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General Methods. Commercial reagents were purchased from Sigma Aldrich, Alfa
Aesar and used as received. Solvents were purified and dried using standard methods:
toluene were distilled from sodium; THF was distilled from sodium/ benzophenone ketyl.
Reactions were performed without using inert atmosphere techniques. Flash
chromatography was performed using silica gel 60 (230-400 mesh) from EM Science. 'H
NMR and C NMR spectra were recorded on Bruker AM 500 spectrometer at 23°C.
Chemical shifts for protons are reported in parts per million downfield from
tetramethylsilane and are referenced to residual proton in the NMR solvent (CDCl;: 6
7.24). Chemical shifts for carbon are reported in parts per million downfield from
tetramethylsilane and are referenced to the carbon resonance of the solvent (CDCls: o
77.0). Abbreviations used in NMR data: s = singlet, d = doublet, t = triplet, q = quartet, m
= multiplet, b = broad. Infrared (IR) spectra were obtained using a Mattson Galaxy Series
FTIR 3000 spectrometer referenced to polystyrene standard. Optical rotations were
measured using 2 mL cell with a 1dm path lengh on a Jasco DIP 370 digital polarimeter.
The mass spectroscopic data were obtained at the Harvard University mass spectrometry
facility. Chiral HPLC analysis was performed on either a Hewlett-Packard 1050 or a

Shimadzu VP-series instrument.



General procedure for the conjugate addition of purine to enones.

3a: Aluminum complex 1 (29 mg, 0.025 mmol, 5 mol%), purine (72 mg, 0.6 mmol, 1.2
equiv) and toluene (2.5 ml) were combined in a round-bottomed flask. To the resulting
suspension the ketone 2a (64.6 mg, 0.5 mmol, 65% purity) was added. The reaction
mixture was stirred at room temperature for 48 h, and then purified by flash column
chromatography on silica (eluent: 5% methanol in ethyl acetate). The product 3a was
obtained in 78% yield (80 mg) and 90% enantiomeric excess, as determined by chiral
HPLC (Chiralpack OD, 10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] My =27 (c=
1.65 in chloroform). '"H NMR (500 MHz, CDCls): 6=9.0 (s, 1H; ArH), 8.8 (s, 1H; ArH),
8.1 (s, 1H; ArH), 5.1 (m, 1H, CH), 3.4 (dd, *J = 8 Hz, °J = 18 Hz, 1H; CH,), 3.0 (dd, *J =
6 Hz, J = 18 Hz, 1H; CH,), 2.0 (s, 3H; CH3), 1.6 (d, °J =7 Hz, 3H; CH3). *C NMR (125
MHz, CDCl;): 6=204.8, 151.9, 150.9, 148.5, 134.7, 48.3, 47.9, 30.1, 19.8. IR: v = 2968,
1714, 1590, 1408, 1205, 646 cm™ . MS (CI): m/z (%): 205 (100) [M+H]".

Analytical data, products 3b-3e:

3b: 3-hepten-2-one (56 mg, 0.5 mmol) was used. The product 3b was isolated in 80%
yield (93 mg) and 95% enantiomeric excess, as determined by chiral HPLC (Chiralpack
OD, 10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°> = -5 (¢ = 0.04 in chloroform). 'H
NMR (500 MHz, CDCls): 6=9.1 (s, 1H; ArH), 8.9 (s, 1H; ArH), 8.1 (s, 1H; ArH), 4.9 (m,
1H, CH), 3.5 (dd, °J = 8 Hz, °J = 18 Hz, 1H; CH,), 3.1 (dd, °J = 5 Hz, ’J = 18 Hz, 1H;
CH,), 2.2 (m, 1H, CH,), 2.0 (s, 3H; CH3), 1.8 (m, 1H, CH,), 1.2 (m, 1H, CH,), 1.0 (m,
1H, CH,), 0.8 (t, °J = 7 Hz, 3H; CHs). °C NMR (125 MHz, CDCL): §=207.5, 154.5,
153.5, 151.1, 148.5, 137.2, 55.4, 49.3, 37.8, 32.7, 21.9, 15.8. IR: v = 2977, 1716, 1594,
1409 cm™. MS (CI): m/z (%): 233 (40) [M+H]".

3c: 3-octen-2-one (63 mg, 0.5 mmol) was used. The product 3¢ was isolated in 76% yield
(93 mg) and 93% enantiomeric excess, as determined by chiral HPLC (Chiralpack OD, 5
% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] V=23 (c = 0.85 in chloroform). 'H NMR
(500 MHz, CDCls): 6=9.0 (s, 1H; ArH), 8.9 (s, 1H; ArH), 8.1 (s, 1H; ArH), 4.9 (m, 1H,
CH), 3.5 (dd, °J = 8 Hz, 2J = 18 Hz, 1H; CH,), 3.0 (dd, >J = 5 Hz, >J = 18 Hz, 1H; CH,),
2.2 (m, 1H, CH,), 2.0 (s, 3H; CH3), 1.8 (m, 1H, CH,), 1.2 (m, 2H, CH,), 1.1 (m, 1H,



CH,), 0.8 (m, 1H, CHy), 0.7 (t, >J = 7 Hz, 3H; CH;). °C NMR (125 MHz, CDCly):
§=207.5, 154.5, 153.5, 151.1, 148.5, 137.2, 55.6, 49.3, 35.4, 32.6, 30.8, 24.4, 16.2. IR: v
=2958,2931 1717, 1594, 1407, 1199, 648 cm™. MS (CI): m/z (%): 247 (80) [M+H]".

3d: 5-methyl-3-hexen-2-one (56 mg, 0.5 mmol) was used. The product 3d was isolated in
86% yield (100 mg) and 91% enantiomeric excess, as determined by chiral HPLC
(Chiralpack OD, 9% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *’p = -3 (¢ = 0.65 in
chloroform). "H NMR (500 MHz, CDCls): 6=9.1 (s, 1H; ArH), 8.9 (s, 1H; ArH), 8.1 (s,
1H; ArH), 4.6 (m, 1H, CH), 3.6 (dd, *J =10 Hz, 2J = 18 Hz, 1H; CH,), 3.1 (dd, >J =4 Hz,
J=18 Hz, 1H; CH,), 2.5 (m, 1H, CH), 2.0 (s, 3H; CH3), 1.0 (d, >J =7 Hz, 3H, CH,), 0.7
(d, °J = 7 Hz, 3H; CH;). °C NMR (125 MHz, CDCls): §=207.7, 154.5, 153.6, 151.2,
148.8, 137.1, 61.6, 46.7, 33.7, 32.7,22.4, 21.9. IR: v= 2967, 1719, 1593, 1406, 1201 cm
L. MS (CD): m/z (%): 233 (50) [M+H]".

3e: 6-benzyloxy-3-hexen-2-one (102 mg, 0.5 mmol) was used. The product 3b was
isolated in 74% yield (120 mg) and 93% enantiomeric excess, as determined by chiral
HPLC (Chiralpack OD, 5% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *’b = 44 (¢ = 1.00
in chloroform). "H NMR (500 MHz, CDCls): 6=9.0 (s, 1H; ArH), 8.8 (s, 1H; ArH), 8.0
(s, 1H; ArH), 7.2 (m, 5H; ArH), 5.1 (m, 1H, CH), 4.3 (d, >J = 12 Hz, 1H; O-CH,), 4.2 (d,
2J= 12 Hz, 1H; O-CH,), 3.6 (dd, >*J =9 Hz, °’J = 18 Hz, 1H; CH,), 3.3 (dd, *J=4 Hz, J =
9 Hz, 1H; CH,), 2.9 (m, 2H; CH,), 2.5 (m, 1H, CH), 2.1 (m, 1H, CH>), 2.0 (s, 3H; CHs).
BC NMR (125 MHz, CDCls): 6=204.8, 151.7, 151.0, 148.4, 146.8, 137.5, 134.8, 128.4,
127.8, 127.7, 73.1, 65.7, 50.4, 46.1, 32.8, 30.1. IR: v = 2980, 1716, 1595, 1408, 1274,
1098, 715 cm™ . MS (CI): m/z (%): 325 (100) [M+H]".

Reaction of purine with imides 6a-e.

6a: Aluminum complex 1 (58 mg, 0.05 mmol, 10 mol%), purine (72 mg, 0.6 mmol, 1.2
equiv) and toluene (2.5 ml) were combined in a round-bottomed flask. To the resulting
suspension the imide 5a (95 mg, 0.5 mmol) was added. The reaction mixture was stirred
at room temperature for 48 h, and then purified by flash column chromatography on silica

(eluent: 5% methanol in ethyl acetate). The product 6a was obtained in 74% yield (115



mg) and 95% enantiomeric excess, as determined by chiral HPLC (Chiralpack OD, 12%
ethanol/hexanes, 1.2 ml/min, 254 nm), [a] 0y =17 (c = 1.00 in chloroform). "H NMR
(500 MHz, CDCls): 0=9.1 (s, 1H; ArH), 9.0 (s, 1H; ArH), 8.3 (s, 1H; ArH), 7.8 (m, 2H;
ArH), 7.5 (m, 1H; ArH), 7.4 (m, 2H; ArH), 5.1 (m, 1H, CH), 3.0 (dd, °J = 8 Hz, 2J = 18
Hz, 1H; CH,), 2.9 (dd, *J = 6 Hz, 2J = 17 Hz, 1H; CH,), 1.7 (d, °J = 7 Hz, 3H; CH3). “C
NMR (125 MHz, CDCls): 0=172.3, 171.8, 163.5, 155.8, 149.1, 142.8, 135.8, 134.4,
131.1, 129.8, 126.8, 57.7, 52.9, 43.3, 23.2. IR: v = 2908, 1715, 1690, 1500, 1248, 1204,
712 em™. MS (CI): m/z (%): 310 (100) [M]".

General procedure for 6b, 6d, 6e (these compounds were converted, in the mixture with
their regioisomers 7, to the corresponding methyl esters 6’ and 7’ for a facile separation
(Scheme 1)).
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6’b. a) Preparation of mixture of 6b and 7b: Aluminum complex 1 (58 mg, 0.05 mmol,
10 mol%), purine (72 mg, 0.6 mmol, 1.2 equiv) and toluene (2.5 ml) were combined in a
round-bottomed flask. To the resulting suspension the imide 5b (109 mg, 0.5 mmol) was
added. The reaction mixture was stirred for 48 h at 65°C and then filtered through a silica
plug, resulting in a crude mixture of products 6b and 7b in ratio 3:1.

b) Methanolysis: The crude mixture of 6b and 7b was dissolved in methanol (2 ml,
excess) and cooled to 4°C. Erbium trifluoromethanesulfonate (15 mg, 0.025 mmol) was
added and the solution stirred at 4°C for 20 hours. After removal of the solvent in vacuo,
the major product (6b) was isolated by chromatography on silica (eluent: 5% methanol in
ethyl acetate) in 69% yield (86 mg) and 95% enantiomeric excess, as determined by
chiral HPLC (Chiralpack OD, 12% ethanol/hexanes, 1.2 ml/min, 254 nm), [«] 05 =-18 (¢
= 1.00 in chloroform). 'H NMR (500 MHz, CDCL): §=9.1 (s, 1H; ArH), 9.0 (s, 1H;
ArH), 8.1 (s, 1H; ArH), 4.9 (m, 1H, CH), 3.6 (s, 3H, CH3), 3.3 (dd, *J=9 Hz, °J= 17 Hz,
1H; CH,), 2.9 (dd, *J = 5 Hz, ’J = 17 Hz, 1H; CH,), 2.3 (m, 1H, CH,), 1.9 (m, 1H, CH>),



1.2 (m, 1H, CHy), 1.1 (m, 1H, CH>), 0.9 (t, °J = 7 Hz, 3H; CH3). °*C NMR (125 MHz,
CDCls): 0=170.6, 152.2, 151.1, 148.6, 145.2, 134.6, 105.4, 53.6, 51.9, 38.3, 35.3, 19.3,
13.3. IR: v = 2960, 1737, 1595, 1409, 1303, 1202, 648 cm™. MS (CI): m/z (%): 249 (100)

[M]".

6¢. Aluminum complex 1 (58 mg, 0.05 mmol, 10 mol%), purine (72 mg, 0.6 mmol, 1.2
equiv) and toluene (2.5 ml) were combined in a round-bottomed flask. To the resulting
suspension the imide 5¢ (109 mg, 0.5 mmol) was added. The reaction mixture was stirred
at 65°C for 48 h, and then purified by flash column chromatography on silica (eluent: 5%
methanol in ethyl acetate). The product 6¢ was obtained in 64% yield (108 mg) and 98%
enantiomeric excess, as determined by chiral HPLC (Chiralpack OD, 12%
ethanol/hexanes, 1.2 ml/min, 254 nm), [¢] *°> = 27 (¢ = 1.00 in chloroform). "H NMR
(500 MHz, CDCls): 6=9.4 (s, 1H; N-H), 8.9 (s, 1H; ArH), 8.8 (s, 1H; ArH), 8.1 (s, 1H;
ArH), 7.7 (m, 2H; ArH), 7.5 (m, 1H; ArH), 7.4 (m, 2H; ArH), 4.8 (m, 1H, CH), 4.0 (dd,
3J =9 Hz, %J = 18 Hz, 1H; CH,), 3.6 (dd, °J = 4 Hz, °J = 18 Hz, 1H; CH,), 2.6 (m, 1H,
CH); 1.1 (d, °J = 7 Hz, 3H; CH3), 0.7 (d, °J = 7 Hz, 3H; CH;). °C NMR (125 MHz,
CDCl): 6=175.7, 168.6, 154.7, 153.9, 150.8, 148.5, 136.6, 135.9, 134.8, 131.4, 130.3,
61.3,41.9,34.1,22.3,21.9.IR: v = 2967, 1714, 1688, 1598, 1251, 718 cm™. MS (CI): m/=
(%): 338 (100) [M]".

6’d. Imide 5d (133 mg, 0.5 mmol) was used. Product 6’d was isolated, after
methanolysis and chromatography on silica (eluent: 5% methanol in ethyl acetate) in 63%
yield (94 mg) and 96% enantiomeric excess, as determined by chiral HPLC (Chiralpack
OD, 7% ethanol/hexanes, 1.2 ml/min, 254 nm), [«] *°> = 94 (¢ = 1.00 in chloroform). 'H
NMR (500 MHz, CDCls): 6=9.1 (s, 1H; ArH), 8.9 (s, 1H; ArH), 7.8 (s, 1H; ArH), 7.1 (m,
3H; ArH), 6.9 (m, 2H; ArH), 5.1 (m, 1H, CH), 3.5 (s, 3H; CH3), 3.5 (dd, *’J =9 Hz, %J =
14 Hz, 1H; CH,), 3.4 (dd, °J = 10 Hz, %J = 14 Hz, 1H; CH,), 3.3 (dd, °J = 6 Hz, *J = 14
Hz, 1H; CH,), 3.0 (dd, °J = 4 Hz, *J = 14 Hz, 1H; CH,). >C NMR (125 MHz, CDCl):
0=168.3, 149.8, 148.9, 146.3, 143.3, 134.0, 132.4, 126.5, 126.4, 125.0, 53.7, 49.7, 37.2,
35.0. IR: v = 3390, 1734, 1594, 1409, 1203, 703 cm™'. MS (CI): m/z (%): 297 (100) [M]".



