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A. General Information

All the starting materials were obtained from commercial sources and used without further purification
unless otherwise stated. Toluene, THF and diethyl ether were dried and distilled from sodium benzophenone
ketyl prior to use. CHCl; and CH,Cl, were distilled from CaH, prior to use. Dioxane was dried and distilled from
Na prior to use. All the solvents used in reactions involving phosphorous-containing compounds were de-
gassed by N,. 'H and *C NMR spectra were recorded on a Bruker ACF300 or AMX500 (500 MHz)
spectrometer. Chemical shifts were reported in parts per million (ppm), and the residual solvent peak was
used as an internal reference: proton (chloroform & 7.26), carbon (chloroform & 77.0). Multiplicity was
indicated as follows: s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet), dd (doublet of doublet), br s
(broad singlet). Coupling constants were reported in Hertz (Hz). Low resolution mass spectra were obtained
on a Finnigan/MAT LCQ spectrometer in ESI mode, and a Finnigan/MAT 95XL- T mass spectrometer in FAB
mode. All high resolution mass spectra were obtained on a Finnigan/MAT 95XL- T spectrometer. For thin
layer chromatography (TLC), Merck pre- coated TLC plates (Merck 60 F254) were used, and compounds were
visualized with a UV light at 254 nm. Further visualization was achieved by staining with iodine, or ceric
ammonium molybdate followed by heating on a hot plate. Flash chromatographic separations were
performed on Merck 60 (0.040- 0.063 mm) mesh silica gel. The enantiomeric excesses of products were

determined by chiral-phase HPLC analysis.

The absolute configuration of 12a was assigned by comparing its specific rotation with that of known

compound reported in the literature." The configurations of other MBH adducts were assigned by analogy.

B. Preparation of the Catalysts

(S)-tert-Butyl 1-(diphenylphosphino)-3-methylbutan-2-ylcarbamate 2

(Boc),0, TEA, CH,Cl,
PPh; PPh,

NH, (84%) NHBoc

To a solution of (S)-1-(diphenylphosphino)-3-methylbutan-2-amine (150 mg, 0.55 mmol) and EtsN (153 pL,
1.10 mmol) in CH,Cl, (5 mL) under N, was added (Boc),0 (143 mg, 0.66 mmol). The reaction mixture was stirred
at room temperature for 2 hrs, solvent was then removed under reduced pressure, and the residue was
directly purified by column chromatography on silica gel (hexane/ethyl acetate = 15:1 to 10: 1) to afford

catalyst 2 as a white solid (171 mg, 84% yield).
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'H NMR (300 MHz, CDCl) 6 7.44-7.32 (m, 10H), 4.40-4.38 (m, 1H), 3.59 (br, 1H), 2.30-2.12 (m, 2H), 1.93-1.87 (m,
1H), 1.43 (s, 9H), 0.88 (d, J = 4.4 Hz, 3H), 0.86 (d, J = 4.4 Hz, 3H); *C NMR (75 MHz, CDCl;) § 115.3, 146.8, 138.9,
138.8, 138.5, 133.1, 132.9, 132.8, 132.7, 128.7, 128.5, 128.5, 128.5, 128.5, 128.4, 85.2, 78.8, 53.6 (d), 32.5, 28.4,
27.4,18.9, 17.6; *'P NMR (121 MHz, CDCl3) § -22.2; HRMS (ESI) m/z calcd for C,,H3;NO,P [M+H] " = 372.2087,
found = 372.2079.

Prepartion of serine-derived dipeptidic phosphinothiourea catalyst 3a

~"
HBTU, DIPEA HCI

\_/ g
+ BANH, ———— > BnHN__~ ——~ +~ BnHN__~
BocHN™ ~CO,H CH,Cly, 1t TO]/\NHBOC dioxane \([)]/\NHz

: S
CSCl,, NaHCO, : R :
BnHN._ - N g, AL
CH,Clp, 0 °C to rt Y Nes CH,Cl, rt NN
a- a

(S)-N-Benzyl-4-((S)-1-(diphenylphosphino)-3-methylbutan-2-ylamino)-2-isopropyl-4-thioxobutanamide 3a

To a solution of isothiocyanide 3a-1 (82 mg, 0.33 mmol) in CH,Cl, (1 mL) under N, was added (5)-1
(diphenylphosphino)-3-methylbutan-2-amine (81.4 mg, 0.3 mmol). The mixture was stirred at room
temperature for 24 h, the solvent was then removed under reduced pressure, and the residue was directly
subjected to column chromatographic separation on silica gel (hexane/ethyl acetate =15:1 to 8: 1) to afford

catalyst 3a as a white solid (135 mg, 79% yield).

'H NMR (500 MHz, CDCls) & 7.44-7.40 (m, 4H), 7.31-7.24 (m, 11H), 6.84 (br, 1H), 4.81 (s, 1H), 4.46-4.42 (m, 3H),
2.40-2.36 (m, 1H), 2.28-2.13 (m, 1H), 2.07 (s, 1H), 2.03-1.98 (m, 1H), 0.98-0.89 (m, 6H), 0.83(s, 6H); *C NMR
(125 MHz, CDCl3) & 137.3, 132.8 (dd), 128.6, 128.4 (d), 127.4, 64.1, 57.6 (d), 43.5, 31.9 (d), 30.9, 19.4, 18.8,
18.1; 3P NMR (121 MHz, CDCls) 6 -23.1; HRMS (ESI) m/z calcd for CsoHssN3OPS [M+H]* = 520.2551, found =

520.2550.

. A)\ ~
: NH :
anN\I(\ 2 Bn,N /U\
NCS \H/\N N
CH.Cl,, rt
o Ll o H H PPh,
3b-1 3b

~_" Ph,P

Catalyst 3b was prepared from N-Boc-L-Valine, following the same procedure described for the synthesis of 3a.
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A white solid (67% yield); *H NMR (500 MHz, CDCls) & 7.71 (br, 1H), 7.41-7.27(m, 18H), 7.25 (d, J = 5.1 Hz, 2H),
5.80 (br, 1H), 4.72 (s, 4H), 4.38 (d, J = 13.8 Hz, 1H), 2.38-2.35 (m, 1H), 2.34-2.22 (m, 2H), 2.14-1.97 (m, 1H), 0.98
(d, J = 6.3 Hz, 3H), 0.88 (d, J = 7.0 Hz, 3H), 0.81 (d, J = 5.7 Hz, 6H); *C NMR (125 MHz, CDCls) & 138.9, 136.3 (d),
132.9 (dd), 132.8, 128.6 (d), 128.3 (d), 127.9 (d), 127.4, 57.3 (d), 50.5, 47.9, 31.9 (dd), 19.6 (d), 18.8, 17.9; *'P
NMR (202 MHz, CDCl3) & -23.4; HRMS (ESI) m/z calcd for C3;HasNsOPS [M+H] * = 610.3021, found = 610.3023.

Typical procedure for preparation of catalysts 4a-4j

thioisocynate 2
PPh, R. N/U\ N
CH,Cl, H H

NH, _ PPh,
70-91% Yield 4a-4j

To a solution of (S)-1-(diphenylphosphino)-3-methylbutan-2-amine® (81 mg, 0.30 mmol) in CH,Cl, (2 mL)
under N, was added isothiocyanate (1.1 eqg., 0.33 mmol), and the reaction mixture was stirred at room
temperature for 24 hrs. Solvent was then removed under reduced pressure, and the residue was directly
subjected to column chromatographic separation on silica gel (hexane/ethyl acetate = 12:1 to 8: 1) to afford

catalyst 4a-4j as a white solid (71-95% yield).

(S)-1-(1-(Diphenylphosphino)-3-methylbutan-2-yl)-3-phenylthiourea 4a
j]\
: N N
H H

A white solid (86% yield); "H NMR (300 MHz, CDCl;) & 8.05 (br, 1H), 7.42-7.16(m, 13H), 7.00 (d, J = 10.3 Hz, 2H),

PPh,

5.92 (d, J = 11.4 Hz, 1H), 4.50 (br, 1H), 2.36-2.30 (m, 1H), 2.24-2.17 (m, 1H), 2.09-2.00 (m, 1H), 0.80 (d, J = 9.0 Hz,
3H), 0.75 (d, J = 9.0 Hz, 3H); *C NMR (75 MHz, CDCl3) & 180.1, 135.9, 132.9 (d), 132.7 (d), 130.1, 128.5 (dd),
127.1, 125.2, 58.5 (d), 31.7 (d), 31.2 (d), 18.8, 17.9; *'P NMR (121 MHz, CDCl;) & -23.9; HRMS (ESI) m/z calcd for
CaaH2sN,PS [M+H] * = 407.1711, found = 407.1711.

S)-1-(3,5-Bis(trifluoromethyl)phenyl)-3-(1-(diphenylphosphino)-3-methylbutan-2-yl)thiourea 4b

FsC N” N
H  H  ppp,

A white solid (86% yield); *H NMR (500 MHz, CDCls) & 8.23 (br, 1H), 7.66 (d, J = 12.6 Hz, 3H), 7.44 (t, J = 2.9 Hz,
4H), 7.42-7.29 (m, 6H), 6.22 (br, 1H), 4.62(br, 1H), 2.54-2.52 (m, 1H), 2.51-2.49 (m, 1H), 2.34-2.16 (m, 1H), 0.95
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(t, J = 7.8 Hz, 6H); *'P NMR (202 MHz, CDCl5) § -23.2; HRMS (ESI) m/z calcd for CpgH6FN,PS [M+H] " = 543.1459,

found = 543.1459. The characterization data were in agreement with the values reported in the literature.”

(S)-1-(1-(Diphenylphosphino)-3-methylbutan-2-yl)-3-(4-(trifluoromethyl)phenyl)thiourea 4c

FaC\@\Hj\Hj;

PPh,

A white solid (81% vield); "H NMR (500 MHz, CDCl3) & 8.59 (br, 1H), 7.58 (d, J = 8.2 Hz, 2H), 7.47-7.41 (m, 4H),
7.31(d, J = 3.8 Hz, 6H), 7.22 (d, J = 7.6 Hz, 2H), 6.19 (br, 1H), 4.64 (br, 1H), 2.50-2.46 (m, 1H), 2.32-2.27 (m, 1H),
2.19-2.15 (m, 1H), 0.91 (t, J = 7.3 Hz, 6H); *C NMR (125 MHz, CDCl;) & 179.6, 139.8, 137.9, 132.8 (d), 132.6,
128.8 (d), 128.5 (dd), 127.9, 127.7, 128.2, 126.9, 124.8, 123.6, 122.7, 58.7 (d), 31.9, 30.8 (d), 18.5 (d); *'P NMR
(202 MHz, CDCl3) 6 -24.1; HRMS (ESI) m/z calcd for CysHy7F3sN,PS [M+H]* = 475.1585, found = 475.1582.

