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S1 General Information

Unless otherwise noted, all reactions of substrates preparation were conducted in flame-dried
glassware under a nitrogen atmosphere using anhydrous solvent passed through an activated
alumina column (Innovative Technology). Commercially available reagents were used without
further purification. Thin layer chromatography (TLC) was performed using Huanghai TLC
silica gel plates HSG F254 and visualized using UV light, anisaldehyde or potassium
permanganate. 1H and 13C NMR spectra were recorded in CDCI; on a Bruker Advance llI-
400 spectrometer. Chemical shifts in '"H NMR spectra were reported in parts per million (ppm)
on the d scale from an internal standard of residual CDCI; (7.26 ppm). Data for '"H NMR were
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, br = broad), coupling constant in Hertz (Hz) and integration. Data for '3C NMR
spectra were reported in terms of chemical shift in ppm from the central peak of CDClI; (77.00
ppm). IR spectra were recorded on a Bruker Tensor 27 spectrometer and only major peaks
are reported in cm'. HRMS were obtained on a Q-TOF micro spectrometer. ICP analysis of
Rh leaching was performed with Agilent 7500a. Liquid chromatographic analyses were

conducted on a Waters HPLC system and Breeze workstation.



S2 Preparation of ligand 2
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A solution of 1-Pyrenebutyric acid (224 mg, 0.78 mmol), (R)-[1,1'-Binaphthalene]-
2,2'-dimethoxy-6-butanol (300 mg, 0.78 mmol), DCC (320 mg, 1.55 mmol) and
DMAP (190 mg, 1.55 mmol) in CH,Cl, (8mL) was stirred at room temperature for 24
h. The reaction mixture was quenched with celite, stirred for 1 h, filtered and
concentrated in vacuo to afford pale yellow oil, the crude product was purified by
silica gel column chromatography [EtOAc-Petroleum ether (1:10)] to yield S1 (480

mg, 94%) as a pale yellow solid. mp: 72°C; [R] = +30.6° (20°C, ¢=0.01 g/ml, DCM).

'H NMR(400 MHz, CDCL3) & 8.32 (d, /= 9.1 Hz, 1H), 8.19 — 8.14 (m, 2H), 8.13 —
8.06 (m, 2H), 8.07— 7.95 (m, 4H), 7.94 — 7.82 (m, 3H), 7.65 (s, 1H), 7.49 — 7.41 (m,
2H), 7.38 — 7.31 (m, 1H), 7.25 — 7.22 (m, 1H), 7.19 — 7.15 (m, 1H), 7.08 (s, 2H), 4.23
—4.14 (m, 2H), 3.77 (s, 6H), 3.40 (t, J = 7.4 Hz, 2H), 2.76 (t, J = 7.4 Hz, 2H), 2.49 —
2.45 (m, 2H), 2.25 — 2.21 (m, 2H), 1.89 — 1.61 (m, 4H). 3C NMR (100 MHz, CDCl)
5 173.5, 155.0, 154.6, 137.0, 135.7, 134.0, 132.5, 131.4, 130.9, 129.9, 129.4, 129.3,
129.2, 128.7, 127.9, 127.7, 127.4, 127.3, 127.3, 126.6, 126.4, 126.2, 125.8, 125.3,
125.3, 125.1, 125.0, 124.8, 124.8, 124.7, 123.4, 123.3, 119.8, 119.6, 114.4, 114.2,
64.3, 56.9, 56.8, 35.3, 33.9, 32.7, 28.3, 27.5, 26.8. HRMS (EI+) Calculated for
C46H4004Na*! [M*+Na]: 679.2819, Found: 679.2821.
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To a cooled (-78°C) solution of S1 (200 mg, 0.3 mmol) in anhydrous CH,Cl, (2 mL),
1.0 M CH,Cl, solution of BBr; (0.66 mL, 0.66 mmol) was added drop wise. The

mixture was warmed over 2 h at room temperature, stirred for a further 1.5 h, and then
poured carefully into saturated aqueous NaHCO; (5 mL). The layers were separated,
and the organic phase was extracted with CH,Cl, (3 x 5 mL). The combined organic
layers were dried over anhydrous Na,COs, and the solvent was evaporated to yield the

crude product as a yellow oil. silica gel column chromatography [EtOAc-Petroleum

ether (1:5)] yielded S2 (0.69 g, 75%) as a pale yellow solid. mp: 98-102°C; [R] = -

