SUPPORTING INFORMATION

Sterically tuned N-heterocyclic carbene ligands for the
efficient formation of hindered products in Ru-catalyzed

olefin metathesis

Sebastian Planer,® Pawet Matecki,? Bartosz Trzaskowski,b Anna

Kajetanowicz,®* Karol Grela®*

?Biological and Chemical Research Centre, Faculty of Chemistry, University of
Warsaw, Zwirki i Wigury 101, 02-089 Warsaw, Poland

b Centre of New Technologies, University of Warsaw, Banacha 2c, 02-097 Warsaw,
Poland

email; karol.grela@gmail.com, a.kajetanowicz@uw.edu.pl

S1


mailto:karol.grela@gmail.com
mailto:a.kajetanowicz@uw.edu.pl

L GENEIAI REMIAIKS ... .o e e e et eeeeteeeeeaeaestesesteseseseaeseasassesanasesenneeaansesennnens 3

1.1 Reagents aNd SOIVENLS ...t seses et as s s s se b s s s nne 5
1.2 Protocols for conducted Metathesis ReACiONS...........c.ceeoeuveveeereveueineneneneereneeiseesenenes 5
2 Synthesis of Imidazolium Chlorides 8a-c and Complexes Ru11-13.............ccc.o......... 7
2.1 Synthesis Of DiiMINES GA=C .........cceeueveeeeeeeerieeesesesesesesssesesesesesesesesesesssssssssssssssssssssees 7
2.2 Synthesis of Diamine dihydrochlorides 7G-C..........eeeereeereeeeeeeeieeeeesessssnens 8
2.3 Synthesis of Imidazolium ChIOrides 8A-C............cueeeeeeeeeeeeeeeeeeeeeeeeeseteseeaesesesenes 10
2.4 Synthesis of Complexes RULL-13 ... sesesesesesesesenes 12
3 NMREXPEFMENLS......ooeeeeeeeeeceeteetee ettt ae s s s b e a e e se e ens 15
4 Characterization of Metathesis Products ..............cccoevvcvevcicinnnnnnnncrccccccnnen 19
4.1 (Z)-3-Methyl-2,5-dihydrobenzo[b][1,4]dioX0CIN€ (16).........cuureeeeeeererererererererererernnns 20
4.2 4-(3-(Cyclohex-3-en-1-yl)allyl)-2-methoxyphenyl 1-(5-fluoropentyl)-1H-indole-3-
CATDOXYIALE (29) et se s s sese s s s as s s s asasasasesesesesesssesesesene 21
4.3 But-2-ene-1,4-diylbis(2-methoxy-4,1-phenylene) bis(1-(5-fluoropentyl)-1H-indole-
3-CAIDOXYIALE) (28D)...eeeeeeeeeeeeeeeeteeeeeeeee s s s s sesesssesesesesessssssasssasasasas 22
4.4 (E)-(1-(9,9-Dimethyldec-7-en-1-yl)-1H-indol-3-yl)(2,2,3,3-tetramethyl
CYClOPrOPYIIMELNANONE (1) ...t sesesesesesesesesesenes 23

4.5 (1-(14-(3-(2,2,3,3-tetramethylcyclopropane-1-carbonyl)- 1H-indol-1-yl)
tetradec-7-en-1-yl)-2,7a-dihydro- 1H-indol-3-yl)(2,2,3,3-tetramethylcyclopropyl)-

MEENANONE (BOD).....ooeeeeeeeeeieieeeeeeeeeeee s se s ss st sessesesesesesesesesene 24
4.6 4-(Cyclohex-3-en-1-yl)but-3-en-1-yl (1r,3r,5r,7r)-dispiro [adaman-tane-2,3'-
[1,2,4,5]tetraoxane-6',1"-cyclohexane]-4"-carboxylate (33)..........veeeeverererererenns 25
5 NMR SPECLIA COPIES .....oocveeeeeetecteeteeteetecteeeeteeteete ettt eseessesseseessesseseesseseenees 26
6 Crystallographic Experimental Details ..o, 47
6.1 Crystallographic Data for RULT ..........eeeeeeeeeeeeeeeeeceeeevcveeeevesessesesssssese s sesesens 48
6.2 Crystallographic Data for RULB ...t sesesssse s s sesns 55
7 Computational Methods..............oiieeeeccccec e 62
7.1 Calculation of Mechanism Activation BAITIEIS............eeeeeeereeeereeereeeereeeeeereeereeesesenens 62
7.2 SAPT calculations of intramolecular interactions................eeeveeeeereereeerereereseenen. 63
8 REFEIEINCES ...ttt st s b et b e b e b e besbe b e s s e bessassessessassessansans 65



1 General Remarks

All reactions requiring exclusion of oxygen and moisture were carried out in dry
glassware with dry solvents (SPS MBraun) under a dry and oxygen free argon atmos-
phere using standard Schlenk technique. The addition of dry solvents or reagents was
carried out using argon flushed stainless steel cannulas and plastic syringes. For spec-

troscopic and analytic characterizations the following devices were available:

Analytical thin layer chromatography (TLC) was performed on Merck Silica gel 60 Fjs4
precoated aluminium sheets. Components were visualized by observation under UV

light (254 nm or 365 nm) or dyed by aqueous KMnQO, or anisaldehyde reagent.

Flash column chromatography was carried out using silica gel 60 (230 - 400 mesh),

purchased from Merck.

Preparative thin layer chromatography plates were purchased from Analtech (20x20,
1000 um, P02013).

GC chromatograms were recorded using a PerkinElmer Clarus 580 model. As capillary
column, an IntertCap 5MS-Sil column was employed with helium as carrier gas. GC
conversions were determined based on the ratio of an internal standard (durene) and

the starting material.

1H NMR spectra were recorded in CDCl3, dichloromethane-d,, methanol-ds or dime-
thyl sulfoxide-ds at room temperature on Agilent Mercury spectrometers (400 MHz).
The data were interpreted in first order spectra. Chemical shifts & are reported in
parts per million (ppm) downfield from trimethylsilane as reference to residual solvent
signal: CDCl;3 [6y = 7.26 ppm], dichloromethane-d; [64 = 5.32 ppm], methanol-d4 [6 =
3.31 ppm (central line of the quintet)] or dimethyl suloxide-dg¢ [61 = 2.50 ppm (central
line of the quintet)].? The following abbreviations are used to indicate the signal mul-
tiplicity: s (singlet), d (doublet), t (triplet), q (quartet), quin (quintet), sext (sextet), dd
(doublet of doublet), dt (doublet of triplet), ddd (doublet of doublet of doublet), etc.,
br. s (broad signal), m (multiplet). Coupling constants (J) are given in Hz and refer to

H,H-couplings.
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13C NMR spectra were recorded at room temperature on Agilent Mercury 400 MHz
spectrometers. The spectra were recorded in CDCl3, dichloromethane-d,, methanol-d,
or dimethyl sulfoxide-ds. Chemical shifts are reported in & units relative to the solvent
signal: CDCl3 [6¢c = 77.16 ppm (central line of the triplet)], Dichloromethane-d; [6¢ =
53.84 ppm (central line of the quintet)], methanol-d; [6¢c = 49.00 ppm (central line of
the quintet)] or dimethyl suloxide-ds [6c = 39.52 ppm (central line of the septet)].! If
no coupling constants are given, the multiplicity refers to *H-decoupled spectra, oth-

erwise the coupling constants belong to heteroatoms.
High resolution mass spectra (HR-MS)
High resolution mass spectroscopy was obtained on AutoSpec Premier spectrometer.

Elemental Analyses were carried out at the Polish Academy of Science, Institute of

Organic Chemistry.

IR spectra were recorded on a Perkin-Elmer Spectrum One FTIR spectrometer or
JASCO FT/IR-6200 (for 28D and 30D), respectively. Substances were applied as a
film, solid or in solution. The obtained data was processed with the software Omni32.

Wavenumbers are given in cm™.

X-Ray Diffraction data were collected on the Agilent Technologies SuperNova Dual
Source diffractometer with CuKa (A = 1.54184 A) and MoKa (\ = 0.71073 A) radiation
using CrysAlis RED software.
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1.1 Reagents and Solvents

All reagents were purchased from Sigma-Aldrich, Apeiron Synthesis and POCH and

used without further purification unless stated otherwise.

Substrates 1,2 9,2 11,° 13,4 17,° 19,° 24.° 26,° 28,” 30,”, 32,2 were obtained according

to literature procedures.

Stock solutions of catalysts were prepared in dry and degassed toluene (mBraun’s sol-
vent purification system) under a protective atmosphere of argon using standard
Schlenk technique. However, the stock solution for phosphite catalyst Ru8 needed to
be prepared in dry and degassed dichloromethane due to its low solubility in toluene

at room temperature.

SnatchCat Metal Scavenger (1,4-bis(2-isocyanopropyl)piperazine) was used as a solu-

tion in dichloromethane (C = 10 mg/mL) in order to quench metathesis reactions.’
1.2  Protocols for conducted Metathesis Reactions

General procedure for activity studies

In a Radleys Carousel Reaction Station, reaction vessels were charged with substrate
1 (1 equiv., C = 0.1 M) and durene as internal standard dissolved in toluene under pro-
tective atmosphere of argon. The mixture was heated up to 60 °C and 1 mol% of the
respective catalyst (Stock solution, C = 5 mg/mL; 0.005 mmol, 1 mol%) was added.
Samples (100 pl) were collected after 5, 10, 15, 30, 60, 120 and 180 minutes and im-
mediately quenched by addition of SnatchCat (4 mol%, dissolved in DCM).’ The con-
version was determined by GC based on the ratio between the internal standard

(durene) and the starting material.

General procedure for RCM and enyne cycloisomerization reactions

An oven dried Schlenk flask was charged with the substrate (1 equiv., C = 0.1 M) dis-
solved in toluene under a protective atmosphere of argon. The mixture was stirred at
60 °C, while the respective catalyst was added in hourly portions until TLC monitoring
showed complete or no progressing conversion. The reaction mixture was cooled to
room temperature and SnatchCat (4 mol%) was added and stirred for another 30
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minutes.” The crude mixture was filtered over a pad of Silica. After removing the sol-
vent in vacuo, the residue was subjected to flash chromatography (SiO,; hexane/ethyl

acetate) to afford the product.

Procedure for RCM of 13

An oven dried two-neck flask equipped with a reflux condenser was charged with
substrate 13 (1 equiv., C = 0.1 M) dissolved in toluene under protective atmosphere of
argon. The mixture was stirred at 60 °C, while catalyst (4 x 0.25 mol%) was added
every 2 h, until TLC monitoring showed complete conversion. During the reaction, the
solution was purged by a stream of argon. The reaction mixture was cooled to room
temperature and SnatchCat (4 mol%) was added and stirred for another 30 minutes.’
The crude mixture was filtered over a pad of Silica. After removing the solvent in vac-
uo, the residue was subjected to flash chromatography (SiO,; hexane/ethyl acetate
99:1) to afford product 14.

Procedure for CM

An oven dried Schlenk flask was charged with the respective olefin (1 equiv., C =
0.25M, C=0.1 M for CM of 26 respectively) and three equivalents of the respective
cross partner (10 equiv. of neohexene for CM with 30) dissolved in toluene under pro-
tective atmosphere of argon. The mixture was stirred at 60 °C (at 45 °C for CM of 32),
while catalyst was added in hourly portions until TLC monitoring showed complete or
no progressing conversion. The reaction mixture was cooled to room temperature and
SnatchCat (4 mol%) was added and stirred for another 30 minutes.” The crude mixture
was filtered over a pad of Silica. After removing the solvent in vacuo, the residue was

subjected to flash chromatography (SiO,; hexane/ethyl acetate) to afford the product.

