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General information

All manipulations were performed under an inert atmosphere of dry nitrogen using standard
vacuum line and Schlenk techniques. Glassware was dried at 120°C in an oven for at least three
hours. Pentane Et,0O, toluene and CHCl, were dried using an Innovative Technology solvent
purification system. Acetonitrile was dried using a MBraun SPS column. Tetrahydrofuran was dried
and distilled from sodium/benzophenone mixture and stored over Na/K alloy under inert
atmosphere. Chlorobenzene was distilled over CaH, and stored under an inert atmosphere.
Chromatographic purification was carried out on silica gel (SiO2, 63-200 um) using solvents
deoxygenated by nitrogen bubbling. Solution IR spectra were recorded in 0.1 mm CaF; cells using a
Perkin Elmer Frontier FT-IR spectrometer and given in cm™. *H, 3!P, and '3C NMR spectra were
obtained on Bruker AV400HD, AV400NEO or NEO600 spectrometers. NMR chemical shifts 6 are in
ppm, with positive values to high frequency relative to the tetramethylsilane reference for H and
13C, and to 85% HsPO, for 3IP. If necessary, additional information on the carbon signal attribution
was obtained using 3*C{*H,3'P}, DEPT and 'H-13C HSQC experiments. High-resolution MS spectra
(ESI mode) were performed by the mass spectrometry service of the “Institut de Chimie de
Toulouse” using using a Xevo G2 QTof (Waters) spectrometer. Elemental analyses were performed
by the elemental analysis service of the LCC with a Perkin Elmer 2400 series Il analyzer. Complex 1
was prepared according to previously described procedure.! All other reagent-grade chemicals
purchased from commercial sources were used as received.

Synthesis and characterization of NHC complexes

@ Mes Synthesis of complex 2. To a yellow solution of complex [Cp(CO):Mn(IMes)] (1)
(2.88 g, 6.0 mmol) in dry THF (50 mL), nBuli (4.5 mL of 1.6 M in hexanes, 7.2

\(ﬂ mmol, 1.2 equiv.) was added dropwise at RT. The resulting orange solution was
OC stirred for 15 min and IR spectrum of the reaction aliquot showed the

quantitative formation of the intermediate [Cp(CO).Mn(IMesLi)] (vco 1900,
1831 cm™). Then, the reaction mixture was cooled to —40°C and ethylene oxide

2

(4.8 mLof 2.5 M in THF, 12 mmol, 2.0 equiv.) was added dropwise. The resulting solution was warmed
up to RT for 2 h, quenched with degassed water (0.5 mL) and evaporated under vacuum. The residue
was dissolved in dry DCM (30 mL) and the solution was filtered over Celite to remove LiOH and again
evaporated under vacuum. The product was purified by column chromatography on silica (3x20 cm)
under nitrogen atmosphere. Some unreacted starting material 1 was eluted first with pure toluene as
a yellow zone followed by the deep-orange band of the product eluted using toluene/THF 5:2
mixture. The eluate was evaporated under vacuum and the resulting oily solid was triturated with
degassed hexane (50 mL) and dried to afford complex 2 as a yellow powder (2.98 g, 95%).

