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Diels-Alder Approach Towards the Stereocontrolled Construction
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Abstract : An elegant stereocontrolled synthesis of a highly functionalized C ring fragment of taxol® is
described. The route utilises a new Diels-Alder reaction followed by regioselective opening of anhydride,
reductive dechlorination, Baeyer-\fxlliger oxidation of norbornenone system and stereodirected
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Taxol® (paclitaxel) 1, the novel polyoxygenated diterpenoid and a potent antitumor agent isolated from

the bark of Western vew Taxus brevifolia! has become one of the most important members in a new class of
the bark of western yew laxus brevijolia,” nas become one ol the most important memoers in a new class ol
~Ahamnatharanantic agante Tt hae racantly hnan annravad hu BETNA2 far tha fraatmant nf rofractiva auarian cancor
cnemouerapeutic agenis, it fas reClnuy oCin approved oy r'uA” 107 e weatnent 01 reiraclive ovariain Caincer

and metastatic breast cancer and clinical trials are ongoing against a variety of other cancer disease types
including nonsmall cell lung cancer (nsclc), head and neck cancer, glioblastoma and oesophageal cancer. Taxol®
attects the tubulin-microtubule equilibrium and promotes the assembly of tubulin into heat- and calcium- stable
microtubules,® and this presumably prevents cellular division and facilitates cell death. These properties of
taxol® and also its intricate molecular architecture have stimulated legions of synthetic organic chemists® towards
the synthesis of paclitaxel and its analogues. As a result of extensive research on taxol® during the past two
decades, a few groups’ have accomplished the total synthesis of taxol®. Despite this success, many factors

remain to be investigated for synthesizing simpler analogues with better therapeutic profiles. In continuation ot

our programme on taxol® and its analogues * we report herein an elegant stereocontrolled synthesis of a densely
Frirnatinnalizad £ ring fragmant? af naclitaval ntilizing a naw Niole_ Aldar raantinn
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Our retrosynthetic analysis was based on a convergent strategy which revealed that the A- ring building
block 2 can be appended to CD substructure 3 via a suitable coupling procedure (Scheme-1). Intermediate 3.

in turn, can be obtained from the key retron 4 by an oxetane annulation process, reported earlier by our group.”
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Diels-Alder reaction between 5,5-dimethoxy-1,2,3 4-tetrachlorocyclopentadiene § (easily obtained from
i 8y . S N . 3 31 apepha o Ad Aratom ey sae o
commercially available hexachlorocyclopentadiene®) and citraconic anhydride 6 in ortho- dichiorobenzene undei

refluxing conditions afforded cycloadduct 7 (Scheme-2).
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Reagents and conditions: a) 1,2-dichlorobenzene, reflux, 72 h, 8%, b) McOH, dry HCI, reflux, 88%. c) Me.SO,,
K,CO,. DML, ri, 86%, d) LAH, ether, reflux, 83%, e) Na, lig. NH,, -33 *C, THF-EtOH, 74%.

Anhydride 7 on treatment with dry methanolic HCI solution either at room temperature or under refluxing
conditions, contrary to our expectation, furnished half ester 8. Compound 8 in its '*C NMR spectrum showed
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subjected to reductive dechlorination” using sodium in liquid ammonia to afford compound 11.
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Then, a shorter route for the conversion of 7 into 11 was developed. Diels-Alder adduct 7 was first
dechiorinated to anhydride 12 which on treatiment with LiAIH, in THF furnished the same diol 11 (Scheme-3).
Diol 11 was protected as its dibenzyl ether 13 which on deketalisation with PTSA in dry acetone generated the
bridged keto compound 14. Though norbornenones exhibit a great propensity to form a hydrate upon exposure
to moisture, the diagnostic carbonyl absorption at 1780 cm™! in the IR spectrum confirmed the presence of a
bridged keto functionality. Compound 14 was subjected to Bacyer-Villiger oxidation'® using alkaline H,O. in
MeOH to get two isomers 15 and 15a in a 9:1 ratio. The major isomer 15 was separated and treated with an
ethereal solution of diazomethane to give hydroxy ester 16.
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Reagents and conditions: 4) Na, lig. NH,, -33 °C, THF-EtOH, 64%, b) LAIL TIHI. rt, 82%, ¢) NaH, BnBr, "Bu NI
(cat), THF, 87%, d) PTSA (cat), dry acetone 11, 92%, e) aq. NaOH, 30% H,0,, MeOH, 68%, f) CH.N, in ether, 0 °C,

93%. @) Ac,0, EtN, DMAP (cat), DCM, 91%, h) Ac,0, NaOAc. benzene, reﬂux 83%, i) LAH, THF, 82%, j) 3.5-
dinitrobenzoyl chloride, DMAP, DCM, 81%.

