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General Information. All reactions were performed using oven-dried glassware under
an atmosphere of dry argon. Non-aqueous reagents were transferred under argon by
syringe. Organic solutions were concentrated under reduced pressure using a Buchi
rotary evaporator. Methylene chloride was distilled from CaH, or filtered through a
column charged with Al,O; (solvent purification system) immediately prior to use.
Tetrahydrofuran and diethyl ether were distilled from sodium benzophenone ketyl
immediately prior to use. Acid chlorides were distilled immediately prior to use. Allenic
esters were prepared according to the procedure of Lang and Hansen.! All other
commercial reagents were used as provided. Air sensitive solids were dispensed in an
inert atmosphere glovebox. Chromatographic purification of products was accomplished
using forced-flow chromatography on ICN 60 32-64 mesh silica gel 63 according to the
method of Still.> Thin-layer chromatography (TLC) was performed on EM Reagents
0.25 mm silica gel 60-F plates. Visualization of the developed chromatogram was
performed by fluorescence quenching, or KMnQj4 or p-anisaldehyde stain.

'H and "’C NMR were recorded on Mercury 300 (300 MHz and 75 MHz) as

noted, and are internally referenced to residual protio solvent signals. Data for 'H NMR

' Lang, R. W.; Hansen, H.-J. Org. Syn 1984, 62, 202.
2 Still, W. C.; Kahn, M.; Mitra, A. J. J. Org. Chem. 1978, 43, 2923.
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are reported as follows: chemical shift (6 ppm), multiplicity (s = singlet, brs = broad
singlet, d = doublet, t = triplet, q = quartet, m = multiplet), integration, coupling constant
(Hz) and assignment. Data for '’C NMR are reported in terms of chemical shift. IR
spectra were recorded on a Perkin-Elmer 1600 Series spectrometer using NaCl salt plates,
and reported in terms of frequency of absorption (cm™'). Mass spectra were obtained
from the UC Irvine Mass Spectral Facility. Gas chromatography was performed on
Hewlett-Packard 6890 Series gas chromatograph equipped with split-mode capillary
injection system and flame ionization detector using a C&C Column Technologies CC-

1701 30 m x 0.25 mm).

General Procedure A: The allylic amine and the allenic ester in CH,Cl, were added
sequentially to a 2 dram vial containing Zn(OTf),. The resulting solution was stirred
until the allenic ester was completely consumed (0.25-24 h) as determined by TLC (20%
EtOAc:hexanes). The solution was diluted with an equal volume of Et,O and flushed
through a short (8 x 30 mm) silica gel plug with an additional equal volume of Et,O. The
combined filtrates were concentrated and the resulting crude residue was purified by

silica gel chromatography to afford the title compounds.

General Procedure B: The B-amino-o,fB-unsaturated ester was taken up in 5%
EtOAc:hexanes and silica gel was added. The resulting slurry was stirred until the
starting material was completely consumed as determined by TLC (10% EtOAc:hexanes,

p-anisaldehyde stain.) The slurry was filtered through a cotton plug and the silica gel was
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flushed with ether. The combined filtrates were concentrated to afford the pure -keto

esters products.

General Procedure C: The B-amino-o,-unsaturated esters were hydrodeaminated
according to the procedure of Brown.” The B-amino-o.,B-unsaturated ester (0.1 mmol) in
THF (0.25 mL) was added to 9-BBN in a 2-dram vial, and the solution was stirred for 3h.
Solvent was removed in vacuo and MeOH (0.5 mL) was added. The vial was heated
briefly with a heat gun and then left at room temperature for 0.5h. Solvent was removed
in vacuo and the resulting residue was dissolved in pentane (2 mL), washed with 1N HCI
(0.5 mL) and H,O (0.5 mL), dried (Na,SO4) and concentrated. The resulting residue was

purified by silica gel chromatography to provide the o,3-unsaturated ester product.

General Procedure D: To the B-amino-o,-unsaturated ester (0.2 mmol) in MeOH (3
mL) was added NaCNBH3; (0.2 g, 3.2 mmol) followed by trifluoroacetic acid (0.3 mL).
After 0.5 h the solution was basified to pH 12 with 1N NaOH, extracted with Et;O (3 x 1
mL), dried (Na,SO4) and concentrated. The crude residue was taken up in THF (1 mL)
and mCPBA (0.2 g, 1.2 mmol) was added. After 15 min the solution was diluted with
Et,O (2 mL) and washed with H,O (3 x 1 mL), 20% Na,S,0; (1 mL), and IN NaOH (2
mL), dried (Na,SO4) and concentrated. The crude residue was purified by silica gel

chromatography to provide the o,3-unsaturated ester product.

3 Singaram, B.; Rangaishenvi, M. V.; Brown, H. C.; Goralski, C. T.; Hasha, D. L. J. Org. Chem. 1991, 56,
1543.
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Benzyl (E)-4,6-Dimethyl-3-pyrrolidinohepta-2,6-dienoate: Prepared according to
general procedure A from methallyl pyrrolidine (144 mg, 1.14 mmol), benzyl penta-2,3-
dienoate (108 mg, 0.58 mmol), and Zn(OTf), (20 mg, 0.06 mmol). 'H NMR (300 MHz,
CDCl3) & 7.29-7.39 (m, SH, ArH), 5.08 (s, 2H, CH,Ph), 4.73 (d, J = 1.5 Hz, 1H,
CH,=C), 4.71 (s, 1H, CH»=C), 4.48 (s, 1H, NC=CH), 3.34 (brs, 4H, N(CH,CH>)>), 2.83
(brs, 1H, CHCH3), 2.31 (brm, 2H, C(CH3)CH>), 1.88 (m, 4H, N(CH,CH,),), 1.77 (s, 3H,
CH,=CCH3), 1.21 (brs, 3H, CHCH3;); LRMS (CI) m/z 313 (M)"; HRMS (CI) exact mass
calc d for (Cy0H27NO») requires m/z 313.2042, found m/z 313.2037.

The yield was determined by enamine hydrolysis according to procedure B using
2 mL solvent and 0.8 g silica gel to provide the B-keto ester as a colorless oil in 80%
yield (120 mg, 0.46 mmol). IR (thin film) 3072, 3034, 2972, 2936, 1746, 1714, 1649,
1623, 1456, 1376, 1310, 1262, 1225, 1154 cm™; "H NMR (300 MHz, CDCl;) & 7.34-7.36
(m, 5H, ArH), 5.17 (s, 2, CH»Ph), 4.78 (s, 1H CH,=C), 4.68 (s, 1H CH,=C), 3.54 (s, 2H,
C(O)CH»), 2.82 (dq, J = 7.2, 14.4, 1H, CH3;CH), 2.39 (dd, J = 6.0, 14.1 Hz, 1H,
C(CH3)CH,), 2.00 (dd, J = 8.3, 14.3 Hz, 1H, C(CH3)CH,), 1.68 (s, 3H, CH,=CCH3),
1.08 (d, 3H, J = 7.2 Hz, CHCH3); °C NMR (75 MHz, CDCl;) § 205.8, 167.2, 142.5,
135.6, 128.8, 128.6, 128.5, 113.1, 67.3, 48.1, 44.8, 41.0, 22.5, 16.2; LRMS (CI) m/z 261
(MH)"; HRMS (CI) exact mass calc d for (C¢H 03) requires m/z 261.1490, found m/z

261.1500.

Benzyl (2E,4R*,55%)-4-Methyl-5-phenyl-3-pyrrolidinohepta-2,6-dienoate: Prepared
according to general procedure A from cinnamyl pyrrolidine (216 mg, 1.15 mmol),

benzyl penta-2,3-dienoate (108 mg, 0.57 mmol), and Zn(OTf), (20 mg, 0.06 mmol). The
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crude residue was purified by silica gel chromatography (10% EtOAc:hexanes) to afford
the title compound as a light yellow oil in 97% yield (208 mg, 0.55 mmol), 94:6 syn:anti,
3:1 E:Z. Syn, E isomer: IR (thin film) 3062, 3029, 2972, 2873, 1676, 1560, 1455, 1400,
1345, 1128 cm™; "H NMR (300 MHz, CDCls) § 7.29-7.43 (m, 10H, ArH), 6.07 (ddd, J =
9.8,9.8,17.1, 1H, CH,=CH), 5.44 (dq, /= 7.7, 11.6, 1H, CHCH3), 5.19 (d, J = 12.6 Hz,
1H, CH,Ph), 5.12 (d, /= 12.6 Hz, 1H, CH,Ph), 4.90 (d, /= 7.8 Hz, 1H, CH,=CH), 4.85
(s, 1H, CH,=CH), 4.59 (s, 1H, NC=CH), 3.39-3.48 (m, 4H, N(CH,CH,),), 1.88-1.93 (m,
4H, N(CH,CHb>),), 1.01 (d, 3H, CH3); °C NMR (75 MHz, CDCl;) § 169.1, 167.3, 166.9,
165.4, 143.7, 141.5, 141.1, 138.0, 129.0, 128.8, 128.7, 128.6, 128.6, 128.3, 128.2, 128.1,
127.8, 127.7, 126.7, 126.5, 115.7, 114.0, 85.9, 84.1, 64.8, 64.7, 55.2, 51.1, 50.0, 49.6,
43.5, 37.1, 25.7, 25.6, 16.4, 15.1; LRMS (CI) m/z 375 (M)"; HRMS (CI) exact mass
calc d for (CasH29NO») requires m/z 375.2198, found m/z 375.2199.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E AR* 5R*)-4-methyl-5-phenylhepta-2,6-dienoate according to general procedure C
and analysis by '"H NMR. 'H NMR (300 MHz, CDCls) § 7.15-7.39 (m, 10H, ArH), 7.00
(dd, J = 8.2, 15.4 Hz, 1H, CH=CHCO,), 5.90-6.01 (m, 1H, CH,=CH), 5.86 (d, J = 15.4
Hz, 1H, CH=CHCO,), 5.19 (s, 2H, CH,Ph), 5.10 (d, /= 9.9 Hz, 1H, CH,=CH), 5.01 (d,
J=17.6 Hz, 1H, CH,=CH), 3.17 (dd, J = 8.2, 8.5 Hz, 1H, PhCH), 2.69 (dd, J = 6.6, 8.5
Hz, 1H, CHCH3), 0.93 (d, J = 6.6 Hz, 3H, CH3); LRMS (CI) m/z 307.2 (MH)"; HRMS

(CI) exact mass calc d for (C;H230,) requires m/z 307.1698, found m/z 307.1695.