S6



2 Synthesis of Imidazolium Chlorides 8a-c and Complexes
Rull-13

2.1 Synthesis of Diimines 6a-c

To a solution of previous distilled dimethylaniline 5 (5.19 g, 42.0 mmol, 2.1 equiv.) in
'PrOH (10 mL), glyoxal (40% aqueous solution, 2.90 g, 20.0 mmol 1.0 equiv.), dissolved
in 'PrOH/H,0 (7 mL, 1:1) was added and the mixture was stirred for 24 h at room
temperature. The resulting yellow-brown suspension was filtered through a frit (G4)

and the precipitate rinsed with water (3 x 30 mL) to afford diamine 6a-c.

(1E,2E)-N1,N2-Bis(2,3-dimethylphenyl)ethane-1,2-diimine (6a):
Yellow solid (83%). 'H NMR (CDClz, 400 MHz): & 8.31 (s, 2H), 7.17 -
7~ @ 7.11 (m, 4H), 6.90 - 6.86 (m, 2H), 2.35 (s, 6H), 2.34 (s, 6H) ppm; *C
QN NMR (CDCl3, 101 MHz): 6 159.8, 149.7, 137.9, 131.5, 128.9, 126.2,
115.3, 20.3, 13.9 ppm; HRMS (ESI) m/z calcd for [M+H]" (C1gH21N>): 265.1699, found
265.1694; Anal. calcd. for C1gH20N2: C, 81.78; H, 7.63; N, 10.60. Found: C, 81.79; H,
7.58; N, 10.66; IR (diamond tip): v 2910, 1602, 1590, 1577, 1459, 1371, 1307, 1236,
1093, 1058, 1021, 986, 958, 886, 783, 728, 701, 600, 546, 529, 500, 487 cm™.

(1E,2E)-N1,N2-Bis(2,4-dimethylphenyl)ethane-1,2-diimine (6b):

O Yellow solid (85%). 'H NMR (CDClsz, 400 MHz): & 8.33 (s, 2H),

NHN 7.10 - 7.08 (m, 2H), 7.06 - 7.03 (m, 2H), 6.96 (d, J = 8.0 Hz, 2H),

Q 2.39 (s, 6H), 2.36 (s, 6H) ppm; ¥C NMR (CDCls, 101 MHz) &

159.1, 147.1, 137.4, 133.2, 131.5, 127.5, 117.2, 21.2, 17.9 ppm; HRMS (ESI) m/z

calcd for [M+H]" (C1gH21N2): 265.1699, found 265.1690; Anal. calcd. for CigHaoN2: C,

81.78; H, 7.63; N, 10.60. Found: C, 81.88; H, 7.73; N, 10.67; IR (diamond tip): ¥ 3006,

2944, 2915, 2858, 2185, 2162, 1616, 1607, 1595, 1490, 1448, 1380, 1301, 1280,

1238, 1205, 1159, 1122, 1037, 1015, 951, 941, 929, 887, 821, 782, 716, 614, 558,
538, 484, 460, 452 cm™.
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(1E,2E)-N1,N2-Bis(2,5-dimethylphenyl)ethane-1,2-diimine (6c)
Yellow solid (85%). 1H NMR (CDCl3, 400 MHz): 6 8.30 (s, 2H), 7.15

QHQ (d, J = 8.0 Hz, 2H), 7.03 (dd, J = 7.6, 1.6 Hz, 2H), 6.84 (d, J = 1,6 Hz,

2H), 2.36 (s, 12H) ppm; *C NMR (CDCls, 101 MHz): § 159.7, 149.5,
136.6, 130.6, 129.8, 128.1, 118.1, 21.1, 17.5 ppm; HRMS (ESI) m/z calcd for [M+H]"
(C18H21N2): 265.1699, found 265.1694; Anal. calcd. for CigH20N2: C, 81.78; H, 7.63;
N, 10.60. Found: C, 81.77; H, 7.80; N, 10.52; IR (diamond tip): Vv 2953, 2919, 1608,
1592, 1572, 1499, 1445, 1309, 1293, 1209, 1153, 1117, 1038, 990, 967, 922, 883,
819,777,717, 638, 564, 526, 456, 405 cm™.

2.2 Synthesis of Diamine dihydrochlorides 7a-c

A suspension of the respective diimine 6 (2.64 g, 10.0 mmol, 1.0 equiv.) in THF
(25 mL) was cooled to 0 °C before sodium borohydride (1.51 g, 40.0 mmol, 4.0 equiv.)
was added in one portion. Concentrated hydrochloric acid (1.68 mL, 20.0 mmol,
2.0 equiv.) was added dropwise to the reaction mixture and stirred for 1 h at 0 °C.
Afterwards, cold 3 M hydrochloric acid (40 mL) was added dropwise to the suspen-
sion maintained at O °C. After stirring the resulting suspension over night at room
temperature, the precipitate was filtered and rinsed with water (3 x 10 mL) to afford

the corresponding hydrochloride 7a-c.

N1,N2-Bis(2,3-dimethylphenyl)ethane-1,2-diaminium chloride (7a):

o White solid (99%). 'H NMR (Methanol-ds, 400 MHz): § 7.28 - 7.21
ZC'®ﬂ”Z”© (m, 6H), 3.78 (s, 4H), 2.34 (s, 6H), 2.33 (s, 6H) ppm; 13C NMR (Meth-
QNHZ anol-ds, 101 MHz): § 141.1, 136.7, 130.7, 129.9, 128.2, 119.6, 47.2,
20.4, 13.8 ppm; HRMS (ESI) m/z calcd for [M-HCl,]" (C1gH25N2): 269.2012, found
269.2014; Anal. calcd. for C1gH24CloN2: C, 63.34; H, 7.68; N, 8.21; Cl, 20.77. Found: C,
63.62; H, 7.74; N, 8.13; Cl, 20.87; IR (diamond tip): v 3337, 2878, 2801, 2697, 2563,
2482, 1621, 1586, 1470, 1442, 1404, 1390, 1298, 1247, 1184, 1170, 1094, 1059,
1021, 992, 968, 817, 798, 762, 722, 677, 626, 534, 509, 486 cm™.
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N1,N2-Bis(2,4-dimethylphenyl)ethane-1,2-diaminium chloride (7b):

2P N@O White solid (61%). 'H NMR (Methanol-d4, 400 MHz): & 7.36 (d, J
%ZJ = 8.1 Hz, 2H), 7.22 - 7.20 (m, 2H), 7.19 - 7.15 (m, 2H), 3.81 (s,
Q 4H), 2.45 (s, 6H), 2.34 (s, 6H) ppm; 3C NMR (Methanol-ds, 101
MHz): & 140.4, 134.2, 133.5, 131.7, 129.4, 122.5, 47.1, 20.9, 17.4 ppm; HRMS (ESI)
m/z calcd for [M-HCl,]" (C1gHasNp): 269.2012, found 269.2018; Anal. caled. for
CisH26CloN2: C, 63.34; H, 7.68; N, 8.21; Cl, 20.77. Found: C, 63.57; H, 7.84; N, 8.27;
Cl, 20.57; IR (diamond tip): v 2956, 2899, 2676, 2586, 2471, 2391, 1571, 1503, 1460,
1442, 1392, 1373, 1338, 1201, 1058, 1045, 831, 811, 766, 578, 556, 444 cm™.

N1,N2-Bis(2,5-dimethylphenyl)ethane-1,2-diaminium chloride (7c):

©

e White solid (82%). 'H NMR (Methanol-ds, 400 MHz): § 7.24 - 7.19
o— (m, 2H), 7.17 - 7.15 (m, 2H), 7.11 - 7.07 (m, 2H), 3.75 (s, 4H), 2.38
QNHZ (s, 6H), 2.34 (s, 6H) ppm: 3C NMR (Methanol-ds, 101 MHz): & 139.2,
133.2, 133.1, 129.2, 127.8, 121.6, 46.7, 21.0, 17.0 ppm; HRMS (ESI) m/z calcd for
[M=-HCl,]" (C1gH25N2): 269.2012, found 269.2007; Anal. caled. for CigH2¢CloNo: C,
63.34; H, 7.68; N, 8.21; Cl, 20.77. Found: C, 63.58; H, 7.75; N, 8.26; Cl, 20.52; IR (di-
amond tip): v 3056, 2981, 2550, 2470, 2378, 2306, 1631, 1582, 1513, 1455, 1382,
1316, 1301, 1284, 1246, 1118, 1029, 993, 954, 809, 701, 592, 552, 503, 447 cm™,
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2.3 Synthesis of Imidazolium Chlorides 8a-c

An oven dried single-neck round bottom flask was charged with the respective dia-
mine dihydrochloride 7 (2.05g, 6.0 mmol, 1.0 equiv.) and triethyl orthoformate
(12.70 g, 84.0 mmol, 14.0 equiv.). After the addition of a catalytic amount of glacial
acetic acid (three drops) the suspension was stirred at 120 °C for 1 h under a strong
argon flow. The resulting white precipitate was filtered and rinsed with diethyl ether

(3 x 10 mL) to afford the corresponding imidazolium chloride 8a-c.

1,3-Bis(2,3-dimethylphenyl)-4,5-dihydro-1H-imidazol-3-ium chloride (8a):

White solid (89%). *H NMR (DMSO-dy, 400 MHz): § 9.17 (s, 1H),

é“@gﬁ( 7.45 (dd, J = 7.6, 1.6 Hz, 2H), 7.36 - 7.32 (m, 2H), 7.32 - 7.26 (m,

2H), 4.49 (s, 4H), 2.33 (s, 6H), 2.32 (s, 6H) ppm; 3C NMR (DMSO-

ds, 101 MHz): & 158.5, 138.8, 135.1, 132.7, 130.8, 126.6, 123.8, 52.6, 20.0, 14.1 ppm;

HRMS (ESI) m/z calcd for [M-=CI]" (C19H23N5): 279.1856, found 279.1861; Anal. calcd.

for C19H23CINg: C, 72.48; H, 7.36; N, 8.90; Cl, 11.26. Found: C, 72.18; H, 7.42; N,

8.76; Cl, 11.33; IR (diamond tip): v 2958, 2838, 1625, 1573, 1468, 1441, 1383, 1372,

1290, 1237, 1209, 1194, 1131, 1097, 1083, 1029, 1012, 991, 886, 817, 785, 712,
620, 563, 522, 460, 411 cm™.

