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1. Computation investigation of stage 1

1.1  Gibbs free energy profile of oxidation addition step in the Pd(PMe3)s-
catalyzed hydrogenation of R with HCOOH.
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Figure S1. Gibbs free energy profile of oxidation addition step in the Pd(PMes)s-
catalyzed hydrogenation of R with HCOOH to (Z)-alkene. Selected distances were
shown in A.
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1.2 The conformations of intermediates and transition states of oxidation addition

step in the Pd(PMe3)s-catalyzed hydrogenation of R with HCOOH to (Z)-alkene.
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with HCOOH (Me)
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Figure S2. The conformations of intermediates and transition states of oxidation
addition step in the Pd(PMes)s-catalyzed hydrogenation of R with HCOOH to (2)-

alkene. Selected distances were shown in A.
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1.3  The isomers of intermediates and transition states of oxidation addition step in
the Pd(PMe;)4-catalyzed hydrogenation of R with H>O.
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Figure S3. The isomers of intermediates and transition states of oxidation addition step
in the Pd(PMes)s-catalyzed hydrogenation of R with H>O. Selected distances were
shown in A.
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1.4 The isomers of intermediates and transition states of oxidation addition step in

the Pd(PMes)4-catalyzed hydrogenation of R with HCOOH and water.
with HCOOH and water (Ph)
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with HCOOH and water (Me)
] "‘"
¥ <7 %

{ e R ~f TR
a A& T «r 2
B Ay Ry q )‘7‘(/{3‘[( ' 5 e
cy v i AR SN
.‘/r‘.\. 41 I\ N ;,.[ \‘ ?E \_I/ \\, { é\a
1 >‘\E\ ! % P *\‘,\ .
M1pyew-a M1yw-b M1 pyw-c M1 pyw-d M1 yow-e
=6. AG = 0.5 kcal/mol AG =5.8kcallmol  AG =1.7 kcal/mol AG =11.4 kcal/mol
~SA \ ¢ LY S i A
~4 ] - I / "Ny O
I\ y i b :
p(;\ T Y ) -t'
Fape - ~
411 179 A= h
[ \ 6.9 rHS.Q"‘ A 0.1 4*_,1‘31'
BN /"‘{“ ~’.\ g "t‘/h(&\ ?—1 84 /‘,-( \.%285
| 137 f"107 7 = /_.lf‘ 1.46 /ﬁ("‘ a0.7° ~
|' - ‘\., i
TS1yew-a TS1yeW-b TS1yew-c TS1yew-d TS1yew-e
AG = 20.1 kcal/mol AG = 30.6 kcal/mol  AG =29.9 kcal/mol  AG = 24.0 kcal/mol AG = 28.0 kcal/mol
L A (
N P! , e e ol
-\ " Y I ) Ala
) /?n"( ’ % - \3ﬁ“\ By N L 3 142
P G i | Je:t v : {
! /‘\l - ~ \ A |
184 Jegting

U , o ePusr
. .,/,f A }\ _‘(,_(& s
I 1.80 L\ . : ’h‘(ﬂ
M2y.w-a

M2y;.w-b M2y,.w-c
AG = -9.0 kcal/mol

M2y w-d  M2yow-e
AG =-10.4 kcal/mol AG = -13. 4 kcal/mol AG =-5.2 kcal/mol
P
= ~L N
Aot :

AG = -6.3 kcal/mol
‘{ A
e o~ .3 ‘_‘ ’ T S
e

T ’ ¥ --..‘
_-_4”;._}_‘_ A ‘\ ’—
M1 pyew-f M1 yew-g M1Mew-h M1 pyeW-i
AG = 6.0 kcal/mol AG = 4.3 kcal/mol AG = 3.4 kcal/mol AG = 5.0 kcal/mol
B i o i S i \
& (3, [ e [ A
f’; 5_‘- "Et"‘ . = % y 'i TN T s
aa' : N 17 —;/‘\
| 7| o { W‘-—l\\ A ot &N
1.54 145 N 76 u"ﬁz' v Y117.8°
;{?‘ i 130.8° : ;-r"p( :
TS1yew-f TS1yeW-g TS1yew-h
AG = 22.8 kcal/mol

TS1pyeW-i
AG = 25.2 kcal/mol

AG = 18.7 kcal/mol AG = 21.0 kcal/mol

M2yew-j

AG = -13.5 kcal/mol
~d P

f{ﬁiﬁg’ )

A

. N W AL,

dr Ak

M'f ool Ng
~

\ 7~ el
1 #134.8° e .
~ 1.80 J134.8 ,.;/ {
M2y w-f M2y w-g M2y.w-h M2y W-i M2y w-k
AG = -18.6 kcal/mol AG = -12.7 kcal/mol

AG = -8.1 kcal/mol AG = -8.8 kcal/mol  AG = -13.4 kcal/mol
Figure S4. The isomers of intermediates and transition states of oxidation addition step

in the Pd(PMe;)s-catalyzed hydrogenation of R with HCOOH and water to (Z)-alkene
Selected distances were shown in A
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To understand why using aqueous HCOOH as hydrogen donor is more
favorable to lower energy barrier, the distortion/interaction analyses' were
performed on the transition state structures of rate-determining steps. In
Figure S5, the activation energies (AE”) was decomposed into several parts,
activation (AEZ), distortion (AEj,), and interaction (AE) energies,
according to the distortion/interaction model' (or activation strain model?).
Taking the oxidation addition transition states (£)-TS1pnw-c (with the
presence of water) and (Z£)-TS1pn-f (Without water) as examples, due to the
intermolecular HBs between HCOOH and water in aqueous solution with
an O---H bond distance of 1.81 A, the distortion energies and interaction
contributions are higher than those in TS1pn-f without the presence of water,
hence lowering the contribution to the activation energy barrier in the

presence of intermolecular HBs in water.

1.5 The transition state structures of the rate-determining step in the first stage.
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Figure S5. (a) The transition state structures of the rate-determining step and the

relationships between activation (AEZ.), distortion (AEj;), and interaction (AE()

energies. (b) Distortion/Interaction energy analysis of the oxidative addition of M0 with
HCOOH (aqueous HCOOH) are represented by arrows of different color. Blue:
distortion energy of MO, purple: distortion energy of HCOOH (aqueous HCOOH), red:
interaction energy, black: activation energy, and the units are in kcal/mol.

1.6 Gibbs free energy profile of oxidation addition step in the Pd(PMe3)s-catalyzed

S9



hydrogenation R with HCOOH to (E)-alkene.
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Figure S6. Gibbs free energy profile of oxidation addition step in the Pd(PMes)s-

catalyzed hydrogenation of R with HCOOH and water to (£)-alkene. Selected distances
were shown in A.

