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Abstract: This paper have delineated the effectiveness of [3+2] cycloaddition process in the synthesis of
amm sl el 2l o nee b il Tl el cnmtbhacis s ablonl A Sl Fuasasoiad A8 1.0 K
muniunetiondal U-HICHIDCICU T1IES. 1IIC HUVELD JSYINUICSS Ul Cilllal ALy Lfagiulit Ul 1W,L0-
dihydroxyvitamin D; and also a novel route to A-ring fragment of taxane diterpenoids have been
established. © 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION
Synthesis of 10,25-dihydroxyvitamin D3 (1a,25-D3) and its analogues is still under active field in organic
synthesis! because they exhibit potent physiological properties such as regulation of cell differentiation and
proliferation, bone mobilization and formation, and calcium absorption. Horner-Wittig olefination between A-
and CD-ring moieties including simultaneous triene formation is one of the most prevailing ways in such a
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producing analogues directed to the examination of structure-activity relationship of vitamin D3 drugs.
Lythgoe has also developed the convergent Julia olefination approach to la,25-D3 and representative one is

outlined in Scheme 1.3 In this method, a proper conjugate triene system was constructed not directly but by
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Chemistry of taxane diterpenoids is also one of the current topics in organic synthesis.* The total synthesis
of taxol has been accomplished so far by five groups (Holton,> Nicolaou,® Danishefsky,” Wender® and

Mukaiyama®), which is the recent scientific landmark. The total synthesis of taxusin has also been done by
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t in their convergent approaches, a number
11 (Scheme 2) have been reported. 2
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A structural characteristic recognized commonly in these two important intermediates I and Il is a
tetrasubstituted cyclohexene backbone bearing additional functionalizable substituents on it. Hence we were
intrigued with the common strategy leading to these intermediates which features the intramolecular nitrile
oxide-olefin [3+2] cycloaddition reaction (Scheme 3).13 Thus, a synthetic route leading to I or I relaying on
such well-known reaction should involve not only the inevitable intermediate V, which would be available

from cycloadduct IV by reductive hydrolysis as reported by Curran!4 and Kozikowski, !5 but also a reasonable
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concise approaches to functionalized formylcyclohexene derivatives by the successful synthesis of I and II
Scheme 3
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RESULTS AND DISCUSSION

Synthesis of A-ring moiety of 16,25-D3 .

We chose natural (S)-malic acid as a starting chiral template to adopt its stereogenic center to that of I
gave the diol, which was protected as the acetonide i. Reduction of ester 1 with DIBAL-H foliowed by the
addition of allylmagnesium bromide in one pot afforded a homoallylic alcohol (2a and 2b) as a mixture of
separable diastereomers (1:1). Although asymmetric allylation leading to anti-1,3-diol (92% de) from (5)-3,4-
lidene-3,4-dihydroxybutanal usin

dih using

reporlc y rmtn 7 we employca the conventional way because it furned

...]Q

able to be easily separated by simple silica gel column chromatography. The both isomers, after isolation,



were subjected to the synthetic route: the anti one 2a has the desired stereochemistry for I and 2b was led to
the diastereomer of 1.
Scheme 4
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(S)-Malic acid 1 2a 78% (1:1) 2b
a) DIBAL-H (1 eq.) / toluene, —78 °C then allylmagnesium bromide

The conversion of 2 to the key intermediate I was outlined in Scheme 5. Deprotection of acetonide of 2a
under acidic conditions followed by the selective protection of thus-generated primary hydroxyl group using
pivaloyl chloride with pyridine in dichloromethane gave the diol 3a in 74% yield. Silylation (TBSOTHT,
triethylamine) of 2,4-dihydroxyl group of 3a and removal of the pivaloyl group by DIBAL-H reduction
afforded 4a in high yield. The oxime 5a, which was the precursor of nitrile oxide for intramolecular
cycloaddition reaction, was prepared by Swern oxidation of 4a followed by the condensation with

hydroxylamine. The syn isomer 2b was also transformed to the oxime 5b likewise.

Scheme 5
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(a) (1) 2N-HCl1 / EtOH, (2) pivaloyl chloride, pyridine / CH;Cly; (b) (1) TBSOTf/ EiN /

THF, (2) DIBAL-H / toluene; (c) Swern oxidation, then NH,OH-HC1 / Et;N; (d) NaOCl /

CH2C12 HZO (e) Hy / Pd-C/ B(OH)'; { MeOH-H,0; (f) (1) Ac0/ Et3N (2) Ph3P=CH, /
T

THF; (g) DIBAL-H / toluene; (h) (1) PCC/ CH,Cl,, (2)DBU/THF
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Oxidation of the oxime 5a to nitrile oxide with aqueous NaOC1!8 in dichloromethane was followed by
spontaneous intramolecular cycloaddition reaction to give the isoxazoline 6a in 88% yield as a mixture of two
diastereomers (3:1). Although no stereochemical consequence of this process is trouble to the synthesis of I,
rmined hv NOESY e¢; p(_.[‘im
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(2:1) was also obtained and the stereochemistry of major diasterecomer was determined by NOESY

measurement, which is shown also in Fig. 1.1°
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Fig. 1. The typical NOEs observed in NOESY experiments of
the major stereoisomers ef 61 and 6b

Conversion of the isoxazoline 6a to I was carried out as follows. Reductive hydrolysis!4 of the isoxazoline
part of 6a with Pd-charcoal in the presence of boric acid under a hydrogen atmosphere in aqueous MeOH
afforded the 2-hydroxymethylcyclohexanone 7 in 74% yield. Acetylation of 7 followed by Wittig olefination
gave 8 in 76% yield. At this stage the partial epimerization on the carbon bearing acetoxymethyl group was
observed, whereas the stereochemistry of carbon bearing siloxy group neighboring to the carbonyl group was
kept intact. Reduction (DIBAL-H) of 8 gave the homoallylic alcohol 9 in 92% yield, which was subjected to
PCC oxidation followed by isomerization to o,p-unsaturated aldehyde in the presence of DBU to afford I in
from 9. Spectroscopic properties (\H-NMR, 13C-NMR, IR) and optical rotation of I were

multi-gram quantities is 22% in 13 steps.

