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Experimental Section

General Methods: All glassware used was oven dried (overnight at 140 °C) or flame dried prior to
use. Organic solvents/reagents were purified prior to use as follows: THF, diethyl ether, benzene and
toluene were freshly distilled from Na/benzophenone; CH;CN and CH,CI, were distilled from CaH,; n-
Bu,O was distilled from Na; All other solvents were used as purchased. Column chromatography was
performed with silica gd (0.04-0.063 mm). Eluting solvents are reported as V/V percent mixture. All
yields given refer to as isolated yields. Optical rotations were measured on a precision automated
polarimeter. NMR spectra were recorded on a 200 MHz or 400 MHz spectrometer. Chemical shifts (3)
are reported in ppm downfield from tetramethylsilane. HRM S experiments were performed on a high
resolution magnetic sector mass spectrometer. Melting points are uncorrected.

(4S, 2E)-Ethyl 4-[tert-butoxycar bonyl-(4-methoxybenzyl)amino]-5-phenylpent-2-enoate (6). To
a solution of ethyl 2-(diethoxyphosphoryl)propanoate (0.51 g, 2.26 mmol) in THF (23 mL) under Ar at
-78 °C, was slowly added n-BuLi (0.83 mL, 2.5 M in hexanes, 2.07 mmol) via a syringe. The reaction
mixture was stirred at this temperature for 1 h. A solution of aldehyde 5 (0.70 g, 1.89 mmoal) in THF
(5.5 mL) was added, then the mixture was stirred at -78 °C for 3 h. After the temperature was allowed
to rise to rt over 30 min, the reaction mixture was quenched with sat. aq. NH,Cl (10 mL) and extracted
with Et,O (12 mL x 3). The combined organic layer was washed with brine (10 mL), dried (Na,SO,),
filtered and concentrated in vacuo. The crude product was purified by flash chromatography
(Hex:EA/8:1) to provide 6 (0.44 g, 53%). Ry = 0.70 (Hex:EA/4:1). [a] o = -53 (c = 1.26, CHCl3). 'H
NMR (400 MHz, CDCly): 6 7.22-6.90 (7H), 6.74 (d, J = 8.4 Hz, 2H), 6.50-6.30 (br, 1H), 5.66 (d, J =
11.2 Hz, 1H), 5.50-5.20 (br, 1H), 4.40-4.15 (br, 1H), 4.10 (q, J = 7.2 Hz, 2H), 3.77 (s, 3H), 3.40-3.00
(br, 1H), 2.96-2.82 (m, 1H), 1.47 (s, 9H), 1.25 (t, J = 6.8 Hz, 3H). *C NMR (100 MHz, CDCly): &
166.0, 158.8, 147.8, 138.2, 130.9, 129.6, 129.1, 128.5, 126.4, 119.4, 113.8, 60.3, 59.4, 57.5, 55.4,

52.5, 38.2, 28.8, 14.4. HRMS (FAB) calcd for MH" (CasH2,NOs) 440.2437, found, 440.2435. This
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reaction also afforded (4S, 22)-ethyl 4-[tert-butoxycarbonyl-(4-methoxybenzyl)amino]-5-phenylpent-2-
enoate in 39% yield. R = 0.75 (Hex:EA/4:1). [a]p® = +97 (c = 2.74, CHCl5). *H NMR (400 MHz,
CDCly): § 7.24-7.06 (7H), 7.00-6.82 (br, 1H), 6.78 (d, J = 8.8 Hz, 2H), 5.80-5.60 (br, 1H), 4.65-4.20
(m, 2H), 4.15 (g, J = 6.8 Hz, 2H), 4.00-3.80 (br, 1H), 3.78 (s, 3H), 3.20-3.00 (br, 1H), 2.91 (dd, J =
13.6, 6.8 Hz, 1H), 1.44 (s, 9H), 1.25 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCls): & 166.4, 138.0,
129.4, 128.7, 126.8, 114.0, 60.6, 59.5, 55.5, 49.9, 28.6, 14.4. Some peaks were not recorded due to the
presence of amide resonance rotamers. HRMS (FAB) calcd for MH" (CysH3,NOs) 440.2437, found,
440.2430.

(4S, 2E)-Ethyl 4-(4-methoxy-benzylamino)- 5-phenylpent-2-enoate (7). Ester 6 (322 mg, 0.73
mmol) was dissolved in dry CH,CI, (3.8 mL) and cooled to 0 °C. TFA (1.9 mL) was added slowly to the
reaction solution, which was then stirred at the same temperature for 1h, quenched by aq sat NaHCO;
solution at 0 °C (pH = 8-9), and extracted with CH,Cl, (5mL x 3) The combined organic layer was
dried (Na,SO,), filtered and concentrated in vacuo. The crude product 7 (236 mg, 96%) was used in the
next reaction without further purification. [a]p™ = -27 (c = 1.18, CHCl3). *H NMR (400 MHz, CDCly):
& 7.30-7.04 (7H), 6.85 (dd, J = 15.6, 7.6 Hz, 1H), 6.80 (dt, J = 8.4, 1.6 Hz, 2H), 5.92 (dd, J = 15.6, 0.8
Hz, 1H), 4.20 (q, J = 7.2 Hz, 2H), 3.78 (s, 3H), 3.73, 3.51 (ABq, J = 13.2 Hz, 2H), 3.48-3.44 (m, 1H),
2.85 (dd, J = 14.4, 6.0 Hz, 1H), 2.76 (dd, J = 13.6, 8.4 Hz, 1H), 1.43 (br, 1H), 1.30 (t, J = 7.2 Hz, 3H).
3C NMR (100 MHz, CDCl5): & 166.6, 158.8, 150.4, 137.8, 132.2, 129.5, 129.3, 128.8, 126.9, 122.3,
114.0, 60.6, 59.9, 55.5, 51.0, 41.9, 14.5. HRMS (FAB) calcd for MH" (C»H,6NOs) 340.1913, found,
340.1918.

(4S, 2E)-Ethyl 4-[tert-butoxycarbonyl-(4-methoxybenzyl)amino]-2-methyl-5-phenyl-pent-2-
enoate (13) and (4S, 2Z)-ethyl 4-[tert-butoxycarbonyl-(4-methoxybenzyl)amino]-2-methyl-5-
phenyl-pent-2-enoate (14). Method A: To a solution of ethyl 2-(diethoxyphosphoryl) propanoate (3.50
0, 14.6 mmol) in THF (82 mL) under Ar at -78 °C, was slowly added n-BuLi (5.2 mL, 25 M in

hexanes, 13.0 mmol) via a syringe. The reaction mixture was stirred at this temperature for 30 min and
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then warmed to 0 °C for 10 minutes. The temperature was again cooled to -78 °C, aldehyde 5 (2.99 g,

8.1 mmol) dissolved in THF (20 mL) was added, and the mixture was stirred at -78 °C for 3 h. After the
temperature was allowed to rise to rt for 15 min, the reaction mixture was quenched with sat. ag NH,Cl
(30 mL) and extracted with Et,O (40 mL x 3). The combined organic layer was washed with brine (20
mL), dried (NaSO,), filtered and concentrated in vacuo. The product was purified by flash
chromatography (Hex:EA/6:1) to provide 13 (2.40 g, 67%, ee = 94%, [a]p® = -2.9 (c = 5.07, CHCl3))
and 14 (0.50 g, 14%, [a]p> = +73 (c = 0.80, CHCl,)) as colorless viscous oils. Method B: To a
solution of ethyl 2-(diethoxyphosphoryl)propanoate (199 mg, 0.83 mmol) in CH3;CN (5.5 mL), was
added LiCl (36.0 mg, 0.83 mmoal, dried in a vacuum oven), followed by DBU (0.13 mL, 0.83 mmol).
The reaction mixture was stirred at rt for 20 min until the LiCl dissolved completely, then cooled to O
°C. Aldehyde 5 (190 mg, 0.51 mmol) in CH;CN (0.5 mL) was added dropwise via syringe and the
reaction mixture was stirred at 0 °C for 3 h (monitored by TLC). The same workup and purification
procedure as method A afforded 13 (150 mg, 65%, ee = 74%) and 14 (30mg, 13%) as colorless viscous
oils. Method C: To a solution of aldehyde 5 (115 mg, 0.31 mmol) in CH,Cl, (0.5 mL), was added a
solution of (carbethoxyethylidene)triphenylphosphorane (141 mg, 0.39 mmol) in CH,CI, (0.5 mL) at O
°C. Then the temperature was allowed to rise to rt and the mixture was stirred for 22 h. The same
workup and purification procedure as method A afforded 13 (103 mg, 73%, ee = 71%) and 14 (18 mg,
13%). 13: Ry = 0.50 (Hex:EA/4:1). *H NMR (200 MHz, DMSO-d): § 7.35-7.05 (7H), 6.86-6.82 (d, J =
8.2 Hz, 2H), 6.76-6.72 (d, J = 8.0 Hz, 1H), 4.90-4.62 (s, br, 1H), 4.30 (s, 3H), 4.05 (g, J = 7.0 Hz, 2H),
3.72 (s, 3H), 3.09-2.78 (2H), 1.49 (s, 3H), 1.35 (s, 9H), 1.16 (t, J = 7.1 Hz, 3H). *C NMR (50 MHz,
CDCly): & 167.8, 158.7, 155.6, 139.0, 137.9, 131.1, 129.3, 128.8, 128.4, 126.5, 113.8, 80.2, 60.7,
56.2, 55.3, 48.7, 39.8, 39.7, 28.5, 14.3, 12.5. HRMS (FAB) calcd for MH" (Cy7H3sNOs) 454.2593,
found, 454.2593. 14: R; = 0.65 (Hex:EA/4:1).. *"H NMR (200 MHz, CDCl,): § 7.21-6.70 (9H), 6.50-
6.00 (br, 1H), 5.20-5.00 (br, 1H), 4.11 (g, J = 7.1 Hz, 2H), 4.30-4.00 (br, 1H), 3.78 (s, 3H), 3.40-3.00

