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Experimental

Synthesis of rac-(1R,6S,7S,8S)-8-(acetyloxy)bicyclo[4.2.0]octa-2,4-dien-7-yl
acetate (9).
The title compound was prepared in 84% yield as described in the literature [1,2].

Synthesis of rac-(1R,2S,3S,4S,5R,6S)-4-(acetyloxy)-7,8-dioxatricyclo[4.2.2.0>°]
dec-9-en-3-yl acetate (10).

The title compound was prepared in 70% yield as described in the literature [3].

Synthesis of rac-(1R,2R,5S,6S,7S,8S)-8-(acetyloxy)-2,5-dihydroxy-bicyclo[4.2.0]
oct-3-en-7-yl acetate (11).

To magnetically stirred slurry of 0.30 g (3.93 mmol) of thiourea in 20 mL of methanol
was added a solution of 1.00 g (3.93 mmol) of diacetyloxy-endoperoxide 10 in 50 mL

of mixture of CH2CIl2/CH3OH (1 : 9) at room temperature. After the addition was
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complete (ca. 10 min) the mixture was stirred for 1 h and the solid removed by
filtration. Evaporation of the solvent gave diol 11 as a colorless oil (1.00 g, 99%); o
(200 MHz, CDs0OD) 5.89 (dt, A part of AB-system,1H, Jas = 10.3, 2.0 Hz, C=CH), 5.80
(dt, B part of AB-system,1H, Jas = 10.3, 2.0 Hz, C=CH), 5.17 (t, 1H, J = 7.3 Hz, -CH-
OH), 4.85 (t, 1H, J = 7.3 Hz, -CH-OH), 4.24 (m, 2H, -CH-OACc), 2.54 (m, 1H,

—-CH), 2.30 (m, 1H, -CH), 2.08 (s, 3H, —-CHs3), 2.07 (s, 3H, -CHzs); &c (50 MHz, CDsOD)

174.1,173.8, 136.4, 133.3, 78.8, 73.8, 67.4, 65.2, 43.9, 39.3, 22.7(x2).

Synthesis of rac-(3aR,5aR,6S,7aS,7bS)-6-(acetyloxy)-3-(p-toluenesulfonamido)-
2,3,3a,5a,6,7,7a,7b-octahydrocyclobuta[g][1,3]benzoxazol-7-yl acetate (13).
To a stirred solution of diol 11 (1.0 g, 3.9 mmol) in anhydrous THF (20 mL) under a

nitrogen atmosphere at room temperature, p-toluenesulfonyl isocyanate (1.55g,
1.18 mL, 7.81 mmol) was added dropwise. The reaction mixture was stirred at room
temperature for 5 h and then at 80 °C for 60 min. To a flask containing
tris(dibenzylidene-acetone)dipalladium-chloroform complex (0.25 g, 242 ymol) in
anhydrous THF (10mL) under a nitrogen atmosphere was added
triisopropylphosphite (0.40 g, 1.94 mmol). The mixture was stirred at room
temperature for 30 min until a clear yellow solution was obtained. The reaction
mixture was then stirred at 80 °C for 24 h. After removal of the solvent under reduced
pressure (50 °C, 20 mmHg), the mixture was chromatographed on silica gel (60 g)
with 35% ethyl acetate/hexane as eluant to afford 13 (0.82 g, 48%). White crystals,
mp 144-146 °C (from hexane/ethyl acetate). Found: C, §5.36; H, 5.01; N, 3.09; S,
7.19; C20H21NQOsS requires C, 55.16; H, 4.86; N, 3.22; S, 7.36; vmax (KBr) 2978, 2953,
1804, 1753, 1395, 1268, 1242, 1165, 1063, 680, 604 cm™'; '"H NMR (200 MHz,
CDCl3) 61 7.94 (br d, A part of AA'BB' system, J = 8.3 Hz, 2H, aromatic), 7.34 (d, B

part of AA'BB’ system, J = 8.3 Hz, 2H, aromatic), 6.24 (ddd, A part of AB system,