Synthesis of A-ring moiety of taxoids .

intermediate. The way to 13 is simple and straightforward. Thus, the aldehyde 10 was readily prepared from
1,4-butanediol (monoprotection with p-methoxybenzyl group and Swern oxidation). Allylation of 10 was
carried out after Kobayashi's method?! to afford the homoallylic alcohol 11 in 71% yield. The regiochemistry
of this prenylation was perfectly controlled. Silylation (TBSOTf, triethylamine) of 11 followed by

deprotection of the p-methoxybenzyl group using DDA in a binary mixiure of water and dichloromethane



by condensation with hydroxylamine. Intramolecular {3+2] cycloaddition reaction o
hydrolysis of the resulting isoxazoline smoothly proceeded to afford the 2-hydroxylmethylcyclohexanone 14.
However, on the contrary to the case of 7, attempted Wittig olefination of the acetylated 14 was not effected.
Hence we turned our attention to an alternative route to the backbone of II from 14 which involves the
addition o
aldehyde, and mesylation of the tertiary hydroxyl group to trigger spontaneous elimination. Indeed, a series of
these routine reactions took place to give the A-ring framework of taxoids 16.

Scheme 6

[ .
K\H SiCl,, CuCl/ DMF-Et,0 K)\OR

2 OoTBS
OMe
10 ——11: 71% (Ry= PMB, Ry= H) 13:81%
? L- 12:61% (Ri= H, R,= TBS)
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16: 68% 15: 42% 14: 88% (3:1)
{a) (1) TBSOTT/ E3N, (2) DDQ / CH,Cl,-H,O; (b) Swern oxidation, then NH,OH-
HC1 / E3N; (¢) (1) NaOCl / CH,Cl;-H;0, (2) Hz, Pd-C / B(OH); / MeOH-H,0; (d)
(1) MeMgBr, (2) Swern oxidation; (e) MsCl / Et3N.
CONCLUSION

We have established the novel synthesis of chiral A-ring fragment of 10,25-dihydroxyvitamin D3 and also

a novel route to A-ring fragment of taxane diterpenoids. In these syntheses acyclic precursors were

oxime derivatives that were the immediate precursors for the nitrile oxide bearing a terminal carbon-carbon
double bond. We believe that we have delineated the effectiveness of the [3+2] cycloaddition process in the
synthesis of multifunctional 6-membered rings. In addition, it should be noted that while the previous methods

for the synthesis of I utilized chiral cyclic starting materials, we have made it from acyclic one.22 This might



EXPERIMENTAL SECTION

Instrumentation. IR spectra ware recorded on a Horiba fourier transform infrared spectrophotometer
n a Varian VXR-200 (200 MHz
for proton and 50 MHz for carbon-13), Varian Mercury-300 (300 MHz for proton and 75 Mz for carbon-13)
or Varian VXR-500 (500 MHz for proton and 126 MHz for carbon-13) instrument. The chemical shifts are
given in 5 unit relative to internal CHCl; (7.26 ppm for 'H) or CDCl; (77 ppm for !3C). All NMR experiments
were performed using deuteriochloroform as a solvent unless otherwise indicated. Optical rotations were

Horiba SEPA-300) using a 3.5 mm x 0.5 dm pyrex cell. Mass spectra were
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obtained on a JEOL ] MS—DX303 instrument relying on a JMA-DAS000 mass data system. Elemental analyses
were made with a Perkin-Eimer 2400 CHN Eiemental Analyzer.

Analytical Procedure and Data Presentation. Analytical thin layer chromatography was performed on
Merck pre-coated silica gel 60 F-254 (0.25 mm thickness). |H-NMR spectral data were indicated in the form:

3-value of signal (peak multiplicity, integrated number of protons, and coupling constant, if any). Splitting

patterns are abbreviated as follows: s, singlet; d, doublet; t, triplet; m, multiplet; b, broad. When 3- or 4-spin
system in which spin-spin coupling constants are quite similar values to result in not "dd" but apparent "t" or

(1]

not "ddd" but apparent "q", they are expressed as 3-line dd (m, n Hz) or 4-line ddd (x, y, z Hz) with regard to
the peak multiplicity: alphabetical letters in parenthesis are numerical values of gaps between the neighboring
lines in Hz as indicated.

General Reaction Procedure. All reactions, unless otherwise noted, were conducted under a nitrogen or

an argon atmosphere. Liquid reagents were transferred via a dry hypodermic syringe from sure seal bottles to a
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reaction flask through a rubber septa wired on to the reaction flask. The septa can also serve to permit
A Niats ace and inteadiicas fha fmart cac by mmss ctaads; ctfrasar A8 oy [P,
cvacuauon io C minat€ air and iniroauce tn€ inert £45 DYy Incans Ol a s3ic4ay sifcain ot

system. Organic extracts were concentrated by evaporation with a rotary evaporator evacuated a
mmHg. Column chromatography, unless otherwise specified, was performed on a Merck silica gel 60 7734
using an appropriate ratio of ethyl acetate-hexane mixed solvent and abbreviated as CC.

Materials. Unless otherwise noted, materials were obtained from commercial suppliers and reagent grade
lsulfoxide (DMSQ). triethvlamin
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(Et3N), dichloromethane {CH;Cl,), and benzene were fr

Ethanol were distilled from the corresponding magnesium alkoxides under argon. Tetrahydrofuran and diethyl

ether were distilled from benzophenone/ketyl prior to use.
(ZS,4R)-1,2-0-(Isopropylidene)hept-6—ene-1,2,4-triol (2a) and (25,45)-1,2-0O-(Isopropylidene)hept-6-
e-1,2.4-triol (2b). To a solution of 1 (5.00 g, 0.0265 mol) in toluene (100 ml) precooled at —-78 °C was

added dropwise DIBAL-H (1.02 M in toluene, 1.02 eq) over 30 min and the mixture was stirred at —78 °C for

n

30 min. To the mixture was added allyimagnesium bromide (1.0

O O T
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at —78 °C to 0 °C for 1 h. The reaction was quenched by the addition of water and filtered through a celite pad,
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the filter cake being thoroughly rinsed with AcOEt. The combined organic solutions were dried with Na; SOy
and concentrated to give an oil, which, on careful CC, gave pure 2a (1.92 g, 39%) together with its
diastereomer 2b (1.91 g, 39%). 2a: [0]1%9p —8.87 (c 3.46, CHCl3); 1H-NMR (200 MHz) 8 1.35 (s, 3H), 1.42 (s,
3H), 1.60—1.80 (m, 2H), 2.1—2.37 (m, 3H), 3.55 (dd, 1H, J = 6.0, 8.0 Hz), 3.78—3.95 (m, 1H), 4.08 (dd,
1H, J = 6.0, 8.1 Hz), 4.25—4.40 (m. 1H), 5.05—5.20 (m, 2H), 5.71—5.92 (m, 1H); 13C-NMR (50 MHz)

