1562

Applications of crotyldiisopinocampheylboranes in
synthesis: a formal total synthesis of (+)-calyculin A
Oren P. Anderson, Anthony G.M. Barrett, Jeremy J. Edmunds,

Shun-Ichiro Hachiya, James A. Hendrix, Kiyoshi Horita, James W. Malecha,
Christopher J. Parkinson, and Andrew VanSickle

Abstract: The formal total synthesis of the marine metabolite (+)-calyculin A is reported. The key steps injallie (

use of Brown allylboration chemistry to control the relative and absolute stereochemistry of homoallylic alcohol arrays,
thus setting eight of the desired stereocentdi¥;Stille coupling methodology in the construction of the cyano tetraene
unit of the natural product; andii) a modified Cornforth—Meyers approach to the synthesis of the oxazole fragment.

Key words calyculin, marine natural product, phosphatase inhibitor, total synthesis, palladium catalyzed couphng reac
tions, allylboration reactions, aldol reactions, spiroketal, Cornforth—Meyers oxazole reaction.

Résumé: Une synthése total d’'un métabolite d’origine marine, la (+)-calyculine A, été descrite. Les étapes clés de la
synthése reposent sur I'utilisation: de la chimie d’allylboration de Brown afin de contrdler la stéréochemie relative et
absolue d’'une série d’alcools homoallyliques ayant ainsi permis la création de 8 centres asymétriques; de la réaction de
couplage de Stille dans la construction du motif cyanotétraéne du produit naturel; d’'une approache modifiée de Corn
forth—Meyers pour la préparation de la partie oxazole.

Mots clés: calyculine, produit naturel d’origine marine, inhibiteur de la phosphatase, synthese totale, réactions de cou-
plage catalysées par la palladium, réactions d’allylborations, réactions d’aldolisations, spirocétal, réaction d’oxazole se-
lon Cornforth—Meyers.

[Traduit par la Rédaction]

Introduction hibits protein phosphatases, an unexpected phenomenon, as the
presence of the phosphate group was believed to be key to the
The calyculins represent a group of marine naturalcalyculins' biological activity (5). The relative stereochemistry
products isolated from the spon@éscodermia calyx1). of 1 was determined by X-ray analysis (1) and the absolute
These structurally remarkable compounds have shown paonfiguration later elucidated by Matsunaga &ndbsetani (6),
tent inhibitory activity toward phosphatase enzymes, notathrough analysis of the C(37)-C(33) and C(32)—C(29) degra
bly the serine—threonine PP-1 and PP-2A proteindation fragments and Shioiri and co-workers (7) through
phosphatases. Fokample, (-)-calyculin A, the antipode of asymmetric synthesis of the C(37)-C(33) fragment. Total
1, is active against rabbit skeletal muscle type PP-2Asynthesis of (+)-calyculid, the antipode of the natural prod
phosphatases at 0.5-1.0 nmol dneoncentrations and is uct, by Evans et al. (8) later corroborated this absolute
also 20-300 times more potent than okadaic acid againgtereochemical assignment.
various PP-1 enzymes. (-)-Calyculin A is a representative Due to the structural complexity of these marine-me
member of a series of eight similar structures (calyculinstabolites and their associated biological profile, they
B-H) (2), the other calyculins differing by the presence ofhave attracted a great deal of synthetic attention (for other
an additional methyl unit at C-32 and (or) geometric differ synthetic efforts toward the synthesis of the calyculins, see
ences atA? and (or) A% A further five related structures, ref. 9). This has culminated in several total syntheses of the
calyculin J, the caliculinamides A, B, and F, and dés- calyculin family, the first reported by Evans et al. (8). Their
methylcalyculin A have recently been isolated (3). Theapproach centered on the union of a “southern” C(1)-C(25)
dephosphono derivative of calyculin A has been obtainedpiroketal unit and “northern” C(26)—C(37) amide oxazole
from the same marine organism (4). This compound also infragment through Wittig chemistry, the former subunit also
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Scheme 1. of a tetrasubstituted allylborane in the synthesis ofgbex
OH O Me dimethyl moiety present in this subunit. Retrosynthetically,
W 32 o we considered that (+)-calyculin A should be accessible
MeO” Y H \ from the oxazole amide, the cyanostannan8, and the
MeN  OH NTN 2 spiroketal fragmend, the later being constructed using aldol

methodology between the methyl ketdhand aldehyd® to
establish the C(14)-C(15) bond (Scheme 1). Key to our
overall strategy, is the employment of the elegant masked
OH aldol chemistry developed by Brown and co-workersb@d4
d, g, h), employing the derivatives of diisopinocampheylborane
Me Me OH OH OMe 7-10 as versatile reagents for the construction of homoallylic
alcohols. Our synthetic plan also parallels other endeavors
H (8, 11-13) in the synthesis of calyculin & whereby the

(+)-calyculin A 1

?
1 (HO),PO,
CN Me Me Me

coupling of oxazole and spiroketa#t fragments was based
o upon Wittig chemistry (for our previous publications- to

5 W 32 o wards the total synthesis of (+)-calyculin A, see ref. 15).
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Results and discussion

Synthesis of the C(1)-C(5) cyanodiene fragment 3
Construction of the 4,E)-cyano diene3 was based upon
the use of Stille chemistry for the elaboration of the C(3)—
C(4) bond. This approach would also facilitate the elabora-

5 Mi Me Me e tion of the E,E)-isomer, an appropriate building block for
[ € the synthesis of other calyculins with this geometryAat
Me OR' O Therefore, conjugate addition of tributylstannyl cuprate (16)
5 6 to ethyl but-2-ynoatel 1 and quenching with methanol gave
R=TES R'=TBS the @)-p-stannylcrotonatel2 (52%) and the corresponding

(E)-isomer17 (7%). Thetransgeometry of the major pred

uct was established by measurement of tHe'*Sn—H cou
being constructed using this methodology at C(8)-C(9)pling constant { = 97 Hz) in the'H NMR spectrum (17).
Enantioselective synthesis of these fragments was achievétbnversion of estel2 to the corresponding amide3 was
using auxiliary-based asymmetric aldol methodology, estabachieved using the methodology of Weinreb and co-workers
lishing ten of the fifteen stereocenters presentlinThe  (18), and subsequent dehydration using trichloroacetyl-chlo
approach to calyculin AL adopted by Masamune and co- ride and triethylamine gave the nitrilel. lododestannylation
workers (10) employed Wadsworth—Emmons type couplingafforded solely the desiredZ)-iodide 15 and this was
to elaborate the C(8)—C(9) olefin with Stille coupling, was smoothly coupled with the distannard® (19) using Stille
also used in the synthesis of the C(5)—C(6) bond, parallelingnethodology to give the requisite C(1)-C(5) diene coupling
other synthetic endeavors in this area. Interestingly, theyragment3 with complete geometric retention (Scheme 2).
constructed the C(25)-C(26) alkene by utilizing a Julia-For ease of synthesis upon scale up, in situ generation of the
olefination approach to link up the “northern” and “south vinyl iodide 15, using iodine in DMF and subsequent addition
ern” hemispheres. Smith et al. (11) have also recently pubof bis(triphenylphosphino)palladium dichloride and distannane
lished total syntheses of both ehtand (-)-calyculin B 16 gave the cyanodiengin moderate yield (50%) in a one-
utilizing an advanced intermediate to synthesize either-compot procedure. This protocol also circumvented the need for
pound through Peterson olefination at C(2). Their approaclthe isolation of the volatile iodide intermediaté.
also elected to construct the C(25)-C(26) alkene through In parallel to the synthesis of stannaBiethe minortrans
phosphonium ylide chemistry, as does the formal synthesisomer 17 was converted by sequential reaction with- tri
of calyculin A (1) by Shioiri and co-workers (12). Calyculin methylaluminum and ammonium chloride (72%), trichloro
C has also succumbed to total synthesis through the effortacetyl chloride and triethylamine (95%), and iodine followed
of Ogawa and Armstrong (13) using allylborane reagents irby stannanel6 and palladium(0) catalysis (39%) into the
the elaboration of the spiroketal unit, notably the novel usgE,E)-isomer22. Comparisons of spectral data for each in
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Scheme 2. Scheme 3.
ooy BuaSnLi, PhSCu? Q $MBUs o ccocl Me »
t0,C———Me NP e EGNC ROWR —
11 . 0
MeAI(C)NH," ([ 12: X = OEt )
13: X =NH 24:R=H,R"=0OM
2 TES-CI, DMF? e
p( 25:R=TES, R =0OMe
Y Bussn” -SNBUs DIBAFHA 26. R = TES, R = H
NC\%\Me
PdCIz(PPh3)2e
ledc 14:Y = SnBug Me Me Me Me
15:Y =1 ROM Swern® H =
iy . OR! | O OTBS
Reagents and Conditions: (a) BuzSnSnBujs, n-BuLi, PhSCu, THF, -35°C then
MeOH, Et,0 (52%); (b) AlMes NH4CI, PhH, 50°C (76%); (c) ClsCCOCI, TBSOTHf, ( 27: R =TES, RI=H 29
EtsN, CH,Cl,, 0°C (95%); (d) NIS, THF, Et,O (65%); (€) 16, PACI,(PPhy), then AcOH® ™ 28: R = H, R = TBS

(cat) THF 60°C (55%)

termediatel2, 13, 14, 15, and3 with the data for the corre Ph3P=C(Me)COEY Mi v Me/ A"v'etf]'e—?:zkm3
sponding E)- and E,E)-isomers17, 18, 19, 20, and 22, 13 2
respectively, were fully consistent with assignment of stereo 20: F?ji% .
chemistry in each case. Finally, separate iododestannylation DIBA-HY %31jR;CHZOtH
of both 3 and 22 gave the corresponding,E)- and E,E)- Pph;""ggrii 3: R:CHé
dienyl iodides21 and 23 with retention of geometry. These n-BuLi, THFE 633: R = CH=CBr,
results unequivocally established the geometric integrity and 34:R=C=CH
purity of the key intermediat8.
Me Me Me Me Me Me
O Me Me P = 080y, P T R
XMSnB% NC%Y Me OTBs  thenNalO, Me TBSO
17: X = OEt 19:Y = SnBus ® MeMgar™ (" 36: R =CHO
18: X = NH, 200Y =1 Swern” g 37: R = CH(OH)CHg

5:R = C(O)Me

Reagents and Conditions: (a) TES-CI, CH,Cl,, imidazole, DMAP (cat.)
(90%); (b) DIBAI-H, hexanes, -70°C (89%); (c) 7, THF, -78°C then
NaBO3[4H,0, H,0 (76%); (d) THF, TBSOTf, 2,6-lutidine, -78°C then
AcOH, 25°C (84%); (e) (COCI),, DMSO, Et3N, CH,Cl, (78%); (f)
Ph3P=C(Me)CO,Et, THF, reflux (96%); (g) DIBAI-H, THF, 25°C (86%);
(h) MnO,, CH,CI, (81%); (i) PPhs, CBry, CH,Cl, (89%); (j) n-Buli,
THF, -78°C (80%); (k) AlMe3, Cp,ZrCl,, CH,CI, then I, (69-86%); (1)
OsOy, (cat.), NMO, acetone, H,O (<61%) then NalO4, THF, MeOH,
H,0; (m) MeMgBr, THF, -78°C (80%, 2 steps); (n) (COCI),, DMSO,
Et3N, CH,Cl, (79%).

22: X = SnBug
23: X =1

CN
S/\/|
Me
21

Synthesis of the C(6)—C(14) vinyl iodide subunit 5

We envisaged that construction of the vinyl iodilevould
arise from the methylzirconation—iodinolysis of alky3d
according to the procedure of Negishi et al. (20). Alkyd7e
would in turn come from the suitably elaborated aldehyde
29, the synthesis of which involves a key Brown homologation
to unambiguously set the C(11) and C(12) stereochemistrguction with sodium borohydride gave alcoht) that was
(Scheme 3). Thus, synthesis of vinyl iodidecommenced desilylated and per-acetylated to furnish the triacete
from aldehyde26, prepared from commercially available methyl Both the lack of optical rotation and thél and *3C NMR
(9-(+)-3-hydroxy-2-methylpropanoat@4 via triethylsilyl  spectra of40 were fully consistent with the expectedese
protection of the alcohol and DIBAI-H reduction. Brown stereochemistry. Since the synthesis of alcoR@dlstarted
homologation (14) of aldehyd26 using the borane reagent from methyl (2)-2-methyl-3-triethylsilyloxypropanoate24),
7 derived from (-)-pinene gave the homoallylic alcof?d]  this correlation established both the relative and absolute
which was formed in excellent diastereomeric excess (>96%®tereochemistry of the two CHMe stereocenters. The C(2)—
as judged by*H NMR analysis. C(3) anti-stereochemistry followed from the known stereo

In parallel to the conversion of est@d into ether27 in chemical bias of the Brown crotylboration reaction (14) using
Scheme 3, the early transformations were repeated in theeagenf’. With the knowledge that the desired stereochemical
antipode series starting from methyl R22-methyl-3-  configuration was in place, the synthesis of ket@npro-
triethylsilyloxypropanoate. Whilst the intermediad® was ceededwith the selectivetert-butyldimethylsilylation and
not transformed further towards calyculin, it was used todetriethylsilylation (21) of alcohoR7 to give ether28. Oxi-
confirm the stereochemistry of the key intermedia® Con  dation under Swern (22) conditions and homologation of the
version of the silyl ethe38 into the meseatriacetate42 is  resulting aldehyd®9 gave thea,3-unsaturated est&0 with
outlined in Scheme 4. This was accomplished through catalytiexcellent E)-selectivity (>95%). EsteB0 was transformed
osmium tetraoxide mediated dihydroxylation and periodatevia aldehyde32 and homologated under the protocol of
cleavage of the olefin giving aldehyd®9. Subsequent re  Corey and Fuchs (23) into the acetyleB# Elimination of
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Scheme 4. Scheme 5.
Me Me b a Me Me Me
NaBH PdCl,(PPh A
TESOMR —_— . P i N NGNS N H
OTBS Me Me TBSO O
050y, Nalog* (( 38:R=CH; 43
39:R=0

Reagents and Conditions: (a) PdCl,(PPhy), (cat.), THF, 60°C (75%).

Me Me c Me Me
TSA, MeOH
TESO\/'\/'\/OH e e RO OR Scheme 6.
! ! Me
OTBS OR o V
/\A & DMBO\/W
40 4 ~41:R =H DMBO H 2
Acz0, EtsN® '
42: R=Ac 44 OR
TBSOTH, 45:R=H
PRI o} DR =
Reagents and Conditions: (a) OsO,4 , N-methylmorpholine 2,6-lutidine 46:R=TBS
-N-oxide, Me,CO, H,0; NalO,4, THF, MeOH; (b) NaBH,,
MeOH, 0°C (93%); (c) p-MeCgH,SO3H, MeOH (100%); 050, Nalo.© he
(d) Ac,0, EtzN, DMAP, CH,Cl, (97%). 4 7774 DMBO H
TBSO O
. . . . . . : 47
the intermediate dibromid83 was carried out using either
lithium diisopropylamide (15) on-butyllithium. However, .
in either case, rapid purification &3 was required to obtain TBSO O o OR OR
the acetylen&4 in acceptable yieldsSynmethylzirconation H T 5@%6/\
(20) of acetylene34 followed by in-situ iodinolysis of the e OSEM

vinyl alane intermediate gave trier85 exclusively as the 49:R=TBS, R = H
(E)-isomer. This reaction, however, proved highly dependent . > 50:R=TBS, R = PMB
upon the nature of the C(13) substituent. Attempted methyl- TBAF, THF' (_ 51 R=H Rz PMB
zirconation of protected derivatives of the analogous C(13) '
primary alcohol, C(13), C(14) diol, or the C(13) aldehyde

KHMDS, MPMCI® (

f . . O OPMB n OH OPMB
gave intractable product mixtures. Quite remarkably, Swern? - MeMgBr '
osmylation of triened5 resulted in selective oxidation of the H S S
terminal olefin (\'% thereby providing a route to the key o OSEM o OSEM
ketone5. Subsequent periodate cleavage of the vicinal diol
(24) gave aldehyde36, which was transformed through
methylmagnesium bromide addition and subsequent Swern Swerr! ® OPMB
oxidation to the desired C(6)-C(14) calyculin A methyl B 7N
ketone5 (Scheme 3). Whilst this sequence of transforma OSEM
tions from triene35 into the C(13) keton& did indeed work >
acceptably, it unfortunately proceeded in variable yields es
pecially on scale up. However sufficient material was accu Reagents and Conditions: (a) 8, THF, Et;0, -78°C then
mulated to further progress the synthesis. NaBO3@H20, Hz0 (72%); (b) TBSOTT, 2,6-lutidine, CHxCly,

Our projected route toward calyculin Ais flexible in the (94%); (c) OsOy (cat.), NMO, acetone, H,0 then NalO,, THF,
timing of the construction of the C(5)-C(6) bond. However, H,O (88%); (d) 9, THF, Et,0, -78°C then HOCH,CH,NH,,
we wished at this stage to explore this chemistry and hence NaH (cat.) (60%); () KHMDS, THF, DMF, p-MeOCgH,CH,CI;
gttgmpted _the paIIadium(O) catalyzed reaction of the vinyl (f) TBAF, THF (98% over both steps); (g) (COCI),, DMSO,
iodide 36 with the vinyl stannan@& (Scheme 5). Much to our EtsN, CH,Clp 78 to 20°C, (89%); () MeMgBr, THE (95%);

delight, this Stille coupling (25) afforded the tetraene nitrile
43 as a single geometric isomer in good yield (75%) and
thus indicated the viability of our disconnection strategy.

(i) (COCI),, DMSO, Et3N, CH,Cl,, 78 to 20°C, (85%).

excellent enantiomeric excess, vide infra. Protection of the

Synthesis of the C(15)—C(25) spiroketal subunit resultant alcohol as theert-butyldimethylsilyl ether46 and

Our first synthetic approach toward the spiroketal core ofconversion of the terminal olefin into the corresponding al
the calyculins employed a convergent strategy, again usingehyde 47 was carried out via osmylation and periodate
Brown allylborane chemistry to control the relative and ab cleavage (Scheme 6). Addition of thg){borane9 to alde
solute stereochemistry of the two fragmed#and54 prior  hyde 48 proceeded smoothly to yield trsyndiol derivative
to aldol reaction. Thus, reaction of aldehyiéwith (—-)-(2)- 49, again with excellent control of relative (>95%) and abso
crotonyldiisopinocampheylborar8 derived from (+)-pinene, lute (>95%) stereochemistry, as estimated throtigftNMR
furnished the corresponding homoallylic alcoddl Thises  and Mosher esteb5 analysis (26). With the desired C(16)
tablished the desiredynrelative stereochemistry at C(21) and C(17) stereochemistry established, transformation of
and C(22) (>95% as determined By NMR analysis) with  alkene49 into the methyl keton&4 was accomplished using

© 2001 NRC Canada
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standard methodology. Thus, protection of the newly formedscheme 7.

C(17) alcohol gave thp-methoxybenzyl etheB0. Deprotection
of the tert-butyldimethylsilyl ether using tetrabutylammonium
fluoride, oxidation under Swern conditions, methyl Grignard
addition, and reoxidation afforded the methyl ketdsein
excellent overall yield (52% over 6 steps).

CFs, Ph

MeO o

g
-0
SEMO- \—QOMe
/

55

Lithium diisopropylamide mediated aldol coupling between
ketone54 and aldehydd7 and subsequent acidification gave
the spiroketal core as a mixture of C(21)-epimeric alcohols
56a and 56b. Much to our delight, the initial aldol adduct
underwent clean cleavage of the robust SEM protecting
group (21), removal of theéert-butyldimethylsilyl ether, and

LDA, 47

then TsOH?

21°OH

56a 21S (48%)
56b 21R (22%)

ODMB

K-selectride®
-Me ——————— b6a

Reagents and Conditions: (a) LDA, THF, -78°C; 47; TsOH,
MeOH, 25°C (70%); (b) (COCI),, DMSO, EtsN, CH,Cl, (95%
from 56a, 100% from 56b); (c) KBH*Bug, THF, -78°C to -10°C
then NaOH, H,0; (93%).

spiroketalization in a single operation under mild acidiccon scheme 8.

ditions. The epimeric alcohols6 could be easily separated

and individually authenticated but on a larger scale the mix-
ture was oxidized under Swern conditions to produce the
ketone 57, which was stereoselectively reduced using K-
Selectride (27) yielding the desired axial diasterecisomer
56a (Scheme 7). The final spiroketélba was obtained free

from other diastereoisomers (TLC, NMR; after the correc-
tion at C(21)). Since the high enantiomeric purity of alcohol

d
Me BOMCI, . MOVMC PhsP=CHCO,Me
COyMe  Hunigs base? R
LiA|H4b 59: R = CO,Me
swern® (. 60: R = CH,0H
61: R =CHO

Me Sharpless’ Me

somo._L_Ps_oH

HO.

58

BOMON\
51 was established b¥H NMR spectral analysis of estésb, R
the initial allylboration reaction and chromatographic purifi-
cation must have given alcohb with high absolute as well

as relative stereocontrol.

DIBAI-H¢ ( 62: R = CO,Me 64
63: R = CH,OH

A second approach towards the spiroketal unit was devel Me Meo)ﬁ“"e Me
- e - : Red-Al°

oped to provide additional material for the total synthesis. ——- BOMOM - RO\/H/\
Thus, the commercial estéB, as employed in the construction on ooy e o6
of 38 (vide supra), was protected as the benzyloxymethyl el
ether59 (21), reduced to the alcoh6D using lithium alumi 65 ‘o i (661 R = BOM
num hydride, and oxidized under Swern conditions to give & L 67:R=H
aldehyde61 (Scheme 8). Wittig homologation and reduction Swern/ Me

of the resultanty,-unsaturated est&2 with DIBAL-H fur - Oﬁ/kl/\
nished the allylic alcohol 63. Sharpless asymmetric b o, o
epoxidation (28) was used to elaborate the epoxy alcé64ol
thereby controlling the absolute stereochemistry of C(23).
Epoxide ring opening, through intramolecular hydride deliv
ery upon treatment with Red-Al, gave diéb, which was )
smoothly converted to the corresponding acetoiflender WA+ E0: () (COCDz DMSO. BN, CH,CLi () Phs=CHCOMe,
standard conditions. Deprotection of the benzyloxymethy|C'CHz2CH2Cl (5% over four steps); (€) DIBA-H, CHyCl, (99%): (7) Ti(OPra,
ether using sodium in ammonia and Swern oxidation of the-(+)-diethyl tartrate, 3A molecular sieves, 'BUOOH, CH,Cl,, -20°C (90%);
resultant primary alcohol gave the aldol parté@rin excel  (9) NaAlHy(OCH,CH,OMe),, THF; (h) PPTS, Me,C(OMe),, PhH (100% over 2
lent overall yield (77% over 10 steps, Scheme 8). steps); (i) Na, NHg, THF (100%); (j) (COCI)2, DMSO, EtsN, CH,Cl,, -78 to -20°C,
Aldol reaction of ketoneb4 and aldehydes8 gave, after — (93%).
acidification, the spiroketal systef, again as an epimeric
mixture (Scheme 9). Oxidation gave the keto-aldehy@g
which upon reduction using K-Selectride gave drdl as a
single diastereoisomer. The constitution and relative steredhe spiroketal core of1 is similar to that found for calyculin
chemistry of spiroketa¥V1l was established by a single crys A (1), but some interesting differences exist. For example,
tal X-ray structure determination (Fig. 1). The structure ofthe intra-ring angles at C(19) il are as follows: O(8)-

68

Reagents and Conditions: (a) PhCH,OCH,Cl, iPerEt, CH,Cl,, -78 to -10°C; (b)

BOM = PhCH,OCH,

© 2001 NRC Canada
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Scheme 9. Fig. 1. Thermal ellipsoid plot for spiroketall. Most hydrogen
atoms have been omitted for clarify.

LDA, 68 Me Swern®
54 —_— PMBO
then TsOH

K-Selectride®

PMBO

the C(13), C(15)-oxygen substituents and late palladium(0)
catalyzed coupling with the dienylstannaBeEnolization of
the ketone5 using lithium hexamethyldisilazide and subse

71:R'=R?=H, X = CH,
Silylate®® o' f > 72 Rl =TES, R?=H, X = CH,

e Ri =TES, Rz - TBS. X=CH ™y o9 quent reaction with the C(1)-C(25) aldehydieand 74 gave
74:R°=TES,RT=TBS, X=0 the p-hydroxy ketone6 (76%) and77 (43%), respectively.
— 7= R1=R2=TBS!X=CHz)O3h In the second unoptimized aldol reaction quantities of the
6: R'=R’=TBS,X=0 starting ketonés (54%) and the aldehydg4 (35%) were re-
covered unchanged. Both reactions proceeded with complete
Reagents and Conditions: () LDA, THF, -78°C, 68 (96%) then diastereoselectivity as judged B NMR spectroscopy of
TSOH, MeOH, 25°C (85%); (b) (COCI),, DMSO, Et;N, CH,Cly, the crude reaction mixture. In the casepdfydroxy ketone
.78 to -20°C; (c) KBH®Bug, THF, -78°C to -10°C then NaOH, 77 the s_tere_ochemistry at C(15) was esta_blished by partial
H,0, (76% over both steps): (d) TESCI, Et:N, imidazole, DDQ oxidation to produce the corresponding acé@land

analysis of theH NMR spectrum. Thus, reaction of aldo¥
with DDQ in dichloromethane in the presence of molecular
sieves (3 A) gave the-methoxybenzylidene acet@B (29).
Analysis of its'H NMR spectrum (inter alia: 5.52 (s, 1H,

°Ci Me;S, -78°C to 25 °C (89%). ArCH), 4.04 (dd, 1HJ = 9.0, 6.0 Hz, 16-CH), 3.74 (d, 1H,
J=6.0Hz, 17-CH), 2.83 (dd, 1H] = 15.5, 3.0 Hz, 14-CH),

C(19)-C(18) — 1040(5)011), 108.2° (CalyCUlln A), 0(10)- 2.60 (dd, 1H,J : 15.5, 8.0 Hz, 14'CH)) was COﬂSlStent_Wlth
C(19)-C(20) = 110.2(5)° TL), 105.6° (calyculin A). The atrans dls.posmon of H(15) and H(16)J(= 9 Hz) and acis
inter-ring angles about C(19) differ less dramatically, if at all; configuration of H(16) and H(17)J(= 6 Hz) corresponding
0(8)-C(19)-0(10) = 110.8(5)° 7(1), 109.5° (calyculin A); to the (1%)-stereochemistry, the opposite to that found in
C(18)-C(19)-C(20) = 116.6(5)°7(), 116.4° (calyculin A). (+)-ca|ycuI|n A. It is not cleqr,. Wlthoqt qddltlonal experi
Since one would expect that different crystal packing forcednentation, as to the exact origin of this high stereochemical
might exert maximum effect on the inter-ring angles, the ob bias. Possﬂ_nly it is the result o_f_the aldol reaction proceeding
served differences in the intra-ring angles presumably resuRY @ chelation controlled addition pathway (tetrahydrofuran
from the changes in the substituent pattern in the fused five€ther as the Lewis basic site) or via a Felkin-type addition
and six-membered rings i1 Since the spiroketaf1 was pathway. Significant efforts to alter the stereochemical out
derived ultimately from methyl R)-2-methyl-3-hydroxy ~ come of this key aldol reaction were unsuccessful.
propanoate, the ORTEP clearly identifies all the stereo Reduction of the3-hydroxy ketone76 with lithium alumi-
centers are of correct absolute stereochemistry. The7diol num hydride, which presumably took place via ligand ex
was converted into the three silyl ethef® 73, and75 by  change at aluminum by the C(15) alcohol and intramolecular
double triethylsilylation, selective C(25)-OH triethylsilylation hydride delivery, gave a 5:1 mixture of the dial9 and 80.
followed by C(21)-OHtert-butyldimethylsilylation and double The stereochemistries of the two isom&esand80 were de
tert-butyldimethylsilylation respectively. Finally ozonolysis termined by formation of the derived acetonid&sand 82,
of alkenes73 and 75 gave the corresponding aldehyde$  respectively, and Rychnovsky (30) analysis of i@ NMR
and®6, respectively, thereby completing the second calyculinspectra. The acetonid@l derived from the major diolr9
building block, the C(15)-C(25) spiroketal unit. showed inter alid®*C NMR & 97.6, 30.2, and 19.9 (CMg
whereas the isome82 showed inter alia3C NMR & 99.9,
Synthesis of the C(1)-C(25) spiroketal tetraene nitrile 25.2, and 25.1 (CMg consistent with theynacetonide and
We sought to construct the C(15)-C(25) tetraene nitrilethe anti-acetonide structures, respectively. Rychnovsky and
entity of calyculin by aldol addition of the enolate derived co-workers have reported theynacetonides show the three
from ketoneb with the spiroketab followed by alteration of isopropylidene resonances typically &98.5, 30, and 19,

CH,Cly, -40°C (78%); () TBSOTF, S°Pr,NEt, CH,Cl,, -50 to -20
°C (100%); (f) TBSOTT, 2,6-lutidine, CH,Cl,, -5°C (90%); (g) Os,
CH,Cly, -78 °C; Me,S, -78°C to 25 °C (76%); (h) O3, CH,Cly, -78
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Scheme 10.