(br, 1H), 2.80-2.75 (m, 1H), 1.83 (s, 3H), 1.46 (s, 9H), 1.25 (t, J = 7.1 Hz, 3H). *C NMR (50 MHz,
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CDCly): ¢ 167.2, 158.5, 140.3, 138.8, 130.9, 129.4, 128.8, 128.2, 127.9, 127.8, 126.2, 113.6, 60.4,
55.3, 29.6, 20.6, 14.3. HRMS (FAB) calcd for MH™ (C,7H3sNOs) 454.2593, found, 454.2586.

(55)-5-Benzyl-1-(4-methoxybenzyl)-3-methyl-1,5-dihydropyrrol-2-one (15). Compound 14 (90
mg) was dissolved in dry CH,CI, (1 mL) and cooled to O °C. TFA (0.5 mL) was then added slowly to
the reaction mixture, which was stirred at the same temperature for 15 min, quenched by slow addition
of sat NaHCO; solution (10 mL) at 0 °C, extracted with CH,Cl,, dried over MgSO,, and concentrated
to give 15 (61 mg, 100%) as a light yellow oil. R; = 0.47 (Hex:EA/19:1). 'H NMR (200 MHz, CDCls):
7.40-6.80 (9H), 6.48 (t, J = 1.6 Hz, 1H), 5.14 (d, J = 15.0 Hz, 1H), 4.11 (d, J = 15.0 Hz, 1H), 4.00-3.85
(m, 1H), 3.78 (s, 3H), 3.15 (dd, J = 13.2, 5.6 Hz, 1H), 3.48 (dd, J = 13.2, 9.3 Hz, 1H), 1.88 (t, J= 1.7
Hz, 3H). *C NMR (50 MHz, CDCl,): 171.9, 159.0, 140.2, 136.7, 134.9, 129.8, 129.3, 129.2, 128.6,
126.9, 114.1, 60.5, 55.3, 43.7, 38.0, 11.3. HRMS (FAB) calcd for MH" (C,0H»NO,) 308.1650, found,
308.1646.

(4S, 2Z)-Ethyl 4-(4-methoxybenzylamino)-2-methyl-5-phenylpent-2-enoate (16). Following the
procedure for preparation of compound 7, compound 13 (600 mg, 1.32 mmol) was dissolved in dry
CH,CI, (6 mL) and cooled to 0 °C, followed by addition of TFA (3 mL). Stirring was continued for 1h.
Crude product 16 was used in the following reaction without further purification. Ry = 0.50
(Hex:EA/1:1). [0]p® = +3.4 (c = 1.02, CHCl3). 'H NMR (400 MHz, CDCly): § 7.26-7.16 (2H), 7.11
(dt, J = 6.8, 1.6 Hz, 2H), 7.04 (dt, J = 8.4, 2.0 Hz, 2H), 6.78 (dt, J = 8.8, 2.0 Hz, 1H), 6.62-6.59 (m,
1H), 4.17 (dg, J = 14.4, 0.4 Hz, 2H), 3.76 (s, 3H), 3.66-3.62 (M, 1H), 3.73 and 3.49 (ABg, J = 13.2 Hz,
2H), 2.81-2.68 (2H), 1.60 (d, J = 1.2 Hz, 3H), 1.46 (s, br, 1H), 1.28 (t, J = 7.2 Hz, 3H). *C NMR (50
MHz, CDClj): 6 168.1, 158.8, 144.2, 138.0, 132.4, 129.6, 129.3, 128.6, 126.7, 113.9, 60.8, 56.8, 55.4,
51.2, 41.7, 14.4, 12.9. HRMS (FAB) calcd for MH* (CHsNOs) 354.2069, found, 354.2075.

Preparation of racemic N-(tert-butoxycarbonyl)-N-(methoxybenzyl)-L -phenylalaninal (5). To a
solution of aldehyde 5 (88 mg, 0.24 mmoal) in freshly distilled acetonitrile (25 mL) at 0 °C, was added

lithium chloride (17 mg, 0.4mmol, dried in a vacuum oven) and DBU (0.06 mL). The reaction mixture
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was stirred at this temperature for 2 h, quenched by 1 N HCI (5 mL), and extracted with ether (15 mL x
3). The combined organic phase was dried (N&,SO,), filtered and concentrated in vacuo. Purification by
flash chromatography (Hex:EA/ 2:1) afforded racemic aldehyde 5 (75 mg, 85%) as a colorless ail.

(4S, 2E)-Ethyl 4-(N-(4-methoxybenzyl)-((29)-3,3,3-trifluor o-2-ethoxy-2-
phenylpropanoxamido))-2-methyl-5-phenylpent-2-enoate (17a) and (4R, 2E)-ethyl 4-(N-(4-
methoxybenzyl)-((29)-3,3,3-trifluor o-2-methoxy-2-phenyl pr opanoxamido))-2-methyl-5-
phenylpent-2-enoate (17b). To a solution of racemic amine 16 (4.0 mg, 11.4 pmol) and
diisopropylethylamine (9.3 L, 56.8 umol) in freshly distilled CH,CI, (0.30 mL), was added Mosher’s
chloride (8.6 uL, 56.8 umol) under argon. The reaction solution was stirred at rt for 12 h, quenched
with 1 N HCI (0.5 mL), and extracted with CH,Cl, (1 mL x 3). The combined organic layer was washed
with brine (1 mL), dried (Na,SO,), filtered and concentrated in vacuo. Purification by preparative TLC
(Hex:EA/ 6:1) afforded 17a (2.5 mg, 41%) as a colorless ail. Ry = 0.35 (Hex:EA/4:1). Two rotamers. 'H
NMR (400 MHz, CDCl;) Major rotamer: & 7.61-6.42 (15H), 4.44-4.38 (m, 1H), 4.37 and 4.00 (ABq, J
= 14.8 Hz, 2H), 4.26-4.15 (2H), 3.74 (s, 3H), 3.53 (g, J = 2.0 Hz, 3H), 3.35 (dd, J = 7.6, 13.6 Hz, 1H),
2.79 (dd, J = 8.8, 13.6 Hz, 1H), 1.33 (t, J = 5.4 Hz, 3H), 1.29 (d, J = 1.2 Hz, 3H). Minor rotamer: &
7.61-6.35 (15H), 5.00, 4.59 (ABq, J = 14.8 Hz, 2H), 4.06-4.01 (2H), 3.82 (s, 3H), 3.66 (g, J = 2.0 Hz,
3H), 3.06 (dd, J = 13.6, 7.6 Hz, 1H), 2.72 (dd, J = 13.6, 8.8 Hz, 1H), 1.20 (t, J = 7.2 Hz, 3H), 0.21 (d, J
= 1.6 Hz, 3H). HRMS (FAB) calcd for MH* (Ca,H3sFsNOs) 570.2467, found, 570.2475. 17b (2.7 mg,
42%, colorless oil). Ry = 0.30 (Hex:EA/4:1). Two rotamers. '"H NMR (400 MHz, CDCl3) Major
rotamer: 6 7.70-6.00 (15H), 4.93-4.80 (m, 1H), 4.85 and 4.66 (ABq, J = 15.2 Hz, 2H), 4.18-4.09 (2H),
3.81 (s, 3H), 3.40 (g, J = 1.6 Hz, 3H), 2.56 (dd, J = 12, 12 Hz, 1H), 2.26 (dd, J = 3.2, 13.4 Hz, 1H),
1.24 (t, J = 7.2 Hz, 3H), 0.90 (d, J = 1.6 Hz, 3H). Minor rotamer: & 7.65-6.40 (15H), 4.60, 4.02 (ABq, J
= 15.2 Hz, 2H), 4.44-4.38 (m, 1H), 3.76 (s, 3H), 3.60 (g, J = 1.6 Hz, 3H), 3.25 (dd, J = 13.6, 9.2 Hz,
1H), 3.00 (dd, J = 13.6, 6.8 Hz, 1H), 1.26 (t, J = 7.2 Hz, 3H), 1.42 (d, J = 1.6 Hz, 3H). HRMS (FAB)

calcd for MH" (Ca3HasFsNOs) 570.2467, found, 570.2460.