PPh,

A white solid (86% vyield); 'H NMR (300 MHz, CDCl;) 6 8.76 (br, 1H), 8.14-8.11 (m, 2H), 7.46-7.30 (m, 12H), 6.49
(br, 1H), 4.62 (br, 1H), 2.55-2.53 (m, 1H), 2.50-2.48 (m, 1H), 2.35-2.15 (m, 1H), 0.95 (s, 3H), 0.93 (s, 3H); °C
NMR (75 MHz, CDCl;) 6 179.4, 143.9, 143.3, 138.0 (d), 137.4, 132.7 (d), 128.8 (dd), 125.3, 122.1, 58.6 (d), 32.0,
30.7, 18.5; *'P NMR (121 MHz, CDCls) & -23.7; HRMS (ESI) m/z calcd for CosH7N30,PS [M+H]* = 452.1562, found
= 452.1560.

(S)-1-(1-(Diphenylphosphino)-3-methylbutan-2-yl})-3-(4-methoxyphenyl)thiourea 4e

Meo\@\ﬁj\ﬁi

PPh,

A white solid (75% yield); *H NMR (300 MHz, CDCl3) & 7.60 (br, 1H), 7.48-7.41 (m, 4H), 7.36-7.31 (m, 6H), 7.00-
6.96 (m, 2H), 6.89-6.84 (m, 2H), 5.78 (d, J = 8.2 Hz, 1H), 4.55 (br, 1H), 3.80 (s, 3H), 2.44-2.37 (m, 1H), 2.29-2.21
(m, 1H), 2.16-2.05 (m, 1H), 0.86 (d, J = 6.7 Hz, 3H), 0.80 (d, J = 6.7 Hz, 3H); *C NMR (75 MHz, CDCl;) 6 180.7,
158.8, 132.9 (d), 132.6 (d), 128.6, 128.3 (dd), 127.68, 115.1, 58.3 (d), 55.4, 31.7 (d), 31.2 (d), 18.8, 17.9, *'P
NMR (121 MHz, CDCl3) & -24.1; HRMS (ESI) m/z calcd for C,sH30N,05PS [M+H] * = 437.1816, found = 437.1811.

S)-1-(1-(Diphenylphosphino)-3-methylbutan-2-yl)-3-(4-fluorophenyl)thiourea 4f




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

F\ij S
H H

A white solid (91% yield); *H NMR (300 MHz, CDCls) & 8.05 (br, 1H), 7.46-7.40 (m, 4H), 7.32-7.31(m, 6H), 7.04 (d,

PPh,

J = 6.8 Hz, 4H), 5.83 (d, J = 5.9 Hz, 1H), 4.57 (br, 1H), 2.47-2.44 (m, 1H), 2.42-2.40 (m, 1H), 2.28-2.04 (m, 1H),
0.86 (d, J = 6.8 Hz, 3H), 0.83 (d, J = 6.8 Hz, 3H); **C NMR (75 MHz, CDCls) & 180.3, 162.9, 159.6, 138.1, 132.9 (d),
132.6 (d), 131.8, 128.7, 128.5 (dd), 127.7, 127.6, 117.0, 116.7, 58.44(d), 31.8 (d), 31.1 (d), 18.7, 18.1; *'P NMR
(121 MHz, CDCl3) 6 -24.3; HRMS (ESI) m/z calcd for CysH,,FN,PS [M+H] * = 425.1617, found = 425.1624.

(5)-1-(4-Chlorophenyl)-3-(1-(diphenylphosphino)-3-methylbutan-2-yl)thiourea 4g

CI\@\”/[SJ\”I

PPh,

A white solid (81% vyield); 'H NMR (500 MHz, CDCl3) 6 8.20 (br, 1H), 7.46-7.41 (m, 4H), 7.32-7.29 (m, 7H), 7.02 (d,
J = 8.2 Hz, 2H), 5.95 (br, 1H), 4.60 (br, 1H), 2.47-2.45 (m, 1H), 2.44-2.42 (m, 1H), 2.28-2.11 (m, 1H), 0.88 (d, J =
6.3 Hz, 3H), 0.85 (d, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl5) § 179.9, 138.2 (d), 132.8 (d), 132.5 (dd), 130.1,
128.8 (d), 128.5 (d), 128.5, 126.3, 58.5 (d), 31.8 (d), 31.0 (d), 18.7, 18.2; *'P NMR (202 MHz, CDCl;) § -24.2;
HRMS (ESI) m/z calcd for C,4H57CIN,PS [M+H] * = 441.1321, found = 441.1322.

(S)-1-(4-Bromophenyl)-3-(1-(diphenylphosphino)-3-methylbutan-2-yl)thiourea 4h

ReB B¢

PPh,

A white solid (75% yield); *H NMR (500 MHz, CDCl3) & 8.07 (br, 1H), 7.41-7.36 (m, 6H), 7.27-7.25 (m, 6H), 6.90 (d,
J =8.2 Hz, 2H), 5.90 (br, 1H), 4.54 (br, 1H), 2.42-2.38 (m, 1H), 2.23-2.18 (m, 1H), 2.10-2.07 (m, 1H), 0.84 (d, J =
7.0 Hz, 3H), 0.81 (d, J = 6.9 Hz, 3H); *C NMR (125 MHz, CDCl;) § 179.9, 138.2 (d), 135.1, 132.8 (dd), 128.8 (d),
128.5 (d), 126.5, 120.2, 58.6 (d), 31.85 (d), 30.9 (d), 18.7, 18.3; *'P NMR (202 MHz, CDCl;) & -24.2; HRMS (ESI)
m/z calcd for Cp4H,7BrN,PS [M+H] ¥ = 485.0816, found = 485.0815.

(S)-1-(1-(Diphenylphosphino)-3-methylbutan-2-yl)-3-(3-fluorophenyl)thiourea 4i

SR

N~ N
H H

PPh,
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A white solid (79% yield); *H NMR (300 MHz, CDCl3) & 8.05 (br, 1H), 7.41-7.34 (m, 4H), 7.33-7.17 (m, 7H), 6.88-
6.74 (m, 3H), 6.02 (d, J = 11.6 Hz, 1H), 4.52 (br, 1H), 2.40-2.38 (m, 1H), 2.36-2.34 (m, 1H), 2.23-2.02 (m, 1H),
0.86 (d, J = 2.9 Hz, 3H), 0.82 (d, J = 2.9 Hz, 3H); >C NMR (75 MHz, CDCl;) 6 179.7, 164.8, 161.5, 138.1 (d), 137.8
(d), 132.8 (dd), 131.1 (d), 128.7, 128.5 (dd), 119.9 (d), 113.5 (d), 111.8 (d), 58.6 (d), 31.8 (d), 31.0 (d), 18.7, 18.2;
3P NMR (121 MHz, CDCl3) 6 -24.1; HRMS (ESI) m/z calcd for Cy4H,7FN,PS [M+H] " = 425.1617, found = 425.1621.

(S)-1-(1-(Diphenylphosphino)-3-methylbutan-2-yl)-3-(2-fluorophenyl)thiourea 4j

S
N/U\N
L H H

PPh,

A white solid (82% yield); *H NMR (500 MHz, CDCl;) & 7.63 (br, 1H), 7.49-7.40 (m, 4H), 7.33-7.21 (m, 8H), 7.16-
7.10 (m, 2H), 6.05 (br, 1H), 4.60 (br, 1H), 2.42-2.39 (m, 1H), 2.38-2.32 (m, 1H), 2.31-2.13 (m, 1H), 0.90 (d, J = 7.0
Hz, 3H), 0.86 (d, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl;) 6 180.3, 156.9, 154.9, 138.0 (d), 132.8 (d), 132.7 (d),
128.7, 128.4 (dd), 128.1 (d), 126.7, 124.9, 116.8 (d), 58.6 (d), 31.6, 31.1 (d), 18.7, 17.9; *'P NMR (202 MHz,
CDCl5) & -24.1; HRMS (ESI) m/z calcd for C,4H»7FN,PS [M+H] = 425.1617, found = 425.1617.

C. Analytical Data and HPLC Chromatogram of MBH products

(R)-Methyl 2-(hydroxy(4-nitrophenyl)methyl)acrylate 12a

OH O
OMe
O5N

A yellow solid; [a]*p = -83.4 (c 1.00, MeOH), (lit.": [a]*p = -86.6 (c, 0.54, MeOH)); *H NMR (500 MHz, CDCl;) &
8.20 (d, J = 8.8 Hz, 2H), 7.57 (d, J = 8.8 Hz, 2H), 6.39 (s, 1H), 5.87 (s, 1H), 5.29 (d, J = 5.1 Hz, 1H), 3.74 (s, 3H),
3.32 (d, J = 5.7 Hz, 1H); ®C NMR (125 MHz, CDCl;) 6 166.4, 148.6, 147.5, 140.9, 127.3, 127.2, 123.6, 72.75,
52.19; HRMS (ESI) m/z calcd for C1;H15NOs [M+H]" = 238.0715, found = 238.0705; the ee value was 87%, tx
(minor) = 25.2 min, t; (major) = 33.6 min (Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 0.5

mL/min).
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=Chromatogram>

CLabSolusons ZSNmadzyHITY 45IR cd u e
L. W98 C/ LabSohmines Dty Projec 1 WYG-198C led
] et A Chi o

min | DetAChI 254

Racemic 12a

(R)-Methyl 2-(hydroxy(3-nitrophenyl)methyl)acrylate 12b

OH O
OMe

NO,

A yellow solid; [a]?’p = -2.7 (c 0.85, CHCl5); *H NMR (500 MHz, CDCl5) & 8.13-8.15 (m, 1H), 7.74 (d, J = 7.6 Hz, 1H),
7.52 (t,J = 7.9 Hz, 1H), 6.41 (s, 1H), 5.90 (s, 1H), 5.64 (d, J = 5.1 Hz, 1H), 3.74 (s, 3H), 3.32 (d, J = 5.7 Hz, 1H); °C
NMR (125 MHz, CDCl3) 6 166.4, 148.4, 143.6, 140.9, 132.6, 129.3, 127.2, 122.8, 121.5, 72.6, 52. 2; HRMS (ESI)
m/z calcd for C;;H1,NOs [M+H]* = 238.0715, found = 238.0706; The ee value was 85%, tz (minor) = 13.4 min, tg
(major) = 16.1 min (Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min).

