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1. NMR data

Table S1. The spectram data of Pd(n?,n?-diallyl ether)(PR3) (R = Et (1-Et), Bn (1-Bn), OEt (1-
OEt), O'Pr (1-O/Pr), OXyl (1-OXyl).

3(H)

complex 3(P)
=CH- H, He Heq Ha PR,
1-Et 3.97 (ddddd, J,,y = 2.64(dd, Jyy  2.98(dd, Jyy  4.79(ddd, Jyy 241 (dd, 2;58:§dt9’:|HF"\A2)7'5HZv Jpyy =
brown oil 2.9, 8.6, 11, 13Hz, =13Hz, Jpy =8.6Hz, Jpy = =29, 13Hz, Jyn =11, 1 35((".1(] J’ = 75Hz Jo. = 18.9
- - - . v = 1 yJpH =
Jon = 4.2Hz) =5.2Hz) 5.2Hz) Jpy = 6.3Hz) 13Hz) 7.5Hz, 6H, PCH,)
2.32 (dd
1-Bn 236(dd, Jyy  272(dd, Jyy  4.72 (ddd, 3,y ad. _
yellow 4,01 (m) =11Hz Jp,  =87Hz Jpy= =28 11Hz  ” i'g?g”ljs;f’fh';z' 6H.PCH,) 18,
powder =9.2Hz) 5.0Hz) Jpyy = 7.8H2) 13H7)
LOEt 2.98(dd, Jyy  3.33(dd, Jyy 468 (dd, Jyy= 2.41(dd, 1.10(t, g = 7.1Hz, 9H, Me)
b ; 3.97 (m) =14Hz, Jpy  =8.6Hz, Jpy=  10Hz, Joy=  Juy=11, 3.86(dq, Jypy = 6.8Hz, Joy=  160.4
rown oil
= 6.0Hz) 6.0Hz) 10Hz) 13Hz) 6.8Hz, 6H, POCH,)
Loy 398(dddd, Jy = 299(dd Jy,  332(dd, By, 468(ddd, 241 (dd, ﬁhg(d’ I = 5.7Hz, 18H,
brown oil 2.9, 8.6, 11, 13Hz, =13Hz, Jpy  =8.6Hz, Jpy = =2.9, 13Hz, Jyn =11, 4.58(dsept, I, = 6.3Hz, J 158.4
- - - . 1 YHH T Y ' YPH
Joy = 6.0H2) = 5.7Hz) 6.3Hz) Iu=02Hz) 132 Ioal e
LOXyl  390(ddddd, Jyy = 256(dd, Jy  304(dd Jyy 44500 By L9200, oo v
paleyellow  23,87,12 14Hz, =14z Jp, =87Hz Jpy=  =23,12Hz  Jy =12 goe o/t 157.7
crystals Jop = 6.0Hz) = 6.5H2) 6.5Hz) Joy=12Hz)  12Hz) OO
freediallyl  5.82(ddt, J=11,17, 522(d,J=  5.02(d,J= _
ether 5.0H7) 17H7) 11H7) 3.78(J=14,50H2)
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"H NMR spectrum assignment of W[CH(CO:Me)(CH2C0:Me)]Cp(CO)3

All three protons in o- and B-positions of WCp(CO); in W[CH(CO;Me)(CH,CO:Me)]Cp(CO); and
W[CD(CO:Me)(CH2CO2Me)]Cp(CO);3 were assigned with estimeted J values by Karplus equation as Chem Draw

stucture in Figure S1.

H _ H
Ju =17TH
H, WCp(CO)3 T = 12H,
EtOZC%COZEt Jis =3 Hz JW
H
H WCp(CO); H Jan = 12Hg
EtO,C_ >
" >CO,Et
D
3.5 3.0 ppm 2.5

Figure S1. 'H NMR spectra of W[CH(or D)(CO2Me)(CH2CO2Me)]Cp(CO)s.

91.0°

(3 HZ)'/> H WCp(CO),
H
E

150.7 °
(12 Hz)

E= COzR

Figure S2. Most-stable conformer of W[CH(CO:Me)(CH2CO,Me)]Cp(CO); by DFT calculations. Estimeted J

values by Karplus equation are indicated in parentheses
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PROCESSING PARAMETERS
dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s]
trapezoid3( 0[%], 80[%], 100[%] )
zerofill( 1 )

££t( 1, TRUE, TRUE )
machinephase

ppm

DUFighsk :: RIT0957cr-00H-9. jdf

Filename = RIT0957cr-00H-13.jdf
Author = delta

Experiment single_pulse.ex2
Sample_Id RIT0957

Solvent = BENZENE-D6

6-JUL-2012 10:17:05
5-JUL-2017 20:28:37
5-JUL-2017 20:28:38

Creation_Time
Revision_Time
Current_Time

Comment Pd(C6H100) (PEE3)? crude
Data_Format 1D COMPLEX

Dim Size 13107

Dim_Title 1

Dim_Units [ppm]

Dimensions

site ECX 400P

Spectrometer DELTA2_NMR

Field Strength
X_Acq Duration

9.389766[T] (400[MHz])
1.74587904[s]

X_Domain 1H

X_Freq 399.78219838 [MHz]
X_Offset = 5[ppm]