Preparation of tricyclic lactam 22a and 22b via a Diels-Alder reaction. Method A: To a small
vial was added the mixture of 18a and 18b (10.0 mg, 16.7 umol) and sat. CuCl, solution in EtOH (0.3
mL). The reaction solution was stirred at rt for 24 h and then concentrated in vacuo. Water (1.5 mL)
was added to the residue, which was extracted with ether (2 mL x 3). The combined ether layers were
washed with brine (1.5 mL), dried (Na&SO,), filtered and concentrated in vacuo. Purification by
preparative TLC (Hex:EA/3:1) afforded inseparable 22a and 22b (6.5 mg, 86%) in 9:1 ratio as a
colorless oil. Method B: To a solution of methanesulfonyl chloride (42 pL, 0.54 mmoal) in freshly
distilled CH,CI, (2.0 mL) under argon at 0 °C, was slowly added a solution of carboxylic acid 26 (45
mg, 0.36 mmol) and diisopropylethylamine (78 uL, 0.47 mmol) in freshly distilled CH,Cl, (1.3 mL).
Stirring was continued at this temperature for 1 h, then diisopropylethylamine (0.13 mL, 0.80 mmoal)
was added, followed by a solution of amine 16 (204 mg, 0.58 mmol) in freshly distilled CH,Cl, (1.6
mL). The temperature was allowed to reach rt and the reaction mixture was stirred for 20 h, and
guenched with 1 N HCI (3 mL). After addition of CH,CI, (10 mL), the organic layer was washed with 1
N HCI (3 mL x 2) and brine (5 mL), dried (N&SO,), filtered and concentrated in vacuo. The crude
product was purified by flash chromatography (Hex:EA/8:1) to provide 22a and 22b (140 mg, 84%) in
9:1 ratio.

Preparation of Compound 23 from reduction of tricyclic lactam 22a and 22b. Following the
procedure to prepare 12a and 12b, the mixture of 22a and 22b (11.0 mg, 24.0 umol) was hydrogenated
in MeOH (1 mL) in the presence of 10% Pd/C (5 mg). Removal of solvent in vacuo provided 23 (10.8
mg, 98%) as a colorless solid without further purification. Ry = 0.30 (4% MeOH in CH,CI,). MP 110-
114 °C. [a]p® = —28 (¢ = 0.95, CHCl,). *H NMR (400 MHz, CDCl;) § 7.21-6.68 (9H), 4.99 and 3.82
(ABq, J = 15.2 Hz, 2H), 4.14-4.05 (2H), 3.78 (s, 3H), 3.65-3.60 (m, 1H), 3.06-2.93 (2H), 2.80 (dd, J =
9.6, 1.6 Hz, 1H), 1.86-1.74 (3H), 1.64-1.40 (5H), 1.20 (t, J = 6.8 Hz, 3H), 0.94 (s, 3H). *C NMR (100

MHz, CDCly): 6 178.5, 177.5, 158.9, 138.9, 129.4, 129.3, 129.2, 128.6, 126.6, 113.9, 61.2, 57.3, 55.5,
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46.3, 45.8, 43.4, 41.8, 40.0, 35.1, 26.3, 23.7, 23.1, 20.8, 19.1, 14.3. HRMS (FAB) calcd for MH"
(CyoH3sNO,) 462.2644, found, 462.2644.

(2S)-Methyl 2-(4-methoxybenzylamino)-3-phenylpropanoate (31). To a solution of (S)-methyl 2-
amino-3-phenylpropanoate hydrochloride (30) (1.0 g, 4.6 mmol) in MeOH (26 mL) which was
neutralized with NaOH (0.19 g, 4.8 mmoal), anisaldehyde (0.94 g, 6.8 mL) and acetic acid (0.26 mL, 4.6
mmol) were added at room temperature. After stirring for 10 min at this temperature, the solution was
cooled with an ice bath and NaBH, pellets (0.17 g, 4.6 mmol) were added. The reaction mixture was
stirred for 1 h at 0 °C, then the solvent was evaporated in vacuo. The residue was dissolved in ethyl
acetate (25 mL) and the solution was filtered, then washed with saturated sodium carbonate solution
(15 mL x 2) and dried (Na,SO,). Further purification by flash chromatography (Hex:EA/3:1) afforded
31 (1.13 g, 82%, ee = 100%) as a colorless ail. R = 0.45 (Hex:EA/2:1). [0]p® = =5 (c = 0.63, CHCl5).
H NMR (400 MHz, CDCl5): § 7.30-6.78 (9H), 3.78 (s, 3H), 3.74 and 3.57 (ABq, J = 12.8 Hz, 2H),
3.53(dd, J= 7.2, 7.2 Hz, 1H), 2.96-2.94 (2H), 1.78 (s, br, 1H). *C NMR (100 MHz, CDCly): & 175.3,
158.9, 137.6, 131.9, 129.6, 129.4, 128.6, 126.9, 114.0, 62.2, 55.5, 51.9, 51.6, 40.0. HRMS (FAB)
calcd for MH" (CygH2,NO3) 300.1600, found, 300.1602.

(2S)-Methyl 2-[N-(4-methoxybenzyl)-((2S)- 3, 3, 3-trifluor o-2-methoxy-2-phenyl
propanoxamido))]-3-phenylpropanoate (32). Following the procedure to prepare 17a and 17b,
compound 31 (9.5 mg, 0.032 mmol) was dissolved in CH,CI, (0.4 mL), and diisopropylethylamine (32
pL, 0.191 mmol) was added. To this mixture, was added (29-3, 3, 3-trifluoro-2-methoxy-2-phenyl
propionyl chloride (Mosher’s chloride, 24uL, 0.128 mmol), and stirring was continued for 14 h at rt.
The solvent was evaporated, and the residue was held under vacuum oil pump for 12 h to afford 32
(15.0 mg, 91%). This material was not further purified to avoid fractionation of the diastereomers and
erroneous determination of de. Ry = 0.50 (Hex:EA/2:1). Two rotamers. ‘H NMR (400 MHz, CDCl5)
Major rotamer: 6 7.64-6.42 (15H), 4.30 and 4.24 (ABq, J = 16.0 Hz, 2H), 3.97 (dd, J = 6.8, 6.40 Hz,

1H), 3.83 (q, J = 2.0 Hz, 3H), 3.76 (s, 3H), 3.70 (s, 3H), 3.65 (dd, J = 13.6, 6.8 Hz, 1H), 2.91 (dd, J =



14.0, 6.4 Hz, 1H). **F NMR (400 MHz, CDCl3) Major rotamer: § 66.51. **C NMR (100 MHz, CDCly):
0 170.9, 167.1, 159.7, 138.5, 134.2, 130.7, 129.7, 129.6, 128.7, 128.4, 127.1, 126.7, 126.6, 114.2,
76.9, 60.9, 56.3, 55.5, 52.4, 51.8, 35.7. HRMS (FAB) calcd for MH" (CygH29FsNOs) 516.1998, found,
516.1960.

