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Full experimental detail

The product was characterized by *H NMR, **C NMR and mass spectroscopy. The spectral
data of reported compounds (5b, 8a and 8b) match fairly with that reported in literature

(references 11b and 13 of main text).

tert-Butyl 4-hydroxy-3-(hydroxymethyl)benzoate (5a)

tert-Butyl-4-hydroxybenzoate 7a (1.00 g, 5.15 mmol) was added to a solution of NaOH
(12%, 5 mL, 12.88 mmol) at 0 °C with stirring. Formaldehyde (37%, 4 mL) was then
added. The reaction mixture stirred at 55 °C for 16 h. Reaction was quenched with
ammonium chloride, diluted with water (15 mL) and extracted with ethyl acetate (3 x 25
mL). The combined organic extract was washed with brine (50 mL) and dried on
anhydrous Na,SO,. Solvent was removed under reduced pressure, and residue was
chromatographed on silica gel. Elution with petroleum ether / ethyl acetate (60:40) gave
compound 5a as a colorless solid (0.43 g, 37%); mp 140 — 142 °C. [Rf = 0.60 petroleum
ether/EtOAc (60:40)]. *H NMR (500 MHz, CDCl5): 6 7.84 (dd, J; = 8.4 Hz, J, = 1.9 Hz, 1H),
7.67 (d, J = 1.9 Hz, 1H), 6.88 (d, J = 8.4 Hz, 1H), 4.91 (s, 2H), 2.67 (broad s, 1H), 1.57 (s,
9H). **C NMR (125 MHz, CDCly): 6 165.8, 160.4, 131.4, 129.5, 124.1, 123.9, 116.5, 80.9,
64.8, 28.4. HRMS (ESI): m/z [M + Na]" calcd for C1,H16NaO,: 247.0941; found: 247.0945.
Methyl 4-hydroxy-3-(hydroxymethyl)benzoate (5b)

Methyl 4-hydroxybenzoate 7b (4.00 g, 26.32 mmol) was added to a stirred solution of
NaOH (12 %, 20 mL, 60 mmol) at 0 °C and then formaldehyde solution in water (37%,
16 mL) was added. The reaction mixture was stirred at ~55 °C for 16 h (tlc). Reaction
mixture was quenched with ammonium chloride, diluted with water (50 mL) and
extracted with ethyl acetate (3 x 50 mL). The combined extract was washed with brine
(100 mL) and dried over anhydrous Na,SO,. Solvent was removed under reduced

pressure, and residue was chromatographed on silica gel. Elution with petroleum ether /



ethyl acetate (60:40) gave compound 5b as a colorless solid (1.34 g, 28%); mp 148-150
°C (lit.*) mp 153-154 °C) [R; = 0.5 petroleum ether/EtOAc (60:40)]. IR vmax: 3395,
1715, 1657 Cm™. *H NMR (500 MHz, CD3COCD3): § 9.20 (bs, 1H), 8.00 (d, J = 2.2
Hz, 1H), 7.78 (dd, J, = 8.4 Hz, J, = 2.2 Hz, 1H), 6.89 (d, J = 8.4 Hz, 1H), 4.76 (s, 2H),
452 (bs, 1H), 3.82 (s, 3H). *C NMR (125 MHz, CD3;COCDs): ¢ 167.2, 160.1, 130.8,
130.1, 128.8, 122.4, 115.8, 61.0, and 51.9. HRMS (ESI): m/z [M + Na]* calcd for
CoH1oNaOy4: 205.0471; found: 205.0474. The literature reported™® only *H NMR data
for this compound, that is in agreement with our data.

Oxidation of 5a: 6-tert-Butyl 8-ethyl 3-oxospiro[bicyclo[2.2.2]oct[5]ene-2,2'-0xirane]-
6,8-dicarboxylate (9a) and tert-butyl 3-formyl-4-hydroxybenzoate (8a)

To a stirred solution of the compound 5a (2.00 g, 8.93 mmol) and ethyl acrylate (7 mL,
excess) in acetonitrile (10 mL) was added a solution of NalO4 (6.00 g, 28.00 mmol) in
water (20 mL) drop wise at 0 °C and the reaction mixture was stirred at ambient
temperature for 48 h. Acetonitrile was evaporated under reduced pressure, residue was
diluted with water (30 mL) and extracted with ethyl acetate (3 x 50 mL). The organic
extract was combined, washed with brine (50 mL) and dried over anhydrous Na,SO,.
Solvent was removed under reduced pressure and product was chromatographed on silica
gel.

Elution with petroleum ether / ethyl acetate (85:15) first gave the minor aldehyde 8a as a
colorless solid (0.183 g, 18%); mp 85 - 87 °C. [Rs = 0.5 petroleum ether/EtOAc (90:10)]. IR
Vmax: 3390, 1663 cm™. 'H NMR (400 MHz, CD;COCDs): 6 11.35 (s, 1H), 10.13 (s, 1H), 8.40
(d, J = 2.0 Hz, 1H), 8.14 (dd, J; = 8.7 Hz, J, = 2.0 Hz, 1H), 7.06 (d, J = 8.7 Hz, 1H), 1.59 (s,
9H). B3¢ NMR (100 MHz, CD3COCDs): ¢ 197.9, 165.3, 164.8, 138.2, 136.3, 125.0, 121.4,
118.2, 81.7, 28.3. HRMS (ESI): m/z [M + K] calcd for Ci,H14KOy4: 261.0524; found:

261.0525. The above data is in agreement with those reported in literature.[**!



Continued elution with petroleum ether / ethyl acetate (70:30) gave the desired adduct 9a as a
colorless solid (1.77 g, 62%); mp 104 - 106 °C. [R¢= 0.5 petroleum ether/EtOAc (70:30)]. IR
Vmax: 1732, 1712 cm™. *H NMR (400 MHz, CDCls): 6 7.06 (dd, J, = 6.4 Hz, J, = 1.8 Hz, 1H),
4.15 (g, J = 7.1 Hz, 2H), 3.86 (dd, J; = 6.4 Hz, J, = 2.2 Hz, 1H), 3.21-3.15 (m, 2H), 3.11 (part
of an AB system, Jag = 6.2 Hz, 1H), 2.93 (part of an AB system, Jag = 6.2 Hz, 1H), 2.44
(partly merged ddd, J; = 13.3 Hz, J, = 10.5 Hz, J3 = 2.6 Hz, 1H ), 2.02 (ddd, J; = 13.3 Hz, J;,
= 5.2 Hz, J; = 2.9 Hz, 1H), 1.50 (s, 9H), 1.26 (t, J = 7.1 Hz, 3H). *C NMR (100MHz,
CDClj): 0 203.2, 172.1, 162.5, 140.4, 135.4, 81.9, 61.7, 57.3, 53.2, 51.2, 40.6, 37.8, 28.2,
25.8, 14.2. HRMS (ESI): m/z [M + Na]" calcd for C17H2,NaOg: 345.1309; found: 345.1306.
Crystal data of 9a: Crystal data of compound 9a: C17H,,06, M = 322.36, triclinic, space group
P-1 (#2), a=6636 (4) A b=09419 (6) A, c = 13.627 (8) A, « = 92.616 (10)°, B =
99.969(12)°, ¥ = 93.654(9)°, V = 835.8 (9) A®, D, = 1.281 g/ cm®, Z = 2, F(000) = 344.00,
Size: 0.45 x 0.20 x 0.09 mm?®, Wavelength = 0.71070 A, GoF = 0.885, Absorption coefficient
=0.965 cm™, Total/unique reflections = 8828 / 2929 [R(int) = 0.0950], T = 100 K, 2@range =
5.0 to 50.0°, Final R [l > 2s(I)]: Ry = 0.0567, wR, = 0.1604, R (all data): R; = 0.0854, wR; =
0.1604. Crystallographic data has been deposited with Cambridge Crystallographic data
Centre, CCDC no. 1004667. Copy of the data can be obtained, free of charge, on application
to CCDC. E-mail. Deposit@ccdc.cam.ac.UK