<=Chromatogram:> =Chromatogram:>
CLabSolutions'zShimadzuHX Y -484R led CLabSolusons' zShimadzuHXY 484-1C icd
my my
{ DatA Ch| o, DetACHT
100 ] B
Lo 500
5o
] 250
261 1
o4 - -
[:1] 25 50 75 100 125 150 175 200 0 5 1 15 0

min min
1 DetA Chi2S4nm 1 DetA Ch1/2S4nm

Tots

Racemic 12b ' Enantiomerically enriched 12b

(R)-Methyl 2-(hydroxy(2-nitrophenyl)methyl)acrylate 12c

OH O
OMe

NO,

A yellow solid; [a]*p = -16.9 (c 0.80, CHCl5); *H NMR (500 MHz, CDCl;) & 7.95 (dd, J = 1.3 Hz, 8.2 Hz, 1H), 7.74-
7.76 (m, 1H), 7.64 (d, J = 7.3 Hz, 1H), 7.44-7.48 (m, 1H), 6.36 (s, 1H), 6.12 (s, 1H), 5.73 (s, 1H), 3.73 (s, 3H), 3.43
(br, 1H); *C NMR (125 MHz, CDCl;) & 166.4, 148.3, 140.7, 136.1, 133.4, 128.9, 128.7, 126.5, 124.6, 67.7, 52.1;
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HRMS (ESI) m/z calcd for Ci1H1,NOs [M+H]" = 238.0715, found = 238.0712; The ee value was 69%, tz (minor) =
14.4 min, tg (major) = 16.9 min (Chiralcel OD-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min)

=Chromatogram=

=Chromatogram=>
CLabSolutionsizShimadzulHXY-485R led CiLabSolutionsizShimadzuiHXY485-00 Jed
L . S my
BT Dt A Chi| 00T DetA ni|
| 2
100 o w
1 i 200
5 100 ]
0-t =
100 125 50 175 200 225
m
Det A Chi/254nem

min

T316680]

Racemic 12c

(R)-Methyl 2-((4-cyanophenyl)(hydroxy)methyl)acrylate 12d

OH O

OMe

NC

A colorless oil; [a]*’, = -4.4 (c 0.85, CHCI5); *H NMR (500 MHz, CDCl3) & 7.63 (d, J = 8.2 Hz, 2H), 7.51 (d, J = 8.2 Hz,
2H), 6.37 (s, 1H), 5.85 (s, 1H), 5.58 (d, J = 4.4 Hz, 1H), 3.73 (s, 3H), 3.29 (d, J = 5.7 Hz, 1H); 3C NMR (125 MHz,
CDCl3) 6 166.4, 146.6, 141.0, 132.2, 127.2, 127.1, 118.7, 111.6, 72.8, 52.1; HRMS (ESI) m/z calcd for C1,H:,NO;

[M+H]" = 218.0817, found = 218.0816; The ee value was 87%, tz (minor) = 16.3 min, tg (major) = 22.0 min
(Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min).

=Chromatogram:>

<Chromatogram=>

CilabSontions'zShimadzu HX Y4858 Icd
50

CiLabSolutions'zShimadzu\HX Y -485-IC lcd
DA chi| e

“DutA cn|

il

Racemic 12d

(R)-Methyl 2-((3-cyanophenyl)(hydroxy)methyl)acrylate 12e

OH O

OMe

CN
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A colorless oil; [a]*’p = +11.5 (c 0.87, CHC5); *H NMR (500 MHz, CDCl5) § 7.69 (s, 1H), 7.63 (d, J = 7.6 Hz, 1H),
7.57 (d,J=7.6 Hz, 1H), 7.45 (t, J = 7.9 Hz, 1H), 6.39 (s, 1H), 5.86 (s, 1H), 5.56 (d, J = 5.7 Hz, 1H), 3.74 (s, 3H), 3.28
(d, J = 6.3 Hz, 1H); *C NMR (125 MHz, CDCls) 6 166.4, 142.9, 141.1, 131.4, 131.0, 130.2, 129.1, 127.0, 118.7,
112.5, 72.5, 52.1; HRMS (ESI) m/z calcd for C;,H1,NOs [M+H]" = 218.0817, found = 218.0824; The ee value was
85%, tg (minor) = 17.1 min, tg (major) = 24.4 min (Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate =
1.0 mL/min).

<Chromatogram=

<Chromatogram>
CiLab Sohutony ZShimadauiHXY-487R Jed
mv .
o — HXYABTAC
BatA EAi LabSokSons' ZShimadzu HXY 487T4C led

} T DA Chi
40| i

F-{é'cemic 12e Enahtiome.r.i'cally enfiched 12e

(R)-Methyl 2-(hydroxy(4-(trifluoromethyl)phenyl)methyl)acrylate 12f

OH O
OMe
FsC

A colorless oil; [a]?p = -4.3 (c 0.71, CHCl5); *H NMR (500 MHz, CDCl;) & 7.60 (d, J = 8.2 Hz, 2H), 7.50 (d, J = 8.2 Hz,
2H), 6.36 (s, 1H), 5.84 (s, 1H), 5.59 (d, J = 5.7 Hz, 1H), 3.73 (s, 3H), 3.27 (br, 1H); **C NMR (125 MHz, CDCl;) &
166.5, 145.3, 141.4, 129.9 (q), 126.8, 126.8, 125.4 (q), 125.2, 123.0, 72.9, 52.1; HRMS (ESI) m/z calcd for
C12H1,F305 [M+H] = 261.0714, found = 261.0717; The ee value was 87%, tz (minor) = 12.9 min, tg (major) = 20.4
min (Chiralcel IC-H, A = 254 nm, 5% iPrOH/hexanes, flow rate = 0.5 mL/min).

<Chromatogram>
=Chromatogram:

CiLatSoltionyZShimadnAHXY 444-iC
CiLabSohtions Z5himadzul XY -488R icd L~
my Dwt A Chi|
DuLh Cii 1

) .I'Rac-é“r.hic. 12f Enéntiomerically enriched 12f
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(R)-Methyl 2-((3,5-bis(trifluoromethyl)phenyl)(hydroxy)methyl)acrylate 12g

OH O

F.C
3 OMe

CF;

A colorless oil; [a]*’p = 20.9 (c 1.0, CHCl5); *H NMR (500 MHz, CDCl5) § 7.86 (s, 2H), 7.80 (s, 1H), 6.24 (s, 1H), 5.88
(s, 1H), 5.65 (s, 1H), 3.76 (s, 3H), 3.34 (br, 1H); **C NMR (125 MHz, CDCl;) & 166.3, 144.0, 140.8, 132.1, 131.6,
127.5, 126.8, 124.4, 122.2, 121.8, 121.7, 121.7, 72.5, 52.3; HRMS (ESI) m/z calcd for Ci3H;1F¢0; [M+H]" =
329.0612, found = 329.0620; The ee value was 84%, tz (minor) = 12.7 min, tg (major) = 10.7 min (Chiralcel OD-H,
A =254 nm, 5% iPrOH/hexanes, flow rate = 0.5 mL/min).

<=Chromatograms
<Chromatagram=

€ iLatSokimony2 SHmadas HXY-502-00 led
CiLabSoumons ZENMat HXY S02R Jod

™ w0y 7 " sl " oA &A1
oo
o
2o,

o6 T rv3 s .y =y o - Ho 1] 28 1] 8 0o 128 18.0 178 200

1 DelA Chi2ssem

Racemic 12g Enantiomerically enriched 12g

(R)-Methyl 2-((4-chloro-3-nitrophenyl)(hydroxy)methyl)acrylate 12h

OH O
OMe

Cl
NO,

A colorless oil; [a]?p = -7.7 (¢ 1.10, CHCl5); *H NMR (500 MHz, CDCl3) 6 7.89 (d, J = 1.9 Hz, 1H), 7.49-7.55 (m, 2H),
6.39 (s, 1H), 5.91 (s, 1H), 5.56 (s, 1H), 3.74 (s, 3H), 3.43 (br, 1H); 3C NMR (125 MHz, CDCl3) & 166.2, 147.8, 142.1,
140.7, 131.7, 131.1, 127.3, 126.0, 123.6, 71.9, 52.2; HRMS (ESI) m/z calcd for Cy;H;;,CINOs [M+H]"= 272.0326,
found = 272.0329; The ee value was 85%, tz (minor) = 19.0 min, tz (major) = 23.4 min (Chiralcel IC-H, A = 254 nm,
10% iPrOH/hexanes, flow rate = 0.5 mL/min).

<Chromats ams
Chgnttog <Chromatogram>

CALatSokticnalsShimasnd b -501R ied
. LabSolstions s Shmacn, o il SotonsShimeanaHXY-S01-1C kg
"™ 1000 Ll
A GHT
Dwta 2000 ] Bela Eh

2000

- Récerr-\.ic 12h | Enanfiéfnérfcally'enriéhed 12h
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(R)-Methyl 2-((4-fluorophenyl)(hydroxy)methyl)acrylate 12i

OH O
OMe
F

A colorless oil; [a]?p = -20.0 (c 0.50, CHCl5); *H NMR (500 MHz, CDCls) § 7.33-7.36 (m, 2H), 7.02 (t, J = 8.8 Hz,
2H), 6.33 (s, 1H), 5.82 (s, 1H), 5.54 (d, J = 5.1 Hz, 1H), 3.73 (s, 3H), 3.06 (d, J = 5.1 Hz, 1H); 3C NMR (125 MHz,
CDCl3) & 166.7, 163.3, 161.4, 141.9, 137.0 (d), 128.3 (d), 126.1, 115.3 (d), 72.6, 52.9; HRMS (ESI) m/z calcd for
C11H1,FO3 [M+H]" = 211.0770, found = 211.0772; The ee value was 81%, tz (minor) = 13.9 min, tz (major) = 24.2
min (Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 0.5 mL/min).