X_Points 16384

X_Prescans 1

X_Resolution = 0.57277737 [Hz]
X_Sweep 9.38438438 [kHz]
Irr_Domain 1H

Irr_Freq = 399.78219838 [MHz]
Irr_Offset 5[ppm]

Tri_Domain 1H

Tri_Freq = 399.78219838 [MHz]
Tri_Offset 5[ppm]

Clipped FALSE

Scans =4

Total_Scans =4

Relaxation_Delay = 5[s]
Recvr_Gain 40

Temp_Get 23.2[dc]
X_90_Width = 10.3[us]
X_Acq_Time 1.74587904[s]
X_Angle 45[deg]

X_Atn = 1.3[dB]
X_Pulse

Irr_Mode

Tri_Mode

Dante_Presat
Initial Wait
Repetition_Time = 6.74587904[s]

Figure S3. 'H NMR spectra of Pd(n?,n?-diallyl ether)(PEt;) (1-Et) (400 MHz, C¢Ds, 23 °C)
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---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s]

trapezoid3( 0[%], 80[%], 100[%] )
zerofill( 2 )

££t( 1, TRUE, TRUE )

machinephase

ppm

phase( 13, 0, 30.07796[%] )

phase( 35, 0, 30.07796[%] )
reference ( 140.675[ppm], 140([ppm] )

SUFIZE3K :: RIT0957cr-00P-7. jdf

Filename = RIT0957cr-00P-11.3df
Author delta

Experiment single_pulse_dec
Sample_Id RIT0957

Solvent BENZENE-D6

6-JUL-2012 10:18:26
5-JUL-2017 20:34:32

Creation_Time
Revision_Time

Current_Time = 5-JUL-2017 20:34:33
Comment = Pd(C6H100) (PEt3)?
Data_Format 1D COMPLEX
Dim_Size 52428

Dim Title 31p

Dim_Units [ppm]

Dimensions

si ECX 400P
Spectrometer = DELTA2_NMR

Field Strength = 9.389766[T] (400[MHz])
X_Acq_Duration 0.64487424[s]
X_Domain 31p

X_Freq 161.83469309 [MHz]
X_Offset 25[ppm]

X_Points 32768

X_Prescans 4

X_Resolution 1.55068995 [Hz]
X_Sweep 50.81300813 [kHz]
Irr_Domain 10

Irr_Freq 399.78219838 [MHz]
Irr Offset 5 [ppm]

Clipped FALSE

Scans 16

Total_Scans 16

Relaxation Delay = 2[s]

Recvr_Gain 58

Temp_Get 23.4[dC)
X_90_Width 10.1[us]
X_Acq_Time 0.64487424[s]
X_AngTe 30[deg]

X_Atn .9[dB]

X_Pulse 3.36666667 [us]

Irr_Atn_Dec

Irr_Atn Noe 22.26[dB]
Irr_Noise WALTZ
Decoupling TRUE
Initial Wait 1[s]

Noe TRUE
Noe_Time [s]

= 2[s
Repetition Time = 2.64487424[s]

Figure S4.3'P {'H} NMR spectra of Pd(n?n?-diallyl ether)(PEts) (1-Et) (162 MHz, C¢Ds, 23 °C)
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---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]
trapezoid3( 0[%], 80[%], 100[%] )

T T
9.0 8.0
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££t( 1, TRUE, TRUE
machinephase
ppm

LTIk :: TBY0565-

Experiment
Sample_Id
Solvent
Creation_Time
Revision_Time
Current_Time

Comment
Data_Format
Dim_Size
Dim Title

Spectrometer

Field Strength
X_Acq Duration
X_Domain

X_Points
X_Prescans
X_Resolution
X_Sweep
Irr_Domain
Irr_Fre

Irr Offset
Tri_Domain
Tri_Freq
Tri_Offset
Clipped
Scans =
Total_Scans =

Relaxation_Delay =
Recvr_Gain
Temp_Get
X_90_Width =
X_Acq_Time
X_Angle
X_Atn =
X_Pulse
Irr_Mode
Tri_Mode
Dante_Presat
Initial Wait
Repetition Time =

)

01-H-2. jdf

TBY0565-01-H-4. jdf

delta
single_pulse.ex2

TBY0565

BENZENE-D6
29-0CT-2011 11:02:26
5-JUL-2017 20:58:49
5-JUL-2017 20:59:07

TBY0565-01-H
1D COMPLEX
13107

ECX 400P
DELTA2_NMR

9.389766[T] (400[MHz])
2.18365952[s]

1H
399.78219838 [Miz]
5[ppm]

16384

1

0.45794685 [Hz]
7.5030012 [kHz]

399.78219838 [MHz]
5[ppm]

1H

399.78219838 [MHz]
5[ppm]

FALSE

32

32

5[s]

36
22[dC]
10.3[us]

2.18365952[s]
45[deg:

1[s
7.18365952[s]

Figure S5. 'H NMR spectra of Pd(n?,n?-diallyl ether)(PBn3) (1-Bn) (400 MHz, Cs¢Ds, 22 °C)
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---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s]

trapezoid3( 0[%], 80[3], 100[%] )
zerofill( 2 )

