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1. General Information

For preparing and handling air-sensitive phosphines and complexes, positive nitrogen and
argon flow was used (standard Schlenk-techniques). Solvents were degassed previously for all
reactions and measurements when it was necessary. Reagents for carrying out synthetic steps
were purchased for Sigma Aldrich, TCI, Strem, Alfa Aesar, Acros Organics. Purifications by
flash column chromatography were carried out on Merck Silica Gel 60.
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For the NMR data Bruker AV500 (*H 500.1 MHz, $3C 125.7 MHz, *°F 470.6 MHz, 3P 202.4
MHz), Bruker AV400 and BBFO 400 (*H 400.1 MHz, **C 100.6 MHz, °F 376.5 MHz, 3P
162.0 MHz) instruments were used for the characterization of new compounds and the
coordination study. Chemical shifts were reported in ppm by using internal standard TMS for
'H NMR measurements, CDCls; for 3C NMR measurements, external standard HzPO, for !P
NMR-measurements and CFCl; for °F NMR-measurements. HRMS data was recorded on
Waters Q-TOF Premier spectrometer by using ESI positive mode. Elemental Analysis was
carried out on PerkinElmer CHNS/O Series Il 2400 EA instrument. The determination of ee
was performed on Agilent 1200 Series chromatograph with Daicel Chiralpack ID and IF
columns in n-hexane-isopropanol solvent system. Optical rotation measurements were
performed on Jasco P-1030 polarimeter using the D-lines of sodium (589 nm) as light source.

(R)-1, (S)-2 and (R,R)-7 complexes were prepared as described in literature?.

Ph

A Ph,y
‘N H.Co P MeO,C CO5Me
N @/NCMe 3 \ @/NCMe z) 2

Pde Pde MeO,C K@\)\COZMe
OO o NCMe OO o NCMe thP—>PId<—PPh2
ClO4 ClO,4 OAc

(R)-1 (R)-2 (R,R)-T

HsC

Caution! Perchlorate salts of metal complexes are dangerous as being potentially explosive
compounds. Those chemicals must be handled with care.

2. Experimental section

Preparation of isoquinoline-1-carbaldehyde (4)?

(0] O\,o
) o N
0._O
m TBHP, TFA SN HCl(aq) SN
=~ acetonitrile, = reflux =
f
3 retiux 3a 4

Isoquinoline (5.4 mmol, 0.70 g, 1.0 equiv.) was dissolved in 35 ml acetonitrile, then trioxane
(488.6 mmol, 44.01 g, 90.0 equiv.), tert-butyl hydroperoxide (11.13 mmol, 1.02 g, 2.1 equiv.),
trifluoroacetic acid (5.4 mmol, 0.62 g, 1.0 equiv.) and iron(Il)sulfate (0.27 mmol, 0.04 g, 0.05
equiv.) were added and the solution was refluxed overnight. After the reaction was complete
(monitored by TLC), volatiles were removed by evaporation, saturated sodium bicarbonate
solution was poured on the residue and extracted with diethyl ether. The organic layer was then
washed with brine, dried and evaporated.

The isolated crude acetal was refluxed at 110 °C in 20 m/m% HCI solution for one hour and
neutralized at 0 °C with sodium carbonate. The aqueous solution was extracted with
dichloromethane, the organic layer was washed with brine, dried and evaporated. The obtained
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crude material was purified with flash column chromatography on silica gel (n-hexane/ethyl
acetate 2:1 to 1:1) to collect the pure product.

4 red-brown solid. Yield: 49%.

IH NMR (500 MHz, CDCls) § 10.40 (s, 1H, CHO), 9.32 (dd, 3Jun = 8.4, 4.3 Hz, 1H, ArH),
8.76 (d, 3Jun = 5.5 Hz, 1H, ArH), 7.97 — 7.84 (m, 2H, ArH), 7.83 — 7.75 (m, 2H, ArH); 13C
NMR (126 MHz, CDCl3) 8 195.68 (s, 1C, CHO), 149.85 (s), 142.47 (s), 136.91 (s), 130.79 (s),
130.06 (s), 126.96 (s), 126.36 (s), 125.75 (s), 125.52 (s). HRMS (+ESI) m/z: (M + H)" calc’d
for C10HsNO, 158.0606; found, 158.0608. Anal. Calc’d for C10H7NO: C, 76.42; H, 4.49; N,
8.91. Found: C, 75.76; H, 4.77; N, 8.73%.

Preparation of dimethyl 2-(isoquinolin-1-ylmethylene)malonate (5a)3

MeO (@)
O\ 7 0
dimethyl malonate e
- > >N Me
condensation
= =
4 5a

4 carbadehyde (5.60 mmol, 0.89 g, 1.0 equiv.) and dimethyl malonate (6.52 mmol, 0.86 g, 1.15
equiv.) were dissolved in 40.0 ml benzene and heated to reflux temperature. N-methyl
piperidine (0.85 mmol, 0.08 g, 0.15 equiv.) and benzoic acid (0.42 mmol, 0.05 g, 0.075 equiv.)
were dissolved in 10.0 ml benzene and added to the boiling solution of the starting material and
the malonate. The solution was refluxed overnight with the use of Dean-Stark apparatus and 4
A molecular sieve. After the reaction was complete, saturated aqueous sodium bicarbonate was
added to the solution and extracted with DCM. The combined organic layer was washed with
brine, dried and evaporated. The residue was purified with column chromatography on silica
gel (n-hexane/ethyl acetate 4:1 to 2:1) to afford the pure diester.

5a yellow-brown solid. Yield: 52%.

!H NMR (500 MHz, CDCls) § 8.57 (s, 1H, ArH), 8.55 (d, 3Ju = 5.5 Hz, 1H, ArH), 8.31 (d,
8Ji-n = 8.4 Hz, 1H, ArH), 7.87 (d, 3Jun = 8.0 Hz, 1H, C=CHAr), 7.78 — 7.60 (m, 3H, ArH),
3.92 (s, 3H, COOCHBa), 3.90 (s, 3H, COOCHs3); 1*3C NMR (126 MHz, CDCl3) 8 167.22 (s, 1C,
C=0), 164.43 (s, 1C, C=0), 150.11 (s, 1C, N=C-CH), 142.40 (s), 136.54 (s), 136.11 (s), 130.39
(s),130.30(s), 128.23 (s), 127.78 (s), 127.53 (5), 123.89 (s), 122.49 (s), 52.92 (S, 1C, COOCH3),
52.45 (s, 1C, COOCHpgs). HRMS (+ESI) m/z: (M + H)* calc’d for C15H14NO4, 272.0923; found,
272.0923. Anal. Calc’d for C1sH13NOa4: C, 66.41; H, 4.83; N, 5.16. Found: C, 66.15; H, 4.15;

N, 5.16%.
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General procedure for the preparation of diethyl, diisopropyl and dibenzyl 2-
(isoquinolin-1-ylmethylene)malonates (5b, 5¢, 5d)*

RO.__O

O\ = 0

Malonates
AN : AN N OR
condensation

=

4 5b R=Et
5¢ R="Pr
5d R=Bn

TiCls (2.0 mmol, 2.1 equiv.) was dissolved in 1.5 ml CCl4 and this solution was added dropwise
to 12 ml THF at 0 °C. Upon the yellow adduct appeared, 4 carbaldehyde (0.95 mmol, 1.0 equiv.)
and the corresponding malonate (0.95 mmol, 1.0 equiv.) were dissolved in 2.0 ml THF and
added to the TiCls solution dropwise. THF solution of pyridine (16.0 mmol, 16.6 equiv.) was
also added to the reaction mixture, which then was stirred under nitrogen at 0 °C for 1 hour and
further at rt until the reaction was complete. Upon completion the reaction mixture was
quenched with 10.0 ml H20, then 20.0 ml ethyl acetate and Na>COz(ag.) were added (to adjust
the pH to neutral), and the solution was extracted with ethyl acetate. The organic layer was
further washed with NaHCO3z and brine, then dried and evaporated. The resulting diester was
the purified with column chromatography on silica gel (n-hexane/ethyl acetate 5:1 to 1:1) to
obtain the pure product.

Diethyl 2-(isoquinolin-1-ylmethylene)malonate (5b)

\ 5b is a brown oil. Yield: 29%.

020  IH NMR (500 MHz, CDCl3) & 8.53 (d, 3Jn-+ = 5.6 Hz, 1H, ArH), 8.52 (s,
O 1H, ArH), 8.28 (d, 3Jun = 8.5 Hz, 1H, ArH), 7.85 (d, 3Ju.n = 8.0 Hz, 1H,
NN OT C=CHAr), 7.74 — 7.62 (m, 3H, ArH), 4.39 (q, 3Jun = 7.2 Hz, 2H,
= OCH2CHa), 4.37 (9, 3Jn-+ = 7.2 Hz, 2H, OCH2CHs), 4.22 (q, 3Jun = 7.15
Hz, 1H), 1.38 (t, ®Ju-+ = 7.2 Hz, 3H, OCH2CHs), 1.31 (t, *Ju.n = 7.15 Hz, 3H, OCH>CHs), 1.24
(t, 3Jun = 7.1 Hz, 1H). 3C NMR (126 MHz, CDCls) & 166.57 (1C, C=0), 164.05 (1C, C=0),
150.44 (1C, N=C-CH), 142.21 (s), 136.47 (s), 135.52 (s), 131.17 (s), 130.32 (s), 128.12 (s),
127.68 (s), 127.48 (s), 123.99 (s), 122.29 (s), 61.90 (1C, COOCH.CHs), 61.34 (1C,
COOCH,CHs), 14.16 (1C, COOCH,CHs), 14.03 (1C, COOCH,CHs). HRMS (+ESI) m/z: (M

+ H)* calc’d for C17H1sNO4, 300.1236; found, 300.1236.
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Diisopropyl 2-(isoquinolin-1-ylmethylene)malonate (5c¢)

Y 5c is a brown oil. Yield: 38%

0.0 IH NMR (400 MHz, CDCl3) & 8.52 (d, 3Ju-+ = 5.6 Hz, 1H, ArH), 8.47 (s,
A~ 1H, ArH), 8.29 (d, 2Jn.n = 8.5 Hz, 1H, ArH), 7.85 (d, 3Jun = 7.6 Hz, 1H,
SN OY ArH), 7.76 — 7.63 (m, 3H, ArH), 5.32 (hept, 3Ju.n = 6.3 Hz, 1H,
pZ COOCH(CHz)), 5.22 (hept, *Jn-n = 6.2 Hz, 1H, COOCH(CHs)2), 1.36 (d,
8341 = 6.3 Hz, 6H, COOCH(CHz)2), 1.32 (d, 3J4-n = 6.2 Hz, 6H, COOCH(CHj)2), 1.28 — 1.20
(m, 1H), 1.16 (d, 3Jn-n = 6.3 Hz). 3C NMR (126 MHz, CDCl3) § 166.00 (s, 1C, C=0), 163.60
(s, 1C, C=0), 150.66 (s, 1C, N=C-CH), 142.05 (s), 136.44 (s), 134.92 (s), 131.97 (s), 130.27
(s), 128.04 (s), 127.63 (s), 127.45 (s), 124.09 (s), 122.16 (s), 69.59 (s), 69.54 (s, 1C,
COOCH(CHs)2), 68.77 (s), 68.69 (s, 1C, COOCH(CHa)2), 21.78 (s, 2C, COOCH(CHa)2), 21.61
(s, 2C, COOCH(CHs)z). HRMS (+ESI) m/z: (M + H)* calc’d for C19H22NO4, 328.1549; found,

328.1548.