Jus =10.3, Js5a = 4.5, and Js 3. = 1.1 Hz, 1H, H-5), 6.01 (br d, B part of AB system,
Jas =10.3 Hz, 1H, H-4), 5.24 (ddd, 1H, Jm3. = 9.2, Jm7a = 4.7, Jsa = 1.3 Hz, 1H, H-
7b), 4.75-4.80 (m, 2H, H-3a and H-7), 4.42 (dt, Js 52 = Js7 = 5.6, and Js7a = 1.1 Hz,
1H, H-6), 3.14 (br t, J7a7 = J7asa = 9.2 Hz, 1H, H-7a), 2.70 (br dt, Jsa7a = 9.2 Hz, and
Jsas = Jsas = 5.5 Hz, 1H, H-5a), 2.45 (s, 3H, arom-CH3), 2.09 (s, 3H, OC-CH3), 2.07
(s, 3H, OC-CHj3); *C NMR (50 MHz, CDCl;) 171.2 (s), 170.8 (s), 152.5 (s), 147.2 (s),
137.4 (s), 131.7 d (2x), 130.6 (d), 124.7 (d), 80.6 (d), 72.0 (d), 71.3 (d), 55.9 (d), 35.9
(d), 33.5 (d), 23.7 (q), 22.5 (q, 2x).

Synthesis of rac-(3aS,4S,5R,5aR,6S,7R,7aR,7bS)-4,5,6-tri(acetyloxy)-3-(p-

toluenesulfonamido)-decahydrocylobuta[g][1,3]benzoxazol-7-yl acetate (18).

To a stirred solution of 0.85 g (1.87 mmol) 13 in acetone (80 mL) was added a
solution of KMnOs (0.31 g, 1.87 mmol) and MgS04.H20 (0.30 g, 1.87 mmol) in water
(30 mL) at -15°C over a period of 5 h. After the addition was complete, the reaction
mixture was stirred for an additional 15 h at -15 °C and then filtered. The precipitate
was washed several times with hot water, and combined filtrates were concentrated
(60 °C, 20 mmHg) to 20 mL. The aqueous solution was extracted with ethyl acetate
(3 x 75 mL) and the extracts dried over Na.SOs. Evaporation of the solvent gave
crude 17, which was dissolved in 20 mL of acetic anhydride and to this magnetically
stirred solution was added excess of CH;COONa. The reaction mixture was stirred
for 15 h at 90 °C. The mixture was cooled to 0 °C and 100 mL of 1 M HCI solution
was added. The mixture was extracted with ether (3 x 75 mL). The combined organic
extracts were washed with sat. Na>COs solution (20 mL), water (50 mL) and then
dried over Na>SO4. After the removal of the solvent under reduced pressure (30 °C,
20 mmHg), the mixture was separated by thin-layer chromatography (35% ethyl

acetate/hexane) to afford 18 (0.315 g, 30%). White crystals, mp 105-107 °C (from



CH3OH ). Found: C, 51.68; H, 4.91; N, 2.69; S, 5.69; C2:H2:NO+2S requires C, 52.08;
H, 4.92; N, 2.53; S, 5.79; vmax (KBr) 3004, 2927, 1753, 1651, 1525, 1523, 1446, 1395,
1242, 1191, 1114, 1089, 936 cm™; '"H NMR (200 MHz, CDCl;) 6 7.87 (d, A part of AA
‘BB’ system, Jas = 8.3 Hz, 2H, aromatic), 7.27 (d, B part of AA'BB’ system,

Jae = 8.3 Hz, 2H, aromatic), 5.70 (dd, J = 3.4 and 1.8 Hz, 1H, O—CH), 5.20 (dd,
J=7.7and 6.2 Hz, 1H), 5.05 (dd, J =6.5 and 1.6 Hz, 1H), 4.94 (dd, J = 9.0 and