111, 114

25.3, 26.5, 39.6, 42.1, 67.4, 69.2, 73.2, 108.2, 117.3, 134.2; IR (film) 3450 cm-!. 2b: [a]!8p +14.6 (c 3.33,
CHCl3): 'H-NMR (200 MHz) 6 1.34 (s, 3H), 1.40 (s, 3H), 1.55—1.80 (m, 2H), 2.15—2.35 (m, 2H), 3.09 (m,
1H), 3.55 (dd, 1H, J = 8.0 Hz), 3.79—3.92 (m, 1H), 4.08 (dd, 1H, J = 8.0 Hz), 4.19—4.32 (m, 1H), 5.04—
5.16 (m, 2H), 5.70—5.92 (m, 1H); 13C-NMR (50 MHz) & 25.6, 26.7, 39.5, 41.7, 69.5, 69.8, 75.3, 109.1,

117.5, 134.4 ; IR (film) 3500 cm~L.

(25,4R)-1-0-(Pivaloyl)hept-6-ene-1,2.4-triol (3a). To a solution of 2a (1.70 g, 9.0 mmol) in EtOH (20
1) was added 2N-HCl (5.4 ml, 1.2 eq) at O °C. The mixture was stirred at rt for 4 h, concentrated by a rotary

evaporator to eliminate HCI1 and dried under high vacuum for overnight to give a purple oil (1,2,4-triol). To a
stirred solution of the 1,2,4-triol in CH,Cl; (20 ml) were added pyridine (0.73 ml, 1.2 eq) and pivaloyl
chloride (1.1 ml, 1.1 eq) at —40 °C. The mixture was stirred at —40 °C to rt for 20 h, quenched by the addition
of water, and extracted with CH,Cl, (3 times). The combined extracts were dried with Na;SO4 and

concentrated by a rotary evaporator to give an oil, which, on CC, gave 3a (1.50 g, 72%): [a)?2p —7.80 (c 2.50,

CHO IH-NMR
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y8 1.18 (s, 9H), 1.51—1.71 (m, 2H), 2.18—2.42 (m, 4H), 3.93—4.24 (m, 4H),
5.08—5.22 (m, 2H), 5.70—5.92 (m, 1H); 13C-NMR (50 MHz) 6 26.8, 38.5 , 38.7, 41.8, 66.5, 67.2, 67.9,
117.5, 134.2, 178.5; IR (film) 3400, 1740 cm~!; exact mass, m/z 230.15181 (calcd for C|;H2204 m/z
230.15179). Anal. Calcd for C1,H»704: C, 62.57; H, 9.63. Found: C, 62.32; H, 9.84.
(2S,4R)-2,4-Di-(O+ert-butyldimethylsilyl)hept-6-ene-1,2,4-triol (4a). To a solution of 3a (440 mg, 1.91
mmol) in CH;Cl; (4 ml) was added TBSOT (0.96 ml, 2.2 eq) followed by the addition of EtaN (0.58 ml, 2.2

eq) at . The reaction we ntinu C for 30 min, guenched by the addition of water, and extract
o 74 y W )
4 ) 554 'a Y
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(
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A
which, on CC, gave (25,4R)-1-0- pnvaloyl 2,4-di-O- (tert-butyldxmcthylsxlyl)hept -6-ene-1,2,4-triol (861 mg,
98%): [a]?4p —20.0 (¢ 1.03, CHCl3); 'H-NMR (200 MHz) 5 0.05 (s, 6H), 0.08 (s, 6H), 0.87 (s, 18H), 1.19 (s,
9H), 1.55—1.65 (m, 2H), 2.19—2.30 (m, 2H), 3.79—4.02 (m, 4H), 4.95--5.12 (m, 2H), 5.68—5.90 (m, 1H);
BC-NMR (50 MHz) 8 —4.47, —4.39, —4.16, -3.94, 17.95, 18.0, 25.7, 25.8, 27.2, 38.6,42.4, 42.6, 68.1, 68 4,
6902 117.1,1344,

l\)
A

{(25,4R)-1-0-pivaloyl-2,4-di-O-(tert-buiyldimethy
mmol) in THF (15 ml) was added dropwise DIBAL-H (0.95 M in toluene, 2.0 eq) at —78 °C. The mixture was
stirred at —78 °C for 1.5 h and quenched by the addition of an EtOH-water mixture. Thus-produced
precipitates were removed by filtration through a celite pad, which was rinsed with several portions of ethyl
acetate. The combined organic solutions were dried with Na;SO4 and concentrated to give an oil, which, on

1205 =7.7 (¢ 1.66, CHCl3); '"H-NMR (200 unz) 5 0.06 (s
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5.12 (m, 2H), 5.69—5.91 (m, 1H); 13C-NMR (50 MHz) § 4.3, 4.1, 17.9, 25.8, 41.6, 42.3
117.1, 134.5; IR (film) 3400 cm~1.
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(28 ,4K)-2,4-Di-(O-teri-buiyidimethyisilyi)-2,4-dihydroxy-6-heptenecarbaidehyde oxime (5a). A
solution of 4a (270 mg, 0.720 mmol) in CH,Cl; (3 ml) was mixed with Swern reagent prepared from (COCI);
(0.157 ml, 1.80 mmol) and DMSO (0.255 ml, 3.6 mmol) in CH,Cl, (2 ml) at —78 °C. After 15 min stirring,
Et:N (1.0 ml) was added to the mixture at =78 °C and stirring was continued for additional 30 min at 0 °C.

The reaction was quenched by the addition of water and extracted with AcOEt-hex (1:1) mixed solvent.

