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Abbreviations 
DPEPhos: Bis(2-diphenyphosphinophenyl)ether
BINAP: 1.1'-Binaphthyl-2.2'-diphemyl phosphine
DPPB: 1,4-Bis(diphenylphosphino)butane
Xantphos: 9,9-Dimethyl-4,5-bis(diphenylphosphino)xanthene
Ru3(CO)12: Ruthenium Carbonyl
Ru(II)(Cp)(PPh3)2Cl: Chlorocyclopentadienylbis(triphenylphosphine)ruthenium(II)
X-Phos: 2-(Dicyclohexylphosphino)-2',4',6'-tri-i-propyl-1,1'-biphenyl
DPPF: 1,1'-Bis(diphenylphosphino)ferrocene
DPPP: 1,3-Bis(diphenylphosphino)propane
TPPTS: Triphenylphosphine-3,3',3''-trisulfonic acid trisodium salt
PhDavePhos: 2-Diphenylphosphino-2'-(N,N-dimethylamino)biphenyl
BiPhephos: 6,6′-[(3,3′-Di-tert-butyl-5,5′-dimethoxy-1,1′-biphenyl-2,2′-diyl)bis(oxy)]bis(dibenzo[d,f][1,3,2]dioxaphosphepin).

Supplement to the experiments
General considerations
The chemical reagents were purchased from J&K Scientific, Shanghai Aladdin Chemical Reagent Co. Ltd. or TCI Chemicals, which were used as received. The 1H NMR spectra were recorded on an Agilent 400 spectrometer. Conversion and selectivity were determined by Agilent 7890 Gas chromatography (GC) and Agilent 5975C GC-MS (inert MSD with Triple-Axis Detector), using splitless injection and FID detector.

Supplement to alkoxycarbonylation of 1-phenylallene
All the ruthenium precursors in this part are commercial.
Table S1 Alkoxycarbonylation of 1-phenylallene under different ruthenium precursors a


	Entry
	Ru-catalyst precursor
	Conv. (%) b
	Sel. esters 2a-3a (%) (2a/3a) b

	1
	Ru3(CO)12
	99
	99 (69/31)

	2
	Tris(2,2'-bipyridyl) ruthenium (II) chloride hexahydrate
	＜ 1
	trace

	3
	Tetrakis (Dimethylsulfoxide) dichlororuthenium (II)
	99
	99 (68/32)

	5
	Dichloro (p-cymene) ruthenium (II) dimer
	99
	99 (70/30)

	6
	Ru(II)(Cp)(PPh3)2Cl
	0
	0

	7
	Benzylidene-bis(tricyclohexylphosphine)dichlororuthenium
	99
	99 (70/30)

	8
	Potassium pentachlororuthenate (III) hydrate
	99
	99 (71/29)

	9
		Benzeneruthenium (II) chloride dimer
	99
	99 (73/27)

	10
	RuCl2(CO)2(PPh3)2
	0
	0


a 1-Phenylallene 1.0 mmol; 3.0 % mmol [Ru], such as 1.0 % mmol Ru3(CO)12; no ligand; CO 3.0 MPa; MeOH as solvent 1.0 mL; 100 oC, 24 h. b Determined by GC.

All the P-ligands L6-L15 are commercial
Table S2 Alkoxycarbonylation of 1-phenylallene under different phosphine ligands catalyzed by Ru3(CO)12 



	Entry
	P-ligand
	Conv. (%) b
	Sel. esters 2a-3a (%) (2a/3a) b

	1
	PPh3
	99
	99 (67/33)

	2
	DPPF
	＜ 1
	trace

	3
	X-Phos
	99
	99 (72/28)

	5
	DPPP
	80
	99 (78/22)

	6
	TPPTS
	71
	99 (68/32)

	7
	PhDavePhos
	53
	99 (67/33)

	8
	BiPhephos
	27
	99 (62/38)

	9
	L6
	81
	99 (74/26)

	10
	L7
	19
	99 (62/38)

	11
	L8
	34
	99 (63/37)

	12
	L9
	0
	0

	13
	L10
	99
	99 (70/30)

	14
	L11
	99
	99 (70/30)

	15
	L12
	99
	99 (70/30)

	16
	L13
	0
	0

	17
	L14
	42
	99 (78/22)

	18
	L15
	99
	99 (72/28)


a 1-Phenylallene 1.0 mmol; 1.0 % mmol Ru3(CO)12; 6.0 % mmol monophosphine ligand, 3.0 % mmol bisphosphine ligand or 2.0 % mmol trisphosphine ligand; CO 3.0 MPa, MeOH as solvent 1.0 ml; 100 oC, 24 h. b Determined by GC.

