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General Information

IH, 13C, and '°F NMR spectra were recorded on Bruker instruments at 360 or 500 MHz,
125.4 MHz, and 338 MHz, respectively. Mass spectra were recorded on an AutoSpec-
Ultima_ NT mass spectrometer using electron ionization (EI) at 70 eV and an EBE sector
mass analyzer. Melting points were determined with a Mel-Temp 1001D capillary
melting point apparatus and are uncorrected. IR spectra were recorded on a JASCO
FT/IR-4100 instrument. Optical rotations were measured with a Rudolph AUTOPOL
IV/6W polarimeter. TLC visualization was achieved by UV light (254 nm) or KMnOy4
staining. Dess—Martin periodinane was prepared by the method of Boeckman, et al." All
reagents were used directly as obtained from commercial sources unless otherwise noted.

General Procedures for the Preparation of Trichloromethyl Carbinols (3a-3j)

Method A: Trichloromethyl carbinols in entries (3a—3j) were prepared by the method of
Corey and Link®? from the respective aldehydes. Yields and reaction times are
unoptimized. The following serves as a general procedure. To a solution of aldehyde (1.0
mmol) in 1.35 mL of anhydrous DMF was added trichloroacetic acid (1.5 mmol) then
sodium trichloroacetate (1.5 mmol) with stirring at room temperature. Initially, rapid
evolution of CO, was observed. After 68 h, the mixture was monitored by TLC. If
starting material remained, one equivalent of sodium trichloroacetate and one equivalent
of trichloroacetic acid were added. After an additional 4-8 h, the mixture was diluted
with 5 mL of diethyl ether and washed with saturated aqueous sodium bicarbonate.
Precipitated solids were filtered and washed three times with diethyl ether. The filtrate
was washed two more times with sodium bicarbonate solution and once with brine. The
organic phase was dried with sodium sulfate, and the solvent was evaporated under
reduced pressure. The resulting residue was eluted through a plug of silica gel with
hexanes/ethyl acetate to afford the corresponding trichloromethyl carbinol.

Method B: To a solution of primary alcohol 2a-2j (1.0 mmol) in anhydrous CHClI; (1.5
mL) was added Dess—Martin periodinane (509 mg, 1.2 mmol) at 0 °C under an argon
atmosphere. The reaction mixture was brought to room temperature and allowed to stir
until the starting alcohol was consumed as determined by TLC analysis (typically 4-8
hours). 1,5,7-Triazabicyclo[4.4.0]dec-5-ene (TBD) (446 mg, 3.2 mmol) was added in
three portions and stirred very rapidly at 0 °C. After 6-8 h, the mixture was monitored by
TLC. If corresponding aldehyde remained, one equivalent of TBD was added with
vigorous stirring. After completion of the reaction, as indicated by TLC, the mixture was
diluted with saturated aqueous NaHCO; (5 mL) and CH,Cl, (5 mL). The precipitated
solids were filtered on a bed of diatomaceous earth and the filter cake was rinsed with
CH)Cl,. The filtrate was separated, and the aqueous layer was extracted with
dichloromethane (3 x 5 mL). The combined organic layers were dried over anhydrous
sodium sulfate, and the solvent was evaporated under reduced pressure. The resulting
residue was eluted through a plug of silica gel using indicated ratios of ethyl
acetate/hexanes to afford the corresponding trichloromethyl carbinols 3.

Full characterization data for compounds 3a—3d, 3f-3h, and 3j were reported previously.’
Characterization data for new compounds 3e and 3i are provided below.
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1,1,1-Trichlorotridecan—2—ol (3e).
OH

/\/\/\/\/\)\Ccn3

The crude material was purified by flash chromatography through a plug of silica gel,
using 95:5 hexane/EtOAc as the eluent. The indicated compound was obtained as a
colorless oil in 88% yield (267.3 mg); IR (film): 3579, 2927, 2856, 1461, 1265, 740 cm™';
'H NMR (CDCls, 360 MHz): 6 4.0 (ddd, 1H, J = 9.4, 5.3, 1.7 Hz), 2.65 (d, 1H, J=5.3
Hz), 2.16 — 1.91 (m, 1H), 1.70 — 1.55 (m, 2H), 1.53 — 1.40 (m, 1H), 1.36 — 1.17 (m,
16H), 0.88 (t, 3H, J = 7.1 Hz); *C NMR (CDCls, 125 MHz): & 104.4, 83.0, 31.9, 31.5,
29.6, 29.6, 29.5, 29.4, 29.3, 29.3, 26.1, 22.7, 14.1; HRMS m/z calcd for C;,H,50 [M—
CCl3]", 185.1905; found 185.1901.

(E)-1,1,1-Trichloro—5-methylhex—3—en—2—ol (3i).
OH

X"ccl

The crude material was purified by flash chromatography through a plug of silica gel,
using 95:5 hexane/EtOAc as the eluent. The indicated compound was obtained as a
colorless oil in 93% yield (202.3 mg); IR (film): 3366, 2964, 2871, 1643, 1266, 972, 739
cm '; '"H NMR (CDCls, 360 MHz): § 5.99 (ddd, 1H, J = 15.5, 6.7, 1.0 Hz), 5.59 (ddd,
IH,J =15.5,6.7, 1.4 Hz), 4.52 (t, 1H, J= 6.0 Hz), 2.78 (dd, 1H, J= 6.0, 2.9 Hz), 2.44 —
2.33 (m, 1H), 1.05 (s, 3H), 1.03 (s, 3H); °*C NMR (CDCls, 125 MHz): § 146.1, 121.0,
103.1, 83.5, 31.1, 21.8, 21.8; HRMS m/z calcd for C¢H;;0 [M—CCl3]", 99.0810; found
99.0807.

General Procedure for the Preparation of One—Carbon Homologated Primary
Amides (6a-6j) from Trichloromethyl Carbinols

Diphenyldiselenide (1.3 mmol, 406 mg) was added to a 50 mL dry pressure tube
temporarily fit with a rubber septum and equipped with a magnetic stir bar. Ammonia
saturated absolute ethanol (4 mL) was added followed by the rapid addition of NaBH4
(2.8 mmol, 106 mg) under argon. Shortly after the addition, the initial yellow solution
turned colorless, indicating complete reduction of diphenyldiselenide. The solution
stirred at room temperature for 30 minutes, then neat trichloromethyl carbinol 3 (1.0
mmol) was added, followed by the addition of freshly powdered NaOH (2.5 mmol, 100.0
mg) under argon. The rubber septum was quickly replaced with a Teflon screw cap and
the solution was heated in a 55 °C oil bath for 24-36 hours. After completion of the
reaction as indicated by TLC, the system was cooled to rt, and the ethanolic ammonia
was removed by rotary evaporation. The amorphous solids were dissolved in 5 mL ethyl
acetate and 5 mL H,O. The resulting solution was cooled to 0 °C and adjusted to pH 1
with 1 N HCI. The product was extracted with ethyl acetate (5 x 10 mL), dried with
anhydrous sodium sulfate, and then concentrated by rotary evaporation. The crude
material was purified by flash chromatography through a small plug of silica using the
specified eluent indicated below, affording the corresponding primary amide.
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2—Phenylacetamide (6a).4

NH,
Y

The crude material was purified by flash chromatography through a plug of silica gel
using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the
eluent. The indicated product was obtained as an off—white solid in 88% yield (119.1
mg); m.p. 156-157 °C; IR (solid): v 3349, 3163, 3031, 2923, 2804, 1633, 1411, 1285,
1181, 742 cm™'; "H NMR (CDCls, 500 MHz): § 7.41 — 7.33 (m, 2H), 7.33 — 7.26 (m, 3H),
5.68 (brs, 1H), 5.39 (brs, 1H), 3.59 (s, 2H); °C NMR (CDCl3, 125 MHz): § 173.6, 134.8,
129.4, 129.0, 127.4, 43.3; HRMS m/z calcd for CgHoNO, 135.0684; found 135.0689.

2—{4—(Trifluoromethyl)phenyl}acetamide (6b).

/©/\H/NH2
(0]
F5;C

The crude material was purified by flash chromatography through a plug of silica gel,
using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the
eluent. The indicated compound was obtained as a white solid in 90% yield (183.7 mg);
m.p. 148—150 °C; IR (solid): v 3352, 3166, 2924, 2806, 1634, 1413, 1323, 1132, 1064,
1019, 815 cm™'; 'H NMR (CDCls, 500 MHz): § 7.62 (d, 2H, J = 8.0 Hz), 7.41 (d, 2H, J =
8.0 Hz), 5.69 (brs, 1H), 5.40 (brs, 1H), 3.64 (s, 2H); °C NMR (CDCl;, 125 MHz): &
172.1, 138.7, 129.9 (q, J = 32.4 Hz), 129.7, 125.8 (q, J = 3.7 Hz), 122.9 (q, J = 276.3
Hz), 42.8; "/F NMR (CDCls, 360 MHz): & —62.6; HRMS m/z caled for CoHgFsNO,
203.0558; found 203.0556.

2—(4-Methoxyphenyl)acetamide (6¢).

/©/\W NH,
MeO ©

The crude material was purified by flash chromatography through a plug of silica gel,
using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the
eluent. The indicated compound was obtained as a white solid in 86% yield (142.2 mg);
m.p. 189-190 °C; IR (solid): v 3345, 3168, 2972, 2940, 2807, 1631, 1509, 1411, 1298,
1204, 1180, 1023, 811, 772 em'; '"H NMR (CDCls, 500 MHz): & 7.19 (d, 2H, J = 8.6
Hz), 6.89 (d, 2H, J = 8.6 Hz), 5.37 (brs, 2H), 3.81 (s, 3H), 3.53 (s, 2H); °C NMR
(CDCls, 125 MHz): 6 173.7, 159.0, 130.5, 126.9, 114.5, 55.3, 42.4; HRMS m/z calcd for
CoH11NO,, 165.0790; found 165.0793.

4—-Phenylbutanamide (6d).”

NH,
©/\/\g/

The crude material was purified by flash chromatography through a plug of silica gel,
using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the
eluent. The indicated compound was obtained as an off-white solid in 85% yield (138.7
mg); m.p. 80-81 °C; IR (solid): v 3380, 3198, 3023, 2944, 2861, 1645, 1418, 755 cm™';
"H NMR (CDCls, 500 MHz): & 7.32 — 7.24 (m, 2H), 7.22 — 7.14 (m, 3H), 6.0 (brs, 1H),
5.55 (brs, 1H), 2.66 (t, 2H, J = 7.5 Hz), 2.20 (t, 2H, J = 7.5 Hz), 2.00 — 1.92 (m, 2H); *C
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NMR (CDCl;, 125 MHz): 6 175.4, 141.3, 128.4, 128.3, 125.9, 35.0, 34.9, 26.8; HRMS
m/z caled for C;oH3NO, 163.0997; found 163.0998.

Tridecanamide (6e).

/\/\/\/\/\/\WNHZ

O

The crude material was purified by flash chromatography through a plug of silica gel,
using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the
eluent. The indicated compound was obtained as a white solid in 80% yield (170.5 mg);
m.p. 93-95 °C; IR (solid): v 3356, 3188, 2916, 2849, 1631, 1466, 1416, 1136, 791 cm ';
'H NMR (CDCl3, 500 MHz): & 5.68 (brs, 1H), 5.46 (brs, 1H), 2.21 (t, 2H, J = 7.5 Hz),
1.63 (dd, 2H, J = 14.8, 7.5 Hz), 1.40 — 1.18 (m, 18H), 0.88 (t, 3H, J= 7.1 Hz); °C NMR
(CDCls, 125 MHz): & 175.7, 36.0, 31.9, 29.6, 29.6, 29.6, 29.6, 29.5, 29.3, 29.2, 25.5,
22.7, 14.1; HRMS m/z calcd for C3H,7NO, 213.2093; found 213.2100.

2-Cyclohexylacetamide (6f).*

NH,
(Y

The crude material was purified by flash chromatography through a plug of silica gel,
using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the
eluent. The indicated compound was obtained as a white solid in 92% yield (130.4 mg);
m.p. 160-162 °C; IR (solid): v 3349, 3183, 2922, 2846, 1623, 1410 cm'; '"H NMR
(CDCl3, 500 MHz): 6 5.44 (brs, 1H), 5.39 (brs, 1H), 2.08 (d, 2H, J= 6.7 Hz), 1.89 — 1.60
(m, 6H), 1.38 — 1.21 (m, 2H), 1.21 — 1.06 (m, 1H), 0.96 (qd, 2H, J = 13.0, 3.1 Hz); °C
NMR (CDCls, 125 MHz): 6 174.7, 44.0, 35.2, 33.1, 26.2, 26.0; HRMS m/z calcd for
CsHsNO, 141.1154; found 141.1152.

2—(Furan—2-yl)acetamide (6g).

2

The crude material was purified by flash chromatography through a plug of silica gel,
using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the
eluent. The indicated compound was obtained as a grey solid in 75% yield (93.8 mg);
m.p. 108-109 °C; IR (solid): v 3351, 3175, 2808, 1641, 1406, 1288, 1143, 1072, 1011,
945, 903, 775 cm'; '"H NMR (CDCls, 500 MHz): § 7.38 (d, 1H, J = 1.5 Hz), 6.35 (dd,
1H,J=3.1, 1.5 Hz), 6.24 (d, 1H, J= 3.1 Hz), 5.97 (brs, 1H), 5.71 (brs, 1H), 3.61 (s, 2H);
C NMR (CDCl, 125 MHz): § 171.2, 148.6, 142.5, 110.8, 108.5, 35.8; HRMS m/z calcd
for C¢H7NO,, 125.0477; found 125.0480.