The combined organic solutions were dried with Na;SO4 and concentrated to give the corresponding
aldehyde. To a solution of the crude aldehyde in EtOH (5 ml) were added NH,OH-HCI (500 mg, 7.2 mmol)
and Et3N (1.0 ml, 7.2 mmol) at 0 °C and the mixture was stirred at rt for 11 h. The reaction was diluted with
water and extracted with AcOEt. The combined extracts were dried with Na;SO4 and concentrated to afford

an oil, which, on CC, gave 5a (251 mg, 89%): [a]?0p +3.11 (c 1.06, CHCl3); 'H-NMR (200 MHz) § 0.03 (s,

6H), 0.05 (s, 6H), 0.87 (s, 9H), 0.88 (s, 9H), 1.55—1.86 (m, 3H), 2.20—2.35 (m, 2H), 3.79—3.92 (m, 1H),
420442 (m 1H). 495513 (m. 2H). 5.70—5.92 tm. 1H), 7.21—7.30 (m, 1H): 13C-NMR (75 MH7) §
QL7442 (I, 111), 4.75—3.10 (N, 2rij, 3./U—I3.74 \IN, i1}, 7.1~ .0U ({ITl, 151); "“C~INDVIR (/0 MIQIZ) ©
-4.6,4.4,-40,-3.8,18.0, 25.8,25.9,42.1,43.5, 67.7, 68.3, 117.1, 134.5, 153.7; IR (film) 3400 cm-1.

(25,45)-2,4-Di-(O-tert-butyldimethylsilyl)-2,4-dihydroxy-6-heptenecarbaldehyde oxime (5b). This
compound was prepared from 2b through a series of reactions done for 2a: [a]22p 2.4 (¢ 1.0, CHCl3); H-

NMR (200 MHz) 6 0.03 (s, 6H), 0.04 (s, 6H), 0.88 (s, 9H), 0.89 (s, 9H), 1.70—1.82 (m, 2H), 2.15—2.32 (m,
2H), 3.78—3.88 (m, 1H), 4.32-—4.41 (m, 1H), 5.00—5.12 (m, 2H), 5.74—5.86 (m, 1H), 726 (d, I1H, J =74
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(SS,7S,9R)-7,9-Bls(tert-butyldimethylsilyloxy)-2-aza—3—oxabicyclo{4.3.0]non-l-ene (6a). To a stirred
solution of 5a (201 mg, 0.518 mmol) in CH,Cl, (5 ml) was added an aqueous NaOCI solution (1.5 ml) and the
mixture was stirred at rt for 2.5 h. The reaction was diluted with water and extracted with AcOEt. The

combined extracts were dried with NaySO4 and concentrated to give an oil which, on CC, gave 6a (177 mg,
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isomer (55,75,9R)-7,9-bis(tert-butyldimethylsilyloxy)-2-aza-3-oxabicycio[4.3.0]non-1-ene: [a]?%p +108 (c
0.099, CHCl3); 'H-NMR (500 MHz) & 0.03 (s, 3H, SiCH3), 0.055 (s, 3H, SiCH3), 0.057 (s, 3H, SiCH3), 0.09
(s, 3H, SiCHj3), 0.87 (s, 18H, SiC(CH3)3), 1.41 {4-line ddd (11.6, 11.9, 11.9 Hz), 1H, C(6)H,}, 1.53—1.60
(m, 1H, C(8)Hyx), 2.13 (ddd, 1H, J = 2.9, 6.0, 13.4 Hz, C(8)Heg), 2.17—2.23 (m, 1H, C(6)H,q), 3.50—3.59
(m, 1H, C(5)H), 3.86—3.91 {3-line dd (8.2, 8.6 Hz), 1H, C(4)HH}, 4.19—4.27 (m, 1H, C(7)H), 4.45 (dd, 1H,

~

I—R727 101 Hy OC(AYHEN 475 (¢t 1 JT="70HHy C(OYH): 13("MMD{<{\MH—;\S:_AQ,<1 ]'7Q 1 1 28 §
” Goly 1V L 124, NAS L Jy o7 \8y LAk, vV o7 Xy N\ 7 JIL), INIVAIN OV ViniZ ) O & O, 10.1, &£J.4J,
AEM A1 1 AN O AAAN £A L £ 1 AN Q 120 LS, TD 701\ AQLSA 407 _ GE’\A/-!(\ PR
£2./,41.1,423.Y, 44.5, 03.0, 00.1, /3.6, 13Y.0] IK {I1IIM) 24932, %J cm 1, exact mass, mIZ J282.£L40 /1Y (CaiCa

for Cj9H3903NSi» m/z 385.24683). Anal. Calcd for C19H3903NSi,: C, 59.18; H, 10.20. Found: C, 59.01; H,
10.44.

Data for minor isomer (5R,75,9R)-7,9-bis(tert-butyldimethylsiloxy)-2-aza-3-oxabicyclo[4.3.0]non-1-ene:
[a]29 —70.5 (¢ 1.38, CHCl3); 'H-NMR (200 MHz) 5 0.04 (s, 3H), 0.07 (s, 3H), 0.09 (s, 3H), 0.12 (s, 3H), 0.87

(s, 9H), 0.90 (s, 9H), 1.38—1.75 (m, 2H), 1.98—2.22 (m, 2H), 3.51—3.71 (m, 1H), 3.82 (dd, 1H, J=7.6, 10.1

~

Hz), 4.20—4.30 (m, 1H), 4.52 (dd, iH, J = 7.6, 10.5
-5.2,-5.1,17.6, 18.1,25.4, 25.5, 38.6,43.7, 44.0, 64.8,

Hz T
6

z), 4.80—4.92 (m, 1H); 13C-NMR (50 MHz) § -5.6,
7.5,73.2, 161.5; IR (KBr) 2952, 1471 cm-1.
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(58,78,98)-7,9-Bis(tert-butyldimethyisiiyloxy)-2-aza-3-oxabicyclo[4.3.0]non-1-ene (6b). The oxime 5b
was led to this isoxazoline by the similar procedure as that for the preparation of 6a from Sa. Data for major
isomer (55,75,95)-7,9-bis(tert-butyldimethylsilyloxy)-2-aza-3-oxabicyclo[4.3.0]non-1-ene: [a]?3p —68.2 (c
1.90, CHCl3); 'H-NMR (300 MHz) 5 0.07 (s, 3H, SiCH3), 0.06 (s, 3H, SiCH3), 0.11 (s, 3H, SiCH3), 0.14 (s,
3H, SiCH»), 0.88 (s, 9H, SiC(CH3)3), 0.92 (s, 9H, SiC(CHz)3), 1.42 {4-line ddd (12.1, 11.3, 12.1 Hz), 1H,

