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1. Equipment for general procedure.

Routine NMR spectra were recorded on a Bruker-Avance-400-Ultrashield spectrometer
equipped with a BBFO plus SmartProbe. H- and *C{1H}-NMR chemical shifts (8) are given in
ppm relative to TMS. Routine GC-MS analyses were recorded on an Agilent 7890B
chromatograph equipped with an Agilent 5977A MSD detector. Additional mass spectra were
recorded on a Waters Micromass LCT Premier (ESI). A Bruker-Nonius diffractometer equipped
with an Apex Il 4K CCD area detector was used for single-crystal diffraction.

2. X-ray crystallographic structure determination.

Table S1. Crystallographic details for Rul

Crystal data and structure refinement for LB135_25.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
YA

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =25.164°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

LB135_25
C52 H62 CI16 N2 P2 Ru2
1546.31

100(2) K

0.71073 A

Triclinic

P-1

a= 10.9333(17)A

b= 11.2468(15)A

c= 14.0128(17)A
1574.5(4) A3

1

1.631 Mg/m3

1.246 mm-1
778

0.06 x 0.05 x 0.02 mm3
1.583 to 25.164°.
-12<=h<=13,-12<=k<=13,0<=l<=16

5477

5477[R(int) = 0.0724]

97.2%

Empirical

0.976 and 0.733

Full-matrix least-squares on F2
5477/ 312/ 375

1.144

R1=0.0885, wR2 =0.2374
R1=0.1087, wR2 = 0.2490

1.950 and -2.003 e.A"

o= 69.559(4)°.
B =77.274(5)".
y = 84.437(5)°.
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Table S2. Crystallographic details for Ru3

Crystal data and structure refinement for mo_LB353Cb-055.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =27.225°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Flack parameter

Largest diff. peak and hole

mo_LB353Cb-055
C41H7s Cl1 N;P;RuU,
1288.53

100(2) K

0.71073 A
Monoclinic

Cc

a= 18.725(2)A
b= 13.2472(18)A
c= 22.395(3)A
5543.9(13) A3

4

1.544 Mg/m3
1.212 mm1

2640

0.12 x 0.12 x 0.03 mm3
1.822 t0 27.225°.

o= 90°.

B =93.657(5)°.

y = 90°.

-24<=h<=24,-16<=k<=16,-28<=|<=28

17328

17328[R(int) =?]

96.9%

Multi-scan

0.965 and 0.742
Full-matrix least-squares on F2
17328/ 644/ 721

1.075

R1=0.0768, wR2 = 0.2078
R1=0.0814, wR2 = 0.2148
x=-1.2(2)

1.283 and -0.956 e A3
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Table S3. Crystallographic details for Ru5

Crystal data and structure refinement for mo_LB337_04.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Reflections collected
Independent reflections
Completeness to theta =24.818°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

mo_LB337_04

CsoHe1ClsN,P,RU;

1202.23

100(2) K

0.71073 A

Monoclinic

P2(1)/c

a= 10.2885(16)A a= 90°.
b= 36.990(7)A
c= 13.802(2)A y= 90°.
5095.8(15) A3

4

1.567 Mg/m3

1.060 mm-1

2448

0.08 x 0.03 x 0.03 mm3

1.101 to 24.818".

8537

8537[R(int) =?]

97.1%

Empirical

0.969 and 0.526

Full-matrix least-squares on F2

8537/ 312/ 670

0.908

R1=0.0793, wR2 = 0.1620
R1=0.1823, wR2 = 0.1997

1.476 and -1.867 e.A"3

B = 104.031(5)".
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Table S4. Crystallographic details for Ru8

Crystal data and structure refinement for mo_LB326 Om.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =34.889°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

mo_LB326 Om
CsoHgoCL4N,P,Ru,
1094.88

100(2) K

0.71073 A
Monoclinic

C2/c

a= 19.7175(12)A
b= 13.6257(8)A
c= 19.4388(12)A

a= 90°.

B=111.7051(15)°.

v = 90°.

