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The synthesis of the ABCDEF-ring of ciguatoxin 3@saachieved via a route that included
anion coupling of a dimethyldithioacetal moSexide derivative corresponding to the Aldg
and an aldehyde corresponding to the EF-rifadlowed by cyclization using reducti
etherification. The AB-ring was synthesized frorkreown D-glucose derivative based on ring-
closing olefin metathesis, and the EF-ring was areg by a process employing chirality-
transferring Ireland-Claisen rearrangement and-cinging olefin metathesis.
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1. Introduction

The potent toxicity oflL (MLD = 1.3 pg/kg, ip, in mice) and
other ciguatoxin congeners is attributed to stractvation of

Ciguatoxin 32C (CTX3C)) is a causative toxin of ciguatera voltage-gated sodium channels of nerve cells byr thiem
fish poisoning:? which often breaks out in tropical coral reef binding to the channels(Ki = 0.81x 10 uM).® This strong

regions and affects more than 20,000 patients dignuehe
symptoms of ciguatera, represented by nausea, gniatigue,
arthralgia, and reversal of temperature sensation,developed
when people eat fish poisoned by ciguatera toxihs. tdxins are
originally produced by dinoflagellatésind are transferred up the
food chain to herbivorous fish and then to carrdwusr fish. In
1993, Yasumoto and co-workers isolatdd from cultured
dinoflagellates, Gambierdiscus toxicus, providing strong
evidence that ciguatoxins are produced by the tHgeflate.
They also determined the relative structurd bfy NMR analysis
using only 0.7 mg of the sample, obtained from 1106f the
culture? The framework ofl consists of twelvérans-fused ether
rings with ring sizes ranging from six to nine memshea
terminal five-membered spirocyclic acetal, andtyhirsymmetric
centers. The absolute structurelofvas determined by the total
synthesis achieved by the Hirama group in 2601.

Ciguatoxin 3C (1)
Figure 1. Structure of ciguatoxin 3CLJ.
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effect on sodium channels has potential for theliegon of
ciguatoxins as biological tools. However, the suppy
ciguatoxins from natural sources is insufficient mmeet the
demand for biological studies. Therefore, a symthetipply of
ciguatoxins is a practical solution.

In the total synthesis of ciguatoxins, the largdeunolar size
and complexity of the structure are challenges trate been
tackled by many research groupsncluding our owr, since the
first publication of the structure of ciguatoxin 1y Yasumoto.
After many years of effort, the Hirama and Isobe gsou
independently achieved the total synthesis of d¢@mias with
their respective methodologig$.However, to date, only these
two groups have completed the total synthesis oftaquatoxins.
Thus, further studies toward the development ofva synthetic
methodology for ciguatoxins have been continuedoby and
other research groups.

In the course of our program toward the total sysithef1,
we established a convergent method for construckif@7/x
polycyclic trans-fused ethers via a coupling reaction between an
acyl anion equivalent and an aldehy8¥. So far, we have
synthesized the ABCDE-riffyand the IJKL-rind’ of 1 by this
method in preliminary studies. Since another cogenetr method
for connecting the F- and the I-ring to afford #@HI-ring has
been developel, the next challenge is the construction of the
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ABCDEF-ring as the counterpart of the IJKL-ring. Altlgh the
attachment of the F-ring to the ABCDE-ring faifédthe
convergent synthesis of the ABCDEF-ring from the Algrand
the EF-ring was achieved. Here, the details of dlcisievement
are described. The preparation of the AB-ring froknawn D-
glucose derivative and the construction of the BB-rby a
process including Ireland-Claisen rearrangementranggclosing
olefin metathesis are also described.

2. Synthetic plan for ABCDEF-ring 3

Our final goal is the achievement of the total sgsth ofl
from 1JKL-ring 2 and ABCDEF-ring 3 through a process
previously developed by our group (Scheme 1). Sittoe
synthetic methodology fo was established previoustthe
completion of the synthesis & is the subject of this paper.
Although the attachment of a ring to the previousmthesized
ABCDE-ring segment would have been the ideal acce3stte
difficulty in manipulating protective groups of tBCDE-ring
prevented the formation oB8.> Therefore, we planned to
synthesize3 from AB-ring 5 and EF-ring6 in a convergent
manner using our previously developed metffodThe
construction of the C- and D-rings ®Wwould employ a stepwise
process, including intramolecular reductive etheaifon
reactions:’ via a,e-dihydroxy ketone 4, which would be
constructed by a coupling reaction of an acyl aregumivalent,
generated from dimethyldithioacetal moSmxide 5, with
aldehydes followed by hydrolysis® The convergent route would
provide rapid access ®from5 and®6.

CTX3C (1)

PBB: 4-Bromobenzyl

PMP: 4-Methoxyphenyl

NAP: 2-Naphthylmethyl
28/OH

Reduct/ve Etherification

+ a,e-Dihydroxy

% Ketone Format/on ﬂ

Scheme 1Retrosynthes of ciguatoxin 3C 1).

3. Synthesis of AB-ring 5

Retrosynthesis of AB-ring is shown in Scheme 2. It was
planned to introduce the dimethyldithioacetal m@&@axide
group of5 to 7 at the final stage of the synthesis. The A-rind of
would be formed by Grubbs’ ring-closing olefin metsis
(RCM)" from diene8, which would be prepared frognvia allyl
ether formation and reductive etherification of themiacetal.
Because of the similarity 09 to D-glucose in structure and

stereochemistry, intermediagewould be prepared from known
D-glucose derivativd0."

_RCM Reductive Etherification

- H \ H H
7 ON“oH 0 o
Oy “ONAP = \« :
OPBB ' OTBS
7 AIIyIat/on 8
[TIPDS: -(Pr),SIO(Pr),Si- I 4
AIIyIation
OH H
b se (= Nfir = P
ucose
o P o 20 P
) < H
TIPDS-O
10 9

Scheme 2Retrosynthesis of AB-ring.

Based on the above retrosynthesis, synthestshbegan with
10 (Scheme 3). Dioll0 was first transformed to 1,1,3,3-
tetraisopropyldisiloxane-1,3-diyl (TIPDS) derivatidel (95%),
which was subjected to the removal of the allyl growith
NiCl,(dppp) and BAl to give hemiacetall2.'® After Swern
oxidation of12,*’ the resulting lactone was convertedStevith
allylmagnesium bromide (88% frorhl). Treatment of9 with
EtSH and BE OEt induced the formation of a thioacetal and the
removal of the benzylidene acetal to produg®-acetal 13
(88%). Oxidation of the ethylthio group df3 followed by
reductive etherification with E5iH and Bk OEt gave oxand 4
(89%), which was subjected to protection as a 2-
naphthylmethylidene acetal. Removal of the TIPDS ugro
afforded 1,2-dioll5 (86% from14). Selective protection of the
hydroxy group at C7 ofl1l5 with tert-butyldimethylsilyl
trifluoromethanesulfonate (TBSOTf) and 2,6-lutidiae —78 °C
producedl6 (93%). Alcohol16 was reacted with allyl bromide
under Williamson conditions to afford dieB€100%).

In the RCM reaction 0B, 10 mol% of the first generation
Grubbs catalyst was first used in CHCl, under high dilution
conditions (5 mM) to give cyclized compoufl in 80% yield®®
However, the conditions were inappropriate for largales
synthesis. Therefore, after optimizing the amowfitsatalyst and
solvent, we found that using 1 mol% of the secondeggion
Grubbs catalyst1()* in CH,Cl, at a higher concentration (20
mM) gavel8in 82% yield.

The TBS group of.8 was removed with tetrabutylammonium
fluoride (TBAF) to afford alcohol9 (85%). After the protection
of 19 as a 4-bromobenzyl (PBB) ether, the 2-
naphthylmethylidene acetal was reductively cleavegroduce
alcohol 7 (87% from 19).° Alcohol 7 was then reacted with
trifluoromethanesulfonyl anhydride (1) to give triflate21. In
our preliminary study, triflat€1 was purified before use in the
next reaction® However, we found that the instability @fl
during silica gel column chromatography resulteddecreased
yield on large scale preparation. Therefore, téflal was used
immediately in the next reaction without purificatidAs a result,
the reaction of21 with deprotonated formaldehyde dimethyl
dithioacetal mon@&-oxide cleanly afforded AB-rin§g (96% from
7). Thus, AB-ring5 was furnished from D-glucose derivati{@
in 16 steps in 34% overall yield.
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Scheme 3Synthesis of Al-ring 5.

4. Synthesis of EF-ring 6

The retrosynthesis of EF-ring is illustrated in Scheme 4. It
was planned to construct theB-unsaturated aldehyde moiety of
6 from 21 at the final stage. The F-ring 1 would be formed by
RCM from divinyl compound22. Bond formation between
asymmetric centers C26 and C27 would be performedhby
Ireland-Claisen rearrangement &@-3-aryloxyallyl ester23.*?*
The chirality at C24 oR3 was anticipated to be transferred to
C27 and C26 of22 via a chair-form transition state after
formation of a Z)-ketene silyl acet&f* Ester 23 would be
prepared fron24 and25. It was intended to construct the E-ring
of 24 by the same process as the F-ring. Therefore gitist-
membered ring 024 would be constructed fro@6 by RCM, and
the C15-C16 bond 026 would be formed stereoselectively by
the Ireland-Claisen rearrangement 8j-8-aryloxyallyl ester27.
(2)-3-Aryloxyallyl alcohol 28, which is a constituent &7, is a
diastereomer of25 having the same B-2,2-dimethyl-1,3-
dioxolan-4-yl group. Both25 and 28 would be synthesized
simultaneously from the known R)-2,3-O-isopropylidene
glyceraldehyd® in a non-stereoselective manner.

Ireland-Claisen Rearrangement

J

27 Z o

— 4> 24 R
H O Z[Bsir,
B 0N, OPMP
T \
By O

Ireland-Claisen
Rearrangement

1o
; OL

wPCP
—

Scheme 4Retrosynthesis of EF-ring

The preparation of Z)-aryloxyallyl alcohols25 and 28 is
shown in Scheme 5. 4-Methoxyphen@9) was treated with
NaH, KIl, and trichloroethylene to afford 4-methoxyphlen
(PMP) ether30 (96%)>° Exposure of30 with 2 equivalents of
BuLi generated a lithium acetylid&which was reacted withRj-
2,3-0-isopropylidene glyceraldehyde31)** in situ to give
alcohol 32 as a 1:1 mixture of diastereomers (66% frai).
Lindlar hydrogenation 082 produced a 1:1 mixture &5 (48%
from 31) and28 (41% from31), which were separated by HPLC.
While the R)-2,2-dimethyl-1,3-dioxolan-4-yl group did not
influence the stereoselectivity at the additiorpsié acted as a
"chiral resolving agent" to achieve efficient chatgraphic
separation of homochiral diastereomeg$ and 28. The
stereochemistry of25 and 28 was confirmed by X-ray
crystallographic analysis @83 (Figure 2), which was obtained
from 25 by Pd/C-catalyzed hydrogenation.

Me CI, (I
CI>_/

BuLi (2 equiv)
Cl PMP
\=<0 Et,0,0°C y OPMP
NaH, KI Cl - > |u
H  THF,60°C 30
96% Me
? Me—4~Q
Me o]
H,, Lindlar cat Me—~Q OPMP
25 28 ppygrec o Z 31
48% ° 41% .
then separation ;'2 66% from 31
Me
H,, Pd/C Me—~Q
MeOH, 23 °C O\)\‘/\(5
OH OPMP

92% 33

Scheme 5Synthesis of alcoho25 and28.
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rearrangement via a chair-form transition state-ijTénder the
reaction conditions.

Table 1.Irelanc-Claisen rearrangement 27.

27
Me |
R= Meo;\)}{ 1) Reagent 1 (5 equiv)

THF, -78 °C, Time
then Reagent 2 (5 equiv), 15 min

Figure 2. ORTEP diagram o83.

then diethyl malonate, 15 min

Ester27 was synthesized from carboxylic adél and alcohol PMP // s jPMP
28 (Scheme 6). Carboxylic aci®9 was prepared from 4- TMS;OFEZ/Q % _o R/N'\Z //
chlorobenzylidene dimethyl aceteé84j and D-glucose via a 4- Ry '<: )PCP O ?O{O)"PCP
step process similar to the previously reporteccedare (55% z T4 © Toq 0
from 34).*" Thus, selective protection of the 1,3-diol at Gl a 78 - oG min
C6 of D-glucose as a 4-chlorobenzylidene acetal, 2) TMSCHN,
oxidativecleavage by Nal® Wittig methylenation, and MeOH-PhH, R.T.
formation of a carboxymethyl ether construc&# Carboxylic
acid 39 was then condensed witB8 using 1-ethyl-3-(3- R Rl
dimethylaminopropyl)carbodiimide hydrochloride (ED8CI) D e i 3 @“PCP
and 4-dimethylaminopyridine (DMAP) to afford esg#® (94% PMPO"Q®_ /0 PMPO
from 28). MeO (;5 MeO ;5
40 15-epi-40
desired undesired

HO OH

Entry Reagentl Time Reagent2 Yield (2steps) 40:15-epi-40
Me : Ho_ol
OH 1 KHMDS  2mi TMSCI 65% >20:1
MeO D-glucose (35) A i min b :
o PTSH,0 (cat), DVF HO L5 o "PCP 2 KHMDS 10min  TMSCI 32% >20:1
34 60 °C, 200 mmHg 6 3 TMscCl 3min  KHMDS 96% >20:1
75%
NalOy4, pH 7 buffer
MeOH, 50°C
bromoacetic acid MePPh3Br H
1/4-dioxane b, _O_wPCP 'BUOK, THF, 21 °C ﬁ) O_~PCP 0/7
NaH, 65°C E then 37, 21°C J/\jo 0.5M HCI-MeCN N\ * Oﬁ\\PCP
97% 9 0°C "
o 38 77% from 36 37 (40:15-epi-40 > 20:1) PMPO™_ /-0
92% MeO
Y ’ 4 |l 0 PCP IPNBSH, PPhgy
o 0o DMAP, CH,Cl O DIAD, 1-hexene
J 22°C Me ’o\n/\o o) THE. 17 % 1) NalO,, THF
—_—
HO,C J< ' H 7 buffer, 25 °C
R 94% from28 M€ O o] then H,0 P

27
Scheme 6Synthesis of este27.

Next, we examined the Ireland-Claisen rearrangemgr7o
(Table 1). Ester27 was initially treated with potassium
bis(trimethylsilyl)amide (KHMDS) (5 equiv) in tetraliyofuran
(THF) at —78°C for 2 min, and the resulting enolate was reacted
with trimethylsilyl chloride (TMSCI) (5 equiv) for 8 min?°
After the treatment with diethyl malonate (8 equiv)scavenge
the unreacted base, the resulting ketene silylbheets warmed
to 0 °C to complete the rearrangement. After methylatioth wi

2) NaBHj, CeClg-7H,0
MeOH, —78 °C

91% from 41

H
CF3CH,0H, 17 °C § // O PCP
PMP O™ J/\/o -
84% .
MeO
o
42

Mes—N._N-Mes

Cl.,
C||3u| =‘Ph(cat.)
PCy3
26 17 -
CH,Cly, 23°C Insans | NOE
75% 05 Hz 24 (single diastereomer)

TMSCHN,,* 15,16anti diether40 was obtained exclusively in Scheme 7Synthesis of eight-membered ring et@ér

65% vyield @0:15-€pi-40 > 20:1) (Entry 1). Because the
prolonged exposure a27 with KHMDS (10 min) resulted in
decreased yield due to decompositio26{Entry 2), the time of

The construction of the E-ring is outlined in Sclkeih The

isopropylidene acetal o0, which included a small amount of

the deprotonation @7 was minimized. Thus, we found that the 15€pi-40 (40:15-epi-40 > 20:1), was selectively hydrolyzed

treatment of 27 with KHMDS in the presence of TMSCI
improved the yield (96%) with high selectivit¢Q15-epi-40 >

20:1) (Entry 3). The stereochemistry4d, which was confirmed
at a later stage of the synthesis, was rationaligethe selective

upon treatment with 0.5 M aqueous HCI in MeCN without
removal of the 4-chlorobenzylidene acetal to affalidl 41
(92%)* Oxidative cleavage of diokl followed by Luche
reduction gave allyl alcoho#i2 (91% from 41).** Reductive

formation of a Z)-ketene silyl acetal intermediate and its rearrangement of allyl alcoho#2 was performed withN-
isopropylideneN'-2-nitrobenzenesulfonyl hydrazine (IPNBSH)



according to Movassaghi's procedure with a slightlifieation, 1) TMSCI (10 equiv)

in which an excess amount of 1-hexene was used eavarger _o>\._o Q ye THF.-78°C,1min

of free diimide generated during the reaction,umish diene26 =\.0 JCO%‘(" then KHMDS (10 equiv), 15 min
successfully (84%3° Diene 26 was then transformed to eight- " g' PP 2, ~ ) )
membered ring etheB4 (75%) by RCM using the second S J4 \ R th:;d'%tz‘gngzlon.ate'15m'n
generation Grubbs catalyst7. Although diene26 included a B © 23 ~Eo 0 Simn

trace amount of 18pi-26, the RCM reaction gave no cyclized 2) TMSCHN,

product from 15epi-26, which was easily separated fr&d by EA:‘%H PhH

column chromatography. The stereochemistry 24 was OMe OMe
determined by the presence of a nuclear Overhatfeet ENOE) oﬂtgopmp IEOPMP
between H15 and H21, a largkisnis Value (9.5 Hz), and

absence of an NOE between H15 and H16, thereby also ’Bu\ojgjk\ gk\
confirming the stereochemistry of the major prod(#f) from g/ 0 o

the Ireland-Claisen rearrangement step. 131 27-6pi-50

deswed 74% undesired

Toward the F-ring formation, protected cyclic etizdrwas Scheme 9lreland-Claisen rearrangement2# using KHMDS.

converted to este?3 (Scheme 8). After removal of the PMP
group of24 with cerium ammonium nitrate (CAN) (93%)the
resultingB-hydroxy este#l3 was reduced with NaBHo produce
1,3-diol 44 (95%), which was converted to 1,3,2-dioxasilindbe

(90%). The 4-chlorobenzylidene acetal groug®ivas removed Table 2.Ireland-Claisenrearfangementas

with 1,2-ethanedithiol and BFOEY to afford diol 46 (97%)3° _0>\_o Ve
One-pot selective triflation/triethylsilyl (TES) pextion of 46 =\.O o)(
followed by vinylation of the triflate ester gavekahe47 (98% . g PMPO~ \ﬂi
from 46),%° which was treated with pyridiniuprtoluenesulfonate B”\/s'i o 1 Z R
(PPTS) in EtOH to produce alcoh#8 (93%). Etherification of B O 23
48 with tert-butyl bromoacetate under phase-transfer conditions
and subsequent one-pot hydrolysis by simple additaf |
methanol as a solvent afforded glycolic ac#® (97%). -
Condensation o9 with alcohol25 afforded &)-3-aryloxyallyl 1)Base, Time =
ester23 (92%)° THF-PhCH;, =78 °C,
' then TMSCI, 15 min
then diethyl malonate, 15 min
H
CAN j‘\\PCP z o
MeCN-H,0 ~ HO" 0 NaBH, : z\\ R
0°C MeO MeOH, 22 °C OSiMe; o
24 PMP

93% ¢ 43 95% \
—78 - 0°C, 30 min

H o pop 2) TMSCHN,
H - Ow‘\\PCP (tBu)ZS|(OTf)2 HO E\\ MeOH-PhH, R.T.
Bu Y N O pyridine, DMF, 19 °C of;
tBu 2 [0} H 90% HO “ QO OMe Qy_OMe
45
— O ~0oPMP — 975 0PP
HS(CH,),SH = OH 1) Tf0, 26-lutidine H y H /
BF5-OEt, H on  CHiCl—78°C ‘Bu\slci’ —0 Y ’Bu\? —0 S
CH,Cly, —40°C B Vg then TESOTY, 0°C g0 H ) gro” H o\
97% tgy O 2) tetravinyltin, BuLi 50 27-6pi-50
46 CuCN, -78 - 0°C desired undesired
. 98% from 46
BrCH,CO,'Bu, BusNHSO, —_ OR Entry Base Time Yield (2 steps) 50:27-epi-50
50% aq NaOH, PhH, 25 °C H - :
then MeOH. 25 °C ® 1 LDA 1 min  No Reaction
> U\ 7 =
97% S AT 2 KHMDS 4min  28% 2041
PPTS (cat.) 47: R=TES 3 LDA-KHMDS (1:1) 2 min 93% 1.7:1
EtOH, 25°C '—_> 48: R=H ) .
o 93% 4 EtNLi- KHMDS (1:1) 1 min 87% 13:1
_ O_>_OH 25, EDCI-HCI 5 I:)N—Li-KHMDS (1:1) 6.5min 89% > 20:1
H N DMAP, CH,Cl,, 27 °C
# > 23
Bu SOI A 92%
gy O

49 At the initial stage of the F-ring formation, reargement of
Scheme 8Synthesis of este23. 23 was first examined under the same conditions ascha?
(Scheme 9). However, the desired 2632%-diether from23 was

produced with low stereoselectivitp27-epi-50 = 1.3:1, 74%

combined yield). Upon optimization of the reactioonditions,

we found that the selectivity &0 was improved by modification

of the procedure for the enolate formation (TableThe enolate



6

formation from 23 by the treatment with lithium
diisopropylamide (LDA) for 1 min and then with TMS@r 15
min, which was followed by the rearrangement step uilde
same conditions as above, resulted in recoverg3ofEntry 1).
However, the use of KHMDS instead of LDA producs@ in
low yield with improved stereoselectivitp@27-epi-50 = 2.0:1,
28% combined vyield) (Entry 2). Exposure &3 to the
combination of KHMDS (6 equiv) and LDA (6 equiv) abase
in toluene-THF (3.4:1) at —78 °C for 2 min producg@
somewhat selectively in improved yiel80(27-epi-50 = 1.7:1,
93% combined vyield) (Entry 3). Interestingly, sméthium
amide bases in place of LDA displayed good resultdMiOS-
LiNEt, (6 equiv/6 equiv) showed a ratio 50:27-epi-50 = 13:1
(Entry 4) and KHMDS-lithium pyrrolidinide (6 equiv/équiv)
gave a ratio of50:27-epi-50 > 20:1 (Entry 5§"*® Thus, we
optimized conditions for the stereoselective Irdlgiaisen

Tetrahedron

Figure 3. ORTEP diagram db4: one of the two
crystallographically independent molecules is shown

EF-ring segmen®, a key synthetic intermediate f8 was
prepared from21 as shown in Scheme 11. After the 1,3-diol
group of 21 was protected with 2-naphthylmethyl bromide
(NAPBr) (72%), the cyclic silylene group of resultifbg was

rearrangement o23 to 50, and established the chiral centers atremoved with TBAF to give didb7 (99%), which was converted

C26 and C27.
HS (CH,),SH OMe
BF;-OEt, — oNeopmp
50:27-epi-50 CH2C|2 40 °C
>20:1 )
95% B“\Q
HO OH
OMe
— oNopmp 1) Nalog THF
H i pH 7 buffer, 18 °C
Bu 97\, " 2) NaBH,, CeCl3-7H,0
i JH \ o
tp! O MeOH, -78 °C
Bu OH 92% from 50
52
IPNBSH, PPh; a,jos
DIAD, 1-hexene Ru=\
CI(I Ph (cat)
THF, 18 °C PCys
then H,O 53 - 0
CF3CH,0H, 18°C CH O, 0°C — BUZ o
Py LS s
92% 82% Bu 07 g
(single diastereomer)
O\-oMme CAN, MeCN-
NaBH, — Ho—__OH CH,Cl,-water
MeOH, 0°C H 0°C
2] -——— ¢ 2
96% B”\é)i =OH 97%
tBy O

Scheme 10Synthesis of EF-ring did1.

Synthesis of EF-ring dio21 is outlined in Scheme 10. The
second ring was constructed using a procedure sirtulahat
described above. The acetonide group56fwas removed by
BF;- OEt/1,2-ethanedithiol (95%). The oxidative cleavagé @F
diol 51 followed by Luche reduction gave allyl alcot# (92%
from 51), which was transformed to22 by reductive
rearrangement (92%). The divinyl compowtiwas cyclized by
RCM with the first generation Grubbs catalys8)(® at 0 °C to
produce bicyclic etheb4 (82%). When the RCM was conducted
at higher temperature (> room temperature), sigerifi
production of byproducts was observed. The stereonishey at
C26 and C27, generated by the Ireland-Claisen asgement,
was determined at this stage by X-ray crystallog@apinalysis
(Figure 3). The PMP group &4 was removed with CAN to
afford aIcohoI 55 (97%)Frror! Bookmark not defined. 34 WhICh was
reduced with NaBHlto give EF-ring dioR1 (96%).

to bis-TES ether58 upon treatment with TESOTf and 2,6-
lutidiene (100%). The regioselective oxidatiorb8funder Swern
conditions generated an aldehydevhich was alkynylated using
Ohira-Bestmann’s reagent to afford alkyd@ (64% from58).*°
The treatment o060 with MeLi generated a lithium acetylide,
which was reacted in situ with paraformaldehyde te gilcohol
61 (94%). While partial hydrogenation odl with Lindlar
catalyst was sluggish and afforded only a trace anoi62, Au
nanoparticles (AuNPs) catalyzed the hydrogenation6bfto
cleanly provide Z)-alkene 62 in 93% yield" Finally, Swern
oxidation of 62 produced aldehydes (100%)'" Thus, we
achieved the synthesis of EF-riigrom carboxylic acicdB9 over
36 steps by a sequential process including Irel@iadsen
rearrangement and RCM.

