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IA. General Procedures

NMR spectra were obtained on a Varian Inova 400 (399.96 MHz for 'H; 100.57 MHz for
13C; 376.34 MHz for °F) unless otherwise noted. '"H NMR chemical shifts are reported
in parts per million (ppm) relative to TMS, with the residual solvent peak used as an
internal reference. The chloroform reference peak is set to 7.26 ppm for 'H and 77.23
ppm for '°C. In the case of benzene, the reference peak is set to 7.16 ppm for 'H.
Deuterated methanol is set to a reference peak of 3.31 ppm for 'H and 49.00 ppm for
3C. Multiplicities are reported as follows: singlet (s), doublet (d), doublet of doublets
(dd), doublet of doublets of doublets (ddd), doublet of triplets (dt), triplet (1), quartet (q),
quintet (quin), multiplet (m), and broad resonance (br). Apparent splitting is indicated
with the abbreviation app. IR spectra were obtained on a Perkin-Elmer spectrum BX FT-
IR spectrometer. Melting points were determined with a Mel-Temp 3.0 (Laboratory
Devices Inc) and are uncorrected. HRMS data were obtained on a Micromass AutoSpec
Ultima Magnetic Sector mass spectrometer. Optical rotations were measured on a
Rudolph Research Autopol Ill automatic polarimeter.

IB. Materials and Methods

Pd(OAc). was obtained from Pressure Chemical and used as received, and the
polyoxometalates (Hg[PMogV3Ou40]', and HaiPMo11VO4]?) were synthesized according to
literature procedures. Alkyl acrylates were obtained from Aldrich and used as received
unless otherwise noted. Benzyl acrylate was synthesized according to literature
procedure.® 2-Ethyl pyridine (S2) was purchased from Aldrich and used as received.
Solvents were obtained from Fisher Chemical and used without further purification
unless otherwise noted. THF was purified using an Innovative Technology (IT) solvent
purification system composed of activated alumina, copper catalyst, and molecular
sieves. Flash chromatography was performed on EM Science silica gel 60 (0.040—
0.063 mm particle size, 230-400 mesh). Thin layer chromatography was performed on
Merck TLC plates pre-coated with silica gel 60 F254 or on Baker-flex Aluminum Oxide-
IB flexible sheets where noted.
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Il. Synthesis and Characterization of Substrates S1, S3-S11

>N

Substrate S1 was prepared by Cu-catalyzed coupling between 2-
bromopyridine (Aldrich) and ‘BuMgClI (Alfa Aesar) using a literature procedure.* S1 was
obtained as a yellow oil (Rf = 0.29 in 95:5 pentanes/Et,0). Spectral data (‘H NMR
(CDCl3) and *C{"H} NMR (CDCls)) for S1 matched those reported in the literature.’

~N
%

Substrate S3 was prepared by alkylation of 2-ethylpyridine (Aldrich) with
iodomethane (Aldrich) according to a literature procedure.® 83 was obtained as a yellow
oil (Rf = 0.16 in 95:5 pentanes/Et;0). Spectral data (‘H NMR (CDCls) and *C{'"H} NMR
(CDClg)) for S3 matched those reported in the literature.®
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%

Substrate S4 was prepared by alkylation of 2-n-propylpyridine
(Lancaster Synthesis Inc.) with iodomethane (Aldrich) using a literature procedure.’ S4
was obtained as a yellow oil (R; = 0.3 in 90:10 hexanes/ethyl acetate). '"H NMR (CDCls):
0 8.54 (d, J=4.0 Hz, 1H), 7.59 (dd, J= 7.9, 7.8 Hz, 1H), 7.13-7.07 (multiple peaks, 2H),
2.78 (tq, J=7.2, 6.8 Hz, 1H), 1.76 (d app. quin, J = 13.6, 7.2 Hz, 1H), 1.63 (d app. quin,
J=13.6, 7.2 Hz, 1H), 1.28 (d, J = 6.8 Hz, 3H), 0.84 (, J = 7.2 Hz, 3H). *C{'"H} NMR
(CDCl3): 6 166.71, 149.37, 136.39, 121.78, 121.19, 43.90, 30.20, 20.60, 12.33. HRMS
electrospray (m/z): [M+H]" calcd for CoH14N* 136.1121; found 136.1120.

~N
%

Substrate S5 was prepared from 3-methyl-2-bromopyridine (Matrix
Scientific) and cyclopropylboronic acid (Frontier Scientific) according to the literature
procedure® with extended reaction time (overnight). After the reaction was complete, 3
M HCI solution was added to acidify the reaction mixture and the aqueous layer was
extracted with EtOAc. The aqueous layer was basified with 3 M NaOH solution and the
product was extracted with Et,O. The products were then purified by flash
chromatography using 90:10 petroleum ether/Et,O. This product (S5) was obtained as a
yellow oil (Rs = 0.28 in 90:10 hexanes/ethyl acetate). '"H NMR (CDCls): 6 8.28 (d, J = 4.8
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Hz, 1H), 7.36 (d, J = 7.2 Hz, 1H), 6.93 (dd, J = 7.2, 4.8 Hz, 1H), 2.41 (s, 3H), 2.08 (it, J
= 9.6, 5.2 Hz, 1H), 1.06 (m, 2H), 0.95 (m, 2H). "*C{'"H} NMR (CDCls): § 160.67, 146.77,
136.97, 131.20, 120.29, 19.06, 13.75, 9.00. HRMS electrospray (m/z): [M-H]* calcd for
CoH1oN* 132.0813; found 132.0816.

~N
%

-
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Substrate S6 was prepared by Cu-catalyzed coupling between 2-
bromo-5-methylpyridine (Matrix Scientific) and ‘BuMgCl using a literature procedure.* S6
was obtained as a pale yellow oil (R; = 0.32 in 95:5 pentanes/Et,0). '"H NMR (CDCls): &
8.38 (d, J= 2.4 Hz, 1H), 7.41 (dd, J = 8.0, 2.4 Hz 1H), 7.22 (d, J = 8.0 Hz, 1H), 2.28 (s,
3H), 1.35 (s, 9H). "*C{"H} NMR (CDCls): & 166.67, 149.20, 136.88, 129.87, 118.70,
37.16, 30.47, 18.14. HRMS electrospray (m/z): [M+H]" calcd for CioHigN* 150.1277;
found 150.1275.

~N
%

MeO

-
-

Substrate S7 was prepared by double alkylation® using iodomethane
(Aldrich) of 2-ethyl-4-methoxypyridine prepared according to a literature procedure.” S7
was obtained as a yellow oil (Ri = 0.30 in 90:10 hexanes/ethyl acetate). '"H NMR
(CDCl3): 6 8.40 (d, J =5.6 Hz, 1H), 6.85 (s, 1H) 6.63 (d, J = 5.6 Hz, 1H), 3.84 (s, 3H),
1.35 (s, 9H). "*C{"H} NMR (CDCls): & 171.33, 166.18, 150.19, 106.42, 105.94, 55.15,
37.55, 30.32. HRMS electrospray (m/z): [M+H]* calcd for C1oH1sNO* 166.1226; found
166.1224.
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%
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Substrate S8 was prepared by Cu-catalyzed coupling between 2-
bromo-4-trifluoromethylpyridine (Matrix Scientific) and BuMgCl using a literature
procedure.* S8 was obtained as a yellow oil (R; = 0.3 in 97:3 pentanes/Et,0). 'H NMR
(CDCly): 6 8.73 (d, J = 4.8 Hz, 1H), 7.53 (s, 1H), 7.31 (d, J = 4.8 Hz, 1H), 1.40 (s, 9H).
BC{"H} NMR (CDCls): & 171.34, 149.85, 138.70 (q, Jcr = 34.0 Hz), 123.42 (q, 'Jcr =
271.0 Hz), 116.52 (q, 3Jcr = 4.0 Hz) 114.94 (q, °Jcr = 4.0 Hz), 38.13, 30.26. "°F{'H}
NMR (CDCls): & —64.84. HRMS electrospray (m/z): [M+H]" calcd for CioHi3FsN*
204.0995; found 204.0994.
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Substrate S9 was prepared by Cu-catalyzed coupling between 2-bromo-
6-methylpyridine (Matrix Scientific) and ‘BuMgCl using a literature procedure.* S9 was
obtained as a yellow oil (R; = 0.32 in 95:5 pentanes/Et,0). '"H NMR (CDCls): & 7.47 (app.
t, J=7.6, Hz, 1H), 7.12 (d, J = 7.6 Hz, 1H), 6.92 (d, J = 7.6, 1H), 2.28 (s, 3H), 1.35 (s,
9H). *C{'H} NMR (CDCl3): & 168.84, 157.22, 136.32, 120.12, 115.83, 37.46, 30.45,
25.00. HRMS electrospray (m/z): [M+H]" calcd for C1oH1gN* 150.1277; found 150.1276.

N~ >N 3COo,Et

Substrate S10 was prepared by hydrogenation (10 mol % Pd/C, 0.2
M EtOH, rt, 8 h, 90% yield) of 14. S10 was obtained as a colorless oil (R; = 0.25 in 90:10
hexanes/ethyl acetate). '"H NMR (CDCls): § 8.57 (m, 1H), 7.60 (ddd, J = 7.4, 6.0, 1.2 Hz,
1H), 7.29 (dd, J=8.0, 1.6 Hz, 1H), 7.08 (ddd, J=7.6, 4.8, 1.2, 1H), 4.09 (q, J = 7.2 Hz,
2H), 2.21 (t, J=7.6 Hz, 2H), 1.74 (m, 2H), 1.40 (m, 2H), 1.36 (s, 6H), 1.23 (t, J=7.2 Hz,
3H). ®C{'H} NMR (CDCls): & 173.92, 168.06, 148.95, 136.26, 120.85, 120.09, 60.36,
42.93, 40.53, 35.01, 28.02, 20.58, 14.44. IR (thin film): 1735 cm™. HRMS electrospray
(m/z): [M+H]" calcd for C14H22NO," 236.1645; found 236.1653.

