Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2016

Supporting Information

Brgnsted Base-Catalyzed Three-Component Coupling Reaction
of a-Ketoesters, Imines, and Diethyl Phosphite

Utilizing [1,2]-Phospha-Brook Rearrangement

*ab

Azusa Kondoh? and Masahiro Terada

?Research and Analytical Center for Giant Molecules, Graduate School of Science Tohoku
University, Sendai 980-8578, Japan

® Department of Chemistry, Graduate School of Science, Tohoku University,
Sendai 980-8578, Japan

Contents

General Information S1
Experimental Procedure S2
Analytical Data S4

'H NMR and "*C NMR Spectra of 1 -9 S17



General Information

Unless otherwise noted, the reactions were carried out with dried glassware under argon atmosphere. For the title
three-component coupling reaction, a 10-mL test tube (16x100 mm) was used. "H NMR spectra were recorded on
a JEOL JNM-ECAG600 (600 MHz) spectrometer. Chemical shifts are reported in ppm from the solvent resonance or
tetramethylsilane (TMS) as the internal standard (CDCls: 7.26 ppm, TMS: 0.00 ppm). Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet), coupling
constants (Hz) and integration. *C NMR spectra were recorded on a JEOL JNM-ECA600 (150 MHz) spectrometer
with complete proton decoupling. Chemical shifts are reported in ppm from the solvent resonance as the internal
standard (CDCIs). **P NMR spectra were recorded on a JEOL JNM-ECA600 (243 MHz) spectrometer with
complete proton decoupling. Chemical shifts are reported in ppm with 85% H3PO, solution as an external standard
(0.0 ppm in CDCIs). Analytical thin layer chromatography (TLC) was performed on Merck precoated TLC plates
(silica gel 60 GF,s4, 0.25 mm). Flash column chromatography was performed on silica gel 60N (spherical, neutral,
40-50 um; Kanto Chemical Co., Inc.). High resolution mass spectra analysis was performed on a Bruker Daltonics
solarixX 9.4T FT-ICR-MS spectrometer at the Instrumental Analysis Center for Chemistry, Graduate School of
Science, Tohoku University.

Materials: Unless otherwise noted, materials were purchased from Wako Pure Chemical Industries, Ltd., Tokyo
Chemical Industry Co., LTD., Aldrich Inc., and other commercial suppliers and were used without purification.
Dichloromethane, tetrahydrofuran and toluene were supplied from Kanto Chemical Co., Inc. as “Dehydrated
solvent system”. Other solvents were purchased from commercial suppliers as dehydrated solvents, and used under

argon atmosphere.
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Experimental Procedure

Procedure for Preparation of a-Ketoesters 1.
Synthesis of 1d is representative.

Synthesis of S1.

F F F
/©/ Mg (1.2 eq.) Q/ (COLE), (1.0 eq.)
—_— _—_—
THF BrMg THF, 78 Ctort  -102C

Br 1.1 eq.
O s1

A solution of 1-Bromo-4-fluorobenzene (0.96 g, 5.5 mmol) in THF (5.0 mL) was added dropwise to a mixture of
magnesium (0.15 g, 6.0 mmol), dibromoethane (17 puL, 0.20 mmol) and THF (1.0 mL), and the resulting mixture
was stirred at room temperature for 1 h. The solution of aryl Grignard reagent in THF thus prepared was then added
dropwise to a solution of diethyl oxalate (0.73 g, 5.0 mmol) in THF (10 mL) at —78 °C over 1 h by using a syringe
pump. The resulting solution was stirred at that temperature for 2 h and then warmed up to room temperature. After
reached room temperature, the reaction was quenched with sat. ag. NaHCO3, and the product was extracted with
AcOEt. The combined organic layer was washed with brine, dried over Na,SO,4 and evaporated. The crude product
was purified by silica gel column chromatography (hexane/AcOEt = 20:1) to afford S1 (0.74 g, 3.8 mmol, 76%) as

a colorless oil.
Synthesis of 1d.

1) ¢l
CIJ\O/ (1.1eq.)

F F F
NaOH aq.
EtOZC\'(©/ _ePnag HOZCY©/ CH:Cly Bnoch/
2) BnOH (1.1 eq.)

o s1 O 82 Et;N (2.5 eq.) O 2d
cat. DMAP

The mixture of S1 (0.74 g, 3.8 mmol) and ag. NaOH (1.0 M, 7.0 mL) was stirred at room temperature for 1 h. The
mixture was then carefully acidified with sat. ag. KHSO,. The product was extracted with AcOEt and the combined
organic layer was washed with brine, dried over Na,SO, and evaporated to provide S2 (0.61 g, 3.6 mmol, 95%).
This material was used without purification in the next step.

To a solution of S2 (0.61 g, 3.6 mmol) in CH,ClI, was added dichloromethyl methyl ether (0.46 g, 4.0 mmol) and
the mixture was stirred at room temperature for 4 h. The mixture was then cooled to 0 °C, and EtzN (0.91 g, 9.0
mmol), a catalytic amount of DMAP and benzyl alcohol (0.43 g, 4.0 mmol) were sequentially added. The resulting
mixture was allowed to warm to room temperature and stirred for 17 h. The reaction was quenched with H,0, and
the product was extracted with CH,Cl,. The combined organic layer was washed with brine, dried over Na,SO, and
evaporated. The crude product was purified by silica gel column chromatography (hexane/AcOEt = 20:1) to afford
2d (0.87 g, 3.4 mmol, 93%) as a colorless oil.
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The NMR spectrum data of all of a-ketoesters 1 were matched with those in the literature.>

General procedure for three-component coupling reaction of a-ketoesters, imines and diethyl phosphite.

9 Ts
1 Ts HP(OEt); 3 (1.1 eq.) HN
BnOzCTR N~ tBuONa (10 mol%) BnO,C R?
+
0 4 RzJ\H 2 THF,-20°C,14h (Et0),PO" R!
1.1 eq. 0 4

The reaction of 1c, 2a and 3 is representative.

To a solution of 1laa (28 mg, 0.10 mmol), 2¢ (29 mg, 0.11 mmol), and diethyl phosphite (3, 14 ul, 0.11 mmol) in
THF (1.0 mL) was added a solution of tBuONa in THF (2.0 M, 5.0 pL, 0.010 mmol) at —20 °C. The resulting
mixture was stirred at that temperature for 14 h. The reaction was then quenched with sat. ag. NH,CI, and the
product was extracted with AcOEt. The combined organic layer was dried over Na,SO, and evaporated. The
purification of the crude mixture by column chromatography (hexane/AcOEt = 1:1) provided a mixture of 4ca and
5c. Further purification by using preparative HPLC afforded pure 4ca (55 mg, 0.082 mmol, 82%) as a colorless oil.

General procedure for three-component coupling reaction of a-ketoesters, B-nitrostyrenes and diethyl

phosphite.
Q
HP(OEt), 3 (1.1 eq.) Ar
BnO,C.__Ph i 9
2 \H/ . Ar\/\NO2 tBuOLi (10 mol%) BnO,C NO,
O 1a 8 1,4-dioxane, rt, 14 h  (EtO0),PO Ph

o} 9

The reaction of 1a, 7a and 3 is representative.

To a solution of 1a (24 mg, 0.10 mmol), 7a (30 mg, 0.20 mmol), and diethyl phosphite (3, 14 ul, 0.11 mmol) in
1,4-dioxane (1.0 mL) was added a solution of tBuOLi in THF (2.0 M, 5.0 uL, 0.010 mmol) at room temperature.
The resulting mixture was stirred at that temperature for 14 h. The reaction was then quenched with sat. aq. NH4CI,
and the product was extracted with AcOEt. The combined organic layer was dried over Na,SO,4 and evaporated.
The residue was purified by silica-gel column chromatography (hexane/AcOEt = 1:1) to provide a major

diastereomer of 8aa (31 mg, 0.059 mmol, 59%) as a pale yellow solid.

1 (@) S.-S. Weng, M.-W. Shen, J.-Q. Kao, Y. S. Munot and C.-T. Chen, Proc. Natl. Acad. Sci., 2006, 103,
3522-3527; (b) C. J. Roxburgh, C. R. Ganellin and A. J. Thorpe, Synlett, 2007, 1211-1214; (c) H.-F. Duan, J.-H.
Xie, X.-C. Qiao, L.-X. Wang and Q.-L. Zhou, Angew. Chem. Int. Ed., 2008, 47, 4351-4353; (d) W. Raimondi, O.
Baslé, T. Coustantieux, D. Bonne and J. Rodriguez, Adv. Synth. Catal., 2012, 354, 563-568; (¢) P. Gu, X.-P. Wu, Y.
Su, X.-Q. Li, P. Xue and R. Li, Synlett, 2014, 25, 535-538; (f) S. Battula, N. Battini, D. Singh, Q. N. Ahmed, Org.
Biomol. Chem., 2015, 13, 8637-8641.

S3



Analytical Data

The analytical data of 4aa, 4ac, 4ad, 4ae, and 5a were reported in our previous work.>> The NMR spectrum data

of 6a were matched with those in the literature.>

Benzyl 2-diethoxyphosphoryloxy-2,3-diphenyl-3-(N-tosylamino)propionate (4aa):
un-TS  diastereomixture.

B”OZC)}ph 'H NMR (600 MHz, CDCl5) major diastereomer: & 1.12 (td, J = 7.2, 1.2 Hz, 3H), 1.21 (td, J =
(Eto)zgo o 7.2,1.2 Hz, 3H), 2.64 (s, 3H), 3.79 (ddq, J = 9.6, 7.2, 7.2 Hz, 1H), 3.86 (ddq, J = 9.6, 7.2, 7.2 Hz,
1H), 4.03-4.15 (m, 2H), 5.21 (d, J = 12.0 Hz, 1H), 5.33 (d, J = 12.0 Hz, 1H), 5.51 (d, J = 9.0 Hz, 1H), 6.76 (d, J =
7.2 Hz, 2H), 6.85 (dd, J = 7.8, 7.8 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.99 (t, J = 7.2 Hz, 1H), 7.20 (dd, J = 7.8, 7.2
Hz, 2H), 7.23-7.40 (m, 10H), 7.66 (d, J = 7.8 Hz, 1H); minor diastereomer: 6 1.05 (td, J = 7.2, 0.60 Hz, 3H), 1.16
(td, J=7.2, 1.2 Hz, 3H), 2.23 (s, 3H), 3.65-3.73 (m, 1H), 3.93-4.03 (m, 3H), 4.90 (d, J = 12.0 Hz, 1H), 4.96 (d, J =
12.0 Hz, 1H), 5.58 (d, J = 10.2 Hz, 1H), 6.86 (d, J = 7.8 Hz, 2H), 6.90 (dd, J = 8.4, 7.2 Hz, 2H), 6.97-7.04 (m, 4H),
7.18-7.40 (m, 9H), 7.61 (d, J = 10.2 Hz, 1H), 7.69-7.73 (m, 2H); *C NMR (150 MHz, CDCl5) major diastereomer:
6158 (d,J=7.2 Hz),159 (d, J=7.2 Hz), 21.3, 63.8 (d, J = 7.2 Hz), 64.3, 65.0 (d, J = 5.7 Hz), 68.7, 90.9 (d, J =
7.2 Hz), 126.4, 126.7, 127.1, 127.3, 128.1, 128.4, 128.5, 128.72, 128.77, 128.85 (2C), 134.0, 134.5, 135.6 (d, J =
7.1 Hz), 138.3, 142.3, 168.3; minor diastereomer: 6 15.68 (d, J= 7.2 Hz), 15.73 (d, J = 8.7 Hz), 21.2, 61.7, 64.5 (d,
J = 5.7 Hz), 64.8 (d, J = 5.7 Hz), 67.8, 89.4 (d, J = 7.2 Hz), 126.6, 127.56, 127.58, 127.9, 128.1, 128.2, 128.3,
128.4, 128.8, 129.0, 129.2, 134.4 (2C), 135.1, 137.9, 142.2, 167.7 (d, J = 10.1 Hz); **P NMR (243 MHz, CDCls)

major diastereomer: & —4.77; minor diastereomer: & —4.83; m.p. major diastereomer: 137.0-138.0 °C.

Benzyl 2-diethoxyphosphoryloxy-2-(4-methoxyphenyl)-3-phenyl-3-(N-tosylamino)propionate (4ba):
N TS diastereomixture.

BnOCy o 'H NMR (600 MHz, CDCI;) major diastereomer: §1.08 (td, J = 7.2, 1.2 Hz, 3H), 1.16 (td, J =
(E‘O>2g° A 7212 Hz, 3H), 2.24 (s, 3H), 3.67-3.83 (m, 2H), 3.83 (s, 3H), 3.91-4.10 (m, 2H), 4.88 (d, J =
Ar=4-MeO-CeHy 12,0 Hz, 1H), 4.95 (d, J = 12.0 Hz, 1H), 557 (d, J = 9.6 Hz, 1H), 6.72 (d, J = 9.0 Hz, 2H),
6.84-7.40 (m, 15H), 7.66 (d, J = 9.0 Hz, 2H); minor diastereomer: §1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.20 (td, J = 7.2,
1.2 Hz, 3H), 2.27 (s, 3H), 3.67-3.83 (m, 2H), 3.76 (s, 3H), 3.91-4.10 (m, 2H), 5.19 (d, J = 12.0 Hz, 1H), 5.31 (d, J
= 12.0 Hz, 1H), 5.47 (d, J = 9.0 Hz, 1H), 6.80 (d, J = 7.2 Hz, 2H), 6.84-7.40 (m, 14H), 7.48 (d, J = 6.0 Hz, 1H),
7.64 (d, J = 10.2 Hz, 2H); *C NMR (150 MHz, CDCl3) §15.8 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2
Hz), 21.26, 21.30, 55.2, 55.3, 61.6, 63.7, 64.2 (d, J = 2.9 Hz), 64.5 (d, J = 7.2 Hz), 64.8 (d, J = 5.9 Hz), 67.8, 68.7,
89.3 (d, J =7.2 Hz), 90.5 (d, J = 7.2 Hz), 113.36, 113.38, 126.6, 126.7, 127.1, 127.2, 127.3, 127.37, 127.42, 127.6,
128.1, 128.2, 128.3, 128.4, 128.46, 128.48, 128.76, 128.78, 128.86, 128.91, 129.1, 129.5, 134.2, 134.46, 134.52,
137.9, 138.2, 142.2, 142.3, 159.8, 160.0, 167.9 (d, J = 11.4 Hz), 168.6; *P NMR (243 MHz, CDCl;) major
diastereomer: 6 —4.8; minor diastereomer: & —5.0; IR (ATR): 3144, 3065, 3033, 2983, 2932, 2910, 1758, 1609,
1514, 1456, 1334, 1254, 1183, 1160, 1027 cm™; HRMS (ESI) Calcd for C3,H3sNOgPS [M+Na]* 690.1897, Found

2 A, Kondoh and M. Terada, Org. Chem. Front., 2015, 2, 801-805.
% R. Fan, D. Pu, F. Wen and J. Wu, J. Org. Chem., 2007, 72, 8994-8997.
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690.1897.