2—(Thiophen—2-yl)acetamide (6h).

®/\H/NH2
\s 0

The crude material was purified by flash chromatography through a plug of silica gel,

using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the

eluent. The indicated compound was obtained as a grey solid in 90% yield (127.6 mg).

m.p. 150-151 °C; IR (solid): v 3348, 3164, 2909, 2812, 1634, 1407, 1284, 1134, 822 cm™

' TH NMR (CDCl, 500 MHz): & 7.26 (dd, 1H, J= 5.1, 1.2 Hz), 7.00 (dd, 1H, J=5.1, 3.5

Hz), 6.97 (dd, 1H, J = 3.5, 1.2 Hz), 5.88 (brs, 1H), 5.65 (brs, 1H), 3.79 (s, 2H); *C NMR
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(CDCl3, 125 MHz): 6 172.3, 136.1, 127.4, 125.6, 37.0; HRMS m/z caled for CcH;NOS,
141.0248; found 141.0250.

(E)-5—Methylhex—3—enamide (6i).
MNHz
0]

The crude material was purified by flash chromatography through a plug of silica gel,
using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the
eluent. The indicated compound was obtained as a white solid in 86% yield (109.4 mg);
m.p. 87-88 °C; IR (solid): v 3349, 3177, 2958, 2868, 2805, 1630, 1409, 967, 813 cm ;
'H NMR (CDCls, 500 MHz): & 5.87 (brs, 1H), 5.64 (dd, 1H, J = 15.3, 6.4 Hz), 5.63 (brs,
1H), 5.55 — 5.42 (m, 1H), 2.94 (d, 2H, J = 6.9 Hz), 2.33 (dq, 1H, J=13.4, 6.9 Hz), 1.00

(d, 6H, J = 6.7 Hz); °C NMR (CDCls, 125 MHz): 5 174.2, 143.4, 119.6, 39.9, 31.0, 22.2;
HRMS m/z caled for C;H3NO, 127.0997; found 127.1002.

(E)-4-Phenylbut-3—-enamide (6j).

X NH,

©/\/\g/

The crude material was purified by flash chromatography through a plug of silica gel,
using 1:9 EtOAc/hexane to remove diphenyldiselenide then 95:5 EtOAc/MeOH as the
eluent. The indicated compound was obtained as a white solid in 74% yield (119.3 mg) in
9:1 isomeric ratio. Characteristic data of major product; m.p. 105-106 °C; IR (solid): v
3378, 3191, 3032, 2912, 2848, 1641, 1410, 1259, 963, 741 cm'; '"H NMR (CDCl;3, 500
MHz): § 7.50 — 7.10 (m, 5H), 6.55 (d, 1H, J = 15.8 Hz), 6.28 (dt, 1H, J = 15.8, 7.2 Hz),
5.90 (brs, 1H), 5.72 (brs, 1H), 3.17 (d, 2H, J = 7.2 Hz); *C NMR (CDCls, 125 MHz): §
173.3, 136.5, 134.7, 128.6, 127.8, 126.3, 122.2, 40.2; HRMS m/z calcd for C;oH;NO,
161.0841; found 161.0842.

General Procedure for the Preparation of One—Carbon Homologated Secondary
Amides (6k-6t) from Trichloromethyl Carbinols

Diphenyldiselenide (1.3 mmol, 406 mg) was added to a dry round-bottom flask equipped
with stir bar under a blanket of argon. Deoxygenated absolute ethanol (purged for 30
minutes with argon) (4 mL) was then added, followed by the rapid addition of NaBH4
(2.8 mmol, 106 mg). Shortly after the addition, the initial yellow solution turned
colorless, indicating complete reduction of diphenyldiselenide. The solution stirred at
room temperature for 30 minutes, then neat trichloromethyl carbinol 3 (1.0 mmol) was
added, followed by the additions of freshly powdered NaOH (2.5 mmol, 100 mg) and
benzylamine (1.1 mmol, 118 mg) under argon. The mixture was heated in a 55°C oil bath
and allowed to react at this temperature for 24—36 hours while monitoring by TLC for
consumption of starting material and 2-phenylselanylamide 14. After completion of the
reaction as indicated by TLC, ethanol was removed by rotary evaporation and the
amorphous solids were dissolved in 5 mL saturated aqueous NH4Cl, and the solution was
extracted with ethyl acetate (5 x 10 mL). The combined organic layers were dried with
anhydrous sodium sulfate and concentrated by rotary evaporation. The crude material
was purified by flash chromatography through a small plug of silica using the specified
eluent, affording the corresponding pure secondary amide.
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N-Benzyl-2—phenylacetamide (6k).°

H
N
(¥

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as an off-white solid in 89% yield (200.5 mg); m.p.
116-117 °C; IR (solid): v 3284, 2925, 1637, 1549, 1489, 1448, 1025, 727 cm™'; '"H NMR
(CDCl3, 500 MHz): 6 7.40 — 7.20 (m, 8H), 7.16 (d, 2H, J = 7.6 Hz), 5.79 (brs, 1H), 4.39
(d, 2H, J = 5.8 Hz), 3.61 (s, 2H); °C NMR (CDCls, 125 MHz): & 170.8, 138.1, 134.8,
129.4, 129.0, 128.6, 127.4, 127.4, 127.3, 43.8, 43.5; HRMS m/z caled for C;sH;sNO,
225.1154; found 225.1160.

N-Benzyl-2—(4—(trifluoromethyl)phenyl)acetamide (61).
H

/©/\H/ N
0]
FsC

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated product was obtained as a white solid in 95% yield (278.6 mg); m.p. 135-136
°C; IR (solid): v 3241, 3066, 2929, 2856, 1626, 1554, 1330, 1124, 1068, 1015, 822, 749
cm '; 'H NMR (CDCls, 500 MHz): § 7.58 (d, 2H, J = 8.0 Hz), 7.39 (d, 2H, J = 8.0 Hz),
7.34 —7.22 (m, 3H), 7.19 (d, 2H, J = 6.9 Hz), 5.90 (brs, 1H), 4.40 (d, 2H, J = 5.8 Hz),
3.61 (s, 2H); °C NMR (CDCl;, 125 MHz): & 169.7, 138.9, 137.9, 129.7, 129.5 (q, J =
32.5 Hz), 128.7, 127.6, 127.6, 125.8 (q, J = 3.8 Hz), 124.1 (q, J = 272.0 Hz), 43.8, 43.3;
F NMR (CDCls, 360 MHz): & —62.5; (HRMS m/z caled for C;¢H,4FsNO, 293.1027;
found 293.1028.

N-Benzyl-2—(4-methoxyphenyl)acetamide (6m).’
H

m N
O
MeO

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated product was obtained as an off—white solid in 87% yield (222.4 mg); m.p. 132—
133 °C; IR (solid): v 3288, 3069, 3032, 2840, 1633, 1584, 1508, 1459, 1298, 1241, 1180,
1029, 809, 738 cm'; "H NMR (CDCls, 500 MHz): § 7.36 — 7.21 (m, 3H), 7.16 (d, 4H, J
= 8.4 Hz), 6.87 (d, 2H, J = 8.4 Hz), 5.73 (brs, 1H), 4.40 (d, 2H, J = 5.8 Hz), 3.79 (s, 3H),
3.56 (s, 2H); °C NMR (CDCls, 125 MHz): & 171.2, 158.9, 138.2, 130.5, 128.6, 127.5,
127.4, 126.7, 114.5, 55.3, 43.5, 42.9; HRMS m/z calcd for C1sH7NO», 255.1259; found
255.1264.
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N-Benzyl-4—phenylbutanamide (6n).}
H

SR

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as an off—white solid in 85% yield (215.3 mg); m.p.
75-76 °C; IR (solid): v 3285, 3066, 3025, 2920, 2868, 1639, 1543, 1453, 1266, 1209,
1076, 1025, 740 cm™'; "H NMR (CDCls, 500 MHz): § 7.37 — 7.20 (m, 7H), 7.19 — 7.09
(m, 3H), 5.96 (brs, 1H), 4.37 (d, 2H, J = 5.6 Hz), 2.62 (t, 2H, J=7.4 Hz), 2.17 (t, 2H, J =
7.4 Hz), 2.09 — 1.79 (m, 2H); *C NMR (CDCls, 125 MHz): & 172.5, 141.4, 138.3, 128.6,
128.4, 128.3, 127.7, 127.4, 125.9, 43.4, 35.7, 35.1, 27.0; HRMS m/z calcd for C;7H;9NO,
253.1467; found 253.1470.

N-Benzyltridecanamide (60).9

1
/\/\/\/\/\/\WN

o
The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a white solid in 96% yield (291.3 mg); m.p. 8081
°C; IR (solid): v 3295, 3073, 3032, 2916, 2848, 1637, 1550, 1457, 1238, 1029, 725 cm *;
"H NMR (CDCl;s, 500 MHz): & 7.40 — 7.30 (m, 2H), 7.29 — 7.24 (m, 3H), 5.74 (brs, 1H),
4.44 (d, 2H, J = 5.6 Hz), 2.20 (t, 2H, J = 7.5 Hz), 1.70 — 1.60 (m, 2H), 1.25 (m, 18H),
0.88 (t, 3H, J = 7.0 Hz); °C NMR (CDCl;, 125 MHz): § 172.9, 138.5, 128.7, 127.8,
127.5, 43.6, 36.8, 31.9, 29.6, 29.6, 29.6, 29.5, 29.3, 29.3, 29.3, 25.8, 22.7, 14.1; HRMS
m/z calcd for C,0H33NO, 303.2562; found 303.2570.

N-Benzyl-2—cyclohexylacetamide (6p).

(%

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a white solid in 93% yield (214.8 mg); m.p. 132—
134 °C; IR (solid): v 3276, 3065, 2923, 1639, 1450, 1265, 738 cm™'; '"H NMR (CDCls,
500 MHz): 6 7.37 — 7.30 (m, 2H), 7.30 — 7.24 (m, 3H), 5.70 (brs, 1H), 4.44 (d, 2H, J =
5.7 Hz), 2.07 (d, 2H, J = 7.1 Hz), 1.89 — 1.80 (m, 1H), 1.78 — 1.72 (m, 2H), 1.72 — 1.61
(m, 3H), 1.34 — 1.22 (m, 2H), 1.19 — 1.07 (m, 1H), 0.99 — 0.89 (m, 2H); °C NMR
(CDCls, 125 MHz): 6 172.2, 138.5, 128.7, 127.8, 127.5, 44.9, 43.6, 35.4, 33.2, 26.2, 26.1;
HRMS m/z caled for C;sHpNO, 231.1623; found 231.1624.

H
N
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N-Benzyl-2—(furan—2-yl)acetamide (6q).10

e
oh
N0 0
The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as an off—white solid in 83% yield (178.2 mg); m.p.
88—89 °C; IR (solid): v 3279, 3069, 3028, 2934, 2885, 1645, 1545, 1247, 1073, 1007, 727
cm'; 'TH NMR (CDCls, 500 MHz): & 7.36 (dd, 1H, J = 1.8, 0.6 Hz), 7.33 — 7.28 (m, 2H),
7.28 —7.23 (m, 1H) 7.23 — 7.16 (m, 2H), 6.33 (dd, 1H, J=3.0, 1.9 Hz), 6.22 (dd, 1H, J =
3.0, 0.5 Hz), 6.10 (brs, 1H), 4.42 (d, 2H, J = 5.8 Hz), 3.64 (s, 2H); °C NMR (CDCls, 125
MHz): 5 168.4, 148.6, 142.4, 138.0, 128.6, 127.4, 127.4, 110.7, 108.5, 43.5, 36.2; HRMS
m/z calcd for C13H13NO,, 215.0946; found 215.0950.

N-Benzyl-2—(thiophen—2—yl)acetamide (6r).

T¥

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as an off—white solid in 92% yield (212.8 mg); m.p.
102-103 °C; IR (solid): v 3268, 3073, 3024, 2919, 1645, 1550, 1410, 1352, 1254, 1025,
840, 731 cm™'; '"H NMR (CDCls, 500 MHz): & 7.36 — 7.27 (m, 2H), 7.27 — 7.18 (m, 4H),
6.96 (dd, 1H, J=5.1, 3.5 Hz), 6.92 (dd, 1H, J = 3.5, 0.9 Hz), 6.06 (brs, 1H), 4.41 (d, 2H,
J = 5.8 Hz), 3.80 (s, 2H); °C NMR (CDCl;, 125 MHz): & 169.7, 137.9, 136.0, 128.6,
127.5, 127.4, 127.4, 127.3, 125.6, 43.6, 37.5; HRMS m/z caled for C;3H;3sNOS,
231.0718; found 231.0727.

H
N

(E)-N-Benzyl-5—methylhex—3—enamide (6s).

