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Extant multi-photon absorption data

Table S1. Three-photon, four-photon, five-photon, and six-photon absorption data for coordination complexes, organic molecules, MOFs,
perovskites, and other inorganic materials reported 2022-present (for data pre-2016, see ref [1], and for 2016-2021, see ref [2]).

Three-photon absorption materials 3PA quantities (Acx/nm) Conditions Ref.
Coordination complexes

2780 x 10™ cm® s photon (1400 nm) 140 fs, 1 kHz, Z-scan 3
14000 x 10 ¢m® s* photon (1200 nm) 130 fs, 1 kHz, Z-scan 4
37600 x 10 cm® s2 photon‘2 (1300 nm) 130 fs, 1 kHz, Z-scan 4
18200 x 10 ¢m® s* photon™ (1200 nm) 130 fs, 1 kHz, Z-scan 4
PhoR
cre=— Y= 4000 x 10 cm® s? photon (1250 nm) 130 fs, 1 kHz, Z-scan 4
PR PPh;
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1600 x 10 cm® s? photon (1250 nm)

560 x 10 cm® s? photon (1250 nm)

1640 x 10 cm® s? photon (1600 nm)

1150 x 10 cm® s? photon (1600 nm)

1250 x 10 cm® s? photon (1750 nm)

2030 x 10 ¢m® s? photon (1730 nm)
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130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan



Organic molecules

6 o3 -2
(1000 to 34000) x 10 cm” GW™ (1100-1450 120 fs,1 kHz, Z-scan

< nm)
(E)—2—(Benzo[d]thlaqu—z—yl)—S—(7—(dlphenylarnmo)—9—ethyl—9H— 157 x 10 cm® 2 photon™ (1550 nm) (n/a) fs, MPEF
carbazol-2-yl)acrylonitrile
26.4 x 10 ¢cm® s* photon (800 nm) 100 fs, 10 Hz, Z-scan
R~ ) . 77.0 x 10 cm® s> photon™ (800 100 fs, 10 Hz, Z-
O O N . cm’ s~ photon™ ( nm) S, z, Z-scan
136 x 10”° cm® 2 photon'2 (800 nm) 100 fs, 10 Hz, Z-scan
SR
2-(4-Chlorophenyl)-3-methyl-4-(4-methylphenyl)-1,3- (52 £ 5) x 10 em® §* J2 (800 nm) 100 fs, 1 kHz, Z-scan

thiazolium-5-thiolate

S5



o,
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N 120 x 10™®** cm® s? photon (1650 nm)
—N

(E)-2-(Benzo[d]thiazol-2-yl)-3-(7-(diphenylamino)-9-ethyl-9H-

carbazol-2-yl)acrylonitrile (DCBT) mixed with Fluronic F127, 561 x 10 cm® s? photon (1550 nm)

DCBT dots
C— [ ‘Ti
DCBT =
JJ
+ ) J Vi
| ——
) T . -
( P | D
) __ L —
Fluronic F127 D ——
f— —((
-~ ——
'\Af.f_f C
DCBT dots
MOFs

Zr-based 4,4’~(thiazolo[ 5,4-d]thiazole-2,5-diyl)dibenzoic acid
ligated UiO-type MOF

Zr-based 4,4’~(thiazolo[ 5,4-d]thiazole-2,5-diyl)dibenzoic acid
ligated UiO-type MOF with methylation

1.11 x 10 ¢cm® s* photon (1250 nm)
1.16 x 10 ¢cm® s* photon (1250 nm)

Zny(TCPE), a zinc-AIEgen MOF (1.2-6.5) x 10 cm® s? photon (1200-1300 nm)
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130 fs, 1 kHz, Z-scan

(n/a) fs, 3PEF

120 fs, 1 kHz, MPEF

120 fs, 1 kHz, MPEF

ca. 200 fs, 1| MHz, MPEF

10

10

11



Zny(TCPE)(L+), a zinc-AlEgen MOF

Zny(TCPE)(L4), a zinc-AlEgen MOF

(300000-30000000) x 10%° cm® s photon™
(1200-1300 nm)

(0.154-2.9) x 107 cm® s? photon (1200-1300
nm)

(0.00495-0.0785) x 107° cm® s? photon™ (1200-
1300 nm)

(3000-1000000) x 10*° ¢cm® s* photon (1200-
1300 nm)
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ca. 200 fs, 1| MHz, MPEF

ca. 200 fs, 1| MHz, MPEF

ca. 200 fs, 1| MHz, MPEF

ca. 200 fs, 1| MHz, MPEF

11

11

11

11



Zn(SCN),L>@PCN-56, a zinc MOF composite
[Ir(PBTF),Cl],-modified UiO(bpdc) with orotic acid coating

Perovskites
FAosMA,Pbls

FAPbBr3/CsPbBr; core-shell nanocrystals

FAPDbBr; nanocrystals

MAPDBBT3 film on ITO glass
MAPDBT3; single crystals
MAPDBCI; single crystals
CsPbBr; microparticles

CsPbBr; quantum dots in ZIF-8

Cs,TeCls
Other inorganic molecules
NiO NPs calcined at 400 °C

Arginine-stabilized 6-aza-2-thiothymine Au nanoclusters,
Arg/ATT-Au NCs

InP/ZnSeS/ZnS quantum dots

InP/ZnS quantum dots

Indium-tin oxide quantum dots thin film
2D CdSe nanoplatelets

2D CdSe/CdS core-shell nanoplatelets

9.43 x 10°*° ¢cm® s? photon (1200 nm)

2.6 x 10% cm® s? photon (1250 nm)

261 = 50 cm® GW (1300 nm)
5500 x 10°*° ¢cm® s photon™ nm™ (1300 nm)

630 x 10 cm® s? photon nm™ (1300 nm)

7.35 x 10" cm® GW™ (n/a)
(1.9-8.2) x 107 cm® GW? (1200-1500 nm)
1.3 x 107 cm® GW (1200 nm)

41000 £ 2000 x 10 ¢cm® s* photon (1300 nm)
11000000 =+ 2000000 x 10 ¢cm® s* photon™
(1300 nm)

(5.42-143.58) x 10™*° cm® s* (800-1150 nm)

328 x 10 cm® s? photon™ (1064 nm)
150 x 10™** cm® s? photon (1400 nm)

128 x 10™** cm® s? photon (1240 nm)
42 x 10 ¢cm® s? photon (1260 nm)
0.142 cm® GW2 (950 nm)

4.0 x 10 cm® GW (800 nm)

0.9 x 10% cm®> GW™ (800 nm)

S8

120 fs, 1 kHz, MPEF
120 fs, 1 kHz, MPEF

30 ps, 50 Hz, MPEF
100 fs, 1 kHz, MPEF and Z-
scan
100 fs, 1 kHz, MPEF and Z-
scan
OA Z-scan

351s, 1 kHz, Z-scan
351s, 1 kHz, Z-scan
216 fs, 60 kHz, MPEF

216 fs, 60 kHz, MPEF
35 fs, 1 kHz, MPAPS

9ns, 10 Hz, Z-scan
(n/a) fs, MPAPS

100 fs, 80 MHz, MEPL

100 fs, 80 MHz, MEPL

150 fs, 500 kHz, Z-scan
120 fs, 1 kHz, Z-scan

120 fs, 1 kHz, Z-scan and 185
fs, 76 MHz, OKG

12
13

20
21

22
22
23
24



Four-photon absorption materials 4PA quantities (Aex/nm)
Coordination complexes

6.87 x 10 cm® s* photon™ (2100 nm)

3.26 x 107 ¢cm® s? photon™ (2200 nm)

860 x 10™'° cm® s* photon™ (1600 nm)

2030 x 10 cm® s* photon™ (1700 nm)

2130 x 10™"'° em® s* photon™ (1700 nm)

Ph,R  PPh,

cRi=— VY= VY=

110 x 107" ¢cm® s* photon™ (1600 nm)

Ph,R  PPh,

\J
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Conditions

140 fs, 1 kHz, Z-scan

120 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan



L [\
Y Ph,R PPh,

\/ =
>/_N \ / \ — Ru—— \ /

=N Ph,R  PPh,

\_/

N >
Ph,R  PPh,

N H—N \ / —
N>/—N _N\>—© — /Ru\ — €/>—No2
%N PR PPh;

NG N\>_N thP/\_/\Pth

N \ / \ — R — - NH
T O=H=A )
%N Ph2P\_/PPh2

270 x 10™"'° cm® s* photon™ (1650 nm)

350 x 10"'° em® s* photon™ (1600 nm)

110 x 107" ¢cm® s* photon™ (2300 nm)

100 x 107''% cm® s* photon™ (2260 nm)

160 x 107''% cm® s* photon™ (2260 nm)

210 x 10™'"° cm® s* photon™ (2100 nm)
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130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan

130 fs, 1 kHz, Z-scan



Organic molecules

MOFs

Zr-based 4,4’~(thiazolo[ 5,4-d]thiazole-2,5-diyl)dibenzoic acid
ligated UiO-type MOF

Zr-based 4,4’~(thiazolo[ 5,4-d]thiazole-2,5-diyl)dibenzoic acid
ligated UiO-type MOF with methylation
Zn(SCN),L>@PCN-56, a zinc MOF composite

[Ir(PBTF),Cl]> modified UiO(bpdc) with orotic acid coating,
MIrA

Perovskites
MAPDBCI; single crystals
MAPDBT3; single crystals

CsPbBr3; microparticles

CsPbBr; quantum dots in ZIF-8

Cs,TeCls
Other inorganic molecules

Arginine-stabilized 6-aza-2-thiothymine Au nanoclusters,
Arg/ATT-Au NCs

Five-photon absorption materials
Perovskites

FAPbBr3/CsPbBr; core-shell nanocrystals

FAPDbBr; nanocrystals

(1-2.7) x 107 cm® GW= (1500-1600 nm)

4.41 x 10* cm® s* photon (1450 nm)

5.27 x 10°*° cm® s* photon™ (1550 nm)
7.48 x 10°*° cm® s* photon™ (1550 nm)

26.7 x 10 ¢cm® s* photon™ (1450 nm)

5.1 x 10" cm® GW= (1500 nm)
1.8 x 10® cm® GW™ (2100 nm)

15000 = 1000 x 10"'° cm® s* photon™ (1800 nm)

7500000 + 1600000 x 10" cm® §* photon™
(1800 nm)
6.51 x 107" ¢cm® s* photon™ (1560 nm)

550 x 10™"'° cm® s* photon™ (1700 nm)

S5PA quantities (Aex/nm)

86.4 x 107 ¢cm'® s* photon™ nm™ (2300 nm)

1280 x 10™'° cm® s* photon™ nm™ (2300 nm)
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120 fs, 1 kHz, Z-scan

120 fs, 1 kHz, MPEF
120 fs, 1 kHz, MPEF
120 fs, 1 kHz, MPEF
120 fs, 1 kHz, MPEF

351s, 1 kHz, Z-scan
351s, 1 kHz, Z-scan

216 fs, 60 kHz, MPEF

216 fs, 60 kHz, MPEF
35 fs, 1 kHz, MPAPS

(n/a) fs, MPAPS

Conditions

100 fs, 1 kHz, MPEF and Z-
scan

100 fs, 1 kHz, MPEF and Z-
scan

12
13

17
17

18

18
19

21

15



MAPbBT; single crystals 8.4 x 10" cm’ GW (2400 nm) 35 fs, 1 kHz, Z-scan 17

MAPDCI; single crystals 8.7 x 107" cm’ GW™ (2100 nm) 35 fs, 1 kHz, Z-scan 17
CsPbBr; microparticles 80 + 6 x 10" cm'® s* photon™ (2200 nm) 216 fs, 60 kHz, MPEF 18
CsPbBr; quantum dots in ZIF-8 6.2+ 1.3 x 10'% cm® s* photon™ (2200 nm) 216 fs, 60 kHz, MPEF 18
Cs:TeCls 0.02425 x 10 cm'® s* photon™ (1640 nm) 35 fs, 1 kHz, MPAPS 19
Six-photon absorption materials 6PA quantities (Aex/nm) Conditions

Perovskites

Cs:TeCls 0.000187 x 107" ¢cm'? s* photon™ (1980 nm) 35 fs, 1 kHz, MPAPS 20

AlEgen: aggregation-induced emission luminogen. bpdc: 2,2 -bipyridine-5,5 -dicarboxylic acid. D-A: donor-acceptor. DCBT: (E)-2-
(benzo[d]thiazol-2-yl)-3-(7-(diphenylamino)-9-ethyl-9H-carbazol-2-yl)acrylonitrile. FA: formamidinium. L: (E)-N, N-diethyl-4-(2-(pyridin-4-
yl)vinyl)aniline. MA: methylammonium. MIC: mesoionic compound. MOF: metal-organic framework. MPAPS: multiphoton absorption
photoluminescence saturation method. MPEF: multi-photon excited fluorescence. NPs: nanoparticles. OA: open-aperture. OKG: optical Kerr gate.
PBTF: 2-(3,4-difluorophenyl)benzo[d]thiazole. PCN-56: Zr;02(OH)>(TPDC-2Me)s. TPDC-2Me: 2°,5"-dimethyl-[1,1":4",1 " -terphenyl]-4,4""-
dicarboxylic acid. UiO: ZrsO4(OH)s. ZIF: zeolitic imidazolylate framework.
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Synthesis schemes
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Scheme S1. Synthesis of 1G12,01-NOsz. 1) 1,4-HC=CCcH4NO», NaPFg, deoxygenated CH,Clo/NEt3, room
temperature, 16 h, 82%.
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Scheme S2. Synthesis of 1Ga22,01. 1) Ethynylbenzene, NaPFg, deoxygenated CH,Clo/NEts3, room
temperature, 3 days, 82%.
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Scheme S3. Synthesis of 1G22,01-NOz. 1) 1,4-HC=CCcH4NO», NaPFg, deoxygenated CH,Clo/NEt3, room

temperature, 16 h, 73%.
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Scheme S4. Synthesis of 2G12,02,01-NOz. 1) 1,4-HC=CCsHsNO», NaPFs, deoxygenated CH>Clo/NEts,
room temperature, 16 h, 89%.
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Scheme S5. Synthesis of 2G22,03,01-NOz. 1) 1,4-HC=CCsHsNO», NaPFs, deoxygenated CH2Clz, NEt3,
room temperature, 16 h, 82%; ii) deoxygenated CH>Cl,, NEt3, TBAF, room temperature, 2 h, 95%; iii)

NaPFg, deoxygenated CH>Cl», NEt3, room temperature, 3 days, 87%.
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Scheme S6. Synthesis of 3G22,03,02,00-Cl. 1) NaPF, deé)xygenated CH»Cly, NEt3, reflux, 24 h, 91%; ii)
Pd(PPh3)s, [Cu(NCMe)4]PFs, deoxygenated CH,Clo/NEt3, room temperature, 3 days, 50%.
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Scheme S7. Synthesis of 3G22,03,02,01-NOz. 1) 1,4-Me3SiC=CC¢HsC=C-1,4-C¢Ha4l, Pd(PPhs)4, Cul,
deoxygenated CH>Clo/NEt3, room temperature, 3 days, 80%; ii) NaPFe, deoxygenated CH2Clo, NEts,
room temperature, 2 h, 88%; iii) deoxygenated CH>Cl>, NEt3, TBAF, room temperature, 16 h, 91%; iv)
NaPFg, deoxygenated CH>Cl,, NEt3, room temperature, 16 h, 84%.
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General conditions and reagents

Reactions were performed under a nitrogen atmosphere using standard Schlenk techniques with flame-
dried glassware and Teflon-coated magnetic stirring bars. All work-up and purification procedures were
carried out with reagent grade solvent in air. The following reagents, catalysts and solvents were
commercially available, purchased from common chemical suppliers and used as received unless
mentioned otherwise: tetra-n-butylammonium fluoride (TBAF, as a 1.0 M solution in THF),
ethynylbenzene, NaPFs, Cul, NEt3, n-pentane, methanol, diethyl ether, Celite. The term “petrol” refers to
a fraction of petroleum with a boiling range of 60-80 °C. Reagent grade solvent dichloromethane (CH2Cl>)
(Merck) was dried by distilling over calcium hydride and stored under a nitrogen atmosphere. Column
chromatography was performed using activated basic alumina (Sigma-Aldrich).

Commercially available Pd(PPhs)s was recrystallized from deoxygenated ethanol and stored under a
nitrogen atmosphere before use. Commercial [Cu(NCMe)4]PFs was recrystallized from hot acetonitrile
prior to use and kept under a nitrogen atmosphere avoiding light. The purification followed the standard
procedure.?

The following materials were synthesized based on reported procedures or slight modifications thereof:
1,4-HC=CCcH4NO,?¢

1,4-Me3SiC=CCeH4C=C-1,4-CsHal*’

1,4-HC=CC¢H4-1,4-CsH4C=C-4-C=CPh*

trans-[Ru(C=CPh)Cl(dppe)]**-**

1,3-{trans-[(dppe)2(C)Ru(C=C)]}»-5-HC=CC¢H3 (10)*!
1,3-{trans-[(dppe)2(1,4-O2NCsH4C=C)Ru(C=C)]},-5-HC=CCsH3 (11)*?
1,3-{trans-[(dppe)2(CI)Ru(C=C)]}»-5-{1,4-(i-Pr);SiC=CCsH4C=C-1,4-CsH4C=C-1,4-CsH4C=C} CcH3
(16)°

1,3-{trans-[(dppe)2(CI)Ru(C=C)}»-5-{1,4-(i-Pr)3SiC=CCsH4+C=C-3,5-Et>-1,4-C¢H,C=C-1,4-
CeH4C=C}CeH3 (17)?
1,3-{trans-[(dppe)2(1,4-1CcH4C=C-1,4-CsH4C=C)Ru(C=C)]}2-5-{(i-Pr)3SiC=C-1,4-CcH4C=C-3,5-Et2-
1,4-CeH2C=C-1,4-CsHsC=C} CsH3 (18)?
1,3-{trans-[(dppe)2(1,4-1CcH4C=C-1,4-CsH4C=C)Ru(C=C)]}»-5-(1,4-HC=CCsH4sC=C-3,5-Et>-1,4-
CeH2C=C-1,4-CsHsC=C)CsH3 (19)?
1,3-{trans-[(dppe)2(PhC=C)Ru(C=C)]}2-5-{(i-Pr)3SiC=C-1,4-CsH4C=C-1,4-CsH4C=C-1,4-
CsH4C=C}CeHs3 (20)*
1,3-{trans-[(1,3-trans-[(dppe)2(PhC=C)Ru(C=C)]2Ce¢H3-5-C=C-1,4-CsHsC=C-1,4-
CsH4C=C)Ru(dppe)2(C=C)]}2-5-{(i-Pr)3SiC=C-1,4-CsHsC=C-1,4-CeH4C=C-1,4-CcH4C=C} CcH3 (24)*
1,3,5-{trans-[ {3,5-{trans-[(dppe)2(1,4-ICcHsC=C-2,6-Et2-1,4-CsH2C=C-1,4-
CeH4C=C)Ru(C=C)]}2CeH3-1-(C=C-1,4-CsH4C=C-1,4-CsH4C=C)} Ru(dppe)2{C=C-1,4-CsHs+C=C-1,4-
CsH4C=C}]}3CeHs3 (35)?

1,3,5-{trans-[(dppe)2(C)Ru(C=C-1,4-CcHaC=C-1,4-CsHsC=C)]}3CcH3 (0G20-Cl)**
1,3,5-{trans-[(dppe)2(PhC=C)Ru(C=C-1,4-CcHsC=C-1,4-CsHsC=C)]}3C6H3 (0G21)**
1,3,5-{trans-[(dppe)2(1,4-O.NCsH4sC=C)Ru(C=C-1,4-CcHsC=C-1,4-CsHsC=C)]}3C6H3 (0G2:1-NO2)*
1,3,5-{trans-[ {1,3-{trans-[(dppe)2(C)Ru(C=C)]}.CcH3-5-(C=C-1,4-CsH4sC=C-1,4-
CsH4C=C)}Ru(dppe)2(C=C-1,4-CsH4C=C-1,4-CcHsC=C)]}3CsH3 (1G22,00-Cl)?

1,3,5-{trans-[ {1,3-{trans-[(dppe)2(C)Ru(C=C)]}.CcH3-5-(C=C-1,4-CsH4sC=C-1,4-
CsH4C=C)}Ru(dppe)2(C=C-1,4-CsH4C=C)]}3CsH3 (1G12,00-C1)**

1,3,5-{trans-[ {1,3-{trans-[(dppe)2(PhC=C)Ru(C=C)]}.CsH3-5-(C=C-1,4-CsH4C=C-1,4-
CeH4C=C)}Ru(dppe)2(C=C-1,4-C¢H4sC=C)]}3CsH3 (1G12,01)*
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1,3,5-{trans-[ {1,3-{trans-[(1,3-{trans-[(dppe)2(Cl)RuC=C]}.CsH3-5-C=C-1,4-CsHsC=C-1,4-
C¢H4C=C)Ru(dppe)2(C=C)]}2CsH3-5-(C=C-1,4-CsHsC=C-1,4-CsH4sC=C)} Ru(dppe)(C=C-1,4-
CsH4C=C)]}3CsH3 (2G12,02,00-C1)*

1,3,5-{trans-[ {1,3-{trans-[(1,3-{trans-[(dppe)2(PhC=C)RuC=C]},-5-C=CC¢H3-1,4-C=CCsHs-1,4-
C¢H4C=C)Ru(dppe)2(C=C)]}2CsH3-1-(C=C-1,4-CsHsC=C-1,4-CsH4sC=C)} Ru(dppe)2(C=C-1,4-
CsH4C=C)]}3C6H3 (2G12,02,01)**

1,3,5-{trans-[1,3-{trans-[1,3- {trans-[(dppe)2(C1)Ru(C =C)]}.CsH3-5-(C=C-1,4-CcH4sC=C-2,6-Et,-
1,4-CcH2C =C-1,4-CsH4C = C)Ru(dppe)2(C=C)]}2CsH3-5-(C=C-1,4-CcHsC=C-1,4-CcHsC =
C)Ru(dppe)2(C =C-1,4-C¢HsC=C-1,4-CcHsC=C)]}3C6H3 (2G22,03,00-C1)?