The syn orientation of the hydroxyl and carboxylic acid functionality in 15 was confirmed by making
bridged lactone 18 upon treating compound 15 with Ac,0 and NaOAc in refluxing benzene.'! The position of

the methyl group was confirmed by decoupling experiments of acetyl derivative 17 and lactone 18. Compound
sne frisotoadd i z IT o 2o L1 140 .12 A no iia -~ 1
16 was treated with LiAIH, o give diol 19 which was diesterified as iis 3,5-dinitrobenzoate derivative 20.

Following the same sequence of reactions, the Diels-Alder adduct of § and maleic anhydride'” was manipulated
in several steps to give the 3,5-dinitrobenzoate derivative 21. Now by comparing the splitting pattern and

coupling constant (J) values of the allylic proton adjacent to 3,5-dinitrobenzoate group in 20 and 21, it was
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l ol re

uded that the methyl group was in the desired position. In compound 20, the said proton resonated at &
d c

"

5.62 as a doublet with J value of 1.8 Hz whereas in compound 21, the corresponding proton resonated at 6 5.72
as a double doublet with J values of 1.8 Hz and 7.2 Hz.

After confirming the position of the methyl group, compound 16 was protected as its benzyl ether derivative
22 using benzyl trichloroacetimidate’ and a catalytic amount of camphorsulfonic acid (Scheme-4).
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Reagents and conditions: a) benzyl trichloroacetimidate, CSA (cat), DCM-cyclohexane (1:2), rt. 77%. b 1.AH. THF.
82%, ¢) Lhcxylborane, THE, 0°Ctort, 6 h, then 30% H,0,, aq. NaOH. 71%. d) TsCl (1.1 eq.), Py, DMAP (cat), DCM.,
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7449%, &) Ac,0, LN, DMAP (cat), DCM, 83%., 1) NaH, THE i, 77%.

Compound 22 was trcated with LiAIH, to give alcohol 23 which was subjected to hydroboration using
thexylborane' in THF to give the desired key retron 24. The secondary hydroxyl group in compound 24 was
introduced in a stereo- and regio- controlled manner due (o the formation of intermediate borane chelate 24a.

The position and the relative stereochemistry of diol 24 was confirmed by making the oxetane ring in 27. For
g
this, the primary hydroxyl group was tosylateu to give cumpnund 25 which on treatment with NaH in THF

generated oxetane 27. Compound 25 was also characterised by making its acelyl derivative 26.

in summary, we have demonstrated a facile stereocontroiied synihesis of a densely functionaiized C-ring
fragment of taxol®, specially to introduce a methyl group at the BC ring juncture of taxol®. Coupling between
the C-ring and A-ring tragments, followed by oxetane annulation and further claboration towards taxol™ is

currently being investigated.

EXPERIMENTAL
Melting points were recorded on a Buchi R-535 apparatus and are uncorrected. Moisture and air sensitive
.y sz idemcsiziaen $amm vz be i cinlee 2 e Gl <7 mn
It'd.LllU[lb were Ldlllt"u out under HUOECH alUSPIICTC UsIng ury SOIvVe plt'l)dICU [7)/ ard pr()uuurt’s [1A8

spectra were recorded either as a KBr wafer or neat on a Perkin-Elmer infrared 683 spectrophotometer with
NaCl optics. '"H NMR and '*C NMR spectra were recorded on Varian Unity 400 or Varian Gemini 200
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easurements were carried out on a CEC-21-110B double focussing mass
spectrometer operating at 70 eV and are given in the mass units (m/z). CHN analyses were recorded on a Vario
EL analyzer. TLC was performed on 0.25 mm E.Merck precoated silica plates (60F-254). All the products
were purified by column chromatography on silica gel (100-200 mesh). All the compounds were characterised
mainly based on their '"H NMR spectra.
1,7,8,9-Tetrachloro-10,10-dimethoxy-2-methyl-4-oxatricyclo[5.2.1.0*¢]dec-8-ene-2,6-endo, endo-3,5-
dione (7):

efluxed for 72 h. After coehug, 1exane nL) was added and mixture was kept in the freeze e
crystallised solid was filtered and washed with hexane to get pale yellow crystals of 7 (33.1 g. 88% yield). A
small amount of 7 was recrysiallis om chiorofo 0:1). mp 168-169 °C: "THNMR: 3 1.76 (s. 3H)
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(s, 1H), 3.60 (s, 3H), 3.66 (s, 3H): IR : 2945, 1840, 1760 un' EIMS: m/7 344, 339, 267, .
375 (M+1), 339; HRMS : caled. for C ,H  C1,0, 374.9361, found 374.9365
1,4,5,6-Tetrachloro-7,7-d1methoxy-2-methylbicyclo[2.2.1]hept-S-ene-2,3~endo,endo-dicarboxylic acid 3-