6.0 Hz, 1H), 4.83 (brt, J = 6.4 Hz, 1H), 4.75 (dd, J = 9.2 and 3.4 Hz, 1H), 3.13 (m,
1H, Hs, or Hza), 2.39 (s, 3H, arom-CHjs), 2.30 (m, 1H, Hs, or Hra), 2.04 (s, 3H, OC-
CHs;) 2.00 (s, 3H, OC-CHs), 1.97 (s, 3H, OC-CHj3) 1.79 (s, 3H, OC—CHg); *C NMR
(50 MHz, CDCls) 171.9 (s), 171.7 (s), 171.1 (s), 171.0 (s), 153.3 (s), 147.8 (s), 136.4
(s), 131.7 (d), 130.6 (d), 77.9 (d), 72.7 (d), 71.3 (d), 71.2 (d), 69.7 (d), 59.1 (d), 39.0

(d), 38.2 (d), 23.6 (q), 22.6 (q), 22.5 (q) (2C), 22.4 (q).

Synthesis of rac-(1S,2R,3S,4S,5S,6R,7S,8S)-4-(p-toluenesulfonamido)
bicyclo[4.2.0]octane-2,3,5,7,8-pentol: bis-homoamino-inositol analogue (6).
18 (0.11 g, 0.199 mmol) was dissolved in 5 mL of 0.5 N H2SO4. The resulting mixture

was stirred at room temperature for 5 h and the acid neutralized with BaCOs. The
solid material was filtered and the filtrate concentrated under reduced pressure to
yield the bis-homoaminoinositol analogue 6 (60 mg, 84%). Colorless powder, mp
177-179 °C (from hexane/ethyl acetate); vmax (KBr) 3401, 2931, 1735, 1450, 1234,
1157, 1103, 1049, 1010, 856, 817, 748, 671, 578, 555 cm™"; Found: C, 49.98; H,
5.71; N, 3.79; S, 30.81. C1sH21NO-S requires C, 50.13; H, 5.89; N, 3.90; S, 31.16; 'H
NMR (200 MHz, CD3;OD) 6 7.79 (d, A part of AA'BB’ system, J = 8.3 Hz, 2H,
aromatic), 7.33 (d, B part of AA'BB’ system, Jas = 8.3 Hz, 2H, aromatic), 4.91 (br s,
6H, —OH and —NH), 4.00-3.54 (m, 6H, O—CH and N-CH), 2.41 (s, 3H, arom-CH5),

2.31 (m, 1H, C-CH), 2.04 (m, 1H, C-CH); ™*C NMR (50 MHz, CD;0D) 146.3 (s),



141.5 (s), 132.2 (d), 130.3 (d), 77.8 (d), 75.3 (d), 71.7 (d), 70.9 (d), 70.2 (d), 62.8 (d),

45.0 (d), 38.5 (d) , 23.2 (q).

Synthesis of 1R,6S,7S,8R-7,8-dichlorobicyclo[4.2.0]octa-2,4-diene (19).

The title compound was prepared in 75% yield as described in the literature [4,5].

Synthesis of 1R,2S,3S,4R,5R,6S-3,4-dichloro-7,8-dioxatricyclo [4.2.2.0>°]dec-9-
ene (20).

The title compound was prepared in 75% yield as described in the literature [6,7].

Synthesis of -1R,2S,5S,6S,7S,8R-7,8-dichlorobicyclo[4.2.0]oct-3-ene-2,5-diol
(21).

The title compound was prepared in 95% yield as described in the literature [6,7].

Synthesis of rac-(3aR,5aR,6S,7R,7aR,7bS)-6,7-dichloro-3-tosyl-3a,5a,6,7,7a,7b-
hexahydrocyclobuta[g][1,3]benzoxazol-2(3H)-on (23).

To a stirred solution of diol 21 (1.1 g, 5.28 mmol) in anhydrous THF (20 mL) under a
nitrogen atmosphere at room temperature, p-toluensulfonyl isocyanate (2.80 g,

