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1. Introduction

The bryostatins, e.g. bryostatin 1),t are an important group
of natural products with an impressive array of djital
activities including potentially useful anticancdrehaviour.
However, they are difficult to produce from naturalices and
so have been studied extensively by synthetic dcgaremists’.
To date several outstanding total syntheses haste templeted
and macrocyclic analogues have been prepared hioat both
the anticancer activity of the bryostatins and thenour
promoting activity of phorbol? 1
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It was recognised that approaches to the bryosthised on a
late-stage assembly from C1-C16 and C17-C27 fratgrssuld
lead to a convergent synthesis. Indeed the eatdy syntheses
were based on this strategy and used Julia readiioassemble
the core structure by formation of the 16,17-dodiad’*** The |
formation of this double-bond by ring-closing métsis (RCM) COMe

has also been considered albeit with mixed success. 2'Y = PhS(O),, H for Julia
3 Y =CH, for metathesis P = protecting groups

Intermediates that are equivalent to the C17-CG2@-kster
and 3 could be useful for Julia and RCM based approathes
bryostatins, see Figure 1. These trisubstitutedrak should be Figure 1 Vinylic iodides for the synthesis of bryostatins
available from theK)- and @)-vinylic iodides4 and5. Indeed in
their landmark syntheses, Masumune and Yamamura us
vinylic iodides related t@ and5.3*° A vinylic iodide 4 was also
used in an alternative synthesis of the C17-C2@nfient’ We
now describe our syntheses &){and ¢)-vinylic iodides4 and
5 that may be useful for the synthesis of bryosgatin

@d Results and discussion

(E)-Vinylic iodides 4 were readily available from the alkynyl
ester 6 that had been prepared in eight steps fraRy- (
pantolactone during studies of the synthesis of @ig-C27
fragment of the 20-deoxybryostatihg=ollowing the literature
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precedent, the addition of tributyltin lithium to the estd
according to the procedure of Piegave the E)-alkenoate?
with excellent stereoselectivity. Following reductiosing di-
isobutylaluminium hydride and protection of the @ing alcohol
8 as itstert-butyldimethylsilyl ether9, tin-iodine exchange gave
the vinylic iodide 11. However, attempts to remove the
triethylsilyl group selectively were accompanied frtial loss
of the allylic tert-butyldimethylsilyl protecting group and gave
mixtures of the alcohol2 and diol 13 with diol 13 being the
dominant product with longer reaction conditionse(&cheme
1). The lability of tert-butyldimethylsilyl ethers of allylic
alcohols relative to triethylsilyl ethers of secanglalcohols was
also characteristic of more advanced bryostatierinediates’

Thetert-butyldiphenylsilyl ethedO of alcohol8 was prepared
and tin-iodine exchange gave the vinyl iodidel. The
triethylsilyl ether could also be removed seledfivdlom the
fully silylated stannandO to give the seondary alcohb (see
Scheme 1). This on tin-iodine exchange gave thedxywinylic

iodide 16. This was also available in an 85% vyield by the

selective silylation of the didl3.
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Scheme 1 Synthesis of vinylic iodides analogous4dreagents
and conditions inBuLi, BugSn,, THF, 0°C, 25 min, add to
CuBr.DMS, THF,-50 °C, 25 min, add and MeOH, THF-78

°C, 4 h (78%); ii, DIBAL-H, THF,—78 °C to rt, 3 h (86%); iii,
TBSCI, imid., DCM, rt, 16 h (78% frorf); iv, TBDPSCI, imid.,
DCM, rt, 16 h (90% fron®): v, NIS, DCM, rt, 1.5 h X1, 96%;

14, 96%; 16, 95%); vi, HF, MeCN, rt, 1.5 h1@, 25%;13, 50%);

vii, HF, MeCN, rt, 4.5 h 13, 72%); viii, dil. HF, MeCN, rt, 2 h
(71%).

Approaches to theZj-vinylic iodides5 were based on the
stereoselective reductive iodinattbnof alkyn-1-ols 17, see
Figure 2. The ring opening of the benzyl etlH& of (R)-
pantolactone using the Weinreb reagent followedrbmédiate
O-silylation gave the amid&9 but only in modest yields due to
recovery of the lacton&8. After reduction, addition of lithiated
3-tert-butyldimethylsilyloxypropyne to the resulting aldgle 20
gave a mixture of theyn- and anti-alcohols21 and 22 with
stereoselectivity in favour of thgn-isomer21, ratioca. 70 : 30
(see Scheme 2). The configuration shown was assigméide
major produc®l on the basis of the relative shifts of i®-(and
(9-O-acetylmandelate.
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Figure 2 Proposed reductive iodination of alkynalg
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Scheme 2 Synthesis of the alkyn@l Reagents and conditions i,
(a) MeONHMe.HClI, benzene, M&l, 0 °C to rt, 2 h, addS, rt, 1

h (b) TBSCI, imid., DCM, DMAP (cat.), TBAI (cat.), ri, h @9,
30%; recoveredl8, 48%); ii, DIBAL-H, DCM, -78 °C, 2 h
(45%); iii, nBuLi, 3-tert-butyldimethylsilyloxypropyne, THF, 0
°C, 30 min, cool ta-78°C, add20, 1.75 h 21, 42%;22, 17%).

The configuration at C-4 of the majsyn-alkyne 21 does not
correspond to that in the required alkyndld This was not
surprising since it is consistent with both chelalfiand Felkin-
Anh* control. However, the selectivity was not as high as
expected and so it was decided to use an oxidatimduction
sequence to access intermediaté® with the required
configuration at C-4 from alkynes analogous 2b and 22
available from R)-pantolactone. The ring opening oR){O-
benzylpantolactond8 using the Weinreb amide had also been
capricious and a better synthesis of the aldehyderequired.

Lactol 23" was available by reduction of PMB-protect&®)-(
pantolactone, and was converted into the silyloxigesR5 via a
Wittig reaction andO-silyation. Hydroxylation appeared to give
a single diastereoisomeR6 that was assigned thenti-
configuration by analogy with the literatufe,and oxidative
cleavage gave aldehyd?y. As expected, addition of lithiated
tert-butyldiphenylsilyloxypropyne to this aldehyde gave
mixture of thesyn- andanti-alcohols,syn:anti = 75 : 25, and this
mixture was oxidised to give the keto?& see Scheme 3.

The reduction of this ketone was investigated witkelation
control expected to give the required 4fi-alcohol 30, the
minor alcohol in the mixture of alcohols obtainednfi aldehyde
27. Reduction using di-isobutyaluminium hydride armHism
borohydride in the presence of cerium(lll) chlorigeeve more of
the 4,5syn-alcohol 29, in ratios of 68 : 32 and 86 : 14,
respectively. However, zinc borohydridevas usefully selective
in favour of the chelation controlled proda€;, 29 : 30 = 14 : 86,
and the use of the chiral reducing ageRtrhethylCBS/BMS?
led to stereoselectivity, 80 : 20 in favour of tiequired 4,5anti-
epimer30. The configurations shown for the alcoha®and30
were assigned by comparison of tHelrNMR spectra with those
of analogous alkynolsyide infra, and by analogy with the
selectivity for formation of theyn-adducts21 and29 in addition
to aldehyde®0 and?27.
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Scheme 3 Synthesis of the 4,8nti-hept-2-yn-4-0l30 Reagents
and conditions i, PMePBr, KOBu, rt, 30 min, THF, rt, 1 23,
0 °C to rt, 3.5 h (75%); ii, TBSCI, imid., DMAP (cat.J;BAI
(cat.), rt, 1 h (63%); iii, NMO, Osfp(cat.), acetone, water, a OTES OTES 40  OTES
'BUOH, rt, 18 h (59%); iv, Nal§) THF, water, rt, 30 mincé. 39
99%); v, (a)nBulLi, tert-butyldiphenylsilyloxypropyne, 6C, 30
min, 27, =78 °C to 0°C, 2 h (84%;29 : 30 = 75 : 25) (b) Dess-
Martin periodinane, DCM, rt, 45 mircd. 99%); vi, (a) NaBH
CeCk.6H,0, MeOH, rt, 1.5 h (85%29 : 30 = 86 : 14) (b)
ZnBH,, ether,~30°C to 0°C, 3 h (86%,29 : 30 = 14 : 86) (c)
(R)-2-methyl-CBS oxazaborolidine, tol., BMe,S, -30 °C to
-15°C, 2 h (75%29 : 30 = 20 : 80); vii, TBSCI, imid., DCM, rt,
18 h (96%). Scheme 4 Synthesis of the vinylic iodidel3 Reagents and
conditions i, activated Zn, 1-bromo-3-methylbuti®g32, 0 °C,
4 h (53% plus 6% of itsyn-epimer); ii, NaH, DMF, 6C to rt, 30
min, PMBCI, 0°C to rt, 1 h (98%); iii, aq. AcOH, 4&C, 2 h
(86%); iv, NalQ, methanol, water, 8C to rt, 1.25 hda. 99%);
v, ethynylmagnesium bromide, THF78 °C, 2 h, rt, 2 h &7,
29%; 38, 21%); vi,nBuLi, 3-triethylsilyloxypropyne, ¢C, 1 h,
At this point, it was decided to prepasealkoxyaldehydes 36, =78 °C, 2.5 h B9, 74%, 40, 4%); vii, TBSOTf, 2,6-lut.,
that were pseudo-enantiomers of aldehyd@sand 27 so that DCM, 0°C, 1 h (92%); viii, KF, methanol, THF,C, 2 h (77%);
chelation control of the addition of alkynes wouldvegthe ix, Red-Al, tol., ether, GC, 1 h, rt, 3 h, iodine flakes;78 °C to
required configuration at C-4 directly. AS){pantolactone is less —10°C, 1 h @3, 69%;44, 14%).
readily available than itdRj-enantiomer it was necessary to vary
the synthesis and use a different starting matelialvas also
decided to target alkynols7 (Y = CH,) suitable for use in RCM
based approaches to bryostatins.

The anti-alcohol 30 was protected as itstert-
butyldimethylsilyl ether31 but attempts to remove the less
hindered tert-butyldiphenylsilyl group selectively were
complicated by loss of botlrt-butyldimethylsilyl groups to give
the corresponding triol.

Initial studies of the reductive iodination of takkynol 42 led
to mixtures of the required vinylic iodidB and the disubstituted
alkene44. After optimisation, the use of Red-Al in ether wilie
addition of iodine at a low temperature gave 65-308kds of the

The zinc mediated Barbier reaction &){glyceraldehydeg2  iodide 43 together with typically 20% of the alker®t (see
with isoprenyl bromide gave predominantly theti-adduct33 ~ Scheme 4). This synthesis had given the vinyliide 43 in
and this was protected as its PMB-eth@4. The anti- eight steps fromR)-glyceraldehyde in an overall yield of 14.5%.
configuration assigned to the major addu88 is well
precedented and was confirmed usingRf- and ©)-O-acetyl
mandelate$’ Following hydrolysis of the acetonide, periodate
cleavage of the did#5 gave the $-aldehyde36. The addition of
ethynylmagnesium bromide to this aldehyde proceedgdonly
modest stereoselectivity in favour of tlsgn-addduct37 (see
Scheme 4) but the addition of lithiated 3-trietlilylsxypropyne To provide substrates for these coupling reactiahdehyde
was much more stereoselective and gavesthedduct39 as the ~ 45° was converted into the alkyré7 via the dibromide46.
dominant product39 : 40 = 92 : 8. The configurations of these Addition of tributyltin hydride under free radicabmditions to
products were established by comparison of their NMR the alkyne gave the vinyl stannaf (see Scheme 5). However,
spectra with those of analogous products prepandidreaith the  attempts to couple the alkyn®& or the stannand8 with the
chemical shifts of the diastereotopic benzylic lng#ms being vinylic iodide 43 were unsuccessful as Heck cyclisations
diagnostic. Thesyn-isomers were also always the less polar. Thedlominated instead. The methylenecyclopenta® was the
syn-alcohol 39 was then protected as itsrt-butyldimethylsilyl ~ dominant product from the attempted Sonogashireticrawith
ether 41 and the triethylsilyl group removed using potassiu the alkyne47 and the aldehyd&0 together with traces of the
fluoride in THF-methanol. Under these conditionsyamaces of  alcohol49 were formed during the attempted Stille reaction with
the diol formed by competing cleavage of thert- the stannand8. An attempted NHK reaction with benzaldehyde
butyldimethylsilyl group were observed. also gave a cyclised product, the methylenecyclamebl (see
Scheme 6).

The vinylic iodidesl2-14, 16 and43 correspond to the vinylic
iodides4 and5 and are suitable intermediates for incorporation
into syntheses of bryostatins. To check possiblactien
conditions, some metal catalysed reactions of adele43 were
briefly studied.
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Scheme 5 Synthesis of substrates for test Stille and Sostuiga
reactions Reagents and conditions i, £BhP, py., DCM, (°C,

20 min, 45, rt, 40 min (74%); iinBuLi, -78°C, 15 min, (°C, 15
min (87%); iii, BwSnH, AIBN (cat.), tol., 126C, 4 h [68%; E) :

2=9:1].

51

Scheme 6 Palladium(0) catalysed reactions of the iodiie
Reagents and conditionsdi7, Pd(PPhk),, Cul, EgN, rt, 2 h, Cul,
rt, 18 h (80%); ii48, Pd(PPh),, DMF, 80°C, 17 h 60, 30%:;49,
3%); iii, CrCl, NiCl,, 43, PhCHO, DMF, rt, 2 h (62%).

The structures shown were assigned to the prodQctsHl in
Scheme 6 using spectroscopic data. The configuratiothe
secondary methyl substituent in the methylenecyitame51
was established from nOe studies, see experimental.

3. Summary and conclusions

Several vinylic iodides that could be useful foe thynthesis
of the C17-C27 fragment of bryostatins have beearnhggized.
Of some interest is the stereocontrol found for @delition of
metalated alkynes to aldehydes, the use of the ctiedu
iodination of alkynols and the application of ther® conjugated
addition of tributyltin hydride to conjugated allgetes.
Although the initial studies of the palladium(0) proted
reactions of the vinylic iodide&l3 led to intramolecular Heck
products, this reaction would not be a problem watthides that
didnt have the terminal double bond. In additiotheo
procedures could be envisaged to incorporate tioekdes into
further synthetic studies.

