrum (650-4000 cm-') of [RuCl,(CNXyl)(n®-CsMes)], 2f.
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Figure S$32. "H NMR spectrum (400 MHz, CDCl;) of 2f.
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Figure S33. 3C{'H} NMR spectrum (100 MHz, CDClIs) of 2f.
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Figure S34. Solid-state IR spectrum (650-4000 cm') of [Rula(CNCy)(n8-p-cymene)], 1b-l.
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Figure S$35. '"H NMR spectrum (400 MHz, CDCI;) of 1b-l.
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Figure $36. '3C{'"H} NMR spectrum (100 MHz, CDClI3) of 1b-I.
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Figure S37. Solid-state IR spectrum (650-4000 cm-') of [RuCl,(CNCy)(né-CsHs)], 3b.
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Figure S$38. "H NMR spectrum (400 MHz, CDCIs) of 3b. The asterisk(*) indicates the signal of free CgHs.
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Figure $39. 13C{'H} NMR spectrum (100 MHz, CDCI;) of 3b. The asterisk(*) indicates the signal of free C¢He.
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Figure S40. Solid-state IR spectrum (650-4000 cm-") of [RuCI,{CNCH,PO(OEt),}(n8-CsHs)], 3d.
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Figure S41. "H NMR spectrum (400 MHz, CDCI;) of 3d. The lower relative integral of CgHg is probably due to

an insufficient relaxation time of the experiment (d1 = 4s).
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Figure S42. 3'P{'H} NMR spectrum (162 MHz, CDCI;) of 3d.
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Figure S43. 8C{'H} NMR spectrum (100 MHz, CDCI;) of 3d. The asterisk(*) indicates free CsHs and a
Ru(CgsHg) decomposition product (see main text) arisen due to the long duration of the NMR experiment. Inset

shows the 42 ppm resonance when a large apodization function is applied.
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Figure S44. Solid-state IR spectrum (650-4000 cm-") of [RuCl,(CNXyl)(n8-CgHs)], 3f.
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Figure S45. 'TH NMR spectrum (400 MHz, CDCI;) of 3f. The asterisk(*) indicates the signal of free CgHs.
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Figure S$46. '3C{'"H} NMR spectrum (100 MHz, CDClI5) of 3f. The asterisk(*) indicates the signal of free CgHe.
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Figure S47. Solvent-subtracted IR spectra (1700-2300 cm') of 1a (orange line), 2a (blue line) and methyl

isocyanide (black dashed line) in CH,Cl,. The transmittance of the C=N stretching peaks is normalized.
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Figure S48. Solvent-subtracted IR spectra (1500-2300 cm™") of 1b (orange line), 2b (blue line), 3b (red line),
1b-l (green line) and cyclohexyl isocyanide (black dashed line) in CH.Cl,. The transmittance of the C=N
stretching peaks is normalized.
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Figure S49. Solvent-subtracted IR spectra (1300-2700 cm™) of 1¢ (orange line), 2¢ (blue line) and (S)-a-
methylbenzyl isocyanide (black dashed line) in CH,Cl,. The transmittance of the C=N stretching peaks is

normalized.
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Figure S50. Solvent-subtracted IR spectra (1750-2300 cm™") of 1d (orange line), 2d (blue line), 3d (red line)
and diethyl isocyanomethyl phosphonate (black dashed line) in CH,Cl,. The transmittance of the C=N

stretching peaks is normalized.
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Figure S51. Solvent-subtracted IR spectra (1500-2300 cm-') of 1e (orange line) and ethyl isocyanoacetate

(black dashed line) in CH,Cl,. The transmittance of the C=N stretching peaks is normalized.
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Figure S$52. Solvent-subtracted IR spectra (1300-2700 cm™") of 1f (orange line), 2f (blue line), 3f (red line) and
xylyl isocyanide (black dashed line) in CH,Cl,. The transmittance of the C=N stretching peaks is normalized.
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Figure S$53. Solvent-subtracted IR spectra (1550-2300 cm') of 1g (orange line) and 4-methoxyphenyl
isocyanide (black dashed line) in CH,Cl,. The transmittance of the C=N stretching peaks is normalized.