Benzyl (2E4R*,55%)-4,5-Dimethyl-3-pyrrolidinohepta-2,6-dienoate: Prepared

according to general procedure A from (E)-crotyl pyrrolidine (144 mg, 1.14 mmol),
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benzyl penta-2,3-dienoate (108 mg, 0.58 mmol), and Zn(OT¥), (20 mg, 0.06 mmol) to
provide the crude enamine, >98:2 syn:anti. 'H NMR (300 MHz, CDCl;) & 7.24-7.39 (m,
5H, ArH), 5.67-5.76 (m, 1H, CH,=CH), 5.11 (d, J = 12.9 Hz, 1H, CH,Ph), 5.08 (d, J =
13.2 Hz, 1H, CH,Ph), 4.74-4.94 (m, 3H, CH,=CH and CCHCH3), 4.47 (s, 1H, NC=CH),
3.31 (brs, 4H, N(CH,CH3),), 2.35 (m, 1H, CH,=CHCH), 1.84 (brs, 4H, N(CH,CH>),),
1.22 (brs, 3H, CCHCH3), 1.12 (d, J= 5.4 Hz, 3H, CH,=CHCHCH3); LRMS (CI) m/z 313
(M)"; HRMS (CI) exact mass calc d for (C20H7NO») requires m/z 313.2042, found m/z
313.2044.

The yield was determined by enamine hydrolysis according to procedure B using
3 mL solvent and 1.5 g silica gel to provide the beta keto ester as a colorless oil in 95%
yield (142 mg, 0.55 mmol). IR (thin film) 3068, 3034, 2974, 1746, 1713, 1641, 1456,
1419, 1377, 1307, 1222, 1152 cm™'; '"H NMR (300 MHz, CDCl;) § 7.33-7.36 (m, 5H,
ArH), 5.71 (ddd, J = 7.1, 10.6, 16.9 Hz, 1H, CH,=CH), 5.16 (s, 2H, CH,Ph), 4.97-5.05
(m, 2H, CH,=CH), 3.51 (s, 2H, C(O)CH,), 2.44-2.65 (m, 2H, CH,=CHCH and
CCHCH3), 1.04 (d, J = 7.1 Hz, 3H, CCHCH3;), 0.96 (d, J = 7.1 Hz, 3H,
CH,=CHCHCHj;); °C NMR (75 MHz, CDCl3) § 205.7, 167.2, 141.5, 135.6, 128.8,
128.6, 128.5, 115.0, 67.3, 51.7, 49.0, 39.7, 16.0, 12.8; LRMS (CI) m/z 261 (MH);
HRMS (CI) exact mass calc d for (C6H2103) requires m/z 261.1493, found m/z 261.1490.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E,AR* 5R*)-4,5-dimethylhepta-2,6-dienoate according to general procedure C and
analysis by '"H NMR. 'H NMR (300 MHz, CDCls) & 7.33-7.39 (m, 5H, ArH), 6.98 (dd, J
=7.8, 15.9 Hz, 1H, CH=CHCO), 5.84 (dd, J = 1.2, 15.9 Hz, 1H, CH=CHCO,), 5.64-

5.76 (m, 1H, CH,=CH), 5.18 (s, 2H, CH,Ph), 5.03 (s, 1H, CH,=CH), 4.97-5.03 (m, 1H,
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CH,=CH), 2.18-2.37 (m, 2H, 2CH;CH), 1.07 (d, J = 6.6 Hz, 3H, CH3), 0.99 (d, J = 7.2
Hz, 3H, CH;); °C NMR (75 MHz, CDCl;) § 166.7, 153.4, 141.4, 136.3, 128.7, 128.4,
128.4, 120.6, 114.9, 66.4, 42.7, 41.8, 17.2, 16.5; LRMS (CI) m/z 244.2 (M)"; HRMS (CI)

exact mass calc d for (CsH200,) requires m/z 244.1463, found m/z 244.1469.

Benzyl (2E,4R*,5R*)-4,5-Dimethyl-3-pyrrolidinohepta-2,6-dienoate: Prepared
according to general procedure A from (Z)-crotyl pyrrolidine (144 mg, 1.14 mmol),
benzyl penta-2,3-dienoate (108 mg, 0.58 mmol), and Zn(OTY), (20 mg, 0.06 mmol) to
provide the crude enamine, <2:98 syn:anti. 'H NMR (300 MHz, CDCl;) & 7.25-7.39 (m,
5H, ArH), 5.63-5.78 (m, 1H, CH,=CH), 4.97-5.14 (m, 4H, CH,Ph and CH,=CH), 4.55
(s, 1H, NC=CH), 3.33-3.37 (m, 4H, N(CH»CH>),), 1.88 (brs, 4H, N(CH,CH>),), 1.15 (d,
J=17.2 Hz, 3H, CCHCH3), 0.95 (d, J = 6.6 Hz, 3H, CH,=CHCHCH3); LRMS (CI) m/z
313 (M)"; HRMS (CI) exact mass calc d for (C,0H27NO,) requires m/z 313.2042, found
m/z 313.2035.

The yield was determined by enamine hydrolysis according to procedure B using
3 mL solvent and 1.5 g silica gel to provide the beta keto ester as a colorless oil in 94%
yield (140 mg, 0.54 mmol). IR (thin film) 3068, 3035, 2973, 1746, 1713, 1642, 1456,
1419, 1376, 1313, 1223, 1160 cm™'; '"H NMR (300 MHz, CDCl;) § 7.34-7.38 (m, 5H,
ArH), 5.55-5.67 (m, 1H, CH,=CH), 5.18 (s, 2H, CH,Ph), 5.05 (d, J = 4.9 Hz, 1H,
CH,=CH), 5.00 (s, 1H, CH,=CH), 3.53 (s, 2H, C(O)CH>), 2.44-2.55 (m, 2H, CCHCHj3
and CH,=CHCHCH3), 1.04 (d, J = 6.6 Hz, 3H, CCHCH3), 0.99 (d, J = 6.6 Hz, 3H,

CH,=CHCHCHj;); °C NMR (75 MHz, CDCl3) § 205.8, 167.1, 140.4, 135.6, 128.8,
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128.6, 128.6, 115.7, 67.3, 51.9, 48.9, 40.5, 18.7, 14.2; LRMS (CI) m/z 260.2 (M)";
HRMS (CI) exact mass calc d for (C6H2003) requires m/z 260.1412, found m/z 260.1404.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E,4R*,55%*)-4,5-dimethylhepta-2,6-dienoate according to general procedure C and
analysis by '"H NMR. 'H NMR (300 MHz, CDCls) § 7.33-7.39 (m, 5H, ArH), 6.94 (dd, J
= 8.0, 15.7 Hz, 1H, CH=CHCO), 5.83 (d, J = 15.3 Hz, 1H, CH=CHCO), 5.61-5.73 (m,
1H, CH,=CH), 5.18 (s, 2H, CH,Ph), 5.02 (s, 1H, CH,=CH), 4.97-4.99 (m, 1H,
CH,=CH), 2.12-2.28 (m, 2H, 2CH3;CH), 1.01 (d, J = 6.6 Hz, 3H, CH3), 0.97 (d, J = 7.2
Hz, 3H, CH;); LRMS (CI) m/z 245.2 (MH)'; HRMS (CI) exact mass calc d for

(C16H210,) requires m/z 245.1541, found m/z 245.1544.

Benzyl (2E/Z,4R*55%)-4,5-Dimethyl-5-phenyl-3-pyrrolidinohepta-2,6-dienoate:
Prepared according to general procedure A from (E)-3-methyl cinnamyl pyrrolidine (69
mg, 0.34 mmol), benzyl penta-2,3-dienoate (54 mg, 0.29 mmol), and Zn(OT¥), (10 mg,
0.03 mmol). The crude residue was purified by silica gel chromatography (10%
EtOAc:hexanes) to afford the title compound as a light yellow oil in 90% yield (100 mg,
0.26 mmol), 97:3 syn:anti, 40:60 E:Z. Syn isomer: IR (thin film) 3087, 3060, 3031,
2974, 2877, 1747, 1678, 1558, 1496, 1454, 1398, 1378, 1344, 1327, 1263, 1162, 1131,
1089, 1026, 919 cm™'; 'H NMR (300 MHz, CDCl3) § 7.19-7.49 (m, 10H, ArH), 6.41 (dd,
J=10.4, 16.5 Hz, 1H, CH,=CH, E isomer), 6.32 (dd, J = 10.2, 16.8 Hz, 1H, CH,=CH Z
isomer), 5.50 (q, J = 7.7 Hz, 1H, CHCH; E isomer), 5.03-4.82 (m, 4H, CH,Ph and
CH,=CH), 4.67 (s, 1H, NC=CH E isomer), 4.61 (s, 1H, NC=CH Z isomer), 3.44-3.52 (m,

2H, NCH; Z isomer), 3.12-3.24 (m, 3H, NCH; and CHCH3; Z isomer), 2.96-3.03 (m, 2H,
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NCH; E isomer), 2.78-2.85 (m, 2H, NCH; E isomer), 1.59-1.81 (m, 4H, N(CH,CH,),) (E
and Z isomer), 1.56 (s, 3H, CCH3) (E isomer), 1.53 (s, 3H, CCH3) (Z isomer), 1.14 (d, J
= 7.7 Hz, 3H, CHCHj;) (E isomer), 0.97 (d, J= 7.1 Hz, 3H, CHCH; Z isomer); °C NMR
(75 MHz, CDCl;) 8 168.9, 166.0, 164.1, 163.5, 147.1, 145.9, 145.6, 144.5, 138.2, 138.0,
129.0, 128.8, 128.6, 128.6, 128.4, 128.3, 128.1, 128.1, 128.0, 127.8, 127.7, 127.7, 126.5,
126.2, 114.0. 112.8, 88.8, 84.9, 64.8, 64.7, 52.1, 50.5, 48.5, 48.4, 46.3, 40.5, 26.4, 25.8,
25.5,25.1,23.4, 22.0, 16.7, 14.5; LRMS (CI) m/z 388 (MH)"; HRMS (CI) exact mass
calc d for (Cz6H30NO») requires m/z 388.2277, found m/z 388.2264.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E AR* ,5R*)-4,5-dimethyl-5-phenylhepta-2,6-dienoate according to general procedure C
and analysis by GLC with a CC-1701 column (100 °C, 20 °C/min gradient), t. 16.1 and
16.2 min. '"H NMR (300 MHz, CDCl3) § 7.18-7.41 (m, 10H, ArH), 7.01 (dd, J = 7.1,
15.9 Hz, 1H, CH=CHCO), 5.84 (d, J = 15.9 Hz, 1H, CH=CHCO), 5.19 (dd, J = 1.1,
11.0 Hz, 1H, CH,=CH), 5.16 (s, 2H, CH,Ph), 5.05 (d, J = 17.0 Hz, 1H, CH,=CH), 2.90
(dq, J=6.6, 7.1 Hz, 1H, CHCH3), 1.38 (s, 3H, CCH3), 0.91 (d, J = 6.6 Hz, 3H, CHCH3);
3C NMR (75 MHz, CDCls) & 166.5, 152.2, 146.2, 144.4, 136.3, 128.7, 128.4, 128.3,
128.3, 126.9, 121.5, 114.3, 66.3, 47.7, 45.1, 21.4, 14.6; LRMS (CI) m/z 321.2 (MH)";

HRMS (CI) exact mass calc d for (C2,H,50,) requires m/z 321.1854, found m/z 321.1852.