S}
wn
[\

methyl ester (8):

Compound 7 (4 g, 10.6 mmol) was dissolved in MeOH (40 mL), presaturated with dry HCI gas. The
mixture was refluxed for 12 h. Mcthanol was distilled off and the solid residue was crystallised from benzene
to get colourless crystals of 8 (3.81 g, 88% vield), mp 154-155 °C (dec.); 'H NMR: & 1.84 (s, 3H), 3.50 (s, IH).

3.52 (s, 3H), 3.60 (s, 3H), 3.65 (s, 3H); "C NMR: 8 21.51, 51.79, 52.08, 52.96, 59.96. 60.26. 74.71. 79.07
1 l’) £1 12081 1IN TR 16AQ A4 1785 £2- TR- ISNANIDKSNN (hey 1788 1700 oo l- CARNMCQ. ma/7 AT siAALTY 271
114,01, 13U.D1, LIOVUV./70, 1UOUVU, 17,00, 1XN, DIVVU~LIUV\ UL ), 1120, 1 TUL UIEHL , T'ALIVEDY ISV A AV VAN 0 (00 4 o it Y PN VAR N
Anal. caled. for C H ,C1,O,: C 38.26, H 3.46; found C 38.12, H 3.52

Dimethyl 1,4,5,6-tetrachloro-7,7-dimethoxy-2-methyibicyclo[2.2.1]hept-5-ene-2,3-endo,endo-dicarboxylate (9):
To a solution of 8 (3.8 g, 9.3 mmol) in dry DMF (25 mL), anhydrous K,CO, (3.85 g, 27.9 mmol) was

added and then at 0 °C Me,SO, (1.1 mL, 11.5 mmol) was introduced dropwise, After stirring for 4 h at room

temperature, the solid was filtered off and the filtrate was treated with ice-cold water and extracted with cther

(3x50 mL). The cther layer was washed with water, brine and dried ( Na,50,). Concentration and purification

afforded 9 (3.83 g, 86% yield) as a pale yellow solid, mp 89-90 °C; '"H NMR: 8 1.78 (s, 3H), 3.45 (s, 1H), 3.53

(s, 3H), 3.60 (s, 3H), 3.64 (s, 3H), 3.68 (s, 3H); IR: 1780, 1745 cm™'; FABMS: m/z 421 (M+1), 385 (base peak):

1

S:-caled forC H C1LO (M-ChH 385.0013% found 3K5.0017
L REANAVELT. WwAIVUL. VL \_114. .]b\llq"s LiveE iy 7 1 FRRAP NN AN ERAS PR AN By}
1A S £ Toateaohlana 2 onda hodosvmmanthol 77 demathavo 2 mathulhiavalal? 2 1Thant S an Y. 2adn
1,4,3,0= 1€TACIIGTO-5=-Elaif-nIyQrGxXyiiicuiyi- 7, /~GiMeuioxXy-o-Meuiy1oiCyCiG . 4. 1 NICP-5-€i-2-€iia -

70N

yimethanoi (10):
To a solution of 9 (3.5 g, 8.3 mmol) in dry cther (40 mL) was added LAH (475 mg, 12.5 mmol) portionwise

at 0 °C. The reaction mixture was refluxed for 20 h. After cooling, cxcess LAH was quenched with ethyl
acetate and the mixture was treated successively with H,O (0.5 mL), 15% ag NaOH solution (0.5 mL.) and H.O
(1.5 mL). It was stirred for 2 h and filtered and washed properly with EtOAc. The combined filtrate and
washings was concentrated under vacuum and the residue was purified by column chromatography to get 10
83% yield) as a white solid, mp 119-120 °C, '"H NMR : 8 1.54 (s, 3H), 2.74 (dd, ] =J.,= 2.7 Hz, 1H);
)-4.20 (m, 4H); IR: 3500 cm'; FABMS: m/7 365 (M+1), 329, 267, 149; HRMS:

Vi, 5 BiN. T e
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In a 3 litre two necked round bottomed flask, fitted with a condenser, KOH guard tube and a septum,
liquid NH, (2 litre) was collected and a solution of 7 (37.4 g, 0.1 mol) in THF (100 mL) and EtOH (30 mL) was
added slowly. Small pieces of freshly cut sodium were introduced to the reaction mixture with stirring till blue
color persisted for 30 min. Then the reaction mixture was quenched with solid NH,C1 (5 g). Ammonia was
allowed to escape and crushed ice was added to the residue. The solution was acidified (pH 1-2) with 50% aq
HCI] and was extracted several times with EtOAc. The organic layer was washed with brine and dried (Na,S0,)
and concentrated to get 12 (15.2 g, 64% yield) as a solid. Small amount of 12 was crystallized from hexane/
chloroform (3:2) as colourless crystals, mp 128-129 °C; 'H NMR: & 1.66 (s, 3H), 2.96 (m, 1H), 3.15 (s, 3H),
3.19 (m, 1H), 3.25 (s, 3H), 3.44 (m, 1H), 6.22 (m, [H), 6.38 (m, 1H); 3*C NMR: § 19.26, 49.23, 50.06, 50.32,

52.01,52.27,121.04, 131.49, 136.41, 171.10, 174.67; IR: 2975, 1860, 1780, 1100, 920 cmv': EIMS: m/z 238
~Ny -, TIDM [ P, o~ _
M*), 223, 210, 165, 91, 77; HRMS: caled. for C,H,,O, 238.0841, found 238.0836

(6
3-endo-Hydroxymethyl-7,7-dimethoxy-3-methylbicyciof 2.2.1]Jhept-5-en-2-endo-ylmethanol (11):

Procedure-1: Following the same procedure as mentiongd for compound 12, compound 11 (1.16 g, 74%
yield) was obtained from compound 10 (2.5 g, 6.9 mmol) as a viscous liquid.

Procedure-T1I: Compound 12 (23.8 g, 0.1 mol) was dissolved in THF (300 mL) in a two necked 1 litre
round bottomed flask, fitted with a reflux condenser and a CaCl, guard tube. To this well stirred solution, LAH
(5.7 g, 0.15 mol) was added portionwise for 2 h. After stirring for 12 h at room temperature, excess LAH was
quenched with ethyl acetate and the mixture was treated successively with H O (5.7 mL), 15% ag NaOH

solution (5.7 mL) and H O (17.1 mL). It was stirred for 2 h and filtered and washed properly with EtOAc. The
rnmahinad filtrata and wachin wrara cnanrantratad andar at yriornne lnnid 11 71Q 7 o QOCL srinldy
LuULIIvINLICU 1 WULIU VUILNIVUIILL At Uiiuci vacvuuell é YidLuud uqtuu 11 \10./ 5, 0L/ _\‘ICIU',

5,6-endo,endo-Di(benzyloxymethyl)-7,7-dimethoxy-5-methylbicyclo[2.2.1]hept-2-ene (13):

To a well stirred suspension of freshly activated NaH (4.2 g, 0.175 mol) in THF (200 ml) at 0 °C was
added dropwise a solution of 11 (16.0 g, 0.07 mol) in THF (100 mL). After 1 h, tetrabutylammonium iodide (1
¢) was introduced and then benzyl bromide (16.6 ml, 0.14 mol) was added dropwise. The reaction mixture was

,
-
-y

(4]

(@]

=]
3

=
-3

(€]

(=%
o]
=
=

o
oo
et
"~
— F
=
<
a
-
]
P
73
j =%
-
<
i~

1. 7 AT T

(s, 3H), 3.16 (s, 3H), 2.98-3.28 (m, 4H), 4.30
7.20 (m, 10H); Anal. calcd. lorC Hn()4 C76.44, H7.89; found : C 76.39, H 7.92
5,6-endo,endo-Di(benzyloxymethyl)-5-methylbicyclo[2.2.1]Thept-2-en-7-one (14):