Oxidation of 5b: 8-ethyl 6-methyl 3-oxospiro[bicycle[2.2.2]oct[5]ene-2,2'-0xirane]-
6,8-dicarboxylate (9b) and Methyl 3-formyl-4-hydroxybenzoate (8b)

To a stirred solution of the compound 5b (2.00 g, 10.98 mmol) in acetonitrile (10 mL), ethyl
acrylate (6 mL, excess) was added a solution of NalO,4 (7.00 g, 32.73 mmol) in water (20
mL) added drop wise in it at 0 °C and stirred for 48 h. Acetonitrile was evaporated under
reduced pressure, diluted with water (50 mL) and extracted with ethyl acetate (3 x 50 mL).

The organic extracts were combined and washed with brine (100 mL) and dried over



anhydrous Na,SO,, evaporated under reduced pressure, and residue was chromatographed on
silica gel.

Elution with petroleum ether / ethyl acetate (85:15) first gave the known aldehyde 8b as a
colorless solid (0.730 g, 37%), mp 79 — 81 °C. [R¢ = 0.5 petroleum ether/EtOAc (90:10)]. IR
Vimax: 3391, 2923, 1715, 1647 cm™. *H NMR (400 MHz, CD;COCDs): 6 11.40 (bs, 1H), 10.16
(s, 1H), 8.45 (d, J = 2.2 Hz, 1H), 8.18 (dd, J; = 8.7 Hz, J, = 2.2 Hz, 1H), 7.09 (d, J = 8.7 Hz,
1H), 3.89 (s, 3H). *C NMR (125 MHz, CD3COCD3): 6 197.8, 166.0, 165.6, 138.2, 136.5,
123.2, 121.6, 118.5, 52.4. HRMS (ESI): m/z [M + Na]* calcd for CgHgNaO,: 203.0315;
found: 203.0312. The 'H NMR spectral features are in good agreement with those reported in
literature.[**]

Continued elution with petroleum ether / ethyl acetate (70:30) gave compound 9b as a liquid
(1.19 g, 39%) [Rf = 0.5 petroleum ether/EtOAc (70:30)]. *H NMR (400 MHz, CDCl5): 6 7.21
(dd, J, = 6.4 Hz, J, = 1.7 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.90 (dd, J, = 6.4 Hz, J, = 2.3 Hz,
1H), 3.80 (s, 3H), 3.26-3.19 (m, 2H), 3.10 (part of an AB system, Jag = 6.2 Hz, 1H), 2.95
(part of an AB system, Jag = 6.2 Hz, 1H), 2.51-2.44 (m, 1H), 2.07-2.02 (m, 1H), 1.27 (t, J =
7.1 Hz, 3H). °C NMR (100 MHz, CDCls): 6 202.8, 171.9, 163.7, 138.4, 136.9, 61.7, 57.2,
53.1, 52.3, 51.2, 40.5, 37.8, 25.8, 14.2. HRMS (ESI): m/z [M + Na]" calcd for C14H15NaOs:

303.0839; found: 303.0838.

Reduction of 9a with Zinc: 2-tert-Butyl 5-ethyl 7-methyl-8-oxobicyclo[2.2.2]oct-2-
ene-2,5-dicarboxylate (10a) and 2-tert-Butyl 5-ethyl 7-(hydroxymethyl)-8-
oxobicyclo[2.2.2]oct-2-ene-2,5-dicarboxylate (11a)

To a stirred solution of compound 9a (0.50 g, 1.55 mmol) in MeOH : H,O (6 : 1, 35 mL) was
added activated Zinc (3.50 g, excess) and NH4CI (0.425 g, 8.02 mmol). The reaction mixture
was stirred at ambient temperature for 18 h. Reaction mixture was filtered through a small

pad of silica gel. Filtrate was concentrated under vacuum and residue was diluted with water



(25 mL) and extracted with ethyl acetate (3 x 50 mL). The organic extract were washed with
brine (100 mL) and dried on anhydrous Na,SO,, evaporated under reduced pressure, and
residue was chromatographed on silica gel.

Elution with petroleum ether / ethyl acetate (75:25) gave the minor compound 10a as a
colorless solid (0.071 g, 15%); mp 84 — 86 °C. [R¢ = 0.5 petroleum ether/EtOAc (75:25)]. IR
Vimax: 2982, 1727 cm™. *H NMR (400 MHz, CDCls): § 6.97 (dd, J, = 6.3 Hz, J, = 1.6 Hz, 1H),
411 (q, J = 7.1 Hz, 2H), 3.64 (dd, J; = 6.3 Hz, J, = 1.9 Hz, 1H), 3.41-3.36 (m, 1H), 2.91 —
2.86 (m, 1H), 2.29 — 2.22 (m, 1H), 2.03 — 1.98 (m, 1H), 1.77 — 1.73 (m, 1H), 1.48 (s, 9H),
1.23 (t, J = 7.1 Hz, 3H), 1.13 (d, J = 7.4 Hz, 3H)(major signals). *C NMR (100MHz,
CDCly): ¢ 212.3, 1725, 163.2, 143.2, 134.8, 81.3, 61.4, 51.9, 41.3, 40.3, 37.3, 28.2, 23.9,
14.5, 14.2. HRMS (ESI): m/z [M + Na]" calcd for C17H,4NaOs: 331.1516; found: 331.1518.
Continued elution with petroleum ether / ethyl acetate (60:40) gave the major compound 11a
as a liquid (0.407 g, 81%) [Rs = 0.5 petroleum ether/EtOAc (60:40)]. IR vmax: 3505, 2980,
1711 cm™. 'H NMR (400 MHz, CDCls): ¢ 7.15 & 6.94 (dd, J; = 6.5 Hz, J, = 1.8 Hz, total
1H), 4.17 — 4.09 (m, 2H), 3.86 — 3.74 (m, 1H), 3.73 — 3.66 (m, 1H) 3.65 — 3.43(m, total 2H),
3.00 — 2.94 (m, 1H), 2.35 — 2.14 (m, 2H), 2.04 (s, 1H), 1.99 — 1.92 & 1.78 — 1.72 (m, total
1H), 1.50 (s, 9H), 1.27 — 1.23 (merged t, 3H). *C NMR (100MHz, CDCls): 6 211.7, 209.6,
172.5,172.4,164.0, 163.0, 143.1, 141.5, 134.8, 133.2, 81.8, 81.5, 63.5, 62.3, 61.5, 61.5, 60.5,
52.2,51.8, 49.8, 48.5, 40.5, 39.1, 34.6, 34.0, 29.4, 28.26, 28.20, 25.1, 14.3, 14.2 (signals due
to both isomers). HRMS (ESI): m/z [M + Na]" calcd for Ci7HsNaOg: 347.1465; found:

347.1459.
Reduction of 9b with Zinc: 5-Ethyl 2-methyl 7-methyl-8-oxobicyclo[2.2.2]oct-2-
ene-2,5-dicarboxylate (10b) and 5-Ethyl 2-methyl 7-(hydroxymethyl)-8-

oxobicyclo[2.2.2]oct-2-ene-2,5-dicarboxylate (11b)



To a stirred solution of the compound 9b (1.10 g, 3.78 mmol) in MeOH:H,0 (6:1, 70 mL)
was added activated Zinc (7.00 g excess) and NH,CI (1.14 g, 21.35 mmol). Reaction mixture
was stirred at ambient temperature for 18 h. The reaction mixture was filtered through a small
pad of silica gel. Methanol is evaporated and residue diluted with water (50 mL) and
extracted with ethyl acetate (3 x 75 mL). The organic extract were washed with brine (150
mL) and dried on anhydrous Na,SO, evaporated under reduced pressure, and residue was
chromatographed on silica gel.

Elution with petroleum ether / ethyl acetate (75:25) gave the minor compound 10b as a liquid
(0.06 g, 6%). IR vmax: 2977, 1724, 1625 cm™. *H NMR (400 MHz, CDCls): § 7.10 (dd, J; =
6.4 Hz, J, = 1.9 Hz, 1H), 4.09 (g, J = 7.0 Hz, 2H), 3.75 (s, 3H), 3.66 (dd, J, = 6.4 Hz, J, = 2.0
Hz, 1H), 3.43 — 3.40 (m, 1H), 2.92 — 2.88 (m, 1H), 2.30 — 2.23 (m, 1H), 2.03 — 1.96 (m, 1H),
1.77 - 1.71 (m, 1H), 1.22 (t, J = 7.0 Hz, 3H), 1.12 (d, J = 7.3 Hz, 3H). **C NMR (100MHz,
CDCly): 6 211.9, 172.4, 164.3, 141.4, 136.3, 61.5, 52.1, 52.0, 41.3, 40.3, 37.4, 23.8, 14.4,
14.2. HRMS (ESI): m/z [M + Na]" calcd for C14H;gNaOs: 289.1046; found: 289.1046.
Continued elution with petroleum ether / ethyl acetate (60:40) gave the major compound 11b
as a liquid (0.915 g, 86%). [Rf = 0.5 petroleum ether/EtOAc (60:40)]. IR vmax: 3514, 2955,
1720 cm™. *H NMR (400 MHz, CDCls): 6 7.14 (dd, J; = 6.4 Hz, J; = 1.5 Hz, 1H), 4.12 (q, J
= 7.1 Hz, 2H), 3.88 — 3.84 (m, 2H), 3.79 (s, 3H), 3.73 (dd, J; = 6.4 Hz, J, = 1.3 Hz, 1H), 3.70
—3.67 (m, 1H), 3.03 — 2.97 (m, 1H), 2.52 (broad s, 1H), 2.37 — 2.34 (m, 1H), 2.20 — 2.17 (m,
1H), 1.78 — 1.73 (m, 1H), 1.24 (t, J = 7.1 Hz, 3H).**C NMR (100MHz, CDCl3): 6 211.0,
172.4, 164.2, 141.3, 136.4, 61.9, 61.5, 52.26, 52.20, 48.6, 40.5, 34.6, 25.0, 14.2. HRMS
(ESI): m/z [M + Na]" calcd for C14H1gNaOg: 305.0996; found: 305.0996.

2-tert-Butyl 5-ethyl 8-oxobicyclo[2.2.2]oct-2-ene-2,5-dicarboxylate (2a)

To a solution of keto alcohol 11a (0.39 g, 1.20 mmol) in acetone (30 mL) was added

dropwise freshly prepared Jones reagent with stirring at 0 °C. After the reaction was complete



(TLC, ~1 h), the solvent was removed under vacuum at ambient temperature (30 °C), and the
residue was diluted with H,O (50 mL) and extracted with ethyl acetate (3 x 50 mL). The
combined extracts was washed with brine (100 mL) and dried on anhydrous Na;SO,.
Removal of solvent under reduced pressure gave a -keto acid that was directly subjected to
decarboxylation as follows.

The B-keto acid thus obtained was taken in THF—H,O (1:1, 40 mL) and the mixture was
refluxed for 20 h. Common salt was added to the reaction mixture and organic layer was
separated. The aqueous layer was further extracted with ethyl acetate (3 x 50 mL). The
organic layers were combined and dried on anhydrous Na,SO, Solvent was removed under
reduced pressure and residue was chromatographed on silica gel. Elution with petroleum
ether / ethyl acetate (70:30) gave compound 2a as a colourless solid (0.18 g, 51% yield), mp
57 — 59 °C. [Rf = 0.5 petroleum ether/EtOAc (70:30)]. IR vmac: 2979, 1732, 1707 cm™. *H
NMR (400 MHz, CDCls): § 7.00 (dd, J; = 6.6 Hz, J, = 1.8 Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H),
3.68 (dd, J; = 6.6 Hz, J, = 2.1 Hz, 1H), 3.63-3.59 (m, 1H), 3.04 — 3.00 (m, 1H), 2.13 — 2.04
(m, 3H), 1.93 — 1.88 (m, 1H), 1.50 (s, 9H), 1.24 (t, J = 7.1 Hz, 3H). **C NMR (100 MHz,
CDCl): ¢ 209.3, 172.6, 163.2, 142.1, 134.9, 81.3, 61.4, 52.0, 39.8, 38.8, 31.7, 29.4, 28.2,
14.3. HRMS (ESI): m/z [M + Na]" calcd for C1gH2,NaOs: 317.1359; found: 317.1374.
5-Ethyl 2-methyl 8-oxobicyclo[2.2.2]oct-2-ene-2,5-dicarboxylate (2b)

To a solution of keto alcohol 11b (0.095 g, 0.34 mmol) in acetone (15 mL) was added
dropwise freshly prepared Jones reagent with stirring at 0 °C. After the reaction was complete
(TLC, ~1 h) the solvent was removed under vacuum at ambient temperature (30 °C) and the
residue was diluted with H,O (20 mL) and extracted with ethyl acetate (4 x 25 mL). The
combined extracts was washed with brine (75 mL) and dried on anhydrous Na,SO, and
solvent was removed under reduced pressure, and the resulting B-keto acid was directly

subjected to decarboxylation as follows.



The B-keto acid thus obtained was taken in THF—H,0 (1:1, 30 mL) and the mixture was
refluxed for 20 h. Salt was added to the reaction mixture and organic layer was separated and
the aqueous layer was further extracted with ethyl acetate (3 x 30 mL). The combined organic
layers was dried on anhydrous Na,SO,, solvent was removed under reduced pressure and
product was chromatographed on silica gel. Elution with petroleum ether / ethyl acetate
(70:30) gave compound 2b as a liquid product (0.034 g, 40% vyield). [Rf = 0.4 petroleum
ether/EtOAc (70:30)]. IR vma: 1709, 1643 cm™. *H NMR (400 MHz, CDCls): 6 7.13 (dd, J;
= 6.6 Hz, J, = 2.0 Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.72 (dd, J; = 6.6 Hz, J, =
2.1 Hz, 1H), 3.69 — 3.66 (m, 1H) 3.08 — 3.03 (m, 1H), 2.16 — 2.02 (m, 3H), 1.95 — 1.89 (m,
1H), 1.24 (t, J = 7.1 Hz, 3H). *C NMR (100MHz, CDCls): § 208.8, 172.5, 164.3, 140.3,
136.3, 61.5, 52.1, 52.0, 39.8, 38.8, 31.9, 29.4, 14.2. HRMS (ESI): m/z [M + Na]" calcd for

C13H16NaOs: 275.0890; found: 275.0872.