Benzyl 2-(4-chlorophenyl)-2-diethoxyphosphoryloxy-3-phenyl-3-(N-tosylamino)propionate (4ca):
- TS diastereomixture.
%Ph 'H NMR (600 MHz, CDCl5) major diastereomer: §1.10 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz,
(E‘C”zgo AT 3H), 2.28 (s, 3H), 3.75-3.88 (m, 2H), 4.00-4.13 (m, 2H), 5.20 (d, J = 12.0 Hz, 1H), 5.32 (d, J =
Ar=4-C-CeHys 12,0 Hz, 1H), 5.40 (d, J = 9.0 Hz, 1H), 6.79 (d, J = 7.2 Hz, 2H), 6.90 (dd, J = 7.8, 7.8 Hz, 2H),
6.95 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 9.0 Hz, 2H), 6.98-7.40 (m, 10H), 7.46 (d, J = 9.0 Hz, 1H); minor
diastereomer: §1.08 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.2 Hz, 3H), 2.25 (s, 3H), 3.73-3.88 (m, 1H), 3.92-4.13 (m,
3H), 4.91 (d, J = 12.0 Hz, 1H), 4.97 (d, J = 12.0 Hz, 1H), 5.47 (d, J = 9.6 Hz, 1H), 6.85-7.38 (m, 17H), 7.64 (d, J =
9.0 Hz, 2H); **C NMR (150 MHz, CDCl;) major diastereomer: &15.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.3,
63.9 (d, J =5.9 Hz), 64.3, 64.9 (d, J = 5.7 Hz), 68.9, 90.1 (d, J = 7.2 Hz), 126.7, 127.3, 127.5, 128.0, 128.2, 128.5,
128.6, 128.7, 128.9, 129.0, 133.9, 134.2, 134.3, 134.9, 138.1, 142.5, 168.0; minor diastereomer: §15.7 (d, J = 7.1
Hz), 15.8 (d, J = 7.1 Hz), 21.3, 62.1, 64.5 (d, J = 7.2 Hz), 64.9 (d, J = 6.4 Hz), 68.1, 89.0 (d, J = 5.7 Hz), 126.6,
127.7,127.8, 128.2, 128.40, 128.44, 128.5, 128.9, 129.0, 129.4, 133.8, 134.2, 134.3, 135.1, 137.6, 142.5, 168.0; *'P
NMR (243 MHz, CDCI3) major diastereomer: 6 —4.81; minor diastereomer: 6 —4.83; IR (ATR): 3151, 3065, 3033,
2985, 2930, 2909, 1758, 1598, 1494, 1456, 1335, 1243, 1160, 1092, 1027, 984 cm™; HRMS (ESI) Calcd for
Ca3H3sCINOgPS [M+Na]* 694.1402, Found 694.1401.

BnO,C

Benzyl 2-diethoxyphosphoryloxy-2-(4-fluorophenyl)-3-phenyl-3-(N-tosylamino)propionate (4da):

i TS diastereomixture.

) 'H NMR (600 MHz, CDCls3) major diastereomer: §1.11 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz,
(E‘°>zg° A 3H), 227 (s, 3H), 3.24-3.88 (m, 2H), 3.92-4.13 (m, 2H), 5.20 (d, J = 12.0 Hz, 1H), 5.32 (d, J =

Ar=4-F-CeHs 120 Hz, 1H), 5.42 (d, J = 9.0 Hz, 1H), 6.77 (d, J = 7.2 Hz, 2H), 6.83-7.40 (m, 16H), 7.47 (d, J =

9.0 Hz, 1H); minor diastereomer: ¢ 1.08 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.2 Hz, 3H), 2.24 (s, 3H), 3.24-3.88 (m,
1H), 3.92-4.13 (m, 3H), 4.90 (d, J = 12.0 Hz, 1H), 4.96 (d, J = 12.0 Hz, 1H), 5.51 (d, J = 9.6 Hz, 1H), 6.83-7.40 (m,
16H), 7.47 (d, J = 9.6 Hz, 1H), 7.69-7.73 (m, 2H); *C NMR (150 MHz, CDCl;) major diastereomer: §15.8 (d, J =
7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.3, 63.9 (d, J = 5.7 Hz), 64.4, 64.9 (d, J = 7.2 Hz), 68.9, 90.2 (d, J = 7.2 Hz), 115.0
(d, J=21.6 Hz), 126.7, 127.3, 127.5, 128.5, 128.60 (d, J = 7.7 Hz), 128.62, 128.7, 128.9, 129.0, 131.4 (d, J = 4.4
Hz), 133.9, 134.3, 138.2, 142.4, 162.7 (d, J = 247.1 Hz), 168.2; minor diastereomer: 6 15.8 (d, J = 5.7 Hz, 2C),
21.3,61.9,64.6 (d,J=7.2 Hz), 64.9 (d, J =7.2 Hz), 68.0, 88.9 (d, J = 7.2 Hz), 115.0 (d, J = 21.6 Hz), 126.6, 127.7,
127.8, 128.3, 128.4, 128.6, 128.8, 129.1, 130.1 (d, J = 8.6 Hz), 131.1, 134.2, 134.3, 137.7, 142.4, 162.9 (d, J =
248.6 Hz), 167.6 (d, J = 11.6 Hz); *'P NMR (243 MHz, CDCl;) major diastereomer: 5 —4.8; minor diastereomer: &
-4.9; IR (ATR): 3134, 3066, 3033, 2984, 2931, 1758, 1602, 1509, 1456, 1335, 1240, 1162, 1092, 1031, 987 cm™;
HRMS (ESI) Calcd for Cs3H3sFNOgPS [M+Na]* 678.1697, Found 678.1697.

E;nozc:))\F,h
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Benzyl 2-diethoxyphosphoryloxy-2-(3-methoxyphenyl)-3-phenyl-3-(N-tosylamino)propionate (4ea):

1o diastereomixture.
HN™

Bnoc, A 'H NMR (600 MHz, CDCI;) major diastereomer: §1.13 (td, J = 7.2, 0.60 Hz, 3H), 1.22 (t, J =

(EtO),PO “Ar 7.2 Hz, 3H), 2.26 (s, 3H), 3.56 (s, 3H), 3.77-3.91 (m, 2H), 4.05-4.18 (m, 2H), 5.21 (d, J = 12.0
Ar= ??—MeO-CBH4 Hz, 1H), 5.37 (d, J = 12.0 Hz, 1H), 5.48 (d, J = 9.0 Hz, 1H), 6.74-7.40 (m, 18H), 7.65 (d, J = 9.0
Hz, 1H); minor diastereomer: 6 1.08 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.2 Hz, 3H), 2.23 (s, 3H), 3.70-3.80 (m, 1H),
3.77 (s, 3H), 3.93-4.02 (m, 3H), 4.91 (d, J = 12.0 Hz, 1H), 4.97 (d, J = 12.0 Hz, 1H), 5.57 (d, J = 10.2 Hz, 1H),
6.74-7.40 (m, 18H), 7.62 (d, J = 10.2 Hz, 1H); *C NMR (150 MHz, CDCl;) major diastereomer: 515.8 (d, J = 7.1
Hz), 15.9 (d, J = 8.7 Hz), 21.3, 55.0, 63.9 (d, J = 7.2 Hz), 64.4, 65.0 (d, J = 5.7 Hz), 68.7, 90.8 (d, J = 7.2 Hz),
111.9, 114.7, 118.7, 126.7, 127.1, 127.3, 128.46, 128.49, 128.7, 128.8, 128.9, 129.0, 134.0, 134.5, 137.1 (d, J = 8.7
Hz), 138.3, 142.3, 159.1, 168.1; minor diastereomer: 6 15.7 (d, J = 8.6 Hz), 15.8 (d, J = 7.1 Hz), 21.2, 55.4, 61.8,
64.5 (d, J = 7.2 Hz), 64.9 (d, J = 5.7 Hz), 67.8, 89.4 (d, J = 5.9 Hz), 112.9, 115.6, 120.2, 126.6, 127.58, 127.60,
128.2, 128.3, 128.4, 128.8, 129.0, 129.1, 134.40, 134.44, 136.5, 137.8, 142.2, 159.3, 167.6 (d, J = 10.2 Hz); *'P
NMR (243 MHz, CDCIl3) major diastereomer: & —4.8; minor diastereomer: 6 —4.9; IR (ATR): 3145, 3065, 3033,
2985, 2940, 2908, 1757, 1601, 1586, 1494, 1455, 1334, 1249, 1159, 1092, 1027, 976 cm™; HRMS (ESI) Calcd for

CasH3sNOgPS [M+Na]* 690.1897, Found 690.1897.

Benzyl 2-diethoxyphosphoryloxy-2-(2-methylphenyl)-3-phenyl-3-(N-tosylamino)propionate (4fa):
_Ts major diastereomer: white solid.
Ao "HNMR (600 MHz, CDCl3) §0.91 (¢, J = 7.2 Hz, 3H), 1.14 (t, J = 7.2 Hz, 3H), 2.04 (5, 3H), 2.23
(Etobgo AT (s, 3H), 3.35-3.46 (m, 1H), 3.87-3.95 (m, 1H), 3.98-4.10 (m, 2H), 4.67 (d, J = 12.0 Hz, 1H), 4.81
Ar=2-Me-CeHs (d, J = 12.0 Hz, 1H), 5.62 (d, J = 10.2 Hz, 1H), 6.84 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 7.2 Hz, 2H),
6.91 (dd, J = 7.8, 7.2 Hz, 2H), 7.03 (t, J = 7.2 Hz, 1H), 7.04 (d, J = 7.2 Hz, 2H), 7.08 (d, J = 7.8 Hz, 1H), 7.19-7.29
(m, 6H), 7.33-7.37 (m, 1H), 8.30 (d, J = 7.8 Hz, 1H), 8.58 (d, J = 10.2 Hz, 1H); *C NMR (150 MHz, CDCl;) &
15.6 (d, J = 7.2 Hz), 15.7 (d, J = 7.2 Hz), 20.2, 21.3, 62.2, 64.7 (d, J = 7.2 Hz), 65.4 (d, J = 5.7 Hz), 67.7, 89.3 (d, J
=7.2 Hz), 126.2, 126.6, 127.6 (2C), 128.2, 128.29, 128.33, 128.7, 128.9, 129.1, 129.3, 131.7, 133.9, 134.3, 134.4,
138.1, 138.5, 142.1, 168.1; *'P NMR (243 MHz, CDCl3) 6 -4.6; IR (ATR): 3129, 3066, 3032, 2982, 2911, 1766,
1734, 1600, 1456, 1335, 1227, 1159, 1092, 1026 cm™; HRMS (ESI) Calcd for Ca4H3sNOgPS [M+Na]" 674.1948,
Found 674.1948; m.p.: 88.0-90.0 °C.
minor diastereomer:
'H NMR (600 MHz, CDCl3) § 1.03 (t, J = 7.2 Hz, 3H), 1.05 (t, J = 7.2 Hz, 3H), 2.14 (s, 3H), 2.29 (s, 3H),
3.47-3.59 (m, 1H), 3.67-3.91 (m, 3H), 5.04 (d, J = 12.0 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.75 (d, J = 7.8 Hz, 1H),
6.56 (brs, 1H), 6.90-6.99 (m, 6H), 7.03-7.06 (m, 2H), 7.09-7.14 (m, 3H), 7.16-7.20 (m, 1H), 7.25-7.30 (m, 3H),
7.34 (d, J = 7.8 Hz, 2H), 7.56 (d, J = 7.8 Hz, 1H); "*C NMR (150 MHz, CDCl,) 515.7 (d, J = 8.6 Hz), 15.8 (d, J =
8.7 Hz), 20.9, 21.4, 60.8, 63.9 (d, J = 5.7 Hz), 64.5 (d, J = 5.7 Hz), 68.2, 87.6 (d, J = 5.7 Hz), 125.8, 127.0, 127.3,
127.5,128.4, 128.5, 128.8, 128.9 (2C), 129.0, 129.1, 132.2, 133.3 (d, J = 4.4 Hz), 134.1, 134.8, 137.3, 137.9, 142.5,
169.6 (d, J = 7.2 Hz); *'P NMR (243 MHz, CDCl,) § -5.4.
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Benzyl 2-diethoxyphosphoryloxy-2-(2-naphthyl)-3-phenyl-3-(N-tosylamino)propionate (4ga):
i TS diastereomixture.

BnO,C > ph 'H NMR (600 MHz, CDCl3) major diastereomer: §1.11 (td, J = 7.2, 1.2 Hz, 3H), 1.20 (td, J =
<E‘O)2g° AT 7.2, 1.2 Hz, 3H), 2.24 (s, 3H), 3.76-3.89 (m, 2H), 4.00-4.15 (m, 2H), 5.22 (d, J = 12.0 Hz, 1H),

Ar=2-naphthyl 5 38 (d, J = 12.0 Hz, 1H), 5.62 (d, J = 9.6 Hz, 1H), 6.80-7.86 (m, 22H); minor diastereomer: &
0.95 (td, J = 7.2, 1.2 Hz, 3H), 1.17 (td, J = 7.2, 1.2 Hz, 3H), 2.21 (s, 3H), 3.60-3.70 (m, 1H), 3.76-4.15 (m, 3H),
4.93 (d, J = 12.0 Hz, 1H), 4.96 (d, J = 12.0 Hz, 1H), 5.68 (d, J = 10.2 Hz, 1H), 6.80-7.86 (m, 21H), 8.33 (d, J = 1.8
Hz, 1H); *C NMR (150 MHz, CDCl3) major diastereomer: §15.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.3, 63.9
(d, 3 =5.7 Hz), 64.3 (d, J = 2.9 Hz), 64.9 (d, J = 5.7 Hz), 68.8, 90.9 (d, J = 7.2 Hz), 123.7, 126.2, 126.3, 126.6,
126.8, 127.2, 127.3, 127.4, 127.7, 128.46, 128.53, 128.6, 128.7, 128.8, 129.0, 132.4, 132.9 (d, J = 8.7 Hz), 133.0,
134.2, 134.5, 138.2, 142.3, 168.3; minor diastereomer: 615.6 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.3, 62.0, 64.5
(d, J=7.1Hz), 64.8 (d, J =5.7 Hz), 68.0, 89.7 (d, J = 7.1 Hz), 125.0, 126.2, 126.6, 127.0, 127.3, 127.5, 127.64,
127.65, 127.8, 128.28, 128.34 (2C), 128.8, 128.9, 129.2, 132.5, 132.6, 133.1, 134.3, 134.6, 137.8, 142.3, 167.7 (d, J
= 10.5 Hz); **P NMR (243 MHz, CDCl;) major diastereomer: & —4.71; minor diastereomer: § -4.71; IR (ATR):
3143, 3063, 3033, 2984, 2928, 1757, 1599, 1496, 1455, 1334, 1239, 1160, 1092, 1028, 976 cm™; HRMS (ESI)
Calcd for C3;H3sNOgPS [M+Na]” 710.1948, Found 710.1948.