To a solution of 13 (20.4 g, 0.05 mol) in dry acetone (100 mL), PTSA (1 g) was added and the solution
was stirred at room temperature for 6 h. Acetone was removed in rotavapor and the residue was diluted with
ether (300 mL). The cther layer was washed with ag NaHCO, solution, water and brine and dried (Na,SO,).
Concentration and chromatographic purification provided 14 (16.65 g, 92% yield) as a viscous liquid; '"H NMR:

ay o
272 (m, 1

§128 (¢ 3HY 225 (m 1H) ), 3.0-346 (m, SH), 4.41 (AR | I=136Hz 4H), 6. 4(m,2H).7.2-74
U 1.40 \\)’ TR L[y &vodwot \R1ky AR 1), 111y B Efy T \1iky 4 luq, v £ o \KZARy LvB &)y £ & 70T
- 179N rm-ls GARBAMGQ. 2a/z 262 (ML 1Y Q1 Anal calad fard™ T Y7082 T 792 fond - O
(m, 10H); IR: 1780 cm'!; FABMS: m/z 363 (M+1), 91; Anal. calcd. for Lo, Ul 75,05, 11 7.25,10U00 T L
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: 3.
water (20 mL) was added with stirring at 0 °C. Then 30% H,O. (13 mL, 115 mmol) was added dropwise for 30
min. The reaction mixture was stirred for 48 h at room temperature. Excess H,0, was quenched with aq
solution of sodium metabisulphite. Methanol was distilled off and the aqueous layer was acidified with 3N HCI
and extracted with ethylacetate (4x100 mL). The organic layer was washed with brine and dried (Na,SO,).
Concentration and purification afforded 15 as major isomer (7.75 g, 68% yield) as a viscous liquid; 'H NMR: &
1.12 (s, 3H), 2.56 (m, 1H), 3.14-3.68 (m, SH), 4.07 (br s, 1H), 4.28-4.56 (m, 4H), 6.0 (m, 2H), 7.25 (m, 10H);
IR: 3540, 3480-2550 (br), 1710 cm™'; FABMS : m/z 419 (M+23), 91; HRMS : calcd. for C, H, O.Na 419.1835,
found 419.1822
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solution (100 mL) of diazomethane (obtained from NMU (8.32 g, 80.8 mmol) and 50 mL of 50% aq KOH
solution at -5 °C). After stirring for 1 h at the same temperature, the solvents were removed and the residue was
purified by column chromatography to get 16 (7.7 g, 93% yield) as a viscous liquid; '"HNMR : § 1.11 (s, 3H).
2.56 (m, 1H), 3.22 (m, 1H), 3.30-3.73 (m, 4H), 3.60 (s, 3H), 4.05 (br s, 1H), 4.42 (m, 4H), 5.80 (m, 2H ), 7.28
(m, 10H); IR: 3450, 1735 cm™'; CIMS: m/z 411 (M+1), 393, 285, 195, 91; HRMS : calcd. for C,.H, O,
411.2172, found 411.2179
(1S,4R,58,6R)-5,6-Di(benzyloxymethyl)-6-methyl-4-methyloxycarbonyl-2-cyclohexenyl acetate (17):

Aladlna & 1E /Q & NN TV laa
Uuu(,uu 13 10 g, <U.4 1NV1) 111

was added Ac "y (N 1/1 ml 1 8 mmonl) dronwica at ) o™ Aftar ctirring far a roantinn mivinra a
wad alltld AL, (Vi s Hues, 10 HinULy GIUPwist at v oo, AUl Silliliag 101 £ 11, it fCatuUll HHAWIT Wad
Al oI ar NTalT Wy oo booel e sond 2300 3 olale TNAVRA T o T PR, 1 PRTRN TNEE 1

qU Ccne U wuu dq .LVdI’lLU SOLUUON dallUd GUHUWCU Wl LCIVL, 1HC OIgaiic ld.)’bl' was \C[)drdtﬁu anda wasneda wiin

mg, 91% yield) as a viscous hquld, THNMR: 3 1.09 (s, 3H), 2.04 (s, 3H), 2.60 (m, 1H), 3.20 (m, 1H), 3.37-3.70
(m, 4H), 3.58 (s, 3H), 4.38 (m, 4H), 5.19 (d, J= 1.4 Hz, 1H), 5.83 (s, 2H), 7.25 (m, 10H); IR : 1740,
1735 cm™'; FABMS : m/z 475 (M+23), 91; Anal. calcd. for C_H_ O, : C71.66,H 7.13; found : C 71.48, H 7.22.

