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1 Experimental Procedure
1.1 General procedure for recycling of Rh-2a catalyst in Rh-2a/1-octene/MeOH-HCBS
hydroformylation system

Under an argon atmosphere, a 60 mL autoclave was loaded with Rh(acac)(CO), (1.0 mg, 3.88x10-3 mmol), 20 equivalents
of 2a (110 mg, 7.76x10-2 mmol) and MeOH (3 mL). Subsequently, 5x10° equivalents of 1-octene (3 mL, 19.4 mmol) and the
internal standard were added, and the reaction temperature and syngas pressure were raised to 100 °C and 5.0 MPa,
respectively, with an intense stirring. After 1 h, the reaction was terminated by placing the autoclave in an ice bath. Upon
releasing the syngas and after a GC analysis, the methanol was removed in vacuo and n-heptane (4.5 mL) was added to
extract the aldehydes. The upper organic phase was removed, then the fresh 1-octene and methanol were replenished to the
IL phase for next run. (Note: 1.0 yL of N, N, N’, N’-tetramethylguanidine was added in runs 1, 6 and 9)
1.2 General procedure for recycling of Rh-3a catalyst in Rh-3a/1-octene/EtOH-HCBS
hydroformylation system

Under an argon atmosphere, a 60 mL autoclave was loaded with Rh(acac)(CO); (1.0 mg, 3.88x10-3 mmol), 20 equivalents
of 3a (105 mg, 7.76x10-2 mmol) and EtOH (5 mL). Subsequently, 5x103 equivalents of 1-octene (3 mL, 19.4 mmol) and the
internal standard were added, and the reaction temperature and syngas pressure were raised to 100 °C and 5.0 MPa,
respectively, with an intense stirring. After 6 h, the reaction was terminated by placing the autoclave in an ice bath. Upon
releasing the syngas and after a GC analysis, the ethanol was removed in vacuo and n-heptane (4.5 mL) was added to
extract the aldehydes. The upper organic phase was removed, then the fresh 1-octene and ethanol were replenished to the
IL phase for next run. (Note: 1.0 pL of N, N, N’, N’-tetramethylguanidine was added in cycles 2, 4 and 6)
1.3 General procedure for recycling of Rh-2b catalyst in Rh-2b/1-octene/MeOH-HCBS
hydrogenation system

Under an argon atmosphere, a 60 mL autoclave was loaded with RhCl3-3H,0 (1.0 mg, 3.8x10-3 mmol), 20 equivalents of
2b (228 mg, 7.6x10-2 mmol) and MeOH. Subsequently, 1x10% equivalents of 1-octene (0.6 mL, 3.8 mmol) and the internal
standard were added, and the reaction temperature and H, pressure were raised to 80 °C and 6.0 MPa, respectively, with an
intense stirring. After 5 h, the reaction was terminated by placing the autoclave in an ice bath. Upon releasing the gas and
after a GC analysis, the methanol and products were removed in vacuo, then the fresh 1-octene and methanol were

replenished to the IL phase for next run.



2 NMR Spectra

2.1 "TH NMR spectrum of 2a
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Figure S1. "H NMR spectrum of 2a (500.0 MHz, D,0)



2.2 '3C NMR spectrum of 2a
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Figure S2. 13C NMR spectrum of 2a (125.7 MHz, CDCl;)
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2.3 3P NMR spectrum of 2a
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Figure S3. 3P NMR spectrum of 2a (202.4 MHz, D,0)



2.4 "H NMR spectrum of 2b
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Figure S4. 'TH NMR spectrum of 2b (500.0 MHz, D,0)



2.5 13C NMR spectrum of 2b
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Figure S5. 3C NMR spectrum of 2b (125.7 MHz, CDCl3)



2.6 3'P NMR spectrum of 2b
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Figure S6. 3'P NMR spectrum of 2b (202.4 MHz, D,0)
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2.7 "H NMR spectrum of 2¢
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Figure S7. '"H NMR spectrum of 2¢ (500.0 MHz, D,0)
11



2.8 13C NMR spectrum of 2¢
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Figure S8. 3C NMR spectrum of 2c (150.9 MHz, CDCl5)
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2.9 3P NMR spectrum of 2¢
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Figure S9. 3'P NMR spectrum of 2c (202.4 MHz, D,0)
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2.10 'H NMR spectrum of 2d
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Figure S10. 'H NMR spectrum of 2d (500.0 MHz, D,0)
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2.11 13C NMR spectrum of 2d
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Figure S11. 3C NMR spectrum of 2d (150.9 MHz, CDCl5)
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2.12 3P NMR spectrum of 2d
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Figure S12. 3'P NMR spectrum of 2d (202.4 MHz, D,0)
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2.13 'H NMR spectrum of 3a
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Figure S13. "H NMR spectrum of 3a (500.0 MHz, D,0)
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2.14 3C NMR spectrum of 3a
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Figure S14. '3C NMR spectrum of 3a (125.7 MHz, CD;0D)
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2.15 3P NMR spectrum of 3a
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Figure S15. 3'P NMR spectrum of 3a (202.4 MHz, D,0)