6’e. Imide Se (159 mg, 0.5 mmol) was used. Product 6’e was isolated, after methanolysis
and chromatography on silica (eluent: 5% methanol in ethyl acetate) in 65% yield (113
mg) and 96% enantiomeric excess, as determined by chiral HPLC (Chiralpack OD, 10%
ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *’> = -10 (¢ = 1.00 in chloroform). '"H NMR
(500 MHz, CDCl;): 6=9.0 (s, 1H; ArH), 8.9 (s, 1H; ArH), 8.1 (s, 1H; ArH), 5.1 (m, 1H,
CH), 4.0 (dd, *J =6 Hz, >J = 11 Hz, 1H; CH,), 3.9 (dd, >°J =4 Hz, >’J = 11 Hz, 1H; CH,),
3.5 (s, 3H; CH3), 3.2 (dd, *J = 8 Hz, ’J = 15 Hz, 1H; CH,), 3.0 (dd, *J =4 Hz, >J = 15 Hz,
1H; CH,), 0.71 (s, 9H; C(CHs)3), -0.1 (s, 3H; CH;), -0.2 (s, 3H; CH3). °C NMR (125
MHz, CDCL): 6=167.7, 150.9, 145.2, 138.1, 62.2, 53.4, 50.0, 33.15, 23.3, 15.8. IR: v =
3390, 3191, 1645, 1578, 1406, 1203, 1117, 838 cm™. MS (CI): m/z (%): 351 (100)
[M+H] .

General procedure for the conjugate addition of Boc-adenine to enones.

8a: Aluminum complex 1 (58 mg, 0.05 mmol, 10 mol%), Boc-adenine (141 mg, 0.6
mmol, 1.2 equiv), tert-butanol (22 mg, 0.3 mmol, 0.6 equiv) and toluene (2.5 ml) were
combined in a round-bottomed flask. To the resulting suspension 3-hepten-2one (56 mg,
0.5 mmol) was added. The reaction mixture was stirred 4°C for 48 h, and then purified by
flash column chromatography on silica (eluent: 5% methanol in ethyl acetate). The
product 8a was obtained in 67% yield (116 mg) and 95% enantiomeric excess, as
determined by chiral HPLC (Chiralpack OD, 5% ethanol/hexanes, 1.2 ml/min, 254 nm),
[a] *°b = -9 (¢ = 1.00 in chloroform). "H NMR (500 MHz, CDCls): 6=8.7 (s, 1H; ArH),
8.1 (s, 1H; N-H), 7.9 (s, 1H; ArH), 4.9 (m, 1H, CH), 3.5 (dd, *J =8 Hz, %J = 18 Hz, 1H;
CH,), 3.1 (dd, °J = 5 Hz, J = 18 Hz, 1H; CH,), 2.2 (m, 1H, CH,), 2.0 (s, 3H; CH3), 1.8
(m, 1H, CH,), 1.5 (s, 9H; C(CHs)3), 0.9 (t, °J = 7 Hz, 3H; CH;). °C NMR (125 MHz,
CDCls): 0=203.0, 150.0, 148.4, 147.6, 147.4, 140.9, 120.0, 50.9, 44.5, 33.1, 28.0, 25.8,
17.1, 11.0. IR: v = 2964, 1748, 1718, 1610, 1464, 1233, 1147 cm™. MS (CI): m/z (%):
348 (40) [M+H]".

8b. 5-methyl-3-hexen-2-one (56 mg, 0.5 mmol) was used. The product 8b was isolated
in 60% yield (104 mg) and 98% enantiomeric excess, as determined by chiral HPLC
(Chiralpack OD, 5% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°p = -26 (¢ = 1.00 in



chloroform). "H NMR (500 MHz, CDCl3): 9=8.6 (s, 1H; ArH), 8.1 (s, 1H; N-H), 8.0 (s,
1H; ArH), 4.5 (m, 1H, CH), 3.6 (dd, *J =10 Hz, ’J = 18 Hz, 1H; CH,), 3.0 (dd, >J =3 Hz,
*J =18 Hz, 1H; CH,), 2.5 (m, 1H, CH), 2.0 (s, 3H; CH3), 1.5 (s, 9H; C(CH3)3), 1.0 (d, *J
=7 Hz, 3H, CH,), 0.7 (d, *J = 7 Hz, 3H; CH3). >C NMR (125 MHz, CDCls): §=203.1,
150.0, 148.5, 147.6, 147.4, 141.3, 119.8, 79.8, 58.0, 57.2, 42.0, 28.9, 27.9, 25.8, 17.6,
17.2, 11.9. IR: v = 2975, 1749, 1718, 1610, 1465, 1233, 1148 cm™. MS (CI): m/z (%):348
(20) [M+H]".

8c. 6-benzyloxy-3-hexen-2-one (102 mg, 0.5 mmol) was used. The product 8¢ was
isolated in 61% yield (134 mg) and 99% enantiomeric excess, as determined by chiral
HPLC (Chiralpack AD, 8% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *’p = 42 (¢ = 0.90
in chloroform). "H NMR (500 MHz, CDCls): 6=8.7 (s, 1H; ArH), 8.0 (s, 1H; N-H), 7.9
(s, 1H; ArH), 7.3 (m, 3H; ArH), 7.2 (m, 2H; ArH), 5.1 (m, 1H, CH), 4.4 (d, 2J=12 Hz,
1H; O-CH,), 4.2 (d, >J = 12 Hz, 1H; O-CH,), 3.6 (dd, °J = 9 Hz, >J = 18 Hz, 1H; CH,),
3.4 (dd, °J = 5 Hz, ’J = 10 Hz, 1H; CH,), 3.0 (dd, >J = 5 Hz, J = 10 Hz, 1H; CH,), 2.9
(dd, °J = 4 Hz, *J = 18 Hz, 1H; CH,), 2.5 (m, 1H, CH,), 2.1 (m, 1H, CH,), 2.0 (s, 3H;
CHs), 1.5 (s, 9H; C(CH3)3). *C NMR (125 MHz, CDCls): 6=202.8, 153.0, 149.9, 147.8,
147.5, 146.5, 146.4, 141.6, 135.5, 126.2, 125.5, 119.9, 79.9, 70.9, 63.5, 48.4, 43.9, 30.7,
27.9, 25.8. IR: v = 2976, 2929, 1750, 1717, 1610, 1502, 1232, 1147 cm™". MS (CI): m/z
(%): 440 (10) [M+H]", 340 (100) [M-Boc]".

General procedure for the conjugate addition of 6-benzyloxy-purine to enones.

9a: Aluminum complex 1 (58 mg, 0.05 mmol, 10 mol%), 6-benzyloxy-purine (135 mg,
0.6 mmol, 1.2 equiv) and toluene (2.5 ml) were combined in a round-bottomed flask. To
the resulting suspension 3-hepten-2one (56 mg, 0.5 mmol) was added. The reaction
mixture was stirred at room temperature for 48 h, and then purified by flash column
chromatography on silica (eluent: 5% methanol in ethyl acetate). The product 9a was
obtained in 93% yield (157 mg) and 97% enantiomeric excess, as determined by chiral
HPLC (Chiralpack AD, 6% ethanol/hexanes, 1.2 ml/min, 254 nm), [«] 205 =12 (¢ =0.90
in chloroform). '"H NMR (500 MHz, CDCls): 6=8.5 (s, 1H; ArH), 7.9 (s, 1H; ArH), 7.5
(m, 2H; ArH), 7.3 (m, 3H; ArH), 5.6 (s, 1H, CH,), 4.9 (m, 1H, CH), 3.4 (dd, >*J =8 Hz, *J



= 18 Hz, 1H; CH>), 3.0 (dd, °J = 5 Hz, °J = 18 Hz, 1H; CH,), 2.2 (m, 1H, CH,), 2.1 (s,
3H; CHs), 1.8 (m, 1H, CH,), 1.1 (m, 1H, CH,), 1.0 (m, 1H, CH,), 0.8 (t, >J = 7 Hz, 3H;
CH3). >C NMR (125 MHz, CDCls): §=207.5, 163.0, 154.4, 153.9, 145.2, 138.7, 130.8,
124.6, 70.7, 55.4, 49.6, 38.1, 32.7, 21.8,15.8. IR: v = 2960, 1717, 1598, 1572, 1341,
1315, 1220 cm™. MS (CI): m/z (%): 339 (100) [M]".

9b. 5-methyl-3-hexen-2-one (56 mg, 0.5 mmol) was used. The product 9b was isolated
in 89% yield (150 mg) and 96% enantiomeric excess, as determined by chiral HPLC
(Chiralpack AD, 8% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] 5 =23 (¢ = 1.00 in
chloroform). 'H NMR (500 MHz, CDCls): 6=8.5 (s, 1H; ArH), 7.9 (s, 1H; ArH), 7.5 (m,
2H; ArH), 7.3 (m, 3H; ArH), 5.6 (s, 1H, CH,), 4.6 (m, 1H, CH), 3.6 (dd, >J= 10 Hz, *J =
18 Hz, 1H; CH,), 3.0 (dd, *J = 3 Hz, %J = 18 Hz, 1H; CH,), 2.5 (m, 1H, CH), 2.0 (s, 3H;
CHs), 1.0 (d, *J =7 Hz, 3H, CH,), 0.7 (d, °J = 7 Hz, 3H; CH3). °C NMR (125 MHz,
CDCl): 0=202.9, 158.3, 149.7, 149.2, 140.9, 133.9, 126.1, 126.0, 125.8, 119.7, 66.0,
56.8, 42.2, 29.2, 27.3, 17.6, 17.1. IR: v = 2965, 1717, 1598, 1571, 1469, 1341, 1316,
1215 cm™. MS (CI): m/z (%): 339 (100) [M+H]".

9c. 6-benzyloxy-3-hexen-2-one (102 mg, 0.5 mmol) was used. The product 9¢ was
isolated in 75% yield (161 mg) and 95% enantiomeric excess, as determined by chiral
HPLC (Chiralpack AD, 12% ethanol/hexanes, 1.2 ml/min, 254 nm), [«]*’p = 16 (c = 0.45
in chloroform). '"H NMR (500 MHz, CDCl;): 6=8.4 (s, 1H; ArH), 7.8 (s, 1H; ArH), 7.5
(m, 2H; ArH), 7.2 (m, 8H; ArH), 5.6 (s, 1H, CH»), 5.1 (m, 1H, CH), 4.3 (d, 2J=12 Hz,
1H; O-CH,), 4.2 (d, >J = 12 Hz, 1H; O-CH,), 3.6 (dd, °J = 9 Hz, %J = 18 Hz, 1H; CH,),
3.4 (dd, °J = 5 Hz, %J = 10 Hz, 1H; CH>), 2.9 (m, 2H; CH,), 2.4 (m, 1H, CH,), 2.1 (m,
1H, CH,), 2.0 (s, 3H; CH3). C NMR (125 MHz, CDCls): 6=207.4, 163.0, 154.3, 153.8,
146.1, 140.2, 138.7, 130.9, 130.5, 130.2, 124.775.6, 70.8, 68.3, 52.9, 48.9, 35.6, 32.7. IR:
v =12970, 2929, 1715, 1598, 1572, 1453, 1342, 1315, 1218, 746 cm™". MS (CI): m/z (%):
431 (100) [M+H]".

General procedure for the conjugate addition of 6-chloro-purine and 6-methylmercapto-

purine to enones.



10a: Aluminum complex 1 (29 mg, 0.025 mmol, 5 mol%), 6-benzyloxy-purine (135 mg,
0.6 mmol, 1.2 equiv) and toluene (2.5 ml) were combined in a round-bottomed flask. To
the resulting suspension 3-hepten-2one (56 mg, 0.5 mmol) was added. The reaction
mixture was stirred at room temperature for 48 h, and then purified by flash column
chromatography on silica (eluent: 5% methanol in ethyl acetate). The product 10a was
obtained in 95% yield (127 mg) and 91% enantiomeric excess, as determined by chiral
HPLC (Chiralpack AD, 6% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *’p = -8 (c = 1.00
in chloroform). "H NMR (500 MHz, CDCls): 6=8.7 (s, 1H; ArH), 8.1 (s, 1H; ArH), 4.9
(m, 1H, CH), 3.5 (dd, °J = 8 Hz, °J = 18 Hz, 1H; CH,), 3.1 (dd, *J = 4 Hz, >J = 18 Hz,
1H; CHy), 2.2 (m, 1H, CHy), 2.1 (s, 3H; CH3), 1.8 (m, 1H, CH,), 1.2 (m, 1H, CH,), 1.1
(m, 1H, CH,), 0.8 (t, °J = 7 Hz, 3H; CH3). >C NMR (125 MHz, CDCl5): 6=202.5, 149.1,
148.8, 143.7, 129.9, 51.1, 44.4, 33.0, 27.9, 17.1, 11.0. IR: v = 2961, 1716, 1592, 1557,
1336, 1195, 1144, 936 cm™ . MS (CI): m/z (%): 267 (50) [M]".

10b. 5-methyl-3-hexen-2-one (56 mg, 0.5 mmol) was used. The product 10b was
isolated in 85% yield (113 mg) and 93.5% enantiomeric excess, as determined by chiral
HPLC (Chiralpack AD, 6% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *’p = -16 (¢ = 0.75
in chloroform). "H NMR (500 MHz, CDCls): 6=8.7 (s, 1H; ArH), 8.1 (s, 1H; ArH), 4.6
(m, 1H, CH), 3.6 (dd, >J= 10 Hz, °J = 18 Hz, 1H; CH,), 3.0 (dd, °J =3 Hz, *J = 18 Hz,
1H; CH,), 2.5 (m, 1H, CH), 2.0 (s, 3H; CH3), 1.0 (d, >J = 7 Hz, 3H, CH,), 0.7 (d, *J =7
Hz, 3H; CH3). >C NMR (125 MHz, CDCls): 6=202.7, 149.1, 148.9, 144.0, 129.8, 57.3,
41.9,29.0,27.9, 17.5, 17.1 IR: v = 2967, 1718, 1592, 1557, 1394, 1336, 1195, 939 cm™"
MS (CI): m/z (%): 267 (100) [M]".

10c. 6-benzyloxy-3-hexen-2-one (102 mg, 0.5 mmol) was used. The product 10¢ was
isolated in 82% yield (147 mg) and 96% enantiomeric excess, as determined by chiral
HPLC (Chiralpack AD, 12% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°> = 25 (¢ = 0.50
in chloroform). '"H NMR (500 MHz, CDCl;): 6=8.6 (s, 1H; ArH), 8.1 (s, 1H; ArH), 7.3
(m, 3H; ArH), 7.2 (m, 2H; ArH), 5.2 (m, 1H, CH), 4.4 (d, 2J=8 Hz, 1H; O-CH,), 4.3 (d,
2J=8 Hz, 1H; O-CH,), 3.6 (dd, >J =9 Hz, >J = 18 Hz, 1H; CH,), 3.4 (dd, *J =3 Hz, 2J =
10 Hz, 1H; CH,), 3.0 (m, 2H, CH>), 2.5 (m, 1H, CH), 2.2 (m, 1H, CH>), 2.0 (s, 3H;



CH;). >C NMR (125 MHz, CDCl;): 6=207.2, 153.9, 153.7, 153.5, 149.2, 140.0, 134.8,
130.9, 130.4, 130.2, 75.7, 68.2, 53.5, 48.6, 35.4, 32.6. IR: v = 2925, 2862, 1716, 1592,
1558, 1336, 1194, 1142, 938 cm™ . MS (CI): m/z (%): 359 (100) [M]".