4852.2(5) A3
4

1.499 Mg/m3
0.945 mm-!

2240

0.25x0.10 x 0.07 mm3

1.863 to 34.889°.
26<=h<=31,-21<=k<=21,-28<=1<=30
50883

10063[R(int) = 0.0232]

94.9%

Empirical

0.937 and 0.86

Full-matrix least-squares on F?
10063/ 17/ 304

1.059

R1=10.0282, wR2 =0.0677
R1=0.0356, wR2 =0.0734
1.534 and -0.625 e.A"3
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Table SS. Crystallographic details for Ru9

Crystal data and structure refinement for LB327b-05.

Identification code LB327b-05

Empirical formula C25H32CI2NPRu

Formula weight 549.45

Temperature 100(2) K

Wavelength 1.54178 A

Crystal system Monoclinic

Space group P2(1)/c

Unit cell dimensions a= 10.0527(5)A a= 90°.
b= 14.1683(7)A B = 100.4265(14)°.
c= 17.5477(9)A y= 90°.

Volume 2458.0(2) A3

A 4

Density (calculated) 1.485 Mg/m3

Absorption coefficient 7.860 mm1

F(000) 1128

Crystal size 0.15 x 0.15 x 0.10 mm3

Theta range for data collection
Index ranges
Reflections collected

Independent reflections

4.037 to 68.287°.
-11<=h<=11,0<=k<=16,0<=I<=21
4276

4276[R(int) =?]

Completeness to theta =68.287° 95.1%
Absorption correction Multi-scan
Max. and min. transmission 0.507 and 0.39

Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

Full-matrix least-squares on F2
4276/ 13/ 280

1.115

R1=0.0322, wR2 = 0.0933
R1=0.0336, wR2 = 0.0948
0.931 and -0.935 e.A3
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Table S6. Crystallographic details for Rull.

Table 1. Crystal data and structure refinement for Rull.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =29.68 °
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigmal(l)]

R indices (all data)

Largest diff. peak and hole

LB133
CegHsgCloFe,N,P4RuU
1310.71

100(2) K

0.71073 A

Monoclinic

P2(1)/c

a= 24.374(2) A

b= 11.4323(10) A

c= 21.033(2) A
5572.5(9) A3

4

1.562 Mg/m3

1.039 mm!

2680

0.12 x 0.06 x 0.04 mm3
0.88 10 29.68 °.

a= 90.00 °.

B = 108.050(3) °.

y = 90.00°.

-25 <=h<=33,-9 <=k<=15 ,-29 <=I<=24

51897

15625 [R(int) = 0.0771 ]
99.0%

Empirical

0.9596 and 0.8855
Full-matrix least-squares on F2
15625/0/712

1.037

R1=0.0490, wR2 =0.0907
R1=0.0928, wR2 =0.1070
0.724 and -0.809 e.A-3
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Table S7. Crystallographic details for Rul3

Crystal data and structure refinement for Rul3.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =30.570°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

LB129_Om

C46H45C|10FeN PzRUz

1286.26

100(2) K
0.71073 A
Triclinic

P-1

a= 10.3629(7)A
b= 13.5134(9)A
c= 18.8728(13)A
2517.0(3) A3

2

1.697 Mg/m3
1.505 mm1
1284

0.15 x 0.10 x 0.04 mm3

1.575 to 30.570°.

o= 82.317(2)°.
B = 84.668(2)°.
vy = 74.300(2)".

-14<=h<=10,-18<=k<=19,-26<=I<=22

32494

14486[R(int) = 0.0274]

93.9%
Empirical
0.942 and 0.779

Full-matrix least-squares on F2

14486/ 36/ 634
1.038

R1 =0.0390, wR2 = 0.0963
R1=0.0521, wR2 = 0.1051
1.696 and -1.288 e.A-3



Table S8. Crystallographic details for Rul4

Crystal data and structure refinement for mo_LB96_0m.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =30.168°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Flack parameter

Largest diff. peak and hole

mo_LB96_0m
C75HgsB,Cl,FsN,OP4RuU,
1601.99

100(2) K

0.71073 A
Orthorhombic

P2:2:2;

a= 10.3175(8)A

b= 19.2105(12)A

c= 36.437(3)A
7221.9(9) A3

4

1.473 Mg/m3

0.647 mm1

3288

0.20 x 0.08 x 0.08 mm?3
1.540 to 30.168".

a= 90°.
B =90°.
y = 90°.