OTES

Me  TBSO

76: (R =TBS)
77: (R=TES)

LiAIH,°

OTBS

Me TBSO OH OH o)
97.6 ppm /é 99.9 ppm
79 (13R) lit.% 98.5 ppm 1it.%100.5 ppm
80 (139) - 98.5pp \ ' 5pp
19.9, 30.2 ppm 25.1, 25.2 ppm
1it.3519, 30 ppm lit.°25, 25 ppm

Reagents and Conditions: (a) LIHMDS, THF, -78°C then 6 (76 76%; 77 34%); (b) (R = TES) DDQ, 3A mol. sieves, CH,Cl,, -20°C to 0°C
(49%); (c) LiAlH4, THF, -78°C (79 73%; 80 15%); (d) CH3C(OMe)=CH,, PPTS, CH,Cl,, 0°C to 25°C (81 (13R) 65%; 82 (13S) 77%).

Scheme 11.

OTBS OTBS

TBSOTHf,
2,6-lutidine?®

Dess-

Martin®

Me TBSO OTBSO

83 84
OTBS OTBS
.Me
PdCI,(MeCN),
e —— CN OTBS
3f
Me TBSO OTBS CI)R1 Me Me  TBSO OTBSéMe
. pl_ 2 _ Evans intermediate 88
£BUOK, Mel® ( 85: R*=H, R“ = PMB

DDO® ( 86: R' = Me, R? = PMB

87:R'=Me, R?=H
Reagents and Conditions: (a) TBSOTTf, 2,6-lutidine, MeCN-CH,ClI, (1:1), -78°C (74%); (b) Dess-Martin periodinane, CH,Cl,
(80%); (c) DIBAI-H, CH,Cl,, -78°C (97%); (d) t-BuOK, Mel, THF, -78°C (87%); (€) DDQ, CH,Cl,-pH 7 buffer-i-PrOH (5:2:2)
(100%); (f) PACIy(MeCN),, NMP, 3, -5°C to 5°C (91%).

whereas the corresponding signals émti-acetonides are at acetonitrile and dichloromethane at —78°C to produce an al

5 100.5, 25, and 25 (Scheme 10). cohol most probably the C(15) alcoh@3 (Scheme 11).
Selective monosilylation of the C(13) alcohol in dié®  Subsequent oxidation using the Dess-Martin periodinane

was carried out usingtert-butyldimethylsilyl triflate in  (31) gave a product that was assigned as the C(15) ketone
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Scheme 12. Scheme 13.
OR
Q /W\
/\)L 108 © X _TsOH® | Me BnOLi®
Q ' H I\]BOC CI)R WN o
%NBOC i THF
0O o
NaH, 90:R=H
89
MPMCI® ( 91: R =PMB 96
| Me HoLmeo! || Y© .
OPMB OPMB u - NHp _
0s0y, R X Cl
RO . . X - MeO OMe
BocN Opmp NalOs BocN  OPMB AlMe,, NH,CIP (~ 97:X=CO5Bn 100
R Me Cl,CCOC, EtN¢ (. 92 i g‘NJNHZ
NaH, Mel® (_ ggf g B K‘Ae NaCIO,, H,0,' ([ 94:R = CHO
: 95: R = COH MeO,CCH,NH5CI® ||
—_— /N\/COZMe
Reagents and Conditions: (a) 10, THF, Et,O, -78°C then H,0,, OMe
KF, KHCO3 (reference 30); (b) NaH, DMF, p-MeOCgH4CH,CI, 101
(65%); (c) TSOH, MeOH (90%); (d) NaH, Mel, DMF (72%); (e)
0s0y (cat.), NMO, tBuOH, Me,CO then NalO,4 MeOH, H,0; (f) 1. tBuOK, HCOzMe NaBHy, z Me
NaClO,, H,0,, MeCN, NaH,PO, (65% from 93). K)\r i K)\ro
2. BF3[DEL,? \) MeOH ‘\)
N/
) ] CO,Me CO,Me
84. Since the NMR spectra of this compound and that of oso. Nt (102 = CHy MsCl, Etn) ( 104 Z = OH
ketone 76 showed myriad resonance differences notwith- R ‘NaN.k( 105: Z = OMs
standing only the presence of an additional TBS group, the H, Pd,c3| 106: Z = Ny
compound was most likely the C(15) keto®é This assign- 107: Z = NH,

ment was consistent with changes in the positions of key
peaks in thetH NMR spectra including the C(9) and (11)
methyl peaks, the C(14) methylene and the C(16) and (17)
methine peaks 6. 3.64 (d, 1H,J = 5.7 Hz, 17-H), 3.20 (d,
1H,J =18 Hz, 14-H), 2.45 (dd, 1H] = 18, 10.3 Hz, 14-H),

Reagents and Conditions: (a) n-BuLi, PhCH,OH, THF,-20°C
(97%); (b) NH,4CI, AlMe3, PhMe, 60°C (81%); (c) CI3CCOCI,
EtzN, CH,Cl,, 0°C (78%); (d) HCI, MeOH, -5°C (96%);
(e) MeO,CCH,NH3CI, EtzN, CH,Cl,, -10°C to 25°C (69%);

1.00 and 0.81 (2d, each 3H,= 7 Hz, 10-Me, 12-Me)84:
4.67 (d, 1H,J = 5.6 Hz, 16-H), 3.60 (d, 1H) = 5.7 Hz, 17-
H), 3.56 (dd, 1HJ = 18.5, 8.7 Hz, 14-H), 2.57 (dd, 1H,=
18.5, 2.0 Hz, 14-H), 1.16 and 0.97 (2d, each 3H; 7 Hz,
10-Me, 12-Me)). As expected on the basis of the stereo

(f) -BUOK, HCO,Me, THF,-10°C to 25°C; (g) BF3[DEt,, THF,
-78°C to 25°C (77% over both steps); (h) 0sO,, NalO,4, H,0,
Me,CO (79%); (i) NaBH,, MeOH, -12°C (93%); (j) EtsN,
MeSO,Cl, Et,0, -10°C (84%); (k) Me,SO, NaNg, 70°C
(87%); (1) Hy, Pd/C (cat.), MeOH (98%).

chemistry of the key aldol reaction to produ@é and 77,
DIBAL-H reduction of ketone84 proceeded to produce the
(15R)-alcohol 85 (Scheme 11). The inversion of C(15) linking the C(37)-C(33)-amino acid with the C(32)—C(26)
stereochemistry in the oxidation reduction sequence, whiclaminoalkyl oxazole. Again an allylboration strategy was used
may have been the result of a chelation controlled additiorio elaborate the C(37)—C(33)amino acid unit95. The diol
pathway (tetrahydrofuran ether as the Lewis basic site) or vi@0 was prepared from the Garner aldehy&#(32) and the
a Felkin-type addition pathway, was clearly apparent fromallylborane derivativelO (33) with oxidative cleavage of the
comparisons of théH NMR and*3C NMR spectra. intermediate C—Si bond (for a review on the oxidation of the

Methylation of alcohol85, using excess potassiutert- carbon-silicon bond, see ref. 34). Dialkylation with 4-
butoxide and methyl iodide proceeded smoothly and gavenethoxybenzyl bromide gave the dieth@t (Scheme 12).
methyl etheB6 in good yield (76%). Subsequent deprotection Selective hydrolysis of the isopropylidene ketal using 4-
of the p-methoxybenzyl residue at C(17) using DDQ oxida toluenesulfonic acid gave alcoh®2, which was doubly
tion proceeded in quantitative yield to give the alcoBal methylated by reaction with methyl iodide and sodium hy
Finally, Stille coupling (25) of the dienyl stannaBavith the  dride to produce th®,N-dimethylated ethe®3. Sequential
dienyl iodide87 using PdCJ(MeCN), as the catalyst at -5 to catalytic osmium tetraoxide mediated dihydroxylation and
5°C gave the 4,E,E,E)-tetraene nitrileB8 (91%). Stille cou  periodate cleavage gave the corresponding aldelS4je
pling at higher temperatures resulted in partial isomerizatiorwhich was further oxidized using sodium chlorite and hy
of the delicate tetraene entity. The product C(1)-C(25) (+)-drogen peroxide (35) to produce the key carboxylic &5d
calyculin A intermediate88 showed data in agreement with  The synthesis of the oxazole unit was accomplished using
that reported by the Evans group in their total synthesis oh modified Cornforth—Meyers approach (Scheme 13) (36).
(+)-calyculin A (2) (8). Benzyl estel97 was readily prepared using Evans alkylation

(37) and cleavage of the resultant oxazolidind@& using

Synthesis of C(26)-C(37) amide-oxazole unit lithium benzyloxide. Este®7 was converted to the nitril@9

We sought to prepare the amide oxazole en2itysing a  via Weinreb amide (18) synthesis using trimethylaluminum
convergent strategy with late elaboration of the amide bonéind ammonium chloride and subsequent dehydration using
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trichloroacetyl chloride and triethylamine (Scheme 13). TheScheme 14.

addition of methanol and hydrogen chloride (36) to nitrile R0 o Me

99 gave the imidatel00 that was allowed to react with HOBt, EDCI? /\)\)L

glycine methyl ester to produce thinsimidation product 95 07 MeO™ " ™ N&/'\W(;
101 C-Formylation, using the Cornforth—Meyers protocol rl-NMe or? M N

with methyl formate in the presence of potassiuart- COMe
butoxide, and boron trifluoride diethyl etherate mediated Hel EtOACb(110: R! = Boc, R? =PMB

cyclization gave the oxazolE02 Lewis acid catalysis in this
step was found to be superior to the use of acetic acid (15).

111: R*=H, R? =H

TES-CI, DIPEA, (
112: R* = Me, R? = TES

The alkenel02 was converted into the corresponding alde then Mt
hyde 103 by osmium tetraoxide mediated dihydroxylation 1Eso O "
. . . . e
and periodate cleavage. Subsequent reduction with sodium LiAIH,® WO
borohydride in methanol proceeded smoothly to produce the MeO™ %" Y N ‘
alcohol 104 Gratifyingly, this whole sequence of transforma Me;N  OTES! N{
tions from oxazolidinon®6 to alcohol104 proceeded with
out any significant racemization. Thus, esterification of alcohol 13 HO
104 with (R)-a-methoxye-(trifluoromethyl)phenylacetic
acid, 4-(N,N-dimethylamino)pyridine, and 1,3-dicyclohexyl Reagents and Conditions: (a)EDCI,1-HOBY, 4A mol. sieves; 107,
carbodiimide gave the Mosher esti8 In parallel, racemic DMF (72%); () HCI, EtOAc; (c) MeCN, 'Pr,NEt, TES-CI; Mel
benzyl 2-methyl-4-pentenoate was converted into the (59% over both steps); (d) Et,0, LiAlHy, -78°C (629%).
racemic modification of the alcohdlO4 using exactly the
same methods as in Scheme 13 and converted into the ester
mixture 109. Comparison of théH NMR spectra for esters .
108 and 109 were fully consistent with the diastereoisomic Conclusions
purity of 108and the enantiomeric purity of alcohd04, re- We have demonstrated the synthetic utility of the powerful
spectively. Brown allylboration methodology for the diastereoselective
R cE. ph construction of heavily functionalized homoallylic alcohols
°s °s and the use of this masked aldol methodology in the succinct
MEO\§:0 Meo\§:0 preparation of complex natural product arrays. Utilizing
O Me O Me this methodology, we have completed the synthesis of the
K/kro K)\ro C(1)—-C(25) tetraene nitril88 and C(26)—C(37) oxazole am-
N‘\/} N‘ Y ide 113 intermediates reported by Evans in his total synthe-
sis of synthesis of (+)-calyculinlf. This work therefore

constitutes a formal total synthesis of the (+)-antipode of
108 109 this remarkable natural product.

The alcohol104 was converted into the corresponding Experimental
amine 107 via methanesulfonylation, azide displacement, and
hydrogenation over palladium on carbon. Initial attempts atGeneral procedures
coupling the C(26)-C(32)amin&07 with the C(33)-C(37) All reactions were carried out under a dry argon or nitrogen
carboxylic acid95 employed DCC and 1-hydroxybenzotriazole atmosphere at ambient temperature unless otherwise stated.
(HOBT) hydrate as coupling agents, but yields of amid® Low reaction temperatures were recorded as bath tempera
(Scheme 14) were disappointingly low and removal of thetures. Chromatography refers to column chromatography us
side product dicyclohexylurea proved troublesome. Howing E. Merck or BDH silica gel 60, 230—400 mesh (eluants
ever, coupling of95 with 107 using 1-ethyl-3-(3-dimethyl  are given in parenthesis). Analytical thin layer chromategra
aminopropyl)carbodiimide  hydrochloride (EDCI) and phy (TLC) was performed on E. Merck precoated silica gel
dehydrated HOBT in the presence of powdered molecula60 F,s, plates. Solvents were purified by distillation. Arhy
sieves (4 A) in DMF proceeded in superior yields and gavedrous THF, E3O, PhH, and PhMe were distilled from -so
the amidel10 (72%). Conversion of esterl0to the Evans dium benzophenone ketyl. DMF was distilled at reduced
intermediatel12 (8) was achieved via cleavage of the Boc pressure from BaO or AD; and stored over molecular
and 4-methoxybenzyl protecting groups upon treatment wittsieves (4 A). CHCI, was distilled from Call Et;N andi-
a saturated solution of hydrogen chloride in ethyl acetatdr,EtN were distilled from Cakland stored over KOH. All
and direct triethylsilylation andN-methylation. These three other chemicals were used without further purificatiorr un
transformations were most conveniently accomplished in dess otherwise stated. Optical rotations were measured in
one-pot procedure. The product C(26)—-C(37) amide-oxazol€HCI; solution.
112 showed data in agreement with that reported by the Ev
ans group in their total synthesis of (+)-calyculin A (1) (8). Ethyl 3-(tributylstannyl)-(2 Z)-propenoate (12)
Finally, lithium aluminum hydride reduction of the estel2 BusSnSnBy (9.84 g, 17.0 mmol) was dissolved in THF
gave the corresponding alcoh&ll3 The product alcohol (125 mL), cooled to 0°C andh-BuLi in hexanes (1.6 M,
113 also showed data in agreement with that reported by th&0.6 mL, 0.017 mol) was added to generate a faint yellow
Evans group in their total synthesis of (+)-calyculin & (8). solution. After stirring at 0°C for 5 min, the mixture was
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cooled to —20°C and PhSCu (2.99 g, 17.3 mmol) added td656, 1596, 1458, 1399, 1315, 8784 NMR (400 MHz,
generate a red-black mixture after stirring at —20°C forCDClg) & 5.93 (m, 1H, JSnH = 64.8 Hz), 5.30 (br s, 2H,
15 min. The mixture was cooled to —78°C and treated withNH,), 2.36 (m, 3H,Js, 4 = 44.0 Hz), 1.50, 1.30, 0.90 (3m,

esterll (1.46 g, 13.0 mmol) in THF (25 mL). The mixture

27H). 13C NMR (68 MHz, CDC}) & 167.9, 161.9, 130.7,

was stirred at —78°C for 10 min, then allowed to warm t028.8, 27.2, 21.9, 13.5, 9.2. Anal. calcd. fofgH33NOSN:
~35°C and stirred between —35°C and —50°C for a furtheC 51.36, H 8.89, N 3.74; found: C 51.28, H 8.86, N 3.59.

3.5 h. MeOH (10 mL) and EO (100 mL) were added se

quentially and the mixture was allowed to warm to room3-(Tributylstannyl)-(2 Z)-butenonitrile (14)

temperature. The resulting solution was filtered through sil

Freshly distiled CJCCOCI (2.72 mL, 0.024 mol) in

ica eluting with E$O. Chromatography (hexanes) afforded CH,Cl, (10 mL) was added dropwise over 5 min &8

stannanel2 (2.72 g, 52%) and the correspondiricans
stannyl esterl7 (0.409 g, 7%). Thecis-isomer12 was ob
tained as a colorless oil. TL& = 0.2 (hexanes). EI-MS
m/z. 401, 375, 347 (IM — Bu)), 319, 233, 205, 137, 57. El-
HRMS calcd. for G H,;0,Sn: 347.1033 (M — BuU);
found: 347.1042 ([M — Bu). IR (film) (cm™): 1702, 1601,
1458, 1368, 1316, 1197, 1044, 863 NMR (400 MHz,
CDCly) & 6.41 (br s, 1HJg, 4 = 106 Hz), 4.17 (q, 2H) =
7.1 Hz), 2.13 (br d, 3H) = 2 Hz, J5, 4y = 41 Hz), 1.47-0.88
(m, 30H). *%C NMR (68 MHz, CDC}) & 171.4, 167.8,
129.3, 60.0, 29.2 (dJsnc = 18.6 Hz), 27.4 (dJs,c =
29 Hz), 27.3, 14.3, 13.7, 10.9. Anal. calcd. forgB;.0,Sn:
C 53.62, H 9.00; found: C 53.54, H 9.22. Stannyl edt@ér
was obtained as a colorless oil. TLR = 0.2 (hexanes). El-
MS m/z 347 (M — BuJ), 291, 235, 179, 113. IR (neat)
(cn?): 1715, 11761H NMR (400 MHz, CDC}) & 5.96 (m,
1H, Jsp = 64.4 Hz), 4.16 (q, 2HJ = 7.1 Hz), 2.40 (d, 3H,
J=1.5Hz), 1.50, 1.30, 0.90 (3m, 30HFC NMR (68 MHz,

(7.00 g, 0.019 mol) and B¥ (5.2 mL, 0.037 mol) in ice
cold dry CHCI, (60 mL). The resulting yellow suspension
was stirred at 0°C for 90 min, added to pH 7 buffer (50 mL),
extracted with CHCI, (125 mL) and then the extract was
dried (NgS0QO,) and chromatographed (hexanes€Et9:1) to
give nitrile 14 (6.7 g, 95%) as a faint green oil. TL& =
0.75 (hexanes—ED, 9:1). EI-MSm/z: 356 (M'*), 300 ([M —
Bu]*), 244, 186, 159, 121. EI-HRMS calcd. for, £1,,NSn:
300.0774 (M — BuJ); found: 300.0773 (M — Bu). IR
(film) (cm™): 2214, 1458, 1377, 1074, 813H NMR
(400 MHz, CDC}) & 5.90 (m, 1HJs, = 94.4 Hz), 2.12 (br
d, 3H,J = 1.8 Hz,Jg, ,, = 34.5 Hz), 1.52 (m, 6H), 1.32 (m,
6H), 1.12 (m, 6H), 0.9 (m, 9H):3C NMR (68 MHz, CDC})

& 176.3, 118.8, 109.2, 28.9, 28.4, 27.3, 13.7, 10.0. Anal.
calcd. for GgH3NSn: C 53.96, H 8.78, N 3.93; found:
C 53.57, H 8.75, N 3.69. A similar dehydration of amitie
using CLCCOCI and E{N gave nitrile19 (95%) as a color-
less oil. TLCR; = 0.9 (hexanes-ED, 9: 1). EI-MSm/z: 357

CDCl,) & 168.8, 164.3, 128.2, 59.4, 28.9, 27.3, 22.3, 14.3(M"*), 300 (M — BuJ"), 244, 188, 159, 121. EI-HRMS

13.5, 9.4. Anal. calcd. for gH30,Sn: C 53.62, H 9.00;
found: C 53.38, H 9.19.

3-(Tributylstannyl)-(2 Z)-butenamide (13)

caled. for G,H,,NSn: 300.0774 (M - Bu); found:
300.0783 ([M — Bu}). IR (film) (cm™): 2209, 1459, 1376,
1074, 995, 875, 810, 669H NMR (270 MHz, CDC}) &:
5.43 (M, 1HJgn 4= 47.7 H2), 2.27 (M, 3HJg, 14 = 35.8 H2),

AlMes in PhMe (2 M, 1.87 mL, 3.74 mmol) was added 1.50, 1.30, 0.94 (3m, 27H}*C NMR (68 MHz, CDC}) &

dropwise with stirring to a suspension of NEl (200 mg,

175.4, 115.0, 106.9, 28.8, 27.2, 24.8, 13.5, 9.6. Anal. calcd.

3.74 mmol) in PhH (20 mL) at 0°C. The colorless solution for Ci¢H3NSn: C 53.96, H 8.78, N 3.93; found: C 53.79,
was stirred at 0°C for 30 min and at room temperature fotd 8.77, N 3.77.

1 h. This mixture was transferred to est&? (500 mg,

1.24 mmol) in dry PhH (5 mL) and heated at 50°C for 24 h.3-lodo-(2Z)-butenonitrile (15)

The mixture was cooled, carefully quenched withCH di-
luted with EtO, and stirred for 30 min. Buffer (pH 7) and

N-lodosuccinimide (683 mg, 3.04 mmol) was added to
nitrile 14 (1.0 g, 2.81 mmol) in THF (10 mL). After 12 h,

saturated aqueous bB0O, were added and the mixture was more N-iodosuccinimide (340 mg, 1.51 mmol) (total 1.6

filtered through Celite eluting with EtOAc (125 mL). The
filtrate was washed with brine, dried (MggQand chromato
graphed (hexanes—f8, 1 :1) to give stannan&3 (354 mg,
76%) as a crystalline solid: mp 35°C. TLG R 0.25 (hex
anes-E{O, 1:1). EI-MSm/z 318 (M — Bu]’), 204, 184,
136, 57. EI-HRMS calcd. for GH,,NOSn: 318.0880 ([M —
Bu]"); found: 318.0848 ([M — BU). IR (CCl,) (cn™?): 3495,
3334, 1670, 1593, 1275, 788, 6644 NMR (400 MHz,
CDCly) & 6.41 (m, 1H,Js, 4 = 107 Hz), 5.50, 5.30 (2 br s,
2H, NH,), 2.14 (m, 3H,Js, 4 = 40 Hz), 1.45, 1.30, 0.90 (m,
27H). 13C NMR (68 MHz, CDC}) & 169.4, 168.7, 129.3,
29.3 (d,Jg,c= 10 Hz), 27.4, 26.7, 13.7, 11.5. Anal. calcd.

for CyHsNOSN: C 51.36, H 8.89, N 3.74; found: C 51.42,

H 9.07, N 3.77. A similar reaction of estd’7 with AlMe,
and NH,Cl gave amidel8 (72%) as low melting solid: mp
38-40°C. TLCR; = 0.23 (hexanes—HD, 1:1). EI-MSnm/z
318 ([M — BuJ"), 298, 262, 242, 204, 179, 121. EI-HRMS
calcd. for G,H,,NOSn: 318.0880 ([M — BU); found:
318.0861 ([M — Bu]). IR (KBr disc) (cnTd): 3403, 3209,

equiv.) was added and the stirring maintained a further 8 h.
Silica was added, the mixture was rotary evaporated, and
chromatographed (hexanes,®t 4:1) to give nitrile 15
(353 mg, 65%) as low melting colorless hexagonal crystals.
TLC R; = 0.20 (hexanes—-ED, 9:1). EI-MSm/z. 193 (M),

165, 149, 129, 109, 95. EI-HRMS calcd. for,HGIN:
192.9389 (M*); found: 192.9395 (Mf). IR (film) (cm™):
2224, 1613, 1376, 1272, 1101, 796 tm!H NMR
(400 MHz, CDC}) & 6.13 (m, 1H), 2.69 (d, 3H] = 1.6 Hz).

13C NMR (101 MHz, CDC}) & 122.6, 118.1, 110.2, 34.6.

3-Methyl-5-(tributylstannyl)-(2 Z,4E)-pentadienenitrile (3)
PdCL(PPh), (143 mg, 0.2 mmol) and stanna@é (2.0 g,
3.3 mmol, 1.8 equiv.) in THF (4 mL) were added sequen
tially to nitrile 15 (353 mg, 1.82 mmol) in THF (9 mL). The
resulting yellow mixture was stirred for 14 h producing a
dull red solution. After a furthe2 h atreflux, silica was
added, the mixture rotary evaporated, and chromatographed
to give nitrile 3 (382 mg, 55%) as a colorless oil. TLR =
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0.8 (hexanes—E®, 9:1). EI-MSm/z 361, 326 (M — Bu]),  (cnr)): 1744, 1241, 1199, 1177, 10944 NMR (270 MHz,
300, 270, 212, 177, 121, 94. EI-HRMS calcd. for CDCl) & 3.77 (dd, 1H,J = 9.4, 6.9 Hz), 3.66 (s, 3H), 3.62
CoH,NSN: 326.0931 ([M — Bu)): found: 326.0933 (M — (dd, 1H,J = 9.9, 6.2 Hz), 2.63 (m, 1H), 1.12 (d, 3H,=
BU). IR (film) (cm™Y): 2213, 1459, 1377, 1342, 1073, 984, 7.0 Hz), 0.92 (m, 9H), 0.55 (m, 6H}3C NMR (101 MHz,
874, 809.'H NMR (270 MHz, CDC}) & 7.14 (d, 1H,J = CDCl,) & 175.5, 64.9, 51.5, 42.5, 13.5, 6.6, 4.3. Anal. calcd.
19 Hz), 6.87 (d, 1HJ = 19 Hz), 5.18 (q, 1HJ = 0.7 Hz), for C;H,,05Si: C 56.85, H 10.41; found: C 56.97, H 10.57.
1.99 (d, 3H,J = 1.5 Hz), 1.50, 1.32, 0.90 (3m, 27H}C

NMR (68 MHZ, CDCE) S 1560, 1428, 1423, 1091, 955, (28)_2_Methy|_3_(tnethy|s||y|)oxypr0pana| (26)

29.0, 27.2, 13.6, 9.7. StannaBewas further authenticated = D|BAI-H in hexanes (1.24 M, 50 mL, 0.062 mol) was
by conversion into the corresponding dienyl iodid& 1,  added to este25 (14.4 g, 0.062 mol) in hexane (100 mL) at
(50 mg, 0.2 mmol) was added to stannaBe(68 mg, _70°C so as to maintain an internal temperature of —70°C.
0.18 mmol) in E4O (3 mL) at 0°C. After 17 h, KF (70 mg), After 2 h at—70°C, MeOH (6 mL) was added and the cold
sodium thiosulfate (100 mg), MeOH (2 drops),,®1 (2  mixture added to NSO, (60 g) in H,O (300 mL) and EO
drops), and ED (5 mL) were added and the mixture stirred (500 mL). After 1 h standing, the mixture was filtered
vigorously until colorless. The mixture was filtered through through Celite and the organic phase was separated, washed
Celite-MgSQ-sand, rotary evaporated, and chromatographegith brine, dried (MgSQ), and rotary evaporated. The-re
(hexanes—EO, 4:1) to give iodide21 (27mg, 70%) as a suylting oil was dried under vacuum (65°C at 4 mm Hg) to
colorless low melting crystalline solid. TL®& = 0.3 (hex  afford aldehyde26 (11.16 g, 89%) as a colorless oil: bp
anes-E{O, 9:1). EI-MSm/z: 219 (M), 127, 92. EI-HRMS  145°C (20 mm Hg). TLCR: = 0.43 (hexanes—ED, 9:1).
calcd. for GHgIN: 218.9545 (M™); found: 218.9547 (V). [q] 23 = +31.4° € = 9.65). IR (film) (cnTY): 2726.'™H NMR

IR (KBr disc) (cnm?): 2215, 1599, 1557, 946, 809, 724 (400 MHz, CDC}) & 9.74 (s, 1H), 3.83, (m, 2H), 2.55 (m,
NMR (300 MHz, CDC}) & 7.67 (d, 1H,J = 14.7 Hz), 7.07  1H), 1.09 (d, 3H,J = 7.0 Hz), 0.95 (m, 9H), 0.56 (m, 6H).
(d, 1H,J = 14.7 Hz), 5.15 (br s, 1H), 2.01 (br s, 3H'C 13 NMR (101 MHz, CDC}) & 204.6, 63.2, 48.8, 10.2, 6.6,

NMR (101 MHz, CDC}) & 155.2, 142.3, 116.2, 97.2, 88.7, 4.2. This crude product was used directly without further pu-
18.9. Anal. calcd. for gHgIN: C 32.90, H 2.76, N 6.40; rification.

found: C 32.85, H 2.83, N 6.01. A similar iododestannylation
of nitrile 19 (286 mg) and PdG(PPh), catalyzed coupling o AP (4 ; = A
of the resultant iodid&20 with stannanel6 gave nitrile 22 g%3R’4R) 2,4-Dimethyl-1-(triethylsilyl)oxy-5-hexen-3-ol

(39% overall) as a colorless oil. TL& = 0.8 (hexanes— trans-2-Butene (5 mL) was added t6BuOK in THE
Et,0, 9:1). EI-MSnm/z 352, 326 ([M — Buf), 300, 270, 244, 1M 7.3 mL, 7.(3 mmz)l) at —78°Cn-Buli in hexanes

214; _EI'HRMS caled. for GHpNSn: . 326'09§11_ (i (1.58 M, 4.62 mL, 7.3 mmol) was added dropwise at —78°C
Bul"); found: 3216'0931 (M — Bu). IR (film) .(cm ): 2211, and the deep yellow solution stirred at —50°C for 10 min.
1{58’ 985, 600.-H NMR (490 MHz, CDCY) & 6.80 (d, 1H,  he solution wasecooled to —78°C and (1B-methoxydiiso-
1=19.4 Hz), 6.58 (d, 1H) = 19.4 Hz)3, 5.17 (brs, 1H), 2.13 pinocampheylborane (2.77 g, 8.77 mmol) in,&t(8 mL)

