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General Procedures and Methods

FTIR spectra were measured on a JASCO FT/IR-410 infrared spectrophotometer.
NMR spectra were recorded on a Varian Mercury prus-300-4N spectrometer. Chemical
shifts are reported in parts per million (ppm). For '"H NMR spectra (CDCl3), the residual
solvent peak was used as the internal reference (7.24 ppm), whereas the central solvent
peak as the reference (77.03 ppm) for °C NMR spectra (CDCl;). Mass spectra were
recorded on a JEOL the Mstation JMS-700. Analytical thin layer chromatography
(TLC) was performed with E. Merck pre-coated TLC plates, silica gel 60F-254, layer
thickness 0.25 mm. Flash chromatography was performed on Kanto Chemical 60
(63-210) mesh silica gel. Reagents and solvents are commercial grade and were used as
supplied. Mercury triflate was prepared by the following procedure; to a suspension of
HgO (541.4 mg, 2.5 mmol) in acetonitrile (5 mL) was dropwise added T,0 (705.3 mg,
2.5 mmol) at 0 °C, and the mixture was stirred at 0 °C until the yellow color disappear.
The resulting colorless solution was transferred to 25 mL of messflask and diluted with

anhydrous acetonitrile to give 0.1M solution.

2-(2-(tert-butyldimethylsilyloxy)-1-hydroxyethyl)cyclopent-2-enone (10)

To a solution of 2-cyclopentene-1-one 9 (4.71 g, 57.4 mmol) in THF o
(57 mL) was added (tert-Butyldimethylsilyloxy)-acetaldehyde (10.0 g, )/Q
57.4 mmol) and n-tributylphosphine (1.43 mL, 5.74 mmol). The mixture

TBSO 0o

was stirred for 4 h at room temperature and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (elution with
hexane/ethyl acetate = 4/1 to 2/1) to give 10 (10.3 g, 70%) as colorless amorphous. IR
(neat) 3444, 2928, 2857, 1698, 1252, 1120, cm™'; '"H NMR (400 MHz, CDCl3) § 7.63
(td, J= 2.8, 1.6 Hz, 1H), 4.48-4.55 (m, 1H), 3.84 (dd, J = 10.0, 3.6 Hz, 1H), 3.52 (dd, J
=10.0, 6.4 Hz, 1H), 3.11 (d, J = 4.8 Hz, 1H), 2.58-2.68 (m, 2H), 2.41-2.47 (m, 2H),
0.89 (s, 9H), 0.06 (s, 3H), 0.05 (s, 3H); °C NMR (100 MHz, CDCl;) § 208.8, 159.9,
145.1, 68.3, 65.7, 35.2, 26.8, 25.8, 18.2, -5.4, -5.5; HRMS (CI) m/z [M+H]" calcd for
[C13H2405Si+H]" 257.1573, found 257.1575.
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2-(tert-butyldimethylsilyloxy)-1-(5-hydroxycyclopent-1-enyl)ethyl Ac(}/@
acetate (11) TBSO OH

To a solution of 10 (4.0 g, 15.6 mmol) in pyridine (15 mL) was added acetic anhydride
(7.37 mL, 78 mmol) at 0 °C. The mixture was stirred for 15 h at 0 °C and concentrated
under reduced pressure. The residue was subjected to short-pass flash chromatography
on silica gel (elution with hexane/ethyl acetate = 20/1 to 4/1) to give crude acetylated 11
which was used without further purification. To a solution of crude acetylated 11 in
methanol (67 mL) was added NaBH, (1.0 g, 26.7 mmol) at -20 °C. The mixture was
stirred for 1 h, quenched with saturated NH4CI (20 mL), and extracted with diethyl ether
(40 mL x 3). The combined organic layers were washed with brine, dried over
anhydrous MgSO4, filtered, concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (elution with hexane/ethyl
acetate = 6/1) to give 11 (2.56 g, 55%) as colorless oil (1.5 : 1 diastereomeric mixture).
IR (neat) 3452, 2930, 1740, 1372, 1254, cm™; "H NMR (300 MHz, CDCl;) § 5.80 (brs,
1Ha+1HDb), 5.42 (t, J=4.5 Hz, 1Ha), 5.36 (t,J = 5.7 Hz, 1Hb), 4.69 (br s, 1Ha), 4.67 (br
s, 1 Hb), 3.79 (dd, J = 11.4, 3.9 Hz, 1Ha), 3.78 (d, /= 5.7 Hz, 2Hb), 3.71 (dd, J=11.4,
4.8 Hz, 1Ha), 3.50 (br s, 1Ha), 3.11 (br s, 1Hb), 2.32-2.50 (m, 1Ha + 1Hb), 2.04-2.24
(m, 2Ha + 2Hb), 2.01 (s, 3HDb), 2.00 (s, 3Ha), 1.64-1.82 (m, 1Ha + 1Hb), 0.82 (s, 9Ha +
9HDb), 0.01 (s, 6Ha + 6Hb); °C NMR (75 MHz, CDCL;) 6 142.7, 142.4, 133.2, 131.8,
76.6, 75.6, 72.6, 71.9, 64.7, 64.4, 33.3, 33.0, 29.9(x2), 25.7(x2), 21.1, 21.0, 18.2, 18.1,
-5.4, -5.5; HRMS (CI) m/z [M-H] caled for [C;sH,3s04Si-H]" 299.1678, found
299.1679.

The modified condition was found after the above examination. However, a large
scales synthesis of modified condition was not tried, because the sufficient amount of
11 for the cyclopentane core was already obtained. The modified condition is next; to a
solution of 10 (45.6 mg, 0.18 mmol) in pyridine (0.5 mL) was added acetic anhydride
(84.1 uL, 78 mmol) at 0 °C. The mixture was stirred for 25 h at room temperature and
concentrated under reduced pressure. The residue was subjected to short-pass flash
chromatography on silica gel (elution with hexane/ethyl acetate = 9/1) to give crude
acetylated 11 which was used without further purification. To a solution of crude
acetylated 11 in methanol (19 mL) was added NaBH, (215 mg, 5.69 mmol) at -78 °C.
The mixture was stirred for 1 h, quenched with saturated NH4Cl (5 mL), and extracted

with diethyl ether (10 mL x 3). The combined organic layers were washed with brine,
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dried over anhydrous MgSO4, filtered, concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (elution with
hexane/ethyl acetate = 6/1) to give 11 (1.0 g, 70%) as colorless oil (1.5 : 1

diastereomeric mixture).

2-(tert-butyldimethylsilyloxy)-1-(5-(zert-butyldimethylsilyloxy)cy ACW
clopent-1-enyl)ethyl acetate (12) TBSO OTBS
To a solution of 11 (3.12 g, 10.4 mmol) in dichloromethane (10.4 mL) was added
trietylamine (3.62 mL, 26.0 mmol) and TBSOTTf (2.87 mL, 12.5 mmol) successively at
0 °C. The mixture was stirred for 10 min at 0 °C, quenched with sat. NaHCOs;, and
extracted with dichloromethane (x3). The combined organic layers were washed with
sat. NaHCO;, dried over anhydrous MgSQO., filtered, concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel
(elution with hexane/dichloromethane = 2/1 to 1/1 to 1/4) to give 12 (3.8 g, 88%) as
pale yellow amorphous (2 : 1 diastereomeric mixture). 12a; IR (neat) 2929, 2857,
1741, 1362, 1237 cm™; "H NMR (300 MHz, CDCl5) § 5.78 (brs, 1H), 5.26 (br d, J =
7.5 Hz, 1H), 4.85 (m, 1H), 3.84 (dd, J = 10.8, 3.0 Hz, 1H), 3.63 (dd, J = 10.8, 8.1 Hz,
1H), 2.28-2.44 (m, 1H), 2.08-2.26 (m, 2H), 2.00 (s, 3H), 1.52-1.66 (m, 1H), 0.89 (s, 9H),
0.83 (s, 9H), 0.07 (s, 3H), 0.05 (s, 3H), 0.01 (s, 6H); °C NMR (75 MHz, CDCl;) §
170.4, 142.8, 130.2, 78.5, 72.6, 64.8, 34.1, 29.9, 25.9, 25.7, 21.2, 18.2, 18.0, -4.3, -4.9,
-5.3 (x2); HRMS (CI) m/z [M]" calcd for [CaiH404Si2]" 414.2622, found 414.2623.
12b; IR (neat) 2929, 2857, 1751, 1362, 1234 cm™; '"H NMR (300 MHz, CDCl3) §
5.78 (dd, J=17.5, 3.3 Hz, 1H), 5.76 (br s, 1H), 4.73-4.83 (m, 1H), 3.78 (dd, J=11.1, 7.5
Hz, 1H), 3.67 (dd, J = 10.8, 3.3 Hz, 1H), 2.34-2.46 (m, 1H), 2.12-2.25 (m, 2H), 2.03 (s,
3H),1.62-1.74 (m, 1H), 0.88 (s, 9H), 0.83 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H), 0.01 (s,
6H); >*C NMR (75 MHz, CDCl;) 6 170.1, 142.1, 130.8, 77.2, 73.5, 64.7, 34.4, 29.9,
25.9, 25.7, 21.2, 18.2, 18.0, -4.3, -4.8, -5.3 (x2); HRMS (CI) m/z [M-H] calcd for
[C21H4204S1,-H] 413.2548, found 413.2547.
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(o)

(£)-N-benzyl-2-(3-(tert-butyldimethylsilyloxy)-2-(2-(tert-butyldi
methylsilyloxy)ethylidene)cyclopentyl)acetamide (15) BnH%

To a solution of LHMDS (3.46 mL, 1M solution in THF) in THF TBSO 0TBS
(10 mL) was added a solution of TBSCI (661 mg, 4.38 mmol) in HMPA (2.97 mL, 17.0
mmol) at -78 °C. The mixture was stirred for 10 min. at -78 °C. To the mixture was
added a solution of 12 (784 mg, 1.89 mmol) in THF (2 mL) at -78 °C. The mixture was
stirred for 20 min. at O °C, quenched with iced water, and extracted with diethyl ether
(x2). The combined organic layers were dried over MgSQ,, filtered, and concentrated
under reduced pressure. The solution of residue in toluene (5 mL) was heated to reflux
for 1 h, cooled down to room temperature, and concentrated under reduced pressure.
To the solution of residue in THF (24 mL) was added H,O (7 mL) at room temperature.
The mixture was stirred for 3 h, concentrated under reduced pressure to give carboxylic
acid 14 which was used without further purification. To a solution of crude 14 in
dichloromethane (7 mL) was added benzylamine (125 uL, 1.14 mmol), EDCI (272 mg,
1.42 mmol), and DMAP (23 mg, 0.19 mmol) at room temperature. The mixture was
stirred for 25 min., quenched with sat. NH,Cl, and extracted with ethyl acetate (20 mL x
3). The combined organic layers were washed with brine, dried over anhydrous MgSO4,
filtered, concentrated under reduce pressure. The residue was purfied by flash column
chromatography on silica gel (elution with hexane/ethyl acetate = 10/1 to 8/1 to 6/1 to
4/1 to 2/1) to give 15 (124 mg, 70%) as colorless amorphous (2 : 1 diastereomeric
mixture). 15a: IR (neat) 3286, 2954, 2856, 1644, 1555, 1255, 1008 cm'l; "H NMR (400
MHz, CDCl3) 0 7.25-7.36 (m, 5H), 5.81 (br s, 1H), 5.38 (ddt, J = 6.8, 4.8, 2.4, 1H),
4.62 (t, J = 6.8, 1H), 4.48 (dd, J = 14.8, 6.0 Hz, 1H), 4.39 (dd, J = 14.8, 5.6 Hz, 1H),
4.32 (s, 2H), 2.93-3.05 (m, 1H), 2.55 (dd, J = 14.4, 4.8 Hz, 1H), 2.05 (dd, /= 14.4,9.2
Hz, 1H), 1.94-2.08 (m, 2H), 1.48-1.60 (m, 1H), 1.10-1.23 (m, 1H), 0.89 (s, 9H), 0.88 (s,
9H), 0.09 (s, 3H), 0.07 (s, 3H), 0.06 (s, 3H), 0.05 (s, 3H); °C NMR (100 MHz, CDCl;)
0 171.8, 146.8, 138.3, 128.7, 127.9, 127.5, 125.1, 72.9, 61.2, 43.6, 41.1, 39.3, 34.9,
29.2, 26.0, 25.8, 18.4, 17.9, -3.7, -4.7, -5.0, -5.1; HRMS (CI) m/z (M+H)" calcd for *
[C2sH49NO;Si,+H]" 504.3329, found 504.3332. 15b: IR (neat) 3288, 2955, 1644, 1549,
1254 em™; "H NMR (400 MHz, CDCls) 6 7.23-7.35 (m, 5H), 5.86 (br t, J = 5.6 Hz,
1H), 5.48 (ddt, J = 8.0, 4.0, 1.6 Hz, 1H), 4.62-4.67 (m, 1H), 4.43 (d, J = 5.6 Hz, 2H),
4.28 (ddd, J = 13.2, 8.0, 0.8 Hz, 1H), 4.18 (ddd, J = 13.2, 4.0, 1.6 Hz, 1H), 2.87 (quint,
J =72 Hz, 1H), 2.50 (dd, J = 14.4, 6.8 Hz, 1H), 2.30 (dd, J = 14.0, 8.0 Hz, 1H),
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1.55-1.92 (m, 4H), 0.89 (s, 9H), 0.82 (s, 9H), 0.06 (s, 6H), 0.05 (s, 3H), 0.05 (s, 3H);
BC NMR (100 MHz, CDCl3) § 171.9, 147.2, 138.4, 128.6, 127.9, 127.4, 125.7, 71.9,
61.1, 43.5, 42.9, 40.4, 35.0, 29.2, 25.9, 25.7, 18.4, 17.8, -4.1, -4.8, -5.1, -5.1; HRMS
(CI) m/z (M+H)" calcd for " [CosH49NO;Si,+H]™ 504.3329, found 504.3322.