O
WN/\Q

H

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated product was obtained as a grey solid in 96% yield (208.6 mg); m.p. 36-37 °C;
IR (solid): v 3298, 3069, 3034, 2958, 2930, 2868, 1638, 1545, 1456, 1323, 1246, 1026,
968, 732 cm '; "H NMR (CDCls, 500 MHz): § 7.35 — 7.30 (m, 2H), 7.29 — 7.23 (m, 3H),
5.96 (brs, 1H), 5.59 (dd, 1H, J = 15.4, 6.7 Hz), 5.53 — 5.46 (m, 1H), 4.43 (d, 2H, J= 5.7
Hz), 2.97 (d, 2H, J = 6.7 Hz), 2.31 (dq, 1H, J = 13.4, 6.7 Hz), 0.98 (d, 6H, J = 6.7 Hz);
C NMR (CDCls, 125 MHz): § 171.2, 143.4, 138.3, 128.7, 127.6, 127.4, 119.6, 43.5,
40.4,31.0, 22.2; HRMS m/z calcd for C;4H9NO, 217.1467; found 217.1472.
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(E)-N-Benzyl-4—phenylbut-3—enamide (6t).
0

QVVMHW)

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated product was obtained as an off-white solid in 82% yield (205.8 mg) as 9:1
isomeric ratio. Characteristic data of major compound; m.p. 113-114 °C; IR (solid): v
3246, 3063, 3028, 2930, 2822, 1629, 1551, 1448, 1349, 1242, 1066, 1022, 963, 745 cm ™ ';
'H NMR (CDCls, 500 MHz): & 7.37 — 7.20 (m, 10H), 6.51 (d, 1H, J = 15.9 Hz), 6.29 (dt,
1H, J=15.9, 7.2 Hz), 6.09 (brs, 1H), 4.43 (d, 2H, J= 5.8 Hz), 3.17 (dd, 2H, J= 7.2, 1.0
Hz); >C NMR (CDClLs, 125 MHz): & 170.5, 138.0, 136.5, 134.6, 128.6, 128.5, 127.7,
127.4, 126.3, 122.3, 43.6, 40.7; HRMS m/z caled for C;7H7NO, 251.1310; found
251.1311.

General Procedure for the Preparation of One—Carbon Homologated Tertiary
Amides (6u-6¢c) from Trichloromethyl Carbinols

Diphenyldiselenide (1.3 mmol, 406 mg) was added to a dry round-bottom flask equipped
with stir bar under a blanket of argon. Deoxygenated absolute ethanol (purged for 30
minutes with argon) (4 mL) was then added, followed by the rapid addition of NaBH4
(2.8 mmol, 106 mg). Shortly after the addition, the initial yellow solution turned
colorless, indicating complete reduction of diphenyldiselenide. The solution stirred at
room temperature for 30 minutes, then neat trichloromethyl carbinol 3 (1.0 mmol) was
added, followed by the additions of freshly powdered NaOH (2.5 mmol, 100 mg) and
morpholine (1.1 mmol, 95.8 mg) under argon. The mixture was heated in a 55°C oil bath
and allowed to react at this temperature for 24—36 hours while monitoring by TLC for
consumption of starting material and 2-phenylselanylamide 14. After completion of the
reaction, as indicated by TLC, ethanol was removed by rotary evaporation and the
amorphous solids were dissolved in 5 mL saturated aqueous NH4Cl, and the solution was
extracted with ethyl acetate (5 x 10 mL). The combined organic layers were dried with
anhydrous sodium sulfate and concentrated by rotary evaporation. The crude material
was purified by flash chromatography through a small plug of silica using the specified
eluent, affording the corresponding pure tertiary amide.

1-Morpholino—2—phenylethanone (6u)."

o

[
oY

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as an off-white solid in 88% yield (180.1 mg); m.p.
62—63 °C; IR (solid): v 3028, 2961, 2896, 2850, 1642, 1433, 1272, 1227, 1111, 1033,
960, 848, 733 cm™'; '"H NMR (CDCls, 500 MHz): & 7.36 — 7.29 (m, 2H), 7.28 — 7.21 (m,
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3H), 3.73 (s, 2H), 3.64 (s, 4H), 3.51 — 3.38 (m, 4H); °C NMR (CDCls, 125 MHz): &
169.5, 134.7, 128.7, 128.4, 126.8, 66.7, 66.3, 46.4, 42.0, 40.7; HRMS m/z calcd for
C12H5NOy, 205.1103; found 205.1099.
1-Morpholino—2—(4—(trifluoromethyl)phenyl)ethanone (6v)."

o

N

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a yellow oil in 88% yield (240.5 mg); IR (film): v
2916, 2248, 1644, 1461, 1327, 1117, 733 cm™'; "H NMR (CDCls, 360 MHz): & 7.59 (d,
2H, J = 8.0 Hz), 7.36 (d, 2H, J = 8.0 Hz), 3.77 (s, 2H), 3.70 — 3.62 (m, 4H), 3.59 — 3.53
(m, 2H), 3.49 — 3.42 (m, 2H); *C NMR (CDCls, 125 MHz): § 168.7, 138.9, 129.4 (q, J =
32.5 Hz), 129.2, 125.7 (q, J = 3.8 Hz), 124.1 (q, J = 272.4 Hz), 66.8, 66.4, 46.5, 42.2,
40.2; F (CDCL, 360 MHz): & —62.5; HRMS m/z caled for Ci3H4F3NO,, 273.0977;
found 273.0977.

2—(4—Methoxyphenyl)-1-morpholinoethanone (6w).
o

N

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a colorless oil in 81% yield (190.6 mg); IR (film): v
2964, 2911, 2857, 1634, 1513, 1459, 1362, 1247, 1178, 1114, 1035, 964, 787, 735 cm™';
"H NMR (CDCls, 500 MHz): 6 7.15 (d, 2H, J = 8.8 Hz), 6.86 (d, 2H, J = 8.8 Hz), 3.79 (s,
3H) 3.66 (s, 2H), 3.63 (s, 4H), 3.49 — 3.44 (m, 2H), 3.44 — 3.35 (m, 2H); °C NMR
(CDCl3, 125 MHz): 169.9, 158.4, 129.5, 126.7, 114.1, 66.7, 66.4, 55.2, 46.4, 42.0, 39.8;
HRMS m/z calcd for C13H7NO3, 235.1208; found 235.1217.

1-Morpholino—4—-phenylbutan—1—one (6x).

o

()
Y

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a colorless oil in 84% yield (196.7 mg); IR (film): v
3024, 2962, 2922, 2857, 1642, 1436, 1361, 1237, 1116, 1068, 745 cm'; '"H NMR
(CDCl3, 500 MHz): 6 7.30 — 7.25 (m, 2H), 7.20 — 7.16 (m, 3H), 3.67 — 3.56 (m, 6H), 3.35
(t,2H, J=4.8 Hz), 2.67 (t, 2H, J= 7.4 Hz), 2.28 (t, 2H, J= 7.4 Hz), 2.02 — 1.94 (m, 2H);
BC NMR (CDCls, 125 MHz): & 171.3, 141.5, 128.4, 128.3, 125.8, 66.8, 66.5, 45.8, 41.8,
35.1, 32.0, 26.4; HRMS m/z calcd for C14H;9NO,, 233.116; found 233.118.
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2—Cyclohexyl-1-morpholinoethanone (6y).

o

(]
(Y

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a white solid in 95% yield (200.7 mg); m.p. 64—65
°C; IR (solid): v 2920, 2849, 1632, 1427, 1274, 1229, 1112, 1032, 973, 898, 795, 736 cm™
' TH NMR (CDCls, 500 MHz): & 3.62 — 3.52 (m, 6H), 3.41 (d, 2H, J = 4.1 Hz), 2.21 (t,
2H, J = 6.4 Hz), 1.78 — 1.55 (m, 6H), 1.28 — 1.16 (m, 2H), 1.13 — 1.02 (m, 1H), 0.96 (q,
2H, J = 11.8 Hz); °C NMR (CDCls, 125 MHz): § 170.9, 66.8, 66.6, 46.2, 41.7, 40.3,
34.9,33.2, 26.1, 26.0; HRMS m/z calcd for C1,H21NO», 211.1572; found 211.1579.

2—(Furan—2-yl)-1-morpholinoethanone (6z).

o
™
\ O O
The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 3:7 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a light yellow oil in 75% yield (146.6 mg); IR
(film): v 3031, 2924, 2858, 1655, 1547, 1245, 1014, 907, 735 cm '; '"H NMR (CDCls,
360 MHz): 6 7.35 (dd, 1H, J= 1.8, 0.7 Hz), 6.33 (dd, 1H, J= 3.1, 1.8 Hz)), 6.19 (dd, 1H,
J=3.1,0.7 Hz)), 3.77 (s, 2H), 3.67 — 3.62 (m, 4H), 3.61 (t, 2H, J= 5.0 Hz), 3.53 (t, 2H, J
= 5.0 Hz); ®C NMR (CDCls, 125 MHz): § 167.2, 148.5, 141.8, 110.6, 107.6, 66.7, 66.6,
46.6, 42.3, 33.9; HRMS m/z calcd for C;oH;3NO3, 195.0895; found 195.0903.

1-Morpholino—2—(thiophen—2-yl)ethanone (6aa).
(0]

T

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as an off—white solid in 91% yield (192.5 mg); m.p.
59-60 °C; IR (solid): v 2961, 2896, 2853, 1641, 1438, 1270, 1227, 1110, 1066, 1030,
957, 784 cm™'; "H NMR (CDCls, 500 MHz): & 7.20 (dd, 1H, J = 5.1, 1.0 Hz), 6.95 (dd,
1H, J = 5.1, 3.5 Hz), 6.89 (dd, 1H, J = 2.2, 1.0 Hz), 3.88 (s, 2H), 3.65 (s, 4H), 3.56 (t,
2H, J = 4.7 Hz), 3.49 (t, 2H, J = 4.7 Hz); °C NMR (CDCls, 125 MHz): & 168.4, 136.2,
126.8, 125.9, 124.7, 66.6, 66.3, 46.5, 42.2, 34.8; HRMS m/z calcd for C;oH;3NO;S,
211.0667; found 211.0659.

(E)-5-Methyl-1-morpholinohex—3—en—1-one (6bb).
o
MN\)
@)
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The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a colorless oil in 82% yield (161.4 mg); IR (flim): v
2959, 2863, 1645, 1433, 1272, 1116 cm™'; "H NMR (CDCls, 500 MHz): § 5.51 — 5.47 (m,
2H), 3.68 — 3.63 (m, 4H), 3.61 (t, 2H, J=4.7 Hz), 3.45 (t, 2H, J=4.7 Hz), 3.07 (d, 2H, J
= 4.7 Hz), 2.34 — 2.26 (m, 1H), 0.98 (d, J = 6.8 Hz, 6H); °C NMR (CDCl;, 125 MHz): &
170.2, 141.2, 119.6, 66.9, 66.7, 46.2, 41.9, 37.6, 31.1, 22.3; HRMS m/z calcd for
C11H19N02, 1971416, found 197.1414.

(E)-1-Morpholino—4—phenylbut-3—en—1-one (6¢c).

s ~_N_

Y

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a white solid in 78% yield (180.1 mg); m.p.: 92-93
°C; IR (solid): v 3443, 2856, 1636, 1437, 1115 cm™'; "H NMR (CDCls, 500 MHz): & 7.39
—7.19 (m, 5H), 6.48 (d, 1H, J=16.0 Hz), 6.32 (dt, 1H, J = 16.0, 6.6 Hz), 3.72 — 3.62 (m,
6H), 3.54 — 3.48 (m, 2H), 3.30 (dd, 2H, J = 6.6, 1.4 Hz); *C NMR (CDCls, 125 MHz): §
169.5, 136.8, 133.0, 128.5, 127.5, 126.2, 122.7, 66.9, 66.6, 46.3, 42.1, 37.7, HRMS m/z
calcd for C14H;7NO,, 231.1259; found 231.1259.

General Procedure for the Preparation of One-Carbon Homologated Weinreb
Amide Derivatives (7a-7e) from Trichloromethyl Carbinols

Diphenyldiselenide (1.3 mmol, 406 mg) was added to a dry round-bottom flask equipped
with stir bar under a blanket of argon. Deoxygenated absolute ethanol (purged for 30
minutes with argon) (4 mL) was then added, followed by the rapid addition of NaBHy
(2.8 mmol, 106 mg). Shortly after the addition, the initial yellow solution turned
colorless, indicating complete reduction of diphenyldiselenide. The solution stirred at
room temperature for 30 minutes, then neat trichloromethyl carbinol 3 (1.0 mmol) was
added, followed by the additions of freshly powdered NaOH (3.3 mmol, 132 mg) and
N,O—dimethylhydroxylamine hydrochloride (1.1 mmol, 107.3 mg) under argon. The
mixture was heated in a 55 °C oil bath and allowed to react at this temperature for 20-24
hours while monitoring by TLC for consumption of starting material and 2-
phenylselanylamide 14. After completion of the reaction, as indicated by TLC, ethanol
was removed by rotary evaporation and the amorphous solids were dissolved in 5 mL
saturated aqueous NH4Cl, and the solution was extracted with ethyl acetate (5 x 10 mL).
The combined organic layers were dried with anhydrous sodium sulfate and concentrated
by rotary evaporation. The crude material was purified by flash chromatography through
a small plug of silica using the specified eluent, affording the corresponding pure
Weinreb amide derivative.