1,3-Bis(2,4-dimethylphenyl)-4,5-dihydro- 1H-imidazol-3-ium chloride (8b):
White solid (93%). 'H NMR (DMSO-ds, 400 MHz): & 9.20 (s,

@ ZC\%@\ 1H), 7.46 (d, J = 8.0 Hz, 2H), 7.25 - 7.23 (m, 2H), 7.21 - 7.18

¢ (m, 2H), 4.48 (s, 4H), 2.40 (s, 6H), 2.32 (s, 6H) ppm; *C NMR
(DMSO-ds, 101 MHz): 6 158.1, 139.0, 133.3, 132.6, 132.0, 127.7, 125.7, 52.1, 20.6,
17.4 ppm; HRMS (ESI) m/z calcd for [M-CI]* (C19H23N,): 279.1856, found 279.1855;
Anal. calcd. for C19H23CIN,: C, 72.48; H, 7.36; N, 8.90; Cl, 11.26. Found: C, 72.35; H,
7.44; N, 8.76; Cl, 11.41; IR (diamond tip): v 3047, 2956, 2914, 2822, 1622, 1504,
1478, 1402, 1383, 1324, 1305, 1294, 1267, 1237, 1224, 1178, 1122, 1044, 1018,
994,874,822,717,597, 574,498, 409 cm™.
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1,3-Bis(2,5-dimethylphenyl)-4,5-dihydro-1H-imidazol-3-ium chloride (8c):

- White solid (98%). *H NMR (DMSO-ds, 400 MHz):  9.22 (s, 1H),
& gvg© 7.43 - 7.40 (m, 2H), 7.31 (d, J = 7.8 Hz, 2H), 7.25 - 7.21 (m, 2H),

° 4.51 (s, 4H), 2.39 (s, 6H), 2.33 (s, 6H) ppm:; *C NMR (DMSO-de, 101
MHz): § 158.0, 136.7, 134.8, 131.5, 130.3, 130.0, 126.1, 52.0, 20.3, 17.0 ppm; HRMS
(ESI) m/z calcd for [M-CI]" (C19H23N>): 279.1856, found 279.1865; Anal. caled. for
CisH23CIN: C, 72.48; H, 7.36; N, 8.90: Cl, 11.26. Found: C, 72.28: H, 7.49; N, 8.82;
Cl, 11.32; IR (diamond tip): ¥ 2974, 2864, 1625, 1612, 1573, 1507, 1481, 1454, 1408,
1381, 1316, 1300, 1279, 1269, 1186, 1168, 1127, 1043, 1023, 1008, 931, 814, 791,
745,721, 675, 663, 582, 523, 467, 450 cm™.
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2.4  Synthesis of Complexes Ru11-13

In an oven dried Schlenk flask the respective imidazolium chloride 8 (264 mg,
0.84 mmol, 2.4 equiv.) was suspended in toluene (25 mL). A solution of lithium hexa-
methyldisilazide (193 mg, 1.12mmol, 3.2 equiv.) in toluene (6.5mL, C=
0.17 mmol/mL) was added dropwise to the suspension and stirred for 10 minutes.
The now slightly yellow solution was transferred to a Schlenk flask charged with Ru10
(323 mg, 0.35 mmol, 1.0 equiv.) dissolved in toluene (25 mL) and stirred for 1.5 h at
room temperature. The reaction mixture was concentrated in vacuo at 30 °C to a vol-
ume of approx. 15 mL and subjected to flash chromatography (SiO,, 60 x 60 mm,
hexane/ethyl acetate 9:1). The oily crude product was recrystallized from pen-
tane/DCM, filtered and washed with cold pentane (3 x 5 mL) to afford the corre-

sponding ruthenium complex.

[(SloXyl)RuCl,(PCys)(Ind)] (Ru11)

\ Brick-red solid (63%, mixture of four conformers). *H NMR (Di-
QNT\Z‘@}% chloromethane-d,, 400 MHz): 6 8.68 - 8.48 (m, 1H), 8.35 - 8.15
C|’R|d_ (m, 1H), 7.71 - 7.62 (m, 2H), 7.54 - 7.46 (m, 1H), 7.44 - 7.40 (m,

PeYs 2H), 7.33 = 7.29 (m, 1H), 7.25 - 7.19 (m, 2H), 7.12 (dt, J = 7.5 Hz,

1.2 Hz, 1H), 7.03 - 6.97 (m, 2H), 6.92 - 6.79 (m, 1H), 6.72 - 6.60 (m, 2H), 4.40 - 4.12
(m, 2H), 3.84 - 3.63 (m, 2H), 2.59 - 2.44 (m, 3H), 2.39 - 2.31 (m, 3H), 2.03 - 1.96 (m,
3H), 1.84 - 0.94 (m, 35H), 0.81 - 0.72 (m, 2H) ppm; *C NMR (Dichloromethane-d,,
101 MHz): & 301.2, 213.4, 143.3, 141.6, 141.3, 141.2, 140.9, 140.2, 139.6, 139.5,
139.4, 139.1, 139.0, 138.7, 138.4, 138.3, 137.8, 137.7, 137.7, 137.4, 137.3, 137.2,
137.1, 136.9, 134.2, 133.9, 131.5, 131.1, 131.0, 130.2, 130.1, 129.8, 129.4, 129.4,
129.4, 129.3, 129.1, 129.0, 128.8, 128.7, 128.6, 128.5, 128.4, 128.2, 128.0, 127.5,
127.4,127.3,127.2,127.1,127.1, 127.0, 126.9, 126.3, 117.1, 116.8, 34.7, 34.5, 34.5,
34.3, 29.8, 29.7, 29.7, 29.6, 29.6, 29.5, 29.5, 29.4, 29.3, 29.3, 28.5, 28.4, 28.3, 28.2,
28.2, 28.0, 27.9, 27.8, 27.2, 27.0, 26.9, 26.7, 21.0, 21.0, 21.0, 20.4, 20.4, 17.0, 15.8,
15.4; 3P NMR (Dichloromethane-d,, 162 MHz): & 21.8, 20.9, 18.3, 15.5 ppm; HRMS
(TOF MS ESI) m/z calcd for [M-CI]" (CsoHesNoCIPRu): 885.3617, found 885.3616; IR
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(diamond tip): v 2917, 2847, 1474, 1426, 1380, 1355, 1281, 1249, 1233, 1173, 1083,
1071, 1018, 1006, 987, 914, 888, 849, 790, 774, 754, 735, 720, 697, 615, 609, 583,
574 cm™.

[(SImXyl)RuClo(PCys)(Ind)] (Ru12)

/—\ Brick-red solid (65%, mixture of four conformers). *H NMR (Di-
/a T Q chloromethane-d,, 400 MHz): & 8.57 - 8.43 (m, 1H), 8.34 - 8.14
R|u (m, 1H), 7.71 (d, J = 7.3 Hz, 1H), 7.64 - 7.62 (m, 1H), 7.54 - 7.48
PCys (m, 1H), 7.41 (q, J = 7.7 Hz, 2H), 7.27 - 6.81 (m, 7H), 6.58 - 6.54
(m, 1H), 6.27 - 6.09 (m, 1H), 4.38 - 4.15 (m, 2H), 3.82 - 3.63 (m, 2H), 2.69 - 2.53 (m,
3H), 2.45 - 2.32 (m, 3H), 2.24 - 0.78 (m, 39H) ppm; *C NMR (Dichloromethane-ds,
101 MHz): & 162.0, 153.6, 148.2, 147.9, 141.7, 141.2, 141.0, 139.0, 138.6, 138.4,
138.2, 138.1, 138.1, 137.8, 137.5, 137.2, 137.1, 133.0, 132.7, 132.1, 131.4, 131.1,
130.8, 130.6, 130.1, 129.4, 129.3, 129.2, 128.9, 128.8, 128.7, 128.6, 128.5, 128.3,
128.2, 128.0, 127.4, 126.9, 126.8, 126.5, 125.7, 121.0, 116.6, 116.5, 34.5, 34.4, 34.2,
34.1, 29.6, 29.5, 29.3, 28.6, 28.4, 28.3, 28.2, 28.1, 28.1, 27.9, 26.9, 25.8, 21.5, 21.1,
21.1, 20.9, 20.1, 19.7, 19.0, 18.8, 18.6, 18.5 ppm; *'P NMR (Dichloromethane-d,, 162
MHz): & 22.1, 21.9, 19.1, 16.3; HRMS (TOF MS ESI) m/z caled for [M-CI]*
(Cs2HesN2CIPRu): 885.3617, found 885.3629; Anal. caled. for C52H65CI,N,PRu: C,
67.81; H, 7.11; N, 3.04; Cl, 7.70. Found: C, 67.80; H, 7.34; N, 3.30; Cl, 7.45; IR (dia-
mond tip): v 2922, 2847, 1500, 1488, 1473, 1420, 1373, 1358, 1275, 1254, 1240,
1173, 1071, 1028, 1006, 888, 850, 822, 775, 753, 730, 696, 648, 629, 618, 562, 520,
510, 464, 406 cm™.

Cl
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[(SIpXyl)RuCI(PCy3)(Ind)] (Ru13)

— Brick-red solid (70%, mixture of four conformers). *H NMR (Di-
é/NT; . chloromethane-d,, 400 MHz): § 8.71 - 8.47 (m, 1H), 8.30 - 8.11
C|’R|d_ (m, 1H), 7.74 - 7.60 (m, 2H), 7.55 - 7.47 (m, 1H), 7.43 - 7.36 (m,

PCys 2H), 7.26 - 7.04 (m, 5H), 6.99 - 6.96 (m, 1H), 6.92 - 6.80 (m, 1H),

6.63 - 6.40 (m, 2H), 4.42 - 4.08 (m, 2H), 3.81 - 3.60 (m, 2H), 2.68 - 2.54 (m, 3H),
245 - 2.40 (m, 3H), 2.12 - 1.99 (m, 3H), 1.83 - 0.93 (m, 35H), 0.83 - 0.71 (m, 2H)
ppm; 3C NMR (Dichloromethane-d,, 101 MHz): § 302.1, 213.9, 145.0, 143.8, 143.2,
141.3, 141.2, 141.2, 141.1, 140.6, 140.1, 139.9, 139.3, 138.6, 137.9, 137.7, 137.7,
137.6, 137.5, 137.4, 137.3, 137.3, 137.2, 137.1, 136.8, 136.8, 136.8, 136.6, 135.9,
135.2, 135.2, 135.0, 133.7, 133.5, 133.4, 132.3, 132.1, 131.5, 131.1, 130.8, 130.7,
130.6, 130.5, 130.3, 130.2, 130.1, 129.9, 129.9, 129.7, 129.6, 129.4, 129.4, 129.4,
129.3, 129.3, 129.3, 129.2, 129.0, 128.9, 128.9, 128.7, 128.7, 128.6, 128.6, 128.5,
128.2, 128.1, 128.1, 127.4, 127.3, 127.0, 127.0, 126.9, 126.8, 117.1, 116.9, 116.3,
116.1, 34.7, 34.5, 34.4, 33.9, 33.8, 33.7, 33.5, 29.7, 29.6, 29.6, 29.6, 29.6, 29.3, 29.3,
29.2,29.2, 29.0, 28.7, 28.5, 28.5, 28.4, 28.3, 28.3, 28.2, 28.2, 28.1, 28.0, 27.0, 27.0,
26.9, 26.9, 26.9, 26.8, 25.8, 25.7, 22.9, 21.6, 21.6, 21.5, 21.3, 21.3, 21.3, 21.2, 20.9,
20.9, 20.7, 20.6, 20.1, 19.5, 19.5, 19.1, 19.1, 19.1, 18.6, 18.3, 18.2, 14.4 ppm; 3P
NMR (Dichloromethane-d,, 162 MHz): 6 21.3, 20.4, 18.2, 14.8; HRMS (TOF MS ESI)
m/z calcd for [M-CI]" (CsoHesN2CIPRu): 885.3617, found 885.3617; Anal. caled. for
C52H65CIZN,PRu: C, 67.81; H, 7.11; N, 3.04; Cl, 7.70. Found: C, 67.85; H, 7.15; N,
3.15; Cl, 7.51; IR (diamond tip): V 2918, 2847, 1508, 1476, 1428, 1402, 1375, 1357,
1294, 1272, 1237, 1174, 1125, 1072, 1043, 1029, 1006, 977, 918, 887, 849, 808,
777,751,735,719, 698, 650, 618, 584, 511, 491, 476, 462, 415, 407 cm™.
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3 NMR Experiments

The investigation of the atropoisomer distribution for Ru11-13 by *'P NMR reveals
unique behavior for Rull. While the signal intensity raises from A to D for Rul2 and
Rul3 (Table 1), the lowest intensity for Rull is recorded for signal B (Table 1). Fur-
ther, the atropoisomer distribution for Rull (2.2:1.0:3.5:16.0) is concentrated mainly
on signal D, while it is more consistent for Ru12 and Rul3. Due to this distinct behav-

ior and its catalytic superiority, further experimental investigation focuses on Rul1.

Complex Signal A Signal B Signal C Signal D
Rul1l 2.2 1.0 3.5 16.0
Ru12 1.0 14 3.7 6.2
Rul3 1.0 14 54 9.1

Table S1: Signal ratios for Ru11-13.