(£)-N-benzyl-2-(3-hydroxy-2-(2-hydroxyethylidene)cyclopentyl)acet
amide (16) BN

A solution of 15 (124 mg, 0.25 mmol) in acetic acid (1.5 mL), water HO OH
(1.5 mL), and THF (1.5 mL) was stirred for 15 h at room temperature and concentrated
under reduced pressure. The residue was purified by flash column chromatography of
silica gel (elution with dichloromethane/methanol = 20/1) to give 16 (52.3 mg, 70%) as
yellow amorphous (2 : 1 diastereomeric mixture). 16a: IR (neat) 3297, 2929, 1650,
1556, 1455, 1008 cm™; "H NMR (400 MHz, CDCls) 6 7.04-7.08 (m, 5H), 6.19 (br t, J
= 5.6 Hz, 1H), 5.63 (tt, /= 6.4, 1.6 Hz, 1H), 4.73 (d, J = 4.8 Hz, 1H), 4.41 (d, J = 5.6
Hz, 2H), 4.28 (ddd, J=12.8, 7.2, 1.6 Hz, 1H), 4.08 (dd, /= 12.0, 6.4 Hz, 1H), 2.77-2.88
(m, 1H), 2.54 (dd, J = 14.8, 6.0 Hz, 1H), 2.39 (dd, J = 14.8, 7.2 Hz, 1H), 1.64-1.94 (m,
4H); C NMR (100 MHz, CDCl3) § 172.0, 152.1, 138.2, 128.7, 127.9, 127.6, 124.2,
71.5, 59.9, 43.6, 41.1, 39.9, 34.1, 29.2; HRMS (CI) m/z (M+H)" caled for *
[Ci6H2 NO;+H]" 276.1599, found 276.1615. 16b: IR (neat) 3289, 2930, 1638, 1549
cm; "H NMR (400 MHz, CDCl3) § 7.25-7.40 (m, 5H), 5.78 (br t, J = 5.6 Hz, 1H),
5.64 (tt, J=6.4,2.0 Hz, 1H), 4.79 (t, J= 6.4 Hz, 1H), 4.44 (d, J= 5.6 Hz, 2H), 4.29 (dd,
J=13.2,6.4Hz, 1H),4.19 (dd, J=13.2, 6.4 Hz, 1H), 3.05-3.15 (m, 1H), 2.81 (brs, 1H),
2.55 (br s, 1H), 2.41 (dd, J = 14.4, 6.0 Hz, 1H), 2.11 (dd, J = 14.4, 8.4 Hz, 1H),
2.04-2.15 (m, 2H), 1.58-1.70 (m, 1H), 1.25-1.36 (m, 1H); °C NMR (100 MHz, CDCls)
0 171.7, 152.4, 138.4, 129.0, 128.2, 127.9, 124.0, 72.4, 60.1, 43.9, 41.6, 40.3, 34.1,
29.7; HRMS (CI) m/z (M-H)  calcd for [C;6H21NOs-H] 274.1443., found 274.1440.

(Z)-N-benzyl-2-(2-(2-(benzyloxy)ethylidene)-3-hydroxycyclopentyl)acetamide (17)
(2 : 1 diastereomeric mixture) 'H NMR (300 MHz, CDCly) § 7.22-7.39 (m,
10Ha+10Hb), 5.85 (br s, 1Hb), 5.72 (br s, 1Ha), 5.42-5.64 (m, 1Ha+1Hb), 4.64-4.72 (m,
1Ha+1Hb), 4.53 (s, 1Ha), 4.52 (s, 1Hb), 4.43 (d, J = 3.9 Hz, 1Ha), 4.41 (d, J = 5.4 Hz,
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1Hb), 4.18 (dd, J = 11.7, 6.0 Hz, 1Hb), 4.12-4.24 (m, 1Ha), 4.07 (dd, J = 11.7, 7.2 Hz,
1Hb), 4.04-4.12 (m, 1Ha), 3.32 (br s, 1Hb), 3.11 (br s, 1Ha), 2.80-2.96 (m, 1Ha+1Hb),
2.53 (dd, J= 14.7, 5.4 Hz, 1Hb), 2.41 (dd, J= 14.7, 5.4 Hz, 1Ha), 2.35 (dd, J = 14.4, 6.9
Hz, 1Hb), 2.34-2.44 (m, 1Ha), 1.55-2.10 (m, 4Ha+4Hb).

(£)-2-(3-hydroxy-2-(2-hydroxyethylidene)cyclopentyl)acetamide (18)

(2 : 1 diastereomeric mixture) 'H NMR (200 MHz, CD;0D) § 5.42-5.64 (m,
1Ha+1Hb), 4.56-4.64 (m, 1Ha+1HDb), 4.06-4.20 (m, 2Ha+2Hb), 2.78-2.92 (m, 1Ha),
2.61-2.74 (m, 1Hb), 2.43 (dd, J = 14.2, 5.8 Hz, 1Hb), 2.35 (dd, J = 14.2, 5.6 Hz, 1Ha),
2.14 (dd, J=14.2,9.0 Hz, 1Hb), 1.97 (dd, /= 14.2, 9.6 Hz, 1Ha), 1.10-205 (m,
4Ha+4HD).

(Z2)-3-(2-amino-2-oxoethyl)-2-(2-(zert-butyldimethylsilyloxy)ethylidene)cyclopentyl

benzoate (19)
Accj/Q BzClI/Pyr. ACO)/Q
TBSO TBSO OBz

OH
11 Bz12

To a solution of 11 (1.62 g, 5.39 mmol) in THF (10 mL) was added pyridine (1.75 mL,
21.6 mmol), DMAP (66 mg, 0.54 mmol), and benzoyl chloride (1.25 mL, 10.8 mmol) at
0 °C. The mixture was stirred for 6 h at room temperature, quenched with sat.NH,4Cl,
and extracted with ethyl acetate (x3). The combined organic layers were washed with
sat. NaHCOs, dried over anhydrous MgSQO,, filetered, concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel
(elution with hexane/ethyl acetate = 10/1) to give Bz 12 (2.17 g, quant.) as colorless
amorphous (2 : 1 diastereomeric mixture). IR (neat) 2954, 2857, 1790, 1747, 1281 em’™;
'H NMR (400 MHz, CDCl;) § 8.09-8.04 (m, 2Ha + 2Hb), 7.46-7.53 (m, 1Ha + 1HD),
7.34-7.42 (m, 2Ha + 2HD), 6.11 (br s, 1Ha), 6.02-6.05 (m, 1Hb), 5.97-6.30 (m, 1Ha),
5.89-5.94 (m, 1Hb), 5.57 (t, J = 4.8 Hz, 1HD), 5.50 (t, J = 5.2 Hz, 1Ha), 3.70-3.85 (m,
2Ha + 2HDb), 2.28-2.58 (m, 3Ha + 3Hb), 2.01 (s, 3Hb), 1.86 (s, 3Ha), 1.82-1.85 (m, 1Ha
+ 1Hb), 0.81 (s, 9Ha), 0.80 (s, 9Hb), -0.01 (s, 6Ha), -0.04 (s, 6Hb); *C NMR (100 MHz,
CDCl3) 6 170.1(a), 170.1(b), 166.3(b), 166.1(a), 138.3(b), 138.1(a), 136.3(b), 134.9(a),
134.5(b), 132.8(a), 130.5(b), 130.3(a), 129.5(b), 129.5(a), 128.8(b), 128.2(a), 79.9(a),
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79.8(b), 72.5(b), 71.7(a), 64.3(b), 63.9(a), 31.1(a), 31.1(b), 30.4 (a), 30.4 (b), 25.7 (a),
25.7(b), 21.0(a), 20.9(b), 18.1(a), 18.1(b), -5.5(a), -5.5(b): HRMS (CI) m/z (M+H)"
caled for " [CyH3,N,05Si+H]" 405.2097, found 405.2098.

o)
HO-C 1) EOC(0)CI, TEA, CH,Cl,
H,N
2) NH3 (bubbling) -
TBSO TBSO TBSO OBz
Bz12 Bz14 19

According to the Ireland-Claisen rearrangement of 12 to give 14, the related compound
Bz14 was obtained with same manner from Bz12 (194 mg, 0.38 mmol). To the mixture
of crude Bz14 in chloroform (0.72 mL) and triethylamine (81 mL, 0.58 mmol) was
dropwised a solution of ethyl chlorocarbonate (55 mL, 0.58 mmol) in chloroform (0.72
mL) at -30 °C. The mixture was stirred for 1.5 h at 0 °C, bubbled through a ammonia
gas for 20 min at 0 °C and 1.5 h at room temperature. The mixture was washed with 5%
NaOH (x2), dried over anhydrous MgSO4, filtered, concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel
(elution with hexane/ethyl acetate = 4/1 to 2/1 to ethyl acetate) to give 19 (115 mg, 5
steps, 75% from Bz12) as colorless amorphous. (1 : 2 diastereomeric mixture). IR (neat)
3351, 3196, 2954, 2856,1716, 1680, 1391, 1276 cm™; 'H NMR (300 MHz, CDCl3) 6
7.90-8.02 (m, 1Ha+2Hb), 7.77 (dt, J = 6.9, 1.8 Hz, 1Ha), 7.42-7.54 (m, 3Ha), 7.02-7.42
(m, 3Hb), 6.46 (br s, 2Ha), 6.21 (br s, 2Hb), 5.70-5.94 (m, 1Ha+1HDb), 5.60-5.70 (m,
1Hb), 5.52-5.60 (m, 1Ha), 4.25 (ddd, J = 13.5, 7.2, 1.8 Hz, 1Ha), 4.14-4.26 (m, 2HD),
4.16 (ddd, J=13.5, 5.4, 2.1 Hz, 1Ha), 3.0-3.16 (m, 1Ha), 2.85-3.00 (m, 1Hb), 2.57 (dd,
J =144, 5.4 Hz, 1Hb), 2.51 (dd, J = 14.4, 5.1 Hz, 1Ha), 2.30 (dd, J = 14.4, 8.7 Hz,
1Hb), 2.18-2.34 (m, 1Ha), 2.12 (dd, J = 14.4, 9.3 Hz, 1Ha), 2.25 (dd, J = 14.4, 6.9 Hz,
1Ha), 1.80-2.14 (m, 2Ha+2Hb), 1.50-1.78 (m, 1Ha+1Hb), 1.31 (dq, J = 12.6, 8.4 Hz,
1Hb), 0.79 (s, 9Ha+9Hb), -0.05 (s, 6Ha), -0.05 (s, 6Hb); *C NMR (100 MHz, CDCls)
0 174.5, 169.8, 165.9, 165.7, 143.3, 143.2, 132.9, 131.9, 130.2, 130.0, 129.5, 128.7,
128.3, 128.3, 127.4, 127.3, 74.5, 74.3, 60.9, 60.6, 41.6, 40.0 (x2), 39.3, 32.5, 31.6, 29.8,
29.5, 259, 258, 182 (x2), -52 (x2); HRMS (CI) m/z (M+H)" caled for
[C2H33NO,4Si+H]" 404.2257, found 404.2267.
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(Z2)-3-(2-amino-2-oxoethyl)-2-(2-hydroxyethylidene)cyclopentyl
benzoate (20) HZ%
The mixture of 19 (115 mg, 0.29 mmol) in acetic acid (1.5 mL), H,O HO OBz
(0.5 mL), and THF (0.5 mL) was stirred for 4.6 h at room temperature and concentrated
under reduced pressure. The residue was purified by flash column chromatography on
silica gel (elution with ethyl acetate to ethyl acetate/methanol = 8/1) to give 20 (104 mg,
quant.) as colorless amorphous (2 : 1 diastereomeric mixture). IR (neat) 3347, 3198,
2961, 1714, 1452, 1279 cm™; "H NMR (400 MHz, CDCl;) § 7.88-8.01 (m, 2Ha+2Hb),
7.55 (tt, J = 7.6, 1.2 Hz, 1Ha+1Hb), 7.42 (td, J = 7.6, 1.2 Hz, 2Ha+2Hb), 6.17 (br s,
1Hb), 6.04 (br s, 1Ha), 5.88-5.98 (m, 2Ha+2Hb), 5.77 (tt, /= 6.4, 2.0 Hz, 1Ha), 5.69 (tt,
J=06.8,2.0 Hz, 1Hb), 4.14-4.28 (m, 2Ha+2Hb), 3.02-3.18 (m, 1Hb), 2.90-3.0 (m, 1Ha),
2.54 (dd, J = 14.4, 6.0 Hz, 1Ha), 2.49 (dd, J = 14.4, 6.0 Hz, 1Hb), 2.14-2.40 (m,
1Ha+1Hb), 2.35 (dd, J = 14.4, 8.0 Hz, 1Ha), 2.20 (dd, J = 14.4, 8.0 Hz, 1Hb), 1.84-2.32
(m, 2Ha+3Hb), 1.72-1.84 (m, 1Hb), 1.60-1.74 (m, 1Ha), 1.39 (dq, J = 12.4, 7.6 Hz,
1Ha); °C NMR (100 MHz, CDCl3) § 174.8, 174.7, 166.2, 166.0, 145.0, 144.9, 133.2,
133.2, 130.2, 130.0, 129.6, 129.5, 128.5, 128.4, 128.0, 126.5, 74.6, 74.4, 60.0, 59.6,
41.8, 40.0, 39.8, 39.1, 32.4, 31.4, 29.8, 29.4; HRMS (CI) m/z (M+H)" calcd for *
[C16H1oNO4+H]" 289.1392, found 290.1396.