-13<=h<=14,-25<=k<=27,-50<=I<=50

130627

19482[R(int) = 0.0395]
93.6%

Multi-scan

0.950 and 0.874
Full-matrix least-squares on F2
19482/ 471/ 993

1.040

R1=0.0252, wR2 = 0.0527
R1 =0.0285, wR2 = 0.0540
x =-0.022(5)

0.435 and -0.366 e.A"3



3. NMR spectra
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Ru2

'H NMR (400 MHz, CD,Cl,)
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Ru5

'H NMR (500 MHz, CDCl;)
133 RITRGER AT

Resegr

_PPh,
N 2

SE'0—

80

€8°0

96~
v~
s

AN

€S \
€S

8€'L
6E°L
6€°L
6E°L
6E°L
ov'L
ov'L
e
WL
WL
WL
WL
WL
L
€L
€L
L

roomrield 30

N

NI

NNNRN
/tops]

ICIQ_1H12p8s

oT'E| o

Fooz| ©

IR l\J . _,LJLUM J I

T

3.0

3.5

4.0

5.0

6.5

— 9| w

f1 (ppm)

13C{'H} NMR (126 MHz, CDCl;)

LB-337 13C{1H}.2.fid
13C{1H} Experiment

9541 —
PSTTN
082~

0z7'0f —

10

20

30

58-9¢
68°9€
VNNM\

40

NHAmv.

9T'1S

50

60

70

f1{(ppm)

Eua
z0°98
€16
ot~
15¢6 7

90

10p

11D

120

80°8ZT

ELCIAR

Y9 0ET\©
99°0€T
LTEET

SE'EET
26°EET

)
el
<
Iz}
-

n. \.'

150 140 130

160

3IP{'H} NMR (CDCl)

1b337 31P crude.10.fid
ResearchGroup Shafir

-50 -60 -7C

-40

-30

-20

-10

10

20

30

i (ppm)

Figure S5

40

50

£9°€9 —

6p

80

90

pspin Ibrdomfield 30

ICIQ_31P{1H} CDCI3 /opt/

110 14

120

S14



Me  Me
Pr’@\, \®\iPr

CI.‘\\T\Q CI/Rl

~,

&

“cl

PhoP ,;1/><\']‘/PPh2
Me Me Ru6

>
b352a IPIPR QLA LRRNRNI NN YFYIFFFLY PADVOONNNOOMONNNSTANONGAN = DD OO ko
SRR R NRRNNNNT T EELCELCECECTTITINMMMNMMONOMOMMOMOOOOQQO®ROlnin T < TSN Qe N
Research@atiprShefik N N N NNNNRNKNRNRNNNNNNNNNNKN NRNNNNNNNNNduusuuadaddqgaaaa - =
ICIQ_1H12p85 D2t optiespepii-Drobpificlin e —_—— —t ~ ="

i
2.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
[(

5 2.0 1.5 1.0 0.5

@)

13C{'H} NMR (126 MHz, CDCl;)

1b352 a 1H.11.fid BRENI 88 | oD n nP-lon h oo
ResearchGroup Shafir ) %' g’ 0 0 Ss S 2 r T : : ] g ; ; N g : E
ICIQ_13C{1H}512s|{CDRAI2 foptjtopshindbrosmpeld & g 5| 8B % 3 TYARA N
A v | \ o A
Lo ‘ l A A ' |
R T W W D Ll L , ¥ Tx RO TR P i Al i
T T T T T T T T T T T T T T T T T
170 160 150 14 13 12( 110 100 90 80 70 60 50 4 30 20 10 0
r1 (ppm)
3IP{'H} NMR (202 MHz, CDCls)
1b352 a 31P.11.fid g
ResearchGroup Shafir -
ICIQ_31P{1H} CD2CI2 /op/topspjn Ibroomfield 51
J (R
T T T T T T T T T T T T T T T T T T
87 86 8p 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70
f1 (ppm)

