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General Procedures

All reactions were carried out in dry solvents. Commercial dichloromethane (DCM) was dried over CaH,. Reagents were purchased and used
without further purification. Reactions were monitored by thin layer chromatography (TLC), and the products were obtained by column
chromatography on silica gel or preparative thin layer chromatography (pTLC). High resolution mass spectra (HRMS) were recorded on a
Shimadzu LCMS-IT/TOF quadrupole-time of flight mass spectrometer. NMR spectra were recorded on JOEL JNM-ECA 600, INM-ECS 400
and JINM-ECA 300 for proton and carbon magnetic resonance spectra ('H NMR and '>’C NMR) using tetramethylsilane (TMS) in the solvent of
CDCl; as the internal standard ("H NMR: TMS at 0.00 ppm, CHCl; at 7.26 ppm; *C NMR: CDCl; at 77.16 ppm). The following abbreviations

were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, b = broad.

Abbreviations: DMF: N,N-dimethylformamide; DMAP: N,N-dimethyl-4-aminopyridine; THF: tetrahydrofuran; EtOAc: ethyl acetate; DCM:

dichloromethane; Boc,O: di-tert-butyldicarbonate
Experimental Procedures and Characterization Data

General Procedure for Synthesis of N-Bis(Boc)-Asp(OPht)-OMe (1a) and N-Bis(Boc)-Glu(OPht)-OMe (1b)

M1, M2, M3 were prepared by following the procedures in the reference.'
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N-Boc-Asp(OBn)-OMe (M1a). Boc-Asp(OBzl)-OH (4.8 g, 14.9 mmol) was dissolved in dry DMF (35 mL) in a 100 mL round bottom flask.
Finely ground K,CO; (3.0 g, 22 mmol) was added to the solution. The mixture was cooled to 0 °C in an ice bath over five minutes. Methyl
iodide (2.0 mL, 30 mmol) was then added to the flask over 30 seconds. The resulting mixture was stirred at 0 °C for 3 hours. A yellow color
developed within 20-30 minutes. The ice bath was removed, and H,O (50 mL) was added, producing a grayish white precipitate. The mixture
was extracted with EtOAc (3 x 50 mL). The organic layers were combined and washed with saturated NaHCO; (50 mL) and saturated NaCl (4 %
50 mL). The organic layer (which was yellow) was dried over Na,SO4, and passed through a plug of silica, eluting with ethylacetate.
Evaporation under reduced pressure afforded M1a as a white powder, yield: 4.93 g (98 %).

N-Boc,-Asp(OBzl)-OMe (M2a). Di-tert-butyl dicarbonate (4.78 g, 22 mmol), DMAP (1.79 g, 14.6 mmol) and M1a (4.93 g, 14.6 mmol) were

placed into a dry 100 mL round bottom flask. Dry acetonitrile (30 mL) was added to the flask, and the resulting solution was stirred for 24 hours,
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during which time the reaction color went from light to dark yellow. Water (50 mL) was added, and the solution became cloudy white. The
resulting mixture was extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with 1 M HCI (50 mL) and saturated NaCl
(4 x 50 mL). The combined organic layers were dried over Na,SO, and evaporated under reduced pressure to afford M2a as a viscous red oil,
yield: 6.17 g (96%).

N-Boc;-Asp-OMe (M3a). Palladium on activated carbon (1.2 g, 10% by weight) was added to a dry 100 mL round bottom flask charged with
M2a (6.17 g, 14.0 mmol) and MeOH (30 mL). A H; balloon was attached to the reaction vessel equipped with a three way valve. The mixture
was degassed by quickly alternating vacuum evacuation and H, backfill three times. Then the flask was placed to a 50 °C oil bath for 12 hours.
After the reaction completed, the mixture was filtered to remove the Pd/C, and the solvent of the remaining solution was evaporated under
reduced pressure to afford M3a as a light yellow oil, yield: 4.62 g (95%).

N-Boc,-Asp(OPht)-OMe (1a). 1a was synthesized by following the procedure in the reference. N-Hydroxyphthalimide (2.39 g, 14.63 mmol)
was added to a 100 mL round bottom flask charged with M3a (4.62 g, 13.3 mmol) and dry THF (30 mL). After the mixture was stirred for over
10 minutes, DCC (2.74 g, 13.3 mmol) was added to the flask in portions, and the reaction was performed at room temperature for 24 hours. After
the reaction completed, the resulting mixture was filtered, the solvent of the remaining solution was removed under reduced pressure, and the
crude product was purified by flash silica gel column chromatography (DCM/EtOAc = 60/1, Rs = 0.52) to give 1a as a viscous pale yellow oil,
yield: 4.9 g (75%).
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'"H NMR (CDCls, 400 MHz) & 7.88 (dd, J; = 5.5 Hz, J, = 3.2 Hz, 2H), 7.79 (dd, J; = 5.5 Hz, J» = 3.2 Hz, 2H), 5.53 (dd, J; = 7.5 Hz, J, = 5.9 Hz,

N-Boc;-Asp(OPht)-OMe (1a). Viscous pale yellow oil.

1H), 3.8 (s, 3H), 3.66 (dd, J; = 17.1 Hz, J, = 5.9 Hz, 1H), 3.11 (dd, J, = 17.1 Hz, J, = 5.9 Hz, 1H), 1.51 (s, 18H).
C NMR (CDCl3, 100 MHz) § 169.5, 167.2, 161.7, 151.5, 134.8, 129.0, 124.0, 84.0, 54.5, 52.9, 33.0, 28.0.
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Boc,-Glu(Pht)-OMe (1b). 1b was prepared according to the similar procedures above. Eluent: DCM/EtOAc = 60/1, Rf = 0.52. Pale yellow solid,
mp 45-48 °C.

'H NMR (CDCls, 400 MHz) § 7.88 (dd, J; = 5.5 Hz, J, = 3.2 Hz, 2H), 7.79 (dd, J; = 5.5 Hz, J, = 3.2 Hz, 2H), 4.99 (dd, J, = 9.1 Hz, J, = 5.5 Hz,
1H), 3.7 (s, 3H), 2.87-2.75 (m, 2H), 2.68-2.59 (m, 1H), 2.37-2.27 (m, 1H), 1.51 (s, 18H).

C NMR (CDCl3, 100 MHz) § 170.5, 169.0, 161.9, 152.0, 134.8, 128.9, 124.0, 83.7, 57.1, 52.4, 28.0, 27.9, 25.2.
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General Procedure for Synthesis of Diselenides (2)

Disenides were prepared according to the previous literature.” To a 100 mL three-necked flask, 30 mmol of Mg powder (0.72 g), a stirring bar
and a small piece of I, were added. The flask was then equipped with a condenser and charged with N,. Under N, protection, anhydrous ether
(20 mL) was injected by syringe. A small amount of halogenated hydrocarbon was added, after initiation the rest of the halogenated hydrocarbon
(30 mmol) in anhydrous ether (30 mL) was slowly injected with ice-water bath cooling. After the preparation of Grignard reagent, dried
selenium powder (30 mmol, 2.4 g) was added slowly. After stirring for 1 h, the mixture was dumped into 100 mL of 1 M HCI solution with ice
cooling for acidolysis. The mixture was extracted by ether (3 x 50 mL) and the combined organic layer was dehydrated by anhydrous Na,;SOs.
The solution was charged with O, for 24 h and turned orange. Distillation of solvent afforded the crude diselenide, which could be purified by

recrystallization with EtOH-H,O or column chromatography (eluent: petroleum ether).

General Procedure for Synthesis and Characterization of Compounds 3

o
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General procedure for synthesis of compounds 3. [Ru(bpy);]Cl, (1.5 pmol, 1.2 mg), diselenides (2) (0.15 mmol) and Hantzsch ester (HE)

(0.225 mmol, 57 mg) were added to a 25-mL Schlenk tube equipped with a Teflon septum and magnetic stir bar. The tube was evacuated and
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back-filled with argon for three cycles and then sealed under an atmosphere of argon. N-Bis(Boc)-Asp(OPht)-OMe (1a) or
N-Bis(Boc)-Glu(OPht)-OMe (1b) (0.15 mmol) (0.15 mmol) and DIPEA (0.375 mmol, 63 pL, 32.3 mg) were dissolved in mixed solvent of
dichloromethane (DCM) (0.5 mL) and tetrahydrofuran (THF) (0.5 mL), and then the solution was added to the tube by syringe. The tube was
irradiated with a 40 W fluorescent lamp at room temperature (approximately 2 cm away from the light source). After the complete conversion of
the substrates (monitored by TLC), the reaction mixture was diluted with 20 mL of EtOAc, and the solution was filtered by flash
chromatography. The filtrate was evaporated by rotary evaporator, and the residue was purified by silica gel column chromatography or

preparative thin layer chromatography (pTLC) to give the desired product (3).
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(phenylselanyl)propanoate (3a). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 56.5

mg (82%). Colorless oil. HRMS (ESI-TOF): calculated for CyyH,9NNaOgSe [M+Na]+ m/z 482.1054, found 482.1049.

'H NMR (CDCls, 400 MHz) 4 7.53 (dd, J,= 7.3 Hz, J,=3.21 Hz, 2H), 7.25-7.24 (m, , 3H), 5.14 (dd, J; = 8.7 Hz, J,= 4.3 Hz, 1H), 3.71 (s, 3H),
3.68 (dd, J,=13.0 Hz, J,=5.0 Hz, 1H), 3.37 (dd, J,= 13.2 Hz, J,= 9.6 Hz, 1H), 1.46 (s, 18H); °C NMR (CDCl;, 100 MHz) 5 170.4, 151.8, 133.0,
130.0, 129.2, 127.3, 83.4, 58.7, 52.5, 28.7, 28.0.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(p-tolylselanyl)propanoate (3b). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 59.6 mg

(84%). Colorless oil. HRMS (ESI-TOF): calculated for C»;H3NNaOgSe [M+Na]" m/z 496.1210, found 496.1202.

'H NMR (CDCls, 400 MHz) 4 7.43 (d, J = 8.2 Hz, 2H), 7.06 (d, J =7.7 Hz, 2H), 5.11 (dd, J; = 9.6 Hz, J,= 5.5 Hz, 1H), 3.70 (s, 3H), 3.63 (dd, J,; =
13.0 Hz, J,=5.5Hz, 1H), 3.32 (dd, J,= 13.2 Hz, J,=9.6 Hz, 1H), 2.30 (s, 3H), 1.46 (s, 18H); °C NMR (CDCls, 100 MHz) 6 170.5, 151.9, 137.4,
133.6, 130.0, 126.2, 83.3, 58.7, 52.5, 29.1, 28.0, 21.1.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(m-tolylselanyl)propanoate (3¢). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 59 mg

(83%). Colorless oil. HRMS (ESI-TOF): calculated for C»;H3 NNaOgSe [M+Na]" m/z 496.1210, found 496.1208.
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'H NMR (CDCls, 400 MHz) 4 7.36 (s, 1H), 7.32 (d, J = 7.7 Hz, 1H), 7.13 (t, = 7.8 Hz, 1H), 7.04 (d, J = 7.3 Hz, 1H), 5.14 (dd, J;= 9.6 Hz, J,=
5.5 Hz, 1H), 3.71 (s, 3H), 3.67 (dd, J; = 13.2 Hz, J,= 5.5 Hz, 1H ), 3.34 (dd, J; = 13.2 Hz, J,= 9.6 Hz, 1H) 2.31 (s, 3H), 1.46 (s, 18H); '°*C NMR
(CDCls, 100 MHz) 5 170.5, 151.9, 138.9, 133.7, 130.0, 129.9, 129.0, 128.1, 83.4, 58.7, 52.5, 28.6, 28.0, 21.3.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(3,5-dimethylphenylselanyl) propanoate (3d). Eluent: petroleum ether/ethyl acetate (10:1).

Yield: 61.2 mg (84%). Colorless oil. HRMS (ESI-TOF): calculated for C2;H33NNaO4Se [M+Na]" m/z 510.1367, found 510.1364.