££t( 1, TRUE, TRUE )

machinephase

ppm

phase( 13, 0, 30.07796[%] )

phase( 35, 0, 30.07796[%] )
reference( 140.675[ppm], 140[ppm] )

SUFIZE3K :: TBY0565-01-P-2. jdf

Filename = TBY0565-01-P-6.3jdf
Author delta

Experiment single_pulse_dec
Sample_Id TBY0565

Solvent BENZENE-D6

29-0CT-2011 11:04:40
5-JUL-2017 21:02:17
5-JUL-2017 21:02:18

Creation_Time
Revision_Time
Current_Time =

Comment = TBY0565-01-P
Data_Format 1D COMPLEX
Dim_Size 52428

Dim Title 31p

Dim_Units [ppm]

Dimensions

si ECX 400P
Spectrometer = DELTA2_NMR

Field Strength = 9.389766[T] (400[MHz])
X_Acq_Duration 0.64487424[s]
X_Domain 31p

X_Freq 161.83469309 [MHz]
X_Offset 25[ppm]

X_Points

32768
X_Prescans 4

X_Resolution 1.55068995[Hz]

X_Sweep 50.81300813 [kHz]
Irr_Domain 10

Irr_Freq 399.78219838 [MHz]
Irr_Offset 5 [ppm]

Clipped FALSE

Scans 40

Total_Scans 40

Relaxation Delay = 2[s]

Recvr_Gain 56

Temp_Get 22.4[dC)
X_90_Width 10.1[us]
X_Acq_Time 0.64487424[s]
X_AngTe 30[deg]

X_Atn .9[dB]

X_pulse 3.36666667 [us]

Irr_Atn_Dec

Irr_Atn Noe 22.26[dB]
Irr_Noise WALTZ
Decoupling TRUE
Initial Wait 1[s]

Noe TRUE
Noe_Time [s]

= 2[s
Repetition Time = 2.64487424[s]

Figure S6.3'P {'H} NMR spectra of Pd(n?n?-diallyl ether)(PBns) (1-Bn) (162 MHz, C¢Ds, 22 °C).
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~---- PROCESSING PARAMETERS ----
2 dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s]
\ trapezoid3( 0[%], 80[%], 100[%] )
N zerofill( 1 )
N £££( 1, TRUE, TRUE )
machinephase
<1 (Et0);P—Pd o) eon
DUFighsk © RIT0713¢-00H-12. jdf
R
] 7/
(=)
24
1 o Filename = RIT0713c-00H-14.jdf
z4 x lmpurlty Author = delta
Experiment = single_pulse.ex2
~ Sample_Id = RIT0713
- Solvent = BENZENE-D6
Creation_Time = 24-OCT-2011 05:36:32
Revision_Time = 5-JUL-2017 20:15:33
fr Current_Time = 5-JUL-2017 20:16:10
Comment = Pd(C6H100) {P(OEt)3} ?
[Tolh| Data_Format = 1D COMPLEX
— Dim_Size = 13107
Dim_Title = 1H
< Dim_Units = [ppm]
7] Dimensions =x
site = ECX 400P
™ Spectrometer = DELTA2_NMR
- Field Strength = 9.389766[T] (400[MHz])
~ X_Acq_Duration = 2.18365952[s]
- X_Domain =18
X_Freq = 399.78219838 [MHz]
X_Offset = 5[ppm]
h X_Points = 16384
— X_Prescans =1
X_Resolution = 0.45794685[Hz]
< X_Sweep = 7.5030012 [kHz]
- Irr_Domain = 1H
Irr_Freq = 399.78219838 [MHz]
=) Irr_Offset = 5[ppm]
o] Tri_Domain =18
Tri_Freq = 399.78219838 [MHz]
© Tri_ Offset = 5[ppm]
= Clipped = FALSE
Scans =8
~ Total_Scans =38
e Relaxation Delay = 5[s]
Recvr_Gain = 38
g, Temp_Get = 21.4[4C]
X_90_Width = 10.3[us]
X_Acq_Time = 2.18365952[s]
01 X_Angle = 45[deg]
o X_Atn = 1.3[dB]
X_Pulse = 5.15[us]
<1 Irr_Mode = off
=] Tri_Mode = Off
Dante_Presat = FALSE
™ Initial Wait = 1[s]
=3 Repetition_Time = 7.18365952[s]
N1
° X
8 =]
c o
(]
=]
c
é o
B A e L e T L B N IR A et o e
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
X : parts per Million : 1H

Figure S7. '"H NMR spectra of Pd(n?,n?-diallyl ether) {P(OEt);} (1-OEt) (400 MHz, C¢Ds, 21 °C).