Dibenzyl 2-(isoquinolin-1-ylmethylene)malonate (5d)

5d is a brown solid. Yield: 22%
©\ IH NMR (500 MHz, CDCls) & 8.57 (s, 1H, ArH), 8.33 (d, 3Jn.n = 5.5 Hz,
OF®  1H, ArH), 8.26 (d, 3Jun = 8.4 Hz, 1H, ArH), 7.84 (d, J = 8.1 Hz, 1H,
A>¢°  C=CHAT), 7.74 - 7.58 (m, 3H, ArH), 7.42 — 7.33 (m, 5H, ArH), 7.33
Sy © 7.26 (m, 6H, ArH), 5.35 (s, 2H, benzyl CH>), 5.34 (s, 2H, benzyl CH)>).
Z 13C NMR (126 MHz, CDCls) § 166.44 (s, 1C, C=0), 163.82 (s, 1C,

C=0), 150.07 (s, 1C, N=C-CH), 142.29 (s), 136.48 (s), 136.35 (s), 135.59
(s), 135.49 (s), 130.43 (s), 130.35 (s), 128.66 (s), 128.63 (s), 128.50 (s), 128.44 (s), 128.31 (5),
128.20 (s), 128.17 (s), 128.14 (s), 128.05 (s), 128.00 (s), 127.71 (s), 127.51 (s), 127.25 (5),
123.90 (s), 122.42 (s), 67.38 (s, 1C, benzyl CH>), 67.22 (s, 1C, benzyl CHz). HRMS (+ESI)
m/z: (M + H)" calc’d for C27H22NOa, 424.1549; found, 424.1549.
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General procedure for catalytic hydrophosphination on dialkyl and diaralkyl 2-
((diphenylphosphorothioyl)(isoquinolin-1-ylmethylene)malonates (optimization of
conditions; 6a, 6b and 6¢)°

RO O
RO.__O 7O
— (0]
SN OR catalyst
=

Diphenylphosphine (0.05 mmol, 9.31 mg, 1.0 equiv.) was weighed into a Schlenk flask under
positive N> flow and 2.0 ml previously degassed solvent was added. Malonate substrate (0.05
mmol, 1.0 equiv.) and the catalyst (0.0025 mmol, 0.05 equiv.) were added to the solution and
then the required temperature was adjusted. Upon the required temperature was reached, base
(0.05 mmol, 1.0 equiv.) was added dropwise to the reaction mixture. The reaction was
monitored by 3P{*H} NMR spectroscopy. Upon completion of the reaction excess sulfur was
added and the mixture was allowed to warm up and the volatiles were evaporated. The residue
was purified by column chromatography on silica gel (n-hexane/ethyl acetate 5:1 to 2:1) to
obtain the pure sulfurized phosphine product.

Dimethyl 2-((diphenylphosphorothioyl)(isoquinolin-1-yl)methyl)malonate (6a)

| 6a is a pale yellow solid. Yield: 86%
S IH NMR (500 MHz, CDCl3) & 8.40 (d, 3Ju-+ = 5.6 Hz, 1H, ArH), 8.11 (dd,
3Jun = 11.6, 7.0 Hz, 2H, ArH), 8.02 (d, 3Ju-n = 8.3 Hz, 1H, ArH), 7.57 (d,
SN TN 33,44 =8.1 Hz, 1H, ArH), 7.51 — 7.37 (m, 7H, ArH), 7.35 (d, 3Jnx = 5.0 Hz,
1H, ArH), 7.04 (t, 3Ju-n = 6.7 Hz, 1H, ArH), 6.91 (m, 2H, ArH), 5.83 (t, 3Jn-
n, 3Jup = 10.2 Hz, 1H, CHCH(PPh2)Ar), 5.28 (t, 3Jn-H, 2Jn-p = 10.7 Hz, 1H, CHCH(PPhy)Ar),
3.37 (s, 3H, COOCHg), 3.36 (s, 3H, COOCHa). 13C NMR (126 MHz, CDCls) § 168.46 —168.11
(m, 2C, C=0), 155.43 (d, 2Jp.c = 6.6 Hz, 1C, Ar, N=C-C(H)P), 141.29 (d, Jp-c = 3.0 Hz, 1C),
135.90, 132.46 (d, YJp.c = 9.7 Hz, 1C, Ar, P-CgHs), 131.93 (d, YJp.c = 10.1 Hz, 1C, Ar, P-CeHs),
131.61 (s), 131.10 (s), 130.96 (s), 130.86 (s), 130.48 (s), 130.31 (s), 129.53 (s), 128.21 (d, Jr-c
= 12.0 Hz), 128.00 (s), 127.40 (s), 127.31 (s), 127.17 (s), 127.14 (s), 124.50 (s), 120.13 (s),
54.40 (d, 2Jp-c = 3.0 Hz, 1C, CHCH(PPhy)Ar), 52.63 (s, 2C, COOCHy3), 44.84 (d, YJp.c = 47.3
Hz, 1C, CHCH(PPh2)Ar). 3'P{'H} NMR (202 MHz, CDCl3)  48.73 (). HRMS (+ESI) m/z:
(M + H)* calc’d for C27H25NO4PS, 490.1242; found, 490.1240. Anal. Calc’d for C27H24NO4PS:
C, 66.25; H, 4.94: N, 2.86. Found: 65.73; H, 4.80; N, 2.99%.

S6



Diethyl 2-((diphenylphosphorothioyl)(isoquinolin-1-yl)methyl)malonate (6b)

6b is a yellow solid. Yield: 58%

IH NMR (500 MHz, CDCls) & 8.39 (d, 3Ju-n = 5.6 Hz, 1H, ArH), 8.10 (dd,
3Jun = 12.1, 3Jpn = 7.3 Hz, 2H, ArH), 8.05 (d, 3Ju.n = 8.4 Hz, 1H, ArH),
7.57 (d, 3Jp-n = 8.0 Hz, 1H, ArH), 7.53 — 7.36 (m, 7H, ArH), 7.34 (d, 3Ju-H
=5.2 Hz, 1H, ArH), 7.05 (t, 3Jun = 7.0 Hz, 1H, ArH), 6.94 (d, 3Jn-n = 5.2
Hz, 2H, ArH), 5.85 (t, 3Ju-, 3Jup = 10.3 Hz, 1H CHCH(PPh2)Ar), 5.22 (t, 3Ju-n, 2Jup = 10.8
Hz, 1H, CHCH(PPh2)Ar), 3.95 — 3.63 (m, 4H, COOCH,CHg), 1.10 (t, 3Jun = 7.1 Hz, 3H,
COOCH,CHs), 0.76 (t, 3Ju-n = 7.0 Hz, 3H, COOCH,CH3). 3C NMR (126 MHz, CDCl3) &
167.79 — 167.08 (m, 2C, C=0), 155.79 (d, 2Jp.c = 6.0 Hz, 1C, Ar, N=C-C(H)P), 141.31 (d, Jr-
c = 2.9 Hz), 135.86 (s), 132.45 (d, *Jp.c = 9.7 Hz, 1C, Ar, P-CsHs,), 132.03 (d, Jp-c = 10.0 Hz,
1C, Ar, P-CeHs,), 131.50 (s), 130.78 (s), 129.49 (s), 128.11 (d, Jp-c = 12.1 Hz), 127.34 (d, Jpc
=12.2 Hz), 124.63 (s), 119.96 (s), 61.82 (s, 1C, COOCH,CHs), 61.41 (s, 1C, COOCH:CHj),
54.93 (d, 2Jp-c = 2.8 Hz, 1C, CHCH(PPh,)Ar), 44.80 (d, 1Jp.c = 47.3 Hz, 1C, CHCH(PPh2)Ar),
13.71 (s, 1C, COOCHCHj3), 13.65 (s, 1C, COOCH2CHs). 3P{*H} NMR (202 MHz, CDCl3) &
48.81 (s). HRMS (+ESI) m/z: (M + H)* calc’d for C2oH20NO4PS, 518.1555; found, 518.1555.

Dibenzyl 2-((diphenylphosphorothioyl)(isoquinolin-1-yl)methyl)malonate (6c)

6¢ is a yellow solid. Yield: 64%
@ IH NMR (500 MHz, CDCls) & 8.31 (d, 3Ju-n = 5.6 Hz, 1H, ArH), 8.05
g O~0 (dd, 3Jp-n = 12.2, 3h-n = 7.6 Hz, 2H, ArH), 7.97 (d, 3Jun = 8.3 Hz, 1H,
Ph,P O  ArH), 7.58 —7.27 (m, 14H, ArH), 7.25 — 7.19 (m, 2H, ArH), 7.15 (t, 3Jn-
Sy © n="7.4Hz, 1H, ArH), 7.07 (t, 3Ju-n = 7.5 Hz, 2H, ArH), 7.05 (s, 1H, ArH),
= 6.92 (m, 2H, ArH), 6.83 (d, 3Ju-n = 7.3 Hz, 2H, ArH), 5.87 (t, 3Ju-n, 3Ju-r

= 10.4 Hz, 1H, CHCH(PPh2)Ar), 5.39 (t, 3Jun, 2Ju-p = 10.7 Hz, 1H,
CHCH(PPh2)Ar), 4.85 — 4.77 (m, 2H, benzyl CHy), 4.72 (s, 2H, benzyl CHy). *C NMR (126
MHz, CDCl3) 6 167.79 — 167.08 (m, 2C, C=0), 155.46 (d, 2Jp-c = 6.2 Hz, 1C, Ar, N=C-C(H)P),
141.27 (d, Jp.c = 3.0 Hz), 135.87 (s), 135.29 (s), 134.86 (s), 132.42 (d, YJpc = 9.4 Hz 1C, Ar,
P-CgHs), 132.08 (d, *Jp-c = 9.9 Hz, 1C, Ar, P-CeHs,), 131.48 (d, Jp-c = 2.8 Hz), 130.80 (s),
130.32 (s), 129.46 (s), 128.35 (s), 128.19 (s), 128.07 (s), 127.99 (s), 127.94 (s), 127.90 (s),
127.87 (s), 127.36 (d, Jr-c = 12.4 Hz), 127.09 (s), 124.58 (s), 120.03 (s), 67.30 (s, 1C, benzyl
CHy), 67.12 (s, 1C, benzyl CH,), 54.89 (d, 2Jp-c = 3.0 Hz, 1C, CHCH(PPhy)Ar), 45.15 (d, 1Jp-c
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=45.7 Hz, 1C, CHCH(PPh2)Ar). 3'P{*H} NMR (202 MHz, CDClIs) & 48.66 (s). HRMS (+ESI)
m/z: (M + H)" calc’d for C3gH33NO4PS, 642.1868; found, 642.1865.