(29)-Ethyl 2-[(3S, 4S)-3-benzyl-2-(4-methoxybenzyl)-1-oxo-2-azaspir o[ 4.5] decadien-4-
yl]propanoate (36). The procedure was the same as for the preparation of compound 12a and 12b. The
mixture of decomplexed products 29a and 29b (6.2 mg, 13.5 umol) in methanol (0.7 mL) was
hydrogenated over 10% Pd/C (6 mg) for 24 h. The crude product was purified by preparative TLC
(Hex:EA/2:1) to afford 36 (5.2 mg, 84%) as a colorless oil. Ry = 0.50 (Hex:EA/2:1). [a]p®™ = +21 (c =
0.49, CHCIl3). 'H NMR (400 MHz, CDCly): § 7.30- 6.83 (9H), 4.67 and 4.27 (ABq, J = 14.8 Hz, 2H),
3.98-3.86 (2H), 3.79 (s, 3H), 3.61 (ddd, J = 12.0, 4.4, 2.0 Hz, 1H), 2.89 (dd, J = 13.2, 4.0 Hz, 1H),
2.58 (dg, J = 7.2, 2.7 Hz, 1H), 2.46 (dd, J = 13.4, 10.4 Hz, 1H), 2.02 (dd, J = 2.4, 2.0 Hz, 1H), 1.87-
1.21 (10H), 1.15 (t, J = 7.2 Hz, 3H), 0.46 (d, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCly): § 179.3,
174.8, 159.1, 138.1, 130.3, 129.9, 129.8, 128.8, 126.9, 114.1, 61.1, 60.7, 55.5, 46.9, 46.6, 46.0, 41.4,
38.0, 37.6, 28.8, 25.7, 23.0, 22.6, 16.3, 14.2. HRMS (FAB) calcd for MH" (CxH3sNO,) 464.2800,
found, 464.2807.

(29)-2-[(3S, 49)-3-Benzyl-2-(4-methoxybenzyl)-1-oxo-2-azaspir o[4.5]decadien-4-yl]propyl (29)-
3, 3, 3-trifluor o-2-methoxy-2-phenylpropanoate (37). Following the procedure forthe preparation of
25, a solution of ester 36 (3.0 mg, 6.4 umoal) in freshly distilled ether (0.2 mL) was treated with LiBH,4
(1.28 mg, 58.3 umol) at rt for 2 h. The crude product, (29)-2-[(3S, 49)-3-benzyl-2-(4-methoxybenzyl)-
1-oxo-2-azaspiro[4.5] decadien-4-yl]propanol, was used in the following reaction without any further
purification. Ry = 0.20 (Hex:EA/1:1). [o]p® = -12 (¢ = 0.20, CHCl5). *H NMR (400 MHz, CDCly): &
7.31- 6.87 (9H), 4.96 and 3.94 (ABq, J = 14.4 Hz, 2H), 3.81 (s, 3H), 3.23-3.18 (3H), 2.56 (dd, J =
12.8, 10.0 Hz, 2H), 1.98 (s, br, 1H), 1.84-0.74 (12 H), 0.23 (d, J = 6.8 Hz, 3H). To a solution of the

crude product (2.0 mg, 4.7 umol) in freshly distilled benzene (0.15 mL), was added



diisopropylethylamine (11.2 uL, 66.4 umol) and Mosher’s chloride (10.8 pL, 57.0 umol). The reaction
mixture was heated to 80 °C and stirred for 24 h at this temperature. The cooled reaction mixture was
guenched with 1 N HCI (0.6 mL) and extracted with ether (1 mL x 3). The combined organic layer was
washed with brine (1 mL), dried (N&SO,), filtered and concentrated in vacuo. The crude product 37
(2.8 mg, de > 86%, 70% yield over two steps) was subjected to *H NMR without any further
purification for determination of de. Ry = 0.70 (Hex:EA/3:2). [a]p® = -3 (c = 0.23, CHCl3). 'H NMR
(400 MHz, CDCl;) Major isomer: § 7.37- 6.83 (9H), 4.99 and 3.97 (ABg, J = 14.4 Hz, 2H), 3.92 (d, J
= 2.8 Hz, 1H), 3.78 (s, 3H), 3.44 (g, J = 0.8 Hz, 3H), 3.23-3.13 (3H), 2.54 (dd, J = 12.0, 2.0 Hz, 1H),
2.00 (s, br, 1H), 1.90-1.20 (11H), 0.10 (d, J = 6.8 Hz, 3H). *®F NMR (400 MHz, CDCl3) Major isomer:
§ —72.0, 93%; Minor isomer : & —72.1, 7%. *C NMR (100 MHz, CDCl3) Major isomer: & 178.7,
166.2, 159.5, 137.8, 132.4, 130.5, 129.8, 128.9, 128.6, 128.4, 127.5, 127.1, 114.5, 77.4, 68.4, 57.9,
55.4, 46.8, 44.4, 40.2, 37.4, 31.8, 28.6, 25.6, 23.2, 22.6, 15.9. HRMS (FAB) calcd for MH"
(Cs7H43F3NOs) 638.3093, found, 638.3056.

Preparation of tricyclic lactam 39 through a Diels-Alder reaction. Following the procedure for
the preparation of compounds 22a and 22b, the mixture of Z-substrates 35a and 35b (11.5 mg, 19.2
umol) was treated with saturated ethanolic CuCl, (0.35 mL) for 24 h to give compound 39 (7.0 mg,
81%) as a colorless oil which was purified by preparative TLC (Hex:EA/3:1). Ry = 0.35 (Hex:EA/2:1).
[] o2 = +25 (¢ = 0.65, CHCl5). *H NMR (400 MHz, CDCl5): § 7.27- 6.65 (9H), 4.99 and 3.86 (ABg, J
= 14.8 Hz, 2H), 4.16-3.99 (2H), 3.94-3.89 (m, 1H), 3.76 (s, 3H), 3.48 (d, J = 15.2 Hz, 1H), 2.82-2.75
(2H), 1.8-1.2 (5H), 1.37 (s, 3H), 1.18 (t, J = 6.8 Hz, 3H). °C NMR (100 MHz, CDCl,): § 177.0, 175.5,
158.8, 138.5, 137.9, 130.4, 129.6, 129.1, 129.0, 128.7, 126.6, 113.8, 60.8, 59.3, 55.5, 55.4, 51.2, 48.3,
43.7, 40.4, 39.3, 28.9, 27.7, 18.4, 14.3. HRMS (FAB) calcd for MH" (CxH1NO,) 460.2488, found,
460.2489.

(2S, 32)-tert-Butyl 5-hydr oxy-2-(N-4-methoxybenzyl)-4-methyl-1-phenylpent-3-en-2-yl

carbamate (44). To a solution of 14 (133 mg, 0.294 mmoal) in CH,Cl, (4.0 mL) at -78 °C, was added
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dropwise DIBAI-H solution (1.5 M in toluene, 0.78 mL, 1.174 mmol). Stirring was continued at -78 °C
for 1 h, and then the reaction was quenched slowly with MeOH (1.5 mL) at this temperature, followed
by addition of water (2.0 mL). After the reaction mixture was allowed to reach rt, it was extracted with
CH,CI, (4 mL x 3) and the organic layer was dried (Na,SO,). The solvent was evaporated in vacuo, and
the residue was purified by flash chromatography (Hex:EA/2:1) to provide 44 (110 mg, 92%) as a
colorless oil. Ry = 0.15 (Hex:EA/4:1). [a]p™ = -3 (c = 0.87, CHCl3). *H NMR (200 MHz, CDCl,): &
7.27-6.82 (9H), 5.34 (d, J = 10.1 Hz, 1H), 5.10-4.8- (br, 1H), 4.33 (s, 2H), 3.80 (s, 3H), 3.90-3.70 (m,
1H), 3.70-3.50 (m, 1H), 2.92 (dd, J = 13.2, 5.9 Hz, 1H), 2.73 (dd, J = 13.0, 8.8 Hz, 1H), 1.66 (d, J =
1.2 Hz, 3H), 1.41 (s, 9H). *C NMR (50 MHz, CDCl): & 158.6, 155.8, 138.5, 131.8, 129.4, 128.5,
128.3, 126.4, 125.6, 113.7, 113.6, 80.3, 61.5, 55.3, 47.5, 40.6, 40.5, 29.5, 21.8. HRMS (FAB) calcd for
MH™ (CsH3NO,) 412.2488, found, 412.2483.