1H NMR (400.1 MHz, C¢Ds, 25°C): & 6.88 (s, 4H, CHwes), 6.26 (s, 1H, CHim-s), 4.02 (s, 5H, Cp), 3.19 (t,
3Jun = 6.0 Hz, 2H, IMCH2CH,0H), 2.19 (s, 3H, CHawmes), 2.18 (s, 3H, CHawmes), 2.11 (s, 6H, CHawmes), 2.03
(s, 6H, CHaes), 1.97 (t, 3Jun = 6.0 Hz, 2H, ImCH,CH,0H), 0.50 ppm (br. s, 1H, ImCH2CH,0H); 3C{*H}
NMR (100.6 MHz, CsDs, 25°C): 6 234.6 (s, Mn-CO), 204.0 (s, Mn-CN), 138.7, 138.4, 136.8, 136.3,
136.2 (s, Cwmes), 133.3 (s, Cim-4), 129.7, 129.4 (s, CHwmes), 121.3 (s, CHim-s), 81.6 (s, Cp), 59.9 (s,
ImCH2CH,0H), 28.6 (s, ImCH,CH20H), 21.2, 21.1, 18.6, 18.5 ppm (s, CHames). IR (THF): vco 1913,
1845 cm™. HRMS (ESI*): caled for CsoH33MnN2Os, 524.1872; found, 524.1877 (sr = 1.0 ppm).
Elemental analysis for C3oH33sMnN2Os: calcd, C 68.69, H 6.34, N 5.34; found, C 69.05, H 6.54, N 5.20.
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< ee Synthesis of complex [3a](OTf). To a solution of complex 2 (525 mg, 1.0
| | TfO~ mmol) in THF (15 mL) nBuli (0.7 mL of 1.6 M in hexanes, 1.1 mmol, 1.1
oc“"“}n\f’ / equiv.) was added dropwise at RT and the resulting mixture was stirred for
20 min and evaporated under vacuum. The residue was dissolved in dry
chlorobenzene (15 mL), the resulting solution was cooled to -40°C and
(321010 Tf,0 (185 L, 1.1 mmol, 1.1 equiv.) was added dropwise and the reaction
mixture was allowed to warm up to RT for ca. 1 h. After addition of PPh3 (787 mg, 3.0 mmol, 3.0
equiv.), the solution was heated at 80°C for 16 h and then all volatiles were evaporated under
vacuum. The resulting brown solid was washed with Et,0 (3x20 mL), dissolved in CH.Cl; (10 mL),
filtered over Celite and the product was precipitated by addition of ether (15 mL). The supernatant
was removed by decantation to afford after drying under vacuum complex [3a](OTf) (690 mg, 75%)
as a yellow powder. Single crystals suitable for X-ray diffraction study were obtained by vapor
diffusion of ether into the solution of complex [3a](OTf) in toluene.
14 NMR (400.1 MHz, CD3CN, 25°C): & 7.89-7.84 (m, 3H, CHpr), 7.69-7.64 (m, 6H, CHpp), 7.56-7.51 (m,
6H, CHpp), 7.05 (br. s, 3H, CHims + CHwes), 7.00 (s, 2H, CHwmes), 3.96 (s, 5H, Cp), 3.26-3.18 (m, 2H,
PCH,CHzIm), 2.39-2.30 (m overlapped with two s signals, 8H, PCH,CHz2lm + CHzwmes), 2.07 (s, 6H,
CHawmes), 1.92 (s, 6H, CHawmes); 3'P{*H} NMR (162.0 MHz, CDsCN, 25°C): § 22.7 ppm (s); 3C{*H} NMR
(100.6 MHz, CDsCN, 25°C): 6 235.3 (Mn-CO), 203.9 (Mn-CNy), 139.9, 139.5, 139.0, 137.4, 137.1 (s,
Cwes), 136.4 (d, Jep = 3.0 Hz, CHph), 136.1 (s, Cwvies), 134.5 (d, Jep = 11.1 Hz, CHp), 133.7 (d, Jep = 21.1 Hz,
Cipso ph), 131.4 (d, Jep = 13.1 Hz, CHpp), 130.4, 129.8 (s, CHwmes), 124.1 (s, CHims), 122.2 (q, Ycr = 319.9
Hz, CFsSOs), 82.4 (s, Cp), 21.4 (d, Yep = 51.3 Hz, PCH,CHalm), 21.3, 21.2 (s, CHawes), 18.8 (brs,
PCH,CH:Im), 18.7, 18.6 (s, CHawmes). IR (THF): vco 1912, 1845 cm™. MS (ESI*): m/z 769.3 [M-OTf]*;
HRMS (ESI*): calcd for CagHa7MnN2O,P, 769.2756; found, 769.2746 (g = 1.3 ppm). Elemental analysis
for CagHa7F3MnN;05PSx0.3CHCl;: caled, C 62.70, H 5.08, N 2.97; found, C 62.61, H 5.64, N 3.06.