(br s, 3'__0’ 1.5, 1.3, 0.8 (3m, 27H}°C NMR (101 MHz, was added dropwise. After 30 min, BBEL (1.2 mL,
CDCl3) & 157.3, 145.5, 141.4, 117.9, 97.3, 29.0, 27.2, 16.0g 4¢ mmol) followed by aldehyd26 (1.1 g, 5.44 mmol) in
13.7, 9.6. Stannane22 was further authenticated by g5 (g mL) were added dropwise. The mixture was stirred
iododestannylation giving nitril&€3 (65%) as a colorless for 3 h at—78°C, then saturated aqueous sodium perborate

oil. TLC Ry = 0.3 (hexanes-BD, 9:1). EI-MSm/z: 219 (14 1)y was added and the mixture allowed to warm u
: : . pto
(M), 127. EI-HRMS caled. for gHeIN: 218.9545 (M"); room temperature. Additional saturated aqueous sodium

. v H 1.
found: 218.9553 (M). IR (KBr disc) (cnT): 2213, 1594, o5 a10 (20 mL) was added, the mixture stirred for 12 h,

1559, 1439, 947, 831, 763, 726H NMR (400 MHz -
N ' L ~and subsequently extracted with,8t(3 x 70 mL). The or
CDCly) & 7.15 (d, 1H,J = 14.8 Hz), 6.99 (d, 1HJ = ganic phase was washed with brine, dried {8(&,), and ro

14.8 Hz), 5.23 (br s, 1H), 2.14 (br s, 3H}3C NMR tar :
; y evaporated to give alcohd7 (1.064 g, 76%) as a
(101 MHz, CDC}) & 155.7, 145.0, 116.7, 98.9, 86.9, 16.2. .joless oil: bEJ 105°C (1 mm Hg). TL& = 0.3 (hexanes—

Anal. calcd. for GHgIN: C 32.90, H. 2.76, N 6.40; found: Et,0, 9:1).[a] 2 = +20.7° € = 5.2). EI-MSm/z 259 (M),
C 32.65, H 2.75, N 6.34. 229 (M — EtJ), 203, 187, 173. EI-HRMS calcd. for
C1oH060,Si: 229.1624 (IM — Ef]); found: 229.1622 (M —

Methy! (25)-2-methyl-3-(triethylsilyl)oxypropanoate (25)  Etl’)- IR (film) (cm™): 3495, 1077, 1006, 788, 744, 730
Et,SiCl (40 mL, 0.238 mol) followed by24 (24.0 g, MR (270 MHz, CDCY) & 5.90 (m, 1H), 5.05 (m, 2H),

0.203 mol) and DMAP (10 mg) were added to ice cooled3-98 (dd, 1H,J = 2.6, 0.7 Hz), 3.72 (m, 1H), 3.60 (m, 1_H)’

imidazole (33.3 g, 0.489 mol) in Ci&l, (100 mL). After ~ >-40 (M, 1H), 2.35 (m, 1H), 1.80 (m, 1H), 1.10 (d, 3K

3 hat 0°C and 1 h atoom temperature, the mixture was -2 HZ2), 0.96 (t, 9HJ = 7.6 Hz), 0.81 (d, 3H,) = 7.0 Hz),

poured into pH 7 buffer and extracted with G&l,, washed 0:81 (@, 6H,J = 7.6 Hz). “C NMR (101 MHz, CDC)) &

with pH 7 buffer, and the aqueous phase re-extracted wit 39.6, 114.6, 80.3, 68.5, .Af1'5' 38.0, 17.9, 13'(_)' 6.9, 43

Et,0. The combined organic phases were dried (Mgso ~nal-_calcd. for GHsO,Siz C 65.05, H 11.70; found:

and filtered through alumina. The filtrate was rotary evapor C 64.70, H 11.75.

ated and the residue distilled (135°C) to afford es?ér ) ) ]

(49.5 g, 90%) as a colorless oil: bp 90°C (15-16 mm Hg).(2S,3R,4R)-2,4-Dimethyl-3-(tert-butyldimethylsilyl)oxy)-

TLC R = 0.9 (hexanes-BD, 9:1).[0]Z = +17.5° ¢ =  5-hexen-1-ol (28)

13.65). EI-MSm/z 203 (M — Et]"), 119, 117. IR (film) 2,6-Lutidine (200 pL, 1.74 mmol) followed by t-
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BuMe,SiOTf (295uL, 1.28 mmol) were added dropwise to C;gH3,05Si: 325.2110 ([M — Mel); found: 325.2222 ([M —
alcohol27(0.30 g, 1.16 mmol) in THF (5 mL) at —78°C. Af Me]*). IR (neat) (cm%): 1712, 1648, 1463, 1366, 1256,
ter stirring for 10 min at —78°C, AcOH (5 mL) and,® 1097, 1038, 862, 837, 774, 772H NMR (300 MHz,

(1 mL) were added and the mixture allowed to warm toCDCl;) & 6.82 (br d, 1H,J = 10.2 Hz), 5.85 (m, 1H), 5.00
room temperature. After a furth® h stirring, E§O (40 mL)  (m, 2H), 4.17 (m, 2H), 3.51 (t, 1H) = 4.9 Hz), 2.65 (m,
and saturated aqueous NaHC®ere added in sequence to 1H), 2.35 (m, 1H), 1.81 (d, 3H] = 1.5 Hz), 1.28 (t, 3H)] =
neutrality and the mixture was extracted with,&t The oF 7.1 Hz), 0.98 (d, 3H,) = 6.9 Hz), 0.96 (d, 3H,J = 6.4 Hz),
ganic phase was dried (MgSQ rotary evaporated, and 0.89 (s, 9H), 0.05 (s, 3H), 0.03 (s, 3HFC NMR (75 Hz,
chromatographed (hexanes»®f 9:1 to 4:1) to give ethe28  CDCl;) & 168.4, 145.4, 140.9, 126.4, 114.4, 79.6, 60.3,
(252 mg, 84%; as a colorless oil. TLR = 0.2 (hexanes— 43.0, 37.2, 26.1, 18.3, 17.7, 16.5, 14.3, 12.5, -3.7, —4.0.
Et,0, 4:1).[a] 3 -5.30° € = 6.3). EI-MSm/z: 204, 202, 201, Anal. calcd. for GgHsO3Si: C 67.00, H 10.66; found:
200, 199, 159. EI-HRMS calcd. for,gH,,0,Si: 201.1337 C 66.81, H 10.78.

(IM = Bu]*); found: 201.1322 ([M — Bu). IR (film) (cm™):

3338, 1473, 1256, 1036, 836, 774, 668.NMR (400 MHz, ) i )

CDCly) & 5.80 (m, 1H), 5.02 (m, 2H), 3.60 (m, 2H), 2.48 (4S,5R,6R)-2_,4,6-Tr|methyl-5-(tert-buty|d|methyIS|Iyl)oxy-

(m, 1H), 2.42 (m, 1H), 1.82 (m, 1H), 1.06 (d, 3H,= (2E.7)-octadien-1-ol (31)

7.0 Hz), 0.94 (d, 3H) = 7.0 Hz), 0.91 (s, 9H), 0.10 (s, 3H),  DIBAI-H in hexanes (1 M, 13.0 mL, 0.013 mol) was
0.00 (s, 3H).1°C NMR (101 MHz, CDC}) & 140.9, 114.6, added over 5 min to the est@0 (2.0 g, 5.88 mmol) in

80.7, 66.0, 43.2, 37.5, 26.0, 25.7, 18.2, 18.0, 16.02, 15.96;H,Cl, (100 mL) at —78°C. After 1 h, the mixture was-al
-3.6, —4.0. Anal. calcd. for GH3,0,Si: C 65.05, H 11.70; lowed to warm to —20°C over 1 h, recooled to —78°C and

found: C 65.04, H 11.76. MeOH (1 mL) and saturated aqueous,N88), (30 mL) were
added sequentially. After allowing to warm to room temper
ature, the CHCI, layer was removed by decantation. The re
maining crystalline residue was washed with £
(100 mL) and the combined GBI, extracts washed with
brine, dried (MgSQ), and rotary evaporated. Chromatogra-
phy (hexanes-ED, 4:1 to 1:1) gave alcohaBl (1.553 g,
86%) as a colorless oil. TL& = 0.25 (hexanes—KD, 4:1).
o] = —7.57° € = 2.8). EI-MSm/z 243 ([M — GH,]"),
25, 199, 159, 115. EI-HRMS calcd. for ,4H,,0,Si:
243.1780 (M — GH,]"), 225.1675 ([M — GHyO1"); found:
43.1786 (M — GH/]%), 225.1671 (M — GHgO]"). IR
(film) (cm™): 3309, 1254, 1039, 836, 773H NMR
(400 MHz, CDC}) & 5.85 (m, 1H), 5.43 (d, 1H] = 9.8 Hz),
4.99 (dd, 1H,J = 6.9, 1.0 Hz), 4.96 (s, 1H), 4.00 (br s, 2H),
3.43 (t, 1H,J = 4.4 Hz), 2.55 (m, 1H), 2.34 (m, 1H), 1.64 (s,
3H), 0.97 (d, 3HJ = 6.9 Hz), 0.91 (d, 3HJ = 7.0 Hz), 0.89
(s, 9H), 0.04 (s, 3H), 0.03 (s, 3H}*C NMR (101 MHz,
CDCly) & 141.6, 133.2, 129.7, 113.9, 79.7, 69.3, 42.7, 36.2,
26.1, 18.5, 18.4, 17.2, 13.9, -3.76, —3.82. Anal. calcd. for
C;7H340,Si: C 68.39, H 11.48; found: C 68.48, H 11.61.

(2R,3R,4R)-2,4-Dimethyl-3-(ert-butyldimethylsilyl)oxy-5-
hexenal (29)

DMSO (0.413 mL, 5.8 mmol) in CKCl, (2 mL) was
added dropwise with stirring over 10 min to (COLI)
(0.413 mL, 4.34 mol) in CKCI, (6 mL) at —78°C. After
25 min, alcohol28 (0.9 g, 3.49 mmol) in CEKCl, (2 mL)
was added dropwise. The mixture was stirred at —78°C fo
45 min, then EN (2.74 mL, 19.95 mmol) was added
dropwise and stirring continued at —78°C for 45 min. The
solution was allowed to warm to room temperature and pH
buffer (6 mL) and EfO (25 mL) were added. The ethereal
layer was washed with brine and dried (MggOChroma-
tography (hexanes-Fd, 4:1) afforded aldehyde?29
(695 mg, 78%% as a colorless oil. TLR; = 0.3 (hexanes—
Et,0, 9:1).[a] & = — 49.8° € = 7.6). EI-MSm/z 257 ([M +
H]%), 199 (M — BuJ"), 173, 143, 129. EI-HRMS calcd. for
CioH140,Si: 199.1154 ([M — Buj); found: 199.1158 ([M —
Bu]"). IR (film) (cm™): 1725, 1256, 1040, 1006, 915, 837,
775, 670.'H NMR (400 MHz, CDC}) & 9.78 (d, 1H,J =
2.7 Hz), 5.80 (m, 1H), 5.02, (m, 2H), 3.80 (t, 1H, =
4.4 Hz), 2.56 (m, 1H), 2.42 (m, 1H), 1.07 (d, 3H,=  (4S5R,6R)-2,4,6-Trimethyl-5-(tert-butyldimethylsilyl)oxy-

7.1 Hz), 1.051(d, 3HJ = 7.0 Hz), 0.90 (s, 9H), 0.08 (s, 3H), (2E,7)-octadienal (32)

0.05 (s, 3H).™*C NMR (68 MHz, CDC}) & 204.7, 139.9, Activated MnQ, (8.5 g, 97.8 mmol) was added to allylic
115.3, 78.0, 49.9, 43.2, 25.9, 16.2, 16.1, 12.1, -4.1, - 4.4, .010) 31 (1.50 g, 5.03 mmol) in CkCl, (50 mL), the
Anal. calcd. for GHpg0,Si: C 65.57, H 11.00; found: pj5ck mixture was stirred for 16 h and filtered through Celite

C 65.31, H 10.99. eluting with CH,Cl,. Rotary evaporation and chromatogra
phy (hexanes-ED, 9:1) gave aldehydd?2 (1.255 g, 81%) as

Ethyl (4S,5R,6R)-2,4,6-trimethyl-5-(tert-butyldimethyl- a colorless oil. TLCR, = 0.9 (hexanes—ED, 9:1).[a] ¥ =

silyl)oxy-(2E,7)-octadienoate (30) -9.7° € = 5.35). EI-MSm/z. 281 ([M — MeT"), 241, 199,

Ph,P=C(Me)CQEt (3.77 g, 10.40 mmol) in THF (10 mL) 155, 115. EI-HRMS calcd. for H,40,Si: 281.1937 ([M —
was added to aldehyd29 (1.325 g, 5.176 mmol) in THF Me]"); found: 281.1932 (M — Mé€). IR (film) (cm™):
(10 mL). The resulting yellow mixture was heated 75°C for 1690, 1641, 1462, 1377, 1255, 1099, 1034, 837, 774, 679.
3 days and cooled to room temperature, whereupodH NMR (400 MHz, CDC}) & 9.40 (s, 1H), 6.63 (dd, 1H,
unreacted ylide precipitated. This was dissolved in CHCI J=10.0, 1.3 Hz), 5.81 (m, 1H), 5.03 (br s, 1H), 5.00 (br d, 1H,
and then silica gel was added. Rotary evaporation and-chrd = 8.8 Hz), 3.60 (t, 1HJ = 4.1 Hz), 2.85 (m, 1H), 2.32 (m,
matography (hexanes—E1, 9:1) gave esteB0 (1.772 g, 1H), 1.72 (d, 3HJ = 1.3 Hz), 1.03 (d, 3H,J = 7.0 Hz), 0.95
96%) as a colorless oil. TL& 0.3 (hexanes-ED, 9:1). (d, 3H,J = 7.0 Hz), 0.91 (s, 9H), 0.08 (s, 3H), 0.05 (s, 3H).
[o] &° = -35.4° € = 2.75). EI-MSm/z 325 (M — Me]"), 285, °C NMR (101 MHz, CDC}) & 195.8, 157.8, 140.6137.6,
283 ([M — BuT"), 199, 171, 143, 125. EI-HRMS calcd. for 114.8, 79.2, 43.5, 36.9, 26.0, 18.3, 18.1, 15.7, 9337, -3.9.
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(5S,6R,7R)-1,1-Dibromo-3,5, 7-trimethyl-6-tert-butyl- Bul*). IR (film) (cm™): 1253, 1111, 1048, 1034, 836, 772.
dimethylsilyl)oxy-(1,3E,8)-nonatriene (33) 'H NMR (270 MHz, CDC}) & 6.26 (s, 1H), 5.80 (m, 2H),
CBr, (3.36 g, 0.01 mol) was added in one portion to PPh 5.00 (m, 2H), 3.49 (t, 1HJ = 4.4 Hz), 2.60 (m, 1H), 2.30
(5.30 g, 0.020 mol) in CKCl, (20 mL) at 0°C. The mixture (m, 1H), 2.04 (d, 3HJ = 0.6 Hz), 1.77 (d, 3HJ = 1.0 Hz),
was stirred 5 min, then aldehy®? (1.20 g, 4.05 mmol) in  0.95 (d, 3H,J = 7.0 Hz), 0.91 (d, 3HJ = 7.0 Hz), 0.91 (s,
CH,Cl, (10 mL) was added. After stirring for 5 min, the 9H), 0.05 (s, 3H), 0.03 (s, 3H)**C NMR (101 MHz,
mixture was filtered through silica eluting with hexanes andCDCl;) & 148.5, 141.5, 132.8, 132.4, 114.1, 79.6, 78.1,
rotary evaporated at low temperature. Chromatography- (hex43.3, 36.6, 26.1, 22.6, 18.9, 18.3, 16.3, 14.5, -3.7, —4.0. Re
anes) gave dibromid&3 (1.648 g, 89%) as an unstable celor action on a smaller scale proceeded in superior yield to give
less oil. TLCR; = 0.9 (hexanes)o] % = —7.1° € = 2.85).  iodide 35 (191 mg, 86%).
EI-MS m/z. 452 (M'*), 395, 253, 199, 172, 143, 115. EI-
HRMS calcd. for GgH3,Br,OSi: 452.0569 (M), 394.9864 (55 6R,7)-6-(tert-Butyldimethylsilyl)oxy-1-iodo-8-oxo-
(M — Bu]*); found: 452.0548 (M), 394.9929 (IM — Bu]). 2 3 5 7-tetramethylnonan-E,3E-diene (5)
IR (CCly) (cni?): 1640, 1255, 1037, 837, 788H NMR 0sQ, in THF (0.065 M, 3.5 mL, 0.244 mmol) and
(400 MHz, CDCb) & 6.93 (s, 1H), 5.82 (m, 1H), 5.72 (d, pyridine (77 uL) were added to diene35 (88 mg,
1H,J = 9.9 Hz), 5.00 (d, 1HJ = 3.2 Hz), 4.97 (s, 1H), 3.46  §.203 mmol) in dry THF (4 mL) at room temperature. The
(t, 1H,J = 4.1 Hz), 2.60 (m, 1H), 2.32 (m, 1H), 1.85 (s, 3H), mixture was stirred for 1.7 h when Celite (500 mg) and satu
0.95 (d, 3H,J = 7.0 Hz), 0.94 (d, 3HJ = 7.0 Hz), 0.91 (S, rated aqueous sodium bisulfite (3 mL) were added. After
9H), 0.05 (s, 3H), 0.03 (s, 3H)"*C NMR (101 MHz, fyrther stirring for 2.5 h, the mixture was filtered and diluted
CDCly) & 141.4, 141.2, 139.0, 130.0, 114.2, 85.3, 79.5,yith Et,0 (20 mL). The organic phase was washed with
dried (NgS0O,). Rotary evaporation and chromatography
(5SBR,7R)-3,5,7-trimethyl-6-(tert-butyldimethylsilyl)oxy- (hexanes-EO, 1:2.5) gave the crude diol (51 mg, 54%) as a
(3E,8)-nonadien-1-yne (34) colorless oil. TLCR; = 0.5 (Et0). EI-HRMS calcd. for
n-BuLi in hexanes (2.28 M, 5.0 mL, 11.4 mmol) was C,gH,,l0,Si: 437.1373 ([M — CHOHJ"); found: 437.1388
added dropwise to dibromid#3 (2.36 g, 5.22 mmol) in THF (M — CH,OH]*). IR (CCl,) (cnm?): 3399, 1253, 1075, 1032,
(25 mL) at —78°C generating a yellow solution. After 1 h, 837, 773, 600.'H NMR (400 MHz, CDCL) major
the mixture was allowed to warm to room temperature andiiasterecisomes: 6.28 (s, 1H), 5.69 (d, 1HJ = 9.9 Hz),
stirred for 1 h. Water (1 mL) was added, the mixture rotary3.72—3.35 (m, 5H), 2.72 (m, 1H), 2.02 (s, 3H), 1.80 (s, 3H),
evaporated, and KD was added. The organic phase was1.79 (m, 1H), 1.00 (d, 3H] = 6.9 Hz), 0.92 (s, 9H), 0.79 (d,
washed with brine, dried (MgS@ and chromatographed 3H, J = 7.1 Hz), 0.11 (s, 3H), 0.10 (s, 3H}3C NMR
(hexanes-EO, 49:1) to give alkyneg4 (1.23 mg, 80%) as a (101 MHz, CDC}) major diastereoisomes: 148.2, 133.7,
colorless oil. TLCR; = 0.8 (hexanes).o. %2 =-48.4° ¢ = 131.3, 79.6, 78.6, 74.0, 64.7, 39.4, 37.4, 26.0, 22.6, 18.1,
3.7). EI-MSm/z. 292 (M), 277, 237, 199, 179, 161, 115. 17.9, 14.7, 14.3, —4.0, —4.AN-MethylmorpholineN-oxide
EI-HRMS calcd. for GgH3,OSi: 292.2222 (NIf); found: (10 mg, 87umol) and OsQin H,O (0.3 M, ca 1QuL) were
292.2238 (M*). IR (film) (cm™): 3315, 2097, 1463, 1256, added to diene85 (29 mg, 67umol) in Me,CO and HO
1102, 1037, 1032, 880, 836, 774, 636, 609, 686.NMR  (1:1, 1 mL) at room temperature. The mixture was stirred for
(400 MHz, CDC}) & 5.95 (dd, 1H,J = 9.1, 1.2 Hz), 5.84 7 h when sodium bisulfite was added and, after 20 min, the
(m, 1H), 5.00 (m, 2H), 3.43 (t, 1H = 4.5 Hz), 2.76 (s, 1H), mixture was filtered through Celite. Rotary evaporation and
2.61 (m, 1H), 2.35 (m, 1H), 1.78 (d, 3H,= 1.4 Hz), 0.98  chromatography (EO) gave the crude diol (19 mg, 61%)
(d, 3H,J = 6.9 Hz), 0.92 (d, 3H,) = 6.9 Hz), 0.91 (s, 9H), and recovered triene85 (6 mg, 21%). Both of these
0.06 (s, 3H), 0.05 (s, 3H):*C NMR (101 MHz, CDC}) &  osmylation processes proved to be capricious and proceeded
143.1, 141.1, 115.5, 114.3, 87.2, 79.4, 73.5, 42.8, 37.0, 26.1n variable yield on scale up. The crude diol from either

18.3, 17.9, 17.2, 16.8, -3.78, -3.82. preparation was used directly in the next step. The crude
1,2-diol (147 mg, 0.314 mmol) was allowed to react with

(5S,6R,7R)-1-l0do-2,3,5,7-tetramethyl-6-{ert-butyl- NalO, (174 mg, 0.91 mmol) in THF (5 mL), MeOH

dimethylsilyl)oxy-(1E,3E,8)-nonatriene (35) (0.8 mL), and HO (2 mL) for 30 min at room temperature.

AlMe5 in PhMe (2 M, 1.92 mL, 3.84 mmol) was added The resulting mixture was diluted with GBI, (50 mL) and
dropwise to CgZrCl, (560 mg, 1.916 mmol) in CkCl,  washed with HO and brine. The organic layer was dried
(8 mL) and, after 10 min, alkyn®84 (510 mg, 1.75 mmol) in  (NaSQO,) and rotary evaporated to leave the crude aldehyde
CH,Cl, (6 mL) was added. After 16 h,,1(530 mg, 36 as a pale yellow oil. TLGR; = 0.4 (hexanes-ED, 9:1).
2.088 mmol) in THF (10 mL) was added and, after a furthefo] 202 = +0.41° ¢ = 3.15). EI-MSm/z: 379 ([M — BU]), 252,

30 min stirring, the solution was cooled to 0°C and carefully201, 173, 145. IR (film) (cm)): 1723, 1463, 1378, 1254,
treated with HO (3 mL). The solution was filtered through 1075, 1034, 1006, 939, 838, 773, 67BL NMR (400 MHz,
Celite eluting with EfO and the organic phase was washedCDCl;) & 9.76 (d, 1H,J = 2.6 Hz), 6.31 (s, 1H), 5.68 (d,
with pH 7 buffer and brine and dried (MgSPDRotary evap  1H,J= 9.5 Hz), 3.84 (t, 1HJ = 3.8 Hz), 2.65 (m, 1H), 2.48
oration and chromatography (hexanes) gave iodREe (m, 1H), 2.03 (s, 3H), 1.79 (s, 3H), 1.06 (d, 3Hz= 7.0 Hz),
(520 mg, 69%) as an unstable oil that turned purple upori.00 (d, 3H,J = 6.9 Hz), 0.90 (s, 9H), 0.08 (s, 3H), 0.06 (s,
prolonged standing. TLGx = 0.9 (hexanes). EI-MSwz 3H). 13C NMR (101 MHz, CDC}) & 204.7, 148.1, 134.9,
379, 377 (M — Bul), 251, 199. EI-HRMS calcd. for 130.2, 79.1, 77.7, 51.1, 37.9, 25.9, 22.6, 18.2, 17.8, 14.7,
C15Ho6lOSi: 377.0798 ([M — Bul); found: 377.0795 (M — 11.8, —4.0, —4.1. The crude aldehy86 was used in the
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next reaction without further purification. Aldehyd86  ration and chromatography (hexanes—EtOAc, 5:1) gave the
(134 mg, crude) in dry THF (3.0 mL) was added dropwise tocrude alcohol 40 (75 mg, 93%). TsOH-FpO (3 mag,
MeMgBr in PhMe and THF (3:1) (1.4 M, 724.L, 0.017 mmol) was added to alcoh®D (75 mg, 0.163 mmol)
1.0 mmol) in dry THF (4 mL) at —78°C. After 30 min, the in MeOH (1.6 mL) at room temperature. After 3 h,;Ht
mixture was poured into saturated aqueous,BiHand ice (50 pL) was added and the mixture rotary evaporated and
and extracted with EO. The extracts were combined, chromatographed (hexanes—EtOAc, 1:1 then MeOB@4
washed with brine, and dried (MgQJO Rotary evaporation 1:9) to give the crude triod1 (24 mg, 100%). AgO (60uL),
and chromatography (Ed—hexanes, 1:3) gave alcohdr  EtN (80 pL), and DMAP (5 mg) were added to trigtl
(114 mg, 80% from the diol). Since the alcol®lwas unsta (24 mg, 0.16 mmol) in CKCl, (1 mL). After 30 min, excess
ble, it was used directly in the next reaction. DMSO (86 Ac,0O was quenched with MeOH (0.1 mL). Rotary evapora
1.21 mmol) in dry CHCI, (3 mL) was added dropwise to tion and chromatography (hexanes—EtOAc, 2:1) gave triester
oxalyl chloride (88uL, 1.01 mmol) in dry CHCI, (4 mL) at 42 (45 mg, 97%) as a colorless dit] 2D° =0°(=225).IR
—78°C. After 8 min, alcohoB87 (114 mg, 0.252 mmol) in dry  (film) (cm™): 2973, 1739, 1460, 1376, 1228, 112B. NMR
CH,CI, (3 mL) was added and stirring was continued for (300 MHz, CDC}) & 4.90 (t, 1H,J = 6.5 Hz), 4.06 (dd, 2H,
10 min at —78°C, when BN (296 uL, 2.12 mmol) was J=4.5,11.0 Hz), 3.92 (dd, 2H, = 11.0, 6.5 Hz), 2.22-2.13
added dropwise. The mixture was allowed to warm up to(m, 2H), 2.05 (s, 3H), 2.04 (s, 6H), 1.00 (d, 6Hz= 7.0 Hz).
—30°C over 15 min and then diluted with,EX (50 mL). The 3C NMR (75 MHz, CDC}) & 171.1, 170.6, 76.5, 65.5,
organic phase was washed with® 0.5 M HCI, H,0, satu ~ 34.3, 21.0, 20.8, 14.9.
rated aqueous NaHGQand brine and then dried (Mg3©
Rotary evaporation and chromatography (hexane&Et (10S,11S,129)-3,7,8,10,12-Pentamethyl-13-oxo-11eft-
6:1) gave ketonés (90 mg, 79%) as a colorless oil. TLC putyldimethylsilyl)oxy-(2Z,4E,6E,8E)-tridecatetraenenitrile
R = 0.43 (hexanes—gD, 5:1).[a] 5 = +23° € = 0.70). EI-  (43)
MS mz. 435 ([M — MeJ"), 393, 301, 251, 215. EI-HRMS  PdCL(PPh), (3 mg) in THF (0.5 mL) was added to the
calcd. for GgH3)lO,Si: 435.1216 (M — Me]); found:  aldehyde36 (75 mg, 0.172 mmol) and stannyl nitrild
435.1208 ([M — Me). IR (film) (cm™): 1718, 1462, 1377, (80 mg, 0.21 mmol) in THF (0.5 mL) and the yellow mix-
1253."H NMR (300 MHz, CDC}) & 6.28 (s, 1H), 5.80 (dg, ture was heated with stirring at 60°C for 2 h. The resultant
1H,J=9.5, 1.0 Hz), 3.88 (dd, 1H] = 7.5, 2.5 Hz), 2.64 (4, black mixture was cooled and directly chromatographed
1H,J=7.5Hz), 2.57 (ddt, 1H) = 9.5, 7.5, 2.5 Hz), 2.14 (s, (hexanes-EO, 4:1) to afford the tetra-ene nitrik3 (52 mg,
3H), 2.03 (d, 3HJ = 1.0 Hz), 1.78 (d, 3HJ = 1.0 Hz), 0.97  75%) as a yellow oil. TLCR; = 0.25 (hexanes—KD, 9:1).
(d, 3H,J = 7.5 Hz), 0.93 (d, 3HJ = 7.5 Hz), 0.87 (s, 9H), [0]Z = +70.6° € = 2.3). EI-MSm/z 401 (M'*), 344, 315,
0.06 (s, 3H), 0.02 (s, 3H):®C NMR (85 MHz, CDCL) & 286, 252, 201, 173, 145, 115. EI-HRMS calcd. for
211.9, 148.3, 134.3, 130.3, 78.8, 77.6, 52.0, 36.6, 31.1, 26.25,,H;,NO,Si: 401.2750 (M"); found: 401.2751 (M). IR
22.7,18.5, 18.3, 14.7, 13.4, -3.9, -4.3. (film) (cm™): 2208, 1723, 1592, 1583, 1462, 1379, 1254,
1040, 1034, 962, 838, 775H NMR (400 MHz, CDC}) &:
(2R,49)-2,4-Dimethyl-1,3,5-pentanetriyl triacetate (42) 9.76 (d, 1H,J = 2.7 Hz), 6.99 (dd, 1HJ = 14.2, 11.2 Hz),
The silyl ether38 was prepared from methyl R-2-methyl-  6.85 (d, 1H,J = 14.8 Hz), 6.36 (d, 1H) = 10.8 Hz), 5.82
3-triethylsilyloxypropanoate (er4) (17.5 g) and (-B- (d, 1H,J = 9.5 Hz), 5.09 (br s, 1H), 3.86 (t, 1H,= 4.7 Hz),
methoxydiisopinocampheylborane following the methods a£.77 (m, 1H), 2.50 (m, 1H), 2.07 (d, 3H,= 1.3 Hz), 2.00
for the (9-antipode27. Ether 38 was dissolved in MgCO (s, 3H), 1.86 (s, 3H), 1.07 (d, 3H,= 7.0 Hz), 1.03 (d, 3HJ =
(50 mL) and HO (5 mL), then OsQin H,O (5%, 1 mL) 6.9 Hz), 0.90 (s, 9H), 0.09 (s, 3H), 0.06 (s, 3HjC NMR
and N-methylmorpholineN-oxide (9.5 g, 0.0698 mol) were (101 MHz, CDC}) & 204.6, 156.5, 143.4, 136.1, 133.5,
added. After stirring fo 6 h atroom temperature, saturated 131.7, 129.1, 125.0, 117.4, 95.1, 77.8, 51.2, 38.3, 34.1, 25.9,
aqueous sodium metabisulfite (20 mL) and Celite (20 g)22.3, 19.4, 18.2, 17.8, 14.6, 14.3, 14.1, 11.8, -4.0, —4.2.
were added and, after 3 h, the mixture was filtered. The fil
trate was rotary evaporated, the resultant solid extracted witB-(3,4-Dimethoxybenzyl)oxypropan-1-ol
Et,O (300 mL), and the filtrate washed with,@8 (2 x Camphorsulfonic acid (50 mg) and 3,4-dimethexy
50 mL), 1 M HCI (50 mL), HO (50 mL), 10% aqueous benzaldehyde (20 g, 0.120 mol) were added to 1,3-
NaHCQO; (50 mL), and brine and dried (N80O,). Rotary  propanediol (22 g, 0.289 mol) in PhH (100 mL). The mix
evaporation and chromatography (hexanes—EtOAc, 8:1 tture was heated to reflux (Dean-Stark) for 12 h, cooled to
3:2) gave the crude vicinal diol (14.2 g, 40% overall from room temperature, and treated with pH 7 buffer (50 mL).
ester en24). NalQ, (1.11 g, 6.21 mmol), MeOH (5 mL), The organic phase was separated,washed with brine (2 x
and HO (2 mL) were added to an aliquot of the diol (2.1 g, 100 mL), and dried (MgS®. The mixture was heated to-re
5.17 mmol) in THF (15 mL) and the mixture stirred for flux (Dean-Stark) for a furthe2 h and cooled to 0°C.
20 min at room temperature. An insoluble solid was re DIBAI-H in PhMe (1.46 M, 25 mL, 0.365 mmol) was added
moved by filtration and the filtrate was extracted with dropwise at 0°C, stirred for 5 min at 0°C and thé& h at
CH,CI, (3 x 50 mL). The extracts were washed with@® room temperature. A further aliquot of DIBAI-H in PhMe
and brine and dried (N&QO,). Rotary evaporation and chro (1.46 M, 8 mL) was added and the mixture stirred at room
matography (hexanes—JEl, 22:1) gave the crude aldehyde temperature for 30 min. The solution was cooled to 0°C and
39(1.93 g, 100%). NaBK(6.6 mg, 0.175 mmol) was added quenched with EtOAc (10 mL) and aqueous NaOH (3 M,
to an aliquot of the aldehyd&9 (80 mg, 0.175 mmol) in 7 mL). The resulting solution was filtered through Celite
MeOH (1 mL) with ice cooling. After 20 min, rotary evapo eluting with EtOAc and the organic fraction washed with
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H,O and brine and dried (MgSQ Rotary evaporation and 280.1675 (M*); found: 280.1678 (M). IR (CCl,) (cn™d):
chromatography (hexanes—EtOAc, 1:1, then EtOAc) gave 33469, 1612, 1593, 1465, 1420, 1364, 1265, 1239, 1168,
(3,4-dimethoxybenzyl)oxy-1-propanol (10 g, 37%) as a vis 1139, 1088, 1030, 916, 767, 7654 NMR (400 MHz,
cous oil: TLCR; = 0.25 (E$0). EI-MSm/z. 226 (M'*), 211, CDCl,) & 6.87-6.82 (m, 3H), 5.78 (m, 1H), 5.05 (m, 2H),
195, 167, 151. EI-HRMS calcd. for ;¢H,40,: 226.1205 4.46 (s, 2H), 3.89 (s, 3H), 3.88 (s, 3H), 3.65 (m, 3H), 2.85
(M™"); found: 226.1197 (M. IR (film) (cm™): 3466, 1593, (d, 1H,J = 3.4 Hz), 2.26 (m, 1H), 1.75 (m, 2H), 1.05 (d,
1515, 1465, 1420, 1365, 1360, 1265, 1238, 1157, 109(BH, J = 6.8 Hz). *C NMR (75 MHz, CDC}) & 149.0,
1028, 820, 811, 765H NMR (400 MHz, CDC}) & 6.87—  148.5, 140.8, 130.5, 120.0, 114.4, 111.1, 73.8, 72.8, 68.6,
6.83 (m, 3H), 4.45 (s, 2H), 3.88 (s, 3H), 3.87 (s, 3H), 3.79-55.7, 55.6, 43.6, 33.4, 14.8. Anal. calcd. forg8,,0,:

3.75 (m, 2H), 3.65-3.62 (m, 2H), 2.34 (m, 1H), 1.87-1.84C 68.54, H 8.63; found: C 68.45, H 8.84.

(m, 2H). C NMR (101 MHz, CDC}) & 149.0, 148.6,
130.6, 120.2, 110.9, 110.9, 73.2, 69.1, 61.9, 55.91, 55.8
55.84, 55.80, 32.1. Anal. calcd. for£,50,: C 63.70,
H 8.02; found: C 63.48, H 8.17.

8(3R,4R)-1-(3,4—Dime’[hoxybenzyl)oxy—4-methy|-3!c(art-
butyldimethyl)oxy-5-hexene (46)

2,6-Lutidine (1 mL, 859 mmol) followed byt-
BuMe,SiOTf (1.3 mL, 5.62 mmol) were added to alcol&
(1.43 g, 5.11 mmol) in CKCl, (15 mL) at —78°C. The mix
ture was allowed to warm to room temperature over 90 min
and quenched with pH 7 buffer (5 mL). The solution was di
luted with EtO (100 mL), washed with brine, dried
(MgSQ,), and evaporated to dryness. Chromatography-(hex
anes—ElO, 9:1) afforded the silyl alcohol6 (1.89 g, 94%)
as a colorless oil. TLGX = 0.5 (hexanes—BD, 1:1).[o] 3 =
+28.1° € = 7.2). EI-MSm/z: 394 (M%), 339, 281, 251, 224,
199, 173, 167, 151. EI-HRMS calcd. for ,81350,Si:
394.2539 (M"); found: 394.2524 (M). IR (film) (cm™):
1594, 1517, 1465, 1420, 1362, 1259, 1106, 1092, 1032, 912,
837, 774.*H NMR (400 MHz, CDC}) & 6.85 (m, 3H), 5.88
(m, 1H), 5.00 (m, 2H), 4.44 (d, 1H] = 11.3 Hz), 4.39 (d,
1H, J = 11.3 Hz), 3.88 (s, 3H), 3.87 (s, 3H), 3.71 (m, 1H),
3.50 (m, 2H), 2.30 (m, 1H), 1.8-1.6 (m, 2H), 0.96 (d, 3H,

= 6.9 Hz), 0.88 (s, 9H), 0.04 (s, 6HYC NMR (101 MHz,

DCl;) & 148.9, 148.4, 140.8, 131.1, 120.2, 114.2, 110.9,
110.8, 72.9, 72.8, 66.8, 55.9, 55.7, 43.0, 33.4, 25.9, 18.1,
14.8, —4.4, —4.6. Anal. calcd. for ,g4550,Si: C 66.96,
H 9.71; found: C 67.10, H 9.96.

3-(3,4-Dimethoxybenzyl)oxypropanal (44)

DMSO (3 mL, 0.042 mmol) in CKCl, (4 mL) was added
dropwise over 10 min to (COG))(3 mL, 0.034 mol) in
CH,CI, (50 mL) at —78°C. After stirring at —78°C for 25 min,
3-(3,4-dimethoxybenzyl)oxypropan-1-ol (6.0 g, 0.0265 mol)
in CH,Cl, (4 mL) was added dropwise. After 45 min, st
(20 mL, 0.143 mol) was added dropwise at —78°C and stir
ring was continued for a further 45 min; the solution was
then allowed to warm to room temperature. Buffer (pH 7,
50 mL) and EfO (200 mL) were added and the ethereal
layer was washed with brine and dried (Mgg3OChroma-
tography (hexanes—EtOAc, 1:1) gave aldehyide(4.59 g,
77%) as a colorless oil. TL& = 0.4 (hexanes—ED, 3:7).
EI-MS m/z 224 (M), 209, 193, 167, 151, 139. EI-HRMS
calcd. for G,H;60, 224.1049 (M*); found: 224.1046
(MM, IR (film) (cm™): 1723, 1712, 1593, 1515, 1465,
1420, 1363, 1265, 1258, 1157, 1092, 1028, 856, 812, 76
'H NMR (300 MHz, CDC}) & 9.80, (t, 1H,J = 1.8 Hz),
7.2-6.8 (m, 3H), 4.45 (s, 2H), 3.89 (s, 3H), 3.88 (s, 3H),
3.82 (t, 2H,J = 6.1 Hz), 2.70 (dt, 2H)] = 6.1, 1.8 Hz).:°C
NMR (75 MHz, CDC}) & 200.7, 149.1, 148.8, 130.4, 120.2,
111.2, 73.0, 63.5, 55.9, 43.8.

(25,3R)-5-(3,4-Dimethoxybenzyl)oxy-2-methyl-3tert-
(3R 4R)-1-(3,4-Dimethoxybenzyl)oxy-4-methyl-5-hexen-  butyldimethylsilyl)oxypentanal (47)
3-ol (45) Aqueous Os®Q (0.3 M, 10 drops) was added to alkené

Freshly condensedis-2-butene (5 mL) was added t& (520 mg, 1.320 mmol) in THF and & (1:1, 5 mL) andN-
BuOK (2.675 g, 0.0238 mol) in THF (50 mL) at —=78°6=  methylmorpholineN-oxide (235 mg, 1.74 mmol) and the
BuLi in hexanes (1.6 M, 15 mL, 0.024 mol) was addedbrown solution was stirred at room temperature for 7 h.
dropwise resulting in the formation of a yellow precipitate, NalO, (370 mg, 1.73 mmol) was added and the resulting
which was allowed to warm to —55°C and stirred for an ad mixture was stirred for a further 2 h, filtered through Celite,
ditional 20 min. Upon recooling to —78°C, (B-methoxy  eluting with EtO (100 mL), and the ethereal layer was
diisopinocampheylborane (8.27 g, 0.0262 mol) in,Et washed with pH 7 buffer and brine and dried ¢S&)).

(30 mL) was added dropwise over 10 min. The colorlessChromatography (hexanes—B8t 9:1 to 1:1) gave aldehyde
mixture was stirred at —78°C for 30 min, then PBEt, 47 (432 mg, 88%) as a tan oil. TL& = 0.4 (hexanes—ED,
(4.129 mL, 0.034 mol) was added in one portion followed by1:1).[o] ZDl = +44.1° ¢ = 3.2). EI-MSm/z 396 (M'*), 339,
aldehyde44 (4.45 g, 0.020 mol) in ED (25 mL) dropwise. 282, 264, 236, 224, 189. EI-HRMS calcd. fop,83505Si:

The mixture was stirred at —78°C for 4 h ang@(20 mL)  396.2332 (M*); found: 396.2286 (M). IR (film) (cm™):
was added when the mixture was allowed to warm to roonl726, 1593, 1515, 1463, 1419, 1362, 1259, 1157, 1103,
temperature. Sodium perborate (20 g) was added and tHE33, 939, 888, 777, 669H NMR (400 MHz, CDC}) &
mixture was stirred vigorously overnight. The mixture was9.78 (s, 1H), 6.87-6.82 (m, 3H), 4.44 (d, 1H= 11.6 Hz),
extracted with EfO (200 mL) and the extracts were washed4.38 (d, 1H,J = 11.5 Hz), 4.32 (m, 1H), 3.89 (s, 3H), 3.88
with H,O and brine, dried (MgS£), and rotary evaporated. (s, 3H), 3.49 (m, 2H), 2.48 (m, 1H), 1.80 (m, 2H), 1.05 (d,
Chromatography (hexanes-8t 1:1) gave alcohol45  3H,J=7.0 Hz), 0.86 (s, 9H), 0.07 (s, 3H), 0.04 (s, 3HC
(4.00 g, 72%) as a colorless oil. TLB = 0.4 (hexanes— NMR (101 MHz, CDC}) & 205.1, 148.9, 148.5, 130.7,
Et,0, 3:7).[a] 3 = +9.5° € = 9.95). EI-MSm/z 280 (M'*), ~ 120.2, 110.9, 110.8. 72.9, 69.3, 66.3, 55.9, 55.8, 55.7, 51.6,
224, 167, 151, 137, 107. EI-HRMS calcd. for,f8,,0,;  34.5, 25.7, 18.0, 7.9, —4.5, —4.6.
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2,2-Dimethyl-3-(ert-butyldimethylsilyl)oxypropanal (48) 0.88 (m, 2H), 0.05 (s, 6H), 0.01 (s, 9H}3C NMR
Imidazole (15 g, 0.220 mol) followed byBuMe,SiCl (101 MHz, CDC}L) & 136.9, 118.2, 91.7, 79.1, 77.3,
(15 g, 0.1 mol) were added to 2,2-dimethyl-1,3-propanediol72.5, 65.8,39.0, 25.8, 21.9, 20.4, 18.2, 18.1, -1.5, -5.6.
(20 g, 0.192 mol) in DMF (10 mL). The resulting viscous Anal. calcd. for GgH4.0,Si,: C 59.35, H 10.96; found:
mixture was stirred at room temperature for 16 h, thegOEt C 59.15, H 11.11.
(200 mL) and HO (200 mL) were added. The ethereal layer
was washed with pH 7 buffer (2 x 100 mL) and _brine and(3s,49)-3-(4-Methoxybenzyl)oxy-2,2-dimethyl-4-(2-
dried (MgSQ). After rotary evaporation, the residue was trimethylsilylethoxy)-methoxy-5-hexen-1-ol (51)
distilled to leave 2,2-dimethyl-3€rt-butyldimethylsilyl)oxy- KN(SiMe), (3.14 g, 0.0157 mol) in THF (20 mL) was
1-propanol (15.8 g, 63%) as a colorless oil. DMSO (1 mL,added to alcoho#9 (5.60 g, 0.0138 mol) in THF (30 mL) at
0.014 mol) in CHCl, (2 mL) was added to (COGIX1 mL,  _7g°C. After stirring for 10 min at —78°C, the mixture was
0.011 mol) in CHCI, (25 mL) at —78°C such that the inter stjrred at 0°C for 10 min and treated with 4-Me@GCH,CI
nal reaction temperature did not increase by more than 5°G2 2 mL, 0.0162 mol). After 1 h, the mixture was allowed to
This mixture was stirred at —78°C for 30 min and then thewarm up to room temperature and DMF (10 mL) added. Af
alcohol (2 g, 7.87 mmol) in C4Cl, (5 mL) was added ter 30 min, saturated aqueous MH (10 mL) was added
dropwise. The mixture was stirred at —78°C for 35 min, and the mixture was diluted with @ (400 mL), washed
then EtN (6 mL, 0.043 mmol) was added slowly and the \ith brine, and dried (MgSg). Rotary evaporation gave
mixture allowed to warm to —10°C. Buffer (pH 7, 20 mL) sily| ether 50 as a colorless oil. TLQR; = 0.45 (hexanes—
and EtO (100 mL) were added and the ethereal fractiongt,0, 1:1). EI-MSm/z 524 (M'*), 409, 393, 289, 257. El-
washed with pH 7 buffer and brine and dried ¢8&)). HRMS calcd. for GgHg,0sSi,: 524.3353 (M*); found:
Chromatography (hexanes-Bt 9:1) afforded aldehydd8 524 3357 (M*). IR (CCl,) (cm)): 1613, 1514, 1472, 1389,
(1.72 g, 86%) as a colorless oil. TLR; = 0.75 (hexanes— 1361, 1259, 1250, 1173, 1094, 1036, 924, 837, 775, &68.
E0, 9:1). IR (film) (cnT?): 1730, 1472, 1362, 1401, 1256, NMR (400 MHz, CDC}) & 7.29 (d, 2H,J = 8.5 Hz), 6.85
1103, 1006, 897, 864, 842, 775, 668 NMR (400 MHz, (d, 2H,J = 8.5 Hz), 5.92 (m, 1H), 5.28 (m, 1H), 5.24 (m,
CDCly) & 9.57 (s, 1H), 3.59 (s, 2H), 1.04 (s, 6H), 0.86 (s, 1H), 4.72 (d, 1H,]J = 7.1 Hz), 4.68 (d, 1H) = 6.9 Hz), 4.66
9H), 0.03 (s, 6H).1%C NMR (101 MHz, CDC) & 206.2,  (d, 1H,J = 6.9 Hz), 4.51 (d, 1HJ = 10.8 Hz), 4.32 (dd, 1H,
68.4, 48.1, 25.8, 18.6, 18.2, -5.6. The crude aldeM@e j =79 3.1 Hz), 3.80 (s, 3H), 3.79 (m, 1H), 3.54 (m, 3H),
was used directly in the next step without any further puri-3 27 (d, 1H,J = 9.6 Hz), 0.99 (s, 3H), 0.98 (s, 3H), 0.91 (s,

fication. 9H), 0.90 (m, 2H), 0.05 (s, 3H), 0.04 (s, 3H), 0.00 (s, 9H).
13C NMR (101 MHz, CDC}) & 158.9, 137.7, 131.4, 129.4,

(35,49)-2,2-Dimethyl-1-tert-butyldimethylsilyl)oxy-4-(2- 117.4, 113.6, 92.2, 84.4, 78.2, 75.6, 70.2, 65.7, 55.2, 40.8,

(trimethylsilyl)ethoxy)methoxy-5-hexen-3-ol (49) 25.9,21.8,21.2,18.3, 18.1, -1.5, -5.4, -5.5. Anal. calcd. for

secBuLi in hexanes (1.4 M, 20 mL, 0.028 mol) was C,gH5,05Si,: C 64.07, H 9.99; found: C 63.89, H 10.19. The
added over 10 min to M&ICH,CH,OCHSOCHCH=CH, silyl ether 50 was dissolved in B\NF in THF (1 M,
(5.30 g, 0.028 mol) in THF (75 mL) at —78°C. The resulting 0.040 mL) and maintained at room temperature for 16 h.
yellow mixture was stirred at —78°C for a further 30 min, Et,O (400 mL) and HO (100 mL) were added, and the ethe
then (+)B-methoxydiisopinocampheylborane (9.74 g, 0.031real layer was washed with brine and dried (MgsChro
mol) in EL,O (30 mL) was added dropwise over 20 min to matography (hexanes—&X, 3:2) gave alcohobl (5.65 g,
yield a colorless solution. After a further 20 min at —78°C, 98%) as a colorless oil. TL& = 0.45 (hexanes—ED, 1:1).
BF;-OEt (4.9 mL, 0.0389 mol) was added immediately-fol [o] 201 = +39.6° € = 5.8). EI-MSm/z. 410 (M), 308, 279,
lowed by the dropwise addition of aldehydi (6.50 g, 252, 179. EI-HRMS calcd. for £H350:Si: 410.2489 (MY);
0.026 mol) in E4O (30 mL). This viscous mixture was stirred found: 410.2477 (M). IR (film) (cm™): 3465, 1613, 1586,
for 4 h at—78°C and allowed to slowly warm to —40°C. 1514, 1465, 1302, 1249, 1174, 1100, 1036, 931, 859, 836,
Ethanolamine (10 mL, 0.166 mol) was added and the-mix 759, 694.'H NMR (400 MHz, CDC}) & 7.27 (d, 2H,J =
ture allowed to warm up to room temperature and stirred fo9.3 Hz), 6.86 (d, 2HJ = 8.6 Hz), 5.95 (m, 1H), 5.30 (dm,
1 h. Additional ethanolamine (10 mL) was added followed1H, J = 16.0 Hz), 5.26 (dm, 1HJ = 9.4 Hz), 4.73 (d, 1H,
by NaH dispersion in oil (50%, 50 mg). After stirring for J = 7.0 Hz), 4.69 (d, 1HJ = 11.0 Hz), 4.68 (d, 1HJ =
12 h, the mixture was extracted with EtOAc-@t (1:1, 7.0 Hz), 4.50 (d, 1HJ = 11.0 Hz), 4.36 (dd, 1HJ = 7.4,
500 mL), the extracts were washed with pH 7 buffer and3.3 Hz), 3.79 (s, 3H), 3.78 (m, 1H), 3.50 (m, 3H), 3.35 (m,
brine, and dried (MgS®. Chromatography (hexanes-8{  3H), 2.82 (brt, 1HJ =5 Hz), 1.02 (s, 3H), 0.97 (s, 3H), 0.9
9:1) afforded alcohoK9 (6.28 g, 60%) as a colorless oil. (m, 2H), 0.00 (s, 9H).®*C NMR (101 MHz, CDC}) &
TLC R = 0.45 (hexanes—BD, 9:1).[o]3 = +74.1° € = 159.3, 137.0, 130.6, 129.3, 117.4, 113.8, 92.6, 87.4, 77.7,
2.35). EI-MSm/z: 405 ([M + HJ), 331, 289, 257, 217. EI- 75.3, 70.1, 65.9, 55.2, 40.4, 23.4, 22.4, 22.2, 18.1, -1.5.
HRMS calcd. for G,H3:0,Si: 331.2305 ([M — SiMgl*);  Anal. calcd. for G,H30sSi: C 64.35, H 9.33; found:
found: 331.2148 ([M — SiMg™). IR (film) (cm™): 3500, C 64.06, H 9.42. DCC (26 mg, 0.127 mmol) was added to
1473, 1389, 1251, 1099, 1025, 933, 837, 788.NMR  alcohol 51 (40 mg, 0.0976 mmol), R)-(+)-a-methoxye-
(400 MHz, CDC}) & 5.94 (m, 1H), 5.25 (m, 2H), 4.73 (trifluoromethyl)phenylacetic acid (30 mg, 0.127 mmol), and
(d, 1H,J = 7.0 Hz), 4.63 (d, 1HJ = 7.0 Hz), 4.22 (dd, DMAP (3 mg) in dry CHCI, (0.6 mL) at 0°C under Ar. Af
1H, J = 8.2, 2.4 Hz), 3.75 (m, 1H), 3.54 (d, 1H, = ter stirring for 30 min at 0°C and 1.5 h at room temperature,
9.3 Hz), 3.52 (m, 1H), 3.48 (d, 1H} = 2.7 Hz), 3.40 (d, excess DCC was quenched with AcOH (0.1 mL). The -mix
1H,J = 9.4 Hz), 1.02 (s, 3H), 0.93 (s, 3H), 0.89 (s, 9H), ture was diluted with BED (30 mL), and the resulting insclu
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ble solid was removed by filtration. The filtrate was washed(50 mL) at —78°C. After 20 min, alcohd&3 (4.90 g, 0.0116
with 10% aqueous NaHCCand brine, and the organic layer mol) in CH,Cl, (15 mL) was added dropwise over 10 min.
was dried (MgSQ). Rotary evaporation and chromatography The mixture was stirred at —78°C for 40 min, thenNEt
(Et,O—hexanes, 1:2) gave $319-3-(4-methoxybenzyl)oxy- (10 mL, 0.0717 mol) was added and the mixture allowed to
2,2-dimethyl-4-(2-trimethylsilylethoxy)-methoxy-5-hexen-1-yl- slowly warm up to room temperature. The solution was di
(R)-(+)-a-methoxye-(trifluoromethyl)phenylacetate  56) luted with EtO (200 mL), washed with pH 7 buffer and
(50 mg, 82%) as a colorless oitH NMR (300 MHz, brine, and dried (MgSg). Chromatography (hexanes—&t
CDCl) & 7.50-7.46 (m, 2H), 7.39-7.34 (m, 3H), 7.20 (d, 4:1) gave keton®&4 (4.18 g, 85%) as a yellow oil. TL& =
2H, J = 8.5 Hz), 6.83 (d, 2H,J = 8.5 Hz), 5.82 (ddd, 1H, 0.7 (hexanes—&D, 1:1).[a] & = +23.9° € = 5.5). FAB-MS
J =175, 10.0, 7.5 Hz), 5.19-5.18 (m, 2H), 4.65 (d, IH;  mVz 445 ([M + Nal’), 437, 363, 303, 275, 252. EI-HRMS
7.0 Hz), 4.64 (d, 1HJ = 10.5 Hz), 4.61 (d, 1H) = 7.0 Hz), calcd. for G3H350sSiNa: 445.2386 ([M + Nd); found:
4.32 (d, 1H,J = 10.5 Hz), 4.30 (d, 1HJ = 10.5 Hz), 4.24 445.2345 (M + Nal). IR (film) (cm™): 1702, 1514, 1354,
(dd, 1H,J = 7.5, 3.5 Hz), 3.77 (s, 3H), 3.70 (dt, 1H= 9.5, 1257, 1248, 1173, 1101, 1036, 934, 8384 NMR
7.5 Hz), 3.50 (q, 3H,J = 1.0 Hz), 3.55-3.46 (m, 1H), 3.26 (400 MHz, CDC}) & 7.25 (d, 2H,J = 8.7 Hz), 6.85 (d, 2H,
(d, 1H,J = 3.5 Hz), 1.02 (s, 3H), 1.00 (s, 3H), 0.97-0.83 J = 8.7 Hz), 5.72 (m, 1H), 5.27 (m, 1H), 5.24 (m, 1H), 4.77
(m, 2H), —0.04 (s, 3H)XC NMR (101 MHz, CDC}) &  (d, 1H,J =10.7 Hz), 4.64 (d, 1HJ) = 6.9 Hz), 4.58 (d, 1HJ =
166.5, 159.3, 137.1, 132.5, 130.9, 129.8, 129.4, 128.66.9 Hz), 4.51 (d, 1H,J = 10.7 Hz), 4.17 (dd, 1H) = 8.2,
127.7,118.1, 113.9, 92.4, 85.1, 77.8, 75.8, 73.0, 66.1, 55.%.5 Hz), 3.80 (s, 3H), 3.75 (d, 1Hl = 5.6 Hz), 3.68 (m,
39.7, 22.1, 21.7, 18.3, —-1.3. 1H), 3.50 (m, 1H), 2.14 (s, 3H), 1.18 (s, 3H), 1.16 (s, 3H),
0.88 (apparent t, 2H), —0.02 (s, 9HFC NMR (101 MHz,
(2R/S,4S,59)-4-(4-Methoxybenzyl)oxy-3,3-dimethyl-5-((2-  CDCly) & 212.7, 159.0, 136.1, 130.8, 129.2, 118.8, 113.6,
trimethylsilyl)ethoxy)methoxy-6-hepten-2-ol (53) 92.3, 85.9, 78.7, 75.6, 65.5, 55.2, 51.6, 27.1, 23.2, 21.1,
DMSO (1.6 mL, 0.023 mol) in CKCl, (3 mL) was added 18.0, —=1.5. Anal. calcd. for £H3¢0sSi: C 65.36, H 9.06;
dropwise to (COCH (1.6 mL, 0.0183 mol) in CkCl, found: C 65.15, H 9.28.
(65 mL) at —78°C. After 30 min, alcohd1l (5.65 g, 0.0138
mol) in CH,CI, (20 mL) was added over 10 min. Following (2R,3R,4S,6R,859S)-2-(2-(3,4-Dimethoxybenzyloxy)ethyl)-
an additional 40 min at —78°C, fN (10 mL, 0.072 mol)  8-ethenyl-9-(4-methoxybenzyl)oxy-3,10,10-trimethyl-1,7-
was added and the mixture allowed to warm to room temperdioxaspiro[4.5]decan-4-ol (56a) and (R,3R,4R,6R,859S)-
ature. The solution was diluted with J& (300 mL) and  2-(2-(3,4-dimethoxybenzyloxy)ethyl)-8-ethenyl-9-(4-
washed with pH 7 buffer (100 mL) and brine and dried methoxybenzyl)oxy-3,10,10-trimethyl-1,7-
(MgSQ,). Rotary evaporation gave aldehyd® (5.04 g, dioxaspiro[4.5]decan-4-ol (56b)
89%) as a yellow oil, which was used directly in the next n-BuLiin hexanes (1.6 M, 4.0 mL, 6.39 mmol) was added
step without any further purification. MeMgBr in B  dropwise toi-Pr,NH (913uL, 6.51 mmol) in THF (8 mL) at
(3.0 M, 7.2 mL, 0.0216 mol) was added to aldehys2 (°C. After 10 min, the mixture was cooled to —78°C and
(5.04 g, 0.0123 mol) in THF (20 mL) at —78°C. The mixture ketone54 (2.29 g, 5.43 mmol) in THF (11 mL) was added
was allowed to slowly warm to 0°C, then saturated aqueoudropwise. The mixture was stirred at 55 to —45°C for
NH,CI (10 mL) was cautiously added. The mixture was di 15 min, cooled to —78°C, and then aldehyd@ (1.66 g,
luted with E;O (200 mL), washed with O and brine, and  4.19 mmol) in THF (13 mL) was added. Following an addi
dried (MgSQ). Chromatography (hexanes»8f 1:1) af  tional 20 min at —78°C, the solution was allowed to warm
forded alcohob3 (4.96 g, 95%) as a colorless oil. TLR; = slowly to —25°C over 1 h. Saturated aqueous ;8Hwas
0.5 (hexanes-ED, 1:1). FAB-MSm/z. 447 (IM + NaJ'),  added and the mixture was allowed to warm to room temper
425 ([M + HJ"), 293, 226, 199, 179. FAB-HRMS calcd. for ature. After dilution with EJO (50 mL), the mixture was ex
CoaHa0OsSiNa: 447.2543 (M + Nd); found: 447.2579 (IM +  tracted with ESO (2 x 100 mL), and the extracts were
NaJ]"). IR (film) (cm™): 3467, 1613, 1609, 1515, 1466, washed with brine and dried (B8O,). Rotary evaporation
1390, 1255, 1249, 1173, 1101, 925, 836, 758, #02NMR  and chromatography (hexanes—EtOAc, 5:2) gave recovered
(400 MHz, CDC}) & 7.28 (d, 2H,J = 8.7 Hz), 6.87 (d, 2H, 54 (440 mg) and the aldol product (3.39 g, 99%) as a color
J = 8.8 Hz), 5.98 (m, 1H), 5.29 (dm, 1H,= 17.3 Hz), 5.24 |ess oil. The aldol product was treated with TsOLOH
(dm, 1H,J = 10.5 Hz), 4.74 (d, 1HJ = 6.9 Hz), 4.70 (d, (960 mg) in MeOH (60 mL) for 1.5 h at 0°C dré h atroom
1H,J = 7.0 Hz), 4.48 (d, 1H)J = 10.8 Hz), 4.44 (m, 1H), temperature. After neutralization with J& (0.5 mL), rotary
3.90 (m, 1H), 3.80 (s, 3H), 3.76 (m, 1H), 3.56 (m, 1H), 3.43 evaporation and chromatography (hexanes—EtOAc, 1:1) gave
(d, 1H,J = 3.4 Hz), 3.41 (d, 1H) = 3.5 Hz), 1.08 (d, 3H) = spiroketal 56a (1.10 g, 48%) and56b (515 mg, 22%).
6.4 Hz), 0.96 (s, 3H), 0.92 (m, 2H), 0.89 (s, 3H), 0.01 (s,Spiroketal56awas obtained as a colorless oil. TIR = 0.40
9H). %C NMR (75 MHz, CDC}) & 159.33, 159.25, 137.7, (Et,0).[o] 2’ = +67.3° € = 4.5). EI-MSnVz 556 (M'*), 538,
137.0, 130.7, 130.4, 129.3, 117.6, 117.0, 113.9, 113.8, 92.935, 417, 405. EI-HRMS calcd. for 46H,,0q: 556.3036
92.4, 90.3, 87.7, 77.5, 77.3, 75.9, 74.7, 71.6, 71.4, 66.QM"*): found: 556.3033 (M"). IR (film) (cm™Y): 3519, 1611,
55.2,435,42.2,23.0,21.9,19.8, 18.3,18.2,17.4,17.3, -1.41515, 1465, 1420, 1414, 1302, 1248, 1119, 1111, 1071,
1031, 887, 881, 788, 768H NMR (300 MHz, CDC}) &:
(4S,59)-4-(4-Methoxybenzyl)oxy-3,3-dimethyl-5-((2- 7.27 (d, 2H,J = 8.6 Hz), 6.84 (d, 2H, = 8.7 Hz), 6.80 (m,
trimethylsilyl)ethoxy)methoxy-6-hepten-2-one (54) 3H), 6.02 (m, 1H), 5.23 (dm, 1H] = 17.4 Hz), 5.10 (dm,
DMSO (1.3 mL, 0.0183 mol) in CKCl, (3 mL) was 1H,J =10 Hz), 4.63 (dd, 1HJ = 8.6, 6.4 Hz), 4.43 (d, 1H,
added dropwise to (COGI 1.3 mL, 0.0149 mol) in CECl,  J = 11.0 Hz), 4.33 (d, 1HJ = 11.0 Hz), 4.30 (m, 1H), 4.14
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(d, 1H,J = 11.5 Hz), 4.02 (d, 1H,) = 11.4 Hz), 3.87 (s, K-Selectride was quenched with MeOH (2 mL), and then
3H), 3.86 (s, 3H), 3.79 (br d, 1H), 3.72 (s, 3H), 3.50 (m,NaOH (3 M, 5 mL) and HO, (30%, 5 mL) were added. The
3H), 1.8-1.5 (m, 4H), 1.13 (s, 3H), 0.94 (s, 3H), 0.82 (d, 3H,resulting aqueous mixture was stirred for 1.5 h at 0°C and
J = 7.1 Hz).13C NMR (75 MHz, CDC}) & 159.0, 149.0, diluted with EtO (100 mL). The ethereal layer was washed
148.4, 136.7, 131.6, 130.8, 129.2, 119.9, 117.4, 113.5yith H,O (2 x 30 mL) and brine (50 mL) and dried
111.13, 111.07, 108.3, 88.1, 83.6, 73.9, 72.3, 71.1, 67.4NaSCO,). Rotary evaporation and chromatography thex
63.2, 55.9, 55.8, 55.1, 50.6, 37.8, 33.0, 29.2, 23.7, 17.0anes—EtOAc, 3:2) gave spiroketaba (1.12 g, 93%).
10.8. Spiroketalb6b was obtained as a colorless oil. TLC
R = 0.25 (E§0). [0] 3° = +74.0° € = 2.25). EI-MSm/z 556  (25)-3-(Benzyloxy)methoxy-2-methyl-1-propanol (60) (38)
(M), 538, 435, 417, 405. EI-HRMS calcd. for,£1,,0g: PhCHOCH,CI (13.8 g, 0.088 mmol) was added to alco
556.3036 (M"); found: 556.3066 (MF). IR (film) (cm™): hol 58 (8.0 g, 0.067 mmol) andi-Pr,NEt (18.5 mL,
3438, 1611, 1515, 1466, 1450, 1363, 1248, 1139, 11049.106 mmol) in CHCI, (30 mL) at 0°C. The mixture was
1032, 992, 908, 788, 783H NMR (300 MHz, CDCh) &  subsequently stirred at room temperature for 12 h when
7.26, (d, 2HJ = 8.5 Hz), 6.84 (d, 2HJ = 8.5 Hz), 6.80 (M, MeOH (15 mL) was added. The solution was diluted with
3H), 6.02 (m, 1H), 5.23 (dm, 1H] = 17.2 Hz), 5.12 (dm, Et0 (200 mL), washed sequentially Wwitt M HCI, H,0,
1H, J = 10.0 Hz), 4.60 (dd, 1H) = 8.6, 5.6 Hz), 4.43 (d, 10% aqueous NaHCQ and brine. The organic layer was
1H, 10.9 Hz), 4.34 (d, 1H) = 10.9 Hz), 4.19 (m, 1H), 4.17 dried (MgSQ) and rotary evaporated to leave a colorless oil,
(d, 1H,J = 11.5 Hz), 4.04 (d, 1HJ = 11.5 Hz), 4.00 (dm, which was dissolved in EO® (100 mL) and added to LiAlji
1H, J = 10.5 Hz), 3.87 (s, 3H), 3.85 (s, 3H), 3.73 (s, 3H), (3.8 g, 1.0 mmol) in B (150 mL) at 0°C. After stirring for
3.55 (d, 1H,J = 5.6 Hz), 3.47 (m, 2H), 1.9-1.4 (m, 4H), 15 min at 0°C and 1 h atbom temperature, excess LiA|H
1.14 (s, 3H), 0.96 (s, 3H), 0.81 (d, 3H,= 6.9 Hz).3C  was quenched by the careful addition of MeOH. Following
NMR (75 MHz, CDC}) & 159.1, 149.1, 148.5, 137.2, 131.6, further stirring for 30 min, HO (15.2 mL) and aqueous
131.1, 129.2, 120.1, 117.1, 113.6, 111.3, 111.1, 108.3, 88.NaOH (15%, 4 mL) were added and, after 1 h, the insoluble
83.1, 73.8, 72.5, 68.6, 67.6, 67.5, 56.0, 55.9, 55.2, 50.3s0lid was removed by filtration. Rotary evaporation of the
38.4, 33.1, 32.2, 23.9, 17.0, 4.0. filtrate and chromatography (hexanes,&t1:3) gave alco-
hol 60 (14.8 g, 100%).
(2R,3S,6R,8S,95)-2-(2-(3,4-Dimethoxybenzyl)oxyethyl)-8-

