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Efficient Synthesis of the C1-C11 Fragment of the Tedanolides. The Non-
aldol Aldol Process in Synthesis

Michael E. Jung* and Rodolfo Marquez

(8)-2-Methyl-3-[bis(4-methoxyphenyl)phenylmethoxy]-1-propanol, 8.
Methyl (R)(-)-3-hydroxy-2-methylpropionate 7 (0.75 g, 6.35 mmol) was dissolved in
dichloromethane (35 mL). Collidine (2.54 mL, 19 mmol) was then added to the solution
which was stirred for 2 min at 25 °C. The reaction mixture was then cooled to 0 °C, treated
with 4,4'-dimethoxytrityl chloride (2.79 g, 8.25 mmol), and the reaction allowed to warm
to 25 °C and stir overnight. The reaction was quenched with 50% NH4CI (30 mL), the
phases were separated, and the aqueous phase extracted with dichloromethane (2 x 30 mL).
The organic phases were combined, washed with brine (40 mL), and dried over Na3SO4.
Removal of the solvent under vacuum yielded a crude orange oil which was used without
any further purification. A solution of the crude dimethoxytrityl methyl ester in THF (80
mL) was cooled to 0 °C and -treatéd with LAH (490 mg, 12.7 mmol). The suspension was
then allowed to warm to 25 °C aﬁd stir for 1 h. After being cooled to 0 °C, the reaction |
was quenched by the successive addition of water (0.65 ml), 15% sodium hydroxide (0.65
mL), and water (1.95 mL). The insoluble materials were filtered off through Celite and the
solute washed with diethyl ether (3 x 40 mL). The filtrate and washings were concentrated
under vacuum and the residue purified by flash column chromatography'(silica gel, 1%
triethylamine, 20% ethyl acetate, 79% hexanes) to yield 5.1 g (100%) of the DMTr
monoprotected diol 8 as a very viscous yellow oil. [a]=-23.3 ° (c, 0.9 in CHCl3).

TH NMR (CDCl3, 500 MHz) &: 7.30 (10H, m), 6.85 (3H, m), 3.80 (6H, s), 3.61 (2H,
m), 3.22 (1H, dd, J =9.1, 4.5 Hz), 2.98 (1H, dd, J = 9.0, 7.9 Hz), 2.40 (1H, dd, J =
6.7, 4.7 Hz), 2.04 (1H, m), 0.85 (3H, d, J = 6.9 Hz). 13C NMR (CDCl3) &: 158.33,
144.73, 135.99, 135.85, 129.88, 127.95, 127.74, 126.65, 113.01, 86.26, 67.77, 67.64,
55.08, 35.81, 13.65 (3 lowfield carbons unresolved). IR (neat) 3427, 2959, 2932, 2837,
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1608, 1510, 1464, 1446, 1302, 1251, 1176, 1035, 829, 702 cm-1. e’

(4S)-2,4-Dimethyl-5-[bis(4-methoxyphenyl)phenylmethoxy]-2-penten-l-ol,
9. A solution of oxalyl chloridev (1.60 mL, 19.04 mmol) in dry dichloromethane (220 mL)
was treated with a DMSO (2.70 mL, 38.08 mmol) solution in dichloromethane (40mL) at
-78 °C and allowed to stir for 2 min. The dimethoxytrityl alcohol 8 (4.99 g, 12.69 mmol)
in dichloromethane (100 mL) was then added and the mixture stirred for 15 min af -78 °C.
Finally, triethylamine (8.84 mL, 63.46 mmol) was added and the temperature kept constant
for a further 5 min before aillowing the reaction to warrﬂ up 'to 25 °C. Once the reaction
reached 25 °C, it was diluted with water (250 mL) and the layers separated. Extraction of
the aqueous layer with dichloromgthane 2 x 60 mL), followed by successive washings of
the combined organic phases with 1% HCI (100 mL), water (100 mL), 5% NaHCO3 (100
mL), water (100 mL) and brine (100 mL), drying of the Solution over Na2SOy4 and concen-
tration under vacuum yielded the crude aldehyde intermediate. This crude aldehyde was
then dissolved in dichloromethané (300 mL), treated with (carboethoxyethylidene)ﬁ'i-
phenylphosphorane (5.75 g, 16.50 mmol), and refluxed for 2 d. Addition of water (200
mL), followed by separation, extraction with dichloromethane (2 x 50 mL), drying over
Na3804, and filtration (silica gel, 5% ethyl acetate in hexanes) yielded the semi-crude ester.
This crude ester was then dissolved in diethyl ether (200 mL), and treated at 25 °C witﬁ al
M solution of DIBAL-H in hexanes (25 mL, 25 mmol). The solution was stirred for 30
min and was then quenched with 0.5M Rochelle's Salt solution (20 mL) and diluted with
water (30 mL). The emulsion was stirred until both layers were clearly visible and the
organic layer was clear. | The phases were separated and the aqueous layer was acidified
with 1% HCl and extracted with diethyl ether (2 x 50 mL). The combined organic layers
were dried over NapSQg, the solvent removed under vacuum, and the oily residue sujected
to flash column chromatography (1% triethylamine, 20% ethyl acetate in hexanes) to yield

4.72 g (86%) of the desired alkenol 9 as a colorless oil. [a]=+14.8 ° (c, 1.4 in CHCI3).
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TH NMR (CDCl3, 500 MHz) &: 7.45 (2H, m), 7.35 (4H, m), 7.29 (2H, m), 7.21 (1H,
m), 6.68 (4H, m), 5.19 (1H, dq, J = 9.4, 1.2 Hz), 4.13 (2H, s), 3.80 (6H, s), 2.99 (1H,
dd, J=8.7, 6.3 Hz), 2.91 (1H, dd, J = 8.6, 7.1 Hz), 2.72 (1H, m), 1.69 (3H, d, J = 1.2
Hz), 1.50 (1H, bs), 1.02 (3H, d; J =6.7 Hz). 13C NMR (CDCl3) &: 158.12, 145.26,
136.54, 136.50, 134.76, 129.99, 129.98, 129.19, 128.16, 127.55, 126.47, 112.84,
85.50, 68.71, 67.85, 55.08, 33.06, 17.79, 13.85 (2 low field carbons unresolved). IR
(neat) 3600-3150 (b), 2957, 2930, 2910, 2835, 2864; 1608, 1577, 1508, 1444, 1300,
1250, 1176, 1064, 1033, 829, 702 cm-1.

(ZS)(E)-2,4-Dimethyl-S-[((l,l-dimethyl)ethyl)dimethylsiIyloxy]pent-3-en-
1-ol, 10. The dimethoxytrityl alcohol 9 (4.72 g, 10.9 mmol) was dissolved in anhydrous
DMEF (60 mL) and treated with imidazole (2.60 g, 38 mmol). The reaétion mixture was
then stirred at 25 °C until clear before being treated with TBSCI (2.86 g, 19 mmol). The
reaction was stirred at 25 "C until TLC indicated completion of the reaction (ca. 2h). The
reaction was then diluted with die'thyl ether (100 mL) and quenched with water (100 mL).
The organic phase was separated and throughly washed W1th water (4 x 100 mL). The
diethyl ether phase was then dried over MgSQy, concentrated under vacuum and then
purified by column chromatography (silica gel, 5% ethyl acetate in hexanes) to yield 5.95 g
(100%) of the desired TBS ether. This TBS ether (373.4 mg, 0.68 mmol) was dissolved
in absolute ethanol (50 mL). Dry Amberlist-15 resin was then added and the suspension
stirred at 25 °C until TLC indicated completion of the reaction (ca. 8 h). The resin was then
filtered off through a cotton plug and washed with diethyl ether (2 x 5 mL). The ether
washings were combined with the filtrate and allowed to sit overnight. An extra portion of
ether (40 mL) was added and the mixture washed with 5% NaHCOj3 (30 mL), water (30
mL), and brine (20 mL). The organic layer was dried over MgSQOy, concentrated under
vacuum, and purified by column chromatography (7.5 % ethyl acetate in hexanes) to yield

13 mg (3.5%) of recovered starting material and 144 mg (93%) of a the free alcohol 10 as




©2000 American Chemical Society, Org. Lett., Jung 010056751 Supporting Info Page 4

’

a clear yellow oil. [a]zg =-20.9° (¢, 1.1 in CHCI3). H NMR (CDCl3, 500 MHz) é:

5.17 (1H, dq, J = 9.5, 1.4 Hz), 4.03 (2H, s), 3.48 (1H, m), 3.63 (IH, dd, J=10.3, 8.0
Hz), 2.65 (1H, m), 1.65 (3H, s), 1.39 (1H, bs), 0.95 (3H, d, J = 6.7 Hz), 0.91 (94, s),
0.06 (6H, s). 13C NMR (CDCl3, 125 MHz) &: 136.86, 126.29, 68.16, 67.74, 34.91,

——rs

25.80, 18.29, 16.74, 13.72, -5.37 (2C's). IR (neat): 3391, 2930, 2860, 1473, 1464,
1361, 1255, 1074, 1035, 939, 837, 775 cm-1. '