Benzyl 2-diethoxyphosphoryloxy-3-phenyl-2-(2-thienyl)-3-(N-tosylamino)propionate (4ha):
_Ts major diastereomer: pale red solid.
Ao "HNMR (600 MHz, CDCl3) §1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.26 (td, J = 7.2, 1.2 Hz, 3H), 2.26
(Eto)zgo AT (s, 3H), 3.75 (qd, J = 7.2, 7.2 Hz, 1H), 3.82 (qd, J = 7.2, 7.2 Hz, 1H), 4.10-4.23 (m, 2H), 5.25 (d,
Ar=2-thienyl  J = 12.0 Hz, 1H), 5.40 (d, J = 8.4 Hz, 1H), 5.42 (d, J = 12.0 Hz, 1H), 6.75 (d, J = 7.8 Hz, 2H),
6.87-6.90 (m, 3H), 6.92 (d, J = 7.2 Hz, 2H), 7.03 (t, J = 7.2 Hz, 1H), 7.09 (dd, J = 3.6, 1.2 Hz, 1H), 7.17 (dd, J =
4.8, 1.2 Hz, 1H), 7.35 (d, J = 8.4 Hz, 2H), 7.37-7.41 (m, 3H), 7.46 (dd, J = 7.8, 1.8 Hz, 2H), 7.72 (d, J = 8.4 Hz,
1H); **C NMR (150 MHz, CDCls) §15.8 (d, J = 7.2 Hz), 16.0 (d, J = 7.2 Hz), 21.3, 64.1 (d, J = 7.2 Hz), 65.2 (d, J
=7.2Hz),66.1(d,J=29Hz),69.2,90.1(d, J=7.2 Hz), 126.3, 126.7, 126.89, 126.91, 127.2, 127.5, 128.5, 128.57,
128.59, 128.9, 129.1, 133.5, 134.4, 138.3, 139.1 (d, J = 8.6 Hz), 142.4, 167.5; ¥p NMR (243 MHz, CDCl3) 6 -5.9;
IR (ATR): 3114, 3066, 3033, 2984, 2909, 1762, 1599, 1456, 1335, 1248, 1161, 1033, 982 cm™; HRMS (ESI) Calcd
for C3;H34,NOgPS, [M+Na]" 666.1356, Found 666.1355; m.p.: 109.0-110.2 °C.
minor diastereomer:
'H NMR (600 MHz, CDCls) §1.06 (td, J = 7.2, 1.2 Hz, 3H), 1.14 (td, J = 7.2, 1.2 Hz, 3H), 2.25 (s, 3H), 3.71-3.93
(m, 4H), 4.99 (d, J = 12.0 Hz, 1H), 5.02 (d, J = 12.0 Hz, 1H), 5.27 (d, J = 9.6 Hz, 1H), 6.65 (d, J = 10.2 Hz, 1H),
6.85-6.98 (m, 7H), 7.06-7.10 (m, 1H), 7.16-7.18 (m, 1H), 7.22-7.24 (m, 1H), 7.29-7.33 (m, 5H), 7.36 (dd, J = 5.4,
1.2 Hz, 1H); *C NMR (150 MHz, CDCl3) 515.80 (d, J = 7.2 Hz), 15.82 (d, J = 7.2 Hz), 21.3, 64.29 (d, J = 5.7 Hz),
64.31 (d, J =7.2 Hz), 64.4 (d, J = 5.7 Hz), 68.5, 86.3 (d, J = 7.2 Hz), 125.9, 126.8, 127.7, 127.99, 128.04, 128.5,
128.6, 128.8, 128.9 (2C), 130.3, 134.1, 134.3, 136.2, 137.6, 142.6, 167.3 (d, J = 7.2 Hz); I NMR (243 MHz,
CDCly) & -4.6.
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Benzyl 2-diethoxyphosphoryloxy-4-phenyl-2-(N-tosylaminobenzyl)butanoate (4ia):
i TS diastereomixture.

BnO,C > Ph 'H NMR (600 MHz, CDCl3) major diastereomer: §1.14 (td, J = 7.2, 1.2 Hz, 3H), 1.34 (td, J =
<Et0)zg° R 7.2, 1.2 Hz, 3H), 1.91 (ddd, J = 13.8, 12.0, 4.8 Hz, 1H), 2.19-2.25 (m, 1H), 2.24 (s, 3H), 2.34

R=PhCH,CH,  (ddd, J = 13.8, 13.2, 4.8 Hz, 1H), 2.62 (ddd, J = 13.2, 12.0, 4.8 Hz, 1H), 3.80 (ddg, J = 9.6, 7.2,
7.2 Hz, 1H), 3.86-3.97 (m, 2H), 4.24-4.34 (m, 1H), 5.02 (d, J = 9.6 Hz, 1H), 5.10 (d, J = 12.0 Hz, 1H), 5.35 (d, J =
12.0 Hz, 1H), 6.86-7.42 (m, 17H), 7.46-7.49 (m, 2H), 7.88 (d, J = 10.2 Hz, 1H); minor diastereomer: §1.13 (td, J =
7.2, 1.2 Hz, 3H), 1.27 (td, J = 7.2, 0.6 Hz, 3H), 2.22 (s, 3H), 2.38-2.50 (m, 2H), 2.61-2.70 (m, 1H), 2.81-2.89 (m,
1H), 4.10-4.20 (m, 2H), 4.24-4.35 (m, 2H), 4.99 (d, J = 12.0 Hz, 1H), 5.05 (d, J = 12.0 Hz, 1H), 5.10 (d, J = 10.2
Hz, 1H), 6.85-7.50 (m, 18H), 7.65 (d, J = 10.2 Hz, 1H), 7.82 (d, J = 7.8 Hz, 1H); *C NMR (150 MHz, CDCl5)
major diastereomer: 615.8 (d, J = 7.2 Hz), 16.1 (d, J = 7.2 Hz), 21.3, 29.7, 38.8 (d, J = 7.2 Hz), 63.4, 63.8 (d, J =
7.2 Hz), 65.2 (d, J = 5.7 Hz), 68.5, 91.1 (d, J = 10.1 Hz), 126.1, 126.6, 127.69, 127.72, 128.3, 128.4 (2C), 128.6,
128.8, 129.0, 129.2, 134.1, 134.9, 138.3, 140.2, 142.2, 168.9; minor diastereomer: §15.7 (d, J = 7.2 Hz), 16.0 (d, J
= 5.9 Hz), 21.5, 29.7, 37.4, 62.9, 64.76 (d, J = 7.2 Hz), 64.83 (d, J = 5.9 Hz), 67.8, 90.6 (d, J = 5.7 Hz), 126.4,
126.6, 127.6, 127.8, 128.2, 128.3, 128.6, 128.7, 128.8, 128.9, 129.7, 134.4, 135.2, 138.0, 140.3, 142.4, 168.6 (d, J =
13.1 Hz); P NMR (243 MHz, CDCl;) major diastereomer: & —4.7; minor diastereomer: § -5.0; IR (ATR): 3157,
3064, 3030, 2984, 2934, 1761, 1600, 1496, 1455, 1335, 1242, 1161, 1092, 1029, 982 cm™; HRMS (ESI) Calcd for
CasH40NOgPS [M+Na]* 688.2104, Found 688.2104.

Benzyl 2-cyclohexyl-2-diethoxyphosphoryloxy-3-phenyl-3-(N-tosylamino)propionate (4ja):
_Ts major diastereomer: colorless oil.
Mg, "H NMR (600 MHz, CDCI5) 60.70-0.80 (m, 1H), 0.86-1.10 (m, 3H), 1.17 (t, J = 7.2 Hz, 3H),
(Eto)zgo R 1.24-1.36 (m, 1H), 1.38 (t, J = 7.2 Hz, 3H), 1.40-1.80 (m, 5H), 1.90-2.00 (m, 1H), 2.28 (s, 3H),
R=cCeHi1  3.75-3.83 (m, 1H), 3.88-3.96 (m, 1H), 4.21-4.33 (m, 2H), 5.13 (d, J = 12.0 Hz, 1H), 5.30 (d, J =
9.6 Hz, 1H), 5.42 (d, J = 12.0 Hz, 1H), 6.89 (d, J = 7.8 Hz, 2H), 7.03 (dd, J = 7.8, 7.2 Hz, 2H), 7.10 (t, J = 7.2 Hz,
1H), 7.13 (d, J = 7.8 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.36 (td, J = 7.8, 1.8 Hz, 1H), 7.40 (dd, J = 7.8, 7.8 Hz, 2H),
7.49 (d, J = 7.2 Hz, 2H), 8.04 (d, J = 9.6 Hz, 1H); *C NMR (150 MHz, CDCl3) 515.8 (d, J = 8.7 Hz), 16.1 (d, J =
5.7 Hz), 21.3, 26.0, 26.1, 26.2, 26.9, 28.6, 44.6 (d, J = 7.1 Hz), 60.6, 63.6 (d, J = 5.7 Hz), 65.2 (d, J = 5.7 Hz), 68.3,
94.9 (d, J = 10.1 Hz), 126.5, 127.6, 127.7, 128.5 (2C), 128.7, 128.9, 129.2, 134.8, 134.9, 138.8, 141.9, 168.4; Sip
NMR (243 MHz, CDCl;) 6 —4.9; IR (ATR): 3141, 3032, 2983, 2931, 2855, 1754, 1599, 1454, 1335, 1245, 1217,
1161, 1031, 981 cm™; HRMS (ESI) Calcd for C33H4,NOgPS [M+Na]* 666.2261, Found 666.2261.
minor diastereomer:
'H NMR (600 MHz, CDCls) §0.62-0.72 (m, 1H), 0.97 (t, J = 7.2 Hz, 3H), 1.05-1.15 (m, 1H), 1.15-1.28 (m, 1H),
1.30-1.42 (m, 1H), 1.35 (t, J = 7.2 Hz, 3H), 1.50-1.60 (M, 1H), 1.66-1.76 (M, 2H), 1.85-1.90 (m, 1H), 2.02-2.10 (m,
1H), 2.22 (s, 3H), 2.29-2.36 (M, 1H), 2.40-2.48 (m, 1H), 3.73-3.82 (m, 2H), 4.13-4.26 (m, 2H), 4.87 (d, J = 12.0 Hz,
1H), 5.04 (d, J = 12.0 Hz, 1H), 5.28 (d, J = 10.8 Hz, 1H), 6.84 (d, J = 7.8 Hz, 2H), 6.87 (dd, J = 7.8, 7.8 Hz, 2H),
6.98 (d, J = 7.2 Hz, 2H), 6.99 (t, J = 7.2 Hz, 1H), 7.05 (d, J = 7.2 Hz, 2H), 7.23-7.31 (m, 5H), 8.32 (d, J = 10.8 Hz,
1H); *C NMR (150 MHz, CDCl3) §15.5 (d, J = 7.2 Hz), 16.1 (d, J = 7.2 Hz), 21.3, 26.2 (2C), 26.5, 26.7, 28.4,
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44.0, 60.5, 64.6 (d, J = 5.7 Hz), 64.8 (d, J = 7.1 Hz), 67.4, 95.3 (d, J = 5.7 Hz), 126.6, 127.2, 127.5, 128.4, 128.5,
128.68, 128.72, 129.0, 134.5, 134.6, 138.5, 141.9, 167.7 (d, J = 14.4 Hz); **P NMR (243 MHz, CDCl;) & -6.2.

Benzyl 2-diethoxyphosphoryloxy-3-(4-methoxyphenyl)-2-phenyl-3-(N-tosylamino)propionate (4ab):
- TS diastereomixture.

BnO.Cy N4 'H NMR (600 MHz, CDCI5) major diastereomer: §1.15 (td, J = 7.2, 1.2 Hz, 3H), 1.21 (td, J =
<E‘°>2C.P.)O Ph 72 0,60 Hz, 3H), 2.28 (s, 3H), 3.64 (s, 3H), 3.80-4.16 (M, 4H), 5.21 (d, J = 12.0 Hz, 1H), 5.33 (d,
Ar=4-MeO-CeHs  J = 12.0 Hz, 1H), 5.46 (d, J = 9.0 Hz, 1H), 6.38 (d, J = 9.0 Hz, 2H), 6.67 (d, J = 7.8 Hz, 2H), 6.96
(d, J =7.8 Hz, 2H), 7.20-7.40 (m, 12H), 7.55-7.63 (m, 1H); minor diastereomer: §1.04 (td, J = 7.2, 0.60 Hz, 3H),
1.18 (td, J = 7.2, 0.60 Hz, 3H), 2.25 (s, 3H), 3.69 (s, 3H), 3.66-3.72 (m, 1H), 3.80-4.15 (m, 3H), 4.90 (d, J = 12.0
Hz, 1H), 4.97 (d, J = 12.0 Hz, 1H), 5.53 (d, J = 9.6 Hz, 1H), 6.41 (d, J = 8.4 Hz, 2H), 6.89 (dd, J = 8.4, 7.8 Hz, 2H),
6.99 (d, J = 7.2 Hz, 2H), 7.18-7.40 (m, 12H), 7.68-7.73 (m, 1H); **C NMR (150 MHz, CDCl;) major diastereomer:
615.8(d,J=7.2Hz), 15.9 (d, J=7.2 Hz), 21.3, 55.0, 63.84, 63.85 (d, J = 5.7 Hz), 64.9 (d, J = 5.7 Hz), 68.7, 91.0
(d, J=5.7 Hz), 1125, 126.1, 126.4, 126.7, 128.1, 128.41, 128.44, 128.7, 128.8 (2C), 129.9, 134.5, 135.6 (d, J =7.1
Hz), 138.4, 142.2, 158.8, 168.3; minor diastereomer: 615.7 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.2, 61.1, 63.8,
64.5 (d, J = 5.7 Hz), 64.8 (d, J = 5.7 Hz), 67.7, 89.5 (d, J = 7.2 Hz), 112.9, 126.5, 126.7, 127.9, 128.1, 128.29,
128.34, 128.7, 128.8, 129.0, 130.4, 134.4, 135.2, 138.0, 142.1, 159.1, 167.8 (d, J = 11.4 Hz);SlP NMR (243 MHz,
CDCl3) major diastereomer: 6 —4.7; minor diastereomer: 6 —4.8; IR (ATR): 3142, 3064, 3033, 2984, 2932, 2909,
1756, 1612, 1514, 1448, 1334, 1246, 1159, 1027, 986 cm™; HRMS (ESI) Calcd for CsqH3gNOGPS [M+Na]*
690.1897, Found 690.1897.

Benzyl 3-(4-chlorophenyl)-2-diethoxyphosphoryloxy-2-phenyl-3-(N-tosylamino)propionate (4ac):
un-Te diastereomixture.

BnO,C A 'H NMR (600 MHz, CDCl3) major diastereomer: §1.18 (td, J = 7.2, 1.2 Hz, 3H), 1.23 (td, J =
(Eto’zgo Ph 72,12 Hz, 3H), 2.31 (s, 3H), 3.83-4.18 (m, 4H), 5.21 (d, J = 12.0 Hz, 1H), 5.34 (d, J = 12.0 Hz,

Ar=4-Cl-CeHs  1H), 5.45 (d, J = 9.0 Hz, 1H), 6.67 (d, J = 8.4 Hz, 2H), 6.80 (d, J = 7.8 Hz, 2H), 6.98 (d, J = 7.8
Hz, 2H), 7.21 (dd, J = 7.2, 7.2 Hz, 2H), 7.24-7.28 (m, 1H), 7.32-7.38 (m, 9H), 7.75 (d, J = 6.6 Hz, 1H); minor
diastereomer: §1.06 (td, J = 7.2, 1.2 Hz, 3H), 1.18 (td, J = 7.2, 1.2 Hz, 3H), 2.29 (s, 3H), 3.65-3.73 (m, 1H),
3.83-4.06 (m, 3H), 4.94 (d, J = 12.0 Hz, 1H), 4.97 (d, J = 12.0 Hz, 1H), 5.53 (d, J = 9.6 Hz, 1H), 6.82 (d, J = 8.4
Hz, 2H), 6.89 (d, J = 9.0 Hz, 2H), 6.91 (d, J = 9.0 Hz, 2H), 6.98 (d, J = 7.8 Hz, 2H), 7.22-7.30 (m, 4H), 7.32-7.38
(m, 4H), 7.65-7.70 (m, 3H); *C NMR (150 MHz, CDCls) major diastereomer: §15.8 (d, J = 8.7 Hz), 15.9 (d, J =
7.2 Hz), 21.3, 63.8,64.0 (d, J = 5.7 Hz), 65.2 (d, J = 7.2 Hz), 68.8, 90.1 (d, J = 7.1 Hz), 126.1, 126.7, 127.2, 128.2,
128.5, 128.6, 128.87, 128.90, 128.94, 130.2, 132.7, 133.4, 134.4, 135.3 (d, J = 7.2 Hz), 138.2, 142.7, 168.0; minor
diastereomer: §15.7 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.3, 61.1, 64.6 (d, J = 7.2 Hz), 65.0 (d, J = 5.7 Hz), 68.0,
89.1(d,J =7.2 Hz), 126.7, 127.6, 127.8, 128.2, 128.3, 128.4, 128.5, 128.9, 129.2, 130.7, 132.8, 133.8, 134.2, 134.9,
137.8, 142.7, 167.6 (d, J = 10.1 Hz); *P NMR (243 MHz, CDCl;) major diastereomer: & —4.5; minor