4, Experimental

4.1. General experimental details

Mass spectra used electron impact ionisatiofi) (Ehemical
ionisation using ammonia (Qlor electrospray ionisation in the
positive mode (ES. Low and high resolution mass spectra were
recorded using Micromass Trio 200 and Kratos Cond&p
spectrometers, respectively. For organostannamegecular ion
peaks corresponding to thé°Sn isotope are given. Infra-red
spectra were measured using a Genesis FTIR spectnomet
NaBr plates, either neat or as evaporated films. &arahagnetic
resonance spectra were recorded using Varian Unity (500
MHz), Varian INOVA 400 (400 MHz) and Varian Unity 300
(300 MHz) spectrometers. Spectra are at 300 M 4nd at 75
Mz (*°C) in deuteriated chloroform unless otherwise inida
Coupling constantsJf are given in Hertz (Hz) and chemical
shifts are relative to tetramethylsilane. Residuah-deuteriated
solvent was used as the internal standard. All prtsduere
isolated as pale yellow or colourless oils.

4.2 Experimental procedures

421 Methyl (2E5R,7R,8R)-8-tert-butyldiphenylsilyloxy-3-
tributylstannyl-5-triethylsilyl oxy-7-(2-
trimethylsilylethoxymethoxy)non-2-enoate (7). n-Butyllithium
(1.6 M in hexanes, 5.00 mL, 8.0 mmol) was added exain-
butylditin (4.00 mL, 8.0 mmol) in THF (2.6 mL) at°C. After 25
min, this solution was transferred to a suspensfo@uBr.DMS
(1.64 g, 8.0 mmol) in THF (4.9 mL) a50 °C and this mixture
was stirred for 25 min before cooling+@8 °C. The este6 (1.10
g, 1.58 mmol) and anhydrous MeOH (1092.7 mmol) in THF
(1.6 mL) were added and, after 4 h-@8 °C, MeOH (2 mL) was
added. The mixture allowed to warm to rt then dilutath ether
and filtered through celite with ether washings. Tileate was
partitioned between water and ether. The aqueous lags
extracted with ether and the organic extracts werénadhsvith
brine, dried (MgSQ@ and concentrated under reduced pressure.
Chromatography (1:1:98 ether;Btlight petroleum) of the
residue gave thttle compound 7 (1.22 g, 78%), R= 0.70 (1:9,
ether:light petroleum); d]p*® -17.6 € 0.5, CHC)); vma/cm™
2955, 2926, 2877, 1721, 1590, 1461, 1427, 13778,12467,
1106, 1054, 860, 834;, 0.05 [9H, s, Si(Ck)s], 0.60 (1H, ddd,
13.8, 11.5, 5.2, BHS:i), 0.68 (6H, gJ 7.6, 3x SiCH,), 0.78 (1H,
ddd, J 13.8, 11.5, 5.2, CHSi), 0.88-1.14 (9H, m, 9-§1 3 x
SnCHy), 0.93 (9H, t,J 7.3, 3x CHy), 1.01 (9H, t,J 7.6, 3x
SiCH,CHg3), 1.10 [9H, s, SiC(CH)4], 1.28-1.42 (6H, m, 3 CH,),
1.43-1.62 (7H, m, ¥ CH,, 6-H), 1.83 (1H, ddd) 13.8, 9.7, 1.4,
6-H'), 3.01 (1H, ddd) 12.1, 5.1, 1.4, 4-H), 3.28 (1H, dd#i11.6,
9.6, 5.9, CHHCH,Si), 3.45 (1H, dd) 12.1, 9.3, 4-H, 3.51 (1H,
ddd,J 11.8, 9.4, 5.2, CHCH,SI), 3.75 (3H, s, OC}), 3.81 (1H,
ddd,J 10.9, 4.3, 1.6, 7-H), 4.09 (1H, m, 5-H), 4.18 (1H, &§,1,
4.4, 8-H), 4.54 and 4.60 (each 1H,Jd.8, OCHHO), 6.06 (1H,
s, 2-H), 7.36-7.47 (6H, m, ArH), 7.69-7.75 (4H, m, Arkdj
-1.3,5.9, 7.4, 10.5, 13.9, 16.9, 18.1, 19.5, 27737, 29.2, 35.6,
44.3, 51.1, 65.0, 69.4, 69.9, 79.7, 96.4, 127.6/.8,2129.6,
129.8, 129.9, 134.3, 135.2, 136.1, 136.2, 164.8,26vz (ES)
1013 (M + 23, 100%).

422 (2E,5R,7R,8R)-8-tert-Butyl diphenylsilyl oxy-3-
tributylstannyl-5-triethylsilyl oxy-7-(2-
trimethylsilylethoxymethoxy)non-2-en-1-ol (8). Di-
isobutylaluminium hydride (1M in hexanes, 6.15 m&.,15

Flash column chromatography was performed using Mercmmol) was added to the est&r(2.03 g, 2.05 mmol) in THF (8

silica gel 60. Light petroleum refers to the fraati boiling

mL) at-78°C and the solution stirred for 1 h-a28 °C and for 3

between 40 and 60 °C and was redistiled before uséh at rt. After cooling to 6C, ether and saturated aqueous sodium
Tetrahydrofuran was dried over sodium-benzophenond a potassium tartrate were added and the mixture wasedsti

distilled under nitrogen prior to use. Dichloromethavas dried
over CaH and distilled before use. Ether refers to diettyler.
Reactions under non-aqueous conditions were caotigdinder
an atmosphere of nitrogen or argon.

vigorously for 1 h. The aqueous layer was extractitl ether
and the organic extracts were washed with brine, dgB50,)
and concentrated under reduced pressure to givaltodol 8
(1.97 g) used directly in the next reaction. Chrtogeaphy



(1:1:98 then 10:1:89, etheryBtlight petroleum) of a sample
gave thetitle compound 8 (86%), R = 0.18 (1:9, ether:light
petroleum); §]p>° 7.3 € 1.2, CHCY); Vma/cm’ 3449, 2955,
2927, 1725, 1659, 1462, 1425, 1378, 1247, 11058,10632,
859, 834;0, -0.04 [9H, s, Si(Ch)4], 0.55-0.71 (1H, m, BHSI),
0.66 (6H, q,J 7.6, 3x SiCH,), 0.80 (1H, ddd, 13.7, 11.7, 5.7,
CHHS:I), 0.87-1.04 (27H, m, 8 CH; 3 x CH,Sn, 3x SiCH,CH3,
9-H,), 1.10 [9H, s, SiC(Ch}4], 1.28-1.43 (6H, m, & CH,), 1.46-
1.57 (7H, m, 3x CH,, 6-H), 1.80 (1H, ddd] 13.6, 7.6, 1.6, 6-H
2.16 (1H, ddJ 7.2, 4.6, OH), 2.47 (1H, dd| 13.6, 7.7, 4-H),
2.73 (1H, ddJ 13.6, 6.3, 4-H, 3.30 (1H, ddd,J 11.6, 9.8, 5.9,
CHHCH,SI), 3.51 (1H, ddd, 11.8, 9.5, 5.3, CHCH,Si), 3.70

(1H, ddd,J 10.0, 4.1, 2.1, 7-H), 3.89-3.96 (1H, m, 5-H), 4.07-

4.23 (2H, m, 1-H, 8-H), 4.36 (1H, ddd,12.7, 6.9, 4.6, 1-§,

451 and 4.58 (each 1H, #6.8, GHCHO), 5.95 (1H, tJ 6.3, 2-
H), 7.36-7.48 (6H, m, ArH), 7.68-7.75 (4H, m, ArH); —1.3,

5.7, 7.3, 10.0, 14.0, 16.8, 18.1, 19.5, 27.3, 27984, 35.5, 42.7,
46.4, 59.4, 65.2, 69.9, 79.9, 96.0, 127.7, 12729.4, 129.9,
134.2, 134.9, 136.1, 142.1, 144miz (ES) 1064 (73%), 984
(100), 962 (40).

423 (2E,5R,7R,8R)-1-tert-Butyl dimethylsilyl oxy-8-tert
butyl diphenylsilyloxy-3-tributyl stannyl-5-triethyl silyl oxy-7-(2-
trimethylsilylethoxymethoxy)non-2-ene (9). Alcohol 8 (1.09 g,
1.13 mmol) in DCM (2 mL) was added tert-butyldimethylsilyl
chloride (205 mg, 1.36 mmol) and imidazole (184 rAg{l

5
12.1, 9.6, 5.3, CHCH,Si), 3.66-3.73 (1H, m, 7-H), 3.73-3.81
(1H, m, 5-H), 4.13 (1H, dql 4.7, 6.2, 8-H), 4.38-4.46 (3H, m, 1-
H,, OHCHO) 4.52 (1H, d,) 6.8, OHGHO), 5.84 (1H, tJ 5.7, 2-
H), 7.25-7.46 (12H, m, ArH), 7.62-7.78 (8H, m, Ark; -1.2,
4.1,5.2,10.1, 14.4, 18.2, 18.4, 19.2, 27.2, 27735, 29.2, 36.5,
41.9, 61.1, 65.5, 67.8, 70.5, 79.4, 96.4, 127.78.0,2129.7,
129.9, 134.0, 134.2, 134.7, 135.8, 135.9, 136.2,714.43.1m/z
(ES)) 1143 (28%), 364 (50), 332 ( 100).

425 (2E,5R,7R,8R)-1-tert-Butyl dimethylsilyl oxy-8-tert
butyl diphenylsilyloxy-3-iodo-5-triethyl silyloxy-7-(2-
trimethylsilylethoxymethoxy)non-2-ene (11). The stannan® (920
mg, 0.85 mmol) in DCM (9.8 mL) was added to a susipensf
N-iodosuccinimide (287 mg, 1.27 mmol) in DCM (5.9 mat)rt
and the mixture stirred for 1.5 h. After concentmtiunder
reduced pressure, chromatography (2:1:97, -ethbriiht
petroleum) of the residue gave ttide compound 11 (746 mg,
96%), R = 0.45 (6% ether in light petroleum);,,/cm™* 2955,
2930, 2879, 2858, 1466, 1426, 1377, 1256, 1105, BBB, 740;
oy —0.02 (6H, s, 2 SiCH,), 0.12 [9H, s, Si(Ck)4], 0.68 (6H, q,
J 7.9, 3x SiCH,), 0.77-0.91 (2H, m, SiCHi 0.94 (3H, dJ 5.9,
9-Hg), 0.94 [9H, s, SiC(CH4], 1.01 (9H, tJ 7.9, 3x SiCH,CH5),
1.11 [9H, s, SiC(CH)s), 1.61 (1H, dddJ 14.1, 10.0, 5.2, 6-H),
1.89 (1H, dddJ 14.1, 7.1, 1.7, 6-Hi 2.67 (2H, dJ 6.1, 4-H),
3.41 (1H, dddJ 11.5, 9.6, 5.9, BHCH,Si), 3.54 (1H, ddd)
11.7, 9.6, 5.4, CHCH,Si), 3.65 (1H, dddJ 10.0, 4.2, 1.4, 7-H),

mmol) in DCM (2 mL) at C and the mixture was stirred at rt 4.03-4.18 (2H, m, 5-H, 8-H), 4.22 (2H,X,6.3, 1-H), 4.54 and

for 16 h. Saturated agueous ammonium chloride wdedadnd
the mixture partitioned between water and DCM. Theeaqs
layer was extracted with DCM and the organic extraotse
dried MgSQ) and concentrated under
Chromatography (1:1:98, ether;Htlight petroleum) of the
residue gave thetle compound 9 (949 mg, 78% fron®), R =
0.58 (6% ether in light petroleum)]p® +1.5 € 1.3, CHCY);
VmadCcmt 2956, 2928, 2859, 1738, 1657, 1464, 1425, 1378512
1104, 1058, 1036, 834, 776, 73%; —0.05 (6H, s, 2x SiCHg),
0.11 [9H, s, Si(Ch)s), 0.58 (1H, ddd,) 14.2, 11.8, 5.0, BHSi),
0.65 (6H, g,J 8.2, 3x SiCH,), 0.77 (1H, dddJ 14.0, 12.0, 5.6,
CHHSI) 0.84-1.04 (6H, m, & CH,Sn), 0.92 (9H, tJ 7.5, 3x
CHs), 0.95 (3H, d,J 6.3, 9-H), 0.96 [9H, s, SIC(CH)3], 1.01
(9H, t,J 8.2, 3x SICH,CH3), 1.10 [9H, s, SIC(CH)3], 1.27-1.47
(7H, m, 3x CH,, 6-H), 1.44-1.69 (7H, m, 8 CH,, 6-H), 2.47-
2.60 (2H, m, 4-H), 3.26 (1H, ddd)] 9.5, 5.7, 3.6, BHCH,Si),
3.51 (1H, ddd) 9.1, 6.6, 4.2, CHCH,Si), 3.74-3.81 (1H, m, 7-
H), 3.87-3.93 (1H, m, 5-H), 4.20 (1H, d§6.2, 4.4, 8-H), 4.37

and 4.41 (each 1H, dd,13.8, 5.5, 1-H), 4.51 and 4.59 (each 1H,

d, J 6.8, OHGHO), 5.77 (1H, tJ 5.4, 2-H), 7.36-7.48 (6H, m,
ArH), 7.68-7.75 (4H, m, ArH)d: -4.7,-1.3, 1.3, 5.8, 7.4, 10.0,
14.0, 16.8, 18.1, 19.5, 26.3, 27.3, 27.8, 29.41,383.8, 61.1,
65.0, 69.3, 69.8, 79.8, 96.4, 127.6, 127.8, 12928.8, 134.3,
135.1, 136.1, 136.2, 140.3, 143z (ES) 1100 (M + 23, 4%),

239 (100).

424 (2E,5R,7R,8R)-1,8-Bis-tert-butyl diphenylsilyl oxy-3-
tributylstannyl-5-triethylsilyl oxy-7-(2-
trimethylsilylethoxymethoxy)non-2-ene  (10). Following the
procedure outlined for the preparation of silylezt®, imidazole
(335 mg, 4.92 mmol)tert-butyldiphenylsilyl chloride (64Qul,

4.60 (each 1H, dJ 6.8, CHCHO) 6.41 (1H, tJ 6.3, 2-H), 7.36-
7.49 (6H, m, ArH), 7.69-7.76 (4H, m, ArHgc 4.9, -1.2, 5.6,
7.3,16.9, 18.2, 19.5, 26.2, 27.3, 35.9, 48.6, 63565, 69.8, 70.1,

reduced pressurer9.8, 96.0, 100.5, 127.7, 127.9, 128.6, 129.8,9,2184.2, 134.8,

136.1, 136.1, 143.3/z (ES) 973 (25%), 935 (M+ 23, 100%):
HRMS (ES): MNa’, found 935.3789. £H,-0sSisINa requires
935.3785.