:\ri ---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
el sexp( 2.0[Hz], 0.0[s]
~N trapezoid3( 0[%], 80[%], 100[%] )
zerofill( 2 )
N ££t( 1, TRUE, TRUE )
o~ machinephase
J— ppm
i (Eto)3P Pd O phase( 13, 0, 30.07796[%] )
3 phase( 35, 0, 30.07796[%] )
reference( 140.675[ppm], 140([ppm] )
o
] / SUFIZH3€ :: RITO713c-01P-9. jdf
[=})
2]
Filename = RIT0713c-01P-13.3df
@ Author = delta
—] Experiment = single_pulse_dec
Sample_Id = RIT0713
~ Solvent = BENZENE-D6
- . . Creation_Time = 24-OCT-2011 05:50:28
X lmpurlty Revision Time = 5-JUL-2017 20:24:41
© Current_Time = 5-JUL-2017 20:24:42
- Comment = Pd(C6H100) (P (OEt)3} 2
o Data_Format = 1D COMPLEX
=4 Dim_Size = 52428
Dim Title =31
Dim_Units = [ppm]
A Dimensions =x
site = ECX 400P
P Spectrometer = DELTA2_NMR
- Field Strength = 9.389766[T] (400 [MHz])
X_Acq Duration = 0.64487424[s]
N X_Domain = 31p
! X _Freq = 161.83469309 [MHz]
X_Offset = 75[ppm]
7 X_Points = 32768
- X_Prescans =4
X Resolution = 1.55068995[Hz]
o4 X_Sweep = 50.81300813 [kHz]
i Irr_Domain =18
Irr_Freq = 399.78219838 [MHz]
o Irr_Offset = S5[ppm]
o] Clipped = FALSE
Scans =128
) Total_Scans =128
@1
Relaxation Delay = 2[s]
~ Recvr_Gain =60
S Temp_Get = 21.8[dc]
X_90_Width = 10.1[us]
© X_Acq_Time = 0.64487424[s]
S X_Angle = 30[deg]
X_Atn = 3.9[dB]
o X_pulse = 3.36666667[us]
S Irr_Atn Dec = 22.26[dB]
Irr_Atn_Noe = 22.26[dB]
Irr_Noise = WALTZ
<1 Decoupling = TRUE
o Initial Wait = 1[s]
Noe = TRUE
@1 Noe_Time = 2[s]
© Repetition Time = 2.64487424[s]
]
|
- X
8 oo X
=4
g I \
" " " . N
S © e e y Y y "
2
© B o o e UL e e S
200190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0-30.0-40.0
X : parts per Million : 31P

Figure S8.3'P {'H} NMR spectra of Pd(n?n?-diallyl ether){P(OEt);} (1-OEt) (162 MHz, C¢Ds, 22 °C).

S6




o

(32]

3 N\

SE| .

2] (Pro),P—Pd 0

o~

4

™~

o~

© 4

o~

0 4

o~ . .

<31 X 1mpurity

o~

© 3

o~

INE

o~

=

R E

S

o~

L

—

@ 5

—

~3

—

© 4

—

w4

—

~ 4

i

™4

-

D

-

=

=

o4

-

° 4

o

@ 5

o

~3

o

© 4

o

0 4

o

<4

o

@4

o

N4

o
g X
2 [ —
IS
BO
© e e L L I

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
X : parts per Million : 1H

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]
trapezoid3( 0[%], 80[%], 100[%] )
zerofill( 1 )

££ft( 1, TRUE, TRUE )
machinephase
ppm

DUFighsk :: RIT0987cr-00H-9. jdf

28-JUL-2012 23:33:14
5-JUL-2017 19:56:28
5-JUL-2017 19:56:30

Creation_Time
Revision_Time
Current_Time

Filename = RIT0987cr-00H-13.jdf
Author = delta

Experiment = single_pulse.ex2
Sample_Id = RIT0987

Solvent = BENZENE-D6

Comment = Pd(C6H100) (P (0iPr)3)
Data_Format = 1D COMPLEX

Dim_Size = 13107

Dim_Title =1

Dim_Units = [ppm]

Dimensions =x

site = ECX 400P
Spectrometer = DELTA2_NMR

Field Strength
X_Acq Duration

9.389766[T] (400[MHz])
1.74587904[s]

X_Domain 18
X_Freq 399.78219838 [MHz]
X_Offset 5 [ppm]
X_Points 16384

X_Prescans

1
X_Resolution 0.57277737 [Hz]

X_Sweep 9.38438438 [kHz]
Irr_Domain 1H

Irr_Freq 399.78219838 [MHz]
Irr_Offset 5 [ppm]
Tri_Domain 18

Tri_Freq 399.78219838 [MHz]
Tri_ Offset 5 [ppm]

Clipped FALSE

Scans 4

Total_Scans 4

Relaxation Delay = 5[s]

Recvr_Gain =44

Temp_Get = 23.4[dC]
X_90_Width = 10.3[us]
X_Acq_Time = 1.74587904[s]
X_Angle = 45[deg]

X_Atn = 1.3[dB]

X_Pulse = 5.15[us]
Irr_Mode = off

Tri_Mode = Off
Dante_Presat = FALSE

Initial Wait = 1[s]

Repetition_Time 6.74587904[s]

Figure S9. 'H NMR spectra of Pd(n2,n?-diallyl ether) {P(OiPr);} (1-OiPr) (400 MHz, C¢Ds, 23 °C).
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---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s]
trapezoid3( 0[%], 80[%],
zerofill( 2 )

100([%] )