11a. 3-hepten-2one (56 mg, 0.5 mmol) and 6-methylmercapto-purine (100 mg, 1.2
equiv) were used. The product 11a was isolated in 91% yield (127 mg) and 97%
enantiomeric excess, as determined by chiral HPLC (Chiralpack AD, 6%
ethanol/hexanes, 1.2 ml/min, 254 nm), [a] >’ = -14 (¢ = 1.00 in chloroform). "H NMR
(500 MHz, CDCls): 5=8.6 (s, 1H; ArH), 7.9 (s, 1H; ArH), 4.8 (m, 1H, CH), 3.4 (dd, >J =
8 Hz, °J = 18 Hz, 1H; CH,), 3.0 (dd, °J = 5 Hz, ’J = 18 Hz, 1H; CH,), 2.2 (m, 1H, CH,),
2.0 (s, 3H; CH3), 1.7 (m, 1H, CH>), 1.1 (m, 1H, CH,), 0.9 (m, 1H, CH,), 0.8 (t, >°J =7 Hz,
3H; CH;). “C NMR (125 MHz, CDCls): 6=202.7, 159.3, 149.1, 145.6, 140.9, 129.8,
50.6, 44.7, 33.2, 28.0, 17.1, 11.0, 9.4. IR: v = 2960, 2931, 1716, 1568, 1332, 1199, 946
cm™. MS (CI): m/z (%): 279 (90) [M+H]".

11b. 5-methyl-3-hexen-2-one (56 mg, 0.5 mmol) and 6-methylmercapto-purine (100 mg,
1.2 equiv) were used. The product 11b was isolated in 88% yield (122 mg) and 98%
enantiomeric excess, as determined by chiral HPLC (Chiralpack AD, 6%
ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°p = -27 (¢ = 1.1 in chloroform). 'H NMR
(500 MHz, CDCls): 6=8.6 (s, 1H; ArH), 8.0 (s, 1H; ArH), 4.6 (m, 1H, CH), 3.6 (dd, *J =
10 Hz, 7 = 18 Hz, 1H; CH,), 3.0 (dd, °J = 3 Hz, *J = 18 Hz, 1H; CH>), 2.7 (s, 3H; S-
CHs), 2.5 (m, 1H, CH), 2.0 (s, 3H; CH3), 1.0 (d, *J = 7 Hz, 3H, CH,), 0.7 (d, °J = 7 Hz,
3H; CH;3). °C NMR (125 MHz, CDCl;): §=202.9, 159.4, 149.1, 145.7, 141.3, 129.6,
56.8,42.1,29.1, 27.9, 17.6, 17.1, 9.4. IR: v = 2966, 1718, 1567, 1332, 1199, 939 cm™.
MS (CI): m/z (%): 279 (100) [M+H]".

11c. 6-benzyloxy-3-hexen-2-one (102 mg, 0.5 mmol) and 6-methylmercapto-purine (100
mg, 1.2 equiv) were used. The product 11¢ was isolated in 79% yield (146 mg) and 96%
enantiomeric excess, as determined by chiral HPLC (Chiralpack AD, 12%
ethanol/hexanes, 1.2 ml/min, 254 nm), [o] *°p = 22 (¢ = 0.50 in chloroform). 'H NMR
(500 MHz, CDCl3): 6=8.6 (s, 1H; ArH), 7.9 (s, 1H; ArH), 7.3 (m, 5H; ArH), 5.1 (m, 1H,



CH), 4.4 (d, >J = 6 Hz, 1H; O-CH,), 4.3 (d, J = 6 Hz, 1H; O-CH,), 3.6 (dd, >°J =9 Hz, %J
= 18 Hz, 1H; CH>), 3.4 (dd, °J = 3 Hz, J = 10 Hz, 1H; CH,), 3.0 (m, 2H, CH,), 2.7 (s,
3H; S-CH3), 2.5 (m, 1H, CH,), 2.2 (m, 1H, CH>), 2.0 (s, 3H; CH3). °C NMR (125 MHz,
CDCly): 6=202.6, 159.3, 148.9, 145.6, 141.8, 135.5, 129.9, 126.2, 125.5, 125.4, 70.9,
63.5, 48.2, 44.1, 30.8, 27.9, 9.4. IR: v = 2929, 1714, 1568, 1332, 1273, 939, 715 cm’".
MS (CI): m/z (%): 371 (100) [M+H]".

Representative procedure for the conjugate addition of 6-benzyloxy-purine, 6-chloro-
purine and 6-methylmercapto-purine to imides.

12a. Aluminum complex 1 (58 mg, 0.05 mmol, 10 mol%), 6-benzyloxy-purine (135 mg,
0.6 mmol, 1.2 equiv) and toluene (2.5 ml) were combined in a round-bottomed flask. To
the resulting suspension (3-methyl-acryloyl)-benzamide (95 mg, 0.5 mmol) was added.
The reaction mixture was stirred at 55°C for 48 h, and then purified by flash column
chromatography on silica (eluent: 5% methanol in ethyl acetate). The product 12a was
obtained in 81% yield (168 mg) and 91% enantiomeric excess, as determined by chiral
HPLC (Chiralpack OD, 12% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *’p = 8 (¢ = 0.40
in chloroform). "H NMR (500 MHz, CDCl3): §=8.8 (bs, 1H; N-H), 8.5 (s, 1H; ArH), 8.0
(s, 1H; ArH), 7.8 (m, 2H; ArH), 7.6 (m, 1H; ArH), 7.5 (m, 4H; ArH), 7.3 (m, 3H, ArH),
5.6 (m, 2H, O-CH,), 5.2 (m, 1H, CH), 4.0 (dd, *J = 8 Hz, J = 18 Hz, 1H; CH,), 3.6 (dd,
J =5 Hz, °J = 18 Hz, 1H; CH,), 1.8 (d, °J = 7 Hz, 3H; CH3). >C NMR (125 MHz,
CDCl): 6=172.3, 165.5, 160.4, 151.9, 151.5, 141.6, 136.2, 133.4, 132.2, 128.9, 128.3,
128.2, 128.0, 127.6, 122.0, 68.2, 48.4, 43.1, 20.4. IR: v = 2929, 1714, 1689, 1600, 1471,
1319, 1243, 1218, 1010, 710 cm™. MS (CI): m/z (%): 416 (100) [M]".

12b. [3-(t-butyl-dimethyl-silyloxymethyl)-acryloyl]-benzamide (159 mg, 0.5 mmol) was
used. The product 12b was isolated in 77% yield (209 mg) and 95% enantiomeric excess,
as determined by chiral HPLC (Chiralpack OD, 8% ethanol/hexanes, 1.2 ml/min, 254
nm), [a] *°p = 18 (¢ = 0.90 in chloroform). 'H NMR (500 MHz, CDCls): 6=8.9 (bs, 1H;



N-H), 8.5 (s, 1H; ArH), 8.1 (s, 1H; ArH), 7.8 (m, 2H; ArH), 7.6 (m, 1H; ArH), 7.5 (m,
4H; ArH), 7.3 (m, 3H, ArH), 5.6 (m, 2H, O-CH,), 5.2 (m, 1H, CH), 4.2 (dd, *J = 6 Hz, *J
=10 Hz, 1H; CH,), 4.0 (dd, °J =4 Hz, °J = 10 Hz, 1H; CH,), 3.9 (dd, >J= 8 Hz, 2/ = 18
Hz, 1H; CH,), 3.7 (dd, °J = 4 Hz, °J = 18 Hz, 1H; CH,), 0.8 (s, 9H; C(CHs)3), -0.07 (s,
3H; CHs), -0.11 (s, 3H; CHs). °C NMR (125 MHz, CDCls): §=174.8, 168.0, 162.2,
154.5, 154.0, 145.2, 136.2, 135.9, 135.0, 131.5, 130.9, 130.7, 130.5, 130.1, 70.7, 66.2,
56.2,40.7,28.2,20.5, -3.2, -3.1. IR: v=2953, 2930, 1714, 1689, 1600, 1574, 1470, 1251,
836 cm™. MS (CI): m/z (%): 546 (100) [M+H]".

13a. Al-salen catalyst 1 (29 mg, 0.025 mmol, 5mol%), 6-chloro-purine (93 mg, 1.2
equiv) and (3-methyl-acryloyl)-benzamide (95 mg, 0.5 mmol) were used. Reaction time:
18 hours. The product 13a was isolated in 92% yield (158 mg) and 97% enantiomeric
excess, as determined by chiral HPLC (Chiralpack OD, 5% ethanol/hexanes, 1.2 ml/min,
254 nm), [a] *b = 27 (¢ = 0.60 in chloroform). "H NMR (500 MHz, CDCls): 6=8.7 (s,
1H; ArH), 8.6 (bs, 1H; N-H), 8.2 (s, 1H; ArH), 7.8 (bd, 2H; °J = 7 Hz; ArH), 7.6 (t, 1H;
3J=17Hz; ArH), 7.5 (t, 2H; °J = 7 Hz; ArH), 5.3 (m, 1H, CH), 4.0 (dd, *J=9 Hz, 2J =18
Hz, 1H; CH,), 3.6 (dd, *J = 5 Hz, 2J = 18 Hz, 1H; CH,), 1.8 (d, °J =7 Hz, 3H; CH3). “C
NMR (125 MHz, CDCls): 6=174.7, 168.0, 154.0, 153.5, 147.5, 136.1, 134.5, 131.6,
130.1, 51.6, 45.4, 22.7. IR: v = 3281, 2982, 1715, 1689, 1593, 1487, 1337, 1243, 1213,
710 cm™. MS (CI): m/z (%): 344 (50) [M]".

13b. Al-salen catalyst 1 (29 mg, 0.025 mmol, 5mol%), 6-chloro-purine (93 mg, 1.2
equiv) and [3-(t-butyl-dimethyl-silyloxymethyl)-acryloyl]-benzamide (159 mg, 0.5
mmol) were used. Reaction time: 24 hours. The product 13b was isolated in 93% yield
(220 mg) and 97% enantiomeric excess, as determined by chiral HPLC (Chiralpack AD,
8% ethanol/hexanes, 1.2 ml/min, 254 nm), [a]*’p = 23 (c = 0.80 in chloroform). "H NMR
(500 MHz, CDCls): 0=8.7 (bs, 1H; N-H), 8.6 (s, 1H; ArH), 8.3 (s, 1H; ArH), 7.8 (bd, 2H;
3J =7 Hz; AtH), 7.6 (t, 1H; °J = 7 Hz; ArH), 7.5 (t, 2H; °J = 7 Hz; ArH), 5.3 (m, 1H,
CH), 4.2 (dd, *J = 6 Hz, >J = 10 Hz, 1H; CH,), 4.0 (m, 2H; CH,), 3.7 (dd, >’J =5 Hz, %J =
10 Hz, 1H; CH,), 0.8 (s, 9H; C(CH3)3), -0.04 (s, 3H; CH3), -0.05 (s, 3H; CH3). °C NMR
(125 MHz, CDCl): 6=174.7, 168.0, 154.0, 153.4, 148.4, 136.1, 134.6, 134.2, 131.6,



130.1, 66.0, 56.7, 40.5, 28.1, 20.5, -3.2, -3.3. IR: v = 2954, 2931, 1715, 1689, 1593, 1471,
1254, 836, 710 cm’™. MS (CI): m/z (%): 474 (100) [M+H]".

14a. Al-salen catalyst 1 (29 mg, 0.025 mmol, 5mol%), 6-methylmercapto-purine (100
mg, 1.2 equiv) and (3-methyl-acryloyl)-benzamide (95 mg, 0.5 mmol) were used.
Reaction time: 48 hours. The product 14a was isolated in 90% yield (160 mg) and 95.5%
enantiomeric excess, as determined by chiral HPLC (Chiralpack OD, 12%
ethanol/hexanes, 1.2 ml/min, 254 nm), [¢] *°> = 33 (¢ = 1.00 in chloroform). "H NMR
(500 MHz, CDCls): 6=8.7 (bs, 1H; N-H), 8.6 (s, 1H; ArH), 8.0 (s, 1H; ArH), 7.8 (bd, 2H;
3J =7 Hz; AtH), 7.6 (t, 1H; °J = 7 Hz; ArH), 7.5 (t, 2H; °J = 7 Hz; ArH), 5.4 (m, 1H,
CH), 4.0 (dd, *J =8 Hz, ’J = 18 Hz, 1H; CH,), 3.6 (dd, >J = 5 Hz, °’J = 18 Hz, 1H; CH,),
2.7 (s, 3H; S-CH3), 1.8 (d, >J = 7 Hz, 3H; CHs). >C NMR (125 MHz, CDCls): 6=174.8,
168.0, 164.0, 154, 150.5, 144.5, 136.0, 134.7, 134.4, 131.5, 130.1, 51.0, 45.6, 22.9, 14.2.
IR: v = 3271, 2963, 1714, 1687, 1567, 1482, 1242, 1208, 710 cm™. MS (CI): m/z (%):

356 (60) [M]".

14b. Al-salen catalyst 1 (29 mg, 0.025 mmol, 5mol%), 6-methylmercapto-purine (100
mg, 1.2 equiv) and [3-(t-butyl-dimethyl-silyloxymethyl)-acryloyl]-benzamide (159 mg,
0.5 mmol) were used. Reaction time: 48 hours. The product 14b was isolated, after
chromatography on silica (eluent: ethyl acetate/methylene chloride 1:1) in 79% yield
(191 mg) and 96.5% enantiomeric excess, as determined by chiral HPLC (Chiralpack
AD, 10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°p = 10 (¢ = 0.50 in chloroform). 'H
NMR (500 MHz, CDCls): 6=8.7 (s, 1H; ArH), 8.6 (bs, 1H; N-H), 8.1 (s, 1H; ArH), 7.8
(m, 2H; ArH), 7.6 (t, 1H; °J =7 Hz; ArH), 7.5 (t, 2H; *J = 7 Hz; ArH), 5.2 (m, 1H, CH),
4.2 (dd, *J =6 Hz, J = 10 Hz, 1H; CH,), 4.0 (dd, °J = 4 Hz, °J = 10 Hz, 1H; CH,), 3.9
(dd, °J = 8 Hz, J = 19 Hz, 1H; CH,), 3.7 (dd, °J = 6 Hz, ’J = 19 Hz, 1H; CH,), 2.7 (s,
3H; S-CH3), 0.8 (s, 9H; C(CH3)s), -0.06 (s, 3H; CH3), -0.10 (s, 3H; CH3). °C NMR (125
MHz, CDCls): 6=174.7, 168.0, 163.9, 154.0, 150.6, 145.6, 136.0, 134.7, 134.0, 131.5,
130.1, 66.2, 56.1, 40.6, 28.2, 20.5, 14.2, -3.2, -3.3. IR: v = 2952, 2929, 1715, 1688, 1568,
1471, 1253, 836, 710 cm™. MS (CI): m/z (%): 486 (100) [M+H]".



General procedure for the conjugate addition of benzotriazole to enones.

Addition to 3-penten-2-one. Formation of products 15a and 16a: Aluminum complex 1
(29 mg, 0.025 mmol, 5 mol%), benzotriazole (60 mg, 0.5 mmol) and toluene (2.5 ml)
were combined in a round-bottomed flask. To the resulting suspension 3-penten-2-one
(65 mg, 0.5 mmol, 65% purity) was added. The reaction mixture was stirred at room
temperature for 2 h, resulting in a mixture of regioisomers 15a and 16a. The products
were separated by flash column chromatography on silica (eluent: 33% ethyl acetate in
hexanes).

Analytical data for 15a: Yield: 72% (73 mg); ee: 90.5% (Chiral HPLC: Chiralpack OD,
5% ethanol/hexanes, 1.0 ml/min, 254 nm), [a] *’p = -15 (¢ = 0.65 in chloroform). 'H
NMR (500 MHz, CDCls): 6=7.9 (d, °J =9 Hz, 1H; ArH), 7.5 (d, >J = 8 Hz, 1H; ArH), 7.4
(t, >J =8 Hz, 1H; ArH), 7.2 (t, °J = 8 Hz, 1H; ArH), 5.3 (m, 1H, CH), 3.5 (dd, >J = 8 Hz,
2J =18 Hz, 1H; CH,), 3.0 (dd, *J = 6 Hz, J = 18 Hz, 1H; CH,), 2.0 (s, 3H; CHs), 1.6 (d,
3J =7 Hz, 3H; CH;). °C NMR (125 MHz, CDCl;): §=202.7, 143.6, 130.3, 124.9, 121.6,
117.5,107.4, 47.9, 46.8, 28.1, 27.4, 18.9. IR: v = 2924, 1717, 1454, 1370, 1164, 748 cm’
' MS (CI): m/z (%): 204 (100) [M+H]".

