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Abstract : Dihydroxylation of ene ester systems was achieved in good
yield and diastereoselectivity under classical catalytic OsO, and NMO
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systems. This intrinsic diastercoselection can be reversed using ‘super’
AD-mix to give the opposite diastereomer also in good selectivity. The
regioselection of dihydroxylation in diene esters using a modified ‘super’
AD-mix was poor. This methodology can be applied towards the synthesis
of part structures of the marine macrolide Altohyrtin A. © 1998 Elsevier
Science Ltd. All rights reserved.

Syn-dihydroxylation using osmium based reagents has been used extensively to
convert alkenes ta the corresnondine dicl svstems | The stereasalectivity of siich reactinne can
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on the stereoselectivity of dihydroxylation reactions is well known.” We sought to investigate
the influence of allyhc methvl groups nd homoallylic OTBS groups on the intrinsic
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dlastereoselecnwty.

Preparation of Substrates:

The syntheses of ene ester 6 is shown in Scheme 1. Condensation of Meldrum’s acid
1 with benzyloxyacetyl chloride 2 in refluxing iso-propanol gave the B-keto ester 3 in
moderate yield. Stereospecific reduction gave the B-hydroxy ester’ 4 in quantitative yield and
>95% enantioselectivity. Dianion methodology* was employed to stereoselectively methylate
the ester in a 9:1 ratio and the product was protected as the tert-butyldimethylsilyl (TBS)
ether 5. Reduction of the ester 5 to the corresponding alcohol (which was freed from
contaminating syn-diastereoisomer by chromatography over silica) followed by a Dess Martin
oxidation’ and Wittig homologation gave the ene ester 6 which was freed from the
contaminating syn-diastereoisomer by chromatography over silica).

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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The ene ester system 11 was reduced to the corresponding alcohol using DIBALH, oxidised
to the related ene aldehyde with the Dess Martin periodinane’ and subjected to a Wittig
homologation using PhyP=CHCO,Me to give the diene ester 16 in an impressive overall yield
of 93% for the three steps.
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Reagents and Conditions : 1) DIBALH, CH,Cl,; ii) Dess Martin periodinane, CH,Cly; iii)
Ph,P=CHCO,;Me, CH

(93% over 3 steps).

Dihydroxylation Reactions:

The ene esters 6 and 11 were subjected to dihydroxylation conditions previously reported by
Schreiber’ whereby each ene ester was dissolved in an 8:1 acetone ; water mixture and the co-
oxidant N-methylmorpholine-N-oxide (NMQ) was added followed by catalytic quantities of
OsO,. As shown in Table 1 both substrates displayed good intrinsic diastereoselection,
presumably due to the influence of the silyloxy substituent since an analogous compound,

Reaction Ratio* Yield
Q oTBS 0 oH  OTBS
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11 13

Reagents and Conditions: i) OsO, (cat.), NMO, acetone:H,O (8:1), ii) (MeO),CMe,, acetone,
TsOH.
* Determined by integration of the anisochronous MeCH signal for each diastereomer in the
'H n.m.r. spectrum.
Table 1

devoid of a trialkylsilyloxy substituent at the homoallylic position, namely methyl (S) - 8 -
benzyloxy - 4 - methyloct - 2 -enoate, gave a 1 : | mixture of stereoisomers on

dihydroxylation using OsO4 and NMO under similar conditions.®
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In order to obtain an alternative diastereomer, the ene esters were subjected to the Sharpless
asymmetric dihydroxylation conditions using AD mix-B.®* The reaction was frustratingly slow
as is often the case for ene ester systems™'® and hence a ‘super’ AD-mix formulation was
prepared. This required some subtle changes to the AD-mix formulation in order to achieve
an acceptable rate of reaction. The amount of (DHQD),PHAL ligand was increased to 10 mol
% and the catalytic oxidant changed from K,0s0,(OH), to OsQ,, at a concentration between
8 and 10 mol % and used as a 2.5% w/w solution in ~-BuOH. The co-oxidant, K;Fe(CN),
remained at a concentration of 3 mole equivalents and K,CO; (3 mole equivalents) was added
to the mixture. In addition 3 mole equivalents of MeSO,NH, (known to enhance the rate of
reaction by increasing the rate of hydrolysis of the osmium glycolate intermediate) were
added. The use of this ‘super’ AD-mix [3 proved successful in both cases and the
diastereoselectivity of reaction was reversed with a 6:1 ratio for dihydroxylation of 6 and an
8:1 ratio for 11 (Table 2).

Reaction Ratio* | Yield
0 oTBS ICIJ QH  OTBS
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Reagents and Conditions. 1) ‘Super’ AD-mix J3, i1) (MeO),CMe,, acetone, TsOH.
* Determined by integration of the anisochronous MeCH signal for each diastereomer in the
'H n.m.r. spectrum.
Tabie 2

‘Ireatment of the dihydroxyester (14) with tetrabutylammonium
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Figure 1

jected to a modified ‘super’ AD-mix « and a modified ‘super’ AD-
mix [ mixture in order to study further the stereoselectivity of dihydroxylation. To our

e obtained a mixture of regioisomers. After 31 hours at room temperature the

y

tion involving AD-mix o gave 37% starting material, 33% of the diol 18 and 8% of the
y

of regioselectivity is in contrast to examples cited by Sharpless’ and

i
others.”” It is known that electronic factors greatly influence the regioselectivity of
dihydroxylation, with osmylation preferentially occurring at the more electron-rich double
9 M . S T P U Y s S 4
bond In this case, steric factors appear to outweigh the clectronic influences with

preferential dihydroxylation occurring to give mainly the a,p-diol 18. Note that the

stereochemical assignments for 18 and 19 were made using the Sharpless ‘mnemonic
device’?
device’.
o} OH oO1BS
o
- H L} ]
ILI) 0TS _ OH Me Ojk
I
o P 18 !
MeO o T

MeO” SN Y \o
H 7
OH Me 0-7/\
19 '
Reagents and Conditions: i) Modified ‘super’ AD-mix o (changes : 1 mol% OsQ,, 5 mol %
(DHQ),PHAL).
Scheme 4

Using modified ‘super’ AD-mix B the dienc ester 16 furnished only 41% of the diol 20 and
29% starting material after stirring at room temperature for 21 hours.

In conclusion, we have demonstrated the ability of a ‘super’ AD-mix to reverse the intrinsic
diastereoselection of chiral y-methyl and 8-OTBS ene-ester systems. This ‘super’ AD-mix
increases the rate of dihydroxylation compared to the commercially available AD-mixes.

13189
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(200 MHz; CDCl3) 1.23 (6H, d, J 6.4, (CH3)2CH), 3.51 (2H, s, BnOCHp), 4.14 (2H, s,
CH2CO2Pr), 4.59 (2H, s, PhCH2), 5.32 (1H, sept, J 6.4, (CH3)2CH), 7.30-7.39 (5H, m, Ph);
8C (50 MHz; CDCI3) 21.47, 46.15, 68.78, 73.24, 74.63, 127.66, 127.87, 128.34, 136.92,
166.32, 201.45; m/z (CI) 268 (M + NHa, 100 %), 251 (M+H, 45%), 162 (96%), 145 (59%),

108 (PhCH20H, 70 %), 102 (CH2=C(OH)OIPr, 28%), 91 (PhCH2, 28%).