2-0x0-6a-vinylhexahydro-2H-cyclopenta[b]furan-6-yl benzoate (21) ¥H
o} ﬁ >

To a solution of 19 (14.5 mg, 0.05 mmol) in nitromethane (0.25 mL)

was added Hg(OTf), (100 uL, 0.1 M solution in acetonitrile). The 0Bz
mixture was heated to 60 °C for 7 h, quenched with triethylamine (0.2 mL), and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (elution with chloroform) to give 21 (10.9 mg, 80%) as
colorless amorphous (1 : 1.5 diastereomeric mixture). IR (neat) 2961, 1787, 1724,
1275, 1117 em™; 'H NMR (300 MHz, CDCl;) § 21a; 7.96-8.04 (m, 2H), 7.59 (tt, J =
7.5, 1.2 Hz, 1H), 7.47 (&, 8.4, J = 1.2 Hz, 2H), 6.07 (dd, J = 17.1, 11.1 Hz, 1H),
5.45-5.51 (m, 1H), 5.44 (dd, J=17.1, 0.9 Hz, 1H), 5.25 (dd, J=11.1, 0.9 Hz, 1H), 2.92
(td, J=9.3, 4.5 Hz, 1H), 2.84 (dd, J = 17.7, 9.3 Hz, 1H), 2.40 (d, J = 17.1 Hz, 1H),
2.20-2.45 (m, 2H), 1.94-2.06 (m, 1H), 1.58-1.72 (m, 1H), 21b; 8.02-8.10 (m, 2H), 7.57
(tt, J=17.5, 1.8 Hz, 1H), 7.44 (tt, J = 7.4, 1.5 Hz, 2H), 5.94 (dd, /= 17.4, 10.8 Hz, 1H),
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5.43 (dd, J=17.4, 0.6 Hz, 1H), 5.32 (dd, J=9.3, 5.7 Hz, 1H), 5.24 (dd, J = 10.8, 0.3 Hz,
1H), 2.90 (dd, J = 18.0, 9.3 Hz, 1H), 2.70-2.80 (m, 1H), 2.38 (dd, J = 18.0, 2.1 Hz, 1H),
1.95-2.28 (m, 3H), 1.61-1.72 (m, 1H); *C NMR (75 MHz, CDCl;) 6 21a; 176.1, 165.0,
133.9, 133.3, 129.8, 129.6, 128.5, 116.2, 95.7, 80.5, 42.2, 35.4, 30.9, 30.8, 21b; 176.7,
166.0, 135.7, 133.3, 129.9, 129.5, 128.4, 116.5, 93.2, 77.7, 40.7, 36.3, 28.4, 28.3;
HRMS (CI) m/z (M+H)" calcd for " [C16Hs04+H]" 273.1127, found 273.1126.

(Z£)-2-(2-(tert-butyldimethylsilyloxy)ethylidene)-3-(cyanomethyl)cy NG
clopentyl benzoate (1 : 1.5 diastereomeric mixture) //b
IR (neat) 2955, 2856, 2247, 1715, 1264, 1109 cm™; '"H NMR (300 T8SO OBz
MHz, CDCl;) § 7.94-8.02 (m, 2Ha+2Hb), 7.49-7.57 (m, 1Ha+1Hb), 7.41 (t, J= 7.8 Hz,
1Ha+1Hb), 5.82-5.95 (m, 1Ha+1Hb), 5.74 (ddt, J= 6.9, 4.5, 1.5 Hz, 1Hb), 5.66 (tt, J =
6.0, 2.4 Hz, 1Ha), 4.40 (ddd, J = 13.5, 7.5, 1.5 Hz, 1Ha), 4.24 (dd, J = 6.3, 1.8 Hz, 2Hb),
4.19 (ddd, J=13.5, 4.5, 2.1 Hz, 1Ha), 2.92-3.06 (m, 1Ha), 2.76-2.90 (m, 1Hb), 2.64 (dd,
J =16.5, 5.4 Hz, 1HD), 2.58 (dd, J = 16.5, 5.1 Hz, 1Ha), 2.54 (dd, J = 16.5, 7.8 Hz,
1Hb), 2.39 (dd, J = 16.5, 8.1 Hz, 1Ha), 1.70-2.40 (m, 4Ha+4Hb), 0.82 (s, 9Hb), 0.81 (s,
9Ha), -0.01 (s, 3Ha+3Hb), -0.03 (s, 3HDb), -0.03 (s, 3Ha); °C NMR (75 MHz, CDCls)
§ 165.8, 165.7, 133.1, 133.1, 130.6, 130.0, 129.6, 129.6, 129.5, 129.4, 128.4, 128.4,
118.3, 118.3, 74.0, 73.9, 60.8, 60.5, 39.5, 38.9, 32.4, 31.4, 29.5, 29.3, 25.8, 23.0, 21.6,
18.2, -5.3, -5.3; HRMS (FAB) m/z (M+Na)" calcd for " [Cy,H3;NO3Si+Na]™ 408.1971,
found 408.1988.

Ts
(Z)-N-(2-(3-(tert-butyldimethylsilyloxy)-2-(2-(zert-butyldimethyl HzN"{l
silyloxy)ethylidene)cyclopentyl)acetyl)-4-methylbenzenesulfono %
hydrazide (23) TBSO oTBS
To a solution of LHMDS (10.5 mL, 1.6 M solution in THF) in THF (25 mL) was
added a solution of TBSCI (3.2 g, 21.3 mmol) in HMPA (144 mL, 82.6 mmol) at
-78 °C. The mixture was stirred for 15 min. at -78 °C. To the mixture was added a
solution of 12 (3.8 mg, 9.16 mmol) in THF (5 mL) at -78 °C. The mixture was stirred
for 1 h at 0 °C, quenched with iced water, and extracted with hexane (x2). The

combined organic layers were dried over MgSQ,, filtered, and concentrated under
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reduced pressure. The solution of residue in toluene (15 mL) was heated to reflux for 50
min, cooled down to room temperature, and concentrated under reduced pressure. To
the solution of residue in THF (65 mL) was added H,O (10 mL) at room temperature.
The mixture was stirred for 3 h, concentrated under reduced pressure to give carboxylic
acid 14 which was used without further purification. To a solution of crude 14 in
dichloromethane (70 mL) was added N-tosylhydrazide (3.3 g, 17.8 mmol), EDCI (4.3 g,
22.2 mmol), and DMAP (362 mg, 3.0 mmol) at room temperature. The mixture was
stirred for 1 h, quenched with sat. NH,Cl, and extracted with dichloromethane (50 mL x
3). The combined organic layers were washed with brine, dried over anhydrous MgSQO,,
filtered, concentrated under reduce pressure. The residue was purfied by flash column
chromatography on silica gel (elution with hexane/ethyl acetate = 8/1) to give 23 (3.6 g,
68%) as colorless amorphous (2 : 1 diastereomeric mixture). 23a: IR (neat) 3363, 2955,
2857, 1703, 1360, 1255, 1167 cm™; "H NMR (400 MHz, CDCl3) § 7.89 (dt, J = 8.4,
2.0 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 5.29-5.35 (m, 1H), 4.62 (br t, J = 6.0 Hz, 1H),
4.42 (s, 2H), 4.33 (ddd, J=13.6, 7.6, 1.6 Hz, 1H), 4.29 (dddd, J = 13.6, 4.4, 3.2, 1.2 Hz,
1H), 3.00 (dd, J = 15.2, 4.8, 1H), 2.87-2.97 (m, 1H), 2.60 (dd, J = 15.6, 9.2 Hz, 1H),
2.44 (s, 3H), 1.91-2.02 (m, 2H), 1.44-1.56 (m, 1H), 1.08-1.16 (m, 1H), 0.90 (s, 9H),
0.86 (s, 9H), 0.09 (s, 3H), 0.07 (s, 3H), 0.06 (s, 6H); °C NMR (100 MHz, CDCl5) 6
173.8, 146.7, 145.2, 134.9, 129.6, 128.7, 125.0, 72.8, 61.2, 40.0, 38.5, 34.9, 29.3, 26.0,
25.8, 21.7, 18.4, 17.9, -3.8, -4.7, -5.04, -5.07; HRMS (CI) m/z (M+H)" calcd for *
[C2sHs5oN,05SSir+H]" 583.3057., found 583.3055. 23b: IR (neat) 3369, 2955, 2857,
1703, 1359, 1169 cm™; '"H NMR (300 MHz, CDCl;) § 7.89 (dt, J = 8.4, 1.6 Hz, 2H),
7.33 (d, J = 8.4 Hz, 2H), 5.37 (ddt, J = 8.0, 4.0, 1.6 Hz, 1H), 4.61 (t, J = 3.2 Hz, 1H),
4.40 (s, 2H), 4.29 (ddd, J=13.2, 8.0, 0.8 Hz, 1H), 4.19 (ddd, J = 13.2, 4.0, 1.6 Hz, 1H),
3.03 (d, J=11.2 Hz, 1H), 2.73-2.84 (m, 2H), 2.44 (s, 3H), 1.82 (dtd, J = 12.0, 6.8, 4.8
Hz, 1H), 1.64-1.72 (m, 2H), 1.42-1.52 (m, 1H), 0.89 (s, 9H), 0.86 (s, 9H), 0.08 (s, 3H),
0.07 (s, 3H), 0.06 (s, 3H), 0.05 (s, 3H); °C NMR (100 MHz, CDCl;) 6 174.1, 147.8,
145.4, 135.2, 129.8, 128.9, 125.6, 72.2, 61.5, 42.6, 39.2, 35.3, 29.5, 26.2, 26.1, 21.9,
18.6, 18.1, -3.8, -4.5, -4.8, -49; HRMS (CI) m/z (M-H) caled for
[C28H50N205SSi,-H]™ 581.2901, found 581.2900.
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N-(2-(3-hydroxy-2-(2-hydroxyethylidene)cyclopentyl)acetyl)-4-met Ts

hylbenzenesulfonohydrazide (24) HzN’N

A mixture of 23 (3.6 g, 6.25 mmol) in acetic acid (20 mL), H,O (20 %

mL), and THF (20 mL) was stirred for 15 h at room temperature and ~ HO OH

concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (elution with dichloromethane/methanol = 20/1) to give 24
(1.73 g, 78%) as colorless amorphous. 24a: IR (neat) 3370, 2955, 2871, 1696, 1595,
1354, 1171 em™; "H NMR (300 MHz, CDCl3) § 7.89 (dt, J = 8.4, 1.8 Hz, 2H), 7.34 (d,
J = 8.4 Hz, 2H), 5.53 (tt, J = 6.6, 1.8 Hz, 1H), 4.71-4.78 (m, 1H), 4.48 (s, 2H), 4.25
(ddd, J = 12.6, 6.9, 1.2 Hz, 1H), 4.08 (dd, J = 12.0, 6.6 Hz, 1H), 3.08 (dd, J = 16.2, 5.4
Hz, 1H), 2.87 (dd, J = 15.9, 7.2 Hz, 1H), 2.74-2.86 (m, 1H), 2.45 (s, 3H), 1.55-1.90 (m,
4H) ; >C NMR (75 MHz, CDCLs) 6 173.8, 152.2, 145.4, 134.7, 129.6, 128.8, 124.2,
71.7, 59.8, 40.2, 39.5, 34.1, 29.3, 21.7; HRMS (CI) m/z (M-H)" caled for *
[C16H22N,05S-H]" 353.1178., found 353.1180. 24b: IR (neat) 3362, 2957, 2871, 1695,
1359, 1170 cm™; "H NMR (300 MHz, CDCl3) § 7.89 (dt, J = 8.4, 1.8 Hz, 2H), 7.34 (d,
J = 8.4 Hz, 2H), 5.54 (tt, J = 6.3, 2.1 Hz, 1H), 4.74-4.83 (m, 1H), 4.43 (s, 2H), 4.26
(ddd, J=13.2, 6.3, 1.5 Hz, 1H), 4.16 (dd, J = 13.2, 6.3 Hz, 1H), 2.98-3.10 (m, 1H), 2.93
(dd, J=15.9, 5.7 Hz, 1H), 2.76 (br s, 1H), 2.62 (dd, J = 15.9, 8.1 Hz, 1H), 2.45 (s, 3H),
1.95-2.15 (m, 2H), 1.69 (br, s, 1H), 1.53-1.70 (m, 1H), 1.16-1.32 (m, 1H); >C NMR (75
MHz, CDCl3) 6 173.5, 152.0, 145.4, 134.7, 129.6, 128.7, 123.9, 72.0, 59.8, 40.2, 39.3,
33.8,29.4, 21.7; HRMS (CI) m/z (M-H)  calcd for [C;6H22N>OsS-H] 353.1178., found
353.1189.