Substrate S11 was prepared by triple alkylation of quinaldine (Alfa
Aesar) with iodomethane (Aldrich) using a literature procedure.’> S11 was obtained as a
yellow oil (Rf = 0.3 in 90:10 hexanes/ethyl acetate). '"H NMR (CDCls): § 8.07 (d, J = 8.8
Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.76 (dd, J= 8.2, 1.2 Hz, 1H), 7.69 (ddd, J = 8.4, 6.8,
1.6 Hz, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.47 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 1.48 (s, 9H).
BC{'H} NMR (CDCls): & 169.45, 147.63, 136.04, 129.63, 129.17, 127.42, 126.64,
125.81, 118.42, 38.33, 30.35. HRMS electrospray (m/z): [M+H]* calcd for CizHigN*
186.1277; found 186.1276.
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lll. Optimization of Reaction Conditions

Table S1. Optimization of catalyst, polyoxometalate, additives and O, for S1

10 mol % [Pd]

3 mol % polyoxometalate

additive
X CO,Et AcOH
temp, air or O, (1-OAc)
Entry [Pd] Polyoxometalate Additives 0O, or Air Temperature Yield
1 Pd(OAc). H4[PMo011VO40] 10 mol % acac O, 90 °C 49%
8 mol % NaOAc
2 Pd(OAc). H4[PMo011VO40] 10 mol % acac air 90 °C 40%
8 mol % NaOAc
3 Pd(OAc). H4[PMo011VO40] 10 mol % acac O, 110 °C 81%
10 mol % NaOAc
4 Pd(OAc), H4[PMo41VQOy] 10 mol % acac air 110°C 83%
10 mol % NaOAc
5 Pd(OAc), H4[PMo011VOy0] None air 110 °C 89%
6 Pd(MeCN),(BF,)» Hg[PMogV3040] 10 mol % NaOAc, air 110 °C 78%
7 Pd(MeCN),(BF,)» H4[PMo41V Q4] 10 mol % NaOAc air 110 °C 92%

Table S2. Optimization of catalyst, polyoxometalate, additives and O, for 2-ethylpyridine

N 10 mol % [Pd] E10:6 7 AcO"
| 3 mol % polyoxometalate +
= 1.02 equiv NaOTf SN
+ AcOH = | _
CO,Et 110 °C, air
N2 (2-OAc)
Entry [Pd] Polyoxometalate Yield
1 Pd(OAC), None 6%
2 PdCl, H4[PMo011VQOy0] 0%
3 Pd,(dba)s; H4[PMo11VQOy0] 39%
4 Pd(OTf), H4[PMo11VQOy0] 53%
5 Pd(OAc), H4[PMo11VQOy0] 68%
6 Pd(MeCN)4(BF4), | He[PM0gV5040] 88%
7 Pd(MeCN)4(BF.), | HPMo;;VOy] 89%

Table S3. Screening of other oxidants

10 mol % Pd(OAc),

oxidant
AcOH -
110 °C, air
(1-OAc)
Entry Oxidant Yield

1 t-butyl hydroperoxide No reaction
2 benzoquinone 25%
3 10 mol % Cu(OAc), 28%
4 3 mol % H4[PMo041VOy] 75%
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IV. Synthesis and Characterization of Cyclized Products 1-11, P1-P5

Standard Procedure A. In a 40 mL vial in air, NaOAc (2.1 mg, 0.025 mmol, 0.1 equiv),
Pd(MeCN)4(BF4)2 (11.11 mg, 0.025 mmol, 0.10 equiv) and H4PMo011VO4o] (13.36 mg,
0.0075 mmol, 0.03 equiv) were combined in AcOH (2 mL). The alkene (1.25 mmol, 5.0
equiv) was added, followed by addition of substrate (0.25 mmol, 1.0 equiv), after which
the vial was sealed with a Teflon-lined cap, and the resulting solution was heated at 110
°C for 18 h. The reaction was then cooled to room temperature and filtered through a
short celite plug, which was washed with MeOH (1 mL). The AcOH and MeOH were
removed under reduced pressure, and the remaining salts were dried under vacuum.
Water (1 mL) was added to dissolve the cyclized product and the solution was filtered
through a short celite plug to remove the polyoxometalate and catalyst. The celite was
rinsed with 1 mL of water. The water layers were combined and the water was removed
under reduced pressure followed by addition of 1 mL of saturated aqueous solution of
NaBF, to exchange the AcO™ counterion. The organic BF4~ salt was then extracted into
CH.Cl> (5 x 2 mL). The CH.Cl, layers were combined and dried with MgSO,4. The
solvent was removed under reduced pressure to provide the product.

Standard Procedure B. In a 40 mL vial in air, NaOTf (47.3 mg, 0.275 mmol, 1.1 equiv),
Pd(MeCN)4(BF4)2 (11.11 mg, 0.025 mmol, 0.10 equiv) and H4PMo011VO4o] (13.36 mg,
0.0075 mmol, 0.03 equiv) were combined in AcOH (2 mL). The alkene (1.25 mmol, 5.0
equiv) was added followed by addition of substrate (0.25 mmol, 1.0 equiv), after which
the vial was sealed with a Teflon-lined cap, and the resulting solution was heated at 110
°C for 18 h. The reaction was then cooled to room temperature and filtered through a
short celite plug, which was washed with MeOH (1 mL). The AcOH and MeOH were
removed under reduced pressure, and the remaining salts were dried under vacuum.
Water (1 mL) was added to dissolve the cyclized product and the solution was filtered
through a short celite plug to remove the polyoxometalate and catalyst. The celite was
rinsed with 1 mL of water. The water layers were combined and the water was removed
under reduced pressure. The remaining salt was dissolved in a saturated NaHCO;
solution and the TfO™ salt of the product was extracted into CH>Cl, (5 x 2 mL). The
CH2Cl, layers were combined and dried with MgSO,4. The solvent was removed under
reduced pressure to provide the product.

Products 3-5 were isolated as inseparable mixtures of diastereomers. Analysis by

COSY and HSQC allowed for assignment of the 'H and '*C NMR resonances
associated with each diastereomer.
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Product 1 was prepared from S1 and ethyl acrylate using standard
procedure A and was obtained in 90% yield as an orange oil. '"H NMR (CDCls): & 8.80
(d, J=6.4 Hz, 1H), 8.38 (app. t, J=7.6 Hz, 1H), 7.87 (dd, J= 7.6, 6.4 Hz, 1H), 7.76 (d,
J=7.6 Hz, 1H), 5.46 (m, 1H), 4.09 (g, J = 7.2 Hz, 2H), 3.31 (dd, J=17.2, 3.8 Hz, 1H),
3.27 (dd, J=17.2, 4.6 Hz, 1H), 2.60 (dd, J = 13.1, 7.7 Hz, 1H), 2.24 (dd, J = 13.1, 9.4
Hz, 1H), 1.56 (s, 3H), 1.42 (s, 3H), 1.19 (t, J = 7.2 Hz, 3H). *C{'H} NMR (CDCls): §
169.64, 165.45, 146.42, 140.26, 126.82, 122.58, 65.14, 61.73, 44.46, 42.39, 37.07,
28.44, 27.36, 14.22. ®F{'"H} NMR (CDCls): & —152.15, —152.20. IR (thin film): 1731 cm™.
HRMS electrospray (m/z): [M]" calcd for C14H20NO2" 234.1489; found 234.1488.

EtO,C, o7t

+
>N

=

Product 2 was prepared from S2 and ethyl acrylate using standard
procedure B and was obtained in 89% vyield as a pale yellow oil. '"H NMR (CDCls): 8
8.89 (d, J = 6.2 Hz, 1H), 8.29 (app. t, J = 7.8 Hz, 1H), 7.85-7.80 (multiple peaks, 2H),
5.50 (m, 1H), 4.10 (dq, J=10.8, 7.2 Hz, 1H), 4.07 (dq, J=10.8, 7.2 Hz, 1H), 3.61 (dd, J
=19.2, 7.6 Hz, 1H), 3.54 (dd, J=19.2, 7.2 Hz, 1H), 3.26 (dd, J=17.8, 5.8 Hz, 1H), 3.20
(dd, J = 17.8, 4.6 Hz, 1H), 2.82 (m, 1H), 2.30 (m, 1H), 1.18 (t, J = 7.2 Hz, 3H). *C{'H}
NMR (CDCls): § 169.55, 159.24, 145.53, 140.64, 126.35, 125.03, 120.77 (q, 'Jcr = 318
Hz), 67.56 61.62, 38.10, 31.53, 26.93, 14.09. *F{'H} NMR (CDCls): & —78.43. IR (thin
film): 1730 cm™. HRMS electrospray (m/z): [M]* calcd for C12H1gNO2* 206.1176; found
206.1172.

~N
%

Product 3 was prepared from S3 and ethyl acrylate using standard
procedure B and was obtained in 81% vyield as an orange oil. This compound was
isolated as a 1.2:1 mixture of inseparable diastereomers. '"H NMR (CDCls) major
diastereomer: 6 8.93 (d, J = 5.6 Hz, 1H), 8.35 (dd, J = 8.0, 7.6 Hz, 1H), 7.88-7.80
(multiple peaks, 2H), 5.51 (m, 1H), 4.08 (q, J = 7.2 Hz, 2H), 3.89 (m, 1H), 3.18-3.06
(multiple peaks, 2H), 2.54 (m, 1H), 2.44 (m, 1H), 1.48 (d, J=7.2 Hz, 3H), 1.19 (t, J=7.2
Hz, 3H). minor diastereomer: § 8.83 (d, J = 5.6 Hz, 1H), 8.35 (app. t, J = 7.6 Hz, 1H),
7.85-7.80 (multiple peaks, 2H), 5.39 (m, 1H), 4.08 (q, J = 7.2 Hz, 2H), 3.79 (m, 1H),
3.35-3.22 (multiple peaks, 2H), 2.97 (m, 1H), 1.94 (m, 1H), 1.52 (d, J = 6.8 Hz, 3H),
1.19 (t, J = 7.2 Hz, 3H). "*C{'H} NMR (CDCls) major diastereomer:  169.72, 162.43,
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146.26, 140.83, 126.66, 124.06, 120.81 (q, 'Jcr = 318 Hz), 66.54, 61.66, 38.40, 38.24,
35.65, 18.11, 14.14. minor diastereomer: & 169.49, 162.46, 145.78, 140.02, 126.44,
123.74, 120.81 (q, 'Jor = 318 Hz), 66.26, 61.66, 38.18, 37.06, 36.15, 17.67, 14.14.
F{'H} NMR (CDCls): & —78.35. IR (thin film): 1732 cm™. HRMS electrospray (m/z): [M]*
calcd for C13H1gNO2* 220.1332; found 220.1331.

+
>N

=

Product 4 was prepared from S4 and ethyl acrylate using standard
procedure B and was obtained in 55% vyield as an orange oil. This compound was
isolated as a 1.2:1 mixture of inseparable diastereomers. '"H NMR (CDCls) major
diastereomer: § 8.93 (d, J = 6.0 Hz, 1H), 8.41 (app. t, J = 8.0 Hz, 1H), 7.91-7.84
(multiple peaks, 2H), 5.52 (m, 1H), 4.11 (d app. q, J = 7.2, 5.6 Hz, 2H), 3.77 (m, 1H),
3.17-3.15 (multiple peaks, 2H), 2.53-2.49 (multiple peaks, 2H), 2.07 (m, 1H), 1.70 (m,
1H), 1.22 (t, J=7.2 Hz, 3H), 1.08 (t, J = 4.8 Hz, 3H). minor diastereomer: 6 8.85 (d, J =
6.4 Hz, 1H), 8.39 (app. t, J= 7.6 Hz, 1H), 7.91-7.84 (multiple peaks, 2H), 5.40 (m, 1H),
411 (d app. q, J=7.2, 5.6 Hz, 2H), 3.69 (m, 1H), 3.32-3.30 (multiple peaks, 2H), 2.97
(dt, J=12.8, 8.4 Hz, 1H), 2.19 (m, 1H), 1.97 (m, 1H), 1.70 (m, 1H), 1.22 (t, J = 7.2 Hz,
3H), 1.05 (t, J = 4.9 Hz, 3H). *C{'"H} NMR (CDCls) major diastereomer.  169.73,
161.58, 145.91, 140.50, 126.77, 124.17, 120.80 (q, 'Jcr = 318 Hz), 66.57, 61.68, 44.67,
38.46, 33.45, 25.64, 14.14, 11.40. minor diastereomer. 6 169.39, 161.48, 145.50,
141.23, 126.50, 123.82, 120.80 (q, 'Jor = 318 Hz), 66.31, 61.68, 44.85, 37.03, 33.06,
26.35, 14.14, 11.50. F{'"H} NMR (CDCls):  —78.40. IR (thin film): 1733 cm™. HRMS
electrospray (m/z): [M]" calcd for C14H20NO," 234.1486; found 234.1489.