Benzyl (2E,4R*,55%)-5-Isopropyl-4-methyl-3-pyrrolidinohepta-2,6-dienoate:
Prepared according to general procedure A from (£)-4-methyl-2-pentenyl pyrrolidine
(176 mg, 1.15 mmol), benzyl penta-2,3-dienoate (108 mg, 0.57 mmol), and Zn(OTf), (20

mg, 0.06 mmol) to provide the crude enamine as a yellow oil in 81% yield (159 mg, 0.47
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mmol), >98:2 syn:anti, 5:1 E:Z. Syn, E isomer: IR (thin film) 3067, 3032, 2961, 2873,
1742, 1678, 1560, 1455, 1424, 1400, 1345, 1310, 1258, 1129, 1060, 1026 cm™'; 'H NMR
(300 MHz, CDCls) & 7.24-7.40 (m, 5H, ArH), 5.60 (ddd, J = 10.2, 10.2, 17.3 Hz, 1H,
CH,=CH), 5.03-5.18 (m, 3H, CNCHCH3and CH,Ph), 4.92 (dd, J = 2.2, 10.2 Hz, 1H,
CH,=CH), 4.79 (dd, J = 2.2, 17.0 Hz, 1H, CH,=CH), 4.44 (s, 1H, NC=CH), 3.24-3.35
(m, 4H, N(CH>),), 2.09 (ddd, J = 2.5, 10.7, 10.7 Hz, 1H, (CH3),CHCH), 1.80-1.98 (m,
5H, (CH3),CH and N(CH,CHb»)»), 1.22 (d, J = 7.1 Hz, 3H, CNCHCH3), 0.94 (d, J = 7.1
Hz, 3H, (CH;),CH), 0.89 (d, J = 6.6 Hz, 3H, (CH3),CH); °*C NMR (75 MHz, CDCl;) §
168.9, 166.6, 137.9, 128.5, 128.1, 115.5, 84.7, 64.5, 53.8, 49.7, 33.2, 28.6, 25.5, 22.5,
16.5, 16.4; LRMS (CI) m/z 342.2 (MH)"; HRMS (CI) exact mass calc d for (C,,H33NO>)
requires m/z 342.2432, found m/z 342.2434.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E,4R*,5R*)-5-isopropyl-4-methylhepta-2,6-dienoate according to general procedure C
and analysis by "H NMR. 'H NMR (300 MHz, CDCls) § 7.29-7.40 (m, 5H, ArH), 6.95
(dd, J = 8.4, 15.8 Hz, 1H, CH=CHCO,), 5.83 (dd, J = 1.1, 15.6 Hz, 1H, CH=CHCO,),
5.46 (ddd, J=10.1, 10.1, 17.0 Hz, 1H, CH,=CH)), 5.18 (s, 2H, CH,Ph), 5.09 (dd, J = 2.2,
10.1 Hz, 1H, CH,=CH), 4.94 (dd, 2.2, 16.7 Hz, 1H, CH,=CH), 2.53-2.64 (m, 1H,
CHCH=CH), 1.62-1.74 (m, 2H, iPr-CH and CH(CHs),), 1.02 (d, J = 7.0 Hz, 3H, CH3),
0.92 (d, J= 6.1 Hz, 3H, CH3), 0.82 (d, J= 6.6 Hz, 3H, CH3); °C NMR (75 MHz, CDCl;)
0 166.7, 153.1, 137.5, 136.3, 128.7, 128.4, 128.3, 120.6, 117.8, 66.3, 57.1, 37.6, 28.9,
21.5, 20.2, 18.7; LRMS (CI) m/z 273.2 (MH)"; HRMS (CI) exact mass calc d for

(C13H250,) requires m/z 273.1854, found m/z 273.1850.
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Benzyl (2E,4R*,55%)-3-Dimethylamino-4-methyl-5-phenylhepta-2,6-dienoate:
Prepared according to general procedure A from (£)-cinnamyl-N, N-dimethylamine (185
mg, 1.15 mmol), benzyl penta-2,3-dienoate (108 mg, 0.57 mmol), and Zn(OT¥), (20 mg,
0.06 mmol). The crude residue was purified by silica gel chromatography (5%
EtOAc:hexanes) to provide the title compound as white needles in 81% yield (162 mg,
0.46 mmol), 94:6 syn:anti, 6:1 E:Z. Syn, E isomer IR (thin film) 3063, 3029, 2971, 2936,
1678, 1569, 1494, 1454, 1397, 1372, 1316, 1130, 1041, 1024 cm™'; "H NMR (300 MHz,
CDCls) 6 7.22-7.43 (m, 10H, ArH), 6.03 (ddd, J=9.4, 9.4, 17.7 Hz, 1H, CH,=CH), 5.46
(dq, J=17.0, 11.6 Hz, 1H, CHCH3), 5.18 (d, /=9.2 Hz, 1H, CH,Ph), 5.13 (d, /=9.2 Hz,
1H, CH,Ph), 4.86-4.93 (m, 2H, CH,=CH), 4.66 (s, 1H, NC=CH), 3.47 (dd, J=10.3, 10.5
Hz, 1H, CHPh), 3.00 (s, 6H, N(CH3),), 1.02 (d, J = 7.5 Hz, 3H, CHCH;); °C NMR (75
MHz, CDCl3) 6 169.0, 167.9, 143.7, 141.5, 137.8, 129.0, 128.7, 128.3, 128.2, 127.9,
126.8, 114.1, 87.0, 64.9, 55.9, 41.9, 36.5, 16.8; LRMS (CI) m/z 350.2 (MH)"; HRMS (CI)
exact mass calc d for (C22H23NO>) requires m/z 350.2120, found m/z 350.2114.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E,4R*,55*)-4-methyl-5-phenylhepta-2,6-dienoate according to general procedure C and

analysis by '"H NMR.

Benzyl (2E.,4R*,55%)-3-Piperidino-4-methyl-5-phenylhepta-2,6-dienoate: Prepared
according to general procedure A from (E)-cinnamyl piperidine (232 mg, 1.15 mmol),
benzyl penta-2,3-dienoate (108 mg, 0.57 mmol), and Zn(OTf), (20 mg, 0.06 mmol). The

crude residue was purified by silica gel chromatography (5% EtOAc:hexanes) to provide
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the title compound as a yellow oil in 87% yield (194 mg, 0.50 mmol), 94:6 syn:anti, 6:1
E:Z. Syn, E isomer: IR (thin film) 3062, 3029, 2936, 2856, 1746, 1683, 1565, 1494,
1454, 1396, 1360, 1253, 1233, 1145, 1124, 1080, 1022 cm™'; "H NMR (300 MHz,
CDCl3) 6 7.18-7.45 (m, 10H, ArH), 5.99-6.11 (m, 1H, CH,=CH), 5.36 (brs, 1H,
CHCHa), 5.17 (s, 2H, CH,Ph), 4.88-4.94 (m, 3H, CH,=CH and NC=CH), 3.41-3.47 (m,
1H, PhCH), 3.29-3.31 (m, 4H, N(CH3),), 1.64 (brs, 6H, piperdine), 1.01 (d, J = 7.5 Hz,
3H, CH3); °C NMR (75 MHz, CDCl3) § 170.0, 166.5, 143.8, 141.6, 137.7, 128.9, 128.7,
128.4, 128.3, 127.9, 126.7, 114.5, 89.0, 65.0, 56.1, 49.9, 36.8, 27.5, 26.1, 24.7; LRMS
(CI) m/z 390.2 (MH)"; HRMS (CI) exact mass calc d for (C,H3NO,) requires m/z
389.2354, found m/z 390.2432.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E AR* 5R*)-4-methyl-5-phenylhepta-2,6-dienoate according to general procedure C

and analysis by 'H NMR.

Benzyl (2E,4R*,55%)-4,5,9-Trimethyl-3-pyrrolidinohepta-5-vinyldeca-2,8-dienoate:
Prepared according to general procedure A from geranyl pyrrolidine (178 mg, 0.86
mmol), benzyl penta-2,3-dienoate (108 mg, 0.57 mmol), and Zn(OTf), (10 mg, 0.03
mmol). The crude residue was purified by silica gel chromatography (10%
EtOAc:hexanes) to provide the title compound as a yellow oil in 94% yield (214 mg, 0.54
mmol), >98:2 syn:anti, 2:3 E:Z. Syn isomer: IR (thin film) 2971, 2876, 1681, 1561,
1454, 1414, 1397, 1378, 1345, 1320, 1263, 1161, 1129, 1093, 1026 cm™'; "H NMR (300
MHz, CDCls) & 7.25-7.40 (m, SH, ArH), 5.84 (dd, J = 11.0, 17.6, Hz, 1H, CH,=CH Z

isomer), 5.74 (dd, J = 11.0, 17.6 Hz, 1H, CH,=CH E isomer), 4.91-5.17 (m, 6H,
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CH,=CH, CH;,Ph, (CH3),C=CH E and Z isomer; and CHCHj; Z isomer), 4.63 (s, 1H,
NC=CH E isomer), 4.57 (s, IH, NC=CH Z isomer), 3.59-3.67 (m, 2H, N(CH3), Z
isomer), 3.43-3.48 (m, 2H, N(CH3), E isomer), 3.24-3.29 (m, 2H, N(CH3), Z isomer),
3.10-3.18 (m, 2H, N(CH3); E isomer), 2.69 (q, J = 7.1 Hz, 1H, CHCH3; E isomer), 1.74-
1.95 (m, 6H, N(CH,CH;); and CHCH; E and Z isomer), 1.67 (s, 3H, CH3), 1.57 and 1.56
(s, 3H, CH3), 1.37-1.49 (m, 2H, CHCH,CH; E and Z isomer), 1.17 (d, J = 7.7 Hz, 3H,
CHCH; E isomer), 1.12 (s, 3H, CHj3 E isomer), 1.05-1.07 (m, 6H, CH; E and Z isomer);
C NMR (75 MHz, CDCl3) & 168.8, 166.1, 164.9, 164.8, 144.9, 143.6, 138.2, 138.0,
131.5, 130.8, 128.6, 128.5, 128.0, 128.0, 127.7, 127.7, 125.6, 124.9, 113.8, 113.8, 88.4,
85.6, 64.7, 64.5, 52.3, 50.6, 45.0, 44.1, 44.0, 39.8, 39.2, 39.1, 26.1, 26.1, 26.0, 25.0, 23.7,
23.5,20.9,20.4, 18.1, 18.1, 16.3, 14.2; LRMS (CI) m/z 396.3 (MH)"; HRMS (CI) exact
mass calc d for (C,6H37NO>) requires m/z 396.2902, found m/z 396.2899.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E,AR* ,5R*)-4,5,9-Trimethyl-5-vinyldeca-2,6-dienoate according to general procedure
C and analysis by "H NMR. "H NMR (300 MHz, CDCl3) § 7.32-7.37 (m, 5H, ArH), 7.01
(dd, J=8.5,15.6 Hz, IH CH=CHCO,), 5.83 (d, /= 15.4 Hz, IH, CH=CHCO,), 5.71 (dd,
J=11.0, 17.6 Hz, 1H, CH,=CH), 5.18 (s, 2H, CH,Ph), 5.04-5.13 (m, 2H, CH,=CH and
(CH;3),=CH), 4.95 (d, J = 17.0 Hz, 1H, CH,=CH), 2.26 (dq, J = 7.1, 7.4 Hz, 1H,
CHCHs), 1.84-1.87 (m, 2H, C=CHCH»), 1.67 (s, 3H, CH3), 1.57 (s, 3H, CH3), 1.33 (t, J
= 8.5 Hz, 2H, C=CHCH,CH,), 1.00 and 0.97 (d and s, 6H, CHCH3; and CCH3); LRMS
(CI) m/z 327.2 (MH)"; HRMS (CI) exact mass calc d for (C,H3 0,) requires m/z