27773276
7,8-endo,endo-Di(benzyloxymethyl)-8-methyl-3-oxabicyclo{2.2.2]oct-3-en-2-one (18):
A mixture of hydroxy acid 15 (2.2 g, 5.56 mmol), Ac O (1.1 mL., 11.67 mmol), anhydrous NaOAc (1.14
13.9 mmol) and dry benzene (30 mL) was heated under reflux with vigorous stirring. After 1 h, ice cold

water was added to it and the oreanic nhase was senarated. The ag laver was extracted with additional ethvl
parated. in 1 was gxtracied wilh additional ethytl

YYQALLE VYOO QAuuvu WU oL Gaive ulv u;ﬁm;; i ¥ S ¥

acetate (2x25 mL). The combined organic layer was washed with aq NaHCO, solution, water and
i

dried (Na,SO,), Concentration and chromatographic scparation over silica gel furnished lactone
83% yield) as a white solid. Small amount of 18 was crystallized from acetone as white needles, mp’
'H NMR: § 1.38 (s, 3H), 2.06 (m, 1H), 3.06-3.46 (m, 4H), 3.55 (m, 1H), 4.40 (m, 4H), 4.96 (m, 1H), 6.23-6.46
(m, 2H), 7.20-7.40 (m, 10H); *C NMR: 6 23.91, 43.51,43.91,44.11, 68.23, 72.94, 73.30), 73.60, 80.59, 126.80-
133.42 (12 lines), 137.72, 137.91, 173.82; IR: 1755 cm™*; CIMS: m/z 379 (M+1), 227, 181, 91; HRMS: calcd

for C,,H, 0O, 379.1909, found 379.1914

24 1274

(1R,4S,5R,6S5)-5,6-Di(benzyloxymethyl)-4-hydroxy-5-methyl-2-cyclohexenylmethanol (19):
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nradinct wae aneifiod hy ~calumn chramataoranhy tn gat 10 () &6 5 QY0 wviald) ac a hiohly vicrnaiie lini
TOGUCT Was purniiield oy Cowuinn Cardmatsgrapny 10 gel 17 (£.00 g, o0.% Yitij a8 & ugluy Viscous uquxu,

TEY RYR AXY 7Y AN RATT . © 1 1Q 7., 21X\ 1T 0A 1YY\ M 14 1Y¥ITY 2 11 ~E T A

nINMIK (Ll}\/l:;, 4UU MVIINZ). 0 1.18 (5, 0N ), 1.74 11, 1), 4£.14 /“), 4 lé 4. 30 (m 4“)

5.64 (m, 1H), 5.88 (m, 1H), 7.12-7.42 (m, 10H); IR : 1750 cm™'; FABMS : m/z 405 (M+23), 383 (M+1), 91;

HRMS : calcd. for C, H, O, 383.2222, found 383.2224
(1R,4S,5R,6S)-5,6-Di(benzyloxymethyl)-4-(3,5-dinitrophenylcarbonyloxy)-1-(3,5-
dinitrophenylcarbonyloxymethyl)-5-methyl-2-cyclohexene (20):

To a solution of 19 (100 mg, 0.26 mmol) and DMAP (82 mg, 0.67 mmol) in DCM (10 mL) at 0 °C was
added 3,5-dinitrobenzoyl chloride (138 mg, 0.60 mmol) portionwise. After stirring for 4 h, the reaction mixture

was quenched with ag NaHCO solution. DCM layer was separated, washed with water and brine and dried

(Na,S0,). Concentration and chromatography afforded 20 (163 mg, 81% yield) as a pale yellow solid,
LI

wa
8
S
TS
‘.‘

1Mo IFINRADR:- KR 1% fc AN D 146 v TEIY D QN fev 1TLIV 2 A 2 QA (v ALINV A 28 A ") fenn &LIN £y 14 T
140 oy HRANIVIIN, U L. L5\, JX1), &4.10 \1 1, 111}, 4.0V (1il, 1501}, 3.90-0.04% (i1, 411}, 4. 3J-%4. /U (111, Ur1), J.0L U, J=
1 O 1'_ 1 N I I\"! s MNY T\ -~ 1TtNn - ”() v 1T NY T NN O AN 7 2T TY T P e 1o Y 4 N | T A T2k MOV ] -y ax 1

1 nz, inj, (S, Z1), /7.1U-/7. 38 (M, 1UM), & VU ..U {m, o), IK 2 1/300CmM *; FADNMD MVZ /71 (VMI+1)
39 1: HRMS : calcd. for C_H, O, N, 771.2150, found 771.2143