(2R,SS,4R)-3-Bromo-2,4-dimethyl-2-[([(1,1-dimethyl)ethyl]dimethylsilyl-

» oxy)methyl]tetrahydrofuran, 11. (2S)(E)-2,4—Dimethyl-5-[((1,l-dimethyl)ethyl)di-
methylsilyloxy]pent-3-en-1-61 10 (124.4 mg, 0.546 mmol) was dissolved in anhydrous
dichloromethane (18 mL). N-Bromosuccinimide (214 mg, 1.20 mmol) was added and the
reaction refluxed in the dark for 1.5 h. Water (30 mL) was added, the layers separated,
and the aqueous layer extracted with dichloromethane (2 x 15 mL). Combination of the
organic layers, followed by drying over MgSQy, concentration under vacuum, and flash
column chromatography (silica gél, 4% ethyl acetate in hexanes) yielded 146.7 mg (88%)
of the bromotetrahydrofuran 11 as a clear oil. [0)3 =-12.88 ° (c, 0.73 in CHCl3). 'H
NMR (C¢De, 500 MHz) &: 4.07 (1H, d, J = 10.7 Hz), 3.69 (1H, app t, J = 8.1 Hz), 3.54
(1H, d, J = 10.8 Hz), 3.52 (1H, d, J = 10.8 Hz), 3.18 (1H, dd, J = 10.0, 8.3 Hz), 2.26
(1H, m), 1.26 (3H, s), 0.96 (9H, s), 0.84 (3H, d, J = 6.5 Hz), 0.07 (3H, s), 0.06 (3H,
s). 13C NMR (CDCl3, 125 MHz) §: 84.19, 72.09, 66.60, 56.32, 42.13,25.76, 21.64,
18.15, 14.08, -5.46, -5.64. IR (neat) 2957, 2930, 2856, 1460, 1381, 1251, 1103, 1037,
925, 837, 777 cm-1. HRMS (EI) 325.102149, calc for C13H2380,Si81Br, 325.101870;
323.103716, calc for C13H280,SiBr, 323.104195.

Ethyl (E)-3-((2R,3S,4R)-3-bromo-2,4;dimethyltetrahydrofuran-Z-yl)-Z-
methylprop-2-enoate, 12. A solution of thé bromotetrahydrofuran silyl ether 11

(146.7 mg, 0.479 mmol) in THF (10 mL) was treated with a 1.0 M solution of TBAF in
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THF (0.96 mL, 0.96 mmol). The reaction was allowed to stir at 0 °C for S min and then
allowed to stir at 25 °C until completion of the reaction as indicated by TLC (ca. 1 h). The
reaction was then quenched by the addition of water (20 mL), the layers separated, and the
aqueous layer extracted with dieﬂ1yl ether (2 x 20 mL). The combined organic phases were
dried over MgSQy4, concentrated under vacuum, and purified by flash column chromato-
graphy (25% ethyl acetate in hexanes) to yield 79 mg (86%) of (2R,3S,4R)-3-bromo-2,4-
dimethyltetrahydrofuran-2-methanol. [(x]2]§ =-47.2 " (c, 1.1 in CHCl3). 'H NMR
(CDCl3, 500 MHz) 6: 4.05 (1H, app t, J = 8.3 Hz), 3.94 (1H, d, J = 10.8 Hz)), 3.52
(2H, m), 3.37 (1H, dd, J = 9.7, 8.4 Hz), 2.55 (1H, m), 2.20 (1H, bs), 1.22 (3H, s),
1.12 (3H, d, J = 6.5 Hz). 13C NMR (CDCl3, 125 MHz) &: 84.51, 72.17, 65.19, 55.01,
41.39, 20.77, 14.34. 1R (neat) 3427 (bs), 2970, 2934, 2874, 1456, 1381, 1332, 1300,
1240, 1062, 1024, 920, 808 cm-1. A solution of oxalyl chloride (0.48 mL, 5.54 mmol) in
dry dichloromethane (120 mL) cooled to -78 °C was treated with DMSO (0.78 mL, 11.08
mmol) in dichloromethane (10 mL) and allowed to stir for 2 min. The bromotetrafuran
alcohol (768 mg, 3.69 mmol) in dichloromethane (20 mL) was then added and the mixture
stirred for 15 min at -78 °C. Triethylamine (2.57 mL, 18.5 mmol) was added and the
temperature kept constant for a further 5 min before allowing the reaction to warm up to 25
°C. The reaction was then treated with water and the layers separated. Extraction of the
aqueous layer with dichloromethane (2 x 30 mL), followed by successive washings of the
combined organic phases with 1% HCI (50 mL), water (50 mL), 5% NaHCO3 (50 mL),
water (50 mL) and brine (50 mL), yielded, after drying over MgSOy4 and concentration
under vacuum, the crude aldehyde. This crude aldehyde was then dissolved in benzene
(100 mL), treated with (carboethoxyethylidene)triphenylphosphorane (3.86 g, 11.07
mmol), and the solution refluxed overnight. Addition of water (100 mL), followed by
separation of the layers, extraction of the aqueous layer with diethyl ether (2 x 30 mL),
drying over MgSQy4, concentration under vacuum and flash column chromatography (silica

gel, 5% ethyl acetate in hexanes) yielded 984 mg (92%) of the ester 12 as a clear oil. [a]=
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+29.5° (c, 1.38 in CHCl3). 1H NMR (CDCl3, 500 MHz) 3: 6.80 (1H, q, J= 1.4 Hz),
4.19 (2H, q, J = 7.1 Hz)), 4.06 (1H, app t, J = 8.4 Hz), 3.75 (1H, d, J = 9.4 Hz), 3.38
(1H, app t, J = 9.0 Hz), 2.54 (1H, m), 2.02 (3H, d, J = 1.4 Hz), 1.47 (3H, s), 1.30 (3H,
t,J=7.1Hz), 1.12 3H, d, J = 6.6 Hz). 13C NMR (CDCls, 125 MHz) &: 168.25,
142.24, 129.26, 83.94, 71.36, 61.81,‘60.76, 42.13, 24.17, 14.78, 14.12, 13.23. IR
(neat) 2980, 2936, 1716, 1456, 1373, 1253, 1176, 1126, 1093, 1030, 804, 748 cm-1.
HRMS (EI) 291.0592, calc for C12H2003Br 291.0596, 293.0572, calc for C12H200381Br
293.0575.

(2R,3S,4R)-3-Bromo-2,4-dimethyl-2-((E)-2-methyl-3-hydroxy-l-prope-
nyl)tetrahydrofﬁran, 13. A solution of the bromotetrahydrofuran ester 12 (90 mg,
0.329 mmol) in diethyl ether (15 mL) was treated with a 1 M solution of DIBAL-H in
hexanes (0.82 ml, 0.821 mmol) at 25 °C. The reaction was quenched after S min by
addition of a 0.5 M Rochelle's salt solution (ca. 7 mL), followed by dilution with diethyl
ether (20 mL), and addition of water (5 mL). The reaction was stirred at 25 °C until both
phases were clearly separated and the organic layer was clear. Separation of the phases,
acidification of the aqueous layer with 1N HCI to pH 1, extraction with diethyl ether (2 x
30 mL), combination of the organic extracts, followed by drying over MgSOyq4,
concentrétion under vacuum, and flash column chromatography (siiica gel, 25% ethyl
acetate in hexanes) afforded 70 mg (91%) of the desired alkenol 13 as a pale yellow oil.
[a]=+18.82 ° (c, 1.2 in CHCIl3). 'H NMR (CDCl3, 400 MHz) 8: 5.58 (1H, q, J= 1.4
Hz), 4.03 (1H, app t, J = 8.5 Hz), 3.96 (2H, s), 3.71 (1H, d, J = 9.6 Hz), 3.60 (1H, app
t,J = 8.8 Hz), 2.51 (lH,‘m), 1.82 (3H, d, J = 1.4 Hz), 1.79 (1H, bs), 1.43 (3H, s), 1.11
(3H, d, J = 6.6 Hz). 13C NMR (CDCl3 100 MHz) §: 137.63, 127.47, 83.94, 71.25,
68.68, 63.09, 42.08, 24.60, 15.17, 14.59. IR (neat) 3375, 2970, 2932, 2874, 1676,