1,3,5-{trans-[ {1,3-{trans-[(1,3-{trans-[(dppe)2(PhC=C)Ru(C=C)]},-5-CsH3(C=C-1,4-CcH4sC=C-1,4-
C¢H4C=C-1,4-CsH4C=C)Ru(dppe)2(C=C)]}2CsH3-5-(C=C-1,4-CsHsC=C-1 ,4-

CsH4C=C)} Ru(dppe)2(C=C-1,4-CsHsC=C-1,4-CcH4C=C)]}3CsH3 (2G22,03,01)°
1,3,5-{trans-[1,3-{trans-[1,3-{trans-[1,3-{trans-[(dppe)(PhC=C)Ru(C=C)]}.CecH3-5-(C=C-1,4-
CsH4C=C-1,4-CsH4C=C)Ru(dppe)2(C=C)]}2CeH3-5-(C=C-1,4-CsH4C=C-1,4-CcH4sC=C-1 4-
C¢H4C=C)Ru(dppe)2(C=C)]}2CsH3-5-(C =C-1,4-CsH4sC=C-1,4-C¢H4C =C)Ru(dppe)2(C=C-1,4-
CeHsC =C-1,4-CcHsC=C)]}3CsH3 (3G22,03,02,01)°
1,3,5-{trans-[1,3-{trans-[1,3-{trans-[(dppe)2(PhC=C)Ru(C=C)]}.Ce¢H3-5-(C=C-1,4-C¢H4C=C-2,6-
Et>-1,4-C¢H,C =C-1,4-CsH4C = C)Ru(dppe)2(C=C)]}2CsH3-5-(C=C-1,4-CcH4C=C-1,4-CsHsC =
C)Ru(dppe)2(C=C-1,4-CcHsC=C-1,4-CcHsC =C)]}3CeH3 (2G22,03,01-8)°
1,3,5-{trans-[1,3-{trans-[1,3-{trans-[1,3-{trans-[(dppe)(PhC = C)Ru(C=C)]}.CsH3-5-(C=C-1,4-
CsH4C=C-1,4-CsH4C = C)Ru(dppe)2(C=C)]}2CsH3-5-(C=C-1,4-CsH4C=C-2,6-Et»-1,4-CsH,C=C-
1,4-CcH4C =C)Ru(dppe)2(C=C)]}2CcH3-5-(C=C-1,4-CsHsC =C-1,4-CsH4sC = C)Ru(dppe)>(C=C-
1,4-CeH4C=C-1,4-CsHsC =C)]}3C6H3 (3G22,03,02,01-5)*

trans-[Ru(C=CPh)x(dppe)2] (1-M-1(dppe))*°

trans-[Ru(C=CPh)(C=C-1,4-C¢H4C=CPh)(dppe)2] (1-M-2(dppe))*’
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Instrumentation

Infrared spectra were recorded on a PerkinElmer Spectrum One FT-IR spectrometer using attenuated total
reflectance (ATR). UV-vis spectra were recorded as CH2Cl> solutions in 1 cm quartz cells using a
PerkinElmer Lambda 950 spectrophotometer and are reported as vmax (cm!) [¢ (10° M em™)].
Electrospray ionization (ESI) time-of-flight (TOF) mass spectrometry (MS) data were recorded using
solutions in methanol or acetonitrile and a Waters LCT Premier XE TOF mass spectrometer; peaks are
reported as m/z (assignment, relative intensity). Microanalyses were carried out at the London
Metropolitan University. The TEM image was recorded on a TEM JEOL 2100F in STEM mode.

Nuclear magnetic resonance (NMR) spectroscopy. NMR spectra were recorded using Bruker Avance
400 MHz, 500 MHz, 600 MHz, 700 MHz, and 800 MHz and Varian 400 MHz NMR spectrometers and
are referenced to residual CHCls ('H, 7.26 ppm) or CsDsH ('H, 7.16 ppm), CDCIs (*C, 77.16 ppm) or
C¢Ds (13C, 128.06 ppm), and external 85% HsPOs (*'P, 0.0 ppm). Proton and carbon labelling of the
spectral data for the new compounds start from the arene core, as shown in Fig. S1. Within each generation
(e.g., from the core to the first-generation branching point as generation zero, from the first-generation
branching point to the next branching point as generation one, etc.), atoms are labelled followed the
dendrimer’s extension direction and the label contains generation number followed by the number of the
atom. The atoms in the ethyl groups are labelled as “s1” and “s2” to distinguish them from the dendrimer
skeleton atoms. The atoms in the silyl protecting groups are labelled as “p1” and “p2”. The Ru(k>-dppe)>
units are abbreviated as “[Ru]” with Greek letter subscript for generation number (a, B, v, d for generations
0, 1, 2, 3, respectively). For each ruthenium centre, the labelling starts from carbons on the ethylene group
through all the carbons on the aromatic rings. All the protons attached to the same carbon atom that are
chemically equivalent share the same number. Peaks in the 3C{'H} spectra were assigned with the
assistance of 2D spectra (H-H COSY, H-C HSQC and H-C HMBC), and are labelled as “Cxx” (xx
represents the atom’s number). Proton peaks are labelled as “Hxx” in the same manner.

309, 06 304
O N—@% Ru —
2 205 1Rul

308 307

[Rul, s =

0 5 6 no12 19 20 25 26
Vi 2.3 8 9 1415 1617 /=\ 2223 /=\ 2829 /=101

T AT s RUle=\ g\ o\ /2

31

Fig. S1 'H and '3C NMR labelling for new compounds.
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Diffusion-ordered spectroscopy (DOSY). All DOSY experiments were performed on a Bruker Avance
600 MHz NMR instrument with a cryoprobe. The standard Bruker pulse sequence dstebpgp3s, employing
a double stimulated echo sequence, bipolar gradient pulsed for diffusion, and three spoil gradients, was
chosen to minimize the convection effect. The gradient amplitudes were set from 2% to 95 % in 32 linear
steps. The gradient duration and the diffusion time were optimized for each sample and were in the ranges
0.5-2.5 ms and 100-200 ms, respectively. Four dummy scans were used for temperature equilibration in
the sample. The recycle delay was adjusted for each sample by measuring 77 values (using the standard
inversion recovery method) for all the resonances of interest and setting the recycle delay to 5 times the
T; value of the most slowly relaxing resonance of interest. Signal intensities / were measured by
integration. Plots of In(1/Iy) vs. mG? were fitted using a standard linear regression algorithm implemented
in the Bruker TopSpin 3.5 pl 7 with 7;/7> module. The diffusion coefficients of three different molecules
(methanol, phenol, and anthracene) were measured in CDCls solution for comparison to literature
values.’® At 298.0 + 0.1 K, the diffusion coefficients of the three compounds were found to be: methanol,
D =3.310 x10°m? s’!; phenol, D =2.016 x10° m? s’'; anthracene, D = 1.742 x 10 m? s’!, which agree
with the reported values.

Due to the temperature dependence of the diffusion coefficients, as well as the solvent viscosity, the actual
sample temperature inside the probe must be calibrated before experiments, following the standard
procedure in the Bruker manual. Neat methanol samples were used to calibrate the actual temperatures.
Results showed that the temperature was maintained at a constant 298.0 + 0.1 K after 20 min in the NMR
bore.

The gradient strength was calibrated using literature values for water diffusion in HDO/D-O obtained
from Aldrich (D20 % = 99.96%).>

For NMR diffusion measurements, the samples were placed into 5 mm NMR tubes to a height of 40 mm.
The magnetic susceptibility of the sample tube was closely matched to solution samples, thereby obtaining
good magnetic homogeneity over the whole sample volume while keeping good signal-to-noise ratio in
the 'H NMR spectrum. The concentration of samples was ca. 10* M in CDCIls solution at room
temperature to ensure that the solution viscosity could be approximated by that of pure CDCls.

The diffusion coefficient (D) can be determined from the slope of the Stejskal-Tanner equation:
! 2522 g 2 (1)
In(l—) = —y°8°G (A——)D = —mG*-D

0 3
) 2
m:y262(A—§) )
where G is the gradient field strength, / is the integral of the peak area at a given value G, y is the
magnetogyric constant of the nucleus which equals 2.675 x108 T-! s'! for 'H, ¢ is the diffusion length
parameter, and A is the diffusion delay. The diffusion coefficient can then afford the molecular size from

the Stokes-Einstein equation:
_ kel _ kT 3)
- f  em,
where 7, is the hydrodynamic radius of a spherical particle, # is the viscosity of the solution, ks is the
Boltzmann constant, 7 is the absolute temperature, and f is the so-called hydrodynamic frictional

coefficient. The equation is valid for solute molecules at infinite dilution diffusing through a continuum
solvent where the solvent molecules are much smaller than the solute.

Size Exclusion Chromatography (SEC). The molecular weight distributions of the samples were
determined using high-performance gel liquid chromatography on a Viscotek GPC Max VE2001 fitted
with a Viscotek TDA 305 triple detector array consisting of a differential viscometer, right-angle laser-
light scattering, low-angle laser-light scattering, and refractive index detectors. The column set consisted
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of a Viscotek TGuard Organic Guard Column (10 x 4.6 mm) and two Viscotek LT5000L Mixed Medium
Organic Columns (300 x 7.8 mm, 300 x 8.0 mm). The system was fitted with an online solvent degasser
system and the eluent (THF) flow rate was set to 1 mL min~! with columns held at 30 °C. Calibration was
carried out using PolyCAL™ poly(methyl methacrylate) standards with Mp = 800, 2380, 5050, 9680,
18700, 41400, 88500, 202000, 340000, 608000, and 988000 using OmniSEC software version 4.6.1.354.
Injection volumes of 100 pL were employed.

Cubic NLO and MPA studies. The real and imaginary parts of the second hyperpolarizability y (Yrear and
Yimag, T€spectively) were determined using the Z-scan technique. An amplified femtosecond laser system
consisting of an Integra-C regenerative amplifier (Quantronix) operating as an 800 nm pump and a Palitra-
FS BIBO crystal-based optical parametric amplifier (Quantronix) was used. The system was tunable over
a wavelength range from 650-2520 nm, delivering 130 fs pulses at a 1 kHz repetition rate. The output
wavelength was confirmed using an Ocean Optics USB2000+ spectrometer (650-1000 nm) or an Ocean
Optics NIRQuest+ spectrometer (1000-2500 nm). Coloured glass filters and a Thorlabs polarizing filter
were used to remove unwanted wavelengths, and the power was adjusted by use of neutral density filters
to obtain nonlinear phase shifts between 0.2 and 1.3 rad. The focal length of the lens used in the
experiment was 75 mm, which gave 25-50 um beam waists resulting in Rayleigh lengths longer than that
of the sample thickness. Measurements were made in 1 mm optical cells, such that the total thickness was
< 3 mm including the glass walls, so results could safely be treated using the thin-sample approximation.
Samples travelled down the Z-axis on a Thorlabs motorized stage between -20 and +20 mm (where 0 was
the laser focus). Data were collected by three Thorlabs photodiodes, 650-1100 nm with Si-based detectors,
1100-1700 nm with InGaAs detectors, and 1700-2520 nm with amplified InGaAs detectors. Data from
the detectors were collected by a Tektronix oscilloscope with a custom LabVIEW program and curve-
fitted with theoretical traces computed using equations derived by Sheik-Bahae et al.*

All measurements were calibrated against closed-aperture Z-scans of the solvent, as well as those of a 3
mm thick silica plate. The real and imaginary components of the second hyperpolarizability (y) of the
materials were calculated assuming additivity of the contributions of the solvent and the solute. The
negative yreal maximal values approximately coincide with the positive maximal values of Yimag, and are
therefore consistent with the expected dependence of yreal On all nonlinear absorption processes through a
nonlinear Kramers-Kronig relationship.3*4°

Samples were prepared with the concentration around 0.3 w/w% in deoxygenated and distilled CH>Cl.
Overall, the fitting of data is consistent with n-photon absorption (nPA) in the indicated spectral regions,
although fits at the extrema of the indicated ranges did not necessarily fit the corresponding ideal multi-
photon curves, which may suggest that multiple absorptive processes occur at these wavelengths. Data at
wavelengths for which assignment is uncertain are colored gray in the MPA spectral dependence plots.
The analysis focuses on the maximal values for which the nPA assignments are unambiguous.

Multi-photon absorption cross-sections were calculated using*!:
a, (hw)™1 4)
Oppy = ——
nPA NO
where n = 2, 3, 4, 5, and 6, and a, is the appropriate nonlinear absorption coefficient, while Ny is the
molecular number density.

Structural modelling. The molecular modelling program SPARTAN 18 (Wavefunction, Inc.) was
employed to model the hydrodynamic behaviour of the ruthenium dendrimers in solution. The molecular
equilibrium geometries of the ground states were optimized using molecular mechanics and the SYBYL
force field within the program package.
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Syntheses and characterization

Synthesis of 1,3-{trans-[(dppe):(1,4-O:NCsH4C=C)Ru(C=C)[}:-5-{1,4-(i-Pr)3SiC=CCsH ,C=C-1,4-
CsH,C=C-1,4-CsH,C=C}CsHs (22).

Compound 16 (0.240 g, 0.10 mmol) and 1,4-HC=CCsH4NO: (0.036 g, 0.24 mmol) were added to distilled
deoxygenated CH>Cl> (50 mL) and 1 mL NEt; was added to the solution. NaPFs (0.104 g, 0.62 mmol)
was added to the flask and the reaction was stirred for 16 h at room temperature. The crude product was
obtained by passing the mixture through a Celite pad and removing the solvent in vacuo. Further
purification was conducted by successive precipitations from MeOH (20 mL) and »n-pentane (10 mL) to
afford 22 as a red powder (0.253 g, 0.08 mmol, 82%). 'H NMR (700 MHz, CDCl;, 8): 7.97 (d, J = 8.9,
4H; Haog), 7.71-7.70 (m, 16H; Hirupy-3 or Hruyy-7), 7.60 (s, 4H; Hi19, Hi20), 7.54-7.53 (m, 4H; Hi13, Hi14),
7.47 (s, 4H; Hio7, Hi0g), 7.24-7.23 (m, 16H; H{ruy-7 or Hiruy-3), 7.18-7.10 (m, 16H; H{ru}y-5, H[ru}y-9), 6.99-
6.91 (m, 32H; H[Ru]y-4, H[Ru]y-g), 6.82 (S, IH; H126), 6.69 (S, 2H; H125), 6.52 (d, J= 8.8, 4H; H207), 2.69 (m,
16H; Hiruy-1), 1.14 (s, 21H; Hp1, Hp2) ppm; PC{'H} NMR (176 MHz, CDCls, §): 142.7 (Cxp), 137.5
(Ca06), 137.1, 136.4 (Ciru}y-2, Crrupy-6), 134.5, 133.9 (Ciruly-3, Cirupy-7), 132.2 (Ciog), 131.8 (Cio7), 131.7,
131.6 (Ci13, Ci14), 130.1 (Ca07), 129.9 (Ci25, Ci26), 129.2, 128.9 (Cruly-5, Cirupy-9), 127.4, 127.3 (Cirujy-4,
Cirupy-8), 124.5 (Ciis or Ci21), 123.8 (Cio9 or Cios), 123.5 (Ca0g), 123.3 (Cio9 or Cios), 123.0, 122.6 (Ci12,
Ciis), 121.6 (Ci24), 118.7, 118.5 (C202 or Ca05), 106.8 (Ci23), 93.2 (Ci10), 91.4, 91.3,91.1, 91.0 (Ci16, Ci11,
C117, Ci04), 87.8 (Ci22), 31.6 (Cirupy-1), 18.8 (Cp2), 11.5 (Cp1) ppm; *'P{'H} NMR (162 MHz, CDCls, §):
53.3 ppm; IR: v =2044 cm! (C=C); UV-vis (CH2Cla, vmax in cm’!, [€] in 103 M! em!): 20 650 [46.4], 28
900 [137.9]; HR ESI MS m/z: calcd. for Ci6sH141N204PsRu,Si: 2693.6706; found: 2693.6592 ([M + H]");
Anal. calcd. for Ci6sH140N204PsRu2Si1: C, 73.59; H, 5.24; N, 1.04%; found: C, 73.67; H, 5.13; N, 1.14%.

NO,
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Synthesis of 1,3-{trans-[(dppe):((1,4-O:2NCsH ;C=C)Ru(C=C)/}>-5-(1,4-HC=CCsH ,C=C-1,4-
CsHC=C-1,4-CsH,C=C)CsH3 (23).

Compound 22 (0.150 g, 0.056 mmol) was added to distilled, deoxygenated CH>Cl, (60 mL), and several
drops of NEt; and TBAF (1.0 M in THF, 0.1 mL) were added dropwise by syringe. The reaction was
stirred at room temperature for 2 h. The crude product was obtained by removing the solvent in vacuo.
Further purification was conducted by successive precipitations from MeOH (2 x 10 mL) and n-pentane
(10 mL) to afford compound 23 as a red powder (0.134 g, 0.053 mmol, 95%). "H NMR (700 MHz, CDCls,
0): 7.97 (d, J = 8.8, 4H; Haog), 7.71-7.70 (m, 16H; Hru}y-3 or Hirupy-7), 7.60 (s, 4H; Hiio, Hi20),7.54-7.53
(m, 4H; Hi3, Hi14), 7.49 (s, 4H; Hio7, Hiog), 7.24-7.23 (m, 16H; H{ru}-7 or Hirupy-3), 7.18-7.10 (m, 16H;
Hiruly-5, Hrupy-9), 6.99-6.91 (m, 32H; Hirujy-4, Hrupy-8), 6.82 (s, 1H; Hize), 6.69 (s, 2H; Hizs), 6.53 (d, J =
8.8, 4H; H207), 3.19 (S, lH; H104), 2.69 (m, 16H; H[Ru]y-l) ppm; 13C{1H} NMR (151 MHZ, CDC13, 5)2 142.7
(Ca09), 137.5 (Ca06), 137.1, 136.4 (Cruy-2, Crruly-6), 134.5, 133.9 (Ciruly-3, Cirupy-7), 132.3 (Ciog), 131.8,
131.6 (m, Cio7, Ci08, C113, Ci14, Ci19, Ci20), 130.1 (C207), 130.0, 129.9 (Ci2s, Ci26), 129.2, 128.9 (Cirujy-5,
Cirupy9), 127.4, 127.3 (Cirujy-4, Crrupy-s), 124.5 (Ci1s or Ciz1), 123.6 (Cioo or Caos), 123.5 (Caos), 123.4,
122.3 (Ci12, Ci1s, Ciig or Ci21), 121.6 (Ci24), 118.7, 118.5 (Ca02 or Cao5), 93.2 (Ci23), 91.4, 91.0 (Ci10, Ci11,
Ciie, C117) , 87.8 (Ci22), 83.4 (Ci0s), 79.2 (C104), 31.6 (Cirupy-1) ppm; *'P{!H} NMR (162 MHz, CDCl3, §):
53.3 ppm; IR: v = 2042 cm™ (C=C); HR ESI MS m/z: caled. for Cis6H121N204PsRuz: 2537.5370; found:
2537.5245 (M + H]"); Anal. calcd. for Ci56H120N204PsRuy: C, 73.87; H, 4.77; N, 1.10%; found: C, 73.68;
H, 4.73; N, 1.13%.
NO,

NO,
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Synthesis  of  1,3-{trans-[(dppe):(1,4-O:2NCsHC=C)Ru(C=C)]}»-5-(1,4-Me3SiC=CCsH ,C=C-1,4-
CsH,C=C)C¢H3 (14).