4.2.6 (2E,5R,7R,8R)-1-tert-Butyl dimethylsilyl oxy-8-tert-
butyldiphenylsilyloxy-3-iodo-7-(2-
trimethylsilylethoxymethoxy)non-2-en-5-ol 12
(2E,5R,7R,8R)-8-tert-butyl diphenyl silyl oxy-3-iodo-7-(2-
trimethylsilylethoxymethoxy)non-2-ene-1,5-diol  (13). Hydrogen
fluoride (1% in MeCN, 1 mL) was added to the triesfiiyl ether
11 (90 mg, 99umol) in THF (0.5 mL) in a Teflon container at rt
and the mixture stirred for 1.5 h. Saturated agsesodium
hydrogen carbonate was added and the mixture pasiti
between water and EtOAc. The aqueous layer was extraitted
EtOAc and the organic extracts were dried (MgS@nd
concentrated under reduced pressure. Chromatogg@pdyhen
4:6 ether:light petroleum) of the residue gavetithe compound
12 (20 mg, 25%), R= 0.81 (1:1, ether:light petroleuny,./cm’™
3464, 2954, 2929, 2893, 2858, 1467, 1632, 1427613255,
1106, 1058, 1031, 836, 806; 0.04 (6H, s, 2x SiCH), 0.12
[9H, s, Si(CH)3], 0.82-1.14 (2H, m, C§Bi), 0.94 [9H, s,
SiC(CHy)s], 1.04 (3H, d,J 6.3, 9-H), 1.11 [9H, s, SiC(CH}3],
1.54-1.66 (1H, m, 6-H), 1.72 (1H, ddd,13.6, 10.0, 3.3, 6-H
2.49 (1H, ddJ 14.2, 4.1, 4-H), 2.78 (1H, dd,14.4, 8.2, 4-H,
3.28 (1H, br. s, OH), 3.51 (1H, dd#i11.1, 9.5, 5.9, BHCH,Si),
3.66-3.76 (2H, m, CHCH,Si, 7-H), 3.97 (1H, dqJ 6.5, 5.6, 8-
H), 4.02-4.13 (1H, m, 5-H), 4.23 (2H, 4,6.4, 1-H), 4.52 and

and

2.46 mmol) and alcohd (1.97 g), after chromatography (1:1:98, 4.58 (each 1H, d] 6.9, OHGHO), 6.50 (1H, tJ 6.3, 2-H), 7.38-

ether:E{N:light petroleum), gave thitle compound 10 (2.22 g,
90% from6), R = 0.79 (1:9, ether:light petroleumy;,/cm™
2954, 2926, 2857, 1462, 1426, 1376, 1250, 11069;185-0.06
[9H, s, Si(CH)3], 0.54 (6H, gJ 8.2, 3x SiCH,), 0.54-0.68 (1H,
m, CHHSI), 0.76 (1H, dddJ 13.6, 11.5, 5.8, CHSi) 0.86-1.12
[45H, m, 3x SICH,CH3, 3 x CHs, 3 x SNCH, 2 x SiC(CH)s, 9-
Hil, 1.21-1.64 (14H, m, & CH,, 6-H,), 2.30-2.40 (2H, m, 4-}),
3.24 (1H, dddJ 11.3, 9.7, 6.0, BHCH,Si), 3.48 (1H, ddd)

7.48 (6H, m, ArH), 7.68-7.76 (4H, m, ArH}: -4.9,-1.1, 1.3,
18.0, 18.3, 19.5, 26.2, 27.3, 36.3, 47.4, 61.43,666.8, 71.0,
79.7,96.3, 101.1, 127.8, 127.9, 129.9, 130.0,6,38B6.1, 136.2,
143.4. The second fraction was ttike compound 13 (34 mg,
50%), R = 0.31 (1:1, ether:light petroleumdy 0.06 [9H, s,
Si(CHs)s), 0.85-1.03 (2H, m, C}8i), 1.05 (3H, dJ 6.3, 9-H),

1.10 [9H, s, SiC(CH)s), 1.60 (1H, dddJ 14.4, 10.2, 2.9, 6-H),
1.76 (1H, dddJ 13.9, 10.4, 4.2, 6-H 2.42 (1H, ddJ 14.6, 2.1,
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4-H), 3.06 (1H, ddJ 14.5, 9.7, 4-4, 3.50 (1H, dddJ 10.8,  stirring for 1 h and chromatography (1:19, ethehiipetroleum)
9.6, 6.1, GIHCH,SI), 3.57-3.65 (1H, m, 7-H), 3.70-3.82 (2H, m, gave thetitle compound 16 (133 mg, 95%), R= 0.73 (4:6,
CHHCH,SI, 1-H), 3.92 (1H, dgJ 6.2, 5.6, 8-H), 4.04 (1H, tf]  ether:light petroleum)y,./cm™ 3377, 2954, 2928, 2857, 1664,
10.2, 2.2, 5-H), 4.19-4.23 (1H, m, 1)H4.46 and 4.58 (each 1H, 1613, 1514, 1462, 1427, 1377, 1302, 1249, 11751,11%09,
d, J 6.9, OH®O), 6.79 (1H, tJ 7.7, 2-H), 7.37-7.53 (6H, m, 1057, 1038, 858, 838, 824, 797, 78R;0.03 [9H, s, Si(Ch);]
ArH), 7.68-7.77 (4H, m, ArH)dc -1.1, 18.2, 19.5, 27.3, 30.0, 0.79-1.04 (2H, m, Cb5i), 0.99 (3H, dJ 6.1, 9-H), 1.08 [18H, s,
36.7,47.1,59.0, 64.7, 66.9, 71.3, 80.2, 96.6,4,0827.9, 128.0, 2 x SiC(CH)4], 1.44-1.64 (2H, m, 6-}), 2.28 (1H, ddJ 14.5,
130.0, 130.2, 133.8, 134.4, 136.1, 136.2, 142.7. 4.7, 4-H), 2.53 (1H, dd) 14.4, 8.0, 4-H, 3.14 (1H, br. s, OH),
3.49 (1H, dddJ 11.1, 9.7, 5.9, BHCH,SI), 3.59-3.73 (2H, m,
CHHCH,SI, 7-H), 3.93 (1H, quin] 5.9, 8-H), 3.95-4.05 (1H, m,
4 mL), after stirring for.4.5 h and chroTatograpéms ether:light E()):():H402)3 ézfll c(ji]HG?JlesHl?) gi%ag%g?iée?ngleﬂi?H)
petroleum) gave the didB (197 mg, 72%). 7.68-7.76 (8H, m, ArH)dc ~1.1, 18.1, 18.3, 19.4, 19.5, 27.0,

427  (2E5R7R8R)-1,8-Bistertbutyldiphenylsilyloxy-3-  27.3, 36.2, 47.1, 62.1, 66.3, 66.8, 71.1, 79.73,9801.5, 127.8,

iodo-5-triethylsilyl oxy-7-(2-trimethyl silylethoxymethoxy)non-2- 127.9, 128.0, 128.6, 129.9, 130.0, 133.6, 133.9.63135.9,
ene (14). Following the procedure outlined for the preparatién 136.1, 136.2, 142.9.
iodide 11, N-iodosuccinimide (105 mg, 0.46 mmol) in DCM (4
mL) and the stannari® (325 mg, 0.27 mmol) in DCM (9.8 mL),
after chromatography (2:1:97, ethegNEtight petroleum) gave
thetitle compound 14 (271 mg, 96%), R= 0.69 (2:8, ether:light
petroleum),\),mlcm’1 2956, 2930, 2854, 1613, 1512, 1460, 1423
1379, 1299, 1243, 1173, 1178, 1110, 1060, 1039, 834G, 797;
oy —0.03 [9H, s, Si(CH)3], 0.49-0.71 (1H, m, BHSI), 0.59 (6H,
g,J 8.0, 3x SiCH,), 0.76-0.99 (1H, m, BHSI), 0.94 (3H, dJ

The same procedure using the triethylsilyl ether(365 mg,
0.40 mmol) in THF (1 mL) and hydrogen fluoride (1&MeCN,

Imidazole (14 mg, 206umol) then tert-butyldiphenylsilyl
chloride (19ul, 73 pmol) were added to the didB (50 mg, 73
pumol) in DCM (1 mL) at rt and the mixture stirred f286 min.
Saturated aqueous ammonium chloride was added amd th
'mixture was partitioned between water and DCM. The aagie
layer was extracted with DCM and the organic extractse
dried (MgSQ) and concentrated under reduced pressure.

6.3, 9-H), 0.94 (9H. 1] 7.9, 3x SICH,CH,), 1.07 and 1.08 [each Chromatography (1:9, ether:light petroleum) of thsidue gave

9H. s, SIC(CH):]. 1.44-1.60 and 1.73-1.82 (each 1H, m, 6-H), "¢ e compounds (55 mg, 85%).

2.46 (2H, d,J 5.9, 4-H), 3.34-3.60 (3H, m, B,CH,Si, 7-H), 4.2.10 (2R)-2-Benzyl oxy-4-tert-butyl dimethylsilyl oxy-N-
3.95-4.01 (1H, m, 5-H), 4.07-4.12 (1H, m, 8-H), 4.2H &22  methoxy-N,3,3-trimethylbutanamide (19). Trimethylaluminium
(each 1H, ddJ 10.5, 6.3, 1-H), 4.49 and 4.56 (each 1H) 8,8, (2 M in hexanes, 2.09 mL, 4.18 mmol) was added\i®-
OHCHO), 6.46 (1H, t,J 6.3, 2-H), 7.35-7.47 (12H, m, ArH), dimethylhydroxylamine.hydrochloride (408 mg, 4.18noi) in
7.66-7.74 (8H, m, ArH)d. -1.0, 4.1, 5.2, 18.3, 18.4, 19.5, 19.6, benzene (6 mL) at 8C and the mixture was stirred at rt for 2 h.
27.3, 27.6, 36.1, 47.4, 62.3, 66.1, 67.0, 79.85,9801.7, 127.8, After cooling to 0°C, the lactonel8 (460 mg, 2.09 mmol) in
127.9, 128.2, 128.7, 129.9, 130.0, 133.5, 133.74.813135.9, benzene (4 mL) was added and the mixture was sttretfor 1
136.3, 136.4, 143.21/z (ES) 1075 (M + 39, 5%), 1059 (M+  h. After cooling to 0°C, saturated aqueous sodium hydrogen
23, 10), 738 (100). carbonate was added with stirring and, after 10 ntimt,athe

. ) . mixture was diluted with EtOAc and filtered throughiteelvith
tr|&é&mny?zf(gﬁgsgﬁzléIilgr?:f;;gj%g)eﬁ?)gsewgg3 EtOAc washings. The filtrates were washed with brine tvéed
(15). Hydrogen fluoride (1% in MeCN, 8 mL) was added to the(MgSO4) and concentrated under reduce_d pressure to aﬂ)e (

NS - 2-benzyloxy-4-hydroxyN-methoxyN,3,3-trimethylbutanamide
triethylsilyl ether10 (1.00 g, 0.83 mmol) in THF (4 mL) at rt and

the mixture stirred for 2 h. Saturated aqueouswsndiydrogen as an oil mixed withca. 15% pantolactone, 1.02 and 1.06

' ) " (each 3H, s, 3-Ch), 3.16 (1H, m, OH), 3.28 (3H, s, OG)H3.42
carbonate was added and the mixture was partitioeégeen

; (1H, dd,J 11.4, 8.1, 4-H), 3.61 (3H, s, NGK1 3.68 (1H, ddJ

water and ether. The aqueous layer was extractedettigr and 1, o 4 3 4-¥, 4.36 (1H, s, 2-H), 4.38 and 4.69 (each 1HJ d
the organic extracts were dried (Mg3@nd concentrated under 12'0’ Pihin) 7 2'8_7 a4 (5H m ArH) ' '
reduced pressure. Chromatography (3:1:96, ethbriight B T ’ T '
petroleum) of the residue gave ttite compound 15 (639 mg, This amide was azeotroped with benzene, dissolved with
71%), R = 0.41 (1.9, ether:light petroleum@]p® -8.1 € 4.0, DCM (7 mL) and imidazole (449 mg, 6.60 mmofert-
CHCL); vma/cmi® 3463, 3070, 2955, 2927, 2858, 1590, 1465 butyldimethylsilyl chloride (299 mg, 1.98 mmol), DMARat.)
1427, 1376, 1251, 1108, 1056, 859, 832, 772, 34®@.00 [9H, and TBAI (cat.) were added. After stirring for 1 hatuwated
s, Si(CH)3], 0.71-1.05 (20H, m, & CH;, 3 x SnCH, SiCH,, 9- aqueous ammonium chloride was added and the mixture
Hs), 1.08 [18H, s, % SiC(CH)4], 1.29-1.58 (14H, m, 8 CH,, 6-  partitioned between water and DCM. The aqueous layes w
H,), 2.26 (1H, dd,) 13.3, 5.6, 4-H), 2.36 (1H, dd,13.4, 7.7, 4- extracted with DCM and the organic extracts were dried
H'), 3.00 (1H, dJ 3.5, OH), 3.39-3.54 (2H, m,H;CH,Si), 3.60- (MgSQO,) and concentrated under reduced pressure.
3.73 (2H, m, 5-H, 7-H), 3.96 (1H, dq4,6.1, 5.3, 8-H), 4.32 and Chromatography (1:19 then 1.9, ether:light petrolewf the
4.41 (each 1H, dd} 13.2, 5.7, 1-H), 4.48 and 4.50 (each 1H] d, residue gave recovered lactob® (220 mg, 48%) and thgtle
6.4, OHQHO), 5.91 (1H, tJ 5.6, 2-H), 7.37-7.50 (12H, m, ArH), compound 19 (160 mg, 30%), R= 0.65 (1:1, ether:light
7.69-7.77 (8H, m, ArH)3c -1.2, 10.2, 14.0, 17.8, 18.2, 19.4, petroleum); {]p™° + 36.0 € 2.8, CHC)); vma/cm* 2955, 2931,
27.1, 27.3, 27.7, 29.4, 36.5, 41.9, 61.1, 65.58,670.9, 79.4, 2901, 2857, 1673, 1471, 1391, 1254, 1092, 1000, 854, 776,
96.0, 127.7, 127.9, 129.8, 129.9, 134.0, 134.2,.7,3435.9, 738;d, 0.00 (6H, s, 2x SiCH), 0.85 [9H, s, SiC(Ck}s], 0.87
136.1, 136.2, 142.5, 142.8yz (ES) 1145 (75%), 1110 (M+  and 0.94 (each 3H, s, 3-Q}3.10 (1H, dJ 9.5, 4-H), 3.16 (3H,
23, 75), 451 (100). s, OCH), 3.45 (3H, s, NCh), 3.68 (1H, dJ 9.5, 4-H), 4.37 and