—ONAP
NAPBr, NaH — HO—_ONAP
KI, THF-DMF H TBAF
0°C Bu P N BN THF, 23 °C
21 —m \,S'l /HOH
2% tBu O 99%
56
?
Me” N ROMe | 1y (cocly,, DMSo
N OMe CH,Cl,, —78 - —40 °C —ONAP
2 2L, — — — E
59 then EtN —78 — 0°C = ONAP
2) 59, K,CO;4 . |
THF, MeOH, 16°C RO N0’
RO &7 ReH
64% from 58 TESOTf, CH.Cl, ,: 58: R;TES
0°C, 100%
—ONAP Meli —ONAP
{_ONAP then Ho ONAP
(CH,0),,, THF
TESO _78 . 19°c  TESO™
94%
60 HO

l Au NPs: Au nano particles Hy, Lindlar cat,
—~ONAP

Ho—_ONAP
Au NPs (cat.)

Me,NH-BH3 (100 equiv)
LEtOH, 19°C

93%

(COCl),, DMSO
CH,Cl,, -78°C
then EN,0°C

Scheme 11Synthesis of E-ring 6.



5. Synthesis of ABCDEF-ring 3

With the AB-ring5 and EF-ring6 in hand, we next undertook
the completion of the synthesis of ABCDEF-ri3g First, we
investigated the coupling reaction &fwith 6 followed by the
transformation of resulting addug8 into a,e-dihydroxy ketonet
(Table 3). Treatment of dimethyldithioacetal md&oxide 5
with lithium bis(trimethylsilyl)amide (LIHMDS) in THFat —78
°C for 15 min and then with aldehyéefor 15 min only resulted
in decomposition of aldehydewith almost complete recovery of
5 (Entry 1). After extensive optimization of the r#an
conditions using model compounds,
deprotonation of 5 with sodium bis(trimethylsilyl)amide
(NaHMDS) gave the corresponding anion species andtltiea
hydrolysis of the dimethyldithioacetal moissexide group of the
adduct proceeded smoothly withp-toluenesulfonic acid
monohydrate (PTS-4®) in CHCI-MeOH. Thus, the anion
generated from AB-ring and NaHMDS reacted with aldehyfie
to give 63 cleanly. However, the hydrolysis 68 with PTS-HO
in CH,Cl-MeOH gave4 only in 19% yield from alcohob2
along with unknown byproducts (Entry 2). After further
optimization of the solvent in the hydrolysis, weurfial that the
treatment 063 with PTS-HO in CRCH,OH-H,O produced,s-
dihydroxy ketone4 in an acceptable yield (40% fro62, Entry
3). Thus, we ensured a sufficient supply@fdihydroxy ketone
4.

Table 3.Coupling between AB-rin§ and EF-rings and
hydrolysis of addudb3.

Base, THF Ho Os, Me 6, THF
a\
78 °C, 15 min m SSMe|  —78°c, 15 min
—_— A
° Of % ONAP
OPBB
Acid, Solvent
R.T., 30 min
4
Entry Base Acid Solvent Yield from 62
1 LiHMDS TFA THF-H,O decomp
2 NaHMDS PTS-H,O CH,Cl,-MeOH 19%
3  NaHMDS PTS:-H,O CF3CHOH-H,0 40%

The completion of the synthesis of ABCDEF-ridrom o,e-
dihydroxy ketone4 is illustrated in Scheme 12. Intramolecular
reductive etherification of with EtSiH and TMSOTTf afforded a
1:1 mixture of64 and 1lepi-64 (64%), and the desire8¥4 was
separated from 1&pi-64 by HPLC. Swern oxidation &4 gave
ketone 65 (79%)!" Alcohol 11epi-64 also oxidized into the
corresponding ketone 1&pi-65, which was isomerized with 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) in gH, to produce a
3:1 mixture of65 and 11epi-65 in a small scale experimeft.
Ketone 65 was treated with 2,3-dichloro-5,6-dicyapo-
benzoquinone (DDQ) in order to detach the NAP group3&t
026, and 028° However, the formation of a 2-naphthylidene

acetal between 026 and 028 occurred even though the NAF

group at O8 was removed. Therefore, the resultintab6é was
then hydrolyzed under acidic conditions to afforthydroxy
ketone 67 (93% from 64),** which was finally subjected to

7

reductive cyclization to produce hexacyclic etBei73%). The
stereochemistry of C11 and C12, generated in thleicteve
etherification steps, was confirmed by the preseniceNOEs
between H11 and H16, and between H8 and H12. Moreover,
after extensive attempts at recrystallization, wtaioled a single
crystal of 3, which was subjected to X-ray crystallographic
analysis to determine the stereochemistrg aé shown in Figure

4. Thus, we achieved the convergent synthesis of ABEDitg

31in 6.9% yield over 7 steps from EF-rifg

we found that the

TMSOTf
Et5SiH
CH,Cl,, 0 °C
—_—

64%

11-epi-64
—ONAP
H S

A
wH R o
O e
11 oA
HON=/1 P AN =

4
%h i ONAP
PBBO
64
(1:1 epimer mixture)

HPLC separation |

(COCl);, DMSO
CH.Cl,, =78 °C
then EtzN, 0 °C

>
79%

23 ONAP
o :

Hr S\t
H
o~=/1%"\

/ L 8
OH ZONaP
PBBO

65
o) DDQ
<\ H H
Ho Ho o} g’Np CH.Clp-H,0
oz O N="H H\ =~
66

H

64

H i OH
PBBO
_OH
EtOH-1 M HC H H H S\Ho$
19°C m‘ OH
oY1 0 \= 'HOI-T —
93% from 65 H i OH
PBBO o7
TMSOTE
Et:SiH
CH,Cly, 0°C

73%

Scheme 12Synthesis of ABCDF-ring 3.

Figure 4. ORTEP diagram 08.
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6. Conclusion

The synthesis of the ABCDEF-rin@)(of ciguatoxin 3C )
was achieved via a route including anion coupling af
dimethyldithioacetal mon&-oxide derivative §) corresponding
to the AB-ring and an aldehyd6)(corresponding to the EF-ring,
followed by cyclization using reductive etherificati AB-ring5
was synthesized from known D-glucose derivatigebased on
ring-closing olefin metathesis, and EF-riigvas prepared by a
process employing chirality-transferring  IrelanchiSen
rearrangement and ring-closing olefin metathesisthier studies
toward the total synthesis df are currently underway in our
laboratory.

7. Experimental

All air sensitive reactions were carried out undegoar or
nitrogen in oven-dried glassware using standardhggricannula
and septa techniques. Anhydrous tetrahydrofuran JTitgs
prepared by Glass Contour Solvent Dispensing Sysiéiftkd
Hansen & Co., Ltd.) or purchased from commerciateauOther
dry solvents were purchased from commercial souréds.
reactions were monitored by thin-layer chromatogyaph_C)
with precoated silica gel plates (Merck, silica §élFs,). Plates
were visualized by ultraviolet light and by treatrharith acidic
anisaldehyde or phosphomolybdic acid stain followgdheating.
Column chromatography was performed on YMC Silica &l
(63-40 um for flash chromatography, 230-Gan for gravity
chromatography) as a stationary phase. High-perfocediquid

Tetrahedron

AT (5aS,5bR, 7R,9aR,11aR)-11-(Allyloxy)-2,2,4,4-
tetraisopropyl-7-
phenylhexahydro[1,3]dioxino[4',5":5,6]pyrano[3,44]
[1,3,5,2,4]trioxadisilepine (11).To a solution of10 (43.23 g,
0.1402 mol) in DMF (280 ml) were added imidazole 9229,
0.3365 mol) and CISRr),O(Pr),SiCl (55.0 mL, 0.172 mol) at 25
°C, and the mixture was stirred for 13 h. Then, rdeetion was
quenched with saturated agq. NaHC@nd the mixture was
extracted with EtOAc several times. The combined dcgayers
were washed with brine, dried over anhydrous MgSiDered
and concentrated under reduced pressure. Theingsudtsidue
was purified by column chromatography (silica gel,
hexane/EtOAc = 56~ 20— 10) to givell (73.12 g, 0.1327 mol,
95%, a-anomerB-anomer = 2:1) as a colorless oil.

11: colorless oil; IR (film)v 2944, 2867, 1464, 1382, 1248, 1212,
1176, 1142, 1091, 1048, 990, 923, 886, 847, 748,@8 ", 'H
NMR (500 MHz, CDC}) § 0.90-1.17 (28H, m), 3.39 (1/3H, d,

= 4.5, 9.5 Hz), 3.49 (2/3H, §,= 9.5 Hz), 3.54 (1/3H, 1) = 9.5
Hz), 3.63 (1/3H, tJ = 7.8 Hz), 3.73 (2/3H, 1] = 10.2 Hz), 3.76-
3.83 (1H, m), 3.85-3.93 (1H, m), 4.06 (2/3H, tdds 1.5, 5.6,
13.5 Hz), 4.13-4.18 (4/3H, m), 4.21 (1/3H, tdds 1.7, 4.9, 13.6
Hz), 4.28 (2/3H, ddJ = 4.7, 10.0 Hz), 4.32-4.39 (2/3H, m), 4.45
(1/3H, d,J = 7.5 Hz), 4.86 (2/3H, d] = 3.8 Hz), 5.18 (1H, qd

= 1.4, 10.5 Hz), 5.35 (1/3H, qd= 1.7, 17.3 Hz), 5.36 (2/3H, qd,
J=1.7,17.3 Hz), 5.55 (1H, s), 5.85-5.94 (1H, m)077337 (3H,
m), 7.46-7.51 (2H, m)**C NMR (125 MHz, CDCJ) § 12.3 (CH),
12.46 (CHx2/3), 12.53 (CHx1/3), 12.9 (CHx1/3), 13@H),
13.2 (CHx2/3), 17.18 (C#t2/3), 17.21 (CHx1/3), 17.23
(CH3x1/3), 17.28 (CH), 17.33 (CH), 17.35 (CHx2/3), 17.37

chromatography (HPLC) was performed on a JASCO 880-PYCH,x1/3), 17.40 (Chk2/3H), 17.42 (CHx1/3), 17.45 (CH),

HPLC pump equipped with a pre-packed column (YMC-Packi7.47 (CHx1/3),

SIL-06, 5 ym, 150 mm x 4.6 mm ID [for normal-phase
chromatography], or YMC-Pack SIL-06, j@m, 500 mm x 20
mm ID [for normal-phase chromatography]) and a JASCO U
975 UV detector (UV 254 nm detection). Optical rotagiomere
recorded on a JASCO P-1020 digital polarimeter at B89

17.6 (CHx2/3), 17.7 (CHx2/3), 62.5
(CHx2/3), 66.3 (CHx1/3), 68.8 (GM2/3), 68.9 (Chx1/3), 69.3
(CH,x2/3), 70.9 (CHix1/3), 73.3 (CHx2/3), 76.0 (CHx2/3), 76.8
(CHx1/3), 77.9 (CHx1/3), 80.6 (CHx1/3), 81.7 (CHZR/98.9
(CHx2/3), 101.1 (CHx1/3), 101.2 (CHx2/3), 103.1 (C/B),
117.0 (CHx2/3), 117.1 (Chi1/3), 126.0 (CHx2), 128.2 (CHx2),

Infrared spectra (IR) were measured on a JEOL JIR128.78 (CHx2/3), 128.83 (CHx1/3), 134.11 (CHx1/B34.13

WINSPEC100 infrared spectrometer in noted states amed
reported in wave numbers (¢t 'H NMR and**C NMR spectra
were recorded on a JEOL JNM-AL30®(at 300 MHz*C at 75
MHz), a JEOL JNMe-400 (H at 400 MHz,"°C at 100 MHz), a
JEOL JNM-ECA500 {H at 500 MHz,"°C at 125 MHz), a Bruker
AVANCE Il 400 (*H at 400 MHz,*C at 100 MHz), or a Bruker
AMX500 (*H at 500 MHz,**C at 125 MHz) magnetic resonance
spectrometer. Chemical shift8) (are reported in ppm based on
the resonance of the residual solvent (3.30 ppre3OD or
7.15 ppm in @Dg, *C NMR: 49.0 ppm in CEOD or 128.0 ppm
in C¢Dg) as the internal standard. The following abbregiaiare
used to describe spin multiplicity: s= singlet, dsublet, t=
triplet, q= quartet, m= multiplet, br= broad, ddeutble doublets,
dt= double triplets, td= triple doublets and dddsuble double
doublets; other combination is derived from thosstedl.

(CHx2/3), 137.2 (Cx1/3), 137.9 (Cx2/3); EI-HRMS (ntalcd
for CosHsgO;Si [M — 'Pr]*: 507.2234, found: 507.2232.

7.1.2. (58,5bR,7R,98R,11a8R)-11-Allyl-2,2,4,4-tetraisopropyl-
7-phenylhexahydro[1,3]dioxino[4',5":5,6]pyrano[3,4-
f][1,3,5,2,4]trioxadisilepin-11-ol (9).To a solution ofl1 (50.90
g, 92.41 mmol) and NiGdppp) (1.008 g, 1.860 mmol) was
added EAl (0.92 mol/L in PhCH, 200 mL, 0.184 mol) at 0 °C,
and the mixture was stirred for 3 h at 28 °C. Thhba, reaction
was quenched with saturated ag. potassium sodiurateggrand
the mixture was stirred for 13 h at 28 °C. The nrixtwas
extracted with EO several times. The combined organic layers
were washed with brine, dried over anhydrous MgSiered,
and concentrated under reduced pressure to gide t&) which
was used in the next reaction without purification.

Coupling constantsJ) are reported in Hz. High resolution mass To a solution of (COC})(25.0 mL, 0.291 mol) in CCl, (240
spectra (HRMS) were measured on a JEOL JMS-600H (undefL) was added a solution of DMSO (33.0 mL, 0.465 niol)

electron impact ionization [EI] conditions), a JEQIMS-
SX102A (under field desorption [FD] conditions), a JEQMS-
700TZ (under field desorption [FD] conditions), cdBOL JMS-
T100GCV (under field desorption [FD] conditions) d@b
focusing magnetic sector mass spectrometer. SeM&BIS data
were recorded under electrospray ionization (ESBtorospheric
pressure chemical ionization (APCI) conditions onTlermo
Scientific Exactive Fourier transform ion cyclotraesonance
mass spectrometer.

CH,CI, (240 mL) dropwise at —78 °C, and the mixture wasesti
for 15 min. Then, to the mixture was added a salutd the
above crudel2 in CH,CI, (50 mL) at —78 °C, and the mixture
was stirred for 30 min. To the mixture was addegNEL30 mL,
0.925 mol) at —78 °C, and the mixture was warme@ %G. After
being stirred for 30 min, the reaction was quencléth
saturated aq. N}I, and the mixture was extracted with,@&t
several times. The combined organic layers were vaasfite 0.2
mol/L ag. HCI, HO, and brine, dried over anhydrous MgSO
filtered, and concentrated under reduced pressugé/é a crude
product, which was used in the next reaction withawifisation.



To a solution of the above crude product iRCE(1.9 L) was
added dropwise allylmagnesium bromide (1.0 mol/E40O, 186
mL, 186 mmol) at —78 °C, and the mixture was stiri@d30
min. Then, the reaction was quenched with saturagedNB,Cl,
and the mixture was extracted with EtOAc several tinfdwe
combined organic layers were washed with brine, ddedr

9

Celite pad. The filtrate was extracted with EtOAc salvBmes.

The combined organic layers were washed with brineddver
anhydrous MgSQ filtered, and concentrated under reduced
pressure. The residue was purified by column chrogmaphy
(silica gel, hexane/EtOAc = 5) to give (34.86 g, 78.03 mmol,
89%) as a colorless oil.

anhydrous MgSQ filtered, and concentrated under reducedl4: [0]p*° —21.8 ¢ 1.67, CHC)); IR (neat)v 3418, 3076, 2944,

pressure. The residue was purified by column chrography
(silica gel, hexane/EtOAc = 15) to gi®e(44.83 g, 81.39 mmol,
88% from11) as a colorless oil.

9: [a]p>* —=17.3 € 1.50, CHCJ); IR (neat)v 3552, 3075, 3036,
2945, 2894, 2867, 1464, 1386, 1247, 1179, 11372,1991, 919,
886, 861, 817, 749, 698, 653, 520 &mH NMR (400 MHz,
CDCL) 6 1.06 (28H, m), 2.43 (1H, dd), = 5.5, 14.2 Hz), 2.56
(1H, dd,J = 7.2, 14.2 Hz), 3.12 (1H, s), 3.49 (1HJt 9.6 Hz),
3.69 (1H, dJ=8.3 Hz), 3.71 (1H, 1 = 10.2 Hz), 3.97-4.02 (1H,
m), 4.05 (1H, ddJ = 8.3, 9.6 Hz), 4.31 (1H, dd, = 4.9, 10.2
Hz), 5.16 (1H, ddJ = 1.7, 17.2 Hz), 5.20 (1H, dd,= 1.7, 10.2
Hz), 5.55 (1H, s), 5.89 (1H, tdd,= 7.2, 10.2, 17.2 Hz), 7.29-
7.37 (3H, m), 7.48 (2H, dd] = 2.8, 7.8 Hz); 13C NMR (100
MHz, CDCk) 4 12.1 (CH), 12.3 (CH), 12.7 (CH), 13.0 (CH),
17.0 (CH), 17.1 (CH), 17.2 (CH), 17.26 (CH), 17.34 (CH),
17.4 (CH), 17.46 (CH), 17.51 (CH), 43.2 (CH), 63.1 (CH),

69.0 (CH), 74.2 (CH), 78.2 (CH), 80.7 (CH), 98.5 (C), 101.0 yl)hexahydropyrano[3,2-d][1,3]dioxine-7,8-diol

(CH), 119.6 (CH), 125.9 (CHx2), 128.0 (CHx2), 128.6 (CH),
131.9 (CH), 137.6 (C); EI-HRMS (m/z) calcd fopsH340,Si, [M
—'Pr]": 507.2234, found: 507.2281.

7.1.3. (5&,8R,9R,9a5)-6-Allyl-6-(ethylthio)-8-
(hydroxylmethyl)-2,2,4,4-tetraisopropyltetrahydro-6H-
pyrano[3,4-][1,3,5,2,4]trioxadisilepin-9-ol (13).To a solution
of 9 (65.61 g, 100.9 mmol) and EtSH (37.4 mL, 505 mniol)
CH,CI, (500 mL) was added BFOE} (25.3 mL, 202 mmol) at —
20 °C, and the mixture was stirred for 20 min. Thiae,reaction
was quenched with saturated aq. NaHC&hd the mixture was
extracted with EtOAc several times. The combined dcgayers
were washed with brine, dried over anhydrous MgSiered,
and concentrated under reduced pressure. The eesihs
purified by column chromatography (silica gel, heséEtOAc =

5 — 3) to givel3 (45.12 g, 89.02 mmol, 88%) as a colorlesswith brine,

solid.

13 mp 69-71 °C; {]p>*° +56.0 € 0.980, CHGC)); IR (KBr) v
3576, 3431, 2943, 2886, 1465, 1378, 1250, 11650,11086,
1051, 1003, 986, 931, 885, 855, 823, 693, 632, 626,cm™; 'H
NMR (400 MHz, CDC}) & 1.06 (30H, m), 1.23 (3H, 1= 7.5
Hz), 1.94 (1H, dd) =5.5, 7.9 Hz), 2.34-2.55 (3H, m), 2.78 (2H,
brd,J = 6.6 Hz), 3.49 (1H, dt) = 2.2, 9.4 Hz), 3.75-3.92 (4H,
m), 4.11 (1H, tJ = 8.5 Hz), 5.10 (1H, brs), 5.14 (1H, brdbz
1.6, 3.4 Hz), 5.82-5.93 (1H, myC NMR (100 MHz, CDG)) §
12.20 (CH), 12.22 (CH), 12.6 (CH), 12.9 (CH), 14.3 (LH7.0
(CHs), 17.1 (CH), 17.3 (CH), 17.40 (CH), 17.41 (CH), 17.5
(CHs), 17.57 (CH), 17.59 (CH), 19.9 (CH), 43.6 (CH), 62.8
(CH,), 71.3 (CH), 72.5 (CH), 76.8 (CH), 77.9 (CH), 91.5,(C)
118.4 (CH), 133.0 (CH); EI-HRMS (m/z) calcd for,&1,,06Si,
[M — SEt]: 445.2441, found: 445.2446.

7.1.4. (58,6S,8R,9R,9aS)-6-Allyl-8-(hydroxymethyl)-2,2,4,4-
tetraisopropyltetrahydro- 6H-pyrano[3,4][1,3,5,2,4]trioxa-
disilepin-9-o0l (14).To a solution ofL3 (44.27 g, 87.35 mmol) in
CH,CI, (440 mL) was addethCPBA (30.16 g, 174.5 mmol) at 0
°C, and the mixture was stirred for 1 h. Then, tortlixture were
added EfSiH (84.0 mL, 526 mmol) and BFOE} (66.0 mL, 525
mmol) at —20 °C, and the mixture was stirred fom30. Then,

the reaction was quenched with 2.0 mol/L aq. NaOH an
saturated ag. N§,0; and the mixture was filtered through a

2867, 2758, 2725, 1643, 1464, 1432, 1413, 13876,13887,
1248, 1140, 990, 915, 886, 841, 701, 606, 564, emd; 'H
NMR (400 MHz, CDC}) 4 1.05 (28H, m), 2.14-2.23 (1H, m),
2.41 (1H, brs), 2.63 (1H, brdd,= 1.4, 6.5 Hz), 3.28-3.38 (2H,
m), 3.40 (1H, tJ = 9.4 Hz), 3.48 (1H, t] = 9.4 Hz), 3.61 (1H, t,
J=8.4 Hz), 3.73 (1H, dd] = 5.4, 11.6 Hz), 3.89 (1H, brdd,=
3.2, 11.6 Hz), 5.08 (2H, df,= 1.8, 17.2 Hz), 5.88 (1H, tdd,=
6.8, 10.2, 17.2 Hz)"*C NMR (100 MHz, CDCJ) 6 12.1 (CH),
12.2 (CH), 12.79 (CH), 12.82 (CH), 17.2 (§H17.25 (CH),
17.31 (CH), 17.32 (CH), 17.36 (CH), 17.43 (CHx3), 36.1
(CH,), 63.0 (CH), 71.6 (CH), 76.1 (CH), 78.1 (CH), 79.5 (CH),
81.4 (CH), 116.9 (Ch), 134.8 (CH); EI-HRMS (m/z) calcd for
C1gH3:06Si, [M —'Pr]": 403.1972, found: 403.1961.

7.1.5. (R,4aR,6S,7R,8R,8aS)-6-Allyl-2-(naphthalen-2-
(15). To a
solution of14 (23.08 g, 51.66 g) in PhH (300 mL) were added 2-
naphthaldehyde (16.16 g, 103.4 mmol) and PPTS (1g36.173
mmol) at 24 °C, and the mixture was stirred anddukead reflux
with removal of HO by a Dean-Stark apparatus. After being
stirred for 3 h, the mixture was cooled to 24 °Qj #re reaction
was quenched with saturated aq. NaHCIben, the mixture was
extracted with EtOAc several times. The combined dcgayers
were washed with brine, dried over anhydrous MgSiered,
and concentrated under reduced pressure to gineda product,
which was used in the next reaction without purifmadi

To a solution of the above crude product in THF)(26L) was
added TBAF (1.0 mol/L in THF, 130 mL, 129 mmol)e?C, and
the mixture was stirred for 40 min at 24 °C. Thdm® teaction
was quenched with J, and the mixture was extracted with
EtOAc several times. The combined organic layers wershed
dried over anhydrous MggO filtered, and
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel, hexane/EtOAc =—1@ —

1) to givel5 (15.18 g, 44.34 mmol, 86% frofi¥) as a colorless
solid.