S11 J.00 11, DI ALL L LA uuu

o

T 2
line ddd (11.8, 1.5, 11.8

<0, »

IH, C(8)Hx ], 2.1
C(S)Heq) 22 (m, 1H, C(5)H), 3.75—3.86 (m, 1H, C(7)H), 3.88 (dd, 1H, J = 8.0, 10.1 Hz, C(4)HH), 4.45
(dd, 1H, J = 5.7, 11.8 Hz, C(9)H), 4.52 (dd, 1H, J = 8.0, 10.7 Hz, C(4)HH ); '3C-NMR (75 MHz) § -5.2, 4.8,
—4.7, 4.6, 18.0, 18.4, 25.7,40.2, 45.5, 45.6, 65.9, 67.7, 73.7, 160.8; IR (KBr) 2954, 1471 cm~1; exact mass,
m/z 385.24686 (caled for C1gH3903NSi; m/z 385.24683). Anal. Calcd for C19H3903NSi;: C, 59.18; H, 10.20.

Found: C, 59.16; H, 10.21

7} 1 I20(m TH C6\H Y 2202 70
L], 1 4. 151, ) . v

by
IS

Data for minor isomer (SR,75,95)-7,9-bis(tert-butyldimethylsiloxy)-2-aza-3-oxabicyclo{4.3 . Olnon- 1 -ene
5] \ 1YY TR ATY /A s - '3 2 -~ s ~ o s rry
{aj*2p +13.6 (c 1.60, CHCI3); ‘H-NMR (300 MHz) 6 0.04 (s, 6H), 0.08 (s, 3H), 0.13 (s, 3H), 0.86 (s, 9H), 0.88

(s, 3H), 1.49—1.58 (m, 1H), 1.70—1.78 (m, 1H), 2.04—2.10 (m, 1H), 2.08—2.17 (m, 1H), 3.80-—3.97 (m,
2H), 4.09—4.14 (m, 1H), 4.41 (dd, 1H, J = 7.2, 10.0 Hz), 4.77 (dd, 1H, J = 1.7, 3.9 Hz); 13C-NMR (75 MHz)
6-5.0,-4.8,4.7,-4.6,18.1, 18.2,25.80, 25.88, 25.9,40.2, 40.5, 41.8, 63.3, 65.8, 73.1, 161.4; IR (film) 2929,
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of the isoxazoline 6a (166 mg, 0.430 mmol) in MeOH-water (5:1, 6 ml), placed in a hydrogenation vessel
were added boric acid (66 mg, 2.5 eq) and a spatula tip of 10% Pd-C. The reaction vessel was flushed with
hydrogen gas and the mixture was stirred vigorously under a positive pressure of hydrogen for 20 h. The
mixture was filtered through a celite pad and the filtrate was partitioned between water and CH;Cl;. The
aqueous layer was extracted with several portions of CH,Cl,. The combined organic solutions were dried over

Na; S04 and concentrated to glve an oil, which, on CC, gave 7 (123 mg, 74%) as a diastereomeric mixture at
C(2). One of the isomers was obtained by means
butyldimethylsilyloxy)-2-(hydroxymethyl)cyclohexanone: [a])26p —38.7 (¢ 1.10, CHCls); TH-NMR (200 MHz)
5 0.04 (s, 3H), 0.07 (s, 3H), 0.09 (s, 6H), 0.89 (s, 18H), 1.51—1.57 (m, 2H), 2.00—2.42 (m, 2H), 2.54—2.64
(m, 1H), 2.98-—3.13 (m, LH), 3.59—3.82 (m, 2H), 4.12 (dd, 1H, J = 3.2, 5.3 Hz), 4.37—4.52 (m, 1H); 13C-
NMR (50 MHz) 8 -5.5, -5.1, -5.0, -4.9, 17.8, 18.2, 25.5, 25.6, 37.3, 44.6, 45.3, 61.7, 65.9, 72.7, 211.9; IR
(film) 3534, 1726 cm-1.

[(1RS,3S,5R)-2-0Ox0-3,5-bis(tert-butyldimethylsilyloxy)cyclohexyllmethyl acetate (8). To a solution of
7 (93 mg, 0.24 mmol) in CH,Cl, were added excess EtsN, excess AcyO, and DMAP (cat amount) at rt and the
mixture was stirred at rt for 1 h. The reaction was quenched by the addition of saturated aqueous NaHCO;
solution and extracted with several portions of AcOEt. The combined extracts were dried over Na;SO,4 and

concentrated to give an oil, which, on CC, gave (2RS,45,6R)-1-acetoxymethyl-4,6-bis(O-tert-butyldimethyl-
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2.18 (m, 2H), 4.09 (dd, 1H, J = 5.5, 11.3 Hz), 4.16—4.22 (m, 1H), 4.36—4.48 (m, 2H); }3C-NMR (50 MHz) &
-5.3,-5.0,—4.8, 18.1, 20.7, 25.5, 25.7, 38.3, 43.1, 44.3, 63.1, 65.5, 73.9, 170.7, 209.0; IR(film) 1747 cm™1.
Data for minor (25,45,6R)-isomer: [a]?2, —42.5 (¢ 1.30, CHCl3); 'H-NMR (200 MHz) § 0.03 (s, 3H),
0.11 (s, 3H), 0.12 (s, 6H), 0.89 (s, 9H), 0.91 (s, 9H), 1.54—1.71 (m, 1H), 1.75—1.92 (m, 1H), 2.00 (s, 3H),
2.00—2.15 (m, 1H), 2.20—2.35 (m, 1H), 3.06—3.21 (m, 1H), 4.12 (dd, 1H, J = 5.9, 11.3 Hz), 4.21—4.30 (m,

o \Ax2, 21k, LAV 117 el 214 11.J0 11L)

1H), 4.38 (dd, 1H, J = 5.5, 11.3 Hz), 4.65 (dd, 1H, J = 6.5, 11.9 Hz); 13C-NMR (50 MHz) § -5.5, -5.1, -5.0,
48,179, 18.3,20.7, 25.6, 25.7, 38.0, 42.5, 44.7, 62.3, 65.8, 72.8, 170.8, 207.8; IR (film) 1747 cm-1.