Analytical data for 16a: Yield: 23% (23 mg); ee: 94% (Chiral HPLC: Chiralpack OD, 3%
iso-propanol/hexanes, 1.0 ml/min, 254 nm), [a] *’p = -18 (¢ = 0.9 in chloroform). 'H
NMR (500 MHz, CDCl;): 6=7.8 (dd, *J = 3 Hz, *J = 7 Hz, 2H; ArH), 7.3 (dd, *J =3 Hz,
3J =6 Hz, 2H; ArH), 5.5 (m, 1H, CH), 3.5 (dd, >°J =7 Hz, ’J = 18 Hz, 1H; CH,), 3.0 (dd,
3J=6Hz, 2J =18 Hz, 1H; CH,), 2.2 (s, 3H; CHs), 1.7 (d, °*J = 7 Hz, 3H; CHs). >C NMR
(125 MHz, CDCls): 6=203.7, 141.7, 123.9, 115.8, 56.1, 46.9, 28.0, 19.1. IR: v = 2924,
1720, 1365, 1322, 1277, 1170, 748 cm™. MS (CI): m/z (%): 204 (20) [M+H]".

15b, 16b. 3-hepten-2-one (56 mg, 0.5 mmol) was used. The products 15b and 16b were
separated by chromatography on silica (eluent: 33% ethyl acetate in hexanes).

Analytical data for 15b: Yield: 75% (87 mg); ee: 94% (Chiral HPLC: Chiralpack OD, 5%
ethanol/hexanes, 1.0 ml/min, 254 nm), [¢]*°p = 4 (¢ = 0.50 in chloroform). "H NMR (500
MHz, CDCl;): 6=8.0 (d, °J = 8 Hz, 1H; ArH), 7.7 (d, °J = 8 Hz, 1H; ArH), 7.5 (t, *J =8
Hz, 1H; ArH), 7.4 (t, °J = 8 Hz, 1H; ArH), 5.3 (m, 1H, CH), 3.6 (dd, °J = 8 Hz, °J =18



Hz, 1H; CHy), 3.1 (dd, °J = 6 Hz, %J = 18 Hz, 1H; CH,), 2.2 (m, 1H, CHy), 2.1 (s, 3H;
CHs), 1.9 (m, 1H, CH>), 1.2 (m, 1H, CH>), 1.1 (m, 1H, CH,), 0.9 (t, °J = 7 Hz, 3H; CHs).
BC NMR (125 MHz, CDCls): 6=207.7, 148.1, 136.1, 129.7, 126.4, 122.3, 112.3, 56.8,
50.7, 40.0, 32.9, 21.7, 16.0. IR: v = 2962, 2933, 1719, 1453, 1369, 1161, 748 cm™. MS
(CD): m/z (%): 232 (100) [M]".

Analytical data for 16b: Yield: 22% (26 mg); ee: 98% (Chiral HPLC: Chiralpack OD, 3%
iso-propanol/hexanes, 1.0 ml/min, 254 nm), [a] *’p = -9 (¢ = 0.5 in chloroform). '"H NMR
(500 MHz, CDCLs): 6=7.9 (dd, *J =3 Hz, *J =7 Hz, 2H; ArH), 7.4 (dd, /=3 Hz,°J =7
Hz, 2H; ArH), 5.4 (m, 1H, CH), 3.5 (dd, *J = 8 Hz, °J = 18 Hz, 1H; CH,), 3.1 (dd, *J =6
Hz, °J = 18 Hz, 1H; CH,), 2.2 (s, 3H; CH3), 2.1 (m, 1H, CH>), 1.9 (m, 1H, CH,), 1.3 (m,
1H, CH,), 1.1 (m, 1H, CH,), 0.9 (t, °J = 7 Hz, 3H; CHs). °C NMR (125 MHz, CDCl):
§=207.2, 146.5, 128.6, 120.6, 65.1, 50.6, 40.2, 32.8, 21.5, 16.0. IR: v = 2960, 2930, 1721,
1362, 1323, 1274, 1166, 747 cm™ . MS (CI): m/z (%): 232 (100) [M]".

15¢, 16¢. 5-methyl-3-hexen-2-one (56 mg, 0.5 mmol) was used. The products 15¢ and
16¢ were separated by chromatography on silica (eluent: 33% ethyl acetate in hexanes).
Analytical data for 15¢: Yield: 67% (78 mg); ee: 98% (Chiral HPLC: Chiralpack OD, 5%
ethanol/hexanes, 1.0 ml/min, 254 nm), [a] *°> = 27 (¢ = 0.90 in chloroform). "H NMR
(500 MHz, CDCls): 6=8.0 (d, °J = 8 Hz, 1H; ArH), 7.7 (d, °J = 8 Hz, 1H; ArH), 7.4 (t, *J
=8 Hz, 1H; ArH), 7.3 (t, °J = 8 Hz, 1H; ArH), 5.0 (m, 1H, CH), 3.7 (dd, >J= 10 Hz, J =
18 Hz, 1H; CH>), 3.0 (dd, *J = 4 Hz, %J = 18 Hz, 1H; CH,), 2.3 (m, 1H, CH), 2.0 (s, 3H;
CHs), 1.0 (d, °J = 7 Hz, 3H, CH,), 0.7 (d, °J = 7 Hz, 3H; CH3). °C NMR (125 MHz,
CDCl): 6=207.7, 154.5, 153.6, 151.2, 148.8, 137.1, 61.6, 46.7, 33.7, 32.7, 22.4, 21.9. IR:
v=12966, 1718, 1493, 1408, 1199, 748 cm™. MS (CI): m/z (%): 232 (100) [M]".
Analytical data for 16¢: Yield: 23% (27 mg); ee: 98% (Chiral HPLC: Chiralpack OD, 3%
iso-propanol/hexanes, 1.0 ml/min, 254 nm), [a] 25 = -19 (¢ = 0.5 in chloroform). 'H
NMR (500 MHz, CDCls): 6=7.8 (dd, *J = 3 Hz, *J = 6 Hz, 2H; ArH), 7.3 (dd, *J =3 Hz,
3J=17Hz, 2H; ArH), 5.2 (m, 1H, CH), 3.6 (dd, *J =10 Hz, ’J = 18 Hz, 1H; CH,), 2.9 (dd,
3J=4Hz,%J =18 Hz, 1H; CH,), 2.4 (m, 1H, CH), 2.1 (s, 3H; CH3), 0.9 (d, °*J =7 Hz, 3H,
CH,), 0.8 (d, *J =7 Hz, 3H; CH3). °C NMR (125 MHz, CDCls): §=202.7, 141.5, 123.8,



115.8, 65.5, 51.1, 42.1, 31.4, 28.0, 16.5. IR: v =2967, 1721, 1363, 1276, 1168, 749 cm™".
MS (CI): m/z (%): 232 (50) [M]".

15d, 16d. 6-benzyloxy-3-hexen-2-one (102 mg, 0.5 mmol) was used. The products 15d
and 16d were separated by chromatography on silica (eluent: 33% ethyl acetate in
hexanes).

Analytical data for 15d: Yield: 65% (105 mg); ee: 93% (Chiral HPLC: Chiralpack OD,
5% ethanol/hexanes, 1.2 ml/min, 254 nm), [a]*’p = 63 (c = 1.00 in chloroform). "H NMR
(500 MHz, CDCLs): 6=7.9 (d, °J = 8 Hz, 1H; ArH), 7.6 (d, °J = 8 Hz, 1H; ArH), 7.4 (t,*J
= 8 Hz, 1H; ArH), 7.3 (4, =8 Hz, 1H; ArH), 7.2 (m, 3H; ArH), 7.1 (m, 2H; ArH), 5.5
(m, 1H; CH), 4.3 (d, °J = 8 Hz, 2H; O-CH,), 4.2 (d, °J = 8 Hz, 2H; O-CH,), 3.5 (dd, *°J =
8 Hz, 2J = 18 Hz, 1H; CH,), 3.3 (m, 1H, CH,), 3.0 (dd, *J =4 Hz, °J= 18 Hz, 1H; CH,),
2.8 (m, 1H, CH,), 2.3 (m, 1H, CH>), 2.2 (m, 1H, CH>), 2.1 (s, 3H; CH3). *C NMR (125
MHz, CDCl3): 6=204.8, 145.1, 137.8, 133.8, 128.3, 127.6, 127.2, 123.9, 119.5, 110.2,
73.0, 65.7, 51.1, 48.1, 35.4, 30.2. IR: v = 2925, 1718, 1453, 1274, 1109, 747, 715 cm’".
MS (CI): m/z (%): 324 (100) [M+H]".

Analytical data for 16d: Yield: 26% (42 mg); ee: 95% (Chiral HPLC: Chiralpack OD, 3%
iso-propanol/hexanes, 1.2 ml/min, 254 nm), [o] *°> = 15 (¢ = 1.00 in chloroform). 'H
NMR (500 MHz, CDCls): 6=7.8 (dd, *J = 2 Hz, *J = 5 Hz, 2H; ArH), 7.3 (dd, *J =2 Hz,
3J =5 Hz, 2H; ArH), 7.2 (m, 5H; ArH), 5.6 (m, 1H; CH), 4.4 (d, °J = 8 Hz, 2H; O-CH),),
43 (d, *J = 8 Hz, 2H; O-CH>), 3.4 (dd, °J = 8 Hz, J = 17 Hz, 1H; CH,), 3.3 (m, 1H,
CH,), 3.2 (m, 1H, CH,), 3.0 (dd, °J = 5 Hz, %J = 17 Hz, 1H; CH,), 2.3 (m, 1H, CH,), 2.2
(m, 1H, CH,), 2.1 (s, 3H; CH;). °C NMR (125 MHz, CDCls): 6=205.1, 144.9, 138.6,
128.2, 127.6, 127.5, 126.1, 118.1, 74.2, 66.0, 60.9, 47.9, 35.5, 30.2. IR: v = 2925, 1720,
1363, 1274, 1099, 749, 699 cm™. MS (CI): m/z (%): 324 (40) [M+H]".

15e, 16e. 4-phenyl-3-buten-2-one (73 mg, 0.5 mmol) was used. Reaction time: 48 h. The
products 15e and 16e were separated by chromatography on silica (eluent: 33% ethyl
acetate in hexanes).

Analytical data for 15e: Yield: 53% (70 mg); ee: 88% (Chiral HPLC: Chiralpack OD, 8%
ethanol/hexanes, 1.2 ml/min, 254 nm), [a] 0, =25 (c = 1.00 in chloroform). "H NMR



(500 MHz, CDCls): 6=8.0 (d, >J = 8 Hz, 1H; ArH), 7.4 (m, 2H; ArH), 7.3 (m, 6H; ArH),
6.3 (dd, >J = 5 Hz, °J =9 Hz, 1H; CH), 4.3 (dd, *J =9 Hz, >J= 18 Hz, 1H; CH,), 3.3 (dd,
3J =5 Hz, 2J = 18 Hz, 1H; CH,), 2.2 (s, 3H; CH;). °C NMR (125 MHz, CDCls):
5=206.9, 148.8, 141.3, 135.5, 131.5, 131.0, 129.8, 129.0, 126.5, 122.3, 112.4, 60.8, 51.2,
32.9. IR: v =2929, 1718, 1454, 1367, 1160, 747, 700 cm™. MS (CI): m/z (%): 266 (100)
[M+H]".

Analytical data for 16e: Yield: 21% (28 mg); ee: % (Chiral HPLC: Chiralpack OD, 3%
iso-propanol/hexanes, 1.2 ml/min, 254 nm), [«] 25 =38 (¢ = 1.00 in chloroform). 'H
NMR (500 MHz, CDCly): 6=7.8 (dd, *J = 2 Hz, *J = 5 Hz, 2H; ArH), 7.5 (dd, *J = 2 Hz,
3J =5 Hz, 2H; ArH), 7.3 (m, 5H; ArH), 6.5 (dd, °J = 5 Hz, J = 9 Hz, 1H; CH), 4.1 (dd,
3J =8 Hz, °J = 18 Hz, 1H; CH,), 3.3 (dd, *J = 4 Hz, J = 18 Hz, 1H; CH,), 2.2 (s, 3H;
CH3). *C NMR (125 MHz, CDCls): §6=206.9, 148.7, 141.3, 135.5, 131.5, 131.0, 129.8,
129.0, 126.5, 122.3, 112.4, 60.8, 51.2, 32.9. IR: v = 2923, 1720, 1454, 1363, 1321, 1270,
1162, 747, 699 cm™. MS (CI): m/z (%): 266 (30) [M+H]".

15f. 4-(4-bromophenyl)-3-buten-2-one (112.5 mg, 0.5 mmol) was used. Reaction time:
48 h. The product 15f was isolated, after column chromatography (eluent: 6:4 of
hexanes/ethyl acetate) in 60% yield (103 mg) and 70% enantiomeric excess, as
determined by chiral HPLC (Chiralpack OD, 8% ethanol/hexanes, 1.2 ml/min, 254 nm).
15f was re-crystallized from ether/methanol solution to give enantioenriched compound
in 46% yield (84 mg) and 98% ee.

Analytical data for 15f: [«] 2, = 12 (¢ = 1.00 in chloroform). '"H NMR (500 MHz,
CDCls): 0=8.0 (d, ’J=8 Hz, 1H; ArH), 7.4 (m, 2H; ArH), 7.3 (m, 3H; ArH), 7.1 (m, 2H;
ArH), 6.3 (dd, >J =5 Hz, °J =9 Hz, 1H; CH), 4.2 (dd, °J =9 Hz, ’J = 18 Hz, 1H; CH,),
3.3 (dd, *J =5 Hz, 2J = 18 Hz, 1H; CH,), 2.2 (s, 3H; CH3). *C NMR (125 MHz, CDCl5):
0=204.0, 146.2, 137.8, 132.8, 132.2, 128.2, 127.5, 124.1, 122.5, 119.9, 109.6, 57.6, 48.6,
30.3. IR: v =2936, 1718, 1489, 1360, 1162, 1010, 747 cm™. MS (CI): m/z (%): 344 (40)

[M]".

General procedure for the conjugate addition of benzotriazole to imides.



Addition to (3-propyl-acryloyl)-benzamide. Formation of products 17a and 18a:
Aluminum complex 1 (29 mg, 0.025 mmol, 5 mol%), benzotriazole (60 mg, 0.5 mmol)
and toluene (2.5 ml) were combined in a round-bottomed flask. To the resulting
suspension (3-propyl-acryloyl)-benzamide (109 mg, 0.5 mmol) was added. The reaction
mixture was stirred at room temperature for 1 h, resulting in a mixture of regioisomers
17a and 18a. The products were separated by two successive chromatographic columns
on silica (eluent: 17% ethyl acetate in methylene chloride).

Analytical data for 17a: Yield: 69% (116 mg); ee: 99% (Chiral HPLC: Chiralpack OD,
8% ethanol/hexanes, 1.2 ml/min, 254 nm), [a]*’> =31 (c = 1.10 in chloroform). "H NMR
(500 MHz, CDCls): 6=8.9 (s, 1H; N-H), 7.6 (m, 1H; ArH), 7.5 (m, 2H; ArH), 7.4 (m,
4H; ArH), 7.3 (dd, *J =3 Hz, °J =7 Hz, 2H; ArH), 5.5 (m, 1H, CH), 4.0 (dd, >*J=8 Hz, *J
=18 Hz, 1H; CH,), 3.7 (dd, >J = 4 Hz, >J = 18 Hz, 1H; CH,), 2.2 (m, 1H, CH,), 2.0 (m,
1H, CH,), 1.2 (m, 1H, CH,), 1.1 (m, 1H, CH,), 0.9 (t, >J = 7 Hz, 3H; CH;). *C NMR
(125 MHz, CDCl3): 6=175.1, 168.1, 146.5, 135.8, 134.9, 131.5, 130.2, 128.6, 120.6, 65.3,
45.3, 40.3, 21.5, 16.0. IR: v = 3278, 2918, 1706, 1672, 1462, 1247, 746, 714 cm™. MS
(CI): m/z (%): 337 (30) [M]".