15 mp 144-146 °C;d]p"° —27.8 € 0.270, CHC)); IR (KBr) v
3447, 3071, 2976, 2867, 1641, 1476, 1435, 13775,13328,
1272, 1213, 1179, 1128, 1094, 1078, 1009, 982, 982, 900,
861, 823, 809, 798, 748, 608, 561, 502, 477cld NMR (400
MHz, CDCk) & 2.26 (1H, brtd] = 6.0, 13.5 Hz), 2.57 (1H, brdd,
J = 6.6, 14.6 Hz), 2.72 (1H, brs), 3.07 (1H, brs), B3&L (4H,
m), 3.68-3.76 (2H, m), 4.34 (1H, ddi= 5.0, 10.9 Hz), 5.11 (2H,
dt, J = 1.4, 17.1 Hz), 5.65 (1H, s), 5.87 (1H, tdd=7.0, 10.2,
17.2 Hz), 7.47-7.52 (2H, m), 7.59 (1H, dd= 1.5, 8.5 Hz), 7.81-
7.87 (3H, m), 7.96 (1H, s}°C NMR (100 MHz, CDGCJ) & 36.0
(CH,), 68.9 (CH), 70.2 (CH), 73.9 (CH), 75.3 (CH), 79.2 (CH),
81.1 (CH), 101.9 (CH), 117.5 (GH 123.7 (CH), 125.8 (CH),
126.3 (CH), 126.5 (CH), 127.7 (CH), 128.29 (CH), 12838l),
132.9 (C), 133.7 (C), 134.0 (CH), 134.3 (C); EI-HRMN8/z)
calcd for GH,,05[M] *: 342.1467, found: 342.1460.

7.1.6. (R,4aR,6S,7S,8R,8aR)-6-Allyl-8-((tert-
butyldimethylsilyl)oxy)-2-(naphthalen-2-
yl)hexahydropyrano[3,2-d][1,3]dioxin-7-0l (16). To a solution
éaf 15 (318.0 mg, 0.9288 mmol) and 2,6-lutidine (0.325, 12181
mmol) in CHCI, (5 mL) was added TBSOTf (0.320 mL, 1.39
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mmol) at —78 °C, and the mixture was stirred forndd. The
reaction was quenched with saturated aq. NaklG@Dd the
mixture was extracted with EtOAc several times. Theltioed
organic layers were washed with brine, dried over drduys
MgSQ,, filtered, and concentrated under reduced presSire
residue was purified by column chromatography @iligel,
hexane/EtOAc = 10) to give6 (392.6 mg, 0.8597 mmol, 93%)
as a colorless solid.

16: mp 87-88 °C; ]5*° —65.9 € 0.210, CHC)); IR (KBr) v 3573,
3064, 2951, 2931, 2901, 2855, 1640, 1472, 13888,12474,
1128, 1101, 1075, 1020, 911, 857, 778, 670, 473;¢h NMR

Tetrahedron

and stirred for 1 h under,@tmosphere. Then, the mixture was
concentrated under reduced pressure, and the eesichs
purified by column chromatography (silica gel + i8d®, PhH)

to give18(767.8 mg, 1.638 mmol, 82%) as a colorless solid.

18 mp 133-136 °C;d]p** -96.9 ¢ 0.0350, CHG)); IR (neat)v
3481, 3023, 2927, 2855, 1725, 1510, 1472, 13877,12475,
1108, 1011, 970, 855, 770, 740, 669, 623'cAH NMR (400
MHz, CDC}) § 0.08 (3H, s), 0.11 (3H, s), 0.90 (9H, s), 2.29-2.38
(1H, m), 2.67 (1H, ddd] = 4.4, 8.0, 16.4 Hz), 3.24 (1H,X~= 8.4
Hz), 3.40 (1H, dtJ = 4.4, 9.8 Hz), 3.47 (1H, dd,= 5.1, 9.8 Hz),
3.55 (1H, tJ=9.3 Hz), 3.74 (1H, ) = 10.1 Hz), 3.82 (1H, ] =

(400 MHz, CDCJ) § 0.04 (3H, s), 0.11 (3H, s), 0.88 (9H, s), 2.27 7.7 Hz), 3.99 (1H, brddd, = 2.7, 5.7, 15.8 Hz), 4.31 (1H, dil=

(1H, d,J = 2.5 Hz), 2.32 (1H, quin] = 7.5 Hz), 2.64 (1H, brd]
=14.2 Hz), 3.35-3.51 (4H, m), 3.71-3.78 (2H, m), 4 B4, dd,J
=4.4,13.2 Hz), 5.11 (1H, dd,= 1.0, 10.2 Hz), 5.16 (1H, dd=
1.7, 17.3 Hz), 5.65 (1H, s), 5.92 (1H, tdd 6.8, 10.2, 17.3 Hz),
7.47-7.52 (2H, m), 7.59 (1H, dd,= 1.6, 8.6 Hz), 7.85 (3H, brd,
J = 8.6 Hz), 7.97 (1H, s)’°C NMR (100 MHz, CDC)) 5 —4.8
(CHg), —4.0 (CH), 18.2 (C), 25.9 (Ckk3), 36.2 (CH), 69.0
(CH,), 70.7 (CH), 75.0 (CH), 76.7 (CH), 79.2 (CH), 81.5 (CH)
101.7 (CH), 117.3 (CH), 123.9 (CH), 125.7 (CH), 126.1 (CH),
126.3 (CH), 127.7 (CH), 128.0 (CH), 128.3 (CH), 1323,
133.6 (C), 134.2 (CH), 134.7 (C); EI-HRMS (m/z) calfat
Cy,H,70sSi [M —'Bu]*: 399.1628, found: 399.1637.

7.1.7. ((R,4aR,6S,7S,8R,8aR)-6-Allyl-7-(allyloxy)-2-
(naphthalen-2-yl)hexahydropyrano[3,2d)][1,3]dioxin-8-
yl)oxy)tert-butyldimethylsilane (8). To a solution ofl6 (17.77
g, 38.91 mmol), TBAI (1.470 g, 3.979 mmol), andylliomide
(6.7 mL, 78 mmol) in THF (200 mL) was added NaH (60% i
mineral oil, 7.7619 g, 194.13 mmol) at 0 °C, anel ithixture was
stirred for 10 h. Then, the reaction was quenchet saturated

ag. NHCI, and the mixture was extracted with EtOAc several

times. The combined organic layers were washed withebr
dried over anhydrous MgSQfiltered, and concentrated under
reduced pressure. The
chromatography (silica gel, hexane/EtOAc = 10) te@@\19.15

g, 38.55 mmol, 100%) as a colorless solid.

8: mp 65-67 °C; {],>* —65.6 ¢ 0.390, CHC)); IR (KBr) v 3075,
2924, 2854, 1644, 1472, 1388, 1256, 1176, 108111856, 776,
671, 473 cmt; '"H NMR (400 MHz, CDCJ) 5 0.01 (3H, s), 0.08
(3H, s), 0.85 (9H, s), 2.29 (1H, quihz= 7.9 Hz), 2.60 (1H, brd)
=13.9 Hz), 3.12 (1H, t] = 8.5 Hz), 3.38-3.47 (3H, m), 3.72 (1H,
t, 9.6 Hz), 3.86 (1H, tJ = 8.5 Hz), 4.10 (1H, dd] = 6.0, 11.9
Hz), 4.34 (1H, ddJ = 4.6, 10.4 Hz), 4.41 (1H, dd,= 6.0, 11.9
Hz), 5.09-5.20 (3H, m), 5.28 (1H, dd,= 1.5, 17.2 Hz), 5.62
(1H, s), 5.86-5.98 (2H, m), 7.47-7.51 (2H, m), 7.58l,(8d,J =
1.8, 8.7 Hz), 7.81-7.87 (3H, m), 7.97 (1H, ¥ NMR (100
MHz, CDCk) & —4.4 (CH), —4.1 (CH), 18.2 (C), 25.9 (Ckk3),
36.0 (CH), 69.1 (CH), 70.4 (CH), 74.5 (ChJ, 76.3 (CH), 79.3
(CH), 82.2 (CH), 82.4 (CH), 101.9 (CH), 117.2 (§H117.3
(CHy), 124.0 (CH), 125.8 (CH), 126.0 (CH), 126.3 (CH), 127
(CH), 127.9 (CH), 128.3 (CH), 132.8 (C), 133.6 (C)4A 13
(CH), 134.52 (CH), 134.7 (C); EI-HRMS (m/z) calcd for
CysH3:05 Si [M —'Bu]’: 439.1941, found: 439.1940.

7.1.8. tert-Butyldimethyl(((2 R,4aR,5aS,10e5,11R,11aR)-2-
(naphthalen-2-yl)-4,4a,5a,6,9,10a,11,11a-octahydro-
[1,3]dioxino[4',5":5,6]pyrano[3,2-bJoxepin-11-yl)oxy)silane

residue was purified by colum

5.7, 15.8 Hz), 4.36 (1H, dd,= 5.1, 10.1 Hz), 5.70 (1H, s), 5.73-
5.80 (1H, m), 5.85-5.90 (1H, m), 7.47-7.51 (1H, mBO7(1H,
dd,J = 1.7, 8.7 Hz), 7.82-7.85 (3H, m), 8.01 (1H, 'S¢ NMR
(100 MHz, CDCJ) 5 —4.53 (CH), —4.46 (CH), 18.4 (C), 25.9
(CH:x3), 34.8 (CH), 68.8 (CH), 69.0 (CH), 69.9 (CH), 74.9
(CH), 77.2 (CH), 82.0 (CH), 88.3 (CH), 101.4 (CH), 12@84),
125.5 (CH), 126.0 (CH), 126.2 (CH), 126.3 (CH), 127CHY,
127.9 (CH), 128.4 (CH), 131.3 (CH), 132.9 (C), 13T}, (L34.9
(C); EI-HRMS (m/z) calcd for GHs0s Si [M]*: 411.1628,
found: 411.1653.

7.1.9. (R,4aR,5aS,10aR,11R,11a5)-2-(Naphthalen-2-yl)-
4,4a,5a,6,9,10a,11,11a-octahydro-
[1,3]dioxino[4',5":5,6]pyrano[3,2-bJoxepin-11-0l (19). To a
solution of18 (10.5 g, 22.4 mmol) in THF (120 mL) was added
TBAF (1.0 mol/L in THF, 90 mL, 90 mmol) at 20 °Chdathe
mixture was stirred for 5 h. Then, the mixture wasaentrated
under reduced pressure, and the residue was purled
recrystallization (PhH + pD) to give 19 (7.50 g, 21.2 mmol,
95%) as a colorless needle.

19 mp 217-219 °C;d]p** —39.7 € 0.0350, CHGJ); IR (KBr) v
3484, 3054, 3026, 2891, 1436, 1380, 1265, 11031,1831, 828,
801, 744, 678, 549, 476 cm'H NMR (400 MHz, CDC)) &
2.36-2.45 (1H, m), 2.66 (1H, ddd,= 3.6, 8.3, 15.9 Hz), 2.80
(iH, s), 3.34 (1H, t) = 8.5 Hz), 3.39 (1H, ddd, = 4.0, 9.7, 19.4
Hz), 3.53 (1H, dtJ) = 5.2, 9.7 Hz), 3.65 (1H, § = 9.3 Hz), 3.77
(1H, t,J = 10.5 Hz), 3.89 (1H, 1] = 8.8 Hz), 4.07 (1H, brgd, =
2.9, 15.3 Hz), 4.35-4.40 (2H, m), 5.73 (1H, s), 5.88851H, m),
5.92-5.98 (1H, m), 7.46-7.50 (2H, m), 7.62 (1HJd& 8.5 Hz),
7.82-7.88 (3H, m), 7.99 (1H, syC NMR (100 MHz, CDG)) &
34.3 (CH), 68.5 (CH), 68.9 (CH), 69.9 (CH), 73.6 (CH), 76.4
(CH), 80.9 (CH), 87.8 (CH), 101.9 (CH), 123.8 (CH), ®5.
(CH), 126.1 (CH), 126.4 (CH), 127.3 (CH), 127.7 (CH)8®2
(CH), 128.4 (CH), 131.7 (CH), 132.9 (C), 133.7 (C)413(C);
EI-HRMS (m/z) calcd for GH,,0s [M]": 354.1467, found:
354.1464.

7.1.10. ((R,3R,4R,4aS,9aS)-4-((4-Bromobenzyl)oxy)-3-
(naphthalen-2-ylmethoxy)-3,4,4a,6,9,9a-hexahydraH-
pyrano[3,2-bJoxepin-2-yl)methanol (7). To a solution of19
(11.98 g, 33.80 mmol), PBBBr (14.46 g, 57.84 mmaijd TBAI
(1.255 g, 3.398 mmol) in THF (350 mL) was added N&6P4 in
mineral oil, 4.995 g, 124.9 mmol) at 0 °C, and thixture was
stirred for 27 h at 23 °C. Then, the reaction wasngbed with
saturated ag. NI, and the mixture was extracted with EtOAc
several times. The combined organic layers were vaastith
brine, dried over anhydrous MggCfiltered, and concentrated

(18). To a solution of8 (1.006 g, 2.026 mmol) in degassed under reduced pressure to give a crude product,hwhizs used

CH,CI, (100 mL) was added a solution of the second geperat
Grubbs catalystl(7) (18.3 mg, 0.0216 mmol) in degassed,CH
(1 mL) at 24 °C, and the mixture was refluxed wittrisg. After

2 h from the start of the reaction, the mixture wagled to 24 °C

immediately in the next reaction.

To a solution of the above crude product in,CHELO (240
mL : 240 mL) were added LiAIH(7.769 g, 204.7 mmol) and a
solution of AICE (9.030 g, 67.72 mmol) in E (70 mL) at 23



°C, and the mixture was stirred for 3 h. Then, ®rfixture was
added saturated aq. potassium sodium tartrate trenanixture
was stirred for 20 h at 23 °C. Then, the mixture exisacted
with EtOAc several times. The combined organic layeese
washed with brine, dried over anhydrous MgSfiitered, and
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel, hexane/EtOAc =»3) to
give 7 (15.44 g, 29.39 mmol, 87% frofr®) as a colorless solid.
7: mp 101-103 °C;d]** —32.4 ¢ 1.30, CHCJ); IR (KBr) v 3587,
3438, 3059, 3020, 2959, 2899, 2861, 2827, 15954,14802,
1352, 1237, 1160, 1121, 1071, 1011, 813, 746, 420.cm"; 'H
NMR (400 MHz, CDCJ) & 1.84 (1H, t,J = 6.0 Hz), 2.30-2.41
(1H, m), 2.65 (1H, ddd) = 4.0, 8.0, 16.1 Hz), 3.28 (1H, td~=
4.0, 9.2 Hz), 3.36-3.41 (1H, m), 3.37 (1HJt= 9.2 Hz), 3.55
(1H, t,J = 9.2 Hz), 3.65-3.71 (1H, m), 3.66 (1HJt= 9.2 Hz),
3.87 (1H, dddJ = 2.8, 6.0, 11.6 Hz), 3.99 (1H, ddi= 2.4, 6.0,
15.4 Hz), 4.27 (1H, dd] = 6.0, 15.4 Hz), 4.76 (1H, d,= 11.5
Hz), 4.80 (1H, dJ = 11.5 Hz), 4.91 (1H, d] = 11.5 Hz), 4.98
(1H, d,J = 11.5 Hz), 5.80 (1H, m), 5.90 (1H, m), 7.22 (2HJ &,
8.5 Hz), 7.38 (1H, dd] = 1.6, 8.5 Hz), 7.42 (2H, di,= 2.4, 8.5
Hz), 7.45-7.50 (2H, m), 7.69 (1H, s), 7.80 (3H, dd; 7.4, 15.9
Hz); *C NMR (100 MHz, CDG)) § 34.5 (CH), 62.4 (CH), 67.9
(CHy), 74.7 (CH), 75.1 (CH), 75.8 (CH), 77.6 (CH), 78.5 (CH),
85.6 (CH), 88.2 (CH), 121.3 (C), 125.9 (CH), 126.0 (C1D6.2
(CH), 126.7 (CH), 127.1 (CH), 127.7 (CH), 128.0 (CH)8®2
(CH), 129.5 (CHx2), 131.4 (CHx2), 131.6 (CH), 133.0,(C)
133.3 (C), 135.6 (C), 138.1 (C); FD-HRMS (m/z) calfmt
CagH2g0s Br [M] *: 524.1198, found: 524.1206.

7.1.11. (R,3R,4R,4aS,9a5)-4-((4-Bromobenzyl)oxy)-2-(2-
(methylsulfinyl)-2-(methylthio)ethyl)-3-(naphthalen-2-
ylmethoxy)-3,4,4a,6,9,9a-hexahydr@H-pyrano[3,2-b]Joxepine
(5). To a solution of7 (14.21 g, 27.04 mmol) and 2,6-lutidine
(9.40 mL, 81.1 mmol) in CKCl, (150 mL) was added 7® (9.20
mL, 54.8 mmol) at —78 °C, and the mixture was slirffier 30
min. The reaction was quenched with saturated aq. NaH&@
the mixture was extracted with,Ex several times. The combined
organic layers were washed with 0.5 mol/L ag. HCIDHand
brine, dried over anhydrous MggCfiltered, and concentrated
under reduced pressure to give a crade which was used
immediately in the next reaction.

To a solution of MeSC}B(O)Me (8.80 mL, 86.5 mmol) in THF
(170 mL) was added BulLi (1.60 mol/L in hexane, 5hl0, 81.6
mmol) at —20 °C, and the mixture was stirred fonfif. Then, to
the mixture was added a solution of the above cidm THF
(100 mL), and the mixture was stirred for 40 mineTieaction
was quenched with saturated aq. NaHC&nhd the mixture was
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(CHox1/2), 74.4 (CHx1/2), 74.9 (CHx1/4), 74.95 (&#/2),
75.02 (CHx1/2), 75.8 (CH), 81.5 (CHx1/2), 81.6 (CHx1/2),
85.69 (CHx1/2), 85.74 (CHx1/2), 88.1 (CH), 121.13 (&}1
121.14 (Cx1/2), 125.7 (CHx1/2), 125.83 (CHx1/2), $25.
(CHx1/2), 125.9 (CHx1/2), 126.1 (CHx1/2), 126.3 (CH¥1/2
126.5 (CHx1/4), 126.56 (CHx1/2), 126.58 (CHx1/4), 127
(CH), 127.86 (CHx1/2), 127.89 (CHx1/2), 127.97 (CHx2),
128.04 (CHx1/2), 128.1 (CHx1/2), 129.17 (CH), 129.CH),
131.3 (CH), 131.5 (CH), 133.1 (Cx1/2), 133.16 (Cx1133.18
(Cx1/4), 133.5 (C), 136.08 (Cx1/2), 136.12 (Cx1/288.5
(Cx1/2), 138.6 (Cx1/2); FD-HRMS (m/z) calcd for
Ca1H3505"°BrS,Si [M] *: 630.1091, found: 630.1100.

7.1.12. E)-1-((1,2-Dichlorovinyl)oxy)-4-methoxybenzene (30).
To a stirred solution of 4-methoxyphen@9) (40.06 g, 0.3227
mol) in THF (650 mL) were added NaH (60% in minerd]| oi
25.45 g, 0.6361 mol) and Kl (2.741 g, 16.51 mmol) &C. After
the effervescence of hydrogen was completed, tnioktbylene
(69.6 mL, 773 mmol) was added, and the mixture wasdeldeto
40 °C. After being stirred for 14 h, the reactionswguenched
with saturated NECI ag. at 0 °C and the mixture was filtered
through a Celite pad. Then, the filtrate was exé@aetith EtOAc
several times. The combined organic layers were vaastith
brine, dried over anhydrous MggCfiltered and concentrated
under reduced pressure. The residue was purifieddiymn
chromatography (silica gel, hexane/EtOAc 50) toegBD
(67.83 g, 0.3096 mol, 96% froY) as a colorless oil.

30: IR (neat)v 3104, 3003, 2953, 2927, 2852, 2837, 1630, 1596,
1503, 1463, 1442, 1298, 1275, 1248, 1193, 11623,11073,
1036, 833, 793, 730, 695 cn'H NMR (400 MHz, CDC)) &
3.80 (3H, s), 5.88 (1H, s), 6.88 (2H,X5 9.4 Hz), 7.01 (2H, d]

= 9.4 Hz);®*C NMR (100 MHz, CDGJ)) § 55.7 (CH), 102.5
(CH), 114.8 (CHx2), 110.6 (CHx2), 140.8 (C), 1473®),(156.6
(C); FD-HRMS (m/z) calcd for 217.9901, found: 217.29

7.1.13 1-(R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-3-(4-
methoxyphenoxy)prop-2-yn-1-ol (32).To a solution of30
(37.13 g, 0.1695 mmol) in gD (500 mL) was added dropwise
BuLi (1.65 mol/L in hexane, 210 mL, 0.347 mmol) oud® min
at 0 °C, and the mixture was stirred for 1 h 40 niihen, a
solution 0f31 (14.68 g, 0.1128 mmol) was added dropwise to the
mixture, and the mixture was stirred and allowed dtum to
ambient temperature (25 °C) for 15 h. Then, thetiea was
quenched with kD, and the mixture was extracted with,@t
several times. The combined organic layers were vaastith
brine, dried over anhydrous MggCfiltered, and concentrated

extracted with CHGlseveral times. The combined organic layersunder reduced pressure. The residue was purifiecabhymn

were washed with brine, dried over anhydrous MgSiered,
and concentrated under reduced pressure. The eesihs
purified by column chromatography (silica gel, heséEtOAC =

1 — 0.5) to give5 (brown oil, 16.3448 g, 25.88 mmol, 96% from
7) as an inseparable mixture of 4 diastereomers.

5: IR (neat)v 3034, 2888, 1593, 1479, 1091, 815, 678"ciAH
NMR (500 MHz, GDg) & 1.74-1.78 (2H, m), 1.89 (1H, s), 1.95
(1H, s), 2.13 (2H, s), 2.15-2.29 (2H, m), 2.34-2.53,(&n), 3.14-
3.38 (4H, m), 3.57-3.67 (2H, m), 3.74-3.82 (1H, mRB43(1H,
dd,J=5.1, 14.9 Hz), 4.54 (1/2H, d,= 11.9 Hz), 4.61-4.66 (1H,
m), 4.81-4.87 (1H, m), 4.90 (1/4H, @= 11.8 Hz), 4.93 (1/4H, d,
J = 11.5 Hz), 5.46-5.59 (2H, m), 6.98-7.06 (2H, m),077235
(5H, m), 7.57-7.68 (4H, m)*C NMR (100 MHz, GD¢) & 11.7
(CH3x1/2), 14.1 (CHx1/4), 15.1 (CHx1/4), 28.8 (CHx1/2),
29.2 (CHx1/2), 32.9 (CHx1/4), 34.5 (CH), 35.4 (CHx1/4),
36.4 (CHx1/2), 61.2 (CHx1/2), 63.2 (CHx1/2), 65.5 (641/4),
67.5 (CHx3/4), 71.9 (CHx1/4), 74.27 (GM1/2), 74.32

chromatography (silica gel, eluent:* hexane/EtOAc 5 Zhe
eluent contained 10% ) to give 32 (colorless oil, 20.80 g,
74.74 mmol, 66% from80) as a 1:1 mixture of diastereomer.

32 (a 1:1 mixture of diastereomersy]§>* +18.3 (c 1.14, CHG),

IR (neat)v 3439, 3114, 3076, 2987, 2936, 2903, 2837, 2273,
1501, 1463, 1455, 1443, 1382, 1372, 1297, 1239512173,
1146, 1104, 1069, 1035, 829, 729 &ntH NMR (300 MHz,
CDCl) 8 1.40 (3H, s), 1.48 (3/2H, s), 1.49 (3/2H, s), 2.22K!
brd,J = 2.4 Hz), 2.41 (1/2H, brdl = 2.4 Hz), 3.79 (3H, s), 3.94
(1/2H, dd,J = 5.3, 8.6 Hz), 4.06-4.17 (3/2H, m), 4.23 (1/2H,dt,
=5.3, 6.7 Hz), 4.29 (1/2H, di,= 4.1, 6.7 Hz), 4.47 (1/2H, brdd,
J=4.1,7.0Hz), 4.65 (1/2H, bd,= 4.1 Hz), 6.87 (2H, d] = 9.3
Hz), 7.17 (1H, dJ = 9.3 Hz), 7.18 (1H, d] = 9.3 Hz);"*C NMR
(75 MHz, CDC}) & 25.1 (CHx1/2), 25.20 (ChHx1/2), 26.3
(CH3x1/2), 26.8 (CHx1/2), 41.36 (Cx1/2), 41.45 (Cx1/2), 55.7
(CHs), 62.3 (CHx1/2), 64.1 (CHx1/2), 65.4 (¥1/2), 66.3
(CHxx1/2), 78.3 (CHx1/2), 79.3 (CHx1/2), 89.1 (Cx2), 10.
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(Cx1/2), 110.4 (Cx1/2), 114.58 (CHx1/2), 114.60 (CF¥1
115.77 (CHx1/2), 115.79 (CHx1/2), 149.44 (Cx1/2), .49
(Cx1/2), 156.40 (Cx1/2), 156.43 (Cx1/2); FD-HRMS Z)rttalcd
for CyeH10s [M] ": 278.1154, found: 278.1155.