100 \ -
aao” M ~~. ;I o

90 \ I - AW

80
70

60

50

Transmittance [%]

40
30
20
10

2300 2250 2200 2150 2100 2050 2000 1950 1900 1850 1800 1750 1700 1650 1600
Wavenumbers [ecm 1]

S33



Table S1. Comparison of selected IR and 3C NMR data for [RuCly(CNR)(n®-p-cymene)] (1), [Rul,(CNR)(n®-p-

cymene)] (1-), [RUCI(CNR)(n-CeMeg)] (2), [RuCly(CNR)(n-CeHe

)] (3) complexes and the corresponding

isocyanide (CNR). All data are from this work except where otherwise noted. The letters (a-g) are given only

to the isocyanides investigated in this work. Coordination-induced shifts (Av or Ad, for IR and NMR data,

respectively - rounded to the first digit) are given in parentheses.

Isocyanide
substituent R

IR: v(CN) / cm™ (Av/ cm")@l in CH,Cl,
13C NMR: 3(CN) / ppm (A3 / ppm)@l in CDCI;

»@%@

wRu
Compound REN=C" o NG o PR o UG ™™ 17c
CI/ “Sw. I S\ CI/ S / Sh
R A R R
1 1-1 2 3
2168 2218 (+50 2200 (+32
.-CH3 a (+50) n.r. (+32) n.r.
156.0 1! 139.2 (-17) 144.3 (-12)
b 2144 2194 [ (+50) 2177 (+33) 2175 (+31) 2203 (+59)
154.0 138.7 [ (-15) 136.3 (-18) 143.4 (-11) 136.1 (-18)
- 2155 2200 [l (+45)
n.r. n.r. n.r.
157.7 1] 141.3 €1 (~16)
P 2143 2189 (+46) 2169 (+26)
- (o] n.r. n.r.
156.4 [©] 141.2 (-15) 146.3 (-10)
g 2154 2198 (+44) o 2180 (+26) 2208 (+54)
’/P\o/\ 160.5 [P 144.6 (-16) o 149.6 (-11) 142.2 (-18)
K/<O . 2164 2205 (+41) o 2194 (+30) 1 .
0\ 163.7 1ol 146.4 (-17) v 149.0 (-15) v
l< 2139 2186 [0 (+47) 2169 [ (+30) 2174 (+35) A .
152.6 [l 137.9 [ (-15) 135.8 [61(~17) 142.7 (-10) v
; 2123 2162 [ (+ 39) 2144 (+ 21) @ 2141 (+ 18) 2172 (+ 49)
167.6 151.7 [ (~16) 149.1 (-19) 157.3 (-10) 149.5 (-18)
2127 10 2160 [ (+33) o o o
164.3 [l 149.5 [ (-15) v o v
ON 2128 2168 (+40) oy oy oy
9 162.6 [ 147.4 (-15) ’ T’ o’

[a] Coordination-induced shift (Ru-CNR minus free CNR). [b] Taken from the literature.8.9.10.11.1213.14.15 [c] Taken from our

previous work.'® [d] Taken from the literature; IR data refer to solid state (KBr).'” [e] Taken from the literature; IR data refer

to solid state (ATR).'8 [f] Only the major IR band is reported. n.r = the compound has not been reported either in this work

or in the literature.
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Figure S54. Molecular structure of 1c. Displacement ellipsoids are at the 50 % probability level.

Figure S55. Molecular structure of 1e in 1e-CH,Cl,. Displacement ellipsoids are at the 50 % probability level.
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Figure §56. Molecular structure of 1g in 1g:CHCI;. Displacement ellipsoids are at the 50 % probability level.

)

Table S2. Main bond distances (A) and angles (°) of 1a, 1c, 1e, 1g, 2¢ and 1b-I.

1a 1c 1e-%CH,Cl, 1g-CHCl, 2¢-H,0 1b-l
Ru1-C(arene)ay 2.20(2) 2.210(17) 2.215(12) 2.20(2) 2.224(7)  2.221(10)
Ru1-X1* 2.416(2) 2.4074(17) 2.4000(13) 2.399(2)  2.4136(8) 2.7148(4)
Ru1-X2* 2.411(2) 2.4008(15) 2.4067(12) 2.404(2)  2.4190(7) 2.7134(4)
Ru1-C1 1.981(10) 1.969(6) 1.960(5) 1.954(8) 1.961(3)  1.962(4)
C1-N1 1.209(15) 1.150(8) 1.172(10) 1.156(11)  1.151(4)  1.142(5)
N1-C2 1.459(17) 1.441(8) 1.446(12) 1.404(10)  1.457(4)  1.453(5)
X1-Ru1-X2* 87.85(9) 87.52(6) 86.63(4) 88.17(8) 87.55(3) 89.357(12)
X1-Ru1-C1* 84.6(3) 84.94(19) 87.20(15) 85.5(3) 87.15(9)  84.32(12)
C1-Ru1-X2* 88.9(3) 85.3(2) 87.01(16) 84.8(2) 87.85(8)  86.00(12)
Ru1-C1-N1 165.7(12) 178.3(7) 172.7(8) 177.2(8) 176.1(3)  176.2(4)
C1-N1-C2 174.8(19) 178.2(7) 176.5(18) 176.7(10)  178.6(3)  173.2(4)