429 (2E5RTRER)-LEBistertbuyidiphenyisiylon)-a 57 (6ach 1H, d) 12.0, PHCH), 459 (1H, s, 2-H), 7.18-7.34

todo-7-(2-Ar iy o methor)non-a-en-5-0 (g (M m AH):8 -53,-52, 185, 193, 216, 26.1, 323, 409,

Following the procedure outlined for the preparatioh the 61.1, 69.1, 72.2, 76.1, 127.7, 127.8, 128.5, 12878.3; mz
+ AT . +
iodide 11, N-iodosuccinimide (50 mg, 0.23 mmol) in DCM (1.2 (CI') 396 (M + 1,100%); HRMS (C): MH’, found 396.2567.

mL) and stannan#5 (165 mg, 0.15 mmol) in DCM (2 mL), after CaiHagNO4Si requires 396.2570.
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4211 (2R)-2-Benzyl oxy-4-tert-butyl dimethylsilyl oxy-3,3- petroleum) of the residue gave thy)-0O-acetylmandelate of the
dimethylbutanal (20). Di-isobutylaluminium hydride (1 M in alcohol21 (95 mg, 86%), R= 0.38 (2:8, ether:light petroleum);
hexanes, 2.93 mL, 2.93 mmol) was added to the ad9d&89 VimadCM* 2054, 2932, 2891, 2858, 1754, 1466, 1370, 12530,12
mg, 0.98 mmol) in DCM (12 mL) at78 °C and the mixture 1087, 1052, 934, 840, 778, 738; 0.00, 0.03, 0.13 and 0.14
stirred at-78 °C for 2 h. Methanol (0.8 mL) was added and the(each 3H, s, SiCH, 0.65 and 0.76 (each 3H, s, 6-}H.91 and
reaction mixture allowed to warm to rt before dilgtiwith ether  0.93 [each 9H, s, SIC(G}], 2.18 (3H, s, CKCO), 3.09 and
and pouring into a flask containing saturated Rbelse salt 3.42 (each 1H, d] 9.5, 7-H), 3.71 (1H, d] 3.5, 5-H), 4.36 (2H,
solution. The mixture was stirred for 1 h and theeas layer d,J 1.6, 1-H), 4.54 and 4.86 (each 1H, 3,11.4, PhHE), 5.70
was extracted with ether. The organic extracts weieddr (1H, dt,J 3.8, 1.8, 4-H), 6.08 (1H, s,/-B), 7.26-7.35 (8H, m,
(MgSQ,) and concentrated under reduced pressure to e t ArH), 7.44-7.50 (2H, m, ArH)p: -5.4,-5.3,-5.0, -4.9, 18.5,
aldehyde20 (343 mg,ca. 100%) used in the next reaction. 20.1, 21.0, 21.9, 26.0, 26.2, 40.4, 52.0, 65.32,704.7, 75.0,
Chromatography (1:19, ether:light petroleum) ofamnple gave 77.5, 81.7, 82.9, 85.9, 127.4, 128.3, 128.4, 12829,.5, 133.8,
the title compound 20 (45%), R = 0.74 (1:9, etherlight 139.3, 168.0, 170.2m/z (ES) 742 (100%), 705 (M + 23,
petroleum),\),mlcm'l 2955, 2929, 2857, 1730, 1472, 1363, 1252,100%), 383 (57%); HRMS (O MNa’, found 705.3618.
1096, 838, 7760, 0.01 and 0.03 (each 3H, s, SigH.86 [9H,  CszgHssO,Si;Na requires 705.3613).
s, SIC(CH)4], 0.94 (6H, s, 2< 3-CH), 3.33 (1H, dJ 9.6, 4-H),

Following the same procedure, dicyclohexyl carbouitie
3.48 (1H, dJ 2.7, 2-H), 3.50 (1H, d] 9.4, 4-H), 4.44 and 4.64 : .
(each(lH, dJ11.7, Plh)1CH), 7F24_7_35 (5H, m), ArH), 9.75 (1H, (130 mg, 0.632 mmol) §-O-acetylmandelic acid (66 mg, 0.316

dJ 3.0, 1-H):5. -5.3(2), 18.5, 21.0, 22.0, 26.1, 41.6, 68.3, 73.3,1MOl, DMAP (cat) and theyn-alcohol 21 (50 mg, 99umol),
88.3, 128.1)(26)‘: 128.(6,) 138.0, 204z (CI") 354 (M + 18, after chromatography (8% ether in light petroleugayve the 9-
14%), 337 (M + 1, 60), 108 (80), 91 (100); HRMS (¢IMH", O-acetylmandelate of the alcoh®l (53 mg, 77%),R; = 0.38

. - 2:8, ether:light petroleum)y/cm® 2952, 2930, 2894, 2857,
found 337.2204. (H3;0,Si requires 337.2199). (1753 1702 gl146pe3 1369 )1225J2 1229, 1088, 838, 728; &,

4212 (4R)5R)- and (4S,5R)-5-Benzyloxy-1,7-bis-tert 0.00, 0.02, 0.03 and 0.05 (each 3H, s, SiCA.84 and 0.90
butyldimethylsilyloxy-6,6-dimethyl hept-2-yn-4-ols (21) and (22). [each 9H, s, SiC(Ck)], 0.94 and 0.96 (each 3H, s, 6-gH2.18
n-Butyllithium (1.6 M in hexanes, 0.86 mL, 1.38 mmatas (3H, s, CHCO), 3.19 and 3.55 (each 1H,X®.5, 7-H), 3.76 (1H,
added to 3Jert-butyldimethylsilyloxypropyne (250 mg, 1.6 d,J 3.4, 5-H), 4.18 (2H, d] 1.6, 1-H), 4.64 and 4.97 (each 1H,
mmol) in THF (8 mL) at OC and the mixture stirred for 30 min d, J 11.3, PhHEl), 5.64-5.72 (1H, m, 4-H), 5.97 (1H, s;R),
at 0°C then cooled to-78 °C. Aldehyde20 (323 mg,ca. 0.9  7.27-7.38 (8H, m, ArH), 7.45-7.50 (2H, m, ArHj)yz (ES) 742
mmol) was added in THF (2 mL) and the mixture stire¢-78  (61%), 705 (M + 23, 100); HRMS (C): MNa’, found
°C for 100 min. Saturated aqueous ammonium chlovids  705.3609. GHss0;Si,Na requires 705.3613).

added, and the mixture allowed to warm to rt thertitmared .
' - 4.2.13 (3S)-3-(4-Methoxybenzyl oxy)-2,2-dimethyl pent-4-en-1-
between water and ether. The aqueous layer was edradth ol (24) Methyltriphenyiphosphonium bromide (8.50 g, 23.8

ether and the organic extracts were dried (MgS@nd mmol) was azeotroped in toluene and dried overnigitder a
concentrated under reduced pressure. Chromatog(aphether high vacuum. Potassiutert-butoxide (2.67 g, 23.8 mmol) was

in light petroleum) of the residue gatile compound 21 (205 - - h .
mg, 42 %), R= 0.41 (2:8, ether:light petroleumplp? ~18.5 € added and the solids stirred vigorously togetheBfbmin under

4.8, CHC): v,./cm’ 3506, 2954, 2930, 2886, 2857, 1471, 2 flow of nitrogen. Tetrahydrofuran (150 mL) was adided the

mixture stirred for 1 h at rt before cooling td@. The lactol23
1390, 1362, 1254, 1125, 1086, 1006, 837, 776, 5290.00, : .
0.01, 0.06 and 0.07 (each 3H, s, Sif;9.84-0.90 [2433 m, % (4.00 g, 15.9 mmol) in THF (150 mL) was added aredrttixture

SiC(CHy)s, 2 x 6-CHyJ, 3.33 and 3.40 (each 1H, d,9.8, 7-H), allowed to warm to rt then stirred for 3.5 h. Watesvaaded and

3.42 (1H, dJ 7.7, 5-H), 3.59 (1H, s, OH), 4.32 (2H, H1.6, 1- fhe mixture Fart;tlgne_ttjhb?:]weendvzﬂter and_etg;r. amgqug
H,), 4.55 (1H, br. dJ 7.7, 4-H), 4.67 and 5.02 (each 1H,Jd, 'aY€r was extracted with ether and the organic etsinaere arie

MgSQO,) and concentrated under reduced pressure.
11.0, PhH®), 7.20-7.38 (5H, m, ArH)dc =5.3, -5.2, -4.9(2), ( : , y
18.5, 18.6, 21.2, 22.8, 26.1, 26.2, 40.7, 52.16,669.5, 75.8, Chromatography (3:17 then 1:3, etherlight petropuwf the

831, 852, 86.7, 127.9, 128.1, 128.6, 138 (CI") 524 (Vf +  'esidue gave the title compouad™ (2.97 g, 75%), R= 0.21
18, 42%), 507 (M + 1, 100); HRMS (C): MH', found (3:7, ether:light petroleum)p]p™ + 40 € 2.2, CHC}); vina/cm

507.3333. GHs,0,Si, requires 507.3326). The second fraction 5722 2999, 2930, 2871, 2836, 1613, 1513, 14651,13075,
. _ . 1174, 1110, 1036, 828}, 0.91 (6H, s, % 2-CHy), 2.89 (1H, tJ

was thetitle compound 22 (78 mg, 17%), R= 0.34 (2:8, 50 OH). 3.58 and 355 h1H. dd.1.0. 5.8, 1-H), 3.64 (1H

ether:light petroleum); d]p>* +2.8 € 4.3, CHC)): vma/om’ -9, OH), 3.58 and 3.55 (eac ’ -0, 5.8, 1-H), 3.64 (1H,

3441, 2954, 2930, 2886, 2857, 1471, 1390, 1362512687, U:J8:2, 3-H), 3.85 (3H, s, OGH 4.27 and 4.59 (each 1H, &,

; : 11.4, AHCH), 5.28 (1H, ddJ 17.3, 0.7, 5-H), 5.41 (1H, dd,
1029, 1006, 838, 777, 738; 0.00 (6H, 5,  SICH), 0.02 and ;=% AHCH), 528 (18, ddd 17.3 0.7, S4), 541 (14 dd.
0.03 (each 3H, s, SiG) 0.82 and 0.85 [each 9H, s, SIC(GH -3, 0.7, 54, 5.80-5.90 (IH, m, 4-H), 6.92 and 7.28 (each 2H,

0.90 and 0.97 (each 3H, 5, 6-GHB.34 and 3.42 (each 1H, &, 5,987, A% 19.7, 225,38 4. 55.2, 699, 74.3, B7.7, 193.8,
10.1, 7-H), 3.55 (1H, dJ 6.2, 5-H), 4.39 (2H, dJ 1.7, 1-H), "9 4 L -9, iz (EI') (M, 4%),

4.634.69 (2H, m, 4-H, PhH, 4.96 (1H, dJ 113, PhHey, (18 157 (20). 121 (100): HRMS (G1 MH', found 251.1644.
7.29-7.46 (S5H, m, ArH)3c -5.3(2),-4.9, 18.5, 18.6, 21.6, 22.6, 1912893 EQUINES 251.1645.
26.1(2), 40.7, 52.1, 63.7, 70.1, 75.4, 84.6, 8866, 127.7, Alternatively, n-butyllithium (1.6 M in hexanes, 1.18 mL,
128.0, 128.5, 139.1z (ES) 566 (83%), 529 (M+ 23, 100); 1.89 mmol) was added to a suspension of
HRMS (CI): MH", found 507.3324. £Hs,0,Si, requires  methyltriphenylphosphonium bromide (867 mg, 2.43 abnin
507.3326). THF (3 mL) at-78 °C and the mixture stirred at°C for 30 min

. _— before cooling to-78 °C. The lactol23 (228 mg, 0.90 mmol) in

Dicyclohexyl carbodi-imide (130 mg, 0.632 mmolR){O- ;

acetylmandelic acid (66 mg, 0.316 mmol) and DMAP..jasire THF (3 mL) was added and the mixture allowed to wammmtt

. then stirred for 18 h. Saturated aqueous ammonhloride was
added to theyn-alcohol21 (80 mg, 0.158 mmol) in THF (2 mL) - "
at 0°C and the solution stirred for 18 h. After conceim added and the mixture partitioned between water anil.Dihe

under reduced pressure, chromatography (8% ethelight aqueous layer was extracted with DCM and the orgattras
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were dried (MgS@ and concentrated under reduced pressured.97 (6H, s, 2 3-CH,), 3.36 (1H, dJ 9.5, 4-H), 3.48-3.55 (2H,

Chromatography (1:3, ether:light petroleum) of thsidue gave
the title compoun@4 (135 mg, 60%).

4214 (39-1-tert-Butyldimethylsilyl oxy-3-(4-
methoxybenzyl oxy)-2,2-dimethyl pent-4-ene (25). Imidazole (2.12
g, 31.2 mmol),tert-butyldimethylsilyl chloride (2.36 mL, 15.6
mmol), DMAP (cat.) and TBAI (cat.) were added to #ieohol
24 (2.60 g, 10.4 mmol) in DCM (80 mL) at rt and thextare
stirred for 1 h. Saturated aqueous ammonium cléorids added

m, 4-H, 2-H), 3.85 (3H, s, OC§), 4.43 and 4.61 (each 1H, &,
11.4, AHCH), 6.92 and 7.30 (each 2H,38.7, ArH), 9.73 (1H,
d,J 3.0, 1-H);6c -5.7(2), 18.1, 20.7, 21.6, 25.7, 41.2, 55.1, 67.9,
72.6,87.5,113.7, 129.5, 129.7, 159.3, 204v2;(CI") 384 (M +

18, 13%), 367 (M + 1, 9), 247 (35), 231 (62), 217 (30), 121
(100); HRMS (ES): MH", found 367.2302. gH5:0,Si requires
367.2299.