Compound 11 (0.300 g, 0.134 mmol) and 1,4-Me3SiC=CCsH4C=C-1,4-CsH4l (0.081 g, 0.20 mmol)
were added to a 100 mL flask with solvent mixture CH2Cl/NEt; (1:1, 60 mL). After degassing and
backfilling with nitrogen three times, Pd(PPhs)4 (0.005 g, 0.004 mmol) and Cul (0.001 g, 0.004 mmol)
were added to the solution. The reaction mixture was stirred at room temperature for three days. The
solvent was removed in vacuo and the residue was purified by precipitation from stirring MeOH (2 x 20
mL). Further purification was conducted via alumina column chromatography (eluting with petrol/CH>Cl»
= 1:3) to afford compound 14 as a red powder (0.270 g, 0.11 mmol, 80%). 'H NMR (500 MHz, CDCls,
9): 7.99 (d, J = 9.0 Hz, 4H; Hs30s), 7.78-7.69 (m, 16H; Ha61), 7.61 (s, 4H; Ha10, Ha11), 7.56-7.46 (m, 4H,;
Ho04, H205), 7.32-7.23 (m, 18H; Ha2s1), 7.23-7.10 (m, 18H; H2s3, H263), 7.06-6.90 (m, Has2, H262), 6.85 (s,
1H; Ha3), 6.72 (s, 2H; Ha21), 6.55 (d, J = 9.0 Hz, 4H; H304), 2.78-2.65 (m, 18H; H270), 0.29 (s, 9H; Hio)
ppm; BC{'H} NMR (126 MHz, CDCl;, 8): 142.5 (C306), 137.4 (C303), 136.9 (C250), 136.2 (Ca260), 134.3
(Ca61), 133.7 (Cas1), 131.9, 131.6 (C204, C205), 131.42, 131.38 (Cz10, C211), 129.9 (C304), 129.8 (C22), 129.0,
128.8 (Cae3, Cas3), 127.3, 127.1 (Cas2, C263), 124.3, 122.4 (Ca09 or C212), 121.3 (C305), 123.1 (C203, C206),
121.4 (Cy), 118.5, 118.3 (Cz02, C215), 104.6 (C203), 96.5 (C201), 93.0 (C214), 91.1 (C214), 90.8 (C207, C208),
87.6 (C213), 31.4 (C270), -0.1 (Cio) ppm; *'P{'H} NMR (202 MHz, CDCl3, §): 54.1 ppm; IR: v =2049 cm"
1 (C=C); UV-vis (CH2Clz, vinax in cm’l, [g] in 103 M! em!): 20 600 [36.3], 28 500 [7.12, sh], 29 500
[8.61]; ESIMS m/z: 2509 ([M]", 65), 1944 (100), 1661 (10), 1190 (35), 1085 (82); HR ESI MS m/z: calcd.
for Ci51H124N204PsRu»Si: 2509.5397; found: 2509.5479; Anal. calcd. for Ci51H24N204PsRu»Si: C 72.29,
H 4.98, N 1.12%; found: C 72.36, H 5.14, N 1.01%.
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Synthesis of 1,3-{trans-[(dppe):(1,4-O:NCsH ,C=C)Ru(C=C)}}:-5-(1,4-HC=CCsH ,C=C-1,4-
CsH,C=C)CsHj3 (15).

Compound 14 (0.213 g, 0.085 mmol) was dissolved in distilled deoxygenated CH>Cl> (80 mL) containing
several drops of NEt3, and TBAF (1.0 M solution in THF; 0.30 mL, 0.30 mmol) was added. The resultant
solution was stirred at room temperature for 2 h. The volume of the solution was reduced to 2 mL in
vacuo, and the residual mixture was dropped into stirring methanol. A dark red precipitate was formed,
which was separated from the clear, orange-red solution by filtration through a sintered glass filter funnel.
The solid thus obtained was redissolved in a minimal amount of CH>Cl,. The resultant, dark red solution
was filtered through tightly packed cotton wool. The clear filtrate was dropped into stirring n-pentane,
giving a flocculent, brick-red precipitate, which was separated from the clear, orange solution by filtration
through a sintered glass filter funnel. A red solid was obtained that was dried under vacuum, affording
0.180 g (0.075 mmol, 88%) of the product. 'H NMR (500 MHz, CDCls, 8): 7.98 (d, /= 9.0 Hz, 4H; Hz0s),
7.75-7.68 (m, 16H; Has1), 7.60 (s, 4H; Ha10, H211), 7.54-7.47 (m, 4H; H2o4, H205), 7.26-7.20 (m, 16H;
Hos1), 7.20-7.15, 7.15-7.08 (m, 16H; Ha61, Has1), 7.02-6.95, 6.95-6.88 (m, 32H; H2s2, Ha¢2), 6.83 (s, 1H;
H23), 6.69 (S, 2H; H21), 6.52 (d, J=9.0 HZ, 4H; H3o4), 3.20 (S, lH; H201), 2.75-2.63 (m, 16H; H270) ppm;
BC{'H} NMR (126 MHz, CDCls, 8): 142.4 (C306), 137.4 (C303), 136.8 (C2s0), 136.2 (Ca60), 134.3, 133.7
(Cas1, Ca61), 132.1 (Ca04), 131.7 (Ca05), 131.5, 131.4 (Cz10, C211), 129.9 (C304), 129.8 (C23), 129.6 (C21),
129.0, 128.7 (Cas3, Ca63), 127.2, 127.1 (Cas2, Ca62), 124.3, 122.3 (Ca09, C212), 123.5 (Ca06), 123.3 (C305),
122.0 (C203), 121.3 (C20), 118.5 (C302), 118.3 (C215), 93.0 (C214), 91.2 (C208), 90.6 (C207), 87.6 (C213), 83.2
(C202), 79.1 (C201), 31.4 (24 Hz, C270) ppm; *'P{'H} NMR (202 MHz, CDCls, 3): 54.0 ppm; IR: v = 2046
cm! (C=C); UV-vis (CH2Cla, Vinax in ecm™l, [€] in 10° M em™): 20 600 [49.0], 28 500 [93.7], 29 700
[114.7]; ESI MS m/z: 2438 ([M + H]", 4), 1791 (2), 1689 (2), 1072 (58), 1051 (100); HR ESI MS m/z:
calcd. for CiagHi17N204PsRu2: 2437.5001; found: 2437.5039; Anal. caled. for CiagH116N20O4PsRuz: C
72.96, H 4.80, N 1.15%; found: C 73.09, H 4.61, N 0.90%.
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Synthesis of 1,3-{trans-[(1,3-trans-[(dppe):(1,4-O:2NCsH4C=C)Ru(C=C)]:CsH3-5-C=C-1,4-CsH ,C=C-
1,4-CsHC=C)Ru(dppe)(C=C)]}:-5-{1,4-(i-Pr)3SiC=CCsH ,C=C-1,4-CsH,C=C-1,4-CsH,C=C}CsH3
(26).

Compound 16 (0.160 g, 0.065 mmol) and compound 15 (0.363 g, 0.15 mmol) were added to distilled
deoxygenated CH>Cl, (50 mL), and NEt; (1 mL) was added to the solution. NaPF¢ (0.218 g, 1.30 mmol)
was added to the flask and the reaction was stirred for 16 h at room temperature. The crude product was
obtained by passing the residue through a Celite pad and removing the solvent in vacuo. Further
purification was conducted by several successive precipitations from MeOH (2 x 15 mL) and n-pentane
(15 mL), to afford 26 as a red powder (0.430 g, 0.059 mmol, 91%). '"H NMR (400 MHz, CDCl3, §): 7.97
(d, J= 8.7 Hz, 8H; H30g), 7.72-7.70 (m, 32H; H{ru}s-3 or Hrujs-7), 7.66-7.64 (m, 16H; Hirujy-3 or Hirupy-7),
7.60-7.59 (1’1’1, 4H; H119, leo), 7.54 (m, 4H; H113, H114), 7.49, 7.47 (S, 4H; H107, Hlog), 7.36-7.34 (m, 16H;
H[Ru]y-7 or H[Ru]y-3), 7.32 (m, 4H; Hzog), 7.25-7.23 (m, 32H; H[Ru]5-7 or H[Ru]5-3), 7.20-7.09 (m, 48H; H[Ru]y-
5, Hiruly-9, Hirujs-5, Hrujs-9), 7.00-6.91 (m, 96H; H{ru}y-4, H{Ru}y-8, H{Rujs-4, H{rujs-8), 6.82-6.60 (m, 21H; Hi2s,
H126, H207, H219, szo, H307, H308), 6.52 (d, J=8.7 HZ, 8H; H307), 2.62 (m, 48H; H[Ru]y-l, H[Ru]S-l), 1.14 (S,
21H; Hpi, Hp2) ppm; BC{'H} NMR (176 MHz, CDCl; 8): 142.7 (Cso9), 137.5 (C306), 137.1, 136.4 (m,
Ciruy-2, Ciruly-6, Ciruls-2, Crrujs-6), 134.5, 133.9 (m, Cirupy-3, Ciruly-7, Cirus-3, C[ru1s-7), 132.2 (Ciog), 131.82,
131.75 (Ci13, Ci14), 131.6 (Ci19, Ci20), 131.0, 130.2, 130.1 (C307), 130.0, 129.9, 129.2, 128.7 (m, C[ru}y-4,
Ciruly-85 Crujs-4, Crruzs-8), 127.4, 127.2 (m, Ciru}y-5, Ciruly-9, Cirujs-5, Cirujs-9), 124.6, 123.7, 123.6, 123.5
(Cs0s), 123.3, 123.2, 123.0, 122.4, 121.7, 121.3, 118.7, 118.5, 116.5, 106.8, 100.1, 93.5, 93.2, 92.9, 92.8,
91.5, 91.3, 91.0, 89.6, 88.0, 31.6 (m, Ciru}y-1, Crujs-1), 18.8 (Cp2), 11.5 (Cp1) ppm; *'P{'H} NMR (162
MHz, CDCls, 8): 53.6 (8P; P[ruyy), 53.3 (16P; Pfryjs) ppm; IR: v = 2043 cm™ (C=C); UV-vis (CH2Cla, Vimax
in em’!, [€] in 10° M! cm™): 20 650 [100.7, sh], 23 600 [130.3], 29 400 [292.9]; Anal. calcd. for
Caa5H362N4OsP24Ru6S1: C, 73.50; H, 5.02; N, 0.77%; found: C, 73.59; H, 4.88; N, 0.79%.
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Synthesis of 1,3-{trans-[(1,3-{trans-[(dppe):(1,4-O:NCsH,C=C)Ru(C=C)]}.CsH3-5-C=C-1,4-
CsHC=C-1,4-CsHC=C)(dppe):Ru(C=C)]}»-5-(1,4-HC=CCsH ,C=C-1,4-CsH ,C=C-1,4-
CsH,C=C)CsH3s (27).

Compound 26 (0.100 g, 0.014 mmol) was added to distilled deoxygenated CH>Cl, (50 mL) and TBAF
(0.1 mL, 1.0 M in THF) was added by syringe. The reaction was stirred for 16 h at room temperature. The
crude product was obtained by removing the solvent in vacuo. Further purification was conducted by
several successive precipitations from MeOH (2 x 15 mL) and n-pentane (20 mL), to afford a dark-red
powder identified as compound 27 (0.075 g, 0.011 mmol, 75%). 'H NMR (700 MHz, CDCls, 3): 7.98-
7.98 (d, J = 8.6 Hz, 4H, H30g), 7.72 (m, 32H, H{ryjs-3 or Hirujs-7), 7.67-7.66 (m, 16H, Hirujy-3 or Hirupy-7),
7.61-7.60 (m, 4H, Hi19, Hi20), 7.55-7.54 (m, 4H; H113, H114), 7.49 (m, 8H; H213, H214), 7.38-7.37 (m, 16H;
Hirupy-7 or Hirupy-3), 7.35-7.33 (m, 4H; Haos), 7.26-7.25 (m, 32H; H{rujs-7 or Hirujs-3) 7.20-7.11 (m, 48H;
Hirupy-s, Hirupy-9, Hrujs-s, Hirups-0), 7.01-6.92 (m, 96H; Hiru}y-4, Hrupy-8, Hirujs-4, H[rujs-8), 6.83-6.62 (m,
21H; H207, H219, szo, H126, H125), 6.54-6.53 (d, J=28.5 HZ, 4H; H307), 3.19 (S, lH; H104), 2.69 (rn, 48H;
Hirupy-1, Hirugs-1) ppm; C{'H} NMR (201 MHz, CDCls, d): 142.7 (C309), 137.5 (C30¢), 137.1, 136.4
(Ciruly-2, Ciruly-6, Ciruls-2, Crrugs-6), 134.5, 133.9 (Cirupy-3, Ciruy-7, Crrujs-3, Crrugs-7), 132.3 (Cios), 131.8 (Ci13,
Ci14), 131.6 (Ci19, Ci20), 131.0, 130.14, 130.07 (Cs07), 129.2, 128.7 (Cruly-5, Ciru}y-9, Cirujs-5, Cirujs-9),
127.4,127.3 (Ciruly-4> Crujy-8, Cirujs-4, Ciruzs-8), 127.2, 123.5 (Cz08), 123.1, 122.3,121.7, 118.7, 118.5 (Cs02,
Csos), 117.5, 116.6, 92.9, 91.5, 91.0, 89.5, 88.0, 87.6, 83.4, 31.6 (Ciruly-1, Cirujs-1) ppm; >'P{'H} NMR
(162 MHz, CDCl3, 8): 53.6 (16P; Pirujs), 53.3 (8P; Prrujy) ppm; IR: v =2043 cm™! (C=C); Anal. caled. for
Ca36H342N408P24Rus: C, 73.60; H, 4.84, N, 0.79%; found: C, 73.49; H, 4.80; N, 0.80%.
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Synthesis of 1,3,5-{trans-[{1,3-{trans-[(dppe):(1,4-O:NCsH,C=C)Ru(C=C)]}.CsH3-5-(C=CCsH +-4-
C=CCsH -4-C=C)}Ru(dppe):{ C=CCsH 4-4-C=C}|}3CsH3 (1G12,01-NO2).

Compound 1G12,00-Cl (0.150 g, 0.015 mmol) and 1,4-HC=CCsH4NO, (0.016 mg, 0.11 mmol) were added
to distilled deoxygenated CH>Cl, (50 mL), and NEt; (1 mL) was added to the solution. NaPFs (0.022 g,
0.12 mmol) was added to the flask and the reaction was stirred for 16 h at room temperature. The crude
product was obtained by passing the solution through a Celite pad and removing the solvent in vacuo.
Further purification was conducted by precipitation from MeOH (2 x 15 mL) and n-pentane (20 mL)), to
afford a red powder identified as 1G12,01-NO3 (0.132 g, 0.013 mmol, 82%). 'H NMR (800 MHz, CDCl3,
d): 7.90 (d, J = 8.3 Hz, 12H; Hiog), 7.63-7.44 (m, 144H; Hiru]e-3, H[ru]e-7, Hrulp-3, Hirulp-7), 7.28, 7.27,
7.17,7.10-7.05 (m, 72H; H{rujo-5, H{ruje-9, H{rujp-5, Hirujp-9), 6.91-6.85 (m, 144H; Hiruje-4, Hiruje-8, Hirujp-
4, H[ruip-8), 6.75-6.63 (m, 18H; Hs, Hos, Hos), 6.45 (d, J = 8.3 Hz, 12H; Hi¢7), 2.62-2.59 (m, 72H; H{ruje-1,
Hirujp-1) ppm; PC{'H} NMR (176 MHz, CDCl3, 8): 142.7 (Cio9), 137.5 (Cios), 137.0, 136.4 (C[ruja-2,
Cirujo-6> C[rulp-2, Ciruip-6), 134.5, 134.3,133.9 (Cirujo-3, Crujo-7, Cirujp-3, Crrujp-7), 131.6, 131.2, 131.1, 130.1
(C107), 130.0, 129.9, 129.2, 128.9 (Ciruje-5, C[ru]a-9, C[rulp-5, C[rulp-9), 127.4, 127.3 (C[ru]a-4> Crup-4, C[Ru]a-
8, Cirujp-7), 123.5 (Ci0s), 121.7, 118.7, 118.5, 116.8, 92.8, 88.3, 31.6 (C[ruja-1, C[rujp-1) ppm; *'P{'H} NMR
(162 MHz, CDCls, 8): 8 53.4 (12P; Pruja), 53.3 (24P; Prup) ppm; IR: v = 2043 cm™! (C=C); UV-vis
(CH2Cla, vmax in cm!, [¢] in 103 M! em™): 20 300 [137.8, sh], 23 550 [317.4], 30 200 [307.6]. Anal. calcd.
for Ce36H504N6O12P36Ru9: C, 73.12; H, 4.86; N, 0.80%; found: C, 73.49; H, 4.80; N, 0.80%.
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Synthesis of 1,3,5-{trans-[{1,3-{trans-[(dppe):(PhC=C)Ru(C=C)]}.CsH3-5-(C=C-1,4-CsH,C=C-1,4-
CsHC=C)}Ru(dppe):(C=C-1,4-CsH,C=C-1,4-CsH,C=C)]}3CsH3 (1G22,01).

Compound 1G22,00-C1 (0.120 g, 0.012 mmol) and ethynylbenzene (0.016 mL, 0.14 mmol) were added to
distilled CH2Cl> (60 mL), and NEt3 (1 mL) was added to the solution. NaPFs (0.022 g, 0.12 mmol) was
added to the flask and the reaction was stirred at room temperature for three days. The crude product was
obtained by passing the solution through a Celite pad and removing the solvent in vacuo. Further
purification was conducted by precipitation from MeOH (2 x 15 mL) and n-pentane (10 mL) to afford a
yellow powder identified as 1G22,01 (0.102 g, 0.010 mmol, 82%). 'H NMR (700 MHz, CDCls, 8): 7.69 (s,
3H; Ho), 7.59-7.45 (m, 144H; Hrujo-3, Hrujo-7, Hrup-3, Hrup-7), 7.35-7.33 (m, 12H; Hi1, Hoo), 7.19-7.11
(m, 72H; H[Ru]a-s, H[Ru]a-g, H[Ru]B-S, H[Ru][s-g), 7.00 (S, lH; H109), ), 6.98-6.94 (m, 144H; H[Ru](x-4, H[Ru](x-8,
Hiruip-4, Hrujp-8), 6.76-6.70 (m, 21H; H3o, Hi07, H19), 6.53 (m, 6H; H31), 2.70-2.65 (m, 72H; H{rujo-1, H{rup-
1) ppm; BC{'H} NMR (151 MHz, CDCls, 8): 137.3, 136.9 (C[ruja-2, C[rujo-6, Crujp-2, C[rujp-6), 134.5, 134.3
(Crrujo-3, Crrujo-7, Crrujp-3, Crrugp-7), 131.8, 131.5, 131.1, 130.8 (Ci06), 130.2, 130.1 (Ci2, Ci9, Ci07), 129.8
(Cio1), 128.9, 128.6 (Ciruja-4> Ciruja-8, C[rujp-4» C[rujp-8), 124.4, 124.2, 123.9, 122.9 (Ciov), 121.2, 117.0,
116.3 (Cis, C17, Ci02, Ci05), 93.2, 92.6, 90.7, 89.6, 89.4, 87.6, 31.8 (C[ruje-1, Cirujp-1) ppm; *'P{'H} NMR
(283 MHz, CDCls, 8): 53.9 (24P; Prrup), 53.4 (12P; Pruje) ppm; IR: v = 2054 cm™!' (C=C); UV-vis
(CH2Cla, vmax in cm™!, [¢] in 10° M ecm™): 29 900 [451.1], 23 400 [282.6]; Anal. calcd. for CesoHs22P36Ruo:

C 75.65, H 5.02%:; found: C 75.95, H 5.12%.
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Synthesis of  1,3,5-{trans-[{1,3-{trans-[(dppe):(1,4-O:2NCsH ,C=C)Ru(C=C)/}:CsH3-5-(C=C-1,4-
CsH C=C-1,4-CsH4C=C)}Ru(dppe)(C=C-1,4-CsHC=C-1,4-CsH,C=C)]}3CsH3 (1G22,01-NO>).

Compound 1G22,00-Cl1 (0.150 g, 0.015 mmol) and 1,4-HC=CC¢H4NO> (0.022 g, 0.15 mmol) were added
to distilled CH>Cl» (60 mL), and NEt; (1 mL) was added to the solution. NaPF¢ (0.050 g, 0.30 mmol) was
added to the flask and the reaction was stirred for 16 h at room temperature. The crude product was
obtained by passing the solution through a Celite pad and removing the solvent in vacuo. Further
purification was conducted by precipitation from MeOH (2 x 15 mL) and n-pentane (10 mL) to afford a
dark red powder identified as 1G22,01-NOxz. (0.117 g, 0.011 mmol, 73%). '"H NMR (700 MHz, CDCls, §):
7.99 (d, J = 8.4 Hz, 12H; Hies), 7.73-7.52 (m, 144H; Hirujo-3, HRruje-7, Hirulp-3, Hrup-7), 7.36, 7.20-7.14
(m, 72H; Hiruje-5, HiRujo-9, Hrujp-5, H{ruip-9), 6.84, 6.72 (m, 30H; He, H11, Hi2, Hos, Ha), 6.54 (d, J = 8.4
HZ, 12H; H107), 2.71-2.66 (m, 72H; H[Ru]a-l, H[Ru]p-l) ppm; l3C{1H} NMR (151 MHZ, CDC13, 6): 142.7
(C109), 137.0, 136.4 (Cirujo-2, Cirujo-6, Cirujp-2, Crrujp-6), 134.5, 134.3, 134.0 (Ciruje-3, C[Ru]e-7, C[Rulp-3, C[Rulp-
7), 131.8,131.6, 131.1, 130.1 (Ci07), 129.2, 128.9 (Cirujo-5, Cruja-9, Cirujp-s5, Crujp-9), 127.4, 127.3 (Cirujo-
4, Cruja-8, C[rulp-4, Crrujp-s), 123.5 (Ciog), 118.7, 118.5, 93.0, 89.4, 31.6 (Cirujo-1, C[rujp-1) ppm; *'P{'H}
NMR (162 MHz, CDCl3, 8): 53.4 (12P; P[rujo), 53.3 (24P; Prujp) ppm; IR: v = 2047 cm™ (C=C); UV-vis
(CH2Cla, vmax in cm!, [€] in 10° Mt em™): 20 040 [112.0, sh], 23 260 [330.5], 29 950 [407.6]; Anal. calcd.
for CesoHs16N6O12P36Ru9: C 73.76, H 4.84, N 0.78%; found: C 73.93, H 5.07, N 0.94%.
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Synthesis of 1,3,5-{trans-[{1,3-{trans-[(1,3-{trans-[(dppe)2(1,4-0O:NCsH,C=C)RuC=C]},CsH3-5-C=C-
1,4-CsH4C=C-1,4-CsHC=C)Ru(dppe):(C=C)]}.CsH3-5-(C=C-1,4-CsH 4C=C-1,4-
CsH,C=C)}Ru(dppe)(C=C-1,4-CsH4C=C)]}3CsHs (2G'12,02,01-NO>).