General procedure for generating dichloro P,N palladium and platinum complexes
((R)-9 and (R)-10)

Diphenylphosphine (0.17 mmol, 0.032 g, 1.0 equiv.) was weighed into a Schlenk flask under
positive N2 flow and 7.0 ml previously degassed DCM was added. Substrate 5a (0.17 mmol,
0.046 g, 1.0 equiv.) and (S)-2 catalyst (0.0085 mmol, 0.005 g, 0.05 equiv.) were added to the
solution and then the mixture was cooled down to -80 °C. Upon the required temperature was
reached, triethylamine (0.17 mmol, 0.017 g, 1.0 equiv.) was added dropwise to the reaction
mixture. After the reaction reached the desired conversion, TEA and the solvent was removed
by using nitrogen flow and vacuum while the low temperature was permanently maintained.
The residue was then triturated four times with degassed hexane to remove excess
diphenylphosphine. The crude material was redissolved in DCM and filtered through a short
celite plug under Schlenk conditions. MCl2(MeCN)2 (0.17 mmol, 1.0 equiv.) was then added to
the free P,N ligand 8 at -80 °C, stirred for an hour and allowed to rt. Each of the resulting air-
stable complex was filtered through short celite plug and recrystallized from DCM with diethy!l
ether to afford enantiopure crystals.

(R)-(x?-P,N)-(dimethyl 2-((diphenylphosphaneyl)(isoquinolin-1-yl)methyl)malonate)-
dichloropalladium(ll) ((R)-9)
MeO O o 9 is a yellow solid. Yield: 85%. [a]*°0 = -479 (c 1.0, CH,Cly).

MeO Phy 'H NMR (500 MHz, CDCls) § 9.79 (d, 3Jn-n = 6.6 Hz, 1H, ArH,
P\pd/C| HC=CH-N), 8.29 (d, Ju-n = 8.6 Hz, 1H, ArH), 8.02 — 7.86 (m, 7H,
N e ArH), 7.81 — 7.70 (m, 2H, ArH), 7.59 (t, 3Ju.n = 6.9 Hz, 2H, ArH),
7.53 (t, 3Jn-n = 7.6 Hz, 2H, ArH), 7.48 (td, 3Ju.p = 7.7 Hz, 3Jun = 2.7
Hz, 2H, P-CsHs), 7.43 (td, 3Jup = 7.7 Hz, *Jun = 2.5 Hz, 2H, P-CsHs), 5.89 (dd, *Jp.+ = 14.8
Hz, 3Jun = 9.4 Hz, 1H, CHCH(PPh2)Ar), 4.49 (dd, 2Jp.i = 15.6 Hz, 3Jun = 9.4 Hz, 1H,
CHCH(PPh2)Ar), 3.30 (s, 3H, COOCH3), 3.25 (s), 2.76 (s), 2.73 (s, 3H, COOCHj3). 1*3C NMR
(126 MHz, CDCls) & 166.89 (s, 1C, Ar, HC=CH-N), 166.17 (d, 3Jp.c = 12.0 Hz, 1C, C=0),
161.97 (d, 3Jp.c = 8.1 Hz, 1C, C=0), 145.40 (s), 136.54 (s), 136.29 (d, 2Jp.c = 11.3 Hz, 1C, Ar,
N=C-C(H)P), 133.44 (s), 133.10 (d, Jp-c = 2.8 Hz), 132.74 (d, Jp.c = 2.9 Hz), 132.61 (d, }Jp-c =
10.5 Hz, 1C, Ar, P-CsHs), 129.93 (s), 129.71 (d, "Jp.c = 11.4 Hz, 1C, Ar, P-CsHs), 128.62 (d,
Jr.c =12.1 Hz), 126.71 (d, Jp.c = 10.6 Hz), 125.04 (d, Jr-c = 53.6 Hz), 123.27 (s), 122.60 (d, Jp-
¢ =56.0 Hz), 53.22 (s, 1C, COOCHs), 53.17 (d, 2Jp-c = 5.3 Hz, 1C, CHCH(PPh)Ar), 52.71 (s,
1C, COOCHg), 47.08 (d, *Jp-c = 30.4 Hz, 1C, CHCH(PPh2)Ar), 30.93 (s), 29.69 (s). 3'P{*H}
NMR (202 MHz, CDCl3) & 52.13 (s). HRMS (+ESI) m/z: (M + H)* calc’d for
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C27H25CIoNO4PPd, 635.9937; found, 635.9931. Anal. Calc’d for Co7H24CIoNO4PPd: C, 51.09;
H, 3.81; N, 2.21. Found: C, 48.51; H, 3.61; N, 2.03%.

(R)-(x?-P,N)-(dimethyl 2-((diphenylphosphaneyl)(isoquinolin-1-yl)methyl)malonate)-
dichloroplatinum(ll) ((R)-10)

10 is a light brown solid. Yield: 67%. [a]*p = -43 (c 0.5, CH.Cly).
IH NMR (500 MHz, CDCl3) § 10.03 (d, 3Ju-n = 6.7 Hz, 1H, ArH,
HC=CH-N), 8.30 (d, ®Ju-+ = 8.5 Hz, 1H, ArH), 8.08 — 7.94 (m, 5H,
ArH), 7.93 (s, ArH), 7.91 (s, 1H, ArH), 7.90 (s, 1H, ArH), 7.73 (m,
1H, ArH), 7.69 (d, 3Jr-n = 6.8 Hz, 1H, ArH), 7.57 (m, 2H, ArH), 7.53
—7.41 (m, 6H, ArH), 5.83 (dd, *Jp-+ = 12.3, *Ji.n = 9.9 Hz, 1H, CHCH(PPh2)Ar), 4.52 (dd, 2Jp-
n=14.7, 341 = 9.9 Hz, 1H, CHCH(PPhy)Ar), 3.30 (s), 3.27 (s, 3H, COOCHa), 2.74 (s), 2.69
(s, 3H, COOCHs3). 13C NMR (126 MHz, CDCls3) 6 166.98 (s, 1C, Ar, HC=CH-N), 166.34 (d,
3Jp.c = 12.2 Hz, 1C, C=0), 162.84 (d, 3Jp.c = 5.7 Hz, 1C, C=0), 144.38 (s), 141.96 (s), 139.29
(s), 136.26 (d, 2Jp-c = 11.7 Hz, 1C, Ar, N=C-C(H)P), 135.95 (s), 133.18 (s), 132.94 (s), 132.66
(d, YJp.c = 10.9 Hz, 1C, Ar, P-CgHs), 132.45 (s), 130.16 (s), 129.50 (d, 1Jp-c = 11.5 Hz, 1C, A,
P-CeHs), 128.51 (d, Jp-c = 12.4 Hz), 127.56 (d, Jp-c = 48.2 Hz), 126.99 (d, Jp-c = 8.7 Hz), 124.60
(d, Jpc = 62.1 Hz), 123.34 (s), 120.84 (d, Jr-c = 63.8 Hz), 53.14 (s, 1C, COOCHs), 52.56 (s,
1C, COOCHg), 52.12 (d, 2Jp.c = 4.3 Hz, 1C, CHCH(PPh2)Ar), 46.23 (d, YJp.c = 37.1 Hz, 1C,
CHCH(PPhy)Ar), 33.82 (s), 31.93 (s), 29.70 (s), 29.36 (s), 22.69 (s), 14.12 (s). 3'P{*H} NMR
(202 MHz, CDCls) & 28.71 (s), 28.72 (d, *Jpr = 3826.9 Hz). HRMS (+ESI) m/z: (M + H)*
calc’d for Co7H25CI2NO4PPt, 723.0546; found, 723.0544. Anal. Calc’d for C27H24Cl2NO4PPt:
C,44.83; H, 3.34; N, 1.94. Found: C, 44.67; H, 3.45; N, 2.10%.

General procedure for synthesizing P,N rhodium and iridium COD
tetrafluoroborate complexes (13 and 14)®

[M(COD)CI]2 (0.04 mmol, 0.5 equiv.) was dissolved in 5.0 ml degassed DCM and stirred under
nitrogen. AgBF4 (0.08 mmol, 1.0 equiv.) was dissolved in degassed methanol and this was
added to the DCM solution. This mixture was stirred at rt in the dark for 3 hrs.

The resulting M*(COD) "BF4 complex was filtered through a short celite plug under nitrogen
and immediately added to the DCM solution of 8 P,N ligand (0.08 mmol, 1.0 equiv) (obtained
in the aforementioned way) at -80 °C, stirred for an hour under nitrogen and allowed to rt. The
forming (P,N)M*(COD) "BF4 complex was filtered through a short celite plug under Schlenk
conditions and the solvent was removed by vacuum.
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[(x?-P,N)-(dimethyl 2-((diphenylphosphaneyl)(isoquinolin-1-
yl)methyl)malonate)][(1,2,5,6- n)(1Z,5Z)-cycloocta-1,5-diene]-rhodium(l)
tetrafluoroborate (13)
13 is a brown solid. Yield: 99.6 % (crude).
H NMR (500 MHz, CDCls) § 8.18 (d, 3Ju.1 = 8.7 Hz, 1H, ArH),