Synthesis of complex [3b](OTf). To a solution of complex 2 (525 mg, 1.0
< w
| o T10° mmol) in THF (15 mL) nBuli (0.7 mL of 1.6 M in hexanes, 1.1 mmol, 1.1
.M N . . . . .
oc* /n\ﬁ’ ] equiv.) was added dropwise at RT and the resulting mixture was stirred for
oC N

20 min and evaporated under vacuum. The residue was dissolved in dry
chlorobenzene (15 mL), the resulting solution was cooled to -40°C and
[3eI(OT) Tf,0 (185 uL, 1.1 mmol, 1.1 equiv.) was added dropwise and the reaction
mixture was allowed to warm up to RT for ca. 1 h. After addition of PCys (420 mg, 1.5 mmol, 1.5
equiv.), the solution was heated at 60°C for 16 hours and then all volatiles were evaporated under
vacuum. The resulting brown solid was washed with Et,0 (3x20 mL), dissolved in CHxCl; (10 mL),
filtered over Celite and the product was precipitated by addition of ether (15 mL). The supernatant
was removed by decantation to afford after drying under vacuum complex [3b](OTf) (750 mg, 80%)
as a yellow powder. Single crystals suitable for X-ray diffraction study were obtained by the
crystallization in toluene/ethanol mixture at RT.

1H NMR (400.1 MHz, CDsCN, 25°C): & 7.13 (s, 2H, CHwes), 7.09 (s, 1H, CHim-s), 7.06 (s, 2H, CHues),
3.98 (s, 5H, Cp), 2.45-2.25 (m with two overlapped singlets, 11H, PCH,CH2Im + CHcy + CH3wmes),
2.18-2.14 (m, 2H, PCH2CH2Im), 2.09 (s, 6H, CHames), 2.07 (s, 6H, CH3wmes), 1.85-1.65 (m, 15H, CHacy),
1.40-1.20 ppm (m, 15H, CHacy); 3'P{*H} NMR (162.0 MHz, CD3CN, 25°C): & 31.3 ppm (s); 3C{*H}
NMR (100.6 MHz, CDsCN, 25°C): & 235.3 (Mn-CO), 203.9 (Mn-CN3), 140.1, 139.5, 139.0, 137.6,

137.0, 136.3 (s, Cwes), 134.0 (d, 3Jcp = 17.1 Hz, Cim-4), 130.6, 129.8 (s, CHwmes), 124.3 (s, CHim-s), 122.2
sS4



(9, Yer = 320.9 Hz, CF3S0s), 82.4 (s, Cp), 30.0 (d, Jep = 40.2 Hz, CHcy), 27.3 (d, Jep = 4.0 Hz, CHaqy),
27.0 (d, Jep = 12.1 Hz, CHagy), 25.9 (s, CHacy), 21.3, 21.2 (s, CHsmes), 19.0 (d, Zcp = 3.0 Hgz,
PCH,CHalm), 18.9, 18.7 (s, CHawes), 15.7 (d, YUep = 41.2 Hz, PCH,CHaIm). IR (THF): veo 1912, 1845
cm™t. MS (ESI*): m/z 787.4 [M-OTf]*; HRMS (ESI*): calcd for CagHesMnN,O,P, 787.4164; found,
787.4161 (g = 0.4 ppm). Elemental analysis for CagHssFsMnN2OsPS: calcd, C 62.81, H 6.99, N 2.99;
found, C62.02, H7.21, N 2.81.
< Mes Synthesis of complex 5a. To a yellow solution of complex [3a](OTf) (80
| ' mg, 0.09 mmol) in dry THF (3 mL), nBuLi (140 pL of 1.6 M in hexanes, 2.5

.-Mn N
OC\OCI \( equiv.) was added dropwise at RT. The resulting deep-orange solution
®

Mes” ppn, Was stirred for 15 min and IR spectrum of the reaction aliquot showed
/ .

ocC co the formation of complex 4a as a sole product (vco 1899, 1829 cm™).