1.60 mL, 10.55 mmol) was added dropwise. The reaction was stirred at room
temperature for 5 h and then at 80 °C for 60 min. To a flask containing
tris(dibenzylidene-acetone)dipalladium chloroform complex (0.25 g, 242 ymol) in
anhydrous THF (10 mL) under a nitrogen atmosphere was added
triisopropylphosphite (0.40 g, 1.94 mmol). The mixture was stirred at room
temperature for 30 min until a clear yellow solution was obtained. The reaction
mixture was stirred at 80 °C for 24 h. After the removal of the solvent under reduced
pressure (50 °C, 20 mmHg), the mixture was chromatographed on silica gel (60 g)

with 35% ethyl acetate/hexane as eluant to afford oxazolidin-2-one-diacetate 23



(1.25 g, 61%). White crystals, mp 180-183 °C (from CHCls/hexane); vmax (KBr) 3029,
2979, 2933, 1782, 1597, 1493, 1454, 1366, 1327, 1170, 1135, 1096, 1023, 858, 842,
815, 758, 727, 673, 592 cm™. "H NMR (200 MHz CDClsppm) 8 7.96 (d, A part of AA
‘BB’ system, J = 8.3 Hz, 2H, aromatic), 7.37 (d, B part of AA'BB’ system, J = 8.3 Hz,
2H, aromatic), 6.10 (bs, 2H, -CH=CH), 4.94 (dd, A part of AB system, J=7.3, 1.8 Hz,
1H, Hsa, -CH-N), 4.84 (dd, B part of AB system, J = 7.3, 2.1 Hz, 1H, Hs, -CH-0), 4.32
(ddd, Jr7a= 9.6 Hz, Js7 = 6.3 Hz, J = 1.9 Hz, 1H, H7, CH-CI), 4.22 (bd, J = 6.3 Hz, 1H,
Hs, CH-CI ), 3.52 (ddd-quasi td, J = 9.6, 9.0, 2.0 Hz, 1H, H7a, -CH), 3.01 (bd, J=9.0
Hz, 1H, Hsa, -CH), 2.45 (s, 3H, arom-CHa).

C NMR (50 MHz CDCls; ppm) & 152.3 (s), 147.8 (s), 137.1 (s), 131.9 (d), 130.5 (d),
130.4 (d), 125.2 (d), 72.1 (d), 62.5 (d), 54.8 (d), 54.4 (d), 43.5 (d), 39.5 (d), 23.7 (q).
EIMS (m/z %): 389 (M", 2.5), 279.7 (11), 211.6 (7), 208.4 (9), 207.3 (44), 167.5 (25),

149.3 (100), 148.5 (33), 83.3 (10), 71.2 (24.5), 57.2 (17).

Synthesis of rac-(1R,2S,3R,6R,7S,8R)-7,8-dichloro-3-(4-
methylbenzenesulfonamido)-bicyclo[4.2.0]oct-4-en-2-yl acetate (27).

To a stirred solution of oxazolidin-2-one 23 (0.75 g, 1.93 mmol) in methanol (15 mL)
was added K>COs (0.80 g, 1.93 mmol) and the mixture stirred at room temperature
for 6 h. The reaction mixture was filtered and the solvent removed to give crude
product 26 (0.70 g). Crude 26 was dissolved in 15 mL of acetyl chloride and the
resulting solution stirred at room temperature overnight. The excess of unreacted
acetyl chloride was evaporated (60 °C, 20 mmHg). The residue was dissolved in
CH:CI; and filtered through silica gel. Evaporation of the solvent gave 27 (0.71 g,

90%). White crystals, mp 180-182 °C (from CHCls/hexane); vmax (KBr) 3270, 3031,



2962, 1739, 1600, 1438, 1334, 1238, 1160, 1091, 1041, 937, 813, 763, 678,

551 cm™.