1.7

The isomers of transition states and intermediates of oxidation addition step in
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the Pd(PMes)4-catalyzed hydrogenation of R with HCOOH to (£)-alkene.
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1.8  The isomers of transition states and intermediates of oxidation addition step in

the Pd(PMes3)4-catalyzed hydrogenation of R with HCOOH and water to (E£)-
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alkene.
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1.9 Gibbs free energy profile of the decarboxylation step of the decarboxylation
step in the Pd(PMe3)4-catalyzed hydrogenation of R with HCOOH to (Z)-alkene.
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Figure S9. Gibbs free energy profile of the decarboxylation step in the Pd(PMes)s-
catalyzed hydrogenation of R with HCOOH to (Z)-alkene. The relative Gibbs free
energies were given in kcal/mol.
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1.10 The isomers of intermediates and transition states of decarboxylation step in

the Pd(PMe;)4-catalyzed hydrogenation of R with HCOOH.
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Figure S10. The isomers of intermediates and transition states of decarboxylation step
in the Pd(PMe3)s-catalyzed hydrogenation of R with HCOOH to (Z)-alkene. Selected
distances were shown in A.
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1.11 Gibbs free energy profile of the decarboxylation step of Pd(PMes)s-catalyzed
hydrogenation of R with HCOOH to (E)-alkene.
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Figure S11. Gibbs free energy profile of decarboxylation step in the Pd(PMes)s-
catalyzed hydrogenation of R with HCOOH to (E)-alkene. Selected distances were
shown in A. The relative Gibbs free energies were given in kcal/mol.
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1.12 The isomers of intermediates and transition states of the decarboxylation step

in the Pd(PMe;)4-catalyzed hydrogenation of R with HCOOH to (£)-alkene.
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Figure S12. The isomers of intermediates and transition states of the decarboxylation

step in the Pd(PMes)s-catalyzed hydrogenation of R with HCOOH to (E)-alkene.
Selected distances were shown in A.
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1.13 Gibbs free energy profile of reductive elimination step in the Pd(PMe3)s-
catalyzed hydrogenation of R with HCOOH.

| reductive elimination
I o

TXXT

e - ’f\/

N X =l

it TS3py
Mdp,-b 8,
-2.3 /7 '
]
5.8 ‘;
1
M4py-a 1
\‘- :
Y \
\.lh\/ \
Al \
| . l
s/"é f{' l
i q \

-21.8
MSph

Ny

N
R
N If_f f(,\
/

Figure S13. Gibbs free energy profile of reductive elimination step in the Pd(PMes)s-

catalyzed hydrogenation of R with HCOOH to (Z)-alkene. The relative Gibbs free
energies were given in kcal/mol.
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1.14 The isomers of intermediates and transition states of reductive elimination step

in the Pd(PMe;)4-catalyzed hydrogenation of R with HCOOH.
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Figure S14. The isomers of intermediate and transition states of reductive elimination
step in the path of Pd(PMe3)s-catalyzed hydrogenation of R with HCOOH to (£)-alkene.

Selected distances were shown in A.
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1.15 Gibbs free energy profile of reductive elimination step of Pd(PMes)s-catalyzed
hydrogenation of R with HCOOH to (E)-alkene.
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Figure S15. The isomers of intermediates and transition states of the reductive
elimination step in the Pd(PMe;s)s-catalyzed hydrogenation of R with HCOOH to (E)-
alkene. The relative Gibbs free energies were given in kcal/mol.
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1.16 The isomers of intermediates and transition states of the reductive elimination

step in the Pd(PMe3)s-catalyzed hydrogenation of R with HCOOH to (E)-alkene.
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Figure S16. The isomers of intermediate and transition states of the reductive
elimination step in the Pd(PMe;s)s-catalyzed hydrogenation of R with HCOOH to (E)-

alkene. Selected distances were shown in A.
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1.17 Gibbs energy profile of the Pd(PMes)s-catalyzed hydrogenation of R with
HCOOH (HCOOH and water) to (£)-alkene.

| coordination of R, oxidation addition | decarboxylation
| |
| & T

_reductive elimination,
1 1
P P P 2 . i ) o e °
AG r ’\:I:ﬁ; TS1pu-f Y 5 Pd P C OH
(kealimol)  ph-Cii-cny | (K 2190 XX
. s, 1181
Ig% o I,'_|:TS1PhW'C T 4132%5 N \7'~ . ‘i" N
Pd(PMe;) P i ‘ N 101 R Ya
8732 —  lsa P L r’«}g) _’\/?(j e
. 1 8. i i N T o
2PMe, /—"( 10.5 == Miy.-a/ ' N *’l\e«/\\ R XY ,.,—f’:/\
/ R Com0 MO ™ Me™4, i (. ¥ A T3
Y aq. . 2.8 Ll T UK TS2pya = Ph
0.0/ HCOOH “—— : \‘:?" -~ Co 02 M4p,-b —=
cat+R+HCOOH 0.5 : mZ ! 2.3, :
Migow-b  iM2pn-f ” V%% g '
cat =Pd(PMe3), Me 1.7.6 h-at \ =28/ '
= = i 67 Mdpn-a '-
" ~pe, ST P |
~NK 1 = 1
R =Ph-C=C-CH, S M2pyw-c oo | %P we .‘
A S e 13.8 N T D !
e A ¢ D —- 1 A B \
oA M2pyec v 171 AT -.
e o = A LA 21.8
' la/’ !'11‘:2 ) 7}‘ /L Q 54
k Tisldy o M5py,
/,/ S \’v,
A 5K YA
, N P
g/

Figure S17. Gibbs energy profile of the Pd(PMes;)s-catalyzed hydrogenation of R with
HCOOH (HCOOH and water) to (£)-alkene MSPh. Selected distances were shown in
A.
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1.18 Gibbs energy profile of the Pd(PMes)s-catalyzed hydrogenation of R with
HCOOH (HCOOH and water) to (£)-alkene.
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Figure S18. Gibbs energy profile of the Pd(PMe;)4-catalyzed hydrogenation of R with
HCOOH (HCOOH and water) to (E)-alkene M5me’. Selected distances were shown in
A.
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1.19 The isomers of intermediates and transition states of oxidation addition step in

the Pd(PMes)4-catalyzed hydrogenation of R with AcOH to alkenylpalladium
containing Z manner.

with AcOH (Ph)
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Figure S19. The isomers of intermediates and transition states of oxidation addition
step in the Pd(PMe;3)s-catalyzed hydrogenation of R with AcOH to alkenylpalladium
intermediate containing Z manner. Selected distances were shown in A.
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1.20 The isomers of intermediates and transition states of oxidation addition step in

the Pd(PMe;)4-catalyzed hydrogenation of R with AcOH to alkenylpalladium
containing £ manner.

with AcOH (Ph)

N A A 1
’?( £ |l
/ Dl ﬁzorJ\gl\
/f"% 1.39—‘&;09.9" ~
P X

M1 ph"AC'a TS1 Ph"AC'a M2phl'AC'a
AG = 3.8 kcal/mol AG = 32.8 kcal/mol AG = -8.9 kcal/mol
- &
\ o A
-3 I { _{' 7 I o <
”ﬁ- r 175 8 I ‘
-179.4°1 ~A ~
M2ph'-AC-b M2Ph.'AC'C