'H NMR (CDCls, 400 MHz) 4 7.26 (s, 2H), 6.86 (s, 1H), 5.14 (dd, J,=9.6 Hz, J,=5.5 Hz, 1H), 3.72 (s, 3H), 3.67 (dd, J,= 12.8 Hz, J,=5.5 Hz,
1H), 3.34 (dd, J; = 12.8 Hz, J,=9.1 Hz, 1H), 2.26 (s, 6H), 1.46 (s, 18H); °C NMR (CDCls, 100 MHz) § 170.5, 151.8, 138.6, 130.7, 129.6, 129.1,
83.3,58.7,52.5, 28.5, 28.0, 21.2.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(4-ethylphenylselanyl)propanoate (3e). Eluent: petroleum ether/ethyl acetate (10:1). Yield:
61.3 mg (84%). Colorless oil. HRMS (ESI-TOF): calculated for C,;H33NNaOgSe [MJrNa]+ m/z 510.1367, found 510.1366.

'H NMR (CDCls, 400 MHz) 4 7.46 (d, J = 8.2 Hz, 2H), 7.09 (d, J = 7.8 Hz, 2H), 5.12 (dd, J; = 9.6 Hz, J,= 5.5 Hz, 1H), 3.70 (s, 3H), 3.67 (dd, J
=12.8 Hz, J,=5.5Hz, 1H), 3.34 (dd, J, = 12.8 Hz, J,=9.1 Hz, 1H), 2.6 (q, J = 7.8 Hz, 2H), 1.46 (s, 18H), 1.20 (t, J = 7.2 Hz, 3H); °C NMR

(CDCls, 100 MHz) 6 170.5, 151.9, 143.7, 133.7, 128.8, 126.5, 83.3, 58.7, 52.5, 29.1, 28.5, 28.0, 15.5.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(4-methoxyphenylselanyl)butanoate (3f). Eluent: petroleum ether/ethyl acetate (10:1). Yield:
63.11 mg (86%). Colorless oil. HRMS (ESI-TOF): calculated for C,;H3;NNaO;Se [M+Na]+ m/z 512.1159, found 512.1165.

'H NMR (CDCls, 400 MHz) 4 7.51 (d, J = 8.2 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 5.10 (dd, J, = 8.7 Hz, J,= 5.5 Hz, 1H), 3.78 (s, 3H), 3.70 (s, 3H),
3.57 (dd, J,=13.2 Hz, J,= 5.0 Hz, 1H), 3.27 (dd, J,= 13.2 Hz, J,= 9.6 Hz, 1H), 1.47 (s, 18H); °C NMR (CDCl;, 100 MHz) & 170.5, 159.6, 152.0,

136.1, 120.0, 114.9, 83.3, 58.7, 55.3, 52.5, 30.0, 28.0.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(m-tolylselanyl)propanoate (3g). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 61.61
mg (84%). Colorless oil. HRMS (ESI-TOF): calculated for C,;H3;NNaO;Se [M+Na]" m/z 512.1159, found 512.1162.
'H NMR (CDCls, 400 MHz) 4 7.16 (t, J=7.8 Hz, 1H), 7.10 (d, J = 7.3 Hz, 1H), 7.09 (s, 1H), 6.78 (d, J = 6.8 Hz, 1H), 5.14 (dd, J;= 9.6 Hz, J,=
5.5 Hz, 1H), 3.79 (s, 3H), 3.72 (s, 3H), 3.68 (dd, J,= 13.2 Hz, J,= 5.5 Hz, 1H ), 3.36 (dd, J; = 13.2 Hz, J,= 9.6 Hz, 1H), 1.46 (s, 18H); °C NMR

(CDCl3, 100 MHz) 6 170.5, 159.8, 151.9, 131.0, 130.0, 125.2, 118.2, 113.3, 83.4, 58.7, 55.3, 52.5, 28.6, 28.0.
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(S)-methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(4-chlorophenylselanyl)propanoate (3h). Eluent: petroleum ether/ethyl acetate (10:1). Yield:

61.38 mg (83%). Colorless oil. HRMS (ESI-TOF): calculated for C,0H,3CINNaOgSe [M+Na]" m/z 516.0661, found 516.0658.
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'H NMR (CDCls, 400 MHz) & 7.47 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.7 Hz, 2H), 5.11 (dd, J; = 8.7 Hz, J, = 5.50 Hz, 1H), 3.71 (s, 3H), 3.65 (dd, J,

=13.2 Hz, J,= 5.0 Hz, 1H), 3.35 (dd, J,= 13.2 Hz, J,= 9.6 Hz, 1H), 1.47 (s, 18H); °C NMR (CDCl;, 100 MHz) & 170.3, 152.0, 134.6, 133.6,
129.3, 128.2, 83.5, 58.7, 52.6, 29.1, 28.0.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(4-chlorophenylselanyl)propanoate (3i). Eluent: petroleum ether/ethyl acetate (10:1). Yield:
56.38 mg (70%). Yellow oil. HRMS (ESI-TOF): calculated for CooH,sBrNNaOgSe [M+Na]" m/z 560.0156, found 560.0150.
'H NMR (CDCls, 400 MHz) 4 7.40 (d, J = 8.7 Hz, 2H), 7.36 (d, J = 8.7 Hz, 2H), 5.10 (dd, J,= 8.7 Hz, J,= 5.50 Hz, 1H), 3.71 (s, 3H), 3.65 (dd, J,

=13.2 Hz, J,= 5.0 Hz, 1H), 3.36 (dd, J;= 13.2 Hz, J,=9.6 Hz, 1H), 1.46 (s, 18H); °C NMR (CDCls, 100 MHz) § 170.3, 152.0, 134.8, 132.2,
129.0, 121.7, 83.5, 58.6, 52.6, 29.0, 28.0.
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CF33j
(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(3-(trifluoromethyl)phenylselanyl)propanoate (3j). Eluent: petroleum ether/ethyl acetate
(10:1). Yield: 35.57 mg (45%). Colorless oil. HRMS (ESI-TOF): calculated for C;;HosF3sNNaOgSe [M+Na]" m/z 550.0927, found 550.0926.

'H NMR (CDCls, 400 MHz) 4 7.78 (s, 1H), 7.71 (d, J=7.8 Hz, 1H), 7.49 (d, J=7.8 Hz, 1H),7.37 (t, J=7.8 Hz, 1H), 5.14 (dd, J;= 9.6 Hz, J,=
5.5 Hz, 1H), 3.75- 3.72 (m, 4H), 3.39 (dd, J, = 13.2 Hz, J,= 9.6 Hz, 1H), 1.46 (s, 18H); >C NMR (CDCls, 100 MHz) & 170.2, 151.9, 136.1, 131.6,

131.4,131.3,129.5, 125.1, 124.1, 123.2, 122.4, 83.6, 58.6, 52.6, 28.9, 28.0.

(@]
(Boc)zN\i)J\OMe
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(S)-Methyl 3-(biphenyl-4-ylselanyl)-2-(bis(tert-butoxycarbonyl)amino)propanoate (3k). Eluent: petroleum ether/ethyl acetate (10:1). Yield:

62.61 mg (78%). Light yellow oil. HRMS (ESI-TOF): calculated for C,sH33NNaOgSe [M+Na]" m/z 558.1367, found 558.1367.
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'"H NMR (CDCls, 400 MHz) 4 7.60 (d, J = 8.7 Hz, 2H), 7.55 (d, J = 6.8 Hz, 2H), 7.47 (d, J = 8.7 Hz, 2H), 7.42 (t, J = 6.4 Hz, 2H), 7.34 (t, J = 7.3
Hz, 1H), 5.17 (dd, J, = 8.7 Hz, J,= 5.5 Hz, 1H), 3.74-3.69 (m, 4H), 3.40 (dd, J; = 13.2 Hz, J,= 9.6 Hz, 1H), 1.46 (s, 18H); *C NMR (CDCls, 100
MHz) § 170.4, 151.9, 140.5, 140.3, 133.5, 129.1, 128.9, 127.8, 127.5, 127.0, 83.5, 58.7, 52.5, 28.8, 28.0.

(Boc)oN \/ﬁ\OMe
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(naphthalen-1-ylselanyl)propanoate (31). Eluent: petroleum ether/ethyl acetate (10:1). Yield:
61.1 mg (80%). Yellow oil. HRMS (ESI-TOF): calculated for Co4H31NNaOgSe [M+Na]" m/z 532.1210, found 532.1208.

'H NMR (CDCls, 400 MHz) 4 8.38 (d, J = 8.7 Hz, 1H), 7.85-7.78 (m, 3H), 7.57-7.48 (m, 2H), 7.36 (t, J=7.3 Hz, 1H), 5.19 (dd, J,=8.7 Hz, J,=
5.5 Hz, 1H), 3.72-3.67 (m, 4H), 3.39 (dd, J; = 13.2 Hz, J,=9.6 Hz, 1H), 1.40 (s, 18H); °C NMR (CDCl;, 100 MHz) § 170.4, 151.8, 134.2, 134.1,
132.9,129.2, 128.8, 128.7, 127.7, 126.8, 126.3, 125.8, 83.4, 58.7, 52.5, 28.3, 27.9.

won L,

~

O
3m

(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(naphthalen-2-ylselanyl)propanoate (3m). Eluent: petroleum ether/ethyl acetate (10:1).
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Yield: 61.85 mg (81%). Yellow oil. HRMS (ESI-TOF): calculated for Co4H3 NNaOgSe [M+Na]" m/z 532.1210, found 532.1210.

'H NMR (CDCls, 400 MHz) 4 8.01 (s, 1H), 7.78-7.70 (m,3H), 7.59 (m, J = 8.7 Hz, 1H), 7.48-7.42 (m, 2H), 5.19 (dd, J,=8.7 Hz, J,= 5.5 Hz, 1H),
3.77 (dd, J;=13.2 Hz, J,= 5.0 Hz, 1H), 3.71 (s, 3H), 3.46 (dd, J,= 13.2 Hz, J,=9.6 Hz, 1H), 1.42 (s, 18H); *C NMR (CDCls, 100 MHz) & 170.4,
151.9, 133.9, 132.4, 131.8, 130.4, 128.5, 127.7, 127.5, 127.4, 126.5, 126.1, 83.4, 58.8, 52.5, 28.6, 27.9.

O
(Boc)oN \.)J\OMe
3n

(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(butylselanyl)propanoate (3n). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 54.0 mg
(82%). Colorless oil. HRMS (ESI-TOF): calculated for C;sH33NNaOgSe [M+Na]" m/z 462.1366, found 462.1362.

'H NMR (CDCls, 400 MHz) 4 5.08 (dd, J, = 8.7 Hz, J,= 5.5 Hz, 1H), 3.72 (s, 3H), 3.31 (dd, J, = 13.2 Hz, J,= 5.0 Hz, 1H), 3.01 (dd, J, = 13.2 Hz,
J2=9.6 Hz, 1H), 2.62-2.55 (m, 2H), 1.66-1.59 (m, 2H), 1.50 (s, 18H), 1.43-1.34 (m, 2H), 0.90 (t, J= 7.3 Hz, 3H); °C NMR (CDCls, 100 MHz) &
170.5, 152.0, 83.3, 58.9, 52.5, 32.5, 28.1, 24.6, 23.8, 23.0, 13.7.

(0]
(BOC)ZN \:)J\OMG

\Se

Q.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-(cyclohexylselanyl)propanoate (30). Eluent: petroleum ether/ethyl acetate (10:1). Yield:
50.22 mg (72%). Colorless oil. HRMS (ESI-TOF): calculated for Cy0H3sNNaOgSe [MJrNa]+ m/z488.1523, found 488.1522.
'H NMR (CDCls, 400 MHz) 4 5.08 (dd, J, = 8.7 Hz, J,= 5.5 Hz, 1H), 3.72 (s, 3H), 3.31 (d, J= 8.2 Hz, 1H), 3.04 (t, J=10.0 Hz, 1H), 2.93 (s, 1H),

2.04-1.97 (m, 2H), 1.76-1.70 (m, 2H), 1.61-1.54 (m, 2H), 1.50-1.45 (m, 20H), 1.34-1.24 (m, 2H); °C NMR (CDCls, 100 MHz) & 170.6, 152.0,

(Boc),N \./ﬁ\OMe

83.3,59.3,52.5,39.1, 344, 28.1, 26.9, 25.9, 22.3.

\Se

.

(S)-Methyl 3-(benzylselanyl)-2-(bis(tert-butoxycarbonyl)amino)propanoate (3p). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 60.30
mg (85%). Colorless oil. HRMS (ESI-TOF): calculated for C;;H3;;NNaOgSe [MJrNa]+ m/z 496.1210, found 496.1209.