Et0,C
—oTf
+
TN\
Z
H

Product 5 was prepared from S5 and ethyl acrylate using standard
procedure B and was obtained in 43% vyield as a green oil. This compound was isolated
as a 2.4:1 mixture of inseparable diastereomers. The stereochemical assignment was
determined by nOe as shown in Figure 1. '"H NMR (CDCls) major diastereomer. & 8.77
(d, J=6.0 Hz, 1H), 8.12 (d, J=7.6 Hz, 1H), 7.70 (app. t, J= 7.6 Hz, 1H), 5.51 (m, 1H),
4.08 (g, J=7.2 Hz, 2H), 3.24 (dd, J=17.0, 6.0 Hz, 1H), 3.14 (dd, J=17.0, 4.4 Hz, 1H),
3.06 (m, 1H), 2.61 (s, 3H), 2.41 (app. q, J = 5.2 Hz, 1H), 1.68 (app. g, J = 8.0 Hz, 1H),
1.19 (t, J = 7.2 Hz, 3H), 0.93 (m, 1H). minor diastereomer: § 8.64 (d, J = 6.0 Hz, 1H),
8.12 (d, J=7.4 Hz, 1H), 7.68 (app. t, J = 7.4 Hz, 1H), 5.66 (m, 1H), 4.20 (dd, J = 7.0,
2.0 Hz, 1H), 4.17 (dd, J = 7.0, 2.0 Hz, 1H), 3.46 (m, 1H), 3.06 (m, 1H), 2.94 (dd, J =
16.8, 8.8 Hz, 1H), 2.78 (m, 1H), 2.60 (s, 3H), 1.52 (app. q, J = 6.0 Hz, 1H), 1.29 (t, J =
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7.2 Hz, 3H), 0.93 (m, 1H). *C{'"H} NMR (CDCls) major diastereomer: & 169.02, 159.30,
145.91, 139.02, 134.80, 125.44, 120.78 (q, 'Jcr = 318 Hz), 69.71, 61.58, 39.98, 23.06,
20.74, 18.21, 17.07, 14.13, minor diastereomer. 6 169.62, 159.30, 145.91, 138.74,
135.45, 125.63, 120.78 (q, 'Jcr = 318 Hz), 68.07, 61.85, 37.44, 22.01, 20.59, 18.11,
14.20 13.56. '"F{'H} NMR (CDCls): & —78.50. IR (thin film): 1734 cm”. HRMS
electrospray (m/z): [M]" calcd for C14H1sNO,* 232.1332; found 232.1332.

Figure S1. Observed nOes for 5:

5 59, 2.1%
R
H 11.9%
1.2%
¥ | 25% H o WHL H
H  H_H &

N~ H —7 H
7+ 3 Me H
=, U

Me MH

1.4%
major: minor:

Product 6 was prepared from S6 and ethyl acrylate using standard
procedure A and was obtained in 70% yield as an orange oil. '"H NMR (CDCls):  8.69
(s, 1H), 8.19 (d, J = 8.2 Hz, 1H), 7.68 (d, J = 8.2 Hz, 1H), 5.47 (m, 1H), 4.13 (q, J=7.2
Hz, 2H), 3.36 (dd, J = 18.1, 6.0 Hz, 1H), 3.32 (dd, J = 18.1, 4.6 Hz, 1H), 2.62 (dd, J =
13.2, 7.6 Hz, 1H), 2.57 (s, 3H), 2.25 (dd, J = 13.2, 9.6 Hz, 1H), 1.59 (s, 3H), 1.43 (s,
3H), 1.24 (t, J = 7.2 Hz, 3H). "*C{'"H} NMR (CDCl3): § 169.65, 162.61, 147.18, 139.31,
138.17, 121.87, 64.94, 61.60, 44.01, 42.45, 37.04, 28.47, 27.40, 18.40, 14.19. *F{'H}
NMR (CDCls): 8 —151.97, —152.03. IR (thin film): 1733 cm™. HRMS electrospray (m/z):
[M]* calcd for C1sH2oNO,* 248.1645; found 248.1646.

Product 7 was prepared from S7 and ethyl acrylate using
standard procedure A and was obtained in 71% yield as an orange oil. '"H NMR (CDCly):
08.55(d, J=7.2Hz, 1H), 7.30 (dd, J=7.2, 2.8 Hz, 1H), 7.11 (d, J = 2.8 Hz, 1H), 5.24
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(m, 1H), 4.13 (q, J = 7.2 Hz, 2H), 4.10 (s, 3H), 3.21 (dd, J = 17.6, 4.8 Hz, 1H), 3.15 (dd,
J=17.6, 6.0 Hz, 1H), 2.57 (dd, J = 13.2, 7.2 Hz, 1H), 2.18 (dd, J = 13.2, 9.2, 1H), 1.55
(s, 3H), 1.41 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H). "*C{"H} NMR (CDCls): 6 172.51, 169.82,
167.32, 140.90, 113.06, 107.10, 63.06, 61.72, 58.16, 44.17, 43.07, 37.34, 28.32, 27.24,
14.19. F{'H} NMR (CDCls): &6 —152.48, —152.54. IR (thin film): 1733 cm™. HRMS
electrospray (m/z): [M]" calcd for C1sH2oNO3* 264.1594; found 264.1596.

Product 8 was prepared from S8 and ethyl acrylate using
standard procedure A and was obtained in 75% yield as an orange oil. '"H NMR (CDCly):
8 9.02 (d, J=6.4 Hz, 1H), 8.04 (d, J = 6.0 Hz, 1H), 7.92 (s, 1H), 5.49 (m, 1H), 4.05 (q, J
= 7.2 Hz, 2H), 3.30 (dd, J = 17.8, 4.4 Hz, 1H), 3.24 (dd, J = 17.8, 6.8 Hz, 1H), 2.62 (dd,
J=13.2,8.0 Hz, 1H), 2.23 (dd, J = 13.2, 9.6 Hz, 1H), 1.72 (s, 3H), 1.60 (s, 3H), 1.21 (t,
J = 7.2 Hz, 3H). ®C{'"H} NMR (CDCIl; with minimal CDsOD added for solubility): &
169.60, 167.69, 146.42 (g, 2Jcr = 36.1 Hz), 142.55 (q, 3Jor = 3.1 Hz), 123.36, 121.13 (q,
"ok = 273.2 Hz), 119.04 (q, 3Jcr = 3.4 Hz), 66.26, 61.80, 44.99, 42.25, 36.53, 28.02,
27.00, 13.94. F{'H} NMR (CDCls): 8 —65.24, —152.68, —152.74. IR (thin film): 1733
cm™. HRMS electrospray (m/z): [M]* calcd for C1sH1oFsNO2* 302.1362; found 302.1362.

Et0,C_— gF,

Product 9 was prepared from S9 and ethyl acrylate using standard
procedure A and was obtained in 36% yield as an orange oil. '"H NMR (CDCls): § 8.28
(dd, J=8.0, 7.6 Hz, 1H), 7.66-7.61 (multiple peaks, 2H), 5.59 (m, 1H), 4.18 (q, J=7.2
Hz, 2H), 3.08 (dd, J = 16.6, 2.4 Hz, 1H), 2.94 (dd, J = 16.4, 9.6 Hz, 1H), 2.85 (s, 3H),
2.77 (dd, J = 14.0, 9.6 Hz, 1H), 2.19 (dd, J = 14.0, 2.4 Hz, 1H), 1.56 (s, 3H), 1.52 (s,
3H), 1.27 (t, J = 7.2 Hz, 3H). "*C{'"H} NMR (CDCl3): & 168.98, 165.89, 152.74, 146.25,
128.52, 120.70, 64.47, 61.87, 44.80, 41.32, 39.28, 30.28, 29.49, 19.97, 14.23. *F{'H}
NMR (CDCls): 8 —153.22, —153.27. IR (thin film): 1733 cm™. HRMS electrospray (m/z):
[M]* calcd for C1sH22NO>" 248.1645; found 248.1645.
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Product 10 was prepared from S10 and ethyl acrylate using standard
procedure A and was obtained in 49% vyield as a 1:1 mixture of diastereomers as an
orange oil. However, the assignment of specific NMR peaks to each diastereomer was
not possible due to the number of overlapping resonances. '"H NMR (CDCls, 500 MHz):
68.83 (d, J=4.8 Hz, 1H), 8.80 (d, J=4.8 Hz, 1H), 8.40 (app t. J = 6.4 Hz, 2H), 7.89 (m,
2H), 7.80 (d, J = 6.4 Hz, 1H), 7.77 (d, J = 6.8 Hz, 1H), 5.46-5.41 (multiple peaks, 2H),
4.11-4.04 (multiple peaks, 8H), 3.29-3.27 (multiple peaks, 4H), 2.75 (dd, J = 10.8, 6.4
Hz, 1H), 2.49 (dd, J=10.8, 6.4 Hz, 1H), 2.33 (m, 2H), 2.26 (t, J= 5.6 Hz, 2H), 2.15 (dd,
J=11.0, 7.4 Hz, 1H), 1.95-1.82 (multiple peaks, 2H), 1.76-1.38 (multiple peaks, 13H),
1.23-1.18 (multiple peaks, 12H). *C{'H} NMR (CDCl;, 125 MHz): & 173.16, 173.08,
169.72 (2C), 169.53, 164.62, 146.13, 145.96, 140.66 (2C), 126.98, 126.86, 123.01,
122.71, 65.42, 65.08, 61.77, 60.77, 47.96, 47.91, 40.03, 40.01, 39.33, 38.34, 37.20,
36.50, 33.77, 33.59, 26.28, 25.21, 23.19, 19.89, 19.72, 14.43, 14.40, 14.21. *F{'H}
NMR (CDCls): 8 —151.92, —151.97. IR (thin film): 1727 cm™. HRMS electrospray (m/z):
[M]" calcd for C1gH2sNO4* 334.2013; found 334.2008.

Product 11 was prepared from S11 and ethyl acrylate using
standard procedure A and was obtained in 39% yield as a yellow oil. '"H NMR (CDCls): 8
8.99 (d, J=8.4 Hz, 1H), 8.26 (d, J = 8.0 Hz, 1H), 8.22-8.14 (multiple peaks, 2H), 7.92-
7.88 (multiple peaks, 2H), 6.13 (m, 1H), 4.17-4.07 (multiple peaks, 2H), 3.28 (dd, J =
16.8, 2.4 Hz, 1H), 3.07 (dd, J=16.4, 9.6 Hz, 1H), 2.96 (dd, J = 13.6, 9.6 Hz, 1H), 2.37
(dd, J = 13.6, 2.0 Hz, 1H), 1.69 (s, 3H), 1.65 (s, 3H), 1.27 (t, J = 6.8 Hz, 3H). *C{'H}
NMR (CDCl3): 6 169.24 (2C), 148.92, 136.05, 135.88, 131.12, 129.94, 129.46, 118.76,
117.96, 63.93, 61.99, 46.62, 41.34, 39.47, 29.57 (2C), 14.26. *F{'H} NMR (CDCls): § —
153.22, —153.27. IR (thin film): 1733 cm™. HRMS electrospray (m/z): [M]" calcd for
C18H22N02+ 2841645, found 284.1645.

nBUOZC —| BF4'

.
.,
‘%

Product P1 was prepared from S1 and n-butyl acrylate using standard
procedure A and was obtained in 80% yield as an orange oil. '"H NMR (CDCls): § 8.84
(d, J=6.2 Hz, 1H), 8.43 (dd, J=8.0, 7.6 Hz, 1H), 7.91 (dd, J=7.2, 6.2 Hz, 1H), 7.81 (d,
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8.0 Hz, 1H), 5.50 (m, 1H), 4.07 (app. t, J = 10.8 Hz, 2H), 3.33 (app. d, J = 4.8 Hz, 2H),
2.64 (dd, J = 13.2, 7.6 Hz, 1H), 2.27 (dd, J = 13.2, 9.4 Hz, 1H), 1.61-1.55 (multiple
peaks, 5H), 1.46 (s, 3H), 1.38-1.31 (multiple peaks, 2H), 0.92 (t, J = 6.8 Hz, 3H). *C{'H}
NMR (CDCls): & 169.61, 165.41, 146.63, 139.94, 126.74, 122.84, 65.47, 65.09, 44.39,
42.34, 37.12, 30.52, 28.27, 27.30, 19.13, 13.78. *F{'H} NMR (CDCl3): & —152.51, —
152.57. IR (thin film): 1731 cm™. HRMS electrospray (m/z): [M]* calcd for C1gH2sNO2*
262.1802; found 262.1802.

