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1. General Information

Unless otherwise stated, commercial reagents were used without purification. All
manipulations of air- and moisture-sensitive reagents were performed under an inert atmosphere of
argon in either a vacuum atmosphere or using standard Schlenk techniques. 'H, *C and 3'P NMR
spectra were recorded on Bruker AVANCE III HD-400 MHz NMR spectrometers. Multiplets were
assigned as s (singlet), d (doublet), t (triplet), and m (multiplet). High resolution mass spectra
(HRMS) were recorded with a Shimadzu LCMS-IT-TOF high resolution liquid chromatograph. GC
analysis was performed on an Agilent 8860 chromatograph (KB-5, 30m*320um*0.25um, FID). GC
conditions: 70 °C for 5 min, then 290 °C for 12 min (rate 15 °C/min). GC-MS analysis was conducted
on a SHIMADZU GCMS-QP2010SE (KB-5MS, 30 m*0.25 mm*0.25 pm). Melting points were
obtained by X-4B micro Melting Point Measurement Instrument.

2. Preparation and Spectral Data of Ligand

The ligand backbone 1,1%-bis-(6,7,8,9-tetrahydro-2-hydroxy-dibenzofuran) was prepared
based on the literature.!
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A solution of pyrrole (6.9 mL, 100 mmol) in THF (20 mL) was added dropwise to a solution
of phosphorus trichloride (4.4 mL, 50 mmol) and triethylamine (20 mL, 144 mmol) in THF (100
mL) at 0 °C under argon atmosphere. A white precipitate generated immediately upon addition. The

reaction mixture was stirred overnight at room temperature. The reaction mixture was used directly
in the next reaction. A solution of 1,1"-bis-(6,7,8,9-tetrahydro-2-hydroxy-dibenzofuran) (4.49 g, 12
mmol) in THF (30 mL) was added dropwise to a former solution of chlorodipyrrolylphosphine and
another of triethylamine (10 mL, 72 mmol) at 0 °C under argon atmosphere. The reaction mixture
was stirred overnight at room temperature. The triethylamineHCI salts were filtered off at room
temperature once the reaction was accomplished. The solvent was subsequently removed under
diminished pressure, and the residue was purified via recrystallization with ethanol to obtained
desired compound as a white solid (5.66 g, 67.6%).

M.p.: 132-134 °C.

HRMS (ESI+): caled for C40H36N4O4P2: 698.2212; found: 699.2128.

"H NMR (400 MHz, CDCl3) & 7.28 (d, J = 8.7 Hz, 2H), 6.75 (d, J = 8.7 Hz, 2H), 6.63 — 6.55 (m,
8H), 6.19 — 6.10 (m, 8H), 2.66 (t, /= 6.0 Hz, 4H), 1.89 — 1.64 (m, 8H), 1.56 — 1.45 (m, 4H) ppm.
3C NMR (101 MHz, CDCls) & 156.02, 150.60, 146.74, 129.88, 121.09, 118.42, 114.29, 113.64,
111.92, 111.00, 23.61, 22.53, 22.37, 20.53 ppm.

3'PNMR (162 MHz, CDCls) 8 109.39 ppm.



Spectrum from 20211120.wiff2 (sample 24) - 77, +TOF MS (600 - 800) from 0.044 to 0.073 min, subtracted by: [Spectrum from 20211120.wiff2 (sample 24) - 77, +TOF MS (600 - 800) from 1.408 to 1.999 min], centroided

%699.2128 (1)
4.0e4
3.5e4
3.0e4
2
o 25e4
s
g 2.0e4
z 700.2153 (1)
1.5e4
1.0e4
5.0e3
e +698.2040 701.2180 (1)
0.000" . i
695.0 695.5 696.0 696.5 697.0 697.5 698.0 698.5 699.0 699.5 700.0 700.5 701.0 701.5 702.0 702.5 703.0 703.5 704.0
Mass/Charge, Da
.
Figure S1. HRMS(ESI+) spectra of pyTFBP
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Figure S2. '"H NMR spectra of pyTFBP in CDCl3
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Figure S3. 1*C NMR spectra of pyTFBP in CDCl3
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Figure S4. 3'P NMR spectra of pyTFBP in CDCl3