'H NMR (CDCl3, 400 MHz) 4 7.29 (d, J = 8.7 Hz, 2H), 7.26 (t, = 7.3 Hz, 2H), 7.22-7.18 (m, 1H), 5.11 (dd, J,=8.7 Hz, J,=4.35 Hz, 1H), 3.80 (s,
2H), 3.72 (s, 3H), 3.22 (dd, J; = 13.0Hz, J,= 5.0 Hz,1H ), 2.95 (dd, J, = 13.2 Hz, J,= 9.6 Hz,1H), 1.50 (s, 18H); °C NMR (CDCl;, 100 MHz) &
170.4, 152.0, 139.0, 129.0, 128.6, 126.8, 83.5, 58.5, 52.5, 28.1, 27.7, 24.0.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(phenylselanyl)butanoate (3aa). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 56.8 mg
(80%). Colorless oil. HRMS (ESI-TOF): calculated for C»;H3NNaOsSe [M+Na]" m/z 496.1210, found 496.1214.

'H NMR (CDCls, 400 MHz) 4 7.49 (d, J = 7.8 Hz, 2H), 7.25-7.22 (m, , 3H), 5.06 (dd, J, = 8.7 Hz, J,=4.3 Hz, 1H), 3.69 (s, 3H), 2.98-2.87 (m, 2H),
2.56-2.47 (m, 1H), 2.27-2.18 (m, 1H), 1.47 (s, 18H); *C NMR (CDCl;, 100 MHz) & 170.9, 151.9, 132.8, 129.8, 129.1, 127.0, 83.4, 58.0, 52.3,

31.0, 28.0, 24 .4.

0
(Boc)zN\_)k
N

Se

OMe

Me 3ab

(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(p-tolylselanyl)butanoate (3ab). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 61.37

mg (84%). Colorless oil. HRMS (ESI-TOF): calculated for C,,H33NNaOgSe [M+Na]" m/z 510.1367, found 510.1370.
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'"H NMR (CDCls, 400 MHz) 4 7.40 (d, J = 8.2 Hz, 2H), 7.06 (d, J = 7.8 Hz, 2H), 5.05 (dd, J; = 8.2 Hz, J,= 5.5 Hz, 1H), 3.69 (s, 3H), 2.93-2.82 (m,

2H), 2.53-2.42 (m, 1H), 2.30 (s, 3H), 2.24-2.13 (m, 1H), 1.47 (s, 18H); °C NMR (CDCls, 100 MHz) & 171.0, 152.0, 137.2, 133.5, 130.0, 125.8,
83.4,58.0, 52.3, 31.0, 28.0, 24.8, 21.1.

OMe

0]
(Boc)zN\_)J\
N

Se

Me 3ac
(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(m-tolylselanyl)butanoate (3ac). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 60.6 mg
(83%). Colorless oil. HRMS (ESI-TOF): calculated for C,;H33NNaOgSe [MJrNa]+ m/z 510.1367, found 510.1369.
'H NMR (CDCls, 400 MHz) 4 7.32 (s, 1H), 7.29 (d, J = 7.8 Hz, 1H), 7.13 (t, J = 7.8 Hz, 1H), 7.03 (d, J = 7.3 Hz, 1H), 5.05 (dd, J,= 8.7 Hz, J,=
5.5 Hz, 1H), 3.70 (s, 3H), 2.96-2.88 (m, 2H), 2.54-2.47 (m, 1H), 2.31 (s, 3H), 2.27-2.18 (m, 1H), 1.47 (s, 18H); >C NMR (CDCls, 100 MHz) &
170.9, 151.9, 138.9, 133.4, 129.8, 129.6, 128.9, 127.9, 83.4, 58.0, 52.3, 31.0, 28.0, 24.3, 21.3.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(m-tolylselanyl)butanoate (3ad). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 63.88
mg (85%). Colorless oil. HRMS (ESI-TOF): calculated for C,3H3sNNaOgSe [MJrNa]+ m/z 524.1523, found 524.1517.

'H NMR (CDCls, 400 MHz) 4 7.26 (s, 2H), 6.85 (s, 1H), 5.05 (dd, J;= 8.7 Hz, J,= 5.5 Hz, 1H), 3.70 (s, 3H), 2.96-2.85 (m, 2H), 2.55-2.46 (m,
1H), 2.27 (s, 3H), 2.25-2.17 (m, 1H), 1.47 (s, 18H); *C NMR (CDCls, 100 MHz) & 170.9, 151.9, 138.7, 130.4, 129.4, 128.9, 83.4, 58.0, 52.3, 31.1,

28.0,24.2,21.2.

@)
(Boc),N \;)J\OMe
N

Se

Et 3ae

(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(4-ethylphenylselanyl)butanoate (3ae). Eluent: petroleum ether/ethyl acetate (10:1). Yield:
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61.37 mg (84%). Colorless oil. HRMS (ESI-TOF): calculated for C,3H3sNNaOgSe [M+Na]" m/z 524.1523, found 524.1520.

'H NMR (CDCls, 400 MHz) 4 7.44 (d, J = 8.2 Hz, 2H), 7.09 (d, J = 7.8 Hz, 2H), 5.05 (dd, J,= 8.2 Hz, J,= 5.5 Hz, 1H), 3.69 (s, 3H), 2.92-2.85 (m,
2H), 2.60 (q, J = 7.8 Hz, 2H), 2.54-2.43 (m, 1H), 2.25-2.16 (m, 1H), 1.47 (s, 18H), 1.21 (t, J=7.3 Hz, 3H); *C NMR (CDCls, 100 MHz)  170.9,
151.9, 143.5, 133.5, 128.8, 126.1, 83.3, 57.9, 52.2, 31.0, 28.5, 28.0, 24.7, 15.5.

0O
(Boc)zN\_)J\

Se

OMe

OMe 3af
(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(4-methoxyphenylselanyl)butanoate (3af). Eluent: petroleum ether/ethyl acetate (10:1).
Yield: 64.14 mg (85%). Colorless oil. HRMS (ESI-TOF): calculated for C»,H33NNaO;Se [MJrNa]+ m/z 526.1316, found 526.1317.
'H NMR (CDCls, 400 MHz) 4 7.47 (d, J = 8.7 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 5.05 (dd, J; = 8.7 Hz, J,= 5.5 Hz, 1H), 3.78 (s, 3H), 3.69 (s, 3H),
2.84-2.77 (m, 2H), 2.50-2.38 (m, 1H), 2.21-2.12 (m, 1H), 1.47 (s, 18H); °C NMR (CDCl;, 100 MHz) & 171.0, 159.5, 152.0, 136.0, 119.4, 114.8,
83.4,57.9,55.3,52.3,30.9, 28.0, 25.5.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(3-methoxyphenylselanyl)butanoate (3ag). Eluent: petroleum ether/ethyl acetate (10:1).
Yield: 63.4 mg (84%). Colorless oil. HRMS (ESI-TOF): calculated for C,,H33NNaO;Se [M+Na]+ m/z 526.1316, found 526.1319.

'H NMR (CDCls, 400 MHz) 4 7.16 (s, t, J = 7.8 Hz, 1H), 7.06 (d, J = 7.3 Hz, 1H), 7.05 (s, 1H), 6.77 (d, J = 7.8 Hz, 1H), 5.06 (dd, J,= 8.7 Hz, J,=
5.5 Hz, 1H), 3.79 (s, 3H), 3.70 (s, 3H), 3.00-2.89 (m, 2H), 2.56-2.50 (m, 1H), 2.28-2.18 (m, 1H), 1.48 (s, 18H); *C NMR (CDCl;, 100 MHz) &

170.9, 159.8, 152.0, 130.8, 129.9, 124.8, 117.9, 112.9, 83.4, 58.0, 55.3, 52.3, 31.1, 28.0, 24.3.

O
(Boc)zN\_)J\
b

Se

OMe

Cl 3ah
(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(4-chlorophenylselanyl)butanoate (3ah). Eluent: petroleum ether/ethyl acetate (10:1). Yield:
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63.14 mg (83%). Colorless oil. HRMS (ESI-TOF): calculated for C,;H3CINNaOgSe [M+Na]" m/z 530.0818, found 530.0818.

'H NMR (CDCls, 400 MHz) 4 7.47 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.7 Hz, 2H), 5.03 (dd, J; = 8.7 Hz, J,= 5.5 Hz, 1H), 3.70 (s, 3H), 2.95-2.88 (m,
2H), 2.54-2.45 (m, 1H), 2.24-2.14 (m, 1H), 1.47 (s, 18H); °C NMR (CDCl;, 100 MHz) § 170.3, 152.0, 134.6, 133.6, 129.3, 128.2, 83.5, 58.7,
52.6,29.1, 28.0, 24.7.

OMe

O
(BOC)zN\I)J\

Se

Br 3ai

(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(4-bromophenylselanyl)butanoate (3ai). Eluent: petroleum ether/ethyl acetate (10:1). Yield:
56.38 mg (70%). Yellow oil. HRMS (ESI-TOF): calculated for C,;H30BrNNaOgSe [M+Na]+ m/z 574.0312, found 574.0309.
'H NMR (CDCls, 400 MHz) 4 7.36 (s, 4H), 5.03 (dd, J,= 8.7 Hz, J,= 5.5 Hz, 1H), 3.70 (s, 3H), 2.95-2.88 (m, 2H), 2.54-2.45 (m, 1H), 2.24-2.14

(m, 1H), 1.47 (s, 18H); °C NMR (CDCls, 100 MHz) & 170.9, 152.0, 134.5, 132.2, 128.7, 121.3, 83.5, 57.9, , 52.4, 31.0, 28.0, 24.7.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(3-(trifluoromethyl)phenylselanyl)butanoate (3aj). Eluent: petroleum ether/ethyl acetate
(10:1). Yield: 63.4 mg (84%). Colorless oil. HRMS (ESI-TOF): calculated for C;,H30F3NNaOgSe [M+Na]Jr m/z 564.1084, found 564.1081.

'H NMR (CDCls, 400 MHz) 4 7.78 (s, 1H), 7.71 (d, J=7.8 Hz, 1H), 7.49 (d, J=7.8 Hz, 1H),7.37 (t, J= 7.8 Hz, 1H), 4.99 (dd, J;=8.7Hz, J,=5.5
Hz, 1H), 3.70 (s, 3H), 2.52-2.45 (m, 3H), 2.20-2.18 (m, 1H), 1.48 (s, 18H); *C NMR (CDCls, 100 MHz) §170.2, 151.9, 136.1, 131.6, 131.4,

131.3,129.5, 125.1, 124.1, 123.2, 122 .4, 83.4, 58.1, 52.3, 31.0, 28.0, 26.1.

0]
(Boc),N \;)J\OMe
N

Se

Ph 3ak
(S)-Methyl 4-(biphenyl-4-ylselanyl)-2-(bis(tert-butoxycarbonyl)amino)butanoate (3ak). Eluent: petroleum ether/ethyl acetate (10:1). Yield:
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64.25 mg (78%). Yellow oil. HRMS (ESI-TOF): calculated for Co7H3sNNaO4Se [M+Na]" m/z 572.1524, found 572.1520.
'H NMR (CDCls, 400 MHz) 4 7.58-7.55 (m, 4H), 7.50-7.41 (m, 4H), 7.34 (t,J=7.9 Hz, 1H ), 5.08 (dd, J;=8.7 Hz, J,= 5.5 Hz, 1H), 3.70 (s, 3H),

3.00-2.91 (m, 2H), 2.60-2.51 (m, 1H), 2.30-2.20 (m, 1H), 1.48 (s, 18H); *C NMR (CDCls, 100 MHz) § 170.9, 152.0, 140.5, 140.1, 133.2, 128.9,
128.8, 127.9, 127.5, 127.0, 83.5, 58.0, 52.3, 31.1, 28.0, 24.5.