5a After evaporation of THF under vacuum, the residue was redissolved in

toluene (4 mL), cooled to -40°C and [Rh(CO).Cl]; (22 mg, 0.054 mmol, 0.6 equiv.) was added. The
reaction mixture was warmed up to RT for 1 h to afford complex 5a as a major product according
to IR analysis (vco 2036, 1968, 1906, 1838 cm™). Toluene was evaporated under vacuum and the
residue was extracted with Et20 (3x10 mL) under sonication. Combined extracts were filtered over
Celite and evaporated under vacuum to afford complex 5a (73 mg, 88%) as orange solid. Single
crystals suitable for X-ray diffraction analysis were obtained from the solution of complex 5a in
THF/toluene/pentane mixture at -20°C. Due to a gradual isomerization of complex 5a into 6a in
solution, few signals from aromatic region cannot be reliably distinguished.
'H NMR (400.1 MHz, CgDs, 25°C): 6 7.48-7.43 (m, 6H, CHpn), 7.18 (s, 1H, CHwmes), 7.06 (s, 1H, CHuwmes),
7.00-6.95 (m, 3H, CHpn), 6.89 (s, 1H, CHwmes), 6.88—6.81 (m, 6H, CHpn), 6.78 (s, 1H, CHwes), 4.15 (s,
5H, Cp), 3.07-2.93 (m, 2H, PCHCH,Im), 2.60 (s, 3H, CH3wmes), 2.57-2.51 (m, 1H, PCHCH2Im), 2.47 (s,
3H, CHawmes), 2.32 (s, 3H, CHawmes), 2.29 (s, 3H, CH3wmes), 2.10 (s, 3H, CH3wmes), 1.55 ppm (s, 3H, CH3wmes);
31p{IH} NMR (162.0 MHz, C¢Ds, 25°C): 6 41.2 ppm (s); 3°C{*H} NMR (100.6 MHz, C¢Ds, 25°C): &
235.4, 235.2 (s, Mn-CO0), 199.9 (s, Mn-CN3), 191.9 (d, YJcrn = 50.3 Hz, Rh-CO), 187.5 (d, YJcrn = 63.9
Hz, Rh-C0O), 162.7 (d, Ycrh = 42.5 Hz, Rh—Cim-s), 152.2 (dd, Jcp = 11.5 Hz, Jcrh = 5.4 Hz, Cim-4), 143.4,
138.9, 137.6, 137.5, 137.4, 136.8, 136.2, 136.1 (s, Cwmes), 134.0 (d, Jrc = 9.2 Hz, CHpn), 133.0 (d, Jpc =
2.8 Hz, CHpn), 129.5 (d, Jec = 2.8 Hz, CHpn), 129.35, 129.3, 129.15, 129.1 (s, CHwmes), 129.0 (d, Jec =
11.5 Hz, CHpn), 128.2, 128.0 (s, CHpn), 125.6 (d, YJcp = 83.2 Hz, Cipso ph), 81.9 (s, Cp), 28.7 (s, CHy,
PCHCHzIm), 21.4, 21.2, 20.0, 19.6, 18.8, 17.9 (s, CHawmes), 13.9 ppm (dd, Yern = 27.5 Hz, Yep = 25.5
Hz, PCHCH2Im). HRMS (ESI*): calcd for CsoHasMnN2O4PRh, 926.1552; found, 926.1576 (&r = 2.6
ppm). IR (THF): vco 2035, 1966, 1906, 1838 cm™. IR (toluene): vco 2036, 1968, 1906, 1838 cm™2.
S e Synthesis of complex 5b. To a yellow solution of complex [3b](OTf) (85
\ mg, 0.09 mmol) in dry THF (4 mL), nBulLi (140 pL of 1.6 M in hexanes, 2.5

\
M N
oc‘;; ln equiv.) was added dropwise at RT. The resulting deep-orange solution
/ ®

c . . . .
Mes N @ was stirred for 15 min and IR spectrum of the reaction aliquot showed
Y3
oc” “co the formation of complex 4b as a sole product (vco 1898, 1828 cm™).
5b After evaporation of THF under vacuum, the residue was redissolved in