387735 714

1,9

R.4S,5R,6S)-Methyl 4-benzyloxy-5,6-di(benzyloxymethyl)-5-methyl-2-cyclohexene-1-carboxylate (22):
To a solution of 16 (7.2 g, 17.6 mmol) in DCM-cyclohexane (1:2, 60 mL) was added benzyl

trichloroacetimidate (6.64 g, 26.3 mmol) and camphor sulfonic acid (408 mg, 1.76 mmol) at 0 °C. The reaction

mixture was gradually warmed to room temperature and stirred for 20 h. The precipitated trichloroacetamide

was filtered off. To the filtrate ice-water was added and extracted with DCM. DCM layer was washed with

water and brine and dried (Na,SO,). Concentration followed by column chromatography afforded 22 (6.76 g,

S a viscou I uid; 'HNMR: § 1.14 (s, 3H), 2.74 (m, [H), 3.27 (m, 1H), 3.40-3.73 (m, 4H), 3.63 (s,

AR ANAVRIN, U 1.5 Oy R4, Fekd \iriy 1ARj, 25U

3H), 3.84 (m, 1H), 4.30- 4 56 (m, 6H), 5.70-5.98 (m, 2H), 7.26 (m, 15H); IR: 1745 cm'!; FABMS: m/z 523

{(M+23), '( +1), 393, 181, 91, 77; HRMS : calcd. for C,,H, O, 500.2563; found 500.2533.
(1R,4S,5R,68)-4-Benzyloxy-5,6-di(benzyloxymethyi)-5-methyl-2-cyciohexenyimethanol (23):

Alcohol 23 was obtained as a syrupy liquid in 82% yield from 22 (5.0 g, 10 mmol) using LAH (0.38 g, 10
mmol) in THF (60 mL) employing the same procedure as described for 11 (procedure-I1I). "H NMR: & 1.26 (s,
3H), 2.10-2.36 (m, 2H), 3.16-3.85 (m, 7H), 4.35-4.70 (m, 6H), 5.72-6.02 (m, 2H), 7.15-7.42 (m, 15H); IR:
3450 cm’'; FABMS: m/z 495 (M+23), 181, 91; HRMS: calcd for C, H, O,Na 495.2511, found 495.2524
(1R,28,3R,4S,6R)-4-Benzyloxy-2,3-di(benzyloxymethyl)-6-hydroxy-3-methylcyclohexylmethanol (24):

A 100 mL two necked flask, fitted with a septum inlet, was charged with tetramethylethylene (688 mg,

R 2 mmol) in drv THF (5 mL) under nitrooen atmosnhere The flask was cooled to -10 °C usino freezine
8.2 mm o) 1n dry 14mF (O mLi) under mirogen almospnere ¢ 11ask was cooled o -1 L usmg freezing
asriviiien and 1A DLIT TLIE aminlav Q) mT ) wwae addad olaarle Aftar ctirring foor T h + o™ tha r Wltana
HELALUL aliu 1ivl D1 l31 111l UUIIIP‘UA \7-‘- 1 I.Ldj wady aducu Dl\lwly. e Vaivi} \Lllllllé_ v 11 at v ., uic lc\llll.ll!é

solution containing thexylborane was syringed out under nitrogen and introduced dropwise to a solution of 23
(2.6 g, 5.5 mmol) in dry THF (10 mL) at 0 °C under nitrogen. The reaction mixture was stirred for 2 h at 0 °C
and then 4 h at 25 °C. The excess borane was quenched by carefull addition of water and then treated with 20%
ag NaOH solution (5 mL). To it 30% H,0, (5 mL) was added slowly and stirred overnight at room temperature.
Excess H,0, was quenched with aq sodium meta-bisulphite solution and the aqueous layer was cxtracted with
cthyl acetate (3x25 mL). The organic layer was washed with water, brine and dried (Na,SO,). The solvent was
removed in vacuo and the residue was purified by silica gel column chromatography to get 24 (1.92 g, 71%
yield) as a viscous liquid; '"H NMR : § 1.10 (s, 3H), 1.40-1.60 (m, 2H), 1.88 (m, 1H), 2.05 (m, 1H), 3.25-3.50

(o ALY 2 €9.2Q1 (e 2 ANK (hee THY 422 462 m 6H) 728 (m 1SHN-T 2450 (hry em'l- FARMS