AG = -7.8 kcal/mol AG = -17.0 kcal/mol

with AcOH (CH3)

~7 A 7 Al

A ) O ) \. { /\v \
) Ly "A\a{% ‘ a

) ) 1 ,g B ‘ [
. N\ ; -179. 4\ :
/:; { 144.8% /: 4 '
o ~
S e\ f”\ 141
S )8 { NN ,_(5

9

S

M1y'-Ac-a TS1y'-Ac-a M2y."-Ac-a
AG = 4.4 kcal/mol AG =30.0 kcal/mol AG =-9.5 kcal/mol

M2,.'-Ac-b M2y."-Ac-c
AG = -9.6 kcal/mol AG =-19.7 kcal/mol

Figure S20. The isomers of intermediates and transition states of the oxidation addition

step in the Pd(PMe;3)s-catalyzed hydrogenation of R with AcOH to alkenylpalladium
containing £ manner. Selected distances were shown in A.
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1.21 The isomers of intermediates and transition states of the oxidation addition step

of Pd(PMes)s-catalyzed hydrogenation R with AcOH and water to
alkenylpalladium containing Z manner.
with AcOH and water (Ph)
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with AcOH and water (CH3)
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Figure S21. The configurations of intermediates and transition states of oxidation
addition step in the Pd(PMe3)s-catalyzed hydrogenation of R with AcOH and water to
alkenylpalladium containing Z manner. The relative Gibbs free energies were given in
kcal/mol and the selected distances were shown in A.
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1.22 The configurations of intermediates and transition states of oxidation addition

step in the Pd(PMes)4-catalyzed hydrogenation of R with AcOH and water to
alkenylpalladium containing £ manner.
with AcOH and water (Ph)
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with AcOH and water (CH;)
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Figure S22. The isomers of intermediates and transition states of oxidation addition step
in the Pd(PMes)s-catalyzed hydrogenation of R with AcOH and water to
alkenylpalladium containing £ manner. The relative Gibbs free energies were given in
kcal/mol and the selected distances were shown in A.
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1.23 The relaxed potential energy surface scans for the CHs of AcOH coordinating

to Pd center in (a) M2ph-Ac-c, (b) M2pn'-Ac-c, (c) M2phw-Ac-e, (d) M2pn'w-
Ac-f.
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Figure S23. The relaxed potential energy surface scans for the CH; of AcOH
coordinating to Pd center in (a) M2pn-Ac-c, (b) M2pn'-Ac-c, (c) M2phw-Ac-e, (d)
M2pn'w-Ac-f. Selected distances were shown in A.
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1.24 The isomers of intermediate and transition states of reductive elimination step

in the Pd(PMe3)s-catalyzed hydrogenation of R with AcOH and water to (2)-
alkene.

Reductive elimination (Ph)

b i
‘_.:(’__ R “N_AK
_( ; {-
i J-r ]
M4ph'AC'b Ts3ph'AC M5ph'AC
AG = 5.4 kcallmol AG = 7.4 kcal/mol AG = 28.9 kcal/mol AG = -17.7 kcal/mol
Reductive elimination (Me)
Al /r
o

2z ~{_ ,r
N/
V4 \
M4y.-Ac-b TS3pye-AcC M5ye-Ac
AG = 8.3 kcal/mol AG = 8.9 kcal/mol AG = 27.1 kcal/mol AG = -18.2 kcal/mol

Figure S24. The isomers of intermediate and transition states of reductive elimination
step in the Pd(PMes)4-catalyzed hydrogenation of R with AcOH to (Z)-alkene. Selected
distances were shown in A.
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1.25 The isomers of intermediates and transition states of reductive elimination step

in the Pd(PMe3)s-catalyzed hydrogenation of R with AcOH to (E£)-alkene.
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Figure S25. The isomers of intermediates and transition states of reductive elimination
step in the Pd(PMes)s-catalyzed hydrogenation of R with AcOH to (£)-alkene. Selected

distances were shown in A.
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1.26 Gibbs energy profile of the Pd(PMes)s-catalyzed hydrogenation of R with
AcOH (AcOH and water) to (E)-alkene.
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Figure S26. Gibbs free energy of the Pd(PMes)s-catalyzed hydrogenation of R with
AcOH (AcOH and water) to (E)-alkene. Selected distances were shown in A.
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1.27 Gibbs energy profile of the Pd(PMes)s-catalyzed hydrogenation of R with
AcOH (AcOH and water) to (E)-alkene.
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Figure S27. The isomers of intermediates and transition states of the Pd(PMes;)s-
catalyzed hydrogenation of R with AcOH (AcOH and water) to (E£)-alkene M5Me’-Ac.
Selected distances were shown in A.
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1.28 The electrostatic potential of HCOOH, AcOH and intermediates.
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Figure S28. The electrostatic potential of HCOOH, AcOH and alkenenypalladium
intermediates. Selected mulliken charges are given in black numbers.
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2 Computation investigation of stage 2.

2.1 Gibbs free energy profile of the oxidative addition step in the Pd(PMes)s-
catalyzed hydrogenation of (Z)-alkene with HCOOH.
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Figure S29. Gibbs free energy of the oxidative addition step of Pd(PMes)s-catalyzed
hydrogenation of (Z)-alkene with HCOOH to (E)-alkene. Selected distances were
shown in A.
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2.2

The configurations of the intermediates and transition states of oxidation

addition in the Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene with HCOOH
to alkyl-palladium intermediate with Z manner.
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Figure S30. The isomers of intermediates and transition states of oxidative addition step
in the Pd(PMe;)s-catalyzed hydrogenation of (Z)-alkene with HCOOH to alkyl-
palladium intermediate with Z manner. Selected distances were shown in A.
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2.3  The isomers of intermediates and transition states of the oxidative addition step

of Pd(PMes)s-catalyzed hydrogenation of (Z)-alkenes with H>O to alkyl-
palladium intermediates with Z manner.
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Figure S31. The isomers of intermediates and transition states of oxidative addition step
in the Pd(PMe3)s-catalyzed hydrogenation of (Z)-alkene with H>O to alkyl-palladium
intermediate with Z manner. Selected distances were shown in A.
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2.4  Gibbs free energy of the oxidative addition step in the Pd(PMes)s-catalyzed

hydrogenation of (Z)-alkene with HCOOH and water.