(2S, 32)-tert-Butyl 4-for myl-2-(N-4-methoxybenzyl)-1-phenylpent-3-en-2-ylcar bamate (45). To
a solution of alcohol 44 (95 mg, 0.231 mmoal) in benzene (1.7 mL), was added Fe(CO),PPh; (30 mg,
0.069 mmol) and trimethylamine oxide (52 mg, 0.693 mmol). After stirring for 12 h, the reaction
mixture was filtered through Celite, then Fe(CO),PPh; (30 mg, 0.069 mmol) and trimethylamine oxide
(52 mg, 0.693 mmol) was added to the filtrate. The mixture was maintained at rt for a further 12 h.
After a second filtration, the solvent was evaporated in vacuo. The residue was purified by flash
chromatography (Hex:EA/8:1) to afford aldehyde 45 (67 mg, 71%) as a colorless oil. Ry = 0.70
(Hex:EA/4:1). [a]p®® = +47 (c = 0.62, CHCI5). *H NMR (200 MHz, CDCly): § 9.61 (s, 1H), 7.26-6.80
(9H), 6.55 (br, 1H), 5.35-5.20 (m, 1H), 4.30 (br, 2H), 3.80 (s, 3H), 3.20-2.80 (2H), 1.63 (d, J = 1.2 Hz,
3H), 1.46 (s, 9H). B3C NMR (50 MHz, CDCl3): 6 190.6, 158.9, 144.5, 137.4, 136.8, 130.7, 129.3,
128.8, 128.6, 128.4, 126.8, 114.0, 80.6, 55.4, 54.2, 40.3, 40.2, 29.5, 16.4. HRMS (FAB) calcd for MH*
(CxsH3NO,) 410.2331, found, 410.2336.

(2S, 32)-tert-Butyl 2-(N-4-methoxybenzyl)-4-methyl-1-phenylhexa-3, 5-dien-2-ylcar bamate (46).

To a suspension of methyltriphenylphosphonium bromide (91 mg, 0.254 mmol) in THF (2.0 mL) at O
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°C, was slowly added n-BuLi (2.5 M solution in hexanes, 86 uL, 0.215 mmol). After 45 min at this
temperature, the mixture was cooled to -78 °C and then a solution of aldehyde 45 (80 mg, 0.196 mmol)
in THF (1.0 mL) was added quickly. Stirring was continued at -78 °C for 30 min, then the reaction was
allowed to warm to rt and maintained at this temperature for 2 h. Finally, the reaction was quenched
with 1 N HCI (3 mL) and extracted with Et,O (5 mL x 3). The organic layer was dried (Na,SO,),
concentrated in vacuo, and the residue was purified by flash chromatography (Hex:EA/8:1) to provide
46 (68 mg, 85%) as a colorless ail. Ry = 0.70 (Hex:EA/6:1). [a]p® = +7 (c = 0.62, CHCI;). *H NMR
(200 MHz, CDCly): & 7.26-6.76 (9H), 6.6 (br, 1H), 5.47 (br, 1H), 5.20-5.00 (3H), 4.25 (2H), 3.79 (s,
3H), 3.05-2.65 (2H), 1.73 (d, J = 2.0 Hz, 3H), 1.38 (s, 9H). *C NMR (50 MHz, CDCly): & 158.4,
138.5, 135.5, 133.4, 131.8, 129.3, 128.8, 128.7, 128.5, 128.3, 126.2, 115.4., 113.6, 79.7, 55.3, 54.8,
43.8, 40.7, 28.5, 19.7. HRMS (FAB) calcd for MH™ (C6H3:NO3) 408.2538, found, 408.2528.

(2S, 32)-2-(N-4-M ethoxybenzyl)-4-methyl-1-phenylhexa-3, 5-dien-2-ylamine (47). To a solution
of 46 (40 mg, 0.098 mmol) in chloroform (0.4 mL), was added dropwise iodotrimethylsilane (16.8 pL,
0.118 mmol) and then the mixture was heated at 50 °C for 40 min. After cooling to rt, MeOH (75 L)
was added and the solvent was evaporated in vacuo. Then Et,O (0.5 mL) and acetic acid (30%, 0.5 mL)
were added and stirring was continued for 10 min. The solution was basified by sat. Na,CO; to pH = 9
and then extracted with Et,O (5 mL x 3). The organic layer was washed with brine (3 mL) and dried
(Na,SO,). After evaporation of the solvent, the crude product 47 (16 mg, 53%) was used in the
following reaction without further purification. [o]p? = +6 (c = 1.40, CHCI3). 'H NMR (400 MHz,
CDCly): § 7.28-6.78 (9H), 6.57 (dd, J = 17.2, 10.4 Hz, 1H), 5.29 (d, J = 9.2 Hz, 1H), 5.20 (dq, J =
17.2, 0.8 Hz, 1H), 5.04 (dg, J = 11.2, 1.6 Hz, 1H), 3.83-3.77 (m, 1H), 3.78 (s, 3H), 3.71 and 3.51
(ABq, J = 13.6 Hz, 2H), 2.79-2.68 (2H), 1.86 (d, J = 1.2 Hz, 3H), 1.7 (br, 1H). *C NMR (100 MHz,
CDCly): ¢ 158.7, 138.8, 134.6, 133.9, 133.7, 132.7, 129.6, 129.4, 128.6, 126.5, 114.7, 113.9, 55.5,

55.1,50.9, 42.7, 20.1. HRMS (FAB) calcd for MH™ (C,1H26NO) 308.2014, found, 308.2021.
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Pulse Sequence: gCOSY
Solvent: COC13

Ambient temperature
INOVA-400 ‘“chem40o"

Relax. delay 1.000 sec
Acq. time 0.160 sec
width 6395.9 Hz
2D width 6335.9 Hz

s
OBSERVE Hl, 399.7467320 MHz

G
q. sine bell 0.080 sec
F1 DATA PROCESSING
Sg. sine bell 0.020 sec
FT size 2048 x 2048
Total time 2 min, 50 sec

H S

EtO,C-L” ]
Bn

pmg © 3

product from demetallation of 20a

Pulse Sequence: NOESY

Solvent: CDC13
Ambient temperature
INOVA-400 '“"chem400”

Relax. delay 1.000 sec
Mixing 0.200 sec

Acg. time 0.160 sec

width 6395.9 Hz

2D Width 6395.8 Hz

16 repetitions

2 x 512 increments

OBSERVE H1, 399.7467320 MHz
DATA PROCESSING

Gauss apodization 0.074 sec
F1 DATA PROCESSING

Gauss apodization 0.074 sec
FT size 4096 x 4096

Total time 6 hr, 26 min, 47 sec

product from demetallation of 20a

U

iy
F2 B 9
(ppm)
i @ o
17 - 5
] L
4 o
21 ] ®
1 -o a
4 o ' a
3 a o-
] ] o
. o & ¢
57 o a
: oo a
o a8 Q
6 gamo,
4 Bme -8
1 ao
7f 'Y
i [~ s
7 6 L a 3 2 1 ]
F1 (ppm)
M ol
F2
(ppm) o
1....
1 T
i n
2— 7
] 7 .
| o s
3- . - n,g.) , .
] : . §:4
4—
5__ D/ »
] - g
] o
6 i o .
| -z .
[ i . .
A D/g

S32



6L T T
[2220°2 tad B

ovs - ve

evriov—.__
£85° 00—

qu.:wlllﬂuu..!:
929 vy

Sve Ly

§9¥" §———
98 L5~
6657 09—
916" 9/
FETTL
185° 2L
1]
o
N
N
o
< £V YTT = s
2
=
M 882" 021\
© £70°527T\\
- s0T° 82T
£ LT AR e ——
6EV° L21 —
M m:.zQ\
Sméﬁi\
£ o716 627 .
o 1227081 /
= L84 L8T
-
)
=]
T
o
S
Q.

9S€°6ST

62v°SLT
LT9°8LT

ppm

20

40

140

160

965°0

v19°0

£00°1 M
120°T
000" T w
—==
162°¢ =5
P—
-
[1°]
o
N
e
[e]
c
(]
2
I =
©
e
[
13 -
[F]
T
£
[e]
—
-
e
[S]
=]
T
o
Q
508°9 _J
18879
9602
1031 L
RILy:
19277

€92°¢

ppm

2.85

5.49

2.91
2.85

8.81 5.73 .84
2.91 .66 2.85

.91

2

2.77

2.80

S33



916" 94—

£26° 1T
EVT VT
§6T°92—

6 0P T o
ooT eV T
090° Sy ————

22 Ly

P —

s2e 8y~

85y 8§
066" 45 -
089°09———

e L

4587 4L

/export/home/hxs77/vnmrsys/data

s2pul

Sample directory: SHKB60B-C13_200ct2005
CARBON

Archive directory:
File:

Pulse Sequence:

product from demetallation of 20a’

0ST PIT

962°v2T
m:.vu._”.y
020°927T "
668°92T—

£99°821

/
(62°821 /
w5 621~/ /
€IS 0T \
68 0er—  /
068" £6T—
687 65T
L2 738 74 Smm—
889 {1 ——

ppi

20

a0

60

80

100

120

140

160

180

W

21970 -
0£9°0
STO T\
€€0° T
0s0°1
s
X
=
=
TS50 T e —
D
ot —==
‘W.’I,
sy g ——msmmmn)
—_—
]
M’lﬂi‘
vREET M*
20 e )
1898 e
504°€" h—
98s°e— w
986 € — ]
2L6°E
YL
1e8Y
<
N
062797\
LA e \
090° 2 \ \
280"
660°¢L°
2012 e -
€22 ¢4 =y
192 L e
79— =
mmN.Q\
862 L
20—

7

11.71

12.83

8.04

2.88 2.71

.88

7.97
7

0.82

3.00

2.70

.74
2.68 2.75

2.78

2.72

5.09

5.5010.12
2.40

S34



74:720 | S—
96T YT T

08T 287
£59°88— —
950° Ty—

1705 R
219" v
29—
[
120°8S
19509

9767 9.