RLTAANMALNTL, L0 L ASCKR Ly AU

iso-Propyl 4-benzvloxvacetoacetate 3 (30 g, 0.12 mol) in 1sg.prgpapn1 (150 mL) was
degassed and placed in an autoclave. ((R)Tol-BINAP)RuCly (solution in iso-propanol :
CHCl, 5:2 8 mL, 303 mg, 0.360 mmol) was added via

1 8305 W § SV g, V.20V L4

with Hp (1200 psi)(8 MR) and stirred for 24 hours at 90 OC. The solvent was removed in
vacuo , the resulting residue was filtered through silica and the silica pad washed with
petroleum ether : ethyl acetate (4:1) to afford the B-hydroxy ester 4 (30.3 g, 0.12 mol) in 100
% yield and 95% e.e. (Chirapak AD 19:1 Heptane : iso-propanol, 27.56 minutes (S), 30.78
minutes (R) ) as a colourless oil that crystallised slowly at 0 °C. Rf (petroleum ether : ethyl

acetate 4:1) 0.26 ; (Found: [M]* 252.1360. C14H2004 requires M 252.1362); [a]p22 + 9.5
CH

45, 1178 s; 6H (400 MHz; CDCl3) 1.23 (6H, d, J 6.3, (CH3)2CH), 2.51 (2 H, d,
J 6.3, CHCO'Pr), 3.10 (1 H, d, J 4.4, OH), 3.50-3.47 (2 H, m, BnOCH?), 4.20-4.28 (1 H, m,
CHOH), 4.56 (2 H, s, PhCH?), 5.04 (1 H, sept, J 6.3, (CH3)2CH), 7.30-7.36 (5 H, m, Ph); 5C
(100 MHz; CHCI3) 21.79 (2xCH3), 38.50, 67.41, 68.21, 73.13, 73.41, 127.79, 127.99,

137.89, 171.73; m/z (EI) 252 (M*, 0.1%), 131 (M - BnOCH20

79N 107
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(PhCH20, 14%), 91 (PhCH2, 100%), 89 (39%), 77 (Ph, 3%), 43 (iPr, 56%).

(25.35) iso-Propyl 4-benzyloxy-3-hydroxy-2-methyl butyrate:-

n-Buli (2.5 M solution in hexanes, 28.2 mL, 0.071 mol) was added slowly to a stirred
solution of diiso-propylamine (9.90 mL, 0.071 mol) in dry THF (50 mL) at 0 9C under
nitrogen and stirred for 15 minutes. The hydroxy ester 4 (7.12 g, 0.028 mol) in dry THF (15
ml) was added quickly at - 78 O©C and stirred for 30 minutes. The reaction mixture was
allowed to warm up to - 30 ©C and stirred for a further 30 minutes. Methyl iodide (2.63 mL,
0.042 mol) was added slowly at - 78 @C and stirred for 1.5 hours. A saturated solution of
NH4Cl (100 mL) was added at 0 OC. The aqueous layer was extracted with ether (3 x 100

mL) and the combined organic layers dried with anhydrous MgSO4. The solvent was
removed in vacuo . Pui i
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acetate 4 :1) 0.49; (Found: [M]* 266.1517. C15H2204 requires M 266.1518); [oc]D22 +11



(¢ 10, CHCI3); max (film) /om=1 3478 brs, 2981, s, 2938 s, 2876 5, 1727 s, 1453 s, 1374 s
1183 s; for major diastereoisomer 8y (400 MHz; CDCI3) 1.17 3 H, 4, J 6.4, CHCH3), 1.22
(6 H, d, J 6.0, OCH(CH3)2), 2.68 (1 H, pent, J 6.4, CH3CH), 3.06 (1 H, d, J 4, OH), 3.51 (1
H, dd, J 9.6 and 5.2, BnOCHA), 3.56 (1 H, dd, J 9.6 and 4.0, BhOCHB), 3.85 (1 H, m,
CHOH), 4.53 (1 H, d, J 12, PhCHAa), 4.58 (1 H, d, J 12, PhCHR), 5.4 (1 H, sept, J 6.0),
CH(CH3)2), 7.26-7.35 (5 H, m, Ph); 8¢ (100 MHz; CDCI3) 13.98, 21.69, 42.41, 67.95,
7 7

el
\

6, 128.42, 137.91, 175.01; m/z (EI) 266 (M

0.2%), 107 (BnOCH32, 11%), 103 (50%), 91 (PhCHz, 100%), 77 (Ph, 2%), 43 (iPr).
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(25,38) iso-Propyl 4-benzyloxy-3-(¢ -butyldimethylsilyloxy) -2- methyl butyrate (5):-

tert -Butyldimethylsilyl triflate (13.13 mL, 0.057 mol) was added to a stirred solution of 2,6-
lutidine (9.32 mL, 0.080 mol) and (2S5,38)-iso-propyl 4-benzyloxy-3-hydroxy-2-
methylbutyrate (10.0 g, 0.038 mol) in dry CH2Cl2 (50 mL) at 0 °C under nitrogen. The
reaction was stirred for 3 hours at room temperature. Water (50 mL) was added, the aqueous
layer was extracted with CH2Cl2 (3 x 50mL) and the combined organic layers dried with
anhydrous MgSO4. The solvent was removed in vacuo . Purification by flash chromatography
(petroleum ether : ethyl acetate 4:1) afforded the ester 5 (14.50 g, 0.038 mol) in 100 % yield
as a colourless oil. Rf (Petroleum ether : ethyl acetate 4:1) 0.78; (Found: C, 66.40 %; H, 9.52

%. Cy;H3,0,Si requires C, 66.26 %; H, 9.55 %. Found: [M+H]" 381.2459 C21H3704Si
requires /M+H] 381.2461); [OCJ]’)“"‘ +20.4 (¢ 10, CHCI3); vmax (film) /cm~ 12955 s, 2932
s, 2858 s (CH3a, CH2), 1733 s (C=0), 1651 m, 1373 m, 1254 s, 1109 s; for the major

diastereoisomer 8y (400 MHz; CDCl3) 0.059 (3 H, s, SiCH3), 0.068 (3 H, s, SiCH3), 0.87 (9
H, brs, C(CH3)3), 1.11 3 H, d, J 7.2, CH}CHCOQ‘Pr), 1.20 3 H, d, J 6.4, CO2CH(CH?)),

1.21 3 H, 4, J6.4, CO2CH(CH 3)), 2.70-2.72 (1 H, m, CH3CH CO'"Pr), 3.47 (1 H, dd, J 10.0
and 5.6, BnOCH3), 3.53 {1 H, dd, J 10.0 and 4.8, BnOCH3), 4.06 (1 H, q, J5, CHOTBS),

4.06 (1 H, d, J 12.0, PhCHR), 4.54 (1 H, d, J 12.0, PhCHR), 4.98 (1 H, sept, J 6, CH
(CH3)2), 7.28-7.34 (5 H, m, Ph); 8C (100 MHz; CHCI3) -2.94, 12.70, 18.07, 21.81, 25.80,
43.97, 67.40, 72.83 (CHp), 73.35 (CHp), 127.51, 127.67, 128.28, 138.33, 173.64; m/z (CI)

381 (M+H, 100%), 321 (M-OIPr, 6%), 248 (9%), 108 (PhCH20H, 13%), 91 (PhCH2, 6%).
(2R.35) 4-Benzyloxy-3-(tert -butyldimethylsilyl)oxy-2 methyl butanol:-

Diiso-butylaluminium hydride (1 M solution in cyclohexane, 60 mL, 0.06 mol) was added
dropwise to a stirred solution of the ester 5 (7.5 g, 0.02 mol) in dry THF (50 mL) at - 78 C

under nitrogen and stirred for 4.5 hours. Acetone (5 mL) was added and the reaction mixture
allowed to warm to room temperature over a period of 0.5 hour. 1M Tartaric acid (50 mL)
was added and stirred until the white solid had dissolved. The aqueous layer was extracted

with CH2Cl3 (4 x 50 mL) and the combined organic layers dried with anhydrous MgSO4.