1456, 1379, 1238, 1196, 1014, 924, 843, 787 cm-1.
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(2R ,35,4R) 3-Bromo-2-{(2$,3R)-3-[(l,l-dimethyl)ethyl)dimethylQ
silyloxy]-methyl-3-methyloxiran-2-yl}-2,4-dimethylt_etrahydrofuran, 14
and (2R,35,4R) 3-Bromo-2-{(2R,3S)-3-[(1,l-dimethyl)ethyl)dimethyl-
silyloxy]-methyl-3-methyloxiran-2-yl}-2,4-dimethyltetrahydrofuran, 15.
Procedure A. L(+)-Diisopropyl tartrate (98.9 mg, 0.212 mmol) and 4A powdered
molecular sieves (84 mg) were suspended in dichloromethane (2 mL). The suspension
was cooled to -20 °C and treated with titanium (IV) isopropoxide (123 L, 0.417 mmol)
followed by vigorous stirring for 20 min at -20 °C. A 5.8 M solution of ¢-butyl hydroper-
oxide in decane (0.410 mL, 2.360 mmol) was then added and the reaction stirred for a
further 20 min'at -20 °C. A solution of the alcohol 13 (279.3 mg, 1.126 mmol) in dich-
loromethane (3 mL) was then introduced and the reaction temperature kept at -23 °C for 24
h. The reaction was then diluted with diethyl ether (10 mL) and filtered through a mixture
of Celite and silica gel. The solvent was then removed under vacuum to yield a mixture of
epoxy alcohols which were taken on to the next step without further purification. A
solution of the crude epoxy alcohéls in anhydrous DMF (25 mL) at 25 °C was tréated
sequentially with imidazole (230 mg, 3.380 mmol) and TBSCI (255 mg, 1.690 mmol).
The reaction was stirred vigorously until completion of the reaction as indicated by TLC
(ca. 2 h) and was then diluted with diethyl ether (50 mL) and poured into water (80 mL).
The newly formed mixture was shaken and the aqueous layer removed after separation.
The diethyl ether layer was repeatedly washed with water (3 x 80 rﬁL), dried over MgSQg,
and then concentrated under vacuum. Flash column chromatography of the residue (silica
gel, 2% ethyl acetate in hexanes) yielded 330 mg (81%) of the desired major diastereomer
15 [a]= +0.72 (c, 1.38 in CHCl3) and 33 mg (8%) of the undesired minor diastereomer
14 [a]= +1.39 (c, 0.86 in CHCI3).

Procedure B. A crude sarhple of the allylic alcohol 13 (8 mg, 0.034 mmol) in benzene
(10 mL) was treated with a catalytic amount of VO(acac); (1 mg, 0.0007 mmol) at 25 °C.

The suspension was then-tréated with a 5.8 M solution of ¢-butyl hydroperoxide in decane
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(8.2 uL, 0.047 mmol) and the reaction alldwed to stir until completion of the reaction as

- indicated by TLC (ca. 2 h). The solvent was removed under vacuum and the crude residue
suspended in diethyl ether (5 mL). The suspension was then filtered through Fluorisil and
the solvent removed under vacuﬁm to yield a clear oil that was taken on crude to the next
step‘ without further purification. The crude epoxy alcohol mixture was then suspended in
anhydrous DMF (5 mL) and the clear solution treated with imidazole (10 mg, 0.109
mmol). The homogeneous mixture was then treated with TBSCI (10 mg, 0.054 mmol) and
stirred until completion of the reaction as indicated by TLC (ca. 1 h). The mixture was then
diluted with diethyl ether ('10 mL), washed with water (3 x 10 mL), and dried over
MgSOy4. Solvent removal under vacuum, followed by flash column chromatograbhy (silica
gel, 2.5% ethyl acetate in hexanes), gave a mixture of three compounds: the protected TBS
allylic alcohol (1 mg, 9%), and a mixture of the diastereomeric epoxides (9.3 mg, 81%).
The epoxides, although they could not be separated at this scale, were showntobe a 2.3 : 1
mixture of diastereomers favoring the undesired epoxide 14 by NMR analysis. |
Procedure C. A solution of m-cﬁloroperbenzoic acid (mCPBA, 17 mg, 0.067 mmol) in
dichloromethane (5 mL) cooled to 0 °C was treated with a solution of the allylic alcohol 13
(13 mg, 0.056 mmol) in dichloromethane (3 mL). The reaction mixture.was then allowed
to warm to 25 °C where it was stirred until completion of the reaction as indicated by TLC
(ca. 3 h). The reaction was quenched by the addition of saturated NaHCO3 (S5mL)and a 1
M solution of NaHSO3 (5 mL). The mixture was then extracted with diethyl ether (2 x 15
mL) and the combined organic layers dried over MgSOy4. Solvent removal under vacuum
yielded the crude epoxides, which were taken on the next step without further purification.
The crude epoxy alcohols were then suspended in anhydrous DMF (7 mL) and the clear
solution treated with imidazole (11 mg, 0.168 mmol). The homogeneous mixture was then
treated with TBSCI (12.6 nig, 0.084 mmol) and stirred until completion of the reaction as
indicated by TLC (ca 1 h). The mixture was then diluted with diethyl ether (10 mL),

washed with water (3 x 20 inL), and dried over MgSQj4. Solvent removal under vacuum
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yielded 16.7 mg (90%) of a crude mixture of diastereomeric epoxides which NMR analysis
indicated to be a 6.7 : 1 ratio favoring the undesired epoxide 14.
Procedure D. A solution of mCPBA (excess) in dichloromethane (3mL) cooledto 0 °C
was treated with é solution of thé allylic TBS ether (ca. 1 mg) in dichloromethane (1.5
mL). The reaction mixture was then allowed to warm to 25 °C where it was stirred until

- completion of the reaction as indicated by TLC (ca. 1 h). The reaction was quenched by
the addition of saturated NaHCO3 (2mL) and a 1 M solution of NaHSO3 (2 mL). The
mixture was then extracted with diethyl ether (2 x 5 mL), and the combined organic layers
dried over MgSOy4. Solvent removal under vacuum yielded a crude mixture of
diastereomeric epoxides (1 mg, 70%) which NMR analysis indicated to be a 6.2 : 1 ratio

favoring the undesired epoxide 14.

15: TH NMR (CDCl3, 500 MHz) §: 3.95 (1H, appt,J=8.5Hz),3.82 (1H,d, J =9.1
Hz), 3.55 (1H, d, J = 11.2 Hz), 3.51 (1H, d, J = 11.1 Hz), 3.27 (1H, dd, J = 10.0, 8.8
Hz), 3.05 (1H, s), 2.56 (1H, m),'1.44 (3H, s), 1.39 (3H, s), 1.12 (3H, d, J = 6.6 Hz),
0.89 (9H, s), 0.06 (3H, 5),-0.05 (3H, s). 13C NMR (CDCls, 125 MHz) §: 82.40, 71.08,
67.83, 65.79, 60.21, 58.32, 44.19, 25.70, 23.69, 18.15, 14.17, 13.88, -5.50, -5.51.
IR (neat): 2959, 2934, 2858, 1473, 1464, 1379, 1257, 1093, 1045, 839, 779 cm-l.

14: 1H NMR (CDCl3, 500 MHz) §: 3.98 (1H, app t, / = 8.2 Hz), 3.92 (1H, d, J = 10.7
Hz), 3.57 (2H, s), 3.39 (1H, dd, J = 9.9, 8.5 Hz), 3.02 (1H, s), 2.42 (1H, m), 1.49
(3H, s), 1.33 3H, 5), 1.11 (3H, d, J = 6.5 Hz), 0.88 (9H, s), 0.06 (3H, s), 0.05 (3H,
s). 13C NMR (CDCls, 125 MHz) 8: 81.03, 72.06, 67.54, 62.72, >62.21, 59.79, 40.59,
25.70, 21.69, 18.16, 13.80, 13.54, -5.48, -5.52. IR (neat): 2957, 2930, 2858, 1471,
1462, 1375, 1253, 1186, 1101, 1033, 914, 839, 777 cm-1.

(2R ,3S,4R)-3-Br0m0-2,4-dimethyl-2-[(E)-3-[((l,l-dimethyl)ethyl)-
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dimethylsilyloxy]-2-methyl-1-propenyl]tetrahydrofuran. A solution of the
alkenol 13 in anhydrous DMF (10 mL) was treated with imidazole (34 mg, 0.499 mmol)
and stirred at 25 °C until clear. TBSCI (38 mg, 0.250 Iﬁmol) was then added while the
solution was vigorously stirred. Upon completion of the reaction as indicated by TLC (1
h), the reaction was diluted with diethyl ether (25 mL) and quenched with water (40 mL).
The two layers were separated, the organic layer was thoroughly washed with water (3 x
30 mL), dried over MgSOy4, concentrated under vacuum, and purified by flash column
chromatography (silica gel, 2.5% ethyl acetate in hexanes) to yield 50 mg (86%) of the
desired silyl ether as a yellbw oil. [a]= +20.0 (c, 1.35 in CH2Clp). 'H NMR (CDCl3, 500
MHz) &: 5.61 (1H, q, J = 1.3 Hz), 4.04 (1H, app t, J = 8.5 Hz), 3.97 (2H, s), 3.72 (1H,
d,J=9.4 Hz), 3.39 (1H, app t, J = 8.8 Hz), 2.53 (1H, m), 1.76 (3H, d, J = 0.7 Hz),
1.43 (3H, s), 1.11 (3H, d, J = 6.7 Hz), 0.91 (9H, s), 0.06 (6H, 5). 13C NMR (CDCl3,
125 MHz) &: 136.84, 126.12, 83.97, 71.10, 68.09, 63.28, 42.09, 25.80, 24.56, 18.26,
15.11, 14.12, -5.38, -5.40. IR (neat) 2959, 2932, 2858, 1684, 1471, 1464, 1361, 1257,
1159, 1115, 1080, 939, 839, 777, 667 cm-l.