182 4L

SEv Ll

(113 ot

<
N H e
£84°92T
6827821 ; -
R
evecer—  /
€157 08T
892 9T

: /export/home/hxs77/vamrsys/data

shka5b—c13_18Apr2005

s2pul

Archive directory
Sample directory:
CARBON

Fite:
Pulse Sequence:

L82°6ST

TOT 84T
T96 QLT

160

ppm

20

a0

60

80

100

120

140

180

200

vou u- ) a
=

.N
€20 . B TS ¢
152°0— w )
"
A o
—d ©
= 4
L a
i
3
~
/L1 ] =
009" T T E
s08 1~ ) -
= 0
o
725 N
@
@
3
»
o
P
"
L "
[
L ‘ua
H
“w
|
|
11
i ©
Tyt - i B
M W )
1509 T Y
£60° P E] ®
<
M !
5 ﬁ
n W
9 m
=]
m 86°y : s
eery—" T T T pw
T i
0 H
- !
|
. £
8 o
L] =
< Y=
@ b
g H
-m
g
N 9 ©
SN o
£
£n *
e
ve i
1 }
gt
£a
Ngq i
o
] 858°9
an
o \ A
X - L@
< & ks
25 " # aL TN
ok 03274 s L
52 o 082" 4\ 3 S ow
IE ¢ A 2 12
b @ 8¢ ;
ﬂim w. A ~
o8 § 9564 |
2y, @ 098¢ |
£a0 o H
Og~ w * |
oes 2 !
o D i
& |

S35



ST T

ppm

20

40

60

80

100

120

0zp oy
6699y
T T e ——
s
v09° 59— ——
atT6"
£22°
SEYV”
605" 2
ST6°00T
3 1967001
N
¥y
[
5
e~ D S R ———
3]
=]
T
g
0se 21—
= 271882 T\
o 60,621 S
o = sversz1— [
5 - 189° 08T
3 3]
2 =]
z .M €68 ET— -
&
¢ s
8
~e
NS
oy
x Q
£q
£2
o~
E 1
om
27
> o
ge 68" 68T
ow
28
x 0
32
-
s 3
i 2
> ~
25 o
ot
0 .
58 @
VoZ o
[ =] c
22 §
. : M W 299° 641
0 O o
2.° &
£80 o
g2 o
[ 1=
471" S
a

140

160
130un200s

/export/home/hxs77/vnarsys/data

y:
ory: hxs77
s2pul

v v

862°0
STE’0

s°T

6EVE

[T NI I

™Wy'e

§O8°¢

0924

JLL JMJM

§98°3

180
Archive diredtor
Sample direct

Puise

LLe" L

§8€°¢

S36

5.37

1.90

3.81

7.44

—

(]
3.67
15.673.73

8.745.69




819" 11 3
L
£18° 22—
69622 -
W A
£65°52 !

19v°82 i

31208 £ > —

SISt
26€°0v ——
S68°TY—
T8E VYV
§59°9¢Y

25

LSE°69
BTL 9L\
606°9L
L2y iL L
st L
9vz 80T

L2T°9TT

B e

212" £21
805 22T\ . _

PRI

602°62T
£5v° 621 S
6v8° 62T /
vEL10ET / —
062" 26T
996°LET
,w
P
[
60%°6ST S -
9ge 9917 -
6ST°6T - .
b

140

40

60

80

100

120

160

180

92756692~

25 (400 MHz,'°F NMR)

)

e e

S

et st 2

-27000

~26500

Hz

-28000 ~-28500

-27500

-26000

~25500

S37



Pulse Seguence: s2pul

£..204.
3,775

§§ 22a 22b
9 : 1 N
L= :L §
tl o
[ y .

8.68 11.23 2.532.51 2.58 0.63 8.98 3.18 0.37 11.84 1.9
5.81 0.3 0.27 9.28 5.22 3.61 2.67 8.33 8.77 1.81

9

Pulse Sequence: gCOSY

Solvent: €DC13 i
Ambient temperature i :
INOVA-408 “chemd00”

Retax. delay 1.000 sec

Acg. time D.160 sec i} |
width 6395.9 Hz i
20 width 6395.9 Hz —_— r . e ,Ll

Single scan

128 increments

OBSERVE Hl, 399.7467322 MHz
DATA PROCESSING

Sq. sine bell 0.080 sec 7
el Bt A
. sine e . sec —
FT size 2046 x 2048 (ppm) e
Total time 2 min, 50 sec
. 4
1
! @ v
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a o
ot 2
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Relax. delay 1.000 sec
Mixing 0.200 sec
Acg. time 0.160 sec

width 6395.9 Hz i
2D width 6395.9 Hz
16 repetitions P In Wl aadh _ e j;

2 x 256 increments
OBSERVE H1, 399.7467337 MHz
DATA PROCESSING

Gauss apodization 0.074 sec

F1 DATA PROCESSING !
Gauss apodization 0.037 sec F2

FT size 2048 x 2048

Total time 3 hr, 11 min, 1 sec (ppm)

NOESY ) 3 -

shkb39b_08Apr2005

Archive directory: /export/home/hxs77/vamrsys/data
Sample directory: shkb39b_88Apr2005

Pulse Sequence: gHMQC
Solvent: CDC13
Ambient temperature
File: gHMi

INOVA-400 “chem400"

gHMQC

Relax. delay 1.000 sec
Acg. time 0.160 sec
width 6395.9 Hz
2D Width 17086.7 Hz

N !
OBSERVE H1, 399.7467324 MHz
DECOUPLE C13, 100.5239109 MHz
Power 35 dB
on during acquisition

off during delay = =
W40 _4nuc modulated F2 B
DATA PROCESSING
Gauss apodization 0.074 sec (ppm)
F1 DATA PROCESSING T
Gauss apodization 0.014 sec JR— = - &
FT size 2048 x 2048 1- .
Total time 21 min, 22 sec B
= °
2
- * .
3 -
4 o
4 ° .
4 2
B °
= S- £
- &7 .

S ‘ R R
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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Pulse Seguence: gCOSY
Solvent: CDCI3

Ambient temperature
INOVA—-400 ‘'chem400"

Relax. delay 1.0008 sec
e sec

Acqg. time 0.160
width 6335.9 Hz
20 Width 6395.9 Hz

Single scan

12

FT size 2048 x 204,

8 increments

H1, 399.7467324 MHZ

SERV!
DATA PROCESSING

8
Total time 2 min, 50 sec

23

gCosy

Pulse Sequence: NOESY

Solvent: CDC13
Ambient temperature
INOVA~-400 ‘“chem400"

Relax. delay 1.000 sec
Mixing 0.200 sec

Acq. time 0.160 sec

width 6395.9 Hz

2D width 6395.9 Hz

16 repetitions

2 x 512 increments

OBSERVE H1, 399.7467314 MHz
DATA PROCESSING

Gauss apodization 0.074 sec
F1 DATA PROCESSING

Gauss apodization 0.074 sec
FT size 4096 x 4096

Total time 6 hr, 26 min, 47 sec
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Archive directory: /export/hule/hxs77/vnnrsys/data
Sample directory: ReducedDA_08Aug2005
File: CARBON

77.557
22 237
76.916

Pulse Sequence: s2pul
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Archive directory: /export/home/hxs77/vnmrsys/data
Sample directory: hxs?7_09Sep200S
File: PROTON

Pulse Sequence: s2pul

3.825
3.758
3.697

o P
H
Bn OMe e
N + rotamer
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PMB’ MTPA
e 32
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e
*
@
©
@
2
a3
-
U - lml u s i —
—— T ——
8 7 6 S 4 3 2 1 PpR
L e L o et et e
7.09 10.47 6.40 0.66 0.30 10.5%4.21 3.6 08.51
11.60 7.02 6.48 0.06 0.59 3.269.71
Pulse Segquence: s2pul
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Archive directory: /export/home/hxs?7/vnmrsys/data
Sample directory: hxs77_13Sep2005-16:21:46
File: PROTON