Analytical data for 18a: Yield: 27% (45 mg); ee: 98% (Chiral HPLC: Chiralpack OD, 8%
ethanol/hexanes, 1.2 ml/min, 254 nm), [a] 20, =28 (c = 1.00 in chloroform). "H NMR
(500 MHz, CDCls): 6=8.6 (s, 1H; N-H), 8.0 (d, >J = 8 Hz, 1H; ArH), 7.8 (m, 2H; CH),
7.6 (m, 1H; CH), 7.5 (m, 1H; CH), 7.4 (m, 3H; CH), 7.3 (t, 3J=38 Hz, 1H; ArH), 5.4 (m,
1H, CH), 4.1 (dd, °J = 9 Hz, >J = 18 Hz, 1H; CH,), 3.7 (dd, °J = 6 Hz, ’J = 18 Hz, 1H;
CH,), 2.3 (m, 1H, CH,), 2.2 (m, 1H, CH>), 1.2 (m, 1H, CH,), 1.1 (m, 1H, CH,), 0.9 (t, °J
= 7 Hz, 3H; CH;). >C NMR (125 MHz, CDCls): d=175.1, 168.6, 148.1, 136.0, 134.7,
131.4, 130.2, 129.6, 128.6, 126.3, 122.3, 120.6, 57.4, 45.4, 39.8, 21.7, 16.0. IR: v = 2961,
2927, 1715, 1689, 1483, 1259, 1091, 1025, 800, 747, 709 cm™. MS (CI): m/z (%): 337

(100) [M]".

17b, 18b. (3-iso-propyl-acryloyl)-benzamide (109 mg, 0.5 mmol) was used. The products
17b and 18b were separated by two successive chromatographic columns on silica

(eluent: 17% ethyl acetate in methylene chloride).



Analytical data for 17b: Yield: 65% (110 mg); ee: 99.5% (Chiral HPLC: Chiralpack OD,
5% ethanol/hexanes, 1.2 ml/min, 254 nm), [a]*°> = 19 (¢ = 0.65 in chloroform). "H NMR
(500 MHz, CDCls): 6=9.2 (s, 1H; N-H), 7.8 (m, 4H; ArH), 7.6 (m, 1H; ArH), 7.5 (m, 2H;
ArH), 7.3 (dd, *J =2 Hz, °J =7 Hz, 2H; ArH), 5.3 (m, 1H, CH), 4.2 (dd, *J =8 Hz, J =
18 Hz, 1H; CH,), 3.0 (dd, °J =3 Hz, ’J = 18 Hz, 1H; CH,), 2.5 (m, 1H, CH), 1.0 (d, *J =
7 Hz, 3H, CH,), 0.8 (d, >J = 7 Hz, 3H; CH;). °C NMR (125 MHz, CDCls): 6=175.8,
168.3, 146.3, 135.7, 134.8, 131.4, 130.3, 128.5, 120.6, 70.6, 42.1, 36.4, 21.4. IR: v =
3288, 2967, 1708, 1685, 1467, 1373, 1245, 708 cm™. MS (CI): m/z (%): 337 (40) [M]".

Analytical data for 18b: Yield: 23% (39 mg); ee: 99.5% (Chiral HPLC: Chiralpack OD,
5% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] >’ = 15 (¢ = 0.90 in chloroform). '"H NMR
(500 MHz, CDCls): 6=8.3 (bs, 1H; N-H), 8.0 (d, 3J=38 Hz, 1H; ArH), 7.7 (m, 2H; CH),
7.6 (m, 1H; CH), 7.5 (m, 1H; CH), 7.4 (m, 3H; CH), 7.3 (m, 1H; ArH), 5.1 (m, 1H, CH),
4.2 (dd,*J =10 Hz, *J = 18 Hz, 1H; CH>), 3.7 (dd, >°J = 4 Hz, °J = 18 Hz, 1H; CH,), 2.5
(m, 1H, CH), 1.1 (d, °J = 7 Hz, 3H, CH,), 0.8 (d, >J = 7 Hz, 3H; CH3). >C NMR (125
MHz, CDCl;): 6=175.3, 168.1, 148.0, 146.3, 136.5, 135.8, 131.4, 130.2, 129.6, 126.2,
122.3, 112.5, 63.0, 42.6, 35.9, 22.1, 21.6. IR: v = 2964, 2926, 1712, 1689, 1482, 1246,
1165, 711 cm™. MS (CI): m/z (%): 337 (100) [M]".

17¢, 18c. (3-benzyl-acryloyl)-benzamide (133 mg, 0.5 mmol) was used. The products 17¢
and 18c were separated by two successive chromatographic columns on silica (eluent:
17% ethyl acetate in methylene chloride).

Analytical data for 17¢: Yield: 67% (129 mg); ee: 96% (Chiral HPLC: Chiralpack OD,
10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°p = 26 (¢ = 0.80 in chloroform). 'H
NMR (500 MHz, CDCls): 6=8.9 (s, 1H; N-H), 7.8 (m, 4H; ArH), 7.6 (m, 1H; ArH), 7.5
(m, 2H; ArH), 7.3 (dd, =4 Hz, =17 Hz, 2H; ArH), 7.2 (m, 3H; ArH), 7.1 (m, 2H;
ArH), 5.7 (m, 1H, CH), 4.1 (dd, >°J =9 Hz, °J= 18 Hz, 1H; CH,), 3.6 (dd, *J =4 Hz, *J =
18 Hz, 1H; CH,), 3.5 (dd, >J =7 Hz, *J = 14 Hz, 1H; CH,), 3.3 (dd, >*J =5 Hz, ’J = 14 Hz,
1H; CH,). *C NMR (125 MHz, CDCls): d=175.3, 168.2, 146.5, 138.9, 135.8, 134.9,
131.7, 131.5, 131.2, 130.3, 129.6, 128.7, 120.7, 66.7, 44.5, 44.3. IR: v = 2964, 1713,
1687, 1469, 1243, 749, 707 cm™". MS (CI): m/z (%): 385 (50) [M]".



Analytical data for 18c: Yield: 28% (54 mg); ee: 96% (Chiral HPLC: Chiralpack OD,
10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *° = 19 (¢ = 0.95 in chloroform). 'H
NMR (500 MHz, CDCl;): 0=8.9 (s, 1H; N-H), 7.9 (d, J=17 Hz, 1H; ArH), 7.5 (m, 1H;
CH), 7.4 (m, 2H; CH), 7.3 (m, 3H; CH), 7.1 (m, 3H; CH), 6.9 (m, 2H; ArH), 5.5 (m, 1H,
CH), 4.2 (dd, *J =8 Hz, °J = 18 Hz, 1H; CH,), 3.7 (dd, >J = 3 Hz, °’J = 18 Hz, 1H; CH,),
3.4 (m, 2H; CH,). >C NMR (125 MHz, CDCls): §=174.3, 166.7, 145.2, 136.6, 133.5,
133.2, 128.9, 128.5, 127.7, 126.9, 123.6, 119.5, 109.5, 56.6, 42.2, 41.7. IR: v = 2972,
1719, 1689, 1509, 1480, 1247, 745, 703 cm™ . MS (CI): m/z (%): 385 (100) [M]".

17d, 18d. (3-benzyloxymethyl-acryloyl)-benzamide (147 mg, 0.5 mmol) was used. The
products 17d and 18d were separated by two successive chromatographic columns on
silica (eluent: 17% ethyl acetate in methylene chloride).

Analytical data for 17d: Yield: 64% (132 mg); ee: 99% (Chiral HPLC: Chiralpack OD,
10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°p = 29 (¢ = 0.75 in chloroform). 'H
NMR (500 MHz, CDCls): 6=9.2 (s, 1H; N-H), 7.8 (m, 4H; ArH), 7.6 (m, 1H; ArH), 7.5
(m, 2H; ArH), 7.3 (dd, =4 Hz, J=18 Hz, 2H; ArH), 7.2 (m, 3H; ArH), 7.1 (m, 2H;
ArH), 5.7 (m, 1H, CH), 4.5 (d, °J = 12 Hz, 1H; CH,), 4.4 (d, °J = 12 Hz, 1H; CH,), 4.2
(dd, >J=9 Hz, °J = 18 Hz, 1H; CH,), 4.0 (m, 1H; CH,), 3.9 (m, 1H; CH,), 3.8 (dd, *J =5
Hz, %J = 18 Hz, 1H; CH,). >C NMR (125 MHz, CDCls): 6=175.2, 168.1, 146.6, 139.9,
135.8, 134.8, 131.4, 130.8, 130.3, 130.2, 130.1, 128.7, 120.7, 75.7, 74.1, 64.6, 42.0. IR: v
=3280, 2974, 1711, 1680, 1467, 1243, 746, 709 cm™'. MS (CI): m/z (%): 413 (100) [M]".

Analytical data for 18d: Yield: 33% (68 mg); ee: 98% (Chiral HPLC: Chiralpack OD,
10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *° = 12 (¢ = 0.80 in chloroform). 'H
NMR (500 MHz, CDCl3): 6=8.7 (s, 1H; N-H), 7.7 (m, 2H; ArH), 7.6 (m, 1H; CH), 7.5
(m, 1H; CH), 7.4 (m, 3H; CH), 7.3 (m, 1H; CH), 7.2 (m, 3H; ArH), 7.0 (m, 2H; ArH), 5.7
(m, 1H, CH), 4.5 (d, ’J = 12 Hz, 1H; CH,), 4.4 (d, ’J = 12 Hz, 1H; CH,), 4.1 (dd, *J =8
Hz, 2J = 18 Hz, 1H; CH,), 4.0 (m, 1H; CH>), 3.9 (m, 1H; CH,), 3.8 (dd, *J=5Hz, *J=18
Hz, 1H; CH,). >C NMR (125 MHz, CDCl): 6=174.6, 167.9, 148.3, 139.9, 136.2, 135.8,
134.8, 131.5, 130.8, 130.3, 130.1, 129.7, 126.4, 122.2, 112.9, 175.2, 168.1, 146.6, 139.9,



135.8, 134.8, 131.4, 130.8, 130.3, 130.2, 130.1, 128.7, 120.7, 75.9, 74.2, 57.3, 42.0. IR: v
= 3283, 2925, 1715, 1689, 1476, 1243, 1102, 747, 7089 cm™. MS (CI): m/z (%): 413 (80)

[M]".

17e, 18e. (these compounds were converted to the corresponding methyl esters 17°e and

18’e for a facile separation (Scheme 2)).

J)OL o %\0 Q @[ ErOTfy/MeOH Q @:
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R toluene, 1 h )k = /\)K
- R N Ph -BzNH, : OCHjy
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17e 18e 17'e 18'e
Scheme 2

a) Preparation of mixture of 17e and 18e: Aluminum complex 1 (29 mg, 0.025 mmol, 5
mol%), benzotriazole (60 mg, 0.5 mmol) and toluene (2.5 ml) were combined in a round-
bottomed flask. To the resulting suspension (3-phenyl-acryloyl)-benzamide (127 mg, 0.5
mmol) was added. The reaction mixture was stirred at room temperature for 1 h and then
filtered through a silica plug, resulting in a mixture of regioisomers 17e and 18e.

b) Methanolysis: The crude mixture of 17e and 18e was dissolved in methanol (2 ml,
excess) and cooled to 4°C. Erbium trifluoromethanesulfonate (15 mg, 0.025 mmol) was
added and the solution stirred at 4°C for 20 hours. After removal of the solvent in vacuo,
the products 17’e and 18’e were separated by chromatography on silica (eluent: 30%
ethyl acetate in hexanes).

Analytical data for 17°e: Yield: 55% (78 mg); ee: 99% (Chiral HPLC: Chiralpack OD,
8% ethanol/hexanes, 1.2 ml/min, 254 nm), [a]*’p = 22 (¢ = 0.50 in chloroform). "H NMR
(500 MHz, CDCl;): 6=7.8 (dd, *J = 4 Hz, >J = 8 Hz, 2H; ArH), 7.3 (m, 7H; ArH), 6.5 (dd,
J=5Hz *J=8 Hz, 1H; CH), 4.0 (dd, *J =9 Hz, >J = 18 Hz, 1H; CH,), 3.6 (s, 3H; CH3),
3.3 (dd, °J =6 Hz, J = 18 Hz, 1H; CH,). °C NMR (125 MHz, CDCL): §=172.6, 146.7,
140.5, 131.4, 131.2, 129.3, 128.8, 120.8, 69.0, 54.5, 42.4. IR: v = 2953, 1741, 1324,
1264, 1169, 749, 704 cm™ . MS (CI): m/z (%): 285 (100) [M+H]".



Analytical data for 18’e: Yield: 41% (58 mg); ee: 95% (Chiral HPLC: Chiralpack OD,
8% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°p = 66 (c = 0.85 in chloroform). '"H NMR
(500 MHz, CDCls): 6=8.0 (d, °J = 8 Hz, 1H; ArH), 7.4 (m, 2H; ArH), 7.3 (m, 6H; ArH),
6.3 (dd, *J =6 Hz, >J=9 Hz, 1H; CH), 4.0 (dd, *J =10 Hz, %J = 18 Hz, 1H; CH,), 3.6 (s,
3H; CHs), 3.4 (dd, °J = 6 Hz, °J = 18 Hz, 1H; CH,). >C NMR (125 MHz, CDCl;):
0=173.0, 140.6, 135.2, 131.6, 131.2, 129.8, 129.2, 126.5, 122.4, 112.3, 61.9, 54.6, 42.6.
IR: v = 2952, 1739, 1453, 1266, 1201, 1174, 747, 704 c™. MS (CI): m/z (%): 285 (40)
[M+H]".

General procedure for the conjugate addition of 5-methyl-tetrazole to enones and imides.
Addition to 3-hepten-2-one. Formation of products 19a and 20a: Aluminum complex 1
(29 mg, 0.025 mmol, 5 mol%), 5-methyl-tetrazole (42 mg, 0.5 mmol) and toluene (2.5
ml) were combined in a round-bottomed flask. The resulting suspension was cooled to
4°C and 3-hepten-2-one (56 mg, 0.5 mmol) was added. The reaction mixture was stirred
at 4°C for 24 h, resulting in a mixture of regioisomers 19a and 20a. The products were
separated by column chromatography on silica (eluent: 1:1 of ethyl acetate/hexanes).
Analytical data for 19a: Yield: 42% (41 mg); ee: 94.5% (Chiral HPLC: Chiralcel OB, 4%
iso-propanol/hexanes, 1.2 ml/min, 208 nm), [«] *’» = -7 (¢ = 0.50 in chloroform). 'H
NMR (500 MHz, CDCls): 6=5.2 (m, 1H, CH), 3.3 (dd, *J = 8 Hz, %J = 20 Hz, 1H; CH,),
2.9 (dd, °J =6 Hz, ’J = 18 Hz, 1H; CH,), 2.5 (s, 3H; CH3), 2.1 (s, 3H; CH3), 1.9 (m, 1H,
CH,), 1.8 (m, 1H, CH,), 1.2 (m, 1H, CH,), 1.1 (m, 1H, CH,), 0.8 (t, °J = 7 Hz, 3H; CHs).
BC NMR (125 MHz, CDCls): 6=204.0, 162.4, 59.4, 47.0, 36.8, 30.1, 18.7, 13.2, 10.8. IR:
v = 2963, 2938, 1722, 1505, 1365, 1174, 1031 cm™. MS (CI): m/z (%): 197 (100)
[M+H] .