toluene (4 mL), cooled to -40°C and [Rh(CO),Cl]; (22 mg, 0.054 mmol,
0.6 equiv.) was added. The reaction mixture was warmed up to RT for 1 h to afford complex 5b as a
major product according to IR analysis (vco 2033, 1953, 1907, 1839 cm™). Toluene was evaporated
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under vacuum and the residue was extracted with Et;0 (3x10 mL) under sonication. Combined
extracts were filtered over Celite and evaporated under vacuum to afford complex 5b (77 mg, 90%)
as red-orange solid.
1H NMR (600.2 MHz, C¢Ds, 25°C): & 7.12 (s, 1H, CHues), 7.09 (s, 1H, CHuwes), 7.00 (s, 1H, CHuies), 6.94
(s, 1H, CHwes), 4.20 (s, 5H, Cp), 2.72-2.66 (m, 1H, PCHCH,Im), 2.54 (s, 3H, CH3mes), 2.52 (s, 3H,
CH3mes), 2.49-2.45 (m, 1H, PCHCH2Im), 2.32 (s, 3H, CH3wmes), 2.29 (s, 3H, CHswmes), 2.28 (s, 3H, CH3wmes),
2.18 (s, 3H, CHames), 2.15-2.10 (m, 1H, PCHCHzIm), 1.98-1.92 (m, 3H, CHc,), 1.63-1.56 (m, 3H,
CHacy), 1.53-1.34 (m, 15H, CHacy), 1.24-1.15 (m, 3H, CHacy), 1.00-0.87 (m, 6H, CHacy), 0.85-0.76
ppm (m, 3H, CHagy); 3P{*H} NMR (243.0 MHz, CeDs, 25°C): & 43.6 ppm (s); 3C{*H} NMR (150.9 MHz,
CeDs, 25°C): 6 235.6, 235.2 (s, Mn-C0), 200.5 (s, Mn-CNz2), 195.2 (d, YJcrn = 54.3 Hz, Rh-CO), 187.7
(d, Yerh = 62.2 Hz, Mn-C0), 162.2 (d, Ycrn = 42.7 Hz, Rh—Cims), 152.1 (dd, 3Jcp = 13.5 Hz, %Jcrh = 6.0
Hz, Cim-4), 143.4, 139.1, 137.7, 137.6, 137.5, 136.7, 136.5, 135.9 (s, Cwmes), 129.7, 129.6, 129.3, 129.2
(s, CHwes), 81.9 (s, Cp), 32.5 (d, Yep = 42.3 Hz, CHgy), 27.9 (s, PCHCH2Im), 27.6 (s, CHacy), 27.2 (d, Jep =
10.6 Hz, CHacy), 27.0 (s, CHacy), 26.6 (d, Jep = 10.6 Hz, CHagy), 25.8 (s, CHacy), 21.4, 21.3, 20.0, 19.7,
18.8, 18.7 (s, CHawes), 6.4 (dd, Ycrn = 25.7 Hz, YUcp = 19.6 Hz, PCHCHaIm). MS (ESI*): m/z 944.3 [M]*;
HRMS (ESI*): calcd for CsoHssMnN204PRh, 944.2961; found, 944.2971 (e, = 1.1 ppm). IR (THF): vco
2030, 1952, 1906, 1838 cm™. IR (toluene): vco 2033, 1953, 1907, 1839 cm™.
@ Synthesis of complex 6a. The solution of complex 5a (80 mg, 0.08
Mes mmol) in toluene (5 mL) was heated at 50°C until the complete
oo™ \(NP*‘Z formation of 6a observed by IR spectroscopy (ca. 20 h). The solvent