The solvent was removed in vacuo . Purification by flash chromatography (petroleum ether :
ethyl acetate 6:1) afforded the alcohol (3.84 g; 0.012 mol) in 60 % yield as a colourless oil.
Rf (petroleum ether : ethyl acetate 6:1) 0.39; (Found: C, 66.41 %; H, 10.07 %. C;3H5:0,Si

requires C, 66.61 %; H, 9.95 %; Found: [M+H]* 325.2200. C;gH23031Si requires /M+H]
325.2199); [a]D?2 +3.33 (¢ 1.2, CHCI3); umax (film) /em™! 3500 br s (OH), 2956 s, 2930 s

(CH3, CH2), 1471 s, 1462 s, 1252 s, 1098 s, 836 s; SH (400 MHz; CHCI3) 0.06 (3 H, s,
SiCH3), 0.09 (3 H, s, SiCH3), 0.87 (9 H, br s, Si(CH3)2), 1.02 (3 H, d, J 7.2, CH3CH), 1.84-
1.96 (1 H, m, CHCH3) 349 (1 H, dd, J 15.6 and 5.2, CHAOH), 3.55-3.57 (2 H, m,
BnOCH2), 3.73 (1 H, dd, J 11.6 and 3.6, CHBOH) 3.85-3.89 (1 H, m, CHOTBS), 4.52 (2 H,
s, PhCH2), 7.31-7.35 (5 H, m, Ph); 8¢ (100 MHz; CDCl3) 14.34 (CH3), 18.06 (CH3), 26.00
(CH3), 37.78 (CH), 64.85 (CHp), 72.94 (CHy), 73.47 (CH2), 75.76 (CH), 127.65 (CH),
127.73 (CH), 128.40 (CH), 137.90 (C); m/z (CI) 342 (M+NHa, 8%), 325 (M+H, 100%), 108
(PhCH20H, 27%), 91 (PhCHp, 28%).

A solution of alcohol (2.12 g, 6.5 mmol) in dry CH2Cl2 (5 mL) was added to a suspension of
the Dess-Martin periodinane (4.17 g, 9.8 mmol) at 0 ©C under argon and stirred for 4 hours.
1M Na25203 (5 mL) was added. The aqueous layer was extracted with CH2Cl (3 x 20 mL)
and the combined organic layers dried with anhydrous MgSO4. The solvent removed in
vacuo. Purification by flash chromatogaphy (petroleum ether : ethyl acetate 6:1) afforded the
aldehyde ( 2.01g, 6.19 mmol) in 95 % yield as a colourless 0il. Rf (Petroleum ether : ethyl
acetate 4:1) 0.71; [w]p22 + 34.19 (¢ 3.1, CHCI3); Umax (film) /em™1 2955 s, 2931 s, 2858 s
(CH3, CHp), 1726 s (C=0), 1461 m, 1254 s, 1107 s, 837 s; S (400 MHz; CDCI3) 0.054 (3
H, s, SiCH3), 0.070 (3 H, s, SiCH3), 0.87 (9 H, br s, SiIC(CH3)2), 1.10 (3 H, d, J 6.8,
CHACHCHQ), 2.41 -2.60(1 H,m, CH FHC}!O) 349(7” d J6.0, BnQCH2), 4.10-4,13 (1

=5 3 bt} Ll

(2E,45,55) Methyl 6-benzyloxy-5-(tert-butyldimethylsilyl)oxy -4- methyl hex-2-enoate
(©):-

Methyl (iriphenylphosphranylidene) acetate (4.71 g, 14.01 mmol) was added to a stirred
solution of aldehyde (3.03 g, 9.39 mmol) in dry CH2Cl2 (20 mL) and refluxed for 14 hours.
The solvent was removed in vacuo. Purification by flash chromatography (petroleum ether :
ethyl acetate 10:1) afforded the aikene 6 (3.06 g, 8.08 mmol) in 86 % yieid as a coloutiess oii.
Rf (Petroleum ether : ethyl acetate 4:1) 0.71; (Found: [M+H]" 379.2303. Cp1H3504Si



requires [M+H] 379.2305); [«]D?2 +36.5 (¢ 2.0, CHCI3); Umax (film) /em-1 2955 s, 2930
s, 2858 s (CH3, CH3), 1725 s (C=0), 1655 m, 1470 s, 1252 s, 1105 s, 837 s; 8§ (400 MHz;
CDCl3) 0.05 (3 H, s, SICH3), 0.07 (3 H, s, SiCH3), 0.87 (9 H, br s, Si(CH3)3), 1.08 (3 H, d,
J 8.8, CH3CH), 2.60-2.65 (1 H, m, CH3CH), 3.33-3.40 (2 H, m, BnOCH3p), 3.76 (3 H, s,
OCH3), 3.76-3.80 (1 H, m, CHOTBS), 4.46 (1 H, d, J11.6, PhCHRA), 4.50 (1 H, d, J 12.0,
PhCHR), 5.82 (1 H, dd, J 15.6 and 1.0, CHCO2CH), 6.98 (1 H, dd, J 15.6 and 8.4, CH

CHCO2CH;), 7.30-7.35 (5 H, m, Ph); 8¢ (75 MHz; CDCI3) -4.97 (CH3), -4.32 (CH3), 16

[T DY NT (N D8 QY (OTAY AN 17 (LI &1 20 £ITAY 7Y QY £0OIT ) 1Y 2L 70IF-\ "TA AQ
ALA1 ), £0.V7 (), £0.04 (LI13), 4V. 1/ (1), v1.0V (LI1)), /2.7 \\.n2), [/3.00(\112), /4.48
LTI 11 AR £ 17T MIN LTI 1A0 A™ ST TN 10 AN 7N 1 rEN OF ST LW e N e I T ) £~
(L), L4277 (L), 1a/7./u L), 128.5/7 (L), 1538.23 (L), 10U.80 (LH), 10/.08 (L), m/z(L1)
VOL FRA L RTLY TNN0/ Y QA7TY IRNALTT NN DATT /RA MNTTIO b ¥4 VAR MAPY S DN LAY A Wall PWat g IN
570 (MTINI4, 1UU%), 5/7 (IVITH, JU0), 347 (M-U1DBD, 237), 247 (16%), 1Us (PniCH2O0H),
0,
91 (PhCH2, 19%)

(3K,4R,5R) 4-Hydroxy-5,6-(iso-propylidenedioxy)-3-methyl-hex-1-ene (9):-

To a 500m! 3 neck round bottom flask at -78°C (fitted with internal thermometer) was
~ Jh SRR PR R (o By S e IS 3 1N T ™ TmYYT FZeYa! n

condensed frans-but-2-ene (12.6mi, 126mmol). Dry THF (90ml) was added slowly (to avoid
Ll O b Lood D o oY oo T i sy Loca i ST A AL 1TYT Lea 1Y 333 n. T

DOIllIE 0Ll U DU-L-CIIC ) alld pOLladSSIUIIL (€/7-DULOXIAC (4.4, 1Z/.0ITIMO1} adacd. n-bubil
(£1eal 197 Kennennnl e 2 D & sinnlae cnlivbing ten havaman) ne i dad od o ok cn o f enm ikl
\C i1, 1£47,21HHIUL dd d £.J7 1LUldl >ULULIVLL 1) 1TICAd le} Wdd aUucd dt d 1dicC 50 dS L0 ITdIIidi
the internal temperature below -65°C. On complete addition the mixture was stirred at -50°C
for eyactly 15 minutegs then immediately conled ta J7R°C Trijen.nranyl harata (90 A&l
PRV, CAM\/LG_}’ A iLllillUVWO, Ui Jllllll\.«ul“l\.«l] wuUUvILVW W O . 1110 HI\JF)'I UL ale \L).‘fullll,
127 Smmaol) wag added dronwice at a rate g0 ag to encure the intermal temneratire did nat rica
Ade 7 o/ hiARLRVLy “o Guiuavs \-l-lvy A0Ww QL @ LGV OV QA0 LW wiiou Y ULV L1l i il wv;nly\,lulw\. Wi LIVUL 110w
above -65°C. The solution was stirred at -78°C for 10 minutes and then poured into a 1 litre

separating funnel containing hydrochloric acid that had been previously saturated with
sodium chloride (240ml, 1 molar hydrochloric acid). The pH of the solution was immediately