<Chromatograms
<Chromatograms
CiLabSokonszShimadauHX Y4588 lod
. AT CRabSoutoNN S 00Y 4815 d
LU

.Rac.:er;nic. 12i Enantibrﬁeﬁcally enfiched 12i

(R)-Methyl 2-((4-chlorophenyl)(hydroxy)methyl)acrylate 12j

OH O
OMe
Cl

A colorless oil; [a]?’5 = -22.4 (c 1.31, CHCl5); *H NMR (500 MHz, CDCl5) & 7.30 (m, 4H), 6.32 (s, 1H), 5.83 (s, 1H),
5.51 (d, J = 5.0 Hz, 1H), 3.71 (s, 3H), 3.23 (d, J = 5.1 Hz, 1H); 3C NMR (125 MHz, CDCl;) & 166.6, 141.6, 139.8,
133.5, 128.5, 127.9, 126.2, 72.5, 51.9; (ESI) m/z calcd for Ci3H1,C10; [M+H] = 227.0475, found = 227.0480; The
ee value was 84%, tz (minor) = 13.6 min, tz (major) = 21.0 min (Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes,

flow rate = 0.5 mL/min).

<Chromatograms <Chromatogram:>

L s Sshmnn e nimar Y 493R e LSty 2ThmasEA XY 1-SB1AC led

Racemic 12j E'na"r{'c.'ior-né'ricall'y enﬁched 12j
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(R)-Methyl 2-((3-chlorophenyl)(hydroxy)methyl)acrylate 12k

OH O

O/

Cl

A colorless oil; [a]%s = -6.6 (c 0.63, CHCl3); *H NMR (500 MHz, CDCl) & 7.55 (dd, J = 1.9 Hz, 7.6 Hz, 1H), 7.22-
7.36 (m, 3H), 6.33 (s, 1H), 5.98 (s, 1H), 5.58 (s, 1H), 3.77 (s, 3H), 3.33 (br, 1H); *C NMR (125 MHz, CDCl5) § 166.9,
140.6, 138.2, 132.8, 129.4, 129.0, 128.1, 127.0, 126.9, 69.3, 52.1; HRMS (ESI) m/z calcd for C1,H1,CIO; [M+H]" =
227.0475,found = 227.0476; The ee value was 82%, tz (minor) = 20.5 min, tz (major) = 31.1 min (Chiralcel IC-H,
A =254 nm, 5% iPrOH/hexanes, flow rate = 0.5 mL/min).

<Chromatogram>
<Chromatograms
LAt Soutns 2EHma Y 505 ied

Ee BRA e £LasSohtiony EinimedraHXY 25050 18

200

Ra.ucem.ic 12k En.antic.)mer.ically. enri.ched 12k

(R)-Methyl 2-((4-bromophenyl)(hydroxy)methyl)acrylate 12l

OH O
OMe
Br

A colorless oil; [a]*p = +7.9 (c 1.0, CHCI3); *H NMR (500 MHz, CDCl3) 6 7.84 (d, J = 8.2 Hz, 2H), 7.45 (dd, J = 2.6
Hz, 8.9 Hz, 2H), 6.33 (s, 1H), 5.82 (s, 1H), 5.49 (d, J = 5.1 Hz, 1H), 3.71 (s, 3H), 3.22 (d, J = 5.1 Hz, 1H); *C NMR
(125 MHz, CDCl3) 6 166.5, 141.6, 140.3, 131.5, 128.3, 126.3, 121.7, 72.6, 51.9; (ESI) m/z calcd for Cy;Hq,BrO;
[M+H]" = 270.9970, found = 270.9961; The ee value was 83%, tg (minor) = 14.2 min, tz (major) = 21.8 min
(Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 0.5 mL/min).

<Chromatogram>

<Chromatogram=
©LanSoksony e Shimadn HIY 434R Icd
= EALass VB4 b
Dol Ehi - CALasSoAtions 5 himadzutHY J54-4C Icd

Racemic 12l ' Ena'ntiofher-i.c'ally enriched 121

13



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

(R)-Methyl 2-((3-bromophenyl)(hydroxy)methyl)acrylate 12m

OH O

O/

Br

A colorless oil; [a]*’p = -14.9 (c 0.80, CHCl5); *H NMR (500 MHz, CDCl;) & 7.52 (s, 1H), 7.40 (d, J = 8.2 Hz, 1H),
7.29 (d, J =7.6 Hz, 1H), 7.20 (t, J = 8.2 Hz, 1H), 6.35 (s, 1H), 5.84 (s, 1H), 5.50 (s, 1H), 3.73 (s, 3H), 3.22 (br, 1H);
C NMR (125 MHz, CDCl;) & 166.5, 143.6, 141.4, 130.8, 129.9, 129.6, 126.6, 125.2, 122.5, 72.6, 52.0; HRMS
(ESI) m/z calcd for Cy;H15BrO; [M+H]* = 270.9949, found = 270.9952; The ee value was 84%, tz (minor) = 14.6
min, tz (major) = 20.7 min (Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 0.5 mL/min).

<Chromatograms
£ AL BBy P MM XY S00R el =Chromatograms

DetATHT C-Lat Soktons ZShmadau O S03C i
= a0+

Racemic 12m Enantio.meri.cally.enriched 12m

(R)-Methyl 2-(hydroxy(phenyl)methyl)acrylate 12n

OH O
OMe

A colorless oil; [a]”’p = -94.3 (c 0.42, MeOH), (lit.>: [a]*®; = -109.3 (c, 0.54, MeOH)); *H NMR (500 MHz, CDCl;) &
7.32-7.38 (m, 4H), 7.26-7.29 (m, 1H), 6.33 (s, 1H), 5.84 (s, 1H), 5.56 (s, 1H), 3.71 (s, 3H), 3.15 (br, 1H); °C NMR
(125 MHz, CDCl;) 6 166.8, 142.0, 141.3, 128.4, 127.8, 126.6, 126.1, 73.2, 51.9; HRMS (ESI) m/z calcd for
C1:H1303 [M+H]" = 193.0865, found = 193.0866; The ee value was 80%, tz (minor) = 14.8 min, tz (major) = 29.1
min (Chiralcel IC-H, A = 254 nm, 5% iPrOH/hexanes, flow rate = 1.0 mL/min).

<Chromatograms <Chromatogranss

CLabEak sy ZEnmaanAHIY 1 S00R led LB Saiong ZERMAdUHIY 150040 lod

v
DeACh DA CH

" Racemic 12n Enantiomerically enriched 12n
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(R)-Methyl 2-(hydroxy(p-tolyl)methyl)acrylate 120

OH O

A colorless oil; [a]*p = -57.4 (c 0.52, CHCl5); *H NMR (500 MHz, CDCl3) & 7.26 (d, J = 6.6 Hz, 2H), 7.15 (d, J = 8.2
Hz, 2H), 6.33 (s, 1H), 5.85 (d, J = 1.3 Hz, 1H), 5.53 (s, 1H), 3.71 (s, 3H), 2.99 (br, 1H), 2.34 (s, 1H); *°C NMR (125
MHz, CDCl;) & 166.7, 142.1, 138.3, 137.5, 129.1, 126.5, 125.8, 73.0, 51.9, 21.1; HRMS (ESI) m/z calcd for
C12H1505 [M+H]"= 207.1021, found = 207.1022; The ee value was 76%, tg (minor) = 21.6 min, tz (major) = 37.5
min (Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 0.5 mL/min).

<Chromatograms
<Chromat >
CALabSeitions EShimadm HICY-50TR led Chromategram:
my

o Dot CAi C-LanSciutions)2ShimadzutHXY 1-807-1C Jcd

o L ! i
] 5 10 15 n 5 k) 3 &0
1 Dot Ch1/284nm

Racemic 120 Enantiomerically enriched 120

(R)-Methyl 2-(hydroxy(m-tolyl)methyl)acrylate 12p

OH O

A colorless oil; [a]*’p = -46.7 (c 0.45, CHCl3); *H NMR (500 MHz, CDCl;) & 7.15-7.26 (m, 3H), 7.10 (d, J = 6.9 Hz,
2H), 6.34 (s, 1H), 5.85 (s, 1H), 5.53 (s, 1H), 3.72 (s, 3H), 3.05 (br, 1H), 2.35 (s, 1H); 3C NMR (125 MHz, CDCl;) &
166.7, 141.9, 141.2, 138.0, 128.5, 128.3, 127.2, 125.9, 123.6, 73.2, 51.9, 21.4; HRMS (ESI) m/z calcd for C,H150;
[M+H]" = 207.1021, found = 207.1015; The ee value was 77%, tz (minor) = 9.9 min, tz (major) = 17.3 min
(Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min).

<Chromatogram> <Chromatogram=

CLabSohsonsizShinadn/HXY-500R lcd . € LanSohons Shiradt HXYT-S08IC lkd

min
min "

) Race?hic 12p o . Enantiorherically énriched 12p
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(R)-Methyl 2-(hydroxy(naphthalen-2-yl)methyl)acrylate 12q

OH O

SOR A

A white solid; [a]*’ = -12.6 (c 0.43, CHCl5); *H NMR (500 MHz, CDCl3) & 7.82-7.86 (m, 4H), 7.48 (d, J = 7.6 Hz, 3H),
6.38 (s, 1H), 5.88 (s, 1H), 5.75 (d, J = 3.2 Hz, 1H), 3.72 (s, 3H), 3.15 (d, J = 5.1 Hz, 1H); *C NMR (125 MHz, CDCl,)
6 166.8, 141.9, 138.6, 133.2, 133.0, 128.2, 128.1, 127.6, 126.4, 126.1, 126.0, 125.5, 124.6, 73.4, 52.9; HRMS
(ESI) m/z calcd for CisHq1505 [M+H]" = 243.1021, found = 243.1021; the ee value was 90%, tz (minor) = 13.0 min,
tr (major) = 18.6 min (Chiralcel IC-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min).