Fi/ : 8.07 (d, ®Jn-n = 6.5 Hz, 1H, ArH), 7.96 (t, *Jn-+ = 9.1 Hz, 1H, ArH),

D 7.89 (d, *Jun = 6.4 Hz, 1H, ArH), 7.86 (d, %Ju.n = 8.3 Hz, 1H,
§F4 ArH), 7.77 (d, 3Ju.n = 7.3 Hz, 1H, ArH), 7.74-7.69 (m, 3H, ArH),
7.68 —7.63 (m, 1H, ArH), 7.55 — 7.49 (m, 1H, ArH), 7.48 — 7.38 (m, 5H, ArH), 7.33 — 7.27 (m,
3H, ArH), 5.88 (dd, 3Jp-n = 13.2 Hz, 3Ju.n = 8.1 Hz, 1H, CHCH(PPhy)Ar), 5.67 (dd, 3Jn-n =
15.1 Hz, 2Jrn-n = 1.4 Hz, 2H, COD HC=CH), 4.65 (dd, 2Jp-n = 15.0 Hz, 3Ju.s = 8.1 Hz, 1H,
CHCH(PPh2)Ar), 4.38 (d, *Jn-+ = 55.1 Hz, 2Jrh-n = 5.5 Hz, 2H, COD HC=CH), 3.70 — 3.60 (m),
3.46 (s, 3H, COOCHj3), 3.24 — 3.14 (m, 1H), 2.81 (s, 3H, COOCHj3), 2.74 — 2.53 (m, 2H, COD
CH>), 2.37 (m, 3H, COD CHy), 2.10 — 1.99 (m, 2H, COD CH,). $3C NMR (126 MHz, CDCls)
8 167.26 (s, 1C, Ar, HC=CH-N), 166.16 (d, *Jp.c = 9.4 Hz, 1C, C=0), 162.56 (d, *Jp-c = 9.3 Hz,
1C, C=0), 142.02 (s), 136.68 (s), 133.84 — 133.40 (m), 133.55 (d, 2Jp.c = 10.8 Hz, 1C, Ar, N=C-
C(H)P), 133.16 (d, YJp-c = 10.8 Hz, 1C, Ar, P-CgHs) 132.51 (d, Jp-c = 2.4 Hz), 132.33 (d, Jp-c =
2.1 Hz), 130.07 (s), 129.63 (dd, 2Jrh-c = 20.9 Hz, Jp.c = 10.3 Hz, 1C, Ar, P-CgHs), 128.01 (s),
128.00 (s), 127.68 (s), 127.09 (), 127.02 (s), 126.97 (s), 124.62 (d, Jp-c = 2.2 Hz), 124.45 (s),
124.32 (d, Jp-c = 2.7 Hz), 114.05 (s), 109.30 — 108.82 (m, 1C, COD, HC=CH), 107.50 (d, J =
7.8 Hz), 106.60 — 106.16 (m, 1C, COD, HC=CH), 79.44 (dd, 2Jp.c = 10.8 Hz, *Jrn.c = 4.9 Hz,
1C, COD, HC=CH), 78.07 (s), 76.47 — 76.24 (m, 1C, COD, HC=CH), 55.89 (d, 2Jpc = 8.4 Hz,
1C, CHCH(PPhy)Ar), 53.46 (s, 1C, COOCHs), 52.85 (s, 1C, COOCH3), 47.75 (s), 47.59 (d, Jp-
¢ =25.2 Hz, 1C, CHCH(PPhy)Ar), 35.55 (s), 33.81 (s), 31.91 (s), 30.88 (8), 29.34 (s), 29.14 (5),
28.97 (s), 26.03 (s), 22.67 (s), 18.36 (s), 14.10 (s), 9.13 (s), 1.00 (s). 1°F NMR (376 MHz,
CDCl3) § -153.06 (s). 3!P{*H} NMR (202 MHz, CDCl3) & 49.69 (d, *3Jrh-r = 156.2 Hz). HRMS
(+ESI) m/z: (M + H — BF4)* calc’d for C3sHs7NO4PRh, 669.1515; found, 669.1519.
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[(x?-P,N)-(dimethyl 2-((diphenylphosphaneyl)(isoquinolin-1-
yl)methyl)malonate)][(1,2,5,6- n)(1Z,5Z)-cycloocta-1,5-diene]-iridium(l)
tetrafluoroborate (14)
MeO. O 14 is a dark-red solid. Yield: >99.9% (crude).

MeO Ph, IH NMR (500 MHz, CDCl3) & 8.49 (d, 3Ju+ = 6.5 Hz, 1H, ArH),
N g0 (d, 3Jin = 8.7 Hz, 1H, ArH), 8.08 (d, 3Jnn = 6.4 Hz, 1H,
N \l/ ArH), 7.93 (d, 3Ju.n = 8.1 Hz, 1H, ArH), 7.83—7.79 (m, 2H, ArH),
§F4 7.72 - 7.61 (m, 4H, ArH), 7.53 (d, 3Ju+ = 3.9 Hz, 2H, ArH), 7.50
—7.43 (m, 4H, ArH), 7.36 (d, 3Ju.n = 5.2 Hz, 3H, ArH), 7.16 (s, ArH), 6.97 (d, 3Ju-n = 9.2 Hz,
1H, ArH), 6.09 (dd, 3Jp.n = 12.2 Hz, 3Jh-n = 9.05 Hz, 1H, CHCH(PPhy)Ar), 5.62 (s, 1H, COD
HC=CH), 5.36 (s, 1H, COD HC=CH), 4.56 (dd, 2Jp.n = 14.1 Hz, 3Jun = 9.05 Hz, 1H,
CHCH(PPhy)Ar), 4.20 (s, 1H, COD HC=CH), 3.82 (s, 1H, COD HC=CH), 3.42 (s), 3.40 (s,
3H, COOCHa), 3.19 — 3.10 (m), 2.73 (s, 3H, COOCHs), 2.58 (s, 4H, COD CHy), 2.32 — 2.16
(m, 2H, COD CHy), 1.82 — 1.65 (m, 2H, COD CH,). 13C NMR (126 MHz, CDCls3) 6 167.03 (s,
1C, Ar, HC=CH-N), 166.09 (d, *Jp.c = 10.3 Hz, 1C, C=0), 165.17 (d, 3Jp.c = 7.4 Hz, 1C, C=0),
164.54 (s), 142.34 (s), 136.85 (s), 134.22 — 133.81 (m), 133.62 (d, 2Jp-c = 10.6 Hz, 1C, A,
N=C-C(H)P), 132.72 (d, 2Jp.c = 19.0 Hz, 1C, Ar, P-CeHs), 131.12 (d, Jp-c = 9.0 Hz), 130.54 (s),
129.86 (d, 2Jp-c = 10.7 Hz, 1C, Ar, P-CgHs), 129.50 (d, Jp-c = 10.5 Hz), 129.01 (d, Jp-c = 9.9
Hz), 128.15 (s), 127.62 (s), 127.49 (s), 127.18 — 126.79 (M), 125.19 (s), 122.49 (d, Jp-c = 46.8
Hz), 99.76 (s), 97.35 (d, 2Jp.c = 7.7 Hz, 1C, COD, HC=CH), 96.87 (d, 2Jr.c = 8.9 Hz, 1C, COD,
HC=CH) 65.79 (d, 2Jp.c = 10.4 Hz, 1C, COD, HC=CH), 63.06 (d, 2Jr.c = 13.8 Hz 1C, COD,
HC=CH), 55.28 (d, 2Jpc = 6.8 Hz, 1C, CHCH(PPhy)Ar), 53.43 (s, 1C, COOCHj3), 52.86 (s, 1C,
COOCHs3), 49.59 (s), 48.22 (d, YJp.c = 30.3 Hz, 1C, CHCH(PPh)Ar), 47.73 (s), 43.77 (d, J =
8.6 Hz), 36.80 (s), 32.60 (5), 31.91 (s), 29.68 (), 29.34 (8), 28.94 (s), 25.75 (), 25.14 (s), 23.24
(d, J = 4.3 Hz), 23.04 (s), 22.68 (s), 14.10 (s), 9.13 (5). 1°F NMR (376 MHz, CDCls) & -153.26
(s). 3 P{*H} NMR (202 MHz, CDCl3) & 41.49 (s). HRMS (+ESI) m/z: (M + H — BFs)" calc’d
for C3sH37NO4PIr, 759.2090; found, 759.2097.
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Preparation of {(R)-(x?-C? N)-1-[1-(dimethylamino)ethyl]lnaphthyl}-{(R)-(x?-P,N)-
(dimethyl 2-((diphenylphosphaneyl)(isoquinolin-1-yl)methyl)malonate)}-
palladium(l1) perchlorate ((R,R)-22).

Diphenylphosphine (0.08 mmol, 0.015 g, 1.0 equiv.) was weighed into a Schlenk flask under
positive N2 flow and 3.0 ml previously degassed DCM was added. Malonate substrate 5a (0.08
mmol, 0.022 g, 1.0 equiv.) and (S)-2 catalyst (0.004 mmol, 0.0025 g, 0.05 equiv.) were added
to the solution and then the mixture was cooled down to -80 °C. Upon the required temperature
was reached, triethylamine (0.08 mmol, 0.009 g, 1.0 equiv) was added dropwise to the reaction
mixture. After the completion of the reaction, (R)-1 complex (0.08 mmol, 0.042 g, 1.0 equiv.)
was added and the mixture was allowed to warm up to rt. The solution was washed with water
and brine, dried, filtered through short celite plug, then the solvent was evaporated. The crude
complex was recrystallized from DCM with diethyl ether to afford diastereomerically pure
crystals.

(R,R)-22 is a bright-yellow solid. Yield: 33%. [a]*°p = -247

OO (c 2.0, CH2Cly).
IH NMR (500 MHz, CDCl3) § 8.72 (d, 3Ju-n = 6.1 Hz, 1H,

ArH, HC=CH-N), 8.32 (d, *Ju-+ = 8.6 Hz, 1H, ArH), 8.25 (d,
Oci0,  3dws=6.1Hz, 1H, ArH), 7.99 (d, *Jun = 8.2 Hz, TH, ArH),
7.89—7.76 (m, 5H, ArH), 7.74 (d, 3Jn-n = 8.1 Hz, 1H, ArH), 7.58 — 7.47 (m, 5H, ArH), 7.47 —
7.40 (m, 3H, ArH), 7.30 (t, 3Jn-+ = 6.9 Hz, 2H, ArH), 7.20 (d, 3Ju-n = 8.4 Hz, 1H, ArH), 6.97 —
6.91 (m, 1H, ArH), 5.91 (dd, *Ju-p = 13.7, 3J4-+ = 8.6 Hz, 1H, CHCH(PPhy)Ar), 4.74 — 4.60 (m,
2H, NCHCH3, CHCH(PPh2)Ar), 3.31 (s, 3H, COOCHj3), 3.28 (s), 3.19 (s), 3.13 (d, “Jp.1 = 3.0
Hz, 3H, NCHs), 3.09 (s, 3H, NCHs), 2.85 (s, 3H, COOCHs), 2.22 (d, 3Jun = 6.2 Hz, 3H,
NCHCHs), 1.29 (s), 1.26 (s). 3C NMR (126 MHz, CDCls) & 166.60 (s, 1C, Ar, HC=CH-N),
165.95 (d, 3Jp.c = 11.3 Hz, 1C, C=0), 158.91 (d, 3Jpc = 5.4 Hz, 1C, C=0), 150.18 (s), 146.55
(s), 142.29 (s), 137.27 (d, 2Jp-c = 12.6 Hz, Ar, N=C-C(H)P), 137.02 (s), 135.44 (d, 1Jp.c = 12.0
Hz, Ar, P-CeHs), 133.17 (s), 133.07 (s), 132.96 (t, 1C, Jp.c = 2.8 Hz, Ar), 131.81 (s), 130.06
(s), 129.96 (d, Jp-c = 4.5 Hz, 1C, Ar), 129.01 (d, *Jp-c = 11.2 Hz, Ar, P-CgHs), 128.91 (d, Jpc =
3.9 Hz), 128.37 (s), 127.11 (d, Jp-c = 6.0 Hz), 126.66 (d, Jp-c = 7.2 Hz), 126.30 (s), 125.39 (s),
125.18 (s), 124.80 (s), 123.27 (s), 123.17 (s), 122.82 (s), 74.33 (d, 3Jp-c = 2.8 Hz, 1C, NCHy),
55.02 (d, 2Jp.c = 9.4 Hz, 1C, CHCH(PPhy)Ar), 53.23 (s, 1C, COOCHz), 52.89 (s, 1C, COOCHj3),
52.09 (d, 3Jp-c = 2.4 Hz, 1C, NCHs), 47.29 (s, 1C, NCHCHs), 46.08 (d, *Jr.c = 32.3 Hz, 1C,
CHCH(PPh2)Ar), 29.69 (s), 24.51 (s, 1C, NCHCH3). 31P{*H} NMR (202 MHz, CDCl3) § 57.75
(s), 54.85 (s). HRMS (+ESI) m/z: (M + H)" calc’d for Ca1H41CIN2OsPPd, 861.1324; found,
861.1301.
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4. NMR spectra

NMR spectroscopic data of isoquinoline-1-carbaldehyde (4)
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Figure S1. *H-NMR spectrum of 4 carbaldehyde (500 MHz, CDCls, 295 K).