—108.41

700

I 150 ' 1]’.0 ! 9‘0 B‘D ?IU 6‘0 5‘0 4’0 3‘0 2‘0 I'O t') *10 ' *Sﬂ ' *50 ' *;U ' 4;0 I *lIIU ! *1'30 ' *1’50 ' *ll?ﬂ ! *1’90 ' *2‘10 ' *2‘30
f1 (ppa)
Figure S5. 3P NMR spectra of pyBP in CDCl;
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Figure S6. *'P NMR spectra of pyBN in CDCl;
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Figure S7. Comparison of the 3'P NMR spectra
3. Preparation and Spectral Data of Crotonaldehyde Ethylene Acetal
Crotonaldehyde ethylene acetal was prepared based on the literature.? The anticipated structure
has been confirmed by GC-MS and 'H NMR spectra, which is consist with the literature.

Figure S8. GC-MS of crotonaldehyde ethylene acetal
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Figure S9. '"H NMR spectra of crotonaldehyde ethylene acetal in CDCl3
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4. General Information for the Hydroformylation Reaction

The hydroformylation reaction was conducted in a 25 mL or 50 mL high-pressure autoclave.
In a typical run, precatalyst, ligand and substrate were loaded. And then the reactor was purged with
syngas, and charged with high-pressure syngas. The reactor was heated to the desired temperature
with stirring. After the reaction time, the autoclave was cooled quickly in an ice-water bath, and
then vented slowly. The reaction products were determined by GC-MS and quantified by GC.

5. Optimization for Hydroformylation of Olefins
Table S1. Optimization for hydroformylation of 2-pentene”

Entry T[°C] L/Rh CO/HjMPa] _ TON’ SelL.cuo[%]  Linear[%]  U/b°
1 100 1 1.0 392 93.1 4311 0.8
2 100 2 1.0 781 98.2 79.8 3.9
3 100 3 1.0 983 94.6 91.5 10.7
4 100 4 1.0 984 94.7 96.4 26.7
5 100 5 1.0 988 94.4 96.2 25.0
6 80 4 1.0 785 99.3 97.0 324
7 90 4 1.0 897 98.5 97.0 32.8
8 90 4 0.5 877 97.6 97.0 322
9 90 4 2.0 938 97.8 97.1 33.3

4Reaction conditions: S/C=1000, 2-pentene (14.6 mmol), [Rh(CO)2(acac)](2.9 mM in xylene, 5.0 mL), 2 h, decane
(0.2 mL) as internal standard. ® Turnover number, determined on the basis of alkene conversion by GC analysis. ¢

Percentage of aldehyde in all products. ¢ Percentage of linear aldehyde in all aldehydes. ¢ Linear/branched ratio.

Table S2. Optimization for hydroformylation of 2-octene®

Entry T[°C] L/Rh CO/H MPa] _ TON’ SelLano (%] Linear[%]  Ub°

1 90 2 1.0 809 60.2 51.3 1.1

2 90 3 1.0 827 60.3 85.0 5.7
3 90 4 1.0 852 63.1 98.4 63

4 90 5 1.0 845 64.0 98.1 52.5
5 80 4 1.0 714 63.8 98.7 78.7
6 100 4 1.0 895 70.6 98.0 48.9
7 110 4 1.0 905 70.8 96.9 31.2
8 100 4 0.5 830 57.6 97.8 44.8
9 100 4 2.0 930 77.4 98.1 51.3
10 100 4 3.0 934 77.8 97.2 34.9
1 100 24 2.0 8360 62.4 97.8 44.0

4Reaction conditions: S/C=1000, 2-octene (14.6 mmol), [Rh(CO)2(acac)](2.9 mM in toluene, 5.0 mL), 2 h, decane
(0.2 mL) as internal standard. >¢ See Table S1./S/C=10000.