(oR,BR,2R,35,4R) 3-Bromo-a,2,4-trimethyl-B—trimethylsilyloxytetra-
hydrofuran-2-propanal, 16. A solution of the epbxy TBS ether 15 (285.5 mg, 0.755
mmol) in dichloromethane (35 mL) was treated with anhydrous diisopropylethyl-amine
(0.395 mL, 2.266 mmol) and the resulting mixture cooled to -78 °C. Trimethylsilyl triflate
(TMSOTY, 0.410 mL, 2.266 mmol) was then added and the reaction allowed to stir at-78
°C until completion of the reaction as indicated by TLC (ca. 5 h). The reaction was then
poured into a water:diethyl ether (1:1, 200 mL total volume) mixture and the newly formed
mixture shaken vigorously. The aqueous layer was removed and the organic phase washed
with water (100 mL), 1 M KH2P04 solution (100 mL), and water (100 mL), and dried
over NézSO4. Removal of the solvént under vacuum yielded 225 mg (89%) of the crude

aldehyde 16 as a clear oil. 1H NMR (CDCl3, 500 MHz) 6: 9.63 (1H, d, J = 1.4 Hz),
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4.13 (1H, d, J = 4.3 Hz), 3.91 (1H, app t, J = 8.2 Hz), 3.80 (1H, d, J = 10.2 Hz), 3.25
(1H, dd, J = 103, 8.5 Hz), 2.69 (1H, m), 2.50 (1H, m), 1.30 (3H, s), 1.17 3H, d, J =
7.3 Hz), 1.10 (3H, d, J = 6.5 Hz), 0.12 (9H, s).

(4R,5S)-4-((2R,3S,4R)-3-Bromo-2,4-dimethyltetrahydrofuran-2-yl)-2,2,5-
trimethyl-1,3-dioxane, 17. A solution of the aldehyde 16 (50 mg, 0.149 mmol) in
diethyl ether (10 mL) was treated a 1.0 M DIBAL-H solution in hexanes (0.327, 0.372
mmol) and the mixture stirred until completion of the reaction as indicated by TLC (20
min). The reaction was quenched by addition of a 0.5 M Rochelle's salt solution (ca. 4
mL), followed by dilution with diethyl ether (15 mL), and extra addition of water (6 mL).
The reaction was stirred at 25 °C until both phases were clearly separated and the organic
layer was clear. The phases were separated and the aqueous layer acidified with 1N HCl to
pH 1. The aqueous layer was then extracted with diethyl ether (2 x 30 mL). The combined
organic extracts were dried over MgSQOy4 and concentrated under vacuum toyield the crude
alcohol which was used without fﬁrther purification. The alcohol was dissolved in THF (5
mL) and was then treated at 0 °C with a 1.0 M tetra-n-butylammonium fluoride (TBAF)
solution in THF (0.158 mL, 0.158 mmol). The reaction was allowed to warm and stir at
25 °C until completion of the reaction was indicated by TLC (1 h). The reaction was then
diluted with diethyl ether (10 mL) and poured into water (25 mL). The organic phase was
separated, dried over MgSQOy4, and concentrated under vacuum to yield the desired crude
diol (9.5 mg, 0.036 mmol) which was used without purification. This diol was then
dissolved in THF (4 mL) and treated with 2,2-dimethoxypropane (9 pL, 0.072 mmol) at
25 °C. p-Toluenesulfonic acid (cat. amount) was then added to the mixture and the reaction
stirred until completion of the reaction as indicated by TLC (30 min). The reaction was
then diluted with diethyl ether (10 mL) and quenched by the addition of water (10 mL).
The layers were separated, the organic layer dried over MgSQy4, the solvent removed under

vacuum, and the residue purified by flash column chromatography (silica gel, 10% ethyl




© 2000 American Chemical Society, Org. Lett., Jung 010056751 Supporting Info Page 12
.
acetate in hexanes) to yield 39 mg (86%) of the desired ketal 17 as a clear oil. 'H NMR
(CDCl3, 500 MHz) &: 4.11 (1H, dd, J = 11.4, 2.6 Hz), 4.05 (1H, d, J = 8.6 Hz), 4.04
(1H, d, J =2.6 Hz), 3.89 (1H, t, J = 8.1 Hz), 3.56 (1H, dd, J = 114, 1.7 Hz), 3.39
(1H, dd, J = 10.0, 8.2 Hz), 2.58 (1H, m), 1.56 (1H, m), 1.44 (3H, 5), 1.41 (3H, s),

1.31 (3H, s), 1.18 (3H, d, J = 6.9 Hz), 1.11 3H, d, J = 6.6 Hz).

(4S,5R) Ethyl (E)-5-((2R,3S,4R)-3-bromo-2,4-dimethyltetrahydro-furan-Z-
yD)-2,4-dimethyl-5-trimethylsilyloxypent-2-enoate, 18. A solution of the epoxy
TBS ether 15 (330 mg, 0.912 mmol) in dichloromethane (55 mL) was treated with
anhydrous diisopropylethylamine (0.476 mL, 2.73 mmol) and ihe resulting mixture cooled
to -78 °C. TMSOT( (0.495 mL, 2.73 mmol) was then added and the reaction allowed to
stir at -78 °C until completion of the reaction as indicated by TLC (ca. 5 h). The reaction
was then pbured into a water:diethyl ether (1:1, 200 mL total volume) mixture and the
newly formed mixture shaken vigorously. The aqueous layer was removed and the organic
phase washed with water (100 mL), 1 M KH2POy4 solution (100 mL), water (100 mL) and
dried over NaSO4. Solvent removal under vacuum yielded the crude aldehyde 16 as a
clear oil, which was used without further purification. The crude eﬂdehyde was then dis-
solved in benzene (60 mL) and treated with (carboethoxyethylidene)triphenylphosphorane
(953 mg, 2.73 mmol). The reaction was refluxed until completion of the reaction as
indicated by NMR monitoring (6 h). The reaction was then cooled to 25 °C and quenched
by the addition of water (50 mL). The layeré were separated and thel organic layer dried
over NazSO4 followed by concentration under vacuum. Flash column chromatography
(5% ethyl acetate in hexanes) yielded 334.2 mg (83%) of the desired conjugated ester 18 as
a colorless oil. TH NMR (CDCls, 500 MHz) §: 6.69 (1H, dq,J =9.9, 1.4 Hz), 4.22
(1H, dq, J = 14.9, 7.1 Hz), 4.15 (1H, dq, J = 14.9, 7.1 Hz), 3.96 (1H, d, J = 10.3 Hz),
3.91 (1H, app t, J = 8.1 Hz), 3.59 (1H, d, J = 5.5 Hz), 3.29 (1H, dd, J = 10.2, 8.4 Hz),
2.87 (1H, m), 2.49 (1H, m), 1.85 (H, d, J= 1.4 Hz), 1.29 3H, t, J = 7.1 Hz), 1.27
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(3H, s), .10 (3H, d, J = 6.5 Hz), 1.01 (3H, d, J = 6.8 Hz). 13C NMR (CDCl3, 125
MHz) 6: 146.42, 125.46, 86.51, 80.44, 71.56, 60.35, 56.44, 43.20, 35.16, 22.69,
16.18, 14.14, 14.04, 12.28, 0.56 (one low field carbon unresolved).

(aR,2R,3S5,4R) 3-Bromo-2,4-dimethyl-a-[(2S-(E)-5-[((l,l-dimethyl)-
ethyl)dimethylsilyloxy]-4-methyl-3-penten-2-yl]tetrahydrofuran-2-metha-
nol, 19. A solution of the conjugated ester 18 in diethyl ether (25 mL) was treated with a
1.0 M DIBAL-H solution in hexanes (0.75 mL, 0.75 mmol) and stirred at 25 °C until com-
pletion of the reaction as indicated by TLC (30 min). The reaction was then quenched with
a 0.5 M Rochelle's salt solution (10 mL) and diluted with water (20 mL). Care had to be
taken to séparatc the phases as soon as the two layers become visible due to the possibility
of product decomposition in the presence of water. The aqueous layer was acidiﬁed td pH
1 with a IN HCl solution and then extracted with diethyl ether (2 x 30 mL). The combined
organic extracts were combined, dried over MgSQy, and the solvent removed in vacuo to
yield the desired crude alcohol. The crude alcohol was then suspended in THF (10 mL)
and treated with a 1.0 M TBAF solution in THF (0.6 mL, O.60.mmol) at 25 °C. The solu-
tion was stirred at 25 "C until TLC indicated completion of the reaction (ca. 1 h). The reac-
tion was then treated with water (10 mL) and extracted with diethyl ether (2 x 15 mL). The
organic extracts were combined and dried over MgSOg4. Solvent removal under vacuum
followed by flash column chromatography (silica gel, 35% ethyl acetate in hexanes) yielded |
67 mg (83%) of the desired diol. A solution of the diol (236 mg, 0.776 mmol) in dichloro-
methane (40 mL) was cooled to O °C and then treated with diisopropylethylamine (0.340
mL, 1.94 mmol). The reaction was stirred for 5 min at 0 °C before TBSOTf (0.360 mL,
1.00 mmol) was introduced and the resulting solution stirred until completion of the reac-
tion as indicated by TLC (15 min). The reaction was then poured onto a diethyl ether:water
mixture (1:1 60 mL total volume) and the resulting solution vigorously stirred and the