A B C D
Ru1l |
A B ﬂ C D
Ru12 N\ i\ o
A B C D
Rul3 Y

T T T T T T T T T T T T T T T T T T T T T T T T T T T
26.0 255 250 24.5 24.0 23.5 23.0 225 22.0 21.5 21.0 205 20.0 19.5 19.0 185 180 175 17.0 165 16.0 155 150 145 140 135 13.0
1 (ppm)

Figure S1: ¥p NMR spectra of Ru11-13 in ds-toluene at 22 °C.

The inter-conversion between the four atropoisomers of Rull at elevated tempera-
tures was investigated by NMR spectroscopy. For this a NMR tube was charged with
Ru11 (0.01 mmol) under inert gas atmosphere and dissolved in dg-toluene (0.6 mL).

31p NMR spectra were recorded at different temperatures after 10 minutes equilibra-
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tion time at each temperature level. The ratios between the four atropoisomers were

determined by integration (Table 2).

During the heating process a conversion from signal D (70.6% to 58.7%) towards the
remaining signals A — C can be observed, with B showing the biggest growth (4.4% to
10.4%). According to this it can be reasonably assumed that all four atropoisomers are
in equilibrium with each other. After reaching the maximum bearable temperature of
45 °C for Rull (phosphine dissociation), the probe was cooled down to 22 °C and
stored for 48 hour before a last *'P-NMR spectra was recorded. In comparison to the
initial ratios, signal D revealed a decreased share of 62.4% (70.6% initial experiment),
while B and C maintained at their increased rates of 8.4% and 20.3%. Signal A, which

showed only small changes during the experiment, remained at 8.9% (9.5% initial ex-

periment).
Temp. [°C] Signal A [%] Signal B [%] Signal C [%] Signal D [%]
22° 8.9 8.4 20.3 62.4
45 11.0 104 19.8 58.7
40 11.3 10.0 20.1 58.6
35 9.2 10.3 20.1 60.4
30 9.9 7.9 19.9 62.3
22° 9.5 4.4 15.5 70.6

Table S2: Atropoisomer proportions of Rull at increasing temperature. a) 48 hours at 22 °C after the

experiment; b) initial spectra.

o l
22°C A yy | i "
»C w , H J st
40 °C nk | wﬂ )Jk
35°C J 1 1 JL

ER | ]
2°%C | | L
A B C D

T T T T T T T T T T T T T T T T T T T T T T T T
235 23.0 225 220 21.5 21.0 205 200 19.5 19.0 185 180 175 170 165 16.0 155 150 145 140 135 13.0 125 120
f1 (ppm)

Figure S2: %p NMR spectra of Rul1 (0.01 mmol) at different temperatures in dg-toluene (0.6 mL).
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In order to shed more light into the atropoisomers transformation, EXSY spectroscopy
was performed at 35 °C (mixing time t,, = 0.5 and 1 s) for Ru11 (Figure 2). Indeed, we
were able to observe an exchange between conformers A and D (k; = 2.54 stk =
0.32sY) and B and C (k; = 1.85 s'%; k-1 = 0.83 s1). However, no conversion between
A/D and B/C was observed, indicating a low exchange rate not observable under this
conditions. This is in agreement with our computational results, where a high rota-
tional barrier for the xylene ring above the indenylidene moiety indicates slower con-

version between Rulla/d and Rullb/c.

A B C D A B C D
D | . D )
—_ ,‘1“ —_ © @
C_| 0 ;H] Cc_| o
!
i
B - o) 1 B i ‘
A - 0 9 A ] 0

Figure S3: 31p EXSY spectra for Ru11 at 35 °C, mixing time t,, = 0.5 s (left) and 1 s (right).

Taking into consideration the relative stability of the atropoisomers obtained by com-
putational methods, we suggest a first assignment of signals and atropoisomers (Fig-
ure 2). However, it shall be noted that this is not a final assignment (the latter requires

a separate study and will be published in due time).

S17



Ru1ic [Ru]
N/—\N@
Ru11b @ I
M\ [Ru]
o .

Ru11d [Ru]

[\
w )
A B C rrm—— D‘“ et

T T T T T T T T T T T T T T T T T T T T T T T T T T T
25.0 245 24.0 235 23.0 225 22.0 215 21.0 20.5 20.0 19.5 19.0 185 18.0 175 17.0 16.5 16.0 155 150 145 14.0 13.5 13.0 125 12.0
f1 (ppm)

Figure S4: 31p NMR spectra of Rull and atropoisomer assignment.
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4 Characterization of Metathesis Products

The analytical data of 2,'° 10,% 12,2 14,% 18,> 20,® 23,'! 25,12 and 27° are in accordance

to literature.

Diethyl 3,4-dimethylcyclopent-3-ene-1,1-dicarboxylate (2)*°

Colorless oil (77%). 'H NMR (CDCls, 400 MHz): & 4.18 (q, J = 7.1 Hz, 4H), 2.93 - 2.92
(m, 4H), 1.59 (s, 6H), 1.24 (t, J = 7.1 Hz, 6H) ppm.

3,4-Dimethyl-1-tosyl-2,5-dihydro-1H-pyrrole (10)*

Colorless solid (95%). TH NMR (CDCls, 400 MHz): & 7.75 - 7.68 (m, 2H), 7.35 - 7.28
(m, 2H), 3.97 (s, 4H), 2.43 (s, 3H), 1.54 (s, 6H) ppm.

4,5-Dimethyl-1-tosyl-1,2,3,6-tetrahydropyridine (12)°

Yellowish oil (95%). *H NMR (CDCls, 400 MHz): § 7.69 - 7.65 (m, 2H), 7.34 - 7.30 (m,
2H), 3.38 - 3.35 (m, 2H), 3.11 (t, J = 5.8 Hz, 2H), 2.43 (s, 3H), 2.15 - 2.08 (m, 2H), 1.60
- 1.58 (m, 3H), 1.57 - 1.55 (m, 3H) ppm.

4,5-Dimethyl-1-tosyl-2,3,6,7-tetrahydro-1H-azepine (14)*

Yellowish oil (94%). *H NMR (CDCl3, 400 MHz): & 7.68 - 7.59 (m, 2H), 7.31 - 7.27 (m,
2H), 3.21 - 3.14 (m, 4H), 2.42 (s, 3H), 2.33 - 2.21 (m, 4H), 1.61 (s, 6H) ppm.

2-(4-Methylcyclohex-3-en-1-yl)propan-2-ol (18)°

Colorless oil (93%). *H NMR (CDCl3, 400 MHz): § 5.42 - 5.32 (m, 1H), 2.12 - 1.72 (m,
5H), 1.64 (s, 3H), 1.55 - 1.44 (m, 1H), 1.27 (d, J = 3.4 Hz, 1H), 1.17 (s, 3H), 1.18 (s, 3H)
ppm.

2.2-Diphenyl-3-vinyl-2,5-dihydrofuran (20)°

Colorless oil (90%). 'H NMR (CDCls, 400 MHz): & 7.39 - 7.26 (m, 10H), 6.31 - 6.17 (m,
2H), 5.33 (dd, J = 17.7, 0.8 Hz, 1H), 5.12 (dd, J = 11.1, 1.0 Hz, 1H), 4.80 (dq, J = 1.9,
1.0 Hz, 2H) ppm.
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Ethyl 3-(3-acetoxyprop-1-en-1-yl)-2,2-dimethylcyclopropane- 1-carboxylate (23)**

Yellowish oil (85%, diastereoisomeric mixture of E and Z isomers, E/Z = 7:1). *H NMR
(CDCl3, 400 MHz): 6 6.13 (ddt, J = 15.4, 9.7, 1.2 Hz, 0.35H, cis/E), 5.96 (tt, J = 9.4, 1.4
Hz, 0.05H, cis/Z), 5.79 - 5.69 (m, 0.85H, cis and trans/E), 5.69 - 5.61 (m, 0.15H, cis
and trans/Z), 5.52 (ddt, J = 15.3, 8.7, 1.2 Hz, 0.50H, trans/E), 5.34 (ddt, J = 10.5, 9.0,
1.4 Hz, 0.10H, trans/Z), 4.73 - 4.66 (m, 0.25H, cis and trans/Z), 4.55 (dd, J = 6.6, 1.2
Hz, 0.70H, cis/E), 4.52 (dd, J = 6.5, 1.2 Hz, 1.05H, trans/E), 4.20 - 4.01 (m, 2H), 2.10 -
2.01 (m, 3H), 1.85 - 1.66 (m, 1H), 1.59 - 1.52 (m, 1H), 1.31 - 1.21 (m, 6H), 1.23 -
1.15 (m, 3H) ppm.

2-(1-Tosylpiperidin-4-ylidene)ethyl acetate (25)?

Yellowish oil (86%). *H NMR (CDCls, 400 MHz): & 7.67 - 7.59 (m, 2H), 7.35 - 7.28 (m,
2H), 5.35 (tt, J = 7.3, 1.2 Hz, 1H), 4.51 (d, J = 7.2 Hz, 2H), 3.06 (t, J = 5.8 Hz, 2H), 3.04
(t, J = 5.7 Hz, 2H), 2.43 (s, 3H), 2.45 - 2.36 (m, 2H), 2.31 (t, J = 5.5 Hz, 2H), 2.01 (s,
3H) ppm.

(E)-4-Methoxy-6-(4-methoxystyryl)-5,6-dihydro-2H-pyran-2-one (27)°

Colorless solid (45%). 'H NMR (CDCls, 400 MHz): 6 7.38 - 7.29 (m, 2H), 6.91 - 6.82
(m, 2H), 6.67 (d, J = 15.9 Hz, 1H), 6.12 (dd, J = 15.9, 6.5 Hz, 1H), 5.19 (d, J = 1.4 Hz,
1H), 5.03 (dddd, J = 10.8, 6.4, 4.3 Hz, 1.3 Hz, 1H), 3.81 (s, 3H), 3.77 (s, 3H), 2.67 (ddd,
J=17.1,10.9, 1.4 Hz, 1H), 2.53 (dd, J = 17.1, 4.3 Hz, 1H) ppm.

4.1 (2)-3-Methyl-2,5-dihydrobenzo[b][1,4]dioxocine (16)

Compound 16 was obtained according to the procedure used for RCM
@( )\ reactions as a yellowish oil (95%). TH NMR (CDCls, 400 MHz): & 7.02 -

6.96 (m, 2H), 6.93 - 6.89 (m, 2H), 5.62 (tq, J = 7.2, 1.4 Hz, 1H), 4.96 (d, J
= 7.5 Hz, 2H), 4.73 (s, 2H), 1.67 (dt, J = 1.5, 0.8 Hz, 3H) ppm; *3C NMR (CDCls, 101
MHz): 6 148.8, 147.8, 140.1, 125.0, 123.6, 122.6, 121.8, 121.4, 76.8, 67.1, 21.3 ppm;
HRMS (TOF MS ESI) m/z caled for [M+Na]® (Ci1H14O2Na): 227.1048, found
227.1046; Anal. calcd. for C11H1602: C, 76.44; H, 7.90. Found: C, 76.48; H, 8.15.
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4.2 4-(3-(Cyclohex-3-en-1-yl)allyl)-2-methoxyphenyl 1-(5-fluoropentyl)-1H-indole-3-

carboxylate (29)
y Q Compound 29 was obtained according to the procedure
2 MOGOQ\/\‘ used for CM reactions. Flash chromatography (SiO5, hex-
C? _/ 0 ane/ethyl acetate 9:1) afforded the pure product as a
" colorless oil (mixture of E and Z isomers).
Entry Catalyst [mol%] Concentration [M] Yield [%] (E/Z)
1 Rull (5 x 0.1) 0.2 83 (8:1)
2 Rué (5 x 0.1) 0.2 68 (8:1)
3 Rué (5 x 0.1) 0.5 65 (8:1)
4 Ru5 (5 x 0.1) 0.2 53 (9:1)