Table S3. Optimization for hydroformylation of methyl acrylate®

Entry T[°C] L/Rh CO/H:[MPa] TON? Sel.cuo’[%] Linear’[%] I/b*
1 100 1 1.0 11280 83.8 93.9 15.3
2 100 2 1.0 14460 83.2 94.7 17.8
3 100 3 1.0 15580 84.0 95.9 23.4
4 100 4 1.0 14340 81.0 93.7 14.9
5 60 3 1.0 12800 51.5 51.2 1.1
6 80 3 1.0 17840 68.0 80.4 4.1
7 120 3 1.0 13300 71.9 96.2 25.6
8 100 3 0.5 11800 82.8 96.7 29.7
9 100 3 2.0 17780 66.1 83.5 5.0

@Reaction conditions: S/C=20000, methyl acrylate (100 mmol), [Rh(CO)z(acac)](1.0 mM in toluene, 5.0 mL), 2 h,
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decane (0.2mL) as internal standard. *¢ See Table S1.

Table S4. Optimization for hydroformylation of allyl acetate®

Entry T[°C] L/Rh CO/HjMPa] _ TON’ SelL.cuo[%]  Linear’[%]  U/b°
1 100 3 1.0 5440 85.5 82.5 47
2 100 4 1.0 8810 87.8 85.1 5.7
3 100 5 1.0 9250 88.1 87.5 7.0
4 100 6 1.0 9290 96.7 80.5 4.1
5 100 7 1.0 8710 93.3 75.8 3.1
6 60 5 1.0 9660 97.4 75.4 3.1
7 80 5 1.0 9740 98.9 86.2 6.3
8 120 5 1.0 7420 71.3 87.7 7.1
9 80 5 0.5 8530 94.5 85.8 6.0
10 80 5 2.0 9860 98.2 79.9 4.0

@ Reaction conditions: S/C=10000, allyl acetate (146 mmol), [Rh(CO)z(acac)](2.9 mM in toluene, 5.0 mL), 2 h,

dodecane (0.2mL) as internal standard. ¢ See Table S1.

Table SS. Optimization for hydroformylation of crotonaldehyde ethylene acetal®

Entry T[°C] L/Rh CO/H;[MPa] TON® Sel.cno‘[%] Linear’[%] I/b°
1 100 4 1.0 1172 95.9 89.3 8.3
2 100 5 1.0 1266 94.9 90.6 9.6
3 100 6 1.0 1338 95.1 91.7 11.0
4 100 7 1.0 1752 96.8 93.9 15.4
5 100 8 1.0 1864 96.9 95.1 19.4
6 80 8 1.0 720 94.1 87.1 6.7
7 120 8 1.0 1866 94.4 93.9 15.4
8 100 8 2.0 1464 87.0 85.2 5.8
9 100 8 0.5 1766 96.1 95.7 22.3

@Reaction conditions: S/C=2000, crotonaldehyde ethylene acetal (29.2 mmol), [Rh(CO)z(acac)](2.9 mM in toluene,
5.0 mL), 1 h, decane (0.2mL) as internal standard. > See Table SI.

Table S6. Optimization for hydroformylation of styrene?

Entry T[°C] L/Rh CO/H[MPa] TON? Sel.cuo’[%] Linear’[%] I/b°

1 80 1 2.0 10660 96.6 63.7 1.8
2 80 2 2.0 11800 98.7 63.6 1.7
3 80 3 2.0 18640 99.9 82.7 4.8
4 80 4 2.0 18060 99.8 83.5 5.1
5 80 3 1.0 18660 96.9 85.7 6.0
6 80 3 0.5 13120 96.3 87.0 6.7
7 100 3 1.0 19900 95.8 85.9 6.1
8 120 3 1.0 18420 89.3 84.6 5.5
9 100 3 1.0 38200 95.5 85.8 6.1

“Reaction conditions: S/C=20000, styrene (100 mmol), [Rh(CO)2(acac)](1.0 mM in toluene, 5.0 mL), 1 h, decane
(0.2mL) as internal standard. > See Table S1./S/C = 40000.