ethenyl-9-(4-methoxybenzyl)oxy-3,10,10-trimethyl-1,7- Methyl (4S)-5-(benzyloxy)methoxy-4-methyl-2-pentenoate
dioxaspiro[4.5]-decan-4-one (57) (62)
From56a DMSO (243uL, 3.42 mmol) in CHCI, (5 mL) DMSO (9.5 g, 0.122 mol) in CKCl, (80 mL) was added

was added dropwise to (COGI 230 puL, 2.63 mmol) in  dropwise to (COChH (8.1 mL, 92.9 mmol) in CHCl,
CH)Cl, (5 mL) at —78°C. After 5 min, spiroketab6a (80 mL) at —78°C. After 10 min, alcohobO (14.0 g,
(1.05 g, 1.88 mmol) in CECl, (12 mL) and, after 10 min, 66.7 mmol) in CHCI, (100 mL) was added, stirring was
Et;N (767pL, 5.5 mmol) were both slowly added. The mix- continued for 15 min at —78°C and {&t (33.7 mL, 0.241
ture was allowed to warm up to 0°C over 15 min and dilutedmol) was slowly added. After stirring for 10 min, the result-
with Et,O (80 mL). The ethereal layer was washed witfOH  ing mixture was allowed to warm up to —10°C for 15 min,
(2 x 30 mL) and brine and dried (M80O,). Rotary evapora  diluted with CH,Cl, (100 mL), and washed with 40 (3 x
tion and chromatography (hexanes—EtOAc, 3:2) gave ketong5 mL) and brine. The organic layer was dried §88&,) and

57 (992 mg, 95%) as a colorless oil. TLR = 0.6 (EtO).  rotary evaporated to leave the crude aldeh§tlewhich was
H NMR (400 MHz, CDC}) & 7.27 (d, 2H,J = 9.5 Hz),  used without further purification. RR=CHCQMe (29.0 g,
6.86 (d, 2H,J = 8.7 Hz), 6.79 (d, 2HJ = 8.0 Hz), 6.74 (m, 0.867 mmol) was added to the aldehyde in C{CH,CI
2H), 6.00 (m, 1H), 5.24 (dm, 1H] = 16.2 Hz), 5.11 (dm, (200 mL) and the mixture was heated at 70°C for 16 h. After
1H,J = 10.0 Hz), 4.63 (dd, 1HJ = 8.6, 5.3 Hz), 4.44 (d, rotary evaporation, the residue was diluted with,(Et
1H,J = 10.9 Hz), 4.37 (d, 1HJ = 10.9 Hz), 4.32 (dm, 1H, (200 mL). Filtration, rotary evaporation, and chromategra
J = 10.6 Hz), 4.15 (d, 1H) = 11.6 Hz), 4.02 (d, 1HJ = phy (hexanes—EtOAc, 7:1) gave es&f (for the R)-ant
11.3 Hz), 3.87 (s, 3H), 3.86 (s, 3H), 3.74 (s, 3H), 3.58 (d,pode of62, see ref. 39) (16.7 g, 95%) as a colorless oil.
1H, J = 5.4 Hz), 3.50 (m, 2H), 2.57 (d, 1H} = 14.2 Hz), [a]Z’ =-16° € = 1.6).*H NMR (300 MHz, CDC}) & 7.26—-
2.30 (m, 1H), 2.21 (d, 1HJ = 15.0 Hz), 1.85 (m, 1H), 1.24 7.25 (m, 5H), 6.95 (dd, 1H] = 16.0, 7.0 Hz), 5.87 (dd, 1H,
(s, 3H), 1.08 (m, 1H), 1.07 (d, 3H,= 7.2 Hz), 0.96 (s, 3H). J = 16.0, 1.5 Hz), 4.73 (s, 2H), 4.57 (s, 2H), 3.71 (s, 3H),
Alcohol 56b (515 mg, 0.926 mmol) was converted i@  3.51 (d, 2H,J = 6.5 Hz), 2.66-2.57 (m, 1H), 1.08 (d, 3H,
(510 mg, 100%) under identical Swern oxidation conditions.J = 7.0 Hz).3C NMR (75 MHz, CDC}) & 167.0, 151.3,
The crude ketone from both experimebswas reduced di  137.9, 128.5, 127.9, 127.8, 120.8, 94.8, 71.7, 69.5, 51.5,

rectly without any further purification. 36.8, 16.1.
(2R,3R,4S,6R,8599)-2-[2-(3,4-Dimethoxybenzyloxy)ethyl]-  (45)-5-(Benzyloxy)methoxy-4-methyl-2-penten-1-ol (63)
8-ethenyl-9-(4-methoxybenzyl)oxy-3,10,10-trimethyl-1,7- Ester62 (16.2 g, 61.4 mmol) in CKCl, (100 mL) was
dioxaspiro[4.5]decan-4-ol (56a) added dropwise to DIBAI-H in PhMe (1.5 M, 90 mL,

Ketone 57 (1.25 g, 2.17 mmol) in THF (20 mL) was 135 mmol) in CHCI, (100 mL) at —78°C and, after 1 h, ex
added dropwise to K-Selectride in THF (0.5 M, 8.7 mL, cess DIBAI-H was quenched with MeOH (30 mL). Stirring
4.34 mmol) in THF (10 mL) at —78°C. After 2 h, the mix was continued until Klevolution ceased, then,® (40 mL)
ture was allowed to warm up to —20°C over 20 min. Excessn THF (40 mL) was carefully added to the clear solution.
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This was allowed to warm up to 0°C over 15 min and the re 72.2, 70.2, 62.2, 39.0, 36.0, 11.7. The d&d was used di
sulting suspension stirred vigorously for 1.5 h. Filtratior, ro rectly in the next step. Diob5 (15 g) was allowed to react
tary evaporation, and chromatography (hexanes—EtOAc, 1:yith (MeO),CMe, (20 mL) and pyridinium 4-toluene

gave alcohol63 (for the (R)-antipode of63, see ref. 40)
(14.3 g, 99%) as a colorless oitH NMR (300 MHz,

sulfonate (500 mg, 1.98 mmol) in PhH (100 mL) at room
temperature for 3 h. BN (ca. 1.0 mL) was added, and-ro

CDCl,) & 7.36-7.26 (m, 5H), 5.77-5.63 (m, 2H), 4.76 (s, tary evaporation and chromatography (hexanesEf:1)

2H), 4.60 (s, 2H), 4.13—-4.10 (m, 2H), 3.51 (dd, 1Hs 9.5,
6.5 Hz), 3.46 (dd, 1HJ = 9.5, 6.5 Hz), 2.54-2.46 (m, 1H),
1.28 (t, 1H,J = 6.0 Hz), 1.06 (d, 3HJ = 7.0 Hz). The prod
uct was used directly without further purification.

(25 39)-2-[1-(Benzyloxy)methoxy-(R)-propyl]-3-
(hydroxymethyl)oxirane (64)

L-(+)-Diethyl tartrate (1.9 g, 9.21 mmol) and alkeg8
(14.3 g, 60.6 mmol) in CKCI, (50 mL) were added sequen

gave etheB6 (15.9 g, 100% from epoxidé4) as a colorless
oil. [o]3® = —11.7° € = 13.8). EI-MSm/z 294 (M), 279,
115, 91. EI-HRMS calcd. for GH,¢0,: 294.1831 (M*);
found: 294.1817 (M). IR (film) (cm™): 3031, 1497, 1455.
'H NMR (300 MHz, CDC}) & 7.34-7.25 (m, 5H), 4.73 (s,
2H), 4.58 (s, 2H), 3.93 (dt, 1Hl = 11.5, 3.0 Hz), 3.89 (ddd,
1H, J = 8.5, 6.0, 2.5 Hz), 3.82 (ddd, 1H} = 11.5, 5.5,
1.5 Hz), 3.58 (dd, 1HJ = 9.5, 6.0 Hz), 3.44 (dd, 1H] =
9.5, 6.0 Hz), 1.79-1.63 (m, 2H), 1.41 (s, 3H), 1.34 (s, 3H),

tially to a suspension of powdered molecular sieves (3 A1.37-1.30 (m, 1H), 0.96 (d, 3H] = 7.0 Hz). *C NMR

8 g) in CH,CI, (50 mL). The mixture was cooled to —20°C

and Ti(Oi-Pr), (2.4 mL, 8.13 mmol) was added with stir
ring. After 20 min at —20°C{-BuOOH in 2,2,4-trimethyl

(75 MHz, CDC}) & 138.0, 128.5, 127.9, 127.7, 98.2, 94.9,
69.9, 69.5, 69.3, 60.1, 38.6, 30.0, 28.5, 19.3, 12.2. Anal.
calcd. for G/H,¢0O,; C 69.36, H 8.90; found: C 69.24,

pentane (3 M, 24 mL, 72.0 mmol) was added slowly and thed 9.00.
mixture stirred for 1.5 h at room temperature. The solution

was filtered through Celite, washing with GEl,, and the
combined washings dried (BM&O,). Rotary evaporation and
chromatography (hexanes—&t 1:2) gave epoxide64
(13.7 g, 90%) as a colorless oil. TLR = 0.40 (hexanes—
EtOAc, 1:1).[o] 2> = —26° € = 4.35). EI-MSm/z 221 (M —
CH,OH]"), 191, 174, 91. EI-HRMS calcd. for ;6H,,03:
221.1178 (M — CHOH]"); found: 221.1182 (M -
CH,OHJ"). IR (film) (cm™): 3448, 1497, 1455H NMR
(300 MHz, CDC}) & 7.37-7.29 (m, 5H), 4.75 (s, 2H), 4.60
(s, 2H), 3.89 (ddd, 1HJ) = 12.5, 4.5, 2.5 Hz), 3.64 (ddd, 1H,
J =125, 4.5, 2.5 Hz), 3.55-3.53 (m, 2H), 3.05 (dt, 1Hs
4.5, 2.5 Hz), 2.90 (dd, 1H] = 7.0, 2.5 Hz), 1.77 (sept, 1H,
J=7.0Hz), 1.67-1.64 (br m, 1H), 1.04 (d, 3Bi= 7.0 Hz).
13C NMR (75 MHz, CDC}) & 137.9, 128.6, 127.9, 127.8,

(2R,3R)-3,5-Isopropylidenedioxy-2-methyl-propane-1-ol
(67)

Ether66 (3.4 g, 11.5 mmol) in THF (10 mL) was added
dropwise to Na (630 mg, 27.3 mmol) in liquid NK10 mL)
at —78°C. After 1 h, the mixture was allowed to warm to
room temperature, for the NHo vent, and then rotary evap-
orated. The residue was extracted with L, filtered, ro-
tary evaporated, and chromatographed (hexang®-Ht:1)
to give alcohol67 (2.09 g, 100%) as a colorless dit 2> =
-11° € = 5.05). EI-MSm/z 159 ([M — Me]), 115. El-
HRMS calcd. for GH;505: 159.1021 ([M — Me]); found:
159.1025 ([M — Me]). IR (film) (cm™): 3425, 1461, 1382,
1271.'H NMR (300 MHz, CDC}) & 4.05 (ddd, 1H,J =
12.0, 4.0, 2.5 Hz), 3.96 (dt, 1H,= 11.5, 2.5 Hz), 3.86 (ddd,

94.9, 70.4, 69.5, 62.0, 58.5, 58.0, 35.9, 13.6. Anal. calcd. folH, J = 11.5, 5.5, 2.5 Hz), 3.68 (ddd, 1H, = 11.0, 7.5,

C1H,04: C 66.64, H 7.99; found: C 66.90, H 8.03.

(4R)-4-(1-(Benzyloxy)methoxy)-(R)-propyl)-2,2-
dimethyl-1,3-dioxane (66)
Epoxide64 (13.7 g, 0.0544 mmol) in THF (80 mL) was

added dropwise to Red-Al in PhMe (3.4 M, 22.6 mL,

76.8 mmol) in THF (80 mL) at —20°C. The solution was al

4.5 Hz), 3.55 (ddd, 1HJ) = 11.0, 6.5, 4.0 Hz), 2.63 (dd, 1H,
J = 6.5 4.5 Hz), 1.90-1.77 (m, 2H), 1.43 (s, 3H), 1.36 (s,
3H), 1.34-1.27 (m, 1H), 0.88 (d, 3H,= 7.0 Hz).*C NMR
(75 MHz, CDCE) & 98.4, 71.9, 65.2, 60.0, 39.3, 29.9, 26.9,
19.1, 11.6. Anal. calcd. for §;¢05: C 62.04, H 10.41;
found: C 61.71, H 10.64.

lowed to warm to room temperature over 15 min and left at(2S)-(2,2-Dimethyl-1,3-dioxolan-(R)-yl)propanal (68)
this temperature for 3 h, after which excess Red-Al was DMSO (1.8 mL, 25.4 mmol) in CKCI, (15 mL) was

guenched with MeOH at 0°C. J® (24 mL) and aqueous

added to (COChH (1.8 mL, 20.9 mmol) in CHCI,

NaOH (15%, 24 mL) were added, the mixture was stirred(20 mL) at —78°C. After 5 min, alcohob7 (2.8 g,
for 1 h atroom temperature, and the resulting insoluble solid16.1 mmol) in CHCI, (15 mL) was added and stirring
removed by filtration. The filtrate was evaporated under re was continued for 10 min at —78°C, then;Et(7.0 mL,
duced pressure and the residue chromatographed (hexanés®.0 mmol) was added slowly. Theslution was allowed to

EtOAc, 1:5) to give the diob5 (15.0 g) as a colorless oil.
TLC R = 0.38 (hexanes—EtOAc, 1:2)a]3’ = +3.3° ¢ =
6.85). EI-MSm/z 255 (M + HJ"), 223 ([IM — CH,OH]"),
205, 148. EI-HRMS calcd. for GH¢O4: 223.1334 (M —
CH,OH]"); found: 223.1340 ([M — CHOH]"). IR (film)
(cn?): 3390, 1497, 1454'H NMR (300 MHz, CDC}) &

warm to —20°C over 15 min and poured intg® The aque
ous mixture was extracted with GaI, (2 x 100 mL) and the
extracts washed with 0 and brine. The organic layer was
dried (NgSQ,), rotary evaporated, and chromatographed
(hexanes-EO, 3:2) to give aldehydé8 (2.65 g, 95%) as a
colorless oil. IR (film) (cm®): 2993, 1725, 1458, 1382H

7.32-7.23 (m, 5H), 4.71 (s, 2H), 4.56 (s, 2H), 3.98-3.92 (MNMR (300 MHz, CDC}) & 9.74 (d, 1H,J = 1.0 Hz), 4.24

1H), 3.83-3.77 (m, 2H), 3.61-3.54 (m, 2H), 2.92 (d, DH
4.0 Hz), 2.58 (br t, 1HJ = 4.5 Hz), 1.87-1.70 (m, 2H),
1.58-1.48 (m, 1H), 0.90 (d, 3H] = 7.0 Hz). 13C NMR

(75 MHz, CDCE) & 138.5, 129.0, 128.4, 128.3, 95.4, 73.8,

(ddd, 1H,J = 12.0, 5.0, 2.5 Hz), 3.97 (dt, 1H] = 12.0,
3.0 Hz), 3.84 (ddd, 1H] = 12.0, 5.0, 1.5 Hz), 2.48-2.39 (m,
1H), 1.76-1.58 (m, 2H), 1.09 (d, 3H,= 7.0 Hz).13C NMR
(75 MHz, CDCL) & 204.1, 98.5, 68.8, 59.6, 50.7, 29.7, 28.0,
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19.0, 8.3. Theunstable aldehydé8 was used directly
without furtherpurification.

(2R,3R,4RS,6R,8S,99)-8-Ethenyl-2-(2-hydroxyethyl)-9-(4-
methoxybenzyl)oxy-3,10,10-trimethyl-1,7-dioxaspiro[4.5]-
decan-4-ol (69)

1581

anes—EtOAc, 3:1)o] 2 = +10° € = 1.1). EI-MSm/z 406
(M"*), 388, 270, 234, 229, 211, 163. EI-HRMS calcd. for
C,3H3406: 406.2350 (M*); found: 406.2346 (NI). IR (film)
(cm)): 3536, 3449, 1611, 1586, 1510, 1453 NMR
(300 MHz, CDC}) & 7.19 (d, 2H,J = 8.0 Hz), 6.82 (d, 2H,

J = 8.0 Hz), 6.05 (ddd, 1HJ = 17.5, 9.5, 8.0 Hz), 5.30 (dd,

n-BuLi in hexanes (1.6 M, 9.4 mL, 15.0 mmol) was added 1H. J = 17.5, 1.0 Hz), 5.26 (dd, 1H] = 9.5, 1.0 Hz), 4.59

dropwise toi-Pr,NH (2.1 mL, 15.0 mmol) in THF (15 mL)

(dd, 1H,J = 8.0, 5.0 Hz), 4.55 (d, 1H] = 12.5 Hz), 4.43 (br

at 0°C. The clear solution was stirred for 10 min at 0°C andd: 1H.J = 11.0 Hz), 4.29 (dd, 1HJ = 11.0, 2.0 Hz), 4.25

the cooled to —78°C, at which point ketort (6.4 g,

15.2 mmol) in THF (30 mL) was slowly added over 10 min.

(d, 1H,J = 12.5 Hz), 3.82-3.73 (m, 4H), 3.78 (s, 3H), 3.48
(d, 1H,J = 5.0 Hz), 1.96-1.90 (m, 1H), 1.76 (br d, 1Bi=

The mixture was stirred at —60 to —45°C for 20 min and14:0 Hz), 1.64-1.57 (m, 1H), 1.53 (br d, 18l,= 14.0 Hz),

recooled to —78°C. Aldehyd&é8 (2.6 g, 14.9 mmol) in THF

1.35-1.34 (m, 1H), 0.93 (s, 3H), 0.84 (d, 3Bi= 7.0 Hz),

(15 mL) was added dropwise and the mixture stirred for0-81 (S, 3H).'*C NMR (75 MHz, CDCH) & 159.5, 135.7,
30 min at —78°C and then allowed to warm to —20°C. Thel30.6, 129.6, 118.4, 113.7, 108.6, 86.1, 83.9, 73.3, 70.8,

solution was poured into a mixture of saturated aqueou§9-6’ 63.3, 55.3, 50.5, 38.4, 35.2, 29.0, 23.4, 17.4, 11.1.

NH,CI and ice. The mixture was extracted with,@t(3 x
100 mL) and the organic phase washed witfOHand brine

Anal. calcd. for GgH3,04: C 67.95, H 8.43; found: C 67.60,
H 8.03. Diffraction data from a single crystal @i was ob

and dried (NaSO,). Rotary evaporation and chromatographytained on a Bruker P4 four-circle diffractometer operating in

(hexanes—-EO, 3:2) gave recovered ketosd (2.4 g, 38%)

the 6-20 scan mode at —100°C. The unit cell constants were

and the aldol adduct (5.4 g, 61%; 96% allowing for recov obtained by refinement against the setting angles for 25 re

ered54). TSOH-HO (100 mg, 0.526 mmol) was added to flections widely distributed in reciprocal space. The diffrac
this adduct (4.9 g, 8.25 mmo’l) in MeOH (100 mL) and thetion pattern exhibited symmetry consistent with the space

mixture stirred for 3.5 h at room temperaturegNE(3 mL)
was added, at which point rotary evaporation ahtcbmatog-
raphy (hexanes—EtOAc, 1:2) gave spirokdéi@l(2.86 g, 85%)

group P2,2,2, in the orthorhombic crystal system. The
structure was solved by direct methods and refined by full-
matrix least-squaresAll non-hydrogen atoms were refined

as a mixture of diastereomeric alcohols, which were directlyVith anisotropic thermal displacement parameters. Hydrogen

oxidized to produce the corresponding ketaite

(2R,3R,4S,6R,8S,9S)-8-Ethenyl-2-(2-hydroxyethyl)-9-(4-
methoxybenzyl)oxy-3,10,10-trimethyl-1,7-dioxaspiro[4.5]-
decan-4-ol (71)

DMSO (716puL, 10.1 mmol) in CHCI, (7.5 mL) was
added to (COC}) (732 puL, 8.39 mmol) in CHCI, (10 mL)
at —78°C. After stirring for 5 min, the diastereomeric alco
hols 69 (1.31 g, 3.23 mmol) in CKCl, (10 mL) were added
and stirring was continued for 10 min at —78°C.;Mt

atoms were placed in idealized positions, with the exception
of H26 and H9, which were located in the difference Fourier
map and were refined independently with isotropic thermal
displacement parameters.