diastereomer: 6 —4.7.
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Benzyl 2-diethoxyphosphoryloxy-3-(4-nitrophenyl)-2-phenyl-3-(N-tosylamino)propionate (4ad):
un-Te diastereomixture.
%AAF 'H NMR (600 MHz, CDCl3) §1.10 (td, J = 7.2, 1.2 Hz, 1.5H), 1.20 (td, J = 7.2, 1.2 Hz, 1.5H),
<E‘O>zgo PR 123 (td, J = 7.2, 1.2 Hz, 1.5H), 1.24 (td, J = 7.2, 1.2 Hz, 1.5H), 2.23 (s, 1.5H), 2.29 (s, 1.5H),
Ar=4-NOz-CeHs  3.71-3.73 (m, 0.5H), 3.91-4.06 (m, 2.5H), 4008-4.20 (m, 1.0H), 4.97 (d, J = 12.0 Hz, 0.5H), 5.02
(d, J=12.0 Hz, 0.5H), 5.20 (d, J = 12.0 Hz, 0.5H), 5.35 (d, J = 12.0 Hz, 0.5H), 5.53 (d, J = 7.8 Hz, 0.5H), 5.61 (d,
J =9.6 Hz, 0.5H), 6.89 (d, J = 8.4 Hz, 1.0H), 6.93 (d, J = 8.4 Hz, 1.0H), 7.01 (d, J = 8.4 Hz, 1.0H), 7.03 (d, J = 7.2
Hz, 1.0H), 7.11 (d, J = 9.0 Hz, 1.0H), 7.18-7.38 (m, 9.0H), 7.40 (d, J = 9.0 Hz, 1.0H), 7.62 (d, J = 10.2 Hz, 1.0H),
7.64 (d, J = 9.0 Hz, 1.0H), 7.69 (d, J = 9.0 Hz, 1.0H), 7.78 (d, J = 9.6 Hz, 0.5H), 7.99 (d, J = 6.0 Hz, 0.5H); **C
NMR (150 MHz, CDCls) §15.7 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 15.92 (d, J = 7.2 Hz), 15.95 (d, J = 7.2 Hz),
21.2,21.3,61.4,63.9,64.2 (d, J = 5.7 Hz), 64.7 (d, I = 7.1 Hz), 65.1 (d, J = 5.9 Hz), 65.5 (d, J = 5.7 Hz), 68.3, 69.0,
88.6 (d, J = 7.2 Hz), 90.1 (d, J = 5.7 Hz), 122.1, 122.4, 125.8, 126.6, 126.8, 127.5, 128.4, 128.47 (2C), 128.52,
128.6, 128.69, 128.73, 128.9, 129.0, 129.1, 129.2, 129.4, 129.8, 130.4, 134.0, 134.2, 134.6, 135.1 (d, J = 8.6 Hz),
137.7, 138.0, 141.7, 141.9, 143.1, 143.2, 147.0 (2C), 167.5 (d, J = 11.6 Hz), 167.7;%'P NMR (243 MHz, CDCly) 6
-3.8, 4.4.

BnO,C

Benzyl 2-diethoxyphosphoryloxy-3-(3-methoxyphenyl)-2-phenyl-3-(N-tosylamino)propionate (4ae):
TS diastereomixture.

BnO,C A 'H NMR (600 MHz, CDCl,) major diastereomer: §1.12 (td, J = 7.2, 1.2 Hz, 3H), 1.23 (td, J =
<E‘°>zgo Ph 72,12 Hz, 3H), 2.27 (s, 3H), 3.43 (s, 3H), 3.79 (ddg, J = 10.2, 7.2, 7.2 Hz, 1H), 3.87 (ddq, J =

Ar=3-MeO-CeHs  10.2, 7.2, 7.2 Hz, 1H), 4.06-4.19 (m, 2H), 5.23 (d, J = 12.0 Hz, 1H), 5.36 (d, J = 12.0 Hz, 1H),
5.53 (d, J = 9.0 Hz, 1H), 6.28 (s, 1H), 6.30 (d, J = 7.8 Hz, 1H), 6.53 (dd, J = 8.4, 2.4 Hz, 1H), 6.75 (t, J = 7.8 Hz,
1H), 6.96 (d, J = 8.4 Hz, 2H), 7.20-7.43 (m, 12H), 7.78 (d, J = 7.8 Hz, 1H); minor diastereomer: §1.06 (td, J = 7.2,
1.2 Hz, 3H), 1.15 (td, J = 7.2, 1.2 Hz, 3H), 2.25 (s, 3H), 3.53 (s, 3H), 3.64-3.74 (m, 1H), 3.90-4.03 (m, 3H), 4.90 (d,
J =12.0 Hz, 1H), 4.99 (d, J = 12.0 Hz, 1H), 5.59 (d, J = 9.6 Hz, 1H), 6.55-6.60 (m, 3H), 6,84 (t, J = 7.8 Hz, 1H),
6.88 (d, J = 7.8 Hz, 2H), 6.97 (d, J = 7.8 Hz, 2H), 7.20-7.43 (m, 8H), 7.66 (d, J = 10.2 Hz, 1H), 7.69-7.73 (m, 2H);
3C NMR (150 MHz, CDCl5) major diastereomer: §15.7 (d, J = 7.1 Hz), 15.9 (d, J = 7.2 Hz), 21.2, 54.6, 63.9 (d, J
= 7.2 Hz), 64.4, 65.0 (d, J = 5.7 Hz), 68.8, 91.1 (d, J = 7.2 Hz), 113.4, 113.9, 121.2, 126.3, 126.7, 128.0, 128.1,
128.42, 128.45, 128.7, 128.79, 128.83, 134.5, 135.2, 135.7 (d, J = 8.6 Hz), 138.4, 142.3, 158.5, 168.2; minor
diastereomer: 515.66 (d, J = 5.7 Hz), 15.70 (d, J = 5.7 Hz), 21.2, 54.7, 61.6, 64.6 (d, J = 5.9 Hz), 64.8 (d, J = 5.7
Hz), 67.8,89.5 (d, J=7.1 Hz), 113.9, 114.1, 121.7, 126.6, 126.7, 127.9, 128.0, 128.27, 128.34, 128.7, 128.8, 129.0,
134.4,135.1, 135.6, 137.9, 142.3, 158.9, 167.7 (d, J = 10.1 Hz);31P NMR (243 MHz, CDCIl3) major diastereomer:

6 —4.8; minor diastereomer: & —4.9.

Benzyl 2-diethoxyphosphoryloxy-3-(2-methoxyphenyl)-2-phenyl-3-(N-tosylamino)propionate (4af):

HN-TS diastereomixture.

Bnozc%)\Ar 'H NMR (600 MHz, CDCI;) major diastereomer: 61.19 (t, J = 7.2 Hz, 6H), 2.23 (s, 3H), 3.26 (s,

(BOREC P 3H), 3.94-4.10 (m, 4H), 5.25 (d, I = 12.0 Hz, 1H), 5.39 (d, J = 12.0 Hz, 1H), 5.88 (d, J = 8.4 Hz,

Ar = 2-MeO-CgH,
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1H), 6.30 (d, J = 7.8 Hz, 1H), 6.56 (dd, J = 7.8, 7.2 Hz, 1H), 6.89 (d, J = 7.8 Hz, 2H), 6.95 (dd, J = 8.4, 7.2 Hz, 1H),
7.07 (dd, J = 8.4, 7.2 Hz, 2H), 7.14 (t, J = 7.2 Hz, 1H), 6.97-7.40 (m, 11H); minor diastereomer: 61.10 (t, J = 7.2
Hz, 3H), 1.14 (t, J = 7.2 Hz, 3H), 2.20 (s, 3H), 3.19 (s, 3H), 3.83-4.09 (m, 4H), 5.03-5.12 (m, 2H), 5.60-5.74 (brs,
1H), 6.27 (d, J = 9.0 Hz, 1H), 6.60 (dd, J = 7.8, 7.8 Hz, 1H), 6.63 (d, J = 10.8 Hz, 1H), 6.83 (d, J = 7.8 Hz, 2H),
6.98-7.40 (m, 14H); **C NMR (150 MHz, CDCls) major diastereomer: §15.9 (d, J = 7.2 Hz, 2C), 21.3, 54.5, 64.01,
64.04 (d, J = 7.1 Hz), 64.6 (d, J = 5.9 Hz), 68.5, 90.7 (d, J = 8.7 Hz), 109.4, 119.7, 126.4, 126.8, 127.2, 128.25.
128.29, 128.3, 128.4, 128.6, 128.7, 128.8, 129.7, 134.8, 135.2 (d, J = 5.7 Hz), 137.6, 142.2, 156.4, 168.3; minor
diastereomer: §15.79 (d, J = 8.3 Hz), 15.82 (d, J = 7.2 Hz), 21.2, 57.2, 64.01, 64.04 (d, J = 7.1 Hz), 64.4 (d,J = 4.2
Hz), 67.9, 88.1, 109.7, 119.9, 122.8, 126.7, 127.3, 128.0, 128.1, 128.3, 128.46, 128.50, 128.8, 129.0, 130.0, 134.9,
135.4, 137.2, 142.4, 156.6, 167.8 (d, J = 5.7 Hz); *'P NMR (243 MHz, CDCl;) major diastereomer: & —4.6; minor
diastereomer: § -4.9; IR (ATR): 3138, 3064, 3033, 2984, 2933, 2908, 1756, 1612, 1514, 1448, 1334, 1246, 1160,
1028, 986 cm™; HRMS (ESI) Calcd for C4,H3sNOgPS [M+Na]* 690.1897, Found 690.1896.

Benzyl 2-diethoxyphosphoryloxy-3-(1-naphthyl)-2-phenyl-3-(N-tosylamino)propionate (4ag):
N-TS major diastereomer: white solid.
o HNMR (600 MHz, CDCls) 50.91 (t, J = 7.2 Hz, 3H), 1.07 (t, J = 7.2 Hz, 3H), 2.12 (s, 3H),
(E‘O’zgo P 353367 (m, 2H), 3.77-3.91 (m, 2H), 5.33 (d, J = 12.0 Hz, 1H), 5.38 (d, J = 12.0 Hz, 1H), 6.23
Ar=1-naphthyl (4 J = 9.0 Hz, 1H), 6.63 (d, J = 7.8 Hz, 2H), 6.87 (d, J = 9.0 Hz, 1H), 6.99 (dd, J = 7.8, 7.2 Hz,
2H), 7.02-7.11 (m, 4H), 7.20-7.40 (m, 10H), 7.54 (d, J = 7.8 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.69 (d, J = 8.4 Hz,
1H); *C NMR (150 MHz, CDCl3) §15.6 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.1, 57.9, 63.8 (d, J = 5.9 Hz), 64.3
(d, J =5.9 Hz), 68.7, 90.3 (d, J = 7.2 Hz), 123.0, 124.4, 125.0, 125.7, 126.3, 126.6, 126.8, 127.7, 127.9, 128.2,
128.48, 128.51, 128.56, 128.8, 129.1, 131.2, 132.2, 132.8, 134.5, 134.9 (d, J = 4.4 Hz), 137.3, 142.2, 168.7,; Sp
NMR (243 MHz, CDCls) 6 -5.0; IR (ATR): 3162, 3063, 3033, 2985, 2929, 2910, 1756, 1599, 1449, 1336, 1253,
1160, 1091, 1027, 984 cm™; HRMS (ESI) Calcd for C3;H3gNOgPS [M+Na]™ 710.1948, Found 710.1947 m.p.:
124.4-125.0 °C.
minor diastereomer:
'H NMR (600 MHz, CDCls) §1.03 (t, J = 7.2 Hz, 3H), 1.22 (t, J = 7.2 Hz, 3H), 2.04 (s, 3H), 3.70-3.78 (m, 1H),
3.94-4.12 (m, 3H), 4.35 (d, J = 12.0 Hz, 1H), 4.72 (d, J = 12.0 Hz, 1H), 6.43 (d, J = 10.2 Hz, 1H), 6.46 (d, J = 7.8
Hz, 2H), 6.80 (d, J = 7.2 Hz, 2H), 6.99 (d, J = 8.4 Hz, 2H), 7.08 (dd, J = 7.8, 7.2 Hz, 1H), 7.17 (dd, J = 7.8, 7.2 Hz,
2H), 7.19-7.24 (m, 2H), 7.29 (dd, J = 7.2, 7.2 Hz, 1H), 7.34-7.38 (m, 4H), 7.43 (d, J = 7.2 Hz, 1H), 7.53 (d, J = 7.8
Hz, 1H), 7.64 (d, J = 7.8 Hz, 1H), 7.78-7.82 (m, 2H), 7.98 (d, J = 8.4 Hz, 1H); *C NMR (150 MHz, CDCl;) §15.7
(d, J=7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.0, 54.8, 64.5 (d, J = 5.9 Hz), 64.9 (d, J = 5.7 Hz), 67.6, 88.9 (d, J = 7.2 Hz),
123.4, 124.8, 125.2, 126.0, 126.5, 127.2, 127.9, 128.07, 128.13 (3C), 128.15, 128.19, 128.23, 128.5, 129.1, 131.5,
133.1,134.4, 135.4, 136.9, 142.1, 167.6 (d, J = 10.1 Hz); I NMR (243 MHz, CDCl3) 6 —4.8.

H
BnO,C

Benzyl 2-diethoxyphosphoryloxy-3-(2-naphthyl)-2-phenyl-3-(N-tosylamino)propionate (4ah):
TS diastereomixture.
%Ar 'H NMR (600 MHz, CDCls) major diastereomer: & 1.01 (td, J = 7.2, 1.2 Hz, 3H), 1.21 (td, J =

(E‘°>zg° Ph 72 1.2 Hz, 3H), 1.97 (s, 3H), 3.69-3.76 (m, 1H), 3.81 (ddg, J = 9.6, 7.2, 7.2 Hz, 1H), 3.93-4.02

Ar = 2-naphthyl

BnO,C
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(m, 1H), 4.06-4.18 (m, 1H), 5.27 (d, J = 11.4 Hz, 1H), 5.37 (d, J = 11.4 Hz, 1H), 5.69 (d, J = 9.6 Hz, 1H), 6.68 (d, J
= 7.8 Hz, 2H), 6.75 (d, J = 9.0 Hz, 1H), 7.18-7.46 (m, 17H), 7.62 (d, J = 7.8 Hz, 1H), 7.86 (d, J = 5.4 Hz, 1H);
minor diastereomer: 61.06 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H), 1.86 (s, 3H), 3.69-3.76 (m, 1H), 4.02-4.19
(m, 3H), 4.87 (d, J = 12.0 Hz, 1H), 4.94 (d, J = 12.0 Hz, 1H), 5.72 (d, J = 9.6 Hz, 1H), 6.53 (d, J = 7.8 Hz, 2H),
6.89 (d, J = 7.2 Hz, 1H), 7.10-7.16 (m, 3H), 7.22-7.48 (m, 12H), 7.67 (d, J = 7.8 Hz, 1H), 7.72-7.78 (m, 3H); **C
NMR (150 MHz, CDCls3) §15.7 (d, J = 7.1 Hz), 15.7-15.8 (2C), 15.9 (d, J = 7.2 Hz), 20.9, 21.0, 60.3, 63.9 (d, J =
5.7 Hz), 64.6, 64.9 (d, J = 5.7 Hz), 65.1 (d, J = 5.7 Hz), 67.9, 68.9, 89.5 (d, J = 5.9 Hz), 91.5 (d, J = 7.2 Hz), 125.5,
125.7, 125.9, 126.1, 126.4, 126.46, 126.51, 126.6, 127.1, 127.2, 127.3, 127.8, 127.9, 128.0, 128.1, 128.2, 128.3,
128.4,128.5, 128.6, 128.7, 128.8, 128.9, 129.1, 129.3, 131.0, 131.4, 132.3, 132.4, 132.6, 134.3, 134.5, 135.2, 135.5
(d, J = 8.6 Hz), 137.7, 138.2, 142.29, 142.33, 167.8 (d, J = 10.1 Hz), 168.3;*'P NMR (243 MHz, CDCl;) major
diastereomer: & —4.74; minor diastereomer: 6 —4.72; IR (ATR): 3136, 3061, 3030, 2984, 2931, 2108, 1757, 1599,
1448, 1336, 1241, 1159, 1027, 986 cm™; HRMS (ESI) Calcd for Ca7H3sNOgPS [M+Na]® 710.1948, Found
710.1947.