4.2.17 (5R)-5-(4-Methoxybenzyl oxy)-1-tert-

and the mixture partitioned between water and DCM. Théutyldiphenylsilyloxy-7-tert-butyldimethylsilyloxy-6,6-

aqueous layer was extracted with DCM and the orgattiacs

were dried (MgS@) and concentrated under reduced pressure2.15

Chromatography (1:19, ether:light petroleum) of tlesidue
gave thetitle compound 25 (2.40 g, 63%), R= 0.79 (3:7,
ether:light petroleum); d]?° + 8.2 € 4.8, CHCY); vma/cm™
2955, 2930, 2857, 1613, 1513, 1471, 1248, 11721,10040,
851, 837, 7759, 0.00 (6H, s, 2x SiCHg), 0.80 and 0.86 (each
3H, s, 2-CH), 0.88 [9H, s, SiC(CH};], 3.26 and 3.45 (each 1H,
d,J9.2, 1-H), 3.65 (1H, d] 8.0, 3-H), 3.69 (3H, s, OGH 4.21
and 4.49 (each 1H, d,11.4, AHCH), 5.19 (1H, ddJ 17.1, 2.1,
5-H), 5.26 (1H, ddJ 10.4, 2.1, 5-H, 5.70-5.84 (1H, m, 4-H),
6.85 and 7.24 (each 2H, #8.7, ArH); 5: 5.6, 18.2, 19.9, 21.0,
25.8, 39.5, 55.2, 69.1, 70.1, 83.9, 113.5, 11829.Q, 131.3,
135.8, 158.8/m/z (CI") 365 (M + 1, 10%), 243 (10), 138 (19),
121 (100); HRMS (C): MH*, found 365.2512. GH4/O,Si
requires 365.2513.

4.2.15 (2R S 3R)-3-(4-Methoxybenzyl oxy)-5-tert
butyldimethylsilyloxy-4,4-dimethylpentane-1,2-diol ~ (26). N-
Methylmorpholine N-oxide (127 mg, 1.08 mmol) and then a
single crystal of osmium tetraoxide were added ®élkene25
(200 mg, 0.54 mmol) in acetone (5 mL), water (2.5 mhdtert-
butanol (5 mL) and the mixture was stirred for 18ahrt.
Saturated aqueous sodium sulfite was added and tkteiren
partitioned between EtOAc and water. The aqueous lager
extracted with EtOAc and the organic extracts were ddrie
(MgSO,)) and concentrated under reduced
Chromatography (3:7 then 1:1, ether:light petrolush the
residue gave the recovered alk&sg53 mg, 27%) and thitle
compound 26 (129 mg, 59%) that appeared 1y and**C NMR
to be essentially a single diastereoisomey, =R0.14 (1:1,
ether:light petroleum)vma)Jcm'1 3397, 2955, 2930, 2857, 1613,
1515, 1469, 1250, 1095, 1039, 838, 73(;0.00 (6H, s, 2x
SiCHg), 0.83 [9H, s, SiC(CH);], 0.86 and 0.91 (each 3H, s, 4-
CHy), 1.52 (1H, s, 2-0OH), 2.31 (1H, br. s, 1-OH), 3.20-3B4,

m, 2-H), 3.35 and 3.44 (each 1H,Jd10.3, 5-H), 3.62-3.79 (5H,
m, 1-H, OCH;), 4.18-4.28 (1H, m, 3-H), 4.44 and 4.55 (each 1H
d, J 10.5, ArHQH), 6.79 and 7.18 (each 2H, 38.5, ArH); oc
-5.6, 18.2, 19.7, 23.2, 25.7, 40.5, 55.2, 64.3, ,7044, 75.3,
86.0, 113.8, 129.2, 130.6, 159rh/z (CI') 399 (M" + 1, 13%),
279 (10), 138 (40), 121 (100); HRMS (&I MH*, found
399.2566. GH3¢0sSi requires 399.2567.

4.2.16 (2R)-4-tert-Butyl dimethylsilyl oxy-2-(4-
methoxybenzyl oxy)-3,3-dimethylbutanal (27). Sodium periodate
(738 mg, 3.45 mmol) was added to the di6l (460 mg, 1.15
mmol) in THF (6 mL), water (8 mL) and MeOH (6 mL)ratand
the mixture stirred at rt for 30 min. Saturated emus sodium
sulfite was added and the mixture partitioned betweater and
ether. The aqueous layer was extracted with ethetrendrganic

dimethyl hept-2-yn-4-one (28). n-Butyllithium (1.6 M in hexanes,
mL, 3.44 mmol) was added to teBt-
butyldiphenylsilyloxyprop-2-yne (1.09 g, 3.69 mmat) THF at
0 °C and the mixture stirred at°@ for 30 min before cooling to
—-78°C. The aldehyd@7 (448 mg, 1.32 mml) in THF was added
dropwise and the mixture was allowed to warm téQ0and
stirred for 2 h. Saturated aqueous ammonium cléorids added
and the mixture partitioned between water and etfiére
aqueous layer was extracted with ether and the argadracts
were dried (MgS@) and concentrated under reduced pressure.
Chromatography (1:19 then 1:9, ether:light petroiewf the
residue gave a mixture of tisgn- andanti-alcohols29 and30,
ratio 75:25, (using the PhGHpeaks in théH NMR) (737 mg,
84%). A sample of the less polar, majeyn-alcohol 29 was
isolated for characterisatiomhajcm’l 3445, 2951, 2927, 2893,
2852, 1614, 1590, 1513, 1468, 1364, 1249, 11028,1836, 776,
740; 64 0.00 (6H, s, Z SiCH;), 0.85 [15H, s, SiC(Ch)s, 2 x 6-
CHs], 0.98 [9H, s, SIiC(CH)3], 3.32-3.42 (3H, m, 5-H, 7-§i
3.50 (1H, s, OH), 3.73 (3H, s, OG}H4.31 (2H, dJ 1.6, 1-H),
4.49 (1H, dtJ 7.9, 1.6, 4-H), 4.55 and 4.90 (each 1HJd0.7,
ArHCH), 6.78 and 7.22 (each 2H, 8.8, ArH), 7.27-7.38 (6H,
m, ArH), 7.61-7.67 (4H, m, ArHY: -5.5, 18.2, 19.1, 21.0, 22.4,
25.8, 26.6, 40.3, 52.7, 55.2, 60.2, 69.1, 74.63,824.7, 86.7,
113.6, 127.6, 129.5, 129.7, 130.3, 133.0, 135.5, 115z (CI")
661 (M + 1, 52%), 121 (100); HRMS (QI MH’, found
661.3753. GyHsOsSi, requires 661.3755.

The Dess-Martin periodinane (630 mg, 1.68 mmol) added
to this mixture of diols (737 mg, 1.12 mmol) in DQ7 mL) at
rt and the mixture stirred for 45 min. Aqueous sadioydroxide
(1.3 M) was added and the mixture partitioned betweater and
DCM. The aqueous layer was extracted with DCM and the
organic extracts were dried (Mg@Oand concentrated under
reduced pressure to afford ttide compound 28 (730 mg,ca.
99%), R = 0.74 (2:8, ether:light petroleumyy]p®® +2.9 € 2.8,
CHCL); vma/cmi® 3071, 3050, 2954, 2931, 2857, 2213, 1672,

pressure.

,1613, 1588, 1514, 1471, 1428, 1391, 1368, 13029,12474,

1104, 1038, 1008, 838, 777, 74%; 0.00 and 0.01 (each 3H, s,
Si(CH;y), 0.87 [9H, s, SIC(CH)4], 0.92 and 0.94 (each 3H, sx2
6-CH;), 1.05 [9H, s, SiC(CH)4], 3.19 and 3.54 (each 1H, 4,
9.3, 7-H), 3.77 (3H, s, OCH 3.82 (1H, s, 5-H), 4.28 (1H, d,
11.0, ArH), 4.45 (2H, s, 1-h), 4.56 (1H, dJ 11.0, ArHOH),
6.81 and 7.24 (2H, d, 8.6, ArH), 7.34-7.45 (6H, m, ArH), 7.65-
7.72 (4H, m, ArH);dc -5.6, 18.2, 19.1, 19.8, 21.4, 25.8, 26.5,
40.3, 52.5, 55.1, 68.8, 72.6, 84.6, 87.5, 92.5,4,17.8, 129.5,
129.9, 132.4, 135.5, 159.1, 1908z (CI") 660 (10%), 403 (20),
377 (17), 196 (15), 154 (16), 137 (34), 121 (10ARMS (CI:
MH?, found 659.3540. gHss0sSi, requires 659.3589.

4.2.18 (4S,5R)-5-(4-Methoxybenzyl oxy)-7-tert

extracts were washed with aqueous sodium sulfite, d driebutyldimethylsilyloxy-1-tert-butyl di phenylsilyloxy-6,6-dimethyl-

(MgSQ,) and concentrated under reduced pressure to atterd
title compound 27 (423 mg,ca. 99%), R = 0.54 (2:8, ether:light
petroleum); §]o>° +25.5 € 1.2, CHCY); vma/cm™ 2955, 2930,
2857, 1729, 1613, 1514, 1470, 1250, 1173, 10937,1838, 776;
o4 0.06 and 0.07 (each 3H, s, SigH0.92 [9H, s, SiC(CH3],

hept-2-yn-4-ol (30). (R)-2-Methyl-CBS oxazaborolidine (1 M in
toluene, 0.40 mL, 0.40 mmol) was added to the yrzth€257
mg, 0.40 mmol) in THF (5 mL) at rt. The mixture wstgred for
10 min then cooled te30 °C and borane dimethyl sulfide (0.114
mL, 1.20 mmol) was added over 5 min. The mixture watirsed



at =30 °C for 1 h then at15 °C for 1 h. Saturated aqueous
ammonium chloride was added then the mixture wastipagd
between water and ether. The aqueous layer was edradth
ether and the organic extracts were washed with bdred
(MgSO,)) and concentrated under reduced
Chromatography (1:19, 1:9 then 1:4, ether:lightgdetim) of the
residue gave a mixture of diastereoison?¥sand30 (192 mg,
75%), 29 : 30 = 20:80. A sample of the more poldtle
compound 30 was isolated for characterisation]§*° +1.9 € 1.7,
CHCL); vma/cmi® 3441, 3071, 2953, 2929, 2895, 2857, 1657,
1613, 1588, 1513, 1468, 1366, 1249, 1102, 10838,10809,
836, 776, 739;04 0.00 (6H, s, 2x SiCH,), 0.84 [9H, s,
SiC(CH)4], 0.87 and 0.93 (each 3H, s, 6-gH0.98 [9H, s,
SIiC(CH)s], 3.30-3.45 (4H, m, 7-§ OH, 5-H), 3.72 (3H, s,
OCHy), 4.30 (2H, dJ 1.6, 1-H), 4.43-4.50 (2H, m, ArH8, 4-

H), 4.74 (1H, dJ 10.8, ArH), 6.77 and 7.22 (each 2H, d,
8.5, ArH), 7.25-7.38 (6H, m, ArH), 7.61-7.67 (4H, m, Arkd);
-5.2, 18.5, 19.4, 21.7, 22.5, 26.1, 26.9, 40.7, 58815, 63.7,
70.1, 75.0, 84.3, 85.5, 86.2, 114.0, 128.0, 12930.0, 131.3,
133.4, 135.9, 159.3n/z (CI') 661 (M + 1, 5%), 643 (8%), 274

9
7.34 (each 2H, dJ 8.7, ArH), 7.36-7.46 (6H, m, ArH), 7.72-
7.77 (4H, m, ArH);d; -5.2, -5.1, -4.7,-3.8, 18.4, 18.6, 19.5,
20.9, 22.3, 26.2(2), 26.9, 40.1, 53.2, 55.5, 68063, 74.5, 84.5,
85.5, 86.1, 113.7, 128.0, 128.5, 129.6, 129.2,0,3(B2.3, 133.5,

pressurel35.1, 135.9, 159.1z (CI*) 792 (M’ + 18, 12%), 437 (6), 274

(33), 217 (100), 196 (35), 137 (35), 121 (94); HRNS"):
MNH,", found 792.4885. gH-,NOsSi; requires 792.4875.

4.2.20 (19)-2,2-Dimethyl-1-[ (4R)-2,2-dimethyl-1,3-dioxolan-
4-yl]but-3-en-1-0l (33). Zinc was activated by stirring with
aqueous hydrogen chloride (5%) for 10 min and wagshiith
water until neutral. This zinc was then washed witlaeth and
ether before drying under a high vacuum for 4 Brdmo-3-
methylbut-2-ene (7.3 mL, 47.5 mmol) and the aldei32i(4.98
g, 38.2 mmol) in THF (45 mL) were added to a rapistiyred
suspension of this activated zinc (4.10 g, 76 mrolJHF (45
mL) at 0°C and the mixture stirred for 1 h. Water was addet a
the mixture was filtered through celite with extersibCM
washings. The aqueous layer was extracted with DCMtlaad
organic extracts were dried (Mg@Oand concentrated under
reduced pressure. Chromatography (3:7, etheriiglhtoleum) of

]Sggl)q’dzégl(g% 419£H(4?)),S%grzac(]z\ir)r)ésléél(é%(gé)HR(\Eg): MH", the residue gave the title compoud8l (5.6 g, 76%) together
' TSI ' ' with its syn-epimer, ratio 85:15 'H NMR). Further

Cerium trichloride hexahydrate (33 mg, 0.09 mmol)swa chromatography (5% ether in light petroleum) gakie $yn-
added to the ketor28 (30 mg, 0.045 mmol) in MeOH (1 mL) at epimer, (R)-2,2-dimethyl-1-[(4R)-2,2-dimethyl-1,3-dioxolan-4-
rt. Sodium borohydride (4 mg, 0.09 mmol) was added the  yl)but-3-en-1-ol (423 mg, 6%), ;R= 0.50 (4:6, ether:light

mixture stirred at rt for 1.5 h. Aqueous hydrogetodde (2%)
was the added until the mixture was neutral. Aftetif@ming
between water and ether, the aqueous layer was extradth
ether and the organic extracts were dried (MgS@nd
concentrated under reduced pressure to give a maixit the
epimeric alcohol®9 and30, ratio29:30 = 86:14 (28 mg, 85%).

Zinc chloride (2.5 g) was fused under pressure then
suspension in ether (40 mL) was heated under rdfuxl h.
After allowing to cool to rt, the supernatant was atide a
suspension of sodium borohydride (700 mg, 18.4 mimodry
ether (20 mL) and the mixture stirred for 2 d. Thaution of
zinc borohydride (0.3 M, 1 mL) was added to the ket28 (35
mg, 0.05 mmol) in dry ether (0.5 mL) @80 °C and the mixture
stirred for 2 h. A further portion of zinc borohydiei (1 mL) was
added and the reaction stirred at°©. After 1 h, aqueous
hydrogen (2%) was added until the mixture was neuf#er
partitioning between water and ether, the aqueousr laas
extracted with ether and the organic extracts waeslMgSQ)
and concentrated under reduced pressure to givietaremof the
epimeric alcohol®9 and30, ratio29:30 = 14:86 (30 mg, 86%).