7.1.14. R,2)-1-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-3-(4-
methoxyphenoxy)prop-2-en-1-ol (25) and $,2)-1-((R)-2,2-
dimethyl-1,3-dioxolan-4-yl)-3-(4-methoxyphenoxy)prp-2-en-
1-ol (28).To a solution 0832 (12.25 g, 44.02 mmol) in PhH (300
mL) was added Lindlar catalyst (300 mg) at 27 °Cd &me
mixture was stirred for 22 h under, itmosphere. Then, the
mixture was filtered through a Celite pad, and titteafe was
concentrated under reduced pressure. The residupusified by
HPLC (eluent:* hexane/EtOAc = 1.33: *the eluent camtdi 5%
Et:N, flow rate: 20 mL/min) to give25 (brown solid, 5.09 g,
18.16 mmol, 41% from32, Rt = 12.8 min) as a less-polar
component an@8 (brown oil, 5.93 g, 21.15 mmol, 48% fra30,
Rt = 15.2 min) as a polar component.

25: mp 48-49 °C;{]p>> —20.0 ¢ 1.39, CHCJ); IR (neat)v 3465,
3046, 2986, 2936, 2904, 2836, 1667, 1505, 14663,14881,
1371, 1227, 1216, 1182, 1157, 1103, 1065, 1009, 883, 827
cm™; 'H NMR (300 MHz, CDCJ) & 1.39 (3H, s), 1.48 (3H, s),
2.55 (1H, s), 3.78 (3H, s), 3.87 (1H, dbF= 6.0, 8.3 Hz), 4.03
(1H, dd,J = 6.2, 8.3 Hz), 4.11 (1H, d,= 6.2 Hz), 4.70 (1H, brdt,
J=3.1,7.0 Hz), 4.76 (1H, dd,= 6.0, 8.6 Hz), 6.44 (1H, dd,=
0.8, 6.0 Hz), 6.85 (2H, dl = 9.2 Hz), 6.94 (2H, d] = 9.2 Hz);
¥C NMR (75 MHz, CDC)) & 25.3 (CH), 26.8 (CH), 55.6
(CHy), 65.9 (CH), 67.3 (CH), 79.2 (CH), 108.7 (CH), 109.8 (C),
114.7 (CHx2), 117.9 (CHx2), 144.6 (CH), 151.0 (C), .I5&);
EI-HRMS (m/z) caled for @H,Os [M]™: 280.1311, found:
280.1311.

28 [a]p>* +45.4 € 0.595, CHG)); IR (neat)v 3453, 3046, 2986,
2936, 2907, 1667, 1504, 1466, 1456, 1443, 13811,13294,
1229, 1182, 1157, 1125, 1104, 1065, 1011, 847, @847 'H
NMR (300 MHz, CDC}) é 1.38 (3H, s), 1.46 (3H, s), 2.24 (1H,
s), 3.78 (3H, s), 3.95 (1H, dd,= 6.6, 8.3 Hz), 4.05 (1H, dd,=
6.6, 8.3 Hz), 4.26 (1H, df, = 4.4, 6.6 Hz), 4.80 (1H, dd,= 5.8,
8.1 Hz), 4.86 (1H, brdd) = 4.4, 8.1 Hz), 6.45 (1H, dl = 5.8
Hz), 6.85 (2H, dJ = 9.1 Hz), 6.93 (2H, d] = 9.1 Hz);"*C NMR
(75 MHz, CDC}) & 25.1 (CH), 26.3 (CH), 55.5 (CH), 65.3

Tetrahedron

DOeacdZ = 2) = 1.302 g c/i. A total 1799 unique data @y =
55°) were measured at T = 153 K by Rigaku MercuryDCC
apparatus (Mo K radiation, A 0.71070 A). Numerical
absorption correction was applied £ 0.97 cm’). The structure
was solved by the direct method (SIR92) and refimgthe full-
matrix least-squares method Bt with anisotropic temperature
factors for non-hydrogen atoms. All the hydrogennatowere
located at the calculated positions. The fiw& value is 0.0916
(all data) for 1799 reflections and 182 paramet€SDC 906654,

7.1.16. (R,48R,7R,8R,8a5)-2-(4-
Chlorophenyl)hexahydropyrano[3,2d][1,3]dioxine-6,7,8-triol
(36). PTS-HO (7.90 g, 41.5 mmol) in DMF (1.5 L) is stirred for
70 min at 80 °C in vacuo (200 mmHg) to removeOH
azeotropically. Then, to the solution were addedli@ase 85)
(246.0 g, 1.365 mol) ang-chlorobenzaldehyde dimethylacetal
34(127.3 g, 0.6821 mol), and the mixture was stiae@0 °C for

6 h in vacuo (200 mmHg). After the reaction mixtureswaoled
and returned to atmospheric pressure, the reaatinquenched
with EtN, and concentrated under reduced pressure. Théme to
residue was added,8, and the mixture was extracted with
EtOAc several times. The combined organic layers werghed
with brine, dried over anhydrous MgQO filtered and
concentrated under reduced pressure. After thdtireguesidue
was recrystallized with C€l, several times, all volatiles were
removed in vacuo at 80 °C to gi8é (156.0 g, 0.5153 mol, 75%
from p-chlorobenzaldehyde dimethylacet@4, a-anomerg-
anomer = 3:2) as a colorless solid.

36: mp 162-165 °C;d]p** +2.34 € 0.820, CHOH); IR (KBr), v
3361, 2926, 2872, 1605, 1496, 1468, 1380, 13030,12220,
1083, 1016, 819, 758, 730, 681, 659, 559, 532, 488,cm*; 'H
NMR (300 MHz, CROD) § 3.23 (2/5H, tJ = 8.0 Hz), 3.37-3.49
(2H, m), 3.61 (2/5H, tJ = 8.5 Hz), 3.73 (1H, g1 = 9.9 Hz), 3.85
(3/5H, t,J = 9.0 Hz), 3.95 (3/5H, di = 4.9, 9.9 Hz), 4.16 (3/5H,
dd,J=4.9, 9.9 Hz), 4.25 (2/5H, dd= 4.3, 10.5 Hz), 4.58 (2/5H,
d,J = 7.7 Hz), 5.12 (3/5H, d] = 3.9 Hz), 5.55 (1H, dJ = 3.2
Hz), 7.34 (2H, dJ = 8.5 Hz), 7.48 (2H, d] = 8.5 Hz);"*C NMR
(75 MHz, CDOD) & 63.5 (CHx3/5), 67.7 (CHx2/5), 69.8
(CHyx2/5), 70.2 (CHx3/5), 71.8 (CHx3/5), 74.4 (CHx3/5), 74.7

(CHy), 65.7 (CH), 78.0 (CH), 108.8 (CH), 109.2 (C), 114.6(CHx2/5), 77.2 (CHx2/5), 82.4 (CHx2/5), 83.1 (CH%B/94.7

(CHx2), 117.7 (CHx2), 144.2 (CH), 150.9 (C), 155.6;(E}
HRMS (m/z) caled for GH,Os [M]": 280.1311,
found:280.1310.

7.1.15. R)-1-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-3-(4-
methoxyphenoxy)propan-1-ol (33).To a solution of25 (29.6
mg, 0.106 mmol) in methanol (1.2 mL) was added 1034CP
catalyst (3.0 mg) at 23 °C, and the mixture wagegtifor 2 h
under H atmosphere. The mixture was filtered through at€eli
pad and concentrated under reduced pressure talgnest pure
33(27.4 mg, 97 .Qumol, 92%) as a colorless solid.

33 mp 97-99 °C; §]p** +17.8 € 0.120, CHG)); IR (KBr), v
3461, 2926, 1512, 1473, 1374, 1231, 1160, 1132510633,
973, 929, 857, 823, 730 cin'H NMR (300 MHz, CDC)), &
1.38 (3H, s), 1.45 (3H, s), 1.89 (2H,dx 5.9 Hz), 2.40 (1H, brd,
J=3.4 Hz), 3.77 (3H, s), 3.78-3.87 (2H, m), 4.02-44R, m),
6.83 (4H, s);*C NMR (75 MHz, CDCJ), 5 25.2 (CH), 26.6
(CHy), 33.3 (CH), 55.7 (CH), 65.2 (CH), 66.0 (CH), 69.7
(CH), 78.9 (CH), 109.5 (C), 114.7 (CHx2), 115.5 (CHxI%2.8
(C), 153.9 (C); EI-HRMS calcd for ,¢H,,05 [M]": 282.1467,
found: 282.1475; Crystal Data: Crystals were obtairsd
recrystallizing from EO/hexane. GH,,0s, M 282.34,
colorless platelet, 0.50 x 0.20 x 0.05 fnmonoclinic P21 (No.
4), a = 8.741(3) A,b = 5.523(2) A,c = 15.366(5) A,a =
90.000(1)°,8 = 103.967(1)°,y = 90.000(1)°,V = 719.9(4) &

(CHx3/5), 99.0 (CHx2/5), 102.0 (CHx2/5), 102.1 (G¥#®),
129.16 (CHx2), 129.20 (CHx2), 135.65 (Cx3/5), 1846x2/5),
138.0 (Cx2/5), 138.1 (Cx3/5); EI-FHRMS (m/z) calcdr fo
Ci13H1506°°Cl [M]*: 302.0557, found: 302.0563.

7.1.17. (R,4S,5R)-2-(4-Chlorophenyl)-4-vinyl-1,3-dioxan-5-ol
(38). To a solution 0f36 (30.05 g, 99.26 mmol) in MeOH (500
mL) were added pH 7 phosphate buffer (250 mL) andOial
(44.76 g, 209.3 mmol) at 21 °C, and the mixture stased for
30 min. Then, the mixture was heated to 50 °C &n@d for 1 h.
The mixture was cooled to 21 °C, and the reactios queenched
with 2.0 mol/L aq. NaOH. Then, the mixture was exgdatvith
EtOAc several times. The combined organic layers veered
over anhydrous MgSQfiltered, and concentrated under reduced
pressure to give crud&7, which was used immediately in the
next reaction.

To a solution of CEPPRBr (106.4 g, 297.7 mmol) in THF (300
mL) was added-BuOK (33.36 g, 297.3 mmol) at 21 °C, and the
mixture was stirred for 1 h. Then, the mixture wagsled to 0 °C,
and a solution of the above crugiéin THF (200 mL) was added
dropwise to the mixture. The mixture was wormed tQland
stirred for 17 h. The reaction was quenched withra&td aq.
NH,CI, and the mixture was extracted with EtOAc severats.
The combined organic layers were washed with brineddver
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anhydrous MgS® filtered, and concentrated under reduceds), 1.45 (3H, s), 3.38 (1H, di,= 5.1, 13.3 Hz), 3.69 (1H, J,

pressure. The residue was purified by column chrography
(silica gel, hexane/EtOAc = 5> 2.5) to give38 (18.41 g, 76.49
mmol, 77% from36) as a colorless solid.

38 mp 78-80 °C; ] —48.6 € 0.975, CHCJ); IR (KBr), v
3388, 3091, 3059, 2987, 2926, 2865, 1600, 14968,14083,
1270, 1215, 1081, 1015, 981, 967, 930, 814, 736,@8"; 'H
NMR (300 MHz, CDC}) & 1.73 (1H, brd)] = 3.3 Hz), 3.58-3.70
(2H, m), 4.02 (1H, tJ = 8.0 Hz), 4.29-4.41 (1H, m), 5.38 (1H,
brdd,J = 1.1, 10.4 Hz), 5.49 (1H, dd= 1.1, 18.0 Hz), 5.52 (1H,
s), 5.97 (1H, ddd) = 6.8, 10.4, 18.0 Hz), 7.34 (2H, d= 8.6
Hz), 7.45 (2H, dJ = 8.6 Hz);"*C NMR (75 MHz, CDCJ) § 65.1
(CH), 70.7 (CH), 83.4 (CH), 100.1 (CH), 119.4 (GH 127.6
(CH x 2), 128.4 (CHx2), 134.4 (CH), 134.8 (C), 1362); EI-
HRMS (m/z) calcd for GH.:0:°Cl [M]*: 240.0553, found:
240.0551.

7.1.18. 2-(((R,4S,5R)-2-(4-Chlorophenyl)-4-vinyl-1,3-dioxan-
5-yl)oxy)acetic acid (39).To a solution 038 (315.6 mg, 1.311
mmol) in 1,4-dioxane (5 mL) was added NaH (60% in mahe
oil, 230.3 mg, 5.760 mmol) at 22 °C, and heatedQ&C. After
being stirred for 30 min, bromoacetic acid (220.9, M.583
mmol) was added, and the mixture was stirred for.Ilhien, the
mixture was cooled to 22 °C, and the reaction wasched with
H,O. To the mixture was added.Bt and the mixture was

extracted with HO several times. The combined aqueous layer

were acidified to pH 2 with 2.0 mol/L ag. HCI and egtesl with
Et,O several times. The combined organic layers weeddiver

anhydrous MgSQ filtered, and concentrated under reduced
pressure to giv89 (colorless solid, 378.9 mg, 1.268 mmol, 97%)

in an almost pure form.

39 [a]p™* —30.4 € 0.850, CHC)); IR (KBr) v 3300-2400 (br),
3044, 2985, 2963, 2927, 2861, 2763, 2668, 2571711309,
1600, 1495, 1420, 1388, 1380, 1360, 1300, 1292012252,
1213, 1142, 1121, 1094, 1080, 1042, 1017, 1003, 982, 965,
938, 930, 885, 878, 817, 808, 692, 644 ¢ritd NMR (300 MHz,
CDCl) 8 1.26 (1H, brs), 3.43 (1H, di,= 5.4, 9.6 Hz), 3.71 (1H,
t,J = 10.7 Hz), 4.15 (1H, brdd,= 1.2, 8.8 Hz), 4.24 (1H, d,=
2.7 Hz), 4.47 (1H, ddJ = 5.4, 10.7 Hz), 5.38 (1H, d,= 10.7
Hz), 5.51 (1H, s), 5.52 (1H, d,= 17.9 Hz), 6.03 (1H, ddd, =
6.8, 10.7, 17.9 Hz), 7.33 (2H, 8= 8.6 Hz), 7.43 (2H, d] = 8.6
Hz); *C NMR (75 MHz, CDC)) § 67.7 (CH), 69.0 (CH), 74.6
(CH), 81.3 (CH), 100.1 (CH), 119.1 (GH127.6 (CHx2), 128.4
(CHx2), 134.4 (CH), 134.9 (C), 135.9 (C), 174.1 (E}XHRMS
(m/z) calcd for GH1:0:°Cl [M]*: 298.0608, found: 298.0609.

7.1.19. 6,2)-1-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-3-(4-
methoxyphenoxy)allyl2-(((R,4S,5R)-2-(4-chlorophenyl)-4-
vinyl-1,3-dioxan-5-yl)oxy)acetate (27).To a solution of39
(33.67 g, 112.7 mmol) in Ci&€l, (600 mL) were added DMAP
(1.0670 g, 8.7337 mmol), EDCI-HCI (31.56 g, 165.1 Mpand
a solution of28 (23.14 g, 82.55 mmol) in C&l, (200 mL) at 22
°C, and the mixture was stirred for 18 h. The reactwas
quenched with 0.2 mol/L ag. HCI, and the mixture wesacted
with EtOAc several times. The combined organic layeese
washed with brine, dried over anhydrous MgSfiltered, and
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel, eluent:* hex&t@/Ac = 10
— 5: *the eluent contained 5% &) to give27 (43.41 g, 77.38
mmol, 94%) as a colorless oil.

27: [a]p™ —0.229 € 1.91, CHCY); IR (neat)v 3045, 2987, 2934,
2908, 2837, 1759, 1668, 1603, 1504, 1465, 14573,14410,
1382, 1373, 1297, 1214, 1141, 1110, 1090, 10629,10816,
977, 942, 827, 758 c¢th 'H NMR (300 MHz, CDCJ) 6 1.37 (3H,

=10.7 Hz), 3.76-3.84 (2H, m), 3.78 (3H, s), 4.07-42H, m),
4.21 (2H, dJ = 6.7 Hz), 4.38 (1H, dt] = 3.8, 6.7 Hz), 4.51 (1H,
dd,J = 5.1, 10.7 Hz), 4.80 (1H, dd,= 6.2, 8.9 Hz), 5.32 (1H,
brddd,J = 1.0, 1.3, 10.7 Hz), 5.49 (1H, brtli= 1.3, 17.3 Hz),
5.49 (1H, s), 6.00-6.11 (2H, m), 6.51 (1H, dds 0.8, 6.2 Hz),
6.84 (2H, dJ = 9.2 Hz), 6.94 (2H, d] = 9.2 Hz), 7.33 (2H, d]

= 8.5 Hz), 7.43 (2H, d] = 8.5 Hz);"*C NMR (75 MHz, CDC}) &
24.9 (CH), 26.0(CH), 55.3 (CH), 65.3 (CH), 68.0 (CH), 68.5
(CH), 69.0 (CH), 74.2 (CH), 76.2 (CH), 77.2 (C), 80.8 (CH),
99.5 (CH), 103.4 (CH), 114.4 (CHx2), 117.8 (CHx2), D18.
(CH,), 127.5 (CHx2), 128.1 (CHx2), 134.3 (C), 134.4 (CH),
136.0 (C), 145.9 (CH), 150.6 (C), 155.6 (C), 168%; (EI-
HRMS (m/z) calcd for GHs05°°Cl [M]*: 560.1813, found:
560.1817.

7.1.20. Methyl (R,3R,E)-2-(((2R,4S,5R)-2-(4-chlorophenyl)-4-
vinyl-1,3-dioxan-5-yl)oxy)-5-(§)-2,2-dimethyl-1,3-dioxolan-4-
yI)-3-(4-methoxyphenoxy)pent-4-enoate (40)o a solution of
27 (41.05 g, 73.17 mmol) in THF (370 mL) was added TWS
(18.5 mL, 146 mmol) at —78 °C, and the mixture wases for 5
min. Then, KHMDS (0.5 mol/L in PhC{1290 mL, 146 mmol)
was added dropwise, and the mixture was stirred fand0 To
the mixture was added diethyl malonate (22.0 mL, @6ol)
éand the mixture was stirred for 15 min. Then, thetune was
warmed to 0 °C, and stirred for 4 h. The reaction guenched
with 0.5 mol/L ag. HCI, and the mixture was extracteith
EtOAc several times. The combined organic layers werghed
with brine, dried over anhydrous Mgg{O filtered, and
concentrated under reduced pressure to give a quuniduct,
which was used in the next reaction without purifmadi

To a solution of the above crude product in PhH-MeQB5
mL:185 mL) was added TMSCHN73.0 mL, 146 mmol) at 21
°C, and the mixture was stirred for 12 h. Then, rfieture was
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel, hexane/EtOAc =»3) to
give 40 (39.93 g, 69.44 mmol, 95% fro@v, containing 15epi-
40[40:15-epi-40 = > 20:1]) as a colorless ail.

40: [0]p™® —42.8 € 1.75, CHC)); IR (neat)v 3043, 2987, 2952,
2934, 2905, 2869, 2836, 1750, 1603, 1505, 14639,14316,
1381, 1371, 1279, 1226, 1180, 1147, 1109, 10901,10638,
1016, 976, 937, 824 ¢ 'H NMR (300 MHz, CDC)) & 1.37
(3H, s), 1.40 (3H, s), 3.40 (1H, ddii= 5.6, 9.3, 10.0 Hz), 3.53
(1H, t,J = 7.7 Hz), 3.67-3.75 (1H, m), 3.75 (3H, s), 3.77 (8H,
4.06 (1H, ddJ = 6.2, 8.1 Hz), 4.11-4.22 (1H, brdd, 5.6, 8.9 Hz),
4.32 (1H, d,J = 4.8 Hz), 4.38 (1H, dd] = 5.0, 10.7 Hz), 4.52
(1H, q,J = 6.8 Hz), 4.81 (1H, tJ = 5.6 Hz), 5.25 (1H, brd] =
10.6 Hz), 5.44-5.50 (1H, m), 5.49 (1H, s), 5.76 (1H,XHd 6.2,
15.6 Hz), 5.88 (1H, dd] = 6.2, 15.6 Hz), 6.07 (1H, ddd= 5.6,
10.7, 17.1 Hz), 6.81 (4H, d,= 2.1 Hz), 7.32 (2H, d] = 8.4 Hz),
7.42 (2H, d,J = 8.4 Hz);**C NMR (75 MHz, CDCJ) 5 25.8
(CHs), 26.6 (CH), 52.4 (CH), 55.7 (CH), 69.3 (CH), 69.4
(CHy), 74.7 (CH), 76.0 (CH), 79.5 (CH), 80.9 (CH), 81.3 (CH)
90.9 (CH), 109.5 (C), 114.6 (CHx2), 117.5 (CHx2), #1€H,),
127.6 (CHx2), 128.2 (CH), 128.4 (CHx2), 133.0 (CH), .534
(CH), 134.8 (C), 136.1 (C), 151.2 (C), 154.6 (C)0X7(C);El-
HRMS (m/z) calcd for GH30.>°Cl [M]*: 574.1969, found:
574.1977.

7.1.21. Methyl (R,3R,6S,E)-2-(((2R,4S,5R)-2-(4-
chlorophenyl)-4-vinyl-1,3-dioxan-5-yl)oxy)-6,7-dihylroxy-3-

(4-methoxyphenoxy)hept-4-enoate (41)To a solution of40
(21.68 g, 37.70 mmol) in MeCN (900 mL) was addedradi/L
ag. HCI (150 mL) at 0 °C, and the mixture was stificd47 h.
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The reaction was quenched with saturated aq. NaHex@ the
mixture was extracted with EtOAc several times. Theilsioed
organic layers were washed with brine, dried over drdus
MgSQ,, filtered, and concentrated under reduced presSure
residue was purified by column chromatography @iligel,
hexane/EtOAc = 5~ 3 — 1 — EtOAc) to give4l (18.57 g,
34.71 mmol, 92%, containing Jpi-41 [41:15-€epi-41 = > 20:1])
as a colorless oil.

41: [a]p** —49.3 € 0.620, CHCJ); IR (neat)v 3404, 3042, 3002,
2953, 2928, 2865, 2837, 1751, 1646, 1603, 15065,14857,
1437, 1419, 1387, 1362, 1297, 1230, 1180, 1109, 838, 823,
761, 733 cnt; 'H NMR (300 MHz, CDCJ) & 3.36-3.48 (2H, m),
3.61 (1H, ddJ = 3.6, 11.3 Hz), 3.68-3.75 (1H, m), 3.76 (3H, s),
3.78 (3H, s), 4.18 (1H, brdd,= 6.0, 8.9 Hz), 4.27 (1H, brd,=
5.2 Hz), 4.35-4.41 (2H, m), 4.83 (1H,X= 5.2 Hz), 5.26 (1H,
dd,J=1.2, 10.6 Hz), 5.48 (1H, dd,= 1.2, 17.3 Hz), 5.49 (1H,
s), 5.72 (1H, ddJ = 5.6, 15.9 Hz), 5.90 (1H, dd,= 6.6, 15.9
Hz), 6.09 (1H, dddJ = 5.6, 10.6, 17.3 Hz), 6.78-6.85 (4H, m),
7.32 (2H, dJ = 8.4 Hz), 7.42 (2H, d] = 8.4 Hz);"*C NMR (75
MHz, CDCkL) & 52.4 (CH), 55.5 (CH), 65.9 (CH), 69.1 (CH),
71.9 (CH), 74.8 (CH), 79.5 (CH), 80.6 (CH), 81.2 (CH3,®
(CH), 114.5 (CHx2), 117.3 (CHx2), 118.1 (§H126.8 (CH),
127.6 (CHx2), 128.2 (CHx2), 133.8 (CH), 134.3 (CH34®
(C), 136.0 (C), 151.0 (C), 154.4 (C), 170.8 (CRHRMS (m/z)
calcd for GHg0,>°Cl [M] *: 534.1656, found: 534.1657.

7.1.22. Methyl (R,3R,E)-2-(((2R,4S,5R)-2-(4-chlorophenyl)-4-
vinyl-1,3-dioxan-5-yl)oxy)-6-hydroxy-3-(4-methoxyplenoxy)
hex-4-enoate (42)To a solution o1 (464.4 mg, 0.8681 mmol)
in THF (4.3 mL) were added pH 7 phosphate buffer fiL) and
NalO, (928.4 mg, 4.341 mmol) at 25 °C, and the mixtues w
stirred for 1.5 h. Then, the reaction was quenched saturated

ag. NaHCQ and the mixture was concentrated under reduce

pressure to remove organic solvent. The residualeaas
mixture was extracted with EtOAc several times. Theltioed
organic layers were washed with brine, dried over drdus
MgSQ,, filtered, and concentrated under reduced predsugeve
a crude product, which was used immediately in tlestn
reaction.