phases separated. The organic phase was then washed with a 1 M KH7PO4 (30 mL),
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water (30 mL), and subsequently dried over MgSO4. Solvent removal under vacuum fol-
lowed by flash column chromatography (silica gel, 20% ethyl acetate in hexanes) yielded
306.3 mg (94%) of the desired TBS ether 19 as a clear oil. [a]%) =-36.35°(c, 1.3 in
CHCI3). H NMR (CDCl3, 200 MHz) §: 5.38 (1H, dq, J=9.4, 1.3 Hz), 3.99 (4H, m),
3;48 (1H, dd, J = 7.1, 3.3 Hz), 3.34 (1H, dd, J = 9.9, 8.5 Hz), 2.74 (1H, m), 2.52 (1H,
m), 2.34 (1H, d, J = 3.3 Hz), 1.61 (3H,d, J = 1.2 Hz), 1.33 (3H, 5), 1.11 (3H, d, J =
6.5 Hz), 1.04 (3H,d, J = 6.7 Hz), 0.90 (9H, s), 0.05 (6H, s). 13C NMR (CDCls, 125
MHz) 6: 132.40, 128.53, 87.08, 79.85, 71.96, 68.14, 54.98, 43.05, 33.26, 25.80,
22.73, 18.23, 17.28, 14.00, 13.53, -5.35, -5.40. IR (neat) 3458, 2959, 2932, 2858,
1471, 1462, 1381, 1251, 1111, 1068, 837, 775, 669 cm-1.

(aR,2R,35,4R) 3-Bromo-2,4-dimethyl-o-[(2S-(E)-5-hydroxymethyl-4-
methyl-3-penten-2-yl]tetrahydrofuran-2-methanol methanesulfonate, 20. A
solution of the TBS ether 19 (157 mg, 0.376 mmol) in pyridine (7 mL) was cooled to 0 °C
and treated with freshly recrystalliied (from diethyl ether) methanesulfonic anhydride (196
mg, 1.127 mmol). The suspension was then allowed to warm and stir at 25 °C until TLC
indicated completion of the reaction (1 h). The solvent was then removed under vacuum
and the crude residue purified by flash column chromatography (silica gel, 10% ethyl ace-
tate in hexanes) to yield 182.7 mg (98%) of (ctR,2R,3S,4R) 3-bromo-2,4-dimethyl-o-
[(25-(E)-5-[((1,1-dimethyl)ethyl)dimethylsilyl-oxy] -4-methyl-3-penten-2-yl]tetrahydro-
furan-2-methanol methanesulfonate as a colorless oil. [a]=-10.8 * (c, 0.76 in CHCl3). 1H
NMR (CDCl3, 500 MHz) &: 5.41(1H, dg, J = 9.5, 1.4 Hz), 4.54 (1H, d, J = 6.2 Hz),
3.99 (2H, s), 3.98 (1H, app t, J = 8.2 Hz), 3.92 (1H, d, J = 10.5 Hz), 3.34 (1H, dd, J =
10.4, 8.5 Hz), 3.08 (3H, s), 3.08 (1H, m), 2.51 (1H, m), 1.62 (3H, d, J = 1.2 Hz), 1.37
(3H,s), 1.20 (3H, d, J = 6.5 Hz), 1.10 3H, d, J = 6.9 Hz), 0.89 (9H, s), 0.05 (6H, s).
13C NMR (CDCl3, 125 MHz) §: 134.06, 127.01, 89.79, 85.10, 71.63, 67.87, 55.92,
42.75, 38.43, 32.62, 25.79, 22.89, 18.24, 17.79, 13.69, 13.46, -5.39, -5.42. IR (neat)
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2959, 2930, 2858, 1471, 1458, 1350, 1251, 1176, 1115, 1078, 1033, 949, 931, 837,
777 cm’l. A solution of the TBS ether (94 mg, 0.189 mmol) in THF (10 mL) was cooled
to 0 °C and was treated with a 1 M TBAF solution in THF (0.285 mL, 0.285 mmol). The
reaction was kept at 0 °C for 5 min and then allowed to warm to 25 °C where it was stirred
until completion of the reaction as indicated by TLC (15 min). The reaction was then
quenched with water (6 mL) and extracted with diethyl ether (2 x 20 mL). The combined
extracts were dried over MgSOy4 and the solvent removed under vacuum. Flash column
chromato-graphy (silica gel, 45% ethyl acetate in hexanes) yielded 69 mg (95%) of the
desired free alcohol 20 as écolorless oil. [a]=-5.45 ° (c, 0.14 in CHCl3). 1H NMR
(CDCl3, 500 MHz) &: 5.44 (1H, dq, J = 9.4, 1.3 Hz), 4.52 (1H, d, J = 5.4 Hz), 3.98
(2H, s), 3.97 (1H, app ¢, J = 8.1 Hz), 3.90 (1H, d, J = 10.5 Hz), 3.33 (1H, dd, J = 10.4,
8.5 Hz), 3.08 (3H, s), 3.07 (1H, m), 2.50 (1H, m), 1.69 (1H, s), 1.68 (3H, d, J = 1.3
Hz), 1.36 (3H, s), 1.12 (3H, d, J = 5.8 Hz), 1.11 (3H, d, J = 6.2 Hz). 13C NMR
(CDCl3, 125 MHz) &: 134.36, 128.78, 89.40, 85.01, 71.64, 68.23, 56.32, 42.80, 38.40,
32.60, 22.74, 17.37, 13.71, 13.65.

(aR,2R,35,4R) 3-Bromo-2,4-dimethyl-a-1-[[(1S5,2'S,3'S)-3-[[((1,1-
dimethyl)ethyl)dimethylsilyloxy]methyl-3-methyloxiran-2-yl]lethyl]-tetra-
hydrofuran-2-methanol, methanesulfonatg, 21. A solution of the allylic alcohol
20 (41.7 mg, 0.109 mmol) in benzene (10 mL) was treated with a catalytic amount of
VO(abac)z (3 mg, 0.0109 mmol) at 25 °C. The suspension was then treated with a 5.8 M
solution of t-butyl hydroperoxide in decane (56.5 pL, 0.327 mmol) and the reaction allo-
wed to stir until completion of the reaction as indicated by TLC (ca. 2 h). The solution was
diluted with diethyl ether (10 mL). The suspension was then filtered through silica gel and
the solvent removed under vacuum to yield a yellow oil that was taken on crude to the next
step without further purification. This crude epoxy alcohol mixture was then suspended in

anhydrous DMF (5 mL) and the clear solution treated with imidazole (23 fng, 0.327
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mmol). The homogeneous mixture was then treated with TBSCI (25 mg, 0.163 mmol) and
stirred until completion of the reaction as indicated by TLC (ca. 1 h). The mixture was then
diluted with diethyl ether (10 mL), washed with water (3 x 10 mL), and dried over
MgSO4. Solvent removal under Vacuum, followed by flash column chromatography (silica
gel, 5% ethyl acetate in hexanes), yielded the two diastereomeric epoxides in a 2.4:1 ratio
favoring the desired epoxide 21 (35.6 mg, 65%) [ot]= +11.85 ° (c, 0.54 in CHCl3) versus
the undesired one (14.8 mg, 27%). It should be pointed out that the structure of the minor
isomer has not been conclusively assigned. TH NMR (CDCl3, 500 MHz) §: 4.56 (1H, d,
J=17Hz), 3.97 (1H, app t, J = 8.1 Hz), 3.85 (1H, d, J = 10.5 Hz), 3.68 (1H, d, J =
11.3 Hz), 3.49 (1H, d, J = 11.3 Hz), 3.30 (1H, dd, J = 10.6, 8.7 Hz), 3.13 (3H, s), 2.97
(1H, d, J = 9.5 Hz), 2.51 (1H, m), 2.01 (1H, m), 1.38 (3H, s), 1.33 (3H, s), 1.26 (3H,
d, J = 6.8 Hz), 1.13 (3H, d, J = 6.5 Hz), 0.89 (9H, s), 0.06 (3H, s), 0.05 (3H, s). 13C
NMR (CDCls, 125 MHz) d: 84.95, 84.64, 71.54, 67.69, 63.99, 62.30, 57.98, 43.20,
38.48, 33.39, 25.73, 22.18, 18.15, 14.18, 13.49, 13.07, -5.50, -5.63. IR (neat) 2955,
2932, 2856, 1458, 1350, 1255, 1176, 1101, 931, 898, 777 cm-1.