'H NMR (CDCl;, 400 MHz): & 8.28 - 8.24 (m, 1H), 8.01 (s, 1H), 7.41 - 7.38 (m, 1H),
7.34 - 7.27 (m, 2H), 7.10 (d, J = 7.9 Hz, 1H), 6.84 - 6.80 (m, 2H), 5.71 - 5.63 (m, 2H),
5.61 - 5.52 (m, 2H), 4.45 (dt, J = 47.3, 5.9 Hz, 2H), 4.21 (t, J = 7.1 Hz, 2H), 3.81 (s, 3H),
3.47 - 3.35 (m, 2H), 2.33 - 2.29 (m, 1H), 2.16 - 2.06 (m, 3H), 2.01 - 1.84 (m, 3H),
1.81 - 1.68 (m, 3H), 1.54 - 1.37 (m, 3H) ppm; *C NMR (CDCls, 101 MHz): & 162.9,
151.4, 139.6, 138.0, 137.2, 136.6, 136.3, 135.0, 127.1, 126.9, 126.9, 126.8, 126.2,
126.1, 123.1, 123.0, 122.9, 122.1, 122.1, 120.6, 112.7, 109.9, 106.2, 83.6 (d, J =
165.0 Hz), 55.9, 47.0, 39.0, 36.5, 32.1, 31.5, 30.1, 29.9, 29.6, 29.0, 28.8, 24.9, 24.7,
22.9, 22.8 ppm; HRMS (ESI) m/z calcd for [M+H]" (C3oH35FNO3): 476.2601, found
476.2595; Anal. calcd. for C30H34FNO3: C, 75.76; H, 7.21; F, 3.99; N, 2.95. Found: C,
75.75; H, 7.09; F, 3.70; N, 2.90; IR (diamond tip): v 2912, 1716, 1532, 1508, 1465,
1382, 1267, 1197, 1165, 1148, 1121, 1106, 1066, 1036, 972, 908, 747,728 cm™.
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4.3 But-2-ene-1,4-diylbis(2-methoxy-4,1-phenylene) bis(1-(5-fluoropentyl)-1H-
indole-3-carboxylate) (28D)

F Compound 28D was obtained according to the procedure
(\) o OMe used for CM reactions. Flash chromatography (SiO,, hex-

NN
5_{04& ane/ethyl acetate 2:1) afforded the pure product as a color-

less oil (mixture E and Z isomers).

Entry Catalyst [mol%] Concentration [M] Yield [%] (E/Z)
1 Rul1 (5 x 0.1) 0.2 14 (5:1)
2 Rué6 (5 x 0.1) 0.2 24 (5:1)
3 Rué6 (5 x 0.1) 0.5 18 (5:1)

'H NMR (CDCl;, 400 MHz): & 8.29 - 8.24 (m, 2H), 8.01 (s, 2H), 7.45 - 7.36 (m, 2H),
7.34 - 7.27 (m, 4H), 7.14 - 7.08 (m, 2H), 6.91 - 6.80 (m, 4H), 5.82 - 5.72 (m, 2H),
4.44 (dt, ) =47.2,5.9 Hz, 4H), 4.21 (t, J = 7.1 Hz, 4H), 3.82 - 3.80 (m, 6H), 3.58 - 3.33
(m, 4H), 1.97 (p, J = 7.3 Hz, 4H), 1.82 - 1.66 (m, 4H), 1.56 - 1.44 (m, 4H) ppm; 3C
NMR (CDCl;, 101 MHz): 6 163.0, 151.7, 151.6, 139.4, 139.4, 138.2, 138.2, 136.7,
135.2, 130.6, 129.2, 127.2, 123.3, 123.2, 123.0, 122.2, 122.2, 120.7, 120.6, 112.9,
112.8, 110.1, 106.3, 106.3, 83.8 (d, J = 165.0 Hz), 56.1, 47.1, 39.1, 33.5, 30.2, 30.0,
29.7, 23.0, 23.0 ppm; HRMS (ESI) m/z calcd for [M+Na]® (CasHagF2NoO¢Na):
785.3378, found 785.3365; IR (diamond tip): ¥ 3408, 3118, 3055, 2939, 2869, 2059,
1719, 1603, 1532, 1509, 1486, 1466, 1416, 1383, 1341, 1268, 1199, 1167, 1150,
1121, 1068, 1036, 1014, 977, 938, 855, 799, 749, 703, 553, 515, 467, 429 cm™.
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4.4 (E)-(1-(9,9-Dimethyldec-7-en-1-yl)-1H-indol-3-yl)(2,2,3,3-tetramethyl-

cyclopropyl)methanone (31)

Compound 31 was obtained according to the procedure used

for CM reactions. 10 equiv. of neohexene were added in four
N A portions (4 equiv. from the start followed by 3 x 2 equiv.) hourly

4 right before addition of the respective catalyst. Flash chroma-

° tography (SiO,, hexane/ethyl acetate 99:1) afforded the pure
product as a colorless oil (only E-isomer observed).

Entry Catalyst [mol%] Concentration [M] Yield [%)] (E/Z)

1 Rull (4 x 0.2) 0.2 86

2 Rué (4 x 0.2) 0.2 72

3 Rué (4 x 0.2) 0.5 66

4 Ru5 (4 x 0.2) 0.2 47

'H NMR (CDCl;, 400 MHz): & 8.42 - 8.39 (m, 1H), 7.66 (s, 1H), 7.35 - 7.33 (m, 1H),
7.30 - 7.26 (m, 1H), 7.25 - 7.23 (m, 1H), 5.42 (dt, J = 15.6, 1.3 Hz, 1H), 5.27 (dt, J =
15.6, 6.6 Hz, 1H), 4.14 (t, J = 7.2 Hz, 2H), 1.98 - 1.93 (m, 3H), 1.89 (quin, J = 7.4 Hz,
2H), 1.35 - 1.34 (m, 12H), 1.31 (s, 6H), 0.97 (s, 9H) ppm; 3C NMR (CDCl3, 101 MHz):
0 194.6, 141.8, 136.6, 133.4, 126.4, 124.3, 122.8, 122.7, 122.0, 119.6, 109.6, 47.0,
41.6, 32.7, 32.5, 31.6, 29.9, 29.8, 29.5, 28.6, 26.8, 24.1, 17.0 ppm; HRMS (ESI) m/z
calcd for [M+H]" (CH42NO): 408.3261, found 408.3260; Anal. calcd. for CogH41NO:
C, 82.50; H, 10.14; N, 3.44. Found: C, 82.48; H, 10.07; N, 3.42; IR (diamond tip): v
2928, 2861, 1612, 1525, 1464, 1413, 1391, 1374, 1361, 1216, 1144, 1107, 1089,

1073,971,817,741 cm™.
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4.5 (1-(14-(3-(2,2,3,3-tetramethylcyclopropane-1-carbonyl)-1H-indol-1-yl)tetradec-7-
en-1-yl)-2,7a-dihydro-1H-indol-3-yl)(2,2,3,3-tetramethylcyclopropyl)methanone
(30D)

— — Compound 30D was obtained according to the procedure
Nﬁ\—\_{‘ used for CM reactions. 10 equiv. of the cross-partner neohex-
ene were added in four equal portions (4 equiv. from the start

followed by 3 x 2 equiv.) hourly right before addition of the

- ~ 2 respective catalyst. Flash chromatography (SiO», hexane/ethyl

acetate 9:1) afforded the pure product as a colorless oil (mixture of E and Z isomers).

Entry Catalyst [mol%] Concentration [M] Yield [%] (E/Z)
1 Rué6 (4 x 0.2) 0.2 23 (5:1)
2 Rué6 (4 x 0.2) 0.5 25(5:1)
3 Rull (4 x 0.2) 0.2 11 (5:1)

'H NMR (CDCl;, 400 MHz): & 8.46 - 8.36 (m, 2H), 7.66 (s, 2H), 7.38 - 7.30 (m, 2H),
7.32 - 7.21 (m, 4H), 5.36 - 5.30 (m, 2H), 4.13 (t, J = 7.2 Hz, 4H), 2.02 - 1.81 (d, J =
30.3 Hz, 10H), 1.36 - 1.29 (m, 36H) ppm; 3C NMR (CDCls, 101 MHz): § 194.7, 136.7,
133.6, 130.4, 129.9, 126.5, 123.0, 122.8, 122.2, 119.7, 109.7, 47.1, 41.8, 32.6, 31.7,
30.1, 29.6, 29.5, 28.9, 28.8, 27.2, 27.0, 26.9, 24.2, 17.2 ppm; HRMS (ESI) m/z calcd
for [M+H]" (C44Hs3N20,): 675.4890, found 675.4894; IR (diamond tip): v 3108, 3021,
2926, 2858, 2731, 1630, 1574, 1524, 1465, 1413, 1391, 1376, 1206, 1145, 1110,
1013, 972, 818, 784, 743, 663, 574,499,428 cm™.
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4.6 4-(Cyclohex-3-en-1-yl)but-3-en-1-yl (1r,3r,5r,7r)-dispiro [adaman-tane-2,3'-
[1,2,4,5]tetraoxane-6',1"-cyclohexane]-4"-carboxylate (33)

O Compound 33 was obtained according to the procedure used for
0 CM. Reaction was carried out at 45 °C (120 °C for Ru8). Purifica-

0\@0 tion by preparative TLC (SiO,, hexane/ethyl acetate 19:1) afford-

@\0’0 ed pure product as a colorless oil (mixture of E and Z isomers).

Entry  Catalyst [mol%] Temp. [°C] Concentration [M] Yield [%] (E/Z)

1 Ru11 (5 x 1.0) 45 0.25 61 (6:1)

2 Rué (5 x 1.0) 45 0.25 53 (5:1)

3 Ru5 (5 x 1.0) 45 0.25 47 (6:1)

4 Ru8 (5 x 1.0) 45 0.25 No reaction
5 Ru8 (5 x 1.0) 120 0.25 Decomposition

'H NMR (CDCl3, 400 MHz): § 5.70 - 5.63 (m, 2H), 5.51 (ddt, J = 15.4, 6.9, 1.3 Hz, 1H),
5.36 (dtd, J = 154, 6.7, 1.1 Hz, 1H), 4.09 (t, J = 6.8 Hz, 2H), 3.15 (br. s, 1H), 2.90 (br. s,
1H), 2.61 - 2.43 (m, 2H), 2.31 (q, J = 6.7 Hz, 2H), 2.26 - 2.17 (m, 1H), 2.11 - 1.47 (m,
24H), 1.35 (ddt, J = 12.8, 11.0, 8.0 Hz, 1H) ppm; **C NMR (CDCls, 101 MHz): & 174.7,
138.6,127.0, 126.3, 123.4, 110.6, 107.3, 64.2, 41.8, 37.1, 36.8, 34.4, 33.3, 32.2, 31.6,
30.4, 28.9, 28.3, 27.2, 25.0, 24.9, 24.0 ppm; HRMS (ESI) m/z calcd for [M+Na]"
(Co7H3804Na): 481.2566, found 481.2561; Anal. calcd. for Cy7H330¢: C, 70.72; H,
8.35. Found: C, 70.71; H, 8.39; IR (diamond tip): ¥ 2909, 2859, 1730, 1450, 1313,
1254, 1174, 1129, 1105, 1060, 996, 969, 925 cm™.
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5 NMR Spectra Copies
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6  Crystallographic Experimental Details

Good-quality single-crystals of the investigated compounds Rul1 and Rul3 were se-
lected for the X-ray diffraction experiment at T = 100(2) K. The crystals were mount-
ed with paratone-N oil to the MiTeGen micromount. Diffraction data were collected
on the Agilent Technologies SuperNova Dual Source with the CuKa radiation (A =
1.54184 A). The lattice parameters were obtained by least-squares fit to the opti-
mized setting angles of the reflections collected by using the CrysAlis CCD software™®.
Data were reduced using the CrysAlis RED program®®. The multi-scan numerical ab-
sorption correction (Rul1) and analytical numerical absorption correction using a mul-
tifaceted crystal model based on expressions derived by R.C. Clark & J.S. Reid'*, im-
plemented in SCALE3 ABSPACK scaling algorithm, were applied®®. The structural de-
termination procedure was carried out using the SHELX package®>.