££t( 1, TRUE, TRUE )
machinephase

ppm

phase( 13, 0, 30.07796[%] )
phase( 35, 0, 30.07796[%

1)
reference( 140.675[ppm], 140([ppm] )
SUFIZE3K :: RIT0987cr-00P-8. jdf
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X : parts per Million : 31P

Creation_Time
Revision_Time

28-JUL-2012 23:37:38
5-JUL-2017 20:02:30

Filename = RIT0987cr-00P-14.3df
Author = delta

Experiment = single_pulse_dec
Sample_Id = RIT0987

Solvent = BENZENE-D6

Current_Time

Dim Title
Dim_Units
Dimensions
site
Spectrometer

Field Strength
X_Acq_Duration
X_Domain
X_Freq
X_Offset
X_Points
X_Prescans
X_Resolution
X_Sweep
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans
Total_Scans

Relaxation_Delay
Recvr_Gain |
Temp_Get
X_90_Width
X_Acq_Time
X_Angle

X_Atn

X_Pulse
Irr_Atn_Dec
Irr_Atn_Noe
Irr_Noise
Decoupling
Initial Wait
Noe

Noe_Time
Repetition Time

5-JUL-2017 20:02:31

Pd (C6H100) (P (0iPr)3)
1D COMPLEX

52428

31p

[ppm]

X

ECX 400P
DELTA2_NMR

9.389766[T] (400[MHz])
0.64487424[s]

31p

161.83469309 [MHz]

75 [ppm]

32768

4

1.55068995 [Hz]
50.81300813 [kHz]

1H

399.78219838 [MHz]
5 [ppm]

FALSE

32

32

2[s]
58

23.5[dC]
10.1[us]
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Figure S10.3'P {'H} NMR spectra of Pd(n?n?-diallyl ether) {P(OiPr);} (1-OiPr) (162 MHz, C¢Ds, 22 °C)
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Figure S11. '"H NMR spectra of Pd(n?,n?-diallyl ether){P(OXyl);} (1-OXyl) (400 MHz, C¢Ds, 23 °C)
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Figure S12.3'P{'H} NMR spectra of Pd(n?n?-diallyl ether) {P(OXyl)s} (1-OXyl) (162 MHz, C¢Ds, 23 °C)
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Figure S13. 'H NMR spectra of Pd(n?-dimethyl fumarate),(PMes) (P1-Me) (400 MHz, tolunene-ds, -40 °C).
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Figure S14.3'P{'H} NMR spectra of Pd(n?-dimethyl fumarate),(PMes) (P1-Me) (162 MHz, tolunene-ds, -40 °C).

S9



1.0

0.8

0.7

0.6

0.4

0.3

0.1

X impurity

|

MeOZC

CO,Me

Me,P—Pd
®s CO,Me

M902C

abundance
9

L

4.0

9.0
X : parts per Million : 1H

8.0 7.0

6.0 5.0

3.0

1.0

0

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]
trapezoid3( 0[%], 80[%], 100[%] )
zerofill( 1 )

££ft( 1, TRUE, TRUE )
machinephase
ppm

LATFicEsK :: KOM1867-HO0-6. jdf

21-APR-2016 14:23:56
6-JUL-2017 11:07:36
6-JUL-2017 11:07:56

Creation_Time
Revision_Time
Current_Time

Filename = KOM1867-H00-8.jdf
Author = delta

Experiment = single pulse.ex2
Sample_Id = KOM1867

Solvent = BENZENE-D6

Comment = single_pulse
Data_Format = 1D COMPLEX
Dim_Size = 13107
Dim_Title = 1H

Dim Units = [ppm]
Dimensions =X

site = ECX 400P
Spectrometer = DELTA2_NMR

Field Strength
X_Acq Duration

9.389766[T] (400[MHz])
1.74587904[s]

X_Domain 18

X_Freq 399.78219838 [MHz]
X_Offset 5 [ppm]

X_Points 16384

X_Prescans

1
X_Resolution 0.57277737 [Hz]

X_Sweep 9.38438438 [kHz]
Irr_Domain 1H

Irr_Freq 399.78219838 [MHz]
Irr_Offset 5 [ppm]
Tri_Domain 18

Tri_Freq 399.78219838 [MHz]
Tri_ Offset 5 [ppm]

Clipped FALSE

Scans 18

Total_Scans 18

Relaxation Delay = 5[s]

Recvr_Gain =38

Temp_Get = 19.8[dC]
X_90_Width = 10.3[us]
X_Acq_Time = 1.74587904[s]
X_Angle = 45[deg]

X_Atn = 1.3[dB]
X_Pulse = 5.15[us]
Irr_Mode = off

Tri_Mode = Off
Dante_Presat = FALSE

Initial Wait = 1[s]

Repetition_Time 6.74587904[s]

Figure S15. 'H NMR spectra of Pd(n?-dimethyl fumarate),(PMe;) (P1-Me) (400 MHz, CsDs, 20 °C).
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Figure S16.3'P{'H} NMR spectra of Pd(n?-dimethyl fumarate)(PMes) (P1-Me) (162 MHz, CsDs, 20 °C).
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Figure S17. 'H NMR spectra of Pd(n?-dimethyl fumarate),(PCy3) (P1-Cy) (400 MHz,