Benzyl 2-diethoxyphosphoryloxy-3-(2-furyl)-2-phenyl-3-(N-tosylamino)propionate (4ai):
TS major diastereomer: white solid.

BnOCy "\, 'H NMR (600 MHz, CDCl3) 61.17 (td, J=7.2, 1.2 Hz, 3H), 1.23 (td, J = 7.2, 1.2 Hz, 3H), 2.32
(Eto)zgo P (g 3H), 3.85-3.95 (m, 2H), 4.05-4.17 (m, 2H), 517 (d, J = 12.0 Hz, 1H), 5.33 (d, J = 12.0 Hz,

Ar=2furyl  1H) 5,67 (d, J = 9.6 Hz, 1H), 5.77 (d, J = 3.0 Hz, 1H), 5.94 (dd, J = 3.0, 1.8 Hz, 1H), 6.89 (d, J =

1.2 Hz, 1H), 7.07 (d, J = 8.4 Hz, 2H), 7.24-7.35 (m, 8H), 7.42-7.45 (m, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.64 (d, J =
9.0 Hz, 1H); **C NMR (150 MHz, CDCl;) §15.88 (d, J = 8.6 Hz), 15.94 (d, J = 7.2 Hz), 21.4, 58.2, 63.9 (d, J = 5.7
Hz), 64.9 (d, J = 5.7 Hz), 68.6, 89.8 (d, J = 7.2 Hz), 109.9, 110.1, 126.3, 126.7, 128.2, 128.4 (2C), 128.7, 128.8,
129.0, 134.6, 1354 (d, J = 7.2 Hz), 138.2, 141.8, 142.4, 148.0 167.9; P NMR (243 MHz, CDCl3) 6 -5.1; IR
(ATR): 3117, 3033, 2984, 2913, 1760, 1498, 1449, 1338, 1248, 1161, 1030, 986 cm’; HRMS (ESI) Calcd for
Ca1H34NOGPS [M+Na]"* 650.1584, Found 650.1583; m.p.: 111.7-112.4 °C.
minor diastereomer:
'H NMR (600 MHz, CDCl3) 51.12 (td, J = 7.2, 1.2 Hz, 3H), 1.17 (td, J = 7.2, 1.2 Hz, 3H), 2.31 (s, 3H), 3.78-3.86
(m, 1H), 3.90-4.04 (m, 3H), 5.07 (d, J = 12.6 Hz, 1H), 5.11 (d, J = 12.6 Hz, 1H), 5.73 (d, J = 10.2 Hz, 1H), 5.94 (d,
J=3.0 Hz, 1H), 5.97 (dd, J = 3.0, 1.8 Hz, 1H), 6.91 (d, J = 0.60 Hz, 1H), 7.04 (d, J = 7.8 Hz, 2H), 7.12 (dd, J = 7.8,
2.4 Hz, 2H), 7.25-7.35 (m, 6H), 7.44 (d, J = 7.8 Hz, 2H), 7.44 (d, J = 7.8 Hz, 1H), 7.62-7.66 (m, 2H); *C NMR
(150 MHz, CDCl;) 515.8 (d, J = 7.2 Hz, 2C), 21.4, 56.6, 64.4 (d, J = 7.2 Hz), 64.7 (d, J = 5.9 Hz), 68.1, 88.9 (d, J
= 7.2 Hz), 110.1, 110.3, 126.7, 127.4, 128.1, 128.30, 128.34, 128.4, 128.95, 129.05, 134.6, 134.8, 137.9, 141.8,
142.5, 148.5, 167.7 (d, J = 10.0 Hz); *'P NMR (243 MHz, CDCl,) § -5.3.

Benzyl 2-diethoxyphosphoryloxy-2-phenyl-3-(3-pyridyl)-3-(N-tosylamino)propionate (4aj):
_Ts major diastereomer: colorless oil.
Ar 'H NMR (600 MHz, CDCl5) §1.22 (td, J = 7.2, 1.2 Hz, 3H), 1.23 (t, J = 7.2 Hz, 3H), 2.29 (s, 3H),

<E‘°>zgo Ph 394 (ddg, J = 10.2, 7.2, 7.2 Hz, 1H), 401 (ddg, J = 10.2, 7.2, 7.2 Hz, 1H), 4.09-4.20 (m, 2H),

Ar = 3-pyridyl

HN
BnO,C
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5.22 (d, J = 12.0 Hz, 1H), 5.35 (d, J = 12.0 Hz, 1H), 5.47 (d, J = 8.4 Hz, 1H), 6.80 (dd, J = 8.4, 4.8 Hz, 1H), 7.01 (d,
J = 8.4 Hz, 2H), 7.18-7.23 (m, 3H), 7.26 (t, J = 7.2 Hz, 1H), 7.29-7.32 (m, 2H), 7.32-7.35 (m, 5H), 7.41 (d, J = 8.4
Hz, 2H), 7.85 (d, J = 2.4 Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 8.22 (dd, J = 4.8, 1.2 Hz, 1H); *C NMR (150 MHz,
CDCls) §15.91 (d, J = 7.2 Hz), 15.94 (d, J = 7.2 Hz), 21.4, 62.5, 64.2 (d, J = 5.7 Hz), 65.4 (d, J = 5.7 Hz), 69.0,
90.5 (d, J = 5.7 Hz), 122.1, 125.8, 126.8, 128.4, 128.5, 128.6, 128.9, 129.2 (2C), 130.2, 134.4, 135.2 (d, J = 8.6 Hz),
136.0, 138.0, 142.8, 148.5, 150.0, 167.9; *'P NMR (243 MHz, CDCl3) & —4.0; IR (ATR): 3142, 3064, 3033, 2985,
2930, 2909, 1756, 1598, 1449, 1337, 1247, 1161, 1028, 988 cm™; HRMS (ESI) Calcd for C5,HasN,0sPS [M+Na]*
661.1744, Found 661.1743.

minor diastereomer:

'H NMR (600 MHz, CDCl3) §1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.18 (td, J = 7.2, 1.2 Hz, 3H), 2.26 (s, 3H), 3.75 (ddq,
J=10.2,9.0, 7.2 Hz, 1H), 3.94-4.06 (m, 3H), 4.95 (d, J = 12.0 Hz, 1H), 5.00 (d, J = 12.0 Hz, 1H), 5.56 (d, J = 9.0
Hz, 1H), 6.79 (dd, J = 8.4, 4.8 Hz, 1H), 6.92 (d, J = 7.8 Hz, 2H), 7.00 (d, J = 7.2 Hz, 2H), 7.22-7.42 (m, 9H), 7.61
(d, J = 8.4 Hz, 2H), 7.66 (d, J = 9.6 Hz, 1H), 8.14 (d, J = 2.4 Hz, 1H), 8.26 (dd, J = 4.8, 1.2 Hz, 1H); **C NMR
(150 MHz, CDCls) §15.7 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.3, 60.0, 64.7 (d, J = 5.7 Hz), 65.1 (d, J = 5.7 Hz),
68.2,89.0 (d, J = 7.2 Hz), 122.5, 126.6, 127.6, 128.5 (2C), 128.47, 128.51, 129.1, 129.3, 130.4, 134.1, 134.6, 136.4,
137.7,142.8, 148.7, 150.4, 167.5 (d, J = 11.6 Hz); P NMR (243 MHz, CDCl3) 5 —4.5.

Benzyl 2-diethoxyphosphoryloxy-2-phenyl-3-(N-tosylamino)nonanoate (4ak):
_Ts major diastereomer: colorless oil.
AR 'H NMR (600 MHz, CDCl3) §0.77 (t, J = 7.2 Hz, 3H), 0.90-1.20 (m, 8H), 1.25-1.35 (m, 1H),
(E‘O)zgo Ph 128 (td, J = 7.2, 0.60 Hz, 3H), 1.32 (td, J = 7.2, 1.2 Hz, 3H), 1.37-1.46 (m, 1H), 2.38 (s, 3H),
R=nCethis 413 (qd, J = 7.2, 7.2 Hz, 2H), 4.17-7.27 (m, 2H), 4.62 (td, J = 9.6, 3.0 Hz, 1H), 4.73 (d, J = 12.6
Hz, 1H), 5.08 (d, J = 12.6 Hz, 1H), 7.11-7.16 (m, 2H), 7.21-7.27 (m, 5H), 7.28-7.33 (m, 3H), 7.38 (d, J = 9.0 Hz,
1H), 7.52-7.58 (m, 2H), 7.76 (d, J = 8.4 Hz, 2H); *C NMR (150 MHz, CDCls) §14.0, 16.00 (d, J = 7.2 Hz), 16.05
(d, J=5.7 Hz), 21.4, 22.4, 26.2, 28.8, 30.9, 31.3, 61.0, 63.9 (d, J = 5.7 Hz), 65.1 (d, J = 5.7 Hz), 68.0, 92.5 (d, J =
7.1 Hz), 125.9, 126.4, 128.17, 128.24, 128.3, 128.4, 128.6, 129.2, 134.8, 136.7 (d, J = 8.6 Hz), 140.4, 142.3, 168.3;
%P NMR (243 MHz, CDCls) § -4.9; IR (ATR): 3154, 3064, 3033, 2954, 2929, 2859, 1757, 1599, 1448, 1331,
1246, 1159, 1095, 1034, 983 cm™; HRMS (ESI) Calcd for C33H4sNOgPS [M+Na]" 668.2417, Found 688.2417.
minor diastereomer:
'H NMR (600 MHz, CDCl3) 50.83 (t, J = 7.2 Hz, 3H), 0.95-1.30 (m, 8H), 1.17 (td, J = 7.2, 1.2 Hz, 3H), 1.22 (td, J
=7.2,1.2 Hz, 3H), 1.45-1.61 (m, 2H), 2.35 (s, 3H), 3.85-3.93 (m, 1H), 3.96-4.08 (m, 3H), 4.49 (td, J = 9.0, 3.0 Hz,
1H), 5.14 (d, J = 12.0 Hz, 1H), 5.18 (d, J = 12.0 Hz, 1H), 5.66 (d, J = 10.2 Hz, 1H), 7.10 (d, J = 7.8 Hz, 2H),
7.21-7.26 (m, 5H), 7.28-7.32 (m, 3H), 7.43 (d, J = 8.4 Hz, 2H), 7.54-7.58 (m, 2H); *C NMR (150 MHz, CDCl,) &
14.0, 15.87 (d, J = 7.2 Hz), 15.89 (d, J = 7.2 Hz), 21.4, 22.5, 26.6, 28.9, 31.5, 32.8, 60.5 (d, J = 2.9 Hz), 64.2 (d, J =
7.2 Hz), 64.4 (d, J = 5.9 Hz), 68.0, 90.5 (d, J = 7.1 Hz), 126.5, 126.8, 128.0, 128.5, 128.6 (3C), 129.2, 134.7, 136.1
(d, J = 4.2 Hz), 139.3, 142.4, 168.4 (d, J = 5.7 Hz); *'P NMR (243 MHz, CDCl3) & -5.4.

HN
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Benzyl 3-cyclohexyl-2-diethoxyphosphoryloxy-2-phenyl-3-(N-tosylamino)propionate (4al):
TS major diastereomer: colorless oil.

B0, 'H NMR (600 MHz, CDCl3) §0.85-1.05 (m, 5H), 1.20-1.26 (m, 1H), 1.26 (td, J = 7.2, 0.60 Hz,

<E‘°>zgo Ph 3H), 1.31 (td, J = 7.2, 0.60 Hz, 3H), 1.43-1.55 (m, 3H), 1.57-1.63 (m, 1H), 1.71-1.81 (m, 1H),
R=cCeHir 238 (s, 3H), 4.05-4.24 (m, 4H), 4.49 (dd, J = 10.2, 4.8 Hz, 1H), 4.62 (d, J = 12.6 Hz, 1H), 5.03 (d,

J = 12.6 Hz, 1H), 7.07-7.12 (m, 3H), 7.21-7.29 (m, 8H), 7.52-7.56 (m, 2H), 7.72 (d, J = 8.4 Hz, 2H); **C NMR
(150 MHz, CDCl3) 616.0 (d, J = 7.2 Hz, 2C), 21.4, 25.7, 26.1, 26.5, 28.8, 33.0, 39.1, 63.7 (d, J = 5.7 Hz), 64.9,
65.0 (d, J =5.7 Hz), 67.9, 92.7 (d, J = 7.2 Hz), 126.1, 126.4, 128.16, 128.19, 128.22, 128.27, 128.5, 129.2, 134.7,
136.6 (d, J = 8.9 Hz), 140.2, 142.2, 168.4; $Ip NMR (243 MHz, CDCl;) 6 -4.8; IR (ATR): 3170, 3066, 2983, 2927,
2853, 1756, 1496, 1448, 1329, 1251, 1157, 1094, 1026, 971 cm™; HRMS (ESI) Calcd for C33HsNOgPS [M+Na]*
666.2261, Found 666.2260.
minor diastereomer:
'H NMR (600 MHz, CDCls) 50.85-1.15 (m, 5H), 1.15 (td, J = 7.2, 1.2 Hz, 3H), 1.20 (td, J = 7.2, 1.2 Hz, 3H),
1.37-1.60 (m, 6H), 2.36 (s, 3H), 3.85-4.05 (M, 4H), 4.20 (d, J = 10.2 Hz, 1H), 5.15 (d, J = 12.0 Hz, 1H), 5.22 (d, J
=12.0 Hz, 1H), 5.40 (d, J = 10.2 Hz, 1H), 7.11 (d, J = 7.8 Hz, 2H), 7.16-7.24 (m, 3H), 7.28-7.35 (m, 5H), 7.44 (d, J
= 7.8 Hz, 2H), 7.56 (d, J = 7.2 Hz, 2H); *C NMR (150 MHz, CDCl3) 515.9 (d, J = 7.2 Hz), 16.0 (d, J = 5.7 Hz),
21.4,25.8, 26.1, 26.6, 28.6, 32.9, 39.9, 64.0 (d, J = 6.8 Hz), 64.2 (d, J = 5.9 Hz), 64.7 (d, J = 4.4 Hz), 68.2, 90.6 (d,
J=8.7 Hz), 126.7, 126.9, 127.9, 128.5, 128.58, 128.64, 128.9, 129.2, 134.5, 136.0, 138.9, 1425, 168.4 (d, J =5.6
Hz): *'P NMR (243 MHz, CDCls) § -5.1.

Benzyl diethoxyphosphoryloxy(phenyl)acetate (5a):
Bro,c._ph H NMR (600 MHz, CDCly) 51.16 (td, J = 7.2, 1.2 Hz, 3H), 1.30 (td, J = 7.2, 1.2 Hz, 3H),
op(oEy, 3.89-4.00 (M, 2H), 4.10-4.22 (m, 2H), 5.16 (d, J = 12.0 Hz, 1H), 5.18 (d, J = 12.0 Hz, 1H), 5.80 (d,
© J = 8.4 Hz, 1H), 7.18-7.24 (m, 2H), 7.27-7.32 (m, 3H), 7.34-7.39 (m, 3H), 7.43-7.48 (m, 2H); **C
NMR (150 MHz, CDCls) §15.8 (d, J = 5.7 Hz), 15.9 (d, J = 7.2 Hz), 64.0 (d, J = 5.7 Hz), 64.3 (d, J = 5.7 Hz), 67.3,
76.7 (d, J = 4.4 Hz), 127.2, 128.0, 128.3, 128.4, 128.7, 129.2, 134.9 (d, J = 5.9 Hz), 135.0, 168.7 (d, J = 5.7 Hz);
1P NMR (243 MHz, CDCl3) § -1.4.