1-(tert-Butoxycarbonyl)-7-exo-(ethoxycarbonyl)tricyclo[3.3.0.0>®]octane-3-one (3a)

Ketone 2a (0.100 g, 0.34 mmol) was dissolved in acetone (100 mL) and degassed by passing
nitrogen. It was then irradiated with a mercury vapor lamp (125 W, Bajaj) for 30 min under
nitrogen. Solvent was evaporated and residue was chromatographed on silica gel. Elution
with petroleum ether / ethyl acetate (70:30) gave compound 3a as a liquid (0.064 g, 64%). [R¢
= 0.5 petroleum ether/EtOAc (70:30)]. IR vma: 2979, 1731 cm™. *H NMR (400 MHz,
CDCly): 6 4.18 (g, J = 7.1 Hz, 2H), 3.40 (dd, J; = 9.1 Hz, J, = 5.9 Hz, 1H), 2.82-2.76
(merged multiplet, 2H), 2.68 (dd, J; = 18.2 Hz, J, = 9.1 Hz, 1H), 2.59 (d, J = 10.1 Hz, 1H)
2.45 — 2.36 (m, 1H), 1.94 (dd, J; = 12.1 Hz, J, = 6.4 Hz, 1H), 1.85 (d, J = 18.2 Hz, 1H), 1.46
(s, 9H), 1.27 (t, J = 7.1 Hz, 3H). °C NMR (100 MHz, CDCls): § 211.2, 173.2, 169.9, 81.7,
61.3, 50.6, 47.0, 46.2, 45.1, 43.4, 40.2, 37.7, 28.1, 14.2. HRMS (ESI): m/z [M + Na]" calcd

for C16H,,NaOs: 317.1359; found: 317.1351.

7-exo-(Ethoxycarbonyl)-1-(methoxycarbonyl)tricyclo[3.3.0.0>®]octane-3-one(3b)
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A solution of the ketone 2b (0.100 g, 0.397 mmol) in acetone (100 mL) was irradiated with a
mercury vapor lamp (125 W, Bajaj) for 30 min under nitrogen. Solvent was evaporated and
residue was chromatographed on silica gel. Elution with petroleum ether / ethyl acetate
(70:30) gave compound 3b as a liquid (0.058 g, 58%). [Rf = 0.5 petroleum ether/EtOAc
(70:30)]. IR ymax: 2982, 1728 cm™. *H NMR (400 MHz, CDCl3): d 4.16 (g, J = 7.1 Hz, 2H),
3.71 (s, 3H), 3.48 (dd, J; = 9.5 Hz, J, = 6.0 Hz, 1H), 2.91 (d, J = 9.5 Hz, 1H), 2.84 — 2.81 (m,
1H), 2.75 — 2.66 (merged multiplet, 2H), 2.48 — 2.40 (m, 1H), 1.97 (dd, J; = 12.2 Hz, J, = 6.4
Hz, 1H), 1.90 (d, J = 18.6 Hz, 1H), 1.26 (t, J = 7.1 Hz, 3H). **C NMR (100MHz, CDCls): ¢
210.6, 173.0, 171.1, 61.4, 52.4, 49.5, 47.0, 46.2, 45.1, 43.4, 40.4, 37.9, 14.3. HRMS (ESI):
m/z [M + Na]" calcd for Cy3H1NaOs: 275.0890; found: 275.0886.

8-tert-Butyl 6-ethyl 3-oxobicyclo[3.2.1]octane-6,8-dicarboxylate (4a)

To a stirred solution of AIBN (0.025 g, 0.153 mmol) in dry benzene (5 mL) was added
compound 3a (0.045 g, 0.1531 mmol) and then BusSnH (0.133 g, 0.459 mmol) was added
and the reaction mixture was refluxed for 12 h. Benzene was evaporated and residue was
chromatographed on silica gel. Elution with petroleum ether / ethyl acetate (70:30) gave
compound 4a as a liquid (0.042 g, 93%) [Rs = 0.55 petroleum ether/EtOAc (70:30)]. IR vimax:
2979, 1722, 1157 cm™. *H NMR (400 MHz, CDCls): 6 4.12 (g, J = 7.1 Hz, 2H), 3.02-2.98
(m, 1H), 2.94-2.86 (m, 2H), 2.82-2.75 (m, 2H), 2.66 (dd, J; = 9.5 Hz, J, = 5.6 Hz, 1H), 2.38-
2.23 (m, 2H), 2.20-2.12 (m, 1H), 1.86(dd, J; = 13.9 Hz, J, = 9.5 Hz, 1H), 1.48 (s, 9H), 1.25
(t, J =7.1 Hz, 3H). °C NMR (100 MHz, CDCl5): ¢ 210.4, 175.3, 171.2, 81.4, 61.1, 49.1, 46.5,
45.9, 45.8, 40.8, 36.8, 33.7, 28.3, 14.3. HRMS (ESI): m/z [M + Na]" calcd for C1gH24NaOs:

319.1516; found: 319.1532.

6-Ethyl 8-methyl 3-oxobicyclo[3.2.1]Joctane-6,8-dicarboxylate (4b)
To a stirred solution of AIBN (0.026 g, 0.1587 mmol) in dry benzene (5 mL) was added

compound 3b (0.040 g, 0.1587 mmol) and then BusSnH (0.138 g, 0.4762 mmol) was added
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and kept for reflux for 12 h. Benzene was evaporated and residue was chromatographed on
silica gel. Elution with petroleum ether / ethyl acetate (70:30) gave compound 4b as a liquid
(0.038 g, 95%) [R = 0.55 petroleum ether/EtOAc (70:30)]. IR via: 2954, 1730, 1196 cm™.
'H NMR (400 MHz, CDCls): 6 4.12 (q, J = 7.1 Hz, 2H), 3.74 (s, 3H), 3.08-3.06 (m, 1H),
3.01-2.96 (m, 1H), 2.88-2.81 (m, 2H), 2.76 (dt, J;, = 16.8 Hz, J, = 3.1 Hz, 1H), 2.67 (dd, J; =
9.4 Hz, J, = 5.6 Hz, 1H), 2.36-2.25 (m, 2H), 2.22-2.14 (m, 1H), 1.89 (dd, J; = 9.5 Hz, J, =
6.9 Hz, 1H), 1.24 (t, J =7.1Hz, 3H). *C NMR (100 MHz, CDCls): § 210.0, 175.1, 172.4,
61.2, 52.0, 48.2, 46.4, 45.9, 45.8, 40.9, 36.8, 33.7, 14.3. HRMS (ESI): m/z [M + Na]* calcd

for C13H1gNaOs: 277.1046; found: 277.1055.