2DgHSQCped (CDCl)
" [ P ] l ‘“l AJ ;

1b352 a 1H 13C.11.ser f 0
ResearchGroup Shafir
—= ICIQ_2DgHSQCped CD2CI2 /opt/topspin Ibroomfield 51 - L20
E = 40
3
] . 60 Q
a
-
rso &
] 100
120
f— &2

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
2 (ppm)

Figure S6

S15



\

e

of \
Phy Me

P

Ru7
CD,Cly)

>

'"H NMR (500 MHz

1b352C 1H.10.fid

vou
160
+0'T
90T
12T
8
9zt
1
8e'T
6€°T
651
es1
S8'T\
88’1 —

€T
ve'e V
rar4
Lee
8T'C

62T
6C°C
TeC

(/A4
€€~
ﬁo.mg
0'S
505
90°'s 1
8T's 1
61°6 |
vT'S
ST'S
(44
(494
€€L
€€°L
S€L
SEL

—TT—

J

SEL
LE°L
8€L
8€L
8€L
6£L
6
6E°L
oL
TvL
vbL
SPL A
9b"L |
'Ly
Ly'L
VA VA

8v'L

8vL

n

L

%Bé

80

+EzoT

60
me.o

0.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

7.5

f1 (ppm)

—lo ¥
a0
NN N

1 ™
oo
NN

ResearchGroup ShafirN N N [N
ICIQ_1H12p8s CD2CI2 YoptAq)

8.5

9.0

BC{'H} NMR (126 MHz, CD,Cl,)

1b352C 13C.10.figd

5591 —
66°02
€92z~
v8'ET
6252
86'62 ~

10

20

£8°TEN.
€9°bE ~

4D

50

T
7 56 55 54 53 52

%

+8'79 —

60

70

1548 77
$0'98
18'68

80
f1 (ppm)

90

€026
°T96 .

100

130 120 110

140

T
63 62 61 60 59 58

‘f

T
68 §7 |66| 65 6

ppm

L6°0L —

T
75 74 73 72 71 70 69

T
76

%

ResearchGroup $hafi
ICIQ_13C{1H}512s(dD!

\
wmmwwuw b

15D

160

3IP{'H} NMR (202 MHz, CD,CL,)

1b352C 31P secopd.10.fid
ResearchGroup $hafir

ICIQ_31P{1H} CPCI3 /opt/topspin Ibroomfield 3}

T
84 83 82|81 80 79 78

S16



b i A . JJA |
£/1b352C 1H 13C.10.ser ‘ Fo
= ResearchGroup Shafir
—= ICIQ_2DgHSQCped CD2CI2 /opt/topspin Ibroomfield 53 ©
. .7
—— ol e
: i . 50
E €
g
3 @
= ° °
= s @
= 100
3
=
@
P
L 150
=
T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f2 (ppm)
VT 'HNMR (500 MHz, CDCl3)
|
LB352C.14.fid
1H experiment, 328 K }U U | M/J L7
U i / :‘. A A A oa AN .
LB352C.12.fid
1H experiment, 318 K 6 L6
M Al ]i‘th A ﬂ A A Ar
LB352C.2.fid \
1H experiment, 298 K 5 Aj ‘ Ls
M| : LV - A S
LB352C.4.fid
1H experiment, 273 K 4 ﬁ \ L4
i A .
LB352C.6.fid
1H experiment, 253 K 3 ﬂ L3
—~ AN
LB352C.8.fid
1H experiment, 233 K 2 L
~ ., A\ . 2
LB352C.10.fid
1H experiment, 213 K 1 L1
A
T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 / 6.5 6.0 5.5 5.0 4.5 \Q 3.5 3.0 2.5 2.0 1.5 1. 0.5 0.0
f1 (ppm)
Figure S7