7-hydroxy-2-tosyl-7a-vinylhexahydro-1H-cyclopenta|c]pyridazin-3 H
(2H)-one (25) O?N/"f
To a solution of 24 (507 mg, 1.43 mmol) in nitromethane (14.3 mL) T ”/ OH

was added Hg(OTf),(0.29 mL, 0.1 M solution in acetonitrile) at room

temperature. The mixture was stirred for 20 min, quenched with triethylamine (10 mL),
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (elution with hexane/ethyl acetate = 1/1) to give 25a (136
mg, 28%) as colorless crystals and 258 (270 mg, 56%) as colorless amorphous. 25a;

mp 166 °C (from dichloromethane-diethyl ether); IR (neat) 3492, 3294, 2958, 1715,
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1360, 1173 cm™; "H NMR (400 MHz, CDCL;) § 7.97 (d, J = 8.4 Hz, 2H), 7.32 (d, J =
8.4 Hz, 2H), 5.98 (dd, J = 17.6, 10.8 Hz, 1H), 5.28 (d, J = 17.6 Hz, 1H); 5.25 (d, J =
10.8 Hz, 1H), 4.85 (s, 1H), 4.08 (q, J = 6.8 Hz, 1H), 2.81 (d, J = 6.8 Hz, 1H), 2.52-2.61
(m, 2H), 2.49 (dd, J = 15.6, 9.2 Hz, 1H), 2.44 (s, 3H), 1.97-2.08 (m, 1H), 1.93 (dtd, J =
13.6, 7.6, 5.6 Hz, 1H), 1.82 (ddt, J = 13.6, 8.0, 5.6 Hz, 1H), 1.63 (dtd, J = 12.4, 7.6, 5.6
Hz, 1H); >C NMR (100 MHz, CDCls) § 172.0, 145.2, 140.0, 135.2, 129.5, 128.9, 117.0,
78.4, 70.2, 39.3, 32.9, 309, 283, 21.7; HRMS (CI) m/z (M+H)" caled for
[C16H20N20,S+H]" 337.1222, found 337.1220. 25B; IR (neat) 3483, 3282, 2961, 1714,
1359, 1179 em™; "H NMR (300 MHz, CDCl;) § 7.95 (d, J = 8.1 Hz, 2H), 7.33 (d, J =
8.1 Hz, 2H), 5.97 (dd, J = 17.7, 11.1 Hz, 1H), 5.37 (d, J = 11.1 Hz, 1H); 5.32 (d, J =
17.7 Hz, 1H), 4.48 (s, 1H), 4.05-4.32 (m, 1H), 2.66 (tdd, J = 8.7, 8.7, 6.3, 4.5 Hz, 1H),
2.55(dd, J=15.3, 6.3 Hz, 1H), 2.44 (s, 3H), 2.37 (dd, J = 15.3, 4.5 Hz, 1H), 2.32-2.43
(m, 1H), 1.88-2.03 (m, 2H), 1.51 (dddd, J = 12.0, 12.0, 10.2, 6.6 Hz, 1H), 1.19-1.32 (m,
1H); >C NMR (75 MHz, CDCl;) § 171.9, 145.2, 137.3, 134.9, 129.4, 128.8, 117.6, 76.9,
70.4, 40.2, 38.0, 30.9, 27.2, 21.7; HRMS (CI) m/z (M+H)" calcd for [C1sH20N204S+H]"
337.1222, found 337.1213.

2-tosyl-7a-vinyltetrahydro-1H-cyclopenta|[c|pyridazine-3,7(2H,7aH) OY,,

-dione (26) 1N
H/ e}

H

To a solution of the mixture of 25a and 25@ (499 mg, 1.48 mmol) in
dichrolometane (10 mL) was added DMSO (5 mL, 70.6 mmol), triethylamine (1.24 mL,
8.91 mmol), and a solution of SOs*Pyr (591 mg, 3.71 mmol) successively at 0 °C. The
mixture was stirred for 1 h at room temperature, quenched with sat. NH4Cl, extracted
with dichloromethane (20 mL x 3). The combined organic layers were washed with
brine, dried over anhydrous MgSO4, filtered, concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (elution with
hexane/ethyl acetate = 2/1 to 1/1) to give 26 (494 mg, quant.) as colorless amorphous;
IR (neat) 3289, 2958, 2254, 1747, 1368, 1175 cm™; '"H NMR (300 MHz, CDCl;) §
7.85 (d, J= 8.4 Hz, 2H), 7.28 (d, /= 8.4 Hz, 2H), 5.81 (dd, /= 17.4, 10.5 Hz, 1H), 5.45
(d, J=17.4 Hz, 1H); 5.32 (d, J = 10.5 Hz, 1H), 5.28 (s, 1H), 2.83 (tt, J = 7.8, 5.4 Hz,
1H), 2.65 (dd, J = 15.0, 5.4 Hz, 1H), 2.48 (dd, J = 15.0, 8.1 Hz, 1H), 2.42 (s, 3H),
2.32-2.45 (m 1H), 2.12-2.34 (m, 2H), 1.45-1.59 (m, 1H); "C NMR (75 MHz, CDCl;)
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§213.6, 171.1, 145.1, 134.7, 134.6, 129.2, 128.9, 118.6, 70.5, 39.0, 37.3, 35.5, 24.0,
21.6; HRMS (CI) m/z (M) caled for [C16H sN204S]" 334.0987, found 333.0989.

2-tosyl-7a-vinyl-4,4a-dihydro-1H-cyclopenta|c]pyridazine-3,7(2H, OY/,,_H
7aH)-dione (28) TN
A solution of 26 (385 mg, 1.15 mmol) and HMDS (0.48 mL, 2.3 "7 o

mmol) in dichloromethane (12 mL) was stirred for 30 min at room temperature. To the
mixture was added Trimethylsilyliodide (0.25 mL, 1.70 mmol) at 0 °C. The mixture was
stirred for 1 h at 0 °C, stirrerd for 15 min. at room temperature, quenched with sat.
NaHCO;3, extracted with dichloromethane (20 mL x 2). The combined organic layers
were dried over anhydrous MgSQ,, filtered, concentrated under reduced pressure. To a
solution of reside in DMSO (12 mL) was added Pd(OAc), (258 mg, 1.15 mmol) was
added at room temperature. The mixture was stirred for 4 h, quenched with H,O,
extracted with ethyl acetate. The combined organic layers were washed with brine, dried
over anhydrous MgSQy, filtered, concentrated under reduced pressure. The residue was
purified by flash columnchromatography on silica gel (elution with hexane/ethyl acetate
= 2/3) to give 28 (298 mg, 78% from 26) as white solid. mp 182 °C (from
dichloromethane-diethyl ether); IR (neat) 3243, 2924, 1715, 1354, 1167 cm™; '"H NMR
(400 MHz, CDCl3) 0 7.89 (d, J = 8.4 Hz, 2H), 7.50 (dd, /= 6.0, 2.8 Hz, 1H), 7.30 (d, J
= 8.4 Hz, 2H), 6.09 (dd, J = 6.0, 2.0 Hz, 1H), 5.89 (dd, J = 17.6, 10.8 Hz, 1H), 5.47 (d,
J=17.6 Hz, 1H); 5.46 (s, 1H), 5.40 (d, J = 10.8 Hz, 1H), 3.48 (dddd, J = 6.8, 4.8, 2.8,
2.0 Hz, 1H), 2.94 (dd, J = 14.4, 6.8 Hz, 1H), 2.55 (dd, J = 14.4, 4.8 Hz, 1H), 2.43 (s,
3H); "C NMR (100 MHz, CDCl3) 6 204.6, 168.3, 163.4, 145.5, 134.6, 134.4, 133.2,
129.4, 129.3, 119.6, 68.1, 46.4, 36.2, 21.8; HRMS (CI) m/z (M+H)" calcd for
[C16H1sN,04S+H]" 333.0909, found 333.0904.

H

6-(hydroxymethyl)-2-tosyl-7a-vinyl-4,4a-dihydro-1H-cyclopent OY/,,, OH
a[¢]pyridazine-3,7(2H,7aH)-dione (29) TS/N~N\~J:‘>V

H

4

To a solution of 28 (289 mg, 0.87 mmol) in THF (9 mL) was
added formaldehyde (0.35 mL, 4.34 mmol, 37% water solution) and

n-tributhylphosphine (87 uL, 0.35 mmol) at room temperature. The mixture was stirred
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for 2 h, quenched with H,O, extracted with ethyl acetate (x 3). The combined organic
layers were dried over anhydrous MgSQO,, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel
(elution with hexane/ethyl acetate = 1/4) to give 29 (289 mg, 92%) as colorless
amorphous; IR (neat) 3460, 3208, 2979, 2595, 1709, 1357 cm™; '"H NMR (300 MHz,
CDs;0D) 6 7.71 (d, J = 8.4 Hz, 2H), 7.36 (dt, J = 2.7, 1.8 Hz, 1H), 7.27 (d, J = 8.4 Hz,
2H), 5.78 (dd, J = 17.4, 10.8 Hz, 1H), 5.37 (d, /= 17.4 Hz, 1H), 5.22 (d, J = 10.8 Hz,
1H), 4.00 (dt, J = 15.3, 1.8 Hz, 1H), 3.83 (br d, J = 15.3 Hz, 1H), 3.40-3.47 (m, 1H),
2.89 (dd, J = 15.3, 7.2 Hz, 1H), 2.45 (dd, J = 15.3, 3.6 Hz, 1H), 2.33 (s, 3H); °C NMR
(75 MHz, CDCl3) 6 204.9, 172.7, 159.6, 148.1, 147.0, 137.1, 135.5, 130.7, 130.4,
119.4, 71.2, 57.5, 46.1, 37.1, 21.9; HRMS (CI) m/z (M+H)" caled for
[C17H1sN,05S+H]" 363.1014, found 363.1008

7-hydroxy-6-(hydroxymethyl)-5-(nitromethyl)-2-tosyl-7a-vinyl
hexahydro-1H-cyclopenta[c|pyridazin-3(2H)-one (31)

To a solution of 29 (229 mg, 0.63 mmol) in nitromethane (12.6 "/ oH
mL) was added tetramethylguanidine (33 uL, 0.27 mmol) at 0 °C. The mixture was

stirred for 3.5 h, quenched with sat. 1 M HCI, and extracted with ethyl acetate (30 mL x
3). The combined organic layers were washed with sat. NaHCO; and brine, dried over
anhydrous MgSQ, filtered, and concentrated under reduced pressure to give crude 30.
The solution of crude 30 in methanol (5 mL) was added a solution of NaBH4 (19.0 mg,
0.5 mmol) in methanol (1.3 mL) at -78 °C. The mixture was stirred for 30 min,
quenched with sat. NH4Cl, and extracted with ethyl acetate (20 mL x 3). The combined
organic layers were dried over anhydrous MgSOs, filtered, concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel
(elution with dichloromethane/methanol = 20/1) to give 31 (132 mg, 49% from 29) as
colorless amorphous. IR (neat) 3487, 3289, 2922, 2253, 1715, 1550, 1361, 1169 em’™;
'H NMR (400 MHz, CDCl3) § 7.89 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 5.97
(dd, J=17.6, 10.8 Hz, 1H), 5.33 (d, /= 10.8 Hz, 1H), 5.25 (d, /= 17.6 Hz, 1H), 5.03 (s,
1H), 4.62 (dd, J= 12.4, 4.0 Hz, 1H), 4.43 (dd, J= 12.4, 7.2 Hz, 1H), 4.08 (d, J = 10.8
Hz, 1H), 3.96 (br s, 1H), 3.82 (br d, J = 9.2 Hz, 1H), 3.76 (br d, J = 9.2 Hz, 1H), 3.30
(br s, 1H), 2.52-2.65 (m, 2H), 2.49 (dd, J = 16.8, 8.0 Hz, 1H), 2.42 (s, 3H), 2.18-2.32 (m,
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1H), 1.65-1.76 (m, 1H); °C NMR (100 MHz, CDCl3) § 171.3, 145.8, 136.6, 134.4,
129.6, 129.0, 118.7, 76.6, 75.4, 69.4, 59.5, 46.6, 42.2, 39.3, 36.8, 21.7; HRMS (CI) m/z
(M+H)+ calced for [C18H23N307S+H]+ 4261335, found 426.1338.

6-(azidomethyl)-7-hydroxy-5-(nitromethyl)-2-tosyl-7a-vinylhexa OuN
hydro-1H-cyclopenta|c|pyridazin-3(2H)-one (32) Os .. N
" 3
To a solution of 31 (22.4 mg, 0.053 mmol) in pyridine (0.27 mL) 1 Nopi~( "~
H /) OH

was added methanesufonylchloride (9.0 mg, 0.079 mmol) at 0 °C.
The mixture was stirred for 45 min at room temperature, quenched with sat. NaHCO:;,
and extracted with ethyl acetate (20 mL x 2). The combined organic layers were dried
over anhydrous MgSOQ,, filtered, and concentrated under reduced pressure. The residue
was filtered through silica gel pad (elution with dichloromethane/methanol = 9/1) and
concentrated under reduced pressure. The solution of residue in DMF (0.57 mL) was
added sodium azide (7.2 mg, 0.11 mmol) at room temperature. The mixture was heated
to 60 °C for 3 h, diluted with ethyl acetate (5 mL), filtered, and washed with sat.
NaHCOs;. The aqueous layer was extracted with ethyl acetate (20 mL x 3). The
combined organic layers were dried over anhydrous MgSQO, filtered, and concentrated
under reduced pressure. The residue was purified by flash column chromatography of
silica gel (elution with hexane/ethyl acetate = 1/1) to give 32 (16 mg, 67% from 31) as
colorless crystal. mp 151 °C (from dichloromethane-diethyl ether); IR (neat) 3489, 3289,
2924, 2104, 1715, 1555, 1366, 1276, 1174cm™; "H NMR (300 MHz, CDCl3) § 7.94 (d,
J =8.1 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 5.96 (dd, J= 17.4, 11.1 Hz, 1H), 5.43 (d, J =
11.1 Hz, 1H), 5.33 (d, J = 17.4 Hz, 1H), 4.66 (s, 1H), 4.58 (dd, J = 12.3, 4.2 Hz, 1H),
4.41 (dd, J=12.3, 6.6 Hz, 1H), 3.85 (d, J = 10.8 Hz, 1H), 3.63 (dd, J = 12.9, 3.3 Hz,
1H), 3.54 (dd, J=12.9, 5.1 Hz, 1H), 2.57-2.69 (m, 2H), 2.45 (s, 3H), 2.42-2.48 (m, 1H),
1.95-2.10 (m, 1H), 1.74 (tdd, J = 11.4, 5.1, 3.6 Hz, 1H); °C NMR (100 MHz, CDCls)
0 170.5, 145.8, 135.8, 134.4, 129.6, 129.0, 118.8, 75.9, 75.1, 68.7, 49.5, 43.7, 42.1,
40.2, 36.3, 21.8; HRMS (CI) m/z (M+H)" caled for [C13H22N¢OsS+H]" 451.1400, found
451.1403.
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Kfa. 185 -up-up-pure-1H

eXp4 Broton

HO

TBSO
10

SRMPLE SPECIAL
qate Oct 31 2008 tsmp oot used
salvank edell  gain nok naed
Fila exp sapin 15
ACQITEITION hat 2.008
B9 6470.3  pw3l i2.500
2t 3.5G0 alfa 12.00¢
op 44872 FLAGE
o 4000 i1 o
be 4 in -]
41 1.500 dp ¥
nt 12005 ha on
ce 20 PROCEESING
TRANIMITTER n not uged
ta ) H1 DISPLLY
sfrg 385.814 ap -1%%.0
tor 395.5 wp 3598.1
tpwr 5% rf] 785.2
pw 6.250 rfp 0
DECOUPLER e 74,1
dn €12 ip 1.8
dc i ] BROT
am nnn e 370
dmm T sCc [
dpwr 37 e 225
dmnf %8412 th i2
ai ode ph
i,
\|
T
{ .
i
b
I VIS
—TT T T T T T T T T T T T T T T i T T
8 7 6 0 pRm