* X =Clfor1a, 1c, 1e, 19, 2c; X = | for 1b-l.
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IR, NMR and X-ray characterization of acetylide-isocyanide and acetonitrile-isocyanide

complexes

Figure S57. Solid-state IR spectrum (650-4000 cm-') of [RuCI(CCPh)(CNCy)(n8-C¢Mes)], 4b.
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Figure S58. Solvent-subtracted IR spectra (1600-2300 cm') of 4b (green line), 2b (red line) and cyclohexyl
isocyanide (black dashed line) in CH,Cl,. The transmittance of the C=N stretching peaks is normalized.
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Figure S$59. '"H NMR spectrum (400 MHz, CDCI;) of 4b.
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Figure S60. '3C{'"H} NMR spectrum (100 MHz, CDClIs) of 4b.
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Figure S61. Solid-state IR spectrum (650-4000 cm-') of [RuCI(CCPh)(CNXyl)(n8-CsMes)], 4f.
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Figure S62. Solvent-subtracted IR spectra (1500-2300 cm-) of 4f (green line), 2f (red line) and xylyl isocyanide

(black dashed line) in CH,Cl,. The transmittance of the C=N stretching peaks is normalized.
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Figure S63. "H NMR spectrum (400 MHz, CDCI;) of 4f.
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Figure S64. '3C{'"H} NMR spectrum (100 MHz, CDClI3) of 4f.
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Figure S65. Solid-state IR spectra (650-4000 cm') of [RuCl,(MeCN)3(CNCYy)], 5b (original sample, black line)
and the solid recovered from a CD3;CN solution of 5b kept for 24h at 50 °C (red line). The transmittance of the

main isocyanide stretching peak is normalized.
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Figure S66. Solvent-subtracted IR spectra (1500-2500 cm-") of 5b (violet line) and cyclohexyl isocyanide
(black dashed line) in CH,Cl,.
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Figure S67. '"H NMR spectrum (400 MHz, CD3CN) of 5b (mixture of isomers; freshly-prepared solution).
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Figure S68. Changes in the 'TH NMR spectrum (400 MHz, CD5;CN; 1.85-2.60 and 3.90-4.50 ppm) of 5b over

time: freshly-prepared solution (top, violet line); after 30" at room temperature (cyan line); after 14 h at room

temperature (yellow-ochre line) - identical after several days; after 24 h at 50 °C (bottom, red line).
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Figure S69. '3C{'"H} NMR spectrum (100 MHz, CD;CN) of 5b (mixture of isomers)
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Figure S70. Solid-state IR spectra (650-4000 cm-) of [RuCl,(MeCN);(CNXyl)], 5f (original sample, black line)
and the solid recovered from a CD3CN solution of 5f kept for 24h at 50 °C (red line). The intensity of the main
isocyanide stretching peak is normalized.
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Figure S71. Solvent-subtracted IR spectra (1300-2500 cm™") of 5f (violet line) and xylyl isocyanide (black

dashed line) in CH,Cl,.
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Figure S72. '"H NMR spectrum (400 MHz, CD3CN) of 5f (mixture of isomers; freshly-prepared solution).
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Figure S73. Changes in the '"H NMR spectrum (400 MHz, CD3;CN; 1.85-2.60 ppm) of 5f over time: freshly-
prepared solution (top, violet line), after 14 h at room temperaure (cyan line), after 10 days at room temperature
(bottom, olive green line), after 24 h at 50 °C (bottom, red line).
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Figure S74. 13C{'"H} NMR spectrum (100 MHz, CDsCN) of 5f (mixture of isomers).
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Table S3. Main bond distances (A) and angles (°) of 4b and 4f.