The structures were solved with direct methods, and then successive least-squares
refinements were carried out based on full-matrix least-squares on F? using the
SHELXL program®®. All H-atoms bound to C-atoms were positioned geometrically
with the C-H bond length equal to 0.93, 0.96, 0,97 and 0.98 A for the aromatic, me-
thyl, methylene and methine hydrogen atoms, respectively, and constrained to ride on
their parent atoms with Uiso(H) = xUeq(C), where x was 1.5 for methyl H-atoms and 1.2
for the aromatic, methylene and methine H-atoms, respectively. In case of Rull, one
chlorine and two hydrogen atoms of the solvent molecule are disordered over two
positions with occupancy ratio of 0.51:0.39. For Rul3 a few distinct peaks on the dif-
ference Fourier map were indicating the presence of a disordered solvent, however all
attempts to refine this disorder failed. Therefore, the solvent contribution has been
removed applying the appropriate MASK procedure in Olex2® program. Calculated
solvent accessible volume was 686.0 A2 occupied by 57.2 electrons per unit cell. The
figures for this report were prepared using Olex2!® and Mercury!’ programs.

Rul1l crystallizes in the monoclinic C2/c space group with one molecule of the com-
pound and one molecule of solvent in the asymmetric unit of the crystal lattice (Figure
S5). Ru13 crystallizes in the triclinic P-1 space group with one molecule of the com-
pound in the asymmetric unit of the crystal lattice (Figure Sé).

The crystallographic data of Rull and Rul3, values of bond lengths and valence and

torsion angles are given below.
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6.1  Crystallographic Data for Rull

Table S3: Crystal data and structure refinement.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A
b/A
c/A
a/°®
B/°
y/°
Volume/A3
Z
Peatc 8/cm®
p/mm™
F(000)
Crystal size/mm?®
Radiation

20 range for data collection/®
Index ranges
Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

SP-1
Cs3He7ClsN2PRu
1005.92
100(2)
monoclinic
C2/c
23.4136(2)
13.54414(13)
32.8995(3)

90
110.0670(11)
90
9799.64(18)

8
1.364
5.183
4208.0
0.15x0.13 x 0.04
CuKa (A = 1.54184)

5.72t0 134.124
-27 <h<27,-16 <k <15,
-39 <1<39
72419

8715 [Rins = 0.0511,
Rsigma = 0.0274]

8715/1/564
1.048
Ry =0.0291, wR, = 0.0700
R1 =0.0337, wR, = 0.0731
0.73/-0.84




Figure S5: Asymmetric unit of Rull showing the atom labelling scheme. Displacement

ellipsoids are drawn at the 50% probability level. The H-atoms were omitted for clari-

ty.

Table S4: Bond lengths for Rull.

Atom Atom Length/A Atom Atom Length/A
C1 N1 1.339(3) c27 C28 1.380(3)
C1 N2 1.347(3) C29 C30 1.400(3)
C1 Rul 2.073(2) C29 C34 1.393(4)
Cc2 C3 1.525(3) C30 C31 1.381(4)
C2 N1 1.475(3) C31 C32 1.383(5)
C3 N2 1.485(3) C32 C33 1.392(4)
C4 C5 1.402(3) C33 C34 1.386(4)
C4 c9 1.396(3) C35 C36 1.534(3)
C4 N1 1.436(3) C35 C40 1.534(3)
C5 Cé 1.406(3) C35 P1 1.873(2)
C5 C10 1.507(3) C36 C37 1.533(3)
Cé C7 1.394(3) C37 (C38 1.524(4)
Cé C11 1.503(3) C38 C39 1.526(4)
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C7
C8
C12
Ci12
Ci12
C13
Ci14
C15
C1é6
C1é6
C17
C20
C20
C20
C21
C22
C22
C23
C23
C24
C25
C26

C8
c9
C13
C17
N2
C14
C15
C16
C17
C18
C19
C21
C28
Rul
C22
C23
C29
C24
C28
C25
C26
C27

1.382(3)
1.385(3)
1.387(3)
1.402(3)
1.439(3)
1.387(3)
1.393(3)
1.392(3)
1.407(3)
1.512(3)
1.511(3)
1.469(3)
1.493(3)
1.856(2)
1.355(3)
1.476(3)
1.468(3)
1.383(3)
1.416(3)
1.403(4)
1.373(4)
1.401(3)

Table S5: Valence angles for Rull.

Atom Atom Atom  Angle/°
N1 C1 N2 107.95(18)
N1 C1 Rul 116.76(15)
N2 C1 Rul 135.29(15)
N1 C2 C3 101.40(17)
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C39 C40  1.536(3)
C41 C42 1.536(3)
C41 C46 1.542(3)
C41 P1 1.868(2)
C42 C43  1.533(4)
C43 C44 1.527(4)
C44  C45 1.523(4)
C45 C46 1.526(3)
C47 C48  1.539(3)
C47 C52 1.542(3)
C47 P1 1.855(2)
C48 C49  1.534(3)
C49 C50 1.527(4)
C50 C51 1.519(4)
C51 C52  1.532(3)
Cl1 Rul  2.4084(5)
Cl2 Rul 2.3710(5)
P1 Rul  2.4911(5)
C53 CI3 1.748(4)
C53 CH4A 1.619(4)
C53 (4B 1.723(4)

Atom Atom Atom  Angle/°
C31 (C32 (C33 119.5(3)
C34 C33 C32 120.1(3)
C33 C34 C29 121.0(3)
C36 C35 P1 117.82(16)




N2
C5
c9
c9
c4
c4
cé
5
c7
c7
cs
c7
cs8

C13

C13

c17

C12

C13

C16

C15

C15

c17

C12

C12

C16

c21

c21
c28

C22

c21

c3
c4
c4
c4
C5
C5
C5
Ccé
Ccé
Ccé
c7
cs
c9
C12
C12
C12
C13
c14
C15
C16
C16
C16
c17
c17
c17
C20
C20
C20
c21
C22

C2
N1
C5
N1
Cé
C10
C10
C11
C5
C11
Cé
Cc9
C4
C17
N2
N2
C14
C15
Ci4
C17
C18
C18
C16
C19
C19
C28
Rul
Rul
C20
C23

103.16(17)
119.77(19)
122.1(2)
118.03(19)
117.8(2)
121.6(2)
120.6(2)
120.3(2)
119.6(2)
120.2(2)
121.7(2)
119.7(2)
119.0(2)
121.9(2)
118.91(19)
118.98(19)
119.5(2)
119.5(2)
121.3(2)
119.6(2)
119.5(2)
120.9(2)
118.2(2)
121.9(2)
120.0(2)
104.64(18)
124.48(16)
130.87(16)
111.1(2)
108.4(2)
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C40
C40
C37
C38
C37
C38
C35
C42
C42
C46
C43
C44
C45
ca4
C45
C48
C48
C52
C49
C50
Cc51
C50
Cc51
c1
c1
c4
c1
c1
C12
C35

C35
C35
C36
C37
C38
C39
C40
C41
C41
C41
C42
C43
C44
C45
C46
C47
C47
C47
C48
C49
C50
C51
C52
N1
N1
N1
N2
N2
N2
P1

C36
P1
C35
C36
C39
C40
C39
C46
P1
P1
C41
C42
C43
C46
C41
C52
P1
P1
C47
C48
C49
C52
C47
C2
c4
C2
C3
C12
C3
Rul

109.42(18)
113.24(14)
110.2(2)
111.5(2)
110.6(2)
111.6(2)
110.29(18)
109.05(19)
116.40(17)
113.38(15)
110.7(2)
112.0(2)
111.5(2)
111.3(2)
110.82(18)
110.75(18)
111.94(15)
111.49(16)
111.71(19)
109.9(2)
110.4(2)
111.5(2)
111.0(2)
114.13(18)
125.25(18)
120.60(17
111.80(17
128.15(17
117.18(17
111.23(7)

)
)
)
)




C21
C29
C24
C24
C28
C23
C26
C25
C28
C23
Cc27
C27
C30
C34
C34
C31
C30

C22
C22
C23
C23
C23
C24
C25
C26
C27
C28
C28
C28
C29
C29
C29
C30
C31

C29 125.3(2)
C23 126.2(2)
C22 131.5(2)

C28  120.3(2)
C22 108.05(19)

C25 118.4(2)
C24  121.2(2)
C27  120.8(3)
C26 118.7(2)
C20 107.73(19)
C20 131.7(2)
C23 120.5(2)
C22 121.8(2)
C22 120.0(2)
C30  118.1(2)
C29 121.0(3)
C32 120.3(3)

Table Sé: Torsion angles for Rull.

A B C D Angle/’
C2 C3 N2 (C1 -12.6(2)
C2 C3 N2 C12 -175.02(18)
C3 C2 N1 (C -7.4(2)
C3 C2 N1 C4 171.04(18)
c4 C5 C6 C7 -1.6(3)
C4 C5 C6 Ci11 179.0(2
C5 C4 (C9 cCs8 -0.5(3)
C5 C4 N1 C1 -1134(2
C5 C4 N1 C2 68.3(3)

S52

C41 P1 C35 105.27(10)
C41 P1 Rul  112.76(7)
C47 P1 C35 102.73(10)
c47 P1 C41 104.50(11)
c47 P1 Rul  119.03(7)
C1 Rul CI1 87.55(5)
C1 Rul Cl2 87.47(5)
C1 Rul P1 168.25(6)
C20 Rul C1 97.81(9)
C20 Rul Cl1 94.45(7)
C20 Rul Cl2 99.45(7)
C20 Rul P1 93.38(6)
Cl1 Rul P1 95.167(17)
Cl2 Rul CI1 165.748(18)
Cl2 Rul P1 87.176(18)
Cl4A C53 CI3 117.5(2)
Cl4B C53 CI3 111.3(2)
A B C D Angle/’
C29 (C22 (C23 (C28 -172.0(2)
C29 C30 C31 C32 -0.3(5)
C30 C29 C34 C(C33 0.4(5)
C30 C31 (C32 C(C33 0.7(5)
C31 (C32 (C33 C34 -0.5(6)
C32 (C33 (C34 C(C29 -0.1(6)
C34 (C29 C30 C31 -0.2(4)
C35 C36 (C37 C38 -57.7(3)
C36 C35 C40 C39 -58.5(3)




C5
Cé
C7
c9
c9
Cc9
Cc9
C10
C10
C11
C12
C13
C13
C13
C13
C13
C14
Ci14
C15
C15
C17
C17
C17
C18
C18
C20
C20
C21
C21
C21

Ccé
c7
cs
c4
c4
c4
c4
C5
Cc5
Ccé

C13

C12

C12

C12

C12

c14

C15

C15

C16

C16

C12

C12

C12

C16

C16

c21

c21

C20

C20

C20

c7
C8
c9
C5
C5
N1
N1
Cé
Cé
c7
C14
C17
C17
N2
N2
C15
C16
C16
C17
Cc17
C13
N2
N2
C17
C17
C22
C22
C28
C28
Rul

cs
c9
Cc4
Ccé
C10
c1
c2
c7
c11
cs
C15
C16
C19
c1
c3
C16
C17
C18
C12
C19
c14
c1
c3
C12
C19
C23
C29
C23
c27
c1