6. GC and GC-MS Results of Hydroformylation Reactions
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7. Comparison with Relevant Literature

O O/P{Nij>2 - O/P{N(j% <E>N>§P\o O O/p{N(jL <E>N>ip\o O O/P<N(j>2
IO e QL Dy

== PAr,
OO O/P{NQL Q 2 O PPh, PhyP O PPh, OO PAr,
O\p<,\<j> PPh, PPh, PAr,

LA

R Ar = 3,56-(CF3),-CgH3
pyBN L5 L6 L7 L8

Table S7 Comparison with relevant literature

Ligand TOF  Sel.cho  Seluso  Linear Reaction
trat T ‘e
Substrate (Source) ON" (w1 (%) (%) (%) 7o Condition
pyTFBP S/C = 50000, L/Rh =2
(s work) 46700 23350  86.1 12.8 99.8 403 3 MPa.70°C. 21
pyBP* S/C = 10000, L/Rh =2
(Chem. Eur. J. 9000 / / 8.7 98.9 86.7 4 MPa, 106 °C,3h
2012, 18, 15288)
L2 S/C = 10000, L/Rh =2
(Chem. Eur. J. 7800 / / 18 99.4 174.4 4 I\ija, 106 °C, 3;
2012, 18, 15288)
L3 $/C = 10000, L/Rh = 3
1-hexene (O}’élls Lé]fi;;‘;;)13, 7400 / / 22.3 99.8 471 1 MPa, 80°C, 2 h
L4f S/C =10000, L/Rh =3
(Orgl.s L‘fiﬁ;ﬁ’”’ 7500 / / 24.5 99.8 618 | MPa, 80°C, 2 h
L6* S/C = 10000, L/Rh = 4
(Orzg(.nc‘;helméf;')onn 9900 / / 8.1 97.9 47.5 1 MPa, 120 °C, 4 h
LP S/C = 10000, L/Rh = 4
(Orzg(,)lcé;he]m,g:‘;;mt. 9900 / / 6.9 98.5 66.8 | MPa, 120°C, 4 h
pyTFBP S/C =1000, L/Rh = 4
(this work) 930 465 77.4 15.4 98.1 51.3 2 MPa, 100 °C, 2 b
pyTFBP S/C = 10000, L/Rh = 24
(s work) 8360 1672 62.4 26.2 97.8 44.0 3 MPa, 100°C. 5
pyBP” S/C =10000, L/Rh =3
(Chem. Eur. J. 6600 / / / 95.1 19.2 1.5 MPa, 1 IE) °C. 15 h
2012, 18, 15288) ’ ’
pyBN°¢ _ _
(Chem. Leir. 2000, 1126/ / / 975 395 SO LRRCLS
2-octene 38, 396) ‘ , ’
L2 S/C = 10000, L/Rh =3
(Chem. Eur.g. 4500 / / / 96.0 240 S ypa ooc st
2012, 18, 15288) ’ ’
L3* S/C = 10000, L/Rh =3
(Or‘glrs Lfﬁ;éim‘ 2400 / / / 98.0 47 1 MPa, 100 °C, 2 h
L4*
S/C = 10000, L/Rh =3
(Orgl.5 Lfi)’;éﬁ’”’ 2000 / / / 98.3 59 1 MPa, 100 °C, 2 h
L5’ / 112 / / 90 9.5 S/C =637, L/IRh =10
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(Adv. Synth. Catal.
2004, 346, 789)