(IIl, 4r1), 3.04-3.01 \lil, 511}, 4, UJ (UL O, 111), F.J&77, U0 \Ull, ULl1l), [,&0 (L, $J11), 1IN, JTJU \ULJ VLl TOA2IVLD
V2V 1 ~ O~ 1AM N1, YIDMYLAD PR R .S AT & Y Y AT A"INQ L£oneen 3 AT NNV

m/z 491 (M+1), 383, 1U/, Y1, HKMD [ calCd. 10T L, 1, U, 471.2/50, I0UIIU 47 1.2755
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To a solution of 24 (1.5 g, 3.1 mmol), pyridine (0.4 g, 5.1 mmol) and DMAP (50 mg) in DCM (20 mL) at
0 °C was added in portions tosyl chloride (0.67 g, 5.3 mmol). After stirring for 6 h at room temperature, the
reaction mixture was quenched with ag NaHCO, solution. DCM layer was separated and washed successesively
with saturated aq solution of CuSO,, water, brine and dried over Na,SO,. The solvent was removed and the
residue was column chromatographed over silica gel to get 25 (1.46 g, 74% yield) as a syrup; '"H NMR: § 1.10
(s, 3H), 1.44-1.82 (m, 2H), 2.12 (m, 1H), 2.28 (m, IH), 2.42 (s, 3H), 3.32-3.54 (m, 4H), 3.60-3.78 (m, 2H),
3.86-4.12 (m, 2H), 4.28-4.66 (m, 6H), 7.27 (m, 17H), 7.75 (d, J= 8.0 Hz, 2H); IR : 3490 ¢cm!: Anal. calcd. for
C.H OS:C70.78 H6.88, S 4.97; found : C 70.72,

Soagt gy~ . Py 2R UUUy WP T, LU WAL

(1R,2R,3S,4R,55)-5-Benzyloxy-3,4- dl(benzyloxymethyl) 4-methyl-2-(4-methylphenylsulfonyl-
oxymethyi)cyciohexyi acetate (26):

To a solution of 25 (0.5 g, 0.78 mmol), Et,N (0.17 mL, 1.2 mmol) and DMAP (25 mg) in DCM (10 mL)
was added Ac,0 (0.09 mL, 0.94 mmol) dropwise at 0 °C. After stirring for 2 h, the reaction mixture was
quenched with ag NaHCO, solution and diluted with DCM. The organic layer was separated and washed with
waler, brinc and dried (Na,SO,). Solvent was removed and the residue was chromatographed to get 26 (0.44 g;
83% yield) as a viscous liquid; 'TH NMR: 8 1.06 (s, 3H), 1.65-1.81 (m, 2H), 1.92 (s, 3H), 2.05 (m, 1H), 2.28 (m.
1H), 2.44 (s, 3H), 3.30-3.58 (m, 4H), 3.68-3.82 (m, 1H ), 3.84-4.20 (m, 2H), 4.24-4.60 (m, 6H), 5.10 (m, 1H),
7.10-7.40 (m, 17H), 7.74 (d, J= 8.1 Hz, 2H); IR : 1740 cm™; FABMS : m/z 687 (M+1); HRMS : calcd. for
C,H,,0,S 687.2992, found

Ry y LFFL, AVGIHU

R,ZR,SS,-’%R,SS)-S-“enzy! GXy-3,4-di{

(1

To a stirred solution of 26 (200 mg, 0.3
dry petroleum ether) NaH (11 mg, 0.46 mmol) at 0 °C and allowed to stir at room tcmperature for 12 h. The
reaction mixture was quenched with cold water and extracted with ether. The extract was washed with water,
brine and dried over Na,SO,. Solvent was removed in vacuo and the residue was purified by silica gel column
chromatography to afford 27 (112 mg, 76% yield) as a highly viscous liquid; 'THNMR: 8 1.07 (s, 3H), 1.85-1.89
(m, 1H), 1.98-2.01 (m, 1H), 2.27-2.31 (m, 1H), 2.42-2.56 (m, 1H), 3.36-3.58 (m, 4H), 3.73-3.79 (m, 1H), 4.09-
4.18 (m, 2H), 4.37-4.55 (m, 6H), 4.61-4.66 (m, 1H), 7.22-7.40 (m, 15H); “C NMR : & 22.65, 35.51, 36.71,
40.60, 48.22, 65.94, 68.29, 71.32, 72.81, 73.80, 73.93, 76.80, 83.76, 127.52-128.55 (7 lines), 137.62, 137.89,
138.43; FABMS: m/z 495 (M+23), 365, 107,91, 77; HRMS : caled. for C, H, O,Na 495.2511, found 495.2514

A22iVaiJ . ax, TES\AYAT LT ], SV, -~ Py JUINE T LU i,
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