- cmToOoMT MO

-] Efognnhkagd m o
~ TROoOO WML TN m o in
5 L LY 8 &
n C R DO OSSO ~Noa
o T T MM MmN N NN ~ ™~ o
e RRR
| > ~l—

|J|J

T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 " (l'}‘ﬂn) 100 90 a0 0 &0 50
]

40 30 2 10 0

Figure S2. 3C-NMR spectrum of 4 carbaldehyde (126 MHz, CDCls, 295 K).
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NMR spectroscopic data of dimethyl 2-(isoquinolin-1-ylmethylene)malonate (5a)
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Figure S4. 3C-NMR spectrum of 5a diester (126 MHz, CDCls, 295 K).
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NMR spectroscopic data of diethyl 2-(isoquinolin-1-ylmethylene)malonate (5b)
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Figure S5. *H-NMR spectrum of 5b diester (500 MHz, CDCls, 295 K).
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NMR spectroscopic data of diisopropyl 2-(isoquinolin-1-ylmethylene)malonate
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Figure S7. *H-NMR spectrum of 5c¢ diester (500 MHz, CDCls, 295 K).

m_..:m.ﬂm.
thh.“mV

8989'89,
989/ 89+,
0865 694
9265 697
vZ08 94
9950' £

sore e

8191°Zz1
668021
Zebb LTt
PIEQLZT ¢
SEPO'BZIF
669Z'0ET
606 TET)
S0Z6'VET
PERBOET)
€250°Zb1
6199051
£96SEIT~.
PEOD'99T

T

10
11 (ppm)

20 80

100

210 200 190 180 170 160 150 140 130 120

20

Figure S8. 3C-NMR spectrum of 5¢ diester (126 MHz, CDCls, 295 K).
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NMR spectroscopic data of dibenzyl 2-(isoquinolin-1-ylmethylene)malonate (5d)
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Figure S9. *H-NMR spectrum of 5d diester (500 MHz, CDCls, 295 K).
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Figure S10. 13C-NMR spectrum of 5d diester (126 MHz, CDCls, 295 K).
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NMR spectroscopic data of dimethyl 2-((diphenylphosphorothioyl)(isoquinolin-1-

yl)methyl)malonate (6a)
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Figure S11. 'H-NMR spectrum of 6a phosphine sulfide (500 MHz, CDCls, 295 K).
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Figure S12. 13C-NMR spectrum of 6a phosphine sulfide (126 MHz, CDCls, 295 K).

519



—48.7301

T T T T T T T T T T T T T T T T T T T T
20 220 200 18 150 140 120 100 80 60 40 2 ”(3 )vZD 40 60 80 -100 -120 -140 -160 -180 -200 -0 -0
om

Figure S13. 3'P-NMR spectrum of 6a phosphine sulfide (202 MHz, CDCls, 295 K).

NMR spectroscopic data of diethyl 2-((diphenylphosphorothioyl)(isoquinolin-1-
ylmethyl)malonate (6b)
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Figure S14. *H-NMR spectrum of 6b phosphine sulfide (500 MHz, CDCls, 295 K).
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Figure S15. 13C-NMR spectrum of 6b phosphine sulfide (126 MHz, CDCls, 295 K).
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Figure S16. 3'P-NMR spectrum of 6b phosphine sulfide (202 MHz, CDCls, 295 K).
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NMR spectroscopic data of dibenzyl 2-((diphenylphosphorothioyl)(isoquinolin-1-

yl)methyl)malonate (6c)
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Figure S18. 13C-NMR spectrum of 6c phosphine sulfide (126 MHz, CDCls, 295 K).
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Figure S19. 3'P-NMR spectrum of 6¢ phosphine sulfide (202 MHz, CDCls, 295 K).

NMR spectroscopic data of (R)-(x?-P,N)-(dimethyl 2-
((diphenylphosphaneyl)(isoquinolin-1-yl)methyl)malonate)-dichloropalladium(ll)
((R)-9)
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Figure S20. *H-NMR spectrum of palladium complex (R)-9 (500 MHz, CDCls, 295 K).
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Figure S21. 13C-NMR spectrum of palladium complex (R)-9 (126 MHz, CDCls, 295 K).
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Figure S22. 3'P-NMR spectrum of palladium complex (R)-9 (202 MHz, CDCls, 295 K).
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Figure S23. *H-H ROESY correlation spectrum of palladium complex (R)-9.
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NMR spectroscopic data of (R)-(x?-P,N)-(dimethyl 2-

((diphenylphosphaneyl)(isoquinolin-1-yl)methyl)malonate)-dichloroplatinum(ll)

((R)-10)
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Figure S24. 'H-NMR spectrum of platinum complex (R)-10 (500 MHz, CDCls, 295 K).
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Figure S25. 13C-NMR spectrum of platinum complex (R)-10 (126 MHz, CDCls, 295 K).
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Figure S26. 3'P-NMR spectrum of platinum complex (R)-10 (202 MHz, CDCls, 295 K).

NMR spectroscopic data of [(k?-P,N)-(dimethyl 2-
((diphenylphosphaneyl)(isoquinolin-1-yl)methyl)malonate)][(1,2,5,6- n)(1Z,52)-
cycloocta-1,5-diene]-rhodium(l) tetrafluoroborate (13)
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Figure S27. *H-NMR spectrum of rhodium complex 13 (500 MHz, CDCls, 295 K).
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Figure S28. 13C-NMR spectrum of rhodium complex 13 (126 MHz, CDCls, 295 K).
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Figure S29. >F-NMR spectrum of rhodium complex 13 (376 MHz, CDCls, 295 K).
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Figure S30. 31P-NMR spectrum of rhodium complex 13 (202 MHz, CDCls, 295 K).

NMR spectroscopic data of [(k?-P,N)-(dimethyl 2-
((diphenylphosphaneyl)(isoquinolin-1-yl)methyl)malonate)][(1,2,5,6-n)(1Z,52)-
cycloocta-1,5-diene]-iridium(l) tetrafluoroborate (14)
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Figure S31. *H-NMR spectrum iridium complex 14 (500 MHz, CDCls, 295 K).
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Figure S32. 13C-NMR spectrum of iridium complex 14 (126 MHz, CDCls, 295 K).
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Figure S33. 1°F-NMR spectrum of iridium complex 14 (376 MHz, CDCls, 295 K).
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Figure S34. 3'P-NMR spectrum of iridium complex 14 (202 MHz, CDCls, 295 K).

NMR spectroscopic data of {(R)-(x?-C? N)-1-[1-(dimethylamino)ethyl]naphthyl}-
{(R)-(x?-P,N)-(dimethyl 2-((diphenylphosphaneyl)(isoquinolin-1-
yl)methyl)malonate)}-palladium(ll) perchlorate ((R,R)-22)
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Figure S35. 'H-NMR spectrum of palladium complex (R,R)-22 (500 MHz, CDCls, 295 K).

S31



oo on TIMoEoZTNESEgYn

Mm% Dom DO — N Fiw DM e T D oD Mo Wm0 OO 3N o
oo mao DM DM T D NG N O M O o i)W = 0w TN oem D
necom MNocooeooeemom-rERMBETN SZNSSR e o
& i E s NMmmMmrNoc oo oonmiefmMmm QeN®@®OQ e 1N
O D W 0N TomOmMN NN NN NN T VT MmN NN T
=232822 g gl R R L R R R L R A A <R Ao S &~
Y = R el I

T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 “ 110 ) 100 90 a0 ] 60 50 40 30 2 10 []

Figure S36. 13C-NMR spectrum of palladium complex (R,R)-22 (126 MHz, CDCls, 295 K).
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Figure S37. 3'P-NMR spectrum of palladium complex (R,R)-22 (202 MHz, CDCls, 295 K).
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5. HPLC chromatograms

The determination of ee for 6a and 6c¢ (for Entries 1-16 and 19) was performed on Agilent 1200
Series chromatograph with Daicel Chiralpack ID column in n-hexane/isopropanol 85:15
solvent system at 25 °C with 1.2 ml/min flow rate. Injected volume: 20 uL in MeOH/DCM.

Table 1 Entry 1

Current Chromatogram(s)

MWD1 D, Sig=230,16 Ref=360,100 (KD\KD041_2_C2.D)
mAU ]
500
1 &
\)
400 § ,&,@
] &
300
200 |
100
O_kJKvA\k#KAXﬂ\RJ\‘#/\¥4R
R T 40 50 60 i
Signal 4: MWDl D, Sig=230,16 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

R |~ |~ | = | e |
1 44.608 MM 2.0689 6.91454e4 557.02429 50.0294
2 56.958 MM  3.4005 6.90640e4  338.50012 49.9706

Totals : 1.38209e5 895.52441

Table 1 Entry 2

Current Chromatogram(s)

MWD D, Sig=230,16 Ref=360,100 (KD\KD039_2_C2.D)

mAU
500 5

1 -

? g &
400 8 4

; %#
300
200
N EJ;/\—W

0
————————————————
10 20 30 40 50 60 min
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Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
il e | === | - | = | === |
1 44.640 MM 2.0675 6.76875e4 545.64996 49.6666
2 56.652 MM 3.4043 6.85962e4 335.82751 50.3334

Totals : 1.36284e5 881.47748

Table 1 Entry 3

Current Chromatogram(s)

MWD D, Sig=230,16 Ref=360,100 (KD\KD040_2_C3.D)
mAU
400 @
] g‘@§
300 o
200
100
0%_ﬁ_ﬂﬁjhﬁxﬁJ\MV_~_gﬂ\ S
R T 40 50 60 min
Signal 4: MWDl D, Sig=230,16 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

e e | | == | == |
1 44.968 MM 2.0089 5.57727e4 462.70401 49.6754
2 57.395 MM 3.2828 5.65016e4 286.85309 50.3240

Totals : 1.12274e5 749.55710
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Table 1 Entry 4

Current Chromatogram(s)

MWD1 D, Sig=230,16 Ref=360,100 (KD\KD063_2_C2.D)
mAU*:
700—;
500—2 o \Q\‘;\Q
500 &
400—;
300—2
200
100—2
0 " e s 4 s s min
Signal 4: MWDl D, Sig=230,16 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] (min] [mAU*s] [mAU] %

B R |~ |~ |~ |
1 44,213 MM 2.2502 1.04943e5 777.27722 50.8391
2 56.523 MM 3.6595 1.01479e5 462.17377 49.1609