N-Methoxy—N-methyl-2—phenylacetamide (7 a).”?
|

N\
O/
0
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The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 1:9 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a colorless oil in 83% yield (148.7 mg); IR (film): v
3031, 2938, 2856, 1644, 1456, 1383, 1292, 1175, 1103, 1004, 934, 776 cm'; 'H NMR
(CDCl3, 500 MHz): 6 7.34 — 7.25 (m, 4H), 7.25 — 7.20 (m, 1H), 3.76 (s, 2H), 3.58 (s,
3H), 3.18 (s, 3H); *C NMR (CDCls, 125 MHz): § 172.3, 134.9, 129.2, 128.4, 126.6,
61.1,39.3, 32.1; HRMS m/z calcd for C;oH;3NO,, 179.0946; found 179.0942.

N-Methoxy—N-methyl-2—(4—(trifluoromethyl)phenyl)acetamide (7b).
|

N ~
o
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The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 1:9 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a white solid in 89% yield (219.7 mg); m.p. 34-35
°C; IR (solid): v 2974, 3944, 2833, 1661, 1414, 1382, 1322, 1109, 1062, 867, 822, 793,
750 cm™'; '"H NMR (CDCls, 500 MHz): § 7.57 (d, 2H, J = 8.0 Hz), 7.41 (d, 2H, J = 8.0
Hz), 3.82 (s, 2H), 3.65 (s, 3H), 3.20 (s, 3H); *C NMR (CDCls, 125 MHz): & 171.4,
139.0, 129.7,129.2 (q, J = 32.5 Hz), 125.3 (q, J = 3.7 Hz), 123.1 (q, J = 264.3 Hz), 61.3,
39.0, 32.3; “F (CDCl;, 360 MHz): & —62.5; HRMS m/z caled for C;H2F3NO,,
247.0820; found 247.0822.

N-Methoxy—2—(4—methoxyphenyl)-N-methylacetamide (7c).
|

N\
e
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The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 1:9 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a colorless oil in 76% yield (159.3 mg); IR (film): v
2970, 2941, 2838, 1648, 1513, 1437, 1384, 1297, 1248, 1177, 1031, 787 cm™'; 'H NMR
(CDCl3, 500 MHz): 6 7.21 (d, 2H, J = 8.7 Hz), 6.85 (d, 2H, J = 8.7 Hz), 3.78 (s, 3H),
3.70 (s, 2H), 3.61 (s, 3H), 3.18 (s, 3H); °C NMR (CDCls, 125 MHz): & 172.7, 158.4,
130.2, 126.9, 113.9, 61.2, 55.2, 38.4, 32.2; HRMS m/z calcd for C;1H;sNO3, 209.1052;
found 209.1053.

N-Methoxy—N-methyl-4—phenylbutanamide (7d).
|

N.
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The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 1:9 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a colorless oil in 87% yield (180.3 mg); IR (film): v
3027, 2938, 2866, 1637, 1189, 746 cm™'; "H NMR (CDCl3, 360 MHz): & 7.31 — 7.25 (m,
2H), 7.22 — 7.15 (m, 3H), 3.62 (s, 3H), 3.17 (s, 3H), 2.68 (t, 2H, J = 7.5 Hz), 2.42 (t, 2H,
J =1.5 Hz), 2.02 — 1.93 (m, 2H); °C NMR (CDCls, 125 MHz): § 174.4, 141.8, 128.5,
128.3, 125.8, 61.1, 35.3, 32.2, 31.2, 26.0; HRMS m/z calcd for C;,H7NO,, 207.1259;
found 207.1265.
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2—Cyclohexyl-N-methoxy—/N-methylacetamide (7e).

The crude material was purified by flash chromatography through a plug of silica gel,
using hexane to remove diphenyldiselenide then 1:9 hexanes/EtOAc as the eluent. The
indicated compound was obtained as a colorless oil in 75% yield (139.1 mg); IR (film): v
2980, 2928, 2855, 1652, 1375, 1243, 1046 cm'; "H NMR (CDCls, 360 MHz): & 3.64 (s,
3H), 3.14 (s, 3H), 2.26 (d, 2H, J = 6.6 Hz), 1.84 — 1.71 (m, 1H), 1.70 — 1.53 (m, 5H),
1.32 = 1.06 (m, 3H), 1.00 — 0.85 (m, 2H); °C NMR (CDCls, 125 MHz): § 174.0, 61.1,
39.3, 344, 33.3, 26.2, 26.1, 26.0; HRMS m/z calcd for C;oH;9NO,, 185.1416; found
185.1416.

Preparation of N-Tridecanoyl-L-homoserine (9) from L-homoserine.
H

/\/\/\/\/\/\H/N > OH

Diphenyldiselenide (1.3 mmol, 406 mg) was added to a dry round-bottom flask equipped
with stir bar under a blanket of argon. Deoxygenated absolute ethanol (purged for 30
minutes with argon) (4 mL) was then added, followed by the rapid addition of NaBH4
(2.8 mmol, 106 mg). Shortly after the addition, the initial yellow solution turned
colorless, indicating complete reduction of diphenyldiselenide. The solution stirred at
room temperature for 30 minutes, then neat trichloromethyl carbinol 3 (1.0 mmol) was
added, followed by the additions of freshly powdered NaOH (3.3 mmol, 132 mg) and L—
homoserine (1.1 mmol, 131 mg) under argon. The mixture was heated in a 55 °C oil bath
and allowed to react at this temperature for 36 hours while monitoring by TLC for
consumption of starting material and 2-phenylselanylamide 14. After completion of the
reaction, as indicated by TLC, ethanol was removed by rotary evaporation and the
amorphous solids were dissolved in 5 mL ethyl acetate and 5 mL H,O. The resulting
solution was cooled to 0 °C and adjusted to pH 1 with 1 N HCI. The product was
extracted with ethyl acetate (5 x 10 mL), dried with anhydrous sodium sulfate, and then
concentrated by rotary evaporation. The crude material was purified by flash
chromatography through a plug of silica gel, using 1:9 EtOAc/hexane to remove
diphenyldiselenide then 95:5 EtOAc/MeOH as the eluent. The indicated product was
obtained as a white solid in 89% yield (280.7 mg); m.p. 103—104 °C; [a]p*' =-23.1° cm®
g' dm™ (¢ = 1.0 in CH;0H); IR (solid): v 3394, 3310, 2915, 2850, 1701, 1650, 1539,
1290 cm™'; 'H NMR (DMSO dg, 500 MHz): & 12.40 (brs, 1H), 7.96 (d, 1H, J = 7.6 Hz),
4.25 (ddd, 1H, J=12.3,9.1, 4.4 Hz), 3.48 — 3.36 (m, 2H), 2.09 (t, 2H, J= 7.5 Hz), 1.89 —
1.80 (m, 1H), 1.74 — 1.64 (m, 1H), 1.47 (t,2H,J=6.2 Hz), 1.29 - 1.21 (m, 19H), 0.86
(t, 3H, J = 6.8 Hz); °C NMR (DMSO ds, 125 MHz): § 174.0, 172.4, 57.3, 49.0, 35.0,
34.1, 31.3, 29.0, 29.0, 29.0, 29.0, 28.8, 28.7, 28.6, 25.2, 22.1, 13.9; HRMS m/z calcd for
C17H31NOs, 297.2304; found 297.2302 which corresponds to [M—H,O].
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Scheme 1. Conversion of 9 to the corresponding methyl ester and subsequently the
Mosher’s ester derivative.

H
C11H23/\[]/ \(\/OH > C11H23/\[]/N?(\/OH

H CO.H MeOH, Benzene, 0°C O H COMe

TMSCHN,

(R)-3,3,3-trifluoro-2-
methoxy-2-phenylpropanoic acid

(COCly,
TEA
CH,ClI,
Ph
0 OMe
ﬁ)"’ CF4

C11H23Aﬂ/

H COzMe

General Procedure for the Formation of Methyl Ester of 9

H
WN 3 OH
To a chilled stirred solution of 9 (0.16 mmol, 50 mg) in 0.30 mL methanol and 1.1 mL
benzene was added TMSCHN, (0.19 mmol, 95 uL) at 0 °C. The ice bath was removed,
and the mixture was stirred at rt for 5 min. At that point, the reaction was complete, as
indicated by TLC, and the solvents were removed by rotary evaporation. The crude
reaction mixture was purified by flash chromatography through a plug of pyridine-
saturated silica gel, using 1:1 EtOAc/hexane as the eluent. The methyl ester was obtained
as a white solid in 75% yield (39 mg); m.p. 71-72 °C; [a]p™ = +3.63° cm’ g dm™ (¢ =
1.1 in CH,Cl,); IR (solid): v 3419, 3314, 2915, 2848, 1730, 1647, 1539, 1216 cm™; 'H
NMR (CDCls, 500 MHz): 6 6.34 (d, 1H, J= 7.5 Hz), 4.76 (ddd, 1H, J=11.0, 7.7, 3.7
Hz), 3.78 (s, 3H), 3.69 (s, 1H), 3.62 — 3.46 (m, 2H), 2.35 — 2.22 (m, 2H), 2.22 — 2.14 (m,
1H), 1.68 — 1.55 (m, 4H), 1.31 — 1.22 (m, 19H), 0.88 (t, 3H, J= 7.0 Hz); >’C NMR
(CDCls, 125 MHz): 8 174.3, 173.3, 58.1, 52.6, 49.4, 36.5, 36.1, 31.9, 29.6, 29.6, 29.6,
29.4,29.3,29.3,29.2,25.6,22.7, 14.1; HRMS m/z caled for C;3H35NO4, 329.2566; found
329.2567.

General Procedure for the Mosher’s Ester Formation from the Methyl Ester of 918

Dry benzene (2 mL) was added to a round bottom flask containing 40 mg (0.17 mmol) of
(R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoic  acid. This solution was then
concentrated under reduced pressure. To the dried residue was added CH,Cl, (1 mL), 19
puL (0.22 mmol) of oxalyl chloride and 2 pL (0.026 mmol) of anhydrous N,N-
dimethylformamide. This solution was stirred under argon at rt for 20 minutes, then
transferred to an ice bath and stirred for 10 minutes. The solution was stirred under
reduced pressure at 0 °C for 30 minutes to remove the volatile components. To the
residue was added CH,Cl, (1 mL), and this clear solution was cannulated into another
round bottom flask containing the methyl ester from 9 (0.05 mmol), 40 pL (0.28 mmol)
of triethylamine, and 2 mg (0.016 mmol) of DMAP in CH,Cl, (0.5 mL) at 0 °C. The ice
bath was then removed, and the reaction progress was monitored by TLC analysis. When
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the starting material was consumed, the reaction mixture was diluted with CH,Cl,, then
washed successively with sat. NH4Cl1 (2 x 10 mL), sat. NaHCOs (2 x 10 mL), and H,O
(10 mL). The organic layer was dried with anhydrous sodium sulfate and then
concentrated under reduced pressure. The crude material was purified by flash
chromatography through a plug of silica gel using 2:8 EtOAc/hexane as the eluent to
afford the desired Mosher’s ester as a white solid in 92% yield (25 mg). '"H NMR
(CDCl3, 500 MHz): 6 7.53 — 7.49 (m, 2H), 7.44 — 7.40 (m, 3H), 6.03 (d, 1H, J= 7.7 Hz),
4.73 — 4.67 (m, 1H), 4.41 — 4.30 (m, 2H), 3.72 (s, 3H), 3.54 (d, 3H, J = 0.9 Hz), 2.31 —
2.21 (m, 1H), 2.17 - 2.07 (m, 3H), 1.62 — 1.54 (m, 2H), 1.32 — 1.21 (m, 18H), 0.88 (t, 3H,
J = 6.9 Hz); °C NMR (CDCls, 125 MHz): § 173.1, 171.9, 166.4, 132.0, 129.8, 128.5,
127.4, 123.1 (q, J = 288 Hz), 84.7 (q, J = 27.6 Hz), 63.0, 55.5, 52.6, 49.7, 36.4, 31.9,
30.9, 29.6, 29.6, 29.6, 29.6, 29.5, 29.3, 29.3, 29.2, 25.5, 22.7, 14.1; "F (CDCls, 360
MHz): & —71.49.

No racemization was indicated in the NMR spectra of the corresponding Mosher
derivative; see spectra on pages S64—S65.