To a solution of the above crude product in MeOH(ll§ were
added CeGI7H,0O (970.7 mg, 2.603 mmol) and NaBKRP8.5
mg, 2.60 mmol) at —78 °C, and the mixture was stifix 20
min. Then, the reaction was quenched with 0.2 mogL HCI,
and the mixture was extracted with EtOAc several tinfde
combined organic layers were washed with brine, ddedr

anhydrous MgSQ filtered, and concentrated under reduced

pressure. The residue was purified by column chrogmaphy
(silica gel, hexane/EtOAc = 2) to giv2 (400.3 mg, 0.7927
mmol, 91% from41, containing 15epi-42 [42:15-€pi-42 = >
20:1]) as a colorless oil.

42 [o]p®* —54.4 € 1.85, CHC)); IR (neat)v 3493, 3043, 2998,
2953, 2930, 2911, 2860, 2836, 1747, 1603, 15094,159864,
1455, 1439, 1420, 1416, 1385, 1359, 1280, 12270,11809,
1090, 1038, 1016, 980, 941, 825, 733triH NMR (300 MHz,
CDCl) 5 3.42 (1H, dtJ = 4.8, 9.8 Hz), 3.72 (1H, §,= 10.5 Hz),
3.76 (3H, s), 3.78 (3H, s), 4.13-4.21 (3H, m), 4.34,(d,J = 4.8
Hz), 4.39 (1H, dd,) = 4.8, 11.2 Hz), 4.84 (1H, § = 5.8 Hz),
5.26 (1H, ddJ = 1.1, 10.5 Hz), 5.47 (1H, d,= 16.1 Hz), 5.49
(1H, s), 5.81 (1H, ddJ = 6.4, 16.1 Hz), 5.92 (1H, td, = 4.4,
16.1 Hz), 6.09 (1H, ddd] = 5.8, 10.5, 17.2 Hz), 6.78-6.85 (4H,
m), 7.32 (2H, dJ = 8.4 Hz), 7.42 (2H, d] = 8.4 Hz);"*C NMR
(75 MHz, CDC}) § 52.3 (CH), 55.5 (CH), 62.2 (CH), 69.2
(CH,), 74.6 (CH), 79.4 (CH), 80.6 (CH), 81.3 (CH), 99.7 (CH)
114.5 (CHx2), 117.2 (CHx2), 118.0 (§H125.4 (CH), 127.5
(CHx2), 128.2 (CHx2), 134.3 (CH), 134.47 (CH), 134.83, (
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136.0 (C), 151.1 (C), 154.3 (C), 170.7 (C); EI-HRKhSYZ) calcd
for CogH,g0gCl [M] ™2 504.1551, found: 504.1552.

7.1.23. Methyl (R,3R)-2-(((2R,4S,5R)-2-(4-chlorophenyl)-4-
vinyl-1,3-dioxan-5-yl)oxy)-3-(4-methoxyphenoxy)he-
enoate (26).To a solution of42 (27.99 g, 55.43 mmol) in THF-
1-hexene (450 mL: 90 mL) were added PF20.09 g, 110.9
mmol) and IPNSBH (28.60 g, 111.2 mmol) at 17 °C, &rel
mixture was cooled to 0 °C with stirring. Then, te tmixture
was added DIAD (22.0 mL, 112 mmol), and the mixtures wa
warmed to 17 °C. After being stirred for 10 h, to thigture were
added 2,2,2-trifluoroethanol (200 mL) and@H(200 mL), and
the mixture was stirred for 19 h. The reaction wasnghed with
0.5 mol/L aq. HCI, and the mixture was extracted VEHDAC
several times. The combined organic layers were vaastith
brine, dried over anhydrous MggCfiltered, and concentrated
under reduced pressure. The residue was purifie¢diymn
chromatography (silica gel, hexane/EtOAc =-205) to give26
(22.87 g, 46.77 mmol, 84%, containing é-26 [26:15-epi-26
= > 20:1]) as a colorless oil.
26: [0]p>® —21.7 € 1.14, CHC)); IR (neat)v 3078, 3044, 2998,
2953, 2932, 2911, 2858, 2835, 1753, 1642, 16036,15064,
1437, 1416, 1385, 1360, 1340, 1280, 1227, 11806,11410,
1089, 1038, 1016, 989, 929, 825 ¢mH NMR (300 MHz,
CDCly) 6 2.40-2.61 (2H, m), 3.35 (1H, df, = 5.2, 10.0 Hz),
3.68-3.73 (1H, m), 3.75 (3H, s), 3.77 (3H, s), 4.1, (tirdd,J =
5.9, 9.2 Hz), 4.33 (1H, d,= 4.1 Hz), 4.40 (1H, ddl = 5.2, 11.2
Hz), 4.44-4.48 (1H, m), 5.10 (1H, 3= 9.2 Hz), 5.19 (1H, d] =
11.2 Hz), 5.43 (1H, d] = 17.2 Hz), 5.49 (1H, s), 5.82 (1H, tdd,
= 7.1, 10.0, 17.2 Hz), 6.01 (1H, dddi= 5.9, 10.5, 17.2 Hz),
6.80-6.89 (4H, m), 7.32 (2H, d,= 8.4 Hz), 7.42 (2H, d] = 8.4
Hz); °C NMR (75 MHz, CDC)) § 34.2 (CH), 52.2 (CH), 55.5
CHs), 69.3 (CH), 74.5 (CH), 79.0 (CH), 79.5 (CH), 80.9 (CH),
9.7 (CH), 114.6 (CHx2), 117.2 (CHx2), 118.1 ¢;H118.4
(CHy), 127.6 (CHx2), 128.2 (CHx2), 133.3 (CH), 134.3 (CH),
134.6 (C), 136.0 (C), 151.3 (C), 154.3 (C), 17LY, EI-HRMS
(m/z) calcd for GH,40,>°CI [M] *: 488.1601, found: 488.1603.

7.1.24. Methyl (R,4aR,6R,7R,10&S,Z2)-2-(4-chlorophenyl)-7-
(4-methoxyphenoxy)-4,4a,6,7,8,10a-
hexahydro[1,3]dioxino[5,4bJoxocine-6-carboxylate (24).To a
solution 0f26 (469.1 mg, 0.9594 mmol) in degassed,CH (50
mL) was added a solution of the second generatiorbliaru
catalyst 17) (46.8 mg, 0.0551 mmol) in degassed,CH (2 mL)
at 23 °C, and the mixture was stirred for 14 h. Tlilea mixture
was stirred under Oatmosphere for 2 h. The mixture was
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel + Florffsihexane/EtOAc =
10 — 5) to give24 (colorless solid, 329.5 mg, 0.7149 mmol,
75%) as a single diastereomer. Under the reactinditions, 15-
epi-26 was not reactive. Unreacted #5i-26 was easily
separable fron24 by column chromatography.

24: mp 128-130 °Cia]p®® —125 € 1.03, CHC)); IR (KBr) v
3017, 2951, 2931, 2868, 2846, 1752, 1509, 14636,14381,
1344, 1319, 1292, 1280, 1265, 1251, 1244, 1218611978,
1162, 1119, 1102, 1085, 1055, 1036, 1024, 1010, 833, 818,
767, 662 cnt; 'H NMR (300 MHz, GDg) 6 2.32-2.48 (2H, m),
3.28 (3H, s), 3.31 (3H, s), 3.39 (1H,Jt= 10.4 Hz), 3.52 (1H,
brdt,J = 5.0, 9.9 Hz), 4.14 (1H, brd,= 7.2 Hz), 4.22 (1H, dd]

= 5.0, 10.4 Hz), 4.26 (1H, d,= 9.6 Hz), 4.91 (1H, td] = 2.7,
9.6 Hz), 5.04 (1H, s), 5.69 (1H, brdfj= 1.6, 9.0 Hz), 5.89 (1H,
dd,J = 5.0, 10.4 Hz), 6.73 (2H, d,= 8.7 Hz), 6.95 (2H, d] =
8.7 Hz), 7.17 (2H, dJ = 8.5 Hz), 7.35 (2H, dJ = 8.5 Hz);"°C
NMR (75 MHz, GD¢) 6 28.1 (CH), 51.8 (CH), 55.1 (CH),



69.3 (CH), 77.0 (CH), 79.5 (CH), 80.2 (CH), 80.4 (CH), 100.0
(CH), 115.1 (CHx2), 119.0 (CHx2), 126.4 (CH), 128.2 (@Wx
128.5 (CHx2), 134.0 (CH), 134.9 (C), 136.8 (C), 15(C},
155.5 (C), 170.6 (C); EI-HRMS (m/z) calcd for,,8,0,>°Cl
[M] *: 460.1288, found: 460.1289.

7.1.25. Methyl (R,4aR,6R,7R,10aS,2)-2-(4-chlorophenyl)-7-
hydroxy-4,4a,6,7,8,10a-hexahydro[1,3]dioxino[5,&joxocine-
6-carboxylate (43).To a solution oR4 (15.43 g, 33.48 mmol) in
CH,CI,-DMF (120 mL: 120 mL) was added a solution of CAN
(73.41 g, 134.1 mmol) in 4© (60 mL) dropwise at 0 °C, and the
mixture was stirred for 16 h. Then, the mixture widsted with
H,O, and extracted with ED several times. The combined
organic layers were washed with brine, dried over drdus
MgSQ,, filtered, and concentrated under reduced presSure
residue was purified by column chromatography @iligel,
hexane/EtOAc = 3> 1) to give43 (11.02 g, 31.06 mmol, 93%)
as a colorless solid.

43 mp 95-96 °C;{]p>> -64.4 € 0.925, CHCJ); IR (KBr) v 3492,
3034, 2953, 2930, 2902, 2857, 1744, 1603, 14951,14840,
1384, 1350, 1293, 1274, 1240, 1203, 1176, 11280,11065,
1016, 815, 751, 661 ¢ 'H NMR (300 MHz, CDC)) & 2.40-
2.51 (1H, m), 2.63-2.74 (1H, m), 2.93 (1H, brs), 3 B4, dt,J =
5.1, 9.6 Hz), 3.66 (1H, brf, = 10.4 Hz), 3.80 (3H, s), 4.00 (1H,
d,J = 9.6 Hz), 4.15-4.23 (1H, m), 4.37 (1H, ddk 5.1, 10.4 Hz),
4.67 (1H, brdd,) = 2.7, 8.8 Hz), 5.46 (1H, s), 5.83-5.96 (2H, m),
7.34 (2H, dJ = 8.6 Hz), 7.43 (2H, d] = 8.6 Hz);**C NMR (75
MHz, CDCkL) é 31.4 (CH), 52.6 (CH), 69.1 (CH), 72.4 (CH),
76.5 (CH), 79.3 (CH), 80.5 (CH), 100.1 (CH), 126.8 (CHD7.6
(CHx2), 128.4 (CHx2), 133.2 (CH), 134.9 (C), 135.9,(C}j3.4
(C); ESI-HRMS (m/z) calcd for GH;60¢°CINa [M + NaJ:
377.0762, found: 377.0765.

7.1.26. (R,42R,6S,7R,108S,2)-2-(4-Chlorophenyl)-6-
(hydroxymethyl)-4,4a,6,7,8,10a-hexahydro[1,3]dioxio[5,4-
bJoxocin-7-ol (44).To a solution o#43 (11.02 g, 31.06 mmol) in
MeOH (160 mL) was added NaBH2.379 g, 62.88 mmol) at O
°C, and the mixture was stirred for 1 h at 22 °Cerfho the
mixture was added extra NaBKL.182 g, 31.23 mmol) at 0 °C,
and the mixture was stirred for 1 h at 22 °C. Thectien was
guenched with NaHCQand the mixture was filtered through a
Celite pad. The filtrate was evaporated to removgarmic
solvent, and the agueous mixture was extracted WItDAE
several times. The combined organic layers were vaastith
brine, dried over anhydrous MggCfiltered, and concentrated
under reduced pressure. The residue was purifie¢diymn
chromatography (silica gel, hexane/EtOAc = 1) to gi4e9.69
g, 29.6 mmol, 95%) as a colorless solid.

44: mp 54-56 °C;{]p>° -96.2 ¢ 0.910, CHCJ); IR (KBr) v 3396,
3033, 2928, 2859, 1603, 1495, 1462, 1442, 1417314683,
1351, 1293, 1276, 1217, 1114, 1091, 1069, 1042%,1815, 816,
760, 735, 660, 617, 521 cin'H NMR (300 MHz, CDC)) § 2.14
(2H, brs), 2.32-2.42 (1H, m), 2.66-2.77 (1H, m), 33466 (2H,
m), 3.63 (1H, tJ = 10.4 Hz), 3.70 (1H, dd] = 5.5, 11.5 Hz),
3.78 (1H, ddJ = 5.5, 11.5 Hz), 4.00 (1H, brtd,= 3.1, 9.2 Hz),
4.28 (1H, ddJ = 5.0, 10.4 Hz), 4.45 (1H, dd,= 3.1, 8.8 Hz),
5.44 (1H, s), 5.81-5.94 (2H, m), 7.34 (2H,J5 8.6 Hz), 7.43
(2H, d,J = 8.6 Hz);"*C NMR (75 MHz, CDCJ) § 32.7 (CH),
64.0 (CH), 69.4 (CH), 72.6 (CH), 75.7 (CH), 79.7 (CH), 81.8
(CH), 99.9 (CH), 126.4 (CH), 127.6 (CHx2), 128.4 (Ch{x2
133.4 (CH), 134.8 (C), 135.9 (C); ESI-HRMS (m/z) dafor
CieH1505°°Cl [M + H]*: 325.0848, found: 325.0856.

7.1.27. (48,5aR,8R,9aS,12aR,2)-2,2-Di-tert-butyl-8-(4-
chlorophenyl)-4a,5a,6,9a,12,12a-hexahydréH -
[1,3,2]dioxasilino[5,4b][1,3]dioxino[4,5-gJoxocine (45). To a
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solution of44 (172.7 mg, 0.5285 mmol) and pyridine (0.130
mL, 1.62 mmol) in DMF (2.6 mL) was addeBu,Si(OTf),
(0.260 mL, 0.803 mmol) at 0 °C, and the mixture a@sed for
3 h at 19 °C. Then the reaction was quenched wi@, ldnd the
mixture was extracted with B several times. The combined
organic layers were washed with brine, dried over drdus
MgSQ,, filtered, and concentrated under reduced presdure
residue was purified by column chromatography @iligel,
hexane/EtOAc = 20) to givé5 (222.2 mg, 0.4757 mmol, 90%)
as a colorless solid.
45: mp 118-120 °C;d]p>° -93.0 ¢ 0.560, CHCJ); IR (KBr) v
3036, 2961, 2933, 2889, 2860, 1495, 1474, 13865,13895,
1282, 1272,1213, 1151, 1110, 1091, 1063, 10465,1947, 972,
951, 933, 902, 826, 795, 765, 653 &ntH NMR (400 MHz,
CDCls) 6 0.96 (9H, s), 1.02 (9H,s), 2.40-2.51 (1H, m), 2.6242
(1H, m), 3.48 (1H, ddd] = 4.1, 8.4, 10.2 Hz), 3.55 (1H, bit=
10.2 Hz), 3.66 (1H, dddl = 4.4, 8.9, 10.7 Hz), 3.74 (1H, d#i=
9.4, 10.7 Hz), 4.03 (1H, dd,= 4.4, 9.4 Hz), 4.13 (1H, ddd,=
2.8, 3.6, 8.9 Hz), 4.22 (1H, dd~ 4.1, 9.9 Hz), 4.42 (1H, brdd,
= 2.8, 8.4 Hz), 5.42 (1H, s), 5.82-5.95 (2H, m), 7(28, d,J =
8.5 Hz), 7.42 (2H, dJ = 8.5 Hz);"*C NMR (75 MHz, CDCJ) &
20.1 (C), 22.5 (C), 27.1 (GM3), 27.4 (CHx3), 32.7 (CH), 67.0
(CHy), 69.3 (CH), 74.7 (CH), 76.6 (CH), 77.7 (CH), 79.8 (CH),
99.9 (CH), 127.1 (CH), 127.6 (CHx2), 128.3 (CHx2),313
(CH), 134.6 (C), 136.1 (C); APCI-HRMS (m/z) calcd for
CaH3505>°Cl,Si [M + CI]': 501.1636, found: 501.1642.

7.1.28. (48,6R,7S,10aR,2)-2,2-Di+ert-butyl-6-
(hydroxymethyl)-4,4a,6,7,10,10a-
hexahydro[1,3,2]dioxasilino[5,4bJoxocin-7-o0l (46). To a
solution of 45 (222.2 mg, 0.4757 mmol) and 1,2-ethanedithiol
(0.164 mL, 1.95 mmol) in CKIl, (5.0 mL) was added BFOE}
(0.120 mL, 0.972 mmol) at —40 °C, and the mixtures \wtrred
for 3 h. Then, the reaction was quenched with sadraig.
NaHCQO,, and the mixture was extracted with EtOAc several
times. The combined organic layers were washed witheb
dried over anhydrous MgSQfiltered, and concentrated under
reduced pressure. The residue was purified by column
chromatography (silica gel, hexane/EtOAc =31) to give46
(158.8 mg, 0.4609 mmol, 97%) as a colorless oil.

46: [a]p>* —56.0 € 0.350, CHCJ); IR (neat)v 3396, 3025, 2962,
2933, 2860, 1474, 1440, 1387, 1364, 1213, 12006,11404,
1075, 1011, 1004, 990, 940, 826, 794, 767, 753, &62; 'H
NMR (300 MHz, CDC}) 8 0.96 (9H, s), 1.02 (9H, s), 2.06 (2H,
brs), 2.39 (1H, brddd] = 2.4, 6.3, 13.4 Hz), 2.66 (1H, ddil=
3.9, 8.9, 13.4 Hz), 3.40 (1H, ddidi= 3.9, 5.3, 8.9 Hz), 3.62 (1H,
ddd,J = 5.0, 9.1, 10.6 Hz), 3.69-3.81 (2H, m), 3.85 (1Hidyd
=4.1,11.6 Hz), 4.05 (1H, dd= 5.0, 9.9 Hz), 4.11 (1H, ddd=
2.4, 3.9, 9.1 Hz), 4.47 (1H, brddi= 3.9, 8.9 Hz), 5.74-5.89 (2H,
m); C NMR (75 MHz, CDCJ) § 20.1 (C), 22.5 (C), 27.0
(CH3x3), 27.4 (CHx3), 32.6 (CH), 64.0 (CH), 67.0 (CH), 69.7
(CH), 76.8 (CH), 77.5 (CH), 83.9 (CH), 126.6 (CH), 13@CH);
ESI-HRMS (m/z) calcd for GH;,0sSiNa [M + NaJ: 367.1911,
found: 367.1912.

7.1.29. (48,6R,7S,10aR,2)-6-Allyl-2,2-di- tert-butyl-7-
((triethylsilyl)oxy)-4,4a,6,7,10,10a-
hexahydro[1,3,2]dioxasilino [5,4bJoxocine (47).To a solution
of 46 (385.2 mg, 1.118 mmol) and 2,6-lutidine (0.660 rBL70
mmol) in CHCl, (10 mL) was added 7® (0.190 mL, 1.13
mmol) at =78 °C, and the mixture was stirred fonib. Then, to
the mixture was added TESOTf (0.380 mL, 1.68 mmbh-%8
°C. Then, the mixture was warmed to 0 °C, and stifoed45
min. The reaction was quenched with saturated aq. NaH&©
the mixture was extracted with EtOAc several times. The
combined organic layers were washed with 0.5 mol/L H@Gl
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and brine, dried over anhydrous MgsOfiltered, and
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel, hexane/EtOAc =20 —
EtOAc) to give a trifluoromethanesulfonate ester, Whigas
used immediately in the next reaction.

To a solution of tetravinyltin (0.995 mL, 5.48 mrai THF (27
mL) was added BuLi (1.60 mol/L in hexane, 13.7 mlL.®
mmol) at —78 °C, and the mixture was stirred for.1Tb the
resulting vinyllithium solution was added a suspensf CuCN
(990.5 mg, 11.06 mmol) in THF (27 mL) dropwise a8-°C, and
the mixture was stirred for 45 min. Then, to the tonig was
added a solution of the above trifluoromethanesafe ester in
THF (10 mL) at —78 °C. Then, the mixture was warnwed20 °C
and stirred for 18 h. The reaction quenched withigture of
saturated ag. N}l and 25% aqg. NH (v/iv = 9/1), and the
mixture was extracted with EtOAc several times. Theltioed
organic layers were washed with brine, dried over drduys
MgSQ,, filtered, and concentrated under reduced presdure
residue was purified by column chromatography @iligel,
hexane— hexane/EtOAc = 50) to givd7 (503.5 mg, 1.075
mmol, 98%) as a colorless oil.

47 [o]p?* =30.4 € 1.20, CHC)); IR (neat)v 3077, 3027, 2959,
2933, 2876, 2860, 1642, 1474, 1439, 1414, 13864,13807,
1241, 1200, 1147, 1102, 1058, 1006, 941, 844, 8928, 752,
727, 652, 632 ¢, ‘H NMR (300 MHz, CDCYJ) § 0.60 (6H, g,J
= 7.9 Hz), 0.94 (9H, s), 0.95 (9H, 1,= 7.9 Hz), 1.01 (9H, s),
1.91-2.04 (1H, m), 2.30-2.39 (1H, m), 2.55-2.72 (2H, 129
(1H, ddd,J = 2.5, 8.7, 10.0 Hz), 3.54 (1H, ddb= 5.0, 9.1, 10.6
Hz), 3.71 (1H, tJ = 10.6 Hz), 4.00 (1H, dd] = 5.0, 10.0 Hz),
4.08 (1H, dddJ = 2.5, 4.0, 9.1 Hz), 4.14 (1H, dd,= 3.3, 8.7
Hz), 5.00-5.11 (2H, m), 5.67-5.87 (3H, MjC NMR (75 MHz,
CDCly) 8 4.9 (CHx3), 6.8 (CHx3), 20.1 (C), 22.5 (C), 27.1
(CH3x3), 27.4 (CHx3), 32.7 (CH), 36.9 (CH), 67.1 (CH), 72.9
(CH), 76.9 (CH), 77.6 (CH), 85.6 (CH), 116.5 (§H125.7
(CH), 135.5 (CH), 138.5 (CH); APCI-HRMS (m/z) calcd for
CusH4g04Si, [M + H]™: 469.3164, found: 469.3167.

7.1.30. (48,6R,7S,10aR,2)-6-Allyl-2,2-di- tert-butyl-
4,4a,6,7,10,10a-hexahydro[1,3,2]dioxasilino[5dexocin-7-ol
(48). To a solution o47 (260.6 mg, 0.5559 mmol) in EtOH (7.0
mmol) was added PPTS (17.6 mg, 0.0700 mmol) at@%sfd
the mixture was stirred for 3.5 h. The reaction wasnghed with
Et;N, and the mixture was concentrated under reducestyme.
The residue was purified by column chromatographlicdsgel,
hexane/EtOAc = 56~ 40 — 20) to give48 (184.2 mg, 0.5195
mmol, 93%) as a colorless oil.

48 [0]p?* —=56.7 € 1.33, CHC)); IR (neat)v 3455, 3077, 3023,
2961, 2933, 2860, 1642, 1473, 1439, 1393, 13874,13806,
1250, 1212, 1199, 1147, 1104, 1072, 1056, 995, 939, 825,
794, 768, 754, 652, 617 cn*H NMR (300 MHz, CDCJ) & 0.95
(9H, s), 1.01 (9H, s), 1.79 (1H, brs), 2.11-2.23 (1, 236 (1H,
ddd,J = 2.4, 6.6, 13.5 Hz), 2.53-2.63 (1H, m), 2.68 (1H],dd=
4.0, 8.8, 13.5 Hz), 3.32 (1H, dt~= 3.0, 8.9 Hz), 3.55 (1H, ddd,
=5.0, 9.1, 10.6 Hz), 3.74 (1H,1= 10.6 Hz), 4.01 (1H, ddl =
1H, dd,J = 5.0, 10.0 Hz), 4.10 (1H, ddd,= 2.4, 4.0, 9.1 Hz),
4.18-4.26 (1H, m), 5.06 (1H, brd= 10.0 Hz), 5.11 (1H, brd,=
17.1 Hz), 5.71-5.93 (3H, m§$*C NMR (75 MHz, CDCJ) § 20.2
(C), 22.5 (C), 27.1 (Ckk3), 27.4 (CHx3), 32.8 (CH), 37.0
(CHy), 67.1 (CH), 72.2 (CH), 76.9 (CH), 77.5 (CH), 84.5 (CH),
117.1 (CH), 127.0 (CH), 135.0 (CH), 136.8 (CH); APCI-HRMS
(m/z) calcd for GoH30,°CISi [M + CIJ: 389.1920, found :
389.1929.