327.2324, found m/z 327.2326.
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Benzyl (2E4R*,5R*)-4,5,9-Trimethyl-3-pyrrolidinohepta-5-vinyldeca-2,8-dienoate:
Prepared according to general procedure A from neryl pyrrolidine (178 mg, 0.86 mmol),
benzyl penta-2,3-dienoate (108 mg, 0.57 mmol), and Zn(OTf), (10 mg, 0.03 mmol). The
crude residue was purified by silica gel chromatography (10% EtOAc:hexanes) to
provide the title compound as a yellow oil in 93% yield (211 mg, 0.53 mmol), >98:2
syn:anti, 1:1. IR (thin film) 2970, 2876, 1680, 1560, 1455, 1413, 1398, 1376, 1344,
1319, 1264, 1161, 1130, 1091, 1026 cm™'; 'H NMR (300 MHz, CDCls3) § 7.24-7.39 (m,
5H, ArH), 5.95 (dd, J = 11.0, 17.6 Hz, 1H, CH,=CH), 5.72 (dd, J = 11.0, 17.6 Hz, 1H,
CH,=CH), 4.91-5.19 (m, 6H, CH,=CH, CH,Ph, (CH3),C=CH and CHCH3), 4.61 (s, 1H,
NC=CH), 4.59 (s, 1H, NC=CH), 3.09-3.62 (m, 4H, N(CH3),), 2.68 (q, J = 7.1 Hz, 1H,
CHCH3), 1.74-1.97 (m, 6H, N(CH,CH;), and CHCH»), 1.67 (s, 3H, CH3), 1.57 and 1.56
(s, 3H, CH3), 1.26-1.50 (m, 2H, CHCH,CH,), 1.03-1.21 (m, 6H, 2CHj3); °C NMR (75
MHz, CDCls) 6 168.8, 166.1, 165.2, 164.7, 145.4, 144.5, 138.3, 138.0, 131.4, 131.0,
128.5, 128.5, 128.1, 128.0, 127.7, 127.6, 125.3, 124.9, 114.3, 113.1, 87.5, 84.2, 64.6,
64.5, 52.3,50.5,45.2,43.9,42.8, 40.2, 40.1, 38.5, 26.1, 26.1, 26.0, 25.1, 23.3, 23.3, 19.9,
19.5, 18.1, 18.1, 16.3, 13.4; LRMS (CI) m/z 396.3 (MH)"; HRMS (CI) exact mass calc d
for (C26H37NO») requires m/z 396.2902, found m/z 396.2901.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E,AR*,55%)-4,5,9-Trimethyl-5-vinyldeca-2,6-dienoate according to general procedure C
and analysis by '"HNMR. 'H NMR (300 MHz, CDCls) § 7.33-7.37 (m, 5H, ArH), 6.98
(dd, J=9.3, 15.9 Hz, 1H CH=CHCO,), 5.85 (d, /= 15.9 Hz, 1H, CH=CHCO,), 5.67 (dd,
J =11.0, 17.3 Hz, 1H, CH,=CH), 5.18 (s, 2H, CH,Ph), 5.12 (d, J = 11.0 Hz, 1H,

CH,=CH), 5.06 (t, J = 6.9 Hz, 1H, (CH3),=CH), 4.95 (d, J = 17.6 Hz, 1H, CH,=CH),
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2.24 (dq,J=17.1,7.7 Hz, 1H, CHCH3), 1.85 (dt,J= 7.4, 8.2 Hz, 2H, C=CHCH>), 1.67 (s,
3H, CHj3), 1.57 (s, 3H, CH3), 1.25-1.37 (m, 2H, C=CHCH,CH), 0.97 and 0.95 (d and s,
6H, CHCH; and CCH3); LRMS (CI) m/z 327.2 (MH)"; HRMS (CI) exact mass calc d for

(C2H3,0,) requires m/z 327.2324, found m/z 327.2318.

Methyl (2E,4R*,5R*)-4-Phenyl-5-methyl-3-pyrrolidinohepta-2,6-dienoate: Prepared
according to general procedure A from crotyl pyrrolidine (118 mg, 0.94 mmol), methyl 4-
phenylbuta-2,3-dienoate (82 mg, 0.47 mmol), and Zn(OTf), (17 mg, 0.05 mmol). The
crude residue was purified by silica gel chromatography (5% EtOAc:hexanes) to afford
the title compound as a crystalline solid in 86% yield (121 mg, 0.40 mmol), 97:3
syn:anti, 10:1 E/Z. Syn, E isomer: IR (thin film) 2973, 2869, 1675, 1561, 1496, 1449,
1422, 1385, 1345, 1281, 1141 cm™'; '"H NMR (300 MHz, CDCl3) § 7.14-7.36 (m, 5H,
ArH), 6.15 (brd, J = 9.9 Hz, 1H, CHPh), 5.85 (ddd 9.6, 9.6, 17.1 Hz, CH,=CH), 4.96 (dd,
J=1.8, 17.1 Hz, 1H, CH,=CH), 4.87 (dd, J = 2.0, 10.1 Hz, 1H, CH,=CH), 4.57 (s, 1H,
NC=CH), 3.67 (s, 3H, OCH3), 2.90-3.21 (m, 5SH, CHCH3; and N(CH,CH),), 1.61-1.71
(m, 4H, N(CH,CH,),), 1.28 (d, J = 6.3 Hz, 3H, CHCHj3); "*C NMR (75 MHz, CDCls) &
169.9, 164.0, 142.7, 139.4, 128.4, 128.4, 126.0, 112.8, 85.7, 50.4, 49.1, 47.0, 37.9, 25.3,
21.5; LRMS (CI) m/z 299 (M)"; HRMS (CI) exact mass calc d for (C;oH»5NO,) requires
m/z 299.1885, found m/z 299.1878.

The diastereomer ratio was determined by derivitization of the product to methyl
(2E AR* 5R*)-5-methyl-4-phenylhepta-2,6-dienoate according to general procedure C
and analysis by '"H NMR. 'H NMR (300 MHz, CDCls) & 7.10-7.35 (m, 6H, ArH and

CH=CHCO,), 5.67-5.79 (m, 2H, CH=CHCO, and CH,=CH), 5.07 (d, J = 5.5 Hz, 1H,
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CH,=CH), 5.03 (s, 1H, CH,=CH), 3.69 (s, 3H, CO,CH3), 3.20 (t, J = 8.8 Hz, 1H, PhCH),
2.54-2.67 (m, 1H, CHCHs), 0.89 (d, J = 6.6 Hz, 3H, CHCH3); LRMS (CI) m/z 231.1
(MH)"; HRMS (CI) exact mass calc d for (C;sH905) requires m/z 231.1385, found m/z

231.1382.

Methyl (2E,4R*,5R*)-4,5-Diphenyl-3-pyrrolidinohepta-2,6-dienoate: Prepared
according to general procedure A from cinnamyl pyrrolidine (108 mg, 1.15 mmol),
methyl 4-phenylbuta-2,3-dienoate (100 mg, 0.57 mmol), and Zn(OTY), (20 mg, 0.06
mmol). The crude residue was purified by silica gel chromatography (5%
EtOAc:hexanes) to afford the title compound as a colorless oil in 94% yield (196 mg,
0.54 mmol), 94:6 syn:anti. Syn isomer: IR (thin film) 2974, 2944, 1671, 1562, 1495,
1448, 1422, 1384, 1345, 1280, 1180, 1141 cm™; "H NMR (300 MHz, CDCl3) & 7.02-7.59
(m, 11H, ArH and NCCHPh), 5.98 (ddd, J=9.8, 9.8, 16.6 Hz, 1H, CH,=CH), 4.95 (d, J
= 17.1 Hz, 1H, CH,=CH), 4.84 (dd, J = 1.2, 9.9 Hz, 1H, CH,=CH), 4.72 (s, 1H,
NC=CH), 4.14 (dd, J = 10.1, 10.0 Hz, 1H, CH,=CHCH), 3.73 (s, 3H, OCH3), 2.99-3.29
(m, 4H, N(CH,CHb),), 1.66-1.75 (m, 4H, N(CH,CHb,),); °C NMR (75 MHz, CDCl;) &
170.0, 163.1, 143.2, 141.7, 139.3, 129.1, 128.6, 128.2, 128.1, 126.6, 125.9, 113.1, 86.8,
51.2, 50.6, 49.3, 44.4, 25.4; LRMS (CI) m/z 361 (M)"; HRMS (CI) exact mass calc d for
(C24H27NO») requires m/z 361.2042, found m/z 361.2041.

The diastereomer ratio was determined by derivitization of the product to methyl
(2E,AR* 5R*)-4,5-diphenylhepta-2,6-dienoate according to general procedure C and
analysis by 'H NMR. 'H NMR (300 MHz, CDCl;) § 7.02-7.28 (m, 11H, ArH and

CH=CHCO,), 6.07 (ddd, J = 8.2, 10.4, 17.0 Hz, 1H, CH,=CH), 5.82 (d, J = 15.9 Hz, 1H,

S16



J. Am. Chem. Soc. Supporting Information

CH=CHCOQ,), 5.08-5.16 (m, 2H, CH,=CH), 3.68-3.82 (m, 2H, 2CHPh), 3.72 (s, 3H,
CH;); LRMS (CI) m/z 293.2 (MH)"; HRMS (CI) exact mass calc d for (Cz0H»,0,)

requires m/z 293.1541, found m/z 293.1543.

(E)-Benzyl 5-Phenyl-3-Pyrrolidinohepta-2,6-dienoate: Prepared according to general
procedure A from cinnamyl pyrrolidine (108 mg, 0.57 mmol), benzyl buta-2,3-dienoate
(100 mg, 0.57 mmol), and Zn(OTf), (10 mg, 0.03 mmol) to afford the title compound as
a clear oil in 84% yield (174 mg, 0.48 mmol). The material was homogeneous by 'H
NMR and >C NMR analysis. IR (thin film) 3062, 3029, 2973, 2950, 2871, 1678, 1562,
1495, 1483, 1449, 1387, 1345, 1182, 1128, 1056, 1037, 916 cm™'; '"H NMR (300 MHz,
CDCl;) 6 7.18-7.42 (m, 10H, ArH), 6.17 (ddd, J = 6.6, 10.4, 17.0, 1H, CH,=CH), 5.09-
5.18 (m, 4H, CH,Ph, CH,=CH), 4.58 (s, 1H, NC=CH), 3.76-3.80 (m, 2H, CHCH,), 2.84-
3.12 (brm, 5H, CHCH, and N(CH,CHb,),), 1.73 (brs, 4H, N(CH,CH,),); >°C NMR (75
MHz, CDCl3) 6 168.3, 162.0, 143.6, 140.5, 138.1, 128.6, 128.5, 128.2, 128.2, 127.8,
126.7, 115,0, 84.0, 64.6, 49.2, 48.5, 36.5, 25.4; LRMS (CI) m/z 361 (M)"; HRMS (CI)

exact mass calc d for (C24H27NO,) requires m/z 361.2042, found m/z 361.2042.