adjusted to pH 1 by the addition of hydrochloric acid (1 molar) and a solution of (§,5)-diiso-
propyl tartrate (30g, 127.5mmol) in Et,O (45ml) added. The mixture was shaken and the Et,0O
layer separated. The aqueous layer was extracted with Et,0 (600ml), and the combined Et,0
layers dried over MgSO, for 2 hours with stirring, then filtered and concentrated in vacuo.
The residue was dried whilst stirring on a vacuum line for 1 hour. Meanwhile, whilst the
solution was drying over MgSO,, a solution of 1,2:5,6 di-O-iso-propylidene-D-mannitol
(22.0g, 84.0mmol) in THF (300ml) was added to a suspension of NalO, (19.7g, 92.1mmol) in
water (40ml) and THF (60ml). The slurry was stirred vigorously for 1 hour then Et,O (200ml)
added. The mixture was filtered at suction and concentrated in vacuo. The residue was
redissolved in CH,Cl, (200ml), dried over MgSQ,, filtered and concentrated in vacuo
ensuring the temperature of the water bath on the rotary evaporator was <35°C. The aldehyde
was stored at -78°C until required. The crude (S,S)-diiso-propyl tartrate (£)-crotyl boronate
was dissolved in dry toluene (450ml) and 4A molecular sieves (10g) added. The mixture was
stirred for 30 minutes under N, at room temperature, then cooled to -78°C, whereupon the
aldehyde (the whole amount of the crude product prepared according to the procedure
described above) was added in toluene (30ml) via cannula dropwise over 5 minutes. The
solution was allowed to gradually warm to room temperature overnight. Aqueous NaOH
(300ml, 0.5 molar solution) was added at 10°C and the solution stirred for 30 minutes. The



toluene layer was separated and the aqueous phase extracted with Et,O (800ml). The
combined organic extracts were washed with NaHCO; (600ml, saturated), brine (600ml),
dried over MgSOQ,, filtered and concentrated in vacuo. The residue was purified by flash
column chromatography (eluting with 9:1 hexane:Et,O) to give the homoallylic alcohol (9)
(8.79g, 37%) as a colourless oil. R¢ (3:1 hexane:Et,0) 0.27, (Found: M™+H, 187.1335.
CioH150; requires M+H, 187.1334); [a]p” +12.6 (¢ 0.94, CH,Cly); Vi (thin film)/em™
3494br (OH), 3076, 2985, 2935 and 2876 (sp’ CH;), 1639m (C=C); 8y (300 MHz; CDClL,)
1.11 (3H, d, J 6.9, CH;CH), 1.37 (3H, s, 1 of (CH),CO(0)), 1.43 (3H, s, 1 of (CH3),CO(0)),
2.21-2.30 (2H, m, CH;CH and OH), 3.23-3.43 (1H, m, CH(OH)), 3.73 (1H, dd, J 6.9 and 7.8,
1 of CH,0), 3.98-4.14 (2H, m, 1 of CH,0 and OCH,CHO), 5.02-5.10 (2H, m, CH,=CH), 5.89
(1H, ddd, J 8.1, 10.5 and 18.6, CH,=CH); & (75 MHz; CDCl;) 16.56 (CH;CH), 25.34 and
26.47 ((CH3),CO(0)), 41.25

(CH;CH), 66.13 (OCH,), 75.24 (OCH,CHO), 77.03 (CH(OH)), 109.26 ((CH,),CO(0)),
115.53 (CH=CHy), 139.65 (CH=CH,); m/z (CI) 204 (M"+NHy,, 30%), 187 (M"'+H, 100%).
(3R,4R,5R)-4-|(tert-Butyldimethylsilyl)oxy]-5,6-(iso-propylidenedioxy)-3-methyl-hex-1-
ene (10):-

To alcohol (9) (5.28g, 28.39mmol) in dry DMF (65ml) was added imidazole (4.25g,

62.46mmol) and TBSCI (9.41g, 62.46mmol). The solution was stirred at room temperature

(200ml), then brine (200ml). The solution was dried over MgSO,, filtered and concentrated in
vacuo. Purification of the residue by flash column chromatography (9:1 hexane:Et,0) gave
the silyl ether (10) (8.14g, 96%) as a colourless oil. Re (3:1 hexane:Et,0) 0.64, (Found:
M'+H, 301.2192. C,H;;0,Si requires M+H, 301.2199); [OL]D22 -7.8 (¢ 1.4, CHCl3); Vipax (thin
film)/cm™ 2985, 2958, 2932, 2899 and 2858 sp’ CH;, 1641 (m) C=C; 8y (300 MHz; CDCl,)
0.08 and 0.10 (6H, 2 x s, Si(CH}3),C(CHj,);), 0.91 (9H, s, Si(CH3),C(CH;)s), 1.07 (3H, d, J 6.9,
(CHy)CH), 1.32 (3H, s, 1 of (CH;3),CO(0)), 1.38 (3H, s, 1 of (CH;),CO(0)), 1.98-2.11 (1H,
m, CH;CH), 3.45-3.55 and 3.91-3.96 (4H, m, CH(OTBS) and CH(O)CH,0), 4.92-5.00 (2H,
m, CH,=CH) 5.88 (1H, ddd, J 8.7, 10.5 and 17.1, CH,=CH); 8. (75 MHz; CDCI;) -5.05 and -
4.06 (Si(CH;),C(CH,)s), 18.45 (Si(CH;),C(CH,);), 18.46 ((CHyCH), 25.50 and 26.57
((CH3),CO(O)), 25.94 (Si(CH,),C(CHj)5), 41.85 (CH3CH), 65.78 (OCH,;), 78.04 and 79.01
(OCH,CHO and CH(OTBS)), 108.74 ((CH,),CO(0)), 114.73 (CH=CH,), 139.77 (CH=CH,);
m/z (CI) 301 (M™+H, 100%), 243 (M'-'Bu, 65%).

(2E AR ,5R,6R)-5-[(tert-Butyldimethylsilyl)oxy]-6,7-O-iso-propylidene-4-methyl-hept-2-
enoic acid methyl ester (11):-

To a solution of alkene (10) (5.0g, 16.7mmol) in dry MeOH (30ml) and dry CH,Cl, (30ml) at
-78°C was bubbled a stream of O; in O,. The reaction was monitored by t.l.c. until no starting
material could be detected, then N, was bubbled through the solution for a further 20 minutes
at -78°C to remove any residual O;. At the point where starting material could not be detected
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by t.l.c. the solution maintained a pale blue colouration. Me,$ (7.4ml, 100.6mmol) was added
at -78°C and the solution allowed to warm to room temperature over 1.5 hours. The solution
was diluted with CH;Cl, (200ml) and washed with brine (200ml). The aqueous layer was
back extracted with a further portion of CH,Cl, (100ml) and the combined CH,Cl, layers
dried over MgSQ,. After filtration and concentration in vacuo, the residue was redissolved in
dry CH,Cl, (150ml) and Ph;P=CHCO,Mc (13.89g, 41.7mmol) added. The mixture was
heated at reflux overnight. Sand (ca. 20g) was added and the mixture concentrated in vacuo.
The crude residue was purified by flash column chromatography (80:20 hexane:Et,0) to give
the ene ester (11) (4.75g, 80% over 2 steps) as a colourless oil which solidified at
temperatures <-10°C. R¢ (3:1 hexane:Et;0) 0.36; (Found: C, 60.09; H, 9.61. C;3;H;40:Si
requires C, 60.29; H, 9.56%); (Found: M'+H, 359.2250. CsH;,0s8i requires M+H,

359.2254); [a]n” +9.4 (c 1.06, CHCL); Vg (thin film)/em™ 2986, 2956, 2933, 2895 and
85‘8(sp CH;) 1727s (C 0), 1657m (C C), 8y (400 MHz; CDCl;) 0.09 and 0.11 (6H, 2 x s,

(CH3)2CO(O)), 1. 39 (3H s, 1 of(CH3)2CO(O)) 2.23-2. 31 (1H m, CH}C]{) 3. 48—3 63 and