Compound 2G12,02,00-C1 (0.240 g, 0.011 mmol) and 1,4-HC=CCsH4NO- (0.028 g, 0.19 mmol) were added
to distilled deoxygenated CH>Cl, (60 mL), and NEt3 (1 mL) was added to the solution. NaPFs (0.051 g,
0.31 mmol) was added to the flask and the reaction was stirred for 16 h at room temperature. The crude
product was obtained by passing the mixture through a Celite pad and removing the solvent in vacuo.
Further purification was conducted by successive precipitations from MeOH (2 x 15 mL) and n-pentane
(15 mL) to afford a red powder identified as 2G12,02,01-NOz (0.225 g, 0.0093 mmol, 89%). 'H NMR (400
MHZ, CDC13, 6)2 7.98-7.96 (d, J=8.8 HZ, 24H; Hzog), 7.72-7.52 (m, 336H; H[Ru]q-3, H[Ru](m, H[Ru]ﬁ-3, H[Ru][g-
7, HRupy-3, Hrupy-7), 7.36, 7.32, 7.26, 7.18-7.12 (m, 168H; H{ruje-5, H[Rujo-9, HRujp-5, H[Ru1p-9, H[Ru1p-9, HRuly-
5, Hrujy-9), 6.98-6.92 (m, 336H; H{rujo-4, H[Ru]o-8, H[Rulp-4, H[Rulp-8, H[Ruly-4, Hiruly-8), 6.82, 6.70-6.61 (m,
27H; H6, H12, H25, H26, H119, leo), 6.53-6.51 (d, J=28.8 HZ, 24H; H207), 2.69 (m, 168H; H[Ru]a-l, H[Ru][g.l,
Hirupy-1) ppm; PC{'H} NMR (176 MHz, CDCl3, 8): 142.7 (C209), 137.5 (Ca06), 137.0, 136.4 (m, Crujo-2,
Ciruja-6, C[rulp-2, Cirup-6, C[ruly-2, Ciruly-6), 134.5, 133.9 (m, C(ruja-3, C[rule-7, C[Rulp-3, C[Rulp-7, ClRuly-3, ClRuly-
7), 131.6, 131.0, 130.1 (C207), 129.2, 128.9 (m, Cruje-5, C[Ru]a-9, C[Rulp-5, C[Rulp-9, C[Ruly-5, C[Ruly-9), 127.4,
127.3 (m, Cruja-4, C[Ru]a-8, C[rup-4> Crujp-85 CRuly-4, Crupy-8), 123.5 (C208), 31.6 (m, Cruja-1, Crujp-1, Cirujy-
1).ppm; 3P {'H} NMR (162 MHz, CDCls, 8): 53.6 (24P; P[rujp), 53.4, (12P; Piruja), 53.3 (48P; Prujy) ppm;
IR: v = 2043 cm™ (C=C); UV-vis (CH2Clz, Vmax in em’!, [€] in 10° M em™): 20 400 [311.0], 23 550
[625.6], 29 950 [823.0]; Anal. calcd. for Ci476H1170N12024P84Ru21: C, 73.31; H, 4.88; N, 0.70%:; found: C,
73.17; H, 5.00; N, 0.76%.
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Synthesis of 1,3,5-{trans-[{1,3-{trans-[(1,3-{trans-[(dppe):(1,4-O:NCsH ,C=C) Ru(C=C)]}>-5-
CsH3(C=C-1,4-CsHC=C-1,4-CsHC=C-1,4-CsHC=C)Ru(dppe):(C=C)]}:CsH3-5-(C=C-1,4-
CsH,C=C-1,4-CsH,C=C)}Ru(dppe)>(C=C-1,4-CsH,C=C-1,4-CsH ,C=C)]}3CsH3 (2G22,03,01-NO3).

Compound 1G22,00-C1 (0.050 g, 0.005 mmol) and compound 23 (0.087 g, 0.034 mmol) were added to
distilled deoxygenated CH>Cl» (50 mL), and NEt; (I mL) was added to the solution. The solution was
deoxygenated by degassing and backfilling with nitrogen three times. NaPFs (0.01 g, 0.06 mmol) was
added to the flask and the reaction was stirred at room temperature for three days. The crude product was
obtained by passing the solution through a Celite pad and removing the solvent in vacuo. Further
purification was conducted by several successive precipitations from MeOH (2 x 15 mL)) and n-pentane
(15 mL) to afford 2G22,03,01-NO; as a red powder (0.108 g, 0.030 mmol, 87%). 'H NMR (600 MHz,
CDCls, 6): 7.98-7.96 (d, J = 8.8 Hz, 24H; Haog), 7.71-7.70 (m, 96H; Hru}y-3 or Hiruy-7), 7.65-7.36 (m,
240H; H[Ru]a-3, H[Ru]a-7, H[Ru][s-3, H[Ru]B-7), 7.61 (m, 24H; H119, leo), 7.54-7.51 (rn, 24H; H113, H114), 7.29
(m, IZH; Hi, Hzo), 7.24 (m, 96H; H[Ru]y-3 or H[Ru]y-7), 7.17-7.12 (m, 168H; H[Ru]a-s, H[Ru]a-g, H[Ru]ﬁ-s, H[Ru][g.-
9, H{Ruly-5, H[Rru}y-9), 6.82 (m, 6H; Hi2s), 6.79, 6.70-6.62 (m, 42H; Hi2s, Hi2, Hi9, Hi07, H31), 6.53-6.52 (d, J
= 8.8 HZ, 24H; H207), 2.69 (1’1’1, 144H; H[Ru]q-l, H[Ru]ﬁ-l, H[Ru]y-l) ppm; 13C{IH} NMR (151 MHZ, CDC13,
0): 142.7 (Ca09), 137.5 (C206), 137.1, 136.4 (Ciruja-2, Ciruja-6, CiRuip-2> Cirulp-6, C[ruly-2, Crujy-6), 134.5, 133.9
(m, Cirujo-3, Ciruje-7, Crujp-3, Crruip-7, Ciruly-3, Cirupy-7), 131.8, 131.0 (Cio, Ci2, Cio, Cai1, Cs1, C32, Cio7),
130.1 (Ca07), 129.8,129.2, 128.9 (m, Cirujo-5, Cru]e-9, CiRulp-5, Crulp-9, Cruly-5, Cruly-9), 128.7,127.4,127.2
(Crrujo-4, Cirule-8, Crrujp-4> Crrulp-8, Ciruly-4,Crrujy-8), 123.5 (Ca0s), 118.7, 118.5 (Ca02, C205), 31.6 (Cirue-1,
C[Ru]ﬁ-l, C[Ru]y-l) ppm; 31P{1H} NMR (162 MHZ, CDC13, 5): 53.6 (24P; P[Ru]ﬁ), 53.3 (84P; P[Ru]a, P[Ru]'y)
ppm; IR: v=2043 cm! (C=C); UV-vis (CH2Cly, vmax in cm™!, [¢] in 103 M ecm™): 23 250 [615.7], 29 400
[1018.8]; Anal. calcd. for CisagH1206N12024P34Ru21: C, 74.12; H, 4.85; N, 0.67%; found: C, 73.96; H, 4.86;
N, 0.71%.
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Synthesis of 1,3,5-{trans-[1,3-{trans-[1,3-{trans-[1,3-{trans-[(dppe):(1,4-
O:NCsHC=C)Ru(C=C)]}>CsH3-5-(C=C-1,4-CsH ,C=C-1,4-CsH4C=C)Ru(dppe)(C=C)]}CsH;3-5-
(C=C-1,4-CsH,C=C-1,4-CsHC=C-1,4-CsH ,C=C)Ru(dppe):(C=C)]}.CsH3-5-(C=C-1,4-CsH ,C=C-1,4-
CsH,C=C)Ru(dppe)(C=C-1,4-CsH4C=C-1,4-CsH 1,C=C)]}3CsH3 (3G22,03,02,01-NO2).

Compound 1G22,00-Cl1 (0.025 g, 0.0025 mmol) and 27 (0.114 g, 0.016 mmol) were added to distilled,
deoxygenated CH>Cl, (60 mL), and NEt; (1 mL) was added to the solution. NaPF¢ (0.104 g, 0.62 mmol)
was added to the flask. The reaction mixture was stirred for 16 h at room temperature. The crude product
was obtained by passing the mixture through a Celite pad and removing the solvent in vacuo. Further
purification was conducted by several successive precipitations from MeOH (2 x 15 mL) and n-pentane
(15 mL) to afford 3G22,03,02,01-NO2 as a red powder (0.024 g, 0.0021 mmol, 84%). '"H NMR (700 MHz,
CDCls, 9): 7.98 (d, J = 8.4 Hz, 48H; H30g), 7.71-7.51 (m, 720H; H{ruja-3, Hrujo-7, Hirujp-3, Hirup-7, Hirujy-3,
Hiru}y-7, Hirujs-3, Hirugs-7), 7.37, 7.25, 7.18-7.12 (m, 360H; H{ruja-5, H{Ruje-9, Hrujp-5, H{Ru1p-9, HRu)p-9, H{Ruy-
5, Hirupy-9, Hrujs-s5, Hruzs-9), 6.99-6.93 (m, 720H; H{ruje-4, Hruja-8, Hiruip-4, Hiruip-8, Hirugy-4, Hiruly-8, Hrugs-
Hirujs-8), 6.83-6.62 (m, 147H; Hi2, Hio, H31, H32, Hi2s, Hizs, H219, H220), 6.54-6.53 (d, J = 8.4 Hz, 48H;
H307), 2.70 (I’Il, 360H; H[Ru]a-l, H[Ru]ﬁ-l, H[Ru]y-l, H[Ru]g-l) ppm; 13C{1H} NMR (151 MHZ, CDC13, 8): 142.7
(C309),137.5 (Cs06), 137.1, 136.4 (m, Cirujo-2, Ciruja-6, Cirulp-2, C[rulp-65 Ciruly-2, C[Ruly-6, Ciruls-2, CiRuj5-6),
134.5, 133.9 (m, Ciruje-3, C[rujo-7, C[rulp-3, Cirulp-7, Crruly-3, CRuly-7, C[rujs-3, C[rujs-7), 131.8, 131.6, 131.0,
130.11, 130.06 (Cs07), 129.9, 129.2-128.9 (m, Ciruje-5, Cruje-9, Cirujp-5, Cruip-9, Ciruly-5, Ciruly-9, Cirujs-5,
Ciruss-9), 127.4, 127.2 (m, C[ruja-4> CiRujo-8, C[rulp-4> C[Rulp-8, Crruly-4, ClRuly-8, C[Ruls-4, ClRu}5-8), 123.8 (C30s),
121.7,118.7,118.5,116.5,92.8, 89.5, 88.0, 31.6 (m, Cirujo-1, C[rujp-1, C[ruly-1, C[rujs-1).ppm; *'P{'H} NMR
(162 MHz, CDCls, 8): 53.6 (72P; P[ruja, Pruly), 53.3 (108P; P[ruje, Prujs) ppm; IR: v = 2044 cm™! (C=C);
UV-vis (CH2Cl, vmax in ecm!, [¢] in 103 M em™): 23 400 [816.4], 29 400 [1283.2]; Anal. calcd. for
C3228H2538N24048P180Ru4s: C, 73.77; H, 4.87; N, 0.64%:; found: C, 73.67; H, 4.91; N, 0.65%.
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Synthesis of 1,3,5-{trans-[1,3-{trans-[1,3-{trans-[(dppe):(1,4-1CsH,C=C-1,4-
CsHC=C)Ru(C=0)[}.:CsH3-5-(C=C-1,4-CsH,C=C-2,6-Et>-1,4-CsH:C=C-1,4-
CsH,C=C)Ru(dppe)(C=C)]}:CsH3-5-(C=C-1,4-CsH,C=C-1,4-CsH4C=C)Ru(dppe)(C=C-1,4-

CsH C=C-1,4-CsH,C=C)]}3CsH; (36).

Compound 19 (0.106 g, 0.036 mmol) and 1G22,00-Cl (0.040 g, 0.0040 mmol) were added to distilled
deoxygenated CH>Cl, (60 mL), and NEt; (1 mL) was added. NaPFs (0.024 g, 0.144 mmol) was added to
the flask and the reaction was heated at reflux for 24 h. The crude product was obtained by passing the
reaction mixture through a Celite pad and removing the solvent in vacuo. Further purification was
conducted by several successive precipitations from MeOH (2 x 15 mL) and n-pentane (15 mL), to afford
a yellow powder identified as 36 (0.100 g, 0.033 mmol, 91%). '"H NMR (600 MHz, CDCls, ): 7.71-7.69
(m, 24H; Hz14), 7.66-7.36 (m, 336H; Hrujo-3, Hiruje-7, Hrujp-3, Hrugp-7, Hirupy-3, Hirupy-7), 7.31-7.28 (m,
36H; Hi1, Hoo, Hios, Hi13, Hoos), 7.16-7.11 (m, 168H; Hiruja-5, Hiruje-9, Hirujp-5, Hirup-9, Hruly-5, Hiruly-9),
6.97-6.93 (m, 336H; Hrujo-4, Hirujo-8, HRu)p-4, H[Rulp-8, H{Ruly-4, H[Rrupy-8), 6.80-6.61 (60H; Hi2, Hio, H32,
H107, H31, H125, H126, H207), 2.95 (m, 24H; Hsl), 2.71 (m, 144H; H[Ru]a-l, H[Ru]p-l, H[Ru]y-l), 1.38-1.37 (m,
36H; Hy) ppm; BC{'H} NMR (151 MHz, CDCls, 8): 146.6 (C114), 137.8, 137.6 (C214), 137.3, 136.9 (m,
Ciruje-2, Ciruja-6, Crujp-2, C[rulp-65 C[Ruly-2> ClRuy-6), 134.5, 134.2 (m, Ciruje-3, Cruje-7, C[rRulp-3, C[ruip-7, Crujy-
3, Clrupy-7), 133.2, 133.1 (Ca07), 131.8, 131.5 (C119, Ca0g), 131.0 (C213), 130.1 (Ci25), 129.8 (Ci26), 129.0,
128.7 (m, Ciruja-5, C[Ru]e-9, C[Rulp-5, C[Rulp-9, ClRuly-5, C[Ruly-9), 128.5 (C113), 127.3, 127.2 (Crujo-4, C[Ru]a-8,
Cirujp-4s Ciruip-8, Crupy-4, Crrupy-8), 124.3, 123.6 (Ca09), 122.7, 117.6, 117.0 (Ci24, C201),116.4 (C202, C205),
94.6, 93.5 (Cz10), 92.4 (Cin1), 91.5, 90.6, 89.4, 88.7 (Co, C22), 31.7 (Ciruja-1, Cirujp-1, Cirupy-1), 28.2 (Cs1),
14.9 (Cs2) ppm; *'P{'H} NMR (162 MHz, CDCl3, 8): 53.6 (S, Piruja,), 53.4 (S, Pfrujp, Prrupy) ppm; IR: v =
2045 cm™! (C=C); UV-vis (CH2Clz, Vmax in cm!, [e] in 10° M cm™): 27 450 [1240.0]; Anal. calcd. for
Cie6sHiz02l12PsaRun1: C, 72.60; H, 4.76%; found: C, 72.56; H, 4.64%.
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Synthesis of 1,3,5-{trans-[1,3-{trans-[1,3-{trans-[1,3-{trans-[(dppe):(Cl) Ru(C=C)]}.CsH3-5-(C=C-1,4-
CsHC=C-1,4-CsHC=C)Ru(dppe):(C=C)]}>CsH3-5-(C=C-1,4-CsH4C=C-2,6-Et:-1,4-CsH,C=C-1,4-
CsH,C=C)Ru(dppe)(C=C)]}:CsH3-5-(C=C-1,4-CsH,C=C-1,4-CsH4C=C)Ru(dppe)(C=C-1,4-

CsH C=C-1,4-CsH ,C=C)]}3CsH3 (3 G22,03,02,00-Cl).

Compound 36 (0.050 g, 0.0018 mmol) and 1,3-{trans-[(dppe)2(C)Ru(C=C)]},-5-(HC=C)CsHs (10)
(0.049 g, 0.024 mmol) were added to distilled deoxygenated CH>Cl> (100 mL) and NEt; (20 mL). The
solution was deoxygenated by degassing and backfilling with nitrogen three times. Catalytic amounts of
Pd(PPh3)s and [Cu(NCMe)4]PF¢ were added to the solution. The reaction was stirred at room temperature
for three days. The crude product was obtained by pouring the reaction mixture into stirring MeOH and
collected by filtration with a sintered funnel. Further purification was conducted by several successive
precipitations from MeOH (2 x 25 mL) and Et;O (25 mL) and washing several times with n-pentane (3 x
10 mL), to afford a yellow powder identified as compound 3G22,03,02,00-C1 (0.045 g, 0.0010 mmol, 50%).
lH NMR (400 MHZ, CDC13, 8): 7.65-7.36 (m, 720H; H[Ru]a-3, H[Ru]u-7, H[Ru]ﬁ-3, H[Ru]ﬁ-7, H[Ru]y-3, H[Ru]y-7,
Hirujs-3, Hiruzs-7), 7.17-7.16 (m, 360H; Hirujo-5, Hiruje-9, HiRuip-5, HiRuip-9, H{ru1p-9, HiRuly-5, HRupy-9, H{Rrus-5,
Hirups-9), 7.11-6.97 (m, 720H; Hirujo-4, Hiruja-8, Hiruip-4, Hiruip-8, Hiruly-4, Hrupy-8, Hirujs-4, Hirujs-s), 6.95-
6.64 (m, 12H; szo), 6.60-6.44 (m, 24H; H219), 2.93 (m, 24H; Hsl), 2.70 (m, 168H; H[Ru]a-l, H[Ru]B-l, H[Ru]y-
1, Hirups-1), 1.36 (m, 36H; Hs2) ppm; 3'P{'H} NMR (162 MHz, CDCl3, ): 53.6 (84P; P[rujo, P[ruip, P[ruly),
49.9 (96P; Pirujs) ppm; IR: v = 2049 cm ! (C=C); UV-vis (CH2CL, vmax in cm™!, [€] in 10° M! em'!): 23
900 [1089.9], 29 150 [1754.6]; Anal. calcd. for Cso60H2490Cl24P1s0Russ: C, 73.16; H, 5.00%; found: C,
73.37; H, 5.06%.
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Synthesis of trans-[Ru(C=CPh)(C=C-1,4-CsH ,C=C-1,4-CsH,C=CPh)(dppe):] (1-M-3(dppe)).

trans-[Ru(C=CPh)Cl(dppe)-] (0.250 g, 0.242 mmol) and 1,4-HC=CCeHs-1,4-CsH4C=CPh (0.088 mL,
0.290 mmol) were added to freshly distilled CH2Clz (60 mL) and triethylamine (1 mL) was added to the
solution. NaPFs (0.122 g, 0.725 mmol) was added to the flask and the reaction was stirred at room
temperature overnight. The crude product was obtained by passing the reaction mixture through a Celite
pad and removing the solvent in vacuo. Further purification was conducted by precipitation from MeOH
(2 x 20 mL) and n-pentane (2 x 20 mL), to afford compound 1-M-3(dppe) as a yellow powder (0.228 g,
0.09 mmol, 90%). '"H NMR (700 MHz, C¢Ds, 8): 7.78-7.59 (m, 16H; Hru}-3, Hiruj-7), 7.57, 7.50-7.49 (m,
2H; H22), 7.42-7.37 (m, 4H; His, Hi17), 7.27 (m, 2H; Hz), 7.09-7.08 (m, 1H; H1), 7.03-7.02 (m, 3H; Hos,
Hz4), 7.00-6.99 (m, 8H; H{ru}-5, Hruj-9), 6.97-6.96 (m, 2H; H3), 6.94-6.91 (m, 16H; H{ru}-4, Hiru}-8), 2.59
(m, 8H; Hirup-1) ppm; PC{'H} NMR (176 MHz, C¢Ds, 8): 137.9 (Ciruj-2 or Ciruj-6), 137.6 (Cru}-6 or C[ruj-
2), 134.9 (Ciruj3 or Cruj-7), 134.7 9 (Ciruj-7 or Ciruy3), 132.0, 131.8, 131.6 (Ci6, Ci7), 131.3 (Cz22), 130.6,
129.1 (Cru-s or Ciruj-9), 129.0 (Ciru-5 or C[ruj-9), 128.7, 128.4, 127.5 (C[ru}-4, C[ru}-8), 124.6, 124.0, 123.8,
123.2 (C4, Co, C12), 118.1, 118.0, 117.8 (Cs, Cs, C7, Cg), 93.7, 91.8, 90.2 (Ci3, Cis, Ci9, C20), 31.9 (Ciruj-
1) ppm; 3'P{'H} NMR (162 MHz, C¢Ds, 8): 53.6 (s, P[ru},) ppm; IR: v=2055 cm’! (C=C); UV-vis (CH2Cl,
Vmax in cm’! [g€] in 10° M em!): 24 100 [407.6], 31 060 [559.4]; HR ESI MS m/z: caled. for
CssHe7112PsRu: 1301.3260; found: 1301.3225 ([M+H]"); Anal. calcd. for CssHesli12P4sRu: C, 77.58; H,
5.12%; found: C, 72.13; H, 5.12%.