4b af

Rul-C(arene),,  2.254(7)  2.256(10)

Ru1-CI1 2.4093(7) 2.4067(10)
Ru1-C1 1.931(3)  1.929(4)
Ru1-C11 2.020(3)  2.025(4)
C1-N1 1.156(4)  1.152(5)
N1-C2 1.446(4)  1.402(5)
C11-C12 1.208(4)  1.170(6)
C12-C13 1.443(4)  1.459(6)
Cl1-Ru1-C1 88.85(8)  87.47(11)
CI-Ru1-C11  91.06(8)  88.28(11)
C1-Ru1-C11  83.15(11) 84.70(15)
Ru1-C1-N1 178.0(3)  179.3(4)
C1-N1-C2 169.4(3)  165.6(4)
Rul-C11-C12  171.1(3)  176.9(4)
C11-C12-C13  172.6(3)  176.6(5)
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Catalytic studies

Figure S§75. GC-MS chomatogram of the reaction of dimerization/trimerization of phenylacetylene. Conditions:

acetonitrile, phenylacetylene (1.0 mmol), Na,CO; (100 pmol), 1b (25 pmol), 80 °C, 24 h.
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Reactivity with phenylacetylene and Na,COj in catalytically relevant conditions

Table S4. IR and 'H NMR analyses of the solids obtained from the mixtures of selected [RuCly(CNR)(né-
arene)] complexes (arene = p-cymene, 1, CgHg, 2, C¢Meg, 3; R = Cy, b, Xyl, f), Na,CO3;, PhCCH (1:1:10 molar
ratio) in MeCN at 80 °C for 2 h.

Starting IR (CH,Clp):[#! G/cm-! and assignment 1H NMR (CDCly): identified species [!
material
1b (50 %) as the only Ru(p-cymene) complex, p-
2192s-sh (1b); 2173s, 2147s (Ru-CNCy); 2100m- o
1b cymene (50 %)
sh (Ru-CCPh); 1966s, 1949s (Ru-CO) )
PhC(H)=C(H)-C=CPh (E/Z ratio: 6)
i 2158s-sh (1f), 2120-2110s-br (Ru-CNXyl); 2079s- 1f (30 %), 1f-X (14 %), p-cymene (56 %)
sh (Ru-CCPh); 2017w, 1972m, 1955m (Ru-CO) PhC(H)=C(H)-C=CPh (E/Z ratio: 6.7)
2b 2174sh (2b); 2160s, 2097m (4b); 1967w-br (Ru- 2b (24 %), 4b (63 %), CsMeg (13 %)
CO) PhC(H)=C(H)-C=CPh (E/Z ratio: 3.6)
2140s (2f); = 2150-sh, 2101w-sh (4b); 1994- 2f (79 %), 4f (14 %), CeMes (7 %)
2f
1974w-br (Ru-CO) PhC(H)=C(H)-C=CPh (E/Z ratio: 2)
3b 2161s-sh, 2143s-br, 2119s-sh (Ru-CNCy); No trace of 3b or any other benzene species
2088m-sh (Ru-CCPh); 1951m-br (Ru-CO) PhC(H)=C(H)-C=CPh (E/Z ratio: 6.6)
3 2128s-sh (Ru-CNXyl), 2097s, 2079s (Ru-CCPh); No trace of 3f or any other benzene species

2016w, 1957w-br (Ru-CO)

PhC(H)=C(H)-C=CPh (E/Z ratio: 4.4)

[a] In each case there is agreement between the IR spectrum of the final solution (MeCN) and that recorded after volatiles

removal under vacuum and re-dissolution in CH,Cl,. [b] The percentage amount refers only to arene (p-cymene,

hexamethylbenzene) species.

PhC(H)=C(H)-C=CPh. 'H NMR (CDCly): 8/ppm = 7.05, 6.39 (d, 3Jyy = 16 Hz) for the E isomer;

6.69, 5.93 (d, 3Jun = 12 Hz) for the Z isomer.

p-cymene. 'H NMR (CDCls): 8/ppm =7.14 (d, J= 8.5 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 2.89 (hept,

J=6.9 Hz, 1H), 2.33 (s, 3H), 1.25 (d, J = 6.9 Hz, 6H).

CsMeg. 'H NMR (CDCls): 8/ppm = 2.23 ().