Preparation of (R)-2,2,2—trichloro—1—((R)-2,2—dimethyl-1,3—dioxolan—4—yl)ethanol
(12a) and its (R,S)—diastereomer (12b):

o
0\)\(003

OH
(R)-Isopropylidine-D—mannitol was purchased from Sigma—Aldrich and used without

further purification. (R)-2,2—dimethyl-1,3—dioxolane—4—carbaldehyde 10 was prepared
according to procedures reported by Schmid and Bryant.'*

To a 0 °C solution of sodium trichloroacetate (245 mg, 1.5 mmol) and trichloroacetic
acid (278 mg, 1.5 mmol) in 2 mL of DMF was added 10 (130 mg, 1.0 mmol) dissolved in
1 mL of DMF. After stirring for 15 min., the mixture was warmed to room temperature
then stirred rapidly for 12 hours while monitoring by TLC for consumption of starting
material. After judged complete, the mixture was diluted with 5 mL of EtOAc and
washed with saturated aqueous NaHCOs. Precipitated solids were filtered and rinsed
three times with EtOAc. The combined organic phase was dried with sodium sulfate, and
the EtOAc was evaporated under reduced pressure. The crude material was purified by
flash chromatography through a plug of silica gel, using 9:1 hexanes/EtOAc as eluent.
The (R,R)—isomer was obtained as a white solid in 45% yield (112 mg), and the (R,S)—
diastereomer was obtained as a colorless oil in 23% yield (57 mg). The physical and
analytical data for both isomers were identical to that previously reported.” (R)-2,2,2—
Trichloro—1—((R)-2,2—dimethyl-1,3—dioxolan—4—yl)ethanol (12a): m.p. 81-82 °C, (lit
m.p. 82-83 °C)%; [a]p’ = +21.3 cm’ ¢! dm™ (¢ = 3.8 g cm™ in CHCL); IR (solid): v
3371, 2985, 1375, 1150, 1042 cm™'; '"H NMR (CDCls, 500 MHz): & 4.62 — 4.56 (m, 1H),
4.36 (dd, 1H, J = 4.0, 3.5 Hz), 4.27 (dd, 1H, J = 8.7, 6.3 Hz), 4.09 (dd, 1H, J = 8.7, 6.3
Hz), 3.10 (dd, 1H, J = 4.0, 3.5 Hz), 1.48 (s, 3H), 1.40 (s, 3H); °C NMR (CDCl;, 125
MHz): & 109.2, 100.6, 82.4, 75.1, 64.7, 26.3, 25.3; HRMS m/z calcd for CsHCl;0 ,
232.2539; found 232.9546 which corresponds to [M—CH3]".

(S)-2,2,2—Trichloro—1—((R)-2,2—dimethyl-1,3—dioxolan—4—yl)ethanol (12b): [a]p> =
+10.5 cm’ g dm™ (¢ =2.0 in CHCL;); IR (film): v 3446, 2987, 2934, 1374, 1025 cm™; 'H
NMR (CDCls, 500 MHz): & 4.57 (ddd, J=2.5, 6.5, 6.5 Hz, 1H), 4.25 (dd, J=6.5, 8.5 Hz,
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1H), 3.98 (dd, J= 2.5, 8.5 Hz, 1H), 3.91 (dd, J = 7, 8.5 Hz, 1H), 3.72 (d, J = 8.5 Hz, 1H),
1.49 (s, 3H), 1.44 (s, 3H); C NMR (CDCls, 125 MHz): 5 110.9, 101.3, 81.1, 73.2, 68.4,
26.1, 25.7; HRMS m/z caled for C7H;;Cl303, 246.9696; found 246.9701.

(8)-N-Benzyl-2—(2,2—-dimethyl-1,3—dioxolan—4—yl)acetamide (13a).

%o
uﬁ@

Diphenyldiselenide (1.3 mmol, 406 mg) was added to a dry round—bottom flask equipped
with stir bar under a blanket of argon. Deoxygenated absolute ethanol (purged for 30
minutes with argon) (4 mL) was then added, followed by the rapid addition of NaBHy
(2.8 mmol, 106 mg). Shortly after the addition, the initial yellow solution turned
colorless, indicating complete reduction of diphenyldiselenide. The solution stirred at
room temperature for 30 minutes, then a mixture of diastereomers 12a and 12b (1 mmol)
was added, followed by the additions of freshly powdered NaOH (2.5 mmol, 100 mg)
and benzylamine (1.1 mmol, 118 mg) under argon. The mixture was heated in a 55°C oil
bath and allowed to react at this temperature for 36 hours while monitoring by TLC for
consumption of starting material and 2-phenylselanylamide 14. After completion of the
reaction, ethanol was removed by rotary evaporation and the amorphous solids were
dissolved in 5 mL satd NH4Cl and extracted with ethyl acetate (5 x 10 mL). The
combined organic layers were dried with anhydrous sodium sulfate, and then
concentrated by rotary evaporation. The crude material was purified by flash
chromatography through a plug of pyridine-saturated silica gel, using hexane to remove
diphenyldiselenide then 2:8 hexanes/EtOAc as the eluent. The indicated compound was
obtained as an off-white solid in 80% yield (199.3 mg); m.p. 38-39 °C; [a]p>! = —9.6°
cm’ g dm™ (¢ = 3.3 in CH,CL); IR (solid): v 3276, 3084, 3032, 2984, 2871, 1637, 1567,
1369, 1217, 1154 cm™'; "H NMR (CDCls, 500 MHz): & 7.35 — 7.30 (m, 2H), 7.29 — 7.25
(m, 3H), 6.43 (brs, 1H), 4.45 (d, 2H, J = 5.7 Hz), 4.44 — 4.40 (m, 1H), 4.12 (dd, IH, J =
8.1, 6.1 Hz), 3.63 (dd, 1H, J = 8.1, 7.0 Hz), 2.57 — 2.46 (m, 2H), 1.38 (s, 3H), 1.35 (s,
3H); *C NMR (CDCls, 125 MHz): & 169.8, 138.2, 128.6, 127.6, 127.4, 109.3, 72.5, 69.1,
43.4, 40.5, 26.8, 25.5; EIMS (m/z): 249.1, 234.1, 191.1, 174.1, 149.1, 119.1, 106.1, 91;
HRMS m/z calcd for C14H9NO3, 249.1365; found 249.1372.

(8)—2—-(2,2-Dimethyl-1,3—dioxolan—4—yl)acetamide (13b)

-/
AL,

Diphenyldiselenide (1.3 mmol, 406 mg) was added to a 50 mL dry pressure tube
temporarily fit with a rubber septum and equipped with a magnetic stir bar. Ammonia
saturated absolute ethanol (4 mL) was added followed by the rapid addition of NaBH4
(2.8 mmol, 106 mg) under argon. Shortly after the addition, the initial yellow solution
turned colorless, indicating complete reduction of diphenyldiselenide. The solution
stirred at room temperature for 30 minutes, then a mixture of diastereomers 12a and 12b
(1 mmol) was added, followed by the addition of freshly powdered NaOH (2.5 mmol,
100.0 mg) under argon. The rubber septum was quickly replaced with a Teflon screw cap
and the solution was heated in a 55 °C oil bath for 36 hours. After completion of the
reaction as indicated by TLC, the ethanolic ammonia was removed by rotary evaporation
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and the amorphous solids were dissolved in 5 mL ethyl acetate and 5 mL saturated
aqueous NH4Cl. The resulting solution was cooled to 0 °C and adjusted to pH 4 with 1 N
HCI and then saturated with solid NaCl. The product was extracted with ethyl acetate (5
x 10 mL), dried with anhydrous sodium sulfate, and then concentrated by rotary
evaporation. The crude material was purified by flash chromatography through a small
plug of pyridine-saturated silica gel, using hexane to remove diphenyldiselenide then
95:5 EtOAc/MeOH as the eluent. The indicated compound was obtained as a white solid
in 75% yield (119.4 mg); m.p. 105-106 °C, (lit'® m.p. 106-108 °C); [o]p>* = —15.0° cm’
g dm” (¢ = 0.4 in CH,CL), (lit’ [o]p** = -15.4° em® g dm™ (¢ = 1.0 in CHCL3); IR
(solid): v 3364, 3192, 2993, 1640, 1252, 1156, 1061 cm™'; 'H NMR (CDCls, 360 MHz): &
6.14 (brs, 1H), 5.83 (brs, 1H), 4.46 — 4.38 (m, 1H), 4.14 (dd, 1H, J = 8.3, 6.1 Hz), 3.63
(dd, 1H, J= 8.3, 6.8 Hz), 2.55 (dd, 1H, J=15.3, 7.7 Hz ), 2.46 (dd, 1H, J=15.3, 4.8 Hz),
1.42 (s, 3H), 1.36 (s, 3H); °C NMR (CDCls, 125 MHz): & 172.5, 109.4, 72.3, 69.1, 40.1,
26.9, 25.5; HRMS m/z caled for CgH;(NO;, 144.0661; found 144.0664 which
corresponds to [M—CH;]".

General Procedure for the Diol Deprotection of Dioxolanes 13a and 13b to Form the
Corresponding 3,4-Dihydroxyamides (13aa and 13bb)

The isopropylidine was cleaved following the procedure reported by Lavallee et al.'”
Yields and reaction times are unoptimized. A solution of homologated amide 13a or 13b
(1 mmol) in 1.1 mL of 80% AcOH in H,O was heated to 40°C (bath temperature) under
argon. When the starting material was consumed, as indicated by TLC, saturated aqueous
NaHCOs; was slowly added to quench the reaction. All solvents were evaporated under
reduced pressure at 45 °C, and the resulting solid was rinsed with acetone and filtered.
The filtrate was concentrated to obtain the corresponding diols. No further purification
was necessary. The characterization data for compounds 13aa_ 13bb are given below.

(S)-N-benzyl-3,4-dihydroxybutanamide (13aa)
OH O
HO\/'\)J\ N A~ Ph
H

The indicated compound was obtained as a white solid in 98% yield (204.9 mg). m.p.
114-115 °C; [a]p*® =—=12.5° cm’ g dm™ (¢ = 1.7 in acetone); IR (solid): v 3299, 3084,
2920, 1634, 1095, 734 cm™; "H NMR ((CD3),CO, 500 MHz): & 7.66 (brs, 1H), 7.33 —
7.27 (m, 4H), 7.25 — 7.20 (m, 1H), 4.41 (d, 2H, J = 5.9 Hz), 4.31 (brs, 1H), 4.03 — 3.96
(m, 1H), 3.74 (brs, 1H), 3.48 (d, 2H, J= 5.5 Hz), 2.48 (dd, 1H, J = 14.8, 4.1 Hz), 2.36
(dd, 1H, J=14.8, 8.2 Hz); >*C NMR ((CD3),CO, 125 MHz): § 172.5, 140.5, 129.2,
128.3, 127.7,70.3, 66.8, 43.4, 40.4; HRMS m/z calcd for C;H,5sNO3, 209.1052; found
209.1061.

(8)-3,4-dihydroxybutanamide (13bb)
OH O

H
© NH,

The indicated compound was obtained as a colorless oil in 42% yield (42.5 mg). [a]p” =

—6.8° cm’ ¢! dm™ (¢ = 1.07 in acetone); IR (film): v 3369, 2925, 1666, 1409, 867 cm™;

'H NMR ((CDs),CO, 500 MHz): & 6.92 (brs, 1H), 6.31 (brs, 1H), 431 (d, 1H, J = 3.0

Hz), 3.98 — 3.90 (m, 1H), 3.71 — 3.64 (m, 1H), 3.46 (t, 1H, J= 4.8 Hz), 2.41 (dd, 1H, J =

15.1, 4.1 Hz), 2.29 (dd, 1H, J = 15.1, 8.3 Hz); °C NMR ((CD3),CO, 125 MHz): § 173.9,
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69.2, 65.8, 38.7, HRMS m/z caled for C4H;NO,, 101.0477; found 101.0477 which
corresponds to [M—H,0O]

General Procedure for the Formation of Mosher’s Diesters of 13aa and 13bb.'?

Dry benzene (2 mL) was added to a round bottom flask containing 80 mg (0.34 mmol) of
(R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoic  acid. This solution was then
concentrated under reduced pressure. To the dried residue was added CH,Cl, (1 mL), 40
puL (0.47 mmol) of oxalyl chloride and 4 pL (0.055 mmol) of anhydrous N,N-
dimethylformamide. This solution was stirred under argon at rt for 20 minutes, then
transferred to an ice bath and stirred for 10 minutes. The solution was stirred under
reduced pressure at 0 °C for 30 minutes to remove the volatile components. To the
resulting residue was added CH,Cl, (1 mL), and this clear solution was cannulated into
another round bottom flask containing 13aa or 13bb (0.05 mmol), 80 puL (0.56 mmol) of
triethylamine, and 4 mg (0.032 mmol) of DMAP in CH,Cl, (0.5 mL) at 0 °C. The ice
bath was then removed and the reaction progress was monitored by TLC analysis. When
the starting material was consumed, the reaction mixture was diluted with CH,Cl,, and
washed successively with sat. NH4Cl1 (2 x 10 mL), sat. NaHCOs (2 x 10 mL), and H,O
(10 mL). The organic layer was dried with anhydrous sodium sulfate and then
concentrated under reduced pressure. The crude material was purified by flash
chromatography through a plug of silica gel, using 2:8 EtOAc/hexane as the eluent to
afford the desired Mosher’s diesters as colorless oils.

