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I. General Techniques — In reactions, where water was not present as solvent, reagent, or by-product, vessels
were flame-dried under a slow nitrogen flow. A slight positive pressure of dry nitrogen was maintained via
rubber septum seal during the course of the reaction. The nitrogen stream originated from a regulated high
pressure 55 L N (/) tank and was further dried by passage through a tube filled with CaSO,4. Reagents were
purified according to the procedures described in Purification of Laboratory Chemicals (W.L. F. Armarego and
C. L. L. Chai).

Reactions were monitored by analytical thin-layer chromatography on hard layer silica gel-60"°" plates
cut into 1x2.5cm pieces. Visualization was effected by ultraviolet light (254 nm), followed by staining
(Seebach, permanganate, or I, followed by PMA) the plate, followed by drying with a heat gun or on a micro-
hot plate. The Seebach stain was made with 25 g of phosphomolybdic acid, 10 g of cerium sulfate, 60 mL
H,SO4, and 940 mL of H,O. The potassium permanganate stain was made with 200 mL H,O, 1.33 g KMnOy,,
13.33 g of K»COs3, and 4 mL of 5% NaOH. [ stain consisted of a chamber containing I, impregnated silica gel.
PMA (phosphomolybdic acid) stain was made by dissolving 10 g of phosphomolybdic acid in 100 mL of
absolute ethanol.

All reactions were stirred with PTFE coated magnetic stir bars and magnetic stirrers. Removal of
solvents was typically accomplished using a rotary evaporator connected to a vacuum pump. The condenser
was cooled to 0 °C by a chiller circulator bath. If the product was non-volatile, trace solvents were removed
using a freeze dryer system at a pressure of approximately 0.01 mmHg.

For distillation, a specific low pressure (760 — 1 mm Hg) was obtained and monitored with a vacuum
controller in combination with a direct drive pump. Bulb-to-bulb distillation was performed using a glass oven.
Chromatography was performed following the method used by W. C. Still (J. Org. Chem. 1977, 42, 1258-
1259).

Deuterated chloroform was filtered through basic alumina prior to use. Solvents were distilled before
use, under a slight positive pressure of nitrogen. Diethyl ether, tetrahydrofuran, benzene, and toluene were
distilled from sodium and benzophenone. Dichloromethane and nitromethane were distilled from CaH,.
Atmosphere (1 atm) hydrogenations were carried out using a balloon.
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'H-NMR spectra were recorded using a 400 MHz or 500 MHz spectrometer. Chemical shifts are
reported in ppm from tetramethylsilane with the solvent resonance of CDCl; (7.27 ppm). “C NMR spectra
were recorded at 100 MHz or 125 MHz with a solvent resonance of CDCl; (77.23 ppm). Infrared spectra were
recorded on a Fourier transform infrared spectrometer with 2 cm resolution as a neat sample on a NaCl plate.
Infrared frequencies are reported in reciprocal centimeters (cm™). Silica columns for HPLC, were 25 cm long
in length and contained 5 pm spherisorb. Mass spectra were recorded at an ionizing voltage of either 70 or 20
eV.

I1. Additional Experimental Procedures

(5)-2-Bromo-3-(1-(methoxy(methyl)amino)-1-oxopropan-2-yloxy)-4-(2-(2-
(trimethylsilyl)ethoxy)ethyl)phenyl zert-butyl carbonate (13).

OBoc OBoc
12, DIAD, OMe
_ PPhy H
OTMSE OTMSE

Diisopropyl azodicarboxylate (DIAD) (0.86 mL, 4.39 mmol) was added dropwise to a stirring solution of
triphenylphosphine (PPhs) (1.151 g, 4.39 mmol) in THF (14 mL) at 0 °C. The resulting suspension was stirred
at 0 °C to rt for 1 h. The mixture was cooled to 0 “C and a solution of phenol 11 (1.267 g, 2.92 mmol) in THF
(9 mL) was added via cannula followed by a solution of (R)-2-hydroxy-N-methoxy-N-methylpropanamide 12
(0.430 g, 3.22 mmol) in THF (6 mL). The reaction was stirred at 0 °C to rt for 24 h. Afterwards, the reaction
mixture was concentrated under reduced pressure. The crude residue was purified by column chromatography
with 15% EtOAc/hexanes (Ry= 0.2) to afford colorless oil 13 (1.39 g, 2.54 mmol, 87% yield). 'H NMR (400
MHz, CDCl3) 67.26 (d, J = 8 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 5.32 (q, J = 6.4 Hz, 1H), 3.58 (t, /= 6.8 Hz,
2H), 3.52 (s, 3H), 3.50 (t, J = 8 Hz, 2H), 3.17 (s, 3H), 3.10 (m, 1H), 2.97 (m, 1H), 1.55 (s, 9H), 1.54 (d, J = 6.8
Hz, 3H), 0.90 (t, J= 8 Hz, 2H), —0.02 (s, 9H); °C NMR (100 MHz. CDCls) §172.0, 154.4, 151.0, 147.9, 133.3,
129.9, 118.7, 112.1, 84.2, 75.0, 70.0, 68.1, 61.7, 32.4, 30.8, 27.8, 18.3, 18.0, —1.2; IR (thin film) 2980, 2951,
2939, 2895, 2858, 1765, 1678, 1153 cm™; HRMS (ESI) calcd for C,3H3BrNO;SiNa: 570.1499. Found
570.1504.

(8)-2-(2-Bromo-3-hydroxy-6-(2-(2-(trimethylsilyl)ethoxy)ethyl)phenoxy)-/N-methoxy-/V-
methylpropanamide (14).

OBoc
OMe 1M LiOH OMe
JY %ﬁf
OTMSE 43 OETMS 14

To a stirring solution of tert-butyl carbonate 13 (2.156 g, 3.93 mmol) in THF/MeOH (60 mL/40 mL) at 0 °C,
IM aq LiOH (22 mL, 22 mmol) was added in one portion. The reaction was stirred at 0 °C to room temperature
for 8 hours. The reaction was then quenched with 1M HCI and extracted with EtOAc four times. The combined
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organic layer was washed with water, brine, and dried with Na,SO4. The filtered solution was concentrated and
the crude residue was purified by chromatography with 25% EtOAc/hexanes (R,= 0.2) to afford colorless oil 14
(1.67 g, 3.73 mmol, 95% yield). 'H NMR (400 MHz, CDCl3) 67.07 (d, J = 8.4 Hz, 1H), 6.73 (d, J = 8.4 Hz,
1H), 6.57 (s, 1H), 5.19 (q, J = 6 Hz, 1H), 3.55 (s, 3H), 3.55 (t, 2H), 3.50 (t, J = 9.6 Hz, 2H), 3.19 (s, 3H), 2.97
(m, 2H), 1.51 (d, J = 6.4 Hz, 3H), 0.92 (t, J = 8.4 Hz, 2H), —0.03 (s, 9H); °C NMR (100 MHz. CDCl3) §172.3,
153.6, 152.6, 130.1, 126.3, 111.9, 105.9, 75.2, 70.3, 68.1, 61.6, 32.5, 30.5, 18.3, 18.0, —1.3; IR (thin film) 2951,
2893, 2862, 1651, 1431, 1076 cm™'; HRMS (ESI) calcd for C;5H30BrNOsSiNa: 470.0974. Found 470.0986.

(38.,4a8,5R,8aR)-5-Bromo-3-methyl-8a-(2-(2-(trimethylsilyl)ethoxy)ethyl)-4a,5-
dihydrobenzo[b][1,4]dioxine-2,6(3H,8aH)-dione (16).

MAD
L-Selectride

toluene, -78 °C

TMSEO

To a flame dried flask equipped with a stir bar, was charged with 2,6-di-tert-butyl-4-methylphenol (BHT)
(0.534 g, 2.43 mmol), and toluene (5 mL). The solution was cooled to 0 °C and AlMe; (1.4 M in hexanes, 0.87
mL, 1.21 mmol) was added. The resulting mixture of methylaluminum bis(2,6-di-tert-butyl-4-
methylphenoxide) (MAD) was stirred at 0 “C to room temperature for 1 h, then cooled to —78 °C. In a separate
flask, dienone 15 (0.196 g, 0.485 mmol) was dissolved in toluene (1.2 mL), and the solution was added via
cannula to the MAD at —78 °C, immediately turning deep purple. The reaction was stirred for 5 min, then L-
Selectride (1M in THF, 0.5 mL, 0.5 mmol) was added, and the solution was stirred for another 5 min at —78 "C.
The reaction mixture was quenched with 1M aq Rochelle’s salt, diluted with EtOAc, and quickly warmed by
hand to rt. It was stirred vigorously for 1 h. The aqueous layer was extracted with EtOAc and the combined
organics were washed with brine, dried (Na,SO4), and concentrated. The residue was purified by flash
chromatography with 15% EtOAc/hexanes (R = 0.2) to give 16 as colorless oil (0.163 g, 0.403 mmol, 83%
yield). 'H NMR (400 MHz, CDCls) §7.16 (d, J = 10 Hz, 1H), 6.13 (d, J = 10.4 Hz, 1H), 4.62 (q, J = 7.2 Hz,
1H), 4.62 (d, J= 12 Hz, 1H), 4.13 (d, J = 12 Hz, 1H), 3.65 (m, 2H), 3.47 (m, 2H), 2.41 (m, 1H), 2.10 (m, 1H),
1.67 (d, J = 7.2 Hz, 3H), 0.89 (t, J = 6.8 Hz, 2H), 0.04 (s, 9H); *C NMR (100 MHz. CDCls) & 188.8, 169.0,
149.9, 126.9, 82.0, 80.5, 74.6, 68.7, 64.0, 50.0, 37.2, 18.3, -1.2; IR (thin film) 2951, 2870, 1755, 1686, 1246,
1099 cm'l; HRMS (ESI) calcd for C;¢H,sBrOsSiNa: 427.0552. Found 427.0550.