CeDs, 19 °C).
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Figure S18.3'P{'H} NMR spectra of Pd(n?-dimethyl fumarate)>(PCys) (P1-Cy) (162 MHz, C¢Ds, 19 °C).
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Figure S19. 'H NMR spectra of Pd(n?-dimethyl fumarate)(PMes), (P2-Me) (400 MHz, C¢Ds, 23 °C).
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Figure S20.3'P {'H} NMR spectra of Pd(n?-dimethyl fumarate)(PMes), (P2-Me) (400 MHz, C¢Ds, 23 °C).
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Figure S21. 'H NMR spectra of Pd(n?-dimethyl fumarate)(PEt3) (P2-Et) (400 MHz, C¢Ds, 19 °C).
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Figure S22.3'P{'H} NMR spectra of Pd(n?-dimethyl fumarate)(PEt3), (P2-Et) (400 MHz, C¢Ds, 19 °C).
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Figure S23. 'H NMR spectra of catalytic reaction of WHCp(CO); with methyl acrylate (400 MHz, C¢Ds, 30 °C).
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Figure S24. 'H NMR spectra of catalytic reaction of WHCp(CO)s with dimethyl maleate (400 MHz, C¢Ds, 30 °C).
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Figure S25. 'H NMR spectra of catalytic reaction of MoHCp(CO)3 with acrylonitrile (400 MHz, C¢Ds, 30 °C).
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Figure S26.
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'H NMR spectra of catalytic reaction of MoHCp(CO)s with methyl acrylate (400 MHz, CsDs, 30 °C).
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Figure S27. 'H NMR spectra of catalytic reaction of MoHCp(CO); with dimethyl maleate (400 MHz, C¢Ds, 30 °C).
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Figure S28. '"H NMR spectra of catalytic reaction of MnH(CO)s with methyl acrylate (400 MHz, CsDs, 30 °C).
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Figure S29. 'H NMR spectra of catalytic reaction of MnH(CO)s with dimethyl maleate (400 MHz, C¢Ds, 30 °C).
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Figure S30. 'H NMR spectra of catalytic reaction of FeHCp(CO), with methyl acrylate (400 MHz, C¢Ds, 30 °C).
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2. Kinetic data for catalytic reaction of WHCp(CO)3z with dimethyl fumarate

(1) Dependence of initial reaction rate on on [Pd(dimethyl fumarate),(PMes)]o. ([4-Me]o)
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2 Y I ® e ® 3 0.01 R*=0.999160176
S ° o® 2
= . ° =
@
® ¢ ~ 0000002663 x
o ° ° Re= 0907522469
2.
» ©
0.00 O® ' 0.00 & !
0 4000 8000 0 2000 4000
time/s time/s

Figure S31. Time-courses of catalytic reactions: entry 1 (@), entry 2 (®), entry 3 (@), entry 4 (©).
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(2) Dependence of initial reaction rate on on [WHCp(CO)s]o.

Table S3. Reaction conditions and initial reaction rates

Entry 10?2 [WHCp(CO)3]o/M

102 [dimethyl

4rA. 6 1
Fumarate)M 10%[4-Me]o/M 106 Vo/M s
1 1.64 3.88 3.90 3.11
3 2.50 3.76 3.58 6.29
4 4.38 3.88 3.90 10.70
5 5.59 3.54 3.62 16.13
0.04 0.03
v =0.000016125 x
R2 = 0.983064054
=0.000010701 x
§ = R = 0996147228
B i T .
_§ 0.02 o® _§ 0.02
S ° S ¥ = 0.000006293 x
® R2=0.991568223
o ® e0® o0
® o0 ® b
® ) =0.000003108 x
° o Y
°® R2= 0.984861951
0.00 ' 0.00 '
0 2000 4000 0 1500 3000
time/s time/s

Figure S32. Time-courses of catalytic reactions: entry 1 (®), entry 2 (®), entry 3 (@), entry 4 (©).
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(3) Dependence of initial reaction rate on [dimethyl fumarate]o.

[productl/M

Table S4. Reaction conditions and initial reaction rates.

102 102 [dimethyl [dimethyl " 6 1
Entry [WHCp(CO)s]o/M fumarate]/M fumarate] /M1 10°[4-Meo/M 10° VoM s
1 3.62 3.62 26.23 3.63 7.04
2 3.62 4.36 22.92 3.67 6.14
3 3.61 6.75 14.81 3.68 3.37
4 3.66 10.99 9.10 3.64 2.17
5 3.62 16.95 5.90 3.66 1.44
0.04 0.02
¥ =0.000007036 x ©
R2= 0998847037
/
€8s 4
CpCD y =0.000006140 x /_/ y=0.000003369 x
= ’
0.02 ¢+t OOO g 0.01 )/ v =01000002171x
3 - ‘.'o] B RE=0.99709224
O ") g1
¢ .....o' oooste™
@
o ’..'.
@) ’...' .'. / 7 =0.000001443
® ."'.' %2: 0.988962543
0.00 . 0.00 '
0 5000 10000 2000 4000
time/s time/s

Figure S33. Time-courses of catalytic reactions: entry 1 (@), entry 2 (®), entry 3 (@), entry 4 (©), entry 5 (O).
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(4) Dependence of initial reaction rate on temperature.