Diethyl phenyl(N-tosylamino)methylphosphonate (6a):

'H NMR (600 MHz, CDCl3) § 1.03 (t, J = 7.2 Hz, 3H), 1.33 (t, J = 7.2 Hz, 3H), 2.28 (s, 3H),
3.55-3.63 (m, 1H), 3.87 (ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 4.13-4.24 (m, 2H), 4.77 (dd, J = 24.0, 9.6
Hz, 1H), 6.34 (brs, 1H), 6.99 (d, J = 8.4 Hz, 2H), 7.12 (dd, J = 7.8, 7.2 Hz, 2H), 7.10-7.20 (m, 3H),
7.46 (d, J = 7.8 Hz, 2H); *C NMR (150 MHz, CDCl3) §16.0 (d, J = 5.7 Hz), 16.4 (d, J = 5.7 Hz), 21.3, 55.2 (d, J =
155.1 Hz), 63.6 (d, J = 7.2 Hz), 64.0 (d, J = 5.7 Hz), 127.0, 127.8 (d, J = 3.9 Hz), 128.12, 128.14, 128.9 (d, J = 7.2
Hz), 133.6, 137.8 (d, J =12.9 Hz), 142.8 (d, J = 14.4 Hz); *'P NMR (243 MHz, CDCl5) 520.2.

H -

T
NTS
Ph™ ~P(OEt),
0o
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Benzyl 2-diethoxyphosphoryloxy-4-nitro-2,3-diphenylbutanoate (9aa):
Ph major diastereomer: white solid.

Bn020>/\/N02 1 _ -
coped H NMR (600 MHz, CDCl;) §1.08 (td, J = 7.2, 1.2 Hz, 3H), 1.21 (td, J = 7.2, 1.2 Hz, 3H),
0 3.79 (ddg, J = 9.6, 7.2, 7.2 Hz, 1H), 3.85 (ddg, J = 10.8, 7.2, 7.2 Hz, 1H), 3.94 (qd, J = 7.2,
7.2 Hz, 2H), 4.63 (dd, J = 9.6, 4.8 Hz, 1H), 5.04 (dd, J = 13.8, 10.2 Hz, 1H), 5.06 (dd, J = 13.8, 4.8 Hz, 1H), 5.17
(d, J = 12.0 Hz, 1H), 5.33 (d, J = 12.0 Hz, 1H), 7.06-7.18 (m, 5H), 7.19-7.33 (m, 10H); *C NMR (150 MHz,
CDCly) 615.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2 Hz), 52.3 (d, J = 4.4 Hz), 64.02 (d, J = 5.9 Hz), 64.06 (d, J = 5.7 Hz),
68.4, 76.8, 87.6 (d, J = 7.2 Hz), 125.9, 127.99, 128.02, 128.3, 128.5, 128.6, 128.76, 128.81, 129.7, 133.9, 134.3,
136.5 (d, J = 6.0 Hz), 168.8 (d, J = 3.0 Hz); *P NMR (243 MHz, CDCly) & -4.9; IR (ATR): 3064, 3033, 2984,
2908, 1739, 1555, 1496, 1454, 1379, 1269, 1026, 979 cm™; HRMS (ESI) Calcd for CpHgNOgP [M+Na]’

550.1601, Found 550.1601; m.p.: 97.5-98.2 °C. CCDC1450154.

Figure S1. ORTEP diagram of 9aa.

- Prob = 50
Temp = 150
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Benzyl 2-diethoxyphosphoryloxy-3-(4-methoxyphenyl)-4-nitro-2-phenylbutanoate (9ab):

Ar major diastereomer: white solid.
BnOL, ~NO2 14 NMR (600 MHz, CDCls) §1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.22 (t, J = 7.2 Hz, 3H), 3.72 (s,
‘Ph
(FIORLO 3H), 3.81 (ddg, J = 10.2, 7.2, 7.2 Hz, 1H), 3.87 (ddg, J = 10.2, 7.2, 7.2 Hz, 1H), 3.96 (qd, J =

Ar=4MeO-CeHs 72 7.2 Hz, 2H), 4.58 (dd, J = 10.8, 3.6 Hz, 1H), 4.99 (dd, J = 13.8, 11.4 Hz, 1H), 5.03 (dd, J
=13.8, 3.6 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.32 (d, J = 12.0 Hz, 1H), 5.65 (d, J = 9.0 Hz, 2H), 5.99 (d, J = 9.0
Hz, 2H), 7.19-7.32 (m, 10H); *C NMR (150 MHz, CDCl3) §15.8 (d, J = 7.1 Hz), 15.9 (d, J = 7.2 Hz), 51.6 (d, J =
4.4 Hz), 55.1, 64.03 (d, J = 4.2 Hz), 64.06 (d, J = 5.9 Hz), 68.3, 77.0, 87.8 (d, J = 7.2 Hz), 113.5, 125.6, 125.9,
128.3, 128.5, 128.6, 128.76, 128.78, 130.8, 134.4, 136.5 (d, J = 5.4 Hz), 159.3, 168.8 (d, J = 2.9 Hz); *P NMR
(243 MHz, CDCls) § -4.9; IR (ATR): 3064, 3034, 2983, 2933, 2912, 2838, 1738, 1612, 1555, 1515, 1449, 1379,
1252, 1183, 1027, 979 cm™; HRMS (ESI) Calcd for CpgH3NOgP [M+Na]™ 580.1707, Found 580.1707; m.p.:
106.0-106.6 °C.
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Benzyl 3-(4-chlorophenyl)-2-diethoxyphosphoryloxy-4-nitro-2-phenylbutanoate (9ac):

Ar major diastereomer: white solid.
BnO.C NO2 IH NMR (600 MHz, CDCls) §1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 3.83
EtO),PO Ph
(R (ddg, J = 10.2, 7.2, 7.2 Hz, 1H), 3.88 (ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 4.01 (qd, J = 7.2, 7.2
Ar = 4-CI-CgH,

Hz, 2H), 4.60 (dd, J = 11.4, 3.0 Hz, 1H), 4.99 (dd, J = 13.8, 11.4 Hz, 1H), 5.13 (dd, J = 13.8,
3.0 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.32 (d, J = 12.0 Hz, 1H), 7.00 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H),
7.17-7.34 (m, 10H); **C NMR (150 MHz, CDCly) 515.8 (d, J = 7.2 Hz), 16.0 (d, J = 7.2 Hz), 51.7 (d, J = 3.0 Hz),
64.17 (d, J = 5.7 Hz), 64.25 (d, J = 5.9 Hz), 68.5, 76.7, 87.4 (d, J = 5.7 Hz), 125.5, 128.2, 128.4, 128.5, 128.7,
128.8, 128.9, 131.0, 132.5, 134.0, 134.2, 136.4 (d, J = 7.1 Hz), 168.6 (d, J = 2.9 Hz); *'P NMR (243 MHz, CDCls)
5 -4.7; IR (ATR): 3065, 3034, 2984, 2930, 2910, 1739, 1555, 1495, 1449, 1378, 1268, 1025, 979 cm™; HRMS
(ESI) Calcd for Cp7H,CINOgP [M+Na]" 584.1212, Found 584.1211; m.p.: 121.5-122.5 °C.

S16



1.0

2.0

HNTS
Ph

Ph
4aa

—— 7

BnOZC
(Et0),PO

—
00Z1 \W

3.0

4.0

5.0

6.0

.0

8
X : parts per Million : Proton

9.0

LYoo S1ovr €1 T 01 60 80 L0 90 S0 0

T T T T T
S0 ¥0 €0 TO 10 0

2ouepunqe

¥S9°S1
woLet
09L°S1
808°S1
Y88°CI
E6°'S1

(=) Z
te e
& <dzie

$EL'19
ES ST8'€9
@ £18°€9
€1EP9
& <0519
Fs 0879
9£6'79

PL6PY

o <8189
FS \siUs9
68L°9L
o <000
= 1TLL

89€°9Z1
£69°921
So1°LzTl
180°'8T1
9781
€2L8TI
1LL'8TI
LY88TI
__800t€El
= L8PEl
= LOE8ET

ceTTpl
ToozTrl

T T T T
150.0  140.0  130.0 1200

T
160.0
Ilion : Carbon13

NE.E_.-
. oL 1975

0

180.0 170.

£
5
g
P

X : parts

S17




) | R

-1.0

1.0

e
oze h
- p—
e
o
68
ca —a
jm Lo
-
© _<
e £ 2oz d
N S -
z < M 250 ra
N, 2 .
Q AS
S &
S 0O
o F =
L]II“
687 e
6I'e N [
4K -
s
J 3
| -]
f
ﬁ
|
|
|
T —
191§ ¥1o€1 TE T 01 60 80 L0 90 SO #0 €0 TO 10 0

Qouepunqe

X : parts per Million : Proton

=
Fe
2

=
Fe
=

=]

80.

<
=]
o

S
LS
=

180.0 1

0

€0

o

0

2ouepunqe

6£00-

0sL's1
86L°S1
156°S1
§9T'1T

o'z

681°SS
—Zgor'ss

s
= 2089
—08LL9
TN159'89

68L°9L
Zo00LL
it

SSEEl

IAvwm‘m__

PLS LI
s
=/ ssrsa
=osesel
—E
—

vizTrl
“iszTel

Carbon13

LGS
—~9g661

Sm.z_.M
< 6L61915
7098918

ion

ill

X : part:

S18



e
€8° JIe
25
00€ !
A [e
| o)
|
8Ll _
17T
e
a4
|
1
{
- o
wy
(] < ©
c <
T/ o = 4umo J
z
I /,,,,A m |
o O m _b
& 00y, e
¢ 2L
s 8 <
S L1 _
08's -
~ LS
—or——— 2
9¢'6 M
TR0
i
| [[eo
|
|
|
T L L S i i e L
g1 L1 91 €1 #1 €1 T1 I'l 01 60 80 L0 90 S0 +0 €0 T0 10 0
Qouepunqe

X : parts per Million : Proton

Ly

|

e N A PN s
i

"
"

n

T

120.0

130.0

160.0

170.0

T T T T T T T T T T
60 80 Lo 90 S0 0 €0 0 10 0
2ouepunqe

40.0 300 20.0 10.0

50.0

100.0

110.0

140.0

150.0

09L°S1

808°C1
£06°S1
1S6°S1

8T 1T
s

<9106

€89°921
seeLel
<66'L21
9028z
zissel
<98zl
$06'8T1
S 1668T
_pgEel
= L9Twel
= \806b€l
- ESrThl

—— 94089

X : parts per Million : Carbon13

S19



_ = 3 =]
| [
| 1€L°61
fo 69L'S1
; B LISST
£06°S1
K 1S6°S1
=2 £:2 otz
pES —y6r1z
|
| 3 =)
| Fre
[ 2
¥6'S ]
—_— =]
= 'S
676'19
F o £18'€9
2 116'€9
2 1LE'V9
00°€ 8579
—_— kLS [ 0v819
—4 [® 88879
F o 80089
te FS TN1L8'89
e 68L°9L
3 000°LL
- .
ES 1TLL
691 .
. 176'88
ree — | o /89688
T = ¥ ——F 1S <9106
N 3 $02°06
23]
=
© 6v°0
T < = e =]
o Y T PLO ] E 9]
{ : :
i 3. ~Z 000611
(o] < s
a =0 y = £69'921
&0 e _//s0ssa
o < e ——— [ o =/ 169811
o ———3 3 =\-988'8CI
= 3 [~ _ \uestl
S _ = N
81 ] = PSISET
T < .
— o _—Z T vl
—_— &2
J o
e o \&0,.
Z — g Z
€0 g
i & b & 1\
= F Lo
| 22 °
- B 6169t
Lk 3 i\
2 2 88912
| g £ ET £
= S =
01 60 80 L0 90 SO 0 €0 TO 10 0 80 Lo 90 <0 70 €0 70 10 0
2duepunqe Qouepunqe

S20




1 99°C1
1TLst
68L°C1
9€8°¢S1
£06°S1
196°S1

2 _opTle
S A

T
0

T
20.0

1.0

2.0

Se0°ss
= 66£'SS

—F P9 — ELRE9
—_— = 00V +9
o — L8
= VA
68L9L
000°LL
1TLL

3.0

40
|
0
5

o
-
=

5.0

11701
£69°9C1
= | g ol
= = cotgel

E P T 800F€El
2 ONSESPEL
: —— 6LT8E!

FS ___wan
3=
[2 8Tl

—_———— 2 [ 3 —6998I1
=}

6.0

BnOZC

|

7.0

150.0

Carbon13

o STT6SIT
€ ~oLzest

ion

—= o —€I1I'891]
&

X : parts per Million : Proton

X : parts per Mill

LI S A I N A A R AN I O A M AR LA A SR SRS BARSY MR R SO LARAL BARA AR T T T T T T T T T T
DT ST YT E€TTTITOT O &L LT 91 ST ¥ €T 'L 0ol 6080L090¢S0¢¥0€0T010 0 0l 60 80 Lo 90 S0 0 €0 o 1o 0
Qouepunqe 2ouepunqe

S21




L N A B I N A I A R R BN LA BARAA AL AR BARSS SEANL BARAL) LA AR SRS
DT ST PT ETTTITOT O 8T LT 91T STHLELTE IO 6080L090S0+0€0T010 0
Qouepunqe

=
— =
P 2 -
£6T ) =
=
6T _ (o
3 —=" I'a
00°€ 3
Lo
o
860
S e,
=
Lo
-+
S <
e £ B2 &
\ N L
W & &9 w01
N < m e
(o) ;
Q a0« L2
o =~
= L
m m <
Y
8LE o
T P i SRS
PIL y
e — =
2
2
a.
(o8
. =
LY
680 B g
L IS _J 2
= = 2
y g
tel

T

120.0

T

130.0

160.0

<0

0

€0

o

0

2ouepunqe

300 20.0 10.0

40.0

(=)
=3
bl

o
8

90.0

100.0

110.0

140.0

150.0

180.0 170.0

61S°S1

L6S°S1
TILST
09L°S1

/ TIT0T
S9zT'1T

68L9L
000°LL
HTLL

——SLT68

0Lo'cy _m

5
2
=
o
153
2
@
=1
|
8
>

S22



T
0T 61 81 L1 9

T T T T T T T T T T T T
IS v €1 T e or 60 80 L0 90 S0 0 €0 TO 10 0
Qouepunqe

<=
L re
L
€9 .
16T u F&
_N.m{J‘[U
e
=]
Le
a4
S
(72} <
- o £T 3
= < mnwo
n
I\ g3
N <
o © =
~ O
Q = &
o O —
= <
® o
<¢9
Le
2
e

8.0

9.0

X : parts per Million : Proton

T T T T T T T T T T T T T T T T T T T T 7
TO 610810 LI'OYIOSIOFI0 €O TIO TT°0 10 6070 80°0 L0°0 90°0 SO0 $0°0 £0°0 TO0 100 0
2ouepunqe

=
Fe
= st
69LS1
o N8t
FS = 1060C
ol
Nisele
=)
Fre
]
=3
S
o
FR
66L°09
ES .\NS.@
2 Loveco
L9V'19
o NSO89
S Nurso
08L'9L
000°LL

2 neLL
o — 60928
e
N
=
=
2 ssLsTl
= 1L6'9T1
96T'LT1
o 91§LTl
S L6E'STI
= TSI
LTI
9L8'8T1

—— NS

g
)
g

S 695691
g

rts per

X : pa

S23



L8¢

) P 9€°0
= o (=N
N < £ 80
z I =
T A\ S E— 0 ———"
g 080 ...
o O q =
& 0N
o &
S O =
e <
o g
09L J
==
sTL .||,W

T T T MR IS A A I AR A AR AR D N A A R B AN B
£TYT €T TC 1't 0T 61 81 L1 91 €1 1 €1 T I'l 01 60 80 L0 90 §0 +'0 €0 TO I'0 0

Qouepunqe

-1.0

7.0 6.0 5.0 4.0 3.0 2.0 1.0

8.0

X : parts per Million : Proton

0

80.