S17



S18

T

trans ax.
QQ

. LUA

Wl

Figure S8

o EEN (wdd) 13
3 [° g g g
re - Q o ) - -
re | . | .
o LS 2
LS °
. = n
8ELT N\ i n
| v S6'8T — LR IS
S mm.ow% =]
12T . 2 L3
. e | o
Poze| © ¥1°9C =} 2
o[ ™ 60°08 7 £ | a
€T -3 o™ n
| w 3 =) <]
— B <
1 < L[ 4
22 N ra —_— 0 o
|~ o i
N E Fm < . -
00Es— A
. 3 = = i
ﬁﬂN\Z =) —
=
. - JE— o
] - [ N
Fe E o N
3 -~
Ts; = [S)
wn - n
L@ < |3 =] o N
| o 8678\ _3 = o
< 16'98 ~ — -
76'68 ~ < 8
86'16 - — o
FE sewes - o
o~ ~
-~ - =S ~
<Dyvor £ m =5 a €
01| of o oa oa
Lotz 1B i 3 - F = T8
ort| & 01°80T — —3 L[38¢ = ~
in [ Y24 b3 - =
L@ 3 o n
i 6T 3 =5 2
80°82T | L | ]
o 1821 -
R0 : 2 ] . o
hieid E €509 — o = . "
LTOET : = = "
L2 16081 T — "
60T /f 3 FR 3
p—— =
TrTer z o
L2 £5°2€T 3 3 °
Rore A~ LEEET 3 — L S
e — LrEeT £ o
:wm @) P9, = =] @) n
P [ 99l 3 A o -8 ©
e © 2 ¥ g O ¢
& Z., m 1 — Z., m a (=}
< (= L o ~
w £ 3 4 o T e —
[~ = -3 |-
= 5 s = 5 s U == LA
— ] £ - -1
le o > s— & A = f
= % g @) o
o — — S o A
~ < N > L N 0
0. = g =
Lo ~ 8 3 o o s 2 w
S &0 B <9 0
T » 3 980 o ©
oA = el 1) @]
s Z&ad Z, =8 9
% -—-R]%% ] Bsx o4
o) GoF . IR 0%% o W =]
. TRE% T gsc e 2 , | °
] T A S {%mS, =h) i !
O reo 3 [N A~Ego o A
e ®oY0 —~ Qa0
P E 3 - 2axX Lo [\l




i

iy
T
0

-40
S$19

-30

-20

410

i

1

Ru9

1.
RN

ReseaxchGroup h

iPr
%,
k |
in- PP
pETetet

A

/
Ru

cl—

'H NMR (500 MHz, CDCl;)

RIFEHES

ICIQ_THT

Me

10

20

30

40

1| lppm)

50

S
o
n -
ro
0'9
6'S o TsLT — o
o 9€°TZ~\_ Fe
66'4C
20°sz Y
0 o
- £1°0g — L Q
Feezl 2
N o
<
In .
L w© vT'Sh
Fgeo| N Nm.?v
796'0 o
B rwm
Fe6'0 o
()
o
n r o
(s
S) o
L2 L
€
> £7'98
L [=%
T o 87'98 > °
=68'T — oﬁ.ﬁmv r o
n* 0z'16
o 8'c6 7

T
100

19°09 —

6.0

Figure S9

60

£8°L0T —

6.5
110

70

01'87%

81'87%

7.5

Tm.m = 50068\

LL0€8

90

TT°€EE
mﬂ.mmwﬂ
b SER

8.0

%ﬁmﬁ r

100

110

I3 /opt/topspin Ibroomfield 10

ssbiom Wﬂumewavw wmwwmwwmmwl—'—‘LWLW
f1 PPm)éO

= =
el —
2 2
@] @]
Mow.mmw M
L © S N
© N 8 =)
o ~ 2
~ © W ~—
o he] (o} L -
o Rumw a Rm,l.
=054 > 5
Z ol o Z &6
\% ~—2 3T + o 3uWJ
o] — =1 ~— 2
mEsT F2T
— N..mx Hm.mw
S Urnig o anig
L IN N oo
= T 285 S = 280