Analytical data for 20a: Yield: 40% (39 mg); ee: 94.5% (Chiral HPLC: Chiralcel AD,
10% ethanol/hexanes, 1.2 ml/min, 208 nm), [a] *’p = -10 (¢ = 0.50 in chloroform). 'H
NMR (500 MHz, CDCls): 6=4.7 (m, 1H, CH), 3.4 (dd, °J = 10 Hz, J = 18 Hz, 1H; CH,),
2.9 (dd, °J =5 Hz, 2J = 18 Hz, 1H; CH,), 2.6 (s, 3H; CH3), 2.0 (s, 3H; CH3), 1.9 (m, 1H,
CH,), 1.7 (m, 1H, CHy), 1.21 (m, 1H, CH,), 1.0 (m, 1H, CH,), 0.8 (t, °J = 7 Hz, 3H;
CHs). °C NMR (125 MHz, CDCls): §=204.6, 152.2, 53.4, 47.9, 37.0, 30.0, 18.9, 13.3,



8.9. IR: v = 2962, 2929, 1718, 1525, 1405, 1173 cm™. MS (CI): m/z (%): 197 (100)
[M+H]".

19b, 20b. 5-methyl-3-hexen-2-one (56 mg, 0.5 mmol) was used. The products 19b and
20b were separated by chromatography on silica (eluent: 5% methylene chloride in ethyl
acetate).

Analytical data for 19b: Yield: 64% (63 mg); ee: 95% (Chiral HPLC: Chiralpack OD,
15% iso-propanol/hexanes, 1.2 ml/min, 208 nm), [«] 25 = 32 (¢ = 0.75 in chloroform).
"H NMR (500 MHz, CDCl5): 6=5.1 (m, 1H, CH), 3.5 (dd, *J = 10 Hz, %J = 18 Hz, 1H;
CH,), 3.0 (dd, >J = 4 Hz, °J = 18 Hz, 1H; CH,), 2.5 (s, 3H; CH3), 2.2 (m, 1H, CH), 2.1 (s,
3H; CH3), 0.9 (d, °J = 7 Hz, 3H, CH,), 0.8 (d, °J = 7 Hz, 3H; CH3). >C NMR (125 MHz,
CDCl): 0=207.2, 164.7, 67.1, 45.9, 35.3, 32.7, 21.0, 20.8, 13.3. IR: v = 2969, 1721,
1504, 1365, 1168 cm™ . MS (CI): m/z (%): 197 (100) [M+H]".

Analytical data for 20b: Yield: 27% (26 mg); ee: 96% (Chiral HPLC: Chiralpack AD,
10% ethanol/hexanes, 1.2 ml/min, 208 nm), [a] *° = 15 (¢ = 0.50 in chloroform). 'H
NMR (500 MHz, CDCls): 6=4.4 (m, 1H, CH), 3.5 (dd, °J = 8 Hz, %J = 18 Hz, 1H; CH,),
2.9 (dd, >J =2 Hz, ’J = 18 Hz, 1H; CH,), 2.6 (s, 3H; CHs), 2.1 (m, 1H, CH), 2.0 (s, 3H;
CHs), 0.9 (d, °J = 7 Hz, 3H, CH,), 0.7 (d, >J = 7 Hz, 3H; CH3). °C NMR (125 MHz,
CDCls): 0=204.9, 154.8, 59.0, 45.2, 32.8, 30.1, 19.2, 18.7, 9.0. IR: v = 2969, 2923, 1720,
1525, 1405, 1385 cm™. MS (CI): m/z (%): 197 (100) [M+H]".

19¢, 20c. 6-benzyloxy-3-hexen-2-one (102 mg, 0.5 mmol) was used. The products 19¢
and 20c were separated by chromatography on silica (eluent: 17% ethyl acetate in
methylene chloride).

Analytical data for 19¢: Yield: 63% (91 mg); ee: 87.5% (Chiral HPLC: Chiralpack AD,
10% ethanol/hexanes, 1.2 ml/min, 205 nm), [a] *°> = 9 (¢ = 1.00 in chloroform). '"H NMR
(500 MHz, CDCls): 6=7.2 (m, 5H; ArH), 5.4 (m, 1H; CH), 4.4 (d, °J = 12 Hz, 2H; O-
CH,), 4.3 (d, 2J = 12 Hz, 2H; O-CH,), 3.5 (dd, >J = 8 Hz, °J = 18 Hz, 1H; CH,), 3.4 (m,
1H, CH,), 3.2 (m, 2H, CH,), 3.0 (dd, *J = 8 Hz, ’J = 18 Hz, 1H; CH,), 2.4 (s, 3H; CH3),
2.1 (m, 2H, CH,), 2.0 (s, 3H; CH3). °C NMR (125 MHz, CDCl;): 6=203.8, 162.5, 137.8,



128.3, 127.6, 73.0, 65.8, 57.3, 46.9, 34.8, 30.0, 10.8. IR: v = 2928, 2866, 1721, 1504,
1362, 1101, 741, 700 cm™. MS (CI): m/z (%): 289 (100) [M+H]".

Analytical data for 20c: Yield: 30% (43 mg); ee: 87% (Chiral HPLC: Chiralpack AD,
10% ethanol/hexanes, 1.2 ml/min, 205 nm), [a] *° = 52 (¢ = 0.80 in chloroform). 'H
NMR (500 MHz, CDCl3): 0=7.2 (m, 5H; ArH), 5.0 (m, 1H; CH), 4.3 (s, 2H; O-CH»), 3.4
(m, 2H; CHy), 2.8 (m, 2H, CH), 2.5 (s, 3H; CHj3), 2.1 (m, 2H, CH,), 2.0 (s, 3H; CHs).
C NMR (125 MHz, CDCl3): §=204.3, 152.9, 137.4, 128.4, 127.9, 127.7, 73.1, 65.0,
50.1, 47.9, 34.8, 29.9, 8.6. IR: v = 2925, 2873, 1719, 1526, 1408, 1094, 701 cm™. MS
(CI): m/z (%): 289 (100) [M+H]".

21a, 22a. (3-methyl-acryloyl)-benzamide (95 mg, 0.5 mmol) was used. The products 21a
and 22a were separated by chromatography on silica (eluent: 1:1 of ethyl
acetate/methylene chloride).

Analytical data for 21a: Yield: 61% (84 mg); ee: 93% (Chiral HPLC: Chiralpack OD,
10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *° = 14 (¢ = 0.80 in chloroform). 'H
NMR (500 MHz, CDCls): 6=8.9 (bs, 1H; N-H), 7.8 (d, 2H; °J = 7 Hz; ArH), 7.6 (t, 1H; *J
=7 Hz; ArH), 7.5 (t, 2H; °J = 7 Hz; ArH), 5.5 (m, 1H, CH), 3.9 (dd, °J = 8 Hz, *J = 18
Hz, 1H; CH,), 3.6 (dd, *J = 4 Hz, 2J = 18 Hz, 1H; CH,), 2.5 (s, 3H; CH3), 1.8 (d, *J =7
Hz, 3H; CH3). >C NMR (125 MHz, CDCls): 6=167.2, 160.8, 157.9, 128.7, 127.5, 124.3,
122.9, 509, 38.6, 16.1, 6.1. IR: v = 3296, 1710, 1691, 1504, 1467, 1241, 707 cm™. MS
(CI): m/z (%): 274 (20) [M]".

Analytical data for 22a: Yield: 35% (48 mg); ee: 92% (Chiral HPLC: Chiralpack OD,
10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *° = 18 (¢ = 0.25 in chloroform). 'H
NMR (500 MHz, CDCls): 6=8.5 (bs, 1H; N-H), 7.8 (d, 2H; >J = 7 Hz; ArH), 7.6 (t, 1H; *J
=7 Hz; ArH), 7.5 (t, 2H; >J = 7 Hz; ArH), 5.1 (m, 1H, CH), 4.0 (dd, >°J= 10 Hz, *J = 18
Hz, 1H; CH,), 3.5 (dd, *J = 5 Hz, J = 18 Hz, 1H; CH,), 2.6 (s, 3H; CH3), 1.6 (d, *J =7
Hz, 3H; CH3). >C NMR (125 MHz, CDCLs): 6=167.1, 160.5, 157.3, 128.6, 124.3, 122.8,
44.9,39.1, 16.4, 4.1. IR: v = 3256, 2925, 1716, 1690, 1507, 1247, 1195, 711 cm™. MS
(CI): m/z (%): 274 (40) [M]".



21b, 22b. [3-(t-butyl-dimethyl-silyloxymethyl)-acryloyl]-benzamide (159 mg, 0.5 mmol)
was used. The products 21b and 22b were separated by chromatography on silica (eluent:
17% of ethyl acetate in methylene chloride).

Analytical data for 21b: Yield: 56% (113 mg); ee: 96% (Chiral HPLC: Chiralpack OD,
8% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°p = 6 (¢ = 0.45 in chloroform). '"H NMR
(500 MHz, CDCl3): 6=8.9 (s, 1H; N-H), 7.8 (d, 2H; °J = 7 Hz; ArH), 7.6 (t, 1H; *J =7
Hz; ArH), 7.5 (t, 2H; *J = 7 Hz; ArH), 5.5 (m, 1H, CH), 4.1 (m, 2H; CH,), 4.0 (dd, *J=9
Hz, 2J = 18 Hz, 1H; CH,), 3.7 (dd, >J = 5 Hz, ’J = 18 Hz, 1H; CH,), 2.5 (s, 3H; CH3), 0.8
(s, 9H; C(CHs)3), -0.04 (s, 3H; CH3), -0.07 (s, 3H; CH3). >C NMR (125 MHz, CDCL):
0=174.7, 168.0, 154.0, 153.4, 148.4, 136.1, 134.6, 134.2, 131.6, 130.1, 66.0, 56.7, 40.5,
28.1, 20.5, -3.2, -3.3. IR: v = 2930, 2858, 1717, 1684, 1466, 1243, 836, 779, 708 cm™".
MS (CI): m/z (%): 404 (100) [M+H]".

Analytical data for 22b: Yield: 35% (71 mg); ee: 94.5% (Chiral HPLC: Chiralpack OD,
5% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] >’ = 39 (¢ = 0.60 in chloroform). '"H NMR
(500 MHz, CDCl3): 6=8.6 (bs, 1H; N-H), 7.8 (d, 2H; *J = 7 Hz; ArH), 7.6 (t, 1H; *J =7
Hz; ArH), 7.5 (t, 2H; °J = 7 Hz; ArH), 5.0 (m, 1H, CH), 4.0 (m, 3H; CH,), 3.5 (dd, *J =3
Hz, °J = 18 Hz, 1H; CH,), 2.6 (s, 3H; CH3), 0.8 (s, 9H; C(CH3)3), -0.04 (s, 3H; CH3), -
0.10 (s, 3H; CH3). >C NMR (125 MHz, CDCls): 6=166.8, 160.7, 147.4, 128.8, 124.3,
122.8, 60.6, 51.1, 33.9, 20.8, 13.2, 4.2, -3.2, -3.3. IR: v = 2954, 2931, 1716, 1691, 1471,
1254, 1117, 836, 780, 710 cm™ . MS (CI): m/z (%): 404 (80) [M+H]",

General procedure for the conjugate addition of 5-phenyl-tetrazole to enones and imides.

23a: Aluminum complex 1 (29 mg, 0.025 mmol, 5 mol%), 5-phenyl-tetrazole (73 mg,
0.5 mmol) and toluene (2.5 ml) were combined in a round-bottomed flask. To the
resulting suspension 3-hepten-2one (56 mg, 0.5 mmol) was added. The reaction mixture
was stirred at room temperature for 2 h, and then purified by flash column
chromatography on silica (eluent: 6:4 of hexanes/ethyl acetate). The product 23a was

obtained in 94% yield (121 mg) and 99% enantiomeric excess, as determined by chiral



HPLC (Chiralcel OB, 7% iso-propanol/hexanes, 1.2 ml/min, 254 nm), [a] *’p = -24 (¢ =
0.9 in chloroform). "H NMR (500 MHz, CDCls): 6=5.2 (m, 1H, CH), 3.3 (dd, *J = 8 Hz,
2J =20 Hz, 1H; CH,), 2.9 (dd, *°J = 6 Hz, °J = 18 Hz, 1H; CH,), 2.5 (s, 3H; CHs), 2.1 (s,
3H; CHs), 1.9 (m, 1H, CH,), 1.8 (m, 1H, CH,), 1.2 (m, 1H, CH,), 1.1 (m, 1H, CH,), 0.8
(t, °J = 7 Hz, 3H; CH;). °C NMR (125 MHz, CDCls): 6=204.0, 162.4, 59.4, 47.0, 36.8,
30.1, 18.7, 13.2, 10.8. IR: v = 2963, 2938, 1722, 1467, 1451, 1366, 734, 695 cm™. MS
(CI): m/z (%): 259 (20) [M+H]".

23b. 5-methyl-3-hexen-2-one (56 mg, 0.5 mmol) was used. The product 23b was
obtained in 93% yield (120 mg) and 95.5% enantiomeric excess, as determined by chiral
HPLC (Chiralcel AD, 10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *’p = -32 (¢ = 0.9
in chloroform). "H NMR (500 MHz, CDCls): 6=8.1 (m, 2H; ArH), 7.4 (m, 3H; ArH), 5.2
(m, 1H, CH), 3.6 (dd, *J = 10 Hz, >J = 18 Hz, 1H; CH,), 3.0 (dd, °J =3 Hz, 2J = 18 Hz,
1H; CH,), 2.3 (m, 1H, CH), 2.2 (s, 3H; CHs), 1.0 (d, *J =7 Hz, 3H, CH,), 0.8 (d, °J =7
Hz, 3H; CH;). >C NMR (125 MHz, CDCls): 6=202.0, 162.2, 127.9, 126.5, 125.3, 124.5,
62.7, 41.2, 30.6, 28.0, 16.3, 16.1. IR: v = 2969, 1722, 1467, 1450, 1366, 734, 695 cm’".
MS (CI): m/z (%): 259 (30) [M+H]".

23c¢. 6-benzyloxy-3-hexen-2-one (102 mg, 0.5 mmol) was used. The product 23¢ was
obtained in 90% yield (158 mg) and 94% enantiomeric excess, as determined by chiral
HPLC (Chiralcel AD, 8% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *’p = 9 (¢ = 0.6 in
chloroform).

'H NMR (500 MHz, CDCls): 0=8.1 (m, 2H; ArH), 7.4 (m, 3H; ArH), 7.2 (m, SH; ArH),
5.6 (m, 1H; CH), 4.4 (d, ’J = 12 Hz, 2H; O-CH),), 4.3 (d, ’J = 12 Hz, 2H; O-CH,), 3.4 (m,
2H, CH,), 3.2 (m, 1H, CH,), 3.0 (dd, >J = 8 Hz, ’J = 18 Hz, 1H; CH,), 2.2 (m, 2H, CH,),
2.1 (s, 3H; CHs). °C NMR (125 MHz, CDCl;): 6=201.6, 162.6, 135.6, 127.9, 126.5,
126.1, 125.4, 124.6, 70.9, 63.7, 55.5, 44.8, 32.6, 27.9. IR: v = 2924, 1720, 1465, 1451,
1365, 1099, 734, 696 cm™. MS (CI): m/z (%): 351 (20) [M+H]".