Totals : 2.06423e5 1239.45099

Table 1 Entry 5

Current Chromatogram(s)
MWD1 D, Sig=230,16 Ref=360,100 (KD\KD064_2_C2.D)

mAU 3
4003

350 -
300 -
250 -
200 -
150
100

50

10 20 30 40 50 60 min
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Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
=== | === e | ———————= | === | —===———= |
1 44.943 MM 1.9624 4.99492e4 424.21576 49.1918
2 57.409 MM 3.2557 5.15904e4 264.10367 50.8082

Totals : 1.01540e5 688.31943

Table 1 Entry 6

Current Chromatogram(s)

MWD D, Sig=230,16 Ref=360,100 (KD\KD069_2_C2.D)
mAU ]
500
400 A\
4 (b.
1 5 &
300 E‘?@@-
200 |
100 |
0 ﬁ_ﬁﬁ\/\u\w\ﬁ_&/\
10 a0 "8 " a4 " "s0 g0 min
Signal 4: MWDl D, Sig=230,16 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [(mAU*s] [mAU] %

i e |~ | == | == |
1 44.504 MM 2.0188 6.51944e4 538.23322 56.5347

2 56.997 MM 3.1748 5.01231e4 263.13232 43.4653

Totals : 1.15318e5 801.36554
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Table 1 Entry 7

Current Chromatogram(s)
MWD D, Sig=230,16 Ref=360,100 (KD\KD100_1_C2.D)

mAU -
600 -

500
300
200
100
0 :_nww

10 20 30 40 50 60 miny

Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
i3 [min] [min] [mMAU*s] [mAU] %
=== |- === | - | === | === |
1 44.226 MM 2.1163 8.22892e4 648.06805 71.7901
2 58.044 MM 3.0584 3.23354e4 176.20940 28.2099

Totals : 1.14625e5 824.27745

Table 1 Entry 8

Current Chromatogram(s)
MWD1 D, Sig=230,16 Ref=360,100 (KD\KD101_2_C2.D)

mAU |
1000 ﬁ
800 -
600 f
400 —

200
0 __NM\JL/L_/\LA

10 20 30 40 50 60 min
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Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== e | ——————— | === | ———————= |
1 43.041 MM 2.5417 1.77349%9e5 1162.92957 91.0408
2 58.661 MM 2.9068 1.74527e4 100.06971 8.9592

Totals : 1.94802e5 1262.99928

Table 1 Entry 9

Current Chromatogram(s)
MWD1 D, Sig=230,16 Ref=360,100 (KD\KD198_2.D)

mAU ki
5ooA§
400 E R Q)QQ’
1 S 4
300 s
] RIS
200 |
1m§
oM
T T Y T T T
Signal 4: MWDl D, Sig=230,16 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

e B e B | —m—mmm R | = |
1 49.579 MM 2.3757 8.68156e4 609.04187 62.2671
2 64.347 MM 3.5499 5.26090e4 246.99883 37.7329

Totals : 1.39425e5 856.04070
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Table 1 Entry 10

Current Chromatogram(s)
MWD1 D, Sig=230,16 Ref=360,100 (KD\KD195_2.D)

mAU ]
1000
800;
sooé
400—?

200

O_:—_/L_n/\.—/\,_/\—’\/u\—

Signal 4: MwD1l D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min]) [min) [mAU*s] [mAU] %
e R R | —m o | —m e | =
1 47.702 MM 2.8475 1.95631e5 1145.06335 74.3486
2 63.016 MM 3.6049 6.74959%e4 312.05606 25.6514

Totals : 2.63127e5 1457.11942

Table 1 Entry 11

Current Chromatogram(s)
MWD1 D, Sig=230,16 Ref=360,100 (KD\KD106_2_66H.D)

mAU -
600 ]
500 -
400
300 -

200 -

100
0oV
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Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %

e e | === R | === |
1 47.259 MM 2.3254 9.66206ed4  692.50116 86.2824

2 62.052 MM 2.8058 1.53612e4 91.24812 13.7176

Totals : 1.11982e5 783.74928

Table 1 Entry 12

Current Chromatogram(s)

MWD D, Sig=230,16 Ref=360,100 (KD\KD140_2.D)
mAU
350
b\qu
300 2
o2&
250 or
200
150
100
50
o A\ AN
L R L L I
10 20 30 40 50 60 70 min

Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
e B R R | —— | ————mm e | == |
1 51.660 MM 2.0915 3.06129%e4 243.94930 22.5064
2 64.473 MM 4.2491 1.05406e5 413.44702 77.4936

Totals : 1.36019e5 657.39632
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Table 1 Entry 16

Current Chromatogram(s)

MWD1 D, Sig=230,16 Ref=360,100 (KD\KD222_2.D)
mAU_:
300
250
200
150
100
50
—— T —— ———
10 20 30 40 50 60 70 min

Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el e e | - | - | === |
1 49.797 MM 1.9819 4.15343e4 349.28497 49.7016
2 62.459 MM 3.1835 4.20329e4 220.05296 50.2984

Totals : 8.35672e4 569.33794

Table 1 Entry 17

Only for Entry 17: the determination of ee for 6b was performed on Agilent 1200 Series
chromatograph with Daicel Chiralpack IF column in n-hexane/isopropanol 70:30 solvent
system, at 25 °C with 1.2 ml/min flow rate. Injected volume: 20 pL. in MeOH/DCM.

Current Chromatogram(s)
MWD1 D, Sig=230,16 Ref=360,100 (KD\KD154_2_9000004.D)

mAU -

2000
1500
1000

500
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Signal 4: MwD1l D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
B R |~ | — e | = |
1 8.041 MM 0.2878 3.56242e4 2063.13428 37.5140
2 9.406 MM 0.3912 5.93383e4 2527.85889 62.4860

Totals : 9.49626e4 4590.99316

Racemic data for Entry 17

Current Chromatogram(s)
MWD1 D, Sig=230,16 Ref=360,100 (KD\KD230_2_3000003.D)

mAU ]

2000
1500 -|
1000

500

o] M

2.5 5 7.5 10 125 15 17.5 min

Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
B R |~ | = |~ |
1 8.000 MM 0.3057 4.19922e4 2289.10327 49.0284
2 9.398 MM 0.3498 4.36565e4 2080.32104 50.9716

Totals : 8.56487e4 4369.42432
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Table 1 Entry 19

Current Chromatogram(s)
MWD1 D, Sig=230,16 Ref=360,100 (KD\KD156.D)

mAU _:
250 —f
200 é
150 —E
100 é

50 |

20 40 60 80 100 120 min

Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== | === | ———————= | ———————— | === |
1 88.551 MM 4.8427 8.65486e4 297.86652 80.4124
2 118.047 MM 5.6625 2.10824e4 62.05291 19.5876

Totals : 1.07631e5 359.91943

Racemic data for Entry 19

Current Chromatogram(s)
MWD1 D, Sig=230,16 Ref=360,100 (KD\KD231_2_RAC.D)

20 40 60 80 100 120 min
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Signal 4: MWDl D, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
e e |~ | |~
1 79.717 MM 2.8004 1738.60901 10.34738 50.0057
2 104.488 MM 4.0757 1738.21021 7.10796 49.9943

Totals : 3476.81921 17.45534
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6. Coordination study

To investigate the coordination behavior of PN and PC metal complexes we added 1.0 equiv.
PPhs to their solution (with respect to the metal centre of each complex) and stirred for 1 hour.
The resulting products were scrutinized by 3!P{*H} NMR spectroscopy. P is the phosphorus
atom in the PN ligand (8), P2 is the phosphorus atom in PPhs in the figures.

PNPd*(PPhs)CI CI- (15)

To a recrystallized batch of PNPdCI, (9) 1.0 equiv. PPhs was added and stirred in methanol.
The coupling constants occurred in the following way:

3P NMR (162 MHz, MeOH) & 60.00 (d, 2Jp1-p2 = 7.25 Hz), 32.16 (d, 2Jp1-p2 = 7.25 Hz).

MeO\ 0] 0

/60,0244
59,9794
32,1813
32.1369

PN phosphorus atom (P1) PPh3 phosphorus atom (P2)

N

oy

31

T T
20 85 L1 s
1 (ppm)

Figure S38. 3'P{*H} spectrum of the coordination product of complex 9 and
triphenylphosphine.
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~60.0244

“59.9794
/321813
-32.1369

A

T
0

Figure S39. The full 3'P{*H} spectrum of the coordination product of complex 9 and
triphenylphosphine.

PCPd(PPhs)CI (19)

To a recrystallized batch of [PCPdCI]2 dimer (18) 0.5 equiv. PPhs was added and stirred in
dichloromethane. The coupling constants occurred in the following way:

3P NMR (162 MHz, DCM) § 63.65 (d, 2Jp1-p2 = 26.45 Hz), 54.69 (d, 2Jp1-p2 = 427.2 Hz), 26.36
(d, 2Jp1-p2 = 427.2 HZ), 17.72 (d, 2Jp1-p2 = 26.45 Hz).

MeO\O [0) MeO\O (o)

18 trans-19 (major) cis-19 (minor)
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-63.7349
635721
27,6829
/25,0457
236243

17.8060

17.6425

—56.0133
~—53.3761

<— v

PN phosphorus atom (P1)
trans coord.

PPh3 phesphorus atem (P2)
trans aord.
PPh3 phosphorus atom (P2)
cis coord.
PN phesphorus atom (P1)
cis coord.
| i
) 1 )
T T T T T T T T T T T T T T -
75 7 5 60 55 50 45 35 0 25 20 15 10 5

40
11 (ppm)

Figure S40. 3'P{*H} spectrum of the coordination products of complex 18 and
triphenylphosphine.

SARSRLYER
MM =g TN T
nNOmMEge®EW
EERAGRRRSS
A TR
|
|
|
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=0 200 150 100 50 -50 -100 -150 -200 -250

Figure S41. The full 3'P{*H} spectrum of the coordination products of complex 18 and
triphenylphosphine.
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PNPt*(PPhs)CI CI- (16)

To a recrystallized batch of PNPtCl, (10) 1.0 equiv. PPhz was added and stirred in
dichloromethane. The coupling constants occurred in the following way:

3P NMR (162 MHz, DCM) & 39.76 (d, 2Jp1-p2 = 13.25 Hz), 39.74 (d, *Jpt-r1 = 3693.6 Hz, 13.2
Hz); 28.72 (s), 28.72 (d, Jpt.p = 3798.0 Hz); 14.00 (s), 14.00 (d, “Jpir = 3680.0 Hz); 6.35 (d,
Lptpp = 3445.6 Hz), 6.31 (d, 2Jp1-p2 = 13.25 Hz).

10 cis-16 cl 17

mmmmm

~51.1796

“51.1181
6.2689
2.6368

3

9

1

9

3

6

8

5

8
169945
169617

Q.