Current Data Parameters

NAME VKS-KA-4HBATB-HM2-1H
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140515
Time 22.22
INSTRUM spect
PROBHD S mm PABBO BB/
PULPROG 2g30

TD B 65536
SOLVENT CDC13

NS 38

DS 2

SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 134.65

DW 50.000 usec
DE 6.50 usec
TE 295.4 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1330885 MHz
NUC1 1H

Pl 11.00 usec
PLW1 13.00000000 W
F2 - Processing parameters
SI 65536

SF 500.1300128 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

VKS-KA-4HBATB-HM2-1H

OH OH

O~ ~OBu
5a

.00

2.02

'H NMR (500 MHz, CDCls) spectrum of compound 5a

ppm
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3¢ NMR (125 MHz, CDCls) spectrum of compound 5a

Current Data Paravehsys
NAME VKS-KA-4HBATR-HM2-13C
8 < 2BIE & SRSuE R i~ EXPNG 3
B o coE0 AT NR « < PROCNO 1
2 ™M NNN o oM 3 @
- - e ONNN~ ~ 3 Y
| [ F2 - Pcquisition Parameters
! i \ / v | \ \V I Date 20140515
Time e’ .38
INSTRUM gpect
PROBHD 5 mm FASBO 38/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 406
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
aAQ 0.9437184 sec
RG 197.27
OH OH DW 14.400 usec
DE 6.50 usec
TE 296.2 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7721254 MHz
t NUC1 13C
0] O'Bu 3 8.90 usec
5 PLW1 103.00000000 W
a
======== CHANNEL f2 ========
SFO2 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 13.00000000 W
PLW12 0.34327999 W
PLW13 0.21969999 W
F2 - Processing parameters
SI 32768
SF 125.7577667 MHz
WDW EM
SSB 0
1B 1.00 Hz
GB 0
PC 1.40
e Y
T T T T T T T T T T T T L] T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



Current Data Parameters

VKS-KA-4HBA-2-1H

NAME VKS-KA-4HBA-2-1H
EXPNO 10
PROCNO 1n ANV NOWN e w o~ - o NewOoWwHM P
o oo ®@I™ o e o~ o~ ~m nunuunewo o
F2 - Acquisition Paramefers A, s s Y = e S ey o
Date 201405230 LR o ol ©w v - - -~ oo NN~ Ll
g Ny 70 Nk
INSTRUM . spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30 OH OH
TD 59998
SOLVENT Acetone
NS 31
DS 2
SWH 10000.000 Hz
FIDRES 0.166672 Hz
AQ 2.9999001 sec
RG 119.07 O~ "OMe
DW 50.000 usec
DE 6.50 usec 5b
TE 299.5 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1330885 MHz
NUC1 1H
Pl 11.00 usec
PLW1 13.00000000 W ((CD;).CO)
F2 - Processing parameters
SI 65536
SF 500.1300085 MHz
WDW EM
SsB 0
LB 0.30 Hz
GB 0
PC 1.00
Water in ((CD3),CO)
- \

I 4 j@ J j L ‘F

1 T 1 1 T T 1 T T 1 L T T T T T T T T T
10. 10.0 9.5 0 8.5 8 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 ppm

'H NMR (500MHz, (CD3),CO) spectrum of compound 5b
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VKS-KA-4HBA-2-13C

Current Data Parameters

& ® - P o NAME VKS-KA-4HBA-2-13C
o~ ~N - o~ @ - «© o o~ oM~ O EXPNO 9
J . ¢ =] o MmMONOO™We PROCNO 1
O ~ o co®W o 0 . . o . .
o [} vy MmN N - - - oo
o~ - - el R I | — w0 0 MmN NMNN F2 - Acquisition Parameters
1 | | \ | I I Date_ 20140523
| I/ | ‘ l ‘ W Time 13.10
| ) | INSTRUM spect
FRO D 5 mm PABBO BB/
PULP! zgpg 3¢
D 65536
SOLVENT Acetone
NS 330
DS 4
SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437184 sec
RG 197.27
DwW 14.400 usec
((CD3) CO) DE 6.50 usec
OH OH TE 299.9 K
D1 1.00000000 sec
D11 0.03000000 sec
((CD3).C0) D0 1
=s==s==== CHANNEL fl ==sss===
SFO1 125.7721254 MHz
NUC1 13C
Pl 8.90 usec
PLW1 103.00000000 W
0] OMe ssnasuns CHANNEL £2 ssssssse
SFO2 500.1320005 MH2
5b NuUC2 1H
CPDPRG (2 waltzlé
PCPD2 80.00 usec
PLW2 13.00000000 W
PLW12 0.34327999% W
PLW13 0.21969999 W
F2 - Processing parameters
SI 32768
SF 125.7576641 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

*C NMR (125 MHz, (CD5),CO) spectrum of compound 5b



/\PKS-KA-4HBATB—4-1-1H NAME VKS-KA-4HBATB-4-1-1H
EXPNO 3
PROCNO 1
Date_ 20140523
Time 10.17
INSTRUM spect
PROBHD S mm SEI 1H/D-
PULPROG 2g30
h TD 65536
SOLVENT Acetone
NS 56
DS 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 80.6
OH DW 60.800 usec
DE 6.50 usec
CHO TE 296.1 K
D1 1.00000000 sec
TDO 1
mss===== CHANNEL fl ss======
NUC1 1H
Pl 6.75 usec
O~ ~0OBu PL1 -3.00 dB
8a PL1IW 16.73965454 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1300073 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
((CD4).LCO)
“ { Water in ((CD5),CO) \4[ L _1.
i RRas B s [T T B BABRARRERE AR BESEEEE S BARRREELLS R T Bans

4 vt R R B T . )

'H NMR (400 MHz, (CD3),CO) spectrum of compound 8a
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NAME VKS-KA-4HBA+B-4-1-13C VKS-KA-4HBA+B-4-1-13C
EXPNO 1
PROCNO 1 ™ ") O - - ® N o
Date_ 20140523 N o "o N™ CR A o st dn b
Time 13.44 o ~ v ® o v D e Sie wie'le ‘e aohe
INSTRUM spect o a (V-] ™ m o N — CooOMO®
PROBHD S mm SEI 1H/D- ~ - - et e © MOMONNNNN
i S Voo P
65536
SOLVENT Acetone
NS 375
DS 4
SWH 27777.777 Hz
FIDRES 0.423855 Hz
AQ 1.1796980 sec
RG 181
DW 18.000 usec
DE 6.52 usec OH
TE 297.6 K
D1 1.00000000 sec
D11 0.03000000 sec
700 1 CHO
mnmnunee CHANNEL fl sessssses
NUC1 13C
Pl 13.00 usec
PL1 -3.00 dB
PLIW 71.16858673 W
SFol 100.6242389 MHz
O~ ~0'Bu

weunmunes CHANNEL f2 swssssns
CPDPRG2 waltz16 8a
NUC2 AH
PCPD2 80.00 usec
PL2 -3.00 dB ((CD3),CO)
PL12 18.48 dB
PL13 19.00 d8
PL2W 16.73965454 W
PL12W 0.11905469 W
PL13W 0.10562007 W
SFO2 400.1316005 MHz
SI 32768
SF 100.6126713 MHz
WDW EM
SSB 0
L8 1.00 Hz
GB 0
PC 1.40

((CD5),CO)