P 7t nt o T P V= T - =

3.88-3.94 (4H, m, CH(OTBS) and CH(O)CH,0), 3.74 (3H, s, CO,(CH3)) 5.78 (1H, dd, J 0.8

and 16.0, CH;0,CCH= LH) 7.04 (m dd, J 9.2 and 16.0, (( H3O CCH H) bc (100 MHz;
92 (S1

ra Ve AY 7 £ - A TTQ £ fMNMTTY ) N NE rLNY Y 7 Y . 2
(ulhn,), /7.5 and /6.00 (LLIHCHU and CH{UIBY)), 105.05 ((LH;),CO(0)), 121.14 and
1AQ OO 7/ MT—rMTY 1£6 IO 00—\, el £0OTY 277£ A AT L ATTT 1NANO/N N&0 st Yy arpsn
14777 (Lo=Lny), 100./7 (L=U)) w/Z (1) O2/0 (VI TINIly, 1UUY), 309 (M TH, 43%), 301

of N-methvimornoholine N-oxide (90 myg. 0.77 mmol) a allrona & (100 ma N V4 mmal

Vi 1y 2 WL PG LNTV ARG PaAY 5y V ORIV QLINE QARVILY U BT lllb, \Y Ry v, llllllul} 111
acetone / water (8:1) (2 mL) and stirred for 4 hours. Aaueous NaHSO2 (2 mI )\ wag added
(e VLW AN S LW FRRWE Wk g & diaddg (RN Dlaia v A RANI AR LT AU UGO A!uLAUVJ \ &~ IAILA} YO AuNWAL

flach Aheamataoeanli fonatralaos atlhiar o athel nnatnta 101 A0~ 10T 4l 121 1 7110 oo N AT
11asii Cx Hdlogiapily {ptiiUicilll Culch .« Culyl aCtdle 1.1) aiioiacd ik 4iol 14 (1 IV TG, v.2/
marmmal) 1 Q2 0/ iald amAd §:1 Aaratia ag o cnlanrlace A1l Do fmateralaee athae o athol nnatada
ULy 1 60 /70 YiCiU dlild J.1 ULldtly ad a VUIUULICOSDS ULl INT \PCUU]CLUJI C Ui Culyl accial

4:1) 0.17; (Found: [M+H]" 413.2365. C21H37Si0¢ requires [M+H] 413.2359); [(x]D“

0.83 (¢ 6.0, CHCI3); vmax (CHCI3) /em~! 3546 br, m (OH), 2957 s, 2932 s, 2859 m (CH3,
CHp), 1740 s (C=0), 1462 m, 1256 s, 1095 s, 908 s; S5 (400 MHz; CDCl3) 0.06 (3 H, s,
SiCH3), 0.08 (3 H, s, SiCH3), 0.89 (9 H, br s, SiC(CH3)3), 0.96 (3 H, d, J 8, CH3CH), 2.04-

[o2A0 ¥ § 75 VYNV O L1305 V.00

2.11 (1 H,m, CH3CH ), 2.8-3.1 (2 H, br s, OH), 3.45 (1 H, dd, J 9.6 and 4.8, BnOCHQ), 3.57
1T A3 7100 and 60 RBaNCIHMY 201 (2 H o NHAY 200 /(1T H 44 700 arnd 19
(i, 4y, v 1v.v alig v, DINJUII ), J.0F \J LR, Dy WUNALY ), J.F4 (L 1L, U, v 7.4 AlIU 1.4,
CH3CHCH OH), 4.02 (1 H, q,/ 4.8, CHOTBS), 422(1H,4d,71.2, CHCG3CH;), 4.52 (2 H,

s, PhCH?), 7.27-7.35 (5 H, m, Ph); 8C (100 MHz; CDCI3) -4.96, -4.43, 11.49, 13.17, 18.09,

=

25.81, 39.53, 52.56, 71.91, 73.05, 73.45, 74.16, 127.58, 127.76, 128.40, 137.72, 174.25; m/z



(CT) 430 (M+NHyg, 20%), 413 (M+H, 100%), 396 (20%), 324 (50%), 287 (25%), 232 (24%),
132 (TBSH, 11%), 107 (PHCH20, 17%), 91 (PhCH2, 15%).

(2R ,35,4R,5R6R)-Methyl 5-|(tert-butyldimethylsilyl)oxy]-2,3:6,7-bis-O-iso-propylidene-
4-methyl-heptanoate (13):-

To ene ester (11) (146mg, 0.408mmol) in acetone/water (1ml, 8:1) was added N-methyl
morpholine N-oxide (143mg, 1.22mmol) and OsO, (251pl, 0.02mmol as a 2.5% wt / wt
solution in fert-BuOH). The solution was stirred at room temperature for 4 hours, then
aqueous NaHSO; (0.5ml, saturated) added. The solution was concentrated in vacuo. EtOAc
(50ml) was added and the mixture washed with brine (20ml). The aqueous phase was
extracted with EtOAc (50ml), and the combined EtOAc extracts dried over MgSO,, filtered
and concentrated in vacuo. The residue was redissolved in acetone (1ml) and 2.2-

dimethoxypropane (Imi) and TsOH (10mg, cat.) added. The solution was stirred at room
temperature overnmght, then concentrated in vacuo. The residue was purified by flash column

LY ana

chromatography (80:20 hexane:Et,O) to give the ester (13) (141mg, 80%) as a colourless oil.
N

™ 1. Lo T

Rr (1:1 hexane:Et,O) 0.5

-/L ST A, M ZQ LAl TIY OO

; (Found: C, 58.60; H, 9.37. CyH4 0,81 requires C, 58.30; H,

o Yelo V4 Yy AnA NrAn

9.32%); (Found: M +H, 433.2626. C,H4,0:81 requires M+H, 433. ADA.L), [afp? +3.2 (c 0.94,

sAnn AYTY . TNV N A NAD 1 A1A LYY I SV7al RN arlo Y S 1
(400 MHz; CDCly) 0.08 and 0.12 (6H, 2 x s, Si{CH;3,C(CHs);), 0.89 (9H, s
Q/MIT N M7 AN OO /XY 1 T2 1 /ATT AT 1 14 1 10 1 AN 11 A% 717YY A YT ~
S H3 pU(LLT3/3), VY7 (00, A, J /.1, (Lrdz)irl), 1.4, 1.7, 1.404dNd 1.43 (14,4 X 311 §, £ X
LT L YWV 1 £0 1 T8 (TLT eme LT TN 2 L8 /11T A T 0 a3 O 1 1 ~CMIT M\ Y L0 11T
(CIT3)0ANV) ), 1.00-1./70 (111, 111, LIl3\d7), 500 (1K1, U4, J /.7 alld 0.1, 1 01 LI1;U), 5.00 (1,
dd, J 2.0 and 7.6, CH(OTBS)), 3.76 (3H, s, CO,CH;), 4.03 (111, dd, J 6.3 and 7.9, 1 of
CHON A1 4 770 CH.O.CCIHN 49201 ddd JE21 72and 81 OCTI CLION A A7
NATNTJ, T Ll 113, U, v 7.V, WU ), .47 (a1, GUG, v U.5; 7.0 dllQ O.1, ULTIUII(V) ), 4.4
MY AR T 70 and Q8 OCUHUHNCCWIONWCHON & (100 Mz OTWLY A QL and 209
(i1, GU, v /.U dalill 0.7, LAV LdiVU ) ), Oc \AVY g, Lo} =220 4aiid -5.72
(Si/CH ) >C(CH: ) 13 8% (OCH.CIN 12 48 (QUCHN C(CH Y 715 8N and 718 74
I L d g INANALT R ]y 10,00 AL L3a1y, 10.70 U113 )OO K13 13 s ol eI aliu ) 1Y
((CH3);CO(0)), 26.05 (Si(CH3),C(CHy)3), 26.73 and 26.96 ((CH),CO(O)), 40.89 (CH,CH),
52.30 (CH,O,O) 20 (OCH,), 77.74 l(“l-f((') RBRSY), 77.98 (CH,O,CCH(OYCH(OY), 78.30
JJJJJ VAT, vv.-v [QSA S S I 1) FINNS A3y 1470 (AN TRV, /8.0
H H(O)CH \1~8.80 and 110.50 (2 x (CH;),CO(0)), 171.54
=7 \ St DILIENNT )

(Cn_,ozccn(mm(g)) 78.62 ((O)CHCH
M

__________

(28,3R.4R,5R) Methyl 6-benzyloxy-5-(tert-butyldimethylsilyl)oxy-4-methyl-2,3-
dihydroxyhexanoate (14):-