(45,5R,6S,7R)(Z) Ethyl 7-((2R,3S,4R)-3-bromo-2,4-dimethyltetrahydro-
furan-2-yl)-4,6-dimethyl-7-(methanesulfonyloxy)-5-trimethylsilyloxyhept-
2-enoate, 22. A solution of the epoxide 21 (15.6 mg, 0.031 mmol) in dichloromethane

_ (5 mL) was cooled to -78 °C aﬁd stirred for 15 min before being treated with anhydrous
diisopropylethylamine (21.6 puL, 0.124 mmol). After the reaction stirred for an extra 5
min, TMSOTf (22.5 uL, 0.124 mmol) was then added and the ‘reacu'on allowed to stir at
-78 °C until completion of the reaction as indicated by TLC (ca. 3 h). The reaction was
then poured into a water:diethyl ether mixture (1:1, 50 mL total volume) and the newly
formed mixture shaken vi gbrously. The aqueous layer was removed and the organic phase
washed with water (60 mL), 1 M KHPOy4 solution (60 mL), and water (60 mL), and dried

over NapSOj4. Solvent removal under vacuum yielded the crude aldehyde as a clear oil
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which was used without further purification. A solution of bis(2,2,2-trifluoroethyl) ethyl
phosphonoacetate (20.6 mg, 0.062 mmol) in THF (10 mL) cooled to -78 °C was treated
with a 0.5 M KHMDS solution in toluene (0.109 mL, 0.054 mmol). After the reaction
stirred for 10 min, the mixture was treated with the crude aldehyde as a solution in THF
(2.5 mL total volume) and the reaction stirred at -78 “C for 30 min before being allowed to
warm to 25 °C where it was stirred for a further 45 min before being quenched with water
(10 min). The reaction mixture was then extracted with diethyl ether (2 x 30 mL), the
combined organic extracts were dried over Na3SQ4, and the solvent removed under
vacuum. Flash column chrbmatography (silica gel, 4% ethyl acetate in hexanes) yielded
13.2 mg (80%) of a 1:1 mixture of the desired Z conjugated ester 22 and a side product 23
which was further derivatized for ease of characterization. [a]= +56.25 ° (¢, 0.16 in
CHCl3). H NMR (CDCl3, 500 MHz) &: 6.17 (1H, dd, J = 11.4, 10.4 Hz), 5.75 (1H,
dd, J =114, 0.7 Hz), 4.81 (1H, d, J = 2.0 Hz), 4.15 (2H, q, J = 7.1 Hz), 3.97 (1H, d, J
= 10.8 Hz), 3.96 (1H, app t, J = 8.0 Hz), 3.76 (1H, dd, J = 9.4, 1.7 Hz), 3.44 (lH,'dd,
J =10.8, 8.5 Hz), 3.08 (3H, s), 3.07 (1H, m), 2.49 (1H, m), 2.27 (1H, m), 1.40 (3H,
s), 1.27 3H, t, J = 7.1 Hz), 1.13 (3H, d, J = 6.5 Hz), 1.00 (3H, d, J = 7.1 Hz), 0.96
(3H, d, J = 6.5 Hz), 0.12 (9H, s5). 13C NMR (CDCl3, 125 MHz) §: 165.96, 154.35,
118.23, 84.72, 84.66, 77.40, 71.50, 59.70, 58.18, 43.18, 37.71, 36.20, 34.46, 21.68,
14.10, 13.21, 12.66, 12.32, 0.60. IR (neat) 2961, 2930, 2876,-2855, 1714, 1637, 1456,
1417, 1342; 1251, 1192, 1176, 1091, 1032, 927, 873, 839 cm-1. HRMS (CI)
543.143164, calc for C21H4007SiSBr 543.144740; 545.142694, calc for
C21H4007SiS81Br 545.141532.

(2R,3R ,45,55,6R) 2-[(15,2R) 3-Acetyloxy-1-bromo-2-methylpropyl]-6-
[(1,l-dimethyl)ethyldiinethylsilyloxymethyl]-3-methanesulfonyl-2,4;6-
trimethyl-5-trimethylsilyloxytetrahydropyran, acetate of 24. A solution of the

pyran derivative 24 (ca. 7 m g) in pyridine (2 mL) was treated with acetic anhydride (0.25
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mL, excess) and the solution stirred at 25 °C until completion of the reaction as indicated by

TLC (1 h). The solvent'was then removed under vacuum and the crude residue purified by
flash column chromatography (silica gel, 5% ethyl acetate in hexanes) to yield 7 mg (85%)
of the acetate derivative as a clear oil. 1H NMR (CDClg. 400 MHz) 6: 4.89 (1H,d,J=
4.9 Hz), 4.22 (1H, d, J = 2.2 Hz), 3.99’(1H, dd, J =11.0, 5.4 Hz), 3.88 (1H, dd, J =
11.1, 9.2 Hz), 3.53 (1H, d, J = 8.4 Hz), 3.47 (1H, d, J = 10.1 Hz), 3.37 (1H, d, J =
10.1 Hz), 3.07 (3H, s), 2.60 (1H, m), 2.40 (1H, m), 2.05 (3H, s), 1.40 (3H, s), 1.28
(3H, d, J = 7.1 Hz), 1.22 (3H, s), 1.07 (3H, d, J = 6.6 Hz), 0.88 (9H, s), 0.11 (9H, s),

0.04 (6H, s).
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Current Data Parameter
NAME RAMM-vi-95-
EXPNO

PROCNO

F2 - Acquisition Paras

Date_ 9808«
Tioe 18.:
INSTRUM arxS
PROBHD 5 mm broad:
PULPROG 29dc
10 655
SOLVENT coc
NS 1
0s

SWH 35714.2
FIDRES 0.5449
AQ 0.9175%5
RG 228
DwW 14.0
0.3 20.
TE 300
D12 0.00007
DLS 16.
CPDPRG walt2
P31 100

D1 2 .00000C
Py 7.
SFO1 129.7728¢
NUCLEUS {
D11 0.0300(

F2 - Processing parac

SI 65¢
SF 125 . 7578
WOW

LB 0
6B

PC 1

10 NMR plot paramete:

cx 20
Fip 163.
Fi 20559
Fop 8.
F2 1115
PPNCM .7
HZCN 972.2¢




© 2000 American Chemical Society, Org. Lett., Jung 010056751 Supporting Info Page 22

moC
- 0 )
ow r
s &>
2 % TBRANSMITTANCE
. 7 3
‘3 IS JUS JUUU SRS JUU JUU SO
fur s I 1 1 1 | I I | |t 1 1 1 1 1 111
2 2 i
2 o 2
-] g -
i 3427.94
J
8 2958, 18
S
o
i 2932.17
v D ! 2837.65
Q= ]
=z ]
o < -
: 3 s
) o
m 13
w 7 o g
5N = -J é °
' = O
S 2 - 2
m Dy
2 G
~
S i
[e¢]
~
S i
(o+]
= ~ 1608.84 |
o -~ 1510.46
z - . —
N g 1464, 16 —
. 1446.80 ;j
4 1251.896 1302. 12 '
- e —
1176.73 g}
S
S 1035.91 ' : %




© 2000 American Chemical Society, Org. Lett., Jung 01005 6751 Supporting Info Page 23

VG Yr O ppm

s 1 93135\

, 7.46588

3 96697 Susuo
1.49923 & 7.44986

. %’/_ 7.350286
] , .34620

7
3.94887 — 3.94887 _— —_ 7 33686
7.33251
7.28846
6.84347
6.83933
6.82985; P.
° .78693

1

lllLl.lA__

9
I
H

6
5.20365 oo
5 201250, 7

1 o ¢ § / .20121; P,
4 . W / - S
20.92794 = = & = —5.18247
] —4.14397
1 Eg 4.12969
1 3.98295
] 5 3.80610 -
4 - 3.80484 S
] 3.80361 :
] 3.80231 -
»-71.86561 ~— C /333333 S
1— /e
<6.00000 == 3.78468
i 3.78093
] r ~3.00915 -
- ] ~2.99660
j ' -/2.99175 N -
: 2.97923
Ww—0.94573 >~ . _///_2.92817 -
10.92711 _— ;‘\ _ {2.91409 '
1101078 — \2.91091 .
1 ‘ ' 2.89672 _
) ' 2.74577
} : 2.73246
. 2.72720
o] ———2.05588
1 l /:1.69863 o
T 1.69623° - <
12,9162 == g 1 50859
] ' " ~1.28728
] [ 41.27299
] C’ 1.25869
— v 1.03623
_% 2.92624 o 1.02283