To a suspension of Ph3PCH3I (284 mg, 0.730 mmol) in THF (10 ml) was added BuLi (1.68 M in hexane,
1.10 ml, 0.65 mmol) at 0 °C in a dropwise manner. The mixture was stirred at 0 °C for 15 min. To this was
introduced a solution of above acetoxymethylcyclohexanone derivative (70 mg, 0.16 mmol) in THF (5 ml) in

a dropwise manner and the mixture was stirred at 0 °C for 30 min. The reaction was quenched by the addition
+.

....... :.k._..\.. o 3 r N QM A Aammmantentad b ro Ty

of water, filtered t ngh ce

oil, which, on CC, gave 8 (53 mg, 76%) together with deacetylated product (9) (7 mg, 10%). Data for major
(18,3S,5R)-isomer: [a]?2p —32 (¢ 0.20, CHCl3); 'H-NMR (200 MHz) § 0.02 (s, 3H), 0.06 (s, 9H), 0.87 (s, 9H),
0.88 (s, 9H), 1.18—1.41 (m, 1H), 1.55—1.68 (m, 1H), 1.80-—1.97 (m, 2H), 2.04 (s, 3H), 2.71—2.85 (m, 1H),
4.05—4.42 (m, 4H), 4.69 (s, 1H), 4.93 (s, 1H); 13C-NMR (50 MHz) 5 -5.2, 4.8, 18.0, 20.9, 25.7, 25.8, 37.2,
38.4,449,66.1,67.2,71.9, 107.6, 149.5, 171.0; IR (film) 1745 cm~!.
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To a solution of 8 (46 mg, 0.107 mmol) in THF (2 mi) was added DIBAL-H (1.01 M in hexane, 2.2 eq) at -78

>

°C. The mixture was stirred at —78 °C to —50 °C for 30 min. The reaction was quenched by the addition of
water and thus-formed solid was removed by filtration through a celite pad. The combined organic solutions
were dried with Na;SOy4 and concentrated to give a colorless oil, which, on CC, afforded 9 (38 mg, 92%).
Data for major isomer: 'H-NMR (200 MHz) $ 0.05 (s, 3H), 0.06 (s, 3H), 0.07 (s, 6H), 0.89 (s, 18H), 1.39—

1 (i IU\ 1 ql 1TA7 (e THY 1 71__170(m 2HY 1 Q8___ 1 OQ fm 1THY 2607277 (m 1
1.J1 1K I 1.0 1.7G (i, . NP H
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/-.
-

Ty 1T

(m, 1H), 3.79—3.91 (m, 1H), 4.16—4.28 (m, 1H), 4.45—4.54 (m, 1H), 4.78 (s, 1H), 5.04 (s, 1H); !
(50 MHz) 5 -5.1, -4.9, -4.8, 18.0, 18.2, 25.8, 38.0, 42.4, 44.7, 65.8, 67.7, 70.2, 107.6, 150.6; IR (film) 3419
cm-!; exact mass, m/z 386.26725 (calcd for CogH4203Si; m/z 386.26723). Anal. Caled for CyoH4303Si;: C,
62.13; H, 10.96. Found: C, 62.35; H, 10.71.
(45,6R)-4.6-Bis(O-tert-butyldimethylsiloxy)-2-methyl-1-cyclohexenecarbaldehyde (A-ring Synthon I).

To a solution of 9 (28 mg, 0.074 mmol) in CH,Cl; (4 ml) was added PCC (96 mg) in one portion at 0 °C. The
mixture was stirred at rt for 2.5 h. The reaction was quenched by the addition of water and extracted with
AcOEt. The combined organic solution were dried over Na;SO4 and concentrated to give an oil, which, on
CC, afforded an disiloxyaldehyde (26 mg, 91%). To a solution of the aldehyde (17 mg, 0.044 mmol) in

CH;Cl, (0.5 ml) was added DBU (0.91 ml, 2 eq) at 0 °C. The reaction was stirred at rt for 2 h, quenched by

the addition of water and extracted with AcOEt. The combined extracts were dried over N2;SO, and
concentrated by a rotary evaporator to give an oil, which, on CC, gave I (16 mg, 94 %). [a]®p -85.6 (c 0.656,

CHCl3) [lit.20¢ [a]25p -91.1 (¢ 0.3, EtOH); lit.20d [0]29p —86.1 (¢ 0.32, EtOH); 1it.20d [a]281, —85.6 (c 1.08,
CHCl3)]; 'H-NMR (300 MHz) § 0.05 (s, 3H, SiCH3), 0.06 (s, 3H, SiCH3), 0.13 (s, 3H, SiCH3), 0.14 (s, 3H,
SiCHj3), 0.87 (s, 9H, SiC(CHj3)3), 0.92 (s, 9H, SiC(CH3)3), 1.80 {3-line dd (5.2, 6.1 Hz), 2H, SiOCCH,COSi},
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6—2.12 (bdd, iH, J = 6.5, 17.7 Hz, =C-CHH-COS1),
J=4.7,17.7 Hz, =C-CHH-COSi), 4.08—4.17 (m, 1H, OHC-C-CH-0Si), 4.30—4.39 {3-line dd (4.4, 5.2 Hz),
1H, CH;3-C-CH-0Si}, 10.1 (s, 1H, CHO); 13C-NMR (50 MHz) 5 4.8, 4.7, 4.2, 14.6, 17.9, 18.0, 25.7, 25.8,
32.0, 40.3, 64.2, 70.8, 131.6, 154.5, 192.0; IR (film) 1675 cm™1.
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4-0-(4-Methoxybenzyl)-4-hydroxybutanal (10). To a solution of 1,4-butanediol (7.32 ml, 1.2 eq) in
DMF-THF (1:1) mixed solvent (100 ml) was added NaH (3.30 g, 1.2 eq) at 0 °C. After 20 min stirring, 4-

methoxybenzyl chioride (10 mi, 68.8 mmol) was added dropwise to the solution at O °C. The mixture was
stirred overnight at rt, quenched by the addition of water and extracted with AcOEt-hexane (1:1) mixed
solvent. The combined organic solutions were dried over Nay;SO4 and concentrated to give a colorless oil,
which, on CC, afforded 1-O-(4-methoxybenzyl)butane-1,4-diol (13.0 g, 90 %) as a colorless oil.