23.6° (20°C, ¢=0.01g/ml, DCM). 'H NMR(400 MHz, CDCl;): 6 8.29 (d, J= 9.2 Hz,

1H), 8.18 — 8.12 (m, 2H), 8.13 — 8.11 (m, 3H), 8.01 (d, J = 5.5 Hz, 2H), 7.97 (d, J =
8.5 Hz, 2H), 7.92 — 7.81 (m, 3H), 7.64 (s, 1H), 7.41 — 7.33 (m, 3H), 7.30 (dd, J = 14.4,
6.2 Hz, 1H), 7.18 — 7.12 (m, 1H), 7.12 — 7.05 (m, 1H), 5.07 (br.s, 2H), 4.16 — 4.04 (m,
2H), 3.38 (t,J= 7.7 Hz, 2H), 2.73 (t, J= 7.2 Hz, 2H), 2.44 (t, J = 7.2 Hz, 2H), 2.19 (p,
J =173 Hz, 2H), 1.77 — 1.64 (m, 4H). 3C NMR (100 MHz, CDCl;) & 173.8, 153.0,
152.5, 138.9, 135.9, 133.7, 132.1, 131.7, 131.6, 131.1, 131.0, 130.2, 129.9, 129.7,
129.0, 128.6, 127.7, 127.7, 127.6, 127.6, 127.3, 126.9, 126.1, 125.3, 125.2, 125.1,
125.0, 125.0, 124.5, 124.5, 124.2, 123.5, 118.0, 111.3, 111.1, 111.0, 64.5, 35.5, 34.2,
33.0, 28.5, 27.9, 27.0. HRMS (EI+) Calculated for C44H3604Na*! [M*+Na]:
651.2511, Found: 651.2499.
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An oven-dried, cooled under N, atmosphere round bottomed flask equipped with a
reflux condenser was charged with S2 (0.5 g, 0.8 mmol) and flushed with N,. To this
solid dry toluene was added (5 mL) followed by P(NMe,); (0.8 mmol, 0.15 mL). The
reaction mixture was then refluxed for 2 h. 3'P NMR analysis of the cooled reaction
mixture showed the sole formation of the desired phosphoramidite product (6 148.8).
The crude reaction mixture was concentrated and purified via silica gel column
chromatography (Hexane:CH,Cl,, 100%, Rf = 0.5). The product was isolated as a

white powder S3 (95%). mp: 110-113°C; [R] =-304.6° (20°C, ¢=0.01g/ml, DCM) 'H

NMR(400 MHz CDCl; ) § 8.30 (d, J = 9.2 Hz, 1H), 8.18 — 8.12 (m, 2H), 8.09 (d, J =
9.2 Hz, 2H), 8.03 — 7.93 (m, 3H), 7.87 (dd, J = 8.5, 7.3 Hz, 1H), 7.88 — 7.96 (m, 2H),
7.65 (s, 1H), 7.52 — 7.42 (m, 2H), 7.43 — 7.46 (m, 1H), 7.36 — 7.30 (m, 1H), 7.29 —
7.14 (m, 3H), 7.12 — 7.05 (m, 1H), 4.13 (g, J = 6.0 Hz, 2H), 3.39 (t, J = 7.7 Hz, 2H),
2.79 - 2.71 (m, 2H), 2.55 (dd, J = 8.9, 4.5 Hz, 6H), 2.46 (t, J = 7.2 Hz, 2H), 2.20 (p, J
= 7.2 Hz, 2H), 1.83 — 1.59 (m, 4H). 13C NMR (100 MHz, CDCl3) & 172.5, 148.4,
137.4, 137.1, 134.7, 130.4, 129.9, 128.9, 128.0, 127.7, 127.2, 127.1, 126.4, 126.4,
126.3, 126.3, 126.0, 125.8, 125.7, 125.7, 125.0, 124.8, 124.3, 124.1, 124.0, 123.9,
123.8, 123.7, 123.7, 123.5, 122.3, 121.0, 120.9, 63.2, 35.0, 34.8, 32.9, 31.7, 29.9, 27.3,
26.5, 25.8. HRMS (EI+) Calculated for C46H40NO4P [M]": 701.2695, Found:
701.5168.