4.2.19 (4S,5R)-5-(4-Methoxybenzyloxy)-4,7-bis-tert
butyldimethylsilyloxy-1-tert-butyl di phenylsilyloxy-6,6-
dimethylhept-2-yne (31). Imidazole (55 mg, 0.81 mmol) arert-
butyldimethylsilyl chloride (81 mg, 0.54 mmol) weeglded to
the alcohoB0 (182 mg, 0.27 mmol) in DCM (1 mL) at rt and the
solution stirred for 18 h. Saturated aqueous amumrghloride
was added and the mixture was partitioned betweenr vaat
DCM. The aqueous layer was extracted with DCM, and th
organic extracts were dried (Mg@Oand concentrated under
reduced pressure. Chromatography (1:19, ether:pgtroleum)
of the residue gave théle compound 31 (200 mg, 96%), R=
0.33 (1:19, ether:light petroleum)y]p*° +18.4 € 3.7, CHCY);
Vmadcm* 3071, 2954, 2930, 2894, 2857, 1613, 1588, 1514114
1428, 1390, 1361, 1301, 1250, 1106, 1087, 1006, B3B, 740;
oy 0.05, 0.06, 0.18 and 0.22 (each 3H, s, S)C6194-1.00 [24H,
m, 2 x SiC(CH)s, 2 x 6-CHjz], 1.08 [9H, s, SiC(Ck)4], 3.25 and
3.53 (each 1H, d] 9.5, 7-H), 3.56 (1H, d] 2.9, 5-H), 3.82 (3H,
s, OCH), 4.38 (2H, dJ 1.5, 1-H), 4.53 (1H, d,J 11.0, ArHQH),
4.70-4.80 (1H, m, 4-H), 4.99 (1H, 4,11.0, ArH(H), 6.84 and

petroleum); §]p2° +1.5 € 3.1, CHCY); vma/cm’ 3544, 2984,
2935, 2879, 1638, 1465, 1376, 1251, 1217, 11554,10606,
915, 857;04 1.07 and 1.08 (each 3H, s, 2-§H1.38 and 1.43
(each 3H, s,"2CHj3), 2.49 (1H, dJ 7.0, OH), 3.22 (1H, dd] 7.0,
4.0, 1-H), 3.73 (1H, tJ 8.0, B-H), 4.00 (1H, dd,J 8.0, 6.5, 5
H'), 4.16 (1H, ddd,) 8.0, 6.5, 4.0, '4H), 5.60 (1H, ddJ 17.1,
1.0, 4-H), 5.75 (1H, ddj 11.1, 1.0, 4-H, 5.95 (1H, dd,J 17.1,
11.1, 3-H);0¢c 21.8, 24.9, 25.9, 26.6, 39.6, 41.2, 68.0, 75.2,2,0
113.2, 145.0m/z (CI") 218 (M" + 18, 100%), 201 (M+ 1, 85);
HRMS (ES): MH", found 201.1488. GH,,0; requires
201.1485. After a mixed fraction (1.12 g), tiitbe compound 33
(4.03 g, 53%) was eluted (1:1 ether:light petroleuRy)= 0.44
(4:6, ether:light petroleum)pp?° +32.1 € 1.7, CHCY); Vma/Cmi
' 3486, 2984, 2932, 2876, 1636, 1465, 1374, 1252712158,
1058, 917, 8569, 1.09 and 1.10 (each 3H, s, 2-gH1L.37 and
1.43 (each 3H, s,/ ZHg), 2.03 (1H, dJ 2.9, OH), 3.65 (1H, ]
3.1, 1-H), 3.83-3.91 (2H, m!51,), 4.18 (1H, ddd) 7.7, 6.4, 3.3,
4'-H), 5.06 (1H, ddJ 17.4, 1.3, 4-H), 5.08 (1H, dd,11.0, 1.3, 4-
H'), 5.92 (1H, ddJ 17.4, 11.0, 3-H)d. 23.5, 24.3, 25.7, 26.7,
40.3, 64.9, 76.7, 107.9, 113.3, 144n@z (CI') 218 (M + 18,
78%), 201 (M + 1, 100); HRMS (ES: MH", found 201.1484.
C,1H,:05 requires 201.1485.

(R)-(O)-Acetylmandelic acid (69 mg, 0.29 mmol), DMAP
(cat.) and dicyclohexyl carbodi-imide (91 mg, 0.4¥mol) in
THF (1 mL) were added to the alcol83 (42 mg, 0.21 mmol) in
THF (1.5 mL) at FC and the mixture stirred at rt for 18 h. After
concentration under reduced pressure, chromatographthe
residue gave theéRj-O-acetylmandelate of the alcot8 (54 mg,

%9%), R = 0.16 (3:17, ether:light petroleumi];° -30.5 € 1.2,

CHCLy); 8, 0.72 and 0.87 (each 3H, s, 2-gH1.35 and 1.41
(each 3H, s,'2CHy), 2.25 (3H, s, CECO), 3.81 (1H, tJ 8.2, B-

H), 3.96 (1H, tJ 8.3, 3-H'), 4.18-4.28 (1H, m,'4H), 4.81 (1H,
d,J 17.4, 4-H), 4.89 (1H, d] 10.8, 4-H), 5.09 (1H, dJ 4.1, 1-

H), 5.61 (1H, ddJ 17.5, 10.8, 3-H), 6.01 (1H, s;-M), 7.40-7.56
(5H, m, ArH); 8. 21.0, 23.5, 23.7, 25.6, 26.5, 40.3, 65.6, 74.6,
75.0, 79.8, 108.8, 113.6, 128.0, 128.9, 129.5,2,.343.1, 168.4,
170.3;m/z (CI') 394 (M" + 18, 100%), 377 (M+ 1, 33); HRMS
(ES": MH, found 377.1963. £H,s0; requires 377.1959.
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Following the same procedur&){(O)-acetylmandelic acid
gave the(§)-O-acetylmandelate of the alcohgs (51 mg, 65%),
Rf = 0.16 (3:17, ether:light petroleumy]p* +59 € 1.0, CHCY);
oy 0.92, 1.07, 1.13 and 1.22 (each 3H, s,5)CR.24 (3H, s,
CH;CO), 3.34 (1H, tJ 7.9, 8-H), 3.54 (1H, ddJ 7.9, 6.3, 5H),
4.11 (1H, ddd)) 7.8, 6.3, 4.3, '4H), 5.05-5.13 (3H, m, 4-K 1-
H), 5.90 (1H, ddJ 17.8, 10.8, 3-H), 5.97 (1H, s’-M), 7.40-7.56

Tetrahedron

The organic extracts were dried (Mgg@nd concentrated under
reduced pressure to give thiéle compound 36 (530 mg,ca.
99%), R = 0.62 (4:6, ether:light petroleumy]p™® -57.6 € 2.2,
CHCL); vma/cmi® 2963, 2930, 2867, 1729, 1612, 1513, 1464,
1370, 1302, 1248, 1175, 1083, 1035, 921, &21.09 and 1.10
(each 3H, s, 3-C#), 3.36 (1H, d, 3.3, 2-H), 3.82 (3H, s, OGH
4.39 and 4.60 (1H, & 11.5, ArH@H), 5.03 (1H, dJ 17.5, 5-H),

(5H, m, ArH); 5 20.7, 23.9, 25.0, 25.9, 26.3, 34.7, 66.2, 74.35.06 (1H, d,J 10.8, 5-H), 5.96 (1H, dd,) 17.6, 11.0, 4-H), 6.88

75.6, 86.7, 109.5, 114.3, 127.6, 129.2, 129.8,9,3#4.2, 168.9,
171.1;m/z (CIY) 394 (M’ + 18, 100%), 377 (M+ 1, 31), 319
(28); HRMS (ES): MH*, found 377.1963. §H,40s requires
377.1959.

4.2.21 (4R)-4-[(19)-1-(4-Methoxybenzyloxy)-2,2-dimethylbut-
3-enyl] -2,2-dimethyl-1,3-dioxolane (34). The alcohol 33 (627
mg, 3.13 mmol) in DMF (3 mL) was added to a suspensio
sodium hydride (60% in mineral oil, 258 mg, 6.46 aimin
DMF (7 mL) at 0°C and the mixture allowed to warm to rt and
stirred for 30 min. After cooling to GC, 4-methoxybenzyl

and 7.26 (each 2H, d,8.5, ArH), 9.60 (1H, dyJ 2.9, 1-H); 3¢
23.4, 23.5, 40.9, 554, 72.8, 89.1, 113.4, 11329.4, 129.8,
143.3, 159.6, 204.41z (CI) 266 (M + 18, 21%), 138 (25), 121
(100); HRMS (ED: M, found 248.1411. @H,O; requires
248.1407.

4224 (3549)- and (3R,4S)-4-(4-Methoxybenzyloxy)-5,5-
dimethyl hept-6-en-1-yn-3-ols (37) and (38). The aldehyde6 (60
mg, 0.24 mmol) in ether (1 mL) was added to ethymgnesium
bromide (0.5 M in THF, 96Ql, 0.48 mmol) at-78 °C and the
solution stirred at-78 °C for 2 h. The mixture was allowed to

chloride (875ul, 6.46 mmol) was added and, after 10 min, thewarm to 0°C over 1 h and was stirred for a further 30 minpthe

mixture was allowed to warm to rt and was stirred foh.1
Saturated aqueous ammonium chloride was added amd t
mixture was partitioned between water and ether. Thee@us
layer was extracted with ether and the organic etstraere dried
(Na,SQ,)) and concentrated under reduced
Chromatography (1:9, ether:light petroleum) of thsidue gave
thetitle compound 34 (978 mg, 98%), R= 0.44 (2:8, ether:light
petroleum); §]o° +21 € 4.1, CHCY); vma/omi® 2983, 2935,
2906, 1613, 1514, 1463, 1374, 1248, 1215, 1172210641,
915, 859, 823, 1.01 and 1.07 (each 3H, s;@H;), 1.36 and
1.45 (each 3H, s, 2-GM 3.56 (1H, dJ 1.5, 1-H), 3.82 (3H, s,
OCH,), 3.89 (1H, tJ 7.2, 5-H), 4.00 (1H, t) 7.8, 5-H), 4.27
(1H, td, J 7.8, 1.5, 4-H), 4.55 and 4.85 (each 1H,Jd10.8,
ArHCH), 4.96-5.04 (2H, m,'4H,), 5.92 (1H, ddJ 17.7, 10.5, 3
H), 6.89 and 7.31 (each 2H, d8.7, ArH); &c 23.6, 24.9, 25.3,
26.7, 41.2, 55.5, 64.9, 75.6, 77.4, 85.4, 107.62.41113.9,
129.5, 131.4, 145.3, 159.8yz (CI') 338 (M" + 18, 33%), 155
(24), 138 (83), 121 (100); HRMS (BS MNH,", found
338.2325. GH3,NO, requires 338.2326).

4.2.22 (2R,39)-3-(4-Methoxybenzyl oxy)-4,4-dimethyl hex-5-
ene-1,2-diol (35). The dioxolane34 (3.20 g, 10 mmol) was
dissolved in aqueous acetic acid (70%, 28 mL) &medsblution
was warmed to 48C and stirred for 2 h. After concentration
under reduced pressure, the residue was taken HfOiAc and
solid NaHCQ and MgSQ were added. The slurry was stirred
vigorously, then filtered and concentrated undeduced
pressure. Chromatography (7:3 then 8:2, ether:pghtoleum) of
the residue gave thile compound 35 (2.48 g, 86%), R= 0.35-
0.15 (1:1, ether:light petroleum)a]p™ +23.5 € 5.1, CHCY);
VmaJCMit 3405, 2961, 2936, 2878, 1613, 1514, 1464, 13023,12
1175, 1071, 1037, 916, 82&; 1.12 and 1.13 (each 3H, s, 4-
CHs), 2.31 and 2.45 (each 1H, br. s, OH), 3.39 (1H] 4,0, 3-
H), 3.75-3.79 (3H, m, 1- 2-H), 3.81 (3H, s, OC}), 4.62 and
4.64 (each 1H, d] 10.6, ArHH), 5.02-5.12 (2H, m, 6-}), 6.04
(1H, dd,J 18.0, 9.5, 5-H), 6.89 and 7.28 (each 2H] 8,0, ArH);
Oc 22.9, 25.5, 41.9, 55.5, 64.2, 72.7, 76.1, 88.2.2,1114.1,
129.7, 130.7, 145.8, 159.6yz (CI') 298 (M + 18, 32%), 218
(27), 155 (32), 138 (100), 121 (93); HRMS TEIM", found
280.1673. GH,40, requires 280.1674.

4.2.23 (2S)-2-(4-Methoxybenzyl oxy)-3,3-dimethyl pent-4-enal
(36). Sodium periodate (916 mg, 4.28 mmol) was added go th
diol 35 (600 mg, 2.14 mmol) in MeOH (14 mL) and water (7
mL) at 0°C and the mixture was allowed to warm to rt and
stirred for 1 h 10 min. The mixture was partitionkedtween
water and DCM and the aqueous layer was extractedy@Gii.

warmed to rt, and stirred for 2 h. Saturated aquemusionium
khloride was added and the mixture partitioned betweater
and ether. The aqueous layer was extracted with etherthe
organic extracts were dried (Mg@Oand concentrated under

pressurereduced pressure. Chromatography of the residue ggovered

aldehyde36 (30 mg, 50%) followed by thigtle compound 37 (19
mg, 29%), R= 0.30 (2:8, ether:light petroleumx]p®° +8.5 €
1.1, CHCH); vpa/om™® 3486, 3291, 2961, 2930, 1612, 1514,
1465, 1377, 1303, 1248, 1174, 1079, 1037, 919, 8R6t.06
(6H, s, 2x 5-CHg), 2.47 (1H, s, 1-H), 2.96 (1H, br. 88.5, OH),
3.43 (1H, s, 4-H), 3.81 (3H, s, OGH4.43 (1H, br. dJ 8.5, 3-
H), 4.68 and 4.92 (each 1H, d,9.5, ArHCH), 5.04 (1H, d,J
16.0, 7-H), 5.05 (1H, d] 11.5, 7-H), 5.85 (1H, dd,) 17.5, 11.0,
6-H), 6.89 and 7.32 (each 2H,38.5, ArH); 6c 22.3, 25.1, 42.2,
55.6, 60.2, 72.8, 75.9, 86.2, 87.2, 113.4, 11430.1, 130.2,
145.0, 159.7m/z (CI") 292 (M' + 18, 8%), 138 (17), 121 (100);
HRMS (ES): MNH,’, found 292.1900. GH,NO; requires
292.1907. The second product wastitie compound 38 (14 mg,
21%), R = 0.22 (2:8, ether:light petroleumya]p*® 7.3 € 0.6,
CHCL); vma/cmi® 3434, 3302, 2955, 2930, 1723, 1612, 1513,
1462, 1383, 1299, 1247, 1173, 1103, 1035, 918, 8271.14
(6H, s, 2x 5-CH), 1.98 (1H, br. dJ 6.2, OH), 2.56 (1H, d] 2.0,
1-H), 3.34 (1H, dJ 3.8, 4-H), 3.83 (3H, s, OG) 4.49-4.55
(A1H, m, 3-H), 4.69 and 4.81 (each 1H,Jd11.2, ArHH), 5.05
(1H, d,J 10.7, 7-H), 5.08 (1H, dJ 17.5, 7-H), 6.00 (1H, dd,
17.5, 10.7, 6-H), 6.91 and 7.35 (each 2H] 8,6, ArH); dc 22.3,
25.5,41.7,55.5, 64.6, 75.3, 77.5, 83.6, 88.3,81P14.1, 129.8,
131.0, 145.7, 159.5vz (CI') 292 (M" + 18, 2%), 138 (7), 121
(100); HRMS (ES: MNH,’, found 292.1904. GH,NO;
requires 292.1907.