1£-X, unknown Ru(p-cymene)(CNXyl) species. '"H NMR (CDCl;): 8/ppm = 5.35 (d, /= 6.1 Hz, 1H),

5.32(d,J=5.9Hz, 1H),5.13 (d,J=5.8 Hz, 1H), 2.77 (m, J= 6.9 Hz, 1H), 2.50 (s, 6H), 2.40 (s, 3H),

1.24 (d, J=6.9 Hz, 3H), 1.18 (d, /= 6.9 Hz, 3H).
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Figure S76. Solvent-subtracted IR spectra (CH,Cl,, 1800-2300 cm-') of 1b (orange line) and the solid obtained
from the reaction of 1b, Na,CO3;, PhCCH (1:1:10 molar ratio) in MeCN at 80 °C for 2 h (green line).
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Figure S77. Solvent-subtracted IR spectra (CH,Cl,, 1750-2250 cm') of 1f (orange line) and the solid obtained
from the reaction of 1f, Na,CO3;, PhCCH (1:1:10 molar ratio) in MeCN at 80 °C for 2 h (green line).
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Figure S78. Solvent-subtracted IR spectra (CH,Cl,, 1800-2300 cm-) of 2b (yellow line), 4b (red line) and the
solid obtained from the reaction of 2b, Na,CO3;, PhCCH (1:1:10 molar ratio) in MeCN at 80 °C for 2 h (green
line).
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Figure S79. Solvent-subtracted IR spectra (CH,Cl,, 1800-2250 cm-') of 2f (yellow line), 4f (red line) and the
solid obtained from the reaction of 2f, Na,CO3;, PhCCH (1:1:10 molar ratio) in MeCN at 80 °C for 2 h (green
line).
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Figure S80. Solvent-subtracted IR spectra (CH,Cl,, 1850-2300 cm) of 3b (orange line) and the solid obtained
from the reaction of 3b, Na,CO3;, PhCCH (1:1:10 molar ratio) in MeCN at 80 °C for 2 h (green line).
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Figure S81. Solvent-subtracted IR spectra (CH,Cl,, 1850-2300 cm') of 3f (orange line) and the solid obtained
from the reaction of 3f, Na,CO3;, PhCCH (1:1:10 molar ratio) in MeCN at 80 °C for 2 h (green line).
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Figure S82. Solvent-subtracted IR spectra (CH,Cl,, 1850-2275 cm-) of aliquots of the reaction of 1b, Na,COs3,
PhCCH (1:10:100 molar ratio) in MeCN at 55 °C at different times, normalized for the intensity at 2180 cm-'.
Colour gradient: red (initial spectrum) to yellow to green to blue (final spectrum). The absorption at 2254 cm-!
is due to PhCCH. Below: difference spectrum with respect to 1b (red line).
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Table S5. IR analysis of aliquots of the reaction of 1b, Na,CO3; and PhCCH (1:10:100 molar ratio) in MeCN at
55 °C at different times (Figure S82). Colour shade qualitatively reflects the relative intensity of the associated
IR band(s). *"NMR and MS analyses performed at this time-point.

IR band / Reaction time (hours)
- Assignment
cm 0 0.5 1.5 25 3.5 45 5.5*

2167sh, 2139 Ru-C=N-Cy

= 2120sh
2080 Ru-C=C-Ph
= 1956 Ru-C=0

S52



'H/13C NMR (CDCls): 8/ppm = 5.57(d), 5.40(d), 2.29(m)/87-107, 1.28(d)/22-31-107 for 1b; 3.94(m)
for another unidentified CyNC complex; 2.52(m), 2.39(s), 0.85(m) for other unidentified species.
ESI-MS (MeOH, base peak of main clusters): m/z = 415.043 for 1b; 438.037; 461.148; 505.170;

557.141; 643.193, 745.241, 847.285, 949.335 for Ru(p-cymene)(PhCCH), species.

Figure S83. Solvent-subtracted IR spectra (CH,Cl,, 1850-2275 cm-") of aliquots of the reaction of 1b, Na,COs3,
PhCCH (1:10:100 molar ratio) in MeCN at 80 °C at different times, normalized for the intensity at 2175 cm'.
Colour gradient: red (initial spectrum) to orange to green to blue (final spectrum). The absorption at 2254 cm-
"is due to PhCCH.
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Table S6. IR analysis of aliquots of the reaction of 1b, Na,CO3; and PhCCH (1:10:100 molar ratio) in MeCN at
80 °C at different times (Figure S83). Colour shade qualitatively reflects the relative intensity of the associated

IR band(s). *NMR and MS analyses performed at this time-point.