]



U5 I9% up-up-rure-130C

HO

88O
10

exps  {arbon
SEMOLE SPECIAL
date Cegt 31 2098  temp not used
solvent cdel?  gain oot used
File exp spin 15
ACQUTEITICY nst 0.00%
2w 24505.B pwdQ i3.209
at 1.300  alfa 10.000
ap 63750 PLEGR
) 17606 i1 =
bo 15 in [
a1 0.796 Ap ¥
ot 30000 hs= nn
ot 182 PROCESSTHG
TRENSYITTER iy .00
en 213 fn not uasd
sfry 160.542 DISPLAY
tof 1042.7 ap -1723.1
tpwr B¢ wp 2430%.1
oW 6,500 rf 9487 .5
DECOUPLER rEfp 7744.0
dn 21 rp -110.2
dof 8 1p 15.2
am vy PLOT
Amm w  wc 370
dpwr 4% ac 9
dmf 10200 ws 1305
th 10
al ocdc ph
i,
\I
+
i
A A RN Aoty el e ol : ,,&.““-h‘;%h.-m;;&,a‘lsa.\::::‘:‘i»*—#ﬂr,z-ﬂj A oy o gt
LA R Ty T T T T T (S L S B S B L B T T T T F T T I T T T T T T T
220 200 180 169 140- 120 1co 80 60 40 20 PR
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KPa-373-down-1H

Pulse Saguence: s2pul

Solvent: CDCL3

Ambient temperature

File: KPa-373-down-1H~-102008_23_19
INOVA-600 "NMR™

Relax. delay 1.000 sec

Fulse 38.7 degrees

Acg. time 4.000 sec

Width 4504.5 Hz

76 repetitions
QOBSERVE H1l, 2995.9716148 MHz
DATA PROCESSING
FI' size 65536
Total time 16 hr, 41 min, 46 sec

AcO

TBSO

11

S19

OH



KPa-373-down-13C

Pulge Sequence: s2pul

Solvent:; CDCL3

Ambient temperaturs

File: KPa-373-down-13C-102008_23_24
INOVA-600 "“NMR"

Pulse 54.2 degrees

Acg. time 1.815 sec

wWidth 18761.7 Hz

288 repetitions

OBSERVE €13, 75,4279239 MHz
DECOUFLE H1l, 2993.97305%4 MH=z
Power 39 4B

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 2.0 Hz

FT size 131072
Total time 151 hr, 59 min, 22 sec

2k 2 b e iy e "

i

ol Lo a0 Y i) Y W

S

S

Wl

anw

w

"

-

AcO

TBSO
11

TS

II|IllllIEIIIEIIlllilIl!|i|||iIill]lllIllllII|||IIIIII]III]iIII|||IlllllIl|I|ll||l||||||l|f£||'l||

160 140

120

100

80

S20
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Pulse Sequenca: s2pul

Solwent: CDCLY
Ambient vemperature
Mercury-300 mm300n

BULEE SEQUENCE

Relax. delay 0,500 sec
Pulsa 3L.3 degrees

Acdg, time 3.555 sec

Width 4500.5 Bz

32 repetitions
OBSERVE Hl, 300.1544050 MHz
DATA PROCESSING

PT size 32748

Total time I minutes

AcO

TBSO OTBS -
12a '

S21
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13C O

SERVE

Pulze Szquencea: 82pul

Solve

Harour

nt: COCL3
Amblent temperature

VEEDE

n30g

PULIE SEQUENCE
Relax. delay 0.294 sea
Pulsa 40.0 degrees

Acg.

time 1.

705 Bec

Width 18863.2 Hz
464 repetitions

OBSERVE <13,
DECOTPLE Hi,

Powar

38 43

75.4835403 Mgz
300.1958432 MHz

sonbinuously on
WALTZ-16 wmadulated
DATA PROCESSING

Line breoadeuing 1.0 Hz

1 size $5536

Total

time 15 minutes

AcO

TBSO OTBS

12a

e e o A g Lk ks b " . i
. et o L T Wb T
R e e ; ey | g P
180 149 120 16¢

80
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Pulse Sequence: a2pul

Solvent: CDC1L3
Ambient temperature
Marcury-300  "m300"

FULSE SEQUENCE

Relax. delay 0.500 sec
Pulse 31.3 degreesd

2cg. time 3.555 sec

Width 4389.5 Hz

36 repetitions

CBSERVE i, 300.1344053 Mz
DATA PROCESEING
FT slze 32768
Total time 2 minutes

AcO

TBSO

OTBS
12b

S23

e



13C OBSERVE

Pulds Segquance: a2pul

Solvent: CDCL3
Ambient temperaturs
Mercury-300 “m3ng¢

FULSE SEQUENCE

Relax. delay 0.2%4 sec
Pulse 40.0 degrees
Acg. time 1,765 saa
Width 15863.2 Hz

280 repetitions

CBSERVE <13, 75.4839403 MHz
LECOUPLE H1, 300.1858432 MHz

Power 38 43
continucugly on
WALTZ-16 modulated
DATA PRQCESSING

Line broadening 1.0 Hz
PT size 65536

Total time 3 minutes

AcO,

TBSO

12b

ATBS |

S24




-390 {up) -pure-1H

eXpé Protan

HO

TBSO

ZAMFLE SPECIAL
date Nov 1 2008 temp oot naed
solvemt edell gain not used
flie. apin 15
ACQUISITICH hat o.008
£l 6410.3 pwdd 12.500
at 3,500 alfa 16.000
np 44872 FLAGS
b 4pge 11 n
ba 4 in n
a1 1.500 dp v
nt 12008 hs nn
<t 32 PROCESSING
TRANSMITTER fn uot uszed
tn Hi DISPLAY
afrg 39%9.814 ap -200.31
tof 383.5 wp a588.1
Epwr £9 rfi 780.%
€.250 rip [}
DECOUPLER ™ 74.5
dn ¢l 1p -15.0
dof ' o PLOT
dn oo we 370
anm c 8¢ o
apWr 37 ws 1312
dmf 29412 th 12
al cdeo pb
4,
L
I J
|
Mﬁjlm_Jﬁ_MJﬁLH&w,ﬁj\JﬂJHWHMIvajwkuwhi,/w/ W
i __
'
T i T T i T T T T T T T H i T T v ) [ T El T ‘ T T T ‘ T T T ¥ T T
g 7 5 4 3 2 1 0 PRm
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HO,

EE-380 {up) -pure-13C ) O
expT Carbon =
SAMPLE EPECIAL TBSO OTB
date Hav 1 2008 temp not used 1 4 S
solvest edcl3 gaim not ussd
file exp spia 16
ACQUISTTION hat 49.008
i 24505.8 pwid 13.2400
atc 1.3200 alfa 19.000
np 63750 FLAGS
b 17600 41 fn
bg it in n
di 0.700 dp ¥
11 20000 hs on
et 182 PROCESSING
TRANEMITTER ip 1.00
[4:3 €13 fn not used
sfrg 106.543 DISPLAY
tof 1042.7 ap -1005.8
tpwr 56 wp 20106.4
W £.600 rfl 8464.5%
DECOQUPLER f23 7744.0
dn El zxp -11%.4
dof ¢ 1p 19.1
am wy PLOT
dmm LA 370 -
dpwr 41 8¢ 7]
amf 10200 vs 2096
th [}
al cde ph
4
\|
B
¥
e

e

P :‘:%W»ﬂwﬂﬁw’dﬁm%”g»us%m%W&ﬁﬂwwwwwwwwwwﬁwwm%wm*mwnwammwmm%%w%mw MW@W T maamwwj Wbttt Py
T T T T T T H T ‘ T T T H T T T T T ¥ T

1
{0 2 s A L B S B B B B |

T T T T T T T T

180 160 140 120 100 0 [
8268 0 49 290 ] PPm
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EFa-3T7% (down) -1H

exp4 Proton

SAMPLE BRERCIAL
date Hov 1 2008 temp oot used
salvent cdeld gain not oaed
flla eXp apin i6
ACQUISTEION hat 0.0048
W 6410.32 pwsl i2.500
akb 3.500 alfa 10.600
Bp 44872 PLAGS
o 4004 11 T
bs 4 in n
di 1,500 dp ¥
at 12000 hs na
14 20 PROCERSING
TRANSMITTER fn not used
tn Bl DISPLAY
sfrg 399,814 @p -1¢%.9
kot 398.5 wp 2558.1
tpwr 38 rfl 803.8
§.250 rfp ¢
DECOUPLER rp 2.7
dn €13 1p 1.6
dof o FLOT
dm - nmn W 370
dam £ ac o
dpwr 37 wvs 1022
dmf 25412 th 1z
al cdz ph
",
s
!
. UJ-LA_*_;
T T i T T T ; .
8 7 p opm
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EFa-F37%{down} -13C

expi Carbon

SAMPLE
date Bav 1 2008
solvent del3
flla exp.
ACGOILITION
W 24508.8
at 1.300
oo £3750
b 17000
bs 18
=34 a.708
nt 20000
ot 208
TRANSMITTER
tn c13
afrq 100.543
tof 1042.7
tpwr 5§
- 6.600
DECOUPLER
dn H1
aof - o
an Yy
dmm w
. dpwr 41
amf 10290

SPECIAL
ramp not uged
gain not used
apin 18
bat 0.00%
pusd 13.200
alfa 16.000
FLAGS
i1 n
in 43
dp b 4
he an
PROCEBSING
ik i.00
fo aot usad
DISPLAY
ap -1005.8
wp 26106.4
Tfl 5464.8
rfp 7744.0
P -115.6
Ip 21.4
PLOT
wo 370
sC ]
b 1367
th 8
al ede ph

TSR Tt

wwﬁﬁwmmwwmmmmm#‘JW

s M waWWW *ﬁm‘;{mmﬂm

o

f

L B B B B

180
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160
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i
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T
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&4 praton
expT Froton
FAMELE APECTATL
dxfz= Hov § 2008 temp net usad
solvenit edeld  gain not used
file exp. apin 18
ACQUIBTTITON hat o.ode
= £410.3 pwaco 12.5090
at 3.500 glfa 16.4000
g 44872 FREGE. '
fh 4000 iI "
bs 4 in n
di 1.500 ap ¥
ot 300085 b= an
ot 44 PROCESAING
TEENSMITTER o not uaed
to a1 DIEPLAY
afrg 399.814 ap -159.9
taf 38%.5 wp 3688.1
tpwe 59 rfl 204.0
v §.250 «rfp [
DECOUPLER p &85
4ar €13 ip 7.3
dof - [ - BLOT
dm nan we 7o
Amm e ac 0 -
dpwr 37 we 1042
dmf 28412 th 1z
ai ede ph
\
3
¥
i
;o
S| — j %J) LJ i
T [ T T | T T | T T T "7 T T —’7 T 1 [ F I T T T l ™ T | T T T T r —t
g8 7 § 1 4 3 2 1 0 pom
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«xpd  Carbon
EEMDTE SEECTAL
date Nav 7 2008 tewp nat used
sclvent edeld  gain hot taed
fila. exp. aplax 1E
ACRIEEITION hst 0.0a8
aw 24509.8 pwid 13.200
at I.300 alfs ic.ean
op £3750 FREGE
il 17900 X o
ha 16 in n
48 0.700 dp ¥
nt 20000 he oo
ct 272 PROCESSTNG
TRENSMITTER ib 1.00
m C13  fp not uaed
afrg 100.542 DISPLaY
tof 1042.7 8p -1005.%8
tpwr 56 wp 20106.4
PW 6.600 rfl 9485.7
OECOUPLER rip T744.0
-4 Hi rp -135.2
dat . o .1p £2.5
an ¥y PLAT
Gmm W we 370
dpwr 41 sc ]
amt 10200 va 3882

th 11
4l cdc phk

s ﬁm%wmﬁ*mmm&mm WWWLA kuwmmww %w;amwﬁwwﬁwwwm sl mwwmw@mm #M* MM@ By i

T LI i
L T LI A S B B G T T LI I B BN Y BN B LA R S L B N A R B B e |ll‘r\l|l\|\\\\\s\‘\lt

180 160 140 120 100 ao 60 40 20 0 ppm
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EEa-395 - up-down—pure—18

expd Protan

SERFLE
date Koy 5 2008
salvent edeld
s &Xp~
BCQUIBITION
- 6410.3
2L 3.500
o 13872
=] 4000
ba 4
ar 1.500
ot 12000
at 52
-TERESHITIER
m HL
afrq %55.814
tat 382,85
tpwT 53
pw 6.250
DECOURLER
dir €13
dof o
dm nan
dmm [
dpwr 37
dmf 28412

EEECIRL
e mat used
gain aot used
apin 15
het 0.008
pwad 12.500
alfa 10.000
FLADE
i1 o
in o
dp ¥
ha on
PROCESSING
fn not uaed
ORSPLAY
ap -158.%
wp 35981
rfl a03.8
=ip o
e T0.4
1p 4.2
BLOT
we 370
ac 0
s 738
th 1z
al odq ph