-0.1(3)
1.6(3)
-1.3(3)
2.0(3)
-176.8(2)
69.5(3)
-108.7(2)
177.2(2)
-2.2(3)
179.3(2)
1.7(3)
-0.5(3)
-179.8(2)
-55.0(3)
104.1(2)
-0.9(3)
-0.6(3)
178.9(2)
1.3(3)
-179.4(2)
-1.0(3)
129.8(2)
-71.1(3)
-178.2(2)
1.1(3)
-3.6(3)
172.1(2)
0.1(2)
177.6(2)
118.85(18)
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C36
C36
C36
C36
C37
C38
C40
C40
C40
C40
C41
C42
C42
C42
C42
C42
C43
C44
C46
C46
C46
C46
C47
C48
C48
C48
C48
C48
C49
C50

C35
C35
C35
C37
C38
C39
C35
C35
C35
C35
C42
C41
C41
C41
C41
C43
C44
C45
C41
C41
C41
C41
C48
C47
C47
C47
C47
C49
C50
C51

P1
P1
P1

C38

C39

C40

C36
P1
P1
P1

C43

C46
P1
P1
P1

C44

C45

C46

c42
P1
P1
P1

C49

C52
P1
P1
P1

C50

C51

C52

C41
c47
Rul
C39
C40
C35
C37
C41
C47
Rul
C44
C45
C35
c47
Rul
C45
C46
C41
C43
C35
C47
Rul
C50
C51
C35
C41
Rul
C51
C52
c47

-65.76(19)
43.37(19)
171.80(15)
55.2(3)
-54.9(3)
57.1(3)
58.8(3)
63.71(18)
172.85(16)
-58.73(17)
-55.8(4)
-59.0(3)
72.7(2)
-35.1(2)
-165.82(16)
53.4(4)
-54.0(3)
57.4(3)
57.9(3)
-159.56(17)
92.58(18)
-38.12(19)
-57.2(3)
-53.3(3)
58.68(17)
168.40(15)
-64.69(17)
58.5(3)
-58.4(3)
55.7(3)




C21
C21
C21
C21
C21
C21
C21
C22
C22
C22
C22
C22
C23
C23
C23
C24
C24
C24
C25
C26
C26
C28
C28
C28
C28
C28
C28
C29

C20
C20
C20
C22
C22
C22
C22
C23
C23
C23
C29
C29
C22
C22
C24
C23
C23
C25
C26
C27
C27
C20
C20
C20
C20
C20
C23
C22

Rul
Rul
Rul
C23
C23
C29
C29
C24
C28
C28
C30
C34
C29
C29
C25
C28
C28
C26
Cc27
C28
C28
Cc21
Rul
Rul
Rul
Rul
C24
C23

cl1
Cl2
P1
C24
C28
C30
C34
C25
C20
C27
C31
C33
C30
C34
C26
C20
C27
C27
C28
C20
C23
C22
C1
cll
Cl2
P1
C25
C24

30.72(18)
-152.44(17)
-64.74(18)
-173.4(2)
3.6(3)
-143.6(3)
33.1(4)
179.0(2)
-2.2(2)
180.0(2)
176.5(2)
-176.3(3)
31.3(4)
-152.0(3)
-1.1(4)
175.2(2)
-2.6(3)
0.1(4)
-0.3(4)
-175.7(2)
1.6(3)
2.2(2)
-60.8(2)
-148.98(19)
27.9(2)
115.57(19)
2.3(4)
11.0(4)
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C52
C52
C52
C52
N1
N1
N1
N1
N1
N1
N2
N2
N2
N2
N2
P1
P1
P1
P1
P1
P1
Rul
Rul
Rul
Rul
Rul
Rul
Rul

C47 C48 C49

ca7
ca7
c47
c1
c1
c2
c4
c4
c4
c1
c1
c12
c12
c12
C35
C35
c41
c41
c47
c47
c1
c1
c1
c1
C20
C20
C20

P1
P1
P1
N2
N2
C3
C5
C5
Cc9
N1
N1
C13
C17
C17
C36
C40
C42
C46
C48
C52
N1
N1
N2
N2
C21
C28
C28

C35
C41
Rul
C3
C12
N2
Cé
C10
c8
Cc2
Cc4
C14
C16
C19
C37
C39
C43
C45
C49
C51
C2
Cc4
C3
C12
C22
C23
Cc27

54.7(2)
-176.64(16)
-66.92(18)
59.99(17)
8.3(2)
168.35(19)
11.1(2)
-174.91(18)
6.3(3)
176.40(18)
-0.2(2)
-178.56(18)
-176.01(19)
174.50(18)
-4.8(3)
-169.93(17)
167.84(17)
-172.35(19)
169.59(18)
179.79(16)
-178.60(16)
179.79(14)
1.4(3)
-171.62(16)
-11.6(3)
-177.54(16)
179.86(16)
-2.7(4)




6.2  Crystallographic Data for Ru13

Table S7: Crystal data and structure refinement for investigated compound.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A
b/A
c/A
a/°®
B/°
y/°
Volume/A3
Z
Pealc 8/cm®
w/mm™
F(000)
Crystal size/mm?
Radiation

20 range for data collection/®
Index ranges
Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=20 (/)]
Final R indexes [all data]
Largest diff. peak/hole / e A

SP-2
Cs2He5CloN2PRuU
921.00
100(2)
triclinic
P-1
11.7704(3)
12.6580(4)
18.6497(5)
83.959(3)

86.556(2)
80.008(2)
2718.79(13)

2
1.125
3.746
968.0
0.22 x 0.06 x 0.06
CuKa (A = 1.54184)

477 to 134.158
-14 <h<14,-15 <k < 15,
-22<1<20

38572

9697 [Rint = 0.0534,
Ryigrma = 0.0469]

9697/6/527
1.088
Ry =0.0525, wR, = 0.1388
Ry =0.0595, wR, = 0.1437
4.67/-0.76




Figure S6: Asymmetric unit of Rul3 showing the atom labelling scheme. Displacement
ellipsoids are drawn at the 50% probability level. The H-atoms were omitted for clari-

ty.
Table S8: Bond lengths for Rul3.

Atom Atom Length/A Atom Atom Length/A
C1 N1 1.357(4) C25 C26 1.391(6)
C1 N2 1.344(4) C26 Cc27 1.394(5)
C1 Rul 2.054(3) C27 C28 1.380(5)
C2 C3 1.529(5) C29 C30 1.396(6)
C2 N1 1.480(4) C29 C34 1.405(5)
C3 N2 1.478(4) C30 C31 1.385(5)
C4 C5 1.386(5) C31 C32 1.394(6)
C4 c9 1.409(5) C32 (33 1.368(7)
C4 N1 1.435(4) C33 C34 1.393(6)
C5 Cé 1.395(5) C35 C36 1.539(5)
Cé C7 1.397(6) C35 C40 1.538(5)
Cé C10 1.502(5) C35 P1 1.868(4)
C7 Cs8 1.389(6) C36 C37 1.530(6)
C8 c9 1.394(5) C37 (C38 1.521(6)
c9 C11 1.505(5) C38 C39 1.516(7)
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C12
Ci12
Ci12
C13
C13
Ci14
C15
C1é6
C1é6
C20
C20
C20
C21
C22
C22
C23
C23
C24

C13
C17
N2
C14
C18
C15
C16
C17
C19
C21
C28
Rul
C22
C23
C29
C24
C28
C25

1.401(4)
1.389(5)
1.443(4)
1.389(5)
1.507(5)
1.391(5)
1.395(5)
1.389(5)
1.503(5)
1.493(5)
1.503(5)
1.851(4)
1.354(5)
1.478(5)
1.474(5)
1.387(5)
1.416(5)
1.389(6)

Table S9: Valence angles for Rul3.

Atom Atom Atom  Angle/’
N1 C1 Rul 117.9(2)
N2 C1 N1 107.4(3)
N2 C1 Rul 134.6(2)
N1 C2 C3 102.4(3)
N2 C3 C2 102.8(3)
C5 C4 c9 121.5(3)
C5 C4 N1 118.1(3)
c9 C4 N1 120.3(3)
C4 C5 Cé 121.3(3)
C5 Cé c7 117.6(3)
C5 Cé C10 120.7(4)
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C39 C40  1.532(6)
C41 C42 1.528(6)
C41 C46 1.545(6)
C41 P1 1.849(4)
C42 C43 1.543(6)
C43 C44 1.525(9)
C44  C45 1.514(8)
C45 C46  1.527(6)
C47 C48 1.525(5)
C47 C52  1.533(5)
C47 P1 1.870(4)
C48 C49 1.542(7)
C49 C50  1.516(7)
C50 C51  1.546(7)
C51 C52  1.531(6)
Ccil Rul  2.4014(8)
Cl2 Rul  2.4019(7)
P1 Rul  2.4904(9)

Atom Atom Atom  Angle/’
C30 C31 C32 119.3(4)
C33 (€32 (C31 120.04)
C32 (C33 (C34 121.4(4)
C33 Cc34 C29 119.2(4)
C36 C35 P1 113.1(3)
C40 C35 C36 108.5(3)
C40 C35 P1 119.2(3)
C37 C36 (C35 110.3(3)
C38 C37 C36 111.6(4)
C39 C38 C37 112.0(4)
C38 C39 C40 111.3(4)




C7
C8
Cc7
C4
C8
C8
C13
C17
C17
C12
Ci14
Ci14
C13
Ci14
C15
C17
C17
Ci12
C21
C21
C28
C22
C21
C21
C29
C24
C24
C28
C23
C24
C25
C28

Cé
C7
C8
c9
c9
Cc9
C12
C12
C12
C13
C13
C13
Ci14
C15
C1é6
C1é6
C1é6
C17
C20
C20
C20
C21
C22
C22
C22
C23
C23
C23
C24
C25
C26
Cc27

C10
Cé
c9

C11
c4

C11
N2

C13
N2

C18

C12

C18

C15

C16

C19

C15

C19

C16

C28

Rul

Rul

C20

C23

C29

C23

C22

C28

C22

C25

C26

C27

C26

121.7(3)
120.9(3)
122.1(4)
122.6(3)
116.6(3)
120.8(3)
119.9(3)
121.2(3)
118.8(3)
122.1(3)
116.9(3)
120.9(3)
122.2(3)
120.4(3)
121.8(3)
117.9(3)
120.3(3)
121.4(3)
105.0(3)
123.8(3)
131.1(3)
109.6(3)
109.7(3)
124.6(3)
125.7(3)
131.2(3)
120.5(4)
108.1(3)
118.8(4)
120.7(4)
120.8(4)
119.0(3)
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C39
C42
C42
C46
C41
C44
C45
C44
C45
C48
C48
C52
C47
C50
C49
C52
C51
C1
C1
C4
C1
C1
C12
C35
C35
C41
C41
C41
C47
C1
C1
C1

C40
C41
C41
C41
C42
C43
C44
C45
C46
C47
Cc47
C47
C48
C49
C50
C51
C52
N1
N1
N1
N2
N2
N2
P1
P1
P1
P1
P1
P1
Rul
Rul
Rul

C35
C46
P1
P1
C43
C42
C43
C46
C41
C52
P1
P1
C49
C48
C51
C50
Cc47
C2
c4
C2
C3
C12
C3
C47
Rul
C35
C47
Rul
Rul
Cl1
Cl2
P1




C23
C27
C27
C30
C30
C34
C31

Cc28 C20
Cc28 C20
Cc28 C23
Cc29 C22
C29 C34
c29 C22
C30 C29

107.5(3)
132.3(3)
120.2(3)
119.9(3)
118.8(3)
121.3(4)
121.2(4)

Table $10: Torsion angles for Rul3.