Reaction time (hours)

IR band / cm™ Assignment
0 1 3 4*
2193 1b
~ 2165sh, 2144 Ru-C=N-Cy
2080 Ru-C=C-Ph
1969
Ru-C=0
1955 !

'"H NMR (CDCIl;): neither 1b nor other p-cymene complex is present in the mixture.
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Figure S84. Solvent-subtracted IR spectra (CH,Cl,, 1850-2300 cm') of aliquots of the reaction of 2b, PhCCH,
Na,CO3 (1:10:100 molar ratio) in MeCN at 60 °C at different times, normalized for the intensity at 2160 cm-"
(isocyanide stretching band of 4b). Colour gradient: red (initial spectrum) to yellow to green to blue (final
spectrum).
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Table S7. IR analysis aliquots of the mixture of 2b, Na,CO3z, PhCCH (1:10:100 molar ratio) in MeCN at 60 °C
at different times (Figure S84). Colour shade qualitatively reflects the relative intensity of the associated IR
band(s). *“NMR analyses performed at this time-point.

Reaction time (hours)

IRband/cm  Assignment

0 4 6 8 10 12 *
2174 2b - - -
2080sh Ru-C=C-Ph
1954 Ru-C=0 ?

'H/"3C NMR (CDCl;): 8/ppm = 3.91, 2.17/102 ppm for 4b; 2.23/133 for CcMeg; 2.20, 2.01 for other

unknown species.
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Figure $85. Solvent-subtracted IR spectra (CH,Cl,, 1850-2250 cm-") of aliquots of the reaction of 2b, Na,CO;
and PhCCH (1:10:100 molar ratio) in MeCN at 80 °C at different times, normalized for the intensity at 2160
cm-' (isocyanide stretching band of 4b). Colour gradient: red (initial spectrum) to yellow to green to blue (final
spectrum). Below: difference spectrum with respect to 4b (dashed purple line).
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Table S8. IR analysis of aliquots of the reaction of 2b, Na,CO3; and PhCCH (1:10:100 molar ratio) in MeCN at
80 °C at different times (Figure S85). Colour shade qualitatively reflects the relative intensity of the associated
IR band(s). *NMR analyses performed at this time-point.

Reaction time (hours)

IR band / cm*! Assignment

0 1.5 3 4.5 6 7.5*
2174 2b - - - -
2161, 2097 4b -
2195, 2181 C-C=C-Ph ?
2137,=2120 Ru-C=N-Cy
2111, 2080 Ru-C=C-Ph
1968, 1954 Ru-C=0

TH/BC NMR (CDCls): 8/ppm = 3.92, 2.17/102 ppm for 4b; 2.23 for C¢Meg; 2.62, 2.13 for other

unknown species.
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Figure S86. Solvent-subtracted IR spectra (CH,Cl,, 1850-2250 cm-') of aliquots of the reaction of 2f, Na,CO;
and PhCCH (1:10:100 molar ratio) in MeCN at 80 °C at different times, normalized for the intensity at 2127

cm' (isocyanide stretching band of 4f). Colour gradient: red (initial spectrum) to orange to olive green to blue
(final spectrum). Below: difference spectrum with respect to 4f (dashed purple line).
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Table S9. IR analysis of aliquots of the reaction of 2f, Na,CO3;, PhCCH (1:10:100 molar ratio) in MeCN at 80

°C at different times (Figure S86). Colour shade qualitatively reflects the relative intensity of the associated IR

band(s). *“NMR and MS analyses performed at this time-point.

Reaction time (hours)

IR band / cm-! Assignment
0 1.5 3.0~ 4.5 22
2128, 2100 af
2108 Ru-C=N(Xyl)
2089sh Ru-C=C-Ph
2078 Ru-C=C-Ph
2199 C-C=C-Ph ? - -
1954
95 Ru-C=0
1971
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'H/13C NMR (CDCl;): 8/ppm = 2.49/128,129,136, 2.24/104 for 4f; 2.23/136 for CsMes; 2.07/97.5,
1.92/98, 1.89/102, 1.84/97, 1.81/94, 1.75/97, 1.73/106, 1.66/107, 1.52/104, 1.47/104 for unknown
Ru(CgMeg) complexes; 2.35/129.6,138.8 for unknown Xyl species; 3.07, 2.00 for other species.