oxidation addition
|< > |
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—7-selective
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Figure S32. Gibbs free energy of the oxidative addition step in the Pd(PMes)s-catalyzed

hydrogenation of (Z)-alkene MSpn with HCOOH and water to alkyl-palladium
intermediate with Z manner. Selected distances were shown in A.
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2.5  The configurations of intermediates and transition states of oxidative addition

step in the Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene with HCOOH and
water to alkyl-palladium intermediate with Z manner.
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Figure S33. The isomers of intermediates and transition states of oxidative addition step
in the Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene with HCOOH and water to
alkyl-palladium intermediate with Z manner. Selected distances were shown in A.
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2.6  Three-dimensional illustration of intermediates and transition states of the
oxidative addition steps.
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Figure S34. Three-dimensional illustration of intermediates and transition states of the
oxidative addition steps in the two stages.
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2.7 Gibbs free energy of the isomerization step in the Pd(PMes)s-catalyzed
hydrogenation of (Z)-alkene M5pn with HCOOH.
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Figure S35. Gibbs free energy of the isomerization step of Pd(PMes)s-catalyzed
hydrogenation of (Z)-alkene MSpn with HCOOH to E-alkene. Selected distances were
shown in A and the relative Gibbs free energies are given in kcal/mol.
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2.8  The isomers of intermediates and transition states of the isomerization step in

the Pd(PMes)4-catalyzed hydrogenation of (Z)-alkene MSpn with HCOOH to E-
alkene.
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isomerization (Me)
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Figure S36. The isomers of intermediates and transition states of the isomerization step
in the Pd(PMe;)4-catalyzed hydrogenation of (Z)-alkene MSpn with HCOOH. Selected
distances were shown in A.

S46



2.9 Gibbs free energy of the isomerization step in the Pd(PMes3)s-catalyzed

hydrogenation of (Z)-alkene MSpn with HCOOH and water.
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Figure S37. Gibbs free energy of the isomerization step in the Pd(PMes)s-catalyzed
hydrogenation of (Z)-alkene MSpn with HCOOH and water. Selected distances were
shown in A and the relative Gibbs free energies are given in kcal/mol.
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2.10 The isomers of intermediates and transition states of the isomerization step in

the Pd(PMe3)s-catalyzed hydrogenation of (£)-alkene MSpn with HCOOH and
water.
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Figure S38. The isomers of intermediates and transition states of the isomerization
step in the Pd(PMes)4-catalyzed hydrogenation of (Z)-alkene M5pn with HCOOH
to (E)-alkene. Selected distances were shown in A.
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2.11 Gibbs free energy of the B-H elimination or decarboxylation step in the
Pd(PMes3)4-catalyzed hydrogenation of (Z)-alkene with HCOOH.
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Figure S39. Gibbs free energy of the B-H elimination or decarboxylation step in the
Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene with HCOOH to (£)-alkene or
alkane. The relative Gibbs free energies are given in kcal/mol.
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2.12 Gibbs free energy of the B-H elimination or decarboxylation step in the
Pd(PMes3)4-catalyzed hydrogenation of (Z)-alkene with HCOOH.
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Figure S40. Gibbs free energy of the B-H elimination or decarboxylation step in the
Pd(PMe;)4-catalyzed hydrogenation of (Z)-alkene with HCOOH to (E)-alkene or
alkane. DFT-D3 calculations, at the same level, were performed on the optimized
molecular structures. The relative Gibbs free energies are given in kcal/mol.
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2.13

The isomers of the intermediates and transition states of -H elimination step in

the Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene with HCOOH to (E)-

alkene.

M6pp-i

M6ye-h
AG =-9.7 (-11.3)

B-H elimination (Ph)
\ t
7 N \ /‘_ \
N \ S > \ . . \
2 Y % =5 T \
247 ° } 3\
- 1/.46\
71.1° »
X ? 144.9° f % 147 9 f\
“1/ N 139‘* f /L
M6ph-g TSGph-a M7Ph-a

AG = -30.2 (-33.9)

AG = -10.4 (-14.7)

X

TS6py-b
AG =-10.9 (-15.3)

B-H elimination (Me)
- 4 =t
~Ni d
r T /
; o — - :
/ N { | \ > ’.‘f it \ ’\ \(4
—ae [ o 1440]‘\ 151.1°
~
66.8°f L2 14 ,,_) ( If )(*_¥
e N 137 5 <a
T 7~ 1.48 ,.f“ g8 "\
/
M6y TS6ye-a M7yc-a

AG =-9.4 (-13.8)

TS6ye-b
AG = -7.1 (-10.5)

AG = -31.9 (-38.6)

M7p,-b
AG = -32.4 (-38.9)

AG = -31.9 (-38.7)

r\
M7 ye-b

AG = -32.9 (-39.6)

Figure S41. The isomers of intermediates and transition states of B-H elimination
step in the Pd(PMe3)4-catalyzed hydrogenation of (Z)-alkene with HCOOH to (E)-
alkene. DFT-D3 calculations, at the same level, were also shown in brackets.
Selected distances were shown in A and Gibbs free energies were given in kcal/mol.
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2.14 The isomers of intermediates and transition states of the decarboxylation step in

the Pd(PMe3)s-catalyzed hydrogenation of (Z)-alkene with HCOOH to alkane.
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Figure S42. The isomers of intermediates and transition states of the decarboxylation
step in the Pd(PMes)4-catalyzed hydrogenation of (Z)-alkene with HCOOH to alkane.
DFT-D3 calculations, at the same level, were also shown in brackets. Selected distances
were shown in A and Gibbs free energies were given in kcal/mol.
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2.15 Gibbs free energy of the B-H elimination or decarboxylation step in the
Pd(PMes)4-catalyzed hydrogenation of (Z)-alkene with HCOOH and water.
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Figure S43. Gibbs free energy of the B-H elimination or decarboxylation step in the
Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene with HCOOH and water to (E)-
alkene or alkane. Selected distances were shown in A and Gibbs free energies were
given in kcal/mol.
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2.16

Gibbs free energy of the B-H elimination or decarboxylation step in the

Pd(PMes)4-catalyzed hydrogenation of (Z)-alkene with HCOOH and water.

\ ’ +
[ with water ] \‘\{ 7
\ z? ;
‘k 84
> 138.0°. 133.4° X T
Q X S
5 s €
8 —(‘ ~ 7 :
: TsephW'a R /J;’( 2.04
g -23.1
: ) - M7ppw-al-b
258 ““\“:::\ ““““““ 288
4= TSGPhW-aI T 20
l, M6Phw_a|_b . 7,7 \\\‘\
S 39.0 W
7’7* PO “.39.7 gl
1740 : -46 2 - |V|6PhW -m \)(/\ 18?(
R ( M6Ph w-g % '\,’ «_ \%\g& \ }jﬁijﬁz
7 3 )\‘{_h
67.9°) ; : 1 S?F 146.30\"’ 8
r,‘ \1‘302 .