(2R,3R,4S,6R,8S,99)-8-Ethenyl-9-(4-methoxybenzyl)oxy-
2-(triethylsilyl)oxyethyl-3,10,10-trimethyl-1,7-dioxaspiro-
[4.5]decan-4-ol (72)

Et;SiCl (509uL, 3.03 mmol) was slowly added over 1.5 h
to diol 71 (1.1 g, 2.71 mmol), BN (0.7 mL), and imidazole

(2.8 mL, 20.1 mmol) was added slowly, the solution was al (454 mg, 6.67 mmol) in dry CkCI, (30 mL) at —40°C (Ar).
lowed to warm up to —20°C over 15 min and then pouredAfter the mixture was stirred fo2 h at—20°C, excess re

into H,O. The aqueous mixture was extracted with CH
(2 x 100 mL) and the extracts washed with@Hand brine.
The organic layer was dried (M&0,) and rotary evaporated
to give the crude keto-aldehyd® (1.25 g). This compound

in THF (25 mL) was added dropwise to K-Selectride in THF 72 (1.1 g, 78%3

(0.5 M, 17 mL, 8.5 mmol) in THF (10 mL) at —78°C. The

mixture was stirred for 2 h at —=78°C and excess K-Selectrid&84, 429, 401, 317, 289, 241. EI-HRMS calcd.

agent was quenched with MeOH (1.0 mL) and the resultant
mixture diluted with CHCI, (50 mL). The solution was
washed with HO and brine and dried (N80,). Rotary
evaporation and chromatography (hexanes—EtOAc, 5:1) gave
as a colorless oil. TLR = 0.39 (hexanes—
Et,0, 1:1).[a] & = +49.0° ¢ = 2.35). EI-MSm/z 520 (M),

for

quenched with MeOH (10 mL). The solution was allowed to C,gH,50¢Si: 520.3220 (M*); found: 520.3213 (M). IR
warm up to —10°C and aqueous NaOH (15%, 8 mL) and -aque(film) (cm™): 3535, 2953, 1613, 1587, 1514, 146B. NMR
ous H0, (30%, 10 mL) were added sequentially at -5°C. The(300 MHz, CDC}) & 7.20 (d, 2H,J = 8.5 Hz), 6.82 (d, 2H,

resulting alkaline mixture was vigorously stirredrfd h at
0°C when it was extracted with GBI, (10 mL) and the ex
tract washed with KD and brine and dried (N&G,.). Ro-

J = 85 Hz), 6.11 (ddd, 1H] = 17.5, 10.0, 9.0 Hz), 5.20
(dd, 1H,J = 17.5, 1.0 Hz), 5.17 (dd, 1H] = 10.0, 1.0 Hz),
458 (dd, 1H,J = 9.0, 6.0 Hz), 4.45 (d, 1H) = 12.0 Hz),

tary evaporation and chromatography (hexanes—EtOAc, 1:2).28 (d, 1H,J = 12.0 Hz), 4.29-4.24 (m, 1H), 3.80 (d, 1H,

gave diol 71 (0.997 g, 76% from69) as colorless crystals:
mp 96.5-98°C (from EtOAc—hexanes). TIRE = 0.41 (hex

J = 10.0 Hz), 3.80-3.64 (m, 3H), 3.78 (s, 3H), 3.47 (d, 1H,
J = 6.0 Hz), 1.78-1.41 (m, 5H), 1.03 (s, 3H), 0.91 (t, 9H,

2Supplementary material may be purchased from the Depository of Unpublished Data, Document Delivery, CISTI, National Research Council
Canada, Ottawa, ON K1A 0S2, Canada. For information on obtaining material electronically go to http://www.nrc.ca/cisti/irm/unpub_e.shtml.
Crystallographic information has also been deposited with the Cambridge Crystallographic Data Centre. Copies of the data can be obtained,
free of charge, on application to the Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, U.K. (fax: 44-1223-336033 or e-mail:

deposit@ccdc.cam.ac.uk).
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J = 8.0 Hz), 0.87 (s, 3H), 0.81 (d, 3H,= 7.0 Hz), 0.53 (g, (2R,3R,4S,6R,8S,9S)-4-(tert-Butyldimethylsilyl)oxy-2-
6H, J = 8.0 Hz). 13C NMR (75 MHz, CDC}) & 159.2, (tert-butyldimethylsilyl)oxyethyl-8-ethenyl-9-(4-

137.1, 131.0, 129.3, 117.6, 113.7, 108.5, 87.6, 83.9, 73.Mmethoxybenzyl)oxy-3,10,10-trimethyl-1,7-

71.3, 63.3, 60.4, 55.4, 50.6, 38.1, 36.5, 29.4, 24.1, 17.3lioxaspiro[4.5]decane (75)

11.1, 7.0, 4.7. Anal. calcd. forH,¢0Si: C 66.88, H 9.29; 2,6-Lutidine (1.35 mL, 11.6 mmol) anttBuMe,SiOTf

found: C 67.13, H 9.29. (739 pL, 3.22 mmol) were added to diofl (328 mg,
0.808 mmol) in CHCI, (5.0 mL) at —10°C. After 1 h at —5°C,
(2R,3R,4S,6R, 8S,95)-4-(tert-Butyldimethylsilyl)oxy-8- the mixture was quenched with MeOH (2 mL), diluted with
ethenyl-9-(4-methoxybenzyl)oxy-2-(triethylsilyl)oxyethyl- Et,O (10 mL), washed with bO and brine, and dried
3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (73) (Na,SO,). Rotary evaporation and chromatography ¢ex

t-BuMe,SIOSQCF; (477 uL, 2.08 mmol) was added to anes—PhMe, 1:2) gave spiroke? (475 mg, 90%) as a col
72(900 mg, 1.73 mmol) andPr,NEt (906pL, 5.2 mmol) in  orless oil.[o] 3 = +58.3° € = 0.23). IR (film) (cnT?): 1614,
dry CH,Cl, (10 mL) at —=50°C (Ar). The reaction mixture 1513, 1471, 1252, 1115, 1086, 917, 899, 7#d. NMR
was allowed to warm to —20°C during 1.5 h. After excess re (300 MHz, CDC}) & 7.24 (d, 2H,J = 8.5 Hz), 6.84 (d, 2H,
agent was quenched with MeOH (2.0 mL), the mixture was) = 8.5 Hz), 6.08 (m, 1H), 5.19 (dd, 1H,= 17.3, 1.4 Hz),
rotary evaporated and then chromatographed (hexane$-09 (dd, 1HJ = 10.0, 1.9 Hz), 4.54 (m, 1H), 4.48 (d, 1H,
EtOAc, 11:1) to give73 (1.11 g, 100%) as a colorless oil. J = 11.5 Hz), 4.42 (m, 1H), 4.31 (d, 1H,= 11.5 Hz), 3.81
TLC R = 0.43 (hexanes—BD, 11:1).[a]Z = +55° (c = (m, 1H), 3.79 (s, 3H), 3.81-3.64 (m, 2H), 3.46 (d, 1H=
1.35). EI-MSm/z: 634 (M), 577, 502, 484, 457, 441, 385. 5.9 Hz), 1.67 (m, 1H), 1.61 (dd, 1H,= 14.0, 3.6 Hz), 1.48—
EI-HRMS calcd. for GgHg,06Si,: 634.4085 (MY); found:  1.38 (m, 2H), 1.37 (dd, 1H] = 14.0, 2.0 Hz), 1.04 (s, 3H),
634.4075 (M"). IR (film) (cm™): 2953, 1614, 1587, 1515, 0.88 (s, 18H), 0.85 (s, 3H), 0.81 (d, 3B~ 7.1 Hz), 0.02 (s,
1464, 14221H NMR (300 MHz, CDC}) & 7.21 (d, 2H,J =  3H), 0.00 (s, 9H).»*C NMR (75 MHz, CDC}) & 158.8,
8.5 Hz), 6.82 (d, 2H,) = 8.5 Hz), 6.06 (ddd, 1H) = 17.5, 138.1, 131.4, 129.0, 115.7, 113.5, 106.8, 88.1, 82.5, 73.3,
10.0, 8.0 Hz), 5.16 (dd, 1H] = 17.5, 1.0 Hz), 5.06 (dd, 1H, 71.0, 63.1, 61.0, 55.2, 50.8, 38.7, 36.4, 30.6, 26.0, 25.8,
J = 10.0, 1.0 Hz), 4.49 (dd, 1H] = 8.0, 6.0 Hz), 4.46 (d, 24.1,18.3,18.1, 17.3, 10.6, —4.5, —4.8, -5.2, -5.3.
1H, J = 12.0 Hz), 4.37 (dt, 1H,] = 9.0, 3.0 Hz), 4.29 (d,
1H, J = 12.0 Hz), 3.78 (s, 3H), 3.81-3.73 (m, 2H), 3.65— (2R,3R,4S,6R,8R,9S)-4-(tert-Butyldimethylsilyl)oxy-2-
3.57 (m, 1H), 3.44 (d, 1HJ = 6.0 Hz), 1.71-1.55 (m, 2H), (tert-butyldimethylsilyl)oxyethyl-9-(4-methoxybenzyl)oxy-
1.44-1.32 (m, 3H), 1.01 (s, 3H), 0.91 (t, 98,= 8.0 Hz), 3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane-8-
0.85 (s, 9H), 0.79 (d, 3HJ) = 7.0 Hz), 0.53 (g, 6HJ = carboxaldehyde (6)
8.0 Hz), —0.01 (s, 3H), —0.02 (s, 3H)*C NMR (75 MHz, Ozone was bubbled through spiroketédb (83.5 mg,
CDCl,) & 159.0, 138.2, 131.5, 129.1, 115.7, 113.6, 106.90.128 mmol) in CHCI, (4 mL) at —78°C for 1 min, then
88.2, 82.6, 73.5, 71.2, 63.4, 61.0, 55.3, 50.9, 38.8, 36.6, 30.Me,S (1 mL) was immediately added. The solution was
25.9, 24.2,18.2, 17.4, 10.7, 7.0, 4.7, —4.4, —4.7. Anal. calcdourged with N and allowed to warm to room temperature.
for C3sHe06Si: C 66.20, H 9.84; found: C 66.48, H 9.95. After 1 h, the mixture was filtered through BBO,, rotary

evaporated, and chromatographed (hexang®sE®:1) to

(2R,3R,4S,6R 8R,99)-4-(tert-Butyldimethylsilyl)oxy-9-(4- give_spiroketal6 (72.5 mg, 89%) as a pale yellow oil.
methoxybenzyl)oxy-2-(triethylsilyl)oxyethyl-3,10,10- [a] 3 = +72.9° € = 0.17). IR (film) (cn7d): 1726, 1614,
trimethyl-1,7-dioxaspiro[4.5]decane-8-carboxaldehyde (74) 1516, 1466, 1386, 1252, 1128, 1113, 1083, 835, 7Fb.

0;-O, was bubbled through alkene73 (43 mg, NMR (300 MHz, CDC}) & 9.65 (d, 1H,J = 3.0 Hz), 7.15
0.0726 mmol) in CHCI, (3 mL) at —78°C. The solution, sat (d, 2H,J = 8.5 Hz), 6.80 (d, 2HJ = 8.5 Hz), 4.66 (m, 1H),
urated with Q, was stirred for 10 min and purged with Ar 4.38 (d, 1H,J = 11.0 Hz), 4.36 (dd, 1HJ = 6.5, 3.0 Hz),
when MeS (1 mL) was added and the mixture was allowed4.28 (d, 1H,J = 11.0 Hz), 3.84 (m, 1H), 3.76 (s, 3H), 3.75
to warm up to room temperature over 1 h. Rotary evapora(d, 1H,J = 6.5 Hz), 3.59 (m, 1H), 3.49 (m, 1H), 1.66 (dd,
tion and chromatography (hexanes &t 7:1) gave 74  1H,J=14.0, 3.5 Hz), 1.57 (m, 1H), 1.45 (dd, 1Bi= 14.0,
(35 mg, 76%) as a colorless oil. TLE = 0.50 (hexanes— 2.5 Hz), 1.48-1.34 (m, 2H), 1.04 (s, 3H), 0.85 (s, 9H), 0.83
Et,0, 4:1).[a] 2 = +97° (€ = 1.64). EI-MSm/z 636 (M*), (s, 9H), 0.80 (d, 3HJ = 7.1 Hz), 0.80 (s, 3H), 0.00 (s, 3H),
608, 579, 441, 339, 163. EI-HRMS calcd. fog8.,0,Si,;  —0.01 (s, 3H), -0.03 (s, 3H), -0.05 (s, 3HFC NMR
636.3878 (M*): found: 636.3888 (M). IR (film) (cm™Y): (75 MHz, CDC}) & 206.0, 159.0, 130.4, 129.5, 113.5, 109.1,
2953, 1723, 1613, 1514, 1464, 1385 NMR (300 MHz, 88.8, 84.9, 74.0, 70.6, 62.9, 59.4, 55.2, 50.7, 38.5, 36.3, 30.3,
CDCly) & 9.63 (d, 1H,J = 3.0 Hz), 7.16 (d, 2HJ) = 8.5 Hz),  25.9, 25.7, 23.5, 18.2, 18.0, 16.8, 10.5, —4.6, —4.9, -5.4.
6.81 (d, 2H,J = 8.5 Hz), 4.63 (dt, 1H]) = 9.5, 2.5 Hz), 4.39
(d, 1H,J = 11.0 Hz), 4.35 (dd, 1H] = 6.5, 3.0 Hz), 4.28 (d, (2R,3R,4S,6R,8S,95)-4-(tert-Butyldimethylsilyl)oxy-2-
1H, J = 11.0 Hz), 3.83 (q, 1HJ = 3.0 Hz), 3.77 (s, 3H), (tert-butyldimethylsilyl)oxyethyl-((1S,4S,5S,6S)-5-(tert-
3.75 (d, 1H,J = 6.5 Hz), 3.59-3.54 (m, 2H), 1.69-1.54 (m, butyldimethylsilyl)oxy-1-hydroxy-10-iodo-3-0x0-4,6,8,9-

1H), 1.47-1.41 (m, 2H), 1.03 (s, 3H), 0.89 (t, 98, = tetramethyldeca—7,9-dien-1-yl)-9-(4-methoxybenzyl)oxy-
8.0 Hz), 0.87 (s, 9H), 0.81 (d, 3H,= 7.0 Hz), 0.79 (s, 3H), 3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (76)
0.50 (g, 6H,J = 8.0 Hz), 0.00 (s, 3H), —0.01 (s, 3H¥C n-BuLi in hexanes (2.5 M, 94.3.L, 0.236 mmol) was

NMR (75 MHz, CDC}) & 206.1, 159.2, 130.4, 129.6, 113.6, added dropwise to (M&i),NH (54.9 uL, 0.260 mmol) in
109.2, 88.8, 85.0, 74.1, 70.7, 63.2, 59.5, 55.3, 50.9, 38.6THF (0.5 mL) at —30°C and the mixture stirred at —20°C for
36.4, 30.4, 25.8, 23.6, 18.1, 17.0, 10.6, 6.9, 4.6, —4.4, —4.8.20 min and then cooled to —78°C. Ketore (106 mg,
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0.236 mmol) in THF (1.5 mL) was added over 7 min and the10.5 Hz), 2.03 (s, 3H), 1.78 (s, 3H), 1.77-1.67 (m, 1H),
mixture stirred for an additional 7 min at —78°C. Aldehy@le 1.41-1.21 (m, 4H), 0.97 (d, 3H), = 7.0 Hz), 0.97 (s, 3H),
(140 mg, 0.219 mmol) in THF (1.25 mL) was added over0.91-0.77 (m, 18H), 0.88 (s, 9H), 0.84 (s, 9H), 0.50 (q, 6H,
7 min and the mixture left for 7 min at —78°C. The mixture J = 8.0 Hz), 0.07 (s, 3H), 0.00 (s, 3H),-0.01 (s, 3H), —0.03
was quenched with saturated aqueous,8H1.0 mL) and (s, 3H).'3C NMR (75 MHz, CDC}) & 214.9, 159.1, 148.2,
allowed to warm up to room temperature over 2 h. Thesolu133.7, 131.5, 130.5, 129.5, 113.8, 107.0, 86.8, 82.2, 78.8,
tion was diluted with EIO (10 mL), washed with 5D  76.1, 74.8, 71.0, 67.0, 64.2, 61.7, 55.4, 52.7, 51.1, 47.7,
(2 mL) and brine (1 mL), and dried (N&0O,). Rotary evape  38.8, 36.6, 36.0, 30.4, 26.4, 26.0, 23.8, 22.8, 18.8, 18.6,
ration and chromatography (hexanes€Et9:1) gave ketone 18.1, 17.5, 14.6, 13.0, 10.7, 7.0, 4.5, -3.6, —4.1, —4.5, -5.0.
76 (181 mg, 76% from6) as a pale yellow oil[a] %O = DDQ (3.4 mg, 16.6umol) was added to spiroketal7
+22.4° € = 0.17). FAB-HRMS (Nal added) calcd. for (15.0 mg, 13.8umol) and molecular sieves (3 A, 10 mg) in
Cs3Hgsl0gSisNa: 1109.5226 ([M + Nd); found: 1109.5277 CH,CI, (1 mL) at —20°C. The mixture was allowed to warm
(M + NaJ*). IR (film) (cm™): 3560, 1707, 1613, 1514, to 0°C and stirred for 10 min when it was diluted with,@t
1464, 1384, 1361, 1251, 1110, 1083, 1023, 836, #F6. and quenched with saturated aqueous NakiG®e organic
NMR (300 MHz, CDC}) & 7.29 (d, 2H,J = 8.6 Hz), 6.87 phase was washed with,8 (1 mL) and brine (1 mL) and
(d, 2H,J = 8.6 Hz), 6.32 (s, 1H), 5.92 (d, 1H,= 9.5 Hz), dried (NgSQO,). Rotary evaporation and chromatography
461 (d, 1H,J = 11.5 Hz), 4.54 (d, 1HJ = 11.5 Hz), 4.33 (hexanes-EO, 6:1) gave acetal8 (7.0 mg, 49%) as a cel
(m, 1H), 4.04 (m, 2H), 3.90 (dd, 1H, = 9.6, 5.7 Hz), 3.84 orless oil. TLCR; = 0.44 (2 developments, hexanes,&t

(m, 1H), 3.80 (s, 3H), 3.77 (m, 1H), 3.64 (d, 14,=  7:1). *H NMR (300 MHz, CDC}) & 7.40 (d, 2H,J =

5.7 Hz), 3.38 (m, 1H), 3.20 (d, 1H] = 18.0 Hz), 3.17 (m, 8.5 Hz), 6.83 (d, 2HJ = 8.5 Hz), 6.23 (s, 1H), 5.77 (d, 1H,
1H), 2.65 (m, 1H), 2.62 (m, 1H), 2.45 (dd, 1d,= 18.5, J = 9.0 Hz), 5.52 (s, 1H), 4.21-4.14 (m, 2H), 4.04 (dd, 1H,
10.3 Hz), 2.07 (s, 3H), 1.82 (s, 3H), 1.76 (m, 1H), 1.61 (dd,J = 9.0, 6.0 Hz) 3.93 (dd, 1H] = 6.5, 2.5 Hz), 3.77 (s, 3H),
1H,J = 14.0, 3.5 Hz), 1.46-1.36 (m, 2H), 1.28 (m, 1H), 1.023.74 (d, 1H,J = 6.0 Hz), 3.77-3.73 (m, 1H), 3.60-3.52 (m,
(s, 3H), 1.00 (d, 3HJ = 6.9 Hz), 0.91 (s, 9H), 0.88 (s, 3H), 1H), 3.49-3.41 (m, 1H), 2.83 (dd, 1H, = 15.5, 3.0 Hz),
0.87 (s, 9H), 0.86 (s, 9H), 0.84 (s, 3H), 0.81 (d, 3H=  2.68 (dg, 1H,J = 7.0, 6.5 Hz), 2.60 (dd, 1H) = 15.5,

7.1 Hz), 0.10 (s, 3H), 0.03 (s, 3H), 0.01 (s, 3H), 0.00 (s,8.0 Hz), 2.47 (dg, 1HJ = 7.0, 2.5 Hz), 2.00 (s, 3H), 1.70 (s,
3H), —0.03 (s, 6H)°C NMR (75 MHz, CDC}) & 214.7, 3H), 1.66-1.37 (m, 5H), 1.09 (s, 3H), 0.90-0.79 (m, 39H),
159.0, 148.0, 133.6, 131.4, 130.3, 129.2, 113.7, 106.9, 86.8.49 (g, 6H,J = 8.0 Hz), 0.03 (s, 3H), 0.01 (s, 3H), —0.02 (s,
82.0, 78.7, 76.0, 74.7, 70.9, 66.8, 64.2, 62.0, 55.2, 52.53H), —0.05 (s, 3H).

51.0, 47.6, 38.6, 36.3, 35.8, 30.2, 26.2, 26.0, 25.8, 23.6, 22.7,

18.7,18.3,17.9,17.3, 14.4, 12.9, 10.6, -3.8, —4.3, —4.7, —5.29R 3R 4S,6R 85,95)- 4-(tert-Butyldimethylsilyl)oxy-2-(tert

—5.3, -5.5. butyldimethylsilyl)oxyethyl-((1 S,3R,4S,5S,65)-5-(tert-
butyldimethylsilyl)oxy-1,3-dihydroxy-10-iodo-4,6,8,9-

(2R,3R,4S,6R,8S,95)-4-(tert-Butyldimethylsilyl)oxy-2- tetramethyldeca-7,9-dien-1-yl)-9-(4-methoxybenzyl)oxy-

(triethylsilyl)oxyethyl-((1 S,4S,5S,6S)-5-(tert- 3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (79) and

butyldimethylsilyl)oxy-1-hydroxy-10-iodo-3-ox0-4,6,8,9- (2R,3R,4S,6R,8S,99)-4-(tert-butyldimethylsilyl)oxy-2-(tert-
tetramethyldeca-7,9-dien-1-yl)-9-(4-methoxybenzyl)oxy- butyldimethylsilyl)oxyethyl-((1 S,3S,4S,5S,65)-5-(tert-
3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (77) butyldimethylsilyl)oxy-1,3-dihydroxy-10-iodo-4,6,8,9-
Ketone5 (78 mg, 0.173 mmol) in dry THF (1 mL) was tetramethyldeca-7,9-dien-1-yl)-9-(4-methoxybenzyl)oxy-
slowly added to LiN(SiMg), in THF (0.26 M, 665puL, 3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (80)
0.173 mmol), freshly prepared from HN(SilJe andn-BulLi LIAIH, in THF (1 M, 76 puL, 79 umol) was added
at —78°C (Ar). After 7 min, aldehyde74 (99 mg, dropwise to keton&6 (20.9 mg, 19.umol) in THF (1 mL)
0.156 mmol) in dry THF (1 mL) was added at —78°C. After at —78°C. After 1 h, the mixture was quenched withCH
stirring for 30 min at —78°C, the mixture was allowed to (100uL) and allowed to warm to room temperature. The so
warm to —=50°C over 15 min, then solid N&I (100 mg) was lution was diluted with CHCI, and Celite and anhydrous
added and the mixture was diluted with,@t(50 mL). The Na,SO, were added with vigorous stirring. After 30 min, the
mixture was washed with 40 and brine and dried mixture was filtered through Celite with GBIl,. Rotary
(Na,SO,). Rotary evaporation and chromatography ¢hex evaporation and chromatography (hexanegoEb:1) gave
anes—EfO, 9:1) gave77 (73.5 mg, 43%) along with recev diol 80 (3.1 mg, 15%) and dio¥V9 (15.0 mg, 73%) both as
ered starting ketoné (43 mg, 54%) and aldehyd&4  pale yellow oils. Data for dioBO: TLC R; = 0.46 (hexanes—
(35 mg, 35%). The aldol addu@ was obtained as a color Et,0, 5:1).[¢] 204 = +29.7° € = 0.28). FAB-HRMS (Nal
less oil. TLCRs = 0.23 (hexanes—KD, 6:1).[q] E,O = +22°  added) calcd. for §Hg/104SisNa: 1111.5383 ([M + Nd&);
(c = 0.60). IR (film) (cnT): 3571, 1706, 1614, 1514, 1463, found: 1111.5403 ([M + N&). IR (film) (cm™): 3508, 1514,
1382, 13021H NMR (300 MHz, CDC}) & 7.26 (d, 2H,J = 1471, 1252, 1111, 1080, 835, 7734 NMR (300 MHz,
8.5 Hz), 6.84 (d, 2HJ = 8.5 Hz), 6.28 (s, 1H), 5.88 (d, 1H, CDCl,) & 7.27 (d, 2H,J = 8.5 Hz), 6.87 (d, 2HJ = 8.5 Hz),
J = 9.5 Hz), 457 (d, 1HJ = 11.5 Hz), 452 (d, 1HJ =  6.27 (s, 1H), 5.81 (d, 1HJ = 10.0 Hz), 4.71 (d, 1HJ =
11.5 Hz), 4.31-4.25 (m, 1H), 4.01 (dd, 18= 7.5, 2.0 Hz), 11.3 Hz), 4.35 (d, 1HJ = 11.3 Hz), 4.35-4.17 (m, 2H),
3.99 (dt, 1H,J = 9.0, 2.5 Hz), 3.88-3.73 (m, 3H), 3.77 (s, 4.03-4.00 (m, 2H), 3.80 (s, 3H), 3.82-3.58 (m, 5H), 2.89-
3H), 3.60 (d, 1H,J = 5.5 Hz), 3.36 (dt, 1HJ = 10.0, 2.84 (m, 2H), 2.76 (m, 1H), 2.03 (s, 3H), 1.96 (m, 1H), 1.81
5.5 Hz), 3.15 (d, 1HJ = 2.5 Hz), 3.11 (dd, 1HJ = 18.5, (s, 3H), 1.69 (m, 1H), 1.60-1.22 (m, 6H), 0.97 (d, 3Hs
1.5 Hz), 2.64-2.54 (m, 2H), 2.41 (dd, 1Hl = 18.5, 7.0 Hz), 0.93 (s, 3H), 0.90 (s, 9H), 0.89 (s, 3H), 0.87 (s,
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9H), 0.86 (s, 9H), 0.86 (m, 3H), 0.82 (d, 3d,= 7.1 Hz), 18.3, 18.2, 18.0, 17.3, 14.5, 10.6, 10.2, 4.8,5, —4.8, 5.0,

0.12 (s, 3H), 0.06 (s, 6H), 0.00 (s, 9H). Data for dit:  —5.2.