[producty/M

Table S5. Reaction conditions, initial reaction rates and rate constants.

2 2 1l
Entry Temp./°C 10 [\NI_|/|C\:/|D(CO)3]O :-l?m[ac:"ar;e]f)?{/: 104 [4-Me]o/|\/| 106 Vo/M gl
1 10 3.63 19.6 3.77 0.466
2 20 3.66 19.5 3.65 1.39
3 30 3.66 19.5 3.65 3.85
4 40 3.60 19.0 3.72 9.44
5 50 3.61 19.2 3.61 18.7
0.04 0.03
# y = 0.0000186990 x
R*= 0.9832667527
[
’ ¥ = 0.0000094398 x
° s R*= 0.9899830341
® =
0.02 t+ .Lé 0.015 y}<j:0'8?909%01338(;1266419x
o S ¥ =0.0000013944 x
P J R?=0.9752058879
wﬁ
r M ¥ =0.0000004697 x
| R*=0.9535017492
0 5’ ' 0 .
0.0 1.0 2.0 10000 20000
timels time/s

Figure S34. Time-courses of catalytic reactions: entry 1 (®), entry 2 (®), entry 3 (@), entry 4 (©), entry 5 (@).
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(5) Eyring Plot

Table S6. Data for Eyring plot.

Entry Temp. /°C 103 T1/K? 106 Vo/M st 102 Kops?/s™ IN(Kobs/T)
1 10 3.531697 0.466 0.667 -10.65617523
2 20 3.411223 1.39 2.03 -9.575412042
3 30 3.298697 3.85 5.63 -8.591379597
4 40 3.193358 9.44 134 -7.758437273
5 50 3.094538 18.7 27.6 -7.066318615

a) Kobs = Vo [dimethyl fumarate]o/([4-Me]o [WHCp(CO)s]o) from eg. 6 in main text.

In(k/T)

-1

y =-8,252.7494375102 x + 18.5532410640
R?=0.9976580170

0.003

0.0032 0.0034 0.0036

T1K-

Figure S35. Eyring plot for insertion of dimethyl fumarate into WHCp(CO)s catalyzed by 4-Me.

Eyring equation: ln% =

-AH*

-AHF 1
R T

1
nKe _AS

+
h R

X - 8252.749438+230.8548775 K1, AH* = 68.6+2.2 kJ mol*

kg AS*

IHT + R - 18.55324106+0.764017541, AS* = -43.3+7.3 J mol * K

AG* = AH}-TASE, AGH(25 °C) = 81.5+3.8 kJ mol !
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2. Rate equation

Scheme S1. Possible mechanism

H—WCp(CO)3

Step 6
WCp(CO)3
E
E
BN
= E

[Pd]iotar = [A] + [B] + [C] + [D] + [E] + [4- Me]

v ___ B
' [A][WHCp(CO)3]
[C]
Kz = m
_[D]
K; = m
_ [A][Product]
Ks = [E][Alkene]
_ [A][Alkene]
7 [4 — Me]
From Eq.S6, we have Eq.S7
aome] = A [flx{u;ene]

From Eq.S3, we have Eq.S8

[B]

Al = R TWHCp(Co)S]

From Eq.S2, we have Eq.S9

[C]

[B] =X,

From Eq.S3, we have Eq.S10

[D]
[C] = A
From Eq.S5, we have Eq.S11

[A][Product]

[E] = Ks[Alkene]
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(Eq.S1)

(Eq.S2)

(Eq.S3)

(Eq.S4)

(Eq.S5)

(Eq.S6)

(Eq.S7)

(Eq.S8)

(Eq.S9)

(Eq.S10)

(Eq.S11)



With substitution of [C] in Eq.S9 for Eq.S7, we have Eq.S12.

[D]
= Eq.S12
B = 21 (Eq.S12)
With substitution of [B] in Eq.S8 for Eq.S8, we have Eq.S13.
[D]

[A] = Eq.S13
K1 K ,K3[WHCp(CO)3] (Ea-S13)

With substitution of [A] in Eq.S11 for Eq.S13, we have Eq.S14
El = [D][Product] Eq.S14
[E] = K1 KKK [Alkene] [WHCp(CO)3] (Eq.S14)

With substitution of [A] in Eq.S7 for Eq.S13, we have Eq.S15.

[D][Alkene]

[4-Me] = Eq.S15
K1K2K5Ko[WHCp(CO)s] (Fa:S19)

With Eqgs S8,12-15, Eq. S1 is expressed as Eq. S16.

[D] [D] [D] D [D][Product] [D][Alkene]
K1K,K5[WHCp(CO)s] * KoK3 Tt (D] + KK, KKs[Alkene][WHCp(CO);] * K1K,K3Ks[WHCp(CO)3]

[Pd] total =

_ KsKg[Alkene] + K{KsK¢[WHCp(CO);][Alkene] + K K,K;Ks[WHCp(CO);][Alkene] + KK, K;KsK¢[Alkene][WHCp(CO);] + K¢[Product] + Ks[Alkene]? D
- K, K,K3KsK[Alkene][WHCp(CO);] (D]

(Eq.S16)

From Eq.S16, we have Eq.S17
(D]

_ K1K;K3K5Kg[Alkene][WHCp(CO);][Pd]otal
" KsKg[Alkene] + K, KK [WHCp(CO);][Alkene] + KK, K<K;[WHCp(CO);][Alkene] + KK, K;K<K¢[Alkene][WHCp(CO);] + K¢[Product] + Ks[Alkene]?