BnOZC —| BF4'

.,
‘%

Product P2 was prepared from S1 and benzyl acrylate using standard
procedure A and was obtained in 75% yield as a yellow oil. '"H NMR (CDCls): § 8.77 (d,
J=6.4 Hz, 1H), 8.28 (dd, J=8.0, 7.6 Hz, 1H), 7.79 (app. t, J = 6.4 Hz, 1H), 7.65 (d, 8.0
Hz, 1H), 7.31-7.22 (multiple peaks, 5H), 5.46 (m, 1H), 5.05 (s, 2H), 3.35 (dd, J = 15.8,
3.4 Hz, 1H), 3.32 (dd, J = 15.8, 2.6 Hz, 1H), 2.54 (dd, J=13.2, 7.6 Hz, 1H), 2.19 (dd, J
=13.2, 9.6 Hz, 1H), 1.49 (s, 3H), 1.38 (s, 3H). *C{'"H} NMR (CDCls): 6 169.42, 165.34,
146.26, 140.35, 135.19, 128.89, 128.83, 128.81, 126.74, 122.37, 67.48, 65.12, 44.39,
42.29, 36.96, 28.42, 27.24. F{'H} NMR (CDCls): & —152.00, —152.05. IR (thin film):
1735 cm™. HRMS electrospray (m/z): [M]* calcd for CioH2oNO5* 296.1645; found
296.1646.

Product P3 was prepared from S1 and acrylic acid (Aldrich) using
standard procedure A. After removal of the acetic acid and methanol, NMR analysis of
crude mixture shows 69% vyield; however, the carboxylic acid product was inseparable
from acrylic acid oligomers. A pure sample of P3 for characterization was obtained as
the chloride salt through hydrolysis of 1.2 '"H NMR (CDsOD) for P3: & 8.84 (d, J = 6.0 Hz,
1H), 8.44 (app. t, J=7.6 Hz, 1H), 7.99 (d, J=8.0 Hz, 1H), 7.87 (app. t, J = 6.4 Hz, 1H),
5.37 (m, 1H), 3.27 (dd, J= 18.6, 4.8 Hz, 1H), 3.14 (dd, J= 17.6, 6.8 Hz, 1H), 2.60 (dd, J
=14.2, 5.6 Hz, 1H), 2.19 (dd, J = 13.2, 8.8 Hz, 1H), 1.53 (s, 3H), 1.39 (s, 3H). "*C{'H}
NMR (CD3sOD): 6 171.09, 165.76, 146.29, 139.69, 126.16, 122.82, 65.28, 43.99, 42.14,
36.98, 27.01, 26.22. IR (thin film): 2971, 1732 cm™. HRMS electrospray (m/z): [M]*
calcd for C12H16NO2" 206.1176; found 206.1172.
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Product P4 was prepared from S1 and N,N-dimethyl acrylamide
(Aldrich) using standard procedure A. After removal of the acetic acid and methanol,
NMR analysis of crude mixture shows 55% yield. Water was added and the solution
was washed with (5 x 2 mL) of CH.Cl, to remove the acrylamide oligomers,
polyoxometalate and catalyst. The water was removed under reduced pressure and 1
mL of saturated NaBF, solution was added. The product was extracted with (5 x 1 mL)
CHCl, as a BF,4 salt. The CHCl, layers were combined, dried with MgSO,, filtered and
evaporated to afford the product in 40% yield as a yellow oil. 'H NMR (CDCls): & 8.80 (d,
J=6.0 Hz, 1H), 8.38 (app. t, J = 7.6 Hz, 1H), 7.82-7.78 (multiple peaks, 2H), 5.47 (m,
1H), 3.42 (dd, J = 17.6, 5.2 Hz, 1H), 3.23 (dd, J = 17.6, 5.2 Hz, 1H), 3.04 (s, 3H), 2.91
(s, 8H), 2.57 (dd, J = 13.0, 7.6 Hz, 1H), 2.36 (dd, J = 13.0, 10.0 Hz, 1H), 1.59 (s, 3H),
1.41 (s, 3H). *C{'"H} NMR (CDCls): & 168.66, 165.51, 146.12, 140.22, 126.55, 122.47,
65.78, 44.23, 42.80, 37.28, 36.68, 35.65, 28.33, 27.03. "F{'H} NMR (CDCls): & —
152.07, —152.13. IR (thin film): 1652 cm™. HRMS electrospray (m/z): [M]* calcd for
C14H21N20+ 233.1648; found 233.1648.

Product P5 was prepared from S1 and ethyl vinyl ketone (Aldrich,
freshly distilled prior to use) using standard procedure A and was obtained in 40% vyield
as a yellow solid. Mp = 102-105 °C. '"H NMR (CDCls):  8.74 (d, J = 6.4 Hz, 1H), 8.41
(app.t, J=7.2 Hz, 1H), 7.85 (app t., J= 7.6 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 5.39 (m,
1H), 3.60 (dd, J = 19.2, 4.8 Hz, 1H), 3.38 (dd, J = 18.8, 6.4 Hz, 1H), 2.64 (dd, J = 13.2,
7.6 Hz, 1H), 2.56 (m, 2H), 2.19 (dd, J = 13.2, 9.6 Hz, 1H), 1.59 (s, 3H), 1.43 (s, 3H),
1.02 (t, J = 7.2 Hz, 3H). *C{'"H} NMR (CDCls): & 208.34, 165.39, 146.30, 140.09,
126.82, 122.59, 64.90, 44.89, 44.46, 42.80, 36.21, 28.30, 27.34, 7.55. "°F{'"H} NMR
(CDCl3): & —152.12, —152.17. IR (thin film): 1714 cm™. HRMS electrospray (m/z): [M]*
calcd for C14H20NO™ 218.1539; found 218.1537.
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V. Reductions of Pyridinium Salts

To a 25 mL flask were added 2 (147 mg, 0.50 mmol), PtO, (11 mg, 0.048
mmol, 10 mol %, Aldrich), and ethanol (5 mL). Hydrogen was bubbled through the
resulting suspension for 5 min, and then the mixture was stirred at room temperature for
14 h under a balloon of hydrogen. The resulting suspension was filtered through a plug
of glass wool, and the solvent was removed under vacuum. The crude product was
dissolved in CHxCl, (80 mL) and washed with 1 M aqueous NaOH (1 x 20 mL). The
aqueous layer was extracted with CHxCl, (2 x 30 mL), and the CH.Cl, extracts were
combined, dried over Na>SO,, and concentrated under vacuum. 'H NMR spectroscopic
analysis of the crude product showed a 28:1 ratio of two diastereomeric products. The
crude product was purified by chromatography on basic alumina by gradient elution
starting with 955 and ending with 90:10 hexanes/ethyl acetate to provide
diastereomerically pure 12 as a colorless oil (79 mg, 75% yield, R; = 0.31 in 90:10
hexanes/ethyl acetate on an alumina TLC plate). The stereochemistry of 12 was
determined by nOe analysis (Figure 2). '"H NMR (CDCls): & 4.13 (g, J = 7.2 Hz, 2H),
3.05 (m, 1H), 2.68 (dd, J = 14.8, 4.0 Hz, 1H), 2.53 (dtd, J =9.2, 7.8, 4.0 Hz, 1H), 2.26
(dd, J=14.8, 9.2 Hz, 1H), 1.99-1.86 (multiple peaks, 2H), 1.86 (ddd, J=12.4, 10.8, 3.2
Hz, 1H), 1.80-1.71 (multiple peaks, 3H), 1.65 (m, 1H), 1.53-1.41 (multiple peaks, 2H),
1.35 (qd, J=11.2, 6.8 Hz, 1H), 1.25 (t, J = 7.2 Hz, 3H), 1.23-1.15 (multiple peaks, 2H).
BC{'H} NMR (CDCls): 8 172.66, 65.31, 61.51, 60.40, 51.46, 39.18, 31.39, 29.24, 28.81,
25.62, 24.46, 14.42. IR (thin film): 1736 cm™. HRMS electrospray (m/z): [M+H]* calcd for
C12H22N02+ 2121645, found 212.1647.

Figure S2. Observed nOes for 12:
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EtO,C

To a 25 mL flask were added 2 (147 mg, 0.50 mmol) and ethanol (5 mL).
The solution was cooled to 0°C in an ice bath and NaBH,4 (49 mg, 1.3 mmol, 2.6 equiv,
Aldrich) was added slowly over 5 min. The reaction mixture was stirred at 0 °C for 6 h,
warmed to room temperature, and stirred for an additional 4 h. Water (1 mL) was added,
and the reaction was concentrated to ~2 mL. The resulting white slurry was partitioned
between CHxCl, (15 mL) and water (15 mL), and the pH of the aqueous layer was
adjusted to ~10 by addition of K;CO3. The layers were separated, and the aqueous
layer was extracted with CHxCl» (2 x 15 mL). The CHxCI, extracts were combined, dried
with NazSO,, and concentrated under vacuum to give a colorless oil. '"H NMR analysis
of the crude product showed a 2.3:1 ratio of two diastereomeric products. The crude
products were purified by chromatography on basic alumina by gradient elution starting
with 98:2 and ending with 90:10 hexanes/ethyl acetate to provide the products 13A and
13B.

Product 13A was isolated as a colorless oil (60 mg, 57% yield, R; = 0.33
in 95:5 CH2Clo/MeOH on a silica gel TLC plate). '"H NMR (CDCls): 8 5.75 (m, 1H), 5.71
(m, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.44 (ddd, J = 16.0, 4.0, 2.4 Hz, 1H), 2.73 (m, 1H),
2.72 (dd, J=14.4, 4.8 Hz, 1H), 2.67 (dddd, J=12.4, 8.8, 8.0, 4.4 Hz, 1H), 2.32 (dd, J =
14.4, 8.8 Hz, 1H), 2.36-2.21 (multiple peaks, 2H), 2.08-1.90 (multiple peaks, 3H), 1.53
(dddd, J=12.4,10.8, 6.4, 4.8 Hz, 1H), 1.42 (dddd, J=12.4, 10.8, 8.4, 6.4 Hz, 1H), 1.26
(t, J= 7.2 Hz, 3H). *C{'H} NMR (CDCls): § 172.54, 125.57, 125.29, 62.32, 60.53, 60.50,
51.50, 39.55, 33.07, 29.64, 29.05, 14.45. IR (thin film): 3033, 1734, 1656 cm™. HRMS
electrospray (m/z): [M+H]" calcd for C12H2oNO2" 210.1489; found 210.1487.