Pho  bPh

2 2

720 — \/ — [/ = —

e
PhR  PPh,

S39



NMR spectra

NO,

PPhy /)
PhZP\Ru
—PPh,
7N,
Y ey e =
/K Ph,P
\
Pnzp'/""“//PPh2
phn, \
NOzp
58 <R 838% jgesescogsgsysy g Bp
[N NN NNNN NNENNNNNNN © © © © O © © © ©
N/ N 2NN =N e N | N
*f* [Ruly_e, [Ruly 5
h8.85 vl H\B.?Q
A(d) Rul . or o7 Ry B (d)
7.97 Ru] - , . 6.52
(Ruly-7 1, 108 [Rul,.s, [Rul, 5
11 | | |
207
125 H
r
=
o © D < < A
- AN © 0 - -
D N T
S fl/f (” ”/ / p1| p2
#

Ruly-4

H—J;lu,w:ﬁ e zL J

- 0 o™
©CEOVTOGgIM™ L gOQ
P

0
©
PRSP oisE

e —

N
-

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 O0C
f1 (ppm)
Fig. S2 'H NMR spectrum of 22 recorded in CDCl3 at 700 MHz. The peak marked as ** corresponds to
the CHCl3 signal. The peak marked as # corresponds to residual water.

S40



NO,

PPh, )
PhoP— /]
——PPh,
/ one )
)\\ls./: =1 VY= N —= 7 N
B Ph,P
\
Ru//PPh2
PhP—
ppn, \
NO,
™~ D 0w o NN OLW o o NN
o N~ [(o] g [+ AN~ — — — oo » N~ N~
< w0 o™ ™ DOOMO® AN AN (NN
Ao Al - - Al ol Aol sl ol - - -
| Lo | I —— \ 7 \ N
[RU]V 4
Ru] -
[Ruly-3, [Ruly-7 13 Ruly-s, [ ]\: 8

© ®
- o
™ <
| |
202[0r|205 I op
v RS N, W

© N YTmoo

© ™ ~ — — N~ o1

o (@] [e>3e>Me> M) o0}

i | =

116, 111,
110
armenth ey NS T
|
] M Al | | Lo \

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
Fig. S3 3C{'H} NMR spectrum of 22 recorded in CDCls at 176 MHz. The peak marked as ** corresponds

to CDCls.

S41



—53.32

[Ru],

—53.32

NO,
7\

(\Pphz Vi

PhoP—_2d ~—pPh,

7N,

Ph,P

N\
N7

Php—RY

pbn, \\

NO,

140 120 100 80 60

40

20

20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -24C
f1 (ppm)

lo T

Fig. S4 3'P{'H} NMR spectrum of 22 recorded in CDCl3 at 162 MHz.

S42



NO,

A=\ 7 /. —
\ Ph,P
Z/Pth
thpf?R“
pbn, \\
NO,
58 <R 8332 jgesesce g8 § 0 R 3
[ N~ N~ MNNNN NNNNNNNN ©©Oo © © © /O
/ N [ N7 | = = =\ | | /’
A 8.80 Aas1
A(d) [Ru] 3 or [Ru]y-¢, [Ru]y 5 B (d)
7.97 {Eu}v_wr 119 107 Ruly.7 | 6.52
ul - ’ ,
|vI 7120 113, 108 N [Rul,_s, [Ru], o
208 [ 14 L 125 207
o 126 : )
I ' J M
o T
- N~ © 0 — o o) b -
oo 0 W - © W
M~ © © ™ [V} ~r
~ ~ |
/ ( &
[ /) ” o ~
[Ru] -1
|
104
|
I J;‘ —
et L T e e sy T t
M~ [T} 0o, —
OFVONGHT 5D OD 0 ©

m‘—'mmm"—r\m“—\—oxl—m

D

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 O.
f1 (ppm)
Fig. S5 'H NMR spectrum of 23 recorded in CDCl3 at 700 MHz. The peak marked as ** corresponds to
CHClIs. The peak marked as # corresponds to residual water.

S43



— N\ 7/ — \—/ _
\ PP
PhP/Ru//PPhZ
>/
pbn, \\
NO,
N~ VoY NOMOOVIOMNO— OO 0T M LOWVT — O©MO M~
g o8 I8 owll3AR8RR NSRS ES NN XX
- ™ = Al i s 5 e i i i S S S S S S b i e 5 a s = T
I Vel s N | —— ] S Ny,
[Ru] -,
Ruly.a, 113,
[Ru]:_7 114 [Ru]y-s, Ruly-s 208

! 107119, po7 Rulv-e i . 18or
Ru]y-2, 108 120 125, 1gor 112,121
209 206 [Ru] y-s Lo 126 1219 109|115 124 202 or 205
| P! 1 i1 1 1IN} 11 |

Nt NO [o0] < (3}
o Ko XX © ) ~ -
N T | | | ™
I
116,
117
123 110, 105
. 111” 1?2 ‘ 1(?4 1
— I T
Ruly-1
1
|_ lL Jp [ el \

T T T T T T T T T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)
Fig. S6 *C {!H} NMR spectrum of 23 recorded in CDCls at 151 MHz. The peak marked as ** corresponds

to CDCls.

S44



—-53.32

NO,

—53.32

[Ru],

pbn, \\

NO,

140 120 100 80 60 40 20 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -24C
f1 (ppm)
Fig. S73'P{'H} NMR spectrum of 23 recorded in CDCl3 at 162 MHz.

S45



NN N NNNNN N OO P \1./!‘0 o
OW N O ANNDN= OW© ® N g SN N
SO s 22NRO MO AN O o = ©
PN NN NNNNNANO O O
y © N NN N o ~
8 R2 ARBBRBE EGRE
262
252|'
261 |253,]
210, 283 |
\m1ﬁ251"‘| 1
: I |i!'; 5 304 Chloroform X
“ N | 270
I I otz 2"‘51\
- o’ ‘bJ e <t '\,/\. "'Qzuv_/ — & I, l
T %2 oo 2% 2 ||
< - <~ NN <~ O Ll 211
ill I 1=
i
J*/wl& v I‘,u‘ J\_c__AA_._J\-_.__
¥ P P — 1
< O o~ ©
: ! . . T | T
10.0 5.0 0.0
ppm

Fig. S8 'H NMR spectrum of 14 recorded in CDCl; at 500 MHz.

S46



B WOWW WW WOW®NONRNONROR OO NOMRORN 22 00w ~0O0N ~N= O
N NO O HW =222 0000 NN D WRWN=2 00 d s Loo obs 9
B RN ops0 o0 oS oS Wl gm,mm—xowwow‘o
© OIN= OO0 WARO ©O=NOAO= GBNO 0D hO O
S S S \g'/m
1
201
202
03
204
202°s
P G e G e G Q. . i O Y G TN Y K;K;GK;:::: 22:: 262
209 <
L ELR VLYY BB D W = oo ﬁ;gﬁﬁzéggé.f"m
. . B . . . - .  eee w hN '(‘\’ w . N > 25|~‘
& INGE 8L B B2 N o® & Ro ! I
20 /210
./\PPhZ LZ‘ 215 - ‘;’P
PhsP. T T 216 h;
252 \,R'\lf/ \R/UCN
262 o L\ APy Phaf J RSN
251 Ix 0N~ PhpP._J PPny LA
zsw ; "
|
; L OO OO ™
20, 03 - ) O ® SO N @
’ [£59 PhO 20 O :
] 206 1 2O NN 5
204, ‘ | 212 | 209 )
306 250 205 | | or| or 302
f | ; 209 | 212 27 210 21
| | I | 208
J { i 215 | 203 201
| 303 A U L. 214, 213 10
SR AP ERS R ] motnteted eyt oo l
o o l Lwr\,‘;m 218 dnededobd A Litn st
| [ I | |
200 150 100 50 0

ppm
Fig. S9 3C{'H} NMR spectrum of 14 recorded in CDCl3 at 126 MHz.

S47



£L90'vS

N
»
o
(o]
\'
O2N., Ph,P PPh, NO2
Ru Ru
Ph,P . PPh,
PPh, , Ph,P
AL oy sSSP AN WAl I~..z-.-4.“-»..-=.«'.'-—\«-—w/‘-.’ e TM S
| [ |
SBFH 55.0 50.0

ppm
Fig. S10 3'P{'H} NMR spectrum of 14 recorded in CDCl3 at 202 MHz.

S48



N NNNN NN N OO w N —n22821||
o » N B oo N N N I3 203
2BLAHEBIZRBL X o - @ on41;?°
205
207”206
- 208 - 262 93
N NN NN NN N oo 262 (213 261
o ao AN =22 OO0 N O 251
A N2 N NA2 NN o A 213)
214
2
252,
262
* Chloroform * L
210,
211
! 253, |
251 263, |, 270
261 | I %)5' | 304, l
204, | | 23 24 ‘
205 |
! il | \ 304,
X "'l,l‘ n .I { 23
U R UL S J 2
NN N W IN
N = - N ~ o 201 |
o o o “J ‘\ —'J*Water
S Ll ‘
N
N
NDO NLOS— o
Lo w
am uo
| T T T T | T T T T |
10.0 5.0 0.0

Fig. S11 '"H NMR spectrum of 15 recorded in CDCl3 at 500 MHz.

S49



31.57 o W
77.00 000~ } 11612 _ iR8
79.0¢ “ 116.79 M
83.24 g 1 i
87.25 83.24 N w m-
90.48 120.89 {
91.29 e 4§ R
o N 1 12199 ¢ iu 2
93.47 : 12288~ wm 5
116.12 90.48 85 “ 122.74 8 - i
116.79 91,29 12360 i
120.89 : X 194578 58 1
121.99 =
ANN.O@,,. T
122.74 -
123.60 - 1
g
12457 3157
126. 3.
127. 8, ]
127.33, —1
128.48) —
128.65 —
12061/ 188, wm ;
129.99 128. mm :
130.64 . 129.61 8 )
131.41 Lo g 129.99 &= )
131.47 & Y SAR
58\ o 3/3 8 130. b
131,65 H/}m\ A\ o4 3 ..m‘w
132/10 g b & 131.41 mmmnh,_y
. AN u 131.47 —
13411 wm o M\ /D? 131.65
13428 ghflg gafe &8/ £ :
13608 LEa S B o 132.10 _
| b o o e % ”1 —\
137.15 o\ b 13411 Q&
W.\Ul\\p? Ag-mm 3
L/ N\E 136.92 88 =
g 137.15 M

T

200

100 50

150

216
301

ppm
Fig. S12 BC{'H} NMR spectrum of 15 recorded in CDCl3 at 126 MHz.

S50



LSS'VS

LSS'PS

I G

IIIlIIlIllIllllIllllllllllllllllllllllll

57.0 56.0 55.0 540 53.0 52.0 510 H
ppm (t1)

T T T T T T T T T T T T T T T T T T T T I T T T T
ppm (t1)

Fig. S13 3'P{'H} NMR spectrum of 15 recorded in CDCl3 at 202 MHz.

S51



NO,

NO,
Ph, || Ph, Phy || Phy
P—__ u/ P \Ru _P
p~ | T~p 1 ™~p
pph, PhoP” Y
thp\\ PPh,

PP’y pph,

PPh, Ph,P
NN
/Ru S = Ru\

Ph,P / N \ PPh,
(_pen, PhoP

® 9 NO(D$00)$I\ LINL DY o o - N oOWVMOM—
o NROOOWLWLY MOOHOJAANAN o o o N K ©©odww
NN NMNNNNNNN NNMNNNNN N~ r\ © ©© © © © © ©

\ N A N/~ /7 | | Vo VN 2N

ol [RU]V 4, [RU]V_g
A 867 Rul,_s or . Ruls-«, Rl s o 873
A(d) Ruly-7 {Rﬁ}mor B (d)
7.97 [Ru] 5.5 or 8-7 [Ru] s, [Ru] y s, 6.52
Rus-7 | 419 [Ru] -z or Ruls-s, [Ruls.9 |
= 213, [Ruly-
308 120 Hi 214, [ ]Iylv 107
|

2'08

[(e] D (o} <
‘\! © 0 -
N~ (\ll -~ —
|/” | |
_’_//"" __/—- P
p1,p2
#
[Ru] y-1,
[Rul5-1
I
T T JL_J"#“%
w
o » A
Q ™~ —
@ < o~

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

Fig. S14 '"H NMR spectrum of 26 recorded in CDCI3 at 400 MHz. The peak marked as ** corresponds to

CHCIs. The peak marked as # corresponds to residual water.

S52



NO,

Phop” Y peh,
A PPh, PhyP.

RI/.I/ \lu
AN A2 N

k/Pth ‘

PPh,

PhoP

b
+-

NO,

™~ w0 - < VN NONOO——OONONTON
[9V] NN O 33(’) ANTT OO0 WOWDMN’DNIDMN
< DM o DMOOOMOOOOONNANNNNN
| PEVARN N N P N R T Y
[Ruly-4, [Ruly 5,
AR A b Ruly-s [Rul -, RUs-4, Rul s
e [Ruls.s, Rl 5.5 '
EEU} v-2 EEU} V6 307
Ul 5.2, [RU ! 1!
30|g 306 I6 2 I 5-6 .
- W A
ggowmwnoqoiq © o 1
OOMMOANNT—O [o0] — [00] ~—
Al il @) M o) o> I e) o) N e) Mo Jee) [e0] [sp] — —
— L | .
p2
[Ru]y-1,
[Rul5-+ P
l ‘M_‘ L \ - 9.0k " h;
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

Fig. S15 BC{'H} NMR spectrum of 26 recorded in CDCl; at 176 MHz. The peak marked as **

corresponds to CDCls.

S53



53.58
53.29

~
[oe] )
© N " -
2] ™ X N
0 0
I | % " ” ! ™~
(Ruly J ™
Ru
[ ]v
]
b—r—“ﬂ_‘
- ©
S I
J

190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40
f1 (ppm)
Fig. S16 3'P{'H} NMR spectrum of 26 recorded in CDCl3 at 162 MHz.

S54



NO, NO,

Php” Y pen,

Ré /PPh2 thp\éu
VI Z \\\
PhZPK/ P/th | > th\P \)Pth

Il

|

Il

[

Il

I

Il

H
3 R85 3BBE 53 & = S &6 88 R88& I
~ NENNNNNNNN NNNN N~ N~ N~ © © © ©O©©O®© ©

4 ~I N7 - i— - ~\ /~— | | | | (I Vs /
[Ru]y-4, [Ru] y 5,
h [Rul 5.4, [Ru] 55 h
8.57 8.52
[Ru] 53 or

Ald) [Rul 57 Ruls-sof [R5 [Rul,s, B(d
7.98 RuscRiss 6.54

D — (o]

-~ N~ (o]

™ [9\] -~
| j_ |

[Ruly |,
[Ru]5-

1

263.2

485

95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

f1 (ppm)
Fig. S17 '"H NMR spectrum of 27 recorded in CDCI3 at 700 MHz. The peak marked as ** corresponds to
CHCIs. The peak marked as # corresponds to residual water.

S55



NO, NO,

Php” Y pen,

T PPh, PhoP.
F\'(J/\ /\Au
thp// N \\Ppn2
(_pen, | PhoP
Il
|
Il
[
Il
|
Il
H
~ 0~ < 0N o MOOO —+- NON <TOWN
<r OMmom (sp] OMONOM M AN NN NN N
A = T - T Al ol - - T = T
| <N NV VAR DRV N NV /A ~\-
[Ru] -2, [Rul y7, [Rul -4, [Ruly
[Ru]5-3, [Rul 5.7 19 Ruls-4 [Rul 52
]
! 120’ 307 [Ru]V-S) [Ru]V-Br
[Rul, o, R, &, 113, , [Rue.cRulss
300 306 RUls-2 Ruls.s ' 108 114 '
1
J w
[(e}
= O N~ W0wE -
™M N — 0 0 M~ © o™
AN NN - — |
™ A el el S
/Y l— 7 \ iR
2,
5
1
OWwowow© <
AN~ «— O 00 M o
3 O O 00 00 00}
2NN =N |
[Ruly -4,
[Ru] 51
| ! | 1
l Nﬂ YT l.J Ao comesharemded

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)
Fig. S18 *C{'H} NMR spectrum of 27 recorded in CDCl3 at 176 MHz. The peak marked as **

corresponds to CDCls.

S56



53.61
53.33

~~ ~— (42}
© o
™ (a0}
w0 0
| | NO, NO,

Q O

ol |
I ) o™

Py || Py Phy Phy

(\Ephz @ ) pnf/\,
ONTNF Ph;L\jP \)\4\’ RN e (§/\/ PM’\/PA‘P"\ ‘;)“»o,
\/\7’/”"’"’ SN~
me” ] S N
‘&é"“ Pn,b\/‘
[Rul,
|
H
;e
140 120 100 80 60 40 20 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -24C
f1 (ppm)

Fig. S193'P{'H} NMR spectrum of 27 recorded in CDCl3 at 162 MHz.

S57



NO,

PPh, /)
PhP—
I\ PPh,
thP\ /Pth Vi thpJ
I\ = N M N N (T
_ _ /\ / / /
Ph,R  PPh \ PP
A Ru//ppnz
thp//
Cppn, \\
NO,
o MO N < O~ M~NNOW - 0 To) ™ ©
o O © VW . NN O o © ™~ © NN
l\ﬁ N~~~ ~ [ N . © © © © Loﬁ
- 2NN | N l— 7 | | | | | -
he32 Rula-s [Rulas, b o34
[Ruls-4 [Rulgs
A(d) [Rul o3, Rl a7, B (d)
7.90 [Rul 53, [Rul 5.7 [Ru]o-s, [Ru o, 6.45
' [Ru]s-s, [Rul g9
108 b 6, 25,26 107

\
1 1—}—_

COMOANTOMNMNMNOWT—TWOIM®MOLW N O
FDOOOUOVITNN- OO NOT [N
[ N S T N N N O © O WO O © NN

e A ————— N

—
~ 37.10

| [Rul¢_4,
[Ru] g1
|
I (]
[ X
L A 7 o
w [(e] o™Mm ™
9% uTgw 2 =
90 85 80 75 7.0 65

60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

Fig. S20 '"H NMR spectrum of 1G12,01-NO; recorded in CDCl3 at 800 MHz. The peak marked as x
corresponds to silicone grease.

S58



NO,

PPh, //
- thP\RU\PPhZ
thP\ PPh, Vi thp\}
_ _ /\ / / /
Ph,P
Ph,R  PPh, N\ R
\_J RU//Pth
thp//
Crbn, \\
NO,
™~ VOTOVMAOOANT T OONO T M ©
N MMNOTT MO OO0 000 MM o™
< DM OOOMOOMOOMOOOMOOMOONNNNAN (qV}
- h i el s 5 i i i s S Sl S S S S s -
| D e e e I
[Ru] -3, [Ru] o 7,
[Rul g3, [Rul g7
108

,118.7
“118.5

Rulo-2,Rulas |
[Ru] §-2, [Ru]

1?9 106B,2 P

I NN

©
©
Rul .+,
[Ru] g 4
L M L, L
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

f1 (ppm)
Fig. S21 C{'H} NMR spectrum of 1G12,01-NOz recorded in CDCl; at 202 MHz.

S59



53.4
< 53.3

_-53.4
~53.3

N
]

NO,

pth\R"\PPnz

4 thPJ

[RU]B ‘@: :Ru/:
o YR

[Rul,

T

N

/
\ Pnzpfs

thp/Ru/Pth

Uebn, \

NO,

140 120 100 80 60 40 20 O
f1 (ppm)

Fig. S22 3'P{'H} NMR spectrum of 1G12,01-NOz recorded in CDCl; at 162 MHz.

S60

' 20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -24C



thP\\Ru
\ <~ —PPh,
thP\/PPh Vi PP W
I S N/ N v e e
\ / \ - \— 4’/&“’ N\ 7/ — \ / \ 7
PhaR PP, A\ P“ZP/\
F>h2|=’—”R”’/PPh2
pbh, \\
3 3 3899 839 oor 83883 QORI 3
~ N ONNNKN NN N NSNS N © © © © © © © G O ©
| I IR TN SN A -~ 7N N N/ N\ N/ |
[Rul o4, [Ru] o s,
[Rul g4, [Rul g5,
|

[Ru] 53, [Rul 4 7,
[Rulg_a[Rul g7

[Ru] 55, [Ru] 4,
[Rulg_s, [Rul g g,

o
8
5 #
©
R
T

\\\
2.70

\2.65
1.54

*
*

[RU] a-1,
[Ru g1

L _

T O RO RO Y

9
3
1
5

1
6
0.
5
3
6

240

T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

Fig. S23 '"H NMR spectrum of 1G22,01 recorded in CDCls at 600 MHz. The peak marked as ** corresponds
to CHCIs. The peak marked as # corresponds to residual water.