(25,41R,7a8,10R,10a5)-10-Bromo-2-methyltetrahydro-2H-benzofuro[4-b][1,4]dioxine-3,9(10H,10aH)-
dione (17).
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WBr

ZnBr; (89 mg, 0.40 mmol) was added to a stirring solution of 16 (41 mg, 0.1 mmol) in CH3NO; (1.3 mL).
The reaction was stirred for 24 h at room temperature. The reaction was quenched with 1 M HCI and extracted
with EtOAc four times. The combined organic layer was washed with NaHCOs (aq), brine, dried (Na,SOy,), and
filtered. The solution was concentrated and the crude residue was purified by chromatography with 15%
EtOAc/hexanes to afford colorless oil 17 (25 mg, 0.080 mmol, 80% yield). 'H NMR (400 MHz, CDCls) §4.65
(q, J=7.2 Hz, 1H), 4.34 (dd, J =2 Hz, J = 4.8 Hz, 1H), 4.30 (d, /= 10.4 Hz, 1H), 4.12 (d, J = 10.4 Hz, 1H),
4.06 (m, 1H), 3.88 (m, 1H), 2.96 (dd, /=4.8 Hz, J=15.2 Hz, 1H), 2.84 (dd, /= 0.8 Hz, /= 16.4 Hz, 1H), 2.13
(m, 2H), 1.66 (d, J = 7.2 Hz, 3H); °C NMR (100 MHz. CDCls) & 198.4, 168.6, 89.1, 79.8, 78 3, 74 3, 66.3,
45.4,42.0,36.4, 18.5; IR (thin film) 2986, 2922, 2953, 2872, 2854, 1736, 1244, 1203, 1122 cm™; [o]p” =-78.5
(CHCI3, ¢ = 1.2). HRMS (EI) calcd for C;1H;3BrOs: 303.9946. Found 303.9953.

5-hydroxy-9-((S)-1-oxo0-1-(pyrrolidin-1-yl)propan-2-yloxy)-2-oxabicyclo[3.3.1]non-6-en-8-one (19).

© o

\

MeyO

17 19

A solution of pyrrolidine (8.3 pL, 0.098 mmol) in CH,Cl, (1.0 mL) was cooled to 0 °C and AlMe; (25%
wt/wt in hexanes, 43 pL, 0.098 mmol) was added dropwise. The solution was stirred for 1 h, and allowed to
slowly warm to room temperature. It was cooled to 0 °C and the dione 17 (10 mg, 0.033 mmol) as a solution in
CH,Cl; (0.5 mL) was added to the aluminum amide via cannula. The reaction was stirred from 0 °C to rt for 24
h. It was quenched with 1M Rochelle’s salt (2 mL), diluted in EtOAc (3mL) and stirred vigorously for 1 h.
The aqueous layer was extracted with EtOAc (4 x 3 mL), and the combined organics were washed with brine (2
mL), dried (Na,SO4), and concentrated. Flash chromatography of the residue (20% EtOAc/hexanes, Ry = 0.3)
yielded colorless oil 19 (5.4 mg, 0.018 mmol, 55% yield). 'H NMR (500 MHz, CDCl3) §7.05 (d, J = 10.5 Hz,
1H), 6.37 (s, 1H), 6.26 (d, J = 10 Hz, 1H), 4.30 (q, J = 6.5 Hz, 1H), 4.13 (s, 1H), 3.94 (dd, /= 5.5 Hz, J =12
Hz, 2H), 3.58 (m, 2H), 3.47 (m, 2H), 3.38 (s, 1H), 3.33 (m, 1H), 2.57 (dt, /= 6 Hz, J = 13 Hz, 1H), 2.01 (m,
3H), 1.91 (m, 2H), 1.49 (d, J = 6.5 Hz, 3H); HRMS (ESI) calcd for C;5sH;NOsNa: 318.1317. Found 318.1310.

pyrrolidine, MesAl

(285,41R,7a8,10aR)-2-Methyltetrahydro-2H-benzofuro[4-b][1,4]dioxine-3,9(10H,10aH)-dione (20).

-S4-



To a solution of 16 (0.142 g, 0.35 mmol) in CH3CN (5.8 mL) was added Nal (0.633 g, 4.2 mmol), followed
by TMSCI (0.36 mL, 2.8 mmol). The resulting orange solution was stirred at room temperature for 24 hours
then quenched with saturated aq Na,S,0;. The colorless solution was diluted with EtOAc, separated and the
aqueous layer was extracted with EtOAc four times. The combined organics were washed with brine, dried
(NaySQy4), and concentrated. The crude material was purified by flash chromatography with 35%
EtOAc/hexanes (Ry= 0.25) to afford 20 as a colorless oil (77 mg, 0.34 mmol, 97% yield). 'H NMR (500 MHz,
CDCl3): 0 4.58 (q, J =7 Hz, 1H), 4.28 (dd, /= 6 Hz, J = 12.5 Hz, 1H), 4.27 (d, J= 2 Hz, 1H), 4.05 (t, /= 8 Hz,
1H), 3.87 (m, 1H), 2.84 (dd, /=6 Hz, J= 19 Hz, 1H), 2.74 (dd, /=2 Hz, J= 16 Hz, 1H), 2.68 (dd, J = 4.5 Hz,
J=16.5Hz, 1H), 2.36 (dd, J=12.5 Hz, J = 19Hz, 1H), 2.33 (m, 1H), 2.05 (dd, J=4.5 Hz, J= 14 Hz, 1H), 1.60
(d, J =7 Hz, 3H); >C NMR (125 MHz, CDCls): d 204.0, 169.6, 89.6, 80.2, 73.9, 72.1, 66.2, 43.9, 40.0, 36.0,
18.6; IR (neat): 2986, 2889, 1728 cm'l; HRMS (EI): m/z calcd for C1H;405: 226.0841. found 226.0837. [OL]D25
=-123.9 (CHCl3, ¢ = 1.0).

(3aR,4R,6R,7a85)-4-((S,E)-1-(2,2-dimethylhydrazono)propan-2-yloxy)octahydrobenzofuran-3a,6-diol
(22)).

OH

Dibal-H

OJVN‘N/
- |
O ue

OH
[21] [22]

To a solution of 20 (5.0 mg, 0.022 mmol) in CH,Cl, (0.3 mL) cooled to —78 °C was added DIBAL-H (1M in
hexanes, 0.09 mL, 0.09 mmol) and the solution was stirred for 1 h. The reaction mixture was quenched with 1M
aq Rochelle’s salt, diluted with CH,Cl,, quickly warmed to room temperature and stirred vigorously for 45 min.
The aqueous layer was extracted with CH,Cl,. The combined organics were washed with brine, dried with
Na,SOy4, and concentrated.

To a solution of the crude 21 (5.0 mg) in CH,Cl, (0.3 mL) was added H,NNMe; (4 pL, 0.09 mmol). The
reaction was stirred at room temperature for 4 h, then concentrated under reduced pressure to afford the
hydrazone 22, which was taken on crude in following manipulations.

(2'S,41'R,7a'S,10a'R)-2'-Methyl-1,5,5',6',7a',8',10',10a'-octahydrospiro[benzo|e] [1,3]dioxepine-3,9'-
benzofuro[4-b][1,4]dioxin]-3'(2'H)-one (24).
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(-)-20

To a solution of 1,2-benzenedimethanol (32 mg, 0.23 mmol, 1.1 equiv) and ketone 20 (48 mg, 0.212 mmol,
1 equiv) in benzene (2 mL) was added catalytic p-toluene sulfonic acid hydrate. The resulting mixture was
heated at reflux for 24 h with azeotropic removal of water by a Dean-Stark trap. After cooling to room
temperature, the reaction mixture was diluted with CH,Cl,, quenched with NaHCO; (saturated), and extracted
with CH,Cl, (4x). The organic phase was dried over sodium sulfate and concentrated under reduced pressure.
The crude product was purified by flash chromatography (35% EtOAc/hexanes, Ry = 0.3) to provide the ketal-
lactone 24 as a colorless oil (62.4 mg, 0.18 mmol, 85% yield). 'H NMR (400 MHz, CDCl3) & 7.22 (m, 2H),
7.10 (m, 2H), 4.90 (m, 4H), 4.60 (q, J = 7.2 Hz, 1H), 4.18 (m, 4H), 2.58 (m, 2H), 2.06 (m, 1H), 1.75 (m, 1H),
1.60 (d, J = 6.8 Hz, 3H), 1.50 (m, 2H); *C NMR (100 MHz. CDCl3) §170.2, 137.5, 137.3, 127.3, 126.4, 101.8,
91.3,78.4,74.5,72.6, 65.5, 65.3, 65.0, 36.1, 33.9, 32.9, 18.7; IR (thin film) 2955, 2920, 2897, 2851, 1744, 1091
cm™'; HRMS (ESI) caled for C9H2»O06Na: 369.1314. Found 369.1308. [o]p> = +13.5 (CHCLs, ¢ = 0.5).

(3a'S4'R,7a'S)-1,3',3a2',4',5,5',7',7a’'-Octahydro-2'H-spiro[benzo[e][1,3]dioxepine-3,6'-benzofuran]-3a',4'-

diol (25).
1. DIBAL-H
CH,Cl,
0._0O

-78 °C

2. MezNNHz,
O then TFA

(-)-25

(-y24 O

To a solution of 24 (0.011 g, 0.033 mmol) in CH,Cl, (0.4 mL) cooled to —78 °C was added DIBAL-H (1M
in hexanes, 0.07 mL, 0.07 mmol) and the solution was stirred for 1 h. The reaction mixture was quenched with
IM Rochelle’s salt, dilute with CH,Cl,, quickly warmed to room temperature and stirred vigorously for 45
minutes. The aqueous layer was extracted with CH,Cl,. The combined organics were washed with brine, dried
with Na,SQOy, and concentrated.