(@]
(BOC)zN\I)J\

Se

3al

(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(naphthalen-1-ylselanyl)butanoate (3al). Eluent: petroleum ether/ethyl acetate (10:1). Yield:

OMe

62.78 mg (80%). Colorless oil. HRMS (ESI-TOF): calculated for C,sH3;3NNaOgSe [MJrNa]+ m/z 546.1367, found 546.1368.
"H NMR (CDCls, 400 MHz) 4 8.37 (d, J=8.2 Hz, 1H), 7.83-7.71 (m, 3H), 7.56-7.47 ( m, 2H), 7.36 (t, J=7.8 Hz, 1H),5.07 (dd, J;= 8.6 Hz, J,=

5.5 Hz, 1H), 3.67 (s, 3H), 2.53-2.45 (m, 1H), 2.27-2.15 (m, 1H), 1.44 (s, 18H); '*C NMR (CDCls, 100 MHz) & 170.9, 152.0, 134.4, 134.1, 132.5,
129.0, 128.7, 128.5, 127.6, 126.7, 126.3, 125.9, 83.4, 58.0, 52.3, 31.0, 28.0, 24.5.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(naphthalen-2-ylselanyl)butanoate (3am). Eluent: petroleum ether/ethyl acetate (10:1).

OMe

Yield: 62.76 mg (80%). Colorless oil. HRMS (ESI-TOF): calculated for CsH33NNaOgSe [M+Na]+ m/z 546.1367, found 546.1370.
"HNMR (CDCl3, 400 MHz) 4 7.97 (s, 1H), 7.79-7.71 (m, 3H), 7.56 (d, J=8.2 Hz, 1H), 7.48-7.44 (m, 2H), 5.09 (dd, J,=8.6 Hz, J,= 5.5 Hz, 1H),
3.69 (s, 3H), 3.06-2.96 (m, 2H), 2.60-2.51 (m, 1H), 2.30-2.21 (m, 1H), 1.45 (s, 18H); BC NMR (CDCl3, 100 MHz) 6 170.9, 152.0, 134.0, 132.3,

131.4,130.2, 128.5, 127.8, 127.3, 126.5, 126.0, 83.5, 58.0, 52.3, 31.1, 28.0, 24.4.

]
(Boc)oN \)J\

!
o

(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(butylselanyl)butanoate (3an). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 55.74 mg

OMe

(82%). Colorless oil. HRMS (ESI-TOF): calculated for C;9H35NNaO¢Se [M+Na]+ m/z 476.1523, found 476.1521.
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'H NMR (CDCls, 400 MHz) 4 5.02 (dd, J; = 8.7 Hz, J,= 5.5 Hz, 1H), 3.72 (s, 3H), 2.60-2.52 (m, 4H), 2.51-2.43 (m, 1H), 2.26-2.18 (m, 1H),

1.67-1.60 (m, 2H), 1.50 (s, 18H), 1.44-1.34 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H) ; *C NMR (CDCls, 100 MHz) & 171.1, 152.0, 83.3, 58.1, 52.3, 32.7,
31.3,28.1,23.7,23.1,20.1, 13.7.
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(S)-Methyl 2-(bis(tert-butoxycarbonyl)amino)-4-(cyclohexylselanyl)butanoate (3ao): Eluent: petroleum ether/ethyl acetate (10:1). Yield:
51.75 mg (72%). Colorless oil. HRMS (ESI-TOF): calculated for C,;H3;NNaOgSe [M+Na]" m/z 502.1680, found 502.1682.
'H NMR (CDCls, 400 MHz) 4 5.01 (dd, J; = 8.7nHz, J,=5.5 Hz, 1H), 3.71 (s, 3H), 2.95-2.88 (m, 1H), 2.64-2.53 (m, 2H), 2.52-2.43 (m, 1H),

2.27-2.17 (m, 1H), 2.02-1.98 (m, 2H), 1.75-1.70 (m, 2H), 1.50 (s, 20H), 1.35-1.21 (m, 4H); *C NMR (CDCls, 100 MHz) § 171.0, 152.0, 139.2,
128.8, 128.5, 126.7, 83.3, 58.1, 52.3,30.9, 28.4, 28.0, 26.9, 20.3.
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(S)-Methyl 4-(benzylselanyl)-2-(bis(tert-butoxycarbonyl)amino)butanoate (3ap). Eluent: petroleum ether/ethyl acetate (10:1). Yield: 62.10
mg (85%). Colorless oil. HRMS (ESI-TOF): calculated for C,,H33NNaOgSe [M+Na]" m/z 510.1367, found 510.1368.

'H NMR (CDCls, 400 MHz) 4 7.28-7.25 (m, 4H), 7.20 (t, J= 8.2 Hz, 1H), 5.00 (dd, J,= 8.7 Hz, J,= 5.5 Hz, 1H), 3.77 (s, 2H), 3.71 (s, 3H),
2.54-2.42 (m, 3H), 2.24-2.16 (m, 1H), 1.48 (s, 18H); °C NMR (CDCls, 100 MHz) § 171.1, 152.0, 83.3, 58.2, 52.2, 38.6, 34.6, 34.5, 31.8, 28.3,

28.0,26.9,25.8, 18.7.

General Procedure for Synthesis and Characterization of Compounds 4 and 5

Synthesis of N-Bis(Boc)-Asp(OPht)-Pro-OMe (4)
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Boc-Asp(OBzl)-Pro-OMe (S2) was prepared according to the previous reference.* Boc-Asp(OBzl)-OH (S1) (5 mmol, 1.61 g) was dissolved in
dry DMF (35 mL) in a 100 mL round bottom flask. HATU (O-(7-azabenzotriazol-1-yl)uronium hexafluoro-phosphate) (5 mmol, 1.91g) was
added to the solution. After stirring for 30 min, methyl L-prolinate hydrochloride (5 mmol, 0.83g) and NEt; (12.5 mmol, 1.75 mL) were added,
and the solution was stirred over night. Water (50 mL) was added to the resulting solution, and the mixture was extracted with DCM (3 x 50

mL). The combined organic layer was washed with 1M HCI (50 mL), saturated NaHCO; aqueous solution, and dried over anhydrous Na,SO,.

Removal of solvent in the solution under reduced pressure provided Boc-Asp(OBzl)-Pro-OMe (S2) (2.06 g, 95%).

Boc-Asp(OBzl)-Pro-OMe (S2) (2.06 g) was dissolved in 30 mL of anhydrous CH3CN, and di-tert-butyl dicarbonate (7.5 mmol, 1.08 g), DMAP
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(5 mmol, 0.61 g) was added to the solution. After stirring for 24 hours, water (50 mL) was added, and the solution became cloudy white. The
resulting mixture was extracted with EtOAc (3 x 50 mL). The combined organic layer was washed with 1 M HCI (50 mL) and saturated NaCl (4
x 50 mL). The organic layer was dried over anhydrous Na,SO4 and evaporated under reduced pressure to afford S3 as a viscous red oil, yield:
2.44 g (96%). S3 was dissolved in CH3OH (35 mL), palladium on activated carbon (0.4 g, 10% by weight) was added, and a H, balloon was
attached to the reaction vessel equipped with a three way valve. The mixture was degassed by quickly alternating vacuum evacuation and H;
backfill three times. Then the flask was placed to a 50 °C oil bath for 12 hours. After the reaction completed, the mixture was filtered to remove
the Pd/C, and the solvent of the remaining solution was evaporated under reduced pressure to afford S4 as a light yellow oil, yield: 1.93 g (95%).
N-Bis(Boc)-Asp(OPht)-Pro-OMe (4) was synthesized by following the procedure in the reference.” N-Hydroxyphthalimide (4 mmol, 0.72 g) was
added to a 100 mL round bottom flask charged with S4 (4 mmol, 1.44 g) and dry THF (30 mL). After the mixture was stirred for over 10
minutes, DCC (4 mmol, 0.825 g) was added to the flask in portions, and the reaction was performed at room temperature for 24 hours. After the
reaction completed, the resulting mixture was filtered, the solvent of the remaining solution was removed under reduced pressure, and the crude
product was purified by flash silica gel column chromatography (DCM/EtOAc = 15/1, Rf = 0.52) to give 4 as a pale yellow solid, yield: 1.65 g
(70%). "H NMR (CDCl;, 400 MHz) 4 7.88-7.86 (m, 2H), 7.79-7.77 (m, 2H), 5.52 (t, J,= 6.8 Hz, 1H), 4.42 (t, J= 5.5 Hz, 1H), 3.72 (s, 3H),
3.77-3.61 (m, 3H), 3.40-3.34 (m, 1H), 2.13-1.92 (m, 4H), 1.46 (s, 18H); °C NMR (CDCls;, 100 MHz) § 172.5, 167.4, 166.8, 161.6, 151.3, 134.9,
134.7, 129.0, 123.9, 84.1, 60.2, 54.8, 52.4, 46.5, 32.7, 28.7, 29.9, 24.9.

Synthesis and Characterization of Compound 5
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[Ru(bpy)s]Cl, (1.5 pmol, 1.2 mg), N-Bis(Boc)-Asp(OPht)-Pro-OMe (4) (0.15 mmol, 88.5mg), diphenyl diselenide (2a) (0.15 mmol, 47mg) and
Hantzsch ester (HE) (0.225 mmol, 57 mg) were added to a 25-mL Schlenk tube equipped with a Teflon septum and magnetic stir bar. The tube
was evacuated and back-filled with argon for three cycles and then sealed under an atmosphere of argon. DIPEA (0.375 mmol, 63 pL, 32.3 mg)
wes dissolved in mixed solvent of dichloromethane (DCM) (0.5 mL) and tetrahydrofuran (THF) (0.5 mL), and then the solution was added to the
tube by syringe. The tube was irradiated with a 40 W fluorescent lamp at room temperature (approximately 2 cm away from the light source).
After the complete conversion of the substrates (monitored by TLC), the reaction mixture was diluted with 20 mL of EtOAc, and the solution
was filtered by flash chromatography. The filtrate was evaporated by rotary evaporator, and the residue was purified by silica gel column

chromatography or preparative thin layer chromatography (pTLC) to give the desired product (5).

O
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Methyl 1-((S)-2-(bis(tert-butoxycarbonyl)amino)-3-(phenylselanyl)propanoyl)pyrrolidine-2-carboxylate (5). Eluent: petroleum ether/ethyl
acetate (4:1). Yield: 58.4 mg (70%). Colorless oil. HRMS (ESI-TOF): calculated for C,sH37N>07Se [M+H]" m/z 557.1762, found 557.1765.

'H NMR (CDCls, 400 MHz) 4 7.53 (d, J= 7.8 Hz, 2H), 7.26-7.22 (m, 3H), 5.14 (dd, J;=9.1 Hz, J,=5.9 Hz, 1H), 4.38 (t, J=4.1 Hz, 1H), 3.72 (s,
3H), 3.77-3.61 (m, 3H), 3.40-3.34 (m, 1H), 2.13-1.92 (m, 4H), 1.45 (s, 18H); °C NMR (CDCls, 100 MHz) & 172.6, 168.0, 151.8, 132.8, 130.9,
129.0, 127.0, 83.5, 59.8, 58.4, 52.3, 46.4, 29.4, 28.7, 27.9, 24.9.