Sé61



PhP—
M PPh,
thP\ PPh, Vi thpj
A VA=
\/—\/—__/\_\/_\/_\/
Ph,R  PPh, A\ PP
\_ RU//Pth
thP//
pbh, \
0o 0w ® MW= ONT—WO®®O©LW M <+ NO O o~ o ™
N~ © 33 CE— 00O 3 WMWNN N~ RN - ~ ©
™ OOOOOONNNNNG N QAN N N pl
- = b el el S . el el el el el s e Aol el h -
Vol N s e e N BN P | ~— | | [
{gu% a-4 [EU% a-8:
U] 5_f[Ru
[Ru] o3| [Ru] o 7, o
Ruls-sfRuls 7 Rl o, [Rulo 220
' [Rulg_s, [Rul g g,
12, 19, !
[RU] a-2, [RU] a-5, | 107', [
[Rulg-2,[Rul 55 14,17,
L tl 106 o1 109 102, 105
\ A L 1 | A A
P
Q
(0]
Q
NOM~OT O o
NS oo~ -
0o oo N ™
—— I
[Ru] g-1,
[Rul 51
X J
JJ Y ETER S L

T T T T T T T T T

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

Fig. S24 BC{'H} NMR spectrum of 1Ga2,01 recorded in CDCIl3 at 151 MHz. The peak marked as x
corresponds to residual CH>Cl,.

S62



53.88
53.40

{

—53.88
—53.40

(\Pl—’«n2 V4
[Ru]ﬁ - PhZP\R“\PPnz
Ph,R /PPn2 / F}ZP\)
\ — o — ——Ru—= B — B — _/
Ei B / \ Ph,P
PR PP, \\R L otn:
PhP— 4
Upbn, \
[Rul,

140 120 100 80 60 40 20 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
f1 (ppm)
Fig. S253!'P{'H} NMR spectrum of 1G22,01 recorded in CDCl3 at 283 MHz.

S63



NO,

PPh,
PhP—
— —PPh,
Ph,R  PPh, Vi thp\/\'
— o~ ,,/_ = = _
N\ 7/ — \ — \— _/“”\_ \ — N\ /7 — \ /
thp//“
\/Pth AN
NO,
S 2 5 O & Q2 888 & N B &
I\f ~ N~ N~ N NNN N © © © © © @ ©
7 | | | | N \ 2/ | | |~
[Rul 5.4, [Rul 48
h [Ru] o-s, [Ru] Rils-« Rlp-s h
a-5, a-9,

8.39 Rulas Rul 7, [Rulg-< [Rul s o 8.40
A(d) [Rulg_s [Rulg7 B (d)
7.99 6.54

6,12, 25,26
108 '
A
a ™ T
= ) =
(m)
(@)
j & =8 5
s / /’T/ .S N\/N T
[Ru] 41,
[Ru] g1
i *‘*
ol ‘ i I
moQage =12 =
100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0

f1 (ppm)
Fig. S26 'H NMR spectrum of 1G22,01-NO; recorded in CDCl3 at 700 MHz.

S64



NO,

(\Pth Vi

PhP— o/
/\ \\PPh2
thp\ /Pth Vi thp\)
D N — N — N TN T
@ - - -/ /'“‘\* \ - N\ 7 /
Ph,P
Ph,R  PPh \ 2
A \R/,/Pphz
thp// 4
Crbn, \
NO,
™~ o ¥ oMo VO N IO v N~ o
s 68 333 5058’8 AW & £
| bl 7~ N TN R SedRU] g g, | N2
[Rulg_s, [Rulg 5
Ru
Rulo-s Rl RS
[Ru] -3, [Rul 7 107 Rups,
1 [RU]B~9 |
10[8

[Ru] o2, [Ru] ¢,

109 [Ru] -2, [Rul g5

H A J g
o < [(e]
oo N -
o N [s2]
Vo |
Rulo-1,
[Ru] g1
l L A Al )_ }L

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

f1 (ppm)

Fig. S27 C{'H} NMR spectrum of 1G22,01-NO2 recorded in CDCl; at 151 MHz.

S65



53.39
53.30

~
a O
No, M M
7N 8 8
(‘Pth // \ /
PhaP—Rl
) —PPh,

. Ph.R /PPn; Vi F’}:P ) [Ru]
= = = = = u
w\/:\/:,:/"“\:\/:\/:\/ g

) PhP PP \ PP

R pone \R“/’P}hz
Ph,P—
en, \\
NO, [Rul,
|

-

54.0 535 53.0
f1 (ppm)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O -10 -20 -30 -40
f1 (ppm)
Fig. S28 3'P{'H} NMR spectrum of 1G22,01-NO> recorded in CDCl; at 162 MHz.

S66



.
P P
Con
P, || Phy
\I
I
\li,vl P
0] NOMNMNUOO N O N O N o « AN QO ™M~
%) NGO OO M ™ - - o o © M~ © © © 0B
l:ﬁ [ N Ny N N N N~ N~ ~ I~ © © © © © © © WO
/ N\ — Vo | | | | | N N/~ /
A 876 I Rl Rileo M8.81
A(d) Ulg-4, [RUl g, B (d)
Ru] -4, [Ru]
7.97 Rules, [Rul o7, R R Rely-e Rul e 6.52
Rul.3, [Rul 57, Rl -5, [Rul -5
- Ruly-s Rl 7 s IR

6,12,25,26,119,120 ZIO—{
1

# o
@ O o) D
[l O O [V}
~~ SN [

‘\
\I

[Ru]u-1,
[Rulg-1,
[Ru] -1
J- !
T T I T )
o
< o o 5
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

f1 (ppm)
Fig. S29 'H NMR spectrum of 2Gi2,02,01-NO2 recorded in CDCl3 at 400 MHz. The peak marked as * *

corresponds to CHCIs. The peak marked as # corresponds to residual water. The peak marked as x
corresponds to silicone grease.

S67



NO, NO,

Pl | P
o
pph,
thp\l\i\u ~
fogf™
ON P PhoP e
S | PPhe PO
SIS
thP/,/ N \ PPh,
(_PPn; L PhP )
[
| \
f
®
Ph, || Ph,
[P\R\U/P
p— [ T
P, || Phy
<
[
5
~ w o < 0 ONO © o =-o NO N
< ™ ™ ™ ™ ™ ™ MM NN NN
- - Ao - b el S i Aol - = T - -
| | I | S\ 2 S I I ~7 - Vol N/
[Ru] o4, [Ru] 3,
[Ru] ¢-3, [Ru] o 7, [RU] B-4, [RU] B-8,
[Ru] -3, [Ru] g7, [Rulq-s, [Rula-s, [Ru]y-e, [Ru]ys

[Ru] -3, [Ru]y 7 [Rulg-s, [Ru] g,
[Rul 4.2, [Ru] 4, ' i 207 [Ruly-s,[Rulys !

[Rulg_», [Rul g s,

209 206 [Ruly_2 [Ru], 5 \
_A_ 1 1 1
(e}
o 4 o
N N -—
— ) 3 o
| A |
208
I [RU] a-1,
[Rul5-1,
[Ruly -1
1
X X
l [ JL 1 1 ] |

T T T T T T T T T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)
Fig. S30 *C{'H} NMR spectrum of 2G12,02,01-NO; recorded in CDCl3 at 176 MHz. The peak marked as

** corresponds to CDCIs. The peaks marked as x corresponds to residual n-pentane.

S68



MmMOoOMm
© <o
MMM
0 ww MmMOoOm
\l/' © v: 3] NO, NO,
MMM ©
0w w
VN o |{\ one ol eng
E:),(:] [:)(:]
Py || Pmy Ph;

Pre O PP
L S [ PPh;
AN = Z N
N C Qa A
P S
S ~ ‘w\jth \\ = pnp” |
Ph,P, N PPh,
ONT~F O Fn;P/\PPn . b/\ e, [ ~ NO;
| P |
[Ru] YWl e
R Ry,
PP,

L_pen, l_ enp )
I
N
‘ Z
[
®
'S"'T 1
o)
[Rulg B i\:.,
Ru
[Ru], A
| [
© o
I\ ©

140 120 100 80 60 40 20 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -24C
f1 (ppm)
Fig. S31 3'P{'H} NMR spectrum of 2G12,02,01-NO2 recorded in CDCl; at 162 MHz.

S69



282 NN ©ooww 0 AN = o O XN MOV Wi
M~ [ e A e e M~ [l el o o o © O O O O (o]
/ =~ 2SN l ~ NN I ] N N/ /
*|lx [Ru] 4.2, [Ru] ¢ s,
[Rul -4, [Ru] g,
A 8.80 Ruly-« Rl s A ars
Ru] ;_s, [Ru] g,
A(d) [Rula-s B (d)
7.97 Ruly.zor  [Rula_z [Ru]g7, Rul lzor Rue-s [Rulgs, 6.52
Ri.s  [Rugs[Rigs Ru, L Ruly-s Rulys
A 119
208 . 113,
N 1200 114,
e © © ™oy » [52) =
- & S 0 o 0 -
M~ N~ o © N -~
~ % [ I
[Ru] 41, #
[Ru] g -1, i
[Rul -1
|

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
Fig. S32 'H NMR spectrum of 2G22,03,01-NO2 recorded in CDCl3 at 600 MHz. The peak marked as **

corresponds to residual CHCI3. The peak marked as # corresponds to residual water.

S70



NO, NO,

Pz Ifl Pz
Lo
Ph, || Pny
]
Il
]
Ifl
~ 0 - WLONGD ONOWCO—ONON TN
< (2 s M o] o DMOOMOOOMOOOANNNN NN
- = T Al el T T T T T T T =
| /N ~\ /7 ! A N SNV N/
[Rul 4_4, [RU] ¢ 5,
Ru] 4.3, [Ru] ¢ 7,
R R Rulo-s, [Rul .0, [R5, Rl .,
RU R 10.12 [Rul s, [Rul g, [RUl y_ 4, [RU] 5
[Ru] -2, [Ru] ¢ 5, e v 19’21’ 20[?”]\(4: [Ruly o
[Rul g2, [Ru] g s, ‘30’
Ru] .2, [Ru]
2(I)g 06‘[ l]v 2[[ ]v-6
A
v )
& XX
- =
| N/ ©
-
T
208
]
202, 205 ==
A
[Rul 4.1,
[Rul g 4
[Ru] 1
|
L , L |

T T T T T T T T T T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

f1 (ppm)
Fig. S33 *C{'H} NMR spectrum of 2G12,03,01-NO; recorded in CDCl3 at 151 MHz. The peak marked as

** corresponds to CDCls.

S71



53.62
53.32

{

—53.62
53.32

ow~r T ®! A K,

\\

[ ]u s [Ru]Y
(Rulg
™ <
N o]

140 120 100 80 60 40 20 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -24C
f1 (ppm)
Fig. S34 3'P{'H} NMR spectrum of 2G22,03,01-NO2 recorded in CDCl; at 162 MHz.

S72



ON o g
I Ph:
FPnfn F'\ -

ON .
Ph,P Y F’F’
< Pphpnf
R

NO,

ph{/PPh; A g'z"i)phz Pn"’\fpp;[\' Ph;“P fPhe
Il I
O Q
Il ]
Q Q
';hz Il . woll :nz
SR SR
th Il th Ph, Il Phy
H(PPIW/@\\\ P :\\ih;“f;\"m
o '/’P ::Evpn \Q N ) ‘ Prp” S:NQ y NO,
I;)\F'::;\F‘th O - = \ PhP"Y P o = - h = EP%/
prp” | S NN S 'u\mah
Treen, U /Ruq\ Ru I prp 32
ol e e \T g
B | B B | B
9 (>
NO; NO,
[_;IERU
I
& M~©o 0 @ RN DOOARR QO MO OLWLW
M~ M~~~ M~ M~ el Dl e (.O(O(D(O o © O O O o
’ 0N | | [N [{ N/ /N
[RU] a-4 ] a-8
h [Rul g4, [Rul g s, h
8.40 [Ru] s [Ru] s, 8.40
A(d) [Ru] o3, [Ru] g7, [Ru] o5, [Ru] 9[RU]6 4 [RU] 5.8 B (d)
7.98 [RU] B-3, [RU] B-7, [Ru] B-5 [Ru] B-9 I 6.53
: [Ru]y -3, {su}v-n * "[RU]v s, [Ruly g, :
_3,[Ru] 5- Ru Ru
3 5-7 il ]as[ 159 12,19,31, 32,
308 125,126, 219, 220 307
Il | 1l
LA
o -
o [oe]
™~ 0
) N
A /
[Ru] 44
[Rul g4,
[Ru] 4
[Rul 54
|
W | #
T AR ATAd T
© g N g=oo p:
o nes 5 - : : :
90 85 80 75 7.0 6.5 60 55 50 45 40 35 30 25 20 15 10 05 0.0

f1 (ppm)

Fig. S35 '"H NMR spectrum of 3G22,03,02,01-NO2 recorded in CDCls at 700 MHz. The peak marked as **
corresponds to CHCIs. The peak marked as # corresponds to residual water. The peak marked as x

corresponds to residual CH>Cl,.

S73



onN NO, o NO.
g Ph;F'/\ Pnz T L e pen, [
NP N - ~ /PPthzP P

u Ru

Pi‘zfippiij/;hzi’:jph2 Fh’P/;;Pn\\G/P'” P £Ph
Il
Il I
Q O
Ph Il wo e
(R a= Tl
Pro Il P LN
HP/‘PP"//O\C /@\zhzf;\m
P R : I - { : : \/T‘U"Q
OIN\O\P"ZF/\P‘PM # o P\/PP" ]\Q\\ _ /C/\ - PnzF\,Pth J “ o .P/‘ E'P%D/Noz
< o - com L
Fn?ilipr: 0 ” 2 \.l > AN,
) N
[
Ph, | Ph,
%J I :
NO, NO,
h”,\' s
™~ VoY LONOOVOO T OND T NN 0 ™~ N~ 0 (o]
B Ems I3V ARAIIN R & e 2
h - T T T T T T T T T T T TT T T hand - - h
| N ~Nt— NN\ SN = | | N2 |
[Ru] o-5, [Rul a5 [Ru] g-¢, [Ru] o s,
Ruls-2 RUcr RuTs - Rulso [RUls-2 [Rulps,
[Rulg-s, [Ru] g s,
[Rul g3, [Rulg 7, [Ruly_s, [Rul y s, [Ruly-4, [Ru]y s,
RiozRuas — Rdv-aRva Ry o Russ Re-«Rs-s
[Rul 52 [Ru] g 5 [Ru] 5-3 Rul5.7 i
[Ruly_2, [Rul s,
[Rul 52, [Rul 5.6 3|08
309 306|\ J
__IL }Is/"‘\-/l\ ! A 1
owo d N~ © W
AN O) 0 N — —
) 00 0 N (32 20 B op]
NN/ ——
[Ru] -1,
[Ru] g1,
[Ru y-1,
[Rul5-1
| 1] 111 Xl ‘l

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)
Fig. S36 C{'H} NMR spectrum of 3G22,03,02,01-NO; recorded in CDCl3 at 151 MHz. The peak marked

as ** corresponds to CDCI3. The peak marked as x corresponds to residual CH>Cl.

S74



,53.58
53.29

53.29

540 535 53.0 525
f1 (ppm)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)
Fig. S37 3'P{'H} NMR spectrum of 3G22,03,02,01-NO2 recorded in CDCl; at 162 MHz.

S75



O

=0

7.7
~7.69
7,66
752
76 7
7
6.97
6.93
6.80
6.70
_6.63
~6.61

Rul o« RU b5,
[Ruls_«, [Ruls 5
[Ru] Vo4 [Ru]y &

[Ru] 43, [Rul 4 7, x
[Rul g, [Rul g7,

Rilly-5, IRy Rul s, Rl o5,

[Rul s, [Ru] g g,
[Ruly_s, [Rul o

12,19, 32,107, 31, 125{126’ 207
1
|

v o M~

o M~ (30 Msp]

o - -

[ N

T —

[Ru] g-1,

[Ru] g1,

Rul -1

H-s1 H-52
o(rj T gl

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

f1 (ppm)
Fig. S38 'H NMR spectrum of 36 recorded in CDCI3 at 600 MHz. The peak marked as ** corresponds to
CHCl.

S76



PPN, L// PP
Il
N,
)
Il
)
L
phy || Phe
Cr )
Ph || :nz
/\‘
Il
P
Q)
I
AN
[32] n—O0O D — < w0 WO ~— < AN — wn ~— M~ A
© N O AN FO~— NO NWo-Oo — o~ < -
© NNN© I OO — O oo 0 0 O N~ N
< OOMOOMOM [sp I sp M op) [spMop) NDOMOM o N AN NN NN
- - T - - T h el b i S i h el = T Al
| N2 S e N/ SN/ | 7Y RuesRulas
[sul a-3 [RU] a7 [Ru]g-4, [Ru] g s,
{R‘J} B-2 {Rﬂ} BT [Ru] 45, [Ru] oo, [RUy- ¢, [Rul y 5
[Rul -2, [Ru] g &, v [ v7 208 [Rul g5, [Rul gs,
214[RU .2, [Ru] g5, ’ 125 [Ruly.s, [Ru]y
| [RU]v-z,[RU]v-s [
114 ! 113
|
QI = g MO O MmN ®© N @
i98  sSoe  g@oeacae c8
aa o bt DD DD D D o?nll N
o — S/ A N
202,
205 210
209 124,201 11 9,22
! , Ll 1 I , \ | I
[RU]uJ,
[Ru g1,
[Ru] y-1 )
| 51 1
1
X
(W akdosanl, JL J

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 T T

155 145 135 125 115 105 95 8 75 65 55 45 35 25 15 5
f1 (ppm)
Fig. S39 BC{'H} NMR spectrum of 36 recorded in CDCl; at 151 MHz. The peak marked as **

corresponds to CDCIls. The peak marked as x corresponds to grease.

S77



53.60
53.38

o © T 01 8
© ™ PN 3 e
MM "" : Ve
T RTs) N LA
Vol
Rul, - mey, e (D)
[Ru] LA e
Rl T
I
.
BN h
I
"{
|
545 53.5 525
f1 (ppm)

140 120 100 80 60 40 20 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -24C
f1 (ppm)
Fig. S40 3'P{'H} NMR spectrum of 36 recorded in CDCl3 at 162 MHz.

S78



|=n,|>’\F"Ph "PPh,
RN
R Ru

cl pp
Phy Phy B o B

7.65
7.60
7.52

%7 36
717
7716
7.1
\6.97
6.95
6.64
6.60
6.44
~2.93
~2.70
~1.36

[Rul o-sf [Ru] oo, #

[Ru], .
[RU] 5-

[Ru]y s,

5
[Ru] g_sf[Ru] g g,

5
s{[Rul 5.9

& [Rul g3,
_&, [Rulg g,
& [Ruly s,
-~ [Rul5.8

[Ru] o3, [Ru] ¢ 7,
[Ru] 5.3, [Ru] g 7,
[Ru]y-3, [Ru]y 7, [Rul g1,
[Rul g 4,
[Rul 1,
[Ru] 5-1 X X

)5 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 0.
f1 (ppm)
Fig. S41 '"H NMR spectrum of 3G22,03,02,00-Cl recorded in CDCls at 400 MHz. The peak marked as **

corresponds to CHCls. The peak marked as # corresponds to residual water. The peak marked as x
corresponds to residual n-pentane.

S79



. 53.62
~ 49.89

N [0)} .
© o :
[op] [0)) o~
7 :
[Ruls = P ’ k. ;
[Rul, e
[RU]B' i
(Ruly T
<
| S &
55 50
f1 (ppm)

140 120 100 80 60 40 20 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -24C
f1 (ppm)
Fig. S42 3'P{'H} NMR spectrum of 3G22,03,02,00-Cl recorded in CDCl; at 162 MHz.

S80



N~ ~NN N NN NSNS N~ NNNNNG OO O o o
| N/ "4 NSO ONS | \\&\”‘\,\\,\\
[Ru]_4,[IRY] _s
[Ru]_zor[Ru] _7 [Rul_sor[Ru] -7 LAl [Rul_s, Ryl -5
3
16,17 2 23,24 -
| 22 P | 1 |l
| I
|
I|
oooml\ommx—ool\l\oucommoc)l\togmm‘— [)]
NOOLUDITILTOMNNOOOOOINRDINO DO re)
'T't'f'f";";";ﬁh'ﬁ??;’??bbf@@@@@&o (\ll

%
—_—

<

S

~

N .
E—
—

[Ru] -+

/ \ /2
PhP P
22 23

¢
\ 18 17
. 12 15 18 21
1 = n-= = — 24
| 455/\7 ] 12 14 19 20
1 11

| 2 ) Q
H Ph,P PPh,
i M X N X
Gl
o
~

e |
©

: e e ) R L : : : : : ' : : . . : :
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)
Fig. S43 'H NMR spectrum of 1-M-3(dppe) recorded in CsDs at 700 MHz. The peak marked as **

corresponds to CsDsH.