<Chromatogram>
<Chromatograms

o LSOO ES MBS 4F14C lod
7 P e
400 H Det. 180

00|

Racemic .12q Enantiomerically enriched 12q

(R)-Methyl 2-(hydroxy(pyridin-3-yl)methyl)acrylate 12r

OH O

| N OMe

7

N

A colorless oil; [a]”p = -44.5 (c 1.2, CHCl5); *H NMR (500 MHz, CDCl;) & 8.49 (s, 1H), 8.41 (d, J = 4.4 Hz, 1H), 7.71-
7.73 (m, 1H), 7.23-7.26 (m ,1H), 6.37 (s, 1H), 5.95 (s, 1H), 5.59 (m, 1H), 3.70 (s, 3H); *C NMR (125 MHz, CDCl3) &
166.3, 148.6, 148.3, 141.6, 137.4, 134.5, 126.2, 123.4, 70.7, 51.9; HRMS (ESI) m/z calcd for C;oH1,NO3 [M+H]" =
194.0817, found = 194.0813; the ee value was 84%, tz (minor) = 12.0 min, tz (major) = 19.2 min (Chiralcel IC-H,
A =254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min).

<Chromatograms
<Chiomatogram>
CLan iUt 2THmaTns HIY 4538 led
L abSohmons EShmesRAHXY 14994 led
BN EH| mv

500

.Racerr.lic 12r Ehantibmerically enriched 12r
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(S)-Methyl 2-(hydroxy(thiophen-2-yl)methyl)acrylate 12s

OH O
~ OMe
\ S

A colorless oil; [a]?p = +46.7 (c 0.5, CHCl5); *H NMR (500 MHz, CDCl) 6 7.24-7.26 (m, 1H), 6.94 (m, 2H), 6.35 (s,
1H), 5.95 (s, 1H), 5.76 (d, J = 6.3 Hz, 1H), 3.74 (s, 3H), 3.44 (br, 1H); 3C NMR (125 MHz, CDCl5) § 166.5, 145.7,
141.3, 126.8, 126.1, 125.2, 124.7, 69.6, 51.9; HRMS (ESI) m/z calcd for CoH1;,05S [M+H]" = 199.0429, found =
199.0427; The ee value was 70%, tg (minor) = 11.6 min, tz (major) = 17.1 min (Chiralcel IC-H, A = 254 nm, 10%

iPrOH/hexanes, flow rate = 1.0 mL/min).

<Chromatogram:
<Clwomatogram>
CALabSobonShimsdnuHCY S8R s
" Lt Sohusons Shimadzu Y 1-4984C
SR i LatSohtons ashimads 984 Iod

1 Deta Chi/Zienm

Racemic 12s Enantiomerically enriched 12s
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D. NMR Spectra of the Catalyst and the Products
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2fr-646
*** Current Data Parameters ***
5 NAME : sellzfr
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PPh2 ! PROCNO : 1
** Acquisition Parameters ***
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DATE_d : Sep 112009
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*** Processing Parameters ***
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13C AMX500 hxy-479
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wyg-169A 13C Standard AC300

€L01°8T
Z8TL'8T =

1856'0€
SOVT'TE )I
S

l62.°1€
09v8'1e

9TvE'8S
L0€ES'8S P

€28S°9L

Tv00'LL %

6SeVLL —=

LYTLOTT ——
mNHO.hHH\\\

8285°22T -
zovoLLet
8BEV'8CT
vz8r'8cT
T92S°'82T
0..5°'82T
88G.°'82T
€SEB'TET
8029°CET
Y¥99°CET
€G/8°CET
06T6°CET
TO60'8ET
T68S6ST —
§9/8°29T ——

68EE°08T ——

PPh,

ZT

ZL

4f

(-

T JAARRERRRAS T T T T T T T
200 190 180 170 160 150 140 130 120 110

T
210

T
220

(ppm)

wyg-169A 31P AC300

€8sg've- —

PPh,

ZT

ZL

4f

-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

-20

120 100 80 60 40 20

140

(Ppm)

30



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-439

WOTDONDDHDON — MO LN~ M @ ~ TONNTONMNRITANOYINNONHO o
AINODOANMONION 00— N0MO MmN S o RONANOTOTOYTNMOARADNID ©
COLITITNNAAAAAIOD DO N O re} o COLONNNNDOWDIONAT DN O I
ALY IIIILIOMNONNNS O @ ] NI IITNANNNAAAAHO DO D @
BNNNNNNNNNNNNNNNNNN 0 < daadadddaNdNdNadNNaNNCoS o ©
LLLLLLLLLLLLLLLLLH‘ 55 e
] Ul m
- N\ n n
T
5 ] () [ © ] i/
15 = oo | o ~ ] o~
2 rod INENIERY] © = W~
£ @ @M@ @ @ o
=) o] | =) =) o|lo
e e B LA A o B A B e B AL LA e o B LA A e o e o B
7.0 6.0 4.0 3.0 20 1.0 0.0
(Ppm)
13C AMX500 hxy-439
© ODONONOTONNNIN
© HTONNDD NN N~ © D < MW o~ © ™SOS
© OCHRONTANODOAOO ® MO So NTODNM
< NHRONOYOAMNN LM wgw 23 Sa890N
o 00 a5 NN N S 06 03 00 60 6B © NOM~ QL RoOoAN
~ NHOOOOOOANNNNNN NN~ © @ 0 O w0
— AT A A A A AAAAAAA A M~~~ 0w nNMMMd-
Ll - = = |
LA

Cl

Ir=
Iz

PPh,
4g

220 200 180 160 140 120 100 80 60 40 20 0
(ppm)




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

31p AMX500 hxy-439

€68Tve- —

PPh,

ZT

ZL

C

49

T T T T T T T T T T
-40 -60 -80 -100  -120 -140 -160 -180 -200 -220 -240

T
-20

T T T T
120 100 80 60 40 20

T
140

(ppm)

1H AMXS500 hxy-440

10080
SY18°0|
¥828'0
£2v8°0
€€66'T
25902

16202

11602

£Y0T'Z
29817 ]
92022 ]
25122
9T€2'2
99,67
9T8EZ
198€°2
1T6€°C
9507°2
Y6072 —
B?.N&
10272

- mmT

ETWS Y —

9706'G—

05689 ——
y1169/
21T —
1852'L

909z, [
1592 L
10222
829¢°L
999¢".
62,81
118¢°L
558¢°L
896€"L
9002 -
607" L -
2ETY L
61908

I

Br

PPh,

ZT1

ZT1

4h

]

0EEY'9

— "}

—9¢10'T

— 6107

0000'T

ot

76680

— |

€068'T
"

—1908'G

—9586'S

lesba|

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

(ppm)

32



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

13C AMX500 hxy-440
T TONOONTOITNNWOINGD
¥ YOOONXDNONOOXITD O —“oo ™~ © O MM
9 WNANITROMMACOARNSD oIS =i OBMWMOO
® NHOHO®ON~NOOMNWOWTY =N o RADNODO
D VOB RNNNNGBOEBO S No~ QW RRORNON
N OONONMMOONNNNNN ~N~© @ 0 o =i O 0w
- T A A A A A A A A A A A A - N~~~ nw MMM
e o e o Ay
<= | -V il
Br s
PPh,
| Lok sl .
T T e e
(ppm)
31p AMX500 hxy-440
™
o
@
ﬁ
<
N
Br s
PPh,
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 T T T T T T T T T T T T T
140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

wyg-142B 1H normal range AC300

T6LL°0
92080
65080
68280
9ST0C
SLE0C
00902
20802
TZ0TC
oveTe
T6ST'C
098T'C
89022
9€geTC
LLEET
LEVE'Z
€GSEC
€T9€2
8Y8E'C
vi6€ee
veov'e
680V'C —=

9z8L'C ——

09TS' v ——

00109 ——
o6g0'9

26€L°9——
vZ8L'9—&
0z18'9

sore'9

28v8'9

5898'9

29/8'9

LyiT L~
€181 2 |
26022 —
9eTZ L
S8TZ 2
5622'2
£952°2
sTZE L
z628"2
Love L]
w?msu
YYSE'L

8v92°2 —|
18982 —
oeze’s—|
10882 —|
22682
£500°2 —|
otzz'8

Z
o=
Z

PPh,

I

I

<

TLS0'T

= €6v80
2600°T

S

99960

A 0000°T |-

z28v0’e

vesT L ]!

ovrvo'v -

L8T6°0 [0

resbaru|

18629 [ o

(ppm)

wyg-142B 13C Standard AC300

198T°8T
thh.mﬁw

1126°0€
SLTIT'1E
wwmh.ﬁml/!

6EL8'TE —=

Y00S°8S
S689°'8S AN

018592
6200°LL
PAZA VR

Zrv9 TTT
L6V6°'TTT %
EVOV'ETT
woww.mHHV

?mmm.mﬁﬂ e
SY96°6TT

9/EV'82T
651821
T2ES'82T
6€S5°8CT
6¥9.°82T
ETVO'IET
LLST'IET
L16S2ET
S0L9°CET
€£2S8°2ET
0SZ6°CET
90TL LET
L668°LET
SZSO'8ET
2502'8ET S
EVYS 19T \\\

06€8'¥9T

22TL6LT ——

PPh,

ZT

ZT

<

IR

(Ppm)

34



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

wyq-142B 31P AC300

ZveTve- —

PPh,

ZT

ZT

4i

110 90 70 50 30 10 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190 -210 -230
(Ppm)

130

1H AMX500 hxy-Cat-2-F

79580
00,80
6888'0
8206'0
/212
96ET'2—

YEST'Z

099T'Z

98.T'2
52612
8607
672€'2
88EE'Z
6ESET
TV8E'Z
TY6ET

90T¥'C¢
134144
ocer'e

m

EV09'Y —

T6¥0'9 —

€660,
wil'L
80ET'L

TIET L=
09ST'. /E
2502 L
€5TC L
0612 L
¥0€2'L
asve L
90922
6062 L
1662,
ez1e',
ztee L
182¢€°L ]
oy L
69012 ]
28T 'L
02z L
T2EY L
187,
815,
9851,
6697,
1EL7L ]
8€8Y'L
888Y"/
929,

UL

PPh,

ZT

ZT

<

—~vEBT'C

=t

6975’9

28¢0'T

6880'C

8..8°0

89060

—

[A14%:]
Treey
0000°T

[esBaju|

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

(ppm)