A solution of 1-0-(4-methoxybenzyl)butane-1,4-diol (13.0 g, 61.5 mmol) in CH)Cl; (50 ml) was mixed
with Swern reagent prepared from (COCl); (10.7 ml, 123 mmol) and DMSO (17.5 ml, 246 mmol) in CH,Cl

(100 ml) at =78 °C. After 20 min stirring, Et;N (51.4 ml, 369 mmol) was added to the mixture at —78 °C and
stirring was continued for additional 30 min at O °C. The reaction was quenched by the addition of water and
extracted with AcOEt-hexane (1:1) mixed solvent. The combined organic solutions were dried with Na,SO4
and concentrated to give a colorless oil, which, on CC, afforded 10 (11.54 g, 90%) as a colorless oil. |H-NMR
(200 MHz) 8 1.52—1.72 (m, 4H), 2.45 (dt, 2H, J = 1.7, 7.2 Hz), 3.45 (t, 2H, J = 6.1 Hz), 3.80 (s, 3H), 4.42 (s,

Al

2H), 6.88 (dt, 2H, J = 8.7 Hz for doublet), 7.25 (dt, 2H, J = 8.7 Hz for doublet), 9.75 (t, 1H, J = 1.7 Hz); 13C-
NMR (50 MHz) 5 22.3, 40.6, 55.3, 70.1, 72.6. 129.4, 130.4, 145.6, 160.2, 201.8; IR (film) 1710 cm™!

1-O-(4-Methoxybenzyl)-5,5-dimethylhept-6-ene-1,4-diol (11). To a suspension of CuCl (3 mg) in Et,O
(3 ml) were added Et3N (0.16 ml, 1.2 mmol) and prenyl chloride (0.12 ml, 1.1 mmol) at 0 °C. To this mixture
was added trichlorosilane (0.11 ml, 1.1 mmol) at 0 °C. The resulting mixture was stirred at rt for 16 h

followed by the addition of DMF (1 ml) Then the mixture was cooled to 0 °C and a solution of 10 (100 mg,

e was stirred for further 21 hat 0 °F
ther 21
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were dried with Na;SO, and concentrated to give a colorless oil, which, on CC, afforded 11 (95 mg, 71%) as a

colorless oil. 'H-NMR (200 MHz) § 1.01 (s, 6H), 1.15—1.40 (m, 1H), 2.19 (b, 1H), 3.25 (dd, 1H, J = 1.57,

10.7 Hz), 3.40—3.52 (m, 2H), 3.80 (s, 3H), 4.45 (s, 2H), 5.02 (dd, 1H, / = 1.51, 11.0 Hz), 5.05 (dd, 1H, J =

1.15, 17.3 Hz), 5.84 (dd, 1H, J = 11.0, 17.3 Hz), 6.88 (dt, 2H, J = 8.7 Hz for doublet), 7.25 (dt, 2H, /= 8.7 Hz

for doublet); 13C-NMR (50 MHz) §22.4, 22.9, 27.2, 28.6, 41.5, 55.2, 70.0, 72.5, 78.0, 112.9, 113.7, 129.3,
) EXe 8.
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Anal. Calcd for C;Hy605: C, 73.33; H, 9.42. Found: C, 73.61; H, 9.29.
4-0O-(tert-Butyldimethylsilyl)-5,5-dimethylhept-6-ene-1,4-diol (12) To a solution of 11 (2.40 g, 8.62

mmol) and Et3N (2.40 ml, 17.2 mmol) in THF (30 ml) was added TBSOTf (2.70 mi, 11.7 mmol) at 0 °C. The

mixture was stirred at rt for 1 h, quenched by the addition of water, extracted with AcOEt, dried over Na;SOy,

and concentrated to give a crude product, which, on CC, afforded the g‘lyla{ed 11 as a colorless il (3,31

o
QLU LULLLL AL WU o G ViUl priauaca, SN, QiaNFiNANAS APl X By

98%). Thus protected diol (7.94 g, 20.2 mmol) was dissolved in CH;Cl; (80 ml) and to this was added water

(8 ml) and DDQ (6.89 g, 30.3 mmol) in one portion. The mixture was stirred at rt for 6 h, diluted with water,

and extracted with AcOEt. The combined extracts were dried with Na;SO4 and concentrated to afford an oil,
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N

‘llhl{‘]’\ on CC. gave 12 (3.30 o. 63%) as a colorless oil. TH-NMR (200 MHz, XnnA {(s. 6H). 0.90 (s. 9H). 096
............ C, gave 14 (2.257 g, 62%) as a COI0riess o1 1-IND e 2004 (5, 0R), VAU S, PR),

fo £ITN 190 1 Q0 (e ATIN 224 731 101 T _ 29 £ &8\ 2 &) 267 f+ LY AQL (A4 1L -1 107
(s, 6H), 1.20—1.80 (m, 4H), 3.34 (a4, id, J =35.2, 6.5 0z), 5.52—3.62 (m, 20), 4.95 (aaq, 10, J = 1.6, 1U./
Hz), 4.97 (dd, 1H, J = 1.6, 18.0 Hz), 5.88 (dd, 1H, J = 10.7, 18.0 Hz); 13C-NMR (50 MHz) & -3.9, -3.5, 18.3,

22.9,24.6,26.1,29.9,30.5,42.4,63.3,79.5, 111.3, 146.2; IR (film) 3400 cm-1,
4-tert-Butyldimethylsiloxy-5,5-dimethyl-6-heptenecarbaldehyde oxime (13). This compound was

prepared by the similar procedure as that for 5a. 13 (3.09 g) was obtained from 12 (3.66 g) in 81% yield: 'H-

NMR (200 MHz) 5 0.06 (s, 6H), 0.91 (s, 9H), 0.98 (s, 6H), 1.45—1.55 (m, 1H), 1.62—1.75 (m, 1H), 2.10—
’\ "II\ o mn 1YIF\ ’\ 2N N AN S 1Ty 2 277 711 11Y ) S Y | O 7 LY. A3 1L 7 LX) A NOT 733
I, 111), £.0U—<2.40 (i1, 1n), 2.5/ (44, 111, J = 2.4, 0.0 I M4Lj, +.77 (U4,

1H,
-3.