S81



®© o~ cmem ©© o~ <[] w
(s Bsp] MOMOOM (] ANANNAN o
D ot e b il ped rrryr \ ol ot C el it o T S
[ N/ N2 N \— 7 | [RI]
uj -4,
[Ru]-¢
[Ru] -3, [Ru] -7 [Ru] s,
[Ru]-¢
Rul.2, IRl s V
P
©oloN-ow | o
T O wo~ TN TT ST QA2 o
ANANANAN TN e
S el ol e A et S AP ot v =l = 4 5
o ~I— N
4,912 5,6,7,8 Phgp/—})"—‘\_,/g 1 17 2 23
T “, . _ R/_’ 8 12 ___ 15 18 _ 21 %
I “ I l (3‘ 5_t3/|‘1\7_13 9 13 14 O 19 20 O
2 a 10 11
Ph,f  PPh,
-
[Ru] _4
13, 14,19, 20 |

it ] |

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

Fig. S44 C{'H} NMR spectrum of 1-M-3(dppe) recorded in CsD¢ at 176 MHz. The peak marked as

** corresponds to C¢DsH.

S82



-53.62

/ o 12 15 18 21
1 == — — 24
456/\789 12 14 19 20
2 3

10 11
PhP  PPh,
et

el Yol Do
3\ GO 18 17 2 23

—53.62

-

140 120 100 80 60 40 20 O -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
f1 (ppm)
Fig. S45 3'P{'H} NMR spectrum of 1-M-3(dppe) recorded in CsDs at 162 MHz.

S83



DOSY, SEC, TEM and MS studies
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Fig. S46 DOSY spectrum of 2G22,03,01-NOz in CDCIl3 at 600 MHz and 298.0 K.
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Fig. S49 Stejskal-Tanner plots of the first-, second-, and third-generation dendrimers 1Ga22,00-Cl,
2G22,03,00-Cl-s, and 3G22,03,02,00-Cl-s in CDCls.
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Fig. S50 Hydrodynamic radii of first- (1G), second- (2G), and third- (3G) generation dendrimers with
chlorido, phenylethynyl, and 4-nitrophenylethynyl peripheral groups in CDCIls. In some cases, the
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chlorido peripheral groups contain solubilizing substituents. lower) The second- and third- generation
dendrimers with chlorido or phenylethynyl peripheral groups contain solubilizing substituents.

S88



| Hydrodynamic radius
| Modelling radius %jr/
— 4} %
£ Z
=
S
= )
Q
X 2t
0
1G 2G 3G
Generation

Fig. S51 Comparison of hydrodynamic radius vs. modelled gyration radius of first- (1Ga22,01), second-
(2G22,03,01), and third- (3Ga22,03,02,01) generation dendrimers in CDCls.
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UV-vis-NIR studies
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Fig. S54 UV-vis-NIR spectra of the dendrimers. (a) Oth-generation dendrimers with different peripheral
groups (chlorido, phenylalkynyl, 4-nitrophenylalkynyl); (b) and (e) Ist-generation dendrimers with
different peripheral groups; (c) and (f) 2nd-generation dendrimers with different peripheral groups; (d)
3rd-generation dendrimers with different peripheral groups.
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Fig. S55 UV-vis-NIR spectra of ruthenium dendrimers. (a) Dendrimers with chlorido peripheral groups;
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Table S2. Linear optical absorption and nonlinear absorption cross-section maxima of dendrimer synthesis intermediates.!?!

Complex A max” o1l o2/MI] o3l o3/Mlel o4h oMl ossl] os/M!
[e]te! (Amax)!*! (Amax)!*! (hma)!! (Amax)! (Amax)! Ama)®  Ama)® (i)™
16 346[124] 1600 (850)  0.65(850)  2700(1250)  1.09 (1250) n/a n/a n/a wa
17 349[118]  1200(750)  0.47(750) 2600 (1250)  1.03 (1250) n/a n/a n/a n/a
18 358[I185]  1800(900)  0.58(900) 3800 (1250) 1.2 (1250) n/a n/a n/a n/a
20 346[150]  2400(900)  0.67(900) 4500 (1250)  1.73 (1250) n/a n/a n/a n/a
22 346 [138] 3100 (850) 1.15 (850) 6100 (1250) 2.27 (1250) n/a n/a n/a n/a
484 [46]
24 343[331] 17800 (950)  2.47(950)  8200(1250)  1.14 (1250) n/a n/a n/a n/a
26 340[293]  32300(900)  4.44(900) 13800 (1250)  1.90 (1250) n/a n/a n/a n/a
424 [130]
35 349 [662] 38400 (950) 3.01 (950) 22000 (1300) 1.72 (1300) 1700 (1730) 0.13 (1730) n/a n/a
36 364 [1240] 112600 (1100) 4.08 (1100) 76300 (1250) 2.77 (1250) 1300 (1650) 0.047 (1650) n/a n/a

[a] CH2Cl,. [b] nm. [¢] 10* L mol! em™. [d] GM = 10-*° cm* s photon™'. [e] GM mol g'! = 10-°° cm* s mol g! photon™'. [f] 10-%° ¢cm®s? photon™. [g]
108 cm® s2 mol g! photon2. [h] 10119 cm® s photon™. [i] 10711% cm?®s* mol g! photon. [j] 10-14° cm!?s* photon™. [k] 1014° cm!%s* mol g! photon™.
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Computational studies - general comments.

To rationalize the linear and nonlinear absorption observations, DFT and TD-DFT calculations were
undertaken on model complexes (Fig. 2). For the sake of computational expediency, model complexes 1-
M-n, 2-M-n and 3-M-3 possess 1,2-bis(phosphino)ethane bidentate diphosphine co-ligands in place of
the 1,2-bis(diphenylphosphino)ethane of the experimental complexes. The molecular structure
optimizations were performed with the Gaussian 16 program.*’” The geometry optimizations of the
investigated structures were performed at the PBE0/6-31G(d) level of theory (with no symmetry
constraints on nuclear coordinates), with the D3BJ dispersion correction, and with the polarizable
continuum model (PCM) of solvent CH>Cl,. Frequency calculations were carried out at the same level of
theory to identify all the stationary points as minima (zero imaginary frequencies) and to provide the
thermal correction to free energies at 298.15 K and 1 atm.
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xyz Coordinates for Calculated Structures

Table S3. Geometry optimization and frequency calculation information for 1-M-1.

H,P  PH,

H,P  PH,

SCF: E(RPBE1PBE) = -2236.58978578 a.u.
Electronic spatial extent (a.u.): <R**2>=15879.9658
Dipole moment (field-independent basis, Debye):

X =-0.0014 Y =-0.0000 Z =10.0000 Tot =0.0014
Dipole =-5.60082123D-04 -3.01034083D-06 8.24271756D-06
Cartesian Forces: Max 0.000001202 RMS 0.000000314
Number of Imaginary Freq. =0

Symmetry cl

Atom X Y Z

Ru 0.000056 0.000001 0.000011
P 0.022695 1.708209 -1.53762
P -0.02282 1.708014 1.537848
C 0.354381 3.319816 -0.67553
H 0.045802 4.168108 -1.29388
H 1.440891 3.377383 -0.53845
C -0.35521 3.31958 0.675977
H -0.047 4.167935 1.294424
H -1.44174 3.376668 0.538904
P -0.02272 -1.70802 -1.53783
P 0.022819 -1.70821 1.537638
C 0.354742 -3.31976 0.675555
H 0.0463 -4.1681 1.293905
H 1.441259 -3.37716 0.538461
C -0.35486 -3.31963 -0.67595
H -0.04654 -4.16794 -1.2944
H -1.44139 -3.37689 -0.53886
C -2.04722 -0.00003 0.000012
C -3.28149 -3.5E-05 0.00001
C 2.04733 0.000032 -2E-06

C 3.281595 0.000038 -0.00001
C -4.70711 -3.9E-05 0.000004
C -5.43457 1.019274 -0.64592
C -5.43457 -1.01936 0.645914
C -6.82495 1.016965 -0.64419
H -4.88972 1.813368 -1.14979
C -6.82495 -1.01706 0.644158
H -4.88972 -1.81345 1.14979
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-7.52962
-7.36299
-7.36299
4.707218
5.434676
5.434682
6.825056
4.889826
6.825062
4.889836
7.529733
7.363093
7.363104
8.616366
1.152495
-0.95564
0.955723
-1.1525

1.152418
-0.95567
-1.15238
0.955801
-8.61626

-5.3E-05
1.815119
-1.81523
0.000043
-1.01928
1.019368
-1.01698
-1.81338
1.017066
1.813466
0.000043
-1.81515
1.815229
0.000043
-1.9916
-1.74949
1.750007
1.991603
1.991748
1.749382
-1.99175
-1.7499
-5.9E-05

-2.4E-05
-1.14988
1.149833
-2.2E-05
-0.64593
0.645878
-0.64419
-1.14979
0.64413
1.149744
-3.5E-05
-1.14987
1.149799
-0.00004
-2.27195
-2.59748
-2.59716
-2.27184
2.271888
2.59756
2.271803
2.597221
-3.4E-05
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Table S4. Geometry optimization and frequency calculation information for 1-M-2.

HZP/_\PHZ
~N N A F

_ —/\—\\_//—\/

HR PH;

\

SCF: E(RPBE1PBE) = -2543.44466856 a.u.
Electronic spatial extent (a.u.): <R**2>=39676.9411
Dipole moment (field-independent basis, Debye):

X =1.5806 Y =-0.0001 Z =-0.0002 Tot=1.5806
Dipole = 6.21850067D-01  -3.34226743D-05 -8.36510854D-05
Cartesian Forces: Max 0.000005021 RMS 0.0000013484
Number of Imaginary Freq =0

Symmetry cl

Atom X Y Z

Ru 2.116516 0.000001 0.000022
P 2.14513 -1.80244 1.426865
P 2.110222 -1.60776 -1.64403
C 2.50561 -3.35035 0.465813
H 2.208108 -4.24104 1.027345
H 3.593441 -3.38167 0.330728
C 1.801409 -3.27547 -0.88656
H 2.126043 -4.07786 -1.55582
H 0.715448 -3.35954 -0.75899
P 2.110226 1.607762 1.644067
P 2.144876 1.802435 -1.42683
C 2.505176 3.350417 -0.46581
H 2.20748 4.241047 -1.02732
H 3.593013 3.381923 -0.33081
C 1.801093 3.27542 0.886618
H 2.12565 4.07787 1.555859
H 0.715109 3.359314 0.759129
C 0.075144 -1.7E-05 0.000121
C -1.16022 -7E-06 0.000168
C 4.164711 0.000006 -2.6E-05
C 5.398732 -1.4E-05 -3.2E-05
C -2.58057 -1.9E-05 0.000111
C -3.31172 -1.02442 0.638302
C -3.31167 1.024402 -0.6381
C -4.69609 -1.02616 0.639135
H -2.7696 -1.82321 1.136705
C -4.69605 1.026176 -0.63898
H -2.76952 1.82318 -1.13648
C -5.41712 0.000016 0.000064
H -5.23871 -1.82495 1.136795
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-5.23863
6.824441
7.551544
7.551549
8.941922
7.006679
8.941928
7.006694
9.646473
9.480003
9.480015
10.7331
-6.83647
-8.05381
-9.47551
-10.1895
-10.1895
-11.5792
-9.64244
-11.5792
-9.64248
-12.279
-12.1193
-12.1194
-13.3654
3.289749
1.177896
3.069213
0.966736
3.289683
1.177759
0.966419
3.068915

1.824984
0.000001
1.018677
-1.01865
1.016378
1.812217
-1.0163
-1.8122
0.00005
1.813949
-1.81385
0.000067
0.000049
0.00007
0.000009
-1.03033
1.03029
-1.02591
-1.82794
1.025766
1.827943
-9.8E-05
-1.82749
1.827312
-0.00014
1.824692
1.593874
-1.89899
-2.14621
-1.82451
-1.59398
2.146038
1.899099

-1.13666
-7.1E-05
0.646999
-0.64718
0.64522
1.151706
-0.64546
-1.15187
-0.00013
1.151735
-1.152
-0.00016
0.000057
0.000045
-0.00003
0.637966
-0.63809
0.635116
1.13192
-0.63537
-1.13199
-0.00016
1.131415
-1.13172
-0.00021
2.392996
2.704937
2.490458
2.129659
-2.3931
-2.70478
-2.12959
-2.49045
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Table S5. Geometry optimization and frequency calculation information for 1-M-3.

H,P  PH,

7 N :\Ru/: =< =<
_ \ 7/ \_/ \ 7
/\
HF  PH,

\ J

SCF: E(RPBE1PBE) = -2850.29817880 a.u.
Electronic spatial extent (a.u.): <R**2>=85104.1293
Dipole moment (field-independent basis, Debye):

X =-2.1803 Y =0.0000 Z =10.0001 Tot=2.1803
Dipole = -8.57795049D-01 1.55899463D-05 3.21222933D-05
Cartesian Forces: Max 0.000005425 RMS 0.000001645
Number of Imaginary Freq =0

Symmetry cl

Atom X Y Z

Ru -4.62235 0.000017 0.000038
P -4.65695 -1.88032 -1.32231
P -4.62382 -1.51177 1.732887
C -5.03793 -3.36692 -0.27628
H -4.74942 -4.29142 -0.78543
H -6.12639 -3.37771 -0.14326
C -4.33588 -3.22389 1.071723
H -4.67263 -3.98228 1.784903
H -3.25091 -3.32987 0.952225
P -4.62383 1.511804 -1.73281
P -4.65697 1.880345 1.322387
C -5.03797 3.36695 0.276364
H -4.74947 4.291447 0.785516
H -6.12643 3.377726 0.143331
C -4.33592 3.223933 -1.07164
H -4.67268 3.982315 -1.78482
H -3.25094 3.32993 -0.95215
C -2.58195 0.000016 0.000045
C -1.34638 0.000008 0.000032
C -6.67082 0.000007 0.000019
C -7.90472 0 -1.5E-05
C 0.073327 0.000005 0.000023
C 0.804443 -1.04839 -0.59886
C 0.804454 1.048399 0.598886
C 2.188434 -1.05037 -0.59961
H 0.262128 -1.86541 -1.06643
C 2.188445 1.050375 0.599615
H 0.262149 1.865418 1.066467
C 2.909238 0.000002 0.000001
H 2.73126 -1.86748 -1.06626
H 2.731278 1.867483 1.066265
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-9.33055
-10.0574
-10.0575
-11.4478
-9.51235
-11.4478
-9.51243
-12.1523
-11.9859
-11.986
-13.2389
4.327292
5.545225
6.96337
7.681243
7.681248
9.065431
7.137467
9.065437
7.137478
9.782347
9.609348
9.609358
-5.80296
-3.68701
-5.57558
-3.47767
-5.80296
-3.68702
-3.4777
-5.57561
11.20165
12.41839
13.84009
14.55234
14.55235
15.94185
14.00473
15.94186
14.00475
16.64071
16.48254
16.48255
17.7271

-1.9E-05
0.627201
-0.62726
0.625763
1.115301
-0.62588
-1.11534
-7.4E-05
1.11663
-1.11676
-9.3E-05
-2E-06
-4E-06
-7E-06
-1.05803
1.058007
-1.05797
-1.87889
1.057944
1.878869
-1.7E-05
-1.87883
1.878799
1.671263
1.447458
-2.02904
-2.27444
-1.67125
-1.44741
2.274479
2.029056
-1.9E-05
-0.00002
-1.5E-05
1.063619
-1.06364
1.058923
1.886256
-1.05892
-1.88628
0.000009
1.885611
-1.88559
0.000018

-0.00006
-1.03121
1.031042
-1.02869
-1.83493
1.028418
1.834797
-0.00016
-1.83594
1.83563
-0.0002
-7E-06
-1.4E-05
-1.6E-05
-0.58969
0.589663
-0.58956
-1.04714
0.589537
1.047118
-1.1E-05
-1.04694
1.046922
-2.49658
-2.78795
-2.38458
-1.99655
2.496644
2.788042
1.996636
2.384651
-1.2E-05
-1.2E-05
-1.2E-05
0.582175
-0.58222
0.57954
1.032393
-0.57961
-1.03243
-3.8E-05
1.031913
-1.03199
-4.6E-05
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Table S6. Geometry optimization and frequency calculation information for 1-M-4.

H,P  PH,

/\:\Ru/:/:\

- /\

H,P  PH,

\J

SCF: E(RPBEIPBE)=-3157.15142138 a.u.
Electronic spatial extent (a.u.): <R**2>=157116.1005
Dipole moment (field-independent basis, Debye):

X=23115 Y =-0.0001 Z =10.0001 Tot=2.3115
Dipole =9.09415353D-01  -2.24445916D-05 5.74936034D-05
Cartesian Forces: Max 0.000001899 RMS 0.000000490

Number of Imaginary Freq =0

Symmetry cl

Atom X Y Z

Ru 7.369829 0.000014 0.000001
P 7.405553 1.856428 -1.356145
P 7.370045 1.542878 1.705093
C 7.783993 3.361832 -0.336493
H 7.495526 4.276805 -0.862576
H 8.872252 3.375785 -0.20216
C 7.080284 3.242287 1.012919
H 7.414831 4.014125 1.712558
H 5.995281 3.344202 0.890065
P 7.370091 -1.542852 -1.705089
P 7.405397 -1.856402 1.356153
C 7.783831 -3.361824 0.336526
H 7.495289 -4.276783 0.862592
H 8.872098 -3.375826 0.202263
C 7.080213 -3.242248 -1.01293
H 7.414771 -4.014102 -1.712547
H 5.995198 -3.344116 -0.890145
C 5.329669 0.00004 -0.000061
C 4.094047 0.000057 -0.000085
C 9.418358 -0.000029 0.00006
C 10.652246 -0.000054 0.000096
C 2.674501 0.000067 -0.000114
C 1.943285 1.146411 -0.37932
C 1.943258 -1.14627 0.379066
C 0.559371 1.148493 -0.379733
H 2.485441 2.040042 -0.675582
C 0.559344 -1.148336 0.379428
H 2.485393 -2.039906 0.675348
C -0.161436 0.000083 -0.000166
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0.016542
0.016493
12.078092
12.804961
12.804931
14.195355
12.259915
14.195325
12.259861
14.89976
14.733523
14.733469
15.986386
-1.57931
-2.797295
-4.215146
-4.932908
-4.932878
-6.316876
-4.388976
-6.316845
-4.388922
-7.033446
-6.860967
-6.860914
8.548984
6.433427
8.326315
6.227686
8.548894
6.433308
6.22747
8.326088
-8.451854
-9.669067
-11.087566
-11.80364
-11.80369
-13.187811
-11.259398
-13.187861
-11.259486
-13.903931
-13.732049
-13.732137
-15.323163

2.04187
-2.041706
-0.00009
-0.637474
0.63725
-0.636062
-1.133458
0.635758
1.133263
-0.000172
-1.134903
1.134568
-0.000203
0.000091
0.000099
0.000085
1.153641
-1.153484
1.153686
2.048277
-1.153554
-2.048109
0.00006
2.048309
-2.048186
-1.717622
-1.496644
1.98588
2.23797
1.717596
1.496705
-2.237886
-1.985893
0.000047
0.000036
0.000018
-1.156207
1.156222
-1.156095
-2.052538
1.156073
2.052567
-0.00002
-2.052434
2.052397
-0.000039
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-0.675206
0.674881
0.000139
-1.024738
1.025065
-1.022143
-1.823619
1.022561
1.823912
0.000232
-1.824462
1.824916
0.000267
-0.000184
-0.000195
-0.000186
-0.370448
0.370097
-0.37037
-0.657608
0.370055
0.657245
-0.000147
-0.657455
0.657156
-2.465871
-2.761306
-2.419057
-2.039917
2.465956
2.761248
2.039852
2.419122
-0.000124
-0.000101
-0.000067
0.36262
-0.362719
0.362559
0.64375
-0.362585
-0.643878
0.000007
0.643675
-0.643672
0.000049
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-16.539807
-17.961466
-18.673323
-18.673378
-20.062801
-18.125583
-20.062855
-18.125679
-20.761469
-20.603594
-20.60369
-21.8479

-0.000049
-0.000066
-1.158452
1.158303
-1.1533
-2.054148
1.15312
2.054011
-0.000097
-2.053373
2.053182
-0.00011

0.000087
0.000139
0.359029
-0.358696
0.35746
0.636489
-0.357015
-0.6362
0.000251
0.636306
-0.635818
0.000295
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Table S7. Geometry optimization and frequency calculation information for 2-M-2.