7.1.31. 2-(((48,6R,7S,10aR,2)-6-Allyl-2,2-di-tert-butyl-
4,4a,6,7,10,10a-hexahydro[1,3,2]dioxasilino[5dexocin-7-
yl)oxy) acetic acid (49).To a solution of48 (133.6 mg, 0.3768
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mmol):in PhH (3.0 mL) were added 50% ag. NaOH (3.0 mL),
tert-butyl bromoacetate (0.510 mL, 3.77 mmol), andNB4SO,
(13.0 mg, 0.0383 mmol), at 25 °C, and the mixture stared for

2 h. Then, the mixture was diluted with® (20 mL) and PhH
(10 mL). To the mixture was added MeOH (40 mL) urtié t
solution became homogeneous, and the mixture wasdsfor 4

h. After the mixture was evaporated to remove orgapluent,
the resulting aqueous mixture was diluted with,CEtand
extracted with HO several times. The combined aqueous layers
were acidified to pH 4 with 2.0 mol/L ag. HCI and egtesl with
CH,CI, several times. The combined organic layers were @hsh
with brine, dried over anhydrous Mg&{O filtered, and
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel, hexane/EtOAc =a3yive
49 (150.4 mg, 0.3645 mmol, 97%) as a colorless oil.

49: [a]p** -7.35 € 0.785, CHCJ); IR (neat)v 3500-2400 (br),
3076, 3022, 2962, 2933, 2860, 2773, 2738, 27107,28673,
1764, 1732, 1643, 1474, 1439, 1435, 1393, 1387413807,
1296, 1248, 1213, 1200, 1101, 1074, 1056, 10110,1970, 938,
919, 825, 794, 755, 652, 634 €ntH NMR (300 MHz, CDCJ) &
0.95 (9H, s), 1.01 (9H, s), 2.12-2.25 (1H, m), 2.44,(krddd,J

= 2.5, 6.8, 13.4 Hz), 2.57-2.71 (2H, m), 3.42 (1HJdt,2.8, 8.8
Hz), 3.55 (1H, dddJ = 5.0, 9.1, 10.6 Hz), 3.74 (1H,%,= 10.2
Hz), 3.97-4.05 (2H, m), 4.06 (1H, d= 16.8 Hz), 4.06-4.13 (1H,
m), 4.21 (1H, dJ = 16.8 Hz), 5.05 (1H, brd] = 10.2 Hz), 5.08
(1H, brd,J = 17.2 Hz), 5.69-5.89 (2H, m), 5.91-6.03 (1H, Mg
NMR (75 MHz, CDC}) § 20.1 (C), 22.5 (C), 27.0 (GM3), 27.4
(CH3x3), 32.8 (CH), 36.8 (CH), 65.6 (CH), 66.9 (CH), 76.9
(CH), 77.4 (CH), 79.9 (CH), 83.6 (CH), 117.0 (§H130.1
(CH), 134.0 (CH), 134.9 (CH), 175.2 (C); ESI-HRMS (m/z)
caled for GiH3¢0SiNa [M + NaJ: 435.2173, found: 435.2171.

7.1.32. R,2)-1-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-3-(4-
methoxyphenoxy)allyl  2-(((48,6R,7S,10eR,2)-6-allyl-2,2-di-
tert-butyl-4,4a,6,7,10,10a-hexahydro[1,3,2]dioxasiliné[4-
bJoxocin-7-yl)oxy)acetate (23)To a solution oR5 (3.46 g, 12.3
mmol), DMAP (1.0776 g, 8.8205 mmol), and EDCI-HCI (395
g, 20.61 mmol) in CkCl, (70 mL) was added a solution 49
(2.816 g, 6.825 mmol) at 27 °C, and the mixture stased for
15 h. Then, the reaction was quenched with 0.5 mad/LHCI,
and the mixture was extracted with EtOAc several tinTdse
combined organic layers were washed with brine, ddedr
anhydrous MgS® filtered, and concentrated under reduced
pressure. The residue was purified by column chrography
(silica gel, eluent:* hexane-> hexane/EtOAc = 5; the eluent
contained 5% EN) to give23 (4.213 g, 6.243 mmol, 92% from
49) as a colorless oil.

23 [a]p?® +10.1 € 1.85, CHCY); IR (neat)v 3075, 2961, 2933,
2860, 1762, 1740, 1669, 1506, 1473, 1442, 1394213871,
1365, 1231, 1214, 1103, 1072, 1044, 1011, 971, 828, 795,
652 cm*; 'H NMR (300 MHz, CDCJ) § 0.94 (9H, s), 1.01 (9H,
s), 1.36 (3H, s), 1.45 (3H, s), 2.12-2.24 (1H, m)fZTH, dddJ
=27, 6.6, 13.4 Hz), 2.59-2.75 (2H, m), 3.39 (1HJdt, 2.7, 9.0
Hz), 3.54 (1H, ddd) = 5.0, 9.3, 10.6 Hz), 3.73 (1H,1,= 10.6
Hz), 3.78 (3H, s), 3.85 (1H, dd,= 6.2, 8.7 Hz), 3.97-4.11 (5H,
m), 4.21 (1H, dJ = 16.3 Hz), 4.28 (1H, gl = 6.6 Hz), 4.70 (1H,
dd,J=6.2, 8.7 Hz), 5.02 (1H, brd,= 10.2 Hz), 5.07 (1H, brd)

= 17.2 Hz), 5.72-5.99 (4H, m), 6.45 (1H, di= 0.9, 6.2 Hz),
6.84 (2H, dJ = 9.2 Hz), 6.95 (2H, d] = 9.2 Hz);**C NMR (75
MHz, CDCl) § 20.1 (C), 22.5 (C), 25.5 (G} 26.4 (CH), 27.1
(CH3x3), 27.4 (CHx3), 32.8 (CH), 36.9 (CH), 55.6 (CH), 65.8
(CH,), 66.3 (CH), 67.1 (CH), 69.8 (CH), 76.8 (CH), 76.9 (CH),
77.5 (CH), 79.9 (CH), 83.9 (CH), 104.5 (CH), 110.1 (©34.7
(CHx2), 116.8 (CH), 118.2 (CHx2), 129.7 (CH), 134.6 (CH),
135.3 (CH), 146.0 (CH), 150.9 (C), 155.9 (C), 169 ESI-



HRMS (m/z) calcd for GHs0:0SiNa [M + NaJ: 697.3379,
found: 697.3374.

7.1.33. Methyl (Z,3S,6SE)-2-(((48S,6R,7S,10aR,2)-6-allyl-
2,2-ditert-butyl-4,4a,6,7,10,10a-
hexahydro[1,3,2]dioxasilino[5,4b]Joxocin-7-yl)oxy)-5-()-2,2-
dimethyl-1,3-dioxolan-4-yl)-3-(4-methoxyphenoxy)per4-
enoate (50).To a solution of pyrrolidine (0.120 mL, 1.40 mmol)
in THF (3.0 mmol) were added KHMDS (0.5 mol/L in PhgH
2.80 mL, 1.40 mmol) and BuLi (1.65 mol/L in hexafe348 mL,
1.40 mmol) dropwise at —78 °C, and the mixture waeedtfor
15 min. To the solution was added a solutior28f(157.8 mg,
0.234 mmol) in PhCE(7.5 mL) at —78 °C. Then, to the solution
was added TMSCI (0.354 mL, 2.80 mmol) immediately-a8
°C, and the mixture was stirred for 15 min. To thiztane was
added diethyl malonate (0.425 mL, 2.80 mmol) at 2Z8and the
mixture was warmed to O °C. After being stirred formid, the
reaction was quenched with 0.2 mol/L aq. HCI, andntir¢ure
was extracted with CHgIseveral times. The combined organic
layers were washed with brine, dried over anhydrousS®lg
filtered, and concentrated under reduced pressugé/é a crude
product.

To a solution of the above crude product in PhH-Mg@l8 mL:
1.0 mL) was added TMSCHNZ2.0 mol/L in E$O, 0.20 mL, 0.40
mmol) at 24 °C, and the mixture was stirred for if.mhen, the
mixture was concentrated under reduced pressure.radidue
was purified by column chromatography (silica gel,
hexane/EtOAc = 10— 5) to give50 (142.9 mg, 0.207 mmol,
89% from23, containing a trace of 2&pi-50 [50:27-epi-50 = >
20:1]) as a colorless oil.

50: [a]p>* +4.83 € 0.470, CHG)); IR (neat)v 3075, 2961, 2934,
2861, 1751, 1643, 1506, 1472, 1465, 1457, 14370,13871,
1226, 1180, 1148, 1103, 1071, 1011, 974, 942, 825, 795,
767, 754 cit; '"H NMR (300 MHz, CDCJ) § 0.93 (9H, s), 1.00
(9H, s), 1.36 (3H, s), 1.38 (3H, s), 2.04-2.17 (1H, 2234 (1H,
brddd,J = 2.4, 6.5, 13.6 Hz), 2.61 (1H, dddi~= 3.9, 9.7, 13.6
Hz), 2.71 (1H, brddJ = 7.2, 15.1 Hz), 3.38-3.47 (1H, m), 3.48
(1H, t,J = 7.9 Hz), 3.47-3.57 (1H, m), 3.72 (1HJt= 10.4 Hz),
3.74 (3H, s), 3.75 (3H, s), 3.96-4.14 (4H, m), 4.29,(d,J = 5.0
Hz), 4.51 (1H, qJ) = 6.5 Hz), 4.87 (1H, Y = 5.8 Hz), 5.04 (1H,
brd,J = 10.4 Hz), 5.07 (1H, brd,= 17.2 Hz), 5.70-5.96 (5H, m),
6.76-6.85 (4H, m)**C NMR (75 MHz, CDC}) & 20.1 (C), 22.5
(C), 25.8 (CH), 26.6 (CH), 27.0 (CHx3), 27.4 (CHx3), 32.6
(CH,), 37.0 (CH), 52.2 (CH), 55.6 (CH), 67.0 (CH), 69.3
(CHy), 75.9 (CH), 76.9 (CH), 77.5 (CH), 79.9 (CH), 80.3 (CH)
82.1 (CH), 83.8 (CH), 109.5 (C), 114.6 (CHx2), 117GH,),
117.4 (CHx2), 128.4 (CH), 129.2 (CH), 132.9 (CH), B34CH),
135.1 (CH), 151.2 (C), 154.5 (C), 170.8 (C); ESI-HR#&/z)
caled for GHsgO10SiNa [M + NaJ: 711.3535, found: 711.3533.

7.1.34. Methyl (Z,3S,6SE)-2-(((48S,6R,7S,10aR,2)-6-allyl-
2,2-ditert-butyl-4,4a,6,7,10,10a-
hexahydro[1,3,2]dioxasilino[5,4b]Joxocin-7-yl)oxy)-6,7-
dihydroxy-3-(4-methoxyphenoxy)hept-4-enoate (51).To a

17
51: [a]p™* —3.33 € 0.535, CHCJ)); IR (neat)v 3440, 3075,
3000, 2958, 2933, 2859, 1747, 1507, 1474, 14406,13864,
1286, 1226, 1181, 1103, 1072, 1055, 1041, 1011, 939, 921,
825, 795, 755, 653, 627 cin*H NMR (300 MHz, CDC}) 5 0.93
(9H, s), 1.00 (9H, s), 2.00 (1H, brs), 2.06-2.18 (1H, 2123 (1H,
brs), 2.34 (1H, brddd] = 2.5, 6.5, 13.4 Hz), 2.61 (1H, ddii=
3.9, 9.2, 13.4 Hz), 2.72 (1H, brdd,= 6.5, 13.7 Hz), 3.38-3.64
(4H, m), 3.72 (1H, tJ = 10.1 Hz), 3.756 (3H, s), 3.760 (3H, s),
4.00 (1H, dd,J = 5.0, 10.1 Hz), 4.04-4.15 (2H, m), 4.21-4.30
(1H, m), 4.24 (1H, d) = 4.5 Hz), 4.89 (1H, ddl = 4.5, 6.5 Hz),
5.04 (1H, brdJ = 10.2 Hz), 5.07 (1H, brd] = 17.2 Hz), 5.70-
5.93 (5H, m), 6.76-6.86 (4H, m)>C NMR (75 MHz, CDC}) &
20.1 (C), 22.5 (C), 27.0 (GMH3), 27.4 (CHx3), 32.6 (CH), 36.9
(CH,), 52.3 (CH), 55.6 (CH), 66.0 (CH), 67.0 (CH), 72.1
(CH), 76.9 (CH), 77.4 (CH), 79.9 (CH), 80.3 (CH), 82aH),
83.8 (CH), 114.6 (CHx2), 117.0 (GH 117.4 (CHx2), 127.3
(CH), 129.3 (CH), 134.0 (CH), 134.2 (CH), 135.1 (CH)1.06
(C), 1545 (C), 170.9 (C); ESI-HRMS (m/z) calcd for
CsHs,010SiNa [M + NaJ: 671.3222, found: 671.3220.

7.1.35. Methyl (Z,3S,E)-2-(((48S,6R,7S,10aR,2)-6-allyl-2,2-
di-tert-butyl-4,4a,6,7,10,10a-hexahydro[1,3,2]dioxasilin6[4-
bJoxocin-7-yl)oxy)-6-hydroxy-3-(4-methoxyphenoxy)hex-
enoate (52).To a solution o1 (1.665 g, 2.567 mmol) in THF
(20 mL) were added pH 7 phosphate buffer (4.0 mL) ldatD,
(1.113 g, 5.205 mmol) at 18 °C, and the mixture stased for 1
h. Then, to the mixture was added extra Na&14.9 mg, 2.548
mmol) at 18 °C, and the mixture was stirred for IThen, the
mixture was diluted with FD and extracted with EtOAc several
times. The combined organic layers were washed withebr
dried over anhydrous MgSQfiltered, and concentrated under
reduced pressure to give a crude product, which wsed u
immediately in the next reaction.

To a solution of the above crude product in THF-MeQR mL:
12 mL) were added Ce£VH,O (4.7850 g, 12.843 mmol) and
NaBH, (484.4 mg, 12.80 mmol) at —78 °C, and the mixives
stired for 30 min. Then, the reaction was quencheth
saturated ag. NII, and the mixture was evaporated to remove
organic solvent. The resulting aqueous mixture wesaeted
with EtOAc several times. The combined organic laygese
washed with brine, dried over anhydrous MgSfiltered, and
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel, hexane/EtOAc =»51) to
give 52 (1.463 g, 2.364 mmol, 92% froBR, containing 27epi-
52[52:27-epi-52 = > 20:1]) as a colorless oil.

52 [a]p?® —6.54 € 1.75, CHC)); IR (neat)v 3483, 3075, 3007,
2959, 2934, 2892, 2860, 1748, 1507, 1473, 14407,13864,
1285, 1227, 1181, 1146, 1104, 1055, 1040, 10111,1918, 941,
920, 826, 795, 756, 653, 629 ¢rrtH NMR (300 MHz, CDCJ) &
0.93 (9H, s), 1.00 (9H, s), 2.06-2.19 (1H, m), 2.34,(ddd,J =
2.4, 6.6, 13.2 Hz), 2.61 (1H, ddd,= 4.0, 9.4, 13.2 Hz), 2.73
(1H, brdd,J = 6.6, 14.7 Hz), 3.43 (1H, di,= 2.7, 9.5 Hz), 3.52
(1H, ddd,J = 5.0, 9.3, 10.5 Hz), 3.72 (1H, bit= 10.3 Hz), 3.75
(3H, s), 3.76 (3H, s), 4.00 (1H, dd= 5.0, 10.0 Hz), 4.04-4.18

solution of 50 (68.1 mg, 0.0989 mmol) and 1,2-ethanedithiol (3H, m), 4.21 (1H, dJ = 4.9 Hz), 4.89 (1H, brt] = 5.8 Hz), 5.04

(0.042 mL, 0.50 mmol) in CKIl, (5.0 mL) was added BFOE}
(0.025 mL, 0.20 mmol) at —40 °C, and the mixture stased for
4 h. Then, the reaction was quenched with saturateNaHCQ,
and the mixture was extracted with CHGkveral times. The
combined organic layers were washed with brine, ddedr

(1H, brd,J = 10.2 Hz), 5.07 (1H, brd] = 17.2 Hz), 5.73-5.98
(5H, m), 6.76-6.86 (4H, m)°C NMR (75 MHz, CDC}) § 20.1
(C), 22.5 (C), 27.0 (Ckk3), 27.4 (CHx3), 32.6 (CH), 37.0
(CH,), 52.2 (CH), 55.6 (CH), 62.5 (CH), 67.0 (CH), 76.9
(CH), 77.4 (CH), 79.9 (CH), 80.4 (CH), 82.1 (CH), 83GH,

anhydrous MgS§) filtered, and concentrated under reducedl114.6 (CHx2), 116.9 (Ch, 117.4 (CHx2), 126.0 (CH), 129.2

pressure. The residue was purified by column chrography
(silica gel, hexane/EtOAc = 3> 1 — 0.5) to give51 (60.7 mg,
0.0935 mmol, 95%, containing 2pi-51 [51:27-epi-51 = >
20:1]) as a colorless oil.

(CH), 134.3 (CH), 134.7 (CH), 135.2 (CH), 151.1 (C}415(C),
170.9 (C); ESI-HRMS (m/z) calcd fors@sQO.SiNa [M + Naf:
641.3116, found: 641.3113.
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7.1.36. Methyl (25,3S)-2-(((48S,6R,7S,10aR,Z)-6-allyl-2,2-di- = 8.808(3) Ab =9.111(3) Ac = 19.458(6) Aa = 83.231(6)° 5
tert-butyl-4,4a,6,7,10,10a-hexahydro-[1,3,2]dioxasili}b,4- = 89.474(9)°,y= 89.004(10)°V = 1550.4(8) A pacdZ = 2) =
bJoxocin-7-yl)oxy)-3-(4-methoxyphenoxy)hex-5-enoate (22) 1.231 g cm’. A total 6463 unique data ., = 55°) were
To a solution 062 (1.357 g, 2.192 mmol), PRI1.154 g, 4.400 measured at T = 150 K by Rigaku Mercury CCD apparéilo
mmol), and IPNBSH (1.129 g, 4.390 mmol) in THF-1-hexe Ka radiation,A = 0.71070 A). Numerical absorption correction
(20 mL: 4.0 mL) was added DIAD (0.860 mL, 4.38 mmolPat was applied g = 1.23 cm’). The structure was solved by the
°C, and the mixture was stirred for 6 h at 18 °Cerifhto the direct method (SIR92) and refined by the full-matieast-
mixture were added GEH,OH (6.0 mL) and KO (6.0 mL) at squares method df® with anisotropic temperature factors for
18 °C, and the mixture was stirred for 22 h. Thetanx was non-hydrogen atoms. All the hydrogen atoms were éatat the
diluted with brine and extracted with EtOAc severaleimThe calculated positions. The fin&R value is 0.2161 (all data) for
combined organic layers were washed with brine, ddedr 6448 reflections and 718 parameters. CCDC 906653.
anhydrous MgS§) filtered, and concentrated under reduced
pressure. The residue was purified by column chrography 7.1.38. Methyl (4&,58R,7Z,10S,11S,12&5,137,15aR)-2,2-di-
(silica gel, hexane/EtOAc = 10) to gi2@ (1.218 g, 2.021 mmol, tert-butyl-10-hydroxy-4,4a,5a,6,9,10,11,12a,15,15a-
92%, containing 2°&pi-22 [22:27-epi-22 = > 20:1]) as a colorless decahydro[1,3,2]dioxasilino[4',5":7,8]oxocino[3,28]oxonine-
oil. 11-carboxylate (55).To a solution of54 (647.7 mg, 1.127
22 [a]p™® —28.6 € 0.310, CHCJ); IR (neat)v 3075, 2933, 2859, mmol) in MeCN-CHCI, (10 mL: 5 mL) was added a solution of
1753, 1642, 1507, 1474, 1439, 1227, 1103, 10735106842, CAN (3.102 g, 5.658 mmol) in @ (10 mL) at 0 °C, and the
825 cm™ 'H NMR (300 MHz, CDCJ) 6 0.93 (9H, s), 1.00 (9H, mixture was stirred for 30 min. Then, the mixture vaisited
s), 2.06-2.18 (1H, m), 2.26-2.35 (1H, m), 2.41-2.84,(m), 2.74  with H,O and extracted with EtOAc several times. The combined
(1H, brdd,J = 6.6, 13.9 Hz), 3.43 (1H, di,= 2.5, 9.3 Hz), 3.51 organic layers were washed with brine, dried over drduys
(1H, ddd,J = 5.0, 9.3, 10.6 Hz), 3.62-3.75 (1H, m), 3.73 (3H, s) MgSQ,, filtered, and concentrated under reduced presSure
3.76 (3H, s), 3.96-4.09 (3H, m), 4.19 (1H,XM5 4.1 Hz), 4.52 residue was purified by column chromatography @iligel,
(1H, brtd,J = 4.4, 7.0 Hz), 5.02-5.18 (4H, m), 5.74-5.92 (4H, m),hexane/EtOAc = 5- 3) to give55 (510.4 mg, 1.089 mmol,
6.77-6.91 (4H, m)**C NMR (75 MHz, CDC}) § 20.1 (C), 22.5 97%) as a colorless oil.
(C), 27.0 (CHx3), 27.4 (CHx3), 32.6 (CH), 34.2 (CH), 36.9  55: [a]p>* —144 € 1.02, CHC)); IR (neat)v 3473, 3023, 2959,
(CHy), 52.0 (CH), 55.6 (CH), 67.0 (CH), 77.0 (CH), 77.4 (CH), 2932, 2891, 2859, 1745, 1665, 1474, 1439, 13864,13808,
78.2 (CH), 79.4 (CH), 81.9 (CH), 83.9 (CH), 114.7 (CHx2 1278, 1249, 1214, 1199, 1173, 1123, 1099, 10481,10001,
116.9 (CH), 117.4 (CHx2), 118.0 (CH 129.0 (CH), 133.5 942, 825, 795, 754, 652 ci'H NMR (300 MHz, CDC}) 5 0.94
(CH), 134.2 (CH), 135.1 (CH), 151.3 (C), 154.4 (C)1B7/(C);  (9H, s), 1.02 (9H, s), 2.07-2.25 (2H, m), 2.32 (1H,,ddd 2.2,
ESI-HRMS (m/z) calcd for GHsqOsSiNa [M + NaJ: 625.3167, 6.7, 13.6 Hz), 2.57 (1H, ddd, = 3.9, 9.9, 13.6 Hz), 2.74-2.94
found: 625.3174. (2H, m), 2.76 (1H, brs), 3.47 (1H, ddd= 5.0, 9.4, 10.4 Hz),
3.56-3.63 (2H, m), 3.69-3.85 (1H, m), 3.79 (3H, s3931H, brt,
7.1.37. Methyl (48,58R,72,105,11S,12a5,137,15aR)-2,2-di-  J = 7.9 Hz), 4.02 (1H, dd] = 5.1, 10.0 Hz), 4.04-4.14 (1H, m),

tert-butyl-10-(4-methoxyphenoxy)- 5.70-5.92 (3H, m), 5.96 (1H, dd,= 6.1, 11.1 Hz)**C NMR (75
4,4a,5a,6,9,10,11,124a,15,15a- MHz, CDCL) 6 20.2 (C), 22.5 (C), 27.1 (GMH3), 27.4 (CHx3),
decahydro[1,3,2]dioxasilino[4',5":7,8]oxocino[3,28]oxonine- 30.9 (CH), 32.2 (CH), 32.6 (CH), 52.3 (CH), 67.4 (CH), 72.3

11-carboxylate (54).To a solution of22 (118.7 mg, 0.1969 (CH), 77.6 (CH), 78.0 (CH), 84.3 (CH), 85.4 (CH), 85CH],
mmol) degassed GBI, (37 mL) was added a solution of the first 126.2 (CH), 127.3 (CH), 128.9 (CH), 135.6 (CH), 174Q); (
generation Grubbs catalysb3) (32.4 mg, 0.03938 mmol) in ESI-HRMS (m/z) calcd for §H,O;Si [M + H]": 469.2616,
degassed CJ€l, (3.0 mL) at 0 °C, and the mixture was stirred found: 469.2612.

for 11 h. Then, the mixture was stirred undgra®nosphere for 1

h. The mixture was concentrated under reduced pes3he 7.1.39. (48,5aR,7Z,10S,11S,12aS,13Z,15aR)-2,2-Di-tert-butyl-
residue was purified by column chromatography @ilgel +  11-(hydroxymethyl)-4,4a,5a,6,9,10,11,12a,15,15a-

Florisil®, hexane/EtOAc = 20— 10) to give 54 (colorless decahydro[1,3,2]dioxasilino[4',5":7,8]oxocino[3,&]oxonin-
platelets, 92.7 mg, 0.161 mmol, 82%) as a singistdieomer. 10-o0l (21).To a solution 065 (510.4 mg, 1.089 mmol) in MeOH
54: mp 137-139 °C;d],*°> -88.5 € 0.750, CHCJ); IR (KBr) v (20 mL) was added NaBH609.2 mg, 16.10 mmol) at 0 °C, and
3014, 2961, 2932, 2872, 2858, 1742, 1509, 14756,14839, the mixture was stirred for 30 min. Then, the reactiwas
1294, 1253, 1235, 1200, 1181, 1134, 1122, 11092,10068, quenched with saturated aq. MM, and the mixture was
1047, 1017, 1001, 946, 934, 829, 796, 786, 753, @64 H extracted with EtOAc several times. The combined dcgayers
NMR (400 MHz, GDg) & 1.08 (9H, s), 1.10 (9H, s), 2.06 (1H, were washed with brine, dried over anhydrous MgSilered,
brd,J=12.7 Hz), 2.27-2.38 (2H, m), 2.61 (1H, ddd; 4.1, 9.8, and concentrated under reduced pressure. The eesihs
13.8 Hz), 2.69 (1H, ddd] = 3.8, 10.3, 14.1 Hz), 2.83 (1H, brt, purified by column chromatography (silica gel, heséEtOAc =
11.4 Hz), 3.25-3.36 (1H, m), 3.29 (3H, s), 3.32 (BHAH1 (1H, 2 — 1) to give21 (459.2 mg, 1.042 mmol, 96%) as a colorless
ddd,J = 5.1, 9.1, 10.5 Hz), 3.82 (1H,&,= 10.5 Hz), 3.99-4.17 oil.