The Mosher’s diester of 13aa was obtained as a colorless oil in 91% yield (29 mg). 'H
NMR (CDCls, 500 MHz): 6 7.55 — 7.16 (m, 15H), 5.80 — 5.74 (m, 1H), 5.62 (t, 1H, J =
5.0 Hz), 4.72 (dd, 1H, J = 12.6, 2.5 Hz), 4.43 — 4.29 (m, 3H), 3.41 (s, 3H), 3.39 (s, 3H),
2.54 (dd, 1H, J = 15.3, 7.4 Hz), 2.49 (dd, 1H, J = 15.3, 6 Hz); °*C NMR (CDCl;, 125
MHz): & 167.5, 166.0, 165.8, 137.5, 131.9, 131.7, 129.7, 129.7, 128.8, 128.5, 128.5,
127.9, 127.8, 127.4, 127.3, 124.3, 124.3, 122.0, 122.0, 70.8, 65.5, 55.4, 55.3, 43.8, 36.7;
F (CDCls, 360 MHz): § —71.42, —71.58.

By means of comparison, the Mosher’s diester of rac-13aa shows four peaks in its "°F
NMR spectrum: "°F (CDCls, 360 MHz): & —71.42, —71.47, —71.58, —71.58.

The Mosher’s diester of 13bb was obtained as a colorless oil in 85% yield (23 mg). 'H
NMR (CDCl3, 500 MHz): 6 7.53 — 7.33 (m, 10H), 5.79 — 5.72 (m, 1H), 5.27 (brs, 2H),
4.70 (dd, 1H, J = 12.5, 2.7 Hz), 4.40 (dd, 1H, J = 12.5, 3.7 Hz), 3.45 (d, 3H, J = 0.9 Hz),
3.40 (d, 3H, J=0.9 Hz), 2.59 (dd, 1H, J = 15.5, 7.5 Hz), 2.51 (dd, 1H, J = 15.5, 5.9 Hz);
*C NMR (CDCls, 125 MHz): § 169.6, 165.8, 165.6, 139.4, 131.9, 131.7, 129.7, 129.7,
128.5, 128.5, 127.4, 127.3, 124.3, 122.8, 107.7, 70.5, 65.5, 55.4, 55.4, 35.9; "°F (CDCl;,
360 MHz): 6 —71.48, -71.55.

By means of comparison, the Mosher’s diester of rac-13bb shows four peaks in its "°F
NMR spectrum: "°F (CDCls, 360 MHz): & —71.44, —71.48, —71.55, —71.60.

No racemization was indicated in the NMR spectra of the corresponding Mosher diester
derivatives of 13aa or 13bb; see spectra on pages S73—S80.

S20



References

(1) Boeckman Jr., R. K.; Shao, P.; Mullins, J. J. Organic Syntheses; Wiley & Sons: New
York, 2004; p. 696.

(2) Corey, E. J.; Link, J. O.; Shao, Y. Tetrahedron Lett. 1992, 33, 3435.

(3) (a) Cafiero, L. R.; Snowden, T. S. Org. Lett. 2008, 10, 3853; (b) Gupta, M. K.; Li, Z.;
Snowden, T. S. J. Org. Chem. 2012, 77, 4854.

(4) Bonne, D.; Dekhane, M.; Zhu, J. J. Am. Chem. Soc. 2005, 127, 6926.

(5) Salaun, A.; Favre, A.; Le Grel, B.; Potel, M.; Le Grel, P. J. Org. Chem. 2006, 71, 150.

(6) Chen, Z—W_; Jiang, H—F.; Pan, XY .; He, Z.-J. Tetrahedron 2011, 67, 5920.

(7) Ghosh, S. C.; Hong, S. H. Eur. J. Org. Chem. 2010, 22, 4266.

(8) Maki, T.; Ishihara, K.; Yamamoto, H. Org. Lett. 2006, 8, 1431.

(9) Sudrik, S. G.; Chavan, S. P.; Chandrakumar, R. S.; Pal, S.; Date, S. K.; Chavan, S. P.;
Sonawane, H. R. J. Org. Chem. 2002, 67, 1574.

(10) Arjona, O.; Csaky, A. G.; Murcia, M. C.; Plumet, J. Helv. Chim. Acta. 2001, §4,
3667.

(11) Motoyama, Y.; Aoki, M.; Takaoka, N.; Aoto, R.; Nagashima, H. Chem. Commun.
2009, 1574.

(12) Hama, T.; Culkin, D. A.; Hartwig, J. F. J. Am. Chem. Soc. 2006, 128, 4976.

(13) Mordant, C. Tetrahedron 2007, 63, 6115.

(14) Schmid, C. R.; Bryant, J. D. Organic Syntheses Coll. Vol. 9, 1998, 450.

(15) Oliver, J. E.; Schmidt, W. F. Tetrahedron: Asymmetry 1998, 9, 1723.

(16) Wang, G.; Hollingsworth, R. I. J. Org. Chem. 1999, 64, 1036.

(17) Lavallee, P.; Ruel, R.; Grenier, L.; Bissonnette, M. Tetrahedron Lett. 1986, 27, 679.

(18) For preparation of Mosher ester derivatives, see: Myers, A. G.; Bryant, H. Y.; Chen,
H. Organic Syntheses; Wiley & Sons: New York, 2004; p. 509.

S21



000 —

66'€
00t
10t
10t
[4a4
€0y

f
wmw
|

9T'L—

OH

CCly

3e

Foot

0.0 -0.5

0.5

2.0

3.0

35

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

TPl —
Lee
19
£67
£'6¢
62
5'6¢
9'6¢
sTE
6TE

L'9L
0'LL W
€LL

0e8

P 0T —

OH

CCh

3e

40 30 20 10

50

120 110 100 90 80 70
f1 (ppm)
S22

130

190 180 170 160 150

200



10°0-—

€0 T~
0T

9€'C
9€'C
8€'T
8€'T
ov'e
ov'e
e
e
9L'T
8L'C

05t
5t
bk
09'S
19's
29's
£9's
56'S
9%'S
L6'S
86'S
009
009
209
209

9L —

6'C

OH

CCly

0'€

J

— —== [0
— Fro1

£

I

0.0

9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)

10.0

8'T¢
8'T¢ >

TTe—

L9L
0'LL W
€LL

5'e8
T°€0T —

0'1¢T —

T'9pT —

CCh

OH

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



00°0-—

65'€ —

NH-

6a

[4
6'T

0.0

0.5

25 2.0 1.5 1.0

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35
f1 (ppm)

10.0

o.o.\
01 7

£t —

L'9L
o.RW
€L

LT~
0'6¢T -7
P'6CT 7
8PET

9'€LT —

MH;

6a

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 EY 80 70
f1 (ppm)

200

S24



000—

b9'E —

0v's —
69'S —

9L
.—v.n”
L=

19—+
€9°L /

NH,

FiC

6b

//

18

Feoz

fes0

0°C
T0°C

00-—

0.0

0.5

1.0

2.0

8 —

25

3.0

35

4.0

L'9L
o.RW
€L

4.5
f1 (ppm)

5.0

8021
- 6721
w TSzt
8521
6'52T
6'SCT
6'SCT
At
L621
6'6CT
L'8ET —

6.0

6.5

7.0

7.5

8.0

8.5

U —

9.5 9.0

10.0

MNH

FiC

6b

-10

40 30 20 10

50

140 130 120 110 100 90 80 70
f1 (ppm)

150

190 180 170

200



/@/\ﬂ/ MHz
FiC

6b

-62.58

10

-10 -20 -30

T
-100
f1 (ppm)

S26

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210



00°0-—

€5'€—
18'€ —

LE'G—

689
06'9 A
wﬁ.n \
0T'L W
mNN

NHz

el

6¢

180C
To0€

TQN

Feoz
Tooz

0.0

0.5

1.0

25 2.0

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35
f1 (ppm)

10.0

00-—

by —

€685 —

L'9L
o.RW
€L

SPIT—

6'9CT —
S'0ET —

0'65T —

LT —

MNH2

6¢

MeO

190 180 170 160 150 140 130 120 110 100 EY 80 70 60 50 40 30 20 10
f1 (ppm)

200

S27



000—

S6'T
96T
86T
61°C

0z
we 7
9°C
99°¢C >

9T \

S8 —

009 —

JAVA
81'L
0z’
ST'L
9'L
L
6°L

MNH;

6d

Fo0°C

T0°'T

—

0T

'y

£86'C
180

0.0

0.5

1.0

25 2.0

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35
f1 (ppm)

10.0

8'9¢ —

6'v€
0's€ >

L'9L
o.RW
€L

6'SCT
€8T W
?wNﬁ

€THT —

P'SLT —

2

NH

6d

100 90 80 70 60 50 40 30 20 10

f1 (ppm)

110

200 190 180 170 160 150 140 130

210

S28



T56%
180
88'0
TA
L1
67T
0€'T
€1
9T~

61°C
ﬂm.NW
e

'S —
89'G —

9L—

MH

6e

T

T 1rg
F0€E'8T

Feoq

¥ 007

66°(
660

0.0 -0.5

0.5

1.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 35 3.0 25 2.0
f1 (ppm)

10.5

vl —
L'ce
S'SC
(414 /
€6C
S'6¢
9'6C
9'6C
9'6C
6'1¢
0'9¢

L'9L
o.RW
€LL

L'SLT —

MNH-

6e

190 180 170 160 150 140 130 120 110 100 EY 80 70 60 50 40 30 20 10
f1 (ppm)

200



9T'L—

MNH.

6f

J////

I

100

e

HL6'T

€0'T
£6'0

00-—

0.0

0.5

1.0

0'9¢

9 >
T'eE~
sE—

15

0t —

2.0

25

3.0

35

8'9L
0'LL A

€LL 7

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

8.0

LYLT—

9.5 9.0 8.5

10.0

MH

6f

40 30 20 10

50

140 130 120 110 100 90 80 70
f1 (ppm)

150

190 180 170

200



10°0-— — Lg
F3
o
86 —
FR
n
<
L@
19'€ — —— Fooe oL
o.RW
-3 €L
Fea
13
g
oF
s " §'80T ~
re 8'0TT —
a.m/ / - Tm.o
€29 /
/ _ 0T | o
) L0T [
5€9 — .
mmow N— = €0'1 .
9€'9 re
<
FR
AN _ STHT —
MM.MV — —— FooT| i 9'8pT —
T o
= [
[w]
o0 o
o & re T —
Fa
Fa

-10

10

20

30

40

50

70

80

90

f1 (ppm)
S31

MNH
160 150 140 130 120 110 100

0]
6g

180

190

200



000 —

6L — |

S9'G —
88'G —

969
169
669
00°L
00°Z —_
0L
V'L —
sTL
9L
9L
L Ea
=

TO.N

0T

0'T

Fooz
Foet

0.0

0.5

3.0 25 2.0 15 1.0

35

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

10.0

0Le—

L9L
0'LL W
€LL

9'GCT ~~
v -—

T'9ET —

€U —

-10

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



10°0-
10°0- e

66'0
00'T e

8¢'C
6C'C
(1}5x4

€T
mm.m\
be'e

€67~
b6

mm.m
mm.m/
09’5
29§

el

9L—

TO.H

Feoe

0.0

0.5

3.0 25 2.0 15 1.0

35

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

10.0

00-—

e —
0'TE—

6'6€ —

L9,
0'LL W
€LL

9'61T —

PEPT —

[aZA%

10

20

30

40

50

70

90 80
f1 (ppm)

S33

100

110

120

130

140

150

160

170

190 180

200




000 —

9Tt
aT'e
8Tt
8T°¢

ws—
85—
0€'9 W
€9

€59~
959/

€L
mN.L
9T'L 4

9TL kw
ozL
o€, 4
o4
€L
€L
e
ees
et
8L

8eL

8L

N NH, /
o) I

£0C

Fse0
Frot

0T
00T

Fsss

3.5 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.f

4.0

4.5
f1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5 8.0

10.0

or—

L9L
0'LL W
€LL

2T~
€927~
LT ~
9gzr/
LbET —
S'9ET

€ELT —

-1C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S34



000 —

19'¢ —

6Et
(Va4 D

6L'S—

9T°L
8T°L
YL
STL
STL
L
6°L
0€'L
[A4
PbeL

=

6k

—

jAN4

90'C

Foot

0T
Fovg

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0

10.0

f1 (ppm)

S'eh
8'eh >

L9L
0'LL W
€LL

8'0LT —

6k

-10

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



00°0-—

19—

o'y
1544 >

06's —

61'L
0T'L
ST'L
9L
LeL
6C'L
0€’L
(44
(44
8€'L
6€'L
JAyA
65'L

61

Fa

0.0

0.5

3.0 25 2.0 15 1.0

35

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

10.0

€Eb~_
8y

L9L
0'LL W
€LL

'€zt
T'Ser |
rserd
8'5e1
8571
8571
9421
9421
821
z621
5627
9671 4
L6215
0ot /
6LET .
6851

T

L69T —

=

FiC

61

-10

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



oy
F.C

61

-62.52

10

0 -10 -20

T
-100
f1 (ppm)

S37

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210



000 —

95'€ —
6L'€—

6Et
1544 V

€LS—

98'9
88'9 /
oT'L

6T'L /
9T Lt

L
6°L
0€'L

=

MeQ

6m

10T
BTE

ksoz

6'C
%m.m

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0

10.0

f1 (ppm)

6T ~_
S'eb

€65 —

L9L
0'LL W
€LL

SYIT —

$§
v.a W
szt
9871 *
S'0ET

78T —

6'8ST —

LT —

MeO

6m

40 30 20 10

50

110 100 90 80 70
f1 (ppm)
S38

120

130

190 180 170

200



000 —

S6'T
96T
86T
91°C
D.NW
61°C
19T
9T >

9°C \

LEY
8€y >

96'G —

€L
PT'L
9T°L
€L
YL
9'L
8T°L
0€'L

r=

6n

Fote
E0'C

J A4

B

TT°E
€L

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0

10.0

f1 (ppm)