Pulse Sequence: s2pul

3.800
3.583

. MeO Fe(CO)
€ 3
Bn O _.
jﬁz 3
_N
PMB
e}
33 one isomer

6.736

WL JLM A Al A

—————————————————— —
8 7 6 5 a 3 2 1 ppm
— s s .
13.607.07 7.3 3.26 14.36 10.51 0.74 1.28
0.956.39 2.95 3.33 14 10.50 3.58
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Pulse Sequence: s2pul
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33 one isomer B
f g
<
. e
o S
S -
- B3 “m
® : o ©
2 ] <=
T v
= © -
~ S a
35 2 s i b
wn F - ]
5 < & i 5 2B s
- = 2| < 3
a = 2 a
e |
i
T LS S St S B S B LB e VrTv‘vy‘v\vl"'_V_VY_V_rf\VV|\vvy\|\\“y!ﬁ'v1l\‘rvvy\yv\!‘ll\\‘l\lﬁ
200 180 160 140 120 100 80 60 40 20 (
Pulse Seguence: s2pul
S E
MeQ Fe(CO)
e
Bn o rr,f i
s | ~ e
N -
PMB "
o
33, the other isomer
L \
¥ N
 — — v — T R S A S T T . T v . T T T — r T - — T
8 7 6 5 a4 3 2 1 ppm
gt e e o e et o e
20.16 6.98 3.47 17.11 3.89 3.54 3.88 3.59
7.23 3.47 3.35 10.68 3.72 7.08 1.84
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Pulse Sequence: s2pul
o wdf o
a3 L33
S >
= ~f @
2o N S
S
e
MeQ Fe(CO) x
€ 3
Bn o :;r*
s | >
_N
PMB
(o]
33, the other isomer o - o
< 53
t g
Lle
J
<
o
< 9z i
= I p
= S5 g
b ] n2
- : e
& = . s
2 “ 3. 28 9
- o o @ -
o 2 . 3 s
4 ~ J S -
w N S
E 8 } ; S
| i
| | ; |
\ ‘ ‘ \
|
L e L B e T I ' I T T T A T T e T
220 200 180 160 140 120 100 80 60 40 20 0
Archive directory: /export/home/hxs77/vnmrsys/data
Sample directory: hxs77_16Sep2005-21:48:54
File: PROTON
Pulse Sequence: s2pul
<
E:
o
& Fe(CO)
€ 3
Bn H r;e
s | ~
_N
PMB
(o]
34, one isomer
<
@
® 2
n. «©
b
L L J
— — — T —T—
10 9 8 7 6 5 a 3 2 1 ppm
— et e e —_ —
3.46 8.057.41 3.69 11.903.85 7.44 3.883.60
14.66 7.53 3.48 3.60 0.947.66 7.62 1.22
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~on e
53385
~RR R
L
X Fe(CO)
€ 3
Bn H f
s | ~
_N
PMB
(o]
34, one isomer ~
cNw
IS
- w
>
<
=
o}
© &
®
o -
~ oo 0 w -y
Ny < < hid w
T 2% “ w 8 =2
2 . 1 - g2 = SR
- © = © © 2% - S5 2
o R 5 B e P4 ©
7 d g 8 3 v I
e e e B AR A o e e T A B e o L B o T — T
200 180 160 140 120 100 80 60 a0 20 pr
Archive directory: /export/home/hxs77/vnarsys/data
Sample directory: hxs77_16Sep2005-21:40:32
File: PROTON
Pulse Sequence: s2pul
g
g
3
o o
Fe(CO)3
Bn H ;’H
s ‘ =
_N
PMB
g O
s
34, the other isomer
<
M
<
w
@
<
3
@
*
2
2
L .. Jn H M -y
 ——— T T T T T —— T T
9 8 7 6 S a 3 2 1 pph
e e e b e L e by e
3.48 14.66 3.70 3.51 4.20 3.37 3.67 2.48
13.65 8.09 3.58 14.54 6.87 7.03 6.11 1.11
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Pulse Sequence: s2Zpul
~rd o
2y
~rl e
N
o
Fe(CO)s
Bn H_.
s | .
_N
PMB
o) =
38
34, the other isomer S8
N N
2
-
z
L =
3
3
J
-5‘@2 3
o w
3 S oo & T
< e 33 2@ 5 0 5
N - 2z 2 2 s
- © w :_'3 ". o~
~ 4 4 @ p
. S @ > -
E E 3 3
E | b4 } b
200 180 160 140 120 100 80 60 40 20 ppm
Pulse Sequence: s2pul
2l m
8 g
= B
w
o R
EtO,C CO,Et Ra
i
| Fe(CO); (OC)sFe | o
Bn ‘\\Bn =
S I ,\ = | S L]
_N N
PMB PMB
le) o
35a 35b
-
i, 2
i s i
: °
( “ |
-
—— -———
8 7 6 5 a4 3 2 1 pPpR
. R . e
16.32 4.60 1.92 1.98 1.65 3.98 3.76 4.22 .33 3.45 ©0.93 8.75
5.84 1.99 1.02 1.10 1.98 5.72 2. 3.24 10.54 4.056 3.38
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s2pul

Pulse Sequence:

96T 9T
16902
§69°02
92y €2~
v25°s2 -
81z 92—~/
686°92
9gg L6~
126 95\
0S8 55
T15°88
8809
599°09
82809
606" 99
ST TL
6£6°9¢4 )
252" 1L
TS
208" Lt
68 €8
(888
65°00T =
T20°9TT i
TeZVIT i
(113231
ovy- 92t

z9e-821
NNm.oNU

T

T

mmm.QNMH\

058°82T
88L°621
158° 62T

CO,Et
«Bn
N.
PMB

\\\H:{
s
(0]

35b

35a

EtO,C

SEE'L9T

=
evz ee1— / I
£5v°6ET
= g gsT———— = -
£12:491
PERELT
. T
9vE° VLT
YL GBI
=z 3 L
\ 8
= m
o =
o 8

S B e S e e s

—.4

L

ppm

20

40

60

80

100

120

140

160

180

200

s2pul

Pulse Seguence:

vou - Auu
259°0
0Lv°0
621°1
Wiy
yoT°T HM
vSS°T {Ag
NM
L mmm
_
=
©
(e}
)
%' O
©
T \ ____\« @ —
mw o =z
8} A
: I =
= c o
o
11 S S
eve' 9~
812 L
082°¢L

ppm

¥

T

.58

[
5.27
.53

23.50
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96T 97T
169702
$69°02
R
Ry —
686°92
9 L6
12895\
0Sp° 5§
115°86§
8.£°09 M

59°09
s2g 09—
606°99
S9T°TL
6€6°9¢
282 4L
(IR
28" 1L

082°¥TT

ovy 921
298921 \
NNm.oNMmWV

069°82T

058°82T
88L°62T

£58'62T

mvn.om~[/u|||||‘

ESY'6ET

CO.Et Fe(CO)3
1

/ © £90° 65T
i -]
* N
N\ e o1
It 2
- s N YERELTT
o0 998 21—

[1:738 ) S s
198° 58— i
T20° 91T
—

S

—r—rT

T

140

160

0 ppm

40

80

120

M.__,_JL__JJ

5570
250
980°T
¥S0°T
20t Mw
(419 M
Q
-]
N
feR 9
- 098'9 Q
3
o
&
o
sv2°¢
092t~

Pulse Sequence:

ppm

Eepd
2.84
2.92 2.78

b

11.40

-
5.63

2.69

.68

-
5.61

.73

18.58
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eST P ————

122201 0

0€9°09
JA{RT
SET 69— PR
v26°90—

Pulse Sequence: s2pul

TETET
155728

£89 2g— =  ——

yeg gg——————  ——

990°¥TT

V621421
6v6°82T\
292°621 P —

A1 v
egv0eT—/
pOT ST
VAT e
1288 1——
g
086" TTE—————

R S
20

ppm

a0

60

80

100

120

140

160

180

200

220

L0 @
2L
SPL'0
J13481
S§T°T
£L1°T w
955°T
£08°€ AJ
_
0ee’ g
3 1599
2
a
o
- vS1°¢ w
- 941°L
9 19272 |
[
2
-4
@
7]
“ .
@
3
-

ppm

8.11

.30

2.85

2.84
8.39

5.56

79

2.66
2.59

2.64

5.39 5.41

17.535.59
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/
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.
-
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o 502756
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-
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oo ! 1989
] «2 {0
] i
a @ " 18y §s——
[TV | e —
865709
~
- [} [] E
% 3
o
@ ¢ o
o 1] 976" 9L\
- §22° 4L\
b sev L2
6vs'LL—
a8 o
V2]
[« N
-] Bo
- Q88
8- a0 ®
QLo
- Do =N L S ——
by w@ £60° 91T
* B
98T 92T\
228" 92T
084" 52T —— ——
LIRS L N I L A RO < m:.muﬁ\\
- ~ m < n © ~ 20" 221~
seg 821/
200" 081
LerogT— /
6427 L1
v LA | S
1527 68T
2 280" 54T |
> @ 989" 8.7 ,
c 0
o 0O 1
N (%) #
o)} :