All the N-ligands N11-N20 in this part are commercial.
Table S3 Alkoxycarbonylation of 1-phenylallene under different N-ligands catalyzed by Ru3(CO)12 a




	Entry
	N-ligand
	Conv. (%) b
	Sel. esters 2a-3a (%) (2a/3a) b

	1
	N9
	99
	99 (89/11)

	2
	N11
	82
	99 (65/35)

	3
	N12
	99
	99 (83/17)

	5
	N13
	99
	99 (81/19)

	6
	N14
	0
	0

	7
	N15
	6
	99 (60/40)

	8
	N16
	99
	98 (82/18)

	9
	N17
	99
	93 (70/30)

	10
	N18
	99
	99 (84/16)

	11
	N19
	84
	99 (77/23)

	12
	N20
	99
	99 (72/28)


a 1-Phenylallene 1.0 mmol; 1.0 % mmol Ru3(CO)12; 6.0 % mmol N-ligand; CO 3.0 MPa, MeOH as solvent 1.0 ml; 70 oC, 24 h. b Determined by GC.

NMR data of the main products
All the products separated are known products. Methods for the separation of all compounds are according to the references [1-22].
Methyl (E)-2-methyl-3-phenylacrylate (2a) [1-3]

[bookmark: _Hlk77137916]2a was obtained as a colorless oil in 71 % separation yield. 1H NMR (400 MHz, Chloroform-d) δ 7.70 (s, 1H), 7.40 (d, J = 4.3 Hz, 4H), 7.35-7.30 (m, 1H), 3.84-3.80 (m, 3H), 2.15-2.09 (m, 3H).

Methyl (E)-2-methyl-3-(2-naphthyl)-2-propenoate (2b) [4]


2b was obtained as a yellow oil in 69 % separation yield. 1H NMR (400 MHz, Chloroform-d) δ 7.81-7.85 (m, 5H), 7.48-7.46 (m, 3H), 3.79 (s, 3H), 2.17 (s, 3H).

Methyl (E)-3-(4-chlorophenyl)-2-methylacrylate (2c) [5-7]


2c was obtained as a yellow oil in 53 % separation yield. 1H NMR (400 MHz, Chloroform-d) δ 7.63 (s, 1H), 7.32-7.27 (m, 4H), 3.81 (s, 3H), 2.06 (d, J =1.5 Hz, 3H).

(E)-3-(2-Methylphenyl)-2-methyl acrylic acid methyl ester (2d) [8, 9]


2d was obtained as a yellow oil in 59 % separation yield. 1H NMR (400 MHz, Chloroform-d) δ 7.75 (s, 1H), 7.19-7.22 (m, 4H), 3.83 (s, 3H), 2.26 (s, 3H), 1.98 (d, J = 1.8 Hz, 3H).

(E)-Methyl 3-(4-methoxyphenyl)-2-methylacrylate (2e) [10-12]


2e was obtained as a colorless oil in 75 % separation yield. 1H NMR (400 MHz, Chloroform-d) δ 7.63 (s, 1H), 7.35 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H), 3.80 (s, 3H), 3.75 (s, 3H), 2.63 (s, 3H).

Methyl (E)-2-methyl-3-(4-methylphenyl)acrylate (2f) [13-16]


2f was obtained as a yellow oil in 66 % separation yield. 1H NMR (400 MHz, Chloroform-d) δ 7.65 (s, 1H), 7.35 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 3.81 (s, 3H), 2.26 (s, 3H), 2.05 (s, 3H);

Ethyl 3-phenyl-2-methyl-2-propenoate (2g) [17-19]


2g was obtained as a colorless oil in 59 % separation yield. 1H NMR (400 MHz, Chloroform-d) δ 7.71 (s, 1H), 7.47-7.38 (m, 5H), 4.25 (q, J = 7.2 Hz, 2H), 2.05 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H).

Isopropyl α-methylcinnamate (2h) [20, 21]


2h was obtained as a colorless oil in 62 % separation yield. 1H NMR (400 MHz, Chloroform-d) δ 7.65 (s, 1 H), 7.39-7.38 (m, 4 H), 7.31-7.28 (m, 1 H), 5.19-5.08 (m, 1 H), 2.09 (d, J = 1.2 Hz, 3 H), 1.31 (d, J = 5.1 Hz, 6 H)

(2E)-tert-butyl-2-methyl-3-phenylprop-2-enoate (2i) [20, 22]


2i was obtained as a colorless oil in 65 % separation yield. 1H NMR (400 MHz, Chloroform-d) δ 7.58 (s, 1 H), 7.42-7.25 (m, 5 H), 2.12 (s, 3 H), 1.55 (s, 9 H).
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