'H NMR (200 MHz CDCls; ppm) & 7.75 (d, A part of AA'BB' system, J = 8.3 Hz, 2H,
aromatic), 7.32 (d, B part of AA'BB’ system, J = 8.3 Hz, 2H, aromatic), 5.89 (ddd, A
part of AB system, J = 10.0, 3.8, 1.6 Hz, 1H, Hs, -CH=CH), 5.51 (ddd, B part of AB
system, J = 10.0, 4.36, 1.6 Hz, 1H, Hs, -CH=CH), 5.37 (d, J = 9.1 Hz, 1H, N-H), 4.90
(dd, J=7.6, 4.2 Hz, 1H, H2), 4.28 (m, 2H, -CH-CI), 4.05 (m, 1H, Hs, CH-N), 3.19 (m,
1H, He), 3.02 (m, 1H, Hy), 2.43 (s, 3H, arom-CHs), 2.00 (s, 3H, OC-CHs). *C NMR
(50 MHz CDCls ppm) & 172.3 (s), 145.8 (s), 140.0 (s), 131.9 (d), 130.6 (d), 129.5 (d),
128.9 (d), 70.8 (d), 61.8 (d), 58.2 (d), 50.3 (d), 44.2 (d), 43.9 (d), 23.5 (q), 22.8 (q).
EIMS (m/z, %): 401 (M", 1), 355 (31), 281 (28), 221 (35), 207 (40), 147 (59), 73

(100), 44 (17).

Synthesis of rac-(2R,3S,4S,5S,7R,8S)-7,8-dichloro-4-(4-
methylbenzenesulfonamido)bicyclo[4.2.0]octane-2,3,5-triyl triacetate (7).

A 100 mL two-necked, round-bottomed flask, equipped with a magnetic stirrer and a
nitrogen inlet, was charged with 0.28 g (2.37 mmol) of NMO, 1 mL of water, and 3 mL
of acetone. To this solution were added ca. 2 mL of OsO, (250 g/60 mL solution in
acetone) and 0.96 g (2.37 mmol) of cis-dichloro-acetate 27. The resulting mixture
was stirred vigorously under a nitrogen atmosphere at 0 °C and then stirred
overnight. After stirring for 18 h, sodium bisulfite (100 mg) and 2 g of Florisil slurried
in 1 mL of water were added, the slurry stirred for 1 h, and the mixture filtered
through a short pad (2.0 g) of Celite in a 50 mL sintered glass funnel. The Celite cake
was washed with acetone (3 x 10 mL). The filtrates were combined and solvent was

removed to give crude cis-dichloro-acetate-diol 28. The same procedure as



described above was applied for acetylation of 28. After the removal of the solvent
under reduced pressure (50 °C, 20 mmHg), the mixture was chromatographed on
silica gel (60 g) with 40% ethyl acetate/hexane as eluant to afford triacetate 7 (0.31 g,
86%). White crystals, mp 155-157 °C (from CHCls/hexane); vmax (KBr) 3276, 3025,
2921, 1747, 1597, 1443, 1374, 1335, 1227, 1162, 1096, 1046, 981, 942, 765 cm™.
'H NMR (200 MHz CDsOD ppm) & 7.76 (d, A part of AA'BB' system, J = 8.3 Hz, 2H,
aromatic), 7.34 (d, B part of AA'BB’ system, J = 8.3 Hz, 2H, aromatic), 5.44 (dd,
J=7.1,3.6 Hz, 1H, H2), 5.29 (dd, J=7.6, 3.3 Hz, 1H, Hs), 5.23 (d, J = 7.1 Hz, 1H,
-NH-Ts), 5.15 (dd, J = 6.5, 4.0 Hz, 1H, Hs), 4.64 (t, 1H, J = 6.6 Hz, Hs, -CH-CI), 4.53
(t, 1H, J = 5.6 Hz, H7, -CH-CI), 3.86 (ddd, J = 9.3, 7.3, 3.9 Hz, 1H, CH-N), 3.29 (m,
1H, H1), 2.84 (m, 1H, Hs), 2.43 (s, 3H, arom-CHz3), 2.12, 1.99, 1.95 (s, 9H, OC-CHs).
3C NMR (50 MHz CDClsppm) 8 171.7 (x2, s), 171.6 (s), 146.1 (s), 138.9 (s), 131.9
(d), 129.1 (d), 71.4 (d), 70.6 (d), 66.8 (d), 59.9 (d), 57.5 (d), 53.7 (d), 46.2 (d), 44.0
(d), 23.5 (q), 22.9 (x3, q).

EIMS (m/z, %): 519 (M", 1), 429 (4), 355 (18), 281 (45), 221(30), 207 (93), 73 (100),

44 (55).
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