' "y ) - e e
] 1 L) 1 ! ] | T I T T Qi | ! 1 ' L\l ] I 1 I 1 L I
250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 80 60 50 40 30 20 10 -10 ppm

13C NMR (100 MHz, (CDs),CO) spectrum of compound 8a



VKS-KA-4HBA-4-1-1H NAME VKS-KA-4HBA-4-1-1H
EXPNO 1
PROCNO 1
Date_ 20140523
Time 10.07
INSTRUM spect
PROBHD 5 mm SEI 1H/D-
((CD3),CO) PULPROG 2930
TD 65536
/ SOLVENT Acetone
NS 21
OH DS 0
SWH 8223.685 Hz
CHO ) FIDRES 0.125483 Hz
Water in RQ 3.9846387 sec
RG 203
((CD5),CO) DW 60.800 usec
DE 6.50 usec
TE 296.1 K
O~ “OMe D1 1.00000000 sec
8b TDO 1
======== CHANNEL fl ==mm====
NUC1 1H
Pl 6.75 usec
PL1 -3.00 dB
PL1W 16.73965454 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1300072 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
— S | e :
L L o | IR | ”
v . R Rt [ e e - R [ R :
12 11 10 8 6 5 4 3 2 1 ppm

'H NMR (400 MHz, (CD3),CO) spectrum of compound 8b
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VKS-KA-4HBA-4-1-13C

19

Current Data Parameters

NAME VKS-KA-4HBA-4-1-13C
& 8 33 &3 I38 @ ©M®ONN=© EXPNO 14
g‘ ~ © 0 © © ™ = © 3 MNCAN® T PROCNO 1
= © © © ™ NN o COCDTDD
o~ - - iy - w MO NNNN o cidrziny
F2 - Acquisition Parameters
l | \/ \ / \ { / | W Date_ 20140523
! Time 15.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT Acetone
OH NS 384
DS 4
CHO SWH 34722.223 Hz
FIDRES 0.529819 Hz
AQ 0.9437184 sec
RG 197.27
DW 14.400 usec
DE 6.50 usec
TE 299.6 K
O~ “OMe D1 1.00000000 sec
8b D11 0.03000000 sec
((CD4),CO) DO 1
((CDg) CO) ======== CHANNEL fl ====z==z==
SFO1 125.7721254 MHz
NUC1 13C
Pl 8.90 usec
PLW1 103.00000000 W
======== CHANNEL £2 ========
SFO2 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 13.00000000 W
PLW12 0.34327999 W
PLW13 0.21969999 W
F2 - Processing parameters
SI 32768
SF 125.7576646 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
P T N SRV S I e J-Lr sSesa R T et oot ] -
I T T I T 1 T 1 1 1 T 1 1 1 T T T T T T T 1 T
220 210 200 1% 180 170 150 140 130 120 110 100 90 80 70 60 50 40 30 20 0 ppm

*C NMR (125 MHz, (CD5),CO) spectrum of compound 8b



VKS-KA-4HBATB-4-2"'-1H

NAME VKS-KA-4HBATB-4-2"'-1H

EXPNO 20

PROCNO 1

Date_ 20130128

Time 19.35

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2g30

T 65536

SOLVENT CDC13 O

NS 15 O

DS 0 t

SWH 8223.685 Hz BuO,C

FIDRES 0.125483 Hz 7

AQ 3.9846387 sec

RG 128

DW 60.800 usec

DE 6.50 usec COZEt

TE 293.4 K 9a

D1 1.00000000 sec

TDO &

======== CHANNEL fl

NUC1 H

Pl 13.50 uséc

PL1 -1.00 dB

PL1W 10.56200695 W

SFO1 400.1324710 MHz

SI 32768

SF 400.1300096 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

b J\LJ b w j
LI T | I I | T T T T I | I T I T | T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
P ) J\/‘ \ /\ 7N

~ie | < hodi=3b-4! =3 =3 «| ([ (23
“’{0 (7 |12 °\°.‘°?< 2| =] td il {2
(=38 N| | N~ Ol R 3t | - o IN o

'H NMR (400 MHz, CDClI5) spectrum of compound 9a
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VKS-KA-4-HBAtB-4-2-13C

o ™
- —~NO® 0 Ny -
. o N® MmN 0 ®
v e s s = PR e
m -~ ~ M et or
- o~~~ NN -m

0]
tBquC

CO,Et
9a 2

3¢ NMR (100 MHz, CDCls) spectrum of compound 9a
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VKS-KA-4HBA-4-2-1H

NAME VKS-KA-4HBA-4-2-1H
EXPNO 2
PROCNO 1
Date_ 20121002
Time 18.20
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 65536 0
SOLVENT cDC13
NS 21 o
DS 0 MeOZC
SWH 8223.685 Hz
FIDRES 0.125483 Hz /
AQ 3.9846387 sec
RG 32
W 60.800 usec CO,Et
DE 6.50 usec b
TE 292.6 K
Dl 1.00000000 sec
DO 1
P22t bty CHANNEL fl Emswmmmm
NUC1 1H
Pl 13.50 usec
PL1 -1.00 dB
PL1W 10.56200695 W
SFO1 400.1324710 MHz
s1 32768
SF 400.1299889 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
j Va
T T T T T T T T T
9.5 9.0 8.5 8.0 6.0 5.5 5.0 5 2.0 ppm

'H NMR (400 MHz, CDCls) spectrum of compound 9b

11.50
5.42
16.55
5.46

6.51

17.83

22
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NAME VKS-KA-4HBA-4-2~-13C

EXPNO 2

PROCNO 1

Date_ 20121002

Time 18.23

INSTRUM spect

PROBHD S mm PABBO BB-

PULPROG zgpg30

™ 65536

SOLVENT cDCl3 O

NS 62 O

DS 4

SWH 24038.461 Hz MeO,C

FIDRES 0.366798 Hz

a0 1.3631988 sec /

RG 2050

Dw 20.800 usec

DE 6.50 usec COzEt

TE 293.0 K

Dl 1.00000000 sec

D11 0.03000000 sec

TDO 1

s======== CHANNEL f] ========

NUC1 13C

Pl 8.75 usec

PL1 -2.00 dB

PL1W 56.53121948 W

SFO1 100.6228298 MHz

======== CHANNEL fz sssssaosm

CPDPRG2 waltzlé

NOUC2 1H

PCPD2 80.00 usec

PL2 -1.00 dB

PL12 14.50 dB

PL13 14.50 dB

PL2W 10.56200695 W

PL12W 0.29767781 W

PL13W 0.29767781 W

SFO2 400.1316005 MHz

SI 32768

SF 100.6127604 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

3C NMR (100 MHz, CDCl3) spectrum of compound 9b
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VKS-KA-4HBATB-5-1-1H

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

VKS-KA-4HBATB-5-1-1H
11
1
20130201
20.23
spect
5 mm PABBO BB-
zg30
65536
CDC13
11
0
8223.685 Hz
0.125483 Hz
3.9846387 sec
90.5
60.800 usec
6.50 usec
293.4 K
1.00000000 sec
8§