Benzyl (2E,4R*,55%)-4-Isopropyl-5-phenyl-3-pyrrolidinohepta-2,6-dienoate:
Prepared according to general procedure A from cinnamyl pyrrolidine (216 mg, 1.15
mmol), benzyl 5-methylhexa-2,3-dienoate (125 mg, 0.58 mmol), and Zn(OTf), (20 mg,
0.06 mmol). The crude residue was purified by silica gel chromatography to afford the
title compound as a yellow oil in 94% yield (219 mg, 0.54 mmol), 94:6 syn/anti, 7:1 E/Z.

Syn, E isomer: IR (thin film) 3028, 2961, 2870, 1675, 1559, 1454, 1396, 1344, 1316,
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1128, 1059, 1028 cm™; "H NMR (300 MHz, CDCls) § 7.14-7.52 (m, 10H, ArH), 5.93
(ddd, J=9.9,9.9, 17.0 Hz, 1H, CH,=CH), 5.31 (dd, J = 9.9, 9.9 Hz, 1H, CHCH(CH3)»),
5.21 (d, J = 12.6 Hz, 1H, CHyPh), 5.16 (d, J = 12.6 Hz, 1H, CH,Ph), 4.85 (d, J =17.0
Hz, 1H, CH,=CH), 4.75 (dd, J = 1.4, 10.2 Hz, 1H CH,=CH), 4.67 (s, 1H, NC=CH),
3.26-3.57 (m, 5H, PhCH and N(CH,),), 1.80-2.01 (m, 5H, CH(CH3), and N(CH,CH,)»),
0.85 (d, J = 6.59 Hz, 3H, CHj3), 0.53 (d, J = 6.59 Hz, 3H, CH3); °C NMR (75 MHz,
CDCl3) 6 169.2, 164.1, 146.0, 142.6, 138.0, 128.7, 128.6, 128.6, 128.2, 128.1, 127.8,
126.4, 112.1, 87.2, 64.7, 55.3, 50.1, 48.7, 31.7, 25.5, 23.9, 22.6; LRMS (CI) 404.3
(MH)"; HRMS (CI) exact mass calc d for (C7H34NO») requires m/z 404.2589, found m/z
404.2594.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E AR* ,5R*)-4-isopropyl-5-phenylhepta-2,6-dienoate according to general procedure C
and analysis by 'H NMR. 'H NMR (300 MHz, CDCls) § 7.16-7.40 (m, 10H, ArH), 6.88
(dd, J=10.4, 15.4 Hz, 1H, CH=CHCO,), 5.80-5.92 (m, 1H, CH,=CH), 5.81 (d, J=15.4
Hz, 1H, CH=CHCO,), 5.20 (s, 2H, CH,Ph), 5.00 (d, J = 4.4 Hz, 1H, CH,=CH), 4.95 (d,
J=11.0 Hz, 1H, CH,=CH), 3.44 (dd, J = 9.1, 9.1 Hz, 1H, CHPh), 2.41 (ddd, J = 10.2,
4.1, 10.1 Hz, 1H, iPrCH), 1.54-1.64 (m, 1H, (CH3),CH), 0.83 (d, J = 4.4 Hz, 3H,
(CH3),CH), 0.81 (d, J = 4.4 Hz, 3H, (CH3),CH); LRMS (CI) 335.2 (MH)"; HRMS (CI)

exact mass calc d for (C,3H50,) requires m/z 335.2010, found m/z 335.2016.

Benzyl (2E,45%,55%)-4-Chloro-5-phenyl-3-pyrrolidinohepta-2,6-dienoate:
Prepared according to general procedure A from cinnamyl pyrrolidine (180 mg, 1.00

mmol), benzyl 4-chlorobuta-2,3-dienoate (100 mg, 0.48 mmol), and Zn(OTf), (17 mg,



J. Am. Chem. Soc. Supporting Information

0.05 mmol). The crude residue was purified by silica gel chromatography to afford the
title compound as a yellow oil in 84% yield (160 mg, 0.40 mmol), 93:7 syn:anti, 7:1 E:Z.
Syn, E isomer: IR (thin film) 3503, 1670, 1570, 1456, 1395, 1345, 1133 cm™'; '"H NMR
(300 MHz, CDCl3) & 7.30-7.52 (m, 11H, ArH and CHCI), 6.02 (ddd, J=9.1, 9.1, 17.6
Hz, 1H, CH,=CH), 5.25 (d, J = 12.6 Hz, 1H, CH,Ph), 5.19 (d, J = 12.0 Hz, 1H, CH,Ph),
5.03 (d, J = 16.5 Hz, 1H, CH,=CH), 5.02 (d, J = 9.9 Hz, 1H CH,=CH), 4.71 (s, 1H,
NC=CH), 3.92 (dd, J = 10.2, 10.2 Hz, 1H, PhCH), 3.72 (brs, 2H, N(CH,)>), 3.41-3.44
(m, 2H, N(CH,),, 1.90-1.97 (m, 4H, N(CH,CH,),); °C NMR (75 MHz, CDCl;) & 168.6,
157.4, 141.3, 138.1, 137.4, 129.1, 128.7, 128.3, 128.3, 128.1, 127.4, 116.6, 87.4, 65.3,
56.5, 56.1, 50.0, 25.6; LRMS (CI) 395.1 (M)"; HRMS (CI) exact mass calc d for
(C24H24CINO,) (M-H)" requires m/z 394.1574, found m/z 394.1569.

The diastereomer ratio was determined by derivatization of the product to benzyl
(2E,AR*,55*)-4-chloro-5-phenylhepta-2,6-dienoate according to general procedure C and
analysis by '"H NMR. '"H NMR (300 MHz, CDCls) § 7.23-7.40 (m, 10H, ArH), 7.00 (dd,
J=28.2,15.4 Hz, 1H, CH=CHCO,), 5.89-6.22 (m, 1H, CH,=CH), 6.08 (d, J = 15.4 Hz,
1H, CH=CHCO), 5.09-5.25 (m, 2H, CH,=CH), 5.21 (s, 2H, CH,Ph), 4.73 (t,J = 7.7 Hz,
1H, CHCI), 3.72 (t, J = 8.0 Hz, 1H, CHPh). LRMS (CI) 327.0 (MH)"; HRMS (CI) exact

mass calc d for (C,0H20ClO,) requires m/z 327.1152, found m/z 327.1148.

Benzyl (2E,45*,55%)-5-Phenyl-4-phthalimido-3-pyrrolidinohepta-2,6-dienoate:
Prepared according to general procedure A from cinnamyl pyrrolidine (64 mg, 0.34
mmol), benzyl 4-phthalimidobuta-2,3-dienoate (91 mg, 0.28 mmol), and Zn(OTf), (10

mg, 0.03 mmol). The crude residue was purified by silica gel chromatography (20%
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EtOAc:hexanes) to afford the title compound as a yellow solid in 75% yield (108 mg,
0.21 mmol) 91:9 syn/anti, 1:1 E:Z. The (E)-product isomer was recrystallized from
EtOAc/hexanes. Syn isomer: IR (thin film) 3062, 3030, 2975, 2871, 1773, 1715, 1676,
1571, 1456, 1379, 1346, 1320, 1133 cm™'; E isomer: 'H NMR (300 MHz, CDCl3) § 7.93
(d, J=11.5 Hz, 1H, CHN), 7.10-7.69 (m, 14H, ArH), 6.04 (ddd, J = 9.3, 9.3, 16.9 Hz,
1H, CH,=CH), 5.29 (s, 2H, CH,Ph), 4.90-5.14 (m, 3H, CH,=CH and PhCH), 4.83 (s,
1H, NC=CH), 3.63-3.68 (m, 2H, N(CH>),), 3.16-3.18 (m, 2H, N(CH>),), 1.74-2.05 (m,
4H, N(CH,CH,),); *C NMR (75 MHz, CDCl;) & 168.7, 168.7, 168.3, 166.6, 158.5,
156.9, 141.6, 139.9, 139.5, 137.9, 137.7, 137.5, 134.5, 134.4, 134.1, 131.6, 131.4, 128.9,
128.8, 128.6, 128.5, 128.3, 128.2, 128.0, 127.8, 127.7, 127.2, 126.9, 123.4, 123.3, 118.4,
115.5, 89.2, 85.9, 65.2, 65.0, 56.3, 54.2, 52.4, 51.9, 50.1, 49.0, 26.2, 25.7. LRMS (CI)
506 (M)"; HRMS (CI) exact mass calc d for (C3,H30N,04) requires m/z 506.2206, found
m/z 506.2206.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E,AR*,55*)-5-phenyl-4-phthalimidohepta-2,6-dienoate according to general procedure
C and analysis by '"H NMR. 'H NMR (300 MHz, CDCls) § 7.59-7.69 (m, 4H,
phthalimide H), 7.28-7.42 (m, 6H, ArH and CH=CHCO,), 7.02-7.16 (m, SH, ArH), 5.91-
6.03 (m, 2H, CH,=CH and CH=CHCO,), 5.15-5.26 (m, 5H, CH,=CH and CH,Ph and
CHN), 4.38 (dd, J = 8.8, 11.5 Hz, 1H, CHPh). LRMS (EI) 460.1 (MNa)"; HRMS (EI)

exact mass calc d for (C,sH23NO4Na) requires m/z 460.1525, found m/z 460.1541.

Benzyl (2E,4R*,55%)-4-Allyl-5-phenyl-3-pyrrolidinohepta-2,6-dienoate:  Prepared

according to general procedure A from cinnamyl pyrrolidine (216 mg, 1.15 mmol),
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benzyl 2,3,6-heptatrienoate (122 mg, 0.58 mmol), and Zn(OTf), (20 mg, 0.06 mmol).
The crude residue was purified by silica gel chromatography (5% EtOAc:hexanes) to
afford the title compound as a yellow oil in 96% yield (219 mg, 0.55 mmol), 95:5
syn:anti, 2:1 E:Z. Syn isomer: IR (thin film) 3064, 3029, 2974, 2869, 1676, 1561, 1493,
1483, 1454, 1400, 1345, 1128, 1081, 1067, 1039, 1027 cm™'; "H NMR (300 MHz,
CDCl3) 6 7.17-7.49 (m, 10H, ArH), 6.09 (ddd, J = 9.3, 10.0, 16.9 Hz, 1H,
CH,=CHCHPh, E isomer), 5.96 (ddd, J = 8.2, 10.4, 17.0 Hz, 1H, CH,=CHCHPh, Z
isomer), 5.56-5.69 (m, 2H, CHallyl and CH,=CHCH>), 5.19 (s, 2H, CH,Ph, E isomer),
5.17 (s, 2H, CH,Ph, Z isomer), 4.82-4.95 (m, 4H, CH,=CHCHPh and CH,=CHCH,),
4.72 (s, 1H, NC=CH, Z isomer), 4.70 (s, IH, NC=CH, Z isomer), 3.37-3.52 (m, 4H,
N(CHz)»), 3.07-3.13 (m, 1H, CHPh), 2.09-2.28 (m, 2H, CH,=CHCH>), 1.86-1.93 (m, 4H,
N(CH,CH,),; °C NMR (75 MHz, CDCL) & 169.2, 167.3, 165.0, 162.9, 143.5, 143.2,
141.2, 140.8, 138.2, 138.0, 136.7, 136.7, 129.1, 129.0, 128.8, 128.7, 128.6, 128.3, 128.1,
128.0, 127.8, 127.7, 126.8, 126.6, 116.0, 115.9, 115.4, 114.1, 87.8, 84.4, 64.7, 64.7, 54.7,
50.8,49.9, 49.8, 48.4, 42.5, 35.2, 34.4, 25.7, 25.6; LRMS (CI) 402.2 (MH)"; HRMS (CI)
exact mass calc d for (C,7H3,NO,) requires m/z 402.2433, found m/z 402.2428.