oc @ was evaporated under vacuum and the residue was purified by
chromatography on silica column (10x1 cm) under nitrogen
atmosphere. A yellow-orange zone of the product was eluted with
toluene to afford after solvent evaporation complex 6a (68 mg, 95%) as an orange solid.
'H NMR (400.1 MHz, C¢Dg, 25°C): & 8.36 (d, Jun = 8.0 Hz, 1H, CHen), 7.30-7.24 (m, 2H, CHen),
7.14-7.09 (m, 1H, CHpp), 7.07-6.99 (m, 3H, CHpp), 6.97-6.84 (m, 8H, CHpen + CHies + CHim-s),
6.81-6.76 (m, 2H, CHen), 6.75 (s, 1H, CHues), 6.71 (s, 1H, CHues), 4.04 (s, 5H, Cp), 2.78-2.72 (m, 2H,
PCHCH,Im), 2.46-2.36 (m, 1H, PCHCH2Im), 2.28 (s, 3H, CHawmes) 2.22 (s, 3H, CHawmes), 2.19 (s, 3H,
CH3wmes), 2.12 (s, 3H, CHsmes), 2.04 (s, 3H, CHawmes), 2.035 ppm (s, 3H, CHawmes); 3'P{*H} NMR (162.0
MHz, CsDe, 25°C): 6 27.8 ppm (d, Uprn = 2.4 Hz); 3C{*H} NMR (100.6 MHz, C¢Ds, 25°C): & 234.7,
234.6 (s, Mn-C0), 204.5 (s, Mn-CN3), 194.0 (dd, YJcrn = 54.1 Hz, 3Jcp = 7.2 Hz, Rh-CO), 191.1 (dd,
1JCRh =64.7 HZ 3./cp =44 HZ Rh- CO) 181.6 (t 1JCRh 2./cp =33.7 HZ Rh- Cph) 143 .4 (dd 3Jcp =19.3
Hz, 3Jcrn = 2.2 Hz, CHpp), 138.8, 138.4, 138.35 (s, Cwies), 137.7 (d, Yep = 25.1 Hz, Cipso ph), 137.6 (d, Yep
= 114.7 Hz, Cipso ph), 136.75, 136.7, 136.6, 136.4, 136.3 (s, Cwvies), 133.4 (d, Jep = 9.0 Hz, CHp), 132.6
(d, Jep = 9.0 Hz, CHph), 132.5 (d, Jep = 3.0 Hz, CHpp), 132.2 (d, Jep = 3.0 Hz, CHpp), 130.9 (dd, Jcp = 18.4
Hz, Jcrh = 1.7 Hz, CHpp), 130.2 (br dd, Jcp = 2.7 Hz, Jern = 1.9 Hz, CHpn), 129.6 (s, CHpr), 129.5, 129.45,
129.40, 129.3 (s, CHwes), 129.3 (d, Jep = 10.1 Hz, CHpp), 128.7 (d, Jep = 11.1 Hz, CHpr), 127.6 (s, Cim-a),
126.9 (dd, Yep = 62.4 Hz, ZJcrn = 3.0 Hz, Cph), 125.0 (d, Jep = 13.1 Hz, CHph), 122.9 (s, CHim-s), 81.7 (s,
Cp), 26.9 (s, PCHCH,Im), 22.5 (dd, Yep = 32.2 Hz, Ycrn = 24.1 Hz, PCHCH2Im), 21.2, 18.9, 18.8, 18.6,
18.5 ppm (s, CHames). MS (ESI*): m/z: 926.1 [M]*; HRMS (ESI*): calcd for CsoHasMnN2O4PRh,
926.1552; found, 926.1564 (gr = 1.3 ppm). IR (THF): vco 2034, 1966, 1912, 1845 cm™. IR (toluene):
vco 2036, 1970, 1913, 1845 cm™.
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X-ray diffraction studies