ESI-MS (MeOH, base peak of main clusters): m/z =408.102 for a {RuCl(MeCN),} species; 474.172

for a {Ru(MeCN),(PhCC)} species; 532.131 for 4f; 1041.280 (Ru;Cl;+PhCCH species).

Figure S87. Solvent-subtracted and intensity-normalized IR spectra (CH,Cl,, 1300-2500 cm-') of aliquots of
the freshly prepared mixture of 1b and Na,CO; (1:10 mol. ratio) in MeCN (blue line) and after 2 h at 55 °C
(orange line), showing the probable formation of a {Ru(CNCy)(COs;) } complex (2145m-sh, 1450s-br).
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Figure S88. Solvent-subtracted and intensity-normalized IR spectra (CH,Cl,, 1300-2400 cm-') of aliquots of
the freshly prepared mixture of 2b and Na,COj; (1:10 mol. ratio) in MeCN (blue line), after 2.5 h at 80 °C
(orange line) and after 7 h at 80 °C (green line). The last spectrum shows the probable formation of a
{Ru(CNCy)(CO3)} complex (2145m-sh, 1436s-br) and Ru-carbonyl species (1960-1940w-br).
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Figure S89. Solvent-subtracted and intensity-normalized IR spectra (CH,Cl,, 1300-2600 cm-') of aliquots of

the freshly prepared mixture of 2f and Na,CO; (1:10 mol. ratio) in MeCN (blue line) and after 3 h at 80 °C
(orange line).
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Figure S90. Solvent-subtracted IR spectra (CH,Cl,, 1850-2275 cm-") of aliquots of the reaction of 1b, Na,COs3,
PhCCH (1:10:100 molar ratio) in EtOH at 80 °C at different times, normalized for the intensity at 2180 cm-'.

Colour gradient: red (initial spectrum) to yellow to orange to blue (final spectrum). The dotted green line
corresponds to the reaction profile for the same reacting mixture in MeCN after 4 h.
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Table S10. IR analysis of aliquots of the reaction of 1b, Na,CO3; and PhCCH (1:10:100 molar ratio) in EtOH at

80 °C at different times (Figure S90). Colour shade qualitatively reflects the relative intensity of the associated
IR band(s).

Reaction time (hours)
IR band / cm-! Assignment

0 2 4 6 24
2193 1b ? ? ?
2120 Ru-C=N-Cy
2150 Ru-C=N-Cy
2090 Ru-C=C-Ph
-
2195 Ru-C=N-Cy
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Figure S91. Solvent-subtracted IR spectra (CH,Cl,, 1850-2250 cm-') normalized for the intensity at 2180 cm-
"of 1b (red line), the organic-soluble species recovered from the reaction of 1b, Na,CO3z; and PhCCH (1:10:100
molar ratio) in water/mesitylene after 1 h at 55 °C (yellow line), after 2 h at 55 °C (green line) or after 1.5 h at
room temperature (blue line). The corresponding spectra of the species recovered from the aqueous solution
is represented by the dotted lines.

95

90

85
s mamm=’

80 e

75

70

Transmittance [%o]

65

== 2h 55°C aqueous phase
== 2h 55°C mesitylene phase

1h 55°C aqueous phase

1h 55°C mesitylene phase
= 1.5h room T mesitylene phase
= RuCI2(p-cymene) (CyNC), 1b

60

55

50

45

2250 2200 2150 2100 2050 2000 1950 1900 1850 1800
Wavenumbers [cm ']

Figure S92. Solvent-subtracted IR spectra (CH,Cl,, 1850-2250 cm-") of the organic-soluble species recovered
from the reaction of 2f, Na,CO3; and PhCCH (1:10:100 molar ratio) in water/mesitylene at 80 °C at different
times, normalized for the intensity of the isocyanide band at 2130-2140 cm-. Colour gradient: red (initial
spectrum) to yellow to blue (final spectrum). The dotted yellow line is the IR spectrum (CH,CI,) of the fraction
recovered from the aqueous phase. The dashed purple line is the spectrum of 4f.
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Table S11. IR analysis of the mesitylene-soluble species recovered from the reaction of 2f, Na,CO3;, PhCCH
(1:10:100 molar ratio) in water/mesitylene at 80 °C after different times (Figure S89). Colour shade qualitatively
reflects the relative intensity of the associated IR band(s).
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