10.56200695 W
400.1324710 MHz
32768
400.1300094 MHz
EM
0
0.30 Hz
0
1.00

90 85 80 75 7.0

]
ﬁ«ﬁ ,'ow
N e
lO e

'H NMR (400 MHz, CDCl3) spectrum of compound 10a

I I I I
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@ ® ~ © I~
o o~ © © < Mo N® < R MNON Na BN
5 .8 g 8 ZEEE T & 395 §§ 3%
| o Lo YWe | N L _E
Me H
tBUOzC
/
10a CO2Et
T T T T T T 1 T 1 T T T 1 ] T T T 1 T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

3C NMR (100 MHz, CDCls) spectrum of compound 10a



'H NMR (400 MHz, CDCl5) spectrum of compound 10b

NAME VKS-KA-4HBA-5-F-1H

EXPNO 2

PROCNO 1

Date_ 20130108

Time 23.00

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2g30

TD 65536

SOLVENT cDC13

NS 20

DS 0

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 71.8

DW 60.800 usec

DE 6.50 usec Me H

TE 292.7 K O

D1 1.00000000 sec

DO 1 MeO,C

======== CHANNEL fl ======== /

NUC1 1H

Pl 13.50 usec

PL1 -1.00 dB 10bC02Et

PL1W 10.56200695 W

SFO1 400.1324710 MHz

SI 32768

SF 400.1300094 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

J U
M
I I I T T | I
9 8 6 5 2 1

Ry 2N
ol (o | (Nrs.
S| |={|® <ol
™ I=lir= “") ™|
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VKS-KA-4HBA-5-1-13C

211.94
—_—172.45

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

164.38
—141.44
—136.35

77.52

77.20

76.88
—61.50

52.13

52.00

14.43

14,26

-

——40.36

T~~—37.46

—23.88

_—41.37
-<

o

Me
MeO,C

10 CO2E

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
SI

SF
WDW
SSB
LB

GB

PC

WMMW

170

T T T T T T T T T T T T T T T T

40 130 120 110 100 90 80 70 60 50 40 30 20

3C NMR (100 MHz, CDCl3) spectrum of compound 10b

T I
160 150 1

27

VKS-KA-4HBA-5-1-13C
3

1

20130109
10.12
spect

5 mm PABBO BB-
zgpg30
65536
CDC13

98

2
27777.777
0.423855
1.1796980
912

18.000
6.50

292.9
1.00000000
0.03000000

CHANNEL f1

8.75
-2.00
56.53121948
100.6242389

CHANNEL f2
waltzlé

1H

80.00

-1.00

14.50

14.50
10.56200695
0.29767781
0.29767781
400.1316005
32768
100.6127554
EM

0
2.00
0
1.40



NAME VKS-KA-4HBATB-5-3-1H
EXPNO )
PROCNO 1 VKS-KA-4HBATB-5-3-1H
Date_ 20130131
Time 21.41
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CcDC13
NS 23
DS 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz OH
AQ 3.9846387 sec H
RG 101 o)
DW 60.800 usec t
DE 6.50 usec BUO2C
TE 293.2 K 7
D1 1.00000000 sec
TDO 1
11a COzEt
======== CHANNEL fl ========
NUC1 1H
Pl 13.50 usec
PL1 -1.00 dB
PL1W 10.56200695 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1300032 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
| S T T R i R R R B R e B R e s T M S e T
9 8 7 6 5 0 ppm
| LK - )
(o]~ o |[ovfoo || w] (w|w oo ™| o~
SIS ®|=|S|ala| &l q-ea -n Q|o|N|< ©
o« o ||| {v-'o 1co‘r: L

'H NMR (400 MHz, CDCls3) spectrum of compound 11a
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S8'VEL —
TSP —
6LEVL—

€0°€9L —_
€0V9L —

SvzLL
85zl —

€960 —
Wile——

OH

tBUOQC

11a CO,Et

ppm

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0

210 200

3C NMR (100 MHz, CDCls) spectrum of compound 11a



'H NMR (400 MHz, CDCl3) spectrum of compound 11b

_ NAME VKS-KA-4HBA-5-2A-1H
EXPNO 9 . -
PROCNO 1 VKS-KA-4HBA-5-2A-1H
Date 20121228
Time 18.55
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT cDC13
NS 19
DS 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz
a0 3.9846387 sec OH
RG 71.8 H
DW 60.800 usec (@)
DE 6.50 usec
TE 293.7 K MeO,C
D1 1.00000000 sec 7
TDO @ 1
sssmsses CHANNED £1 mewmm 11b CO,Et
NUC1 1H
Pl 13.50 usec
PL1 -1.00 dB
PL1W 10.56200695 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1299988 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
J . A |
I I I I ! I I I [ I
10 9 7 6 5 4 3 0 ppm
AR A b S U T A AN 1 ) |
‘cuwca; [c(ofolN|a] @ |[s{ofe] %) (@]
M| “iINNe |9 (el (e N |
=18 4 N e IR Oleiv| - K] =1
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[ o < ™ ™
=} T N o < N O O~ ©OoOO ¥ o @ <
- o < - © B N o KNG W W - ™ VKS-KA-4HBA-5-2A-13C
= ~ © <+ ™ NN © reaN®D O % w < 4
o~ = -~ ™ NN~ ©w nuwu < < M o~ - >
w ‘ \ \\/ \/ \/ / l | 20121229
| | i ‘ / £ 22.45
spect
5 mm PABBO BB-
zgpg30
65536
cpcl3
74
4
27573.529 Hz
0.420739 Hz
1.1884362 sec
2050
18.133 usec
6.50 usec
T 292.6 K
D1 1.00000000 sec
OH D1l 0.03000000 sec
H TDO 1
@)
MeOZC
/
11b CO,Et
PL2W 10.56200695 W
PL12W 0.29767781 W
PL13W 0.29767781 W
SFO2 400.1316005 MHz
sI 32768
SF 100.6127569 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB ]
BC 1.40
| | | {
1 | i | |
i ! | |
| | | | |
{
T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

3C NMR (100 MHz, CDCls) spectrum of 6ompound 11b



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

VKS-KA-4HBATB-7-1H
1 VKS-KA-4HBATB-7-1H

1

20130204

18.03

spect
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8223.685 Hz
0.125483 Hz
3.9846387 sec

161 O
60.800 usec tBqu(:

6.50 usec
293.1 'K 7
1.00000000 sec

CO,Et

CHANNEL f1 ======== 2a

13.50 usec
-1.00 dB
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0
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0
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'H NMR (400 MHz, CDCls) spectrum of compound 2a



3 R 8 L ~NO ® o @ o~ ®®©~ «~  NAaME VKS-KA-4HBATB-7-13C
o o © o M0nN® < <@ s St B | “ EXPNO 2
5 £ 2 <. e SRRk & & 38858R% = R
A ate_ 20130204
l || 7 00 S ¢ \|/ | Time 15.04
| | | INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT cDCl3
NS 132
DS 4
SWH 27573.529 Hz
FIDRES 0.420739 Hz
AQ 1.1884362 sec
RG 2050
DW 18.133 usec
O DE 6.50 usec
TE 293.1 K
tBUOZC D1 1.00000000 sec
D11 0.03000000 sec
/ D0 1
======== CHANNEL f
NUC1
2a (3(:)2E5t Pl
PL1
PL1W 56.53121948 W
SFO1 100.6242389 MHz
CHANNEL f2
CPDPRG2 waltz1l6
NUC2 1H
PCPD2 80.00 usec
PL2 -1.00 dB
PL12 14.50 dB
PL13 14.50 dB
PL2W 10.56200695 w
PL12W 0.29767781 W
PL13W 0.29767781 W
SFO2 400.1316005 MHz
ST 32768
SF 100.6127520 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T 1 T T T T T T T T T T T T T T
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3¢ NMR (100 MHz, CDCls) spectrum of compound 2a