35



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

13C AMX500 hxy-Cat-2-F

180.3094
156
—154
—138

9243
9421
0791
9917
8395
8249
6865
6646
7221
4962
4525
4379
4015
1100
7254
8525

137
132
I~ 132
— 132
—132
— 128
— 128
—128
— 128
J-128

128

_fi— 128
— 126

124

Iz
o
Iz

PPh,

116.8947
116.7344

~

MWMMMMMMWWWWWMMWMMWWWW

77.2514
77.0037
76.7486

t

v 58.6322

58.5156

31.6179
31.1734
31.0422
18.7411

t

17.8666

220 200 180 160 140 120 100 80 60 40 20 0
(ppm)
31p AMX500 hxy-Cat-2-F
o
()]
~
o
<
8
F PPh,
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 T T T T T T T T T T T T T 1
140 120 100 80 60 40 20 0 20 -40 60 -80 -100 -120 -140 -160 -180 -200 -220 -240
(ppm)

36



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-258

0OOTHOON NNHORN o orod NSNS o
OANRNNONMO NNOWOM N to0Mm © ANO S
MTONATON NHHO DO ~© cooOO M IO 0
SHnahddd 000oLn o 0SS 6 ITAN
LIS OO ”mm NN NN o

£
iz
I
Y

@) NBoc

OMs

3
S o © olo|mnlo
Q ] g N[O |®|®
= ] o © |0 |®|N
£ @ @ S |o |+
o n ™o |m (M
: : : : . : by T T : T . Ty : : .
7.2 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4 0.0
(ppm)
13C AMX500 hxy-258
«
N ~ M 0 ~ o ~ COSINHWLWO = NO L=
(v ™ 0N n i=} < OCO=EHMOOOW VM o
o« - m O © o " OMNOMOOO OO n
S © T B B QUQERMOHOn 0B o
2 @ ow o 6 o C3000oGO K O
- o ~~ ~ © © STOMOMOMMMON NN -

O NBoc

OMs




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H normal range AC300 wyq-s3

¥SE0'T —
£950°T —
v8v8 T
69.8'T
8988°T
8606'T
¥226'T
82€6'T /H
Evv6°T —
8556'T —
2996'T
9281°Z —
1252°2
2522
29822 —
1,622 —
Loze'z
2zeez
LEVEZ
YEVY'T
SSSt'Z
ozor'z
28L0°T
628v'C
688v°Z
SS61°2
92052
15152
62252
6YES'T

LIEV'E
ozsvr'e H/H
82ZLV'E L

9Z6V'E —=
verse—

E0LT L ——

TEOCT L

S202° L —
€0TZ L —
9Tz L

96122
9522 L
8L22 L —|
00€Z"2
Lre2° L —
STvZ L]
Sive s
8osz'2 |
96522 ]
ve92’L -
Lele L
vi62L
6,62 L]
680", |
09tEL
ozze'L
ogee’L
€9€€°L —
T9VE L -
vvse L —
ST9E L —|
659" —|
erse L —|
s8.L8°L—

PPh,
NH,

OH

S8ZV'E
—~ 7T

6vvS T
€0€L°C
6LVET

kb

82TTT
— " 7

0000°T

RN PR

9Sv6°'S

LSSV
—~ T

resBau

2.4

(Ppm)

13C Standard AC300 wyg-s3

¥868°6T ——

9205 vE
929078

8895°¥S
vEVIve

2288°0L
S866°0L AN
€ET99L

TSEOLL
0LSV LL X

£v0v'82T
oSv.wman
0809°82T \\\
2986'82T \\\
YYZEOET
0652°2ET
£90S°ZET
£906'ZET
609T'EET
S99Y'LET
8EEQ'LET
6229'8€T
1S12°8ET

OH

PPh,

NH>

(ppm)

38



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

31P AC300 wyg-s3

588122 ——

OH

PPh,

NH-

(ppm)

wyg-197 1H normal range AC300

€2ET'T
TEST'T -~

S89v'e
ST6v'e V

z28vT'v
VELT YV H/H
EVET 'V S

oSTZ Vv ——

7809V ——

52519
28119
6£86'9
9T66'9
SETO'Z
T2€0°2
£0v0°2
29502
Sv90°2
12102
85802
15602
820T L —=
90922 —
182,
816272
8,622
11082
28082
T2ZTE L
962€"2
8502 ]
SvTv 2
STEY 2 ]
98er'L
6912
21St' L
S6St2 ]
vror L
TL9v°2 ]
26212 |
Lv8v 2 ]
€262 —|
YOG L —
01572 —|
S98T°8

OH
PPh,

ZT

ZT

ELET'T [

v9.6°0

6VTO'T

1962V [

ST9T'9

EN L

22LTV [0
— Le
7

Le

(=}

[

(=}

Lo

[=}

L9EE'E [y
T
Le

—

Le

o
—
9006°Z | N

0000°T |-

resbaw [Q

(ppm)

39



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

wyg-197 13C Standard AC300

99.9°0C ——

8691°'1€E
H@@@.HMP

6826°LS

€S21°8S .

¥608°'89
1S26°89 P
29592

ST66°9L %

EETV 2L —=

6€9G5°9TT
¥698°9TT P

2560°L2T
9tTZ L2T p’
S2ovr'8cT
v¥8v'82T
TLSS'8CT
68.5°'82T
L0v8°'82T
¥¥88'82T
YSS0CET
2.SS°2ET
00€9°CET
8TT8CET
S¥88°CET
TO6T'LET
€82ZELET
LY9L'LET
2O0T6°LET
26017°6ST

9969°29T

6005°08T ——

(ppm)

wyq-197 31P AC300

ETV6'eEC- ——

OH
PPh,

ZL

ZT

-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

-20

120 100 80 60 40 20

140

(ppm)

40



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H normal range AC300 hxy-262-H

0200
2se0’0 .

8889°0 ——

9S520'T
¥960°T X

9.66°T
HNMD.NI/’
TEVO'C

T990¢C ——

0929¢C
Tvvoe
19S9'¢
60.9°C

S€89C ——

voEE v
L95€'Y A
oTvvr'v —

YE9E'Q
67689
202

8TE0'L

£vS0'L

62,02

T180°L

S80T'L

zoTT. &
62T 'L —
T8ET L —
TSST 2 —
€092'2 —
5292°L
89922 —
62222 —
29se L
vv8z'L —
28822
89ve'2
815€".
9T9€" 2
12982
6082 —
v92€°L —]
26.£L —
898", —|
z16E" L —|
956€L —|
egoy'L

L

1568'S

2628’8

0000°€

T186°0

% zZi60

ZLEE'T [

OTBS
PPh,

= o99se0|

SHA _.an‘w vi66°E |
ZT zrse L[

8T96'T

L9160

resBaru)

(Ppm)

13C Standard AC300 hxy-262

€129V~
LLLS V- H/|
ET0E V- —=

8929 LT —
oLvS'1e ——
08156 ——

6T08°TE
5500278

S.Sv'8S
206985 \—
09€EV'89
888589 .

8T8S9L
9€00°LL HK

SSevLL —

0968'9TT —=
stozzti—/

S9€6°L2T
950°'82T
61T2E°'82T
S9TV'82T
€8EV'8ZT
62€5°82T
€8€8'8CT
8vE8'TET
LS09°CET
€098°CET
€0Z0'EET
6V.L2EET
Tr06°'9€T
vTLO'LET
0900°6ET
099T'6ET %

OvTI8'65T
YTIOT'E9T

¥68€°08T ——

F

j;OTBS
H

z

N

PPh,

I

200 190 180 170 160 150 140 130 120 110 100 90
(Ppm)

T
210

41



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

31P AC300 hxy-262-P

Le8zve- ——

OTBS
PPh,

ZL

ZT

S5a

T
100

T
120

T
140

(Ppm)

1H normal range AC300 hxy-326

80L0°0
8€60°0 V

TTv9°0

wavo)l

19290
=

L6690 —=
1280°T
SEOT'T
2ce9E’T
9S8E'T
980T
8L2v'T

TvSr'T —

8820°¢C
TEVO'C
82902

S660C ——

¥8v92
S099°2
cvi9T

2989¢C¢ ——

ovoEv

gezer—\
ovve'v V
6ELY' VY ——

LSTE'9 —

6920, —=
OvED™2 —/
9502 —
15202
£€80°L —
25012
o121 2 —
8YET L —
81T "2 —
2092" L
11822
st62'2 —
zLse L
129872
ozre L ]
omwm.nu
TO6E"L

12072 ]
86v9°L —
6899'2
05292 ]
zooz 2 —|
66282

oM o

OTDS
PPh,

ZT

ZT

5b

18¥T°9

M L0T6'S

\ 9V66°S

cveee

— =

€82T'T

26L0°T

0000°T

|

M TLE0'T
612670

vvve o

ovsev
lzve's

vLo'C

€9T6°0

reibayu|

(pPm)

42



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

13C Standard AC300 hxy-326

ful OINNOOTONNMO T
S OIBBBRADON N sTaon aq —@ om  © odrOon @
I INYTOONTUNNO D ~© N R oY oM oo o MWDo 806
0 NORLDANTTMO0 H% §9g®  On N2 29 S y®z8og EEE
o 03 NN 090w EWN NG AR i} ~S Q0 ©N¥oav® EE S
® OOOOMANNNNAN a4 NNNG© @ o @0 ©od ¥ d00w® BRI
3 Aadddaaddadd =4 NN R k) 0 N NAAdd
A L R B s A VAL AL AR aaaa Lt L A L sanae T ey
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)
31P AC300 hxy-326
oo}
Q
©
4
N
o
T T T T T T I G
140 120 100 80 60 40 20 o -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
(ppm)

43



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H normal range AC300 hxy-LTBDPS

8¥68°0
20s6°0 %

0T.6'0 —=

19012
€9ET'Z
zeste
06,12 &=

€009°C
2919'¢
98€9°C

LT99C ——

svezv
99Vt
1692t
6682t
266t
vmmw.my
6881°9 —|
00102 —
TLTOL
S6€0°L
2850°2
990" 2
€LL0°L
omﬁ.nﬂ
¥8ST' L
05912
9TLT L
608T"L
088T"L
£TET L
£092°L —
9692°L —
2922, —
ST62Z'L —|
1862°L —|
TEOE'L —
080€"2 —;
mstKm
1128 L
99z, —i=
voee"L |
vsee s
oEvE L
20S€e"L
vese's —
9ss€"L
ste2
2v8€°L
ve6e2 —
vyor L —
£60t"L
9zt L
oLT 2 ]
62 L
eLev s ]
ssvv s
Lesv'L
619" L ]
69912
888t L |
zeey L |
0605°2
29752
8825,
Lee5°2
YIrS L ]
0652
ovss'z
65252
€08s'2 |
8TTL L
v6TL L —|
60€LL —|
sres s
sevs L —|
et L