19



2.16 'H NMR spectrum of 3b
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2.17 3C NMR spectrum of 3b
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Figure S17. '3C NMR spectrum of 3b (125.7 MHz, CD3;0D)
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2.18 3'P NMR spectrum of 3b
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Figure S18. 3'P NMR spectrum of 3b (202.4 MHz, D,0)
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2.19 'H NMR spectrum of 3c
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Figure S19. 'H NMR spectrum of 3¢ (500.0 MHz, D,0)
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2.20 3C NMR spectrum of 3¢
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Figure S20. '3C NMR spectrum of 3¢ (125.7MHz, CD;0D)
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2.21 3P NMR spectrum of 3¢
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Figure S21. 3'P NMR spectrum of 3¢ (202.4 MHz, D,0)
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2.22 "H NMR spectrum of 3d

—7.986

40\/%* 048
e (J

—4.790

—1.608

(o)
(H3C)2N N(CH;), PPh, PPh,
2
3d
N R A I T T L T T T
12 11 10 9 8 7 6 5 4 ppm
o [ee] — (o) [Te}
o n el — <
o < o [Te} (=)
~ ~ < < ©
™ o~ N
—

Figure S22. '"H NMR spectrum of 3d (500.0 MHz, D,0)
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2.23 13C NMR spectrum of 3d
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Figure S23. '3C NMR spectrum of 3d (150.9 MHz, CD3;0D)
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2.24 3'P NMR spectrum of 3d
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Figure S24. 3'P NMR spectrum of 3d (202.4 MHz, D,0)
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3 HRMS Spectra

3.1 Mass spectrum (ES+) of 2a
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3.2 Mass spectrum (ES-) of 2a
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3.3 Mass spectrum (ES+) of 2b
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Figure S27. Mass spectrum (ES+) of 2b
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3.4 Mass spectrum (ES-) of 2b
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Figure S28. Mass spectrum (ES-) of 2b
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3.5 Mass spectrum (ES+) of 2¢
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Figure S29. Mass spectrum (ES+) of 2¢
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3.6 Mass spectrum (ES-) of 2¢

20170320-KD-67 170317173852 #67-68 RT: 0.57-0.58 AV: 2 NL: 746E7
T: FTMS -‘FBESSHFS%F ms [100.00-2000.00]

=3

1003 ¢ 5811205P8: = 1663133

w w
= (23]
L1l

oo
o

(HaCpN N(CHa)h ], 505

@ @ = =~ @
o IR = R & o IR —= N & 5 (NS = ]

24899729
z=2
C1aH1300P83=240.9733

Relative Abundance
[#%] P P (5]
[y} = [&p] L]

]
=

433.5961

M2
23]

4556093

=]
=

4776224

=k ek
=

5216483

“ L1 |k.|.

L b ' L ! L
LA L L L L L L L L L L L L L L L LB L

(2]

[=1

150 200 250 300 350 400 450 500 550 600 650 700 750
miz

Figure S30. Mass spectrum (ES-) of 2¢
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3.7 Mass spectrum (ES+) of 2d
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Figure S31. Mass spectrum (ES+) of 2d
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3.8 Mass spectrum (ES-) of 2d
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Figure S32. Mass spectrum (ES-) of 2d
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3.9 Mass spectrum (ES+) of 3a
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Figure S33. Mass spectrum (ES+) of 3a
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3.10 Mass spectrum (ES-) of 3a
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Figure S34. Mass spectrum (ES-) of 3a
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3.11 Mass spectrum (ES+) of 3b
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Figure S35. Mass spectrum (ES+) of 3b
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3.12 Mass spectrum (ES-) of 3b
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Figure S36. Mass spectrum (ES-) of 3b
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3.13 Mass spectrum (ES+) of 3¢
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Figure S37. Mass spectrum (ES+) of 3¢
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3.14 Mass spectrum (ES-) of 3¢
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Figure S38. Mass spectrum (ES-) of 3¢
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3.15 Mass spectrum (ES+) of 3d

20170317-KD71 170317145744 #91-93 RT: 0.71-0.72 AV: 3 NL: 1.31E8
T: FTMS + p ESIFull ms [200.00-2000.00]
8525418
1005 (0] .
808.5155 | Ph’( \/};_\‘H
Ca1HraO15N3 = 8325427 |
-1.0356 ppm
896.5680 HCRpN N(CHz) A
764.4891
Ca3HmO16N3 = 896.5690
-1.1133 ppm
C3sH74014N3 = 808 5163
940.5940
-1.2368 ppm
7204630 ! IE
C45HzsO17 640.5952
-12757 ppm
é 984.6200
@
=
§ 676.4367
1028.6462
6324102
1072.6727
588.3829 i
470.7999
1116.6986
ﬂ ul ‘i l l l 1 11607239
hu H b b, o Y ll..lt A i W l (1248, 7775
R e M N s b o e b M M e s e o e e b e B o e ) e MM ASa Aaas ey hans nans s ns s nae
500 600 700 800 900 1000 1100 1200 1300
miz

Figure S39. Mass spectrum (ES+) of 3d
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3.16 Mass spectrum (ES-) of 3d
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Figure S40. Mass spectrum (ES-) of 3d
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4 3P NMR Spectra of Fresh and Spent Catalyst

4.1 3P NMR spectrum of fresh catalyst

240

35 60 55 50 45 10 35 30 25 20 15 10 5 0 -h -10 -15 -20 -25
£1 (ppm)

Figure S41. 3'P NMR spectrum of fresh Rh-2a catalyst (161.9 MHz, CDCl3, 85% phosphoric acid as the
internal standard)

45



4.2 3P NMR spectrum of spent catalyst
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Figure S42. 3'P NMR spectrum of spent Rh-2a catalyst (161.9 MHz, CDCl;, 85% phosphoric acid as the

internal standard)
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