H,R  PH
2 2
7 N _//\\:\Ru/: N\
I \—/ /\ \ /
H,P  PH,
\

SCF: E(RPBE1PBE) = -2850.29945708 a.u.
Electronic spatial extent (au): <R**2> = 74049.4957
Dipole moment (field-independent basis, Debye):

X =-0.0001 Y =-0.0000 Z =10.0001 Tot=0.0001
Dipole =-2.67690256D-05 -2.21759391D-06 -2.21759391D-06
Cartesian Forces: Max 0.000001688 RMS 0.000000405
Number of Imaginary Freq =0

Symmetry cl

Atom X Y Z

Ru 0.000002 0.000028 0.000012
P -0.01684 -1.71007 -1.53876
P 0.017039 -1.71008 1.538778
C -0.3518 -3.32082 -0.67722
H -0.04029 -4.16898 -1.29422
H -1.43885 -3.37896 -0.54492
C 0.352273 -3.32076 0.677227
H 0.04092 -4.16898 1.294225
H 1.439341 -3.3787 0.544936
P 0.016871 1.71014 -1.53875
P -0.01708 1.710123 1.53879
C -0.35231 3.32081 0.677243
H -0.04099 4.169025 1.294253
H -1.43938 3.378734 0.544925
C 0.351786 3.320886 -0.67718
H 0.040285 4.169043 -1.29419
H 1.43884 3.379035 -0.54487
C 2.042629 0.000102 0.00003
C 3.277712 0.000114 0.000031
C -2.04262 -4.6E-05 -9E-06

C -3.27771 -6.2E-05 -0.00002
C 4.698256 0.000097 0.000024
C 5.428975 -1.02252 -0.64115
C 5.429012 1.022693 0.641184
C 6.813382 -1.02429 -0.64201
H 4.886832 -1.81987 -1.1418
C 6.813419 1.024428 0.642022
H 4.886898 1.82006 1.141845
C 7.534322 0.00006 0.000002
H 7.35599 -1.82165 -1.14193
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7.356055
-4.69825
-5.42899
-5.42899
-6.8134
-4.88687
-6.81339
-4.88686
-7.53432
-7.35602
-7.35601
8.953706
10.17101
11.59273
12.30666
12.30672
13.69628
11.75954
13.69634
11.75965
14.39607
14.23647
14.23658
15.48248
-1.1631
0.944458
-0.94439
1.163157
-1.16294
0.944567
1.16288
-0.94463
-8.9537
-10.171
-11.5927
-12.3067
-12.3067
-13.6963
-11.7596
-13.6963
-11.7596
-14.3961
-14.2365
-14.2365
-15.4825

1.821771
-0.00007
1.022513
-1.02265
1.024264
1.819857
-1.0244
-1.81999
-0.00007
1.821599
-1.82174
0.000037
0.000011
-2.2E-05
-1.02994
1.029854
-1.02552
-1.82723
1.025346
1.827165
-0.00011
-1.82676
1.826557
-0.00014
1.990323
1.750725
-1.75064
-1.99026
-1.99046
-1.75052
1.990506
1.750541
-0.00007
-6.3E-05
-5.4E-05
-1.02994
1.029838
-1.02546
-1.82723
1.025382
1.827121
-3.2E-05
-1.82667
1.826605
-2.4E-05

1.141939
-2.4E-05
-0.64123
0.641184
-0.64207
-1.14191
0.642038
1.141868
-1.5E-05
-1.14201
1.141989
-8E-06
-1.9E-05
-2.8E-05
-0.63876
0.638704
-0.63596
-1.1332
0.635906
1.133153
-2.8E-05
-1.13279
1.132746
-2.5E-05
-2.26575
-2.60274
-2.60278
-2.26573
2.26571
2.602822
2.265749
2.602815
-1.1E-05
-8E-06
-0.00001
0.638733
-0.63876
0.635937
1.133192
-0.63597
-1.13322
-1.4E-05
1.132788
-1.13282
-1.4E-05

S106



Table S8. Geometry optimization and frequency calculation information for 2-M-3.

[\
HzP\/PHz

:/_\ :/Ru\:@:@:\/
H,R  PH,

\

SCF: E(RPBEIPBE) = -3157.15295781 a.u.
Electronic spatial extent (a.u.): <R**2>=133987.0590
Dipole moment (field-independent basis, Debye):

X =-0.4484 Y = 0.0000 Z =10.0000 Tot = 0.4484
Dipole =-1.76412369D-01 1.95953388D-05 1.36528119D-05
Cartesian Forces: Max 0.000001391 RMS 0.000000328
Number of Imaginary Freq =0

Symmetry cl

Atom X Y Z

Ru -2.45831 0.000157 0.000005
P -2.47533 1.803624 1.428032
P -2.44572 1.60938 -1.644

C -2.8173 3.355552 0.466893
H -2.50804 4.24221 1.028391
H -3.90477 3.401227 0.33296
C -2.11534 3.272388 -0.88618
H -2.43076 4.078998 -1.55476
H -1.02829 3.342687 -0.75975
P -2.44571 -1.60907 1.644015
P -2.47532 -1.80331 -1.42802
C -2.81728 -3.35524 -0.46688
H -2.50803 -4.2419 -1.02838
H -3.90475 -3.40091 -0.33295
C -2.11532 -3.27207 0.886192
H -2.43074 -4.07868 1.554769
H -1.02828 -3.34237 0.759763
C -0.41678 0.000159 0.000003
C 0.818465 0.000151 0.000002
C -4.50114 0.000132 0.000006
C -5.73619 0.000098 0.000007
C 2.238368 0.000135 -3E-06

C 2.969044 1.026022 0.636737
C 2.969013 -1.02577 -0.63675
C 4.353077 1.027879 0.637648
H 2.426636 1.825436 1.133691
C 4.353045 -1.02767 -0.63767
H 2.426579 -1.82517 -1.1337
C 5.073693 0.000097 -1.2E-05
H 4.895956 1.827322 1.133859
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4.895899
-7.15675
-7.88741
-7.88749
-9.27182
-7.34528
-9.2719
-7.34544
-9.99277
-9.8144
-9.81456
6.491804
7.709696
9.127876
9.845698
9.845638
11.22989
9.301934
11.22983
9.301828
11.94674
11.77384
11.77374
-3.6272
-1.51912
-3.40052
-1.29424
-3.62722
-1.51914
-1.29422
-3.4005
-11.4122
-12.6295
-14.0512
-14.7652
-14.7651
-16.1548
-14.2181
-16.1547
-14.2179
-16.8545
-16.6951
-16.6949
-17.9409
13.36604
14.58278

-1.82712
0.000043
-1.02152
1.021544
-1.02334
-1.81806
1.023243
1.818135
-0.00008
-1.81989
1.81975
0.000074
0.000047
0.00001
1.03231
-1.03233
1.032194
1.833219
-1.03229
-1.83321
-7.1E-05
1.833054
-1.83319
-1.83821
-1.58484
1.908532
2.132311
1.838518
1.585154
-2.13199
-1.90822
-0.00014
-0.00021
-0.00028
1.029209
-1.02985
1.024668
1.826252
-1.02547
-1.82684
-0.00044
1.82558
-1.82644
-0.0005
-0.00012
-0.00016

S108

-1.13388
0.000007
0.642877
-0.64286
0.643717
1.144836
-0.64371
-1.14482
0.000005
1.14494
-1.14493
-1.5E-05
-1.9E-05
-2.4E-05
0.63359
-0.63364
0.6335
1.12515
-0.63355
-1.1252
-2.5E-05
1.125014
-1.12507
2.386015
2.709431
2.489719
2.132771
-2.386
-2.70942
-2.13275
-2.48971
0.000004
0.000005
-1E-06
-0.63933
0.639325
-0.63653
-1.13423
0.636519
1.134227
-0.00001
-1.13383
1.133811
-1.4E-05
-2.3E-05
-1.8E-05
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16.00447
16.71674
16.71668
18.10625
16.16916
18.10619
16.16906
18.80506
18.64696
18.64686
19.89145

-0.00021
1.034951
-1.03542
1.030306
1.83559
-1.03087
-1.83602
-0.00031
1.834837
-1.83544
-0.00035

-2E-06
0.631405
-0.63139
0.628604
1.119702
-0.62855
-1.1197
0.000038
1.119273
-1.1192
0.000055
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Table S9. Geometry optimization and frequency calculation information for 3-M-3.

HZP\/_/\ PH,

— — —_— — T — P

/_\ _ //_\\ _ //_\\ _ /Ru\ __ <\ />_H O — O
HZP\_/PHZ

SCF: E(RPBE1PBE) = -3464.00641359 a.u.
Electronic spatial extent (a.u.): <R**2>=212665.6439
Dipole moment (field-independent basis, Debye):

X =-0.0002 Y =0.0002 Z=0.0052 Tot = 0.0052
Dipole =-7.07068252D-05  6.34322965D-05 2.03305896D-03
Cartesian Forces: Max 0.000001732 RMS 0.000000304
Symmetry cl

Atom X Y Z

Ru 0.000004 0.000752 0.002768
P -0.00637 -1.7099 -1.53608
P 0.0257 -1.70941 1.541782
C -0.32878 -3.32314 -0.67434
H -0.0098 -4.16871 -1.29106
H -1.4154 -3.39048 -0.5429
C 0.37433 -3.31727 0.680594
H 0.069364 -4.16792 1.297429
H 1.461921 -3.36638 0.549062
P 0.006249 1.711517 -1.53595
P -0.02558 1.710805 1.541906
C -0.37433 3.318721 0.680869
H -0.06933 4.169328 1.297742
H -1.46193 3.367807 0.549432
C 0.328668 3.324706 -0.67413
H 0.009606 4.170309 -1.29076
H 1.415303 3.392081 -0.54277
C 2.041877 0.008686 0.002479
C 3.27707 0.011203 0.002098
C -2.04187 -0.00725 0.002605
C -3.27706 -0.00989 0.002277
C 4.697011 0.011918 0.001271
C 5.427356 -1.01287 -0.63757
C 5.427853 1.036802 0.639314
C 6.811371 -1.01479 -0.63902
H 4.88474 -1.81149 -1.13558
C 6.811916 1.038655 0.639673
H 4.885702 1.835432 1.137801
C 7.532255 0.01188 0.000131
H 7.354037 -1.81345 -1.13672
H 7.354981 1.837278 1.13699
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Computational studies - 1PA calculations.

The electronic transitions were calculated for all optimized structures. The performance of the hybrid
functional PBEO and the Coulomb-attenuated hybrid functional CAM-B3LYP theory methods were
assessed in the calculation of low-lying charge transfer (CT) excitation energies of the metal alkynyl
complexes. The 6-311G(d,p) basis set was used for the ligands whereas the SDD basis set and associated
pseudopotential of Stuttgart/Dresden were used for the transition metal. CH>Cl, solvent corrections were
taken into account by means of the PCM solvation model. The 50 lowest energy excitation states were
chosen for electronic structure calculations. The 3D isosurface plots of the model compounds were
constructed using the Visual Molecular Dynamics (VMD) program.*® Multiwfn* was used to conduct
cube file manipulations. Natural transition orbitals (NTOs) analysis was performed with the assistance of
Multiwfn.

Table S10. Low-energy linear absorption bands for the model complexes and
their corresponding experimental complexes. [

PBEO CAM-B3LYP Experiment!®!
Complex 7 P 7 P T -

(nm) (nm) (nm)  (10*M'em)

1-M-1 316 0.946 285 1.704 328 3.4
302 0.797

1-M-2 402 1.673 349 2.215 385 3.6
310 0.344
301 0.477

1-M-3 454 2.276 380 3.113 415 4.1
355 0.717 280 0.773
301 0.608

1-M-4 484 2.491 393 4.037 n/a n/a
393 1.227
302 0.647

2-M-2 409 3.044 353 4.042 n/a n/a
374 0.504

2-M-3 455 2.565 380 3.687 n/a n/a
398 1.051 348 1.281
356 0.611

3-M-3 461 4.123 383 5.949 n/a n/a
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413
355

0.527
1.258

[a] The first 50 singlet states were calculated. Only transitions with oscillator
strengths (f) greater than 0.3 are reported. [b] PhoPCH2CH2PPha (dppe) ligands.

Table S11. TD-DFT studies of the model complexes (PEBO functional and 6-
311G(d,p)/SDD basis sets). The first 50 singlet states were calculated. Only
transitions with oscillator strengths (f) greater than 0.3 are reported.

Wavenumbers (v) are in cm™'.

Complex State v f Major contribution (%)
1-M-1 Sa 31610 0.946 HOMO — LUMO (92)
Ss 33152 0.797 HOMO-1 — LUMO+I (87)
HOMO-3 — LUMO (7)
1-M-2 S3 24889 1.673 HOMO — LUMO (93)
Sis 32282 0.344 HOMO — LUMO+1 (80)
S20 33276 0.477 HOMO-1 — LUMO+I (82)
1-M-3 Si 22032 2.276 HOMO — LUMO (90)
S3 28183 0.717 HOMO-2 — LUMO (89)
HOMO-4 — LUMO (6)
Sii 33213 0.608 HOMO-1 — LUMO+2 (88)
1-M-4 Si 20656 2.491 HOMO — LUMO (85)
HOMO-2 — LUMO (5)
S3 25429 1.227 HOMO-2 — LUMO (85)
Si2 33152 0.647 HOMO-1 — LUMO3 (77)
HOMO-5 — LUMO (11)
2-M-2 Si 24476 3.044 HOMO — LUMO (87)
HOMO-1 — LUMO+I (9)
Sq 26734 0.504 HOMO-1 — LUMO+I (81)
HOMO — LUMO (7)
So 33551 0.366 HOMO-3 — LUMO (83)
2-M-3 Si 21995 2.565 HOMO — LUMO (79)
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3-M-3

Ss3

Ss

Si

Sy

Se

So

25130

28079

21704

24210

28148

30559

1.051

0.611

4.123

0.527

1.258

0.386

HOMO — LUMO+1 (84)
HOMO-1 — LUMO+1 (10)
HOMO-2 — LUMO (84)

HOMO — LUMO (79)
HOMO-1 — LUMO+1 (14)
HOMO-1 — LUMO+1 (77)
HOMO — LUMO (14)
HOMO-2 — LUMO+1 (68)
HOMO-3 — LUMO (20)
HOMO — LUMO+2 (72)
HOMO-1 — LUMO+3 (11)
HOMO-3 — LUMO (7)
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Fig. S56 Molecular orbital diagram of the model complex 1-M-1 computed at the PBE0/6-
311(d,p)/SDD level of theory and plotted with isovalue 0.03 au.
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Fig. S57 Molecular orbital diagram of the model complex 1-M-2 computed at the PBE0/6-
311(d,p)/SDD level of theory and plotted with isovalue 0.03 au.
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Fig. S58 Molecular orbital diagram of the model complex 1-M-3 computed at the PBE0/6-
311(d,p)/SDD level of theory and plotted with isovalue 0.03 au.
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Fig. S59 Molecular orbital diagram of the model complex 1-M-4 computed at the PBE0/6-
311(d,p)/SDD level of theory and plotted with isovalue 0.03 au.
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Fig. S60 Molecular orbital diagram of the model complex 2-M-2 computed at the PBE0/6-
311(d,p)/SDD level of theory and plotted with isovalue 0.03 au.
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Fig. S61 Molecular orbital diagram of the model complex 2-M-3 computed at the PBE0/6-
311(d,p)/SDD level of theory and plotted with isovalue 0.03 au.
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Fig. S62 Molecular orbital diagram of the model complex 3-M-3 computed at the PBE0/6-
311(d,p)/SDD level of theory and plotted with isovalue 0.03 au.
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Fig. S63 TD-DFT-derived natural transition orbitals (isovalue = 0.02 e/bohr?) of the model complexes.
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Fig. S64 Wavelength dependence of the cubic NLO coefficients of 3G22,03,02,01-NOa.
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Fig. S67 Wavelength dependence of the nonlinear absorption (top) and cubic NLO coefficients (bottom)
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of 1G12,00-Cl.
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of compound 20.
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of compound 24.
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Figure S86. The OA Z-scan data obtained at 1300 nm for 3G22,03,02,01- (red circles, 0.26 wt.% in CH>Cl)
and theoretical curves calculated for wo =35 um (determined from closed-aperture scans for pure solvent)
assuming 2PA (short dot line) or 3PA (solid line).
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Computational studies - 2PA calculations.

2PA cross-sections were calculated with the help of quadratic response theory using the Dalton 2020.1
program.>® The CAM-B3LYP method®!->* was employed for all optimized structures with the PCM for
solvation (CH2Clz: ¢ = 8.93). The stuttgart rsc 1997 ecp basis set was used for the transition metal
(corresponding to the SDD basis set in Gaussian 16) and the 6-311+G(d) basis set was used for the non-
metal atoms. Since the calculation of 2PA spectra is computationally much more demanding than the
calculation of the corresponding linear absorption spectra, model complexes 1-M-n (Fig. S91) were
examined, to assess their 2PA performance in comparison with experimental data. Two-photon transition
strengths for the ten lowest excited states were calculated with the necessary quadratic response functions
(note that 1-M-3 is the largest structure for which calculations could be undertaken).

[\
HZP\/F’HZ
/' VYr=ri—=1 F( ) 1-M-n

_ N N\ 7/ 1
HZP\_/PHZ n=123 "

Fig. S90 Model complexes in the 2PA calculations.

The two-photon matrix elements describing an instantaneous, resonant, absorption of two photons with
identical energy were computed through a residue of the quadratic response function (Table S12). In the
electric dipole approximation, the (a, f)’" component of the two-photon transition moment S” between
the initial state 7 and final state f'is defined as:

. . 5

st = L (Ol (el )
h K Wy — f/z Wy — f/z

where (i|u®|k) is the transition dipole moment between the electronic states i and k along the Cartesian

axis a (a, B € {x,y, z}), and wi and wy denote the excitation energies of the virtual excited state k and the

final excited state f, respectively. For linearly polarized light with parallel polarization, the 2PA transition
strength in atomic units can be described as:

1 _ _
Sopa = EZ(zsaﬁsaﬁ + SuaSpp)
ap

where the sum is over the Cartesian components a and 3, and with the bar indicating complex conjugation.
The conversion of computationally obtained &,p4 data (in atomic units) into a form that may be compared
with the macroscopic 2PA cross-section g, in ¢gs units can be implemented via:>?
Nmiaalw? (7)
O2pA = C—Og(zw' wo,I')62pa

where N is an integer value that depends on the specific experimental setup, and where N = 4 for single-
beam experimental data such as that from the Z-scan technique. In the above equation, « is the fine
structure constant, @ is the Bohr radius, ¢ is the speed of light, w, and g(2w, w,, I') is the lineshape
function describing spectral broadening effects with w, the excitation energy. The broadening factor /" is
introduced as an empirical damping parameter to describe the broadening effects, correcting for the
infinitely sharp calculated vertical excitations, and allowing for comparison to experimental peaks, in
which rovibrational excitations and collisional dynamics also play a role. Here /" is defined as the half
width at half maximum (HWHM) and is chosen to be 0.1 €V in the calculations.’® A Gaussian lineshape
function is used for g(2w, wy, I'),

(6)
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Vin2 20 — wg\* ®)
9gQw) = N exp l—lnz (T) l

where w is the photon energy and w, is the excitation energy. The common units for 2PA cross-section
are Goppert-Mayer units with 1 GM corresponding to 10~° cm* s photon™!,
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Table S12. Two-photon transition moments of model complexes in the Cartesian
coordinate system.

Energy

Complex Symm. No. (V) AL L Y T L L
1-M-1 Ay 1 4.05 0 0 0 -194 0 0
Ay 2 4.21 -1.5 0 0.1 0 0 -2.8
Ay 3 4.26 -0.1 0 0 0 -15.1 0
Ay 4 4.32 -3434 7.8 13 0 0 0
Ay 5 4.4 -68.3 36 -24 0 0 0
Ay 6 4.41 0 0 0 0 8.3 0
Ay 7 4.42 0.4 0 0 0 0 2.7
Ay 8 4.67 -0.1 0 0 10.9 0 0
Ay 9 4.72 0.1 0 0 4.2 -29.3 0
Ay 10 4.73 0 0 0 46.7 2.6 0
1-M-2 Ay 1 3.52 -528.7 6.4 5 0 0 -2
Al 2 4 25.1 1.1 -14 0 0 1.2
Ay 3 4.07 0 0 0 -27.1 -4.6 0
Ay 4 4.28 0.4 0 0 -1.9 -22.4 0
Ay 5 4.33 -263.5 56 89 0.1 -0.1 0.8
Ay 6 4.45 -0.3 0 0 -6.6 -23.4 0
Ay 7 4.49 -92.1 25 -14 0 0 2.2
Ay 8 4.54 0.5 0 0 7.9 -5 0
Ay 9 4.59 -540.7 277 7.6 0 0.1 -0.3
Ay 10 4.67 0.8 0 0 -182  -14.8 0
1-M-3 Ay 1 3.25 -741.2 6 3.9 0 0 1.9
Ay 2 3.89 -187.5 08 2.7 0 0 1.4
Ay 3 3.98 713 5.6 44 0 0 -1
Ay 4 4.08 0 0 0 26.6 -5.5 0
Ay 5 4.26 0 0 0 1.5 -26.9 0
Ay 6 4.33 -381.7 44 9.2 0 0 0.2
Ay 7 4.44 209.1 46 1.2 0 0 -0.5
Ay 8 4.48 0.1 0 0 -8 25.7 0
Ay 9 4.53 -0.1 0 0 1.3 0.7 0
Ay 10 4.63 0.1 0 0 -23.5 17.7 0

[a] Following convention,’!"62 the energies are reported in eV. [b] The two-photon
transition moment Sjr between the initial state i and final state f'along the Cartesian

axis. S in atomic units. 1 a.u. = 1.896788x107° cm* s photon™!.
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