T O NN NO e VAN EWMWLmM ZWVWVOSODI>NTNTZ WV — 0 — = - m o
NPVRg—-=x0 CDDAD =N gﬂ»»mm:monzmmgc I8 ImZzC
[ < ° x o g: eGamM EES
=g £ ' mn=- - @=®d o OZ M7
x rF4 m m m =] ) 235 b4
n ne S w 2 cg » o >
3 = > 2
h =] g 8
c c
[=] ™ < 8
- a w —~
it -t @
o %, — v w o o
@ [=3 > S ~ ™ - E'D
- 3 [} =] o - - — 5 ° .S
228 o h . o T e s S lg
o W 2 - © e = D Mo g s -
- £ [+>] ] (W) o w = £ o w o 3o O D L |
Nl SO N o w9 W o= O W W D = & QO w o 9 D o - 0
WWww: Ww- Om — o o oo O a0 O - N w= - o O XK w3 N~
PhoBuDoa o SN e 8082258388 25 53-R% T3
[l . e g ]
NDLDARDS oooooa"umg IPDOCOODOOOCOCAaNOOWD S HOB —wm=zTu
=T I o N b d - cCwxe o » oy
ST T ~T 2 ~ § 7 Emm & & mES e
~ = 3 L ~ N N " ~ w




ppm

—158.212

Me Me

HO._Jx_“~_ODMTr

i

126.477

112.931
~—112.842

~C

RMM-vi-128

55.064

20.934
17.799
14.094
13.880
13.871¢
13.863
13.853
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Current Data Parameters

NAME AMM-vi-128-C
EXPNO 1
PROCNO i

F2 - Acguisition Parameters

Date_ 980826
Time 7.13
INSTRUM arx500
PROBHD S msm broadba
PULPROG z7g9dc30

T0 65536
SOLVENT coc13

NS ) 145

DS 0

SWH 35714.265 Hz
‘FIORES 0.544957 Hz
AQ 0.9175540 sec
RG 32768

DN 14.000 usec
DE 20.00 usec
TE 300.0 K
D2 0.0000200 sec
bLS 16.00 dB
CPOPRG waltz16

P34 100.00 usec
D1 2.00000000 sec
P 7.25 usec
SFO1 125.7728999 Mz
NUCLEUS 13C

011 0.0300000 sec

F2 - Processing parameters

SI 65536

SF 125.7576090 MHz
WOW no

SS8 0

L8 0.00 Hz
68 0

PC 1.40

D NMR plot parameters

Cx 20.00 cm
F1P 181 438 ppn
Fi 22617 .21 Hz
FoP 2.453 ppm
F2 308.54 Hz
PPMCH 8.94921 ppn/cm

HICN 1125.43372 Hz/cm




ppm
———68.7094

——67.8481

RMM-vi-128

55.0773
33.0630

Me _K_o

Ihu:./\\\r.hﬂ"\\..///\\ﬁ.VHV?%A,_.

—17.7983

——13.8527

~
3
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Current Data Parameters

NAME HMM-v1-128-C
EXPNO §
PROCNO 1

F2 - Acquisition Parameters

Date_ 980826
Time 7.1]
INSTRUM arx500
PROBHD 5 mm broadba
PULPROG 29dc30

TD 65536
SOLVENT coc13

NS 145

DS 0

ShH 35714.285 Hz
FIDRES 0.544957 Hz
AQ 0.9175540 sec
RG 32768

DW 14.000 usec
DE 20.00 usec
TE 3000 X
D12 0.0000200 sec
DLS 16.00 dB8
CPOPRG waltz16

P31 100.00 usec
D1 2.00000000 sec
Py 7.25 usec
SFO1 125.7728999 MH:
NUCLEUS 13C

D11 0.0300000 sec

F2 -.Processing parameters

SI 65536
SF 125.7578090 Mz
WOHW no
5S8 0
L8 0.00 Hz
68 0
PC 1.40

1D NMR plot parameters

cx 20.00 cm
FipP 70.539 ppe

Fi 8070 89 Hz

FapP 12 . 465 ppe

Fe 1567 .53 Hz
PPMCM 2 90374 ppm/c
HZCM 365.16782 Hz/cm
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RMM-vi-67
Curirent Data Parameters
NAME RMM-v§-67-H
EXPND 1
DI mloSna %wm.unmmmﬂwwmwﬂmwmmwm%%m%m%&m%%m.«umw%%wﬂ PROCNO 1
ELRLERLLLY mmnmmﬁwmwnnmwxum%%&ﬁmma%M%%%mmmmm.;%%mw%%
AN RN NN NNNNN 55555&4333333332&&&1Li.i.O.Q.O.O.O.O.O.O.nv.nWO.O.nWO.OO. F2 - Acquisition Parameters
_/r L L L _/_/ Date_ : 980727
/% A%/\ /_ \ Time 22.42
INSTRUM arx500
PROBHO 5 mm broadva
PULPROG 2930
U . 10 32768
Wt e B8 SOLVENT coc13
) : NS 16
mO\m\‘" - ﬁ\\\.u ] 0
: ' SWHH 10204.082 Hz
(~)- -20 2° FIORES .0.311404 H:z
) AQ 1.6056820 sec
Me Me . AG 715
HmmO/}\/\OI ] ] 49.000 use
. DE 70.00 use
10 . TE 300.0 K
D1 2.00000000 sec
Py 14.00 use
SFO1 500. 1330008 Mz
NUCLEUS 1H
F2 - Processing parameters
S1 32768
SF 500. 1300232 MHz
WOW no
558 0
. LB 0.00 Hz
. GB 0
; _ PC 1.00
i AR ~ A gf[
10 NMR plot parameters
Cx 20.00 cn
FiP 7.6B8B ppa
® m m mm S m mm m F1 3844.85 Hz
g g g |83 2 o 85 2 Fap -0.442 ppn
s - - i - ~ olo o F2 -221.01 Hz
......__].<.1.-._J........_..4..._.._....._._._.._-....._.......___........._..j PPMCN 0.40648 ppa
ppn 7 6 5 4 3 2 1 Y HICN 203.29326 Hz/




RAMM-vi1-67
"
a0
e
// amv Current Data Parameters
RN NAME " RMM-vi-67-H
4 N o EXPND 1
gnsegg 3 PROCHD !
P MO MY =M
P OO~ O On 9
r T F2 - Acquisition Parameters
o0 0 v N n g

Date_ 980727
/4 X Tine 22.42
i : INSTRUM

arxS00
PROBHO 5 mm broadba
PULPROG 2930
T0 32768
SOLVENT cnc13
P . NS 16
. (1 0
ShH 10204.082 Hz
FIDRES 0.311404 H2
AQ 1.6056820 sec
i RG 715
10 Dn 49.000 use
DE 70.00 use
TE 300.0 K
D1 2.00000000 sec
P 14 00 use
SFO1 500.13300080 MHz
NUCLEUS iH
F2 - Processing parameters
SI 32768
— - SF 500.1300232 M2
WOW no
558 0
LB 0.00 Hz
(¢e]:] 0

1D NMR plot parameters

Cx 20.00 ca
Fi1p 5.285 ppm
S m Fi 2643.38 Hz
S o Fap 3.895 ppn
o [2)]

- - Fe 1948 .05 Hz
T T T v T T 1 1 T T T Y 1 Y PPMCH - 0.06952 ppn

m 5.2 5.0 4.8 4.8 4.4 4.2 4.0 HICN 34.76689 Hz/
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o)
(Q\ RMM-vi-67
S
< .
A o..r. d
o) 4 " Current Data Parameters
- \ : NAME RNM-vi-67-H
RS A EXPNO 1
‘= 8 LSS KR8 wwmm%ﬁﬁm&
— ™ mmm mmmm NN N Ny F2 - Acquisition Parameters
m : Date_ 980727
: W 2
= INSTRUM arx500
% / \ PROBHD 5 mm broadba
7 a PULPROG 2930
C~ I\l 10 - 32768
% . SOLVENT VR E
- NS 16
S DS : 0
&) ) SKH . 10204.082 Hz
o) - FIDRES 0.311404 Hz
= Me Me AQ 1.6056820 sec
= %WmO/\_/\./\OI RG 715
o ON 49,000 use
= DE 70.00 use
.aLu 10 . 1€ 300.0-K
) 01 2.00000000 sec
en P1 14.00 use
mw SFO1 500. 1330008 MHz
~ NUCLEUS 1H
2 .
w F2 - Processing parameters
3 SI 32768
o SF 500. 1300232 Mz
m KOW no
< SSB 0
2 LB 0.00 Hz
g 6B 0
)
2 PC 1.00
~ 10 NNR plot parameters -
m cX 20.00 cm
L FiP 3.590 ppm
Hw m m m F1 1795.66 Hz
mw 0 pay o Fap . 2.563 ppm
H - - - Fo 1281.84 Hz
T T Y T T I " - T 1 T T Vﬁ!ﬁz O.om—UN ppm
m_ua 3.4 3.2 3.0 2.8 2.6 HZCN 25 69079 Hz/
-}
(Q\|
©