Figure S44. Gibbs free energy of the B-H elimination or decarboxylation step in the
Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene with HCOOH and water to (E)-
alkene or alkane. DFT-D3 calculations, at the same level, were performed on the

optimized molecular structures. Selected distances were shown in A and Gibbs free
energies were given in kcal/mol.
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2.17 The isomers of intermediates and transition states of the B-H elimination step in

the Pd(PMes)s-catalyzed hydrogenation of (£)-alkene with HCOOH and water.
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Figure S45. The isomers of intermediates and transition states of the B-H elimination
step in the Pd(PMe3)s-catalyzed hydrogenation of (£)-alkene with HCOOH and water
to (E)-alkene. DFT-D3 calculations, at the same level, were also shown in brackets.
Selected distances were shown in A and Gibbs free energies were given in kcal/mol.
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2.18 The isomers of intermediates and transition states of the decarboxylation step in

the Pd(PMes)4-catalyzed hydrogenation of (Z)-alkene with HCOOH and water.
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Figure S46. The isomers of intermediate and transition states of the decarboxylation
step in the Pd(PMe3)s-catalyzed hydrogenation of (£)-alkene with HCOOH and water
to alkane. DFT-D3 calculations, at the same level, were also shown in brackets.
Selected distances were shown in A and the Gibbs free energies were given in kcal/mol.
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2.19 Gibbs free energy of the reductive elimination step in the Pd(PMes)s-catalyzed
hydrogenation of (Z)-alkene to alkane.
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Figure S47. Gibbs free energy of the reductive elimination step in the Pd(PMe;)s-

catalyzed hydrogenation of (£)-alkene to alkane. The relative Gibbs free energies were
given in kcal/mol.
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2.20 The isomers of intermediates and transition states of the reductive elimination

step in the Pd(PMes)4-catalyzed hydrogenation of (Z)-alkene.
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Figure S48. The isomers of intermediates and transition states of the reductive
elimination step in the Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene to
alkane. DFT-D3 calculations, at the same level, were also shown in brackets. Selected
distances were shown in A and the Gibbs free energies were given in kcal/mol..
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2.21 Gibbs free energy of the Pd(PMes)s-catalyzed hydrogenation of (E)-alkene
with HCOOH to Alkane.
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Figure S49. Gibbs free energy of the Pd(PMes)s-catalyzed hydrogenation of (E)-alkene
with HCOOH to Alkane. DFT-D3 calculations were executed on the optimized
molecular structures.
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2.22 Gibbs free energy of the Pd(PMes)s-catalyzed hydrogenation of (E)-alkene

with HCOOH and water to Alkane.
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Figure S50. Gibbs free energy of the Pd(PMes)4-catalyzed hydrogenation of (E)-alkene
with HCOOH and water to Alkane. DFT-D3 calculations were executed on the
optimized molecular structures. Selected distances were shown in A..
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2.23 The isomers of intermediates and transition states of the direct E-selectivity

step in the Pd(PMe3)s-catalyzed hydrogenation of (Z)-alkene with HCOOH.
direct E-selectivity

t 7 e
M6-E TS5-E M6p-E
AG = -29.7 (-33.9) AG = -7.2 (-11.8) AG = -27.1 (-34.6)

M6-E-1 TS5-E-1 M6,,-E-1
AG = -27.6 (-31.9) AG = -2.3 (-1.7) AG = -27.1 (-34.6)

Figure S51. The isomers intermediates and transition states of the direct E-selectivity
step in the Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene with HCOOH to (E)-
alkene. DFT-D3 calculations, at the same level, were also displayed in brackets. The
relative Gibbs free energies were given in kcal/mol and the selected distances were
shown in A.
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2.24 The isomers of intermediates and transition states of the direct E-selectivity step

in the Pd(PMes)s-catalyzed hydrogenation of (Z)-alkene with HCOOH and

water.
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Figure S52. The isomers of intermediates and transition states of the direct E-selectivity
step in the Pd(PMe3)s-catalyzed hydrogenation of (£)-alkene with HCOOH and water
alkyl-intermediates with Z manners with water. DFT-D3 calculations, at the same level,
were also displayed in brackets. The relative Gibbs free energies were given in kcal/mol
and the selected distances were shown in A.
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2.25 Gibbs energy profile of the Pd(PMe;)s-catalyzed hydrogenation of (Z)-alkene
with HCOOH to (E)-alkenes.
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Figure S53. Gibbs energy profile of the Pd(PMes)s-catalyzed hydrogenation of (Z)-
alkene with HCOOH to (E)-alkenes. Selected distances were shown in A.

S65



2.26 Gibbs energy profile of the Pd(PMe;)s-catalyzed hydrogenation of (Z)-alkene
with HCOOH and water to (E)-alkenes.
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Figure S54. Gibbs energy profile of the isomerization step in the Pd(PMe;3)4-catalyzed

hydrogenation of (Z)-alkene with HCOOH and water to (E)-alkenes. Selected distances
were shown in A.
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3 Experimental Studies on the Reaction Mechanism.

3.1  General information

The Pd(PMes)s-catalyzed hydrogenation reactions of alkynes to alkenes
were conducted in a glove box (O, < 0.1 ppm, H,O < 0.1 ppm). All the
reactions were carried out in oven-dried Schlenk tubes under Ar
atmosphere. Dry solvents were obtained by purification according to
standard methods. Column chromatography was performed using Silica
Gel 60 (particle size 40-50 pm), which was purchased from Kanto
Chemical Co., Inc. The IH NMR and *C NMR data were acquired on a
Bruker AVANCE I11-400 spectrometer (400 MHz for 'H, and 100 MHz for
BC spectroscopy) in deuterated solvents as indicated. Chemical shifts for
IH NMR are referred to internal MesSi (0 ppm) and reported as follows:
chemical shift (6 ppm), multiplicity, coupling constant (Hz) and integration.
Data for *C NMR were reported in ppm relative to the center line of a
triplet at 77.0 ppm for chloroform-d. GC-MS analysis was performed on
Shimadzu GCMS-QP2010 Plus Gas Chromatograph/Mass Spectrometer.
3.2  The control experiments|a]

When the substrate R (0.2 mmol) and HCOOH (0.4 mmol) were heated
in 1,4-dioxane (0.4 mL) at 80°C for 10 h in the presence of 1 mol%
Pd,(dba)s, 8 mol% of PMe; and 4 A molecular sieve (10 mg), (2)-1-
phenylpropene was obtained with a Z/E/alkane ratio of 86/8/5 as confirmed
by GC-MS analysis (eq 1 and Fig. S56). When the HCOOH content was
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increased from 0.4 to 1.2 mmol, the yield of (Z)-1-phenylpropene
decreases from 86% to 57% (eq 2). Without using the 4 A molecular sieve,
the (Z)-1-phenylpropene was obtained with a Z/E/alkane ratio of 77/14/9
(eq 3 and Fig. S57). Except for the condition similar to equation 3, the
selectivity became low (Z/E/alkane: 55/22/23) (eq 4 and Fig. S58) with the
addition of additional water.