24a. (3-methyl-acryloyl)-benzamide (95 mg, 0.5 mmol) was used. The product 24a was

obtained in 93% yield (156 mg) and 95.5% enantiomeric excess, as determined by chiral



HPLC (Chiralcel OD, 10% ethanol/hexanes, 1.2 ml/min, 254 nm), [a] *°> = 10 (¢ = 1.00
in chloroform). 'H NMR (500 MHz, CDCls): 6=9.0 (s, 1H; N-H), 8.1 (m, 2H; ArH), 7.8
(d, 2H; *J = 7 Hz; ArH), 7.6 (t, 1H; °J = 7 Hz; ArH), 7.4 (t, 2H; °J = 7 Hz; ArH), 7.3 (m,
3H; ArH), 5.5 (m, 1H, CH), 4.0 (dd, °J = 8 Hz, °J = 18 Hz, 1H; CH,), 3.6 (dd, >J =5 Hz,
2J = 18 Hz, 1H; CHy), 1.7 (d, >J = 7 Hz, 3H; CHs). >C NMR (125 MHz, CDCL):
0=170.1, 163.5, 162.6, 131.2, 129.9, 127.9, 126.8, 126.5, 125.5, 125.3, 124.6, 53.8, 41.0,
18.8. IR: v =13290, 1714, 1689, 1467, 1242, 709 cm™. MS (CI): m/z (%): 336 (20) [M]".

24b. [3-(t-butyl-dimethyl-silyloxymethyl)-acryloyl]-benzamide (159 mg, 0.5 mmol) was
used. The product 24b was obtained in 94% yield (218 mg) and 97% enantiomeric
excess, as determined by chiral HPLC (Chiralcel OD, 8% ethanol/hexanes, 1.2 ml/min,
254 nm), [a] *°b = 16 (¢ = 0.75 in chloroform). "H NMR (500 MHz, CDCls): §=9.0 (s,
1H; N-H), 8.1 (m, 2H; ArH), 7.8 (m, 2H; ArH), 7.6 (t, 1H; 3J=7Hz; ArH), 7.4 (t, 2H; 37
=7 Hz; ArH), 7.4 (m, 3H; ArH), 5.6 (m, 1H, CH), 4.1 (m, 3H; CH,), 3.7 (dd, =4 Hz,
2J = 18 Hz, 1H; CH,), 0.8 (s, 9H; C(CHs)3), -0.04 (s, 3H; CH3), -0.06 (s, 3H; CH;). °C
NMR (125 MHz, CDCl): 6=174.5, 168.7, 167.6, 131.4, 130.1, 128.9, 127.4, 126.9,
123.5, 123.1, 122.6, 67.1, 57.7, 42.4, 20.7, -3.2, -3.3. IR: v = 2930, 2857, 1715, 1687,
1467, 1252, 1124, 836, 779, 709, 693 cm™". MS (CI): m/z (%): 464 (900) [M+H]".
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19.325 89306423 50.35 126763 46.09
Totals
17748046 100.00 275046 100.00
400—: E— 5400
Retention Time
§ 200—5 ;200
] g o
] et =1 L
] - | & [
i I NS S C
0 5 10 15 2 2 30 35 40 45
Minutes
Retention Time Area Area %o Height Height %
16.433 331134 1.15 6563 1.59
18.900 28467319 98.85 406474 08.41

Totals

28798453 100.00 413037 100.00




Vaolis

Wolls

NHBoc

N

L

N

[

- O
Bnowl\

8c
150 150
Retention Time
1 DD—- L 100
50| L 50
1 R i
i o | o L
i - [|= | L
ol R ro
LA L e L B L B L L B B B L B B L L B
0 10 20 30 40 a0 60
Minutes
Retention Time Area Area % Height Height %
38.192 12494349 48.01 134714 51.93
40.825 13529604 51.99 124720 48.07
Totals
26023953 100.00 259434 100.00
] Retention Time
200 3 F 200
1004 - 100
1 & E
1 |2 g
1 =& -
] . o -
07 I Fo
0 I 1Iﬂ EIU I 3Ivﬂ I 4I0 I SID I (1]
Minutes
Retention Time Area Area % Height Height %
36.725 1215 0.00 874 0.35
38.908 25909702 100.00 245792 99.635
Totals
25910917 100.00 2466606 100.00




Volts

Volis

NT N o
9a
O
—_— o
1 @ L
500 Retention Time 2 L sa0
250 250
0 T T 0
L L e B L B B L B L L B B L B
0 10 20 30 40 a0 L]
Minutes
Retention Time Area Area % Height Height %
23.358 27214937 50.67 569092 56.83
29.833 26496009 49.33 432326 43.17
Totals
53710946 100.00 1001418 100.00
i Retention Time [
500 - 500
250 [ 250
4 =1 L
A oy L
- ™ -
i] ] | _—CI
T L T T LI I B B B B | T T T T
1] 10 20 30 40 50 60
Minutes
Retention Time Area Area % Height Height %
23.5350 615384 l.65 13958 2.30
29.567 36779054 98.35 504052 97.70
Totals
37394438 100.00 608010 100.00




Volls

Volls

NN
LAy
NT N o
9b
I a |
1 Retention Time s I
500 ol - 500
250 L 250
i e}
. 0
0 o | = I | 0
o 5 10 s 20 25 s 35 s
P Minutes
Retention Time Area Area % Height Height %
16.825 207850608 50.41 619699 58.03
23.025 20449335 49,59 437347 41.37
Totals
41234943 100.00 1057046 100.00
1000—_ = _—1000
Retention Time r
500 - 500
: 3 :
1 o ) L
| - H i
0 |-’\J i = -0
1 T T T T T T T T T T T T T [ T T T T [ T T T T —r—
0 5 10 15 20 25 a0 35 4D
Minutes
Retention Time Area Area % Height Height %
15.392 986709 2.16 32899 319
20.725 44644868 97.84 999814 96.81
Totals
45631577 100.00 1032713 100.00




OBn

NN
LAy
N '}‘ o)
Bnowl\
9¢
00— 200
] Retention Time [
§ 1[:[:—5 5—100
] | | 2 8 ;
0 i el = -0
o e 0 EN a0 I 50 I 60
Minutes
Retention Time Area Area % Height Height %
26.792 11920192 49.70 204874 56.01
33.533 12063471 50.30 160921 43.99
Totals
23983663 100.00 365795 100.00
] Retention Time _
400 - 400
2003 & E 200
1 n i
] @
E 3 o] -
o 0 20 - w w0 Y &
ffinndas
Retention Time Area Area % Height Height %
26.450 30662109 97.29 506549 97.65
33.625 855205 271 12188 2.35
Totals
31517314 100.00 518737 100.00




Wolts

Cl

L

N

2

N Y0
10a
Retention Time [
400 7 400
200 - 200
] o g
] o -
] m ? [
0—— | ! o
T
0 10 20 30 40 50 1]
Minutes
Retention Time Area Area %o Height Height %
21.192 12168698 49.67 270435 35.58
28.042 12331618 50.33 216156 44.42
Totals
24500316 100.00 486591 100.00
a004—— E 400
] Retention Time r
3 200—; . ;—200
[ L
. - -
i E B
o— |J'\J I o o
L s B e e e S L B B L s e S s s
0 10 20 30 40 50 80
Retention Time Area Area %o Height Height %4
21.475 1074815 4.54 26790 6.31
28.008 22601089 95.46 397606 93.69
Totals
23675904 100.00 424396 100.00




Volis

10b
1 Retention Time _
2003 F 200
1004 E 100
1 ) = 3
04 > | = I ©hl o
ﬂ.........1.ﬂ.........2.0.........3.ﬂ.........4.0.........S.D.........m
Minutes
Retention Time Area Area % Height Height %
20.300 10325380 50.03 263276 36.56
26.825 10311881 4997 202230 43.44
Totals
20637261 100.00 465506 100.00
750 —— L 750
1 Retention Time L
500 - 500
250 1 g - 250
04 leJ i 2 Lo
LA L e L B L L L B L L B B B B
o 10 20 30 40 50 &0
Minutes
Retention Time Area Area % Height Height %
20.408 1319015 3.11 34549 4.45
20,458 41088453 96.89 742362 95.55
Totals
42407468 100.00 776911 100.00




Wolls

Valls

Cl

l)N:E\>

[

- O
Bnowl\

10c¢
Retention Time
2003 - E 200
] = F
- [ -
] o™ g
100 E 100
04 L e | | Eo
B L e e e L A e e L e e L o e e o M A L
] 10 20 30 40 a0 60
Minutes
Retention Time Area Area % Height Height %
18.492 9515760 50.56 249374 68.53
27.017 9304898 49.44 114526 31.47
Totals
18820658 100.00 363900 100.00
_: Retention Time _
4003 E 400
200 1 E 200
] o C
E & o
: & :
o+ 24| i | Eo
L e e B e B e S s B B S s s e e e
0 10 20 30 40 50 60
Minutes
Retention Time Area Area % Height Height %%
19.058 20637598 98.24 512841 08.93
29.542 369444 1.76 5535 1.07
Totals
21007042 100).00) 518376 100.00




SMe

L

N

2

N2 o
11a
1501 Retention Time 150
100 - 100
g 1 !
50 - 50
| 2 '
o— f= ' (T ' 0
LI S B B S L B s B B R B S B S B B e s B B B S N N L L L
0 10 20 30 40 a0 &0
Minutes
Retention Time Area Area % Height Height %
21.508 G6OTO9R 50.31 158836 55.21
25.750 6584439 49.69 128842 44.79
Totals
13251537 100.00 287678 100.00
2004 — - 200
| Retention Time A
kS 1004 - 100
i
] = r
] & _
0d— I"LI‘Q | L g
N L e s B B e B e e e e e
0 10 20 30 40 50 80
Minutes
Retention Time Area Area % Height Height %
21.758 1400575 1.37 3813 1.95
25.642 10117569 98.63 191837 98.05
Totals
10258144 100.00 195650 100.00




Vaolts

11b
?5—: RetentionTime :—?5
50 - 50
25 - 25
] [ 3 A
0 S . | =Y I w A Lo
0 5 10 5 a0 25 30 35 40 s
Minutes
Retention Time Area Area % Height Height %
20.650 3326046 50.16 84845 56.19
25.442 3304195 49.84 66141 43.81
Totals
6630241 100.00 150986 100.00
2004——— F 200
] Retention Time [
£ 1004 100
= ¥
j g L -

0 b |—J = Lo
0 5 0 5 20 25 o 35 w0 a5
Minutas
Retention Time Area Area % Height Height %
20.992 104173 0.96 2871 1.44
25.400 10706090 99.04 195889 08.56

Totals
10810263 100.00 198760 100.00




SMe

NN

L

[

- O
Bnowl\

11¢
1 — et [
59 Retention Tima b3 F7a
(o] L
50 50
2 C
25+ - 25
0 =N | Fo
LA s S 0 L L L e e e e e e s e e e e
0 10 20 30 40 50 60
Minutes
Retention Time Area Area %o Height Height %
20.008 3302014 49.39 81903 58.55
26.867 3384247 50.61 57982 41.45
Totals
GOHROE61 100.00 139885 100.00
00— — - 200
] Retention Time
= 4ppd F 100
2 ] [
: g i
] ] & i
] ol | | L
0 1 I T r Q
LA e B B L B L R L L L B
0 10 20 30 40 50 60
Minutes
Retention Time Area Area % Height Height %
19.808 FT11007 98,22 184565 98.60
26.983 139509 1.78 2622 1.40
Totals
7850516 100.00 187187 100.00




Vaolts

N ’}‘ (o)
H
12a
51— -7
] Retention Time =3 3
] @ [
50 = L 5¢
3 1 _
25 Lot
: uy [
Lo A~ : i
0 T F -0
L B B B O B L O B B B
0 10 20 30 40 50 80
Minndaa
Retention Time Area Area % Height Height %
43.425 12221067 4942 71684 61.42
49,183 12509396 50.58 45018 38.58
Totals
24730463 100.00 116702 100,00
w3 — E 30
31 Retention Time g
20 F 20
104 & E 10
_ ai od _
] } = ;
n—; i T h o | ;—o
0 I 1ID I 231 3;} I 4||} I s:u E:D I ?Iﬂ I BO
Minutes
Retention Time Area Area % Height Height %4
39.192 308576 4.38 1998 6.51
44.742 6731705 95.62 28713 93.49
Totals
7040281 100.00 30711 100.00




R
N ’}I 0]
TBSO\/\)\N Aon
H
12b
1901 Retention Time E __100
[
Lo
0 T o 0 50 I 60 I 70 I 80
Retention Time Area Area % Height Height %
18.200 8177044 50,48 106126 59.16
23.717 8022531 49.52 73275 40.84
Totals
16199575 100.00 179401 100.00
1504 — L 450
1 Retention Time A
100 - 100
£ f
505 = 50
] @ 8 i
1 | : | |
D__ | | T __0
0 5 10 15 20 25 30 5
Minutes
Retention Time Area Area % Height Height %
18.300 432006 2.52 5845 3.81
23.492 16702455 9748 147618 96.19
Totals
17134461 100.00 153463 100.00




N ’}‘ (o)
SN
H
13a
75— L 75
1 Retention Time A
50 50
: ;
25- 25
1 e | g C
0] T l Lo
0 I 0 S R
Minutes
Retention Time Area Area % Height Height %
60.400 12589680 48.30 72916 3338
65408 13477732 51.70 63672 46.62
Totals
26067412 100.00 136588 100.00
1 Retention Time r
100 - 100
= 50 = 50
1 o I
| = L
] @ [
D—-—""‘— T = -_g
o 10 w4 e 0 8
Minutes
Retention Time Area Area % Height Height %
59.425 257663 1.15 2642 2.20
63.267 22178923 9885 117683 97.80
Totals
22436586 100.00 120325 100.00




13b
| — w i
1009~ Retention Time g [ 100
§ 50- 50
_'J_AJJL G\ | | i
0 I I 0
0 I 10 I 20 I a0 I 40 I 50 I 60 I 70 I 80
Retention Time Area Area % Height Height %
35.335 9989584 48.72 108430 57.76
44.125 10512931 51.28 79294 42.24
Totals
20502515 100.00 187724 100.00
0] —— il 200
] Retention Time [
100—5 — 100
] ~ E
; 2 P a
o _:_J-—A.-M._.—.-..—._.- = | l ig
] I I C
0 I 10 I 20 I 30 I 40 I 50 I 60 I 70 I 80
Minutes
Retention Time Area Area % Height Height %,
34.850 19971775 98.63 206471 98.98
45.217 276991 1.37 2127 1.02

Totals

20248706 100.00 208598 100.00




Vaolis

Vaolts

N ’}‘ (o)
H
14a
-;5_: Retention Time :—?5
50 - 50
25 - 25
| ol |2 :
i m o
D__—._L._ILL_IL...-M_.- '{ ﬁ | -0
o 1w Y S0 e 0 8
Minutas
Retention Time Area Area % Height Height %
24.875 8230456 49.41 86637 54.22
30.233 8425499 50.59 73157 45.78
Totals
16655955 100.00 159794 100.00
2[:.[:.-2 Retention Time 2-200
1nn—f f—mo
] | ¥
] =] N
N e z o
] b o g
Pl A A = I | Lo
0 TS AR ' 0 o
Minutes
Retention Time Area Area % Height Height %
24.567 21965132 97.40 225216 97.839
30483 587007 2.60 4846 211
Totals
22552139 100.00 230062 100.00