S3 Hydrogenation.

For example, 2a@graphene (0.01 mmol, 10 mM, based on the (Monophos),/Rh unit),
6 (1 mmol, 1.0 M) in anhydrous ethyl acetate (5.0 mL) were placed in a test tube
under argon atmosphere. The test tube was placed in a stainless steel autoclave, and
then sealed. After purging with hydrogen for 3 times, final H, pressure was adjusted
to 20 atm and stirring commenced. Following a period of 2 h, H, was released and the
catalyst recovered by cannula filtration under an argon atmosphere. The product was
analyzed following removal of ethyl acetate under the reduced pressure. Conversion
and enantiomeric excess were determined by 1 H NMR and chiral HPLC (Chiralpak
IA column), respectively.


http://www.baidu.com/link?url=lVEHbzkWa_uaPZXOnxLfUD-ApKHsgSJvcpfyn5boGDtKEcRZDeBdcGVie3FaQQb1j4cRM7n60JctxBg3PR7l81SFdY1SIpNVYdZYHdPpBPT6LryOZGzUh6GR8bG70CM9
http://www.baidu.com/link?url=lVEHbzkWa_uaPZXOnxLfUD-ApKHsgSJvcpfyn5boGDtKEcRZDeBdcGVie3FaQQb1j4cRM7n60JctxBg3PR7l81SFdY1SIpNVYdZYHdPpBPT6LryOZGzUh6GR8bG70CM9

S4 'H NMR and 3C NMR of products

Ta

COOMe Methyl 2-acetamido-3-phenyl propanoate. white solid.B! 'H
©/\NrH ac  NMR (400 MHz, CDCy): & = 1.99 (s, 3H; CH;CO), 3.07-3.18

(m, 2H; CH,), 3.73 (s, 3H; OCH;), 4.87-4.91 (m, 1H; CH),
591 (d, J=7.2HZ, 1H; NH), 7.08-7.12 (m, 2H; ArH), 7.25-7.31 (m, 3H; ArH);

Enantiomeric excess was determined by HPLC with a Chiralpak [A column

(4.6mm® x 250mml), minor t1 = 18.28 min; major t2 = 22.20 min; 95 % ee.

7b

COOMe Methyl 2-acetamido-3-(p-tolyl) propanoate. white solid.
MemAc [+5"H NMR (400 MHz, CDCly): & = 1.97 (s, 3H; CH5CO),
2.31 (s, 3H; ArCHs;), 3.01-3.07 (m, 2H; CH,), 3.72 (s, 3H;

COOCH;), 4.83-4.88 (m, 1H; CH), 6.00 (d, J = 7.2 Hz, 1H; NH), 6.96 (d, J = 7.9 Hz,
2H; ArH), 7.09 (d, J = 7.8 Hz, 2H; ArH); Enantiomeric excess was determined by
HPLC with a Chiralpak IA column (4.6mm® X 250mml) , minor t1 = 20.40min;

major t2 = 25.20 min; 93% ee.

Tc

COOMe  Methyl 2-acetamido-3-(3-methoxyphenyl) propanoate. white
m Ac solid.l¥] TH NMR (400 MHz, CDCl5): & = 1.99 (s, 3H; CH;CO),
3.04-3.11 (m, 2H; CH,), 3.73 (s, 3H; ArOCH,), 3.78 (s, 3H;

COOCH;), 4.85-4.90 (m, 1H; CH), 5.93 (d, J = 7.2 Hz, 1H;
NH), 6.62-6.66 (m, 2H; ArH), 6.79 (dd, J=8.1Hz, 1H; ArH), 7.20 (t, J = 7.9 Hz, 1H;
ArH); Enantiomeric excess was determined by HPLC with a Chiralpak TA column

OMe

(4.6mm @ x 250mml), minor t1 =29.36 min; major t2 = 33.78 min; 93% ee.