~6.3511

—54.0696
42310
43319

PN phosphorus atom and satelites (P1) ‘
(complex 16)

PN phosphorus atom and satelites
* of complex 10 (SM)

(o) PN phosphorus atom and satelites
of complex 17 (dimer)

o Pph3 phosphorus atom (P2)
(complex 16)

. ' A o | g
I R— A.WW'M\NLMW'W\M»MMM

T T T T T
55 50 45 40 as 30 25 20 15 10 5
f1 (ppm)

T
-5

Figure S42.3'P{*H} spectrum of the coordination products of complex 10 and
triphenylphosphine.
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Figure S43. The full 3'P{*H} spectrum of the coordination products of complex 10 and

triphenylphosphine.
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Figure S44. The full 3'P{*H} spectrum of the coordination products of complex 10 and

triphenylphosphine after 2 weeks.
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PNRh(PPh3)CI (20)

To a newly synthesized batch of (8) PN ligand 0.5 equiv. [Rh(ethylene)Cl]. and 1.0 equiv. PPhs
were added. The coupling constants occurred in the following way:

3P NMR (162 MHz, DCM) § 75.16 (dd, *Jrn-p1 = 200.3 Hz, 2Jp1-p2 = 41.55 Hz), 46.20 (dd, *Jrn-
p2 = 171.9 Hz, 2Jp1.p2 = 41.55 Hz).

MeO\ (0] 0
MeO

PPh,
N 1.) [Rh(ethylene)Cl],
2.) PPh; (DCM)

75.9101
L756549
1746722
74.4197
46,8649
1-46.6030
1455443
31.0379
~30.1154
5.5825

1-45.8010

PN phosphorus atom (P1) PPh3 phosphorus atom (P2)

/ | /
/ / Free triphenylphosphine
\

| \

i WWMW

A

T——— | B S S e Su S S e SE cune S e SEa e S em S e S e ma
45 40 s k) 25 20 15 10 5 0 -5 -10 -15 -20
1 (ppm)

Figure S45.3'P{*H} spectrum of coordination product 20.

S50



(759101
1756549
\74.4197
468649

4746722
—-5.5825

o ‘-

T v . v 1l . 1 . v . i v . . 1 . ' v v v -
250 200 150 100 50 0 -50 -100 -150 -200 -25

1 (ppm)

Figure S46. The full 3'P{*H} spectrum of coordination product 20.
PNIr(PPh3)Cl (21)

To a newly synthesized batch of (8) PN ligand 0.5 equiv. [Ir(COD)CI]2 and 1.0 equiv. PPhs
were added. The coupling constants occurred in the following way:

3P NMR (162 MHz, DCM) & 32.14 (d, 2Jp1-p2 = 32.8 Hz), -30.31 (d, 2Jp1.p2 = 32.8 Hz).

MeO_O [0)
MeO

1.) [Ir(COD)CI],
2.) PPh; (DCM)
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32.0398
302149
304145
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PN phosphorus atom (P1) / PPh3 phaosphorus atom (P2)
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Figure S47.3'P{*H} spectrum of coordination product 21.
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Figure S48. The full 3'P{*H} spectrum of coordination product 21.
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7. NBO analysis and the XYZ coordinates for the optimized
geometries

List of authors of Gaussian 09

Gaussian 09, Revision A.02, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A.
Robb, J. R. Cheeseman, G. Scalmani, V. Barone, G. A. Petersson, H. Nakatsuji, X. Li, M.
Caricato, A. Marenich, J. Bloino, B. G. Janesko, R. Gomperts, B. Mennucci, H. P. Hratchian,
J. V. Ortiz, A. F. Izmaylov, J. L. Sonnenberg, D. Williams-Young, F. Ding, F. Lipparini, F.
Egidi, J. Goings, B. Peng, A. Petrone, T. Henderson, D. Ranasinghe, V. G. Zakrzewski, J. Gao,
N. Rega, G. Zheng, W. Liang, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M.
Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, K. Throssell, J. A. Montgomery,
Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N.
Staroverov, T. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant, S.
S. lyengar, J. Tomasi, M. Cossi, J. M. Millam, M. Klene, C. Adamo, R. Cammi, J. W. Ochterski,
R. L. Martin, K. Morokuma, O. Farkas, J. B. Foresman, and D. J. Fox, Gaussian, Inc.,
Wallingford CT, 2016.

Computational Methods

Geometries were optimized with Gaussian 09.E01 by the DFT method B3LYP with general
basis set. SDD effective core potential basis set was used for Pd and Pt atoms, and 6-31G™* basis
set was used for the remaining atoms. NBO analyses were performed to evalulate z-electron
delocalization energies. In our NBO analysis, d(Pt) to z*(C=N) interaction was split into two
pairs, thus, we defined the sum of energies for these pairs as z-electron delocalization energy.

Results and Discussion

Complex 9 contains palladium metal center and ligand with coordinating N atom, and complex
18 contains the same metal center and ligand with coordinating C atom. The z-electron
delocalization energy of complex 9 is 1.94 kcal/mol and that of complex 18 is 4.72 kcal/mol,
which means there is a stronger d(Pd) to z*(aromatic) interaction in complex 18.

The only difference between complex 9 and 10 is the metal center. In complex 9, the metal is
Pd as there is Pt in complex 10. The z-electron delocalization energy of complex 9 is 1.94
kcal/mol and that of complex 10 is 4.45 kcal/mol, which means there is a stronger d(metal) to
7%(C=N) interaction in complex 10. The difference may arise from the fact that 5d atomic
orbitals in Pt (compared to 4d orbitals in Pd) are more diffuse and easier to donate to the ligand’s
7* orbital when the symmetry of orbitals matches up.
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Table S1. Second-order interaction energy (E?, kcal/mol) between donor and acceptor orbitals

in complex 9.
NBO Donor NBO Acceptor Type of NBO | E?/
kcal/mol
NBO132: LP | 1.94
of Pd
NBO147:
BD* of C-N

NBO132

NBO147

Table S2. Second-order interaction energy (E?, kcal/mol) between donor and acceptor orbitals

in complex 10.

NBO Donor

NBO Acceptor

Type of
NBO

E2/
kcal/mol

NBO134

NBO134:
LP of Pt
NBO147:
BD* of C-
N

3.10

NBO138

NBO147

NBO134:
LP of Pt
NBO147:
BD* of C-
N

1.35
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Table S3. Second-order interaction energy (E?, kcal/mol) between donor and acceptor orbitals
in complex 18.

NBO Donor

NBO Acceptor

Type of
NBO

E?/
kcal/mo
|

NBO242

NBO298

NBO242:
LP of Pd
NBO298:
BD* of
C-C

4.72

XYZ coordinates of the optimized geometries (A)

Complex 9

TOOIIITOOIOITIOOOIOIOIOIOOIOIO

1.845310
1.370247
3.140243
3.735879
3.692987
5.018907
5.629907
5.516392
6.530821
4.707845
5.108513
3.417975
2.830521
2.868821
1.531652
0.630098
0.862170
0.792302
0.096510
0.482079
-0.118483
-0.982107
-0.333168
0.748101
2.171523
4273717
4.842994

-2.821550
-3.621901
-2.881026
-3.765362
-1.801303
-1.823925
-2.704780
-0.750943
-0.775129
0.390392
1.231969
0.444226
1.338549
-0.652298
-0.667873
0.539159
1.021990
1.646058
1.470192
3.012144
5.234375
5.226329
5.810759
5.642844
1.652120
2.712849
1.809325

-0.751908
-1.307161
-0.313429
-0.518359
0.413588
0.919946
0.742650
1.622327
2.010229
1.844105
2401727
1.363983
1.535340
0.636676
0.122824
0.298198
1.246731
-0.795362
-1.620017
-0.177287
-0.665161
0.003578
-1.564655
-0.139531
-1.470961
-1.593848
-1.363157
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H
H
C
C
H
C
H
C
H
C
H
C
H
C
C
H
C
H
C
H
C
H
C
H
C
C
N
@)
@)
@)
@)

4.742269

4.193737
-2.254163
-2.733164
-2.471759
-3.561508
-3.935926
-3.918881
-4.570421
-3.455427
-3.748679
-2.635596
-2.320882
-1.473716
-2.253581
-2.647848
-2.527637
-3.130575
-2.026857
-2.237652
-1.254247
-0.866252
-0.977170
-0.387831
-0.776612
-3.347759

1.044935

0.160609

0.534791

2.961747

2.500194
-1.161554

3.589111
2.824934
1.300175
2.263511
2.208789
3.292934
4.027318
3.370088
4.168703
2.408806
2.449618
1.371422
0.596029
-0.378092
-1.493628
-2.138250
-1.761966
-2.627231
-0.927304
-1.142142
0.185597
0.839670
0.463695
1.342273
-3.778129
-2.043278
-1.735222
3.898263
3.263989
2.636053
0.863477
-0.077451

-1.146161
-2.677411
-0.137971
0.764229
1.815338
0.315552
1.023636
-1.032870
-1.377415
-1.932726
-2.977683
-1.488699
-2.180172
2.159300
2.507152
1.726730
3.849144
4.109336
4.849734
5.893863
4.509257
5.285313
3.170140
2.921574
-2.368879
-1.097531
-0.520584
-1.125556
1.010083
-1.001657
-2.325140
0.380717

P
Pd -1.032408 -1.908945 -0.942597

Complex 10

Pt

O0O000000O00O0O00O0OO0

-1.194929
0.836635
1.543005
2.886350
3.618802
4.904829
5.528568
4.851769
3.525144
2.791132
1.502639
1.101628
2.452991
4.676274

-1.605089
0.625626
-0.709921
-0.865475
0.178784
-0.037317
-1.297102
-2.324206
-2.134594
-3.160545
-2.938771
1.615503
1.393744
2.149356

-0.711959
0.318597
0.195058
0.664344
1.301822
1.745380
1.574579
0.958389
0.492199

-0.146690

-0.546198

-0.863237

-1.558098

-1.775558
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0.981446
0.649450
-1.944658
-2.367520
-3.071546
-3.375755
-2.975842
-2.264345
-1.279460
-0.645140
-0.888633
-1.765053
-2.401156
-2.160321
-1.252105
-3.526907
0.875502
2.657091
3.376865
1.087973
0.758042
-1.015956
1.181271
3.176510
5.445658
6.542951
5.319415
3.241438
0.896552
0.366315
5.132906
5.258272
4.590365
-0.202342
0.497775
1.564420
-2.175842
-3.399432
-3.937264
-3.226830
-1.970672
0.028808
-0.393230
-1.950108
-3.083223
-2.652357

3.053331
5.288462
1.752080
1.804900
2.913524
3.968557
3.913674
2.811408
0.122507
0.964938
0.807587
-0.184321
-1.019682
-0.872442
-3.576622
-1.448329
-1.732965
0.511478
2.292924
3.387427
3.896862
0.273659
1.130543
1.159300
0.767327
-1.448461
-3.295153
-4.134078
-3.692530
1.461253
1.207738
2.998427
2.166738
5.436519
5.816520
5.626856
0.963883
2.939189
4.824644
4.723310
2.777321
1.750361
1.460593
-0.305643
-1.792359
-1.522462

-0.351961
-1.008827
-0.053981
-1.393249
-1.863681
-1.001880
0.335650
0.810546
2.310560
3.240524
4.605587
5.052122
4.132100
2.765181
-2.066671
-0.875145
-0.360125
-2.357982
-1.168656
0.811066
-1.365158
0.504805
1.219970
1.432655
2.235066
1.932540
0.819910
-0.314195
-1.033210
-1.657280
-1.461329
-1.417467
-2.864173
-0.341228
-1.949877
-0.516556
-2.051883
-2.898795
-1.366431
1.015585
1.853856
2.907915
5.318891
6.115995
4.475197
2.047479
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Complex 18