To a solution of the crude reaction material in CH,Cl, (0.4 mL) was added H,NNMe, (4 uL, 0.09 mmol).
The reaction was stirred at room temperature for 4 h, and then TFA (cat.) was added to the solution. After 3 h,
the reaction mixture was concentrated and the residue was purified by flash chromatography with EtOAc (Ry=
0.25) to yield 25 (7.2 mg, 0.025 mmol, 75% yield, > 99% ee). Enantiomeric ratio was measured by HPLC
(Chiralcel OD-H, 15% IPA/Hexanes, fr; = 15.47 min, tg; = 19.00 min). "H NMR (400 MHz, CsDsN) ¢ 7.09 (m,
1H), 7.03 (m, 1H), 7.00 (m, 1H), 6.80 (m, 1H), 4.96 (m, 2H), 4.82 (m, 3H), 4.53 (dd, /= 6.8 Hz, /= 10.4 Hz,
1H), 4.41 (dd, J= 8.4 Hz, J=16.8 Hz, 1H), 4.20 (m, 1H), 2.88 (m, 1H), 2.66 (m, 2H), 2.43 (m, 1H), 2.10 (t,J =
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12.8 Hz, 1H), 1.77 (m, 1H); *C NMR (100 MHz, CsDsN) J 139.2, 138.9, 127.4, 126.9, 126.8, 102.9, 84.6, 82.7,
72.5, 66.4, 65.1, 65.0, 38.2, 37.3, 33.1; IR (thin film) 3429, 2951, 2920, 2851, 1076 cm™'; HRMS (ESI) calcd for
C16H2005Na: 315.1208. Found 315.1211. [o]p> = ~17.5 (CHCl, ¢ = 0.75).

; ; PPhs, DIAD g E
p-N02C6H4CO2H
0.0 o. O

25 26

Epoxide 26.

To a solution of 4-nitrobenzoic acid (14.9 mg, 0.089 mmol) and diol 25 (6.5 mg, 0.022 mmol) in anhydrous
THF (0.5 mL) at 0 °C, was added triphenylphosphine (23.3 mg, 0.089 mmol), DIAD (0.017 mL, 0.089 mmol).
The reaction was stirred at rt for 16 h and then the reaction mixture was diluted with diethyl ether. The solution
was washed with saturated aq NaHCOs, then brine. The organic layer was dried with Na,SOy, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography to afford epoxide 26
as colorless oil (4.9 mg, 0.018 mmol, 80% yield). 'H NMR (400 MHz, CDCl;) §7.18 (m, 2H), 7.06 (m, 2H),
4.88 (m, 4H), 4.08 (dt, J = 4.5 Hz, J = 8 Hz, 1H), 3.98 (m, 2H), 3.45 (d, J =3 Hz, 1H), 2.66 (d, J = 15.5 Hz,
1H), 2.59 (ddd, J= 1.5 Hz, J= 5.5 Hz, J= 13 Hz, 1H), 2.29 (dt, J= 8 Hz, J= 13.8 Hz, 1H), 2.14 (ddd, J =4 Hz,
J=7Hz, J=13.5Hz, 1H), 2.09 (dd, J=3 Hz, J=15.5 Hz, 1H), 1.62 (dd, J= 10 Hz, J = 13 Hz, 1H); °C NMR
(100 MHz. CDCl3) ¢ 138.0, 137.8, 127.1, 127.0, 126.3, 102.3, 74.1, 67.0, 65.8, 65.1, 65.0, 58.4, 34.2, 33.4,
31.4; IR (thin film) 2954, 2920, 2851, 1458, 1076 cm™; HRMS (ESI) calcd for C sH,3504Na: 297.1103. Found
297.1109.

Acetate (27).

Ac,0, py, rt Pd/C, H,
(e}

OAc

OH
25 27
To a solution of diol 25 (5 mg, 0.017 mmol) in pyridine (0.2 mL) was added Ac,O (2 uL, 0.019 mmol).
After 24 h of stirring, the reaction mixture was diluted with CH,Cl,, washed with CuSQO4 (aq), extracted with
CH,Cl, (4x), washed with water and brine. The organic phase was dried over sodium sulfate and concentrated
under reduced pressure. The resulting mono-acetate was carried forward without purification.
A solution of the above mono-acetate in MeOH (0.2 mL) containing 5% Pd/C catalyst (3 mg) was stirred
under 1 atm of hydrogen at room temperature for 12 hours. The reaction mixture was filtered through a pad of
Celite, and concentrated under reduced pressure to afford the crude product.
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Cleroindicin F (7): Patially racemized method.

— O —_
EtsN, MsCl py
— | OH
OMs ”OH
éH | (achiral) |
25 7
>99% ee <90% ee

To a solution of diol 25 (17 mg, 0.058 mmol) in CH,Cl, (6.8 mL) at 0 °C was added Et;N (0.09 mL, 0.7
mmol). After 15 min, MsCl (0.018 mL, 0.233 mmol) was added to the reaction mixture. Five minutes later, the
reaction mixture was diluted with CH,Cl,, quenched with aq NH4Cl (saturated), and extracted with CH,Cl,
(4x). The organic phase was dried over sodium sulfate and concentrated under reduced pressure. The resulting
mono-mesylate was carried forward without purification.

A solution of the above mono-mesylate in THF/MeOH (0.4 mL/0.4 mL) containing 5% Pd/C catalyst (10
mg) was stirred under 1 atm of hydrogen at room temperature for 12 h. The reaction mixture was filtered
through a pad of Celite, and concentrated under reduced pressure.

A solution of the crude product in CH,Cl, (0.6 mL) was added pyridine (0.047 mL, 0.58 mmol). After 18 h
of stirring, the reaction mixture was diluted with CH,Cl,, washed with CuSOy (aq.), extracted with CH,Cl, (4x),
washed with water and brine. The organic phase was dried over sodium sulfate and concentrated under reduced
pressure. The crude product was purified by flash chromatography (70% EtOAc/hexanes) to provide
cleroindicin F (7) as colorless oil (81% yield over 3 steps, 90% ec). "H NMR (500 MHz, CDCls) §6.77 (d, J =
10 Hz, 1H), 6.04 (d, /=10 Hz, 1H), 4.25 (t, /= 6.0 Hz, 1H), 4.08 (dd, /= 8.5 Hz, J= 15 Hz, 1H), 3.96 (dd, J =
8.5 Hz, J= 15 Hz, 1H), 3.50 (bs, 1H), 2.80 (dd, J=4.5 Hz, J= 17 Hz, 1H), 2.63 (dd, /=6 Hz, J= 17 Hz, 1H),
2.32 (m, 1H), 2.24 (m, 1H); >C NMR (125 MHz, CDCls) 6 196.7, 147.8, 129.2, 81.9, 76.0, 66.5, 40.5, 39 8; IR
(thin film) 3418, 2920, 2851, 1666 cm™; HRMS (ESI) calced for CgH;¢Os: 154. 0630. Found 154.0625. 'H and
C NMR, IR, and HRMS data were con51stent with that reported in the literature.'

Cleroindicin C (3).

Pd/C, H,

EtOAc

OH
(+)-cleroindicin F (7) (=)-cleroindicin C (3)

A solution of cleroindicin F (7) (20 mg, 0.13 mmol) in EtOAc (1 mL) containing 5% Pd/C catalyst (50 mg) was
stirred under 1 atm of hydrogen at room temperature for 1 hour. The reaction mixture was filtered through a pad
of Celite, and concentrated under reduced pressure. The crude product was purified by flash chromatography
(75% EtOAc/hexanes, Ry = 0.3) to provide cleroindicin C (3) as colorless oil (17 mg, 0.11 mmol, 80 % yield).
'H NMR (400 MHz, CsDsN) 6 4.29 (t, J = 4.0 Hz, 1H), 3.94 (m, 2H), 2.98 (dd, J = 4.8 Hz, J = 15.6 Hz, 1H),
2.80 (dd, J=4.0 Hz, J=16.0 Hz, 1H), 2.68 (ddd, J = 4.8 Hz, J = 8.4 Hz, J = 16.8 Hz, 1H), 2.35 (m, 1H), 2.24
(m, 1H), 2.20 (m, 2H), 2.07 (dt, J = 8.4 Hz, J = 12.4 Hz, 1H); IR (thin film) 3305, 2943, 2860, 1705, 1059 cm™".
[a]p” = —79.0 (MeOH, ¢ = 0.1). HRMS (ESI) calcd for CgH;,03Na: 179.0684. Found 179.0678. 'H and "°C
NMR, IR, and HRMS data were consistent with that reported in the literature.'
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Epi-cleorindicin D (4).

(-)-25

A solution of 25 (29.0 mg, 0.1 mmol) in THF/MeOH (0.5 mL/0.5 mL) containing 5% Pd/C catalyst (10 mg)
was stirred under 1 atm of hydrogen at room temperature for 3 h. The reaction mixture was filtered through a
pad of Celite, and concentrated under reduced pressure. The crude product was purified by flash
chromatography with EtOAc (R;= 0.2) to provide the previously assigned structure for cleroindicin D (4) as
colorless oil (15.2 mg, 0.09 mmol, 88% yield). '"H NMR (400 MHz, CsDsN) d 4.74 (dd, J = 4.8 Hz, J = 10.8
Hz, 1H), 4.42 (t, J = 4.4 Hz, 1H), 4.05 (m, 2H), 3.02 (dd, J = 4.8 Hz, J = 18 Hz, 1H), 2.97 (d, J = 4.4 Hz, 2H),
2.80 (m, 1H), 2.79 (dd, J = 10.4 Hz, J = 18 Hz, 1H), 2.27 (ddd, J = 2 Hz, J = 5.6 Hz, J = 13.2 Hz, 1H); "*C
NMR (125 MHz. CDCls) ¢ 206.9, 82.9, 82.6, 72.1, 66.5, 43.1, 42.9, 35.8; IR (thin film) 3387, 2955, 2924,
2854, 1724 cm™'; HRMS (ESI) caled for CsH,04Na: 195.0633. Found 195.0630. [a]p”> = —35.5 (CHCL;, ¢ =
0.4).