(DHQD)2PHAL (0.348 g, 0.45 mmol), K3Fe(CN)g (4.42 g, 13.4 mmol), K2CO3 (1.85 g,
13.4 mmol) were dissolved in tert -butanol : water (1:1) (40 mL). OsO4 (2.5 % wt solution in

tert -hutanol, 5.41 mL, 0.45 mmol) and MeSO2NH? (1.28 g, 13.4 mmol) were added and the
solution was stirred for S minutes, Alkene 6 (1.69 ¢, 4.5 mmol) was added and stirred for 4
soution was stireg Ior 2 minules, ALIRCNE © (1.07 g, 4.0 Mnol) was addea ar i
hours. Aqueous 1M Na2S03 (30 mL) was added. The aqueous layer was extracted with
CIIACIA (2 v &0 T ) and tha samhined arganie lavere dried wri anhvdrons aQs The
A2 S WAS] VAR T JU L) aul uiv VULLHIULLILU ULl galul 1aytlds Uil will aluiyUilvus VigoiJsg. L
PR | i Dhiaidlandinen lacy Aum: flocle Aliwnsantn cvnsalisy foantenlasiian atlae
solvent was removed A vdcuo. ruriiiCaiion oy ary iasn Cnromatograpiy (peiroi€uiil cuict
il Y o andda 121N Al dad tlha AiAl 1A (1 £Qa N AT smasmand) 3:n Q1 0/ vrinld and £:1 4o eatin ac o
€inyt acetai€ ili) arnoracda uic 4iol 14 (1.00g, V.41l 1iivl) i1 71 70 yICIU allld V.1 (€. 1ativ as a

colourless oil. Rf (Petroleum ether : ethy!l acetate 4:1) 0.12; (Found: [M+H]* 413.2368.



+22.5 (¢ 2.0, CHCI3); vmax (CHCI3)
/em1 3546 br m (OH), 2957 s, 2932 s, 2859 m, (CH3, CH?), 1740 s (C=0), 1462 m, 1256 s,
1095 s, 908 s; S (400 MHz; CDCI3) 0.06 (3 H, s, SiCH3), 0.09 (3 H, s, SiCH3), 0.88 (9 H,
br s, SIC(CH3)3), 1.10 (3 H, d, J 8.0, CH 3CH), 2.01-2.04 (1 H, m, CH3CH ), 3.24 (1 H, d, J
6.4, CHOH), 3.34 (1 H, d, J 3.4, CHOH), 3.46-3.58 (2 H, m, BhOCH3), 3.77 (3 H, s, OCH3),
3.90-3.93 (1 H, m, CHOTBS), 4.15-4.12 (1 H, m, CH3CHCHOH), 4.20-422 (1 H, m,
CHCO2CH;) 4.53 (2 H, s, PhCH3), 7.26-7.35 (5 H, m, Ph); 8¢ (100 MHz; CDCl3) -5.06

j 43 VAV AVAIRL, aSi ) PRV 0

(e
W 1
[vc]
it

(C); msz (CI) 340 (M+NH4 4%), 413 (M+H, 35%), 396

(31%), 287 (49%), 2 (76%), 215 (71%), 132 (TBSH, 35%), 108 (PhCH20H, 100%), 91
PhCH32, 95%).

(25,3R.4R,5R,6R)-Methyl 5-[(tert-butyldimethylsilyl)oxy]-2,3:6,7-bis-O-iso-propylidene-
4-methyl-heptanoate (15):-

Solid (DHQD),PHAL (120.2mg, 0.154mmol, 10mol%), K;Fe(CN)s (1.52g, 4.63mmol),
K;CO; (639.3mg, 4.63mmol) were dissoived in fert-BuOH/water (15ml, 1:1) and OsO,
(1.94mi, 0.154mmol, 10mol% as a 2.5% wt / wt solution in tert-BuOH) added. MeSO,NH,
(440.1mg, 4.63mmol) was added and the mixture stirred at room temperature for 5 minutes.
The ‘super’ AD-mix solution was transferred via syringe to ene ester (11) (552mg, 1.54mmol)

and the mixture stirred at room temperature overnight. Solid Na,SO; (2.31g, 18.35mmol) was
added and the mixture stirred for 30 minutes at room temperature. The black solution was
extracted with CH,Cl, (250ml) and washed with water (100ml). The aqueous phase was back
extracted with CH,Cl, (100ml) and the combined CH,Cl, layers dried over MgSQ,, filtered
and concentrated iz vacuo. The residue was redissolved in acetone (6ml), 2,2-

(100ml, salurated) brme ( lOOml) drled over MgSO4, ﬁltered and concentrated in vacuo. The
residue was purified by flash column chromatography (80:20 hexane:Et,0) to give the ester
(15) (439.6mg, 66%) as a colourless oil. R, (1:1 hexane:Et,0) 0.50; (Found: C, 58.50; H,
9.35. Cy;H4,0+Si requires C, 58.30; H 9.32); (Found: M"+H, 433.2626. C,,H4,0,Si requires
M+H, 433.2622); [a]p” +25.3 (¢ 1.03, CHCLs); Vaux (thin film)/cm™ 2989, 2956, 2934, 2892
and 2859 (sp’ CH,), 1761s (C=0); 8y (400 MHz; CDCl;) 0.08 and 0.10 (6H, 2 x s,
Si(CH;),C(CHs)s), 0.89 (9H, s, Si(CH;),C(CH3)s), 1.02 (3H, d, J 8, CH;CH), 1.34, 1.40, 1.41
and 1.45 (12H, 4 x 3H s, 2 x (CH3),CO(0)), 1.95-2.02 (1H, m, CH;CH), 3.65-3.69 (2H, m, 1
of CH,O and CH(OTBS)), 3.76 (3H, s, CO,CH;), 4.98 (1H, dd, J 6.4 and 8.0, 1 of CH,0),
4.16-4.21 and 4.35-4.41 (3H, m, OCH,CH(O) and CH;0,CCH(O)CH(Q)); &c (100 MHz;
CDCl,); -4.81 and -3.90 (Si(CH,),C(CH,):), 10.81 (CH;CH), 18.32 (Si(CH,)>,C(CHa,)3), 25.33
and 25.54 ((CH3),CO(0)), 25.91 (Si(CH;),C(CHj;);), 26.47 and 26.68 ((CH3),CO(0)), 38.20
({(CH;)CH), 55.16 (CH;0,C), 66.04 (OCH,), 75.53, 76.70, 77.95 and 78.45 (CH(OTBS),
CH;0,CCH(O)CH(O) and (O)CHCH,0), 108.63 and 111.59 (2 x (CH;),CO(O)), 171.89



(C=0); m/z (CI) 450 (M"+NH,, 10%), 433 (M'+H, 30%), 375 (M"-'Bu, 100%).

(6R,7R 8R)-Methyl-7-[tert-(butyldimethylsilyl)oxy]-8-9-0-iso-propylidene-6-methyl-
nona-2,4-dienoate (16):-

The o,B-unsaturated ester 11 (910 mg; 2.54 mmol) was dissolved in dry dichloromethane (13
mL) and cooled to -78°C. A 1 M solution of DIBAL in dichloromethane (6.35 mL; 6.35
mmol) was added and the solution was stirred for 90 min. at -78°C and quenched with a
mixture of a pH7 phosphate buffer (21.5 mL), an 0.5 M aqueous solution of tartaric acid (44
mL) and ethyl acetate (27 mL). After warming to room temperature the mixture was extracted
with dichloromethane (2 x 150 mL) and the combined organic extracts were dried with
MgSO, and concentrated in vacuo. The residue was purified by column chromatography
(hexane-diethy! ether; 3:1) to give (2E,4R,5R,6R)-5-[(fert-butyidimethyisiiyoxyj-6,7-0-
%), Ry 0.24 (i:i;

iso-propylidene-4-methyl hept-2-en-1-ol as a clear oil (840 mg; 100
J———— — 9 £ -~y

- =) PR 1
l’lC)hﬂlC'ClIlCI], FU W, L, 01./7,

MNH,", 348.2574. C,7H3,0,Si requires MNH,", 348.2570); vpu (film)em™ 3396m,br (OH),