TOITOIOOIOIOIOIOIOOIIIOOIIIOOIOIOOOIOIOIOIOOIOIOONO

-3.129586
-3.218977
-2.450040
-4.265209
-4.320358
-5.296796
-6.396959
-6.425456
-7.410392
-8.249281
-71.357951
-8.162681
-6.298490
-6.285000
-5.228046
-4.108556
-3.991097
-4.968607
-3.222972
-2.144756
-3.425552
-4.815423
-3.954508
-5.659282
-5.089213
-3.622891
-3.001797
-3.976508
-2.201382
-2.983118
-2.287140
-0.990513
-0.468762
-0.342256
0.660246
-0.980860
-0.474607
-2.263035
-2.757405
-2.916020
-3.910219
-4.403208
-4.194037
-3.267750
-5.173781
-5.003206
-6.369352
-7.133670

1.312792
2.512869
2.742057
3.385820
4.299037
3.113625
3.996404
4.901620
3.717376
4.399230
2.530307
2.300721
1.655739
0.761632
1.913607
1.029070
-0.253406
-0.680486
-0.150481
-0.200152
1.188958
2.406185
2.745408
2.181598
3.168705
-1.305601
-2.502966
-2.364797
-2.450040
-3.463382
-2.777271
-2.572888
-1.644449
-3.568553
-3.383612
-4.790682
-5.575588
-5.012417
-5.967102
-4.013125
-4.201100
-2.156653
-2.287612
-1.928652
-2.868514
-2.962051
-3.318243
-3.764991

-1.234563
-1.994133
-2.722546
-1.815064
-2.404305
-0.879816
-0.718073
-1.320487
0.170804
0.281330
0.937031
1.630995
0.809711
1.422505
-0.095645
-0.280774
0.519962
0.746965
1.875179
1.703709
2.590410
4.057579
4.638345
4.710027
3.324691
2.796506
4.726118
5.201015
5.464129
4.205509
0.261791
0.763297
0.553535
1.495098
1.868754
1.715311
2.271422
1.205374
1.364637
0.483405
0.093408
-1.690521
-3.072056
-3.511911
-3.878753
-4.947572
-3.315705
-3.945851
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OIOIOITOOIOIOIOIOIOOIIITIOOOOIOIOOOIOIOIOIOOIOIOOIOIO

-6.584936

-3.190180

-1.941571

-7.514820 -3.537656 -1.499735

-5.608128

-2.613087

-1.129117

-5.784226 -2.528524 -0.060224

3.129866
3.219398
2.450584
4.265628
4.320878
5.297076
6.397238
6.425826
7.410556
8.249444
7.358000
8.162644
6.298535
6.284955
5.228197
4.108696
3.991035
4.968472
3.222439
2.144278
3.425163
4511426
3.621675
2.999518
3.973760
2.198415
2.981491
4.403744
4.194849
3.268668
5.174737
5.004379
6.370185
7.134618
6.585496
7.515286
5.608541
5.784447
2.287214
0.990495
0.468796
0.342068
-0.660503
0.980594
0.474204
2.262864

-1.312483
-2.512318
-2.741303
-3.385298
-4.298339
-3.113349
-3.996155
-4.901197
-3.717362
-4.399232
-2.530512
-2.301110
-1.655932
-0.762006
-1.913555
-1.029003
0.253243
0.680244
0.149837
0.199209
-1.189685
-1.170463
1.304821
2.501463
2.363082
2.448582
3.461926
2.156994
2.288134
1.929194
2.869173
2.962850
3.318853
3.765717
3.190596
3.538026
2.613367
2.528636
2.777333
2.572870
1.644451
3.568460
3.383455
4.790585
5.575431
5.012401

-1.234676
-1.994594
-2.723199
-1.815635
-2.405139
-0.880171
-0.718543
-1.321214
0.170533
0.280970
0.937092
1.631216
0.809898
1.422953
-0.095659
-0.280663
0.520433
0.747895
1.875341
1.703444
2.590398
3.385957
2.797140
4.726864
5.202671
5.464131
4.206335
-1.689563
-3.071130
-3.511220
-3.877550
-4.946391
-3.314197
-3.944121
-1.940040
-1.497970
-1.127860
-0.058949
0.262356
0.763573
0.553618
1.495335
1.868777
1.715779
2.271852
1.206110
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H 2.757181 5.967082 1.365555
C 2916017 4.013185 0.484189
H 3.910285 4.201225 0.094402

Cl
Cl
)

o)
o)
)
o)
)
P
P

-0.024050
0.024442
-4.511774
-2.697577
-2.738211
-4.601621
2.736644
4.600186
-3.083382
3.083677

1.655254 -2.519373
-1.654719 -2.519666
1.169764 3.386025
2.147203 2.463925
-1.434725 3.798546
-2.008265 2.657743
1.433331 3.798955
2.007885 2.658893
-1.406493 -0.667180
1.406681 -0.666669

Pd -1.670651 0.003408 -1.715137
Pd 1.670988 -0.002976 -1.715071

0]

C
H
H
H

2.697269
4.815239
5.659093
3.954378
5.089090

-2.147994 2.463837
-2.406919 4.057385
-2.182294 4.709827
-2.746285 4.638144
-3.169326 3.324408
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8. Crystallographic data

Crystallographic data of complex (R)-9

Figure 5 Structure of complex (R)-9 with the thermal ellipsoids

Table S4. Crystal Data of (R)-9 palladium complex

Crystal data
Identification code

Chemical formula
Formula weight
Temperature
Wavelength

Crystal size

Crystal habit
Crystal system
Space group

Unit cell dimensions

Volume

CCDC 1968108

C27H24CI2NO4PPd

634.74 g/mol

100(2) K

0.71073 A

0.060 x 0.100 x 0.220 mm

yellow block

orthorhombic

P212121

a=10.1645(14) A o =90°
b=14.880(2) A B=90°
c=17.932(3) A v =90°
2712.2(7) A3
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4 4

Density (calculated) 1.555 g/cm?®
Absorption coefficient 0.974 mm*
F(000) 1280

Data collection

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Coverage of independent reflections

Absorption correction

Max. and min. transmission
Structure solution technique
Structure solution program

Refinement

Refinement method
Refinement program
Function minimized

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

Final R indices

Weighting scheme

Absolute structure parameter
Largest diff. peak and hole
R.M.S. deviation from mean

2.27 t0 26.42°
-12<=h<=9, -18<=k<=18, -22<=|<=22
16735

5536 [R(int) = 0.0933]
99.7%

Multi-Scan

0.9440 and 0.8140
direct methods

XT, VERSION 2014/5

Full-matrix least-squares on F?
SHELXL-2016/6 (Sheldrick, 2016)
)y W(F02 - Fc2)2

5536 /0 / 327

1.020

3717 data; R1 = 0.0566, WR2 =

>26(1) 0.1094

1l data R1=0.1028, wR2 =
0.1307

w=1/[62(Fo?)+(0.0484P)?]
where P=(Fo?+2F¢?)/3
0.03(4)

0.864 and -0.582 eA™3
0.119 eA™®
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Crystallographic data of complex 10

Figure 6 Structure of complex 10 with the thermal ellipsoids

Table S5. Crystal Data of 10 platinum complex

Crystal data

Identification code CCDC 1968110

Chemical formula C27H24CI2NO4PPt

Formula weight 723.43 g/mol

Temperature 250(2) K

Wavelength 0.71073 A

Crystal size 0.040 x 0.060 x 0.100 mm

Crystal habit yellow plate

Crystal system triclinic

Space group P-1

Unit cell dimensions a=11.0515(12) A o =116.404(3)°

b=11.2817(12) A  B=96.725(3)°
c=11.9017(12) A  y=93.542(3)°

Volume 1309.1(2) A3
z 2

Density (calculated) 1.835 g/cm?®
Absorption coefficient 5.659 mm*
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F(000)

Data collection
Theta range for data collection

Index ranges

Reflections collected

Independent reflections

Coverage of independent reflections
Absorption correction

Max. and min. transmission
Structure solution technique
Structure solution program

Refinement

Refinement method
Refinement program
Function minimized

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

A/Gmax

Final R indices

Weighting scheme

Largest diff. peak and hole
R.M.S. deviation from mean

704

2.76 to 30.55°
-15<=h<=15, -16<=k<=16, -
16<=I<=17

19663

7915 [R(int) = 0.0489]
98.7%

Multi-Scan

0.8050 and 0.6010
direct methods

XT, VERSION 2014/5

Full-matrix least-squares on F2
SHELXL-2016/6 (Sheldrick, 2016)
2 W(F02 - Fc2)2

7915/ 0/ 327

1.040

0.001

6611 data; R1 = 0.0369, WR2 =

>20(I) 0.0875

Al data R1 = 0.0505, wR2 =
0.0953

w=1/[c?(Fo?)+(0.0470P)?+0.2195P]
where P=(Fo?+2F¢?)/3

1.747 and -1.975 A

0.161 eA
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Crystallographic data of complex (R,R)-22

Figure 7 Structure of complex (R,R)-22 with the thermal ellipsoids

Table S6. Crystal Data of (R,R)-22 platinum complex

Crystal data
Identification code

Chemical formula
Formula weight
Temperature
Wavelength

Crystal size

Crystal habit
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

CCDC 1968111

Ca4.40H48.40Cl1.40N20g 80PPd

937.85 g/mol

100(2) K

0.71073 A

0.100 x 0.220 x 0.240 mm

yellow block

orthorhombic

P212121

a=10.0501(2) A o= 90°
b=11.1476(3) A B =90°
c=38.2901(11) A y =90°
4289.81(19) A3

4

1.452 glcm?®

0.614 mm*
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F(000)

Data collection
Theta range for data collection

Index ranges

Reflections collected

Independent reflections

Coverage of independent reflections
Absorption correction

Max. and min. transmission
Structure solution technique
Structure solution program

Refinement

Refinement method
Refinement program
Function minimized

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

A/Gmax

Final R indices

Weighting scheme

Absolute structure parameter
Largest diff. peak and hole
R.M.S. deviation from mean

1936

2.43 to 34.97°
-16<=h<=9, -17<=k<=17, -
61<=I<=40

55340

18695 [R(int) = 0.0557]
99.6%

Multi-Scan

0.9410 and 0.8670

direct methods

XT, VERSION 2014/5

Full-matrix least-squares on F?
SHELXL-2016/6 (Sheldrick, 2016)
T w(Fo? - F?)?

18695 /317 /613

1.029

0.003

R1=0.0419, wR2 =
0.0749

R1=0.0581, wR2 =
0.0825

w=1/[62(Fo?)+(0.0239P)>+0.6303P]
where P=(Fo?+2F¢?)/3

0.007(9)

0.691 and -0.888 eA™

0.090 eA

15734 data; I>26(1)

all data
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