120

130




/

u
cl— %,

lc
/\N/PPh2

K Rul0

'H NMR (400 MHz, CDCl;)
bRPBHEBBEW RS SRB K/ M0 2&&& ANELEIRIRBEBITBSTRD 8583
ReséaxchGroup Bhafick N N N N N N N N N [ Mmoo mmoNNNNNNN NS ~ 000
ICIQTHIss eteRpopriaopspih Ibrdpmfietd 81 ~ TSI N\ =———"""F ~ N

J A "\ l A Y
—— Fi !
o] ® <
8 B g
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5.0 4.5
f1 (ppm)

13C{'H} NMR (101 MHz, CDCl;)

1b414 13[C cdi3 2.]olfid 28Rk ¥ =] © 0T~ b 6 NN~®o
ResearcfGrolp Sni sgaRE (15 |2E%3 3% 8 nREg
ICIQ_13C{1H}5129 GDCI3 /opt/topspin Ibroomfield 81 o — O G © © < ¥ ® N

A NN RN

l ..A,'AJ "l 4 " " m TN e

Y [ " " L o "

T T T T T
210 200 | 90| 80| 170 10 150| 140 1#0 12 110 0 9 80 70 60 50

1
f1 (gpm)

3IP{IH} NMR (CDCls)
Ib414 31P cdcl3{10.fid

ResearchGroup [Shafir
1Q_31P{1H} €DCI3 /opt/topspin Ibroomfie|d 80

75.33

145 140 13§ 130 125 120 11510105\@ 95 90| 85| 80 75 70|65 [60 55 50 |45 40 35(30 25 20 15 10 5 O -5
f1 (ppm)

Figure S10

S20



Ph,Cl Ph;
Pr—Nz PRI SN—iPr

\Pv | \P/
Ph2C| Phy Rull
'H NMR (400 MHz, CDCIy)
LB147B DCM crystals IHPBIZ F L B H]RAJZ L NS EERREEE 88
1H experiment, 12 ppm, doscaisy N N N N NN N NN N MMM mm e m -
Te— = == Y

PE———
e

48.09+(~

=5 914F

T
9.5 9.0 8.5 8.0 7

13C{'H} NMR (101 MHz, CDCl;)

>
LB147B DCM crystals 13C.10.fid FICoBIBIRR
13C{1H} experiment, 32 scans 1 W W11 1 A G G O

21 1.00{}

T T
7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 .0 0.5

f1 (ppm)

56.23
24.64

180 170 160 150 140 130, 120 #13 100 90 80 70 60 50 40 3D 20 10 0
f1 (ppm)

3IP{IH} NMR (162 MHz, CDCl)

LB147B DCHi crystals 31P.10.fid
31P{1H} riment, 16/ scans

8.96

T T T T T T T T T T T T T T
104 102 109 98 96 y 92 90 |88 8 84 82 80 78|76 74 72 70||68 66/ 6# 62| 60 ||58 56 54 52 50/ 48 46 44 42 40

f1 (ppm)

Figure S11

521



Ph,Cl Phy Fe

"R I WP~
@wf’; WS-
Cl Ph,
@ Rul2
'H NMR (500 MHz, CDC13)

LB132 etoh insol 1H.10.f 5 3 3 3 & M

~ RRRRRRR
ICIQ_1H12p8s CDCI3 /opt/topspi bro}

3.78

ResearchGroup Shafir

16.93] (e

7.63 = f=—

Q.50 T

T T T T T T T T T T T
9.0 8.5 8.0 7.5 6.0 5.5 5.0 4.5
f1 (ppm)

3C{'H} NMR (101
Ib132 etoh insol 13C.10.fid
13C{1H} experiment, 32 scans

HZ CDC13)