0.36 MPa, 120 °C

L6’ - -
(Org. Chem. o, 1400 / / 84.5 55 emmelee
L7 _ _
(Origbﬁhcimé;';mt 1400 / / / 87.4 7.0 So/(é ;4%’(6)1(,)(;,216/‘!21 4h4
L8* $/C = 10000, L/Rh = 5
(Angew. Chem. Int. / 319 / / 86.0 6.1 1 I\ZPa 126 oC 16;1
Ed. 2001, 40, 3408) ’ ’
pyTFBP $/C = 40000, L/Rh =3
Chiswoiy 38200 38200 955 / 85.8 6.1 npe 1005 11
pyBP’ $/C = 10000, L/Rh =2
(Chem. Eur J. 6900 / / / 78.0 3.5 1 l\;lPa 106 oC 3;
2012, 18, 15288) ’ ’
pyBN’
(4ppl. - -
Organomeral 1000/ / / 85.4 58 ST 000 LRSS
Chem. 2013, 27, ’ ’
styrene 414
L2 S/C = 10000, L/Rh =2
(Chem. Eur. J. 6000 / / / 77.5 34 1 l\ija 100 °C 3;
2012, 18, 15288) ’ ’
L3* _ _
(O Lot 003, / 360 / / 762 32 SO e e
L4* _ _
(o, Lo 203, / 470 / / 83.4 50 Y eose
LSIO
(Dalton Trans. / / / / 71 2.5 se I_I%/IOI?: "816/5(}:1 -2
2013, 42, 137) ’

8. DFT Calculation Results for Ligand
All DFT calculations were performed at the B3LYP!!"'4-D3!5/6-31G(d) level (6-31G(d) basis
set for C, H, O, N, P) implemented in the Gaussian 16'® packages in gas phase. Frequency

calculations were performed to confirm that one imaginary frequency for all transition states. To

save computational costs, “g09defaults” keyword was used in all calculations.

Geometry optimization results for different conformations

To determine stable conformations for ligand, different conformations were calculated and the

results are shown in Table S8-S10. And the most stable conformations of ligands were used as initial

geometries for potential energy surface scan.

Table S8. Different conformations of pyBP, 3 kcal/mol less than the most stable conformation, with

zero-energy corrected electronic energies and Gibbs free energies. Calculated at B3LYP-D3/6-
31+G* level in gas phase at 298.15K.

Relative electronic Relative Gibbs | Absolute electronic Absolute Gibbs
Entry energy free energy energy free energy
(kcal/mol) (kcal/mol) (Hartree) (Hartree)
a-1 0.0 0.0 -2133.157386 -2133.222682
a-2 0.0 0.0 -2133.157385 -2133.222671
a-3 0.1 0.1 -2133.157228 -2133.222520
a-4 2.2 0.9 -2133.153931 -2133.221197
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a-5 2.2 1.4 -2133.153947 -2133.220514
a-6 1.8 19 -2133.154571 -2133.219713
a-7 2.8 19 -2133.152986 -2133.219666
a-8 3.8 2.0 -2133.151307 -2133.219444
a-9 1.1 2.1 -2133.155638 -2133.219364
a-10 11 2.1 -2133.155636 -2133.219359
a-11 1.7 2.3 -2133.154739 -2133.218964
a-12 1.7 2.4 -2133.154622 -2133.218818
a-13 1.2 2.5 -2133.155469 -2133.218649
a-14 1.2 2.5 -2133.155466 -2133.218639
a-15 2.4 2.6 -2133.153638 -2133.218513
a-16 3.6 2.7 -2133.151690 -2133.218453
a-17 3.9 2.7 -2133.151250 -2133.218434
a-18 2.5 3.0 -2133.153414 -2133.217897
a-19 2.5 3.0 -2133.153415 -2133.217896

Table S9. Different conformations of pyBN, 3 kcal/mol less than the most stable conformation, with
zero-energy corrected electronic energies and Gibbs free energies. Calculated at B3LYP-D3/6-
31+G* level in gas phase at 298.15K.

Relative electronic Relative Gibbs | Absolute electronic | Absolute Gibbs
Entry energy free energy energy free energy
(kcal/mol) (kcal/mol) (Hartree) (Hartree)
b-1 0.0 0.0 -2440.358038 -2440.429591
b-2 0.1 0.2 -2440.357914 -2440.429253
b-3 0.4 0.6 -2440.357321 -2440.428633
b-4 1.1 1.2 -2440.356279 -2440.427732
b-5 0.3 1.2 -2440.357605 -2440.427662
b-6 0.7 1.3 -2440.357002 -2440.427449
b-7 0.7 1.4 -2440.356896 -2440.427417
b-8 3.0 15 -2440.353258 -2440.427220
b-9 2.7 1.9 -2440.353669 -2440.426570
b-10 1.7 2.0 -2440.355373 -2440.426389
b-11 2.5 2.2 -2440.353990 -2440.426134
b-12 4.7 2.3 -2440.350508 -2440.425889
b-13 3.3 24 -2440.352783 -2440.425697
b-14 2.9 2.6 -2440.353433 -2440.425408
b-15 4.4 2.9 -2440.351047 -2440.424976
b-16 3.7 29 -2440.352151 -2440.424962
b-17 3.9 3.0 -2440.351807 -2440.424828

