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1 Experimental Procedure

1.1 Synthesis of [CH3(EO), TMGJ5[P(CsH,S05)s] (2a)

2a was synthesized by an ion exchange reaction between TPPTS and 1a as described for 2d, and obtained as a yellow viscous liquid;
yield: 86%. '"H NMR (500.0 MHz, D,0): § = 7.79 (d, 3H, P-Ph-H), 7.74 (d, 3H, P-Ph-H), 7.51 (t, 3H, P-Ph-H), 7.45 (t, 3H, P-Ph-H),
3.63-3.53 (m, 53H, OCH,CH,), 3.31 (s, 9H, OCHj;), 2.87 (s, 36H, 6xN(CHj3),); *C NMR (125.7 MHz, CDCl3): § = 162.58, 146.95,
136.55, 134.51, 131.02, 128.36, 126.83, 71.82, 70.43, 70.29, 69.48, 58.92, 44.69, 39.79; 3'P NMR (202.4 MHz, D,0): § = -5.33; HRMS
(Q-Tof MS, ES+): m/z = 262.2122, calcd. for C1;Hp303N3 ([CH3(OCH,CH,);TMG]Y): 262.2125; m/z = 306.2382, calcd. for C14H3,04N3
([CH3(OCH,CH,)sTMG]"): 306.2387; m/z = 350.2642, calcd. for C¢H305N3 ([CH3(OCH,CH,)sTMG]Y): 350.2649; m/z = 394.2903,
caled. for CigHa9O6N; ([CH3(OCH,CH,)sTMG]*): 394.2912; HRMS (Q-Tof MS, ES—): m/z = 166.3133 (z = 3), calcd. for C;gsH;,09PS5:
166.3133; m/z =249.9729 (z = 2), caled. for CsH,304PS;: 249.9735.

1.2 Synthesis of [CH3;(EO);sTMG]5[P(CsH4S05)5] (2b)

2b was synthesized by an ion exchange reaction between TPPTS and 1b as described for 2d, and obtained as a yellow viscous liquid at
room temperature. As the temperature fell below 10 °C, 2b solidified gradually; yield: 90%. '"H NMR (500.0 MHz, D,0): & = 7.87 (d, 3H,
P-Ph-H), 7.82 (d, 3H, P-Ph-H), 7.59 (t, 3H, P-Ph-H), 7.52 (t, 3H, P-Ph-H), 3.84-3.44 (m, 200H, OCH,CH.), 3.39 (s, 9H, OCH;), 2.95 (s,
36H, 6xN(CH3),); 3C NMR (125.7 MHz, CDCl;): 8 = 162.07, 146.54, 136.03, 134.00, 130.39, 127.85, 126.27, 71.31, 69.93, 69.63,
68.97, 58.40, 44.13, 39.31; 3'P NMR (202.4 MHz, D,0): § = -5.11; HRMS (Q-Tof MS, ES+): m/z = 746.4994, calcd. for C34H7,014N;
([CH3(OCH,CH,) 14 TMGT): 746.5009; m/z = 790.5256, calcd. for C36H76015N; ([CH3(OCH,CH,);sTMG]*): 790.5271; m/z = 834.5518,
caled. for C33HgoO16N; ([CH3(OCH,CH,)1sTMG]"): 834.5533; m/z = 878.5779, calcd. for C4Hgs017N; ([CH3(OCH,CH,),,TMG]"):
878.5795; m/z = 922.6041, calcd. for C4HgsO 15 N3 ([CH3(OCH,CH,);sTMG]"): 922.6057; HRMS (Q-Tof MS, ES-): m/z =166.3132 (z=
3), calcd. for CigH1209PS3: 166.3133; m/z =249.9730 (z = 2), calcd. for C;3H;309PS5: 249.9735.