4225 (4S59)- and (4R,5S)-5-(4-Methoxybenzyloxy)-6,6-
dimethyl-1-triethylsilyloxyoct-7-en-2-yn-4-ols (39) and (40). n-
Butyllithium (1.6 M in hexanes, 4.6 mL, 7.34 mmelas added
to 3-triethylsilyloxypropyne (1.31 g, 7.71 mmol) THF (8 mL)
at 0°C and the solution stirred for 1 h. After coolirm-{78 °C,
the aldehyde36 (910 mg, 3.67 mmol) in THF (4.2 mL) was
added over 10 min and the solution stirred for I2.8t-78 °C.
Saturated aqueous ammonium chloride was added amd th
mixture was allowed to warm to rt then partitionedwssn
water and ether. The aqueous layer was extractedettigr and
the organic extracts were dried (Mg3@nd concentrated under
reduced pressure to give the title compounds asxtuma of
diastereoisomer89:40 = 92:8 (H NMR). Chromatography (1:9,
ether:light petroleum with 1% M) of the mixture gave
recovered aldehyd@6 (88 mg, 10%) followed by thditle
compound 39 (1.13 g, 74%), R = 0.45 (3:7, ether:light



petroleum); §]o>° +16.3 € 0.6, CHCY); /o’ 3507, 2956,
2913, 2878, 1613, 1514, 1463, 1372, 1245, 11232,10840,
1009, 807, 726d, 0.66 (6H, qJ 8.0, 3x SiCH,), 0.99 (9H, tJ
7.9, 3x SICH,CH3), 1.07 (6H, s, % 6-CHg), 2.92 (1H, dJ 8.5,
OH), 3.43 (1H, dJ 1.5, 5-H), 3.83 (3H, s, OG}{ 4.37 (2H, dJ]
1.4, 1-H), 4.49 (1H, dq,J 8.3, 1.5, 4-H), 4.68 and 4.92 (1H,X,
10.6, ArHH), 5.00-5.10 (2H, m, 8-p), 5.87 (1H, ddJ 17.9,
10.5, 7-H), 6.90 and 7.3 (each 2H,X8.5, ArH); &: 4.7, 7.0,
22.3, 25.0, 42.1, 51.7, 55.5, 60.4, 75.7, 83.18,887.2, 113.2,
114.0, 130.1, 130.3, 145.1, 159¥z (CI') 436 (M + 18, 81%),
138 (30), 121 (100); HRMS (Ot MNH,', found 436.2889.
C,4H4:NO,Si requires 436.2883. The second product wastliee
compound 40 (66 mg, 4%)R; = 0.36 (3:7, ether:light petroleum);
[a]p®® =3.2 € 2.7, CHCY); vma/cm® 3446, 3409, 2955, 2915,
2878, 1613, 1513, 1463, 1369, 1302, 1246, 10827,106808,
812, 74064 0.61 (6H, qJ 7.9, 3x SiCH,), 0.93 (9H, tJ 7.9, 3x
CH,), 1.09 and 1.10 (each 3H, s, 6-¢H..91 (1H, dJ 5.8, OH),
3.28 (1H, d,J 3.8, 5-H), 3.78 (3H, s, OGH 4.31 (2H, s, 1-h),
4.47-455 (1H, m, 4-H), 4.61 and 4.75 (each 1HJd1.0,
ArHCH), 4.99 (1H, dJ 10.8, 8-H), 5.02 (1H, dJ 17.5, 8-H),
5.96 (1H, ddJ 17.5, 10.8, 7-H), 6.85 and 7.29 (each 2H] &.5,
ArH); oc 4.7, 7.0, 22.6, 25.4, 41.7, 51.8, 55.5, 64.8, ,78433,
85.5, 88.5, 112.5, 114.0, 129.7, 131.2, 145.9, 459z (CI")
436 (M + 18, 29%), 138 (42), 121 (100); HRMS {CIMNH,",
found 436.2892. &H,,NO,Si requires 436.2883.

4.2.26 (4S,59)-4-tert-Butyldimethylsilyl oxy-5-(4-
methoxybenzyl oxy)-6,6-dimethyl-1-triethylsilyl oxyoct-7-en-2-yne
(41). 2,6-Lutidine (907ul, 7.8 mmol) andert-butyldimethylsilyl
triflate (894 ul, 3.9 mmol) were added to the alcol38l (1.08 g,
2.6 mmol) in DCM (26 mL) at 6C and the solution stirred for 1
h. Water was added and the aqueous layer was edragth
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1H, d,J 11.3, ArHH), 5.01 (1H, dJ 10.8, 8-H), 5.03 (1H, d,
J 17.5, 8-H), 6.09 (1H, ddJ 17.5, 10.7, 7-H), 6.92 and 7.36
(each 2H, dJ 8.6, ArH); 6c —4.4,-4.1, 18.5, 24.0, 25.4, 26.2,
42.0, 51.6, 55.5, 63.9, 74.9, 84.6, 87.8, 88.2,6,1113.8, 129.3,
131.5, 146.4, 159.1vz (CI") 436 (M" + 18, 3%), 154 (32), 138
(45), 121 (100); HRMS (C): MNH,’, found 436.2892.
C,H4iNO,Si requires 436.2883. The second product was
(4S,59-5-(4-methoxybenzyloxy)-6,6-dimethyloct-7-en-2-yne
1,4-diol (24 mg, 3%), R= 0.10 (1:1, ether:light petroleum);
[a]p® +24.5 € 1.3, CHCY); vma/cm™ 3401, 2960, 2928, 2876,
1613, 1586, 1514, 1302, 1249, 1174, 1119, 1034, 828; &,
1.11 and 1.12 (each 3H, s, 6-gHL1.81 (1H, br. s, 1-OH), 3.03
(1H, d, J 8.3, 4-OH), 3.46 (1H, dJ 1.9, 5-H), 3.86 (3H, s,
OCH,), 4.34 (2H, br. s, 1-p), 4.52 (1H, dtJ 8.2, 1.8, 4-H), 4.73
and 4.92 (each 1H, 4,10.5, ArH), 5.09 (1H, dJ 17.5, 8-H),
5.10 (1H, d,J 10.5, 8-H), 5.91 (1H, ddJ 17.5, 10.5, 7-H), 6.94
and 7.37 (each 2H, 4,8.7, ArH); 8¢ 22.4, 25.0, 42.1, 51.4, 55.5,
60.4, 75.9, 82.9, 87.3, 87.8, 113.3, 114.1, 1283).1, 144.9,
159.7;mz (CI") 322 (M + 18, 20%), 138 (22), 121 (100); HRMS
(CIM: MNH,", found 322.2019. GH,sNO, requires 322.2018.

4.2.28 (22)-(4R,5S)-4-tert-Butyldimethylsilyl oxy-3-iodo-5-(4-
methoxybenzyl oxy)-6,6-dimethyl octa-2,7-dien-1-ol (43) and (2E)-
(4S,59)-4-tert-butyl dimethyl silyl oxy-5-(4-methoxybenzyl oxy)-6,6-
dimethylocta-2,7-dien-1-ol (44). The alkynol42 (546 mg, 1.31
mmol) in ether (5.4 mL) was added to Red*A(65% in toluene,
783 pl, 2.61 mmol) in ether (10.9 mL) at and the mixture
stirred for 1 h at 6C. The mixture was allowed to warm to rt and
was stirred for 3 h before cooling t78 °C. Crushed iodine
flakes (663 mg, 2.61 mmol) were added in one portéad the
reaction mixture was allowed to warm slowly-tb0 °C over 1 h.
An aqueous solution of Rochelle’s salt was added #med

DCM. The organic extracts were washed with brine, driedmixture was allowed to warm to rt then ether was addée.

(MgSO,)) and concentrated under reduced
Chromatography (1% ether, 1%;Rtin light petroleum) of the
residue gave thigtle compound 41 (1.27 g, 92%), R= 0.64 (1:9,
ether:light petroleum)vmm/cm'1 2955, 2933, 2880, 1613, 1513,
1464, 1249, 1125, 1083, 1008, 838, 778, @10.09 and 0.16
(each 3H, s, SiC#), 0.66 (6H, gJ 8.0, 3x SiCH,), 0.93 [9H, s,
SiC(CH)s], 1.00 (9H, t,J 8.0, 3x SiCH,CH3), 1.09 and 1.13
(each 3H, s, 6-C#), 3.26 (1H, dJ 4.7, 5-H), 3.83 (3H, s, OGH
4.34 (2H, s, 1-B), 4.56-4.48 (2H, m, 4-H, AICH), 4.93 (1H, d,
J11.2, ArHH), 4.99 (1H, dJ 10.6, 8-H), 5.00 (1H, d117.5, 8-
H"), 6.04 (1H, ddJ 17.5, 10.7, 7-H), 6.89 and 7.32 (each 2H] d,

pressuremixture was stirred vigorously for 30 min then egteal with

ether. The organic extracts were washed with satuede@ous
sodium thiosulfate and the washings extracted witteretThe
organic extracts were dried (Mg@Oand concentrated under
reduced pressure. Chromatography (1:9, 2:8, theneBer:light
petroleum with 1% EN) of the residue gave thile compound
43 (489 mg, 69%), R= 0.37 (4:6, ether:light petroleum)]p*°
+8.0 € 0.8, CHC); vnafcm® 3411, 2952, 2859, 1613, 1513,
1464, 1249, 1109, 1075, 1042, 838;0.06 (6H, s, 2 SiCHg),
0.95 [9H, s, SiIC(CH)4], 1.10 and 1.13 (each 3H, s, 6-gHL.49
(1H, br. t, OH), 3.35 (1H, d] 5.8, 5-H), 3.85 (3H, s, OGH 4.00

8.4, ArH); & -4.5, -4.1, 4.7, 7.0, 18.5, 23.9, 25.3, 26.1, 41.9,(1H, d,J 5.7, 4-H), 4.20-4.24 (2H, m, 1,4 4.56 and 4.83 (1H,

51.7, 55.5, 63.7, 74.7, 84.8, 86.6, 88.2, 111.53.1,1129.3,
131.7, 146.2, 159.0wz (CI") 550 (M’ + 18, 35%), 532 (M 12),
121 (100); HRMS (C): M", found 532.3398. H5;0,Si
requires 532.3399.

4.2.27 (4S,59)-4-tert-Butyldimethylsilyl oxy-5-(4-
methoxybenzyl oxy)-6,6-di methyl oct-7-en-2-yn-1-ol (42).
Potassium fluoride (2.15 g, 37.0 mmol) was addedthe
triethylsilyl ether41 (1.27 g, 2.38 mmol) in THF (8.5 mL) and

MeOH (34 mL) at FC and the mixture stirred for 2 h. Saturated

aqueous sodium hydrogen carbonate was added amdixhee
partitioned between water and ether. The aqueous lags
extracted with ether and the organic extracts waeslMgSQ)
and concentrated under reduced pressure. Chroraptog(3:7,
ether:light petroleum) of the residue gave recayeilyl ether4l
(113 mg, 9%) followed by thitle compound 42 (767 mg, 77%),
Rf = 0.50 (1:1, ether:light petroleump]p® +4.0 € 1.6, CHCY);
Vina/CM- 3411, 2955, 2932, 2859, 1613, 1514, 1467, 13589,12
1093, 1036, 839, 77&;; 0.11 and 0.18 (each 3H, s, SigHD.85
[9H, s, SIC(CH)4], 1.14 and 1.16 (each 3H, s, 6-gHL.64 (1H,
br. s, OH), 3.28 (1H, d] 5.3, 5-H), 3.85 (3H, s, OG} 4.37-
4.41 (2H, m, 1-H), 4.52 (1H, dJ 5.2, 4-H), 4.58 and 4.91 (each

d,J11.3, ArHM), 4.96 (1H, ddJ 17.6, 1.2, 8-H), 4.99 (1H, dd,
J10.8, 1.2, 8-H, 6.05 (1H, ddJ 17.3, 11.1, 7-H), 6.24 (1H, ],
5.6, 2-H), 6.91 and 7.33 (each 2H,JB.7, ArH); & —4.0,-3.6,
18.4, 23.6, 25.9, 26.3, 42.2, 55.5, 67.1, 75.58,786.1, 111.6,
113.7, 115.5, 128.8, 131.8, 136.4, 146.1, 1560; (CI") 564
(M* + 18, 3%), 154 (48), 138 (100), 121 (75); HRMSICI
MNH,", found 564.2012. gH,;NO,Sil requires 564.2006. The
second product was thile compound 44 (79 mg, 14%), R=
0.24 (4:6, ether:light petroleum)p],* -10.2 € 1.1, CHC);
Vma/CMi* 3410, 2954, 2930, 2859, 1688, 1612, 1212, 15185,14
1361, 1301, 1251, 1173, 1080, 1039, 835, B4/0.04 and 0.07
(each 3H, s, SiCk), 0.94 [9H, s, SiC(CE);] 1.11 and 1.13 (each
3H, s, 6-CH), 3.13 (1H, dJ 4.8, 5-H), 3.85 (3H, s, OG} 4.15
(2H, d,J 4.8, 1-H), 4.36 (1H, tJ 5.2, 4-H), 4.54 and 4.73 (1H,
d,J11.1, ArHQH), 4.94 (1H, dJ 10.5, 8-H), 4.95 (1H, d] 17.8,
8-H'), 5.76 (1H, dtJ) 15.6, 5.1, 2-H), 5.86 (1H, dd,15.8, 5.7, 3-
H), 6.06 (1H, dd,J 18.0, 10.4, 7-H), 6.92 and 7.33 (each 2H] d,
8.6, ArH; oc —4.3,-4.0, 18.4, 25.0, 25.2, 26.2, 42.2, 55.5, 63.6,
74.4, 74.6, 89.3, 110.7, 113.9, 128.6, 129.2, 13138.0, 147.3,
159.2;mvz (CI") 438 (M" + 18, 7%), 154 (33), 138 (100), 121
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(83); HRMS (CI): MNH,", found 438.3026. gH,.NO,Si  10.4, 14.0, 18.4, 18.5, 26.2, 27.6, 29.4, 38.53,669.8, 82.1,
requires 438.3040. 95.6, 130.5, 146.41Vz (ES) 672 (M + 23, 100%).