A B C D Angle/®
C2 C3 N2 1 -0.5(4)
C2 C3 N2 C12 167.1(3)
C3 C2 N1 1 -4.7(3)
C3 C2 N1 C4 -168.8(3)
c4 C5 C6 C7 -0.2(5)
C4 C5 C6 C10 177.8(3)
C5 C4 (C9 cC8 1.1(5)
C5 C4 (C9 C11 179.5(3)
C5 C4 N1 C1 -56.3(4)
C5 C4 N1 C2 106.1(4)
C5 C6 C7 cC8 1.5(5)
c6 C7 C8 (9 -1.5(6)
C7 C8 (C9 CcC4 0.2(5)
c7 C8 (C9 C11 -178.2(3)
C9 C4 C5 C6 -1.1(5)
C9 C4 N1 C1 126.7(3)
C9 C4 N1 C2 -70.8(4)

Cl0 C6 C7 (C8 -176.5(4)
Cl12 C13 Ci14 cC15 -0.1(5)
C13 C12 C17 C16 0.6(5)
C13 C12 N2 C1 -124.7(4)
C13 C12 N2 C3 69.5(4)
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C20 Rul Cl 94.31(14)
C20 Rul Cl1  93.30(11)
C20 Rul Cl2  99.04(11)
C20 Rul P1  96.70(10)
Cl1 Rul Cl2  167.14(3)
cil Rul P1 88.20(3)
Cl2 Rul P1 93.93(3)
A B C D Angle/®
C29 C30 C31 C(C32 1.1(6)
C30 C29 C34 (33 0.0(6)
C30 C31 (C32 C33 -0.1(6)
C31 C32 (C33 C34 -1.0(7)
C32 (C33 C34 (C29 1.0(6)
C34 C29 C30 C31 -1.1(6)
C35 C36 C37 C38 -56.3(5)
C36 C35 C40 C39 -61.0(4)
C36 C35 P1 C41 -166.3(3)
C36 C35 P1 C47 -57.1(3)
C36 C35 P1 Rul 62.2(3)
C36 C37 (C38 C39 52.9(5)
C37 (C38 C39 C40 -54.0(5)
C38 (C39 C40 C35 58.3(5)
C40 C35 C36 C37  60.2(4)
C40 C35 P1 C41 -37.0(3)
C40 C35 P1 C47 72.1(3)
C40 C35 P1 Rul -168.6(3)
C41 C42 C43 C44  58.0(5)
C42 C41 C46 C45 57.3(5)
C42 C41 P1 (C35 -57.3(3)
C42 C41 P1 C47 -167.8(3)




C13
C14
C14
C15
C17
C17
C17
C17
C18
C19
C20
C20
C21
C21
C21
C21
C21
C21
C21
C21
C21
C21
C22
C22
C22
C22
C22
C23
C23
C23
C24
C24

C14
C15
C15
C16
C12
C12
C12
C12
C13
C1é6
C21
C21
C20
C20
C20
C20
C20
C20
C22
C22
C22
C22
C23
C23
C23
C29
C29
C22
C22
C24
C23
C23

C15
C16
C16
Cc17
C13
C13
N2
N2
C14
C17
C22
C22
C28
C28
Rul
Rul
Rul
Rul
C23
C23
C29
C29
C24
C28
C28
C30
C34
C29
C29
C25
C28
C28

C16
C17
C19
C12
C14
C18
C1
C3
C15
C12
C23
C29
C23
C27
C1
Cl1
CI2
P1
C24
C28
C30
C34
C25
C20
C27
C31
C33
C30
C34
C26
C20
C27

0.4(6)
-0.3(5)
-179.9(3)
-0.2(5)
-0.5(5)
-177.7(3)
58.5(4)
-107.3(3)
177.2(3)
179.4(3)
3.6(4)
-175.0(3)
2.3(4)
-179.6(4)
62.0(3)
-23.0(3)
153.3(3)
-111.6(3)
-177.5(4)
-2.1(4)
41.5(5)
-138.6(4)
175.9(4)
-0.3(4)
-178.7(3)
178.9(3)
-180.0(4)
-136.9(4)
43.1(5)
0.8(6)
175.7(3)
-2.6(5)
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C42
C42
C43
C44
C46
C46
C46
C46
C47
C48
C48
C48
C48
C48
C49
C50
C52
C52
C52
C52
N1
N1
N1
N1
N1
N1
N2
N2
N2
N2
N2
P1

C41
C43
C44
C45
C41
C41
C41
C41
C48
C47
C47
C47
C47
C49
C50
C51
C47
C47
C47
C47
C1
C1
C2
C4
C4
C4
C1
C1
C12
C12
C12
C35

P1
C44
C45
C46
C42

P1

P1

P1
C49
C52

P1

P1

P1
C50
C51
C52
C48

P1

P1

P1

N2

N2

C3

C5

Cc9

Cc9

N1

N1
C13
C13
C17
C36

Rul
C45
C46
C41
C43
C35
Cc47
Rul
C50
C51
C35
C41
Rul
C51
C52
C47
C49
C35
C41
Rul
C3
C12
N2
Cé
C8
C11
C2
c4
C14
C18
C16
C37

67.1(3)
-55.6(5)
54.7(6)
-55.9(6)
-58.2(5)
177.0(3)
66.5(3)
-58.6(3)
57.7(6)
58.8(5)
-67.0(3)
41.6(4)
173.8(3)
-56.1(7)
56.2(6)
-57.6(5)
-58.3(5)
163.7(3)
-87.7(3)
44.4(3)
-2.5(4)
-168.9(3)
2.9(3)
-178.0(3)
177.9(3)
-3.7(5)
4.6(4)
168.3(3)
-177.2(3)
5.6(5)
177.4(3)
-165.3(3)




C24
C25
C26
C26
C28
C28
C28
C28
C28
C28
C29
C29

C25
C26
C27
C27
C20
C20
C20
C20
C20
C23
C22
C22

C26
c27
C28
C28
C21
Rul
Rul
Rul
Rul
C24
C23
C23

C27
C28
C20
C23
C22
C1
Cl1
CI2
P1
C25
C24
C28

-0.7(7)
-1.1(6)
-175.2(4)
2.7(5)
-3.6(4)
-123.0(3)
152.0(3)
-31.6(3)
63.4(3)
0.9(6)
1.0(6)
176.5(3)
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P1
P1
P1
P1
P1
Rul
Rul
Rul
Rul
Rul
Rul
Rul

C35
C41
C41
C47
C47
C1
C1
C1
C1
C20
C20
C20

C40
C42
C46
C48
C52
N1
N1
N2
N2
C21
C28
C28

C39
C43
C45
C49
C51
C2
C4
C3
C12
C22
C23
C27

167.7(3)
174.3(3)
-174.6(3)
171.1(3)
-168.6(3)
-179.8(2)
-16.2(4)
-177.0(2)
16.6(5)
172.5(3)
-173.5(3)
4.7(6)




7 Computational Methods

In this study we used a computational protocol used previously in a number of our
studies on mechanisms of olefin metathesis catalyst, but with some minor modicia-
tions.” To shortly summarize it, we employed the B3LYP-D3 functional'®"?° with the
lacvp** basis set for geometry optimizations and M06-D32? with the lacv3p++** basis
set for energy calculations, as implemented in Jaguar ver 9.5.?? Relative energies of
isomers as well as intermediates and transition states for the initiation mechanisms
are based on Gibbs free energies, defined as the sum of total energy of the system
(from the single-point M06-D3 calculations), solvation energy (using PBF approach
with toluene as the solvent), zero-point energy, thermal enthalpy correction and the
negative product of entropy and temperature calculated at either 298.15 K (for rela-
tive energies of atropoisomers) or 333.15 K (for all other calculations), all from
B3LYP-D3 calculations. Side groups rotation barriers were calculated at the M06-
D3/lacv3p++** level of theory. Symmetry-adopted perturbation theory (SAPT2+3)
calculations?® were performed for separate fragments of molecules, i.e. tol-
yl/xylyl/mesityl moieties interacting with either indenylidene or cyclohexyl fragments

using Psi4 v. 1.0.54 software.?*
7.1 Calculation of Mechanism Activation Barriers

The barriers for the associative mechanism were calculated as the sum of a) difference
in Gibbs free energy between the 18-electron species with associated olefin and the
pre-catalyst and b) the energy needed to abstract the phosphine ligand from the ru-
thenium core to 4.0 A. The barriers for the dissociative mechanism were calculated as
the difference between the 14-electron species with no phosphine and the pre-
catalyst, while the barriers for interchange mechanism were estimated based on the

Gibbs free energy barrier of the interchange transition state.

The results and numerical values presented in Table 3 of the main manuscript are
worth comparing to the experimental rates obtained for a series of similar Grubbs-
type and Hoveyda-type catalysts bearing NHC ligand with syn phenyl groups on the
backbone and o-tolyl N-substituents.?>?® Authors of these studies found that, in gen-

eral, the syn conformers performed better in a number of olefin metathesis reactions,
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i.e. usually initiating faster and giving better conversion. Our results are in partial
agreement with these studied, as for some systems (Rull, Rul2) the syn atropoiso-
mers are predicted to have lower initiation barriers, but for other systems (Rué, Ru13)
the lowest Gibbs free energy barriers of activation were found for the anti atropoiso-
mers (Table 3). It is interesting to note, however, that the lowest Gibbs free energy
barrier of the initiation (Table 3) does not always correspond to the lowest Gibbs free
energy of the atropoisomer (Table 2). This is, unlike in the studies of Grisi for catalysts
with frozen NHC conformation, of little consequence to the catalytic activities of the-
se complexes and their initiation rates, as for all studied complexes the atropoisomers
are in close equilibrium and can thermally interconvert into each other, due to rela-
tively low barriers of side groups rotations (Table 2). As a result the atropoisomers
with the lowest energy barriers of the initiation for each of the studied complex are

responsible for the initiation rates of the corresponding catalysts.
7.2 SAPT calculations of intramolecular interactions

The investigated systems Rué and Ru11-Rul4 show also relatively strong mt-it stacking
interactions between the tolyl/xylyl/mesityl moiety and the indenylidene part. Again,
we considered all possible atropoisomers estimating the strength of these interac-
tions. The very accurate SAPT2+3 calculation revealed that in all cases conformers b
and c have slightly more favorable van der Waals stacking interactions (by 0.5 - 1.0
kcal/mol) than conformers a and d (Table S11). These small differences do not, how-
ever, translate into relative stabilities at the DFT level of theory analyzed above. As
expected, though, the van der Waals stacking interactions are stronger for bulkier side

groups in Rul1-Rul4 than for Rué.

We additionally inspected the interactions between the side groups towards the in-
denylidene moiety with one of the cyclohexyl substituent of the phosphine ligand
which resulted relatively weak (around 1.5-2.0 kcal/mol) for all studied systems.
Clearly, there are other subtle interactions in these isomers resulting in the specific

ratio of occurrence observed in 3'P NMR experiments.
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Table S11. Selected parameters for Rué and Ru11-Ru14 obtained from SAPT2+3 calculations.

Parameter Rué6 Rull Rul2 Rul3 Ruil4

Side group - indenyl- Ruéa:-3.1 Rulla:-3.9 Rul2a:-3.6 Rul3a:-4.3
Ruéb: -3.4  Rulilb:-4.3 Rul2b:-4.0 Rul3b:-4.0

idene interaction  p g 36  Rullc:-45 Rul2c:-4.7 Ruldc-44 43
energy (kcal/mol) Ruéd: -2.5 Rulld:-4.3 Rul2d:-3.3 Rul3d:-4.2
Side group - cyclo- Ruéa: -1.4 Rulla:-1.9 Rul2a:-1.9 Rul3a:-1.8
. . Ruéb: -1.2 Rullb:-1.7 Rul2b:-1.7 Rul3b:-1.7

hexene interaction -2.0

Ruéc: -1.4 Rullc:-1.9 Rul2c:-2.1 Rul3c:-1.7
energy (kcal/mol) Ruéd: -1.4 Rulld:-2.1 Rul2d:-1.6 Rul3d:-1.9
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