0.0

0.5

S cere |
LEEV'6

1.0

\, ¢9zZo’€E

vE€L6'O

— "

25

0000°T

3.0

4.0

1
0T90'T

6926°0 [«

29260 [

—/ 2C8L6'T

7.0

6226'T

PPh,

\:Ij?TBDPS

ZT

S
N

5c

=\ 8ZLTT [
= 89082
™\ 06TET [

7.5

8.0

reabau|

(ppm)

13C Standard AC300 hxy-LTBDPS

89T 6T ——
L6LE'TC ——
185592

666892 V
28L9'6C —
ocvyree —

99v9'8S
€6.8'8S N

v€89°0L
912804
818592
LEOO'LL
8CeEVLL——

T9L6°9TT
EVLTLTT P

6261 22T
oTTL /2T %
8£20'82T —
20vT'82T
8€92'82T
£85£°82T —
216€'82T —
0z8v'8zT
¥85.°82T
£609°62T
£508°62T
TTS6'62T
0v85°ZET
6762 °2ET
S8e8°2ET —
6vE0°EET —
1962°€€T ]
6VTSEET ]
0562 vET —
v028'SET —|
£226'SET |
ze6v° 26T -
r158°65T -

L

2TEL 08T ——

OTBDPS

MMMMM

220

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

(ppmM)

44



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

31P AC300 hxy-LTBDPS

9TEB’'EC- ——

OTBDPS
PPh,

N
H

S
N

N
H

5¢c

dh

A

i

Ll

T
100

T
120

T
140

(Ppm)

1H normal range AC300 hxy-327

oTvr8'o —

STYO'T
€290°T V

9/90°¢2
TL0TC
LLETC
ESVSC
88852
95952
09152
80652
z2to9e
11192
ST29c——

S8LEV
9.6EV V

6€8C°9
veTe9 ~

90169
2.L16'9
LBE6'9 —=

=
66660 /|
9102 —

oez0Zf
650" —

T80T 2 =
S8LT'2

9581, —

SS6T'2— ﬁ
S22 —

2092" 2 —
ev8z L —
6162 L
0ov0oE"L
09T 2
STZS L
sres 2
Tovs 2|
z2ss L |
v225 2|
otzg72-

OTIPS
PPh,

ZT

ZL

5d

8ET'6T
~ 2

0000°€

€LV6°0

S0€E6'0

¥S98°'T

veee o

99S8'E
9618°L
6126'T

LET6'0

resbayu|

(PPM)

45



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

13C Standard AC300 hxy-327

v6617°CT ——
2€90°'8T
€260'8T 2

2509'T2 ——

9s00°¢ce
soteee N

SL22°8S
8¥20°6S V

EVET 69
N@NN.mQP

8185°9L
LEOO'LL %

SSevLL —=

T9T8'9TT
EVTTLTT ——

S9T0°82T
62E€T°8CT
€8L2°82T
62.L£82T
020¥'82T
209’821
€£68v°8ZT
8EVL'8ZT
9/28°TET
9.29°2ET
6v.8°CET
0v86°2ET
SBECTEET
SOVELET
8L0OS'LET
0900°6ET
6SE8°6ST \\‘

E€ECTTEIT

ov8y’ 08T ——

OTIPS
PPh,

T
90

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

T
210

T
220

(Ppm)

31P AC300 hxy-327

v.69°€C- ——

OTIPS
PPh,

ZT

ZL

5d

-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

-20

120 100 80 60 40 20

140

(PPM)

46



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-515
o ©OoWTHNN® - <o o
o COHMMDN©N N R o
@ COOWST Y YN © N~ O oo
0 NS4 40000 ™~ b bl
o NNNNNNNNN [} < < “d
| A J\JL
I
=) [t} ~oly Q ~ o
g o 2|y Q s R
2 @ T @ Q © ©
£ © o |0 s} o “
o | “ o <
e e e e e e L e e e e S B St e B SR B B e
80 7.6 7.2 X 6.4 6.0 56 5.2 48 44 40 36 3.2 28 24 20 16 1.2 08 04 00
(ppm)
13C AMX500 hxy-515
o 23y} 0o nm
~ Qo Qg SEN QI ~ @
5} oy AN 0 Q0D o o
1 X} NN ~ 0 noT ~ &
o H0 oINS G © No~ @ et
N o NN o NN © o
- R Ad e [NININ < §

—o
>¥

Ir=z
Ir=z

-
w

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
(Ppm)




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-483
D —=mM o~ o o % o N (=] ~om
S8 58 g £ a3 2 8
L SN R A i TP
OH O
OMe
O,N
12a
_ M M A A \ A
L S < S of|© © <
< @ @ < Q|| @ < @
— — - — o N o
8‘5 8‘0 7‘5 7‘0 6.‘5 6.‘0 5.‘5 5.‘0 4.‘5 4.‘0 3.‘5 3.‘0 2.‘5 2.‘0 1.‘5 1.‘0 0.‘5 0.‘0
(ppm)
13C AMX500 hxy-483
3 B 8  BL3 DO~ o o
& 8% 5§ &N BERT S
© o~ O ININEX] NOM~~ H
g 85§ &RY KEes o
OH O
OMe
O,N
12a
ol _—
LR R I I L L I I I I I I R L L L L I I L RN IS UL LR R
220 200 180 160 140 120 100 80 60 40 20 0

(ppm)




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-484

—7.2606
—6.4084
—5.9028
5.6381
5.6280
—3.7432
3.3221
3.3108

T.
T.

OMe

NO, 12b

o o]

g rwj rcﬁ VW ro N
D Q Q| ™ 153 b=}
= n © - [32] (2]
E =] ol|e ek
- - - o o
6.0 4.0 3.0
(ppm)
13C AMX500 hxy-484
o) o gTm oM~V O
°e) © ON =N WO [colceNm]e)) o
0 N~ s NS MOMm MmO (9]
(3] m oo OMOANMN~LWD nows [ee]
© 0O MS aoN~AN NOo™~© =
© < 9T MANNNN ~NN~ON N
— = A [l e e n
OMe
NO, 12b
220 200 180 160 140 120 100 80 60 40 20

(ppm)




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-485

8er'e —
18¢L€—

T9¢L'S—

996T'9 —
LT9€'9 —

9092,

VA4 4R
cLvyL
yeov'L
[AA WA
18LY°L
Gl29°L—
Yivo'L
G969°L
LBEL'L
acvl’L
T9G.°L
6€E6°L
¥9€6°L
€0S6°L
82S6°L

€916°0
|~
(444>

O

OH

OMe

NO,

12c

”Nr

oronT1

9790°'T

lesBaju|

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

(ppm)

13C AMX500 hxy-485

SOVT'eS —

verL,9—
18,9/
§G966'9L
S1S¢'LL —=

1S5.S5veT—
S0L¥'92T——
1€69°82T
9288821
Sty EeT I
6/90°9€T
ertrovt/

TLrE8YT —

GCTY'99T —

O

OH

OMe

NO,
12c

200 180 160 140 120 100 80 60 40 20
(ppm)

220

50



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-486
d~o© © ) © ©on < IN-)
omI~ 9 < 0 O < © ©
IS © ~ I @~ I =)
QoY ™ X O ~ NN
NSNS~ o~ © [T Y] o o
OMe
M [ )
r_s T rj j
<
= o~ ~ ol [y ) 0
g 5| w0 < ol |1 s Te]
=] o|m = S| |w < I
= S| o = S| | o = =2}
—| - <l |o N =)
T T T

=)
L o e e e L LA s s

9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
(ppm)
13C AMX500 hxy-486
s NoE oBIe g oK oo o
g 332 888 € g RRED g
© © o NI o] - NO™~ —
g §§ 838 3 3 ISR o
OH O
OMe
NC
12d

220 200 180 160 140 120 100 80 60 40 20 0
(ppm)



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-487

L0SC°T—
S9€9'T—

¥2e0c—

2692°€
8T8cE

6T7.'€ —

9895°G
00255\

§298'G —

19889 —

909¢' L —
TV L —
SeESY'L
989¥°L
2€95°L
€8L5°L
§129°'L
92v9'L
£689'L

OH

OMe

12e

CN

| Toaanl

|AM T086°0
¥870°€

TN T

-

¥900'T
—_T6V0'T

= LTE0T

TN ]

— /70201
99860
6.20'T

\0000'T

leabajul

0.0

1.0

20

3.0

4.0

5.0

6.0

7.0

8.0

9.0

(ppm)

13C AMX500 hxy-487

LESTCS —

G9EGCL

987L'9L H

LE00°LL
18SCLL—=

0STSCIT —
¥/89'8TT —

0566'9¢T —
¢I8T'6¢T —=
698T'0€T v
8G66'0€T
mmmm.ﬁm._”

m:wo.::H
LT96°2HT g

09.€'99T —

OH

OMe

12e

CN

N P

200 180 160 140 120 100 80 60 40 20
(ppm)

220

52



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-488

2692°€ —

TEELE ——

9.85°S
066S°S .