(Eq.S17)
The formation rate of product can be expressed as shown in Eg. S16.
d[PrzSuct] — ,[D] (Eq.S18)

With substitution of [D] in Eq. S17 for Eq. S18, we have Eq. S19.

d[Product]
dt

_ k4K 1K, K3K 5K [Alkene] [WHCp(CO)3][Pd]ioral
" KsKg[Alkene] + K, KsK[WHCp(CO);][Alkene] + KK, K<Ks[WHCp(CO);][Alkene] + KK, KKK ¢[Alkene][WHCp(CO);] + K¢[Product] + Ks[Alkene]?

(Eq.S19)

Since 4-Me is only observed as palladium spices during the catalytic reaction, we assume the equilibrium constant is Ky <

1. Therefore at initial stage of catalytic reaction, Ks[Product] is assumed to be almost zero. Eq. S20 is reduced to Eq.S21

d[Product] kK K,K;KsKo[Alkene][WHCp(CO)3][Pd]otar
dt " Ko Kg[Alkene] + K, KsK[WHCp(CO);][Alkene] + K K,K<sKs[WHCp(CO)s][Alkene] + K, K,K;K<K¢[Alkene][WHCp(CO);] + Ks[Alkene]?
d[Product] k4K 1K, K3[WHCp(CO)3][Pd]ora Eq.S20
dt "1+ K,[WHCp(CO);3] + K, K,[WHCp(CO)3] + K,K,K3[WHCp(CO);] + [Alkene] /K, ( Q. )
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d[Product] k4K K,K3[WHCp(CO)3][Pd];oal
dt = 1+ K, [WHCp(CO);](1 + K, + K,K3) + [Alkene]/K,

(Eq.S21)

Since the equilibrium constant is K4 < 1, [Alkene]/Kg is much larger than 1 and K;[WHCp(CO)3](1 + K, + K;K3). Eq.

S21 is reduced to Eq. S22

d[Product] _ JegKyKoKs[WHCP(CO)s[Pdlupun Ko 1KoK 5Ke[WHCP(COY3][Pd g (Eq.522)

dt [Alkene]/K [Alkene]
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3. DFT calculations

The density functional theory (DFT) calculations were employed with long-range and dispersion corrected ®B97X-D
functional.!  The basis set was consisted of the Stuttgart-Dresden SDD effective core potential basis set on the Pa and W
atoms? and the 6-31G(d,p) basis sets on all other atoms.®  Effect of benzene as a solvent was included in the calculations by
using the Polarizable Continuum Model (PCM) using the integral equation formalism variant (IEFPCM).# The optimized
molecular structures were verified by vibrational analysis; equilibrium structures did not have imaginary frequencies and
transition state structures had only one imaginary frequency corresponding to the reaction coordinate. Additionally, the
intrinsic reaction coordinate (IRC) calculations®>® were carried out to check whether the transition state leads to the reactant
and the product, or not. Relative energies were corrected by adding the unscaled zero-point vibrational energy. All

calculations were carried out using the Gaussian 09 program.’

Table S7. Calculated free energies.

Entry Compounds G /kcal mol*
1 WHCp(CO)3 -377184.3622
2 dimethyl fumarate -335134.1872
3 W{CH(CO:Me)(CH.CO:Me)}Cp(CO)3 -712325.5642
4 4-Me -704701.6733
5 Pd(dimethyl fumarate)(PMes) (A) -704701.6733
6 (MesP)(dimethyl fumarate)Pd(u-H)(u-CO)WCp(CO)s (B) -1081898.439
7 TS-1 -1081886.181
8 trans-(MesP){(MeCO2)(MeCO.CH2)CH}Pd-WCp(CO)s3 (C) -1081891.05
9 cis-(Me3P){(MeCO2)(MeCO,CH2)CH}Pd-WCp(CO); (D) -1081894.724

10 TS-2 -1081880.813
11 W{CH(CO,Me)(CH>CO,Me)}Cp(CO)(u-CO).Pd(PMes) (E) -1081896.384

Calculation of Kg.p(Hy/Ks-o) ratio

The equilibrium constants between intermediates B and D for the reaction with WHCp(CO)3z or WDCp(CO)3, Ks-p(H)

and Kg-p(p) Were estimated from free energy value as follows:

Kg-pH) = eXp(-AGe-o(H)/RT) = exp{-(3.7 x 103 cal mol1)/(1.987 cal K'* mol* x 278.25 K)} = 1.24 x 1073
Kg-oo) = exp(-AGe-o(D)/RT) = exp{-(3.0 x 10° cal mol1)/(1.987 cal K'* mol* x 278.25 K)} = 4.40 x 10’3

Ke-ow)y/Ks-p(p) ratio was calculated as follows:

Ka-o(y/Ke-om) = (1.24 x 103)/(4.40 x 10-%) = 0.281
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