The diastereomer ratio was determined by derivitization of the product to benzyl
(2E,AS*,55%*)-4-allyl-5-phenylhepta-2,6-dienoate according to general procedure C and
analysis by '"H NMR. '"H NMR (300 MHz, CDCls) § 7.19-7.41 (m, 10H, ArH), 6.91 (dd,
J =93, 159 Hz, 1H, CH=CHCO,), 5.96 (ddd, J = 8.8, 10.0, 17.1 Hz, 1H,
CH,=CHCHPh), 5.85 (d, J = 15.4 Hz, 1H, CH=CHCO,), 5.61-5.75 (m, 1H,
CH,=CHCH;), 5.21 (s, 2H, CH,Ph), 4.93-5.11 (m, 4H, 2CH,=CH), 3.37 (t, J = 8.5 Hz,

1H, CHPh), 2.67 (ddd, J = 4.7, 8.8, 17.3 Hz, 1H, CHCH,CH=CH,), 1.98-2.23 (m, 2H,
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CH,CH=CH,); LRMS (CI) 333.2 (MH)"; HRMS (CI) exact mass calc d for (C,3H240,)

requires m/z 333.1854, found m/z 333.1854.

Benzyl Buta-2,3-dienoate: In a 500 mL round-bottomed flask, benzyl
(triphenylphosphoranylidene)acetate (20.5g, 50.0 mmol) was dissolved in CH,Cl, (150
mL), and Et;N (7.0 mL, 50 mmol) in CH,Cl, (50 mL) was added over 5 min. Acetyl
chloride (3.6 mL, 50 mmol) in CH,Cl, (50 mL) was added over 15 min. After stirring for
1h at room temperature, the solvent was removed, and the remaining yellow slurry was
triturated with Et;O (400 mL) and filtered through a pad of Celite. The filtrate was
concentrated, and the residue was purified by silica gel chromatography (7%
EtOAc:hexanes) to afford the title compound as a clear colorless oil in 64% yield (5.6 g,
32 mmol.) IR (thin film) 3068, 3034, 2992, 2956, 2893, 1970, 1941, 1720, 1259, 1155,
1082 cm '; H NMR (300 MHz, CDCl5) § 7.32-7.38 (m, 5H, ArH), 5.69 (dt, J= 1.1, 6.6
Hz, 1H, CHCO,), 5.25 (s, 1H, CH>), 5.23 (s, 1H, CH,), 5.20 (s, 2H, CH,Ph); °C NMR
(75 MHz, CDCls) 6 216.0, 165.7, 136.0, 128.7, 128.4, 128.3, 88.1, 79.8, 77.8, 76.9, 66.9;
LRMS (CI) 173.1 (M-H)"; HRMS (CI) exact mass calc d for (C;;HyO,) [M-H]" requires

m/z 173.0603, found m/z 173.0605.

Benzyl Penta-2,3-dienoate: Prepared according to the procedure given for the
preparation of benzyl buta-2,3-dienoate from benzyl (triphenylphosphoranylidene)acetate
(13.0 g, 31.7 mmol), propionyl chloride (2.8 mL, 31.7 mmol), and Et;N (4.4 mL, 31.7
mmol) to provide, after silica gel chromatography, the title compound as a clear, colorless

oil in 43% yield (2.6 g, 13.7 mmol). IR (thin film) 3066, 3034, 2981, 2956, 2928, 1964,
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1721, 1498, 1456, 1411, 1372, 1285, 1258, 1152, 1002 cm ';’H NMR (300 MHz,
CDCl3) § 7.32-7.38 (m, 5H, ArH), 5.58-5.65 (m, 2H, CH=C=CH), 5.19 (s, 2H, CH,Ph),
1.77-1.81 (m, 3H, CH3); °C NMR (75 MHz, CDCls) § 213.3, 166.1, 136.2, 128.8, 128.7,
128.4, 128.3, 90.7, 87.8, 66.7, 13.2; LRMS (CI) 189.1 (MH)"; HRMS (CI) exact mass

calc d for (C1,H,10,) (M-H)" requires m/z 187.0759, found m/z 187.0752.

Benzyl 5-Methylhexa-2,3-dienoate: Prepared according to the procedure given for the
preparation of benzyl buta-2,3-dienoate from benzyl (triphenylphosphoranylidene)acetate
(13.0 g, 31.7 mmol), isovaleryl chloride (3.9 mL, 31.7 mmol), and Et;N (4.4 mL, 31.7
mmol) to provide, after silica gel chromatography, the title compound as a clear colorless
oil in 50% yield (3.5 g, 16.0 mmol). IR (thin film) 3034, 2963, 2872, 1958, 1722, 1498,
1456, 1414, 1383, 1320, 1251, 1150, 1003 cm'; H NMR (300 MHz, CDCl3) § 7.31-7.37
(m, 5H, ArH), 5.63-5.69 (m, 2H, HC=C=CH), 5.22 (d, J = 12.6 Hz, 1H, CH»), 5.14 (d, J
=12.6 Hz, 1H, CH»), 2.42-2.54 (m, 1H, CH(CHs)>), 1.08 (d, J = 7.1 Hz, 6H, (CH3),); ;
C NMR (75 MHz, CDCl3) § 211.7, 166.2, 136.3, 128.7, 128.3, 128.2, 102.9, 89.4, 66.7,
28.1, 22.7,22.6; LRMS (CI) 217.1 (MH)"; HRMS (CI) exact mass calc d for (C4H70,)

requires m/z 217.1228, found m/z 217.1235.

Benzyl 2,3,6-heptatrienoate: Prepared according to the procedure given for the
preparation of benzyl buta-2,3-dienoate from benzyl (triphenylphosphoranylidene)acetate
(13.0 g, 31.7 mmol), 4-pentenoyl chloride (3.5 mL, 31.7 mmol), and Et;N (4.4 mL, 31.7
mmol) to provide, after silica gel chromatography, the title compound as a clear colorless

oil in 76% yield (5.1 g, 24.0 mmol). IR (thin film) 3034, 1961, 1721, 1640, 1498, 1456,
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1419, 1374, 1259, 1151, 996 cm '; H NMR (300 MHz, CDCl;) & 7.31-7.38 (m, 5H,
ArH), 5.79-5.92 (m, 1H, CH,=CH), 5.62-5.70 (m, 2H, CH=C=CH), 5.07-5.25 (m, 4H,
CH,Ph and CH,=CH), 2.87-2.93 (m, 2H, CHCH,); °C NMR (75 MHz, CDCl;) § 212.9,
165.9, 136.2, 134.9, 128.7, 128.4, 128.3, 116.8, 94.0, 88.8, 66.8, 32.0; LRMS (CI) 215.1
(MH)"; HRMS (CI) exact mass calc d for (C14H,50,) requires m/z 215.1072, found m/z

215.1066.

Benzyl 4-Chlorobuta-2,3-dienoate: Prepared according to the procedure given for the
preparation of benzyl buta-2,3-dienoate from benzyl (triphenylphosphoranylidene)acetate
(5.0 g, 12.2 mmol), chloroacetyl chloride (1.0 mL, 12.2 mmol), and Et;N (1.7 mL, 12.2
mmol). The crude residue was purified by silica gel chromatography (10%
EtOAc:hexanes) to provide the title compound as a clear colorless oil in 32% yield (0.8 g,
4.0 mmol). IR (thin film) 3053, 1719, 1456, 1388, 1361, 1262, 1162 cm '; H NMR (300
MHz, CDCl;) 6 7.34-7.40 (m, SH, ArH), 6.47 (d, J = 5.9 Hz, 1H, CHCO,), 6.00 (d, J =
5.9 Hz, 1H, CHCI), 5.25 (d, J = 12.6 Hz, 1H, CH,Ph), 5.20 (d, J = 12.3 Hz, 1H, CH,Ph);
C NMR (75 MHz, CDCl3) § 211.7, 163.3, 135.6, 128.8, 128.7, 128.5, 95.9, 93.3, 67.5.
LRMS (CI) 209.3 (MH)"; HRMS (CI) exact mass calc d for (C;;H;oClO,) requires m/z

209.0369, found m/z 209.0366.

Benzyl 4-Phthalimidobuta-2,3-dienoate: Prepared according to the procedure given for
the preparation of benzyl ©buta-2,3-dienoate from benzyl

(triphenylphosphoranylidene)acetate (10.0 g, 24.4 mmol), phthalylglycyl chloride (5.5 g,
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24.4 mmol), and Et;N (3.4 mL, 24.4 mmol). The crude residue was purified by silica gel
chromatography (35% EtOAc:hexanes) to provide the title compound as a yellow oil in
20% yield (1.6 g, 5.0 mmol). The compound was unstable and was used immediately
after purification. IR (thin film) 3030, 2955, 1784, 1725, 1437, 1380, 1261, 1209, 1157
cm ;'H NMR (300 MHz, CDCl3) & 7.85 (dd, J = 3.3, 5.5 Hz, 2H, NPhthH), 7.73 (dd, J
= 3.3, 5.5 Hz, 2H, NPhthH), 7.29-7.38 (m, 6H, ArH and CHCO,), 6.30 (d, J = 6.0 Hz,
1H, CHCN), 5.24 (d, J = 12.6 Hz, 1H, CH,Ph), 5.19 (d, J = 12.6 Hz, 1H, CH,Ph); °C
NMR (75 MHz, CDCl;) 6 210.4, 164.9, 164.1, 135.8, 134.9, 132.0, 128.7, 128.5, 128.4,

124.0,97.2,92.2, 67.3.

(E)-3-Methyl Cinnamyl Pyrrolidine: (E)-3-phenyl-2-buten-1-ol was prepared using a
modification of the procedure outlined by Corey and coworkers:* To a solution of
copper(l)iodide (2.9 g, 15.4 mmol) and methyl lithium (23.0 mL of 1.3 M solution in
Et,0, 29.9 mmol) in Et,O (10 mL) at 0 °C was added a solution of 3-iodo-3-phenyl-2-
propen-1-ol (1.0 g, 3.8 mmol) in Et,O (3 mL). The reaction mixture was stirred at 0 °C
for 87 h and then washed with sat. aq. NH4Cl (200 mL), dried (Na,SO4), and
concentrated. The crude residue was purified by silica gel chromatography to provide
(E)-3-phenyl-2-buten-1-ol in 69% yield (390 mg, 2.6 mmol). Spectroscopic data of this
material were in complete agreement with reported literature values’.