Synthesis and Characterization of Rac-3a

o
BocHN
BocHN _
HoN OH Boc,O (L.5eq) o¢ OH () DMF, K,CO4 OMe (i) 0.1M KOH (L.1eq), MeOH
o NaOH (3eq), H,O:dioxane (1:1) 0 (ii) CHgl (if) 1M KHSO,, DCM
OH OH OMe
DL-Asp Rac-Boc-Asp Rac-Boc-Asp(OMe)-OMe
0 o
o O on (Boc),N OMe
Boc),N
BocHN OMe  DMAP, Boc,0, CHsCN (Boc), OMe o
1.1eq o)
o o} o)
OH OH

(ON
DCC (1eq), THF N
Rac-Boc-Asp(OH)-OMe Rac-N-(Boc),-Asp(OH)-OMe o

Rac-N-(Boc),-Asp(OPht)-OMe

Rac-la

D,L-Aspartic acid (1.33 g, 10 mmol) and dioxane (20 mL) were added to a 100mL round bottom glass bottle equipped with a magnetic stir bar,
then 3 M NaOH (20 mL) was added to the mixture. After the mixture was stirred for 20 min, Boc,O (3.28 g, 15 mmol) in dioxane was added

dropwise, and the mixture was stirred at room temperature overnight. Solvent was evaporated under reduced pressure, and the remained aqueous
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was washed with Et,O (2 x 50 mL) and the organic phase is extracted with saturated NaHCO; (2 x 50 mL). The combined aqueous was acidified
with 1M KHSO4 and extracted with ethyl acetate (3 x 100 mL), and the combined organic phase was dried over Na,SO, and evaporated to give
Boc-Asp as a white solid, yield 2.3 g (98%). The white solid was dissolved in DMF (30mL), and a well grounded K,COj; (6 g) was added. After
the mixture was changed into a white suspension, CH;I (4 mL) was added dropwise, and the mixture was stirred at room temperature for over 8
h. Water (50 mL) was added, and the aqueous solution was extracted with ethyl acetate (3 x 100 mL). The combined organic phase was washed
with water (3 x 50 mL), brine, dried over Na,SO,, evaporated under reduced pressure to give Rac-Boc-Asp(OMe)-OMe as a colorless oil, yield
2.48 g (97%). According to the previous procedures,” Rac-Boc-Asp(OMe)-OMe (1.3 g, 5 mmol) in 55 mL of methanol was added to a 55 mL of
0.IM KOH solution. The mixture was stirred at room temperature overnight, and methanol was evaporated. Remained aqueous solution was
acidified with 1 M HCI (6 mL), and extracted with CH,Cl, (2 x 30 mL), and the combined organic phase dried over Na,SOj, evaporated under
reduced pressure to provide the desired product Rac-Boc-Asp(OH)-OMe as a white solid, yield 1.04g (85%). The solid was dissolved in 30 mL
dry acetonitrile, and DMAP (1.037 g, 8.5 mmol) was added. Boc,0 (1.40 g, 6.4 mmol) was added to the mixture in one portion. After stirring at
room temperature overnight, water 50 mL was added to the mixture to lead to a white suspension appearing, and then a solution of 1M HCI (10.2
mL) was added. The resulting solution was extracted with ethyl acetate (3 X 50 mL), and the combined organic washed with saturated NH4Cl (2
% 40 mL), dried with Na,SO4, and evaporated. The residue was purified by silica gel column chromatography to give a light brown oil
Rac-N-(Boc),-Asp(OH)-OMe, yield 1.18g (80%). Rac-N-(Boc),-Asp(OPht)-OMe was synthsized using the similar procedures as described
above as synthesis of N-(Boc),-Asp(OPht)-OMe. Rac-N-(Boc),-Asp(OH)-OMe (1g, 2.9mmol) was added to a solution of N-hydroxyphthalimide

(0.52 g, 3.2 mmol) in dry THF (10mL). After the mixture was stirred for over 10 minutes, DCC (0.6 g, 2.9 mmol) was added to the flask in
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portions, and the reaction was performed at room temperature for 24 hours. After the reaction completed, the resulting mixture was filtered, the
solvent of the remaining solution was removed under reduced pressure, and the crude product was purified by flash silica gel column
chromatography (DCM/EtOAc = 60/1, R = 0.52) to give Rac-N-(Boc),-Asp(OPht)-OMe ( Rac-1a) as a viscous pale yellow oil, yield 0.97 g
(68%). "H NMR (CDCls, 400 MHz) & 7.88 (dd, J, = 5.5 Hz, J, = 3.2 Hz, 2H), 7.79 (dd, J; = 5.5 Hz, J, = 3.2 Hz, 2H), 5.53 (dd, J; = 7.6 Hz, J, =
6.0 Hz, 1H), 3.8 (s, 3H), 3.66 (dd, J; = 17.2 Hz, J, = 5.95 Hz, 1H), 3.11 (dd, J, = 17.2 Hz, J, = 6.0 Hz, 1H), 1.51 (s, 18H). °C NMR (CDCl;,
100 MHz) & 169.5, 167.2, 161.7, 151.5, 134.8, 129.0, 124.0, 84.0, 54.5, 52.9, 33.0, 28.0.

Synthesis of Rac-3a. [Ru(bpy);]Cl; (1.5 umol, 1.2 mg), diphenylselenide (2a) (0.15 mmol) and Hantzsch ester (HE) (0.225 mmol, 57 mg) were
added to a 25-mL Schlenk tube equipped with a Teflon septum and magnetic stir bar. The tube was evacuated and back-filled with argon for
three cycles and then sealed under an atmosphere of argon. Rac-N-Bis(Boc)-Asp(OPht)-OMe (Rac-1a) (0.15 mmol) and DIPEA (0.375 mmol,
63 uL, 32.3 mg) were dissolved in mixed solvent of dichloromethane (DCM) (0.5 mL) and tetrahydrofuran (THF) (0.5 mL), and then the
solution was added to the tube by syringe. The tube was irradiated with a 40 W fluorescent lamp at room temperature (approximately 2 cm away
from the light source). After the conversion of the substrates (monitored by TLC), the reaction mixture was diluted with 20 mL of EtOAc, and
the solution was filtered by flash chromatography. The filtrate was evaporated by rotary evaporator, and the residue was purified by silica gel
column chromatography or preparative thin layer chromatography (pTLC) to give the desired product (Rac-3a) in 79% (54.4 mg) yield as a pale
yellow oil.

Data for Rac-3a: '"H NMR (CDCls, 400 MHz) & 7.53 (dd, J;="7.3 Hz, J,=3.21 Hz, 2H), 7.25-7.24 (m, , 3H), 5.14 (dd, J; = 8.7 Hz, J,=4.3 Hz, 1H),

3.71 (s, 3H), 3.68 (dd, J; = 13.0 Hz, J,=5.0 Hz, 1H), 3.37 (dd, J; = 13.2 Hz, J,= 9.6 Hz, 1H), 1.46 (s, 18H); °C NMR (CDCls, 100 MHz) & 170.4,
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151.8, 133.0, 130.0, 129.2, 127.3, 83.4, 58.7, 52.5, 28.7, 28.0.

HPLC Analysis of Rac-3a, 3a and Mixture of Rac-3a and 3a with Different Ratios

The samples were determined by HPLC with ID-H chiral column using n-hexane/isopropanol (90:10) as the mobile phase (column pressure = 40

bar, flow rate = 1 ml/min).

(A) HPLC of Rac-3a with concentration of 2 mg/mL (Peak area ratio of (S)-3a/(R)-3a = 50.34 : 49.66)
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g {4 B 1 [a]
#  [min]

1 11.276
2 12.557

(B) HPLC of 3a with concentration of 2 mg/mL

=iV & I 1 7 I 1) I 1) 57
[min] mAU  *s [mAU ] %

BB 0.3077 1.34090e4 678.49896 5H0. 3415

BB 0.3156 1.32271e4 639. 45135 49. 658H

10
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e R EH I ) BRI I Tff] 5 I = G
B [min] [min] mAU  *s [mAU ] %

1 11.894 BB 0.3252 2. 86945e4 1349. 56030 100. 0000

(C) HPLC of mixture Rac-3a and 3a (molar ratio of Rac-3a /3a = 0.01:1) (Peak area ratio of (S)-3a/(R)-3a =0.62 : 99.38)

| )13.315
e
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5 A R] JEm W IEVIEA I IEITE A
e (min] (min] mAU  *s [mAU ] %
_______ ‘ _ . | -
1 13.315 BB 0.3620 182.26784 T7.86787 0. 6246
2 14. 862 BB 0.4033 2.89980e4 1090.90613 99.3754

(D) HPLC of mixture Rac-3a and 3a (molar ratio of Rac-3a /3a = 0.005:1) (Peak area ratio of (S)-3a/(R)-3a = 0.31 : 99.69)

~13:886

12.570
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U PRER I KT

i (min]

1 12.570 BB
2 13.886 BB

I s IEEA £ IESTHEA

(min] mAU  *s [mAU ] %
——— —

0. 3684 83. 87241 3. 37692 0. 3137

0. 3565 2. 66495e4

1136. 84338 99. 6863

(E) HPLC of mixture Rac-3a and 3a (molar ratio of Rac-3a /3a = 0.001:1) (Peak area ratio of (S)-3a/(R)-3a =0.16 : 99.84)

12.670
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W5 PREFHFIA] S/ g g [y A4 I vy U Ty A4
# (min] [min] mAU  *s [mAU ] %
1 12.670 BB 0. 2991 39. 76816 2.02454 0. 1628
2 13.984 BB 0.3476 2.43901e4 1063.85950 99,8372
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The NMR Spectra of Compounds 3, 5 and Rac-3a

L8l

=]
=

e

=

A

i

e
1IN

e

10

L=
m

L=
-

[=]

"y

o

10.0

T T T T T T T T T T T T T T T T T T T T T T T T T
S IPEOET OEEOTT 0 0E0GT ST LT OIS T P CET DT 0Tro0r og 008 0°f 0% 0% 0k 0 0T 07 0

AT

— oo

— o

ChEE

P
LIEE
T 10FE
(s

LLTE
BOTE
BILE

DEs

GEL'S
0sT's
Ears

: parts per Million : 1H

X

540



Ll

3a

Ji

1300

40.0 300 200 100

0.0

0. 0

200

110.0 100.0

120.0

1400

0.0

15

1600

180.0 17000

120.0

2000

a
DOLTHM

610K
= 5008z

L)

— NZL8S

ER L
|M narLe
GINLL

—-CIIER

£ 21
= G0z6a
= 0600
— (B EET

e

—l T

X perts per Million : 13C

S41



el

S

[

=
=

3
y

are

IE

e

0]

1)

(@]
Boc),N
(Boc) \E)J\OMe
~
|
Me
3b

10.0

e

10

4.0

L]

o0

T T T T T T T T T T T T T T T T [ P e e e e
MO0 SCO e ECOLE TENQEO AL O BTO LTSI PIETOETOIT00r 06 08 0L 009 06 00 0°E O 0T 0
nSLTERL L

—_ooda

— 09T

— T

L0

e
[Zre
SETS

peir L
=gt
__ETL
6T
St

X : parts per Million : 1H

542



ni

0.6

0.4

03

n2

0l

bdance
I

0]
(Boc)zN\_)J\

~

OMe

e

Me
3b

L

I
|
|
|
!

20.0 100 0

Ln
2]
L=}
e
=2
(=]
it

2200 2100 2000 1200 1200 1700 1600 1500 1400 1300 1200 1100 1000 D200 20.0 0.0 &0.0 0 LELH]
= 2 228 TEZ: 2z oE =
g = SEES BEES ® o sE =

X perts per Million : 13C

543




.

=]
il HJ.W E
(=]
=
i3 .
e — __TIET
le  TIEE
m foe
eaie
= ape
WOE
a1

g

(i

IEfE

Me

3c

189E
Lo DIOCE
T \aie

o ST
L8 sere
- Gh1S
gars

W

o.0

10.0

L1 VI YV 1 " 11" I S 11 AN 1

T
1N i

QLM ¥

p— 1]

X : parts per Million - 1H

S44



=]
[=]
g
[=]
™
[=]
m
[=]
¢
[=]
w
=]
2
(=]
[}
nuu.
6
[=]
8
£
b [
£l
{2
- -
B
F L=
™
s
¥ |
X
[=]
3 1
——
._r -
.-.+
-
r
[ o
: T
A
L 3 =
¥ ie
) S
[} S E
= o
O —3 e
[y o g
O ™
3
..__\ E n.u
i =
P ] =
4 ]
\Pv/ =
a e
) §
%
=
™
.._ ._ .._ ._ ._
! il £ 0 "0 I

DOLTHM

— MRETTE

LhITEE
= ouse

N

J—

ChgoL
A e
baY L1

T SOPER

GG1 8Ll
=7 szl

GhiTEET

T CEGEET

— IZ&15T

— EI50LT

X perts per Million : 13C

545



L o — 0000

¥

1.0

hirel

e

— il

19 : T

LECE
BT E
ECEE
CEE'E
COEE
ELE'E
BHE
EOTE
L
i
ITLE

30

/3

=

e

/
a

4.0

BLIG
A
oere
207e

[=

0ot 1989

=]
002 b Tt

—=BL

N
Me
3d
o0

Me

10.0

HHILHL LY

546

X : perts per Million : 1H



PR P

Me Me
3d

1000 200

1100

1300 o0

1400

1300

L] 170.0 1800

1800

2000

DOLTHPLTIC B

— 0TI

__GIOEE
=165 8T

— TP TE

— HOLTRD

CPE L
=" 001 L
. PEVLL

— LOEER

217 6Tl
26T
b OET

I\

—— DGETRE]

— EBEIL]

—— 155 0L]

X . parts par Million : 13C

S47



) [ & oo

10

i -
08| §TrT

GI5T
CacE
Mot
Teng
10EE
CTEE
CEFE
TGEE
0zoE
TETE
£SOE
900§
G0LE

ng

M AN

are

o

4.0

B
0o [ [FAlY
LY

| L 80 L
we =01t
— 3L
Mg [N
LivL

T.0

L]