Table S10. Different conformations of pyTFBP, 3 kcal/mol less than the most stable conformation,
with zero-energy corrected electronic energies and Gibbs free energies. Calculated at B3LYP-D3/6-
31+G* level in gas phase at 298.15K.
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Relative electronic Relative Gibbs | Absolute electronic | Absolute Gibbs
Entry energy free energy energy free energy
(kcal/mol) (kcal/mol) (Hartree) (Hartree)
c-1 0.0 0.0 -2747.944015 -2748.019444
c-2 0.5 0.3 -2747.943146 -2748.018997
c-3 0.7 0.4 -2747.942910 -2748.018771
c-4 0.7 11 -2747.942894 -2748.017703
c-5 2.1 1.3 -2747.940609 -2748.017343
c-6 1.2 1.4 -2747.942077 -2748.017270
c-7 1.2 1.4 -2747.942095 -2748.017147
c-8 2.3 1.6 -2747.940352 -2748.016914
c-9 2.0 1.8 -2747.940892 -2748.016652
c-10 2.9 1.8 -2747.939426 -2748.016550
c-11 2.6 1.8 -2747.939799 -2748.016533
c-12 3.9 1.8 -2747.937780 -2748.016515
c-13 3.2 1.9 -2747.938953 -2748.016417
c-14 3.6 2.1 -2747.938351 -2748.016111
c-15 2.5 2.2 -2747.939979 -2748.015901
c-16 2.5 2.2 -2747.939976 -2748.015897
c-17 3.1 2.2 -2747.939003 -2748.015865
c-18 3.1 2.4 -2747.939015 -2748.015599
c-19 34 24 -2747.938593 -2748.015564
c-20 34 24 -2747.938588 -2748.015563
c-21 4,5 2.5 -2747.936909 -2748.015479
c-22 3.3 25 -2747.938823 -2748.015414
c-23 2.1 2.6 -2747.940692 -2748.015347
c-24 2.5 2.6 -2747.940002 -2748.015264
c-25 4.9 2.6 -2747.936144 -2748.015249
c-26 2.7 2.6 -2747.939775 -2748.015244
c-27 5.1 2.7 -2747.935925 -2748.015217
c-28 5.0 2.7 -2747.936072 -2748.015199
c-29 3.9 2.7 -2747.937722 -2748.015116
c-30 3.8 2.7 -2747.938000 -2748.015096
c-31 4.1 2.8 -2747.937448 -2748.015031
c-32 55 2.8 -2747.935310 -2748.014989
c-33 3.0 2.8 -2747.939230 -2748.014908
c-34 35 2.9 -2747.938401 -2748.014811
c-35 4.1 29 -2747.937478 -2748.014775
c-36 4.1 3.0 -2747.937499 -2748.014594

Results of relaxed potential energy surface scan around aryl axis with the most stable

conformation.
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Figure S24. Results of relaxed potential energy surface scan around aryl axis with the most stable

conformation of pyBP. with pyBP as the energy refence point. Calculated at B3LYP-D3/6-31+G*
level in gas phase at 298.15K.
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Figure S25. Results of relaxed potential energy surface scan around aryl axis with the most stable

conformation of pyBN. with pyBN as the energy refence point. Calculated at B3LYP-D3/6-31+G*

level in gas phase at 298.15K.
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Figure S26. Results of relaxed potential energy surface scan around aryl axis with the most stable
conformation of pyTFBP. with pyTFBP as the energy refence point. Calculated at B3LYP-D3/6-
31+G* level in gas phase at 298.15K.