1.3 Synthesis of [Ph(EO),TMG];[P(CsH4SO3)3] (2¢)

2¢ was synthesized by an ion exchange reaction between TPPTS and 1c as described for 2d, and obtained as a yellow viscous liquid;
yield: 90%. "H NMR (500.0 MHz, D,0): 5 = 7.85 (d, 3H, P-Ph-H), 7.81 (d, 3H, P-Ph-H), 7.56 (t, 3H, P-Ph-H), 7.46 (t, 3H, P-Ph-H), 7.38
(t, 6H, O-Ph-H), 7.03 (m, 9H, O-Ph-H), 4.20-3.30 (m, 70H, OCH,CH,), 2.87 (s, 36H, 6xN(CHj),); '*C NMR (150.9 MHz, CDCl;): § =
162.39, 158.45, 146.62, 136.41, 134.54, 130.76, 129.30, 128.34, 126.71, 120.74, 114.36, 70.54-69.98, 69.52, 69.33, 67.11, 44.57, 39.63;
3P NMR (202.4 MHz, D,0): § = -5.32; HRMS (Q-Tof MS, ES+): m/z = 324.2274, calcd. for C;7H3003N; ([Ph(OCH,CH,); TMG]"):
324.2282; m/z = 368. 2535, caled. for Ci9H3404N; ([Ph(OCH,CH,),TMG]"): 368.2544; m/z = 412.2795, calcd. for C,;H3s0sN3
([Ph(OCH,CH,)sTMG]"): 412.2806; m/z = 456.3054, calcd. for C,3Hs,06N; ([Ph(OCH,CH,)sTMG]*): 456. 3068; m/z = 500.3312, calcd.
for C,5H407N3 ([Ph(OCH,CH,);TMG]*): 500.3330; HRMS (Q-Tof MS, ES-): m/z = 166.3133 (z = 3), calcd. for C;gH,09PS;: 166.3133;

m/z =249.9729 (z = 2), calcd. for C;sH;309 PS;: 249.9735.



2 NMR Spectra

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



2.2 BC NMR spectrum of 2a
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Figure S2. 3C NMR spectrum of 2a (125.7 MHz, CDCl;)



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



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



2.6 3P NMR spectrum of 2b
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Figure S6. 3'P NMR spectrum of 2b (202.4 MHz, D,0)



2.7 'TH NMR spectrum of 2¢
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Figure S7. "H NMR spectrum of 2¢ (500.0 MHz, D,0)
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2.8 3C NMR spectrum of 2¢
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Figure S8. 3C NMR spectrum of 2¢ (150.9 MHz, CDCls)
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2.9 3P NMR spectrum of 2¢
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Figure S9. 3P NMR spectrum of 2¢ (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 3C NMR spectrum of 2d
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Figure S11. 3C NMR spectrum of 2d (150.9 MHz, CDCl;)
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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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3 HRMS Spectra

3.1 Mass spectrum (ES+) of 2a
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Figure S13. Mass spectrum (ES+) of 2a

16




3.2 Mass spectrum (ES-) of 2a
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Figure S14. Mass spectrum (ES-) of 2a
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3.3 Mass spectrum (ES+) of 2b
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Figure S15. Mass spectrum (ES+) of 2b
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3.4 Mass spectrum (ES-) of 2b

20170320-KD-64_170317173852 #86-87 RT: 0.78-0.79 AV:2 NL: 4.78ET7
T. FTMS -p ESIFul ms [100.00-2000.00]
1663132
z=3
J C1sH10:PS: = 166.3133

95

| o \
HsC mji £

(HiC)N N(CHy) |, SOy

100

o =~ =~ o 0 ©
T o o o o

[=7]
(=1

Ey
o
prn b b b b b b b b b e b e b b b g i

2499730
z=2
C1gH1300P55 = 2499733

o
]

Relative Abundance
o
[ =]

= = NN W W A
L= I = = T = |

o

‘ .l"u'hM"‘.“".‘ lll |’|' | .illl.li.l;ll Lt bbb e,

T T T
200 400 600 800 1000 1200
miz

(=]

T T T T T T T T T ]
1400 1600 1800 2000

Figure S16. Mass spectrum (ES-) of 2b
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3.5 Mass spectrum (ES+) of 2¢
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3.6 Mass spectrum (ES-) of 2¢
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Figure S18. Mass spectrum (ES-) of 2¢
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3.7 Mass spectrum (ES+) of 2d
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Figure S19. Mass spectrum (ES+) of 2d
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3.8 Mass spectrum (ES-) of 2d
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Figure S20. Mass spectrum (ES-) of 2d
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4 3P NMR Spectra of Fresh and Spent Catalyst

4.1 3'P NMR spectrum of fresh catalyst
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Figure S21. 3'P NMR spectrum of freshly prepared Rh-2d catalyst (161.9 MHz, CDCls, 85% phosphoric acid as

the internal standard)
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4.2 3P NMR spectrum of spent catalyst
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Figure S22. 3'P NMR spectrum of reused Rh-2d catalyst after the eleventh cycle (161.9 MHz, CDCl;, 85%

phosphoric acid as the internal standard)
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