The allyl pyrrolidine was prepared using a modification of the procedure outlined
by Froyen and coworkers.® To a solution of 3-phenyl-2-buten-1-o0l (280 mg, 1.9 mmol)

and PPh; (0.51 g, 1.9 mmol) in THF (3 mL) at 0 °C was added N-bromosuccinimide

4 Corey, E. J.; Chen, H. K. Tetrahedron Lett., 1973, 18, 1611.
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(0.35 g, 1.9 mmol) portionwise. After 15 min pyrrolidine (0.32 mL, 3.9 mL) was added
at the reaction mixture was allowed to warm to room temperature. After 30 min IN HCI
(3 mL) was added and the layers were separated. The aqueous layer was extracted with
Et,0 (3 x 2 mL) and then basified to pH = 10 with 1IN NaOH (4 mL). The aqueous layer
was extracted with Et;,0 (3 x 2 mL) and the combined organic extracts were dried
(Na,S0y) and concentrated. The crude residue was purified by silica gel chromatography
to provide the title compound as a yellow oil in 53% yield (208 mg, 1.0 mmol). IR (thin
film) 3082, 3057, 3030, 2966, 2874, 2780, 1599, 1494, 1458, 1445, 1376, 1348, 1315,
1290, 1276, 1242, 1200, 1140 cm™';'"H NMR (300 MHz, CDCl;) § 7.23-7.43 (m, 5H,
ArH), 5.97 (t, J = 7.4 Hz, 1H, C=CH), 3.30 (d, J = 6.6 Hz, 2H, CHCH>), 2.56-2.61 (m,
4H, N(CH,CH,),), 2.08 (s, 3H, CH3), 1.79-1.83 (m, 4H, N(CH,CH,),); °C NMR (75
MHz, CDCls) 6 143.6, 136.4, 128.4, 127.0, 125.9, 125.9, 54.5, 54.5, 23.9, 16.6; LRMS
(CI) 201.2 (M)"; HRMS (CI) exact mass calc d for (C;4HsN) (M-H)" requires m/z

200.1439, found m/z 200.1431.

Geranyl Pyrrolidine: Prepared from geraniol (4.3 mL, 25.0 mmol) according to the
procedure outlined for the preparation of (£)-3-methyl cinnamyl pyrrolidine to provide
the title compound as a yellow oil in 23% yield (1.2 g, 5.7 mmol). IR (thin film) 2967,
2927, 2778, 1445, 1377, 1348, 1140 cm™ '} H NMR (300 MHz, CDCl3) 8 5.24 (t, J=17.1,
1H, CHCH2N), 5.01 (t, J = 6.0 Hz, 1H, (CH;3),C=CH), 2.99 (d, J = 7.1 Hz, 2H,
CHCH)N), 2.40-2.42 (m, 4H, N(CH,CH,),), 1.89-2.02 (m, 4H, CHCH,CH,), 1.69-1.71

(m, 4H, N(CH,CHb>),), 1.59 (s, 3H, CH3), 1.56 (s, 3H, CHs), 1.51 (s, 3H, CH3); °C NMR

5 Bussas, R.; M nsterer, H.; Kresze, G. J. Org. Chem., 1983, 48, 2828.
6 Froyen P.; Juvvik, P. Tetrahedron Lett. 1995, 36, 9555.
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(75 MHz, CDCls) 6 137.4, 131.4, 124.3, 122.0, 54.2, 53.6, 40.0, 26.7, 26.0 23.7, 18.0,
16.6; LRMS (CI) 208.2 (MH)"; HRMS (CI) exact mass calc d for (C14H,6N) requires m/z

208.2065, found m/z 208.2060.

Neryl Pyrrolidine: Prepared from nerol (4.5 mL, 25.0 mmol) according to the procedure
outlined for the preparation of (£)-3-methyl cinnamyl pyrrolidine to provide the title
compound as a yellow oil in 24% yield (1.3 g, 6.0 mmol). IR (thin film) 2966, 2928,
2778, 1447, 1377, 1344, 1140 cm ';'H NMR (300 MHz, CDCl3) § 5.19-5.25 (m, 1H,
CHCHN), 5.00-5.04 (m, 1H, (CH3),C=CH), 2.97 (d, J = 7.1 Hz, 2H, CHCH,N), 2.38-
2.42 (m, 4H, N(CH,CH;),), 1.97 (brs, 4H, N(CH,CH,),), 1.65-1.70 (m, 4H,
CHCH,CH,), 1.62 (s, 3H, CH3), 1.58 (s, 3H, CH3), 1.51 (s, 3H, CH3); °C NMR (75
MHz, CDCl;) 6 137.4, 131.6, 124.2, 123.0, 54.3, 53.5, 32.4, 26.8, 26.0, 23.8, 23.7, 17.9;
LRMS (CI) 208.2 (MH)"; HRMS (CI) exact mass calc d for (C14H6N) requires m/z

208.2065, found m/z 208.2061.
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters
(A2x 10%) for THLO02 (CCDC 189742). U(eq) is defined as the trace of the orthogonalized Ui

tensor.
X y z Ueq

o) 2744(1) 6191(1) 1802(1) 25(1)
0Q) ; 1295(1) 5324(1) 2593(1) 24(1)
N 1801(1) 9515(1) 3160(1) 19(1)
(00} 1596(2) 4132(1) 2257(1) 28(1)
CQ) 1983(1) 6314(1) 2328(1) 19(1)
CQ3) 1656(1) 7415(1) 2764(1) 19(1)
C@) 2045(1) 8622(1) 2633(1) 17(1)
C(5) 1889(1) 10889(1) 3061(1) 24(1)
C(6) 1259(1) 11398(1) 3781(1) 23(1)
c() 1556(2) 10406(1) 4380(1) 24(1)
C(8) 1372(1) 9197(1) 3940(1) 22(1)
C9) 2813(1) 8965(1) 1919(1) 17(1)
C(10) 2147(1) 9924(1) 1408(1) 18(1)
C(1) 956(1) 9626(1) 1112(1) 23(1)
C(12) 311(D) 10445(2) 631(1) 28(1)
C(13) 849(1) 11584(1) 444(1) 27(1)
Cca4) 2029(1) 11898(1) 736(1) 25(1)
c@5) 2674(1) 11071(1) 1214(1) 21(1)
C(16) 4227(1) 9273(1) 2127(1) 18(1)
can 5093(1) 9162(1) 1429(1) 18(1)
C(18) 5152(1) 8053(1) 1004(1) 22(1)
c(19) 5954(1) 7964(1) 374(1) 25(1)
C(20) 6710(1) 8963(1) 154(1) 28(1)
cen 6673(1) 10055(1) 578(1) 27(1)
C(22) 5879(1) 10148(1) 1215(1) 22(1)
C(23) 4696(1) 8421(1) 2754(1) 20(1)

C29) 5094(1) 8803(2) 3427(1) 26(1)




Table 3. Bond lengths [A] and angles [°] for THL02 (CCDC 189742).

O(1)-C(2) 1.2220(14) C(22)-H(22) 0.968(12)
0(2)-C(2) 1.3613(14) C(23)-C(24) 1.3099(18)
0(2)-C(1) 1.4365(16) C(23)-H(23) 1.026(13)
N-C(4) 1.3487(15) C(24)-H(24A) 0.980(14)
N-C(8) 1.4717(15) C(24)-H(24B) 1.004(14)
N-C(5) 1.4805(16)

C(1)-H(1A) 1.032(14) C(2)-0(2)-C(1) 115.71(10)
C(1)-H(1B) 0.996(13) C(4)-N-C(8) 121.58(10)
C(1)-H(1C) 0.990(16) C(4)-N-C(5) 127.58(10)
C(2)-C(3) 1.4419(18) C(8)-N-C(5) 110.84(10)
C(3)-C(4) 1.3718(18) 0(2)-C(1)-H(1A) 110.9(8)
C(3)-H(3) 0.938(11) 0(2)-C(1)-H(1B) 104.0(7)
C(4)-C(9) 1.5278(16) H(1A)-C(1)-H(1B) 113.3(11)
C(5)-C(6) 1.5196(18) 0(2)-C(1)-H(1C) 109.8(9)
C(5)-H(5A) 1.003(13) H(1A)-C(1)-H(1C) 106.9(12)
C(5)-H(5B) 0.998(13) H(1B)-C(1)-H(1C) 111.9(11)
C(6)-C(7) 1.5202(19) O(1)-C(2)-0(2) 121.11(11)
C(6)-H(6A) 0.971(12) O(1)-C(2)-C(3) 129.68(12)
C(6)-H(6B) 0.991(12) 0(2)-C(2)-C3) 109.21(10)
C(7)-C(8) 1.5148(19) C(4)-C(3)-C(2) 127.50(12)
C(7)-H(7A) 0.975(13) C(4)-C(3)-H(3) 117.5(7)
C(7)-H(7B) 0.968(14) C(2)-C(3)-H(3) 114.9(7)
C(8)-H(8A) 1.018(12) N-C(4)-C(3) 119.70(11)
C(8)-H(8B) 1.020(12) N-C(4)-C(9) 119.08(11)
C(9)-C(10) 1.5262(16) C(3)-C(4)-C(9) 121.14(11)
C(9)-C(16) 1.5597(17) N-C(5)-C(6) 103.37(11)
C(9)-H(9) 0.975(12) N-C(5)-H(5A) 110.7(7)
C(10)-C(15) 1.3860(17) C(6)-C(5)-H(5A) 113.7(7)
C(10)-C(11) 1.3830(17) N-C(5)-H(5B) 111.1(7)
C(11)-C(12) 1.3880(19) C(6)-C(5)-H(5B) 109.9(7)
C(11)-H(11) 0.920(12) H(5A)-C(5)-H(5B) 108.0(11)
C(12)-C(13) 1.380(2) C(7)-C(6)-C(5) 103.28(11)
C(12)-H(12) 0.969(15) C(7)-C(6)-H(6A) 115.2(7)
C(13)-C(14) 1.378(2) C(5)-C(6)-H(6A) 111.1(7)
C(13)-H(13) 0.972(14) C(7)-C(6)-H(6B) 108.2(7)
C(14)-C(15) 1.3906(17) C(5)-C(6)-H(6B) 109.4(7)
C(14)-H(14) 0.989(13) H(6A)-C(6)-H(6B) 109.4(10)
C(15)-H(15) 0.970(13) C(6)-C(7)-C(8) 102.72(11)
C(16)-C(23) 1.5064(17) C(6)-C(7)-H(7A) 113.2(7)
C(16)-C(17) 1.5228(17) C(8)-C(7)-H(7A) 114.3(8)
C(16)-H(16) 1.027(11) C(6)-C(7)-H(7B) 109.2(8)
C(17)-C(22) 1.3881(17) C(8)-C(7)-H(7B) 110.7(8)
C(17)-C(18) 1.3991(17) H(7A)-C(7)-H(7B) 106.8(10)
C(18)-C(19) 1.3862(18) N-C(8)-C(7) 103.47(11)
C(18)-H(18) 0.988(13) N-C(8)-H(8A) 109.3(7)
C(19)-C(20) 1.383(2) C(7)-C(8)-H(8A) 113.9(7)
C(19)-H(19) 0.962(13) N-C(8)-H(8B) 110.6(7)
C(20)-C(21) 1.383(2) C(7)-C(8)-H(8B) 112.3(7)
C(20)-H(20) 0.963(13) H(8A)-C(8)-H(8B) 107.2(10)
C(21)-C(22) 1.3908(18) C(4)-C(9)-C(10) 113.31(10)
CD-HE2D 1.003(13) C(4)-C(9)-C(16) 111.17(10)