170 T 1N AN T 1

, 10.40. C;H340,51 requires C, 61.77; H, 10.37%; (Found

:l

Ancm 3 ANNAL /I, T 125  n o s 1 AN YT N Q sANN R ATY TN N A NS /A TT
LYD/8 ANA LYH.LS (LH); [Up] ™ TU.Bs (€ 1.LZ in CHC L), op3VU MHzZ; CLA ;) V.US (3 H, s,
QI ry N 1AM ITYT o QM Iry N N1 OV IY . Y4 TT NN 1T N7 /Y TITY T N ,mrr AN 1 AMm /A TY
DIULT3), V.1V (5 I, 5, DIVIT3), UYL (T 11, 8, L{LI73)3), 1.U/ (5 H,Q,J 0.9, UHs-4), 1.32(3 H, 5,
CIIYTACITY 120217 L OIT OCITY D IN 1T TIT o IT AN Y AQ 2 LL S/ IY . 1Y 7 IT )Y 1 On
Criyiiins), 1.7 (3 11, §, LnisLli13), 2.1V (1 1, M, n-4j, 3.40-5.00 (<« 1, m, ri-/, ri-3j, 3.90-
3.96 (2 H, m, H-7, H-6), 4.10 (2 H, dd, J 1.1 and 5.8, 2xH-1), 5.60 (1 H, m, H-2), 5.74 (1 H,
AA r 11 Q™ Aand 14 & LI_2N K (78 & NALT. fal Yo TRY A QY ~ud T O QAT N 19 AL
aad, v 1.1, 6.7 ana 15.5, 1-3j, Ocl/J.5 MIZ], Lull3) -4.74 and -3.53 (o9ilH;), 10.40
QYOI Y)Y 12 Q) (CHT N V4604 (COYYIINY DK §A mnd V6 60N (CIT Y ANDIQ (OITN £ £7
(oligilaisgy), 10.04 \Lai3), 24U.U% (olqurniy)y), £J.09 dlid £20.0U (i), 4U.L0 (L1f1), O3.0/
(CHY AS TR (CHLY 77 AR (CHY 7R QO (CHY 10R R /Y 120 A7 {CTEN amd 127 £A (L. .o/
AN ), US. 7O (1), 7170 \Ndd ), 10.07 \Wdl), TUO.00 M)y 14757 (Ldl) allldl 100.U% (11}, ITi/2
+

348 (MNH. , 28%)

Ta a solution of the above compound (256 mg; 0.774 mmol) in dry dichloromethane (5.1 mL)
under argon was added Dess-Martin periodinane (492 mg; 1.16 mmol) and the mixture was

stirred at room temperature for 1h. The reaction was added a mixture of pentane (7 mL) and
diethylether (7 mL) and filtered through a layer of Celite. The filter was rinsed with the same
mixture of solvents (20 mL) and the filtrates were combined and anhydrous sodium carbonate
was added. The mixture was stirred for 15 min, dried with MgSO, and filtered through a
layer of Celite. The filter was rinsed with the same mixture of solvents (30 mL) and the
combined filtrates were concentrated in vacuo. The residuc was dissolved in hexane (10 mL)
and filtered though a layer of Celite. The filter was rinsed with the same solvent (30 mL) and
the combined filtrates were concentrated in vacuo. The crude aldehyde (R; 0.53 (1:1; hexane-
ether)) was dissolved in dry dichloromethane (9 mL) and Ph;PCHCO,CH; (646 mg; 1.94
mmol) was added.

The reaction was stirred under reflux for 16 h, cooled to room temperature, added silica and
evaporated. The residue was purified by column chromatography (14:1; hexane-ether) to give
ester 16 as a clear oil (277 mg, 93%); Ry 0.62 (1:1; hexane-ether); Found: C, 62.40; H, 9.48.
C10H360581 requires C, 62.46; H, 9.43; (Found: M'H', 385.2402. C,0H350sSi requires M'H”,
385.2410); Vimax (film)/cm™ 2985s, 2955s and 2932s (CH), 1720s (C=0), 1642m and 1615m
(C=C); [ap]® +4.5 (¢ 1.12 in CHCly); 81(400 MHz; CDCl;) 0.08 (3 H, s, SiCH;), 0.10 (3 H, s,



SiCH), 0.91 (9 H, s, C(CH3)s), 1.11 (3 H, d, J 6.8, CHCHS), 1.31 (3 H, s, CH,CCH,), 1.39 (3
H, s, CH,CCH,), 2.20 (1 H, m, H-6), 3.52 (1 H, m, H-9), 3.59 (1 H, m, H-7), 3.74 3 H, s,
OCH.), 3.85-3.92 (2 H, m, H-9, H-8), 5.81 (1 H, d, J 15.2, H-2), 6.12 (1 H, dd, J 15.6, 10.4,
H-4), 6.22 (1 H, dd, J 15.2, 8.8, H-5), 7.27 (1H, dd, 15.2, 10.4, H-3); 5c(100.6 MHz; CDCl;) -
4.85 and -3.89 (SiCH;), 18.46 (SiC(CH,);), 18.62 (CHs), 26.05 (SiC(CH,)s), 25.52 and 26.65
(CHs), 40.90 (CH), 51.47 (OCH}), 65.73 (CH,), 77.89 (CH), 78.88 (CH), 109.01 (C), 119.51
(CH), 128.31 (CH), 144.97 (CH), 145.02 (CH) and 167.54 (C=O); m/z 385 (MH", 35%).

(35,4R,5R,65)-5-Benzyloxymethyl-3,4-dihydroxy-5-methyl tetrahydropyran-2-one (17):-

TBAF (1M solution in THF, 2.2 mL, 2.20 mmol) was added dropwise to a stirred solution of

diol (14) (700 mg, 1.69 mmol) in dry THF (20 mL) and stirred for 1.5 hours. Water (10 mL)
was added. The aqueous layer was exiracted with CH,Cl, (6 x 20 mL) and the combined

organic layers dried with anhydrous MgSO,. The solvent was removed in vacuo. Purification
by flash column chromatography (ethyl acetate) afforded the lactone (17) (306 mg) in 68%

[, D5 [ S [ M, E I | . R D R I - i 0 L\ T 'y B S PV o N SN, W -
YICIQ ds dil Ol WU CLYSWAHISCA S10WIY dal FOVLL ICINPCTauIe, 1L.p. 0o-0/ U, Ky (LIVUAC) V.19,
fCrimd. RATY ALL 1160 M YT 4N wmiion A4 ALL VISAN, (.1 22 TAND £, 7" £YITHT N,
(FOulld. [IVE] 400110V, UgllgUs TCQUIICS M 200.1104), [K|p = 14.U¥ {C £.2 UHUIL), Vg
¢ -1

(CHCL) /em™ 3014 m (OH), 3584 m, 2929 m, 2871 m (CH;), 1739 s (C=0), 1453 m, 1206 s,
1111 .. € FANN NATT .. MY Y 1 N2 72T A TO MIFMIIN 1 EN 1 N FATY Lo - MNIIN A A NN L
11115, O (#UVU IVID1Z, LIJCI3) 1.UD o6, 4, J o, LI nri), 1.oVU-1./U (L5l, DI 5, UIl), £.£0-£.050
1LY I Iy 2 480 71T ¢ F 1N A MIT MIICIIANIIN 2 £8 A17Y 143 T 117 524 27
i, i, vnslszj, 5.0V (i, i, J 1V4, Lnginliiuny), 5.0 (1mn, a4, J 11,2 ana s.z,
NN N 2 TA M Ad T12 4 and 24 ROV N AN AT A 7100 CAONCIIINLIIN A ND
Dicaip ), J.r5 in, O, v 15.0 aiil 2.4, Diivuvrig), 400 (111, 4, v 11UV, LlUjLri\urnj, 4.0
(1H, dd, / 10.4 and 2.4, CH,CH), 4.52 (1H, 4, J 12.0, PhCH,), 4.63 (1H, d, J 12.0, PhCH,),
T26.7 26 (ST m PhY S_ 7100 M Y1) 1222 (CHH Y 28 21 /CTIY £QNE (CIT Y 72 21
Fed&ld= 7.0\ \(JIh, My L), UC UIVY IVILEL, L/ ) LJed4 (VA3 ), JJ.J0 1 \Ldl ), UZ.UU (01D}, /3.21
(CHY 7227 (CHY 72 61 (CH.Y RV (CHY 12771 (2 v CHY 127 Q1 (CTIY 129 &0 (D v (I
\\/Ll}, T od edea & \\/Al/, /7.1 \\Jl‘l’, Udad s \\/Ll’, Lde? T L \h N \111,’ l&iarZ 1l \\/ll,’ 1 LO.0YV \L FaN \_411},
137.54 (). 17293 (CY: m/z (CI)Y 284 (M+NH.,_ 50%). 266 (M+ 1009%). 250 (319%,). 233
12125 Js 11850 (o), 77/ \ig & VYATTUANIRG, SV /), LUV UVATIR, 21UV /D), L0V (D1 Gy, £I0