Ts
HoN-N

TBSO

S31
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T |

8¥a 165 .up-down H N,N
- 2
exn? {zrhon O
ELHFLE SRECIAL — ‘
dzke Navy 7 2008 temp not vasd '
salvent cdrld  gain A0t uged
ez epr e TBSO OTBS |
ACQUISITION pst 0.003% 23b \
W 24505.8 pwdb 131.200 B |
ab 1.300 alfa 14.000
mp §3750 FLAGH
13 17500 11
Ba 15 in n
ar 6.70¢ ap ¥
ot 300086 hs nR
ok 9 DPROCESSING
TRENSMITTER 1ib 1.00
™! €13 fa not uaad
afreg 100.547F DISPLAY
tof 1042.7 =p -104%.6
pwr 56 wp 20206.4
D &.600 rfl 1895.0
DECCUPLER rEp 9
do Hl rp ~119.6
dof 6 ip 2£.8
an yvy o PLOT
Anmn W OwWe 378
dpwr 41 se aQ
dmf 18200 vwve 6235
th 12

ai ecde ph

wwﬁ&mﬂ i wwwmw il 1 e WW&‘M%WMW "‘#}ﬂ*ww ‘#f i '&J W bl Mﬁ%@r@mmﬁﬁwﬁ&rﬁmw i b ﬁ“amwwmwwaww o JW#I wa

T T ww|l| TP T SN A S B A SR S B S s e s

180 160 140 120 100 80 60 40 20 0 ppm
S32



KPa-3B8-up-major-H

exp? stdih
SAMPLE
date Nov 11 2008
solvent cpCls
file axp
ACQUISITION
sfrg 298,973
tn Hi
at 4.000
np 36036
aw 4504.5
£l 2500
bs 4
tpwr 63
pw 4.9
di 1.000
tof o
nt 104000
ct 32
alock n
gain not used
FLAGE
il oY
in n
dp ¥
DISPLAY

&P -3c.1
wp 2993 .7
V8 207
sc 0
we 370
hzom 3.11
is 1414.10
£l 796.9
rfp o
th 20
ins 100.900
nm cde ph

DEC. & VT
dfry 292.973
dn H1
dpwr 30
dof 0
dm nnon
Gmm <
dmf 200
PROCESSING
wefile
proc ft
fn not used
Werr
Wexp wit
wis wit

wat

Ts
HoN-N

HO OH
24a

S33



KPa-up-major-C

exp?  atdlle

SAMPLE
dace Neov 11 2008
salvent CDCl3
file exp
ACQUISITION
sfrg 75.435
tn e}
at 1.815
np 6BLOE
W 18761.7
fh 10400
bs 16
Lpwr 57
oW 5.7
a1 o
tof o
nt 100000
ct 2208
alock n
gain not used
FLAGS
il n
in n
dp B ¥
DISPLAY
sp 1.6
wp 15053, 0
Vs 143
s¢ 0
we 70
hzom 40.65
is 500.00
£l 7658.7
rEp 581e.2
th 10
ins 100.000

nn ne ph

DEC. & VT
dfrg 295.973
dn H1
dpur 39
dof o
dm Yy¥y
dmm w
dmg 11000
PROCESSING
1b 2.00
wtiile
proe £t
fn not used
werr
wexp wit
whs wit

wnk

¥

Ts
HoN-N

HO
24a

sl

180

160

140
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KPa-385-dowm-H

exp? stdlh

SAMPLE
date Mov 12 2008
solvent CDCY3
file exp

ACQUISITION

sfrg 299.973
tn HL
at 4.000
np 36036
sw 4504.5
£ 2600
bs 4
tHwr 63
PW 4.0
dl 1.000
tof 0
nt 100000
<t 44
alock n
gain unot used

FLAGS
il n
in n
dp ¥

DISPLAY

sp -30,1
i 2999.7
vs 23z
sc 0
we 370
hzmm 8.11
is 1071.43
r£l 797.0
rfp [}
th 20
ing 100.000
nm ade ph

DEC. & VT
dfrg 293.973
4n H1
dpwr 20
dof ¢
dm nnn
dmm [
dmg 200

PROCESSING
wefile
proc ft
£fn not used
werr
wexp wit
whs wit

wnt

S35



SR AW FIC ~N
HsN
expl. Carbon
EARILE SEECTREL
gzt  Hov 15 2008 temr not ased
solvent cdcll gaim not used HO
fiia. exp. spim., 15
ACGUISTTION hat 5.008
- 24509.8 pwsd I3.208
at 1.308 =alfa 10.000
ar §3780 FLERE
fa-d 17006 1I T
bes 16 4o o
di. ©.700 dp v
at 30004 hs an
ct 85§ PROCESSING
TERNSHMTITTER 1n 1.00
o €1z fn nat uged
sfrg 100.543 DISELAY
taf 1¢42.7 =ap ~84.7
tpwe 56 wp 200085 .4
B% 6.600 rfl 9466.4
DECOUPLER rip 7744 .9
4o HI rp -130.8
daf 2 1p 3.7
dm ¥y PLAOT
amg. W oW 7o
dpwr 41 8¢ o
dmf 16200 wvs 5943
th iz
ai edc ph

mwwwww ,HWWWWW il ‘vﬁ&“ﬁﬁ%‘f‘w it w&wrmw{mm 'WM%MWMM AR oS b R b

180 160 140 120 100 80 60 40 20 ppm
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KPa-360-up-1H-pure

expl Eraton

SE¥FLE
date Oct 4 2008
sqlvesst cdelld
file
ACQULEITICON
-t 6410.3
at 2.800
op 14872
323 4000
ba 4
g1 1.500
nt 12000
<t 49
TRANSMITTER
[=.} H1
afrg 392.814
taf 389.5
tpwr 59
pw £.250
DECOUPLER

€n c13
daf . 9
dm nnn
dinm c
dpwr 27
daf 29412

SRECTEL

bempr oot used
gain net uged
spin. 16
hst a.008
pw3o 12.500
alfa 18,000

FLARGE
11 a
in o
dp ¥
ha an

FROCESSING
fn not usad
DISPLAY

ap -40_1
wp 19588.0
il 804 .8
rip &
e 75.%8
ip 5.0
i PLOT
we 176
ac ¢
Vs 4539
th i2
al ede ph

S37



KPa-3606-up-12C-pure

expd Carbon

SAMPLE SPECTAL
date Ot 4 2002 temp not u8ed
solvent cdelld gain not used
File axp  apin 16

ACQUTITTION hat 2.008 25“
e 2450%.85 pwig 13.20¢0
az 1.300 alfa 1c.000
np 63750 FLEGE
a3 17009 il "
b8 1§ 1in a
di 0.700 Gp ¥
at 30000 b= an
at 14352 FROCESSING

TERNEMITTER 1b 1.00
tn Ci3 fn not used
sfrg 100.543 DIEFLAY
tof 1042.7 sp -417.%
tpwr 56 wp 185i7,7
BY 6.800 xfl 84E64.9

DECOUPLER _  xfp 7744.0
dn HI Ip -108.%
daf 0 ip ~29.8
dm . ¥Y . PLOT
dnm W oowe 370
dpwr 41 sc 0
danf 10200 wvs 33366
th 10
al cdec ph

|

l

b W *W»f%‘af@*fﬂwﬁ%WMW}WW@%W b

4

T e s
8
S38
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EPa-227 -down

expl sZpul
SAMPLE DEC. & VI )
date Mar 7 20028 dfzrg 599,963
golvent ¢DCl2 dn Hi
file Jexport/home/~ dpwr 46
vnmrl/vpmrsya/data~ dof ¢
/nishizawaé/kpa227~ dm jaiate]
down_1h.fid dmm c

ACQUIBITION damf 11500
sfrg 589.263 daag
tn Bl dres 1.9
at 3.641 homo n
np 65536 temp 25.0
W 9000.5 PROCESSING
b 5000 wtllle
bs 4 proc it
tpwr 57 fn 65536
W 1¢.2 math £
d1 1.369
tof -660.0 werr
nt 32 wWexp
ot 32 wba
alock n wnt wijt
gain ’ 58

FLAGS
i1 n
in n
ap ¥
hs on
PISPLAY
sp 374.1
wp 4758.5
vs 212
sc a
we 400
hznm 1z.00
is 1663 .56
rfl 745.0
cfp °
th 7 -
ins 100.000 n
nim ph M
. "
t
T
—____.__J L\J . - L btint 4._J\l
—
T T I T T T I T T T T El T T J T T T T I T T T E T T T ‘ T
a 13 ) 4 3 2 1 Ppm
d ! Ly — b e ’ b e e e ! == -
9.28 4,93 4.70 5,08 19,95 .96 4.74
9.58 5,83 5.34 5.50 4,50 §.47
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13C OBSERVE

fulse Sequenca: s2pul

Bolwvent: ¢DCL3
ambient temperature
Meroury-300  “n300" -

PULSE SEQUENCE

Relax. delay 0.294 sec
Pulse 40.0 degrees

Acg. time 1.705 sec

width 18863.2 Hz

608 rapetitionc

OBEERVE €13, 75.4839482 MHz
DRCOTRLE  HLl, 300.1958432 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT siza 65538

Tatal tims 20 minutes
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FPa-227 -down

axpd  nosasy
SAMPLE

doce  Mar T 2008

molvent coeL:

File /export/home/-

vaRElfvanrays/datan
fnishizawab/kpa227-

dewn_nossy. Ed

ACQUISITION
afrg 585.961
tn HL
at 0.17¢
np 2048
W 6024.1
b 2400
ba 4
Ba 8
tpwr 57
v 1.0
a1 1.560
presat 3
uix 1.200
tof -2077.¢
nt 16
ct 8
atock n
gain e
FLAGS
11 ¥
in n
ap ¥
ha ya
aspul ¥
2P ACQUISITICH
oWl £024.1
ni 128
thase arzayed
DISPLRY

ap £97.0
“p 4316.4
e 14500
Bc H
we 270
hzom 1600
do 33.57
rfl 733.8
Tip [
th 1
ing 1G0.066
ai

2D DISPLAY
spl 5970
wpl 4316.4
ac? ¢
we e
Tl 733.8
rEpl 3

DEC. & VT ACQUISITION ARRAYS
Afrq 599.953 arzay phase
dn m arraydin 256
dpvx 4£
dot o 4 ghase
am n 1 1
dom < 2 2
amg 12800
daag
dres 1.¢
homeo o
temp 25,8

PROCBSSTRG
I 0.078
aia pot uoed
wefile
proc it
fo 2048
math [4
warz
wexp
wha
wot 3

2D PROCESSING
gil 6020
gipl Dot uded
wkEilel,
procl 1
£nl 2048
—_—

F2 4
. =
{ppm)| i
o - - . — L - -
2 . r-3
1 o - oy - —
T —— - o . c= = = - - - - So- =T - - - - .=
-
) - = - -
- -

4 ) ) - . i
4~. i = -
] - . - - & o -

q - w— - — - e -
R -
571 -
- ‘!‘u - B
| -3 - = = =
- “ ’
6— o= — ) - = - - o=
- ¥
. o
- - - .- z
e ——— W e e T e T T
- “ N » A
- = )
8_ - qi . - am - =
T B T T T T T i T T T T T T T T T T T T T T T T T T T T
7 6 5 4 3 2 1
Fl (ppm)



Pulse Sequence: slZpul

Selvent: COCL3
Ambisnt temperatura
Mercury-300 *m300*

PULSE SEQUENCE

Relax. delay 0.500 sac
Enlse 31.3 degreas

Acg. time 3.555 sec

Width 4506.5 Hz

§4 repetitions

OBBERVE Hi., 300.1343863 ¥Hz
DATA PROCESSING

FT size 32768

Total time 4 minutes

OY"-,

Ts

~N.

N
H/ (0]

26

@

L
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13C OBSERVE ’ O ’
Y ‘..

bulse Sequence: =Zpul N

AT
Bolvent: CDCL3 TS N
Anbient Lemperature H O
Hepeury-300 "m300% - to- /
PULSE SEQUENCE 26

Relax. dalay 0.294 mec
Pulse 40.0 degrees

Adg. time 1.705 smec

Width 18863.2 Hz

1048 repetitioms

OBSERVE C13, 75.48393489 MHz
DECOUPLE K1, 300,1958432 MHz
Power 38 dB

conktinuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT slze 65536

Total time 34 minutes
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Kpa-362 -1H-enona

sXpl Prolon

SAMPLE
data Qct '3 2008
solvent cdels
File exp
ACQUISITION
oW 6410.3
at 3.500
ap 44572
b 4000
ka 4
a1l 1.500
nt - 12000
‘et 28
TRENSMITTER
=] H1
afrg 39%.614
tof 283.5
tpwr 59
W 6.25D
DECQUPLER
dn ei3
dof 0
dm hnan
dmm [
dpwr 37
dmf 25412

SPECTAL
temp nat used
galn not used
apin 18
bat o.o02
pwa0 12.500
alfa 18.600
FLEGE
i1 n
in a
) Y
he non
PROCESSING
o not uaad
DISPTAY
ap -40.1
wp 3938.0
rfl 804.0
rfp o
rp 75.8
1p 3.5
BLOT
we 370
ac L
vs 220
th iz
ai c¢de ph

Ts™ NV

28
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KPa-363-13C-encne

expl Carbon

SAMDLE SPECIAL
date oot 3 2008 temp not uged
asalverrs edcll gzin mat uaed
file exp spin 16
ACQUISITTON hat g.008
aw 2450%.28 pwi0 13.200
ac 1.300 alfa 10.908
np 63750 FLAGE .
& 17000 i1 "
ba 18 da o
d1i 0.70¢ dp
at 300900 ha on
(34 3058 PROCESSING
TRANSHMITTER b 1.00
ko €13 fn not used
afrqg 1060.543 DISPLAY
tof 1042.7 ap ~392.5
tpwr B6 wp 22514.9
pw £.600 rfl G465.7
DECOUPLER rip 7744.0
dno H1 zxp -131.1
aaf 0 1p 28.2
am ) Y¥y " PLOT
Amm W we iTo .
dpwz 41 se o
dmf 10200 wvs 6881
th T
al ede ph