1600 1500 1400 1300 1200 1100 1000  90.0

170.0

B0

Lo

90

S0

0

WW

2ouepunqe

L6S°ST
YOSl
69L°S1
LISST
£06°S1
156°S1

9$TIT
—<teriz

bS8'€9
268°€9
8TH9
H0E9
208't9
0r8°%9
/11619
<5619
16
99189
08L'9L
L 000°LL
Nitan

uves
<1806
T£68°06

POz
SH9OzI
6cT LTl
POr'8TI
1€5°8T1

- oLz
SE8'8TI
296'8¢1

— 8EPTEl

= 8ppel

—ovTsel

—— 18TCYl

——— 987891

X : parts per Million : Carbon13

S24



A_.)UL_X_ D/, P

60 J
7
|

86T
(K3
00€
761
96'1 B
—
ieX
» o ©
R e Es 101
L ©® C "
z c o €0T e —
T QRS
O
(o) o~
Q a:-oun
o X =
59 <
i
=
90T
€IS =3
167 Q6.1 ==
e —

1.0

20

3.0

4.0

5.0

T
6.0

7.0

8.0

A NN A N BN SN AL A S RN ) RS A AR I R LA LA S LA B AR AR SO AARES
LTOTECTHPTETTTITOTOI ST LTI ST HLETTEITOT6080L090S0+E0€0T010 0
Qouepunqe

X : parts per Million : Proton

09L°S1

RNt

920'+9

=009

o \p60'99

08L'9L

o =000

ES 1L
g

o L1106
"S 9106

1000

1100

6£€°9C1
PL99T1
$88°9T1
£16'9C1
orzLel
== SYS'LTL

1400 1300 1200

1500

1600

1700

90

$0

0

€0

2ouepunqe

ES
808°<1
o \I96'ST
cS - \60091
ES
ES
re
S /oo
3] :
~ \ 961°59
TSN
: : M
0 1’0 0

8
v
=
2
X : parts per Million : C:

S25



<=
= o
m%m L2
L2
PN
v0'€
L2
P
86'¢
L2
<
=
2
) c £ ;
_l/ o IS = 00T 4:0;.
Zum N -nna nnv 001 ,w
R =
-
(@) N
Q &0
o 8 = re
5 Q < @
=
w
760 ]
6IL 3
ﬂf‘d [e
16°1 T e L
==
LS
oo
RSB B B B A LA LA LA LSS LSS RS LRSS L A AN S LSS S BAAAA A AR SRS
9T ST YT €T TTITOT 6T 8T LT 91 ST I €1 T LOT6080L090CS0+#0€0T010 0
Qouepunqe

X : parts per Million : Proton

100

Y.

<
\m/

. <

Fe
=5

1200 1100 100.0

1300

J
3

1500 1400

160.0

=

180.0 170.0

T T T T DA RRAAN SARAS RS ASRAL ARSA ASRRS RARA AL
rTo wo o0 8I'0 910 vI'0 TIO 10 800 900 00 TO0 0
2ouepunqe

6LLSL
86L°S1
LT8'S1
9r8’Sl
EIE1T

99T'+9
S8T'H9
£EEP9
00¥'+9
8EP'P9
881'89

657798
LOE98

LEG'STI
0LL9zT1
099°LTl
986°LTI
£v0'8T1
8¥'8TI1
809°8TI1
19L°8T1
E6'8T1
TIE0EL
wivel
SIEveEl
10T°9€1en
09¢°LET
wmm.wvrm
9]

1

illion :

61€°LIIZ
L9191

T

X : parts p

S26



= re
00°€ =
Lo
09°¢ o
[e
o
[e
a4
860
e
o £ S o ’r g )
\ 55 690
P4 o N
I s
(@]
(@] =
nuw/. o-0oon =)
m \n),_ 1l °
o Mt\ x
LEE
P18 - -
L = Lo
70'9
[e
=
o
T T T T T T T T T T T T T T T G
L9 S v €1 T 'L 01 60 80 L0 90 S0 0 €0 TO0 10 0
ouepunqge

X : parts per Million : Proton

1€L°61
6LLST
LT8SI
0L6'S1
Y191
9191

rate
& —=Zogpie

o@.ﬂ
rs —eEL6r
LavLs
o =~ scLsE
g =¥
S T oog'se

0.0

2 s
6£°€9

o [leeLes
S s
L£1°59
=11
o =—08L'L9
FE Nesrso
08L'9L

000°LL

LS 1TLL
2

09921
689°LT1
< [oresa
S [)sLesa

S ) eosa
8T8

< o6t
g TorTett

S0

0 €0 o 10 0
2ouepunqe

S27



¥6'C

P
4ja major
cCgHy4

BnOZC
0
R=

£1T

T T T T
o1 60 80 Lo 90 S0 0

Qouepunqe

7.0 6.0 5.0 4.0 3.0 2{0 1.0

8.0

X : parts per Million : Proton

<0

0

T
€0

2ouepunqe

m N A 000°LL
Es N\nzw
B
PR
50616
2166
=)
2059z
Rl
=N Tl
£0S'8T1
N TLsTl
_ , m
Zo 10 0

2 69L°S1

3= L2861
$TI91
29191

F2 ootz
—986'sT
011'9z
N

E / PE6'9T

L¥9'8T

20.0

30.0

.0

=1

609t
A%ﬁé
0

o
bt

15509
S s
/5099
H0T'S9

o ~\THT'S9
FE N\reso
68L°9L

110.0  100.

120.0

s
S e

€08'PE T
o TSl
S oorssl
e

150.0

1600

? ——79¢'891

180.0 170.0

S68°8T1

S28

X : parts per Million : Carbon13




— <=
re
L60
—
16T )
) e o —= =
- =
—= ] -
s oy >
T ss—— =
S
9610 s
o — — (]
ks 5044 S
o —
Lo
o
00T
—_—
861 ES
—
00'1
S 660 — 9 [o
L i
N .ma H.1.
Z x 8
T & an
o 9 ]
~ OO °
O &N T
S 0
m
o
L0t E
€67 = -
A —— > o
£oL =
=Y
[e
oo
00l
S
S
T T T T T T T T T T T T T T 5 T T T T T T T T T T T T G
BT LTOTSTYTETTTITOTEI ST LT OISTHIECTTI I'T 016080 L0 90800 €0T010 0
ouepunge

X : parts per Million : Proton

2
=

=
E o
&

30.0

40.0

50.0

<
S
=

110.0 1000  90.0

120.0

150.0 1400 1300

160.0

<
=
=

€10 TI0

1o

T T
00 100 0
2ouepunqe

.\ 6851
L yeror
i
L%
N Isese

——966'tt

L8E'LY

68L°9L
000°LL
HTLL

6576
<166

65S°9T1
9TsLTl
Stt'8tl
+81°8T1
SLY'8TI
€TL8TI
- 620°6C1

SECPEl
TNesobel

llion : Carbon13

91912
—ZobLLot g

X : parts

S29



cec 1€°0

|

SR

Lot

r

Al
4ab

Ar = 4-MeO-CgH,

T
HNT S
Ph

%,
K2

BnOZC
(Et0),PO
o}

=
L8]
o]

1
|
|
f
f
f
|
T

RS AARA AR LS A A A LAY AN L A RS R A B B AN S AN SRS A AR
LT 9T STYTecTT IToTe!l 81 L1991 ST e TH oL 6080L090¢50+#0€0T010 0
Qouepunqe

B I

g
T
1.0

-1.0

50 40 30 20

6.0

8.0

X : parts per Million : Proton

£69°S1
1ELST
L2 86L°S1

- 9¥8°Cl
¥88°C1
€6°'S1

< .
'S socie
& <lgoriz

—— L00'SS

< 4

—§ 8 suw

L1619
=Z<e619
== N
RN
68L°9L
000°LL

J\

= :
£SO\
o«

S S6v68
S _Lerses
— 17606

“NeL606

1000

1100

€ISl
“968°TI1

1200

1PL9T1

_/ wo0scl

< LOV'8TI

=608'821
—90S'HEl
— €6£8EI

680°Th1

sl

1600 1500 1400  130.0
A
(=]
(=)
2
n

170.0
B
o°©
€

T T T T T T T T T
0T 61 81 L1 91 ¢ v €1 TL I

T T T T T T T T T T
1 01 60 80 L0 90 S0 +'0 €0 TO 10 0
2ouepunqe

S30



[
|
|
[
|..A_ Lo
1
[
[
[
£6'0 L2
54 =
L=
o
00°€
[
| 2
| [
L2
-
L2
w
%) o 3]
k < 8T
\ Y%
Z o O
T N P
C <
1 L2
O (©) < ©
~ OO
m ~ o [
o m < L 8€T )
- 3 =
0 — L2
09°11 } =
Wy,
fmmbl|.w
| te
| oo
| [
B L L s A L Ly A A RS A Aty L e RSN LA LA RS RASSH Latsd ety LS AR Lates Rada LA BALA Lases il
BT LTITSTYTETTTITOTOI ST LTI OISTIHIEITI I'I O 6080 L090S0+0€0T010 0
2ouepunqe

X : parts per Million : Proton

!

170.0
]
(=)
=<
€
P

60

80

Lo

90

S0

0

T T
€0 o 10 0
2ouepunqe

1EL°ST
6LLST
wM LIS

- SLY'S1
£06°S1
1S6°S1

< .
=TT
& <Troe'ie

L80°19
2= 908°€9
7 )696°€9
LOOP9
o [I/89919
S €009
81°¢9

£6T°69

o = IL619
FE \ees'89
68L9L

_ =<o00L
= NTLL
79068
o Lures
FS — 86506
90906

1000

1100

8€1°9T1
Lot
6cT LTl
tPT8T1
9TH'8Tl
LY 8T1
156°8T1
L98'8T1
S68°8C1
£V6'8T1
6917

1200

130.0

140.0

A PSS

gL
b0
acl
§%

150.0

160.0
illion : Carbon13

oo
(=
g
[
o e
M

€

X : parts

S31



61 w

£
+

-

_T
HNT'S
Ar
Ph
4ad
Ar = 4'N02'C6H4

BFIOZC
£ (E10),P0"
o)

150

-1.0

1.0

20

3.0

50

6.0

7.0

T
0

8

9.0

T T T T T T T T
80 Lo 90 <0 0 €0 o 1o 0
Qouepunqe

X : parts per Million : Proton

£69°S1
1wLST
808°S1
68°C1
we'st
0L6'ST

< ¢
LS e8Iz
& —poei

61519
2= 116'€9
7 6819
LTT9

o [oive
=S | corvo
991°59

= 8p°59

o —— 89789
" Ns1069
08L°9L
L 000°LL

110.0  100.0

0.0

=4 Tes8Tl

= "~ S68'8T1

1300

SI0PE1
=serrel

——S80¢€rl
—— 1OLY],

€0

0

\m S tt
P19'88
Ea -
re
S N\Liros
ESs90Ta
S Ligeal
_bLrsTl
. , , w
€0 0 10 0

2ouepunqe

lion : Carbon13

S32



-1.0

Sto'st
s o

S st
88°SI
_ et
'S socie

& <Topzie

8T 910 L L

1.0

tTT =

£Y9PS

—00L'ts

2.0

(=]

ES £€98'€9
—4 -8 —1i6€9
————— 609
o = \090°$9
P NcLLso

68L°9L

000°LL
S 1TLL

3.0

r

T
HN' S
;. A

Ph
4ae
Ar = 3-MeO-CSH4

BnO,C
(Et0),PO
o)

©
2
oi

ro
o

8EP°68

& _Lssyes
95016
ot

100.0

50

E €OpEl
e
SNorpll

T
~Zg91zl
199921
=9Iyl
_89pbEl
o == =—_G6I°SEl
= €Irsel
—_zoTTHl

110.0

1200

Vs

130.0

140.0

7.0

150.0

8.0
T
160.0
3
o
7
n

X : parts per Million : Proton

170.0
2
o
€
E

T T T T T T T T T T T T T T T T T
L1 91 Sy €roTr o re o1 60 80 L0 90 S0 t0 €0 TO 10 0
Qouepunqe 2ouepunqe

S33




-1.0

09L'S1
= JseLst

S /ovgst
3 P68
P
f2 iz

8 <lgzie

1.0

2.0

— L¥SHS
——08I°LS

2 _Liow
e, = 49049
i _TseL
FS N 0SP'89

=

3.0

68L9L
000°LL

4af
Ar = 2-MeO-C6H4

BnOZC

I\
0

ES 1L

£99°06

= 12L°06

90.0

100.0

5.0

2LE601
= 6L9601

1100

1200
é/’\
(=}
=)

6.0

= _10rs2l
= L58T1

>
w = CI8PEl
=—1SS'LEL

€T Trl
~Zo6eThl

L

7.0
T
140.0

150.0
onl3

160.0

180.0 170.0

X : parts per Million : Proton

T T T T T T T T T T T T T T T T T T
0l 60 80 LO 90 €SO ¥0O €0 TO 1o 0 Lo 90 <0 0 €0 o 1o 0
Qouepunqe 2ouepunqe

S34




—— e
L6T B
66C ) |8
L0€ w FS
4
Lo
&
€0 2
e
a4
S, 2
(7] — o __ ”
@ 2 Zs 10T
X £ ——————
P c oe
T zzP ) .m.
N < M
(@] T =3
A Q.o TN
o &
c —_
o Q < S0T
i} ). P .
~ L60 )
- oLl SRS
€y W T b
—
!
1ts
| 1S
,
o
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 L
9T ST ¥T €T TT 1T 0T 61 &1 L1 91 ST #1 €1 T1 I'l 01 60 80 L0 90 S0 +0 €0 T0 10 0
Qouepunqe

X : parts per Million : Proton

180.0 170.
X : parts p

Lo

90

S0

0

M

2ouepunqe

L6S°ST

YOSl
6LLS1
LT8'C1

0. .
S Ipie

10.0

TSEH9
S -8IL'89
e
68L°9L
Z000°LL
ENTtta

S
)

0

2 192°06
S —<60£06

100.0

EEVPTI
9TLSTL
9£9'9C1
6LL9TI
S 8IL°LTL

{=]

S e6sLel
SITSTI
¥8Y'8TI

= :
S A eIssel
= =\ ovsszl
=\1821
~ \oor6z

<
2

Million : Carbon13

0

2 —— 869891

er

S35



170.0  160.0  150.0

7.529

o
X : parts per Million : Carbon13

1400 130.0 1200 1100

| NS

142.051

100.0

900 800 700 600
VNP
§%  H3% 3543
$E KRL 8TIT

2}
«Q
=
v

50.0

40.0

300

20.0

21.074
15.894
15.846
15.750
15.702

- T
s
& Hl:l/
2 BnO,C.__~
it . 2 A
wifs 2  (EtO),PO Ph
= O 4ag minor
@ Ar = 1-naphthyl
0
< (= Q
3 g 5 - 5
o] ) ) 5[E
o
<
. 5 BE
o bat, pelj i
(=1
]
(=1
5
(=}
e
(=]
(= =3
3 ks 2z &
-«
(=1
Lag B
s |
ag
o
23 |
£< ‘
3 |
.§° 4JLJL, JL \_JL__.J‘ e o) *n_ﬁ..—__uudu\_L
Ed
80 70 60 50 40 30 20 0
X : parts per Million : Proton
ol
=]
;_
o
2
2 uumumm.umum-w‘uum.:..ummumlhm.mmwmm.l.mmmumwm..m.u.u )il o bl b |