Vaolts

Vaolts

14b
30[,_5 Retention Time _ 200
20[:—5 5—200
100—5‘J\—A‘ 100
L T B i o N IS o e o o I BRI i o o o e
0 10 20 a0 40 50 &0 70 80
Minutas
Retention Time Area Area % Height Height %
19.975 17193226 49.68 339351 53.28
22.683 17415718 50.32 207557 46.72
Totals
34608944 100.00 636908 100.00
754 L 75
Retention Time i
50 - 50
25 o 25
] l &
] X o "
0 =T ro
L L L L L L B L L L L L B L L
0 10 20 a0 40 50 &0 70 80
Minutes
Retention Time Area Area % Height Height %
21.183 98169 2.16 1625 2.21
23.350 4457173 97 84 T1836 97.79
Totals
4555342 100.00 73461 100.00




CH;
15a
100—- — -—100
Retention Time L
§ 50- s
0o 10 . w  w s 60
Minutes
Retention Time Area Area % Height Height %
15.342 4884666 4939 101341 5585
19.667 5006066 50.61 80107 44,15
Totals
Q890732 100.00 181448 100.00
200 ——— - 200
] Retention Time [
£ 10[:—: :—100
= 1 r
1 3 g
] B :
0 SRS e ' -0
0 I 10 B 20 e  w s 60
Minutes
Retention Time Area Area % Height Height %o
15.533 9607336 95.23 194092 96.13
20.042 481391 4.77 T80 3.87
Totals
10088727 100.00 201897 100.00




- O
/\/I\CHS
16a
300 Retention Time %300
200—5 5—200
100 100
0 - 5 10 s w25 30
Minutes
Retention Time Area Area % Height Height %
14.117 GNO0E2E 49.51 313541 54.47
16.458 9271916 50.49 262105 45.53
Totals
18362744 100.00 575646 100.00
FSD—: Retention Time — 750
. 5004 - 500
d ] i
i = L
250 B I 250
1 © i
] "'u._“' | [
0 ] | ™ | r 1]
0 5 10 15 20 2 30
Minutes
Retention Time Area Area % Height Height %
15.767 28461103 96.80 830556 96.64
18.567 940449 3.20 28893 3.36
Totals
29401552 100.00 859449 100.00




15b

(modified after 1oadiig}

DAD1 A, Sig=254,4 Ref=550,100 (MG\25_20000.D)

4 w o
mAU ] 8
80 =
60
40
20 /
[ S N —
T T T T T T T T T T T T T T T L
5 10 - 15 20 25 [
Signal 1: DAD1 A, Sig=254,4 Ref=550,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s) [mAU] %
1l 11.536 BB 0.6641 4405.47998 95.87392 48.6438
2 14.962 PB 0.8170 4651.12744 76.96938 51.3562
Totals : 9056.60742 172.84330
" . ; = -
[ “DADT D, Sig=254,4 Ref=550,100 (MG\21FR2000.0)
mAU 3 5
E @
300—: r
250 1*-
200 "
150 ‘
100 4 ”
03 j -
Ué k*rd;;n ; T
at T T T T T T T T T T
10 20 30 50 g
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
1 11.597 BB 0.3961 8899.55371 336.94302 96.7699
2 14.862 PB 0.4854 297.05658 9.08575 3.2301
Totals : 9156.61029 346.02877

trument 1 11/8/03 2:02:47 PM MG
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Volts

Wolls

N N,N
- (0]
/\/\/J\CH3
16b
?5[:—: Retention Time :_?50
5001 - 500
2601 - 250
0 A i ist o
o s 1w 1 o a2 3 35 a4 45
Minutes
Retention Time Area Area % Height Height %
11.558 22503775 49.65 881503 54.03
12.358 22823882 50.35 750084 45.97
Totals
45327657 100.00 1631587 100.00
SDD_E Retention Time ?ﬁaﬂ
400 400
; o
200 3 = 200
] A=t 8
07 |—|| o Fo
LB B L B B L B L B B B L L L B L L BB RN AL
0 2 4 [ 8 10 12 14 18 18 20
e Minutas
Retention Time Area Area % Height Height %
11.642 245116 1.21 12612 1.77
12.392 20048301 98.79 698511 98.23
Totals
20293417 100.00 711123 100.00




Valls

Vaolls

15¢
F£1 T — [ 750
] Retention Time [
500 - 500
250 - 250
] i 5 i
0 : L] | © Lo
0 .Iﬁ 1.0 I 1ls I QIU 2|5 30
Minutes
Retention Time Area Area % Height Height %
13.358 23146707 49.40 755602 54.06
16.350 23711597 50.60 642168 45.94
Totals
46858304 100.00 1397770 100.00
501 Retention Time 750
500 - 500
250 4 © L 250
] z I
] 2 =) [
- ﬂ | L
0 Al i -0
L] ,‘Ii 1I|:I 1I5 20 25 30
Minutes
ULy
Retention Time Area Area % Height Height %
13.483 244206675 99,17 782401 99.00
16.608 203789 .83 7891 1.00
Totals
24630464 100.00 790292 100.00




N N,N
H (0]
NCHa
16¢
004 E 400
Retention Time F
- 200
FoO
o 5 1w 15 20 2 w3 4 45
Minutes
Retention Time Area Area % Height Height %4
11.325 10567180 49.49 398740 52.36
12,983 10785477 50.51 362748 47.64
Totals
21352657 100.00 761488 100.00
son-: Retention Time F 600
400—5 5—400
200 4 & - 200
1 - z E
1 B ‘_I g
D |'|_ | _0
0 5 10 15 2 25 30 35 40 45
Minutes
Retention Time Area Area % Height Height %
11.217 17881230 99.07 668391 98.97
12.892 168329 0.93 6944 1.03
Totals

18049559 100.00 675335 100.00




Wolts

- (0]
BnOWj\CHg
15d
400 400
Retention Time r
2001 - 200
! W ;
0 A Lo
L B e
0 5 10 15 20 25 30 35 40 45
Minutes
MUY
Retention Time Area Area % Height Height %
23.742 20586885 49.97 355845 52.05
27.158 20610948 50.03 327849 47.95
Totals
41197833 100.00 683694 100.00
30["; Retention Time ;‘300
200—5 5—200
103—; S — 100
3
E | E
0 5 10 15 20 25 20 35 20 45
Minutes
Retention Time Area Area % Height Height %
21.067 17300190 96.560 321084 96.46
24.100 616275 3.44 11781 3.54
Totals
17916465 100.00 332865 100.00




Volls

N N,N
- O
BnOWj\CHs
16d
1[:[)—_ Retention Time _—100
SD—- -—50
| - S i
] & 8 i
0 T || 5 | 0
o e e e e e L B L | 1
0 5 10 15 20 25 30 a5 40 45
Minutes
Retention Time Area Area % Height Height %
24.667 7241114 4976 117517 55.04
28.967 7309657 50.24 6009 44.96
Totals
14550771 100.00 213526 100.00
_: Retention Time _
200 4 F 200
‘T ;
1004 ™~ 100
] & g
] : l % | ]
2 0w C
07 T = Fo
T T — T [ T T T [ T T T T [ T T [ T T T [ T T T
0 5 10 15 20 25 30 35 40 45
Minutes
Retention Time Area Area % Height Height %
22.942 479934 233 8978 3.38
26,392 20097070 97.67 256354 96.62
Totals
20577004 100.00 265332 100.00




= (0]
Ph/\/J\CH3
15e
300 ' Retention Time b4 ' 300
E o -
. o} L
200—; ;—200
g 3 2
100 7 E 100
] 2] F
E e | -
3 A = £
0 ] I I - i}
L | T T T T (— L — L B —
0 3 10 15 20 25 30 35 40 45
Minutes
Retention Time Area Area % Height Height %
18.733 15521647 49.74 320650 63.01
32.133 15687032 50.26 188257 36.99
Totals
31208679 100.00 508907 100.00
200 Retention Time 5_300
. 200 - 200
2 E 2
E o E
B o« -
100 ¥ E 100
E o 3
04 : | i | E o
1 ——— 1
0 5 10 15 20 25 30 5 40 45
Minutes
Retention Time Area Area % Height Height %
18.542 17003020 93.61 354543 95.60
32.233 1160318 6.39 16318 4.40
Totals
18163338 100.00 370861 100.00




\
N N'N
Ph CH;,
16e
507 Retention Time [0
T 251 25
: o =
L) =
4 L= = L
0 . I : 2 Q
o e e e e e e e L A e e e B L e e o e T BEEm
0.0 25 5.0 7.5 10.0 125 15.0 17.5 20.0 225 25.0
Minutes
Retention Time Area Area % Height Height %
11.608 1969227 4978 53755 33.15
13.000 1986997 50.22 47376 46.85
Totals
3956224 100.00 101131 100.00
300 4 - 300
g Retention Time ‘
2003 E 200
. o3 F
100 2 100
E - ™ F
] & g
0 A I_L\I = | Fo
— L L e B L L L B B B B B B B B B L I N N T T T 3
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0 225 250
Minutes
Retention Time Area Area % Height Height %%
11.583 509881 4.45 15968 5.63
12.942 10942477 95.55 267590 94.37
Totals
11452358 100.00 283558 100.00




3
15f
] Retention Time i
100 I 100
z 50| L 50
°1 | L o
o I R N 60
Minuies
Retention Time Area Area % Height Height %
13.33C 5333834 50.06 119543 56.46
17.625 5320928 49,94 92205 43.54
Totals
10654762 100.00 211748 104000
1000-_ Retention Time -1000
g 500—: f‘g Lsoa 2
i =
o o | PANSN Lo
o 10 Y 3 T e T e "s0
Retention Time Area T Area % Height Height %4
13.308 50618607 85.30 1093211 88.06
17.667 8721125 14.70 148177 11.94
Totals
59339732 100.00 1241388 100.00
400 Retention Time _ 400
= 200—5 5—200
1 o L
E @ g
i ~ r
] [ r
° I 1 =
L B L e e L e B L B L B B B S B B
i} 10 20 30 40 50 L4
Minutes
Retention Time Area Area % Height Height %
13.342 23872419 99.03 467167 99.15
17.642 234560 0.97 4026 0.85
Totals
24106979 100.00 471193 100.00




17a

(rtmajor 10.5 min; rtminor 14.0 mil’l)

18a

(rtmajor 1 6.9 min; rtminor 23 . 1 min)

200—5 — g & 5—200
1 Retention Tim L} i [
§ 100 5—100
] 2 ;
0 A = = T Lo
L T T L T L L L L L B —
0 10 20 30 40 50 &0
Minutas
Retention Time Area Area % Height Height %
10.492 6114460 19.23 203906 29.67
13.825 6059343 19.06 149547 21.76
16.700 9834917 30.93 194409 28.29
22.725 9789371 30.79 139284 20.27
Totals
31798097 100.00 687146 100.00
7504 —— L 750
Retention Tim
500 L 500
" i o [
£ &
- i 3 L
250 - = @ L 250
] S = [
] < @ [
I |
0 F | e
LI B L — T L T L L T L T T
0 10 20 30 40 a0 60
Minutes
Retention Time Area Area % Height Height %
10.525 22518917 70.92 7218064 80.15
14.025 81466 0.26 2045 0.23
16.892 9066545 28.55 175402 19.47
3.108 85884 0.27 1374 0.15
Totals
31752812 100.00 900685 100.00




(Ttmajor 13.3 min; rtminer 21.6 min)

17b

||Z~ ’zZ
pd

18b
(Ttmajor 24.2 MIN; Itminer 35.7 min)

N
N Ph

H

1504 —— — L 150
] Retention Time &
1 & i
100 - 100
5[)—_ _—5(]
o I Lo
} 1 I
0 I 10 I 20 I 3 I 10 I 50 I 80
Minutes
Retention Time Area Area % Height Height %
13.567 5921898 17.62 144543 31.02
21.525 5600635 16.66 85175 18.28
24.375 11076176 32.95 140631 30.18
35.342 11017814 3277 95626 20.52
Totals
33616523 100.00 465975 100.00
40004 Retention Time | 1000
| 500
= I
5 A
| Lo
ﬂ“lII”H1|0”HII“I2|n”““”IJIJD”“III”4IUIIHIH”SIDHHIHHBG
Minutes
Retention Time Area Area % Height Height %
13.342 50366111 63.21 1170678 76.28
21.642 125859 0.16 2272 0.15
24.167 29048489 36.45 360442 2348
35.700 144883 018 1389 0.09
Totals
79685342 100.00 1534781 100.00
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(Ttmajor 13.4 min; rtpminor 19.3 min) (Ttmajor 22.2 MinN; Ityinor 31.0 min)
1 Retention Time [
1000 - 1000
£ 2 g
- 500—: o . 3 :—500
ol l[\| l/\||f\ — | "
= T | L L B B B | T LI B B B B B B —
i} 10 20 0 40 50 B0
e Minutes
Retention Time Area Area %o Height Height %a
13.458 12982458 28.33 3135406 42.20
19.550 14791810 32.28 225407 30.34
22.300 TRIRZOR 17.06 110335 14.85
30.083 10237340 22,34 93706 12.61
Totals
45829816 100.00 742994 100.00
7501 — [ 750
1 Retention Time i
B i
. L 500
2 - - 250
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- E l i
= | o
] 1ICI I 2I0 I JI’D I 4I0 I SID &0
Minutes
Retention Time Area Area % Height Height %
13.442 31200671 51.67 731377 64.90
19.250 1826871 3.03 32664 2.90
22.167 26568871 44.00 356437 31.63
31.017 791953 1.31 6375 0.57
Totals
60388366 100.00 1126853 100.00




(Ttmajor 20.5 min; rtminer 27.6 min)

(Ttmajor 33.3 min; rtminor41.3 min)

1 — a
- ] -
1503 Retention Time E 2 o~ 150
o o
s =
100+ = - 100
z
50 L 50
] T
1 &
0 = | 1 -0
L B B BB B T 1 L L ™ T L T
0 10 20 30 40 a0 60
Retention Time Area Area % Height Height %
20.542 9919407 23.22 155239 34.23
27.458 10054527 23.54 114316 25.20
33.63° 11369588 26.62 101016 2227
41.042 11374163 26.63 83009 18.30
Totals
42717685 100.00 453580 100.00
200 5 - 200
1 — @ C
-+
1 Retention Time = -
2 100 F 100
2 ] C
] 2 B i
1 S | & 7 I 8
D : | | LaFd | : ﬂ
0 I 10 20 I 0 I 10 I 50 I 80
Minutes
Retention Time Area Area % Height Height %
20,483 8354979 28.99 132447 42.22
27.608 42898 0.15 598 0.19
33.325 20248079 70.25 178882 57.03
41.267 175348 0.61 1744 0.56
Totals
28821304 100.00 313671 100.00
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200 d
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Minutes
Retention Time Area Area % Height Height %
7.207 10696684 S50.18 673117 54.04
8.33; 10618599 4982 558853 4536
Totals
21315283 100.00 1231970 100.00
7504 Retention Time L
. 500 -
2 1 [
250 P L
] @ [
0 Jé r
] | N
L] 10 20 30 40 a0 60
Minutes
Retention Time Area Area % Height Height %
7.183 08428 0.41 4599 0.54
8.208 16489548 99.59 845911 99.46
Totals
16557976 100.00 850510 100,00
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1 Retention Time
£ 2004 - 200
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0 I 1ICI I 2I0 I 311] I 4I0 I SID I 60
Minutes
Retention Time Area Area Y Height Height %
15.892 14840442 50.29 379879 53.68
18.367 14670906 4971 327769 46.32
Totals
29511348 100.00 707648 100.00
1  Retention Time I
500 - - 500
K 1 i
280 = L 250
1 Irs) L
ﬂ‘. |
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1] ’nL _—ﬂ
o e T T T e o s 60
Minutes
Retention Time Area Area % Height Height %
15.900 25165924 97.78 046776 a7.87
18.450 571957 2.22 14108 213
Totals
25737881 100).00 660884 10000
Retention Time Area Area % Height Height %
15.900 25165924 97.78 046776 a7.87
18.450 571957 2.22 14108 213
Totals
25737881 100).00 660884 10000