S8E8'S ——

EV9E9 ——

9092 L —

68602 ——
£0T5L /=

2265, H\H
9809°L

OH

OMe

F4C

12f

EEV60
—_EEV6O |

o162

—= Y916 ¢|

o

06760
0000°T

N

L
06660
"

K‘

0zT16'T

E—en

\ 6TO6°T

feiBa

(Ppm)

13C AMX500 hxy-488

SE€L02S —

vv982L
S8VL'9L o
9E00°LL
1852LL —=

STOO'ECT
8G9T'S2T
9TTE'SCT
Love'set
669€°'SCT
066€£°S2T
€9..°92T
ovE8' 92T
996S°6CT
6858°62T
OVTIT OET
069€E°0ET
8V6E TYT
Yv92' ST

S

80SS'99T ——

OH

OMe

FsC

12f

(Ppm)

53



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-502
58 8 s 33 g o
g8 g § 83 2 3
M~~~ ~ © w wn [52] 52l
N I o

OH O

F.C
3 OMe

Integral
1.9515 \ |
9757 /
|
1.0176 —
© {10167
9751
3.0000
9407

13C AMX500 hxy-502

—166.3031
77.2587
77.0036
76.7486
72.5000

OH O

F
3C OMe

220 200 180 160 140 120 100 80
(ppm)

——52.2484

T
%
T
T




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-501

meSenNNeS L 52 oS
DO TMNMNO WO [oe] - n o™ o
RIOWWIN BTN 1] o ® NS
OH O
OMe
Cl

=
5 o < - © w0 < D
jo3 o (e} < N o (=23 (=3
£ 8l |= 8 3 18 gl |
- < | = = ol |o
T T T T R R R e R R R R R
9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0
(ppm)
13C AMX500 hxy-501
[32] OO HdOMM
- OO ODHAMMN~ o 00 O O (=2}
o O T ATO MM 00 0D 0O <
~N ~NedOMN~NAMOWn Lo m o
< Koo g~ G o NO~ o N
o ST OMONNN M~ O o
— A A A A M~~~ ve)
OH O
OMe
Cl
NO, 12h

| L | |

T T T
220 200 180 160 140 120 100 80 60 40 20 0

(ppm)




hxy-495

6vS0'E
0S90°€ N

962L'E —

€LES'S
vLvS'S AN

2228'Ss ——

STEE9 ——

09002 —
L820°L
£TYOL
652 L —

882€°L
TOVE L
vore L
L2S€°L
S9GE°L

OMe

OH
12i

69560
— ]

S096°2

16560 [ ©
0000°'T

T~

€660
. _EL66°0 | <

2eT6'T
L626°T

2

res6ayup

(Ppm)

hxy-495

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

68L6'TS —

S8E€9°CL
oBvL0L \_

LEOO LL HK
18S2LL —=

S68T'STT
TLSE'STT AN

T¥80°92T ——
9..2°'82T
2eEveE8eT

mNNONMH u\
9TSO'LET
0S06'TYT ——

969€ 19T ——
662€°€9T ——
8V.9°99T ——

56

90

100
(ppm)

110

OMe
140 130 120

OH
12i
WWWWWMMMWMMWW

220

200 190 180 170 160

210




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-493
20 ~ LN N o®
0o o 0 oo o 0
20 o N1 <} o
RN « @ W ~ NN
[N © b W o o
n \ J ) .
®
o < ~ o < ) o
b5 o o Q ) N o
2 I =} 153 < ~ N
£ @ o ° 9 o o
o - < ) o S
LI b e e T LU e D e e e i e T T L D B D B B S B S B T T T
9.2 8.8 8.4 8.0 7.6 7.2 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3. 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4 0.0
(ppm)
13C AMX500 hxy-493
o 20 LNOO
@ o0®R SOoON ~owN -3
0 SO qNSYO Q000 Q@
0 er  wwod wgNg 0
© H40  OONGO NQom~in o
© SO oA NN o
“ A o HdHo [NINININ I}
JAAMARRASASRARS RaRng T e SRR At A e R et T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o 10
(ppm)

57



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-506

€0S2°E ——

ogzLre—-

0L0S'S——

TI¥8'Ss ——

6LYE'9 ——

sove L
€6V2L
8TSCL
QDQNN\\‘

S99€°L

OH
12k

Cl

62680

Dl%
0STO'T [

I~

I

— zvvo'T

26v0'E

=\ 0000'T

—_tes6'C[

T YO T

feiBau|

(ppm)

13C AMX500 hxy-506

080025 —

6Sv9'CL
L8V 9L 1/’

LEOO'LL HK
88GCLL—=

6902 72T —
1625'92T
1189'02T SU
0906221 S
TeE9'62T
ottever—

Y08E TYT ——
TLLEEYT ——

8T25°99T ——

OH

12k

Cl

(ppm)

58



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-494

L cara
Szeze

LTTLE—

EV8Y'S
brers

LY28'S ——

2s2ee'9 —

6L20° L —=

EVve L &H
9092 L

60V L
09 L
98S¥°L
veovL

OH

OMe

Br

121

|
—_——_ SV¥6°0

EEE6'T

[ St

| —— 1

2

feiBo

g et I

T
0z56'0
0000'T [0

—_1966°0[

/ L

erteT]

(Ppm)

13C AMXS500 hxy-494

06.6'1S ——

S609°2L
L8VL°9L 1/’

B8E00'LL HK
68SCLL —=

€269'T2T —

L€22°92T ——
0S82°'8CT ——
9691 TET ——

8EZEOVT ——
9295 YT —

(0]
OMe

121

OH

LEVS 99T ——

Br

(ppm)

59



1H AMX500 hxy-503

€922°€ —

9scL' e —

6T0S'S —

TIv8'Ss —

T6v€9 —

0S8T'L
¥10Z'L
S9TZ' L\

9092 L —
9v8T’L
1662°L

896€°L Hﬁ
2ETY'L

Tres L

T~

——
— 9CE0T [

12m

I~

OH

Br

/ §820'T
s o\
LSTO'T
— 7 ]

|\ 6EVO'T

\ 0000°T [~

| —

—_CL80T ¥

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

(ppm)

13C AMX500 hxy-503

L220'2S —

S609°ZL
88Y2°0, ~\_

8E00°LL H/I
68GC°LL—=

0825221 ——
908T°S2T ——
SE€29°9ZT —
8965°6ZT —/=
0ZE6°6ZT %

20S8'0ET

ETISETYT ——
0S29°erT ——

€£05°99T ——

60

(ppm)

OH
12m

Br




1H AMX500

hxy

0oSYT € —

S80L°E —

G666'G ——

vov8's —

80€E'9 ——

009zL
8€92°L
68L2°L
8262'L —=

ogzeL
Z8EE’L
€ESEL
T29€°L
cLLE L

IS
0000°T | ©
9260'T

TN

OMe

I
T~ 160 [

OH
12n

¢ vorzo[w

| — ™
TN

/" 0EL0'T[~
\ 0Ccsov

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

(ppm)

13C AMX500

hxy

90vV6°'1S ——

906T'€EL

Oth.th
HNmO.N\rHK
TLEELL —=

2€50°92T ——
=

9129'9¢T
E€TEBLCT %

29ev'8CT

SL2ETYT —
o6v0zvt

TSLL 99T ——

61

(PPm)

(@)
OMe

OH
12n




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-507

SO I o @ ] @ )
SN e} N O < =] ~
QOIS N 0y ® N Q ©
NN~ ] Q10 ~ o 3]
I e e © W6 B o o o

120
_ J‘ S
g
[=2] <~ o o (2] o ~ o
3 | © o n < - [ee] o
N~ - o o
R T
9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 05 0.0
(ppm)
13C AMX500 hxy-507
~ ST o
~ N0 OO Wt~ o (2]
N OO 0L — O N n mn
~ oM O~ [FeRo Bo ) w0 (]
< aNDBN OO0 N~ O @« <
© <STOM NN ~NoOoOom bl bl
— A A N~~~ n o~

OH O

120

|

220 200 180 160 140 120 100 80 60 40 20 0
(ppm)

-




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-508

9LVE'C —
€250 —

C6TL'E —

¥825'G —

98178'G —

€56€'9 —

¢680°L
0€0T'L
v8rlL

8T L —
888T'L
orTe'L
16¢C'L
el
909¢'L

OH

12p

e
—_1GV6'C

2080

—~ " ]

el
= 16€6'C

= 66¥6'0

N ===
16660

==

N

vl
—8¢00'T

/0876°0
/ ¥v96°0
\ £996°0
\0000'T

eabaju|

5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
(ppm)

55

8.5 8.0 75 7.0 6.5 6.0

9.0

13C AMX500 hxy-508

¥98€'T¢—

G698'TG —

CEIT'EL
S817L°9L X
9€00°LL
18SCLL—=

§5€9°€2T —~_
95v6'G2T —
0661 L2T—F
0£92'82T uﬁ
SvS5'82T

9Zv0'8ET ——

m.m@._”.._ninH
8LL6'TVT e

€0V.L'99T —

OH

12p

200 180 160 140 120 100 80 60 40 20
(ppm)

220

63



hxy-491

LSYT'E
wmmﬁ.mw

vvere —

STvL'S
8LYL'S AN
2088°'S ——

028€'9 ——

092 L —
189V L ——
8EBY'L e
2618°L —=
EVEB'L %

€€98°L

S6S6°0

OMe

1’w 6286°C

28L6°0

.

VvSTO'T

= >

(PPm)

0000°'T

OH
12q

vi16°2

ISI6'E

reabau|

hxy-491

68L6'TS ——

618E°EL
H

98v7.°9L
LEOO'LL WW
18S2°LL

89S 2T
LSTS'SCT %

0908'99T ——

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

64

90

(ppm)

110

OMe

140 130

OH

12q

AR AR RARAA RS AR RRRAS AR
210 200 190 180

220

Wmmmwmhmww



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

1H AMX500 hxy-499

9969°€ ——

985G ——

SrS6°'S ——

90289 —

L1€2°L
LIVC L
08ve L
18522
9092 L
1S0L°L
S60L°L
E€BTLL
TZeL L
6ScCL L

YSOYr'8 ——
N?Hv.w\\\

1867’8

@)

OH

OMe

\

12r

J 0z90°e

P~

u B8LET'T
2L.66°0

0

ST66°0

— 0000°T

fesBaul

(PPm)

13C AMX500 hxy-499

Y96’ 1S ——

8YTL0L—~_

STv.L'9L
mwmm.w\r%
91G2’LL —=

2s6e'ecT —
L222°92T ——

6VVS vET ——
680V LET ——

OMe

ZLLSTYT —

O

2962°8VT —=
YTE9'8YT e

OH

21882°99T ——

\

12r

(Ppm)

65



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

hxy-498

zZeEVr'e ——

ozvre —

ovsL's
womh.mw

80S6'G ——

26vE'9 ——

26E6'9 —=

vam.w%
TES6'9

89€T L —p=
TEVT L
vere L
L092°L

O

OH

OMe

S

12s

M 9.T6°0 [

9.26C
I~

resBoru)

(ppm)

hxy-498

68L6'TS ——

904569 —

98¥.L°9.L
LEOO'LL HK
18S2°LL —=

L1219Vl —=
TS6T'SCT —F
090T'92T
mHWN.wNH

OTLZ2TYT —
2L89°SVT ——

SE9V' 99T ——

OH

OMe

S

12s

T
90

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

T
210

T
220

(Ppm)

66