(4H, m), 4.89 (1H, brtd) = 3.3, 8.6 Hz), 5.74-5.99 (4H, m), 6.69 21: [a]p>> —100 ¢ 1.37, CHC)); IR (neat)v 3396, 3020, 2960,
(2H, d,J = 9.2 Hz), 6.89 (2H, dJ = 9.2 Hz);"®C NMR (100 2932, 2893, 2860, 1474, 1463, 1450, 1443, 13864,13814,
MHz, C;Dg) & 20.4 (C), 22.7 (C), 27.4 (GM3), 27.6 (CHx3), 1199, 1145, 1123, 1099, 1067, 1056, 1011, 941, 895, 777,
27.8 (CH), 32.7 (CH), 33.0 (CH), 51.5 (CH), 55.1 (CH), 67.7 755, 652 cnt; *H NMR (300 MHz, CDCJ) & 0.94 (9H, s), 1.02
(CH,), 78.3 (CH), 78.4 (CH), 79.7 (CH), 84.3 (CH), 84.6 (CH) (9H, s), 2.08-2.22 (3H, m), 2.29-2.42 (2H, m), 2.68,(8idd,J =
85.3 (CH), 115.1 (CHx2), 118.5 (CHx2), 126.6 (CH),712 4.0, 8.2,13.3 Hz), 2.72-2.90 (2H, m), 3.14 (1H, dbd,3.7, 4.9,
(CH), 129.1 (CH), 136.5 (CH), 151.9 (C), 155.3 (C)1B7(C); 8.6 Hz), 3.45 (1H, dddl = 5.1, 9.2, 10.5 Hz), 3.53 (1H, brtdl=
ESI-HRMS (m/z) calcd for GH,OsSiNa [M + NaJ: 597.2854, 3.7, 8.7 Hz), 3.64-3.82 (2H, m), 3.76 (1HJt= 10.5 Hz), 3.90
found: 597.2853; Crystal data: Crystals were obthingy (1H, dd,J = 3.7, 8.7 Hz), 3.98-4.05 (2H, m), 4.09 (1H, ddd;
recrystallizing from EO/hexane. GH,OsSi, M = 574.79, 2.3, 4.0, 9.2 Hz), 5.71-5.90 (4H, niJC NMR (75 MHz, CDCJ)
colorless platelet, 0.70 x 0.20 x 0.01 fmniclinic P1 (No. 1)a & 20.1 (C), 22.5 (C), 27.1 (GK3), 27.4 (CHx3), 32.3 (CHx2),



32.7 (CH), 63.7 (CH), 67.4 (CH), 71.6 (CH), 77.7 (CH), 78.0
(CH), 84.0 (CH), 84.7 (CH), 86.8 (CH), 126.8 (CH), 12(C81),
128.5 (CH), 136.7 (CH); ESI-HRMS (m/z) calcd fo584,06Si
[M + H]": 441.2667, found: 441.2667.

7.1.40. (48,5aR,7Z,10S,11S,1285,137,15aR)-2, 2-Di-tert-butyl-
10-(naphthalen-2-ylmethoxy)-11-((naphthalen-2-
ylmethoxy)methyl)-4,4a,5a,6,9,10,11,12a,15,15a-dbgdro-
[1,3,2]dioxasilino[4',5":7,8]oxocino[3,2b]Joxonine (56). To a
solution of21 (388.1 mg, 0.8807 mmol) in THF-DMF (8.0 mL:
16 mL) were added Kl (17.5 mg, 0.105 mmol), NAPBr (289.
mg, 2.665 mmol), and NaH (60% in mineral oil, 297§, m.448
mmol) at 0 °C, and the mixture was stirred for 7&.mihen, the
reaction was quenched with saturated ag,@®Hand the mixture
was extracted with EtOAc several times. The combinggroc
layers were washed with brine, dried over anhydrousS®lg
filtered, and concentrated under reduced pressiire. residue
was purified by column chromatography (silica gel,
hexane/EtOAc = 56~ 20) to give56 (459.5 mg, 0.6373 mmol,
72%) as a colorless oil.

56: [a]p>* —28.5 € 1.12, CHC)); IR (neat)v 3059, 3020, 2971,
2932, 2861, 2806, 1953, 1914, 1853, 1743, 1633516612,
1473, 1445, 1390, 1365, 1351, 1308, 1295, 12749,12214,
1196, 1168, 1097, 1014, 947, 902, 855, 821, 798, 855 cm’;
'H NMR (400 MHz, CDCJ) § 0.95 (9H, s), 1.00 (9H, s), 2.08
(1H, brd,J = 13.0 Hz), 2.26 (1H, ddd,= 2.1, 6.7, 13.5 Hz), 2.34
(1H, brtd,J = 3.1, 13.5 Hz), 2.56 (1H, ddd,= 3.8, 10.5, 13.5
Hz), 2.70 (1H, ddd)J = 2.9, 10.0, 13.5 Hz), 2.93 (1H, bi&,=
10.5 Hz), 3.20 (1H, brd] = 9.1 Hz), 3.45 (1H, dtJ = 5.6, 11.3
Hz), 3.53-3.64 (3H, m), 3.75 (1H,X= 11.3 Hz), 3.84 (1H, brf]

= 7.3 Hz), 3.94-4.09 (3H, m), 4.36 (1H, 8= 11.5 Hz), 4.55
(1H, d,J = 12.5 Hz), 4.68 (1H, d] = 12.5 Hz), 4.72 (1H, d] =
11.5 Hz), 5.61 (brgJ) = 10.5 Hz), 5.71-5.84 (2H, m), 5.88 (1H,
dd,J=5.9, 10.5 Hz), 7.20 (1H, dd,= 1.8, 8.7 Hz), 7.40-7.48
(5H, m), 7.51 (1H, s), 7.62-7.68 (2H, m), 7.70 (1H,7s)3-7.81
(4H, m);"*C NMR (100 MHz, CDG)) 5 20.2 (C), 22.5 (C), 27.1
(CH3x3), 27.4 (CHx3), 32.25 (CH), 32.27 (CH), 32.6 (CH),
67.4 (CH), 69.1 (CH), 71.6 (CH), 73.4 (CH), 77.7 (CH), 77.8
(CH), 77.9 (CH), 83.8 (CH), 84.7 (CH), 84.9 (CH), 1283#),
125.8 (CH), 125.85 (CH), 125.86 (CH), 126.0 (CH), 12&H),
126.2 (CH), 126.4 (CH), 126.9 (CH), 127.6 (CH), 127CH],
127.8 (CHx2), 128.0 (CH), 128.09 (CH), 128.12 (CH), .228
(CH), 132.9 (C), 133.0 (C), 133.2 (Cx2), 135.6 (€35.8 (C),
137.4 (CH); FD-HRMS (m/z) calcd for ,@Hss06Si [M]":
720.3846, found: 720.3856.

7.1.41. (B,3R,5Z,68S,8R,9S,117,13aR)-2-(Hydroxymethyl)-9-
(naphthalen-2-ylmethoxy)-8-((naphthalen-2-
ylmethoxy)methyl)-3,4,6a,8,9,10,13,13a-octahydr2H-
oxocino[3,2b]oxonin-3-ol (57). To a solution 056 (459.5 mg,
0.6373 mmol) in THF (6.0 mL) was added TBAF (1.0 finoh
THF, 1.95 mL, 1.95 mmol) at 23 °C, and the mixtwees stirred
for 10 h. Then, the reaction mixture was diluted vkj©O, and
extracted with EtOAc several times. The combined dcgayers
were washed with brine, dried over anhydrous MgSiered,
and concentrated under reduced pressure. The eesihs
purified by column chromatography (silica gel, heséEtOAc =
1 — EtOAc) to give57 (364.8 mg, 0.6282 mmol, 99%) as a
colorless solid.

57- mp 115 °C; §]p** —=41.2 € 0.930, CHC)); IR (KBr) v 3296,
3056, 3014, 2975, 2926, 2912, 2891, 2855, 17351,16609,
1449, 1365, 1355, 1340, 1306, 1274, 1245, 1127810088,
1060, 1049, 1025, 986, 955, 895, 855, 821, 778, 899, 651,
627, 606, 550, 518, 489, 475 ¢ntH NMR (400 MHz, CDCJ) &
1.92 (1H, brs), 2.01 (1H, brs), 2.08-2.21 (2H, m)p2ABH, brd,J

= 13.9 Hz), 2.57 (1H, ddd] = 2.6, 10.5, 13.5 Hz), 2.71 (1H,
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brddd,J = 4.0, 10.0, 13.9 Hz), 2.97 (1H, bit= 9.5 Hz), 3.22
(1H, brd,J = 8.8 Hz), 3.31 (1H, tdJ = 5.0, 10.2 Hz), 3.52-3.70
(4H, m), 3.76 (1H, dd) = 5.0, 11.7 Hz), 3.84-3.92 (2H, m), 3.96
(1H, brtd,J = 2.9, 8.8 Hz), 4.36 (1H, d,= 11.5 Hz), 4.55 (1H, d,
J = 12.3 Hz), 4.67 (1H, d) = 12.3 Hz), 4.73 (1H, d] = 11.5
Hz), 5.60 (1H, brgJ = 10.5 Hz), 5.75-5.87 (2H, m), 5.92 (1H,
dd,J = 5.9, 10.9 Hz), 7.20 (1H, dd,= 1.7, 8.6 Hz), 7.41-7.48
(5H, m), 7.52 (1H, s), 7.62-7.69 (2H, m), 7.70 (1H,7sy4-7.81
(4H, m); ®C NMR (100 MHz, CDGJ)) & 27.41 (CH),27.43
(CH,), 32.5 (CH), 64.5 (CH), 69.1 (CH), 71.7 (CH), 73.3
(CH), 73.4 (CH), 77.7 (CH), 83.0 (CH), 83.7 (CH), 85.0 (CH),
86.2 (CH), 124.5 (CH), 125.8 (CH), 125.85 (CH), 125(8%1),
126.0 (CH), 126.1 (CH), 126.2 (CH), 126.4 (CH), 1270H),
127.6 (CH), 127.7 (CH), 127.8 (CHx2), 127.9 (CH), 12&81),
128.1 (CH), 128.4 (CH), 132.9 (C), 133.0 (C), 133Cx3),
135.6 (C), 135.7 (C), 138.1 (CH); FD-HRMS (m/z) calicat
Cs7Ha00s[M] *: 580.2825, found: 580.2838.

7.1.42. Triethyl(((25,3R,5Z,6aS,8R,9S,117,132R)-9-
(naphthalen-2-ylmethoxy)-8((naphthalen-2-
ylmethoxy)methyl)-2-(((triethylsilyl)oxy)methyl)-
3,4,6a,8,9,10,13,13a-octahydr2H-oxocino[3,2b]oxonin-3-
yl)oxy)silane (58).To a solution 0657 (19.6 mg, 0.0338 mmol)
and 2,6-lutidine (50.0 pL, 0.432 mmol) was added QES(33.0
pL, 0.146 mmol) at 0 °C, and the mixture was stiferd35 min.
Then, the reaction was quenched witfOHand the mixture was
extracted with EtOAc several times. The combined dcgayers
were washed with brine, dried over anhydrous MgSiQered,
and concentrated under reduced pressure. The eesiths
purified by column chromatography (silica gel, heséEtOAc =
20) to give58 (27.9 mg, 0.0344 mmol, 100%) as a colorless ail.
58: [a]p™> —62.7 € 0.740, CHCJ); IR (neat)v 3056, 3021, 2953,
2919, 2872, 2802, 2731, 1735, 1636, 1605, 15097,14815,
1379, 1355, 1340, 1308, 1291, 1270, 1242, 12106,11098,
1060, 1014, 983, 951, 933, 884, 855, 817, 774, 888, 644,
627 cm®; *H NMR (500 MHz, CDCJ, measured at 50 °G)0.58
(6H, g,J = 8.0 Hz), 0.60 (6H, ] = 8.0 Hz), 0.94 (9H, t) = 8.0
Hz), 0.96 (9H, tJ = 8.0 Hz), 2.04 (1H, ddd] = 3.3, 6.6, 13.3
Hz), 2.27-2.39 (2H, m), 2.55 (1H, ddd= 2.9, 10.4, 13.3 Hz),
2.72 (1H, dddJ = 3.4, 10.9, 14.2 Hz), 2.89 (1H, brddbs 4.2,
10.9, 14.2 Hz), 3.26-3.31 (2H, m), 3.51 (1H, dds 7.2, 10.3
Hz), 3.56-3.64 (3H, m), 3.77-3.81 (2H, m), 3.87 (1H, b= 7.6
Hz), 3.92 (1H, brtdJ = 3.4, 8.7 Hz), 4.43 (1H, d,= 11.7 Hz),
4.56 (1H, dJ = 12.3 Hz), 4.67 (1H, dl = 12.3 Hz), 4.74 (1H, d,
J = 11.7 Hz), 5.54 (1H, ddd] = 1.6, 6.6, 10.4 Hz), 5.75-5.89
(3H, m), 7.26 (1H, ddJ) = 1.4, 8.3 Hz), 7.39-7.45 (5H, m), 7.58
(1H, s), 7.64-7.69 (2H, m), 7.71 (1H, s), 7.73-7.78,(#); °C
NMR (125 MHz, CDC}, measured at 50 °@)4.7 (CHx3), 5.1
(CH,x3), 6.8 (CHx6), 27.7 (CH), 32.1 (CH), 33.1 (CH), 65.0
(CHy), 70.1 (CH), 71.8 (CH), 72.8 (CH), 73.5 (Ch), 78.3 (CH),
84.3 (CH), 85.1 (CH), 85.6 (CH), 86.3 (CH), 125.3 (CH)5.8
(CHx2), 126.0 (CH), 126.06 (CH), 126.09 (CH), 126.2 (CH)
126.5 (CH), 126.9 (CH), 127.7 (CH), 127.78 (CH), 1271@H),
128.0 (CHx2), 128.08 (CH), 128.12 (CH), 129.0 (CH), .133
(C), 133.2 (C), 133.5 (Cx2), 136.0 (C), 136.1 (C37.6 (CH);
FD-HRMS (m/z) calcd for GHsOsSi, [M]*: 808.4554, found:
808.4544.

7.1.43. Triethyl(((2S,3R,5Z,6aS,8R,9S,117,13aR)-2-ethynyl-9-
(naphthalen-2-ylmethoxy)-8-((naphthalen-2-
ylmethoxy)methyl)-3,4,6a,8,9,10,13,13a-octahydr2H-
oxocino[3,2b]oxonin-3-yl)oxy)silane (60). To a solution of
(COCl), (26.0 pL, 0.303 mmol) in Ci&l, (1.0 mL) was added
DMSO (35.0 pL, 0.493 mmol) at -78 °C, and the mixtweaes
stirred for 10 min. Then, to the mixture was addesblation of
58 (39.2 mg, 0.0484 mmol) in GBI, (1.0 mL) at —78 °C, and
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the mixture was stirred for 5 min. The mixture wasmed to —
40 °C, and stirred for 30 min. Then, to the solutwas added
Et:N (0.140 mL, 1.00 mmol) at —78 °C, and the mixturasw
warmed to 0 °C. After being stirred for 30 min, teaation was
quenched with saturated aq. MM, and the mixture was
extracted with EtOAc several times. The combined dcgayers
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685, 667, 621 cit, *H NMR (500 MHz, CDCJ, measured at 50
°C)$ 0.62 (6H, qJ = 7.9 Hz), 0.96 (9H, t] = 7.9 Hz), 1.40 (1H,
t, J = 6.3 Hz), 2.08 (1H, dd] = 6.4, 12.7 Hz), 2.25 (1H, brd,=
13.1 Hz), 2.34 (1H, brtd] = 4.2, 14.0 Hz), 2.55 (1H, b= 12.7
Hz), 2.70 (1H, ddd) = 3.4, 10.2, 14.0 Hz), 2.93 (1H, brddbs
4.7,9.7,13.1 Hz), 3.26 (1H, brtdl= 2.9, 9.0 Hz), 3.54-3.63 (3H,

were washed with 0.5 mol/L aq. HCI and brine, driedrove m), 3.86 (1H, brtJ = 7.5 Hz), 3.91 (1H, brtd] = 3.3, 9.0 Hz),
anhydrous MgS§) filtered, and concentrated under reduced3.95 (2H, brs), 4.27 (2H, d, = 6.3 Hz), 4.42 (1H, dJ = 11.7

pressure to give a crude product, which was used diatgdy in

the next reaction.

To a solution of the above crude product in THF-Me@.5 mL:

0.5 mL) were added Ohira-Bestmann readen(19.0 uL, 0.126

Hz), 4.56 (1H, dJ = 12.3 Hz), 4.65 (1H, d] = 12.3 Hz), 4.73
(1H, d,J = 11.7 Hz), 5.52 (1H, dddd,= 1.9, 6.4, 8.7, 10.5 Hz),
5.77-5.84 (2H, m), 5.86 (1H, dd,= 6.0, 11.7 Hz), 7.25 (1H, dd,
J=1.7, 8.1 Hz), 7.39-7.45 (5H, m), 7.57 (1H, s),5¢7670 (3H,

mmol) and KCO; (16.7 mg, 0.121 mmol) at 16 °C, and them), 7.73-7.79 (4H, m)**C NMR (125 MHz, CDGJ, measured at

mixture was stirred for 4 h. Then, the reaction wasnghed with

50 °C)3 5.1 (CHx3), 6.8 (CHx3), 27.6 (CH), 32.4 (CH), 33.1

saturated NECI, and the mixture was extracted with EtOAc (CH,), 51.5 (CH), 70.0 (CH), 71.8 (CH), 73.5 (CH), 74.6

several times. The combined organic layers were vaastith
brine, dried over anhydrous MggCfiltered, and concentrated
under reduced pressure. The residue was purifieddiymn
chromatography (silica gel, hexane/EtOAc =-2010) to give60
(21.2 mg, 0.0308 mmol, 64% fro&Y) as a colorless oil.

60: [a]p™* —59.5 € 0.990, CHCJ); IR (neat)v 3307, 3058, 3019,
2955, 2917, 2878, 1729, 1634, 1603, 1507, 1454714413,
1362, 1310, 1290, 1273, 1241, 1217, 1199, 11744,11083,
1058, 1015, 977, 945, 900, 857, 815, 776, 751, &28; 'H
NMR (500 MHz, CDC}, measured at 50 °G)0.62 (6H, q,J =
8.0 Hz), 0.96 (9H, tJ = 8.0 Hz), 2.08 (1H, ddd,= 2.7, 6.2, 13.3
Hz), 2.25 (1H, brdJ = 13.7 Hz), 2.34 (1H, brtd] = 3.9, 13.8
Hz), 2.38 (1H, dJ = 2.2 Hz), 2.55 (1H, ddd] = 3.1, 10.6, 13.3
Hz), 2.69 (1H, dddJ = 3.2, 10.2, 13.8 Hz), 2.93 (1H, brddbs
4.4, 10.2, 13.7 Hz), 3.26 (1H, brtd,= 2.7, 9.2 Hz), 3.54-3.64
(3H, m), 3.84-3.93 (3H, m), 3.97 (1H, t#l~= 3.1, 9.2 Hz), 4.42
(1H, d,J = 11.3 Hz), 4.56 (1H, d] = 12.2 Hz), 4.65 (1H, d] =
12.2 Hz), 4.73 (1H, d) = 11.3 Hz), 5.52 (1H, ddd, = 1.4, 6.2,
10.6 Hz), 5.77-5.89 (3H, m), 7.25 (1H, 3= 8.0 Hz), 7.39-7.45
(5H, m), 7.57 (1H, s), 7.64-7.71 (3H, m), 7.72-7.78,(); °C
NMR (125 MHz, CDC}, measured at 50 °@)5.1 (CHx3), 6.84
(CH3x3), 27.6 (CH), 32.4 (CH), 33.0 (CH), 70.0 (CH), 71.8
(CHy), 73.3 (C), 73.5 (Ch), 74.6 (CH), 75.8 (CH), 78.3 (CH),
83.6 (CH), 84.3 (CH), 85.2 (CH), 85.8 (CH), 124.8 (CH)5.87

(CH), 75.8 (CH), 78.3 (CH), 83.4 (C), 83.6 (CH), 85Hj,
85.6 (CH), 86.3 (C), 124.8 (CH), 125.88 (CH), 125.@H]J,
125.94 (CH), 126.09 (CH), 126.14 (CH), 126.2 (CH), %26.
(CH), 126.9 (CH), 127.7 (CH), 127.8 (CH), 128.0 (CHX28.1
(CH), 128.16 (CH), 128.22 (CH), 128.4 (CH), 133.1 (£33.2
(C), 133.4 (Cx2), 135.9 (C), 136.1 (C), 137.7 (CHAR-HRMS
(m/z) calcd for GsHs40Si[M] *: 718.3690, found: 718.3695.

7.1.45. 7)-3-((2S,3R,5Z,6aS,8R,9S,117,13aR)-9-(Naphthalen-
2-ylmethoxy)-8-((naphthalen-2-ylmethoxy)methyl)-3-
((triethylsilyl)oxy)-3,4,6a,8,9,10,13,13a-octahydr@H-
0xocino[3,2b]oxonin-2-yl)prop-2-en-1-ol (62).To a solution of
61 (137.8 mg, 0.1917 mmol) in EtOH (10 mL) were added Au
nanoparticles (1% on TiD214.1 mg) and M&IH-BH; (1.148 g,
19.48 mmol) at 19 °C, and the mixture was stirred3fdays. The
reaction mixture was filtered through a Celite patd the
mixture was diluted with $O. Then, the mixture was evaporated
to remove organic solvent, and the residue was @grglawith
EtOAc several times. The combined organic layers werghed
with brine, dried over anhydrous Mgg{O filtered, and
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel, hexane/EtOAc =»53) to
give62(128.1 mg, 0.1777 mmol, 93%) as a colorless oil.

62 [a]p™ —74.2 € 0.690, CHCJ); IR (neat)v 3454, 3056, 3020,

(CH), 125.90 (CH), 125.94 (CH), 126.09 (CH), 126.14 (CH) 2953, 2918, 2875, 2802, 1727, 1635, 1604, 15118,14816,

126.2 (CH), 126.5 (CH), 126.9 (CH), 127.7 (CH), 127C81],
128.0 (CH x 2), 128.1 (CH), 128.2 (CH), 128.27 (CH)8.32
(CH), 133.1 (C), 133.2 (C), 133.4 (Cx2), 135.9 (C36.1 (C),
137.7 (CH); FD-HRMS (m/z) calcd for ,H5,0sSi [M]":
688.3584, found: 688.3602.