Cleroindicin D (5).
0] 0] 0]
Ph,COOK  AlHg
- 0 — ,
0o ’ THF, -40°C O e o - "OH
OH OH OH
(+)-cleroindicin F (7) 30 (-)-cleroindicin D (5)
>99% ee >99% ee

To a suspension of KH (8.2 mg, 0.20 mmol) in THF (0.4 mL) at —78 "C was added Ph;COOH (113 mg, 0.41
mmol). After 10 min, enone 7 (13.2 mg, 0.086 mmol) in THF (0.86 mL) was added to the PhsCOOK solution.
The reaction mixture was then warmed up to —40 °C. Once the starting material was consumed (about 40 min),
the reaction mixture was diluted with CH,Cl,, quenched with Na,SO; (sat.), and extracted with CH,Cl, (4x).
The organic phase was dried over sodium sulfate and concentrated under reduced pressure. The crude product
was purified by flash chromatography with EtOAc to provide epoxide 30. The spectroscopic data matched that
reported in the literature.” "H NMR (400 MHz, CDCl;) 6 3.93 (m, 3H), 3.64 (dd, J = 2.4 Hz, J = 4.4 Hz, 1H),
3.46 (dd, J = 0.8 Hz, J = 4.4 Hz, 1H), 3.06 (dd, J = 4.0 Hz, J = 14.8 Hz, 1H), 2.67 (bs, 1H), 2.40 (dd, J = 3.2
Hz, J = 14.8 Hz, 1H), 2.28 (ddd, J = 4.4 Hz, J= 7.6 Hz, J = 13.2 Hz, 1H), 2.17 (dt, J = 8.4 Hz, J = 13.6 Hz,
1H).

To a solution of the above epoxide 30 (22 mg, 0.13 mmol) in a mixture of THF (5.2 mL), EtOH (2.6 mL),
H,O (2.6 mL) and saturated aqueous NaHCOs3 (0.5 mL) at 0 °C, aluminum amalgam (freshly prepared from
0.500 g of aluminum foil) was added. The reaction mixture was vigorously stirred at 0 °C for 40 min, then
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filtered through Celite. The filtrate was diluted with EtOAc, washed with brine and the aqueous phase was
extracted with EtOAc. The combined organic phases were dried over sodium sulfate and concentrated under
reduced pressure. The crude product was purified by flash chromatography (EtOAc, R, = 0.2) to provide
cleroindicin D (5) as colorless oil (6.0 mg, 0.035 mmol, 40% yield over 2 steps). 'H NMR (400 MHz, CsDsN)
04.36 (m, 1H), 4.35 (t, /= 4.4 Hz, 1H), 4.00 (m, 2H), 3.24 (dd, /=4.8 Hz, J=16.8 Hz, 1H), 3.02 (dd, J = 6.8
Hz, J=16.8 Hz, 1H), 2.85 (dd, /= 3.2 Hz, J = 15.6 Hz, 1H), 2.81 (dd, J = 3.6 Hz, J = 15.6 Hz, 1H), 2.28 (m,
2H); HRMS (ESI) caled for CsH;,04Na: 195.0633. Found 195.0637. [a]p> = —38.0 (MeOH, ¢ = 0.5). 'H and
Bc NMR, IR, and HRMS data were consistent with that reported in the literature.™ ™

Cleroindicin E (6).

4 8 1:2 6

To a solution of cleroindicin C (3) (6 mg, 0.038 mmol) in THF/H,O (0.5 mL/0.1 mL) at 0 °C was added Sml,
(0.IM in THF, 0.76 ml, 0.076 mmol), and the mixture was stirred at this same temperature for 10 min. The
reaction mixture was quenched with NaHCOs(sat.), and extracted with CH,Cl,. The combined organics were
washed with brine, dried with Na,SO4, and concentrated to afford an inseparable mixture of isocleroindicin E
(8) and cleroindicin E (6) (1:2) (5 mg, 0.032 mmol, 85% yield) which was spectroscopically identical to that
reported in the literature.' CgH;403;Na: 181.0841. Found 181.0835.

Isocleroindicin E (8).

DIBAL-H

CH,Cl,

4 8 10:1 6

To a solution of cleroindicin C (3) (10 mg, 0.064 mmol) in CH,Cl, (0.7 mL) at —78 °C was added DIBAL-H
(1M in hexanes, 0.07 ml, 0.07 mmol), and the mixture was stirred at this same temperature for 1 h. The reaction
mixture was quenched with 1M Rochelle’s salt, diluted with CH,Cl,, quickly warmed to room temperature and
stirred vigorously for 45 minutes. The aqueous layer was extracted with CH,Cl,. The combined organics were
washed with brine, dried with Na,SO4, and concentrated. The crude product was purified by flash
chromatography (10% MeOH/EtOAc, R, = 0.3) to provide isocleroindicin E (8) as colorless oil (8.5 mg, 0.054
mmol, 84 % yield). "H NMR (400 MHz, CsDsN) §4.26 (dd, J= 8.0 Hz, J = 16.4 Hz, 1H), 4.22 (dd, J= 5.6 Hz,
J=9.2 Hz, 1H), 4.08 (m, 1H), 4.02 (m, 1H), 2.45 (m, 1H), 2.30 (ddd, /=4.0 Hz, /= 8.4 Hz, /= 14.4 Hz, 1H),
2.20 (m, 1H), 2.15 (m, 1H), 2.02 (m, 1H), 1.98 (m, 1H), 1.83 (m, 1H), 1.74 (m, 1H). HRMS (ESI) calcd for
CsH,403Na: 181.0841. Found 181.0835. [a]p”” = —22.0 (MeOH, ¢ = 0.4). 'H NMR and HRMS data were
consistent with that reported in the literature.® Our rotation is slightly less than that reported by Hase ([o]p> =
—23.0),"® most likely because of the small amount of inseparable 6 present in our sample.
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I11. Revised Biosynthetic Pathway

R

31 unamed cleroindicin F (7 cleroindicin D (5
[a]p = +102ref. 1b (partially racemlc) (partially racemlc)

(0]
GlcO . 7,
OH ! ‘OH
cornoside cleroindicin C (3) (—)—isoclerqinc.:li.cin E (8), F = OH2, R?=H
(achiral) (partially racemic) ~ ()-cleroindicin E (6), R" = H, R® = OH

(partially racemic)

We have found that cleroindicins 3, 5-7, are at least partially racemic in nature. However the unnamed
cleroindicin 31, isolated by Hase, appears to be unracemized because their hydrogenation of 31 to
isocleroindicin E (8) resulted in a more optically active material ([o]p> = —23.0) than the natural
isocleroindicin E (8) ([a]p>> = —6.00). ® Therefore, it appears that 31 is the biosynthetic precursor to chiral
cleroindicins, as well as achiral cornoside.
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IV. Scanned HPLC traces, NMR, and IR spectra

HPLC data for racemic 25:

HPLC Report

SH13-11 15%IPA 1ml-min-OD-H-02

Acquired: 10/15/2008 5:41:27 PM
Method Name: C:\EEZStart\Projects\Default\Methods\untitled.met
Data: C:\Shuang\SHl3-11_15%IPA_1m1-min-OD-H-02214.dat

100+

50

myolis

10

- 100

-50

20 a0

miolts

40 50
Minutes
SPD-10AvD
Chl-220nm
Resulte
Pk # Name Retention Area Area Height Height
Time Percent Percent
1 15.473 6788904 55.314 107819 58.227
2 18.9487 5484508 44 686 77381 41.773
Totals

12273412 100.000 185170 100.000
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HPLC data for enantioenriched 25:

HPLC Report

SH13-11 15%IPA 1lml-min-OD-H-04-enantioc
Acquired:
Method WName: C:\EZStart\Projects\Default\Methods\untitled.met
Data: C:\Shuang\SH13-11 15%IPA 1lml-min-OD-HE-O4-enantic2l8.dat

10/15/2008 10:43:32 PM

- 200

200+
2 g
[=] 1 |:'|
2 100+ -100 E
u; = 0
4 1
10 20 30 40 50
Minutas
SPD-10AvD
Chl-220nm
Results
Pk # Name Retention Area Area Height Height
Time Pexrcent Percent
1 18.587 978474 100.000 21490 100.000
Totals
978474 100.000 21490 100.000
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HPLC data for racemic cleroindicin F (7):

HPLC Report

SH7-enone-12-enone-5IPA-Hex-AD-H
Acquired: 8/5/2008 5:00:46 PM

Method MName:

Data: C:\Shuang\SH7-enone-l2-encne-5IFA-Hex-AD-H133.dat

C:\EZStart\Projects\Default\Methods\untitled.met

500 - - 500
# z
et 250 ()-cleroindicin F (7)
Q- -0
40 50 80 70 80
Minutes
SPD-10AvVD
Chl-210nm
Results
Pk # Name Retention Area Area Height Height
Time Percent Percent
1 48.783 71681283 49.516 639420 56.752
2 57.305 73081867 50.484 487272 43_.248
Totals
144763150 100.000 1126692 100.000
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HPLC data for enantioenriched (+)-cleroindicin F (7):

myolis

HPLC Report

SH13-27-enone02 4%IPA 1lmL AD-H
Acquired: 10/31/2008 1:33:19 AM
Method Name: C:\EZStart\Projects\Default\Methods\untitled.met
Data: C:\Shuang\SH13-27-encne02 4%IPA 1mL AD-H230.dat

e T

i

40

50

miyolls

(+)-cleroindicin F (7)

B0 70 B0
Mirtas
SPFD-10Avp
Chl-210nm
Results
Pk # Name Retention Area Area Height Height
Time Percent Percent
1 61.047 651441 100.000 5490 100.000
Totals
651441 | 100.000 5490 100.000
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HPLC data for racemic epoxide 30:

HPLC Report

SH7-expoxide-racemic-10%IPA 1lmL AD-H

Acquired: 11/13/2008 11:52:39 AM

Method Name: C:\EZStart\Projects\Default\Methods\untitled.met

Data: C:\Shuang\SH7-expoxide-racemic-10%IPA 1mL AD-H232.dat

40 7 — +40
. 20 | -29 ”
¢ | g
T i E
|-‘ A L]
H A Al B Lo
1
s = . e 5
10 20 a0 40 50
Minutas
SPD-10Avp
Chl-210nm
Results
Pk # Name Retention Area Area Height Height
Time Percent Percent
1 18.223 1559009 48.514 34936 47.771
2 19.967 1654540 51.486 381856 52.22%
Totals
3213549 100.000 73132 100.000
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HPLC data for enantioenriched epoxide 30:

HPLC Report

SH13-47-expoxide-enantiopure-10%IFA 1lmL AD-H

Acquired: 11/13/2008 1:05:05 PM

Method Name: C:\EZStart\Projects\Default\Methods\untitled.met

Data: C:\Shuang\SH13-47-expoxide-enantiopure-10%IPA 1lmL AD-H233.dat

- 300

300
. 200 | F 200 .
s | ' 5
= | E
100 =100 (-)-30
0 Lo
30 40 50
Minules
SPFD-10Avp
Chl-210nm
Results
Pk # Name Retention Area Area Height Height
Time Percent Percent
1 18.380 643383 100.000 26197 100.000
Totals
643383 100.000 26187 100.000
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Compound 11:

IMDEX  FREQUENCY PP HEIOHT
1 I6ET.87 B, ATO 1.4
3 287827 7.2T0 2.8
] E0SL. 522 7,008 1.7
4 B7P33.384  E.384 8.8
b reak Nz 6,713 9.5
i BATE.UE4  B.503 8.5
T 1485, 15 3,713 .5
& 14BF.058 B.7EL il.e
' 174,001 3.6m0 B.3
1 1441.871 3.5DE .8
11 1088 578 ¥.98a a.z
12 1831.375 3.578 5.3
11 1424 B8 8.9g¢ 6.1
14 1171.40F E.978 7.4
13 1166344 £.906 0.8
16 L161.277 E.904 7.2
17 ESA.BAS L 08E Fo
12 £47.030 .61 Bk
1 §Z5.504 197K 14n,3 OBoc
5 BL3.BES §.53E 4.3
1 E04.688 L.50E 1.1 Br
2 E97.B94  L.438 2.7
23 B0§.223 1.246 E.F
24 413,927 L.050 a.r
25 417306 L.043 3.8
L4 #lL 428 L.o2s | OH /
27 402,575 L.047 8.3 /
i 354,058 1.BA% 3,8 !
&8 35.739  1.088 5.7 | y
L 1] A% 638 0.08dL L) .
i 30.518 4.07E .7 OTMSE |
az $I.EOr  9.08E 4.8
33 24.582  4.053 5.8
RE ) la_yia 5.4
35 11.017 i5.1
k13 7,546 151.3
53 -8B 3.k
a8 -15.808 ~-B,040 .8
- {
I f
| | A |
{ | | | | [ [
J | ) ]I ! !
||
| I
| / "
. I | T II""\—”u b e, W
T 7 ™ =TT T
10 L -] ’ ] 3 z 1 ppm
= o R iy et [a [a—
1.1 1,08 3. 80 .61 B
180 1.82 L.4d r.2a
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Compound 13:

TMDEX  FREQUIENCY  PEM HEIGHT INDEX  FREQUENCY PPM HEIGHT
[} Z908.A58 7.373 8.4 40 2.186 0.008 2.0 |
2 z0Qp.717 r.2s3 7.8 41 =z.B802 -g.007 13.8 |
3 2773.576 6.938 8.6 4z =§.0Z7 =0.015 151.2
4 I7H5.284  6.014 1.6 43 ~0.252 =0.023% 1.9 |
5 Z1%9.731 5.325 1.7
5 2123.435 5,309 1.7
7 1439053 3.598 5.8
[ 1432,.297  3.581 13.3 |
1 1425540 3,564 6.7
o 1406.%57 3.523 16.8 M,
11 l404.810 3.512 .o N
1z 1402201 Z.506 2.6 OBoc #
13 LI4B. %66 3.491 7.6 Br
11 1330.8A38 3X.478 1.3 OM
15 1388.227 3.471 T.a e |
16 1268378 3.174 8.2 !
17 1247727 3120 1.3 N
18 1240.500 3,102 2,2 Q7(s) ~ [
10 1233.660 3,084 z.9 | [
20 122E.9%97 3,068 1.3 O
3 1183.677 2.38% 1.7
brd 1185.920 2,968 3.3
23 118,018 2.958 2.4
24 1172.708 2.082 2.2 OTMSE |
5 753.447 1.884 3.6
26 E3®.593 1.587 1.3
27 6z0.312 1.551 185.7 (
2B GIE.BZ7 1.542 23.13
21 BEZ.942 1.533 5.4
an E10.084 1.525 20.5
a1 37L.558 0.528 7.2
3z 36&.947 0.322 1.6 {
a3 JE3. 112 @.%08 f.d |
34 35F.738 0.A04 1.7 | |
3% 354.974 0.888 [
38 18.541 0.046 1.4 i |
ar 17.773 D.04a 1.6 | __
a8 16.699 0.042 2.8 | { -
L 5.182 0.0E3 1.2 | ! /
|
|
II
o - ot
| | [ | [
A | | | f (
| / |/ | | |
I} / / / / )
| | " [ |
= i e ch S S T R e ,,.__.H,_ M.
ST S SCCR S Y : e e N T Lt I eme L = e
:} 7 B 5 a 3 2 1 ppm
- I - oyt .
1.11 1.00 .07 CIE] ERT
1.0 .02 1.87 1.93

-S21-



—eTEt s

RCITEEE
¥54°08

TTE 94—,
{1500 Sy o
BF5 L

OBoc

1 -] S
2TETET
wOFT A —
09778 —
530°%3
STO" 04— =
L46 P8
AT
80T 211
B4 TWIT — — E—
VEGTRET — B —
arECERT —— —
070" TET——
e} TEV T PET—
L
w BLETTLT
(<))
S

an

Lon

ppm

Z0

a0

6D

120

140

160

180

200

-S22-



-S23-



Compound 14:

INDEX FREQUENCY PPM HEIGHT
1 2I06T.627 T7.270 a.r
2 2R3N .EQ7 T.07B is.4
a 28z2z.252 7.057 21.1
i 26%2.607 E.733 24.3
5 ZFE4. 302 EB.7L2 21.0
B 2625.551 E.56F 5.4
¥ 207P.058 5.1P8A E.5
8 Z0rZ2.917 5.183 E.5
g 1430.301 3.576 18.9

in 1419.8%3 3.550 B4.9
11 1412.028 3.531 15.2
12 1404.187 3.511 2400
13 1396.8268 3.493 2419
14 1387.613 5.460 21.4
15 1276.902 5.193 7.2
16 1186.441 2.481 a6
1r Iia0.6584 2.875 5.6
1B 1182.467 2.957 1.4
1 1175.557 @2.93%9 13,9
0 1171.8%g 2,930 10.9
Zl 1168.494 2.522 0.6
22 1164.862 2.913 12.8
23 1157%.899 2.B05 7.8
24 1150.836 2.877 4.2
25 1025.998 2.565 a.n
1 GOB.646 1.517 8.8
27 600,187 1.501 54.7
28 506.388 1.251 3.3
4} 434,553 1,237 3.7
de 360.869 0,925 21.4
al 266.951 @.917 &.2
az 36L.731 0.904 21.8
az 353.285 0.883 18.7
34 11.324 ©0.6Z8 d.E
a5 4.568 0.011 11.6
36 .57 n.o0g 0.6
7 =2.342 -0.006 16.4
8 =13.0%1 -9.033 373.8
kL] -16.315 —@,041 18.2
| |
| |
It i|
LA A
8
p.ga 0. 92
1.80

FPH

=0.056
=0.062
=8.152

OTMSE
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Compound 15:

IMDEX FREQUEHCY FPM HEIGHT INDEX FREGUENCY FFH
L F739.794 E.BS0 ii.4 L1 11.324 0.0Z8
2 Z738.105 E.846 17.5 41 -8.459 -p.001
a Z7E3.660 6.BEZ5 1z.89 42 =1Z.78% =0.082
4 2727.971 E.821 19.2 43 =14 .780 =-8.037
5 2540.543 E.378 11.5 44 =30,595 =0.076
B 2547.393 ©6.368 18.5 45 =37 669 =0.684
7 2530.562 6.350 in.8 45 =3153.809 =-0.100
8 2537.412 6,324 17.8 a7 =74.ER5 =0.187
L] 19B6.928 4.968 4.7
in 1879.711 4.350 1.2
11 1972.647 4,932 1z2.35
1z 1565.430 4.814 4.8
12 1354.588 3.3&7 15.B
14 134%.532 3.374 an.4
15 1342.929 3_358 Bl
1E 1334.,177  2.336 21.2
1 LB26.033 E_316 7.1
18 1324,196 2.311 13.8
1% 954,742 z.397 4.3
28 95%.828 2.385 6.7
21 948,607 2.3TR 5.5
22 H44.461 Z2.3861 B, 7
23 939.548 2.349 13.5
24 834 634 2 337 7.4
25 g27.263 2.318 8.2
20 a20.507 2,302 13.0
27 812004 2.7285 9.1
28 S06.227 2.Z66 .6
23 BIg.7v8  2.250 4.2
a0 Fa0.544 1.BS52 52.%
a1 735.323 1.838 36.1
32 733.327 1.834 51.7
33 490,868 1.227 E.3
34 338.773 0.BED 14.5
3§ a3z. 402 0,831 23.7
i 330 . 806 0.83F 19.3
ar 223.189 0.808 17.0
a8 43.87F 0.110 4.6
kL) 14,395  0.036 5.5
b i
|I 'I r
| f
w 4 A
|
h
1 A
a 5
0.9% 100

HEIGHT
5.5
i1.@e

173.6
59
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Compound 16:

INDEX FREQUENCY PPM HELGHT THDEX FREGUENCY PPM HEIGHT
1 2907.827 7.270 a.2 Al BID.545 2.052 3.0
4 2BBE. 707 7.1B5 13.7 Al B18.3%5 2.046 .2
E IB55.%73 T.140 14.5 4z G68,980 1.673 3.7
a Z455.108 €,139 13.6 a3 GFEZ.079 1.655 8.4
5 Z444.974 6.118 1%3.8 a4 649,487 1.624 8.8
[ 1854.412 4,837 5.3 45 647,491 1.619 5.9
T 1852 .569 a4.632 13.7 16 27,105 9.918 11.5
a 18d7.50% 4.619 1z.0 a7 262,266 0.9038 55
g 1840.439 4.602 24.3 a8 3§0.502 9,901 §.5
10 1833.525 4.584 5.1 a8 EEA 06 0.A05 18.2
11 1654.948 4,138 1L, 8 50 356.378 0B.893 16.2
12 1€42.970 4.108 1.8 51 3%4.08%3 p.Bas E.0
13 1470.685 3.677 .4 52 350.214 D0.876 1.8
14 1465.311 3.664 .2 53 21.305 0.053 3.4
1% 1460.387 3.651 BB 54 15.163 0.038 E.7
16 1456.0%7 3.641 L1.6 55 4.722 D.0LZ 2F.2
17 1453.948 3.635 9.8 5B 1,457 0.004 ZEF.0
1B 1451.,951 3.630 a.8 57 -1.861 -0.005 £9.4
13 1448 . 802 3,625 4.9 58 -5.259 =0.013 £1.5
20 1396.980 3,493 106 59 -B.6837 ~-0.022 4.3
21 13%4.820 3,488 8.0 60 =2B. 757 ~0.0ET 2.2
2z 1389.609 3.474 15.2 61 =28.,446 =0.071 2.4
23 1388.381 2.471 16.2
24 §3s3. 160 3.458 6.4
25 L3&i.oio  2.453 10.8
i L3an.zas 3,451 10.%
27 loz0.604 2.5797 2.5
Ea 273.636 2.434 3.0
25 969.4%0 2.424 .5
an 965.037 2.413 3.6
a1 959,202 2.398 4.3
az 354,749 2.387 68
az 950.450 2.378 3.1
34 B50.334 2.126 3.2
a5 844,038 2,010 4.1
EL a41.274  2.103 4.0
ar 835,746 E.0B8 5.3
28 829604  F.074 3.9
-1} B26.687 E.067 3.4
o
- s HJ - J
! [ I
,» S B
e — SRS
/3 6 5 q
1.02 B.12 2.27
1.o0 1.84 2.-53
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Compound 17:

INDEX  FREQUENCY PPM HEIGHT  INDEX  FREQUENCY FPM HEIGHT
1 2927,588 7,320 12.3 a0 658.522 1.649 119.4
2 987,627 7,270 s06.1 41 §45.495 1.614 an.2
a 1865460 4,674 13,7
4 1862.387  4.687 28.10
5 1855.332 4,639 26,8
0 1848.270 4,621 13.5
7 1730.6234 4,347 21.1
B 1736.488 4,342 2.2
| 1732.B73 4.335 28.8
1n 1781.724 4.330 Zl.8
1t 1723.432  4.309 29.5
12 1712.890 4.283 36.5
i3 1649.573 4.124 0.2
14 1639.132  4.098 252
15 1628.537 4.072 146
15 1625,5812 4,064 15.8
17 1622.380  4.057 211
18 1615.792  4.04D 16.6
19 1562,356  9.908 7.3
2 1555,500  3.A80 18,4
21 1553.450 35.8B4 20,4
2z 1547461  3.B69 i6.8
23 1545.025  3.085 172
24 1542.854 3.858 4.4
25 1536.866 3.R43 12.4
T 1102.295  2.981 19.0
27 1187.535  2.968 186
28 1176.939 2,943 24.0
9 1172.026 2,930 266
3 1139.933 2,850 2.8
al 1136858 2,808 2.5
3z 1123.350 2.800 18.1
a3 a6s.e70  2.158 19,4
B a55.862 2.140 25,6
as a5z2.484  2.131 35,1
3 B4B_GaS 2127 4.8
37 B46.108 2.116 ET
3 634,825 2.087 4.3
38 G66.685 1,667 188.5
| L
|
|
i
w M _,L I:w 1
- .
S I " — . ey
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
1.08 0,68 0.78
054 0,71 0.96

-S33-
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Compound 19:

INDEX FREGLENCY  PPM HEIGHT IMDEX FREQUENCY  BPM HETGHT
L 231.856 7.270 319.7 40 1654 ,860  3.311 3.5
2 327,957 7.058 2.0 41 1300.616 2,602 1.8
3 AL24.753  T.052 125 4z 1254 666 2.590 4.2
1 d514.501 7,031 13.e 43 1ZB7.709 E.S57E 7.3
§ 86,986 G.376 4.2 44 1261.851 E.564 7.3 o)
6 34,811 G.271 10.1 45 1274.711  2.550 4.8 e}
7 33.621 G.ZEa 10.7 46 1768.578 2,534 z.8
a 1.7 47 B1z. 644 2,086 &
L] 18,2 48 1002.257 f.p12 1.4 N\
i <1 41 106,328 2.013 10.8
11 11.3 50 1062,301 2.005 11.3
1z 110 51 L0E0. 104 Z.00L a.7 H OH
13 3.9 52 985,802 1.992 4.0 (@]
14 1.1 53 9EB.75F 1.978 4.9
15 5.7 54 9E3.261 1.867 2.4 "
1 .8 55 9G3.581 1.928 2.6 Me' N
17 6B 56 958.091  1.916 L5
18 t fi.d 57 5449.393 1.898 18,2 o)
14 111,752 2628 3.3 5B 844.725  1.890 9.8
H 1804.420  3.610 6.6 59 942,162 1.88S 11.3
21 1801.775 3.505 5.7 El B38.405 1.877 T2
22 17ap.754 a.7 61 834,930 1.870 7T
i3 9.4 [+] 927,882 1.858 3.0
24 8.7 63 841.930 1.G684 4.2
25 i6.% G FEE,ID7  1.577 47.8
26 5.1 0% 764,562 1,530 7.4
27 4.3 1 T4G.BZ4  1.4494 51,5
28 5.4 67 740,042 1,481 as9.3
z9 8.2 1] Ted 764 1.450 3.4
an g.2 1] 718.547 1.440 5.8
a1 n.4 T Fia. FAT L. 430 4.6
sz LB
33 4.5
34 iz.5
35 4.4
=8 a.r
37 4.6
8 5.4
39 6.5
. |
| =
I- 13 il (
T W, NA__ i
= ¥ L BN | L N R B | ¥ LA ¥ T
7.5 7.0 6.5 6.0 5.5 5.0 4.5
1,86 1.00 1.06 2.33 1.810 boai 2.61
0.84 1.14 1.2l Z.14.31 3.65 3.68
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INDEX

W m b s e

10

1z
13
i
15
16
17
1a

FREQUEMCY
21660.200
19507 .697
16835, 766
1z813.740
972,145
373B.867
9706.958
B675,.049
G160.520
BEEA4.752
rrarv.laz
GAR0.50E
5817 .943
3858, 619
3760.73T
3322.639
3003984
FREL, TAE

PEM
172,332
LS. 002
Lza.avro
LoL.928
ra.340
TT.484
77 230
76.976
ra.iia
Ga.038
GE, 036
48, 788
&6, 289
30,780
20,821
26 . 435
25,500
18 853

HEIGHT

B
a.
18.
6.
i0.0
516.5
41.8
534.8
ia.z
4.8
132.3
10.9
12.2
11.6
38.4
17.4
16.1
20,3

EC

-S37-
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Compound 20:

INDEX FREQUENCY  PRM HETOHT INDEX FREQUENCY  PPM HEIGHT
i 3IERI.O56  7.270 65.7 40 L162.048 2.327 4.7
z ZZOB.448 4.598 4.8 41 1160.475  2.322 5.8
a 2201.508 4,584 15.2 4z 1156.996 2.315% 5.4
4 2284.260 4,570 5.4 43 1148.081 2,290 6.7
5 2277.308  d4.556 [ as 1037,542 .87 [
[ 2151.075  4.303 8.5 1 1033.423 2.067 71
7 ZRAS.034 4,291 8.1 46 1023.620 2 048 5.4
B 2138.626 4.27B i7.5 a7 1019.3268 2.048 5.8
] EL36.521 4,274 10.7 a8 B03.760 1,608 53.7
10 2134, 141 4,270 11.3 ag 798,711 1,584 51,9
11 2152.219 4.2 6.9 50 788,158 1.577 3.2
12 28ZY. AT 4. 06D 1.9
13 2021186 4.044 10.3
14 0iz,673 4.027 6.2
15 194a,699 3.898 5.5
16 1943.747  3.889 6.1
i7 1838 ,582 3,881 5.7
18 187,156 3.875 [
13 1824.776 3.871 5.8
2 1822.482 3.868 6.4
21 1928.186 3.857 5.0
HH 1823.243 3,848 [
23 1427.668 2,856 B
24 1421.626 2.844 8.5
25 1408.720 £.818 10.L
L 1402.578  2.806 .8
27 1379.337 2.7s9 3.3
28 1376.057 2.75% a7
219 1363.043 2,727 12.1
20 L360.847 2,722 12,0
£ L350.861 2.703 15.9
a2 1344384 Z.694 15.7
33 1324.7589 Z.670 4.8
ET 1330.182 2.061 5.0
35 1201.574  2.404 8.1
36 1188.982 2.378 B.0
37 11PZ. 626 .36 11.8
38 1174.480 2.358 4.6
38 1870.3610 2.341 1.2
] §
— 11— — . = = -
7.5 7.0 6.5 6.0 5.5 5.0 4.5
i.09
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Compound 24:

INDEX FREQUENCY PPM HEIGHT INDEX FREGUENCY PPH HEIOHT
| Z¥0F.627 7.zZ70 152.4 41 Bil.293 2.078 4.5
2 2801,350 7.229 1a8.1 a1 BR5.51% 2,065 4.8
2 z&87.972 7.z221 14.8 42 823.482 2.053 4.8
a 2885.976 7.216 16.5 i3 B17.3200 Z.044 4.8
B 2a82.588 7.207 id.6 LR 809.950 Z.025 4.7
a 2ATA. 605 7147 6.6 a5 711,676 1.77% 6.8
7 2843442 7.1l 18.2 A6 698.031 1.748 1.1
a Z83B.5E8 7.007 16.1 a7 GEE 478 1.715 5.7
9 Z831.689 7.088 14,3 a4 42,731 1.607 52.8
10 2829.823 7.07F 8.1 44 635,821 1.59@% 85.7
11 2123.896 5.310 11.7 50 629,986 1,575 82.7
1z 1874711 4,950 5.1 51 6iz.021 1.530 11.8
i8 19R4.682 4,917 19.2 52 E01.BBE 1.505 1.0
14 1958.213 4,836 21.0 53 504,201 1,496 11.5
15 1852.532 4,382 a5.1 54 SEP. 513 .47 9.8
1 1143,313 4,850 7.1 113 E¥5.782 1.440 6.3
17 1844.277 4.5611 5.0
18 1837.214 4.504 14.8
11 1830, 151 4,576 15.¢
20 1823,.0B7 4.554 5.7
21 lEg4.871 4.238 4.5
22 lEE4.TAY &.212 i@.3
23 1677059 4,133 14,9
24 1673.681  4.185 3.3
25 1667285 4,169 11.6
26 1665.38% 4.164 15.2
27 1660.629 4,152 11.8B
28 1B57.712 4,145 .7
20 1655.101 4,138 1.5
aw 16563.258 4,134 13.1
31 1648, 345 a.121 12.9
az 1047802 2,620 a1
a3 1044731 2.612 5.4
34 103%. 8L} 2.600 i0.45
35 1081386 2.580 16,2
36 1025.690 2.54% 11,4
a7 1022.31z  2.556 5.5
= LOL8. 018 2.548 12.8 A 7
38 1088.022 2.520 5.6 / f
| /
/
£f ‘ ]
III i i
/ A A
|
|
| | it
fi I
I} S I A
L P
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
1.75 3.54 3. 86
L.82 1.00
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INDEX FREQUENCY  PPH HAEIGHT

1 17118.961 170.234 8.8
2 13824725 137,488 11,9
3 13804,125 137.263 11,1
4 12801.592 127.294 51.5
5 12715.089  126.414 53,2
] 10233.460 101.757 14,2
7 9177.519 91.258 14.2
a 7B&7.349 78.420 27.4
| 7798.846 77.548 84,7
10 7787401 77.435 9.2
11 766,801 77.230 BE. 1
1z 7735.520  78.91% &4.3
13 7484.423 74.522 28.4
14 7299.868 72,587 26.6
15 6581.076 65,539 26.8
16 B567.424 85,394 26.1
17 6540.720 65.038 28.2
18 3633.069 36.126 26,2
i3 3419.284 33.311 25.6
28 3310336 32.817 26.1
21 188%.070 14.71% 28.3

|

e : T - - - -
200 180 160 140 120 100 80 60 40 20 1] ppm
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Compound 25:
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Epi-cleroindicin D (4):

INDEX

R IR T R

FREQUEMCY
2053.534
1902.131
1897524
1891.382
1BBE. Q29
1773.4915
1769.452
1765, 162
1754.721
l640.832
1632, 340
1630, 344
l623.804
1618.213
16E5.443
1642.882
1E00.768
1607.311
lEo4.700
1558865
1448845
1#15.29%
1Z219.339
1187.326
1192,566
118A.113
1133,285
1127.612
1124696
1122234
1119536
1116.BES
1123.947
1109.648
1100.435
1038.833

913.562
FL1.56%
a7 .60

PEM

.13
4,758
4,743
4.729
4.718
4,425
i.422
4413
4.387
4.108
4.08L
4.078
4.088
4. D48
4.03%
4,033
4,025
4.009
4,002
3,938
3,822
3.439
3.ezr
2,304
2.582
2,871
i.B38
2.819
2.812
2-BOE
i.808
7.793
1.788
2,774
2.751
Z.748
Z.281
2,270
Z.270

HETGHT INDEX FREDUENCY PPM HEIGHT
LE23.8 4 0C5,BB4 2.265 20.3
2613 4l 900,208 2,251 19,2
28.3 az BEE.OE3 2,245 19,5
29.5 43 B34.368 2,236 20,3
| z&.a a4 8§2.371 z,231 18,0
274 15 B60.279 2,151 12.8
| 43,9
31.ls
15.3
1.7
| 27 .3
)
— .
5.0 4.5 4.0 3.5 3.0 2.5
1,18 1.87 ERTE
1.23 2.44 1.20
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Compound 26

L1 S Sl
®ETL—
0ezti—

R

ppm

3.5

4.5

5.5

TP
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Acetate (crude):

THDEX FREQUENCY  PRM
1 2O0B. 702 7.273
z 2807 .627 7.270
5 2880,12F 7,226
4 2883.673 7.210
5 E879.834 7,201
6 ZBTE.L149  7.181
7 20841.139 TF.104
8 2BIF.6OF7 T.08%
9 2832.233 7.181
1 7B26.280 T.187
i1 2111.910 5.280
12 2106.545 5.267
14 2099.942 5.251
14 2094.404  5.237
15 1989.281 4.974
16 1973.782  4.935
17 1961581 4.90%
18 1945776 4. 865
13 1940 a9 4.852
20 1925.240  4.81a
21 1656,330 4,141
22 1647751 4.120
23 1642.870 a.108
24 1838.582 4.100
25 1636.368 4.081
26 1633450 4,084
27 1625.095 4.063
2a 118, 883 4,048
29 ERF14.717 &.037
30 1606.266 4,021
31 tosp.rig 2.730
3z 1042, 581 2,807
23 1037,297 2.583
a4 1032600 2.582
as 1029.869 2.573
ag 1923.848 2.560
a7 1013.406 2.534
a8 1010.182 2.526
29 1907.284 2.518
[
! ."|
[
Wi
W
8 7
it
1.5
2.0l

HEIGHT

3.0
10.5%
11.2
11.7
1.7

&.0
22.8
34.8
11.6
21.4
11.1
12,5
18.7
1Z.6
12.9
13.3
12.2
13.0
ii.8

-
2 -
m o~

w
=

Ltn = =SS e

R - N TR R

ITHOEX

an
41
az
43
ad
45
L3
ar
48
49
e
51
sz
53
54
55
L1
57
58
55
60
EL
B2
B2
64
RS
HE
67
L1:3

FREGUENCY
EOR3.732
939,433
G BEY
593,137
551,064
544,770
041,237
037,244
GA1.TLE
az7.5M
818,050
arr.sia
BE5. 708
BiZ.234
BOL. 985
Fas.201
794,748
THL.E30
783.228
TE1.T7S
EB3. B0
§74.518
6L E1E
636,282
08, 162
597,587
594 €60
83,821
SEX.L16

PPM HETOHT
2.510 7.8
z.033 8.8
2,492 8.1
I.483 8.3
Z.378 6.7 |
z.352 5.9
2.353 18.89 |
2.343 &.3
2.330 7.8
2.31% 12:1 I
2.2495 -1
Z.1%4 7.a
2,141 i%1.2
2,056 26.4
Z.005 9.4
1.998 10.9
1.847 2.7
1.988 9.5
1.063 B.E
1.95% a.3
i.717 12.4
1,887 ir.2
1,654 13.1
1.501 a1.7
1.521 ii.9
1.484 11.%
1.487 1a.1
1.460 12.3
1.405 5.9
|'r{
|I '.]/
!
|'. |II -'ll
]
.-/ | |
! A /
/' |’.I ._r
| |
i .I
| y
A L
I L b SR ) Mg n
I T e
5 a 3 z ppm
108 314 0.98 1,33 1.38 L.78
3.ao .77 1.14 .47 1.75

-S51-



Compound 27 (crude):

INDEX FREQUENCY

1 2907,
2 2786,
3 2063 .
4 Z064.
£ 2057.
3 2051 .
7 L1648,
& 1640,
] 1632,
¥} 1622,
11 1601.
12 1591,
13 1581.
14 1575,
15 1553,
16 291,
17 1283,
18 Loge,
19 rorz.
20 1054,
21 3.
22 6T .
23 354,
& JLv.
25 a03.
26 &7a.
F4) 843,
Za e,
za LEEN
20 BLT.
a1 04,
a2 551,
a3 575
a 554,
a5 536
El 523,
ar 513,
an 503,

g7
Izl
533
318
408
aan
EE2
14
ars
Zal1
204
B84
296
ig0
ASE
0za
198
b1
217
BES
LRy
955
o3
580
Bza
4419
ara
LEH
7a8
Z41
(214
ans
322
285
7&0
728
133
306

PPy

7.270
8.967
5.175
5.161
B ld4
5.1%0
a.L22
4,102
4.04L
4,056
4o00a
a.amn0
3,954
3,928
3,884
3.228
3.208
2.747
2,681
2.438
z.470
z.420
z.388
2.294
2.260
2.178
2.12%
1.948
1.620
1.543
1.582
1.480
1.438
1.386
1.34z2
1.308
1.283

11.268

HEIGHT

1%9.7
6.7
1.4
i0.8
11.7
10.2
8.7
11.8
13.4
i2.6
il1.0
1.3
11.4
10.3
17.3

U, T

fll‘!$

-S52-
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Cleroindicin F (7):
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Cleroindicin C (3):