SR et bt et b it b b, S e e e \-%Mwm;.4%%%{%&%%%%%@m\m, ey ;-w,}gfmsmﬁ%}mmiw
I{\l]V}I\II\FI[\1\.|I\\l\;:II’ll\i|[\ii‘[rlllll‘\l’ll\\|\l||[|ll.‘,ll{‘Fa\\| T LI T R S B B

[
200 180 160 140 120 100 80 60 40 20 PER
545

LA B N L S B B L — L LA LA



STANDERD 1H OBSERVE

expl stdih

SEMPLE DEC. & VT
date Sep 21 2008 dfrg 299.974
solvent methanol  dr H1
file exp dpwr ©30

ACQUISITION dof [’
sfrgq 295.974 dm nnn
En H1 dmm =}
at 4,000 dmf 200
np 35026 PROCESSING
sW 4504.5 wtfile
fh 2600 proc fr
bs 4 fn not used
tpwr 63
=1 4.0 werr
a 1.000 wexp wEt
tof 0 whs wEL
nt 100000 wnt
ck 72
alock B
gain not vsed

FLAGS
il n
in n
dp

DISPLAY
sp 419.9
wp 234%.8
vs 203
sc [
we 370
hzmm 6.08
is 1200.5a
rfl 2771.5
rip 1433.9
th 20
ins 100.000
nm  <dce  ph

4
T T T T T T
8
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13C OBSERVE

Pulse Saguence: s2pul

Solvent: methancl

Ambient temperature

File: KPa-354-13C-092208_02_43
INOVA-600 T"NMR"

Pulse 54.2 degrees

Acg. time 1,815 sec

width 18761.7 Hz

11237 repetitions
OBSERVE (13, 75.4280880 MH=z
DECOUPLE H1, 299.9737314 MHz
Power 39 4B

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 2.0 Hz
FT size 131072
Total time 50 hr, 35 min, 47 sec

iyt

A -

III|i||J|||Il|iIII§IIlI|I1||!IIl|||i|||§||$|||i||i|||]|Il|iIIIi|l|||EIIiI|IIIIlII|I|illlillll|||||||lil|l

200 180

160

140

120
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KPa-386-1H-pure

&xpl Proton
SAMPLE SPECIAL TS/ \N‘\.
dsbe-  Oct 11 2008 teap oot ased
solsers edeld  gain ok used H/ O H
file exp apin 18
ACQUTITTTON has ¢.aca 3 1
aw 5410.3 pwso 12.500
at 3.500 alfa 10060
np 44872 FLAGS
b 4000 41 n
bsg 4 din n
di 1.500 dp ¥
nt 12000 ha on
-1 72 BROCESSING
TEANSMITTER fn ot uged
o HI DISPLAY
sgrg 35%.814 ap -40.1
tof 392.5 wp 3998.0
tpWE 59 rf1 803.6
Py §.250 rip o
DECOUPLER rp T7.7
dn €13 1p 0.7
daf @ PLOT
dam . BAD we 70
dmm c B¢ L]
dpwr 37 ws 904
amf 29412 th 1z
al ode ph
4
¥
I
T F T F T T T T I T ¥ T 4 T T T I T —’7
8 5 4 3 ppu

S48



KEa 366-LI0-pure

Tty /
sxpd  Carban
HASDTE SPETIAL
dber Oct 11 2004 tenpr not cEed
avlvagt cdel? gain aot used
Etle. exp. spin 16
ACQUISTITION hat 0.Gae
- 2450%.8 pwod 12.200
at 1.308 alfa 1a.0090
o §3750 PLEGE
b ] 17000 41I a
bs 16 in
4L 0.700 dp ¥
ot 300005 ke nn
-4 608 PROCESSING
TRAMSMTITTER 1b 1.00
f-d Ci3 fa ot gsed
afrg 100.543 DISFLAY
tef 1042.7 ap -386.2
tpwr 56 wp 1850¢.€
pw §.600 i 9465.7
DECOUPLER rfp 7744.0
&n H1 rp -123.,7
dof o 1p 20.5
du T oyyy PLOT
dmm ¥ we are
dpwr 41 ac ¢
dmf 10206 va 7718
th 21
al cdc ph

!

m%www W#WWW e i ‘Ju%« Ww w@m WWWJ ik ,»mem mJ et w S WM

f

140 60 -m
9



Pulse Sequence: sZpul

Solvent: CDC13

Ambient temperature
File: KPa-403-pure-1H-112608_23_51
INOVA~600 "NMR™

Relax. delay 0.500 sec

Pulse 31.3 degress

Acg. time 3.555 sec

Width 4£500.5 Hz

268 repetitions
OBSERVE HI, 300.1943971 MHz
DATA PROCESSING
FT size 32768
Total time 11 hr, 17 min, 20 sec

Y
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E¥Fa-~203 -13C H
O ,
wzpt Carbon Y .
SAMPLE SPRECIAL - - N PR
dste Nov 22 2009 temp not used Ts H
salvent cdell galn net used
fila exp apinp 16 / OH
ACQUISTTION bast 0.c0g
oW 24503.8 pwoe 12.200 32
at 1.390 alfa 10.900
ap 63750 FLAGS
fiz+d 17690 i1 a
b& 16 1in n
ar G.700 dp ¥
at 30400 ha an
oL 1104 PROCESSING
TRANBMITTER 1B . 1.00
tn €13 fn not uged
sfrg 100,543 DISPLAY
tof 1042.7 8p -E0.7
towr 56 wp 20106.4
6.600 rfl 9457 .2
DECOOPLER rfp 7744.0
dn HL rp -84.9
dof 0 1p ~20.9
dm ¥yY PLOT
dmm ) W we 370
apwr 41 g¢ 1] -~
dmg 10200 wc &084
En . 19
al cdc ph
°k,
"
t
¥

SRS

L L L B Y [ et s Bty it B | L A B B B A
180 160 140 120 100 80 50 40 20 ppm
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FE%~39d fup-niddle) -mix-1H

expl Sraton
SEHPLE
date Fov 12 2008
#alyerre cdell
File BAD
ACQUISIIION
- 6410.3
&t 3.500
op 44872
321 4000
bs 4
dal 1.500
ot 12000
L4 36
TRENSNITTER
(=1 HI
sfrg 395.814
tof 3289.5
towr 59
Y &,250
CECOUPLER

dr €13
Anf [
dm ' bnn
dmm <
dpwr 37
dmg 25412

SPECIRL
Cempr not used
gain nat paed
spin i
hat 0.064
pwao 12.5G60
alfa La.g00
FLEGE
it 3
in n
dp ¥
hs oo
PROCESSING
fn not used
DISPLAY
ap +40.1
wp 23960
»f1 802.3
rip o
¥p a8.4
ip 8.7
PLOT
we a%e
ac
vE 2368
th iz
ai ede Dh

2 0Bz
21 '
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RF&-IF (up-niddle) -mix-I3C

expl  &arben
SAMPLE SPEUIAL
date Nov 12 2008 temr not nsed
solvent zdecl3 gain not used
Eile. exp  spin. is
ACQUISITION hst 9.008
ax 24505.8 pwo0 13.200
at 1.300 alfa 10.000
op §3750 FLAES
b 17600 I o
ba 16 in o
daL 6.700 dp ¥
at 30000 s on
ok L1056 DPROCESSING
TRANSMITTER 1b 1.00
tn iz £n not uaed
airg 100.542 DISPLAY
tof 1042.7 ap -50.7
tpwr 56 wp 201064
v 6.600 Ifl 2467.2
DECOUPLER rfp 7744.0
dn H1 rp -123.7
aet 2 1p 331.5
dn ¥yy ‘PLOT
dmm L 37
4pvWr 41 8¢ Q
dmf 10200 vwvs 6834
to 3
al odec ph

S oA mdents Ws‘mﬁmﬂm&w‘%ﬁ« S Gl

s

N OBz
21

i WMWWM Wissimhieh wwwwmm%wwm % Whshe bl

LN N I B B B O L MO B

180

160

T T T T [T

140

izo

100
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Table 1. Crystal data and structure refinement for p2.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.55°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(I)]
R indices (all data)

p2

C16 H20 N2 04 S
336.40

296 K

0.71073 A
Monoclinic
P2(1)/c
a=15.677(5) A
b=28.062(3) A
c=12985(4) A
1616.3(9) A3

4

1.382 Mg/m3
0.222 mm'!

712

0.43 x 0.25 x 0.23 mm?
1.32 to 27.55°.

o= 90°.
B=99.968(4)°.
y=90°.

-20<=h<=9, -10<=k<=10, -16<=I<=16

7922

3654 [R(int) = 0.0632]

97.6 %

None

Full-matrix least-squares on F?
3654/0/211

1.053

R1=0.0875, wR2 =0.2392
R1=0.0897, wR2 =0.2436

Extinction coefficient

Largest diff. peak and hole

0.002(4)

0.932 and -0.872 ¢.A-3

Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)

for p2. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z Uleq)
S(1) 2442(1) 10919(1) 3056(1) 17(1)
CcQ) 3985(2) 5770(3) 789(2) 24(1)
@) 3350(1) 6960(3) 1215(2) 18(1)
C) 3041(2) 6321(3) 2199(2) 23(1)
C(5) 2502(2) 7638(3) 2602(2) 20(1)
C(6) 3849(1) 8638(2) 1451(2) 15(1)
() 4808(1) 8168(3) 1459(2) 20(1)
C(8) 4734(2) 6876(3) 587(2) 25(1)
C9) 3583(2) 9993(3) 656(2) 23(1)
C(10) 1512(1) 11258(3) 2108(2) 17(1)
c(11) 709(2) 10696(3) 2294(2) 21(1)
C(12) 26(2) 11071(3) 1565(2) 24(1)
C(13) 342) 11997(3) 669(2) 23(1)
C(14) 846(2) 12517(3) 498(2) 24(1)
C(15) 1593(2) 12165(3) 1219(2) 21(1)
C(16) -776(2) 12413(3) -102(2) 31(1)
o(1) 5128(1) 7430(2) 2451(1) 23(1)
0(2) 1776(1) 7476(2) 2795(2) 27(1)
N(1) 2927(1) 9172(2) 2705(2) 16(1)
NQ2) 3781(1) 9313(2) 2495(1) 14(1)
0(3) 2184(1) 10601(3) 4043(1) 27(1)
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Oo4) 3061(1) 12211(2) 2972(1) 24(1)

C(17) 2982(2) 9926(4) -184(2) 37(1)
Table 3. Bond lengths [A] and angles [°] for p2.
S(1)-0(3) 1.4316(18)
S(1)-0(4) 1.4403(17)
S(1)-N(1) 1.6995(19)
S(1)-C(10) 1.759(2)
C(2)-C(8) 1.532(4)
C(2)-C(3) 1.552(3)
C(3)-C4) 1.532(3)
C(3)-C(6) 1.567(3)
C4)-C(5) 1.505(3)
C(5)-0(2) 1.215(3)
C(5)-N(1) 1.400(3)
C(6)-N(2) 1.481(3)
C(6)-C(9) 1.511(3)
C(6)-C(7) 1.549(3)
C(7)-0(1) 1.429(3)
C(7)-C(8) 1.528(3)
C(9)-C(17) 1.314(4)
C(10)-C(15) 1.391(3)
C(10)-C(11) 1.397(3)
C(11)-C(12) 1.391(3)
C(12)-C(13) 1.400(3)
C(13)-C(14) 1.393(4)
C(13)-C(16) 1.513(3)
C(14)-C(15) 1.397(3)
N(1)-N(2) 1.417(3)
0(3)-(1)-0(4) 119.72(11)
O(3)-S(1)-N(1) 107.47(10)
O#)-S(1)-N(1) 103.91(10)
0(3)-S(1)-C(10) 109.03(11)
O@H-S(1)-C(10) 108.79(11)
N(1)-S(1)-C(10) 107.18(10)
C(8)-C(2)-C(3) 105.02(18)
C4)-C(3)-C(2) 113.85(18)
C(4)-C(3)-C(6) 110.27(17)
C(2)-C(3)-C(6) 105.90(18)
C(5)-C(4)-C(3) 109.28(17)
0(2)-C(5)-N(1) 121.5(2)
0(2)-C(5)-C(4) 126.7(2)
N(1)-C(5)-C(4) 111.76(19)
N(2)-C(6)-C(9) 107.74(17)
N(2)-C(6)-C(7) 107.93(16)
C(9)-C(6)-C(7) 109.50(17)
N(2)-C(6)-C(3) 112.57(16)
C(9)-C(6)-C(3) 114.87(18)
C(7)-C(6)-C(3) 103.98(16)
O(1)-C(71)-C(8) 110.75(19)
O(1)-C(7)-C(6) 107.22(17)
C(8)-C(7)-C(6) 102.25(17)
C(N)-CB®)-C(2) 103.45(18)
C(17)-C(9)-C(6) 127.7(2)
C(15)-C(10)-C(11) 121.92)
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C(15)-C(10)-S(1)
C(11)-C(10)-S(1)
C(12)-C(11)-C(10)
C(11)-C(12)-C(13)
C(14)-C(13)-C(12)
C(14)-C(13)-C(16)
C(12)-C(13)-C(16)
C(13)-C(14)-C(15)
C(10)-C(15)-C(14)
C(5)-N(1)-N(2)
C(5)-N(1)-S(1)
N@)-N(1)-S(1)
N(1)-N(2)-C(6)

118.63(17)
119.41(17)

118.5(2)
121.0(2)
1192(2)
120.9(2)
119.9(2)
121.0(2)
118.5(2)

120.11(17)
122.06(16)
117.82(14)
111.50(16)

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A2x 103)for p2. The anisotropic

displacement factor exponent takes the form: -2/2[ h2a*2U'! + ... + 2 h k a* b* U'2 ]