10.0

7

S36




=3 =]
u (AR
A=AV L]
& S 12Ls1
—3 P68°S1
[
Fo E o 5
& SI80C
———— R Amg.ou
2
£ ie
re
o
06T o
Mﬂ%w = o
g
\u E 0£€°09
i1 te 65619
o6t s o 2 SER'E9
[e 3 £18°€9
“ L 16549
< P £ 2 65879
—3F [® 150°S9
F o 819
Lo b CS 19889
- E 4 68L9L
3 - 000°LL
ES 1L
8
e
e ——
99168
= -m —9rr16
Tp60'16
| g3
F (S
_sE8
. E Fo
» o = mw =i
T > — =
_I/ Ah < c 5 3 <
=z = el 3=
T & o ——— 3 8
R g -
(@) Q o ————
Qa o« 3=
o X | &2
c O - 99'0 z )
o5 < ol o = szl
w = =
= I et
11z e
E Ly
= vy m
g - £
£ 7 S
3 =] S
[o 8 £ 8 £
00 &=t A =
2 0SLLITS
S ¥ o Lusios
2 3 L2 O ostsole
g w g
=% =%
2
T T T T T T T T T T T T T X T T T T T T T L4 T T T T >
€1 Tl 1T 01 60 80 L0 90 S0 ¥0O €0 TO 10 0 01 60 80 Lo 90 S0 0 €0 0 10 0

Qouepunqe 2ouepunqe

S37




-1.0

1.0

18

£0'E

2.0

r

A

Ph
O 4ai major

Ar

HN-TS

",
%,

2-furyl

BnO,C
(Et0),PO

€«
o5

£0T

3.0

4.0

5.0

6.0

8.0

X : parts per Million : Proton

0t o1

<0

!
|
]

2ouepunqe

T
10.0

968°¢C1
£16°S1
196°S1
TILEIT

300 200

400

o T6L68
FS ~ovs'6s

1000

826601
—Zel1011

110.0

Lot

LLI'STI
\mg. 1
$89'8T1
lewoez

—T6SHEl
—
K 96£°TH1

1200

1300

140.0
L
®
5
=~
5
3

150.0

160.0

——S98°L9T

180.0 170.0

X : parts per Million : Carbon1

S38




=
7 =
y Lo
mw.m g
wu
Lo
e o
e
Lo
o
101
e ——
e
| -
J [o
1 I i 7
15}
(%] —
R < £_
\ c E= ;
Z - Z 001
g5 L.
T QA0 L6 J
N o
o O 1
~ OO o
m <
5 3
w ] w1
€89 & WW =
Ut |u
80T ~)
s
<
L L
€27 1'T 0T 61 81 LT 91 €1 #1 €1 TI I'l 01 60 80 L0 90 §0 ¥0 €0 TO 10 0
Qouepunqe

X : parts per Million : Proton

00

<0

0

€0

2ouepunqe

=]
<
ES
<
FS
o~
2
Fo
L)
!
Fo
¥
=
Fo
wy
T T M
o o 0

60.0

re
%

=

1600 1500 1400 1300 1200 1100  100.0

180.0 170.0

-

e
.

<

/

i %

=

—_

NG

A

1€L°S1
6LL'ST

18€°1T

£9°9¢

06£+9
96919
SEL'Y9

FS TNo089
e

68L9L
000°LL

= 1TLL

78888

£2 —og6's8

8E1°0T1
€5T011

160°8T1
0¢°8TL
88E'8TI
8¥0°6T1
129°vEl
E6LVEL
SO6°LET
178"
eyl

9SH'8YI

illion : Carbon

o —
&=
L xilag
[N
8L

M

X : parts per

S39



—le
[e
979 g
{
\ Lo
4 i
00°¢ 4
| Lo
| =
S0T
g (=]
L A ———
|
|
|
Lo
5 w1 s
(7] — ol
R < mw, ﬁ
o el
m P -alaaw F
SR ; [
R . M. s
n.w/_ a0l |
o X = [
c o < [
o &= w0l |
3
0T ] te
. 067 e
sUL 0T ——3
66'1
i )
660 M -
|
{
=
T T T T T G
0t 0¢ 0T 01 0

Qouepunqe

X : parts per Million : Proton

0

€0

o

Qouepunge

B
|
|

$88°G1

2e6°S1
ES 196°S1
S8 ~19¢1e

o ,ETSTO
S /669
B nNRNS
£9€°69

o \sor'so
FS \196'89
68L°9L
000°LL
0TTLL

T
80.0

—— £51°06

T
90.0

100.0

SEIeel
1€8°ST1
0sL9tl
SrP'8T1
sl
819'8TI

T T
1200 110.0

T
130.0

l460
.

166'LE1

T~86LTHI
S - 9Lp8Yln
PR 0se6rIE
o 2
g g
— s.ﬁo_m
2 m .w.
= z
m .o
P2 =

S40



Vi

$6'C

10°¢

860

007
Lo
.
[e]
» s £
R < _ E> 160 w
el kel
zw( § §E
T R W
(@) [sp]
Qa0
[ =
c O <
@ g 001
w e
1£01
187
160
- —
g1 L1 91 ST 1 €1 T 'l 01 60 80 L0 90 S0 #0 €0 TO 10 0
2ouepunqe

-1.0

7.0 6.0 5.0 4.0 3.0 2.0 1.0

8.0

X : parts per Million : Proton

£69°S1
IPLS1
68L°S1

=
S t6TIT

20109
£ 86919
L9699
150°S9

o~ 68059
=N IR
08L'9L
000°LL

ES 1TLL
4

0£6'88
S 8o

1000

81scel
979'9C1
£€65°LT1
w6T8Cl
PLY'8TI
IS8Tl
sTrett

1100

1200

I oce6tl

= gec0cl
gl
0vObEl
NGl
959°L 1
T88LTH
thL8PIm
“8evosiz

1300

1500 1400

1600
iltion : Carb

I
N
g
~
2
M

180.0 170.0

2
vy
~
2
per

X : parts

0

0

€0

o

0

2ouepunqe

S41



68T
9LL
61'L
86'C
-
* k=X
©
R Rh € o
zZ o x<T
T & © ©
R S
o <
Qa0
mnu N
58
86'l
098 &t )
0T mu
Y ii———
00T j
|
[
R e s e L A AEBAY AL A L A paaAN Aaa
€T TT I'T 0T 61 81 LT 91 1 #1 €1 T1 I'l 01 60 80 L0 90 §0 ¥0 €0 TO 10 0
ouepunge

7.0

8.0

-1.0

1.0

2.0

3.0

4.0

5.0

6.0

9.0

X : parts per Million : Proton

60.0

=]
FS
3

o
PR

1100 1000

1200

1600 1500 1400  130.0

180.0 170.0

0

€0

o

(=]
<
ES
=3
FS
N
<
Fo
o
3
=
<
Fe
wy
=3
FS
=
T ~
1o 0

2ouepunqe

886°€1
/08651
82091
99091
6612
= 995zt
90Tt
o8t

65808
N At

020'19
/206'€9
0v6'€9
660'$9
~\gere
000'89
68L°9L
000'LL
02T LL

20526
—Z 61576

6L8°STI
LLE9TI

891°8CI

PYT8Cl

2068z
L66°8T1
865°STI
=Zovzecl
ZE8pel
—0L9°9€1

T Lzrost

- 10rop!
N 00eTHl

———S6T891

S42

X : parts per Million : Carbon13




=)
g =
16T
651 W o
€91
S
)
Lo
s o
3 ]
~3
L2
o
. w01
90°€ o
-+
£0'1
——
. 0T Fa
s}
(2] £
R Rh E e 001
=z o x T e et
T N
R S -
Q9w Fe
~ OO n
mw N
58
£0C F2
18 937 ==,
E——thT e
=UC )
Lo
-]
BARS AASd At s anas ey L M e e A AR A A AL L s Aty s e
9T $T ¥T €T TT I'TOT 61 81 LT 91 ST +1 €121 'l 01 60 80 L0 90 S0 +'0 €0 TO 10 0
2duepunqe

X : parts per Million : Proton

€0

To

0

2ouepunqe

200 100

300

60.0

=
Fe
=

=
S
=3

1600 150.0  140.0 1300 1200 110.0 100.0  90.0

170.0

9€0't1
9t8SI
SO8°C1
6851
1661
19E1T
= gspe
__6LS9T
888t
—1081€
——P8LTE

71509
|\ 1£5°09
6L179
LTTH9
19679
00849

\s209

68L9L
000°LL
HTLL

£5+°06

—Z00506

berozI
0SL'9z1
+E0'STI
\ S8zl
Iss'8zl
=Zaer6tl

——0S9PEl
T~SI19¢1
— IPE6El
——98¢°Th1

82
N
*x
o2
X : parts per Million : Carbon13

S43



L A A 8 S B AL A L RS LAY LY LA RARAS LRSS LRSS MY LAY SARAY AR KARAL RAASE A B
DEETRTLTITSTYTETTTITOTOISTILTIYISTIHIEITITION6080L090S0Y0€0T010 0

Qouepunqe

=
3 =
Lo
L -
Le
(]
Lo
o
[e
A
001 [e
m w
» 2,
= x &
/N - € ¢
T ,,,,,P Haumo
2
[e
Q, m”O I ©
m 4
& 3
=
we [2
88 S5
S0°T ;\iw g
£0T ) £
B
(o8
% =
=
5
=5
g
Ed
-

60.0

00 1000 900

110.0

120.0

mw
|

Ll Ll

60

80

Lo

90

<0

0

€0

0
2ouepunqe

0

10.0

666°S1
= 11091

S 61T
9pL'ST

A 6619
o N 1t69T
EERNNTE
—pl0EE

20.0

——PLO'6E

40.0

50.0

10L°€9
_LosLco
9¢6'79

o ~\FL6HO
S \e6L9
08L°9L

_ =<o00L
g Nnew

L9°26
~zawee

8€1°9C1

130.0

140.0

1810t
gyl

150.0

160.0

—— 16£891

180.0 170.0
X : parts per Million : Carbon13

S44



<=
e
€67
LM re
68°S == [~
[,
[e
ol
Y0'€
L2
o
S0t
(2
00’1 : -
F—
s L2
5 Sl 1
» c <60
KR X £ R
/N - E ¢
w —
I /////D- % ©
3 &
(e}
Q g0
m PN x
& 3
=
3 [2
. 86'1 J e
061 —
==
r:r. dv
[e
=
o
T T T T T T T T T T b T T T T T T T L
61 $1 L1 91 ST #1 €1 ¢TI 'l 01 60 80 L0 90 S0 +0 €0 ¢0 10 0
2duepunqe

X : parts per Million : Proton

o

n
o)

LA

T

00 1500 1400 1300 1200 1100  100.0

160.0

00

AL
[ 0
2ouepunqe

=]

=]
S
3

.0

180.0 17

T~ 0L8TE

< .
FS - 868°6E
s

696'€9

L1I0'P9
6L1'Y9
81TY9

6£9'19

=) 8999
2 Noirso

68L9L
000°LL
HTLL

8¥S°06

o
"8 —909°06

£89'9C1
68'9C1
8€6°LTI
PLY'8TI
6LS'8TI
LE98TI
LS8'8TI
B kAT |
—PSPEl
T=6109¢€1
T 188'8¢1
——10s°Trl

—
o
2.1
0 0
=

X : parts per Million : Carbon13

S45



LO'E
LO0T
e
N
g
N P
= 001
o a-0 ),
@]
(@)
N
(@]
o
[aa]
| 00T J
ufE - —
=7

T

T T T T T T T T T T T T T T T
I'T 0T 61 81 L1 91 ¢ #1 €1 TI I'l 01 60 80 L0 90 €0

T T T T
0 €0 TO 10 0
aouepunqe

1.0 -1.0

7.0 6.0 5.0 4.0 3.0

8.0

X : parts per Million : Proton

Lo

90

T T
€0 ¥0

T

€0

T
o

T
o o
2ouepunqe

150.0

160.0

170.0

<

£

A
3

A

%
g
3
%
2

68L°S1
LT8SI
£16°ST
196°S1

886'¢9
920'+9
SLTY9
€1EP9
wTLY
$99°9L
Y69°9L
08L9L
000°LL
HTLL

LyoLel
161°LT1
LS6'LTI
T8l
ShH'8T1
$89'8T1
0gT6Tl
6L8'PEL
816P¢El
£€C0°sel

0v9'891°

Million : Carbon13

X : parts pe

S46



=
Fo
6T J Lo
L6T u
[e
N
we P
- 5
[e
-
660
660
<
w0t r<
00'1
—_——
[o
wy
PN
=
w
° g s
\ ‘0O ® " he
NlA o 101 D
I = J ==
o
wT
00 = 2
—
z - .
€0 D) 5
g
a.
2
(o8
© 5
=
5
=5
£
Ed
o &
: ; ’ o X
0t 0T 01 e

Qouepunqe

Lo

90

<0

0

2ouepunqe

-IN171
o
re
(=}
o
3
o
=
2
&

S y 610°L21

oLzl

o Zgprsa

FR $76'8T1

= _\uesa

o s

> N~ ECLLED

= “Neoriet

1TLThl

LISTHI

: : ;
€0 70 10 0

__oTLts
=—pSLSS

FS8ese9
© L ogee9
N656'€9
)
re
e
68L°9L
000°LL

0

1600 150.0

180.0 170.0

X : parts per Million : Carbon13

S47



=
3 E2
: 315 09L°S1
1 Awow.e
] e 958°¢1
[ :
3 ES £06°S1
I o
=
E ST
00°€ =
66T S s
] i
T —
2= 6228
ES e
= —F T <orew
k.
fo
8 1669
9£0°'79
E L \po9
[ ES Tors9
b= 68L°9L
_ =o00e
= i
S=EN (7
66'1
819°L8
E ) = = — 99978
= =3
: =
00°1 4l lm
o €0 =
z 5 e [ F S
- m H@ 3 098°SZ1
< o /9seLcl
om X 8 =
l\ o = £9T'8T1
) Sop8Tl
Q, m o) e = 2 Lot
o X FR 19L'8T1
S 0O c— 608'8T1
o g —F [ \\osoea
w S \\soseer
= T Noserel
] re 1€79€1
SLI o \69F9El
——— -
R 2 g
: 3 5
o~ B o
0 =) .
(o8 F8 £
o5 il g
= .-
= o SHLS9IT
2 3 12 oozl
£ & ]
=% =%
x x
- , - e
I3 0T 0l 0 §1 L1 91 ST ¥l €1 1 I'l 01 60 80 L0 90 S0 +0 €0 TO 10 0
Qouepunqe Qouepunqge

S48




abundance

2 a
X : parts per Million : Carbon13

il n i
1400 1300 1200 1100  100.0

n
A
e}

|

900 80.0
LA
= -
¥ a3
% R

55.103—

50.0

51.617 —

40.0

Ar
BHOQC X N02
% = (EtO),PO" Ph
- O  9ab major
Ar = 4-MeO-CgH,
o]
<t
o]
b3
<
X
e
S of
o o) et
J<
2 g e 2
8
g
g
S N | l L | U |
]
80 70 60 50 40 30 20 10 0 14
X : parts per Million : Proton
< |
(=]
0
(=1
N
o

S49



=)
— = =
167 3te
X =
66¢ =%
|5
L2
-
0T
lr_ﬂ L3
- -+
101 q
S —
N o
o S % 2
pz4 9 < S [
©
g ano 00T -
o
<m{ £ 92X
©
9%

O I Fe
Q&0 L =
m N <
s g

-

193 )

96°01 = L]

I ———
=
£
2
a
re g
oo
=
]
£
g
>
T T T T T T T T T T T T T T T T T T
g1 L1991 sy o¢€rTrorer or 60 80 L0 90 S0 ¥0 €0 TO I0 0
Qouepunqe

S0

0

€0

o

2ouepunqe

F2

3 68179
LTTHY
99749

E 0 0TT'LL
86€°L8
o ~ogrLs

FS
SIS°STI
] mn 8T1
oﬁ 8T1
TIS8zTl
$99°8T1

1o

ES 6LLST

LT8S1
s €6°S1
9 086°S1

L2 cots
B

—ezLis

1S1'%9

S Naerso

68L°9L
000°LL

1100 1000

1260

€Ly _
€06

1300

0€0 _m_

ILY'TEL
800°tEl
8TTPEL

9£°9€1

1500 1400

160.0

—— 765891

1700

X : parts per Million : Carbon13

S50