Puise Seguence:

20 ppm
S53

40

60

140 120 100

160



F1 (ppm)

S54



7.261
3,794

1.162

0.568
0.551

1.180
1.144

6.836

L AU\_‘L MUL A 1 li\hl ) S . O | S

7 6 5 a 3 2 1 ppm
B 5?75 2.80 o 2.5‘7‘" ;.88" 2.94 5.77457’_1 2’.79"1 o 8’:745
5.97 5.62 2.80 2.88 8.89 5.78 2.94 8.74
R L FIR PV VPO l l
F2 7
(ppm) a u]
. -
1 - =
1 o
24j w© w 0
] o o 8M@®:* a
29b . " oo
gCcosY ] g oo -

1N
B

'l
<}
o

- L
Qas
oyD

F1 (ppm)
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11291
91791
2592

[ e —

Y66 Ty
29—
60§ LV
S82°TS
€4¥°65 —

624709\
28,709

97694

TEC 2L

L8S°LLT

99T " ¢T1T

866°€2T
68T 92T

8ve 921

506°92T

vLo82T
£09°621 /
vER 62T
10T 08T / o
Sve'TET /

ess 81—

Tv2 6ST

06S°¥LT
929 L

T T

80 60 40 20 ppm

100

120

140

160

™
. : [d 1 o .
N,
v Wru ¢ ¢
a
. - o)

/s
D
O
[N
' Hoe
38
AT T T 7T T LA LN I S B L AL e
E - N m < 1] -] ~N
Q
N Q
[T

F1 (ppm)
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. T -]
200 .Tln\ g
T00°0- o

9o r
59770
el
28T T
0ST°T
911 M,
=
M o
Eo
L
Ul T d I
<
—
ol 2]
© L
3 QR
1
- @
928°9 r
A1A]
=N
|
A S ——— ¥
092°¢ |
W
F
|
[

5.31

3.94

7.89

3.68

15.37

2.54

2.50

-53

2.50

16.05

-46

2.61

5.07

«52

97694

2720 A S——
6£2°97

(1] 2 Jp S ——
€56°22

-

8EL°G2—

009t se—

02882

996 e~

1) A & A

T66°SY

V29—

848° 9%

-

L

ZEC LT

1857 4L

vLotv1t

T

RERO T

»

"
M L

Ay

§06°921
46492717 \J/

\

§68°'627T 1\ —— —

120

££6°6217

692° 061

050°RET

T80°'6ST

ve8 vLT

852641

L
T

gl

L

ppm

20

40

60

80

100

140

160

180
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Pulse Sequencg:

s2pul

£3 £
(\fN @ @
w oH K
e
H S
Bn =
!\l/%o
PMB
product from reduction of 36
o
n:mg§Z ~ il
DS 0., 3
i35 :
Lk )
N .
33 X
..T L
] |
i
i
|
m v S Jm J\ S J.J\_JM“ WS \_.JUL\.___._J‘ L‘JJ
L s S et
7 6 5 a 3 2 1 ppm
it e s N — B S _ _—
4.72 4.64 2.46 7.29 4.99 14.99 5.35 2.33
18.41 .53 2:51 7.44 2.56 Sn 5.54 . 05
Eg EE
ke de
5
o
s
Lo »3
n8g 37 3
" -
L\L 'S:
&
w hd i
] 2 y
°z 2 i
‘ e
—— L\ lL_uL__n___L__JAL_.___M____JM____,__duifa i 4J”L_JW\____,_______.~_._._JhJL___
8 7 6 S q 3 2 1 ppm
10.587 4:2} 2.29 ) S.Sg 6.59 2.13 4.38 3.01
4.36 6.42 2.08 1z.80 a.42 6.55

19.06

a

.35
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— =
£233 s
E o o8 s
1
R3ctz..F
aatgnid
L ”m m
\k\\ L:
37 .
crude product 2 '=1
|
I Lo o m
s M ‘.._‘,__JJ‘:‘_)JL,L;J' - . R A NV N ful
T T f T T T T T T T T T - d T T T T L L T T

8 7 6 S 4 3 2 1 ppm

M
~
g
~
b
)
e
~
o
o
S
1
| A
b
/o
oA A AN e A A T At AW el e M0 00t ims i Pttt el e A A AP et e et oA e et P PNy A5 A P P NP PN AN AR - o NP
T T T T T T T T T T e A a a AR E B R R o

~70.8 -71.0 -71.2 -71.4 -7L.6 -71.8 ~-72.0 -72.2 =72.4 ~72.6 -72.8 -73.0 -73.2 -73.4 ppm
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606°9Z
£22° 4L ——

6Op e
€2 Oy

6SE Yy
SY8 9y~

I
|
|
|
|
e e

02v° 55
668745

[ 2281 Eaa—

e

Sev LL—)
6Y5°LL

T

6ES PIT— E——

811" £2T—\
299 L2T—\ )

SpE 921 —
865 .mwaq e =

6¥6°82T
1827627
9ES0ET —_— _

SEV° 2ET —f

287 LET

BES 6ST—

9027991~

AT 72 S

ppm

20

40

60

80

100

120

160

180

§9T°1
£81°1T F
002°T A.UJ
99g T b
—_—
—=
L2 T W I
— L
w
o
(e}
o
o I
[+2] fpr— -
(2]
€299 =
3
2
@ R
- 922°¢ =
8 0922 ]
(3 .
o
3
o
Q
“
o
o
3
-9

ppm

5.70 2.73

8.768.59

2.97 4.24 4.38
5.97

2

3.118.46

.75

11.11
.85

5.79

11.21
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i

N
o)
o

R

39

F2
(ppm)

gCosyY

g

b

F1 (ppm)

owm.wml/

L8214

£EE VT

22v° 8T

269" (2 —————

18882 b 3

0z e —F—
vseT 0
089°€Y

v 8%
9T2°1§
qu.mmJl
88Y° 5§ F

otepE— 3
[ YA T e —

Pulse Sequence: s2pul

m:..:\l\

L1587 LL

H
39

088 ETT—

869° 921
659921 N 3

658 8T T ——
STS'8€T

944°88T

TR

287°SLT
800" LLT

i

ppm

20

a0

60

80

100

120

140

160

180
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" X i FTION S A e
F2
(ppm) -
1-
= 1 - i 23
] by
Bn H ] - - M
PMB-y -CO,Et Z] ’
o 5 1 & . e
3
39 ] fx g % :
= ] i ‘@' & ¢ < s
1 M 2 .
NOESY i
= 5 & %
- 61 ° o
g ] 1) ° 3
_ | ] e - .
| 7 2’
= 3 - -
! L O S———
7 6 S 4 3 1 0
F1 (ppm)
Pulse Sequence: s2pul
h o
40a .
523
792
J L.J\L_JL LA H “ A ”ML)] IMMA J j
S —— . 1 — — . Sa— —_—
9 7 6 5 a 3 2 1 ppm
Z.82 6.18 32 297 o 13 S 6.2 ’..7 3.79
18.36¢6 o 2. 85 g2 .72 =8 28 6.84
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1800 8T
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L e e
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66%°0
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~
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o
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Lv8°9
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80" LT\
§90°¢
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$6T 2
mnq.u'\
192°¢
T1€°2L
1e€°L

LTT°6

ppm

3.66
3.553.56

.48

.55

.41

7

3

3.52 3.57
3.59

10.91

.as

6.92 6.91

6.76 7.27

.16
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3.26

.53
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322 3.10 3.20
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.11
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— ~ Y s © < Lve . game
@ e - @ ® R R B B
- o
8 . 5 2 1 53 g 3 f38Tsgas 2 .
o ™ - o 9| << =
- w ~ © T L ~
2 - © - ~
~ & @ - = ™
n - =
~ -
-

L S 0 G e e e B L B B L L B S 0 L S 0 B s
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Pulsg Sequence: s2pul
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T T T [ —————————— [ ——— T T — T[T T
7 6 5 4 3 2 1 ppm
oA e I ] —
16.20 6.26 3.15  3.16 3.52 3.20 3.84 4.75 9.15
6.40 6.1 3.07 3.27  12.7% 2.56 3.65 8.88
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