(a) The effect of the amount of formic acid:

Alkene
Pd,(dba); 1mol%, PMez 8mol%

R z E
~CH
@%CHS HCOOH 0.4mmol, 4A MS ©/\ . s, )
dioxane 0.4mL, 80 °C,10h CHs

86% 8% 5%
Pd,(dba); 1mol%, PMez 8mol% CH
cH. _ HCOOH 1.2 mmol, 4A MS ©/\ . @/& 3, ©/V @)
3
dioxane 0.4mL, 80 °C,10h CHs

57% 31% 12%

(b) The effect of the amount of formic acid:

Pdy(dba); 1mol%, PMez 8mol%

~CH
@%cm HCOOH 0.4mmol ©/\ . 3, 3)
dioxane 0.4mL, 80 °C,10h CHs

7% 14% 9%
Pd,(dba); 1mol%, PMez 8mol% CH
CH, HCOOH 0.4mmol, H,0 ©/\ . @ s, ©/\/ @)
dioxane 0.4mL, 80 °C,10h CHs

55% 22% 23%

[a] Yields were determined by GC-MS analysis of the crude mixture.
Figure S55. The effect of the amount of (a) formic acid; (b) water in the hydrogenation
of 1-phenyl-1-propyne to (Z)-1-phenylpropene by using HCOOH as hydrogen source
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3.2.1 Selective hydrogenation of alkyne with HCOOH and characterization of
alkenes and alkane.

Pd,(dba), 1mol%, PMe; 8mol%
< > — cH HCOOH 0.4mmol, 44 MS ©/\ xCHs
— 3 + +
dioxane 0.4mL, 80 °C,10h CHs;

R 186% 2 8% 3 5%
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3 TIC
WS {RETI ] I.Time  F.Time AL WA MEE R B/EE D AW
1 2. 158 2. 145 2. 180 840919  5.63 905818  6.29  0.93 MI
2 2. 307 2. 280 2.375 12860674  86. 11 12445118  86.47  1.03 MI
3 2. 462 2. 440 2. 505 1233257  8.26 1042276  7.24  1.18 MI

14934850 100. 00 14393212 100. 00

Figure S56. GC-MS analysis of the crude reaction mixture of a (0.2 mmol), Pd2(dba)s
(2 mol%), MezP (8 mol%), HCOOH (0.4mmol) and 4A MS (10 mg) in 1,4-dioxane
(0.4 mL), 80 <C, 10 h, under Ar.
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3.2.2 Selective hydrogenation of alkyne with HCOOH and characterization of
alkenes and alkane.
Pd,(dba), 1mol%, PMe3z 8mol%
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WIS 1 AR 2. 460 (F4H 4L 93)
WA 674
SRS T HY 2. 460-2. 460(93-93) g 117, 10(697330)
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700000 I
600000 [:::T/R§§//
5000003

- E
400000
300000
2000004 4
1000003 51 . his

Pw 120 156 187 210241 270 307 332 364 387408420 452 482 507 545566 500 610 656 602 727 751773 707 820 843 875 000

30 90 150 210 270 330 390 450 510 570 630 690 750 810 870

m/z
g TIC R
WS (RER (A I.Time  F.Time U AR O AR % WEE 0EE% BEE R AR
2. 156 2. 130 2. 190 1851045 9. 06 IBBO6TE 9. 43 0.98 MI

o=
1 ]
2 2. 306 2. 275 2.345 15733273 77.04 15403885  77.27 Loz MI
3 2. 460 2.435 2.500 2838076  13.90 2649838  13.29 L07T MI
20422394 100. 00 19934401 100. 00

Figure S57. GC-MS analysis of the crude reaction mixture of a (0.2 mmol), Pd2(dba)s
(2 mol%), MesP (8 mol%) and HCOOH (0.4 mmol) in 1,4-dioxane (0.4 mL), 80 <C, 10
h, under Ar.
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3.2.3 Synthesis and characterization of alkenes and alkane with aqueous HCOOH.

Pd,(dba), 1mol%, PMe; 8mol% CH
< > — CH, HCOOH 0.4mmol, H,0 ©/\’ . ©/\/ 3, ©/\/
dioxane 0.4mL, 80 °C,10h CH,

R 1 55% 2 22% 3 23%

@ikl (A1l TIC)
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13860566 100. 00 14273368  100. 00

Figure S58. GC-MS analysis of the crude reaction mixture of a (0.2 mmol), Pd>(dba)s

(1 mol%), MezP (8 mol%) and 25% aq. HCOOH (0.4 mmol) in 1,4-dioxane (0.4 mL),
80 <C, 10 h, under Ar.
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More surprisingly, when R (0.2 mmol) and AcOH (0.4 mmol) mixed in
1,4-dioxane (0.4 mL) were heated at 80°C for 10 h in the presence of
palladium catalyst (Pd,(dba); and 8 mol% of PMe;3), neither (Z)- nor (E)-

alkenes was produced (Fig. S59).

3.2.4 Selective hydrogenation and characterization of alkyne with AcOH.
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Figure S59. GC-MS analysis of the crude reaction mixture of 1 (0.2 mmol), Pdz(dba)s
(1 mol%), MesP (8 mol%) and AcOH (0.4 mmol) in 1,4-dioxane (0.4 mL), 80 <C, 10
h, under Ar.
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3.25 !'Hand '*C NMR spectrum of (Z)-1-phenylpropenes.
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Figure S60. Z: Colorless oil. tH NMR (400 MHz, CDCls) 6 7.43-7.34 (m, 4H), 7.32-
7.25 (m, 1H), 6.50 (d, J = 11.6 Hz, 1H), 5.90-5.82 (m, 1H), 1.98-1.95 (m, 3H). *C

NMR (100 MHz, CDCl3) 6 137.6, 129.9, 128.9, 128.1, 126.8, 126.4, 14.7.
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'H and '3C NMR spectrum of E-alkene.
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Figure S61. E: Colorless oil. "H NMR (400 MHz, CDCl3) § 7.38-7.29 (m, 4H), 7.25-7.16 (m,

1 (ppm)

1H), 6.43 (dd, J= 15.8, 1.7 Hz, 1H), 6.27 (dq, J= 15.8, 6.5 Hz, 1H), 1.1 (dd, J= 6.5, 1.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) § 137.9, 131.1, 128.5, 126.8, 125.8, 125.7, 18.5.
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3.2.7 Selective hydrogenation of alkyne at different times.

Me  pd,(dba), 1mol%, PMe; 8mol% Me
= 2 2 o, 3 o
@/ HCOOH 1.2 mmol, 4A MS ©/\ . @/\/CH3 N . Z
dioxane 0.4mL, 80 °C,T. CHs @N

R
0.2mmol 10min 1 30.7% 2 2.6% 3 0.5% 4 66.2%
20min 1 33.7% 2 2.9% 3 0.5% 4 62.9%
40min 2 35.2% 2 3.2% 3 0.5% 4 61.1%
60min 2 37.5% 2 3.4% 3 0.5% 4 58.6%
90min 2 40.9% 2 3.8% 3 0.6% 4 54.8%
120min 1 44.8% 2 4.3% 3 0.6% 4 50.3%
150min 1 50.9% 2 4.8% 3 0.6% 4 43.6%
180min 1 56.5% 2 5.5% 3 0.6% 4 37.4%
210min 1 62.7% 2 6.5% 3 0.6% 4 30.2%
240min 1 68.7% 2 8.0% 3 0.7% 4 22.6%
270min 1 77.1% 2 9.5% 3 1.0% 4 12.4%
300min 1 86.1% 2 9.6% 3 1.1% 4 315%
330min 1 81.8% 2 15.7% 3 2.5% 4 0.0%
360min 1 75.7% 2 19.7% 3 4.6% 4 0.0%
600min 1 57.4% 2 30.5% 3 121% 4 0.0%
960min 1 53.9% 2 31.8% 3 14.3% 4 0.0%

Figure S62. Experiments for the hydrogenation of R to (Z)-1-phenylpropenes by using
the molecular sieves (MS) at different times.