% . RMN-vi-67
O N
D A
& DN
o W2 Current Data Parameters
s br NAME RNM-v 1 -67-H
5 oo o o o EXPNO 1
mb m m m ‘“N m m W w _uDOﬁZO 1
— a w 1] oo, o o
© - - - o oo o F2 - Acquisition Parameters
@) Date_ 980727
W < /_ \ Time 22.42
= INSTRUM arx500
/) PROBHO 5 mm broadba
— PULPROG 2930
L ‘ ) 32768
\O SOLVENT cocl3
% NS 16
o 1) 0
3 Me Me SHH 10204.082 Hz
o0 > OH FIDAES 0.311404 Hz
= HmmO/}\/\ AQ 1.6056820 sec
= RG 715
= 10 ﬂ DR 49.000 use
ﬂ. i DE 70.00 use
O TE .300.0 K
— D1 2.00000000 sec
g P . 14.00 use
— SFO1 500.1330008 MH:
o . NUCLEUS 1H
..al.VuJ ﬁ : . F2 - Processing parameters
nlu . S1 32768 -
S SF 500. 1300232 MH;
@p)] WOW no
.n|Aa 558 0
0 LB 0.00 H:
m J h \ GB 0
) PC 1.00
= . . N
@ 10 NMR plot parameters
w CXx 20.00 cm
O FiP 1.798 ppn
=g m m m m Fi 899.01 Hz
) g o ofir & FopP -0.057 ppm
m & o~ ol © Fe -28.67 Hz
T J T T - T « T _ T _ T I T ﬂ v _ vﬂuxﬁz OOQNNA OO_-
< ppm 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0 HICN 46 30412 Hz/
S
e\
©
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RAMM-vi-67

[+2] 4 NoOoOwT N~ 47w86555 -
e 8 2 LA PR SRR 5
8 g g RE®L B zggdgesd i
| ] %w\f\\ _
Me Me
TBSO. I A _ OH
10
T T T T ~ T T T — T Al —1 T -— —4 T T — T —
Pon 120 100 80 60 40 0

Current Data Parameters

NAME RAMM-v{-67-C
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 980727
Time 22.45
INSTRUM arx500
PROBHO S ma broadba
PULPROG 29dc30
TO 65536
SOLVENT cocl3
NS 172
[13) 0
SWH 35714.285 Hz
FIDRES 0.544957 Hz
AQ 0.9175540 sec
RG 11400 .
oW - 14.000 usec
DE 20.00 usec
TE 300.0 K

~ D12 0.0000200 sec
s 16.00 a8
CPOPRG waltz16
P31 100.00 usec
]| 2.00000000 sec
Pt 7.25 usec
SFOt 125.7728999 mHz
NUCLEUS 13C
Dt 0.0300000 sec
F2 - Processing parameters
SI 65536
SF 125.7578030 MH2
WDW no
558 0
LB 0.00 Hz
68 0
PC 1.40
10 NMA plot parameters
Cx 20.00 cm
FipP 146.10t ppm
FopP -9.995 ppe
F2 -1256.90 Hz
PPNCM 7.804/8 ppm/cm
HICN B81.91°91 Hi/cm
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AMN-v-295 Y Lo
Current Data Parameters
NAME RMM-v-295-H
BonPLYanIBH SRR R R RN R S - Rul- e S SRl BT Al - Rl =R R R mwm%o “_..
S9RACBIRVNEIG mn.v.mw%%%%mmy%unmwwwwaﬁ&uwmmmmwmmwww%%
p7-l.-/.-/.~/.-l.77wl..b. 54L443133333333222211¢.114&1 00000000&00 ﬂNl>nDcmmwﬁmo:U03wSmnm1w
\ %\ ,%%_ ,%.%:,L % Y Date_ 980704
2 Tine . 7.53
INSTRUM arx5s00
PROBHD S mm broadba
PULPROG 2930
v \[1] 32768
Br SOLVENT CcbCl3
NS 8
TBSO SKH 10204.082 Hz
O FIDAES 0.311404 Hz
AQ 1.6056820 sec
11 RG 512
(o] } 49.000 use
DE 70.00 use
TE 300.0 X
Dt 2.00000000 sec
P 14.00 use
_ SFO1 500. 1330008 MH:
NUCLEUS . iH
F2 - Pracessing parameters
SI 32768
SF 500.1300228 MHZ
WOW no
SSB 0
LB 0.00 Hz
\ \\ : GB 0
PC 1.00
u_[ A hL,\FLL

10 NMR plot parameters

X 20.00 cm

FiP 7.621 ppn
; 3 m m m mm m m F1 3811.38 Hz
: & =18 2 sIElS 5 Fop -0.216 ppn
w o N o clella “ F2 -108.07 Hz
T T T | BN BL AN S S B [ rr T oY [T T rrrrr v r vy e | LA BRL AL AN S (L A B A B B B | AL S A e A | | SR vvzﬁz OU@—@A ppm
m 7 6 5 4 3 2 1 0 HZCN 195.97243 Hz/
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4
on
& 5
MN-v-29
= AMN-v-2
[l
S |
m Current Data Parameters
o0 NAME RMM-v-285-H
- 982 o DO v %ﬂ_nﬂ..mv.. PROCNO i
= o~ unm
E YU Mo < Y] 00T m
O w 4
DWW%%% RNy MmMmmm
Qp < =S = L e e Y oo F2 - Acquisition Parameters
T T MMM mMmMmmMmm MmmmMmm
W Date_ 980704
a2 /_ /\ \ Tine 783
— INSTRUM arx500
% ) PROBHD S mm broadba
N PULPROG 2930
w 0 32768
= SOLVENT CoC13
— NS 8
@] .
20 Br SNH 10204.082 Hz
= Me FIDRES 0.311404 Mz
Me, »
= AQ 1.6056820 sec
o TBSO AG 512
5 O \"I 49.000 use
— DE 70.00 use
on 11 01 2.00000000 sec
C P1 14.00 use
« SFO1 500. 1330008 Mz
fy NUCLEUS 1H
L
% F2 - Processing parameters
A sI v 32768
— SF 500. 1300228 M2
S WOW no
m 558 0
L8 0.00 Hz
= B 0
. |!> > PC 1.00
= _ AR —
% 10 NMR plot parameters
= _/ CX 20.00 cm
) - FIP 4.039 pon
m - P & 8 Fi 2019.98 Hz
(% O o (o]
w b “ W Fop 3.301 opm
o £ < o = F2 1651.05 i
S 3.9 3.8 3.7 3.6 3.5 3.4 HZCM 18 44641 Mo/
©
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Current Data Parameters

NAME RMM-v -295-C
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 980704

Time 8.09
INSTRUN arx500
PROBHD 5 sa broadba
PULPROG z9dc30

10 695536
SOLVENT coC13

NS 140

DS 0
SWH 35714.2085 Hz
FIDRES 0.544957 Hz
AQ 0.9175540 sec
RG 32768

DK 14.000 vsec
DE 20.00 usec
TE 300.0°K
D12 0.0000200 sec
s 16.00 d8
CPOPRG waltz16

P31 100.00 usec
D1 2.00000000 sec
Py 7.25 usec
SFOY - 125.7720999 M1z
NUCLEUS : 13C

D11 0.0300000 sec

F2 - Processing paraaeters

SI 65536

SF 125.7578090 MHz
WO no

558 0

Le 0.00 H/
GB 0

pC 1.40

10 NMR plot parameters

Cx 20.00 cm

FiP 179,243 ppm

Fy - 22%41.27 W

Fop -10.398 ppm

F2 - 1307.67 W2
PPMCN 9 48209 pum/ca
HZCN 1192 44714 M2 /cm
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ppm

__— 1.3163

7.0827
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7.0001
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4{2.13207

11.03058
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T
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Current Data Parameters

NAME AMM-v-295-2H
EXPNO ) 4
PROCNO |

F2 - Acquisition Parameters

Date_ 980704
Time 8.49
INSTARUM arx500
PROBHD 5 mm broadba
PULPROG 1930
10 32768
SOLVENT C606
NS 8
0s 0
SWH 10204 .082
FIORES 0.311404
AQ 1.6056820
RG 715
DN 49.000
DE 70.00
TE 300.0
P 14.00
SFO1 500. 1330008
NUCLEUS iH

Hz
Hz
sec

use

use

use
MH2

F2 - Processing parameters

SI 32768
SF 500. 1300570
WOW no
558 0
L8 0.00
68 0
PC 1.00

10 NNR plot parameters

cx 20.00
FiP 7.643
F1 3822.30
Fep -0.374
Fe -187.25
PPHCN 0.40085
HZCM 200.47755

MH2

Hz

cm
ppm
Hz

ppm
Hz

pom
Hr/
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Current Data Parameters

NAME RMM-v-295-2H
EXPNO : 2
PROCNO . 1

F2 - Acquisition Parameters

Date_ 980704
Time B.49
INSTRUM arx500

" PROBHD S mm broadba
PULPROG 1930
T0 32768
SOLVENT CeD6
NS 8
0s 0
SWH 10204.082 H:
FIORES 0.311404 Hz
AQ '1.6056820 sec
RG 715
DN 49,000 use
DE 70.00 use
TE 300.0 K
D1 2.00000000 sec
Pq 14 .00 use
SFOt 500. 1330008 w2
NUCLEUS 1H

F2 - Processing parameters

SI , 32768
SF 500.1300570 MH:
WON no
558 ()}
LB 0.00 Hz
68 0
PC 1.00

10 NMR plot parameters

CX 20.00 cm
FipP 4 111 ppm
F1 2056 .06 W7
Fep 3.124 ppm
F2 1562.63 H:
PPMCM 0.04933 ppn
HICM : 24 67172 H1/
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