61

134.70
134.67
134.63
135,

N\ 129.73 ¥
126.88
126.85

L
Y

Mm\

N My

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
160 150 140 1BO 120 10 100 90
f1 (ppm)

T
70

3IP{IH} NMR (202 MHz, CDCl)
LB132 etoh | 31P.10.fid
ResearchGre Shafir
ICIQ_31P{1H} CDCI3 /opt/topspin

NS
up)
H}

86.95

mfiel

br

N | 4

lalbd) iy

T T T T T T T T T T
121 10 1 70 60
1 (ppm)

Figure S12

T
150

S22



Me

c|:|
PhyPi, oy —Cl
'Ru; N
Nep?  CSRU~
Fe Ph cl
2

iPrRu13
"HNMR (400 MHZ, CDCl;)

LB129 ethanol insoluble 1H.10.id 5 88 EZ 3 BB TBITTARLARARIIRAANANINGBSBNIRR | 2
ResearchGroup Shafir BBBOBBNNNNNNNNNNNNNNNNNOBOOBUBOOmommoga S o
ICIQ_1H12p8s CDCI3 /opt/topspin |broorifidig’ 80\ ——————————— o= — | |2 e | N

i
C
S

D.02 T

y
& “1 5 JIWM_ n
T " 7 Ty
m o N - ot N o o
g R I 3 ]3B g 3 R
T T T T T St T T T = T T o= T T T T T T 1
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 B.5 3. 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
f1 (ppm)
BC{H} NMR (126 MHz, CDCls)
LBRRFIBB s RN AR OERETRS 2R R w e olpom= © 0w
136{#H¥ Experimentai [l Aol 6l S G NN N N N N tmoR =t n N < o Mo
Mt M M M N M e NN NN NS SSou a g dhna N = RN
g gttt Qi | IR URU IR A A R A 2223 R SRR ™ RN
e WY RN 7\ \ e loN

T T
75 70/ |65 60 55 50 4 #0 35 30 25 20 15 1 5

T T T T T T T T T T
55 150 145 14 * 5 130 125 120 115 110 105 100 95 B0 8%

f1l

3IP{IH} NMR (162 MHz, CDCl,)

1b129 31P full.10.fid
31P{1H} experiment,|16 scans

91.76 ;;y— i
o
3 —
By

T T T T T T T T T T T T T T T T T T
135 130 | 125 120 i 110| | 105 | 100 |93 9p 85 80 75 70 65 60 55 50 45
f1 (ppm)

Figure S13

523



Me

=

iPr \
B~ BC?:4
N
Ph,P" |4’Ph
/ 2
/N/
iPr Rul4
'"H NMR (500 MHz, CD,Cl,)
IBR AR SR RN SRR RRRARRRR B BCEEeehhnGRRARARRINREAGRRRAREEBERGE{TIARR
RésgarchSroipShafif NN NN NN NKNNNRKNNNNNRNNERNKNNNRNNNNRRKNNNNRNNNNRNNOG B BBaomm0nocdNNA--060
1Cro— R S M S L S L
’ﬂ ll ) I e J. I}
A L T ? T 3 > T
N N O 2] ™ o)) g o
=} - — he! < qi N
T T ~ T T T Vv ~ T T T T ™ T T b T L T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
13C{'H} NMR (101 MHz, CD;0D)
LB182 MeOH bl 13C.10.i R B[R[T R KT LB Y2 2 ol & N o @ 0o
13C{1H} expefiment, 1024gcan TI¥(Y niold S dany o N| i Moo 2 aRa
i s ] i e S T R T [ B IR 555 & RS
T\ | FF=——T Ml ~ (N
L | L All " [— - ‘ l||.L "
RO G A S R AR 1) P R A TR s TR . ‘
T T T T T T T T T T L T T T T
170 160 150 14p 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
3IP{IH} NMR (202 MHz, CD,Cl,)
Ib351 1H crykfals.11.fid &
ResearchGrolip Shafir b
ICIQ_31P{1H} D2CI2 /opt/topspin Ibroomfield 50
. |
T T T T T T T T T T T T T T T T T T T
50 140 130 120 110 1p0 90 8 70 60 50 40 3 20 10 r10 -20 -30 -40 -5
f1 (ppm)
YF{!H} NMR (376 MHz, CD;0D)
LB182 MeOH sol 19F.10.fid Rg
19F{1H} experiment E §
\/
R
T T T T T T 0 T T T T T T T T T T
-152.0 -152.,5 -153.0 -153.5 -154.0 -154.5 -155.0 -155.5 -156.0 -156.5 -157.0 -157.5 -158.0 -158.5 -159.0 -159.5
f1 (ppm)