7d

COOMe Methyl 2-acetamido-3-(4-methoxyphenyl) propanoate.
mAC white solid. B431'"H NMR (400 MHz, CDCl3,): 6 = 1.99
MeO



(s, 3H; CH3CO), 3.02-3.11 (m, 2H; CH,), 3.73 (s, 3H; OCH;), 3.78 (s, 3H;
COOCH3;), 4.84-4.89 (m, 1H; CH), 5.93 (d, J = 7.2 Hz, 1H; NH), 6.96 (d, J = 8.4 Hz,
2H; ArH), 7.41 (d, J = 6.9 Hz, 2H; ArH); Enantiomeric excess was determined by

HPLC with a Chiralpak IA column (4.6mm® x 250mml) , minor t1=20.54 min;

major t2 = 25.56 min; 96% ee.

Te

COOMe  Methyl 2-acetamido-3-(4-fluorophenyl) propanoate. yellow
mAC solid.*31 'TH NMR (400 MHz, CDCl;): 6 = 2.00 (s, 3H;
CH;CO), 3.06-3.15 (m, 2H; CH,), 3.74 (s, 3H; COOCH;),

4.86-4.91 (m, 1H; CH), 5.96 (d, J = 7.2Hz, 1H; NH), 6.80 (dd,
J=9.7Hz, 1H; ArH), 6.87 (dd, J=7.6Hz, 1H; ArH), 6.92-6.95 (m, 1H; ArH), 7.23-7.28
(m, 1H; ArH); Enantiomeric excess was determined by HPLC with a Chiralpak 1A

F

column (4.6mm® x 250mml), minor t1 = 20.40 min ; major t2 = 25.20 min; 93% ee.

7f

COOMe Methyl 2-acetamido-3-(3-chlorophenyl) propanoate. yellow
mAC solid.[4®) 'TH NMR (400 MHz, CDCls,): & = 1.99 (s, 3H;
CH;CO), 3.07-3.12 (m, 2H; CH2), 3.73 (s, 3H; OCHs;), 4.86-

4.90 (m, 1H; CH), 5.98 (d, J = 7.2Hz, 1H; NH), 7.08-7.11 (m,
1H; ArH), 7.12 (s, 1H; ArH), 7.27-7.29 (m, 2H; ArH); Enantiomeric excess was

Cl

determined by HPLC with a Chiralpak IA column (4.6mm® x 250mml), minor t1 =
20.54 min; major t2 = 25.11 min; 94% ee.

7g

NHAGC solid.[®! "TH NMR (400 MHz, CDCI3): 4 = 1.88 (s, 3H; CH5;CO),
3.07-3.28 (m, 2H; CH2), 3.65 (s, 3H; OCH3), 4.81-4.88 (m, 1H;

CH), 6.05 (d, ] = 7.2 Hz, 1H; NH), 7.01-7.07 (m, 1H; ArH), 7.11-7.20 (m, 2H; ArH),
7.46 (d, J = 7.8 Hz, 1H; ArH); 3C NMR (75 MHz, CDCl;): 6 = 171.1, 168.7, 134.9,
132.0 130.2, 127.8, 126.6, 124.0, 51.5, 51.5, 36.9, 22.1; Enantiomeric excess was

@YCOOMe Methyl 2-acetamido-3-(2-bromophenyl)propanoate.  yellow
Br



determined by HPLC with a Chiralpak IA column (4.6mm® x 250mml) , minor t1 =
29.30 min; major t2 = 35.89 min; 91% ee.

7h

COOMe Methyl 2-acetamido-3-(4-bromine) propanoate. yellow
mAC solid.>¢1 TH NMR (400 MHz, CDCl;): 6 = 1.99 (s, 3H;
B CH;CO), 3.02-3.11 (m, 2H; CH,), 3.73 (s, 3H; COOCH3;),

4.84-4.89 (m, 1H; CH), 5.94 (d, J = 7.2 Hz, 1H; NH), 6.96 (d, ] = 7.8 Hz, 2H; ArH),
7.41 (d, J=6.8Hz, 2H; ArH); Enantiomeric excess was determined by HPLC with a

Chiralpak IA column (4.6mm® X 250mml) , minor t1 = 25.40 min; major t2 = 32.26

min; 91% ee.
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“C-NMR of $2 in CDCl;
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S5 Chiral HPLC analysis of products 7a-7h
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