Table 5. Hydrogen coordinates ( x 10*) and isotro

ul U2 U3 U2 U3 ui2
S(1) 16(1) 16(1) 20(1) 5(1) 3(1) 21)
Q) 22(1) 18(1) 30(1) -11(1) 11 3(1)
Cc@3) 19(1) 12(1) 21(1) 3(1) 1(1) ol)
C4) 24(1) o(1) 36(1) 21 (1) -1(1)
) 20(1) 13(1) 26(1) 5(1) 5(1) 11
C(6) 17(1) 12(1) 16(1) -1(1) A1) o)
(@) 17(1) 19(1) 23(1) -5(1) 5(1) o(1)
C®) 24(1) 26(1) 26(1) 9(1) 6(1) 5(1)
C©) 30(1) 16(1) 26(1) 6(1) 10(1) A1)
C(10) 15(1) 14(1) 20(1) 3(1) 1(1) 3(1)
can 19(1) 21(1) 22(1) -1(1) 6(1) 21)
C(12) 17(1) 27(1) 27(1) 2(1) 4(1) 4(1)
c(13) 23(1) 17(1) 27(1) 4(1) 1(1) (1)
C(14) 28(1) 19(1) 25(1) 3(1) 6(1) 5(1)
C(15) 22(1) 14(1) 28(1) -1(1) (1) 1(1)
C(16) 26(1) 33(1) 30(1) 3(1) A(1) 10(1)
o(1) 18(1) 24(1) 26(1) -A(1) o) 9(1)
0Q2) 22(1) 19(1) 42(1) 5(1) 11(1) -3(1)
N(1) 16(1) 12(1) 22(1) 1(1) 6(1) 0o(1)
N(2) 12(1) 15(1) 17(1) -2(1) 3(1) 0o(1)
0@3) 23(1) 39(1) 19(1) -5(1) 4(1) 8(1)
04) 18(1) 16(1) 38(1) -10(1) 3(1) 0o(1)
C(17) 48(2) 39(2) 24(1) 14(1) 4(1) 6(1)
pic displacement parameters (A2x 103)
for p2.

x y z Uleq)

H(2) 4191 4917 1298 29
H(2B) 3705 5243 147 29
H3) 2844 7146 667 21
H4A) 2698 5323 2035 27
H@4B) 3536 6050 2730 27
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H()
H(8A)
H(8B)
H(9)
H(11)
H(12)
H(14)
H(15)
H(16A)
H(16B)
H(16C)
H(1)
H(2A)
H(17A)
H(17B)

5156
5265
4602
3880
667
-564
890
2133
-1073
-621
-1149
5572
4207
2663
2874

9127
6243
7396
10992
10085
10702
13107
12529
11408
13002
13094
6911
9737
8958
10846

2890
1676
-106
1108
-344
-685

234
2417
2920
-344
-619

24
30
30
28
25
28
29
25
46
46
46
35
17
45
45

S57
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Table 1. Crystal data and structure refinement for Kpa403.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
CompletenEeSS to theta = 27.78—
Absorption correction
Refinement method

Data / restraints / parameters
Goodness—of-fit on F?

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

Kpa403

C18 H22 N6 06 S
450.48

296 K

0.71073
Monoclinic

P2(1)/c

a = 13.493(7)
b = 16.902(9)
¢ =9.145(5)

o= 90
B= 96.042(7)
v=90

2074.0(18)
4
1.443 Mg/m?

-~ 0.205 mm™!

944
?x?x?mmd

1.52 to 27.78

-17<=h<=12, ~21<=k<=21, -11<=KK=11

11416

4748 [R(int) = 0.0735]
96.9 %

Empirical

Full-matrix least—squares on F?2
4748 / 0 / 287

1.014

R1 = 0.0660, wR2 = 0.1686
R1 = 0.0894, wR2 = 0.1858
0.0000(13)

0.581 and -0.397 e
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (-2x 103)

for p21. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z Uleq)
S(1) -1077(1) 1757(1) 3146(1) 27(1)
C(5) 1499(2) 532(1) 236(2) 26(1)
C(6) 2617(2) 685(2) 277(2) 30(1)
c(D) 502(2) 2587(1) 2303(2) 26(1)
c(m) 2723(2) 1575(2) 635(2) 29(1)
C(2) 11396(2) 2527(1) 1457(2) 28(1)
C(3) 1938(2) 1735(1) 1717(2) 28(1)
Cc@ 1189(2) 1027(1) 1556(2) 26(1)
C(®) 3787(2) 1793(2) 1233(3) 38(1)
C(9) 1168(2) 511(2) 2909(2) 31D
C(10) 1761(2) - 546(2) 4151(3) 42(1)
c(11) 3033(2) 428(2) -1133(3) 34(1)
C(12) -2014(2) 2331(2) 2174(2) 27(1)
c@3) -2072(2) 3139(2) 2449(2) 31D
c(14) -2766(2) 3586(2) 1594(3) 35(1)
C(15) , ~3405(2) 3242(2) 465(3) 36(1)
C(16) -3347(2) 2430(2) 237(3) 37(1)
can -2656(2) 1965(2) 1079(2) 31(1)
Cc(18) -4104(3) 3748(2) -532(3) 50(1)
o(1) ~1317(1) 940(1) 2977(2) 34(1)
0(2) -813(1) 2094(1) 4567(2) 35(1)
0@3) 1301(2) -285(1) 354(2) 32(1)
0(4) 4279(3) 2863(2) 2739(3) 81(1)
0(5) 3560(2) 3133(1) 614(3) 59(1)
N(1) -65(2) 1899(1) 2215(2) 24(1)
N(2) 149(2) 1314Q1) 1171(2) 24(1)
N(3) 3888(2) 2661(2) 1559(3) 42(1)
N(4) 4129(2) 373(2) -789(3) 57(1)
N(5) 4632(2) 289(1) -1805(2) 40(1)
N(6) 5205(2) 216(2) -2619(3) 56(1)
0(6) 314(2) 3162(1) 3039(2) 32(1)
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Table 3. Bond lengths [A] and angles [°] for p21.

S(1)-0(1) : 1.423(2)
S(1)-0(2) 1.4292(17)
S(1)-N(1) 1.700(2)
S(1)-C(12) 1.759(3)
C(6)-0(3) 1.412(3)
C(5)-C(6) 1.528(4)
C(5)-C(4) 1.561(3)
C(6)-C(11) 1.522(3)
C(6)-C(7) 1.543(3)
C(1)-0(6) 1.223(3)
C(1)-NQ) 1.389(3)
Cc(1)-c@2) 1.504(3)
C(7)-C(8) 1.528(4)
C(71)-C(3) 1.547(3)
C(2)-C(®3) 1.533(3)
C(3)-C(4) 1.564(4)
C(4)-N(2) 1.491(3)
C4)-C(9) 1.516(3)
C(8)-N(@3) 1.500(4)
C(9)-C(10) 1.320(4)
C(11)-N(4) 1.482(4)
C(12)-C(13) 1.393(4)
c@12)-cQm) 1.398(3)
C(13)-Cc(14) 1.380(4)
C(14)-C(15) _ 1.400(4)
C(15)-C(16) 1.392(4)
C(15)-C(18) 1.507(4)
C(16)-C(17) 1.388(4)
O(4)-N@3) 1.200(3)
O(8)-N(3) 1.225(3)
N(1)-N(2) 1.426(3)
N(4)-N(5) 1.214(3)
N(5)-N(6) 1.135(3)
O(1)-S(1)-0(2) 121.13(10)
O(1)-S(1)-N(1) 105.57(10)
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0(2)-S(1)-N(1)
O(1)-8(1)-C(12)
0O(2)-s(1)-C(12)
N(1)-s(1)-C(12)
0(3)-C(5)-C(6)
0(3)-C(5)-C(4)
C(6)-C(5)-C(4)
C(5)-C(6)-C(11)
C(5)-C(6)-C(7)
C(11)-C(6)-C(7)
0(6)-C(1)-N(1)
0(6)-C(1)-C(2)
N(D-C(1)-C(2)
C(8)-C(1)-C(6)
C®)-C(71)-C(3)
C(6)-C(7)-C(3)
C(1)-C(2)-C(3)
C(2)-C(3)-C(7)
C(2)-C(3)-C4)
C(7)-C(3)-C4)
N(2)-C(4)-C(9)
N(2)-C(4)-C(5)
C(9)-C@)-C(5)
N(2)-C(4)-C(3)
C(9)-C(4)-C3)
C()-C(4)-C@®3)
N(3)-C(8)-C(7)
C(10)-C(9)-C(4)
N(4)-C(11)-C(6)
C(13)-C(12)-Cc(17)
C(13)-C(12)-5(1)
C(17)-C(12)-s(1)
C(14)-C(13)-C(12)
C(13)-C(14)-C(15)
-C(16)-C(15)-C(14)
C(16)-C(15)-C(18)
C(14)-C(15)-C(18)
CQ7)-c@6)-Cc(15)

105.22(11)
109.68(12)
109.72(11)
103.99(11)
111.0(2)
113.37(18)
103.57(19)
112.5(2)
103.8(2)
115.0(2)
123.5(2)
124.0(2)
112.4(2)
111.9(2)
114.2(2)
104.63(19)
111.98(19)
113.65(19)
111.2(2)
106.50(19)
106.31(19)
108.25(18)
110.66(19)
110.87(19)
115.50(19)
105.11(19)
111.7(2)
128.0(3)
106.7(2)
121.4(2)
120.07(19)
118.47(19)
118.8(2)
121.3(3)
118.7(3)
120.7(3)
120.5(3)
121.3(3)
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C(16)-Cc(17)-Cc(12) 118.5(2)

C(1)-N(1)-N(2) 118.08(19)
C(L-N(1)-S(1) 123.73(16)
N(2)-N(1)-S(1) 117.85(16)
N(1)-N(2)-C(4) 108.61(18)
O(4)-N(3)-0(5) 122.8(3)
O(4)-N(3)-C(8) 118.6(3).
O(5)-N(3)-C(8) 118.6(2)
N(5)-N(4)-C(11) 118.1(3)
N(6)-N(5)-N(4) 171.1(3)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 10%)for p21. The anisotropic

displacement factor exponent takes the form: —2m2[ h2a*2Ull + .. + 2 h k a% bk Ul2 ]

Ull UZZ U33 U23 U13 UIZ
S(1) 28(1) 41(1) 14(1) 1(1) 6(1) o(1)
Cc() 28(1) 34(1) 18(1) 0(1) 4(1) 2(1)
C(6) 28(2) 38(1) 24(1) 2(1) 4(1) 3(1)
c() 28(1) 36(1) 14(1) -1(1) 1(1) -1(1)
c(n) 26(1) 40(1) 22(1) 2(1) 6(1) 1(1)
Cc©) 28(1) 35(1) 20(1) -3(1) 5(1) -4(1)
C(3) 28(2) 41(1) 15(1) -1(1) 1(1) 0(1)
C(4) 26(1) 36(1) 16(1) 2(1) 4(1) 2(1)
C(8) 28(2) 46(2) 41(2) -1(1) 4(1) 2(1)
C(9) 35(2) 38(1) 20(1) 4(1) 5(1) 2(1)
c(10) 56(2) 48(2) 21(1) 6(1) -2(1) -5(1)
c(11) 30(2) 44(2) 29(1) 1(1) 8(1) 4(1)
Cc(12) 241 42(1) 15(1) 2(1) 6(1) 0(1)
C(13) 28(2) 46(2) 20(1) -4(1) 7(1) -2(1)
C(14) 34(2) 42(2) 31(1) -1(1) 12(1) 5(1)
C(15) 28(2) 56(2) 24(1) 3(1) 8(1) 5(1)
C(16) 28(2) 60(2) 23(1) -2(1) 2(1) 0(1)
can 27(2) 43(1) 23(1) -2(1) 7(1) -2(1)
C(18) 43(2) 73(2) 34(2) 6(1) 1(1) 16(2)
o(1) 35(1) 43(1) 24(1) 4(1) 9(1) -1(1)
0(2) 32(1) 60(1) 13(1) -1(1) 7(1) 1(1)
0o®) 37(0) 38(1) 22(1) 0(1) 1(1) -2(1)
0 112(3) 72(2) 54(2) -16(1) -9(2) -11(2)
0(5) 42(2) 51(1) 80(2) 9(1) -6(1) -4(1)
N(1) 23(1) 36(1) 15(1) -2(1) 7(1) 1(1)
N(2) 27(1) 33(1) 13(1) -1(1) 4(1) 2(1)
N(3) 29(1) 52(2) 46(1) -5(1) 9(1) -4(1)
N(@) 36(2) 103(2) 33(1) 5(1) 11(1) 21(2)
N(5) 37(2) 53(2) 32(1) -1(1) 6(1) 4(1)
N(6) 39(2) 89(2) 41(1) -1(1) 14(1) 1(2)
0(6) 36(1) 41Q1) 19(1) -6(1) 7(1) -2(1)
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Table 5.

-685
1098
—-268
1750
416
2720
2125
517
2858
4268
4909
-1456
-1907
3196
1771
—493
918
-15639
-340
—-362
—-376

Uleq)

32
36
35
33
33
34
46
46
37
50
50
41
41
37
42
44
37
75
75
75
48

Hydrogen coordinates ( x 10%) and isotropic displacement parameters (+2x 103)

for p21.
X y

H(5) 1157 737
H(6) 2959 385
H(7) 2540 1877
H(2A) 1853 2955
H(2B) 1185 2587
H®3) 2276 1732
H(8A) 3977 1495
H(8B) 4238 1649
H(9) 676 124
H(10A) 2266 922
H(10B) 1673 194
H11A) 2760 -81
H(11B) 2865 812
H(13) -1651 3374
H(14) -2811 4126
H(16) -3780 2194
H(17) -2621 1423
H(18A) —-4021 3630
H(18B) -3956 4297
H(18C) —4779 3641
H(3A) 942 -431
H(3) 80(30) 1576(17)
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Table 6. Torsion angles [°] for p21.
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