The stereochemistry of 13A was confirmed by hydrogenation to form 12 in the following
manner: To a 25 mL flask were added 13A (21 mg, 0.10 mmol), PtO, (2 mg, 0.009
mmol, 9 mol %), and ethanol (1 mL). Hydrogen was bubbled through the resulting
suspension, and then the mixture was stirred at room temperature for 14 h under a
balloon of hydrogen. The suspension was filtered through a plug of glass wool, and the
solvent was removed under vacuum. The 'H NMR spectrum of the crude product
matched that of 12.
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Product 13B was isolated as a colorless oil (25 mg, 24% vyield, R; = 0.32
in 90:10 CHxCI,/MeOH on a silica gel TLC plate). The stereochemistry of 13B was
determined by nOe analysis (Figure 3). '"H NMR (C¢D¢): & 5.65 (ddddd, J = 10.0, 4.0,
2.8,2.4,2.0 Hz, 1H), 5.55 (ddq, J=10.0, 4.0, 2.0 Hz, 1H), 3.97 (q, J= 7.2 Hz, 2H), 3.70
(dddd, J = 9.2, 8.0, 4.8, 3.2 Hz, 1H), 3.16 (dddt, J = 16.8, 4.0, 3.6, 2.0 Hz, 1H), 3.08
(ddqg, J=16.8, 4.0, 2.0 Hz, 1H), 2.68 (ddt, J = 8.8, 6.8, 5.6 Hz, 1H), 2.46 (dd, J = 14.4,
4.8 Hz, 1H), 2.04 (dd, J=14.4, 9.2 Hz, 1H), 2.03 (dddd, J=12.8, 10.4, 8.0, 6.8 Hz, 1H),
1.87-1.82 (multiple peaks, 2H), 1.78 (ddt, J = 12.4, 10.0, 6.8 Hz, 1H), 1.56 (dddd, J =
12.8, 10.0, 4.4, 3.2 Hz, 1H), 1.24 (dddd, J=12.4, 10.4, 5.6, 4.4 Hz, 1H), 0.97 (t, J=7.2
Hz, 3H). *C{'H} NMR (CDCls): & 173.05, 125.44, 125.21, 60.59, 57.75, 54.84, 46.19,
35.53, 31.75, 29.84, 28.56, 14.45. IR (thin film): 3030, 1733, 1659 cm'. HRMS
electrospray (m/z): [M+H]" calcd for C12H2oNO2" 210.1489; found 210.1488.

Figure S3. Observed nOes for 13B:
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VI. Formation of the Linear Heck Products

Standard procedure for Formation of the Linear Heck Product

To a 25 mL flask charged with the appropriate pyridinium salt (0.50 mmol, 1.0 equiv)
under nitrogen was added 10 mL of dry CH.Cl, followed by 1,8-
diazabicyclo[5.4.0Jundec-7-ene (150 uL, 1.0 mmol, 2.0 equiv, Aldrich). The reaction was
stirred for 1h at room temperature, after which the solution was diluted with CH.Cl, (30
mL). The CH.Cl> solution was washed with saturated aqueous NaHCO; (2 x 20 mL),
and the combined aqueous layers were extracted once with CH>Cl, (20 mL). The
CH.CI, layers were combined, washed with 20 mL of brine, dried over Na,SO,,
concentrated under vacuum, and chromatographed as indicated below.

N\

N7 N co,E

-
-

Product 14 was made from pyridinium salt 1 and was purified
by chromatography on basic alumina, which had been flushed with 99:1
hexanes/triethylamine, eluting with 69:30:1 hexanes/ethyl acetate/triethylamine to
provide the product 14 as a colorless oil (96 mg, 82% yield, Ri = 0.39 in 78:20:2
hexanes/ethyl acetate/triethylamine on an alumina TLC plate to which 98:2
hexanes/triethylamine had been applied and allowed to evaporate prior to spotting with
the sample). '"H NMR (CDCls): & 8.57 (ddd, J = 4.8, 2.0, 0.8 Hz, 1H), 7.61 (ddd, J = 8.0,
7.6, 2.0 Hz, 1H), 7.27 (d, J= 8.0 Hz, 1H), 7.10 (ddd, J=7.6, 4.8, 0.8 Hz, 1H), 6.74 (dt, J
=15.6, 7.6 Hz, 1H), 5.77 (dt, J=15.6, 1.2 Hz, 1H), 4.13 (q, J = 7.2 Hz, 2H), 2.65 (dd, J
= 7.6 Hz, 1.2 Hz, 2H), 1.36 (s, 6H), 1.24 (t, J = 7.2 Hz, 3H). *C{'"H} NMR (CDCl3): &
167.06, 166.66, 149.07, 146.52, 136.50, 123.69, 121.23, 119.88, 60.31, 45.72, 40.93,
27.96, 14.45. IR (thin film): 3052, 1718, 1652 cm™. HRMS electrospray (m/z): [M+H]*
calcd for C14H20NO>" 234.1489; found 234.1486.

\

N > C0,Et

Product 15 was made from pyridinium salt 2 and was purified
by chromatography on basic alumina eluting with 70:30 hexanes/ethyl acetate to
provide the product 15 as a colorless oil (98 mg, 95% vyield, Rf = 0.28 in 80:20
hexanes/ethyl acetate on an alumina TLC plate). '"H NMR (CDCls): & 8.53 (ddd, J = 4.8,
1.6, 1.2 Hz, 1H), 7.59 (ddd, J = 8.0, 7.6, 2.0 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.12 (ddd,
J=17.6,4.8,1.2 Hz, 1H), 7.00 (dt, J = 15.6, 6.8 Hz, 1H), 5.84 (dt, J = 15.6, 1.6 Hz, 1H),
4.16 (q, J=7.2 Hz, 2H), 2.94 (dd, J = 8.0, 7.2 Hz, 2H), 2.66 (dddd, 8.0, 7.2, 6.8, 1.6 Hz,
2H), 1.27 (t, J = 7.2 Hz, 3H). "*C{'"H} NMR (CDCls): & 166.78, 160.53, 149.64, 148.09,
136.62, 123.06, 122.12, 121.56, 60.40, 36.74, 32.12, 14.45. IR (thin film): 3064, 1718,
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1654 cm™. HRMS electrospray (m/z): [M+H]* calcd for C12H1gNO2* 206.1176; found
206.1174.
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VII. Derivatizations of the Linear Heck Product

= | OH
N T CO,Et

OH

7

To a 20 mL vial was added AD-mix f (700 mg, Aldrich),
methanesulfonamide (95 mg, 1.00 mmol, 2.0 equiv, Aldrich), BuOH (1 mL), and water
(1 mL). The mixture was stirred and cooled to 0 °C in an ice bath. 15 (103 mg, 0.50
mmol) was added, and the mixture was stirred at 0 °C for 24 h. A 10% aqueous solution
of Na,SOj3; (5 mL) was added with stirring followed by the addition of another 5 mL of
water. The mixture was extracted with CH-Cl, (8 x 10 mL), and the CHxCl. extracts were
combined and concentrated under vacuum. The crude product was purified by
chromatography on silica gel, eluting with 95:5 CH»Cl,/MeOH to provide the product 16
as a colorless oil (110 mg, 92% yield, 97% ee as determined by Mosher ester analysis,
R¢ = 0.19 in 95:5 CH,Cl,/MeOH). The absolute stereochemistry of the diol was assumed
based on the mnemonic rule for the facial selectivity of the Sharpless dihydroxylation
reaction.” 'H NMR (CDCls): & 8.46 (d, J = 5.4 Hz, 1H), 7.63 (id, J = 7.6, 2.0 Hz, 1H),
7.20 (d, J=7.6 Hz, 1H), 7.14 (dd, J = 7.6, 5.4 Hz, 1H), 5.98 (br s, 1H), 4.30 (dq, J =
10.4, 7.2 Hz, 1H), 4.28 (dq, J = 10.4, 7.2 Hz, 1H), 4.11-4.04 (multiple peaks, 2H), 3.29
(brd, J=5.6 Hz, 1H), 3.10 (ddd, J=15.2, 7.6, 4.8 Hz, 1H), 3.06 (ddd, J=15.2,7.2, 5.2
Hz, 1H), 2.15 (m, 1H), 2.06 (m, 1H), 1.32 (t, J = 7.2 Hz, 3H). *C{'H} NMR (CDCly): §
173.61, 161.24, 148.54, 137.24, 123.53, 121.52, 74.19, 72.80, 61.84, 34.76, 32.46,
14.36. IR (thin film): 3368, 1734 cm™. HRMS electrospray (m/z): [M+H]" calcd for

Ci12H1sNO,4* 240.1230; found 240.1228. [a]. =—11.8 (¢ = 2.00, CHCly).

(+/-)

To a solution of 15 (103 mg, 0.50 mmol) in 9:1 acetone/water
(4 mL) in a 20 mL vial was added 4-methylmorpholine N-oxide (117 mg, 1.00 mmol, 2.0
equiv, Aldrich) and aqueous 4% OsO, (32 uL, 0.0050 mmol, 1.0 mol %, Aldrich). The
mixture was stirred at room temperature for 12 h. A 10% aqueous solution of Na,SO3 (5
mL) was added with stirring followed by the addition of another 5 mL of water. The
mixture was extracted with CHxCl, (8 x 10 mL), and the CHCl, extracts were combined
and concentrated under vacuum. The crude product was purified by chromatography on
silica gel, eluting with 95:5 CH,Cl,/MeOH to provide the racemic product rac-16 as a
colorless oil (105 mg, 88% yield). The spectroscopic data matched that of the diol 16
made by Sharpless asymmetric dihydroxylation.
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Mosher analysis'® of 16:

The (R)-Mosher diester of 16 was prepared from 16 and (R)-(+)-a-methoxy-a-
trifluoromethylphenylacetic acid ((R)-(+)-MTPA) as follows: To a 25 mL flask was added
rac-16 (24 mg, 0.10 mmol). Toluene (5 mL) was added and evaporated under high
vacuum to remove water as an azeotrope. (R)-MTPA, (70 mg, 0.30 mmol, 3.0 equiv,
Matrix Scientific) and dry CH.Cl, (1 mL) were added under nitrogen. 1-Ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (58 mg, 0.30 mmol, 3.0 equiv, TCI
America), 4-(dimethylamino)pyridine (3.0 mg, 0.025 mmol, 0.25 equiv, Aldrich), and N-
ethyldiisopropylamine (85 ulL, 0.50 mmol, 5.0 equiv, Alfa Aesar) were added
sequentially. The reaction mixture was stirred at room temperature for 24 h, diluted with
10 mL of CH.Cl,, and then this CH.Cl, solution was washed with saturated aqueous
NH4CI (10 mL), water (10 mL), saturated aqueous NaHCO3; (10 mL), and brine (10 mL).
The CHCI, solution was dried over Na,SO,, and the solvent was evaporated under
vacuum. The crude product was purified by chromatography on silica gel, eluting with
98:2 CH.Cl,/MeOH, and collecting all of the fractions that contained the Mosher ester
products according to TLC. The fractions were concentrated to provide the product
mixture (bis-(R)-MTPA esters of rac-16) as a colorless oil (63 mg, 94% yield, R¢ = 0.29
in 98:2 CH.Clo/MeQOH).

The Mosher esterification reaction above was performed on diol 16 made by Sharpless
asymmetric dihydroxylation to provide predominantly the bis-(R)-MTPA ester of (2S,
3R)-16. Integration of the doublets at 5.41 ppm and 5.49 ppm in the 'H NMR spectrum
of the product mixture indicated that the ee of 16 was 97% (Figure 4).