OMe

"4

@)
(Boc)oN \)J\
e
Et

3e

ﬂ'l o

10.0

LA S DL IV TN I TN IR AN MLARS MRARD ML MM RN MY LAY RN I ML RARL MM |
PEE 01 0002 06l 08T 0Ll 090 0°8T 0°pT 0°ET OET 01T 001 e 08 0°f 0% 06 0p 0E 02 01 0
nSLTERL L

S48

1H

: parts per DWillion :

X




Et
3e

200 10.0

0.0

40.0

500

&0.0

0.0 200

1000

1100

1200

1400 130.0

0.0

13

1700 1600

180.0

1200

2000

LAY

£n

on

DOLTHM

— hoks]

BE0EE
=T
IR

— LI

— -

EE L
A narLe
GINLL

—-- BEEER

—~ OpeaE]
—- LPEEL]

— GIL7EE]

— GELEN

— 1E15]

—J A

X perts per Million : 13C

549



L8
[y
T
s
|.._
60
T, 1
ENE
_— J
e
- =
5]
3 ®
onA\ 7 3
™
ol
=z
N
<
Q
=
T T T T T T T T T T T T T T T T T T T T T T T T T
e PENEEDTEOTEC DG BRI LT 0L ST 0PI OETOCIOTT 00T 06 08 0°f 0% 06 0°h 0°E 02 077 0
AN

1.0

[}

3.0

4.0

5.0

B

oo

10.0

[ & 0000

— 5L

180S
i s
Lry
[1ARY

Wi’
= (159

—Ey
POg" &

=iy

1H

: parts per DWillion :

X

S50



OMe

ol

0]
(Boc)zN\)J\
e

OMe
3f

i

st by

300 200 100

40.0

=
Wi

130.0 120.0 110.0 100.0 0.0 200 ™o &0.0

1400

1500

1700 160.0

180.0

1800

2000

0

£l

ALl

I
DOLTHAML

—— DB0EE
—— Z00roE

— EIYES
—EBE%S
—BOLRG

ChEOL
|M 0l ii
SLKiL

—- LEE'ER

— N
— LEOOZT

— DET9E]

— GpOrEsl

Y

J— |

13C

X : parts per Williomn :

S51



18]

OMe

4

o]
(Boc)zN\)J\

e

OMe

39

IE

I

£

L

100

10

[}

30

"

4.0

7.0

2O

oo

T T T T T T T T T T T T T T T T T T T T T T T
DEC0EE TEWOED Gl 08T 0 LT 09T OST 0Pl OET OCET 0T 0°01 076 08 0°f 09 0% O 06 02 07 0

AN

[ o — 0o

— 5

£

SETE
[1RY
651
ELT'S

bLLD
forn
I
ot L
BITL
apl’L
1IN
28
A

1H

: parts per DWillion :

X

S52



0.6

0.4

0.l n2 n3

0

abdance

Boc)->N
(Boc), OMe

O

OMe
39

(=]

200.0 1{}.:' 0 1 E::':-.-:' 1 T::'. LH] 16 I:'.-:' 1 :-"-:'2'.-:' 14'I:' 0 13-:':' 0 1200 1 1-:'2' 0 1-:':'.".-:' {}:I' LH] E-::.-:' ™o &0.0 50.0
I | AL ] A | |
3 8 = 855 § 3 SEsg 238
s 2 = SR8 2 9 BREE B A6

X perts per Million : 13C

S53

RG06 e
2807




2.0

100

1.0

3

4.0

w1y

o0

S8l
0l
e
e mﬂﬁ
0ot
—_— =
e
—
10T
T —_
]
=
o Q
o; 0 oS
(9p]
..__\
=z
~N
o)
o
2]
L A A e MR i W i I Mhd A W) Il WA MY IARAH WA Bl WM R LA RN
[ 8E 0 LE0° QR0 S 70 pE0CEZD Z20 TE0° 0T Gl O 8T L10° 1O ST P T eI I 10l 0°G 08 0L 09 08 b 0 0207 0
HHILHL LY

[ o — 0000

I

e
[SEE
0'E

= EEE

[ETE

= GhOE

-
==

=

POTE
BLOE
Gl e

DG0E
a1 e
ol
EET'S

Ay
WL
LA
oKL
(10

1H

: parts per Willion :

X

S54



Cl
3h

1E0

a1

Lo

s

(AN

(N1

G

oo

Lo

]

T T
oo roo:
DOLTHAML

1300 120.0 110.0 1000 0.0 20O TO0 0.0 50.0 400 30.0 20.0 100

140.0

0.0

15

1600

180.0 1700

120.0

2000

008z
=L

— LENTS

J— 1

_~heRar
LR
SLFLL

—-- BRLEE

ST
S
L TEEET

—=, LEIE]

— TSI

— 19E°0L1

13C

X : parts per Williomn :

S55



—  le —m0r

10

L1 — G0

(Boc),N

)

[}

660 ___“:.Hm”

e 2 = [ITE

4.0
=
=

SO0S
a01e
alls
EETS

IE

L

S
Br
3i
o0

100

0roe rog oot 0
DILTRAML ¢

S56

1H

: parts per DWillion :

X



OMe
\Se
Br

(Boc),N

3i

i

L)

T T I
[ ' 1]
DOLTHM

1300 1200 1100 1000 0.0 0.0 TO.O &0 0 0.0 40.0 30.0 0.0 10.0 ke

140.0

0.0

15

1800 180.0 1700 180.0

200 .0

008
=0

— LTS

— TOiEs

ChEOL
|m narLi
GLVLL

e LOER

— PELTED

— GO0E]

—~ BAETED
— EDEHE]

—

— Ll

X perts per Million : 13C

S57



Abioxlance

1.0
I

o

10.4
1

Q.0
I

2.0
I

T.0
I

6.0
1

5.0
I

3n
I

2.0
1

3

o .0v

T
1oz

1800

M
9?-:' ST{‘.' 'f-:' 5:-:' § f-:' I 3 f{‘.' 0 1.0 0
A AR A Ak | |
SEEEERER 3:=8 BEZfogEs g g
Ll NN yMmmmmm - =]

X : parts par Million : 1H

S58



(@]
(Boc)oN \.)J\OMe

Se

EN

CF3

"

T
i

0
(RuppLEsnogg)

40.0 30.0 200 100

50.0

170.0 180.0 1500 1400 1300 1200 110.0 1000 o0 200

180.0

190.0

2000

B0
= 5168t

—_LROTE

— 098

DERDL
A WL
SiN il

—— DLTER

— LGETS]

— MBT 0L

13C

X : parts por Million :

S59



QLM ¥

L=
i 8l m
=]
- |l
] (=]
=
L]
—
m.uo.__
=]
[ =+
=
oot A
—_— -
=]
L+]
| =
[}
i —
= =
————
=]
[ ea
(]
=
o ] °
[=]
o %2 [~ [ e
o™
..__\
Pz
N
)
o
a o
£
0 0 R0 N LAY Wt Ml Ml Ml M RAAd LA R ) ) A W) R L) M LAl Lt Ll Wl Ll L AR LA R A M Wi
UZE o0 08 09 Ok OTE 00T 08T 09T ok 0TI o001 o8 09 0k 0F I

,ﬁﬁ%"m

[ o — 0000

L

[11NY
ELT'E
[
LGS

1agL
VIEL
PhE L
COEL
AR
AN
054L
RS
GBI L
Ehe" L
HeL
i
BIYL

1H

Miillion :

. parts

X

S60



Ph
3k

I

3

100

200

L BI0ST
= L08ST

300

0.0

A BEEES

— BRLES

L OEE9L
091t
SLbid

— ECIES

1100 1000 o0.0 20O

1200

Y STigh|
TEF LT
=
./ PLGERET
|/ EOIBE]
GICEE]
LTE TR
DS O]

]

150

=]

140

0.0

— DEGTE]

1

1600

— T

18000 1700

120.0

2000

X perts per Million : 13C

£

oo

1]
DOLTHM

S61



hirgl

OMe

ol

(@)
Boo) NI
Se

oo

0t

o
=

1

=

=

o4
=

j

{=

3l

Ak

1.0

3

4.0

['al

B

o0

T T T T T T T T T T T T T T T T T T T T T T T T T T T
DEE O OD0 ST pEN ER0 EE0 TS0 0 Gl 0" BI0 LT T ST pTOETOETOTI000 M 08 07 00 '8 0°p 0°E 0°E 01 0

ATENIg

=

o — I

11|

LOEE
[6EE
GHE £
EZME
BLE
D5AE
ITLE
GELE
GELE

ELT'S
LELS
LElS
s

1H

: parts par Milliomn :

X

S62



10.0

20.0

0n0Es

- UER

300

400

30.0

1

—I1ies

0.0

EPERL

narie
GLWLL

B0 O

OMe

3l

(Boc)zN\)J\

1800 1700 160.0 150.0 140.0 1300 1200 110.0 1000 0.0

120.0

200.0

—CIFER
2 A:.mﬁ_
= sl
F P FET
R ragiel
be ol
T 1 .
' 0

DOUTHATL ¢

S63

13C

X : parts per Million :



bOrEl

() e
™

Q
(9)]
ol

OMe

o]
(Boc)zN\)J\

e

Tl
T
-
0l
—
ore
T
e —
—
oot
_

2.0

100

1.0

4.0

5.0

7.0

o0

T T T T T T T T T T T T T T T T T T T T T T T
WEE OFZE OFTE O'0E 0ral 0BT 0°LT 09T 0°ST 04T OET ELOCTT 0°00 06 008 0°F 079 0% O 06 00 01 0

AN

—

— BEIT

tars
aals
oz
e

1H

: parts per DWillion :

X

S64



DOLTHAML

¥ F=
._|
F 3 |”
£~
1
3
E =]
& -M
|
+ "u_
r
r
i
L
4 ta
w
]
r @
® F -
¢ [ @
¥
L o
| [ B
r
3
o
3 [==]
E 4
| B
- A
1 =]
Fa
E IR
L
3
[=]
1 <
IS
E 4 =
o
[a}
3 —~
——— R
]
n
i
=)
} =
b5
[=]
¥ Lo
w
a
]
[ =
| I
O | m
1
4 =
- § I8
[J) o
= = 3
(@) ™ =
d ]
@) w r -m
..__\ J
z }ie
F =
N F Fs
) r
o :
[a] L
~ h. [=]
L Y
™
a0 o b0 £n on I'n 0

0z
= 1008E

A

Y

L UEE9L
00l 14
CLpLL

. WEIES

BETRET
1551
L0 LT
TESLET
@B L]
- 65BE

= IEROE]
m/ At
[SKZET

LOGEE]

— BOETS]

— k0Ll

13C

X : parts per Williomn :

S65



I AP 115

[0E

i L1 T

(=

(=1

d —
A
1

o
— Th
=&

[0z I
—_— & 658

noe —_OELE

4.0

2006

'] = 180
= " L6i's
pls

— — L

B.O

ob

100

[IN1]3 0oz ot 0
DOUTHATL ¢

S66

X : parts per Million - 1H



abdance

0.3

n3

0.2

0.l

o)
Boc),N
(Boc) \i)J\OMe

3n

Wehindy
2000 180.0 1300 170.0 15000 150.0 1400 130.0 12000 110.0 1000 20.0 TO0 &0.0 500 40.0 300 20.0 100 1]
/ || ||
= = —EE2E = = 3 SFRgE =
B = il = wy HOEOdEs =
= = HEEE " = A Es438 0=

X perts per Million : 13C

S67




S0

0 -

LN

fre—
e

/Z/E

0re

/=

\Se
30

0]

100

4.0

50

L]

o0

T T T T T T T T T T T T T T T T T T T T T
P1E 070 0ol 08T O°L0 09T 06T 0°b1 €T 081 01T 00l oG 08 0f 0% 05 0 0e 02 01 0

AN

.