0(2)-C(8)-C(7)
N1)-C@8)-C(7)
N1)-C(9)-C(19)
N(1)-C(9)-C(10)
C(19)-C(9)-C(10)
N(1)-C(9)-H(9)
C(19)-C(9)-H(9)
C(10)-C(9)-H(9)
C(11)-C(10)-C(13)
C(11)-C(10)-C(9)
C(13)-C(10)-C(9)
C(11)-C(10)-H(10)
C(13)-C(10)-H(10)
C(9)-C(10)-H(10)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(11)-C(12)-H(12A)
C(11)-C(12)-H(12B)

H(12A)-C(12)-H(12B)

C(14)-C(13)-C(18)
C(14)-C(13)-C(10)
C(18)-C(13)-C(10)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(16)-C(17)-H(17)
C(17)-C(18)-C(13)
C(17)-C(18)-H(18)
C(13)-C(18)-H(18)
N(2)-C(19)-C(24)
N(2)-C(19)-C(9)
C(24)-C(19)-C(9)
N(2)-C(20)-C(21)
N(2)-C(20)-H(20A)
C(21)-C(20)-H(20A)
N(2)-C(20)-H(20B)
C(21)-C(20)-H(20B)

H(20A)-C(20)-H(20B)

C(22)-C(21)-C(20)

127.51(11)
105.86(10)
112.01(9)
113.779)
115.21(9)
104.3(6)
103.8(6)
106.5(6)
108.14(9)
110.13(10)
112.21(9)
109.1(6)
107.0(6)
110.2(6)
123.58(13)
120.1(7)
116.3(7)
122.5(8)
120.2(8)
117.3(11)
118.36(11)
120.22(11)
121.14(10)
121.10(12)
120.0(7)
118.9(7)
119.81(12)
121.6(7)
118.5(7)
119.84(12)
120.8(7)
119.3(7)
120.22(12)
120.1(7)
119.7(7)
120.65(11)
119.1(6)
120.2(6)
119.27(10)
120.35(10)
120.37(10)
103.11(10)
110.9(6)
114.0(6)
109.0(6)
111.1(6)
108.6(9)
102.56(10)

C(22)-C(21)-H(21A)
C(20)-C(21)-H(21A)
C(22)-C(21)-H(21B)
C(20)-C(21)-H(21B)

H(21A)-C(21)-H(21B)

C1)-C(22)-C(23)

C(21)-C(22)-H(22A)
C(23)-C(22)-H(22A)
C(21)-C(22)-H(22B)
C(23)-C(22)-H(22B)

H(22A)-C(22)-H(22B)

N(©2)-C(23)-C(22)
N(2)-C(23)-H(23A)
C(22)-C(23)-H(23A)
N(2)-C(23)-H(23B)
C(22)-C(23)-H(23B)

H(23A)-C(23)-H(23B)

C(19)-C(24)-C(25)
C(19)-C(24)-H(24)
C(25)-C(24)-H(24)
0(3)-C(25)-0(4)
0(3)-C(25)-C(24)
0(4)-C(25)-C(24)
0(4)-C(26)-C(27)
0(4)-C(26)-H(26A)
C(@27)-C(26)-H(26A)
0(4)-C(26)-H(26B)
C(27)-C(26)-H(26B)

H(26A)-C(26)-H(26B)

C(32)-C(27)-C(28)
C(32)-C(27)-C(26)
C(28)-C(27)-C(26)
C(29)-C(28)-C(27)
C(29)-C(28)-H(28)
C@7)-C(28)-H(28)
C(30)-C(29)-C(28)
C(30)-C(29)-H(29)
C(28)-C(29)-H(29)
C(29)-C(30)-C(31)
C(29)-C(30)-H(30)
C(31)-C(30)-H(30)
C(32)-C(31)-C(30)
C(32)-CGD-HG1)
C(30)-C(31)-H(31)
CGD-C(32)-C2T)
C31)-C(32)-H(32)
C@7)-C(32)-H(32)

111.1(7)
109.4(6)
113.7(7)
112.0(7)
108.009)
103.75(10)
112.6(7)
112.2(6)
109.7(7)
110.1(6)
108.5(9)
104.41(9)
108.9(6)
111.9(6) |
108.4(6).
115.2(6)'
107.8(9) Ll
)

127.61(1
120.2(6),
112.26)
120.77(10)
130.50(11)
108.74(10)
111.69(10)
110.2(7)
111.2(7)
105.9(6)
109.7(6)
107.909) |
119.05(12)
122.19(11)
118.76(11)
120.66(12)
120.2(7)
119.1(7)
120.17(13)
120.7(7)
119.1(7)
119.52(13)
120.8@8)
119.78)
120.31(14)
119.0(7)
120.7(7)
120.28(12)
120.6(7)
119.1(7)




Table 4. Anisotropic displacement parameters (A2x 10¢) for THLO04 (CCDC 192895). The

anisotropic displacement factor exponent takes the form: -2n2 [h2a*?U 1 + ...+ 2 h k a* b*
UlZ ]

ol 2 e B G R
o(1) 236(4) 201(4) 221(4) -11(4) -16(4) 21(4)
0(2) 297(5) 224(5) 251(5) -32(4) -33(4) 16(4)
003) 193(4) 273(5) 234(5) 9(4) 0(4) 39(4)
0®4) 203(4) 293(5) 216(5) -43(4) -47(4) 38(4)
N(1) 186(5) 184(5) 175(5) 3(4) 220(4) 314)
N(@2) 179(5) 214(5) 188(5) -10(4) 0(4) 39(4)
c1) 171(6) 213(7) 184(6) 5(5) 34(5) 49(5)
c®) 169(6) 251(7) 169(6) 18(5) 38(5) 56(5)
C@3) 251(7) 266(7) 230(7) 22(6) 31(5) 68(6)
c@) 310(7) 331(8) 266(7) 102(6) 24(6) 134(6)
cG) 249(7) 441(9) 200(7) 71(6) 22(6) 95(6)
C(6) 221(7) 331(8) 197(7) 12(6) -1(5) 27(6)
c@) 174(6) 266(7) 169(6) 21(5) 23(5) 43(5)
C@®) 186(6) 246(7) 183(6) -16(5) 18(5) 31(5)
c) 184(6) 194(6) 176(6) 13(5) 24(5) 33(5)
C10)  195(6) 182(6) 224(7) 2(5) 3(5) 33(5)
cay 25507 249(7) 231(7) 24(6) 55(6) 104(6)
C12)  446(9) 311(9) 361(9) 96(7) 87(7) 163(7)
C(13)  205(6) 207(6) 199(6) 34(5) -8(5) 81(5)
Ca4)  253(7) 222(7) 272(7) 1(5) -9(6) 49(6)
C(15)  356(8) 276(7) 225(7) -36(6) -1(6) 106(6)
cae)  274(7) 348(8) 212(7) 44(6) 45(6) 126(6)
ca7  200(7) 329(8) 223(7) 42(6) -16(5) 52(6)
ca8)  241(7) 257(7) 172(6) 3(5) 21(5) 66(5)
C19)  195(6) 143(6) 221(6) 26(5) 2(5) 59(5)
C(20)  198(6) 242(7) 217(7) -18(6) 21(5) 29(5)
C2l) 1997 250(7) 278(7) -10(6) -13(6) 15(6)
C22)  209(7) 240(7) 257(7) 17(6) 12(5) 39(6)
C@3)  216(7) 214(7) 205(7) 2(5) 21(5) 52(5)
C24)  197(6) 204(6) 184(6) 5(5) 5) 46(5)
C25)  244(7) 169(6) 192(6) 22(5) 23(5) 62(5)
C(26)  194(6) 263(7) 251(7) -31(6) -49(5) -1(5)
C@27)  227(6) 259(7) 147(6) -42(5) 0(5) 36(5)
C(28)  250(7) 311(8) 182(7) -35(6) 20(5) 24(6)
C29)  333(8) 410(9) 201(7) -44(6) -43(6) 129(7)
C30)  561(10) 333(8) 183(7) -10(6) -38(6) 202(8)
CG3l) 45209 271(8) 2738) -13(6) 41(7) 5(7)

c(32) 27007 268(7) 241(7) -37(6) 2(6) 27(6)




Table S. Hydrogen coordinates ( x 10¢) and isotropic displacement parameters (A2x 10 3)

for THLO04 (CCDC 192895). N

X y z iso
HQ) 5531(12) 3066(11) 8673(8) 23(3)
H(4) 7108(12) 3094(11) 10118(9) 29(3)
H(5) 8333(13) 4986(11) 10907(9) 34(3)
H(6) 7982(12) 6898(11) 10257(9) 27(3)
H(9) 3612(12) 6596(10) 6711(8) 18(3)
H(10) 5119(11) 9035(10) 7383(3) 153)
H(11) 2755(13) 8459(11) 5842(9) 32(4)
H(12A) 3601(14) 10482(12) 5344(10) 41(4)
H(12B) 4881(15) 10691(12) 6308(10) 43(4)
H(14) 4275(13) 9865(11) 8853(8) 28(3)
H(15) 2470(12) 9985(11) 10028(9) 26(3)
H(16) 176(12) 8588(10) 9901(9) 27(3)
H(17) -282(13) 7070(11) 8546(8) 28(3)
H(18) 1530(11) 6985(10) 7309(8) 19(3)
H(20A) 7318(11) 8737(10) 7049(8) 18(3)
H(20B) 8188(12) 7552(11) 7092(8) 25(3)
H(21A) 8858(12) 9610(11) 5785(8) 26(3)
H(21B) 10040(13) 9096(10) 6493(9) 28(3)
H(22A) 9832(12) 8277(11) 4627(9) 26(3)
H(22B) 9829(12) 7263(11) 5458(8) 25(3)
H(23A) 7297(12) 7728(10) 4350(8) 22(3)
H(23B) 7542(11) 6391(11) 4710(8) 18(3)
H(24) 5162(11) 6417(9) 4369(8) 153)
H(26A) 601(13) 5025(11) 4087(9) 30(3)
H(26B) 1173(12) 4591(11) 3007(9) 24(3)
H(28) -1379(13) 5744(11) 3005(9) 29(3)
H(29) 2178(14) 7458(11) 2258(9) 33(3)
H(30) -326(13) 9155(12) 1864(9) 35(4)
HG1) 2190(13) 9158(12) 2217(9) 33(4)

H(32) 2926(13) 7444(11) 2973(8) 28(3)