The X-ray crystallographic data for all complexes were collected at —-173°C using a Rigaku
Synergy diffractometer (CuKa, 1.54184 A) equipped with an Oxford Cryosystem. The structures
have been solved by direct methods using SIR2018 program? and refined by means of least-square
procedures on F2 using SHELXL® integrated in WinGX 2018/3 system.* Absorption correction was
performed using a Multiscan procedure.> All non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were initially refined with soft restraints on the bond lengths and angles to
regularize their geometry and Uiso (H) (in the range 1.2-1.5 times Ueq of the parent atom), after
which the positions were refined with riding model. After completion of the initial refinement for
[3b](OTf) and 5a it was found that ca. 7.0% of the overall cell volume was occupied by heavily
disordered solvent molecules accounting for 102 and 42 electrons per unit cell, respectively. Since
we were unable to find the reliable model in terms of discrete atomic sites, the contribution of the
electron density in these space voids was minimized using the SQUEEZE procedure.® Detailed
crystallographic data and structural refinement parameters are given in Table S1.

Table S1. Crystallographic details and refinement data for complexes [3a](OTf), [3b](OTf) and 5a

Complex [3a](OTf) [3b](OTf) 5a
Formula Ca9Ha7F3MnNnN,OsPS Ca9HesF3sMNnN2OsPS Cs4Hs3MnN;OsPRh
Mw (g mol™?) 918.88 937.00 998.83
T(K) 100 100 100
Crystal system monoclinic monoclinic triclinic
Space group P 2i/n P 2i/c P-1
a(A) 30.6370(2) 25.31460(10) 12.51570(10)
b (A) 8.08020(10) 8.53570(10) 14.6557(2)
c (A) 35.4557(3) 22.79300(10) 15.2252(2)
a(°) 90 90 107.4030(10)
8 (°) 93.0470(10) 104.6720(10) 110.8530(10)
v(°) 90 90 94.5710(10)
Vv (A3) 8764.76(14) 4764.46(7) 2435.42(5)
Z 8 4 2
Pealcd (g cm~3) 1.393 1.306 1.362
i (mm) 3.765 3.464 5.546
Collected reflns 142973 145757 77758
Unique reflns 17843 9576 9608
Rint 0.075 0.044 0.043
Nb of parameters 1129 638 583
Nb of reflns (/>20) 14317 9074 9172
Final R, wR (/220) 0.0538/0.1431 0.0555/0.1656 0.0310/0.0843
R, wR (all data) 0.0684/0.1524 0.0585/0.1689 0.0329/0.0852
Apmin/ Dpmax -0.86/1.01 -0.67/0.82 -0.83/0.93
GOF 1.014 0.882 1.030
CCDC Number 2393836 2393837 2393838
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Electrochemical investigations

Voltammetric measurements were carried out with a potentiostat Autolab PGSTAT100
controlled by GPES 4.09 software. Experiments were performed at room temperature in a
homemade airtight three-electrode cell consisting of a Pt working electrode (d = 0.5 mm), a
platinum wire (S = 1 cm?) as counter electrode, and a saturated calomel electrode (SCE) separated
from the solution by a bridge compartment as a reference. Before each measurement, the working
electrode was cleaned with a polishing machine (Presi P230, P4000). The measurements were
carried out in dry CH3CN under argon atmosphere using 0.1 M [nBuaN](PFs) (Fluka, 99% puriss
electrochemical grade) as supporting electrolyte and typically 10 M sample concentration.

DFT calculations.

Calculations were performed with the Gaussian 097 package at the DFT/wB97XD?8 level using
Def2-TZVP basis set® for all atoms supplemented with the effective core potential (ECP)!*° for
rhodium atom without any ligand simplification. The structures of all complexes were fully
optimized in toluene (e = 2.37) described by the SMD model! without any symmetry restrictions.
The nature of minima points on the potential energy surfaces was confirmed by vibrational
analysis. ETS-NOCV analysis'? of interaction energy was performed with ORCA 5.04 software
package!? on the same level (wB97-D3/Def2-TZVP(ECP(Rh))/SMD(toluene)) on the GO9 geometry
of complex. The deformation density plots were further calculated (by scaling of interacting
orbitals by their eigenvalue factor, with subsequent subtraction of their squared values) and
plotted with the Chemcraft 1.8 program.!* QTAIM analysis was performed by AIMALLY and
Multiwfn 3.86 packages. NBO charges was obtained by NBOPro v.6 software.'’

The optimized geometries of complexes are shown in Figure S1 and the pertinent values of
bond distances and AIM/NBO6 charges are collected in Table S2. Calculated metal-carbene and
metal-ylide bond distances in complex 5a correspond well to those obtained from X-ray diffraction
experiment with a maximal deviation of 0.025 A. DFT data showed that cyclometallated Rh(l)
complex can exist as two rotamers 6a and 6a’ different by the position of the [Rh(CO);] moiety
relative to the NHC plane (Figure S1). According to AG?®8, complex 6a is 3.7 and 4.8 kcal/mol more
thermodynamically stable than its isomer 6a’ and the starting ditopic NHC derivative 5a, respectively.