[ — o0

b &

BLOG
280G
e

—ELTL

X : parts per Million : 1H

S68



abmdance

0.3

0.2

0.1

]
|

(Boc)zN\/ﬁ\

/"

30

OMe

]

2000 1900 1800

X : parts per Million : 13C

IT0ET — =

—
L

152073

=F

LH] 1400 1300 1200 1100 1000

S69

]
[
=

1
=
L=}

00

0.0
0g v o o =]
e D M [==)
M= g ™
e e D =
00 - - e =

50.0

S2.500 T

40.0

o m—




— =
008 I.w
[=]
2
00
— =]
(i u m
Y
W
=)
=
101 o
—— L
(=]
e
=)
" i
i, m
=}
[-2]
(]
=
O o =]
) £n
"4
o
N2 ™
)
@]
= 3
T T T T T T T T T T T T T T T T T T T T T T T T
0 OEL 097 0P WET 00T 0L 091 0RO 001 0B @9 oy O0F 0
QLM ¥

—oaira

— 0yl

bars
[
Lere
e

1H

Miillion :

. parts

X

S70



Fe
[=]
Fe
(=]
|m .
i
& =
Fes
m
nd._
i
Hu.
o
e
o — L8CHS
FiE
[=]
Fe
i
_EmaL
& S O1LL
R
— 5
=)
&
=1
&
[=]
<
[=]
=)
3]
£88
o = RIS
FS = 06
@ bt
%
=1
L
o TG0EST
(=]
&
° SR ST
w ~
] = T....
o 8 -
..__\ — W“
o g
= @ = 3
S e i
B n
a o i
|m e
T T T I A X
£ o i 0

DOLTHAML

571



J 1o — oo

10

£ 8] T

e

o
=
=
o

i PET T

3

g

A
30
]
L=
i

ooe —GGUE

_JI.

4.0

Sp0s

=
0
2=
=
v

— = D= g
080G

Lt
SETL
BETL
wt GWTL
£5TL

— 0L
we _ -l

11l

T

OMe

Q

w7

10.0

0]
4 (Boc)oN \)J\
3aa
{)I:-

T LN A R A A R R A A A AR Ml M R MY M) LAY M) MY MY LA LRSS WA LAY LA M) Wi
e 00E 08T 09 0k 0ED 0L 0BT 090 01 0EL oo o 09 ok 0E I
HHILHL LY

S72

1H

: parts per Willion :

X




3aa

30.0 20.0 100

40.0

50.0

1300 1200 1100 1000 o0 200

140.0

150.0

1800

180.0 1700

180.0

200 .0

&n

DOLTHM

— 50K
— LGIED
—OLdmE

— JEETTE

—

ChEOL
A narLe
PRI LL

- EPIER

O 11
= 01671
= GER 6T

T [OEEED

— LaET5]

YA

13C

X : perts per Million :

S73



i L1

[ o, — 00

10

Me
3ab

EO°
L T

i

BEI'E

/

W

0

— e

birg

e

L

4.0

LEDS

CRPALY
< o=
1105

]

B0

.0

100

0l 0

HHILHL LY

S74

X : perts per Million : 1H



DTN E

Fe
[=]
=]
=
[=]
e
[a}
|u [=]
Fei
3 m
1
3 %
E S
[ [
W
1
s
l R
3
1
[=]
£
[ 2
F e
(=]
$ L
A
| B
FE
=
[ ]
. TS
" o
1
[ Lo
F [a}
—
3
F [
F Lo
5 2
m
1
—3 [a
£
F —
b nJu
i Lo
— XI5
]
E =]
£la
© =
=
3 —f
[ 2 ]
O \lS =9 * =
© .=
aad (a0} m
NA/_ -
— &
3) =
o &
[a0] E —
~ &
k<
L [ 5
T T T T T T
1] 1] i £ ] I"i 0

—IRI'IE
— O0EE
— O0ireg
—09E

— ITETS

— b

ChEnL
|M LI
PENLL

- GTIER

—E A
— OI0°0ET
— LEGEE]
— GOTLE]

— 00ZS]

— GO0 L

13C

X : parts per Willion :

S75



abudance
0

1801

3ac

2 =

== E / /El/3

— = = —

H_IIL* | JI ..‘._ e
1-::.-:- {}j-:' Ej-:' _j-:' &.0 3;:' 4.0 30 Jj— 5'
e N A | A N I
BEmEmomDT S 2T EZ = FEEZESsS=EF = =
MmN e — = =S =592 = e ks = =
L S MUy WT W My (52 L B I I T I I I — =

X : parts per Willion : 1H

S76




0.1 0.8

0.6

0.5

0.1 0.2 0.3

(bdance
i}

O
Boc),N
(Boc), \/J\OMe

e

Se

Me
3ac

|
]
F
]
r
J
F
3
i
b
L
k
]
3
:
3
P
J
]
3
3
j
.

it iry L o - ol et e Pyl L sl

2000 120.0 1800 170.0 160.0 150.0 140.0 130.0 120.0 110.0 1000 o0.0 200 TO.0 &0.0 0.0 40.0 30.0 20,0 10.0 0
E Z SZBE8E =22z = H 25 H3
= = EREaED e 7 = e

X : parts per Million : 13C

S77



L o — 000

Nl

1O

Qi &l

.

o

=

:

2.0
E:‘TD
e
o4 o9
[ Mo |

/el

=
f@-
[ 1]

[
= o
& 8g
o4 o4

0gE SO0

4.0

BETS
66°0 A
- =L g
§LIS

— LEE0

g
—GOrL

F)
L

Me
20

Se
Me
3ad
o0

10.0

T T T T T T T T T T T T T T
L1 I I 0 I U 1 I VAN V- VI R (1" N VI SO 11 Y 1 S VA (B 0
nSLTERL L

S78

1H

: parts per DWillion :

X



o]
(Boc)oN \;)J\OMe
N

Se
Me

3ad

Me

En

oo

| | .

DOUTHATL ¢

1700

180.0

100

0.0

40.0

0.0

1200 1100 1000 0.0 B0 O

1300

0.0

13

1600

120.0

200.0

— G 1T
PR i A

—LG0BD
—LEI'lE

— I

J— 1

L OEE9L
091°Ed
I

— SONES

Thi 8T
= str gl
TREOE]

— CTL7BE]

— LAGETST

— GOEOL

X : parts per Million : 13C

S79



(& oo

2
=
T
o

B

40

Choe
L= 1Y
Ui
aL0s

L]

T.0
o
=
o

2.0

o0

100

T T T T T T T T T
PELOLT o9r o¢T el el 0EL 070 ool e o

e
—_
1081 u
1]
st
0l
007 e,
—
e
—_—
0i'e
—_—— ————
L
f—— -
e
——
00
—
[}
=
O
() +—
L
% S~ .
ol o
z
N
°
@]
a,
T T T

T
LIS O 1 S A N R 1
DILTHEAMG Y

S80

1H

: parts per Willion :

X



3ae

P

10.0

200

1200 110.0 100.0 o00

140.0 1300

LELH]

170.0

1800

1200

200 0

I
DOLTHAML

—]

o
=7 gooag
— GROTE

— hagEs

— GAGLY

GhEDL
0arLi
BN LL
—- LLEEE

— 11921
I

— GIEEE]

— 05N

— GRATE]

— 1ia0Ll

13C

X : parts per Williomn :

S81



L]

IE

=]
fE
=

L

/

PL...._.-L — W

il

e

e

(0]
(Boc),N \_)J\ OMe
Se
OMe
3af

I

B.O

10.0

e

10

2

3.

4.0

w1y

oo

T T T T T T T T T T T T T T T T T T T T T T T T T
PeE M OECOEEOTEO0E0al CRTO LTI STO P OETOTIOTT00r 076 08 0L 09 0% 0y 0E 02 0T 0

AN

— o

—ELN]

08

AR
nwrs
ELOY

9600
= gIgo

— b1
= jayt

: parts per Dillion : 1H

X

S82



OMe
3af

10.0

200

40.0

0.0

il

120.0 110.0 100.0 00 0.0

1300

1400

0.0

170.0 180.0 5

180.0

1800

2000

£n

o

nSUTHAM

—BOLRE
— LS0EE
— bE0E

—CIEES
-
1

EpEOL
oaril
bEN LL
—- GOWER

— BoE bl
— bitall

— DET9ET

—

— e

— LEOTLI

13C

X : parts par Million :

S83



b0 Bl

100

1.0

2

4.0

TO

2.0

o0

oot
T
0oy
T
0irg
—
gt .
I
—_ -
oy
—_ .
[IL1)A
- -
-—_ -
(]
o =
M O
© (@)
o= ~- % @
(90]
T
Pz
N
)
(@]
Q
L Y Y R NRAE LY UAd AN bl Ll L Ml ) L) Il MY Ll It L) AN L) L) AR LA IS L) LA LA
POE 0°8E 098 0kE 0EE 00 OB 09T 0RL OED 0 1] nra N1 14 0

HHILHL LY

%

—
—

_
=

.Amm

[ o — 000

03K 1

LILT
A
(R
(A
AL
LIOT
RS
Thi'E
Bpa L

COLE
SOLE

LI
gers
LTS
0808

LU
LBL
171N
LI
BEd L
opl's
nire
6814
E0 L
007 L

1H

: parts per Willion :

X

S84



—ISENE
o — OEE

Fo _ RITTE

400

— OBETE
—ELESS
— hgirEs

GPERL

OMe

Se
3ag

(Boc),N \-)J\OMe

0.0 1400 130.0 1200 110.0 1000 0.0 0.0

13

1800 1700 1600

1800

X perts per Million : 13C

200 .0

3 ADD_.E
TR
— 16KES
=BT
L G
B
ERR
= LRR0ET
F  olnsl
LS comgT
FE _oseil
| :
I'o 0

DOLTHM

S85



66 L1 p
]
e ]
160
et 1
e
—_ -
0ire
G
—_-_— o
e

-
10
-

(0]
(Boc),N \i)J\OMe
Se
Cl
3ah

10.0

10

[}

=]
F o

4.0

L]

7.0

2O

o0

L0 0 Nl I W
[ BE 0 LE0 920 S0 20 EED 20 TE0° 020 Gl O 8T L10° 91O ST P T ETO T 100l 0°G 08 0L 09 08 b 0E 20T 0
nSLTERL L

[ o — 0000

—BLlT

bareg
ERI'E
I

=.ure
GINT
mmg__.m
60T
L6t
um_ﬁ_.ﬂ
BE6T

—00LE

RS
GENS
e
nas

avi
STt
=o'y

[9);

=
N (£

1H

: parts per DWillion :

X

S86



o
=
(@)
- <
o= \l% O®
ol ®
=z
N
)
o
g
T T T T T T T T T T T T T T T T T T T T T T T T T
600 LT0 S0 ETD IO G0 L0 §T0 ECD 170 600 00§00 £0°0

T T
oo roas
AOLTHPT

300 20.0 100

400

=]
W

1200 1100 100.0 0.0 200

130.0

1400

0.0

15

160.0

180.0 1700

120.0

2000

—_GELNT
90 8g
=Bl 6T

— LETES

—10res

ER D)
A 007 Li
L LL

- BSTER

-~ SOEET
—=1LEGE]
-~ [ GEE]
- CEE]

— DEEL

— TREDLT

13C

X parts per Million :

S87



fifi L1

Br
3ai

e

IS

/5 /%

f

e

[ o — 000D

1.0

— BN

A

- -N;_.H

WTT
T
= SINE

Ag_a
il
706z
o mm 0%
6662

—0rE

4.0

PEOS

AT
i T
a0y

__EWEL
— BREL

L]

o0

10.0

T
ok

0
AN

1H

: parts per DWillion :

X

S88



=l
[=]
=
=1
[
(2]
—GELHT
g —W
Fo —E00TE
[=]
F
=
Feo
W BIKES
o — OIS
Fia
[=]
=
shEaL
o 00T
S NGIRLL
— LOCER
e
3
[=]
g
[=]
S
=]
PR TEETI
S EELEC]
M GLEEE
— BEEHET
nﬂ_
5
nuu.
FR _ cpaisl
(=]
FG
nu._
) be el
M ~
o © ) o = “q._._
/ ) ™ Fe o
NN N} — W.
‘v £
= o E
2 g A
B n
(12} . ]
= o
8 )

T T T T T T T T T T
E0 GE0 L0 ST0 ET0 TE0 al'n Ll

T T T
nosrn Er

T T T T T T T T T T T T
o 1ro arg Lo S0 eoo TotooTon:
DOLTHAML

S89



AOLTEmg #

=
El'RI .hu
L=
0o ™
Y
0i'e
r.JI.I,l.l.Ir.
(=]
L
0ire
1Le=
[ =r
0o
T o -ﬂ
[=]
[
=
i
o
T
.J.I.Ir
Hebh,
=]
(=]
T
[}
s O
O L
. n
0= -3 T
™
wnl
=z
N
)
o
m S
= £
T T T T T T T T T T
"1 0 s 0 e s o e e ol I