0 ( Hz), 495 (dd, 1H, J= 1.6, 10.
J=1.6, 18.0 Hz), 5.88 (dd, 1H, J = 10.7, 18.0 Hz), 6.65 (bt, 1H, J = 4.9 Hz); 13C-NMR (50 MHz) 5 -3.9,
5,18.3,22.8,24.6,26.1,27.1,30.4,42.4,78.8, 111.7, 145.9, 152.2; IR (film) 3400 cm~1.
4-tert-Butyldimethylsiloxy-2-(hydroxymethyl)-3,3-dimethylcyclohexan-1-one (14). To a stirred
solution of 13 (3.09 g, 10.8 mmol) in CH,Cl; (20 ml) was added an aqueous NaOCI solution (20 mi) and the

mixture was stirred overnight at rt. The reaction was diluted with water and extracted with AcOEt. The

as an €pimeric
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combined extracts w
mixture, To a solution of the isoxazoline in MeOH-water (5:1, 30 mi), which was placed in a hydrogenation
vessel, were added boric acid (1.34 g, 2 eq) and a spatula tip of 10% Pd-C. The reaction vessel was flushed
with hydrogen gas and the mixture was stirred vigorously overnight under a positive pressure of hydrogen.
The mixture was filtered through a celite pad and the filtrate were partitioned between water and AcOEt. The

aqueous layer was extracted with several portions of AcOEt, and the combined extracts were dried over

5] Y sayn 1A (D) RA o Ty frraes
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Na;SO,4 and concentrated to give an
C(2). One of the isomers was isolated by means of CC. Data for major diastereomer: !H-NMR (200 MHz) &
0.10 (s, 6H), 0.77 (s, 3H), 0.93 (s, 9H), 1.07 (s, 3H), 1.85—1.90 (m, 1H), 1.98—2.07 (m, 1H), 2.17—2.22 (m,
1H), 2.50 (b, 1H), 2.70 (dt, 1H, J = 7.3, 14.2 Hz), 2.92 (dd, 1H, J = 2.9, 8.8 Hz), 3.44—3.48 (m, 1H), 3.60
(dd, 1H, J =29, 11.2 Hz), 3.95 (dd, 1H, J = 8.8, 11.2 Hz); 13C-NMR (50 MHz) $ 4.9, 4.4, 18.1, 22.6, 25.6,
25.9,29.6, 36.3, 43.3, 55.7, 58.6, 75.8, 215.8; IR (film) 3534, 1726 cm-!; exact mass, m/z 286.19652 (calcd
for Cy5H3003Si m/z 286.19641). Anal. Calcd for C;sH3(O3Si: C, 62.89; H, 10.56. Found: C, 62.66, H, 10.77.
4-tert-Butyidimethyisiioxy-1,3,3-trimethyi-i-cyciohexene-Z-carbaidehyde (i6). To a solution of 14
(1.94 g, 6.79 mmol) in THF (10 ml) was introduced MeMgBr in Et;0 (3.0 M solution, 6.8 ml, 3 eq) at 0 °C.
The mixture was stirred at rt for 6 h. The reaction was quenched by the addition of water and thus-produced

precipitates were removed by filtration through a celite pad, which was rinsed with several portions of ethyl

acetate. The combined organic solutions were dried with Na;SOy4 and concentrated to give an oil, which, on

CC, afforded a diol (1.28 g, 62%) as a colorless oil. A solution of the diol (1.28 g, 4.23 mmol) in CH,Cl; (10

~ 1 TNR Aoy

mi) was mixed with Swern reagent prepared from (COCl), (0.74 mi, 8.46 mmol) and DMSO (1.20 mi, 16.9
mmol) in CH,Cl; (20 ml) at -78 °C. After 15 min stirring, EtsN (3.54 ml, 25.4 mmol) was added at -78 °C
and stirring was continued for additional 20 min at 0 °C. The reaction was quenched by the addition of water
and extracted with AcOEt-hexane (1:1) mixed solvent. The combined organic solutions were dried with
give a colorless oil, which, on CC, afforded the aldehyde (15: 855 mg, 67%) as a

nd concentrated t

4 nL O
Lig all 14 C
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To a solution of 15 (855 mg, 2.80 mmol) in CH,Cl, (10 ml) were added EtsN (0.87 mi, 2.2 eq) and MsCl

(0.23 ml, 1.1 eq) at 0 °C. After 2 h stirring at rt, additional EtzN (1.70 ml, 4.4 eq) and MsCl (0.69 mi, 3.3 eq)
were introduced to the mixture and stirring was continued overnight at rt. The reaction was quenched by the
addition of water and extracted with AcOEt-hexane (1:1) mixed solvent. The combined organic solutions were

dried with Na;SO4 and concentrated to give a colorless oil, which, on CC, afforded 16 (543 mg, 68%) as a
colorless oil. 'H-NMR (300 MHz) 50.055 (s, 3H, SiCH3), 0.062 (s, 3H, SiCHa), 0.89 (s, 9H, SiC(CH3)3), 1.16

L9794 AJ ANAVRAN \FUNV WYRRLAL; OV D (3, il u;u;;"}, (VA VA VO Z \3 ~A~223)3 45 2

(s, 3H, CH3), 1.19 (s, 3H, CH3), 1.60—1.80 (m. 2H, CH,-COSi), 2.08 (s, 3H, =CCH3), 2.05—2.40 (m, 2H,

AAAAAA [ P

=C-CH,), 3.45 (dd, 1H, J = 3.3, 8.0 Hz, SiOCH), 10.1 (s, 1H, CHQ); I3C-.NMR (75 MHz) §-4.9, 4.1, 18.1,
19.1, 21.7, 25.8, 25.9, 26.2, 32.6, 38.4, 76.2, 139.1, 154.5, 192.5; IR (film) 1675, 1255 cm~1; exact mass, m/z
282.20152 (caled for CigH300,Si m/z 282.20149). Anal. Calcd for Cy6H3905,Si: C, 68.04; H, 10.71. Found: C,
68.27; H, 10.55.
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