7 ) 28
z (CI) 284
(15%), 160 (16%), 108 (PhCH,OH, 44%),
(2R.3S.6R,7R.8R)-Methyl 7-[(tert-butyldimethylsilyl)oxy]-2,3-dihydroxy-
8.9-0-iso-propylidene-6-methylnon-4-enoate (18) and (45,55,6R,7R,8R)-Methyl 7-[(tert-
butyldimethylsilyl)oxy}-4,5-dihydroxy-8,9-0O-iso-propylidene-6-methylnon-2-enoate

(19):-

To a solution of K3;Fe(CN)g (138.1 mg; 0.420 mmol), K,CO; (58.0 mg;0.420 mmol) and
(DHQ),PHAL (5.6 mg; 0.0070 mmol) in a 1:1 mixture of +-BuOH and water (1.42 mL) was
added a 2.5 w/w-% solution of OsQO, in -BuOH (17.7 pL; 0.00140 mmol) and MeSO,NH,
(39.8 mg; 0.420 mmol).

After stirring at room temperature for 10 min. the solution was poured into a flask containing
ester 16 (54 mg; 0.140 mmol). The mixture was stirred at room temperature for 21 h,
quenched with Na,SO; (209 mg; 1.66 mmol) and diluted with water (3 mL). The mixture was
extracted with dichloromethane (3x15 mL) and the combined organic phases were dried with
MgSO, and concentrated in vacuo. Further purification using column chromatography
(hexane:ether 1:1) afforded 18 as a clear oil (19.6 mg, 33%), 19 as an oil (4.5 mg, 7.6%) and
starting material 16 as a clear oil (20.2 mg, 37%). Data for 18: R; 0.45 (ether); (Found:



MNH,", 436.2728. CyH,30,Si requires MNH,", 436.2731); [ap])®® -7.8 (¢ 1.28 in CHCL);
84(300 MHz; CDCL;) 0.08 (3 H, s, SiCH3), 0.10 (3 H, s, SiCHj), 0.91 (9 H, s, C(CH),), 1.10
(3H,d,J6.9 CH;-6), 1.31 (3 H, s, CH,CCHj;), 1.40 (3 H, s, CH;CCHj3), 2.20 (1 H, m, H-6),
3.56-3.61 (2 H, m, H-9, H-7), 3.83 (3 H, 5, OCHj), 3.88-3.99 (2 H, m, H-9, H-8), 4.15 (1 H,
m, H-2), 438 (1 H, m, H-3), 5.58 (1 H, dd, J 15.7, 6.4, H-4), 5.88 (1 H, dd, J 15.7, 9.0, H-5);
8c(75.5 MHz;, CDCl;) -4.88 and -3.97 (SiCH,), 18.43 (SiC), 18.82 (CHj), 26.04 (SiC(CHs)s),
25.24 and 26.47 (CH,), 40.15 (CH), 52.72 (CHj;), 65.53 (CH,), 73.40 (CH), 73.86 (CH), 77.63
(CH), 78.59 (CH), 109.03 (C), 128.53 (CH), 134.74 (CH) and 173.21 (C=0); m/z 418 (M",
71%), 436 (MNH,", 100%). Physical data for compound 19: R 0.57 (ether); (Found: M'H",
419.2471. C,0H3505S1 requires M'H', 419.2465); 54(300 MHz; CDCLy) 0.13 (3 H, s, SiCH,),
0.14 (3 H, s, SiCH;), 0.92 (9 H, s, C(LH3)3), 1.05 3 H, d, J 7.0 CH;-6), 1.41 (3 H, s,

CH,CCH,), 1.43 (3 H, s, CH;CCH,), 1.86 (1 H, m, H-6), 3.61-3.74 (3 H, m, H-9, H-7, H-5),
3.75 (3 H, s, OCH,;), 4.04 (1 H, dd, J 8.3, 6.7, H-9), 4.24-4.31 (2 H, m, H-§, H-4), 6.15 (1 H,
dd, J 15.7, 1.6, H-2), 7.02 (1 H, dd, J 15.7, 4.1, H-3); 6c(75.5 MHz; CDCl;) -4.90 and -4.22
(SiCH,), 17.06 (CH;), 18.29 (SiC), 25.95 (SiC(CH,);), 25.28 and 26.48 (CHj;), 38.02 (CH),
51.55 (CH,), 66.22 (CH,), 71.25 (CH), 74.70 (CH), 79.30 (CH), 79.39 (CH), 105.41 (O),
171 S A LTI 1 1 A0 YT 70T /e ATH AATYH QA0/Y ANT 7F1NNO/N

1Z1.04 (1) A 14701 (L), m/2 41¥ (Ivif1 , 6370), 4U1 { 1UUY0).

To a solution of KJFC(P ) (1\’4'8 mg; 0.319 mmn]\ K,CO; (44,0 moﬂ 319 mmn]\ and
(DHQD),PHAL (4.2 mg; 0.0053 mmol) 1:1 mixture of ~-BuOH and water (1.08 mL) was

ina
dded a 2.5 w/w-% solution of QsQ. in ~-BuQH l'% 4 uT 0.00106 mmol) and MeSQO,NH,

a . VLU0 NI 12 IVICOLHINDTT

30.3 mg; 0.319 mmol).

[N

After stirring at room temperature for 10 min. the solution was

-

p_.,__d into a flask containing 16 (41 mg; 0.106 mmol). The mixture was stirred at room
temperature for 21 h, quenched with Na,SO; (159 mg; 1.36 mmol) and diluted with water (3
mL). The mixture was extracted with dichloromethane (3x10 mL) and the combined organic
phases were dried with MgSO, and concentrated in vacuo. Further purification using column
chromatography (hexane:ether 1:1) afforded 20 as a pure clear oil (18.0 mg, 41%) and starting
material 16 as a clear oil (11.7 mg, 29%). R; 0.43 (ether); (Found: M"NH,", 436.2744.
CoH350-Si requires M'NH,", 436.2737); Vs (film)/em™ 2935s (CH) and 1734s (C=0);
Found: C, 57.63; H, 9.22 C»H330-Si requires C, 57.39; H, 9.15; [ap]”® +10.5 (¢ 1.14 in
CHCl); 34(300 MHz; CDCl;) 0.08 (3 H, s, SiCH5), 0.10 (3 H, s, SiCHs), 091 (9 H, s,
C(CH5)3), 1.10 (3 H, d, J 7.0 CH5-6), 1.32 (3 H, s, CH;CCH,;), 1.40 (3 H, s, CH;CCH,), 2.17
(1 H, m, H-6), 3.07 (1H, d, OH), 3.51-3.58 (2 H, m, H-9, H-7), 3.84 (3 H, s, OCHj;), 3.90-3.95
(2 H, m, H-9, H-8), 4.16 (1 H, m, H-2), 4.38 (1 H, m, H-3), 5.56 (1 H, dd, J 15.7, 6.7, H-4),
6.05 (1 H, dd, J 15.4, 8.9, H-5); 8(75.5 MHz; CDCl) -4.90 and -3.92 (SiCH;), 18.45 (8iC),
18.84 (CH;), 26.06 (SiC(CHs)3), 25.46 and 26.56 (CH;), 40.26 (CH), 52.77 (CH,), 65.69
(CH,), 73.40 (CH), 73.91 (CH), 77.88 (CH), 78.80 (CH), 108.99 (C), 128.50 (CH), 135.30
(CH) and 1712 (C=0); m/z 436 (MNH,, 48%), 401  (100%).
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