TLC R, = 0.54 (hexanes—BD, 5:1).[a]3' = +25.2° € =

0.27). IR (film) (cnTY): 3489, 1514, 1471, 1252, 1109, 1080, (2R,3R,4S,6R,8S,95)-4-(tert-Butyldimethylsilyl)oxy-2-

970, 939, 899, 835, 739H NMR (300 MHz, CDCk) & (tert-butyldimethylsilyl)oxyethyl-8-((4S,65)-((2S,3S,4S)-3-

7.25 (d, 2H,J = 8.6 Hz), 6.87 (d, 2HJ = 8.6 Hz), 6.20 (s, (tert-butyldimethylsilyl)oxy-8-iodo-4,6,7-trimethylocta-

1H), 5.97 (d, 1H,J = 9.7 Hz), 4.71 (d, 1HJ = 11.3 Hz), 5,7-dien-2-yl)-2,2-dimethyl-1,3-dioxan-6-yl)-9-(4-meth-

4.33 (d, 1HJ = 11.3 Hz), 4.23 (m, 1H), 4.08 (m, 1H), 4.02 oxybenzyl)oxy-3,10,10-trimethyl-1,7-dioxaspiro[4.5]-

(dd, 1H,J = 4.5, 2.1 Hz), 3.88 (dd, 1HJ = 8.8, 6.2 Hz), decane (82)

3.80 (s, 3H), 3.77 (m, 2H), 3.72 (d, 1H,= 6.2 Hz), 3.60 Ketal 82 (18 mg, 77%), which was prepared in an identi

(m, 1H), 3.47 (m, 1H), 3.18 (m, 1H), 2.74 (m, 1H), 2.11 (br cal manner to that reported for ketal, was obtained as

d, 1H,J = 14.5 Hz), 2.02 (s, 3H), 1.79 (s, 3H), 1.72-1.23 a colorless oil. TLCR; = 0.46 (hexanes—PhMe, 1:3}] % =

(m, 8H), 1.14 (s, 3H), 0.99 (d, 3H] = 6.9 Hz), 0.91 (s, -2.8° € = 0.56). FAB-HRMS (Nal added) calcd. for

9H), 0.87 (s, 9H), 0.85 (s, 3H), 0.84 (s, 9H), 0.82 (d, 3H, CsgH;0;104Si;Na: 1151.5696 ([M + Na); found: 1151.5679

J=7.1Hz), 0.74 (d, 3HJ = 7.0 Hz), 0.08 (s, 6H), 0.00 (s, ([M + Na]*). IR (film) (cm™): 1614, 1514, 1463, 1380, 1250,

6H), —0.01 (s, 6H)13C NMR (75 MHz, CDC}) & 159.4, 1083, 1029, 836, 774H NMR (400 MHz, CDC}) & 7.26 (d,

148.3, 133.2, 130.0, 129.6, 114.2, 107.1, 87.6, 82.4, 77.72H, J = 8.6 Hz), 6.84 (d, 2H,J = 8.6 Hz), 6.20 (s, 1H), 6.03

76.2, 75.0, 74.5, 72.3, 70.8, 64.2, 61.8, 55.2, 51.1, 46.0(d, 1H,J = 9.4 Hz), 4.56 (d, 1H, = 11.5 Hz), 4.43 (d, 1H,

39.3, 38.4, 36.3, 34.8, 30.2, 26.0, 25.9, 24.0, 22.6, 19.8] = 11.5 Hz), 4.16 (m, 1H), 4.12 (m, 1H), 4.04 (dd, 1Hs+

18.30,18.29, 17.5, 14.5, 12.0, 10.7, —4.0, —4.6, —4.7, -5.09.6, 5.6 Hz), 3.92 (dt, 1H) = 15.0, 5.0 Hz), 3.78 (s, 3H),

-5.2, -5.3. 3.82-3.75 (m, 2H), 3.67 (dd, 1H,= 5.0, 1.0 Hz), 3.56 (m,
1H), 3.55 (d, 1HJ = 5.7 Hz), 2.77 (m, 1H), 2.03 (br s, 3H),
1.90 (m, 1H), 1.83 (m, 1H), 1.81 (m, 1H), 1.77 (d, 3Hz

(2R,3R,4S,6R,8S,95)-4-(tert-Butyldimethylsilyl)oxy-2- 0.8 Hz), 1.60 (dd, 1HJ = 14.0, 3.5 Hz), 1.58 (m, 1H), 1.46
(tert-butyldimethylsilyl)oxyethyl-8-((4R,65)-((2S,35,45)-3-  (m, 1H), 1.41 (m, 1H), 1.34 (dd, 1H, = 14.0, 2.0 Hz), 1.31
(tert-butyldimethylsilyl)oxy-8-iodo-4,6,7-trimethylocta- (s, 3H), 1.13 (s, 3H), 0.96 (d, 3H,= 7.0 Hz), 0.96 (s, 3H),

5,7-dien-2—y|)—2,2—dimethyl-1,3-diqxan-6-.yl)-9-(4—methoxy— 0.93 (s, 9H), 0.87 (s, 9H), 0.86 (s, 9H), 0.84 (d, 3H=
benzyl)oxy-3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (81) 7.1 Hz), 0.83 (s, 3H), 0.82 (d, 3H,= 7.0 Hz), 0.08 (s, 6H),
Pyridinium toluene-4-sulfonate (6.5 mg, 26L) was 0.02 (s, 3H), 0.00 (s, 3H), —0.04 (s, 3H), —0.05 (s, 3HL
added to diol79 (28.4 mg, 26umol) and 2-methoxy- NMR (100 MHz, CDC}) & 158.5, 148.6, 132.7, 131.6, 131.2,
propene (5QuL, 521 pmol) in CH,CI, (1.0 mL) at 0°C and  128.3, 113.4, 106.6, 99.9, 86.1, 82.9, 78.6, 77.5, 74.4, 70.8,
the mixture stirred fo 1 h at room temperature. BN 67.4,65.1, 63.7, 61.8, 55.2, 50.9, 44.9, 36.7, 35.3, 35.2, 30.2,
(0.1 mL) was added at 0°C, and the mixture was rotary26.0, 25.8, 25.2, 25.1, 23.6, 22.5, 20.2, 18.3, 18.2, 18.0, 17.1,
evaporated to 30% by volume, diluted with,8t(10 mL), 14.3, 10.5, 8.6, —4.1, —4.3, -4.6, -5.0, -5.2, -5.3.
washed with HO (1 mL) and brine (1 mL), and dried
(Na;SO,). Rotary evaporation and chromatography thex (2R,3R, 4S,6R,8S,99)-4-(tert-Butyldimethylsilyl)oxy-2-
anes-PhMe, 1:2 to 1:3) gave ke@il (19.2 mg, 65%) as a  (tert-butyldimethylsilyl)oxyethyl-((1 S,3R,4S,5S,65)-3,5-
pale yellow oil. TLCR; = 0.66 (hexanes—&D, 6:1).[a]5’ = di(tert-butyldimethylsilyl)oxy-1-hydroxy-10-iodo-4,6,8,9-
—6.5° € = 0.18). FAB-HRMS (Nal added) calcd. for tetramethyldeca-7,9-dien-1-yl)-9-(4-methoxybenzyl)oxy-
CsgH101l0gSigNa: 1151.5696 ([M + Né; found: 1151.5779  3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (83)
(M + Na]"). IR (film) (cm™): 1614, 1514, 1463, 1379,  {-BuMe,SiOTf (2.37 pL, 6.61 pmol) in dry CH,CN
1252, 969, 774, 732, 669H NMR (400 MHz, CDCh) &  (23.7uL) was added to dio9 (6 mg, 5.3umol) and 2,6-
7.26 (d, 2H,J = 8.6 Hz), 6.85 (d, 2H,) = 8.6 Hz), 6.22 (s, |utidine (20.0pL, 0.17 mmol) in CHCl,~CH,CN (1:1,
1H), 6.00 (d, 1H,J = 9.4 Hz), 457 (d, 1HJ = 11.5 Hz), 0.8 mL) at -50°C. After 10 min, the solution was cooled to
4.39 (d, 1H,J = 11.5 Hz), 4.15 (m, 2H), 3.93 (dd, 1H,=  -78°C when additional t-BuMe,SiOTf (2.37 L,
5.0, 2.5 Hz), 3.91 (dd, 1H] = 9.5, 5.5 Hz), 3.89 (dt, IHJ=  6.61 pmol) in dry CH,CN (23.7 uL) was added. After
10.0, 5.3 Hz), 3.80 (s, 3H), 3.76 (m, 1H), 3.68 (ddd, IH; 10 min, furthert-BuMe,SiOTf (2.37uL, 6.61umol) in dry
11.5,9.0, 2.5 Hz), 3.53 (d, 1H,= 5.5 Hz), 3.51 (dt, 1H) =  CH,CN (23.7uL) was added and, after a further 15 min,
10.0, 6.0 Hz), 2.61 (ddt, 1H] = 9.4, 7.0, 2.0 Hz), 2.03 (s, the reaction mixture was quenched with precooled MeOH
3H), 1.89 (dt, 1HJ = 12.5, 2.5 Hz), 1.78 (br s, 3H), 1.73 at —78°C. The mixture was diluted with & (10 mL),
(m, 1H), 1.71 (m, 1H), 1.58 (dd, 1H] = 14.2, 3.6 Hz), washed with HO (1 mL) and brine (1 mL), and dried
1.46 (m, 1H), 1.39 (m, 1H), 1.35 (s, 3H), 1.32 (m, 1H), (Na,SO,). Rotary evaporation and chromatography ¢hex
1.30 (s, 3H), 1.20 (g, 1H) = 12.5 Hz), 0.94 (d, 3HJ =  anes-E/0, 24:1 to 15:1) gave alcoh@3 (4.7 mg, 74%) as
7.0 Hz), 0.93 (s, 3H), 0.92 (s, 9H), 0.87 (s, 9H), 0.86 (s,a colorless oil[a] & = +30.6° € = 0.29). FAB-HRMS (Nall
9H), 0.81 (d, 3H,J = 6.9 Hz), 0.80 (s, 3H), 0.77 (d, added) calcd. for GH;;104Si,Na: 1225.6248 (M +
3H, J = 7.1 Hz), 0.08 (s, 3H), 0.05 (s, 3H), 0.01 (s, NaJ); found: 1225.6307 ([M + Nd&). IR (film) (cm™):
3H), —0.01 (s, 6H), —0.04 (s, 3H¥3C NMR (100 MHz, 3480, 1514, 1471, 1252, 1078, 1030, 836, 7#3.NMR
CDCly) & 158.7, 148.5, 132.9, 131.7, 131.4, 129.0,(300 MHz, CDC}) & 7.25 (d, 2H,J = 8.6 Hz), 6.81 (d, 2H,
113.4, 106.8, 97.6, 86.2, 83.7, 77.7, 75.0, 74.5, 70.9) = 8.6 Hz), 6.23 (s, 1H), 5.96 (d, 1H, = 9.3 Hz), 4.57
70.8, 67.6, 63.8, 61.8, 55.2, 50.4, 45.5, 38.5, 36.5, 34.5(d, 1H,J = 11.4 Hz), 4.51 (d, 1HJ = 11.4 Hz), 4.19 (m,
33.7, 30.5, 30.2, 26.0, 25.93, 25.86, 238.5, 19.9, 2H), 3.99 (m, 1H), 3.81 (m, 1H), 3.77 (s, 3H), 3.76 (m,
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1H), 3.69 (m, 2H), 3.60 (m, 1H), 3.58 (m, 1H), 3.47 (m, (1 mL) and dried (Ng§SO,). Rotary evaporation and chto
1H), 2.57 (m, 1H), 2.01 (s, 3H), 1.75 (s, 3H), 1.87-1.08 matography (hexanes—f&, 16:1) gave alcohol 85
(m, 8H), 1.01 (s, 3H), 0.95 (d, 3H] = 7.0 Hz), 0.91 (s, (30.6 mg, 97%) as a pale yellow ofl] 205 = +45.0° € =
9H), 0.87 (s, 3H), 0.86 (s, 9H), 0.84 (s, 9H), 0.83 (s, 9H),0.24). FAB-HRMS  (Nal added) calcd. for
0.79 (d, 3H,J=7.1 Hz), 0.71 (d, 3HJ = 7.1 Hz), 0.09 (s, CsgH;1110¢SiyNa: 1225.6248 (M + Nd&); found:
3H), 0.06 (s, 3H), 0.05 (s, 3H), 0.04 (s, 3H), 0.00 (s, 3H),1225.6286 ([M + Nal). IR (film) (cm™): 3526, 1614,
-0.01 (s, 3H), -0.06 (s, 3H), -0.07 (s, 3HC NMR 1515, 1471, 1252, 1106, 1071, 836, 778 NMR
(75 MHz, CDCE) & 158.9, 148.3, 132.7, 131.5, 131.1, (300 MHz, CDC}) & 7.21 (d, 2H,J = 8.6 Hz), 6.81 (d,
129.0, 113.6, 107.0, 87.4, 84.1, 78.1, 76.6, 74.1, 73.0, 71.2H, J = 8.6 Hz), 6.23 (s, 1H), 5.96 (d, 1H), = 9.3 Hz),
69.5, 64.4, 61.2, 55.2, 50.5, 46.3, 38.0, 35.9, 35.4, 31.04.49 (d, 1H,J=11.3 Hz), 4.42 (d, 1HJ = 11.3 Hz), 4.34
26.4, 26.0, 23.7, 22.6, 19.1, 18.5, 18.2, 17.9, 17.6, 14.4m, 1H), 4.17 (m, 1H), 3.98 (m, 1H), 3.92 (m, 1H), 3.75

10.9, 10.2, —4.0, 4.1, —4.5, -4.8, -5.2. (m, 1H), 3.75 (s, 3H), 3.52 (d, 1H] = 5.5 Hz), 3.63-
3.47 (m, 2H), 3.43 (m, 1H), 3.28 (s, 1H), 2.56 (m, 1H),
(2R,3R,4S,6R,8S,9S)-4-(tert-Butyldimethylsilyl)oxy-2- 2.00 (s, 3H), 1.78 (s, 3H), 1.69-1.12 (m, 8H), 0.99 (s,
(tert-butyldimethylsilyl)oxyethyl-((3R,4S,5S,65)-3,5- 3H), 0.96 (d, 3HJ = 7.1 Hz), 0.89 (s, 9H), 0.86 (s, 3H),
di(tert-butyldimethylsilyl)oxy-10-iodo-1-ox0-4,6,8,9- 0.85 (s, 9H), 0.81 (s, 9H), 0.80 (s, 9H), 0.78 (d, 3H+
tetramethyldeca-7,9-dien-1-yl)-9-(4-methoxybenzyl)oxy- 7.1 Hz), 0.69 (d, 3HJ = 6.8 Hz), 0.21 (s, 3H), 0.04 (s,
3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (84) 3H), 0.00 (s, 6H), —0.01 (s, 3H), —0.03 (s, 3H), —0.09 (s,

Dess-Martin periodinane (31) (28.4 mg, 6imol) was 6H). *C NMR (75 MHz, CDC}) & 159.2, 148.4, 133.3,
added to alcoho83 (16.1 mg, 13.3umol) in CH,Cl, (1 mL). 131.0, 130.1, 129.4, 113.8, 106.6, 89.3, 83.6, 78.0, 76.9,
After 40 min, the mixture was diluted with g and quenched 74.8, 71.0, 68.7, 67.2, 64.5, 61.2, 55.2, 50.8, 45.4, 37.9,
with saturated aqueous NaHgOand saturated aqueous 36.6, 36.3,35.8, 30.7, 26.6, 26.0, 23.82.6, 18.7, 18.4,
Na,SO, at 0°C. After vigorous stirring for 30 min, the or 18.1,17.3,14.4,10.9, 9.9, -2.9, -3.4.2, —-4.4, -4.6, 4.8,
ganic phase was washed with® (1 mL) and brine (1 mL) -5.3.
and dried (NaSO,). Rotary evaporation and chromatography
(hexanes—PhMe, 2:5) gave keto@é (12.8 mg, 80%) as a (2R,3R,4S,6R,8S,95)-4-(tert-Butyldimethylsilyl)oxy-2-
pale yellow oil.[o] 3 = +50.7° € = 0.15). FAB-HRMS (Nal  (tert-butyldimethylsilyl)oxyethyi-((1 R,3R,4S,5S,65)-3,5-
added) calcd. for €H,0dOgSi;Na: 1223.6091 ([M + Nd);  di(tert-butyldimethylsilyl)oxy-10-iodo-1-methoxy-4,6,8,9-
found: 1223.6146 ([M + Nd). IR (film) (cm™): 1718, tetramethyldeca-7,9-dien-1-yl)-9-(4-methoxybenzyl)oxy-
1514, 1471, 1252, 1106, 1079, 1035, 836, 7#3.NMR  3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (86)

(300 MHz, GDg) & 7.24 (d, 2H,J = 8.7 Hz), 6.84 (d, 2H, t-BuOK in THF (1 M, 200puL, 200 pmol) and Mel
J=8.7Hz), 6.28 (s, 1H), 6.23 (d, 1H,= 9.1 Hz), 4.78 (m, (36 uL, 589 pmol) were added dropwise in sequence to
2H), 4.67 (d, 1H,J = 5.6 Hz), 4.53 (d, 1HJ = 11.5 Hz), alcohol 85 (28.4 mg, 23.6umol) in THF (3.0 mL) at —
4.25 (d, 1H,J = 11.5 Hz), 3.95 (m, 1H), 3.84 (m, 1H), 3.79 78°C. Three further additions of Mel (20, 330 umol)
(m, 2H), 3.60 (d, 1HJ = 5.7 Hz), 3.56 (dd, 1HJ = 18.5, were made at 10 min intervals. The mixture was poured
8.7 Hz), 3.37 (s, 3H), 2.81 (m, 1H), 2.57 (dd, 147 18.5,  onto ice cooled saturated aqueous NaHC®xtracted
2.0 Hz), 2.15 (s, 3H), 2.00 (m, 1H), 1.83 (m, 1H), 1.69 (s,with Et,0, and the organic phase washed with,CH
3H), 1.45 (dd, 1H,J = 14.5, 3.5 Hz), 1.38 (dd, 1H) = (1 mL) and brine (1 mL) and dried (N80O,). Rotary
14.5, 2.5 Hz), 1.33 (m, 2H), 1.16 (d, 3d,= 7.0 Hz), 1.11  evaporation and chromatography (hexanesGE#0:1 to
(s, 9H), 1.07 (s, 3H), 1.06 (s, 9H), 1.05 (s, 9H), 1.02 (2s,24:1) gave ethe86 (25.1 mg, 87%) as a pale yellow oil.
12H), 0.97 (d, 3HJ = 7.0 Hz), 0.91 (d, 3HJ) = 7.1 Hz), [a]2® = +47.7° € = 0.14). FAB-MS (Nal addedywz
0.35 (s, 3H), 0.33 (s, 3H), 0.23 (s, 3H), 0.14 (s, 3H), 0.131239 ([M + Na), 782, 629. IR (film) (cn): 1615,
(2s, 6H), 0.12 (s, 3H), 0.09 (s, 3H}*C NMR (75 MHz, 1515, 1471, 1250, 1106, 1080, 835, 77¥4 NMR
CDCly) & 211.1, 158.8, 148.4, 132.5, 131.2, 130.9, 128.5(300 MHz, CDC}) & 7.29 (d, 2H,J = 8.7 Hz), 6.81 (d,
113.5,109.1, 88.4, 87.2, 78.0, 76.5, 74.1, 70.5, 67.7, 66.1, 60.9H, J = 8.7 Hz), 6.28 (s, 1H), 5.90 (d, 1H, = 8.9 Hz),
55.3,50.745.9, 43.5, 37.6, 35.6, 35.1, 31.0, 26.2, 26.0, 25.944.47 (d, 1H,J = 11.3 Hz), 4.46 (m, 1H), 4.42 (d, 1H,=
25.89, 23.2, 22.5, 195,184, 18.2, 18.1, 17.1, 14.3, 10.5, 10.2.1.3 Hz), 4.27 (m, 1H), 4.02 (dd, 1H, = 8.8, 5.0 Hz),

-34,-4.1,-43, 4.60, -4.64, -5.0, -5.3. 3.82 (m, 1H), 3.79 (s, 3H), 3.64 (s, 3H), 3.70-3.58 (m,
3H), 3.45 (dd, 1H,J = 5.0, 2.5 Hz), 3.38 (d, 1H) =

(2R,3R,4S,6R,8S,99)-4-(tert-Butyldimethylsilyl)oxy-2- 5.0 Hz), 2.63 (m, 1H), 2.05 (s, 3H), 1.81 (s, 3H), 1.80

(tert-butyldimethylsilyl)oxyethyl-((1 R,3R,4S,5S,65)-3,5- (m, 1H), 1.69 (dd, 1HJ = 14.1, 3.8 Hz), 1.60-1.51 (m,

di(tert-butyldimethylsilyl)oxy-1-hydroxy-10-iodo-4,6,8,9- 4H), 1.44 (m, 1H), 1.26 (m, 1H), 1.09 (s, 3H), 1.00 (d,
tetramethyldeca-7,9-dien-1-yl)-9-(4-methoxybenzyl)oxy-  3H, J = 7.0 Hz), 0.94 (s, 9H), 0.92 (s, 3H), 0.89 (s, 9H),
3,10,10-trimethyl-1,7-dioxaspiro[4.5]decane (85) 0.87 (s, 9H), 0.84 (d, 3H]) = 7.1 Hz), 0.71 (m, 3H), 0.70
Ketone84 (31.5 mg, 26.2umol) in CH,CI, (2 mL) was (s, 9H), 0.18 (s, 3H), 0.06 (s, 3H), 0.02 (s, 3H), 0.00 (s,
added to DIBAI-H in hexanes (1 M, 300L, 300 umol)  9H), —0.01 (s, 6H)1°C NMR (75 MHz, CDC}L) & 158.6,
in CH,CI, (1 mL) at —78°C. After 30 min, the mixture 148.4, 133.3, 131.6, 131.3, 128.1, 113.4, 107.1, 87.5,
was quenched with precooled MeOH at —78°C, diluted86.9, 78.03, 77.95, 77.6, 73.9, 71.5, 67.9, 64.3, 60.9,
with Et,O (10 mL), and saturated aqueous potassium s060.2, 55.2, 50.7, 44.8, 37.8, 37.2, 35.9, 33.9, 31.0, 26.4,
dium tartrate was added with vigorous stirring. After 2 h, 26.1, 26.0, 23.4, 22.5, 18.6, 18.3, 18.1, 18.0, 17.3, 14.5,
the mixture was washed with J@ (1 mL) and brine 10.5, 10.4, -3.5, -3.7, —4.0, -4.6, -5.0, -5.1, -5.2.
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(2R,3R,4S,6R,8S,959)-4-(tert-Butyldimethylsilyl)oxy-2- 3H), 1.87 (s, 3H), 1.83 (m, 1H), 1.75 (dd, 1d,= 14.3,
(tert-butyldimethylsilyl)oxyethyl-((1 R,3R,4S,5S,6S)-3,5- 3.9 Hz), 1.69-1.58 (m, 4H), 1.49 (m, 1H), 1.29 (m, 1H),
di(tert-butyldimethylsilyl)oxy-10-iodo-1-methoxy-4,6,8,9-  1.09 (s, 3H), 1.02 (d, 3H] = 7.0 Hz), 0.94 (s, 9H), 0.88 (s,
tetramethyldeca-7,9-dien-1-yl)-9-hydroxy-3,10,10- 18H), 0.87 (s, 12H), 0.83 (d, 3H,= 7.1 Hz), 0.77 (d, 3H,
trimethyl-1,7-dioxaspiro[4.5]decane (87) J=7.1Hz), 0.17 (s, 3H), 0.09 (s, 3H), 0.08 (s, 3H), 0.05

DDQ (7.5 mg, 33.4umol) was added to etheB6  (2s, 6H), 0.03 (s, 6H), 0.02 (s, 3H}C NMR (100 MHz,
(7.4 mg, 6.07umol) in CH,CIl, (0.5 mL), pH 7 buffer CDCly) & 156.7, 144.3, 134.4, 133.9, 133.4, 128.5, 124.0,
(0.2 mL), and isopropanol (0.2 mL). After 1 h, further 117.5, 108.5, 94.6, 87.9, 80.2, 78.9, 77.6, 70.6, 68.4, 65.3,
DDQ (7.5 mg, 33.4umol) was added. After 1.5 h stir 60.1, 60.0, 49.3, 45.1, 37.3, 35.5, 34.1, 30.3, 26.4, 26.00,
ring, the mixture was diluted with E® and the reaction 25.96, 25.9, 22.1, 19.4, 18.6, 16.6, 14.5, 14.0, 10.3, 10.1,
mixture quenched with saturated aqueous NaHCthe  -3.5, -3.76, —3.83, —4.2, —4.7, 5.0, -5.4. THeand *C
organic phase was washed with,® (1 mL) and brine NMR spectra 0f88 were in agreementith spectra of au
(1 mL) and dried (NaSO,). Rotary evaporation and chro thentic material kindly provided by ProfessbDavid A. Ew
matography (hexanes—f1, 24:1) gave alcohol87 ans. The corresponding data reported by Evans et al. (8)
(6.7 mg, 100%) as a pale yellow ofl]?® = +43.2° ¢ =  were as follows{a] 23, = +76.6° (CHCI,, ¢ = 0.59). FAB-
0.13). FAB-HRMS (Nal added) calcd. for HRMS (Nal added) calcd. for &H;,,NOgSiyNa:
CgoHp05l0gSiyNa:  1119.5829 ([M + NadJ); found: 1084.7284 ([M + Naj); found: 1084.7275 ([M + Nd). IR
1119.5850 ([M + Nal). IR (film) (cm™): 3496, 1471, (film) (cm™): 3498, 2953, 2927, 2856, 2210, 1591, 1471,
1388, 1254, 1101, 1073, 836, 7744 NMR (300 MHz, 1380, 1360, 1253, 1101, 1072, 1030, 1006, 960, 876, 835,
CDCly) & 6.24 (s, 1H), 5.89 (d, 1H] = 9.1 Hz), 4.55 (m, 774.'H NMR (500 MHz, CDC}) & 7.02 (dd, 1HJ = 14.9,
1H), 4.20 (m, 1H), 3.93 (dd, 1HJ = 8.8, 4.0 Hz), 3.91 11.2 Hz), 6.83 (d, 1HJ = 15.0 Hz), 6.35 (d, 1HJ =
(m, 1H), 3.60 (s, 3H), 3.60-3.56 (m, 2H), 3.51-3.41 (m,11.1 Hz), 6.08 (d, 1HJ = 9.1 Hz), 5.06 (s, 1H), 4.58 (m,
3H), 3.37 (d, 1H,J = 12.0 Hz), 2.61 (m, 1H), 2.01 (s, 1H), 4.25 (m, 1H), 3.96 (dd, 1H] = 8.8, 4.1 Hz), 3.82 (m,
3H), 1.78 (s, 3H), 1.81-1.51 (m, 6H), 1.46 (m, 1H), 1.241H), 3.63 (s, 3H), 3.61 (m, 2H), 3.53-3.46 (m, 3H), 3.38
(m, 1H), 1.07 (s, 3H), 0.96 (d, 3H} = 7.0 Hz), 0.90 (s, (d, 1H,J = 12.0 Hz), 2.75 (m, 1H), 2.07 (s, 3H), 2.01 (s,
9H), 0.85 (s, 18H), 0.84 (s, 12H), 0.80 (d, 3H,=  3H), 1.87 (s, 3H), 1.83 (m, 1H), 1.75 (dd, 1H,= 14.3,

7.1 Hz), 0.72 (d, 3HJ = 7.1 Hz), 0.14 (s, 3H), 0.06 (s, 3.8 Hz), 1.69-1.58 (m, 4H), 1.49 (m, 1H), 1.29 (m, 1H),
3H), 0.04 (s, 3H), 0.03 (s, 3H), 0.02 (s, 3H), 0.00 (s,1.10 (s, 3H), 1.02 (d, 3H] = 7.0 Hz), 0.94 (s, 9H), 0.88 (s,
6H), —0.01 (s, 3H)*C NMR (75 MHz, CDC}) & 133.2, 18H), 0.87 (s, 12H), 0.83 (d, 3H,= 7.1 Hz), 0.77 (d, 3H,
131.7, 108.6, 88.0, 80.3, 79.0, 78.0, 77.4, 70.6, 68.4) = 7.1 Hz), 0.18 (s, 3H), 0.09 (s, 3H), 0.08 (s, 3H), 0.06
65.4, 60.1, 60.0, 49.3, 45.0, 37.4, 37.0, 35.6, 34.2, 30.4(s, 3H), 0.05 (s, 3H), 0.03 (s, 6H), 0.02 (s, 3HJC NMR
26.4, 26.0, 25.9, 22.6, 22.1, 18.6, 18.4, 18.1, 16.6, 14.5100 MHz, CDC}) & 156.7, 144.2, 134.4, 133.9, 133.4,

10.4, 10.2, -3.5, -3.7, —-4.1, —-4.7, -5.0, -5.3. 128.5, 124.0, 117.5, 108.5, 94.6, 87.9, 80.2, 78.9, 77.6,
70.5, 68.4, 65.3, 60.1, 60.0, 49.3, 45.1, 37.3, 37.3, 35.5,
(10S,11S,12R,13R)-11,13-Ditert-butyldimethylsilyl)oxy- 34.1, 30.3, 26.4, 26.0, 26.0, 25.9, 22.1, 19.4, 186.,6,
((2R,3R,4S,6R,8S,99)-4-(tert-butyldimethylsilyl)oxy-2-(tert-  14.5, 14.0, 10.3, 10.1, -3.5, -3.8, -3.8, =4.2, -4.7, 5.0,
butyldimethylsilyl)oxyethyl-9-hydroxy-3,10,10-trimethyl- -5.4.
1,7-dioxaspiro[4.5]decane-8-yl)-15-methoxy-3,7,8,10,12-
pentamethyl-pentadeca-2,4,6,8-tetraenenitrile (88) (8) tert-Butyl-(4R)-4-((1R,29)-1,2-di(4-methoxybenzyl)oxy-3-
Stannyl diene3 (41.2 mg, 107umol) in N-methylpyr  buten-1-yl)-2,2-dimethyl-3-oxazolidinecarboxylate (91)
rolidinone (2.0 mL) was added dropwise to iodid¥ NaH (60% dispersion in oil, 0.57 g, 14.00 mmol) was

(14.8 mg, 13.5umol) and Pd(MeCNXI, (2.0 mg, added in 2 portions with stirring over 15 min to di@0 (33)
7.71pmol) in N-methylpyrrolidinone (2.0 mL) at -5°C. Af (1.31 g, 4.56 mmol) and 4-MeQH,CH,CI (2.17 g,

ter 30 min, further Pd(MeCNLZI, (2.0 mg, 7.7lumol) was  13.9 mmol) in DMF (9 mL) at 0°C. The mixture was-al
added and the solution was allowed to warm up to 5°C ovetowed to warm to room temperature and stirred for 16 h. Ex
20 min. After 1 h, the mixture was poured into ice cooledcess NaH was quenched with pH 7 buffer and the mixture
saturated aqueous NaHGOextracted with EO (3 x  partitioned between §0 and E;O. The ethereal layer was
5 mL), and thecombined extracts washed with,8  washed with brine and dried (M80O,). Rotary evaporation
(1 mL) and brine (1 mL) and dried (N&80O,). Rotary and chromatography (PhMe—EtOAc, 1:49 to 1:19) gave
evaporation and chromatography (hexanesOEt7:1) carbamatedl (1.57 g, 65%) as an oila] 2D5 =775° €=
gave 88 (8) (13.0 mg, 91%) as avhite foam.[o] 2D2 = 1.02). CI-MSm/z 528 ([M + HJ"). IR (film) (cm™): 1695,
+73.9° € = 0.18). FAB-HRMS (Nal added) calcd. for 1514, 1391, 1366, 1249, 1173, 1068, 10361 NMR
CsgH111NOgSiyNa:  1084.7285 (M + Nd); found: (250 MHz, DMSOsg, 350 K) & 7.20 (m, 4H), 6.88 (m, 4H),
1084.7249 ([M + Nal). IR (film) (cm™): 3492, 2210, 1592, 5.85 (m, 1H), 5.30 (m, 2H), 4.54 (d, 1K,= 11.1 Hz), 4.48
1471, 1380, 1361, 1254, 1102, 1073, 1031, 1006, 961, 871d, 1H,J = 11.8 Hz), 4.43 (d, 1HJ = 11.2 Hz), 4.28 (d, 1H,
836, 775.!H NMR (400 MHz, CDC}) & 7.01 (dd, 1HJ = J=11.7 Hz), 4.01 (m, 4H), 3.77 (m, 1H), 3.75 (s, 3H), 3.74
15.0, 11.1 Hz), 6.83 (d, 1H] = 15.0 Hz), 6.35 (d, 1HJ = (s, 3H), 1.41 (br s, 15H)3C NMR (62.5 MHz, DMSO#d;,
11.1 Hz), 6.07 (d, 1HJ = 9.1 Hz), 5.06 (s, 1H), 4.58 (m, 350 K) & 158.5, 151.2, 135.5, 130.1, 130.0, 128.6, 128.5,
1H), 4.24 (m, 1H), 3.96 (dd, 1H} = 8.8, 4.0 Hz), 3.82 (m, 117.4, 113.4, 113.3, 92.6, 79.8, 78.9, 78.7, 72.2, 69.5, 62.7,
1H), 3.62 (s, 3H), 3.61 (m, 2H), 3.53-3.46 (m, 3H), 3.3956.9, 54.7, 27.7, 25.5, 24.2. Anal. calcd. fog/8,;NO;:

(d, 1H,J = 12.0 Hz), 2.75 (m, 1H), 2.07 (s, 3H), 2.00 (s, C 68.29, H 7.83, N 2.65; found: C 68.10, H 7.88, N 2.75.
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(2R,3R,49)-2-(tert-Butyloxycarbonyl)amino-3,4-di(4- dehyde 94, which was dissolved in C{N (25 mL) and
methoxybenzyl)oxy-5-hexen-1-ol (92) mixed with NaHPO,-H,O (0.69 g, 5.0 mmol) in 27% aque
TsOH-HO (97 mg, 0.51 mmol) was added to acetonideous HO, (6.1 mL, 50 mmol). NaClQ (1.09 g, 12.0 mmol)
91 (1.34 g, 2.54 mmol) in MeOH (40 mL) and, afté h at was added in small portions avd h to this vigorously
room temperature, Nl (0.11 mL, 0.77 mmol) was added. stirred mixture and stirring was maintained for 12 h. The
Rotary evaporation and chromatography (hexanes—EtOAanixture was diluted with PhMe (50 mL) and washed sueces
2:1) gave alcohoB2 (1.11 g, 90%) as an oi[a] 3> = 78.4°  sively with brine (2 x 50 mL) and 20% aqueous 480,
(c =1.14). CI-MSm/z 488 ([M + HJ"), 432, 241, 154, 137, (50 mL). The product was extracted with agqueous KOH
121. IR (film) (cnT?): 3426, 1713, 1694, 1514, 1249, 1173, (0.21 M, 100 mL) and the aqueous layer back extracted with
1037.*H NMR (270 MHz, CDC}) & 7.22 (m, 4H), 6.85 (m, hexanes. The aqueous fraction was acidified with aqueous
4H), 5.88 (m, 1H), 5.39 (m, 2H), 5.09 (br d, 1H), 4.61 (d, H3PO, (0.49 M, 10 mL) and extracted with GBI, (2 x
1H,J = 7.3 Hz), 4.57 (d, 1HJ = 7.8 Hz), 4.41 (d, 1HJ = 50 mL). The extracts were dried (pbsO,) and rotary evapo
11.0 Hz), 4.28 (d, 1HJ = 11.5 Hz), 3.94 (m, 1H), 3.82 (m, rated to give acid5 (4.26 g, 65%) as a foank = 0.40
2H), 3.78 (s, 6H), 3.69 (m, 1H), 3.51 (m, 1H), 2.6 (br s, 1H), (MeOH-CHC}, 1:9).[o] 2> = +63.6° € = 0.98). IR (film)
1.40 (s, 9H).23C NMR (62.5 MHz, CDC}) & 159.2, 159.0, (cnv%): 3400, 1749, 1691, 1613, 1513, 1250, 112 NMR
155.3, 134.9, 129.8, 129.54, 129.51, 129.2, 119.8, 113.4250 MHz, DMSOdg, 350 K) & 7.28 (m, 2H), 7.21 (m, 2H),
113.6, 81.9, 79.7, 79.0, 73.3, 69.8, 62.3, 55.0, 54.9, 51.65.89 (m, 2H), 6.86 (m, 2H), 4.67 (d, 1H,= 5.6 Hz), 4.62
28.1. Anal. calcd. for G;H;/,NO;: C 66.51, H 7.65, N 2.87; (d, 1H,J = 5.0 Hz), 4.38 (d, 1HJ = 5.3 Hz), 4.34 (d, 1H,
found: C 66.87, H 7.82, N 2.98. J=5.8 Hz), 4.39 (br m, 1H), 4.06 (br m, 1H), 3.98 (m, 1H),
3.75 (s, 3H), 3.74 (s, 3H), 3.55 (m, 2H), 3.19 (s, 3H), 2.70
(3S,4R,5R)-5-(N-tert-Butyloxycarbonyl)-N-methylamino- (s, 3H), 1.36 (s, 9H)"*C NMR (62.5 MHz, DMSOdj,, 350
6-me’[h0xy_3,4_di(4_meth0xybenzy|)oxy_1_hexene (93) K) 8. 171.1, 158.6, 154.6, 130.0, 129.8, 129.0, 128.7, 113.4,
NaH (60% dispersion in oil, 0.71 g, 18 mmol) was added79.6, 78.5, 78.2, 71.7, 71.0, 69.5, 57.5, 56.0, 54.8, 31.6,
portionwise over 1.5 h to amin@2 (2.90 g, 5.95 mmol) and 27.7. Anal. calcd. for GH3gNOg: C 63.02, H 7.37, N 2.63;
Mel (6.77 g, 47.7 mmol) in DMF (24 mL) and stirred for found: C 62.78, H 7.08, N 2.45.
28 h at room temperature. The mixture was poured info H
(100 mL), extracted into EO (3 x 50 mL), and the com- (2R)-Benzyl-2-methyl-4-pentenoate (97)
bined organics washed with brine and dried {81@,). Ro- n-BuLi in hexanes (1.6 M, 125 mL, 200 mmol) was
tary evaporation and chromatography (gradient,Oet added to PhCKOH (27.6 mL, 266 mmol) in THF
CH,CI,, 1:9 to 1:4) gave carbama@8 (2.20 g, 72%) as a (150 mL) at —23°C. After 1 h, the 1,3-oxazolidino@6 (37)
colorless oil.[a] & = +69.7° € = 0.98). CI-MSm/z 516  (30.0 g, 133 mmol) in THF (125 mL) was added and the so-
([M + H] ™), 460. 416, 241, 137, 121. IR (film) (cth): 1693, lution was kept at —20°C for 2.5 h. Half-saturated JOH
1682, 1614, 1514, 1249, 1156, 1036, 8264 NMR (250 mL) was added, the mixture rotary evaporated and the
(250 MHz, DMSO#g, 350 K) & 7.23 (m, 4H), 6.89 (m, 4H), aqueous residue extracted with &, (3 x 350 mL). The
5.89 (m, 1H), 5.30 (m, 2H), 4.67 (d, 1H,= 11.0 Hz), 4.51 combined extracts were washed with pH 7 buffer (300 mL)
(d, 1H,J=11.8 Hz), 4.42 (d, 1H) = 11.0 Hz), 4.33 (d, 1H, and brine (200 mL), dried, rotary evaporated, and
J=11.8 Hz), 4.03 (m, 1H), 3.87 (m, 1H), 3.78 (m, 1H), 3.75 chromatographed (hexanes—EtOAc, 9:1) to give eS@&r
(s, 6H), 3.57 (m, 1H), 3.46 (m, 1H), 3.19 (s, 3H), 2.65 (s,(26.5 g, 97%) as a colorless ol = 0.52 (hexanes—EtOAc,
3H), 1.36 (s, 9H)°C NMR (62.5 MHz, DMSO¢dg, 350 K)  9:1)[a] & = —2.7° € = 2.5). EI-MSm/z: 204 (M'*), 130, 91,
& 158.5, 154.5, 134.3, 130.2, 130.1, 128.8, 128.5, 118.169, 41. EI-HRMS calcd for GH;¢0,: 204.1150 (M*);
113.4, 113.3, 80.2, 79.8, 78.2, 72.2, 69.4, 69.3, 57.5, 55.Gpund: 204.1156 (M). IR (film) (cm™): 2977, 1736, 1642,
54.7, 30.3, 27.6. Anal. calcd. for ,¢H,,NO;: C 67.55, 1456, 1382, 1275, 1173, 91%H NMR (400 MHz, CDC}) &
H 8.01, N 2.72; found: C 67.77, H 8.32, N 2.71. 7.34 (m, 5H), 5.72 (m, 1H), 5.11 (s, 2H), 5.06 (m, 2H), 2.58
(m, 1H), 2.43 (m, 1H), 2.19 (m, 1H), 1.17 (d, 3H, =
(3R,4R,5R)-4-(N-tert-Butyloxycarbonyl)-N-methylamino-5- 6.8 Hz). **C NMR (101 MHz, CDC}) & 175.8, 136.1,
methoxy-2,3-di(4-methoxybenzyl)oxyhexanoic acid (95) 135.3, 128.5, 128.1, 116.9, 66.1, 39.2, 37.7, 16.5.
0sQ, (57 mg, 0.22 mmol) an®l-methylmorpholineN-ox-
ide (1.72 g, 14.7 mmol) followed by 4 (6 mL) were (2R)-2-Methyl-4-pentenamide (98)
added to alken®3 (6.31 g, 12.2 mmol) in-BuOH (24 mL) AlMes in PhMe (2 M, 55 mL, 110 mmol) was added
and MeCO (12 mL). After stirring for 16 h, the solution slowly to a suspension of NI (5.9 g, 110 mmol) in PhMe
was diluted with EfO (75 mL) and washed successively (200 mL) at 0°C. Afte 1 h at 0°C and 1.5 h abom temper
with 10% aqueous N&,O3 (20 mL) and brine (20 mL). The ature, gas evolution had ceased and the solution was-trans
organic phase was dried (b&0,) and rotary evaporated. ferred to este®7 (7.5 g, 36.7 mmol) in PhMe (50 mL). The
The resulting oil was dissolved in MeOH (102 mL) and mixture was heated at 60°C for 36 h and allowed to cool to
treated with NalQ (3.12 g, 14.6 mmol) in KO (25 mL). A room temperature. HCI (5%) was added as a quench and the
ter 20 min, solid material was removed via filtration through resulting precipitate removed by filtration, washing with
Celite and the filtrate rotary evaporated. The residue wa&tOAc. The combined organic extracts were dried 5@,),
partitioned between brine (20 mL) and,&t (60 mL) and rotary evaporated, and chromatographed (hexanes—EtOAc,
the organic phase washed with 10% aqueous,SM2s  1:1) to give amide€8(3.40 g, 81%2 as a colorless solig.=
(20 mL) and brine (20 mL) and then dried (j&0,). Rotary ~ 0.39 (EtOAc); mp 79 to 80°quc]% =-22.9° € =1.3). EI-
evaporation gave an oil, presumably containing the crude aMS m/z 113 (M*). EI-HRMS calcd. for GH;;NO:

© 2001 NRC Canada



1588 Can. J. Chem. Vol. 79, 2001

113.0840 (M"); found: 113.0844 (N). IR (CHCL) 3354, for C;oH,,NO; C 60.28, H 8.59, N 7.02; found: C 60.42,
3186, 2974, 1659-H NMR (400 MHz, CDC}) & 6.44 (brs, H 8.75, N 6.83.

1H), 5.91 (br s, 1H), 5.87 (m, 1H), 5.77 (m, 2H), 2.38 (m,

2H), 2.16 (m, 1H), 1.16 (d, 3HJ = 6.8 Hz). '3C NMR  Methyl 2-(4-penten-(ZR)-yl)-4-oxazolecarboxylate (102)
(100 MHz, CDCH) & 178.9, 135.6, 116.8, 40.3, 38.1, 17.1.  Imidate 101 (1.64 g, 8.24 mmol) and HCMe (0.6 mL,
Anal. calcd. for GH;;NO: C 63.69, H 9.80; N. 12.37; 9.9 mmol) in THF (12 mL) were added dropwise over 0.5 h

found: C 63.49, H 9.73; N. 12.39. to t-BuOK in THF (1 M, 8.2 mL, 8.2 mmol) at —-10°C. The
mixture was stirred fo3 h at—10°C and for 14 h at room
(2R)-2-Methyl-4-pentenenitrile (99) temperature and then rotary evaporated. The residue was

EtN (12.3 mL, 88.4 mmol) and GCCOCI (9.9 mL, suspended in THF (40 mL), cooled to —78°C Whgreupon
88.4 mmol) in CHCl, (20 mL) were added to amides BF3-OE% (2.2 mL, 18.0 mmol) was added over 5 min. The
(5.0 g, 44.2 mmol) in CKCl, (140 mL) at 0°C. The mixture mixture was allowed to warm to room temperature over 1 h
was stirred at 0°C for 3 h, diluted with pH 7 buffer (75 mL), and stirred f(_)r a further 45 h. The resulting orange solution
and extracted with CCl, (3 x 100 mL). The combined ex Was poured into 10% aqueous NaH{(200 mL), extracted
tracts were dried (MgS and rotary evaporated. The resi With EO (2 x 100 mL), and the combined organic phases
due was distilled under reduced pressure to give nige Were washed with brine and dried (}&0,). Rotary evape
(3.3 g, 78%) as a colorless oil: bp 68°C (151 mm Hg)_rauon and chromatography (hexanes—EtOAc, 4:1) gave
[OL] %5 = _17.4° (: - 11) EI-MS m/z 95 (M+) ElI-HRMS oxazole 102 (123 g, 77%5)) as a oCOIOrIESS O“Rf = 0.63
calcd. for GHgN: 95.0891 (M*); found: 95.0753 (M). IR~ (hexanesEtOAc, 3:1)[a] " = ~4.5% € = 1.0). EI-MSm/z
CDCl) & 132.8, 122.2, 118.5, 37.6, 25.0, 17.1. 5.03 (m, 2H), 3.91 (s, 3H), 3.13 (m, 1H), 2.58 (m, 1H), 2.41

(m, 1H), 1.37 (d, 3H,J = 7.0 Hz).13C NMR (75 MHz,

. _ CDCly) & 168.3, 161.3, 143.3, 134.5, 132.6, 116.9, 51.5,
(2R)-Methyl 2-methyl-4-pentenimidate hydro.ch-lorlde (100) 38.6, 33.3, 17.2. Anal. calcd. for ;@¢H,,NO: C 61.52,
Anhydrous HCI was bubbled through nitri€9 (2.64 9, H 6.71, N 7.17; found: C 61.15, H 6.69, N 7.08.

29.9 mmol) in MeOH (1.3 mL, 32.0 mmol) at —10°C until
th_e SO'U“OF‘ was saturated. On stand|_ng at -5°C for 24 h, th1;'<‘/Iethyl 2-(4-o0x0-(2R)-butyl)-4-oxazolecarboxylate (103)
mixture solidified and t_he_ solid was d_rled in vacuo, triturated NalO, (5.90 g, 27.6 mmol) in KO (50 mL) was added
with |_5t20, and the solid isolated by filtration to give hydro- dropwise to oxazold 02 (2.57 g, 13.14 mmol) and OsGn
chloorlde10%(4.66 g, 906%) as a colorless powder; mp 106 toHZO (2.5%, 16 drops) in MO (25 mL) and HO (25 mL).
107 (E [a]p’ = +35.8° € = 1.0). E-MSm/z: 126 (M —  The mixture was stirred for 5 h, poured intg® (200 mL),
H2C|]+)- EI-HRMS calcd. for GHy NO: 126.0918 (['\_Al — and extracted with CHGI(5 x 50 mL). After drying (NaSQ,)
HoCI"); founld: 126.0913 ([M — BCI"). IR (CHCL) (en™):  of the extracts, rotary evaporation, and chromatography
2886, 1654."H NMR (400 MHz, CDC}) & 5.76 (m, 1H), (hexanes—EtOAc, 2:1 to 1:1) gave aldehyie3 (2.05 g,
5.12/(m, 2H), 4.29 (s, 3H), 3.27 (m, 1H), 2.48-2.32 (M, 2H),7994) as a colorless liquidk = 0.34 (hexanes—EtOAc, 1:1).
1.30 (d, 3H,J = 6.8 Hz). ®C NMR (100 MHz, CDC}) &  E|\MS vz 197 (M*). EI-HRMS caled. for GHyNOj:

3161, 2955, 1732, 1584H NMR (300 MHz, CDC}) & 9.76
(5R)-Methyl 3-aza-4-methoxy-5-methyl-3,7-octadienocate (s, 1H), 8.12 (s, 1H), 3.86 (s, 3H), 3.55 (m, 1H), 3.14 (dd,
(101) 1H,J =18.2, 7.0 Hz), 2.76 (dd, 1H] = 18.2, 6.7 Hz), 1.36

Glycine methyl ester hydrochloride (3.86 g, 30.7 mmol) (d, 3H,J = 7.1 Hz).*3C NMR (100 MHz, CDC}) & 199.1,
was added to hydrochlorid00 (4.79 g, 29.3 mmol) and 167.5, 161.3, 143.6, 132.9, 51.7, 47.6, 27.7, 18.2.
glass chips in CKCI, cooled to —10°C. This was followed
by dropwise addition of EN (4.16 mL, 29.9 mmol) over Methyl 2-(4-hydroxy-(2R)-butyl)-4-oxazolecarboxylate (104)

2 h (syringe pump). After stirring for 1 h, the mixture was NaBH, (0.39 g, 10.3 mmol) was added in small portions
allowed to warm to room temperature and stirred for anover 5 min to aldehydé03(2.03 g, 10.28 mmol) in MeOH
additional 43 h. The solution was cooled to 0°C and(100 mL) at —12°C. After 1 h, chilled (5°C) aqueous KHSO
qguenched with cold pH 7 buffer (1.5 M, 100 mL),-ex (1 M, 50 mL) was added, the mixture was extracted with
tracted with EfO (2 x 50 mL), and the combined ethereal CHCI; (5 x 50 mL), and the extracts dried (M&0O,). Rotary
extracts dried (Ng50,). Rotary evaporation and distillation evaporation and chromatography (hexanes—EtOAc, 1:1, then
(Kugelrohr) gave imidatel01 (4.03 g, 69%) as a colorless EtOAc) gave alcoholl04 (1.90 g, 93%) as a colorless oil.
liquid; bp 70°C (0.35 mm Hg)a]3® = +22.6° € = 1.7). EI- R = 0.42 (EtOAc)[o] 3> = —25.0° € = 1.0). CI-MSm/z: 200
MS m/z 199 (M¥). EI-HRMS calcd. for GH;;NOz: (M + H]¥). CI-HRMS calcd. for GH;3NO,: 199.0844
199.1208 (M*); found: 199.1208 (NMF). IR (film) (cm™):  (M'*); found: 199.0829 (M). IR (film) (cm™): 3413, 2953,
2947, 1752, 1674*H NMR (300 MHz, CDC}) & 5.66 (m, 1736, 1585.*H NMR (300 MHz, CDC}) & 8.03 (s, 1H),
1H), 5.00 (m, 2H), 4.09 (s, 2H), 3.72 (s, 3H), 3.66 (s, 3H),3.72 (s, 3H), 3.49 (m, 3H), 3.08 (m, 1H), 1.89 (m, 1H), 1.72
2.66 (m, 1H), 2.30 (m, 1H), 2.12 (m, 1H), 1.10 (d, 3H=  (m, 1H), 1.20 (d, 3H,J = 6.9 Hz). 13C NMR (75 MHz,
6.8 Hz). 13C NMR (100 MHz, CDC}) & 171.1, 169.1, CDCl) & 168.9, 161.4, 143.4, 132.3, 59.2, 51.6, 37.0, 30.1,
135.7, 116.7, 52.6, 51.9, 49.9, 38.1, 33.2, 17.1. Anal. calcdl7.9. R)-a-methoxye-(trifluoromethyl)phenylacetic acid
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(26 mg, 0.11 mmol) in CKCI, (0.25 mL), 1,3-dicyclohexyl maintained under a JHatmosphere for 2 h. The catalyst
carbodiimide (22 mg, 0.11 mmol), and DMAP (2 mg) were was removed by filtration and the filtrate rotary evaporated
added sequentially with stirring to alcohdlo4 (20 mg, to leave aminel07 (83 mg, 98%) as a colorless oil.
0.10 mmol). After 2 h, the mixture was diluted with,Bx  [o]3’ = -29.6° € = 1.1). EI-MSm/z 198 (M'*). EI-HRMS
(10 mL) and filtered. The organic solution was evaporateccalcd. for GH,,N,O5 198.1004 (M*); found: 198.0997
and the residue chromatographed (hexanes—EtOAc, 1:1) (). IR (film) (cm™): 2927, 2877, 1742, 1671, 162
furnish esterl08 (38 mg, 91%) as a colorless o = 0.50 NMR (300 MHz, CDC}) & 8.06 (s, 1H), 3.78 (s, 3H), 3.05
(hexanes—EtOAc, 1:1). EI-M$vz 415 (M), 189, 150, (m, 1H), 2.57 (t, 2H,J = 7.1 Hz), 1.85 (m, 1H), 1.66 (m,
105. EI-HRMS calcd for GH,gFsNOg: 415.1217 (MY);  1H), 1.24 (d, 3H,J = 7.9 Hz), 1.19 (br s, 2H)!13C NMR
found: 415.1222 (M. IR (film) (cm™): 1756, 1274, 1166, (75 MHz, CDCE) & 168.9, 161.2, 143.4, 132.7, 51.8, 39.5,
1114.'H NMR (300 MHz, CDC}) & 8.09 (s, 1H), 7.46— 38.5, 31.2, 18.2.

7.34 (m, 5H), 4.35 (m, 2H), 3.90 (s, 3H), 3.52 (s, 3H), 3.08

(m, 1H), 2.26 (m, 1H), 2.02 (m, 1H), 1.33 (d, 3H,=  (2R,3R,4R)-4-(N-(tert-Butyloxy)carbonyl-N-methyl)amino-

7.0 Hz). The mixture of diastereoisomeric Mosher es1€®8 2 3-di(4-methoxybenzyl)oxy-5-methoxyN-(3R-((4-

prepared in the same way from the corresponding racemigethoxycarbonyl)-2-oxazolyl)-1-butyl)pentamide (110)
alcohol (+)104 showed:*"H NMR (400 MHz, CDC}) & 1-Hydroxybenzotriazole (1.21 g, 8.96 mmol), powdered
8.11 (s, 1H), 7.48-7.36 (m, 5H), 4.35 (m, 2H), 3.91 (s, 3H),molecular sieves (4 A, 3.0 g), and 1-ethyl-3-(3-dimethyl
3.53 (s, 3H), 3.09 (m, 1H), 2.26 (m, 1H), 2.02 (m, 1H), 1.36 aminopropyl)carbodiimide hydrochloride (0.855 g, 4.46 mmol)

(d, 1.5H,3 = 7.0 Hz), 1.35 (d, 1.5HJ = 7.0 Hz). were added sequentially to ac@b (2.49 g, 4.67 mmol) in
DMF (10 mL) at 0°C. After 1 h, aminel07 (0.88 g,

Methyl 2-(4-(methanesulfonyl)oxy-(R)-butyl)-4- 4.5 mmol) in DMF (10 mL) was added and the mixture al

oxazolecarboxylate (105) lowed to warm to room temperature and stirred for 10 h. The

EN (2.3 mL, 16.0 mmol) and MeS@I (0.9 mL, mixture was filtered and the filtrate rotary evaporated. The
10 mmol) were added to alcoh@b4 (1.61 g, 8.09 mmol) in  residue was partitioned between,@t (75 mL) and 10%
Et,O (40 mL) at —10°C. The mixture was stirred at —10°C aqueous NaHCQ(25 mL), the organic phase washed with
for 45 min, diluted with BO (25 mL), and extracted with aqueous citric acid (0.1 M, 25 mL) and brine (2 x 25 mL)
CHCIl; (3 x 25 mL). The combined extracts were dried and dried (NaSQ,). Chromatography (EtOAc-PhMe, 2:1)
(Na,SQ,), rotary evaporated, and chromatographed (EtOAc-gave amidell0 (2.28 g, 72%) as a yellow oilR = 0.55
CH,Cl,, 1:9) to give mesylatd05 (1.89 g, 84%) as a color- (MeOH—CHCL, 1:9).[a]Z® = +21.4° € = 1.02). FAB-MS
less solid; mp 61-63°CR; = 0.69 (EtOAc).[a] 5 = —-34.0° m/z 714 (M™). IR (neat) (cmb): 3420, 1745, 1688, 1612,
(c = 1.0). EI-MS m/zz 277 (M*). EI-HRMS calcd. for 1584, 1513, 1455, 1246, 821, 7754 NMR (250 MHz,
C1H1sNO,4S: 277.0620 (M); found: 277.0619 (M). IR DMSO-dg, 350 K) & 8.61 (s, 1H), 7.60 (br s, 1H), 7.29 (m,
(CHCIg) (cnm?): 3098, 17261H NMR (300 MHz, CDCE) & 2H), 7.20 (m, 2H), 6.88 (m, 4H), 4.56 (m, 2H), 4.45 (d, 1H,
8.07 (s, 1H), 4.15 (m, 2H), 3.76 (s, 3H), 3.13 (m, 1H), 2.88J = 11.7 Hz), 4.36 (d, 1H,J = 10.9 Hz), 4.20 (br m, 1H),
(s, 3H), 2.17 (m, 1H), 1.97 (m, 1H), 1.27 (d, 3d,=  3.96 (m, 2H), 3.80 (s, 3H), 3.75 (s, 3H), 3.74 (s, 3H), 3.61
7.1 Hz).13C NMR (75 MHz, CDC}) & 167.4, 161.2, 143.6, (br m, 1H), 3.50 (m, 1H), 3.19 (s, 3H), 3.13 (m, 2H), 3.03
132.6, 67.1, 51.7, 36.9, 33.5, 29.8, 17.9. Anal. calcd. fom, 1H), 2.67 (s, 3H), 1.95 (m, 1H), 1.72 (m, 1H), 1.35 (s,
CioH1sNOgS: C 43.31, H 5.45, N 5.05; found: C 43.29, 9H), 1.27 (d, 3HJ = 7.0 Hz). Anal. calcd. for GHg5;N;O,4:

H 5.48, N 4.91. C 62.26, H 7.20, N 5.89; found: C 61.93, H 7.27, N 5.81.

Methyl 2-(4-azido-(2R)-butyl)-4-oxazolecarboxylate (106) (2R,3R,4R)-4-Dimethylamino-5-methoxyN-(3R-((4-

NaN; (1.11 g, 17.1 mmol) was added to mesyldi®5  methoxycarbonyl)-2-oxazolyl)-1-butyl)-2,3-
(1.89 g, 6.82 mmol) in DMSO (45 mL), the mixture was di((triethylsilyl)oxy)pentamide (112)
heated to 70°C for 7 h, cooled to room temperature, and di Oxazole-amidel10 (586 mg, 0.821 mmol) was dissolved
luted with cold HO (200 mL). The mixture was extracted with in EtOAc saturated with aqueous HCI (2.8M, 12 mL) and
EtOAc (3 x 50 mL) and the combined extracts dried8@,).  stirred at room temperature for 4 h. After rotary evaporation,
Rotary evaporation and chromatography (hexanes—EtOAc, 1:1 the residue was washed with,Bt and dissolved in CECN
1:2) gave azidel06 (1.33 g, 87%) as a colorless liqui = (8.0 mL). EtSiCl (0.34 mL, 2.05 mmol) and-Pr,NEt
0.56 (hexanes—EtOAc, 1:1x] 205 =-39.0° ¢ = 2.3). EI-MS (1.4 mL, 8.20 mmol) were added. After stirring for 2 h, Mel
mz 225 (M + H]"). CI-HRMS calcd. for GH;,N,Os: (0.26 mL, 4.10 mmol) was added. Following 10 h stirring at
224.0909 (M"); found: 224.0922 (M). IR (flm) (cm™):  room temperature, the mixture was diluted with,@&tand
2953, 2099, 1747, 1584H NMR (300 MHz, CDC}) & 8.10  quenched with saturated aqueous NaHC®he organic
(s, 1H), 3.81 (s, 3H), 3.26 (t, 2H] = 6.8 Hz), 3.09 (m, 1H), phase was washed with,8 (1.0 mL) and brine (1.0 mL)
2.05 (m, 1H), 1.81 (m, 1H), 1.29 (d, 3H, = 7.1 Hz).**C  and then dried (N#0,). Rotary evaporation and chroma
NMR (75 MHz, CDCk) & 167.8, 161.4, 143.6, 132.8, 51.8, tography (hexanes—EtOAc, 1:2 to 1:4) gave oxazdle (8)
48.7, 33.5, 30.9, 18.1. Anal. calcd. fortG,N,O;: C 48.21, (300 mg, 59%) as a yellow oifa] 2 = +4.4° € = 0.89).
H 5.39, N 24.98; found: C 47.90, H 5.28, N 24.76. FAB-HRMS calcd. for GgHggN3O-Siy: 616.3813 ([M +

H]*); found: 616.3734 (IM + HJ). IR (film) (cm™): 3438,

Methyl 2-(4-amino-(2R)-butyl)-4-oxazolecarboxylate (107) 2958, 2877, 1750, 1676, 1584, 1519, 1459, 1323, 1237,

A suspension of 10% Pd(C) (8 mg) and azil6 (96 mg, 1197, 1142, 1110, 1076, 1007, 857, 839, 74A4. NMR
0.43 mmol) in MeOH (1.5 mL) was purged with Ar and then (400 MHz, CDC}) & 8.14 (s, 1H), 6.54 (m, 1H), 4.26 (s,
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