S76



3.2.8 Experiments for the isomerization of (Z)-1-phenylpropenes to (E)-1-

phenylpropenes.
Z Y4 E Alkane
Pd,(dba), 1mol%, PMe3; 8mol%
X 2 2 3
mH HCOOH 1.2 mmol, 4 A MS ©/\ . @/\VCHs . (4)
3
dioxane 0.4mL, 80 °C,12h CHs @N
0.2mmol 1 6% 2 90% 3 4%
N Pd,(dba), 1mol%, PMe3 8mol% «__CH
eH HCOOH 1.2 mmol, without water ©/\ . @/V 3, (5)
3
dioxane 0.4mL, 80 °C,12h CH, @N
0.2mmol 5% 68% 27%
N Pd,(dba), 1mol%, PMe3; 8mol% «__CH
o HCOOH 1.2 mmol, 5% H,0 ©/\ . @N 3, (6)
3
dioxane 0.4mL, 80 °C,12h CHs @N
0.2mmol 4% 74% 22%
Pd,(dba), 1mol%, PMez 8mol%
= HCOOH 1.2 mmol, 10% H,0 N, N-CHs |
CHs CH ™
dioxane 0.4mL, 80 °C,12h 3
0.2mmol 3% 67% 30%
N Pd,(dba), 1mol%, PMe3; 8mol% «__CH
HCOOH 1.2 mmol, 30% H,0 N, 3,
CHS CH (8)
dioxane 0.4mL, 80 °C,12h 3
0.2mmol 3% 67% 30%
Pd,(dba), 1mol%, PMe; 8mol%
b HCOOH 1.2 mmol, 50% H,0 N, N CHs
CH3 CH (9)
dioxane 0.4mL, 80 °C,12h 3
0.2mmol 3% 67% 30%

[a] Yields were determined by GC-MS analysis of the crude mixture.

Figure S63. Experiments for the isomerization of (Z)-1-phenylpropenes to (E)-1-
phenylpropenes with different content of water or without water (with 4 A MS).
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3.2.9 Conversions of (Z)-1-phenylpropenes to (E)-1-phenylpropenes without water at
different times.

z . . z E Alkane
O, COREMIR e,
° dioxane 0.4mL, 80 °C,T. CH, ©/\/
5min 1 78% 2 21% 3 1%
10min 1 68% 2 30% 3 2%
20min 2 47% 2 49% 3 4%
30min 2 33% 2 60% 3 7%
40min 2 21% 2 71% 3 8%
50min 117% 2 72% 3 1%
60min 1 14% 2 74% 3 12%
2h 1 7% 2 80% 3 13%
4h 1 4% 2 78% 3 18%
12h 1 5% 2 68% 3 27%
16h 1 5% 2 66% 3 29%

Figure S64. Experiments for the isomerization of (Z)-1-phenylpropenes to (E)-1-
phenylpropenes without water at different times.
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3.2.10 Characterization of alkenes and alkane by GC-MS analysis with 4A MS.

Pd,(dba), 1mol%, PMe3; 8mol%
HCOOH 1.2 mmol, without water

dioxane 0.4mL, 80 °C,12h

X

X
CH3j

1

s CHs
+ +
[::::I//“\;EP*S {::::]//”\\v/ [::::j//*\\,//

1 6% 2 90% 3 4%
ikl (A1l TIC)
86, 861, 096
©/\/Me
©/\/ 2
3
/ X
Me
1
ll T LI I ' [N T I T T T T 'J} T T T T T
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 11.9
min
. lEEF TIC N B
W5 PREE] I.Time  F.Time UEETRTR W] AHL% e RS B/EE R &R
1 2.122 2.095 2. 160 4230463 3.53 3632311 4.09 .16 MI
2 2.272 2.240 2.310 7213431 6.02 6375386 T7.17 .13 MI
3 2.426 2.385 2.515 108358221 90. 45 78863679  88.74 .37 MI
119802115 100. 00 88871376 100. 00

Figure S65. GC-MS analysis of the crude reaction mixture of 1 (0.2 mmol), Pdx(dba)s (1 mol%),
Me;P (8 mol%), HCOOH (1.2 mmol), 4 A-MS (10 mg) in 1,4-dioxane (0.4 mL), 80 °C, 12 h, under

Ar.
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3.2.11 Characterization of alkenes and alkane by GC-MS analysis without water.

Pd,(dba), 1mol%, PMe3; 8mol%
X
mH HCOOH 1.2 mmol, without water ©/\ . ©/\/CH3 .
. dioxane 0.4mL, 80 °C,12h CHs ©/\/
1 5% 2 68% 3 27%

fa P (A1l TIC)

83, 430, 789

O

3
X
/ Me
1
lu., , | , ; ; | , A= ——— e
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 11.9
min
‘ &R TIC B
WS {REEE L Time  F. Time UEETET AR O T A% w Y B/EE WD £

2.271 2.250 2.305 6784726 4.75 6342244 5.54 .07 MI
2. 424 2.380 2.485 97313770  68.15 75684978  66.06 .29 MI
142786195 100.00 114569013 100.00

Figure S66. GC-MS analysis of the crude reaction mixture of 1 (0.2 mmol), Pdx(dba)s (1 mol%),
MesP (8 mol%) and HCOOH (1.2 mmol) in 1,4-dioxane (0.4 mL), 80 °C, 12 h, under Ar.