4.2.29 (4R,5R)-5-tertButyl dimethylsilyl oxy-4-(2- 4231 (1S29)-2-tert-Butyldimethylsilyloxy-5,5-dimethyl-3-
trimethylsilylethoxymethoxy)-hex-1-yne (47). Pyridine (674 pl, [(2)-2-hydroxyethylidene] -1-(4-methoxybenzyl oxy)-4-
8.2 mmol) and then carbon tetrabromide (5.44 g4 ¥6mol)  methylidenecyclopentane (49). The vinylic iodide43 (100 mg,
were added to a suspension of triphenylphosphirt® (§, 32.8 0.18 mmol) in EN (0.5 mL) was added to a suspension of
mmol) in DCM (60 mL) at 0°C and the mixture was stirred P(Ph), (13 mg, 11umol) and Cul (1.1 mg, &mol) in EtN (0.5
vigorously for 20 min. The aldehydt (2.33 g, 6.44 mmol) in mL) at rt. After stirring for 10 min, the alkyn&7 (72 mg, 0.20
DCM (8 mL) was added and the mixture allowed to warmtto mmol) in EgN (0.5 mL) was added. After stirring for 2 h, Cul
then stirred for 40 min. Saturated aqueous sodiyardgen (3.3 mg, 18umol) was added and the mixture stirred for 18 h at
carbonate (8 mL) was added and the mixture was ipagd rt. Saturated aqueous ammonium chloride was addddtten
between water and DCM. The aqueous layer was extragted mixture partitioned between water and DCM. The aquémyer
DCM and the organic extracts were dried (Mgb@nd was extracted with DCM and the organic extracts wereddr
concentrated under reduced pressure. Chromatog(@phether (MgSO,) and concentrated under reduced pressure.
in light petroleum) of the residue gave recover&telayde 45 Chromatography (10:1:89 etherHtlight petroleum then
(300 mg, 13%) and the dibromoalke#@ (2.47 g, 74%), R= 30:1:69 ether:BN:petrol) of the residue gave thide compound
0.76 (1:9, ether:light petroleumym./cm® 2953, 2930, 2890, 49 (60 mg, 80%), R= 0.22 (3:7, ether:light petroleunyy,,/cm*
2859, 1467, 1374, 1252, 1104, 1034, 834, &60.05 [9H, s, 3447, 2955, 2927, 2857, 1614, 1514, 1466, 13579,12a70,
Si(CHy)3], 0.08 and 0.09 (each 3H, s, SiggHO0.91 [9H, s, 1038, 836, 777;04 0.17 (6H, s, 2x SiCH;), 1.00 [9H, s,
SiC(CH)4], 0.82-1.02 (2H, m, C§8i), 1.13 (3H, d,] 6.3, 6-H), SiC(CHy)4], 1.11 and 1.13 (each 3H, s, 5-gH3.36 (1H, d,J
2.24 (1H, dddJ 15.5, 8.5, 7.2, 3-H), 2.44 (1H, dd#i15.5, 6.9, 8.0, 1-H), 3.85 (3H, s, OG}{ 4.33-4.58 (3H, m, 'H,, 2-H),
3.9, 3-H), 3.51-3.72 (3H, m, OB,CH,Si, 4-H), 3.91 (1H, qdJ  4.62 and 4.72 (each 1H, #11.3, AHCH), 5.00 and 5.16 (each
6.4, 4.6, 5-H), 4.68 and 4.74 (each 1H, d, 7.1, @B 6.56 1H, s, 4-CH), 5.82 (1H, ddd,7.0, 4.9, 2.2,"1H), 6.91 and 7.32
(1H, t,J 7.0, 2-H);dc —4.5,-4.4,-1.1, 18.1, 18.3, 18.4, 26.1, (each 2H, dJ 8.7, ArH); &c -5.3,-5.1, 18.3, 21.2, 21.4, 26.0,
33.7, 65.7, 69.6, 80.2, 89.5, 95.3, 13606z (ES) 539 (100%). 55.9, 60.0, 73.7, 81.0, 103.1, 114.5, 127.4, 12829,8, 142.1,

n-Butyllithium (1.6 M in hexanes, 6.3 mL, 10.1 mmalgs 160.4;m/z (CF) 437 (M + 28, 15%), 306 (42), 271 (80), 121

added to the dibromoalker (2.40 g, 4.6 mmol) in THF (35 (70).

mL) at-78°C and the solution stirred for 15 min, then allovied 4.2.32 (35,4S)-3-tert-Butyldimethylsilyloxy-2-for mylmethyl-4-

0 °C and stirred for a further 15 min. Saturated aggeo (4-methoxybenzyloxy)-1,5,5-trimethylcyclopentene (50).
ammonium chloride was added and the mixture allowedarm  Pd(PPh), (26 mg, 23umol) and the stannard8 (298 mg, 0.46
to rt then partitioned between brine and ether. ddpeeous layer mmol) were added to the vinylic iodid& (150 mg, 0.27 mmol)
was extracted with ether and the organic extracts wleiled  in DMF (2 mL) and the flask was covered in foil befdreing
(MgSQO) and concentrated wunder reduced pressureheated at 86C for 17 h. The mixture was allowed to cool to rt
Chromatography (2% ether in light petroleum) of tesidue then diluted with water and ether. The aqueous layas
gave theitle compound 47 (1.43 g, 87%), R= 0.32 (4% ether in extracted with ether and the organic extracts wereéh&hsvith
light petroleum); @]p™° -14.1 € 2.3, CHC)); vma/ecm* 3314,  brine, dried (MgSQ and concentrated under reduced pressure.
2954, 2930, 2890, 2859, 1467, 1379, 1252, 11066,10635, Chromatography (1:9, ether:light petroleum) of tesidue gave
835, 776;04 0.04 [9H, s, Si(CH)3], 0.09 (6H, s, % SiCH;) 0.91  recovered iodide!3 (8 mg, 5%) and thé&tle compound 50 (35
[9H, s, SIC(CH)3], 0.83-0.99 (2H, m, CbS8i), 1.14 (3H, dJ 6.3, mg, 30%), R= 0.57 (3:7, ether:light petroleumy]p*° +38.3 ¢
6-Hs), 1.96 (1H, tJ 2.6, 1-H), 2.36 (1H, ddd} 16.9, 7.3, 2.6, 3- 2.3, CHC); vpn/cm’ 2956, 2930, 2857, 1725, 1613, 1514,
H), 2.58 (1H, dddJ 16.9, 4.6, 2.7, 3-H 3.58-3.76 (3H, m, 1464, 1386, 1360, 1301, 1249, 1174, 1145, 1064, 888, 777,
OCH,CH,Si, 4-H), 4.03 (1H, dgJ 6.3, 4.7, 5-H), 4.77 and 4.84 &, 0.08 and 0.12 (each 3H, s, SigH0.91 [9H, s, SiC(CH],
(each 1H, dJ 7.1, CHCHO); &:; —4.6, -4.3,-1.2, 18.3, 18.4, 1.05 and 1.16 (each 3H, s, 5-gHL.57 (3H, s, 1-Ck), 3.02 and
18.5, 20.0, 26.1, 65.5, 69.1, 69.5, 80.0, 82.34;98z (ES) 381  3.16 (each 1H, dd] 16.5, 2.0, 2-CH), 3.60 (1H, d,5.4, 4-H),
(M* + 23, 100%); HRMS (E$. MNa’, found 381.2255. 3.83 (3H, s, OCH), 4.56 (1H, dJ 10.7, ArHCH), 4.56-4.60 (1H,
CigH350:SibNa requires 381.2252. m, 3-H), 4.67 (1H, dJ 10.7, AHCH), 6.90 and 7.32 (each 2H, d,

4230 (IEARSR) 5 tert Buyidimethylsiiog-1.  2.8:5 AH), 9.55 (LH, ) 22, CHO)3: ~4.4,-4.0, 103, 182,

tribuylstannyl-4-(2-trimeiis yethoymethoyhoc o (4g), 213, 26.1, 26.9, 413, 472, 55.4, 735, 82.01.95138, 1255,

: 129.5, 130.9, 145.5, 159.3, 1998z (CI) 436 (M + 18, 4%),
The alkyne47 (239 mg, 0.67 mmol) in toluene (5 mL) was added304 (96), 287 (94), 243 (35), 121 ((100;, HRI\(/IS TESINH +)
to tributyltin hydride (215ul, 0.80 mmol) and AIBN (17 mg, : ’ ’ ’ ‘e

. . found 436.2879. £H4NO,SI requires 436.2878. A small
0.10 mmol) in toluene (6 mL) and the solution hdatasder o -
reflux for 4 h. After cooling to rt and concentati under amount of the alcoheld (4 mg, 3%) was also isolated.

reduced pressure, chromatography (1% ether and %86 iE 4.2.33 (1S,2S5/4R)-2-tert-Butyldimethylsilyloxy-5,5-dimethyl -
light petroleum) of the residue gave ttitée compound 48 (298  3-[(Z)-2-hydroxyethylidene] -1-(4-methoxybenzyl oxy)-4-
mg, 68%), together with itZf-isomer, 9:1 {H NMR), R = 0.16  methylcyclopentane (51). Anhydrous chromium(ll) chloride (78
(1:9, ether:light petroleumyma/cm’* 2955, 2927, 2857, 1463, mg, 0.6 mmol) and anhydrous nickel(ll) chlori¢e3 mg, 0.06
1378, 1251, 1106, 1053, 858, 835, 7&50.06 [9H, s, Si(Ch)4], mmol) were added to vinylic iodid&3 (100 mg, 0.18 mmol) and
0.10 (6H, s,  SiCHg), 0.87-1.00 [17H, m, 8 CHs, 3x SnCH, benzaldehyde (2@l, 0.23 mmol) in DMF (2 mL) at rt and the
SiCH,), 0.93 [9H, s, SIC(CH)4], 1.15 (3H, dJ 6.3, 6-H), 1.28-  mixture was stirred at rt for 2 h. Saturated aquesmasnonium
1.42 and 1.47-1.59 (each 6H, mx3H,), 2.20-2.34 and 2.53- chloride was added and the mixture was partitionetivéen
2.60 (each 1H, m, 3-H), 3.52 (1H, m, 4-H), 3.57-3.78,(, water and EtOAc. The aqueous layer was extracted WIIIAEL
OCH,CH,Si), 3.96 (1H, dq,J 6.3, 4.8, 5-H), 4.75 (2H, s, and the organic extracts were dried (Mgs@nd concentrated
OCH,0), 6.01-6.06 (2H, m, 1-H, 2-H§: -4.5,-4.3,-1.2, 9.7,  under reduced pressure. Chromatography of theuegi8 then
3:7, ether:light petroleum) gave thi#le compound 51 (47 mg,
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62%), R = 0.23 (4:6, ether:light petroleumyy./cm’® 3413, Delang, L.; Leyssen, P.; Wender, P.JANat. Prod. 2016,
2954, 2932, 2859, 1613, 1513, 1466, 1362, 12499,11@90, 79, 675; (i) Staveness D.; Abdelnabi, R.; Near, K; E.
1035, 838, 7778, 0.13 (6H, s, X SiCH), 0.89 (3H, s, 5-CH), Nakagawa, Y.; Neyts, J.; Delang, L.; Leyssen, Pendér, P.
0.96 [9H, s, SIC(CH)], 0.97 (3H, s, 5-CH)), 1.02 (3H, d,J 7.3, A. J. Nat. Prod. 2016, 79, 680.

) ) 5 (a) Keck, G. E.; Li, W.; Kraft, M. B.; Kedei, N.; kén, N. E.;
4-CHy), 1.42 (IH, br. s, OH), 2.40 (1H, 8,74, 4-H), 3.24 (1H, Blumberg, P. M.Org. Lett. 2009, 11, 2277; (b) Keck, G. E.:

d,J8.1, 1-H), 3.82 (3H, s, OG} 4.23 (2H, d,J 6.7, 2-H,), 4.44 . . . S

(1H, dt,J 8.0, 2.2, 2-H), 456 and 4.68 (each 1H,Jd11.2, P et E}Jgﬁﬁh’ggrjf?“g‘:g’;_ A
ArHCH), 5.61 (1H, ttJ 6.8, 2.4, kH), 6.88 and 7.29 (each 2H, 49, 4580; (c) Keck, G. E.; Poudel, Y. B.; Rudra, AtejSens, J.
d, J 8.7, ArH) (irradiation of 4-H gave a significant nOe C.; Kedei, N.; Lewin, N. E.; Blumberg, P. MBioorg. Med.
enhancement of 1-H§. —4.3,-4.1, 15.7, 18.3, 18.4, 26.2, 28.6, Chem. Lett. 2012, 22, 4084; (d) Kraft, M. B.; Poudel, Y. B.;

40.0, 42.6, 55.5, 59.9, 73.8, 78.1, 91.8, 113.82.92129.4, Kedei, N.; Lewin, N. E.; Peach, M. L.; Blumberg, M.; Keck,
131.4, 148.4, 159.21z (CI") 438 (M + 18, 29%), 306 (33), 271 G. E.J. Am. Chem. Soc. 2014, 136, 13202; (e) Kedei, N.; Kraft,
(67), 121 (100); HRMS (E® MNH,", found 438.3035. M. B.; Keck, G. E.; Herald, C. L.; Melody, N.; Petti®. R.;

C,HaNO,S requires 438.3034. Blumberg, P. MJ. Nat. Prod. 2015, 78, 896; (f) Andrews, I. P.;

Ketcham, J. M.; Blumberg, P. M.; Kedei, N.; Lewin, K.;
Peach, M. L.; Krische, M. JJ. Am. Chem. Soc. 2014, 136,
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