CF
HsCO >
DS
N > CO,Et
0._0
OCH,
CF5
Bis-(R)-MTPA ester of (2S, 3R)-16: 'H NMR (500 MHz,

CDCls): 8 8.51 (br d, J = 5.0 Hz, 1H), 7.58 (br d, J = 7.5 Hz, 2H), 7.57 (td, J= 7.5, 1.5
Hz, 1H), 7.51 (br d, J = 7.5 Hz, 2H), 7.41-7.31 (multiple peaks, 6H), 7.12 (dd, J = 7.5,
5.0 Hz, 1H), 6.94 (d, J = 7.5 Hz, 1H), 5.68 (td, J = 7.0, 2.0 Hz, 1H), 5.41 (d, J = 2.0 Hz,
1H), 4.18 (dg, J = 11.0, 7.0 Hz, 1H), 4.16 (dg, J = 11.0, 7.0 Hz, 1H), 3.48 (s, 3H), 3.38
(s, 3H), 2.65 (dt, J = 14.0, 7.5 Hz, 1H), 2.62 (dt, J = 14.0, 7.5 Hz, 1H), 2.16 (q, J = 7.0
Hz, 2H), 1.23 (t, J = 7.0 Hz, 3H). *C{'"H} NMR (CDCl3): & 166.42, 166.34, 166.13,
159.55, 149.68, 136.73, 132.02, 131.38, 129.98, 129.87, 128.60, 128.58, 128.06,
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127.55, 123.33 (q, 'Jcr = 288.5 Hz), 123.27 (q, 'Jcr = 288.5 Hz), 123.07, 121.76, 85.14
(a, 2Jor = 28.0 Hz), 84.70 (q, °Jcr = 27.7 Hz), 74.24, 73.98, 62.76, 55.73 (2C), 33.33,
30.33, 14.04. *F{'"H} NMR (CDCl3):  —71.64, —72.21. IR (thin film): 1754 cm™. HRMS

electrospray (m/z): [M+H]" calcd for C3oHa:FeNOg* 672.2027; found 672.2020.

CF
HsCO >
N 07
N" CO,Et
0._0
OCHs
CF,
Bis-(R)-MTPA ester of (2R, 3S)-16: 'H NMR (500 MHz,

CDCls):  8.52 (br d, J = 5.0 Hz, 1H), 7.66 (br d, J = 7.5 Hz, 2H), 7.58 (td, J = 7.5, 1.5
Hz, 1H), 7.51 (br d, J = 7.5 Hz, 2H), 7.41-7.31 (multiple peaks, 6H), 7.13 (dd, J = 7.5,
5.0 Hz, 1H), 6.98 (d, J = 7.5 Hz, 1H), 5.64 (td, J = 7.0, 2.0 Hz, 1H), 5.49 (d, J = 2.0 Hz,
1H), 4.08 (g, J = 7.0 Hz, 2H), 3.60 (s, 3H), 3.42 (s, 3H), 2.72 (ddd, J = 14.5, 8.0, 7.0 Hz,
1H), 2.69 (ddd, J = 14.5, 8.0, 7.0 Hz, 1H), 2.11 (ddt, J = 15.0, 7.5, 7.0 Hz, 1H), 2.01
(ddt, J=15.0, 7.5, 7.0 Hz, 1H), 1.19 (t, J= 7.0 Hz, 3H). *C{'H} NMR (CDCls): § 166.21,
166.18, 165.78, 159.47, 149.62, 136.74, 131.90, 131.58, 129.88, 129.87, 128.62,
128.54, 127.73, 127.67, 123.36 (q, 'Jor = 288.9 Hz, 1C), 123.26 (q, 'Jcr = 288.5 Hz,
1C), 122.98, 121.77, 84.76 (q, Jcr = 28.0 Hz, 1C), 84.74 (q, °Jcr = 27.7 Hz, 1C), 74.56,
73.68, 62.63, 55.88, 55.50, 33.47, 29.72, 14.01. "*F{"H} NMR (CDCls): & —71.79, —72.06.
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Figure S4. Comparison of (R)-MTPA esters of rac-16 and (R)-MTPA esters of 16 made
by Sharpless dihydroxylation.

Bis-(R)-MTPA esters of rac-16

Bis-(R)-MTPA esters of 16 (97% ee)

L e B o A e e s s e s s L e e e s s B
5.51 5.50 5.49 5.48 5.47 5.46 5.45 5.44 5.43 5.42 5.41 5.40 5.39 ppm

\

N CO,Et

To a 20 mL scintillation vial was added palladium on carbon
(10.6 mg, 10 wt% Pd/C, 0.01 mmol, 10 mol % Pd, Aldrich), 15 (20.7 mg, 0.1 mmol) and
MeOH (0.5 mL). The vial was fitted with a 24/40 septum and was stirred at room
temperature for 10 h under a balloon of hydrogen. The solvent was evaporated, and the
product was purified by chromatography on silica gel, eluting with 60:40 hexanes/ethyl
acetate. Compound 17 was obtained as a colorless oil (9.6 mg, 90% yield, R; = 0.3 in
60:40 hexanes/ethyl acetate). '"H NMR (CDCls): & 8.52 (dd, J = 4.8, 0.8 Hz, 1H), 7.59
(app. td, J=7.6, 2.0 Hz, 1H), 7.14 (d, J = 7.6 Hz, 1H), 7.10 (dd, J = 7.6, 5.2 Hz, 1H),
412 (q, J = 7.2 Hz, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.34 (t, J = 7.6 Hz, 2H), 1.80-1.68
(multiple peaks, 4H), 1.25 (t, J = 7.2 Hz, 3H). "*C{'"H} NMR (CDCls): § 173.84, 161.99,
149.47, 136.50, 122.94, 121.21, 60.44, 38.19, 34.40, 29.44, 24.86, 14.45. IR (thin film):
1732 cm™. HRMS electrospray (m/z): [M+H]* calcd for C12H:1sNO,* 208.1332; found
208.1331.
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\

N CO,Et

Copper(l) bromide (7 mg, 0.05 mmol, 10 mol %, Fisher) and
lithium chloride (4 mg, 0.1 mmol, 20 mol %, Fisher) were added to an oven-dried 5 mL
Schlenk tube under nitrogen. The tube was evacuated, heated with a heat gun, allowed
to cool to room temperature under vacuum, and filled with nitrogen. Dry THF (1 mL) was
added, and the mixture stirred for 10 min. The tube was placed in an ice bath, and after
10 min, a solution of 15 (103 mg, 0.50 mmol, 1 equiv) in dry THF (1 mL) was added
followed by TMSCI (70 uL, 0.55 mmol, 1.1 equiv, Aldrich). The solution was stirred at 0
°C for 15 min, and then 3 M EtMgBr in Et,O (250 uL, 0.75 mmol, 1.5 equiv, Aldrich) was
added dropwise. The solution was stirred for 1 h at 0 °C and then poured into 10 mL of
saturated aqueous NH4CIl. The mixture was extracted with Et,O (3 x 20 mL). The Et,O
extracts were combined, washed with brine, dried over NaxSQO4, and concentrated under
vacuum. The crude product was purified by chromatography on silica gel, eluting with
80:20 hexanes/ethyl acetate, to provide product 18 as a colorless oil (222 mg, 94%
yield, R; = 0.22 in 70:30 hexanes/ethyl acetate). '"H NMR (CDCls): & 8.51 (ddd, J = 4.8,
2.0, 0.8 Hz, 1H), 7.58 (app. td, J=7.6, 2.0 Hz, 1H), 7.14 (d, J= 7.6 Hz, 1H), 7.09 (ddd,
J=7.6,4.8,1.2Hz 1H), 4.12 (q, J=7.2 Hz, 2H), 2.79 (t, J = 4.0 Hz, 2H), 2.31 (d, J=
6.8 Hz, 2H), 1.90 (tq, J = 6.8, 6.4 Hz, 1H), 1.82-1.66 (multiple peaks, 2H), 1.51-1.34
(multiple peaks, 2H), 1.24 (t, J = 7.2 Hz, 3H), 0.90 (t, J = 7.2 Hz, 3H). *C{'"H} NMR
(CDClg): & 173.57, 162.36, 149.41, 136.48, 122.83, 121.14, 60.33, 38.83, 36.43, 35.75,
33.75, 26.37, 14.44, 10.89. IR (thin film): 1734 cm™. HRMS electrospray (m/z): [M+H]*
calcd for C14H22N02+ 236.1645; found 236.1645.
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9Kjs90-tBuQuinC13 VARIAN d)

Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnmrs400

Archive directory:

Sample directory:

FidFile: 9kjs90-tBuQuinC13

30.348

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Mar 8 2011

Operator: kstowers

Relax. delay 0.100 sec
Pulse 45.0 degrees
Acqg. time 2.569 sec
Width 25510.2 Hz

496 repetitions

OBSERVE C13, 100.4641209 MHz & ~
DECOUPLE H1, 399.5409236 MHz & @ o 3 0 Mu
Power 35 dB w &8 T C e g IS
continuously on Se-ndTT RES
WALTZ-16 modulated cd T | N
DATA PROCESSING T N i
Line broadening 1.0 Hz
FT size 131072
Total time 22 min
(o2}
M... = o
o @ 5
2 ~ w

g A 9 e A S P S A b BN s o

______________4i__,,__,*__*g___,,__iﬁ__ﬁg__g,__,,ﬁ__ﬁg__g,__7,__,____47__,,__,ﬁ__ﬁg__g,,__7ﬁ__ﬁ4_______________

200 180 160 140 120 100 80 60 40 20 ppm
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9kjs72-C <>x—>z

Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnmrs400

Archive directory:

Sample directory:

FidFile: 9kjs72-C

77.554
77.236
76.915

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Mar 2 2011

Operator: kstowers

Relax. delay 0.100 sec
Pulse 45.0 degrees
Acqg. time 2.569 sec
Width 25510.2 Hz

1072 repetitions
OBSERVE (€13, 100.4641199 MHz
DECOUPLE H1, 399.5409236 MHz
Power 35 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 131072
Total time 47 min

28.440
27.355
S44

146.421
126.815
122.576
65.140
61.730
44 .457
42.392
37.065
14.220

169.641

140.264

165.448

________________*4_*4__4,__,,_7,__,___ﬁg_ﬁg__g,__,f_,,__,ﬁ__*g_*g__g,__,,_,i__,*__ﬁg__g__g7__,,_,______________

200 180 160 140 120 100 80 60 40 20 ppm
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9kjs78-3

Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400

Archive directory:

Sample directory:

FidFile: 9kjs78-3 EtO,C 1TiO"
Pulse Sequence: PROTON (s2pul) //+
Solvent: cdcl3 _ N
Data collected on: Mar 3 2011 _

Temp. 25.0 C / 298.1 K 2

Operator: kstowers

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acgq. time 3.500 sec

Width 6410.3 Hz

16 repetitions
OBSERVE  H1, 400.5206315 MHz
DATA PROCESSING

Line broadening 0.3 Hz

FT size 65536
Total time 1 min 12 sec

VARIAN

©
<
w

1.02 1.98
1.00 0.99
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9kjs85-1
Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: 9kjs85-1

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Mar 2 2011

Operator: kstowers

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acgq. time 3.500 sec

Width 6410.3 Hz

16 repetitions
OBSERVE H1, 399.5389198 MHz
DATA PROCESSING

Line broadening 0.3 Hz

FT size 65536
Total time 1 min 12 sec

VARIAN

N
o}
(2]

0.98 1.74
0.77 3.47

5 4 3 2 1 ppm
Ll L g L L
1.00 3.57 1.51 0.87 3.32 5.29
0.80 1.73 1.88 2.01 1.81 5.11
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9kjs48-1
Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: 9kjs48-1

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Mar 1 2011

Operator: kstowers

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acgq. time 3.500 sec

Width 6410.3 Hz

16 repetitions
OBSERVE  H1, 399.5389198 MHz
DATA PROCESSING

VARIAN

Line broadening 0.3 Hz B3
FT size 65536 «
Total time 1 min 12 sec
T T T T _ T T T T _ T T T i T T i T T T _ T T T _ T T T T
9 8 7 4 3 1 ppm
B = = o S o el e O e i el s o e el e s o
0.78 1.06 0.29 0.61 0.34 0.8D2.32 3.16 0.76 0.94 1.04
0.31 1.07 0.75 1.57 0.761.040.36 0.80 0.38 2.47
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9kjs180-F

Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400

Archive directory:

Sample directory:

FidFi

9kjs180-F

Pulse Sequence: FLUORINE (s2pul)
Solvent: cdcl3
Data collected on: Jan 13 2011

Operator: kstowers

Relax. delay 1.000 sec

Pulse 30.0 degrees

Acq. time 0.734 sec

Width 89285.7 Hz

16 repetitions
OBSERVE F19, 376.8659339 MHz
DATA PROCESSING

Line broadening 1.5 Hz

FT size 131072
Total time 0 min 31 sec

-65.240

-152.735

-152.681

VARIAN

2

-100

-120

-140

-160
—

4.00
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9kjs79-1
Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: 9kjs79-1

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Mar 4 2011

Operator: kstowers

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acgq. time 3.500 sec

Width 6410.3 Hz

16 repetitions
OBSERVE H1, 399.5389198 MHz
DATA PROCESSING

Line broadening 0.3 Hz

FT size 65536
Total time 1 min 12 sec

VARIAN

~
O
w

5 4 3 2 1 ppm

o — e N L
.00 0.982.72 1.07 3.67

2.38 1.081.45 6.24
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9kjs74-311 VARIAN

Sample Name:

Data Collected on:
Te-vnmrs500
Archive directory:

Sample directory:
FidFile: 9kjs74-311
Pulse Sequence: PROTON (s2pul)

Solvent: CDCI3
Data collected on: Mar 11 2011

Temp. 25.0 C / 298.1 K
Operator: kstowers

Relax. delay 0.500 sec
Pulse 45.0 degrees

Acgq. time 3.500 sec
Width 8012.8 Hz
16 repetitions
OBSERVE  H1, 500.0931710 MHz
DATA PROCESSING 2
Line broadening 0.3 Hz i
FT size 65536
Total time 1 min 12 sec
S 7 /
T T T T _ T _ T T T T i T _ T T i T T _ T i T T T T _ _ T T T T _
9 8 7 6 5 4 3 2 1 ppm
a = e — — — = Py e Y
2.06 2.10 2.00 4.13 1.02.15 2.11 12.67

2.08 2.02 8.45 1.34 2.92.19 15.06



9kjs74-C

Sample Name:

Data Collected on:
Te-vnmrs500

Archive directory:

Sample directory:

VARIAN

AP A

< +— W0 — u O < - O AN M ™M M M~ ~ M~
M~ AN O N N ©O N 10D © ™ 0O M Mm O O
FidFile: 9kjs74-C TS g R EEOGQ oo M
M~ N~ O© 0 o — O O I~ M~ O O O O M~ O
N~ D~ I O O O© © - - T T MO Mm om ™
Pulse Sequence: CARBON (s2pul)
Solvent: CDCI3
Data collected on: Mar 12 2011
Operator: kstowers
Relax. delay 0.100 sec
Pulse 45.0 degrees
Acqg. time 2.045 sec
Width 32051.3 Hz
3872 repetitions
OBSERVE (13, 125.7485012 MHz -
DECOUPLE H1, 500.0956704 MHz )
Power 42 dB
continuously on o
WALTZ-16 modulated B w2
[{e]
DATA PROCESSING N ~—2 g T am
Line broadening 1.0 Hz eI -2 T
FT size 131072 CE e R -
Total time 2 hr, 18 min © o =R MV\; ~ \\\F\L
~ 9 5 o © g
N 9% e o= &
23RS ¢T38 TEES
SRS 1 g
- - ; . - i , 8 VO 1 O | e o —
_______________ﬁg___ag*__*4*__*4*___44___4ﬁg__gﬁa__aﬁg___ag___*g___*4*__*44___4*___4____Aﬁg__444______________
200 180 160 140 120 100 80 60 40 20 ppm
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9kjs77-C
Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: 9kjs77-C

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Mar 2 2011

Operator: kstowers

Relax. delay 0.100 sec
Pulse 45.0 degrees
Acqg. time 2.569 sec
Width 25510.2 Hz

592 repetitions S
OBSERVE (€13, 100.4641235 MIN
DECOUPLE H1, 399.5409236 #Hz
Power 35 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 131072
Total time 26 min

146.629

165.413

iiff:iiii{%{i

139.942

.

126.741

77.588

122.843

{{f%%ziifz

77.271
76.953

65.469
44 .387

65.089

fii(it%f{

42.342

—30.516

37.115

28.269

27.297

AP .

VARIAN

—19.129
13.778

S77

VPRI W SRR Vo m—o"

______________4i,__,*g__gi,__,*g__gi,__,*4__4i,__,*4__4i,__,*4__4i,__,*4__4i,__,*4__4i,__,*4__4i,______________

200 180 160 140

120 100 80

60

40

20 ppm
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Automated Probe tuning parameter
Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: KCF-3-123-1H

Pulse Sequence: PROTON (s2pul)
Solvent: CDCI3
Data collected on: Dec 18 2010

Operator: kfortner

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acq. time 3[500 sec

Width 6410.3 Hz

32 repetitions
0BSERVE H1|{ 400.5206316 MHz
DATA PROCESS|NG

Line broadening 0.3 Hz

FT size 65536
Total time 2|min 16 sec

VARIAN

A

{

.00

L
0.99
0.95

{
0.98

T
3.00
3.02 1.13

3.

ppm
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Automated Probe tuning parameter <>w_>z L

Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:

~N O o O N~ oD AN © NN N D < [fp)
< M o O up O O o — [N © —
FidFile: KCF-3-123-13C 12 0 N o ™| 0 < — ® Qo ld ¥ <
~NNR & s s IHIREI =
Pulse Sequence: CARBON (s2pul) ﬁ/;
Solvent: CDCI3

Data collected on: Dec 18 2010

60.401

Operator: kfortner

Relax. delay 0.100 sec
Pulse 45.0 degrees
Acgq. time 2.569 sec
Width 25510.2 Hz

128 repetitions
OBSERVE C13, 100.7109738 MHz
DECOUPLE H1, boo.mmmmhﬁm MHz
Power 41 dB ~
continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 131072
Total time 5 min 43 sec

200 180 160 140 120 100 80 60 40 20 ppm
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Automated Probe tuning parameter
Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: KCF-3-125-1H

Pulse Sequence: PROTON (s2pul)
Solvent: CDCI3
Data collected on: Dec 19 2010

Operator: kfortner

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acgq. time 3.500 sec

Width 6410.3 Hz

16 repetitions
OBSERVE H1, 400.5206318 MHz
DATA PROCESSING

Line broadening 0.3 Hz

FT size 65536
Total time 1 min 12 sec

2
VARIAN

Naakake

S S P

1 ppm
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Automated Probe tuning parameter
Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: KCF-3-125-13C

Pulse Sequence: CARBON (s2pul)
Solvent: CDCI3
Data collected on: Dec 21 2010

Operator: kfortner

Relax. delay 0.100 sec

Pulse 45.0 degrees

Acgq. time 2.569 sec

Width 25510.2 Hz

2176 repetitions
OBSERVE C13, 100.7109708 MHz
DECOUPLE H1, 400.5226414 MHz
Power 41 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 131072
Total time 1 hr, 37 min

172.543

125.570

125.292

77.547
76.913

62.322
60.533
60.498

51.500

39.549

33.068

29.636

29.048

VARIAN

14.450

A

200 180 160

140

120
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STANDARD 1H OBSERVE

Selective banpd center: 6.08 (ppm); width: 50.7 (Hz)

Sample Name:

Data Collectefl on:

Ga.Chem.LSA{UMich.edu-vnmrs400

Archive direcfory:

Sample directpry:

FidFile: KCF-83-137-1H

Pulse Sequence
Solvent: c6d6
Data collected

Temp. 23.0 C
Operator: kfor

Relax. delay

Pulse 45.0 de
Acg. time 3.5
Width 6410.3

24 repetition
OBSERVE H1,
DATA PROCESSIN
Line broadeni
FT size 65536
Total time 1 m

PROTON (s2pul)

on: Jan 20 2011

296.1 K
ner

.500 sec
jrees

0 sec

1z

99.5389379 MHz
a

ng 0.3 Hz

n 44 sec

VARIAN

A

0.91
0.93

SN

.95

0.

92

1.02
1.00

0.97

1.
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Automated Probe tuning parameter
Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: KCF-3-137-13C

Pulse Sequence: CARBON (s2pul)
Solvent: CDCI3
Data collected on: Jan 20 2011

Operator: kfortner

Relax. delay 0.100 sec

Pulse 45.0 degrees

Acgq. time 2.569 sec

Width 25510.2 Hz

2336 repetitions
OBSERVE C13, 100.7109704 MHz
DECOUPLE H1, 400.5226414 MHz
Power 41 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 131072
Total time 1 hr, 44 min

173.049

125.439

125.211

77.547
76.913

57.746

60.587

54.840

46.190

35.526

31.754

29.844

28.561

VARIAN

14.454

A

200 180 160

140

120
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STANDARD 1H OBSERVE
Selective band center: 6.08 (ppm); width: 50.7 (Hz)
Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: KCF-3-147-1H

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Feb 6 2011

Operator: kfortner

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acq. time 3.500 sec

Width 6410.3 Hz

48 repetitions
0BSERVE H1, 399.5389189 MHz
DATA PROCESSING

Line broadening 0.3 Hz

FT size 65536
Total time 3 min 20 sec

VARIAN

A

| e | [
f f f f
9 8 7 4 1 ppm
L L2y L L L L
0.90 0.95  0.92 2.06 6.29
0.96  0.92 .95 .06 3.00
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Automated Probe tuning parameter
Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: KCF-3-147-13C2

Pulse Sequence: CARBON (s2pul)
Solvent: CDCI3
Data collected on: Feb 7 2011

Operator: kfortner

Relax. delay 0.100 sec
Pulse 45.0 degrees
Acgq. time 2.569 sec
Width 25510.2 Hz

2448 repetitions
OBSERVE C13, 100.7109708 MHz
DECOUPLE H1, 400.5226414 MHz
Power 41 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 131072
Total time 1 hr, 49 min

166.660

—167.058

149.074

146.523
123.688

136.501

<
o
N
—
N
—

~
~
©
o
—
—

77.547

76.913

60.313

45.722

40.929

27.962

VARIAN

14.450

A

200 180 160

140

120
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STANDARD 1H OBSERVE

VARIAN

A

Selective band center: 6.08 (ppm); width: 50.7 (Hz)

Sample Name:

Data Collected on:

Ga.Chem.LSA.UMich.edu-vnmrs400
Archive directory:
X
Sample directory: >
CO,Et
FidFile: KCF-3-145-1H
15

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Feb 6 2011
Operator: kfortner

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acq. time 3.500 sec

Width 6410.3 Hz

64 repetitions
OBSERVE  H1, 399.5389187 MHz
DATA PROCESSING

Line broadening 0.3 Hz
FT size 65536
Total time 4 min 25 sec
; , , /
f f f f T
9 8 7 6 3 1 ppm
- o R o - Sl e L
0.90 1.92 0.96 2.1 3.08
0.97 0.95 2.01 .08
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Automated Probe tuning parameter
Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: KCF-3-145-13C

Pulse Sequence: CARBON (s2pul)
Solvent: CDCI3

Data collected on: Feb 4 2011

Operator: kfortner

Relax. delay 0.100 sec

Pulse 45.0 degrees

Acgq. time 2.569 sec

Width 25510.2 Hz

1232 repetitions
OBSERVE (€13, 100.7109731 MHz
DECOUPLE H1, 400.5226414 MHz
Power 41 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 131072
Total time 54 min

166.776
160.526

149.638

148.092

136.625

123.058

N\

121.555

15

CO,Et

77.547

76.913

60.401

36.743
32.125

VARIAN

14.454

A

200 180 160

140

120

S99



STANDARD 1H OBSERVE

Selective band center: 6.08 (ppm); width: 50.7 (Hz)

Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnm
Archive directory:

Sample directory:

FidFile: KCF-3-117-1H
Pulse Sequence: PROTON (s2pu
Solvent: cdcl3
Data collected on: Dec 11 20

Operator: kfortner
Relax. delay 0.500 sec
Pulse 45.0 degrees
Acq. time 3.500 sec
Width 6410.3 Hz
64 repetitions

OBSERVE  H1, 399.5389189 MH

DATA PROCESSING
Line broadening 0.3 Hz
FT size 65536

Total time 4 min 25 sec

rs400

10

e

VARIAN

T

A

0.99

0.97

L

0.94 2.03

R TR
2.13

1.08
1.04 2.95

ppm
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STANDARD 1H OBSERVE

Selective band center: 6.08 (ppm); width:

Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: KCF-3-117-13C

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Dec 4 2010

Operator: kfortner

Relax. delay 0.100 sec
Pulse 45.0 degrees
Acq. time 2.569 sec
Width 25510.2 Hz

320 repetitions
OBSERVE C13, Aoo.bmbAmmw MHz
DECOUPLE H1, 399.5409236 MHz
Power 35 dB ™~
continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 131072
Total time 14 min

148.545

—

161.238

50.7 (Hz)

137.239

123.527

121.520

77.548
77.230
76.908
74.188
72.801

61.844

34.765
——32.463

VARIAN

14.357

A

200 180 160

140

120

S101



STANDARD PROTON PARAMETERS

Sample Name:

2
VARIAN

Data Collected on:
Sn.Chem.LSA.UMich.edu-inova500
Archive directory: CF3
HsCO
Sample directory:
FidFile: KCF-3-129-1H | ~ o~ O
+
2
Pulse Sequence: PROTON (s2pul) N CO,Et
Solvent: CDCI3 0 0
Data collected on: Jan 7 2011
Operator: kfortner OCH;, OCHj,
CF4 CF4
Relax. delay 0.500 sec
Pulse 45.0 degrees .
Acq. time 3.500 sec Bis-(R)-MTPA esters
Width 7998.4 Hz of rac-16
64 repetitions
OBSERVE  H1, 499.9042609 (MHz
DATA PROCESSING
Line broadening 0.3 Hz
FT size 65536
Total time 4 min 25 sec
AU _ By S N Y A N o | S PSRN — R Y N o
f f f f f f f f
8 7 6 5 4 3 2 1 ppm
- Ty SR T AR - 7 T
D N<TrMm ™M - O ~— [Tolle) < 0 NO<T o) @ m <r
[ee) OO (o>} o [er]ep] o o OO — ~— ~—
— —~om o - e o oo a— NI < @ — ©
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Automated Probe tuning parameter
Sample Name:

Data Collected on:

Co.Chem.LSA.UMich.edu-vnmrs400

Archive directory:

Sample directory:

FidFile: KCF-3-129-13C
Pulse Sequence:

Solvent: CDCI3
Data collected on: Jan

CARBON (s2pul)

2 2011

Operator: kfortner

Relax. delay 0.100 sec

Pulse 45.0 degrees

Acgq. time 2.569 sec

Width 25510.2 Hz

3328 repetitions
OBSERVE (€13, 100.7109723 MHz
DECOUPLE H1, 400.5226414 MHz
Power 41 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 131072

0

VARIAN

CF,
HsCO
Ny 070
~
N CO,Et
0._0O
OCH,
CF,

Bis-(R)-MTPA esters
of rac-16

Total time 2 hr, 28 min
b LT —— o (C oY " “% rix WO R, —— ; oy ﬁ A
[T T TT i T T T T T T i T T T T T T i T T T T T T i T T T T T T i LI O I A B B i LI I B i LI L I I I i LI N I I B B i T T T T T T i T T T T T T i T TT]
200 180 160 140 120 100 80 60 40 20 ppm
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01

g9l

091

GGl

0G}

Gyl

vl

Gel

o€l

Gel

0cl

wdd

phpoing

166.397
4/ 166.320
/ —166.208

i \ \—166.185
é 166.115
% 165.779
|
159.521 W °o
7 I
159471 O &
o3 +
3 5 =
v z
_L> \
® o
n
]
@ o
149.650 Q
149.619 © §§ ég
@ m
136.744
136.725
132.002
131.901
131.584
131.360
129.965
129.884
129.872
129.861
128.840
128.748
128.624
128.585
128.566
iak, 128.535
128.036
§i::;47 127.731
S 127.673
127.530
127.538
124,790
124.751
124.689
H 123.058
122.981
121.922
121.883
121.825
121.767
121.756
118.965
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08

02

09

06

0y

0€

0¢

wdd

77.547

77.431
74230
76.913
74.555
74.223
73.964
73.678

e
{7 62.744
62.632
55.879
55.713
\_55.501
o
W “ O
® o
o3 +
- =
IS
o =
Lp N/
mg I
- (@)
® o O
» o
P o
o (@]
iNe) (o)
e S
33466 @ m
{ 33.303
30.316
=
{ 29.721
( 14.009
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Automated Probe tuning parameter
Sample Name:
Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400

Archive directory:

Sample directory:

2
VARIAN

0 < |0 <

o O |
FidFile: KCF-3-129-19F @ ~e o

— v o

M~~~ I~
Pulse Sequence: FLUORINE (s2pul) o
Solvent: CDCI3
Data collected on: Dec 21 2010 O_uw O_uw

HsCO
Operator: kfortner
Relax. delay 1.000 sec | ~ o~ o
Pulse 30.0 degrees + =
Acq. time 0.734 sec ; CO,Et N CO,Et
Width 89285.7 Hz o .0 0. .0 , ol
64 repetitions % | |
OBSERVE F19, 376.8659339 MHz 7 i
DATA PROCESSING
Line broadening 1.5 Hz O_AnuOImw O_HOOIw
FT size 131072 3 3
Total time 1 min 55 sec J 9
Bis-(R)-MTPA esters -
o.ﬂ ﬁNOIn—m ::i:::,;::t:;,::::i::::i:::j::t:{::::i:::
-71.6 -72.2 ppm
e
3.03 2.98
3.00 2.99
S
7,,,,i,,,,f,,,,i,,,,77,,,i,,,,7,,,,i,,,,f,,,,i,,,,f,,,,i,,,,77,,,i,,,,7,,,,i,,,,7,,,,i,,,,7,,,,i,,,,f,,,,i,,,,f,,,,i
20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180  ppm
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STANDARD PROTON PARAMETERS
Sample Name:

Data Collected on:
Sn.Chem.LSA.UMich.edu-inova500
Archive directory:

Sample directory:
FidFile: KCF-3-131-1H

Pulse Sequence: PROTON (s2pul)
Solvent: CDCI3
Data collected on: Jan 6 2011

Operator: kfortner

Relax. delay 0.500 sec
Pulse 45.0 degrees
Acgq. time 3.500 sec
Width 7998.4 Hz

112 repetitions
0BSERVE H1, 499.9042611 MHz
DATA PROCESSING

Line broadening 0.3 Hz
FT size 65536
Total time 7 min 37 sec

7~ “CO,Et
0__0

Sy Lock;

Bis-(R)-MTPA ester of 16

VARIAN

A

- S AN \\ ﬁ . L S Mo \.>.3i W A _n N .> R T N, -
f f f f f f f
8 7 ) 4 2 1 ppm
L Ll Yooy L L L L !
0.90 1.99 0.95 00 1.98 2.96 2.03
2.9%.06 0.96 0.99 3.00 10 3.15
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Automated Probe tuning parameter <>w_>z

Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400

Archive directory:

Sample directory:

P ™M 0 1 O ™
O © om ™ O fto M o —
FidFile: KCF-3-131-13C ﬁjmm% e TN
SRR e NN
Pulse Sequence: CARBON (s2pul) TTERT
Solvent: CDCI3 T
Data collected on: Jan 7 2011 I CO,Et
0.0
Operator: kfortner
Relax. delay 0.100 sec | N OCHj4
Pulse 45.0 degrees _ O_uw

Acgq. time 2.569 sec

Width 25510.2 Hz 8 o - .
3440 repetitions NS = & Bis-(R)-MTPA ester of 16
OBSERVE (€13, 100.7109704 MHz3 © § * o - N ow
’ ' © ™ ® =3 4 o _nN <~ © < ™~
DECOUPLE H1, 400.5226414 MHz - — & © =~ § S o - ™~ ~
Power 41 dB < - R
I AN
N~ N
T

continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.0
FT size 131072
Total time 2 hr, 33

33.334
30.331

66.535
66.134

166.476
/? .

14.032

159.552
R
62.759
55.732

85.277
4.999

29.918

/s

200 180 160 140 120 100 80 60 40 20 ppm
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Automated Probe tuning parameter <>w_>z L

Sample Name:

Data Collected on:
Co.Chem.LSA.UMich.edu-vnmrs400

Archive directory:

Sample directory:

% o
FidFile: KCF-3-131-19F © N

=R
Pulse Sequence: FLUORINE (s2pul) e CO,Et
Solvent: CDCI3 f
Data collected on: Jan 7 2011 o
Operator: kfortner OCHj3

CF3

Relax. delay 1.000 sec
Pulse 30.0 degrees
Acq. time 0.734 sec .- -

0o 7 Ha Bis-(R)-MTPA ester of 16
272 repetitions |
OBSERVE F19, 376.8659339 MHz | |
DATA PROCESSING

Line broadening 1.5 Hz
FT size 131072
Total time 7 min 58 sec

::::t::::t::,:;::t:{::::t::,:;::t:{::::t::::
-71.6 -72.2 ppm
,|1 ,|1
3.01
2.99

20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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2
VARIAN

STANDARD 1H OBSERVE

Selective band center: 6.08 (ppm); width: 50.7 (Hz)
Sample Name: _ =
~
Data Collected on: N CO,Et
Ga.Chem.LSA.UMich.edu-vnmrs400
Archive directory:
Sample directory: 18
FidFile: KCF-3-113-1H
Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Dec 4 2010
Operator: kfortner
Relax. delay 0.500 sec
Pulse 45.0 degrees
Acq. time 3.500 sec
Width 6410.3 Hz
16 repetitions A
OBSERVE  H1, 399.5389189 MHz b7
DATA PROCESSING
Line broadening 0.3 Hz
FT size 65536
Total time 1 min 12 sec
- _ iy B Y e . . o) . U Aokt e o [ W Y
f f f f f f f f
7 6 ) 4 3 2 1 ppm
- ! a e i o
.92 1.99 2.28 3.02
0.99 2.10 3.00

0.89
0.94 0.92



STANDARD 1H OBSERVE

Selective band center: 6.08 (ppm); width: 50.7 (Hz)

Sample Name:

Data Collected on:
Ga.Chem.LSA.UMich.edu-vnmrs400
Archive directory:

Sample directory:
FidFile: KCF-3-113-13C

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3

Data collected on: Dec 4 2010

Operator: kfortner

Relax. delay 0.100 sec
Pulse 45.0 degrees
Acq. time 2.569 sec
Width 25510.2 Hz

128 repetitions
OBSERVE (C13, 100.46412%F3 MHz
DECOUPLE H1, 399.54092%6 MHz
Power 35 dB N
continuously on T
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 131072
Total time 5 min 43 sec

162.358

149.413

136.480

122.826

T—121.133

\

18

CO,Et

77.548
77.230

76.912

60.333

38.833
36.431

~\—35.749

33.750
26.372

VARIAN

14.439
10.886

A

Wi i ol _§=_%EEE_,__EEE___E__E,_E_E,______Eb_,,_zg___E__E._,_.______EEE______E_____EE__E.E___E___F_.,____,____E.,,

200 180 160

140

120

100

80

60

40

20

ppm
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