Figure S14

S24



&
U~
- Cl BF4
PhaP APh
/ 2
@/N/
Fe
Rul5
"H NMR (400 MHz, CDCls)
b35S Fe IS BBRREEBITRAARFTLRLIIEEER BRRTYST 888 I8 39
ResearchGroup Shaficd N N N N N N KN NN NN [(NNNNKNGOWn®m BEmmam NN - 1
ICIQ_1H12p83 ChTsjoptopiptmtimemisimngte—t——— N |~ —~ = N~ ~ /]
JU’J\) L(I Ah J‘L A1 Ak s
T T AT T T T
N o — o © <+ =)
o oo coe “ < <
T T T T T —— T T == T T T O T = e T = T T T 1
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1o 0.5 0.0 -05 -1
f1 (ppm)
BC{'H} NMR (101 MHz, CDCls)
b1328 ETOH shl 13¢. 104 LYBRI3YNELAN] al | o 00w fe me
13C{1H}} pxperiment, 512 |scans mmmugg;g hhh -S < g :!O.ﬁ 22 Ng,
JAAJRiA IRt g M Rt R Rt R N M & & IS Am IR
===\ (A= I I SA NN

135.14
135.08
132.80
= 13274
\ 132,60
13145
13073
—129.09
127.85

1% <

i

1

§> 13363
L

5

é' .
£

r

127.73
— 126.39

T T T T T T T
135 134|133 (132 131|130 129 128 12Y 126

T T T T T T
00 90 (180 yo {60 150 40 130 | 120| 110 10({1 9Hﬂ
lj

PP)
3IP{IH} NMR (162 MHz, CDCl,)

1b355 Fc 31R.10.fid 3
ResearchGrqup Shafir 4
ICIQ_31P{1H} CDCI3 /opt/topspin Ibroomfield 77 |
N " L T - L . . , ! h
" A7 o e aming u u ey " e
T T 1 T T U T T T T T T T T T T T T T
140 130 120 110 100 D0 80 70] 60 50 40 30 20 10 0 10 20 -30 -40 -50
f1 (pprp)

Figure S15

S25



\ trans eq.
iPr Ru-Cl
S WY
- ~
P\ | ~PPh
Ph, Me Me \ CI
N
cl—Ru
\
Me
= [-340
[-320
“I 300
J
r { 280
.‘"“I | 260
| |
. I
{220
[-200
180
160
140
120
I 100
[-80
1
[60
| i i [-40
1 i | 1
Il | 20
|
_ A 1
T I pigay T G B S T H-20
o M . . — ‘ ‘ ———— T :
8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)
Ib464 DMS 31FR.10.fid
ResearchGroup Shafir Las
1aQ_1H12p8s DMSO /opt/topspin Ibroomfield 90
Me
iPr \
RU(L?)’? I35
NoWhosphino amine
30
r25
r20
ris
10
s
/ LL |
L’ / o “——-JLJ_,J‘ UL‘“-\-\--»._/’U""\_J.-_J AV

ro

T T T T T

4.0 3s 3.0 25 2.0 15 1.0

T T
75 7.0 65 6.0 55 5.0 45
1 (ppm)

Figure S16. 'H-NMR data for the disproportion reaction of Ru7.
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Figure S17. Analysis of a MeCN solution of Ru7 by HRMS.
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