9. DFT Calculation Results for Styrene Hydroformylation

All geometry optimizations were performed at the B3LYP!'-14-D315/6-31G(d)/SDD level (6-
31G(d) basis set for C, H, O, N, P; and SDD effective core potential basis set for Rh) implemented
in the Gaussian 16'® packages in gas phase. Frequency calculations were performed to confirm that
one imaginary frequency for all transition states, and that zero imaginary frequencies for all
intermediates/reactants/products. To save computational costs, “g09defaults” keyword was used in
all calculations.

Table S11. Reactants, products, intermediates and transition states for hydroformylation with the
Rh catalyst, with zero-energy corrected electronic energies and Gibbs free energies. Calculated at
B3LYP-D3/6-31+G* level in gas phase at 298.15K.

Relative electronic | Relative Gibbs | Absolute electronic | Absolute Gibbs
Entry energy free energy energy free energy
(kcal/mol) (kcal/mol) (Hartree) (Hartree)
b-P / / -424.034887 -424.069936
I-P / / -424.034020 -424.069873
PhCHCH / / -309.517022 -309.548727
CO / / -113.301879 -113.321017
H2 / / -1.165337 -1.176825
IN-b-1 -20.8 -6.3 -3282.092021 -3282.179868
TS-b-1 -12.5 2.3 -3282.078867 -3282.166245
IN-b-2 -14.4 -1.0 -3282.081830 -3282.171414
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IN-b-3 -41.8 -16.8 -3395.427369 -3395.517628
TS-b-2 -33.9 -8.9 -3395.414793 -3395.505094
IN-b-4 -44.9 -19.7 -3395.432263 -3395.522281
INO -27.5 -18.5 -3085.887616 -3085.971717
IN1 0.0 0.0 -2972.541856 -2972.621155
IN-I-1 -22.6 -1.7 -3282.094927 -3282.182137
TS-I-1 -14.2 0.9 -3282.081496 -3282.168429
IN-1-2 -21.2 -7.3 -3282.092697 -3282.181569
IN-1-3 -43.7 -20.3 -3395.430390 -3395.523187
TS-1-2 -28.7 -4.5 -3395.406441 -3395.498111
IN-1-4 -38.4 -14.1 -3395.421967 -3395.513327
TS-1-3 -36.0 -6.6 -3396.583525 -3396.678320
IN-I-5 -45.6 -14.3 -3396.598689 -3396.690549
IN-1-6 -42.4 -11.4 -3396.593723 -3396.685932
TS-1-4 -34.1 -3.5 -3396.580358 -3396.673301
IN-I-7 -45.9 -17.3 -3396.599197 -3396.695258
S oo |t 9
B o] oy RO
{{’!/a!)] A e | [ el )
TS-b-1 TS-I-1 IN-b-1 TS-b-2 L/ 3 b-P

COlalkene Hydride co Hydrogen Product

Coordination Migration Insertion Uptake Hydrogenolysis

Releasing

Figure S27. DFT calculation suggested free energy profiles for full reaction pathway for linear
styrene hydroformylation to linear product (I-P) and partial reaction pathway for branched styrene
hydroformylation to branched product (b-P), with the hydride migration step as the selectivity

determination step. Calculated at B3LYP-D3/6-31+G* level in gas phase at 298.15K.
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Figure S28. Structures of intermediates or transition states in Figure S27. White, grey, orange, blue,
red, and cyan colors refer to hydrogen, carbon, phosphorus, nitrogen, oxygen, and rhodium,
respectively.

Table S12. Imaginary frequency for transition states in the reaction pathway. Calculated at B3LYP-
D3/6-31G(D) level in gas phase at 298.15K.

Entry Imaginary frequency (cm™)
TS-b-1 -745.0215i
TS-b-2 -198.4894i
TS-I-1 -581.9416i
TS-I-2 -258.8206i
TS-I-3 -839.1340i
TS-I-4 -613.6967i
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