INDEX FREQUENCY PPM | HEITGHT INDEX FREQUENCY PPM HETGHT
1 2059.183 5.14!; z.4 48 927,490 Z.318 4.1
2 2043.878 5.110 3.1 41 917,465 Z.294 3.9
3 2039.7608 5.180) 3.8 4z 912,323 Z.2B3 2.5
4 2D36.784 5.083) 3.7 42 aeg.gor 2,273 2.3
5 2833.182 E.d84 3.4 44 906.658 2.Z47 5.4
B E018.77E 5.ld3i 4D8.5 45 913.8985 2.760 BE.3
7 2005,071 5.003) 4.7 a6 911,645 2.2854 6.1
8 1987 .25 4.895:5 a5 ar B39.766 2.250 7.5
1 1721.807 4.303 5.1 4B 835,380 2,239 5.2
10 1716.621 4.292| 11.8 45 B54.287 2,236 a.1
11 1riz.302 4,282 6.4 50 8%0.681 g2.227 6.2
12 1580.504 3,952 5.3 51 488801 z.222 1.2
13 1574.30F 3,936 13.7 52 888.018 2.220 8.1
14 1572.208 3.931] 18.7 53 882.692 2.p07 6.0
15 1567 .150 3.815: 9.7 54 &¥8.403 2.199 6.E
16 1565.937 3.815| 11.0 55 BFA.BEL1  2.187 6.2
17 1184,554 z.8a7| L) 56 BET1.258 2.178 B.L
18 1190.012 2.07% §.4 57 BEG.E0E 2,166 7.2
19 1178.890 2.948 ie.2 56 48L.330 2,154 3.2
20 1174181 2,836/ 9.0 58 857,474 2.144 3.3
21 11E6.731 2Z.817 r.9 B0 A%2.775 2.132 2.8
63 1122.502 2.807 r.a Bl 8e2.437 2,108 5.0
23 11le.011 2.778| 5.2 62 a24.135 2.08& 5.9
4 1106.858 2-?6?| 4.3 63 879,006 2.075 2.9
25 i0aL.150 2.703 3.2 (1] BES.B77 2.084 5.1
26 L1076.294 2,691 3.6 (1] Bil.a48 2,054 7.0
27 1072.535 2,682 a.z &6 BIA. 146 2,033 3.4
28 L067.382 2,670 3.4
23 1064.233 Z.661 4.3
a0 1959.377 2.649 .8
& 1855, 775 Z.640 .0
az 1051.232 2.628 1.7
33 957.251 2.#93 2.0
31 057,852 2.387 3.4
as D48.783  2.3TR 4.2
36 Q44,084 Z,SSII 4.8
a7 240334 2,351 2.3
3 9357892 2,340 2.5
39 931.476 2.330 3.8
|I
| .
|'., 1
_ Mr_‘_ H
SR P CERE — S
— ; —— =1 —
5.5 5.0 345 4.0 3.5
P — S, .
..on 118 1.1n
.32 117 .56
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Epoxide 30:

INDEX FREQUENCY PPM HEIGHT IHDEX FREQUENCY FPM HEIGHT
1 1907.627 7.270 13.8 a0 avP.A20 2.19% 0.8
t 1S8Z.208 3.981 4.2 41 BFZ.752  Z.182 4.2
a 1584152 3.971 5.2 iz 269,374 7.174 6.1
1 15B6.003 3.96G £.8 432 BN£.207 2, 1K1 6.4
5 1583.239 3.958 17.1 a4 B55.862 2.140 3.3
§ 1579.400 3.948 17.8
7 1576.943 3.943 9.1
a 1574.947 3.938 10,1
3 1570.801 3.9 B.§
13 1567.428 3,519 8.8
11 1558.804 32.898 .7
1z 1551.146 3.878 1.6
13 1542.240 3.8586 4.6
14 1457.326 3.644 L3
15 1455.023 3.538 9.5
1 1453.180 3.633 ir.g
17 1461.0320 3.628 10:5
14 1386.845 3.468 10.9
18 1386.078  3.466 12.6
H ] 1382.699 3.457 18.5
21 1381.932 3.455 11.8
iz 1237.746 3.085 8.5
23 1733,907 3.0B5 8.8
2d 122,852 3.058 10.8
25 1219.013 3.048 1.8
z5 1062.236 2.B5E 5.3
27 476,083 2.441 7.7
28 AFRI176  2_43% 8.1
1] B861.352 2.404 Y
an §58.281 2.396 7.z
a1 528.338 2.321 3.8
a2 §24.03% Zz.310 4.1
33 920,814 2,302 4.3
34 B16.515 2.282 4.7 ”
3% 814,979 2,288 7.5 {
36 910,680 2.277 7.0
37 907,302 Bl EES -3
38 903,150 2.258 6.8
33 886,111 2.ZL6 B.0 |
|
' - i PR S
| [ ' { [ ] {
/ | 1 .I |
s 4 / J / S &
A1
o S I (RSP L S LY
LIS (YT 2L L B, Bt Rl BN U AN S N YR M M BN T T —T T
75 7.0 6.5 6.0 5.8 5.0 4.5 L0 3.8
3.92 1.00
112
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Cleroindicin D (5):

TNDEX FREQUENCY PiM HELOHT
1 1805 .221 4,739 5.8
Z Lrar.soa 4,369 14.8
B 1742,665 4.360 16.8
4 17359.519 4.342 1o.¢
5 1657.215 4.144 3.5
[ 1605.315 4.014 11.0
7 1604.0868 4.011 11.2
& L601.015 4,003 11.3
L 1587.176 3,993 16.9
10 1595.487 3,389 1z.3
11 1592.87F 3,983 9.9
12 1588.424 3,872 10.2
13 13@6.041  &.Z66 6.3
12 1301.435 3.254 6.6
i5 1289.611 3.224 a.1
ie 1z85.158 3.213 7.6
ir 1218.056 3.048 5.1
1B 1211.453 3.02%9 5.1
15 1E00.472 3.004 B.3
0 119%.023 Z2.088 8.3
g1 1158.785 2.837 8.2
22 1155 .5680 Z.889 8.9
23 1142.9680 2.858 10.2
24 1135.744 2. 450 11.1
25 1127 306 2.819 6.0
26 1122.928 z.810 6.2
7 9z7.074 2.318 6.4
8 J18.168 2.ZOE 13.8
29 213.255 2.783 a.5
3n B10.544 2.277 12.4
3L AD6.345 2.26B 7.8
A
i l
| 1l
SENS— W | P
Fo 1 i
Vg i ¥ ] R ,‘."IH :,‘IU'Lll\“H.,I WRY,
T T T R REEEE T Tt : 7 i - s -
4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2
224 .76 1,51
1.85 n.e2 1.85
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Compound 8/6 = 10/1

INDEX FREQUENCY PPH HEIGHT
1 1716.464 4.292 5.9
2 1708.476 4.272 10.8
3 1700.174 4.251 11.1
4 1696.415 4.242 7.1
5 1690.619 4.227 7.4
[ 1687.017 4.218 6.8
7 1681.221 4.204 6.3
8 1642.845 4.108 5.8 +
9 1639.086 4.098 6.2
10 1633.447 4.084 7.7
11 1631.098 4.078 7.5
12 1625.459 4.064 6.7
13 1621.700 4.055 6.7
14 a77.770 2.445 4.8
15 934.069 2.335 4.6
16 925.454 2.314 6.9 .
17 921.381 2.304 6.7 8 101 6
18 916.056 2.290 8.1
19 912.140 2.281 7.6
20 903.838 2,260 4.4
21 BG67.028 2.168 5.8
22 B8z2.701 2.057 5.5
23 818.472 2.046 5.3
24 811.110 2,028 7.4
25 808.917 2.023 7.8
26 B07.037 2.018 7.1
27 804.688 2.012 7.1
28 800.772 2.002 5.2
29 797.169 1.993 7.9
30 792.940 1.983 6.3
31 787.771 1.870 7.1
32 740.467 1.851 5.9
33 737.178 1.843 4.5
34 730.756 1.827 4.7
35 727.623 1.8189 5.6
36 717.755 1.795 4.9
o S
U Y
4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 ppm
e . |
2.00 0.69 1.49 1.66
2.40 1.23 1.69
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Compound 6/8 =2/1:

INDEX FREQUENCY PPM HEIGHT INDEX FREQUEMNCY PPM HEIGHT
1 1743.875 4.360 1z2.7 40 807.664 2.019 12.5
H 1710.669 4.277 18.3 41 B804.688 2.012 12.3
3 1700.331 4.251 13.0 az 797.326 1.994 9.6
4 1696.728 4.242 10.5 43 788.241 1.871 7.7
5 1691.088 4.228 10.8 42 780.8789 1.852 7.6
& 1687.330 4.219 10.2
7 1681.065 4.203 9.7
8 1642.219 4.106 10.3
9 1637.363 4.094 10.9
10 1633.291 4.084 14.6
11 1628.592 4.072 14.4
12 1623.736 4.060 13.8 +
13 1619.037 4.048 12.8
14 1598.674 3.997 10.2
15 1590.372 3.976 14.4
16 1582.654 3.958 13.8
17 1574.396 3.936 8.1
18 988.265 2.471 6.0
18 975.891 2.440 8.1
20 930.153 2.326 4.4
21 925.611 2.314 B.2 8 1.2 6
22 919.815 2.300 8.8
23 915.889 2.z90 11.2
24 912.453 2.28B1 9.5
25 910.260 2.276 9.4
26 906.031 2.265 12.2
27 90L.802 2.255 8.8
28 896.320 2.241 10.3
29 892,090 2.231 11.0
30 8ga.488 2.222 13.5
31 884.415 2.211 12.6
3z B79.246 2.198 15.8
33 875.017 2.188 15.0
34 B869.692 2.175 13.6
35 867.185 2.168 14.5
38 824.424 2.061 10.4
37 B819.568 2.049 12.4
38 816.435 2.041 11.8
a9 811.266 2.028 14.3

A WUMM“U“M

I L B B B B L B R R R R RS AR RN NN R B B L B L B L B R i

4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 ppm

T
1.3§8 1.35 0.48 1.45 0.41
1.59 1.00 0.82 1.60
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