VKS-KA-4HBA-7-1H

NAME VKS-KA-4HBA-7-1H

EXPNO 23

PROCNO 1

Date 20130116

Time 14.43

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2g30

TD 52816

SOLVENT CbC13

NS 30

DS 0

SWH 8802.817 Hz

FIDRES 0.166670 Hz O

AQ 2.9999988 sec

RG 32 M602C

DW 56.800 usec

DE 6.50 usec /

TE 293.5 K

D1 1.00000000 sec

™00 1 2b CO,Et

======== CHANNEL fl ========

NUC1 1H

Pl 13.50 usec

PL1 -1.00 dB

PL1W 10.56200695 W

SFO1 400.1316005 MHz

SI 32768

SF 400.1299995 MHz

WDW EM

SSB 0

LB 0.00 Hz

GB 0
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'H NMR (400 MHz, CDCl3) spectrum of compound 2b
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Date
Time *
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2b  CO,Et B

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO02
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*C NMR (100 MHz, CDCls) spectrum of compound 2b
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Date_
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SOLVENT
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SWH
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DE

VKS-KA-4HBATB-8-1H

4
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2.13
spect
5 mm PABBO BB-
zg30
65536
CDC13
13
0
8223.685 Hz
0.125483 Hz
3.9846387 sec
57
60.800 usec
6.50 usec
293.3 K
2.00000000 sec
!

-1.00 dB
10.56200695 W
400.1324710 MHz

32768
400.1300091 MHz

EM

0
0.30 Hz

0
1.00

VKS-KA-4HBATB-8-1H

o:<:|:>- 1CO,EL

éi()ztEBU
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'H NMR (400 MHz, CDCls) spectrum of compound 3a
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NAME VKS-KA-4HBATB-8-13C
- e EXPNO 26
N PROCNO 1
2 an ~ARS §3SI88aRe &  Dpate_ 20130519
- ~ O - NN -ONOWLWMON® < Time 2.16
~ - - © N~~~ © bt FTFTTTON - INSTRUM Speck
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT cpcl3
NS 65
DS 4
SWH 27573.529 Hz
FIDRES 0.420739 Hz
AQ 1.1884362 sec
RG 2050
DW 18.133 usec
H DE 6.50 usec
| TE 293.9 K
- D1 1.00000000 sec
O "‘COzEt 1[?]13(1) 0 0300000? sec
= HANNEL f1 =
t 13C
COZ Bu 8.75 usec
-2.00 dB
3a 56.53121948 W
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======== CHANNEL f2 Szmmmmms
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 -1.00 dB
PL12 14.50 dB
PL13 14.50 dB
PL2W 10.56200695 W
PL12W 0.29767781 W
PL13W 0.29767781 W
SFO2 400.1316005 MHz
SI 32768
SF 100.6127550 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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3¢ NMR (100 MHz, CDCls) spectrum of compound 3a



VKS-KA-4HBA-8-1H

NAME VKS-KA-4HBA-8-1H

EXPNO 1

PROCNO 1

Date 20140518

Time 11.39

INSTRUM spect

PROBHD 5 mm SEI 1H/D-

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 51

DS 0

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec !
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DW 60.800 usec I:l

DE 6.50 usec -

TE 294.0 K
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PL1 -3.00 dB - 3b
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LB 0.30 Hz
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'H NMR (400 MHz, CDCl5) spectrum of compound 3b



NAME VKS-KA-4HBA-8-13C
EXPNO 7
© ®© » o PROCNO 1
g 82 3]8 335832393 0§ oo smoers
& gl KKk 3532589285 3  InsTROM spect
PROBHD 5 mm PABBO BB-
\ / \J/ \ \&\\//‘// l PULPROG 2gpg30
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DS 4
SWH 27573.529 Hz
FIDRES 0.420739 Hz
AQ 1.1884362 sec
RG 2050
DW 18.133 usec
DE 6.50 usec
TE 295.5 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
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- Pl 8.75 usec
- PL1 -2.00 dB
Tl PL1W 56.53121948 W
O COZEt SFO1 100.6242389 MHz
Z ======== CHANNEL f2 ========
B CPDPRG2 waltz1l6
COzMe NUC2 1H
PCPD2 80.00 usec
3b PL2 -1.00 dB
PL12 14.50 dB
PL13 14.50 dB
PL2W 10.56200695 W
PL12W 0.29767781 W
PL13W 0.29767781 W
SFO02 400.1316005 MHz
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WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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*C NMR (100 MHz, CDCls) spectrum of compound 3b
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Pl 13.50 usec

PL1 -1.00 dB

PL1W 10.56200695 W

SFO1 400.1324710 MHz
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'H NMR (400 MHz, CDClIs) spectrum of compound 4a

40



© < ™

< ™ N 0V NO® 0 Xpestvacg w0
=) w - <0 N® Y RON e nn “
- ~ ~ -NN® - OWWWOo WYMo <«
~ - - ©N~N~N~ © T FTFTITOON -

H CO,Bu

4a CO,Et

T T T T T T T T T T T 1| T T I T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

13C NMR (100 MHz, CDCls) spectrum of compound 4a



NAME VKS-KA-4HBA-9-1H VKS-KA-4HBA-9-1H
EXPNO 1 3
PROCNO .
Date 20130510
Time 18.07
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD . 65536
SOLVENT CDC13
NS 4
DS 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
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DW 60.800 usec H CO;Me
DE 6.50 usec
TE 295.3 K
D1 1.00000000 sec
TDO 1
==—scmss (CHANNEL £l =s====—= o f—=H
NUC1 1H 4 =
Pl 13.50 usec
PL1 -1.00 dB CO.Et
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SFO1 400.1324710 MHz
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SSB 0
LB 0.30 Hz
GB 0
PC 1.00
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'H NMR (400 MHz, CDCl3) spectrum of compound 4b
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NAME VKS-KA-4HBA-9-1
EXPNO 2
© © o . PROCNO ; 1
s 53 393 858¥3EasE g
S s Ek® 53928888 I 1nsTROM spect
l PROBHD 5 mm PABBO BB-
(] 7 TN | e
™ 65536
SOLVENT CDC13
NS . 189
DS 4
SWH 27573.529
FIDRES 0.420739
AQ 1.1884362
RG 2050
W 18.133
DE 6.50
TE 296.1
D1 1.00000000
D11 0.03000000
H Cone TDO 1
======== CHANNEL fl ========
NUC1 13¢
P1 8.75
PL1 -2.00
PLIW 56.53121948
o H SFOL 100. 6242389 »
z ======== CHANNEL f2 ====
= CPDPRG2 waltzlé
4b CO,Et NUC2 1H
PCPD2 80.00
PL2 -1.00
PL12 14.50
PL13 14.50
PL2W 10.56200695
PL12W 0.29767781
PL13W 0.29767781
SFO2 400.1316005
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SsB 0
LB 1.00
GB 0
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3C NMR (100 MHz, CDCl3) spectrum of compound 4b
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