=1
=
1 2.121 2.080 2. 165 38687699  27.09 32541791 28.40 .19 MI
2
3
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3.2.12 Characterization of alkenes and alkane by GC-MS analysis with different content of

water.
Pd,(dba), 1mol%, PMe3; 8mol%
X
mH HCOOH 1.2 mmol, 5% H,O ©/\ . ©/\/CH3 .
’ ® dioxane 0.4mL, 80 °C,12h CHs
1 4% 2 74% 3 22%

ikl (A1l TIC)

14, 765, 441

O

e e R e s

3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 11.9

min

% TIC

W5 fREEE 1 Time  F.Time WETAT AL BT AL i WS BU/mIE PRI AR
1 2.121 2. 080 2.165 16657478 22.23 14658656 25.33  1.14 MI
2 2.270 2.240 2.315 2930009  3.91 2630542  4.55  1.11 MI
3 2.422 2. 390 2.510 55352040 73.86 40584198 70.13  1.36 MI

74939527 100.00 57873396 100. 00

Figure S67. GC-MS analysis of the crude reaction mixture of 1 (0.2 mmol), Pdx(dba)z (1 mol%),

MesP (8 mol%), HCOOH (1.2 mmol) and H2O (5%) in 1,4-dioxane (0.4 mL), 80 °C, 12 h, under
Ar.
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S
CHj

Pd,(dba), 1mol%, PMe3; 8mol%

HCOOH 1.2 mmol, 10% H,O

dioxane 0.4mL, 80 °C,12h

+ +
L, ©/\/ ©/\/

1
1 3% 2 67% 3 30%
_ (P (A1 TIC)
41, 801, 495 ©/\/Me
2
/ ’
X
Me
_—
T | T 1 ! ) ' I T I 1 | 1 1 T | T
3.0 1.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 11_.9
min
‘ g% TIC B
Y (fEE [LTime  F. Time METH AR U TRIAN Y m BEEY B/EE Rl B
1 2.122 2.090 2.175 21474940 29.52 17814844 30.82  1.21 MI
2 2.272 2.235 2. 305 2393861  3.29 2072692  3.59  1.15 MI
3 2.423 2.395 2.515 48871952 67.19 37917895 65.60  1.29 MI
72740753 100.00 57805431 100. 00

Figure S68. GC-MS analysis of the crude reaction mixture of 1 (0.2 mmol), Pd»(dba); (1 mol%),
Me;P (8 mol%), HCOOH (1.2 mmol) and H20 (10%) in 1,4-dioxane (0.4 mL), 80 °C, 12 h, under
Ar.

S
CHj

Pd,(dba), 1mol%, PMe3; 8mol%
HCOOH 1.2 mmol, 30% H,O

+ +
L, ©/\/ ©/\/

1 dioxane 0.4mL, 80 °C,12h
13% 267% 3 30%
ikl (A1l TIC)
13, 629, 538 . _Me
/ ,
/v ©/\/
3
X
Me
S
i : - ‘ ; - ; : - : - ey - ; . ; ;
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 ll_.9
min
i3 TIC )
s PR I.Time  F.Time TR AR DEETHI RS o WY BU/EE FRiD B
1 2.121 2. 080 2. 170 23016324  30.15 19540938  31.93 1.18 MI
2 2.271 2. 240 2. 315 2248717 2.95 2068642 3.38 1.09 MI
3 2.422 2.390 2.515 51076894  66. 91 39590994  64. 69 1.29 MI
76341935 100. 00 61200574 100, 00

Figure S69. GC-MS analysis of the crude reaction mixture of 1 (0.2 mmol), Pdx(dba)s (1 mol%),
MesP (8 mol%), HCOOH (1.2 mmol) and H>O (30%) in 1,4-dioxane (0.4 mL), 80 °C, 12 h, under

Ar.
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Pd,(dba), 1mol%, PMe3; 4mol%
N 2 2 3
HCOOH 1.2 mmol, 50% H,0 N, N-CHs |
CH3 CH3 ©/\/

1 dioxane 0.4mL, 80 °C,12h
1 3% 2 67% 3 30%
kP (ALl TIC)
16, 371, 444
[:::T/&§L/Me

2

3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 1.0 11.9
min
W TIC B
WE RERE LTime  F.Time  WETEE! MTHY MR WY BUEE R0 S
1 2.123 2. 080 2.175 24699704 29.97 19357895  30.50 1.28 MI
2 2.273 2. 240 2.310 2385389 2.89 2041541 3.22 .17 MI
3 2.424 2.390 2. 525 55333330  67.14 42075537  66.29 .32 MI

82418423 100. 00 63474973 100. 00

Figure S70. GC-MS analysis of the crude reaction mixture of 1 (0.2 mmol), Pd»(dba); (1 mol%),
MesP (8 mol%), HCOOH (1.2 mmol) and H,O (32 pL, 50%) in 1,4-dioxane (0.4 mL), 80 °C, 12 h,
under Ar.
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Me

Y Pd,(dba), 1.0 mol%, PMe3 8.0 mol% D D Me
@/ DCOOD 1.2 mmol, 4A MS @ATD . @2\/&% . . ©/
R dioxane 0.4mL, 80 °C,16h CHs D @N
0.2mmol 32% 5% 0% 63%
i (A1l TIC)

7,473, 417

Nn

4.0 5.0 5.9
min
‘ g7 TIC N .
WS fEEEE T.Time  F.Time WETRTFR T % MRy WERE% BU/REE OPRIE AR
1 2.301 2.275  2.355 4171633 31.76 3759862 34.03  L.11 MI
2 2,453 2,430 2.490 695108  5.29 567576 514  1.22 MI
3 2,619  2.585  2.685 8266373 62.91 6720315 60.83  1.23 MI

13133114 100. 00 11047753  100. 00

Figure S71. GC-MS analysis of the crude reaction mixture of 1-phenyl-1-propyne (R,
0.2 mmol) using the molecular sieves (MS) with an available pore size of 4A in the
presence of Pd>(dba)z (1.0 mol%), PMes (8.0 mol%) and DCOOD (1.2 mmol) in 1,4-
dioxane (0.4 mL), 80 <C, under Ar.
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When the substrate R (0.2 mmol) and HCOOH (1.2 mmol) were heated
in 1,4-dioxane (0.4 mL) at 80°C for 10 h in the presence of 1 mol%
Pd,(dba)s;, 8 mol% of PMe; and 4 A molecular sieve (10 mg), the (Z)-1-
phenylpropene was obtained with a Z/E/alkane ratio of 57/31/12 as

confirmed by GC-MS analysis (Fig. S72).

3.2.13 Selective hydrogenation and characterization of alkyne with HCOOH.
Pd,(dba); 1mol%, PMez 8mol%
< > — cH HCOOH 1.2 mmol, 4A MS ©/\ . @/wCHs .\ ©/\/
— s ()
dioxane 0.4mL, 80 °C,10h CHs

57% 31% 12%

i (ALl TIC)

10, 263, 689

.

4

o

/ -
a -

E

T T T T T T
3.0 1.0 5.0 5.9

_ . gF TIC o
{5 B [ I.Time  F.Time U TRTRS AT A% e R B/ PRk BR

e i
1 2. 158 2.135 2. 185 2004335  12. 11 2057643 12.81  0.97 MI
2 1.02
3 1.07

2.308 2.275 2. 350 9503572  57.44 9277905 57.77 MI

2.461 2. 440 2.510 5038445  30.45 4723742 29.41 MI
16546352 100. 00 16059290 100. 00

Figure S72. GC-MS analysis of the crude reaction mixture of a (0.2 mmol), Pd>(dba)s
(1 mol%), MesP (8 mol%) and HCOOH (1.2 mmol) in 1,4-dioxane (0.4 mL), 80 <C, 10
h, under Ar.
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