Go1'g
POEE

<

J
L

w

Lo — 0000

a8
EBT'E

1)
Lol
GIE
{1158
b0g g
1288

AMLE

Bl b
(e’
s
EI0G

A
LLEL
bLEL
EGE'L
oElL
I
E0LL
ETLL
[T

: parts par Million : 1H

X

S90



CF3

3aj

0
(HLppLosno)

10.0

200

0.0

50.0

0.0

120.0 1100 1000 o0 20O

130.0

140.0

LELH]

13

170.0 1600

1800

120.0

200.0

_
SR
—TE0TE

—GRETES

— 1Y

aEga;
AE_ L
ST

T ILIER

G EEI

0T ETI
M UARTY
T LETET
— BIEEEI

LOETEL
|Mm_“___._m._
I/ [ETTED

EOT 5T

— LOETTE]

— MBTOLT

13C

X : perts per Wlilliom :

S91



E0el

Ph
3ak

=]
=

/2/

=
=
o4

/

e

|'

100

10

0

30

40

5.0

7.0

B0

oo

0l 0
DILTHEAMG Y

[ o — 000

— BT

WLT
-\ w72
wre
T
= GheE
S Lrr
apsg
o EC6T
9057
61617

—G0rE

Ga0g
EBOG
[Gire
hars

19g L
[EEL
BhEL
80E°L
BRIV L
GEY L
LA L
L0 L
CLWE
A
I
1550
2
L
4

1H

: parts per Willion :

X

S92



OMe

Se

e

o]
(Boc),N \)J\

Ph
3ak

LA A R R AR A AR A A AR MMM Nl M) M M Rl NARY M) MR nAd MY Ml MR M) Mkl M) LAY LA WA s
[E0 60 LT0 ST0 ET0 10 o0 L0 S0 EFO 100 a0 L0 SO0 E0O 1000 1O

DOLTHM

120.0 1100 1000

1300

1400

0.0

15

1700 1600

180.0

1200

200 0

— [0
— DLOET
— LET'TE

— BE'IS

— hTOES

chgy
A 091'LL
SLbil

- 0IVER

0Ll

AT i
S E06 421
)ﬂ COF L]
|/ TG 8L

9T EE]
LIT0KI

=
I/ il

— 00ZS]

— fG 0L

13C

X : perts per Million :

S93



abiodance

0
(Boc),N \)J\

OMe

Se

3al

50 60 TO B0 9.0 100 110 120 13.0 140 150 16.0 170 18.0
1 I h | | 1 1 1 1 1 1 1 L 1

4.0
|

1.0 20 30
| | i

il

18.00

100 o0 LX) 0 &0 40

I}
T
1]
[yl THMoOM—T—owoE o M= 0= = m - =] r"\-\;h;-\.r"\-\;h .,-..,-.D
=] "“—Dﬂ-mhuﬁfg—ﬂ-oﬂ\:ﬂ:ﬁ [ =) [ Eqw —G-
mm e R LT o B B B R By 2299 a Goo MEEEE
o e e e e e e e e e e e e w NN T m ol od NNNNNNNNN

X : parts per Million : 1H

S94

-0.000—— =



0
(Boc)oN \)J\

OMe

wa

Se

3al

T T
[E'D G20

T T T T T T T T T T T T T T T T T T T T T T T T T T
L0 ST0 ET0 10 sl L0 Sra o 1Ta G0 oo S0000 E0r0 100 Tor0-

DTN E

30.0 20.0 10,0

40.0

500

0.0 200

1000

1200 110.0

1300

1800

1800

2000

— L9
—LR0ED
— GLOTE

)

— Ciires

ChEDL
|M narLe
PRI L1

—--EhIER

106521
10E 971
651 9T
§Ou T
= ezl
A EELSEI
NI
LEVZET
./n_ﬂ_ PET
SR BET

— SIS

— 19&0L1

13C

X : parts per Willion :

S95



Abwdance

I

OMe

0O
(Boc)zN\_)J\

1800

X : parts par Million : 1H

S96

3am
] [5
e
T T T T T T T T T T
100 o0 20 T &.0 5.0 40 30 2. 10 [1]




OMe
O

3am

wa

0O
(Boc)zN\)J\

T T T T T T T T T T T T T T T T T T T T T T T
ECOEE0TE0 T0 GUOBI0LTO9T0STOPIOETOEIOTI0 10 G0 8070 LOOS00 SO0 prOEXD 00 100 don-
DOLTHM

300 200 10.0

40.0

[ e
Wy

1700 1600 150.0 1400 130.0 1200 1100 100.0 0.0 200 ™o 0.0

180.0

1800

2000

— B
— OLiret
—9IIE

— mETE

—Lhiras

Y
LU
18 LL
—-0[5Es

ZRIE]

Gh T
60E LT
0% {71
S ORTREI
S (8T
u/mm__. I¢]
/Gm..mm_

ECOTPEL

— ShrEsd

— 086011

13C

X : perts per Million :

S97



[ o — 0000

00€ .
= , =ag

1::1
/
=
=
=

60z w

48l R =

W'Y . T AL

0
o
=
ol
o

[ LOTE

e — 12l

40

e
L Aee
- L TENG
apIrs

=
]

— —BITL

B.O

OMe

(@]
(Boc)oN \)J\
Se
3an
{_J-I:l

I I I I 1 1 I I I I I I I I I I I I 1 1 I I I I I I 1
DL SESEN pEOEED CED TE0 L0 6T 0BT LT 9T ST PIDETOETOTIO0N g 008 0°f 09 0% 0 0 0 07 0
LN

S98

1H

partz par Willion :

M




3an

Sy

130.0 120.0 1100 1000 0.0 200

140.0

1500

1800 1700 1800

120.0

2000

I
DOLTHM

— LILE]

SII0E
LHET
= GRLET
__SIrE
CIETE
113

— s

—BhrEe

L ShE9L
09l £
baKLL

—. LLEES

— CB0Esl

—EEI'TLI

X perts per Million : 13C

S99



HHILHL LY

| =
e
|.I.|.|,|.I.Ir..
100z
SiIE
=
i
.,I.Jl,.lr |n1”“
101
-
o
~n
£l
et o
L2
g3 ]
=)
[
i fl =)
- = T
=]
L=]
=
L&
L=
&
(]
=
@]
l/\ ~3
(@) n o
v %Oa
P4
N
)
o
om
~ =]
[=
T T T T T T T T T T T T T T T T T
L B 1 A T 4 1 S VT 1~ | R V1 A ("N V1N L | S | A (| 0

p— T

YA
CLE
BT
[EE']
= BEE
—L0&T

=TT
u— L |
oMt
18T
| T
6T
26T
®6'T
T

—GILE

2o
o
nEms
EEDS

—DITL

1H

: parts per Willion :

X

S100



3ao

A AN RARA) AR RARMS RRAR | ~
o ko 00 0

DOLTHAME

50.0 40.0 30.0 20.0 10.0

&0.0

150.0 140.0 130.0 120.0 110.0 1000 on.0 B0.O 0.0

160.0

0.0

1

180.0

120.0

2000

(sl
= 168

M L6
1L0°8E
=gz
L WEIE

s
RNTR

T GENEE

— BT

—BREES

_ koL
LOTLL
CE LL

— PEE'ER

— Oprgs]

— LET'LI

13C

X : parts per Willion :

5101



el

OMe

(Boc)zN\)J\

WA

3ap

10

A

e

10

20

4.0

Wy

2.0

o0

10.0

e

L

oo

e

oy

e

g

0l

0
HHILHL LY

— I

— BB

961
-\ Lfg
ELNT
18K
=it
5T
Al

615"
A

__EILE

——GLLE

OEGp
G
al0's
s

Lalrs
Bi0E L
BITL
LT
BOT L
ST
LRTL

1H

: parts per Willion :

X

5102



3ap

En

&

a
DOLTHM

=]
[=]

5

A 4
A 0L

a0'sE
o =L v

o g
[=]

F
[=]

N e

o — I
]

[=]

=
0ER0f
AJAmea
P NGkl
— 19£'E8

[=]

&

g

[=]

=
=1

=]

o

8L
o = 68
be T G sl

m —LRTHEI
=)

[
KT
=
[=]

m —BEOTLT
) U

5 i

B
) =

[ e gl
S
nﬂ.u. n

W

5103



HEINHE I

T
4
0181
(=]
&
[=]
&
(=]
| =+
a0
—_ 1%
001
=) -
W
i
B
__m.m
=]
[ ea
()
=
o
3 £
~ &
> O
(=]
e) O« [ e
I
=z
N
)
(@]
Q a.
=
T T T T T T T T T T T T T
el el ol (L]} on s ol [OR] oy 0 0e oL ol 0

— o

— ST

BT
ENTE
LIRS
LTIy
LEDE
Bp0E

%
143
8rE

_ o
roog

5 Jocoe
DLE
CILE
1933
ELE

ST
LAY
U

Mee
BICG
Ppse

—bBL

AN
1T
DRLL
oL L
EDF L
[LEL
CLEL
ESEL

1H

Nlillion :

: parts

X

5104



o

|
M

naLHM

=]
[=]
&
=]
(2]
B9GP
R
L2 S e
E—
n-.,._
g
—alE o
[=]
CRNT, 0 41
— 081
nl..u. d
S — ez
=]
=]
i~
ChE 0L
o %8_:
a8 FEFLL
— UE1VE
[=]
Fa
[=]
E
[=]
=
[=]
=)
o
— GLGETI
m — BEDEEI
= EELUBE
= 816l
=]
g
e
PR 80EIST
[=]
FE __opion
(88 00|
& = geriol
N o A
= 3
5 0
8
o =
-m Myﬁ._r
uuu. o
o

5105



90 8l

E0p

il

100

10

[=]
(a1}

4.0

A A\jﬁx%ﬁ\fﬁﬁﬁ’

iy

L]

-0

2.0

o0

£
-
ZIE
m_m..TII|H.
0 <
0ol
-—_— x
e
—_—
EOE
——
()
=
MW/A\HN
|Te]
..__
=z
N
)
@]
)
T T T T T T T T T T T T T T T
s ol 0ET 0ET o 01T oor o o 08 0L 09 0% oh g 0 0l 0

HEINHE I

[ o o000

1

i
e
i
1661
0z
otz
oz

BRE'E
CLEE
[BEE
bObE
BETE
QeTE
OLTE
[GE
ITLE
[LED
CRE'D
SOETp
PO

[ETS
LR
PetE
2ars

i
EETL
The
9T £

=.Litt

Y

=gt

1H

Blitlion :

: pErts

X

5106



1000

20.0

CI61E
—"BEGIT
o = wrE

Fe T T

=]
2

U

500

— BOETE

_~Bhas
—— (gL

0.0

N 2.8

200

110.0 1000 0.0

1200

1300

1000 1BD.D 1700 1600 150.0 1400

200.0

X : parts per Million : 13C

L SOl
FS ol
— e
05 471
o =7 L6
I
—.. CLETE]
Fin — (BRTSI
SN 1117
v
T
I'o 0

DOUTEPTI

5107



bii' L

b=

]
=

ne

160

e

01

o}
OMe
S
=
X
Rac-3a

(Boc),N

e

1.0

3

40

BED

o0

0G0 06 0'2 012 0'GE 061 081 21 0 061 VWL OEY 020 0L 00 06 0% 0F 09 0% 0b 0F 07 01 0

AOLEPLIE

]

— LOr1

CPE'E
HIE'E
BLEE
T I
ae
LLTE

BOTE
8lLE

nere
GETE

Eare

L
ML
ML
beT L
CLTL
A
8L
DECL
DpeL

:parts per hiillion : 1H

-

5108



atnmdanee

0]

=1 (Boc),N

0.5

0

03

0.1

OMe

Rac-3a

————

e

2200 2100 2000 1900

X ioare per Million - 15C

1800 1700

IT451—

1&0.0 1500

151 88T

1400 1

133075~

T
I

=
=
=1
oy

L]

120.0

W

[26.204
127 326

1100

S109

1000

0.0

in
=k

52556

400

I e =]

-___H—U

28.004

0.0

100