Table S2. Selected bond lengths and charges for optimized complexes 4a, 4b, 5a, 5b and 6a/6a’

Complex Selected bond distanc.es (A) AIM and NBO6 (in parenthesis) charges
Mn-NHC | M—aNHC | M—ylide | P-Cyice | Mn NHC | [Rh(CO)] | COuans” | COcs"
4a 2.035 1.994 | 2.159 | 1.692 (_06%13) (:é:ggg) - - B
4b 2.035 1.990 | 2.127 | 1.708 (—06317904) (:é:ggg) - - B
sa | 2007 | 2063 | 2215 | 1788 | ghioe) | osen) | (oar3) | (0435 | (0075)
s | 20 | 2000 | 2232 | 1780 | Siee) | Coses) | (0162) | (0A35) | (0050
G | 2006 | - | 2203 | 1781 | Shoo) | osen) | 0168) | 0A29) | (0096
e | 1oy | - 218 | 187 | Goon | Coaon | (oas) | 0a19) | (007

9 The cis- and trans-arrangement of CO ligands is given related to the phosphonium ylide moiety
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Figure S1. Optimized structures of complexes 4a, 4b, 5a, 5b bearing anionic dNHC ligands and two
conformers of cyclometallated derivatives 6a/6a’ (hydrogen atoms are not shown). Element color
codes: Li — grey, C — white, N — blue, O — red, P — orange, Mn —violet, Rh — brown.

Analysis of structural data for calculated NHC-ylide complexes revealed ca. 0.06-0.10 A shorter
metal-NHC and metal-ylide bonds for the adducts 4a-b than for their Rh(l) congeners 5a-b, which
may be related to a stronger contribution of electrostatic interactions. As expected, lower acceptor
ability of Li* cation vs. [Rh(CO);] moiety can be also reflected from the accumulation of negative
charge in the ditopic NHC fragment of 4a-b (Table S2) and significant double bond character of P-C
ylide bonds being ca. 0.07-0.08 A shorter than for their related Rh(l) derivatives 5a-b.
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Figure S2. Selection of molecular orbitals for bimetallic complex 5a with isosurface set at 0.05 a.u.

and their energies in eV (in parenthesis).
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Figure S3. Selection of molecular orbitals for bimetallic complex 5b with isosurface set at 0.05 a.u.

and their energies in eV (in parenthesis).

Selected near frontier molecular orbitals for complexes 5a and 5b as well as their related

energies are presented in Figure S2 and S3, respectively. While HOMO and HOMO-2 are centered

uniquely at the [Cp(CO)2Mn] moiety, a significant contribution of dNHC ligand may be noticed for

HOMO-1, whereas HOMO-3 represents essentially dz2 orbital of the rhodium atom. Interestingly,
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all low-lying LUMOs for complex 5a are located at the cationic *PPhsz fragment (Figure S2, down)
being in agreement with the observed reactivity of this site on a highly electron-rich Rh(l) center. In
contrast, all accessible LUMO orbitals for complex 5b are located either on the [Rh(CO).] moiety or
at the aromatic NHC substituents (Figure S3, down) thus explaining higher chemical robustness of
complexes incorporating PCys-based ylide ligands.

Main primary NOCV channels for the bonding of [Rh(CO),] fragment with bidentate aNHC-
ylide ligands in 5a-b are presented in Figures S4 and S5. The overall ca. 5:1 ratios between the
associated energies responsible for o-donation (Figure S4) and m-retrodonation (Figure S5) in
complexes 5a-b are close to those previously calculated using the same approach for the bonding
of [Cp(CO),Fe]* fragment with neutral (4.8:1) and anionic (5.6-6.2:1) aNHC ligands.*®

NOCV1 5a (E =-72.018) 5b (E = -70.947)

NOCV2 5a (E = -43.269) 5b (E = -43.472)

Figure S4. Electron deformation density (as isosurface at 0.001 a.u., red - electron density
depletion, blue - electron density accumulation) corresponding to primary NOCV channels in
bimetallic complexes 5a (left) and 5b (right) responsible for o-donation to the [Rh(CO);] fragment
(associated energies in kcal/mol are given in parenthesis).
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5b (E = -6.894)

NOCV3 5a (E = -6.013)

N

NOCV4 5a (E = -6.692) 5b (E = -6.958)

5b (E = -6.190)

\ N

N\

5b (E = -5.072)

NOCV5 6a (E = -4.776)

Figure S5. Electron deformation density (as isosurface at 0.001 a.u., red - electron density
depletion, blue - electron density accumulation) corresponding to primary NOCV channels in
bimetallic complexes 5a (left) and 5b (right) responsible for m-back donation to the [Rh(CO):]

fragment (associated energies in kcal/mol are given in parenthesis).
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