0'L—

T'SE~
rse"

beb —

L9L
0'LL W
€LL

6'SCT
'Lt
L
£'8¢T
'8¢t N
98T
£'8ET —
PPt —

STUT—

=

6n

-10

40 30 20 10

50

180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

190



00°0-—

244
1424 >

PLS—

9L
oNNW
8T'L

1€°L
€€°L
pe'L

r=

60

E T0¢

T6°87

F g
F 80

Fvoq

W 007

0.0

0.5

1.0

25 2.0

3.0

35

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

f1 (ppm)

Tyl —
L'ce
8'ST
£'6C /
£'6C
S'6C
9'6C
9'6C
9'6C

6'1¢
8'9¢
9t

L'9L
o.RW
€L

ST
8L A
L'8CT /

S'8ET —

6°CLT —

r=

60

TPl —

LTC
w.mw/
m.mw/
£'6C
S'6C
9'6C
9'6C
9'6C
6'TE
8'9¢€ —

9'eh —

40 35 30 25 20 15 10
f1 (ppm)

45

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S40



06'0

160

£6'0

€60

560

90

160

860

T

4%

€T

bI'T

bI'T

STT

91°T
ANE
27
szT
97T
9z'T |
frag
82T |
62T |
0e'T |
1T
ze'T
£€9'T-
+9°7 4
v9'T |
59'T -
97
0T
T
LT
b7
b7
9s7
i
08'T |
08'T |
187
28T
€8'T-
€8'T-
+8°T |
58'T -
9074
80°Z
bbb
Sbb -
05|
9L ]
e
7L
8724
622
AR
€€
S€'LA

e

SE'L-

Iz =3
=)

oor

T'€
8T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!
f1 (ppm)

10.0

T'9¢

(414 >
TEE~
b'GE —

9Er~
6vp

L9
0LL W
€L

sz
gz
reer/

S'8ET —

UL —

I

4

6p

-1C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S41



000 —

P9'E —
1344
(444 D

01’9
19
19
w9
w9
£€°9
€€'9
€€'9
PE9
0z’
A
wiL

STL
STL
9L
6C'L
0€'L
0€'L

9€'L
9€'L
9€'L
9€'L

Ir=

6q

€60
6'0
hg6'0

8'T
£L0'T

6'T
H/.Hm.o

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0

10.0

f1 (ppm)

9 —

St —

L9L
0'LL W
€LL

S'80T ~
L0TT —

v.a
>
oger/

08T/

bTrT -
98bT <

89T —

I=

6q

-10

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

S42



000 —

08'¢ —

(Va4
1544 D

90'9 —
69
£6'9

I=

6r

16'0
6'0
6'€
6'T

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0

10.0

f1 (ppm)

S'LE—
9'eh —

L'9L
0'LL W
€LL

oser
g
per
per
g
oger/
0'95T ~
6251 —

£L'69T —

=

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



000 —

L6'0
660 >

87°C
62°C
TEC
[45x4

96°C
86'C D

&'y
e
8b'S
0S'S
0Ss'S
18°S
18°S
€55 f
LS'S
6S°'S
09'S
29'S

STL
STL
9T'L
9'L
[xyA
T€°L
€€°L

J

Sl

N _

=£0'9

Frot

0'T
0T

[43
1°C

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0

10.0

f1 (ppm)

e —
0'1E—

bob —
Sty —

L9,
0'LL W
€LL

96T —
i

971>
oger/
£'8ET —
bEpT —

T —

=T

6s

40 30 20 10

50

120 110 100 90 80 70
f1 (ppm)
S44

130

190 180 170 160 150

200



000 —

9Tt
Lre
8Tt
8T°¢

[444
324 V

9
97’9
129
679
679
1€'9
59/
&7
mﬁk
YL
vTL \W
szL
9rL
9, ]
LzL
87,
8T,
o€
0g's ]
e ]
€L
€L
€E'L
ve'L
SE'L
se'L

S ST

F 96T

= L6'T

k60
T 001
© 960

Fezor

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

9.5

L0b—
9'eh —

L9L
0'LL W
€LL

R Al
€921 /
o4
rat
s'8z1
9821
9'bET *
5'9€T \

T'8ET

S'0LT —

6t

-1C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S45



000 —

€L
STL
9L
[x4yA

0€'L
[A4
€€°L

O

6u

0t
Mwom.m

£0°C

6°C
6'T

3.0 25 2.0 15 1.0

35

T
4.0

T
4.5
f1 (ppm)

T
5.0

8.5 7.0 6.5 5.5

9.5

r
10.0

L0~
0y
P'or —

€99~
1997

L9L
0'LL WY
€L

89TT ~
+'8CT
L'8T1
LPET

§'69T —

Q2

6u

-1C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S46



pb'e
Sb'E
Lr'e
SS'€
95'¢
JARS
$9'€
99'¢
89°¢
69°¢
Lre

9L

SE'L S
LeL
8S'L—F
oo.n 7

F5C

T0°C
WQ.N
6'¢

A6

T66'T
Fooe

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!
f1 (ppm)

10.0

o0 —
[t
S —

b'99~
899/

L9L

€L

6'0CT
0°€eT
[414*
9'sTT
L'STT
L'STT
L'STT
€L
0'6CT
6tt
£6CT
S'6CT
8'6CT
6'8ET —

L'89T —

F5C

-1C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S47



-62.47

N

6v

-10 -20 -30 -40 -50 -60 -70 -80

T T T T T
-90 -100  -110 -120 -130 -140 -150 -160 -170  -180
f1 (ppm)

S48



ob'e
e
e
Sb'e —_
e ~
8b'e
X3
b9’
e

€8'9

sg9> —
WL
STLS
9w/

MeO

ow

Wmm.ﬁ
86'T
0y

Hore

Fooz

96T

-0.f

0.0

0.5

3.5 3.0 2.5 2.0 15

4.0

4.5
f1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5 8.0

10.0

8'6€ —
oy
b'ob —

'SS—

99
1997

L9L
0'LL W
€LL

TPIT —

L97T —
S'6CT —

P'8ST —

6°69T —

MeO

-1C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S49



00°0-—

96'T
86'1
66'1
87T
0T V
1€e

99T
wm.NW
69'C

SeE'e
wm.mW
LE°E
09°¢
19°¢
[4°23
€9°€
$9'€
S9'€

LT'L
8T'L
61°L
61'L
0T'L
9L
8T'L
6C'L

6x

- S 6°C
— - 02

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0

10.0

f1 (ppm)

poz/
0zE—
156~
8Th
T
g5

§'99~
899

L9L
0'LL W
€LL

8'qeT

A
€8T >
v.wNﬂ

STHT —

€TLT —

(D

6x

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



w'E
we
95'¢ \

85'¢
mm.mN
65°¢

9L—

6y

Ik
0°C

0'C
6'S

0.0

0.5

3.0 25 2.0 15 1.0

35

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

10.0

09z

T'9¢ >
e~
6'vE "
€0 —
LTy
9% —

999
899 >

L'9L
0'LL W
€LL

6°04T —

O

6y

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



000-—

6e
£5°€
+bS'E
19°€
[k
(2%
S9'€
99°€
L9°¢
SL'E

619
0z'9
0T9
0z'9 _
€69 _
€€9
€9
+E'9
9L

SEL
SE€'L —_
SEL

SE€'L

H\om.m |

= [x4

- PTp |
oo

— 0|

— =60

—— =107 |

45 4.0

f1 (ppm)

30 25 20 15 1.0 05 0.0

3.5

90 85 80 75 70 65 6.0 55 50

9.5

6 EE—

vir—
9'ap—

a'aa
n.%v
FACTRN
0Ll
£l

LT —
AP0TT—

#IrT—

SEPT—

9T —

]
¢ /v
R
—n
A/.,
-3
& ]
./_q. ot

=1C

1531 180 170 180 150 140 130 120 110 1?{][ 9)0- B0 70 60 50 40 30 20 10
pom

00

»

S52



200-— -— ks
Fo
o
| w  8pE—
T —
FR S —
e
o €99
) " em”
: L9
MM.M P — = Thre o.RW
. 0y €L
ss'€ .
95°€ < moel o
€9'€
88'€
L M
oF
Fa
Fa
PRZ4:
(89 L e
89 goz1/
88'9 -
889 Fe  T9Er—
69
€69 — = 60
€6'9 6°0 I~ ~
¥6'9 — ~—— E00'T
81'L |
81°L =
61°L
61°L Fe o
9cL olv '89T — ﬁllv
(g =
la] S “
o
F&
o

40 30 20 10

50

I
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

190

200




L6'0
660 >

Lt
87T
67'C
67°C
0e'C
[4%4
34
90°€
L0°€ >
e
Sb'E
9r'e
09°€
19°€
[4°X%
£9°¢
o€
S9'€
99°¢
L9°€
8¥'S
6v'S
6v'S
6v'S
0S'S

9L —

6bb

1460

6T
#0°C
? 0'C
€0t

Feoz

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

f1 (ppm)

5.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

e —

80'TE —
092 —
6Ty —
EC —

mo.ww
0699 >
SL9L
00°ZL W
mN.R

95611 —

ECTPT —

8T°0LT —

N
6bb

200 190 180 170 160 150 140 130 120 110f1 ( 100) 90 80 70 60 50 40 30 20 10
ppm

210

S54



00°0-—

0g'E
0g'E
€€
€€
05'€ —
15°€ N,
433 —_—
S9'€
99°€
89'€
69'€

0€'9
1€9
€9
€€'9
bE'9
S€'9
oto\
05'9
we
€L
vTL T
9Tt

6C'L

€L

€L

9€'L

I/

£'L o
£'L p

z

A

6¢cce

T+6'T
50T
1009

1560
160

2.5 2.0 1.5 1.0 0.5 0.0 -0.!

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

10.0

LLe—
T —
€9~

999
6'99 >

L9L
0'LL W
€LL

£T2T
92T~
g =
sger /.
0'eer
8'9€T

S'69T —

A

-1C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S55



00'0-—

8T'E —

85°€ —
9L'€ —

xara
8L /

6C°L W
0€’L

Ta

Tooe

0°€
€0'C

S6°0
wmnm.m

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0

10.0

1 (ppm)

TE—

£6E —

19—

L9L
0'LL W
€LL

9'9CT ~_
P'8eT 7
6lT 7
6'PET

€U —

Ta

-10

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



00°0-
00°0- e

0T'e—

S9'€—
e —

9T'L
9T'L
ov'L~
WL
95'L
(S'L

Fal

7b

U

0'€
£0°C

0'C
0'C

0.0

0.5

1.0

25 2.0

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35
f1 (ppm)

10.0

£€e—

0'6€ —

€19 —
L'9L
o.RW
€L

02T 4
T'€eT 4
€527 4
€527
€527
b'STT
b'STT
b1
8'82T -
0°62T
€627
96Tt

Pa:

06T —

L

PTLT—

7b

Fal

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



-62.5

10

T
-100
f1 (ppm)

S58

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210



00°0-—

81'€ —

196~
0L'e—
8L/

#8'9
#8'9
589
98'9
0T'L
1L
wL
9L

Tc

WeO

—

Kot

T'€
0C
T'e

0.0

0.5

1.0

25 2.0

3.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35
f1 (ppm)

9.5

e —
b'8€ —

'SS—
19—

L'9L
o.RW
€L

6'€TT —

6'9¢T —
C0ET —

p'8ST —

LU —

MeC

Tc

190 180 170 160 150 140 130 120 110 100 EY 80 70 60 50 40 30 20 10
f1 (ppm)

200



00°0-—

S6'7
161 W
8¢
e
997~
897
0Lz
re—

w9e—

8T'L
61°L
61°L
0L
1L
9L
8T'L
8T'L
0L

7d

6'C
x4

0.0

0.5

1.0

09¢ ~
e

e V
€68 —

15

2.0

25

3.0

19—

L9L
0'LL W
€LL

35

4.5 4.0
f1 (ppm)

5.0

5.5

6.0

ST~
€821
sger/

6.5

7.0

8'THT —

7.5

8.0

8.5

PPLT —

9.5 9.0

10.0

7d

-10

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



s
+60
560
€
[
€T
89T
69T
T
T
€0

STT~.
Viadd

PT'eE—

P9'E —

9L —

Te

Lotz
Fere

€S
€1'T

1961

6

0.0

0.5

2.5 20 1.5 1.0

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35
f1 (ppm)

10.0

09z
ﬁ.oNW.
9
€~

pre
€65 —

19—

L9L
0'LL W
€LL

VLT —

Te

-10

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

S61



-10

10

30 20

|

088 - e
980
o0 — A
LT~ - 16T Pt
mo.ﬂ \ // 16'q 0'6C
vw.ﬂ ~ N 160 0'6€
80C — - K 967 T6E
27
mc.m B b'6€
0S¢ 5'6€
ob'E Lo L'6€
vv.mw . 6'6€
Sb'E ~ T 607 0’0
b L« 0’6y —
vT < I 60T
STy €5 —
9y
7y re
8Ty
Lo
L~
B
962 |8
6.7 N -—— F 160 ==
Lo
Le
T T
o) )
T, L= L .
& 5 17—
O O
Ir= T Tr= :H
- TST—
obTT — o A _J Lseq o 98z
=) 18t
L@ 8'8¢
062t _
YU~ o”oNW
. 0'bLT— 0'6C
L €7 —
Lw ThE—
T'5€—
L

J

|

70 60

80

110 100 20
f1 (ppm)
S62

120

20
130

26 24 22
160 150 140

28
f1 (ppm)

30
170

32
180

34
190

36

200



0s'€
Nm_m/
A

mm.m%

Js

1/

mm.m
mw.m\
8L'€
1784
SL'v
74
74
LY
8Ly
8L

€€9
S€9 V

9L —

OH

H £ oghe

H
I
4]

Methyl ester of 9

———

—

= 8C°¢
FS8'8T

T t6€

660
JAN4

66T
W L0°T
60°€

F oot

F oot

7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15
f1 (ppm)

75

9.5

10.0

I8
9'sT /
6T /
€67
€'6C
+'6C
9'6C
9'67
9'6C
6'1¢
e
9t
785~

L9L
0'LL W
€L

EELT~
L1

-10

10

20

30

40

50

60

70

90

120 110 100
f1 (ppm)
S63

130

OH
H C0aMe
140

150

Q
180 170 160

Methyl ester of 9

190

200



FEE

69t —

ZrE
TE b,
SEP-L .

89°% L
69'F
69" -

n_h..v._
T4

209, N

04

=l
:u.h,‘
Th 2y
T4
it —

2L =

Bt
L
Q54
1574
A

AAF
o=
N
=
/
U,_ @
-
&
b
= =

Mosher’s ester derivative of the methyl ester of 9

-

- 558

= 8t

1T
U

)

e

£0°

T

al
%ﬁ 4%

ok

a9

1 (eparh

RLE

Trl—
LTEE—
58E—
96—
PaE—
P
9EE
§85—

0'E9—

TR

gL
98
m.wm.l\w

gzl
X248
FATA AN
LTI
SRl
R Ta s
ozer!

Fe91—

6T41—
INYAC

Mosher’s ester derivative of the methyl ester of 9

—

14y

S64



-71.49

Ohle

H . Fh
/\/’\/\/\/\/\n/ \g\/ \IH{C Fa
H ToMe o

o]

Mosher’s ester derivative of the methyl ester of 9

T T T T T T T T T T T T T T T T T T
70 -75 -80 -85 -90 -95 -100 -105 -110 -115
f1 (ppm)

S65



o7~
8T

90°€
L0°€ >
60t
(Un4
1354
ay

EIad
LY
8Tt
60t

9EY
LEY
8€Y
85y
6SY
65t
09t
9%
9%

9L—

CCly

|

=»80'€
=50°€

0T
90T
66'0
00T

3.0 2.5 2.0 15 1.0 0.5 0.0 -0

3.5

4.0

50 45
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

S66



[ATAN
€9

LY9—

T'SL
L'9L S

0'LL W
L

'8 /

9°00T —

60T —

CCly

12a

-1C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S67



PrT -~ _
6v'T

1€
1€
68°€ 1
16°€
16°€ |
£6°€
£6'€
86°€
66'€
66°€ 7
E.vﬂ S
|

/l

STy
mmi E—
LT ‘.

954
95"t
(5%
iR
85"
65t

9L—

CCh

OH
12b

L0'€
260'€

2660
0T
6'0

Ro0'1

00T

4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 00 -0.!

50 45
f1 (ppm)

9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5

10.0

TN
9z

+'89
CEL

L'9L
0'LL
L
€L

«Aw\

£T0T —

6'0TT —

CCly
OH
12b

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S68



00°0-
000 >

SET~
8E'T

0S¢
I8¢
[4x4
€5°C

1o
AN
poe/
g
€T
€T
STh
£bb
sbb
ob'b

£b'9—

9L
NNNW
8T'L

€L
€L
€€°L

T'€

0'€

Fare

B 7€
- 0T

0.0

0.5

1.0

S'ST~
8'9¢

15

2.0

S0y —
beb —

25

3.0

R
\

L9L
0'LL W
€LL

35

4.0

4.5
f1 (ppm)

5.0

£'60T —

5.5

6.0

Eu
oz >
oger/

6.5

T8ET —

7.0

7.5

8.0

8'69T —

9.5 9.0 8.5

10.0

-10

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200



9T
e >
w1/

w'e
€'
9T
8'C

1STF
€5°C
SS'C
LS'T
65°€
19°€ W
we

(194
(194
154

v’y
v’y
W'y
W'y
W'y
W
224
224

€8'Ss —

P9 —

9L —

I ](

JSS

NH,

$0°€
€6'C

S6°0
L6'0

Feso

Fs60

0°T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!
f1 (ppm)

10.0

FETANS
6'9¢

Tor—

169
a\
MNN/

L'9L
o.RW
€L

P'60T —

SUT—

o]

AL NH;
13b

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S70



0T
S0'C
S0'C
S0'C
90°C
Pe'T
SE'C
LET
8€'C
9'C
't
6b'C
0S¢
e
6b'€
bL'E
L6
86'€
66'€
00t
10t
[40h4
15a4
[ad
1344

wL
wi
€L
€L
€0°LA
YT'LA
vT'L
8z'L
60,4
60,4
0€°
1€
1€
[AWE

.HNN#

0.0 -0.f

0.5

1.0

b'6C
S'6C
L'6C
8'6¢C
0°0€

15

3.5 3.0 2.5 2.0

4.0

4.5

TeEESSSNE T TSN e
6.5 6.0 5.5 5.0
f1 (ppm)

7.0

S
8.0 7.5

8.5

992

T'0€
£0€
Pob —
beb —

8'99 —
€0L—

s
Ereas
zeer/

SObT —

SUT—

9.0

OH
13aa

9.5

HO.

10.0

-1C

OH
HO
aa
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

220




H0T
5074
507
S0
90 |
(2
827+
0£°Z
€T ;.
662+
0hZ
W
€T
87—

Sh'E
'€
e
89°¢
€6'¢ N
vm.mW
S6'€

1554
1554 >

T€'9 —

69—

OH

NH,

HO

13bb

0T
£00'T

Tss0

Fweo

0.0 0.t

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)

7.5

9.5 9.0 8.5 8.0

10.0

'8¢
9'8C
8'8C
6'8C
1'6C

[434
b'6C
L8 —

8'59 —
69 —

6'€LT —

cq;

2

NH

OH

HO

13bb

<50¢€

-

-10

210 200 190 180 170 160 150 140 130 120 f%1(0 )100 90 80 70 60 50 40 30 20 10
ppm

220

S72



00°0-—

0S¢
18°C
[A°4
£5°C

6€'€
mm.mW
bEE
SEY
9€E'Y
8EY
o'y
1544 M.
0Ly
1744
19'S

9L'S
LL'S
LL'S
LL'S

82

0z’
A
9'L

62°L-t
0€'L
e
'L
e
gcs ]
gcs
Se'L
9g7 1
9g'L
e
e
e

S

S

A

Mosher’s diester of 13aa

F2oc

T 009

F el

Feot|

0T

oT'Tr

=

45 40 35 30 25 20 15 10 05 00 -05 -1.0 -15
f1 (ppm)

90 85 80 75 70 65 60 55 50

9.5

S73



167.5
166.0
165.8

/
<
[
[
[
[

MeQO, 9F3

0
Ph
o o
ojo\/'\)LN/\Ph
CF3 H

Ph”” “OMe

Mosher’s diester of 13aa

dqon®nn  *n © N
NNSSu 1w © 9
NNNRw© ©mun <+ ™
L—— ¢ N ol

T
130 120 110

200 190 180 170 160 150 100 90 80 70 60 50 40 30 20 10 0 -1C
1 (ppm)
¢ 3
INEEN
I
MeO, CF3
> 0
Ph
(e} O
0.__0O
AN~
CFq H
Ph” “OMe
Mosher’s diester of 13aa
T
g g
-69.5 -70.0 -70.5 -71.0 -71.5 -72.0 -72.5 -73.0 -73.5 -74.0
1 (ppm)

S74



W't
(34
Sh'C
9T
P'T
6v'C
0S'C
[4°x4
€5C
AN
wg/
f4%4
vEY
8EY
1872 2N

9

E.ww
98y

S5
09°'S ~_
€LS~
8L/

rL
61°L
e
9T'L
T€L
€L
€€'L
SEL
9L
WL
WL
'L

N">Ph

MeQO QFs
)“\(O
(0]
(0)
CF3
OMe

Ph

Mosher’s diester of rac-13aa

(0]
Ph

o

WL

M

Foct

006
Wwvﬁﬁ

X 590
w‘mnf
007
¥ oo
1 860

T 880
= €80
F 981

F 65'€

Tm.wN

0.0

4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5

f1 (ppm)

5.0

7.0 6.5 6.0

7.5

9.5 9.0 8.5 8.0

10.0

L9E~
Ve

8'eb
Qm¢UY
€588
Tmmvy
¥'SS
S'S9
Qme‘

8'0L
QonuY
L9L

0L
Nmmf
€221 |
£
vt
Lozt
8471
6'42T ]
82T |
5877 1
9871
8'82T
8'82T
62T
RIAR

L6214
L1161
6TET

0'zeT
S'LET
S'LET

£'S9T
8'S9T
0991
adwﬁ\“

'LoT
S'L9T

T

ZT

CF
Ao
(e}
(o}
CF3
OMe

MeO,
Ph

Mosher’s diester of rac-13aa

O
Ph

80 70 60 50 40 30 20

90

11 (ppm)
S75

190 180 170 160 150 140 130 120 110 100

200



MeOQ, QF3
- 0O
Ph
o O
©) O\)\/U\N/\Ph
CF3 H
Ph”” “OMe

Mosher’s diester of rac-13aa

—-Fl.42
—-71.47

-70.7 LB -raa FLD -TiA T2 -71.3

S76

T
FLE

T
20



-

15

6'C 6'GE —
05 I
[4°x4
€5
(5T . s
85 ~ [ s67
09

19°C

ob's
0b'€ 86°C
sb'e eoct
Sh'e

6€'b

6€'b % r
v'b

' W 0T

ot
8% U e
69 Frot
154
1754

A 7 \

€L's . 00T
bL'S
se's r
< ] i

2 swms =

. [ © -

L el
€L
€L
9gL ¢ —
R.Tw —_— —= |[wo|
8eL 4
8e'L
8, 4
b€,
6eL A
b
b2
'L
8b'L o
6L

2.0

2.5

+'88 —

3.0

SS9~
S'0L
ﬁon;/
0'LL
<Ll

|

3.5

4.0

f1 (ppm)

T
5.0

[
5.5

6.0

7.0

7.5

8.0

NH,

9'S9T —
9'69T —

NH,
85
0]

9.0

CF,
OMe
Mosher’s diester of 13bb

9.5
MeO, st
(0]

Ph

CFs
OMe
Mosher’s diester of 13bb

o

O
10.0
O
Ph

MeOQ,
Ph

Ph

-1C

80

90

f1 (ppm)

S77

180 170 160 150 140 130 120 110 100

190

200



—-71.48
71.55

oo J_
NH,
CF,
Ph”” “OMe

Mosher’s diester of 13bb

L
S 3

T T T T T T T T T T T T T
-69.7 -70.0 -70.3 -70.6 -70.9 -71.2 -71.5 -71.8 -72.1 -72.4 -72.7 -73.0 -73.3
f1 (ppm)

S78



Fe
L o
o
n
o
| o
16T~
e
L@ FeE~
voe/
L0op—
o
[ e~
w“wm 3 Fa 55 —
€'e ° §'59
(323 o 9'59
Sb'e S0L
Sb'e = n voL >
8b'E = re r9L
8% ! oz
W | o
«
(447
\
mw.v%
e .
N &
6o/ \ =
o
. M wn
e \
. N 90T —
LS N Lo Lpery
€S 95zt
. N 1\
vLS €71
L2 vy
. €821
WM.W > N S87Tf
: Lw S8z
9L € ssug nm
8€L IRrad | )
6€°L | o 6821 in
WL =) ~ 1621 &
L ~_ =) L6CT S
P o | v s6zTd « <
v ~ 81T T b~
& 0'zet z °
66'L .ce1 | S
N S | o &€t (@) >
0o/ e - z
Z 1) 69T~ o. O 5
" . o
[ Feo 0991 © =}
o ) L6901 L -
~ Om= o -
@ 5
5 o c O 1
0._0O 2 Fo £ o o 2
W > = Z
O 2 n (G} =)
< ro _._Ma c o
£ E= =

Ph
MeO

F3C MeO
My
0
Mosher

9 8 70 60 50 40 30 20 10
S79

100
f1 (ppm)

180 170 160 150 140 130 120 110

190




< O D O
AR
NN
{1y
F>h,,,CF3 0

Fgc MeO O O

Phis__O

MeO NH

Mosher’s diester of rac-13bb

O

- o

T
-70.3 -70.5 -70.7 -70.9 711 -71.3 715 717 719 721 -72.3 72,5
f1 (ppm)

S80