7.1.44. 3-((3,3R,5Z,6aS,8R,95,117,13aR)-9-(Naphthalen-2-
ylmethoxy)-8-((naphthalen-2-ylmethoxy)methyl)-3-
((triethylsilyl)oxy)-3,4,6a,8,9,10,13,13a-octahydr@H-
oxocino[3,2b]oxonin-2-yl)prop-2-yn-1-ol (61).To a solution of
60 (21.2 mg, 0.0308 mmol) in THF (1.0 mL) was addedLMe

1373, 1353, 1307, 1292, 1271, 1243, 1219, 11737,11202,
1060, 1017, 947, 898, 859, 817, 778, 750, 687, 689,cm™; 'H
NMR (500 MHz, CDC}, measured at 50 °G)0.58 (6H, q,J =
8.0 Hz), 0.93 (9H, tJ = 8.0 Hz), 2.08-2.15 (2H, m), 2.34 (1H,
brtd, J = 3.4, 13.9 Hz), 2.61 (1H, ddd,= 2.9, 10.5, 13.4 Hz),
2.70 (1H, brddd) = 3.8, 10.0, 13.9 Hz), 2.90 (1H, ddiz= 4.3,
10.1, 13.9 Hz), 3.28 (1H, brtd,= 2.8, 8.9 Hz), 3.52-3.63 (3H,
m), 3.72 (1H, tdJ = 2.9, 9.2 Hz), 3.88-3.94 (2H, m), 4.07-4.17
(3H, m), 4.44 (1H, dJ = 11.3 Hz), 4.57 (1H, d] = 12.2 Hz),
4.66 (1H, d,J = 12.2 Hz), 4.74 (1H, d] = 11.3 Hz), 5.49-5.58
(2H, m), 5.73-5.84 (3H, m), 5.90 (1H, dbiz 5.9, 11.2 Hz), 7.27

(1.17 mol/L in E4O, 0.260 mL, 0.304 mmol) at —78 °C, and the(1H, dd,J = 1.6, 8.5 Hz), 7.40-7.45 (5H, m), 7.58 (1H, s), 7.65

mixture was stirred for 15 min. Then, to the solntiwas added a

7.71 (3H, m), 7.73-7.80 (4H, m)°C NMR (125 MHz, CDGJ,

suspension of (C}D), (22.2 mg) in THF (0.5 mL) at —78 °C, and measured at 50 °@)5.0 (CHx3), 6.7 (CHx3), 27.6 (CH), 32.5

the mixture was rapidly warmed to 19 °C. After bestigred for
40 min, the reaction was quenched with saturate®lEgCl, and

(CH,), 33.0 (CH), 59.5 (CH), 70.2 (CH), 71.8 (CH), 73.6
(CH,), 75.6 (CH), 78.4 (CH), 79.6 (CH), 83.9 (CH), 84.7 (CH)

the mixture was extracted with EtOAc several times. Theb5.1 (CH), 124.9 (CH), 125.9 (CHx2), 126.0 (CH), 126/C#81),

combined organic layers were washed with brine, ddedr

126.12 (CH), 126.2 (CH), 126.5 (CH), 126.9 (CH), 127(CH),

anhydrous MgS® filtered, and concentrated under reduced127.78 (CH), 128.0 (CHx2), 128.1 (CH), 128.2 (CH), B28.

pressure. The residue was purified by column chrography

(silica gel, hexane/EtOAc = 5> 3) to give61 (20.9 mg, 0.0291
mmol, 94%) as a colorless oil.

61: [a]p™ —76.7 € 0.660, CHCJ); IR (neat)v 3443, 3056, 3020,
2953, 2915, 2875, 2805, 2732, 1949, 1914, 1731516804,

1509, 1456, 1414, 1379, 1354, 1308, 1287, 12731,12217,

1199, 1171, 1107, 1051, 1015, 977, 949, 903, 855, B76, 748,

(CHx2), 130.8 (CH), 132.9 (CH), 133.1 (C), 133.2 (€33.4
(Cx2), 136.0 (C), 136.1 (C), 137.9 (CH); FD-HRMS (Jnzalcd
for C,eHsc0sSi[M] *: 720.3846, found: 720.3838.

7.1.46. ©)-1-((2R,3R,4R,4aS,9aS)-4-((4-bromobenzyl)oxy)-3-
(naphthalen-2-ylmethoxy)-3,4,4a,6,9,9a-hexahydraH-
pyrano[3,2-bJoxepin-2-yl)-3-hydroxy-5-



((2S,3R,5Z,68S,8R,9S,117,13aR)-3-hydroxy-9-(naphthalen-2-
ylmethoxy)-8-((naphthalen-2-ylmethoxy)methyl)-
3,4,6a,8,9,10,13,13a-octahydr2H-oxocino[3,2b]oxonin-2-
yl)pent-4-en-2-one (4)To a solution of (COC})(46.5 pL, 0.542
mmol) in CHCI, (2 mL) was added DMSO (64.1 pL, 0.903
mmol) at =78 °C, and the mixture was stirred fontib. Then, to
the mixture was added a solution6¥ (130.2 mg, 0.1806 mmol)
in CH,CI, (2 mL) at —78 °C, and the mixture was stirred fér 1
min. Then, to the mixture was added;NEt(0.252 mL, 1.81
mmol) at —78 °C, and the mixture was stirred fomd30 at 0 °C.
The reaction was quenched with saturated aq,Q¥Hand the
mixture was extracted with EtOAc several times. Theilsioed
organic layers were washed with 0.5 mol/L aq. HCI arideh
dried over anhydrous MgSQfiltered, and concentrated under
reduced pressure to give a criijevhich was used immediately
in the next reaction.

To a solution o6 (356.2 mg, 0.5418 mmol) in THF (2 mL) was
added NHMDS (1.10 mol/L in THF, 0.490 mL, 0.539 mnatl)}
78 °C, and the mixture was stirred for 20 min. The&nthe
solution was added a solution of the above créide THF (2
mL) at —78 °C, and the mixture was stirred for 30.mihe
reaction was quenched with saturated aq. NaglG@d the
mixture was extracted with EtOAc several times. Theltioed
organic layers were washed with brine, dried over drduys
MgSQ,, filtered, and concentrated under reduced presdure
residue was purified by column chromatography @iligel,
hexane/EtOAc = 2> 1) to give 63 (brown oil, diastereomer
mixture), which was used immediately in the next tieac

To a solution of the above3 in CRCH,OH-H,O (3.0 mL: 0.3
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(C), 136.2 (C), 136.4 (C), 136.6 (CH), 138.0 (CH)8E3(C),
207.4 (C); FD-HRMS (m/z) calcd for ¢ggo BrOy; [M]™:
1140.4023, found: 1140.4029.

7.1.47. (B,5aS,68R,87,11S,12R,1385,147,168R)-2-
(((2R,3R,4R,4aS,9aS)-4-((4-Bromobenzyl)oxy)-3-
(naphthalene-2-ylmethoxy)-3,4,4a,6,9,9a-hexahydr@H-
pyrano[3,2-bJoxepin-2-yl)methyl)-11-(naphthalen-2-
ylmethoxy)-12-((naphthalen-2-ylmethoxy)methyl)-
3,5a,6a,7,10,11,12,13a,16,16a-decahydid-
oxepino[2',3".7,8]oxocino[3,2bJoxonin-3-ol
(2R,5aS,6aR,87,11S,12R,13a5,147,16aR)-2-
(((2R,3R,4R,4aS,9aS)-4-((4-Bromobenzyl)oxy)-3-(naphthalen-
2-ylmethoxy)-3,4,4a,6,9,9a-hexahydr@H-pyrano|[3,2-
bJoxepin-2-yl)methyl)-11-(naphthalen-2-ylmethoxy)-12
((naphthalene-2-ylmethoxy)methyl)-
3,5a,6a,7,10,11,12,13a,16,16a-decahydid-
oxepino[2',3":7,8]oxocino[3,2bJoxonin-3-o0l (11€pi-64). To a
solution of4 (11.4 mg, 9.98 ummol) in GBl,-Et;SiH (0.4 mL:
0.2 mL) was added TMSOTf (4.0 pL, 0.022 mmol) atC) &nd
the mixture was stirred for 15 min. Then, the reactivas
quenched with saturated ag. NaHC@nd the mixture was
extracted with EtOAc several times. The combined dcgayers
were washed with brine, dried over anhydrous MgSiered,
and concentrated under reduced pressure. The eesihs
purified by column chromatography (silica gel, heséEtOAc =
3 — 2) to give a 1:1 diastereomer mixture Gf and 11epi-64
(7.2 mg, 64%). The mixture &4 and 11epi-64 was separated
by HPLC (hexane/EtOAc = 2) to gi (colorless oil) as a less-

(64) and

mL) was added PTS-B (20.5 mg, 0.107 mmol) at 19 °C, and polar component and 1&i-64 (colorless solid) as a polar

the suspension was stirred for 1 h. Then, the m@actias
quenched with saturated agq. NaHC@nd the mixture was
extracted with EtOAc several times. The combined dogayers
were washed with brine, dried over anhydrous MgSiQered,
and concentrated under reduced pressure. The eesiths
purified by column chromatography (silica gel, heséEtOAC =
2 — 1— 0.5) to give4 (81.0 mg, 0.0709 mmol, 40% fro62) as
a colorless oil.

4: [o]p®® +7.5 € 1.11, CHC)); IR (neat)v 3438, 3052, 3021,
2920, 2889, 2862, 2727, 1953, 1915, 1719, 1655416805,
1511, 1488, 1447, 1396, 1362, 1271, 1244, 1092, 853, 818,
774, 750, 737, 703 ¢th 'H NMR (400 MHz, GDs, measured at
50 °C)8 2.13 (1H, dddJ = 2.5, 6.5, 13.3 Hz), 2.20-2.34 (3H, m),
2.35-2.43 (1H, m), 2.61-2.78 (3H, m), 2.88 (1H, dl¢;, 3.2, 14.8
Hz), 3.05-3.13 (2H, m), 3.30 (1H,3,= 9.1 Hz), 3.35 (1H, J =
9.1 Hz), 3.46-3.54 (2H, m), 3.58 (1H,X= 9.1 Hz), 3.63-3.71
(3H, m), 3.77 (1H, brtd) = 2.9, 8.6 Hz), 3.85-3.98 (3H, m), 4.14
(1H, brddd,J = 1.6, 5.6, 8.6 Hz), 4.30 (1H, 1,= 8.7 Hz), 4.39
(1H, d,J = 11.9 Hz), 4.45 (1H, d] = 12.3 Hz), 4.52 (1H, d] =
12.3 Hz), 4.59 (1H, dJ = 11.9 Hz), 4.62 (1H, d] = 11.9 Hz),
4.70 (1H, dJ = 11.9 Hz), 4.81 (1H, dJ = 11.9 Hz), 4.89 (1H,
dd,J=1.0, 8.6 Hz), 4.97 (1H, d,= 11.9 Hz), 5.39 (1H, ddd,=
0.8, 8.6, 11.1 Hz), 5.43-5.56 (2H, m), 5.63 (1H, lddl= 1.0,
8.7, 11.1 Hz), 5.89-6.07 (2H, m), 6.10 (1H, dd; 5.6, 11.2 Hz),

7.02 (2H, d,J = 8.1 Hz), 7.22-7.40 (10H, m), 7.57-7.70 (13H, m);

®C NMR (100 MHz, GDg) & 27.3 (CH), 32.0 (CH), 32.7
(CH,), 34.3 (CH), 40.9 (CH), 67.4 (CH), 71.1 (CH), 71.3
(CH,), 73.1 (CH), 74.2 (CH), 74.59 (CH), 74.61 (C}), 75.0
(CH), 75.4 (CH), 75.8 (CH), 78.7 (CH), 79.8 (CH), 81QHj,
83.3 (CH), 84.9 (CH), 85.1 (CH), 85.6 (CH), 88.0 (CH311
(C), 125.0 (CH), 125.58 (CHx2), 125.64 (CH), 125.7H)C
125.74 (CH), 125.8 (CH), 125.9 (CHx2), 126.1 (CH), 226.
(CH), 126.3 (CH), 126.4 (CH), 126.6 (CH), 127.4 (CH)7 55
(CHx2), 127.67 (CH), 127.76 (CH), 127.79 (CHx2), 12T#l),
128.08 (CH), 128.14 (CHx2), 128.5 (CH), 129.2 (CHx3].2
(CHx2), 131.3 (CH), 133.2 (Cx2), 133.5 (Cx2), 1339, (135.9

component.

64: [a]p™ —30 € 0.41, CHCY); IR (neat)v 3464, 3056, 3024,
2956, 2922, 2854, 1727, 1632, 1601, 1512, 14847,14849,
1361, 1308, 1290, 1266, 1209, 1171, 1093, 1012, 987, 896,
853, 815, 779, 755, 741, 702, 667 &mH NMR (400 MHz,
CDCl;, measured at 50 °@) 1.80 (1H, td,J = 6.4, 14.1 Hz),
2.07-2.19 (2H, m), 2.22 (1H, ddd,= 2.1, 6.4, 13.1 Hz), 2.27-
2.39 (3H, m), 2.55-2.65 (2H, m), 2.66-2.74 (1H, MBR2.99
(1H, m), 3.21 (1H, dtJ = 4.1, 9.7 Hz), 3.26 (1H, brtd,= 2.6,
9.0 Hz), 3.36 (1H, t) = 8.8 Hz), 3.38 (1H, ) = 8.8 Hz), 3.40-
3.46 (1H, m), 3.52-3.66 (5H, m), 3.71-3.78 (2H, MB&3(1H,
brt, J = 6.6 Hz), 3.93 (1H, brtd] = 3.2, 8.8 Hz), 3.98 (1H, brdd,
J = 2.3, 15.4 Hz), 4.15 (1H, brd,= 8.1 Hz), 4.25 (1H, dd] =
5.9, 15.4 Hz), 4.43 (1H, d| = 11.7 Hz), 4.56 (1H, d) = 12.4
Hz), 4.66 (1H, dJ = 12.4 Hz), 4.726 (1H, d,= 11.5 Hz), 4.732
(1H, d,J = 11.7 Hz), 4.83 (1H, dl = 11.3 Hz), 4.88 (1H, dl =
11.3 Hz), 4.97 (1H, dJ = 11.5 Hz), 5.61 (1H, brgl = 9.4 Hz),
5.72-5.91 (7H, m), 7.19 (2H, d,= 8.3 Hz), 7.25 (1H, dd] =
1.6, 8.3 Hz), 7.36-7.47 (10H, m), 7.57 (1H, s), 7.68R7(11H,
m); *C NMR (100 MHz, CDGJ, measured at 50 °G) 27.5
(CH,), 32.58 (CH), 32.64 (CH), 34.6 (CH), 35.4 (CH), 67.9
(CH,), 69.4 (CH), 69.8 (Ch, 71.6 (CH), 73.4 (CH), 74.6
(CH,), 75.1 (CH), 75.6 (CH), 75.9 (CH), 78.1 (CH), 80.2 (CH),
81.5 (CH), 81.8 (CH), 83.7 (CH), 85.0 (CH), 85.1 (CH},38
(CH), 85.7 (CH), 88.2 (CH), 121.3 (C), 125.1 (CH), T25.
(CH), 125.74 (CH), 125.78 (CH), 125.83 (CHx2), 125.8H)C
126.00 (CH), 126.02 (CH), 126.04 (CH), 126.3 (CH), 526.
(CH), 126.7 (CH), 127.0 (CH), 127.58 (CH), 127.63 (CHx2)
127.79 (CH), 127.80 (CH), 127.89 (CH), 127.94 (CH), .028
(CH), 128.06 (CH), 128.14 (CH), 128.2 (CH), 129.4 (CHx2
131.3 (CHx2), 131.4 (CH), 132.97 (C), 133.04 (C),.283(C),
133.34 (C), 135.8 (C), 135.85 (C), 135.94 (C), 63CH), 138.3
(C), 139.5 (CH); FD-HRMS (m/z) calcd forggElse "BrO1[M] *:
1124.4074, found: 1124.4068.

11-epi-64: mp 143-144 °C;d]>* =36 € 0.39, CHCJ); IR (neat)
v 3393, 3056, 3027, 2922, 2900, 2875, 1727, 16010,15489,
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1450, 1394, 1359, 1348, 1309, 1274, 1260, 1218211726,
1109, 1091, 1031, 1013, 996, 950, 932, 907, 898, 856, 770,
753 cm®; 'H NMR (400 MHz, CDCJ, measured at 50 °G)1.53
(1H, m), 2.08-2.22 (3H, m), 2.27-2.38 (2H, m), 2.58(tdd,J

= 3.6, 10.7, 13.8 Hz), 2.60 (1H, ddiz= 4.1, 8.2, 16.4 Hz), 2.70
(1H, brtt,J = 3.6, 9.7 Hz), 2.94 (1H, brdd,= 4.0, 9.7, 13.6 Hz),
3.20-3.29 (2H, m), 3.26 (1H, d,= 9.5 Hz), 3.37 (1H, ) = 8.8
Hz), 3.47 (1H, dtJ = 1.5, 9.9 Hz), 3.54-3.61 (3H, m), 3.63 (1H,
t, J = 8.8 Hz), 3.76-3.87 (2H, m), 3.90-4.02 (3H, m), 44209
(2H, m), 4.43 (1H, dJ = 11.7 Hz), 4.55 (1H, d) = 12.4 Hz),
4.66 (1H, dJ=12.4 Hz), 4.74 (1H, d1 = 11.7 Hz), 4.75 (1H, d,
J = 11.8 Hz), 4.78 (1H, d] = 11.3 Hz), 4.90 (1H, dJ = 11.8
Hz), 5.00 (1H, dJ = 11.3 Hz), 5.52-5.60 (2H, m), 5.72-5.91 (6H,
m), 7.22 (2H, dJ = 8.3 Hz), 7.26 (1H, dd} = 1.7, 8.3 Hz), 7.35-
7.47 (10H, m), 7.57 (1H, s), 7.64-7.81 (11H, ME NMR (100
MHz, CDClL, measured at 50 °@)27.5 (CH), 32.4 (CH), 32.6
(CH,), 34.5 (CH), 35.1 (CH), 67.8 (CH), 69.8 (CH), 71.7
(CH,), 71.9 (CH), 73.4 (Ch), 74.7 (CH), 75.2 (CH), 75.3 (CH),
75.6 (CH), 75.8 (CH), 76.2 (CH), 78.1 (CH), 79.5 (CH), 8
(CH), 83.6 (CH), 85.0 (CH), 85.2 (CH), 85.8 (CH), 88QHj,
131.3 (C), 124.9 (CH), 125.7(CH), 125.76 (CH), 125(CH),
125.92 (CHx2), 125.94 (CH), 125.99 (CH), 126.02 (CH6.1
(CH), 126.3 (CH), 126.6 (CH), 126.7 (CH), 127.0 (CH)7 53
(CH), 127.63 (CH), 127.7 (CH), 127.8 (CHx2), 127.9 (CH)
128.0 (CH), 128.05 (CH), 128.12 (CH), 128.14 (CH), 228.
(CH), 129.3 (CH), 129.4 (CHx2), 131.37 (CHx2), 131.GH),
132.98 (C), 133.04 (C), 133.1 (C), 133.28 (Cx2)3.33 (C),
1355 (CH), 135.75 (C), 135.76 (C), 135.9 (C), 13{CH),
138.2 (C); FD-HRMS (m/z) calcd for ¢gHgo BrOy [M]:
1124.4074, found: 1124.4096.

7.1.48. (5,5aS,6aR,87,11S,12R,134a5,147,16aR)-2-
(((2R,3R,4R,4aS,9aS)-4-((4-Bromobenzyl)oxy)-3-(naphthalen-
2-ylmethoxy)-3,4,4a,6,9,9a-hexahydr@H-pyrano([3,2-
bJoxepin-2-yl)methyl)-11-(naphthalen-2-ylmethoxy)-12
((naphthalen-2-ylmethoxy)methyl)-
3,5a,6a,7,10,11,12,13a,16,16a-decahydid-
oxepino[2',3":7,8]oxocino[3,2bJoxonin-3-one  (65). To a
solution of (COCI) (14.0 pL, 0.150 mmol) in Ci&l, (0.5 mL)

Tetrahedron

5.87 (5H, m), 5.94 (1H, dd} = 5.8, 10.8 Hz), 6.42 (1H, dd,=
2.3,12.8 Hz), 7.19 (2H, d,= 8.3 Hz), 7.25 (1H, ddl = 1.6, 8.3
Hz), 7.35-7.47 (10H, m), 7.57 (1H, s), 7.64-7.82 (1}, °C
NMR (100 MHz, CDC}, measured at 50 °G)27.6 (CH), 31.6
(CH,), 32.5 (CH), 34.4 (CH), 36.1 (CH), 68.1 (CH), 70.0
(CH,), 71.8 (CH), 73.6 (CH), 74.3 (CH), 74.6 (Ch, 75.1
(CH,), 76.1 (CH), 78.2 (CH), 80.8 (CH), 81.8 (CH), 83.1 (CH)
83.5 (CH), 83.7 (CH), 85.2 (CH), 85.3 (CH), 85.9 (CH$.38
(CH), 121.3 (C), 125.2 (CH), 125.85 (CH), 125.86 (CH)5.89
(CH), 125.92 (CH), 126.0 (CH), 126.06 (CH), 126.10 (CH),
126.14 (CH), 126.2 (CH), 126.4 (CH), 126.6 (CH), 12€81),
127.0 (CHx2), 127.7 (CH), 127.8 (CHx2), 127.86 (CH)7.92
(CHx2), 128.0 (CH), 128.1 (CH), 128.15 (CH), 128.18 (CH)
128.5 (CH), 129.5 (CHx2), 131.2 (CH), 131.4 (CHx2), .133
(C), 133.2 (C), 133.4 (Cx2), 133.5 (C), 135.8 (€35.9 (C),
136.0 (C), 138.3 (CH), 138.4 (C), 146.1 (CH), 203J; (FD-
HRMS (m/z) calcd for GHe, "BrOy [M]*: 1122.3918, found:
1122.3933.

7.1.49. (R,58S,68R,87,11S,12R,134a5,147,16aR)-2-
(((2R,3R,4R,4aS,9aS)-4-((4-Bromobenzyl)oxy)-3-(naphthalen-
2-ylmethoxy)-3,4,4a,6,9,9a-hexahydr@H-pyrano([3,2-
bJoxepin-2-yl)methyl)-11-(naphthalen-2-ylmethoxy)-12
((naphthalen-2-ylmethoxy)methyl)-
3,5a,6a,7,10,11,12,13a,16,16a-decahydid-
oxepino[2',3":7,8]oxocino[3,2bJoxonin-3-one (11epi-65). To a
solution of (COCI) (14.0 pL, 0.150 mmol) in Ci&l, (0.5 mL)
was added DMSO (19.0 pL, 0.267 mmol) at —78 °C, aed th
mixture was stirred for 10 min. Then, to the mixtwas added a
solution of 11epi-64 (10.0 mg, 8.88 umol) in Ci&l, (0.5 mL) at
—78 °C, and the mixture was stirred for 10 min. Thenthe
solution was added £ (70.0 pL, 0.502 mmol) at —78 °C, and
the mixture was stirred for 30 min at 0 °C. The tieacwas
quenched with saturated aq. MM, and the mixture was
extracted with EtOAc several times. The combined dcgayers
were washed with 0.5 mol/L aq. HCI and brine, driedrove
anhydrous MgS{) filtered, and concentrated under reduced
pressure. The residue was purified by column chrography
(silica gel, hexane/EtOAc = 5> 3) to give 11epi-65 (7.4 mg,

was added DMSO (18.0 pL, 0.253 mmol) at —78 °C, aed th6.6 pmol, 74%) as a colorless oil.

mixture was stirred for 15 min. Then, to the mixtwas added a
solution of64 (10.3 mg, 9.15 umol) in Ci&l, (1.0 mL) at —78
°C, and the mixture was stirred for 10 min. Thenth® solution

11-epi-67: [0]p>> —34 € 0.37, CHCJ); IR (neat)v 3059, 3026,
2916, 2899, 2849, 1727, 1666, 1600, 1512, 14905,14858,
1281, 1099, 901, 857, 819, 758, 736, 703'chii NMR (400

was added BN (70.0 pL, 0.502 mmol) at —78 °C, and the MHz, CDCk, measured at 50 °G)2.00 (1H, ddd)] = 2.6, 10.5,

mixture was stirred for 30 min at 0 °C. The reactiwas
quenched with saturated aq. MM, and the mixture was
extracted with EtOAc several times. The combined dcgayers

15.0 Hz), 2.34 (5H, m), 2.47 (1H, dddi= 4.1, 10.5, 14.2 Hz),
2.59 (1H, dddJ = 3.8, 7.5, 16.1 Hz), 2.69 (1H, ddd = 3.4,
10.5, 13.8 Hz), 2.97 (1H, ddd= 4.1, 11.6, 14.2 Hz), 3.23 (2H,

were washed with 0.5 mol/L aq. HCI and brine, driedrove m), 3.29 (1H, tJ = 9.2 Hz), 3.39 (1H, tJ = 9.0 Hz), 3.53 (3H,
anhydrous MgS®) filtered, and concentrated under reducedm), 3.63 (2H, m), 3.64 (1H, §,= 8.6 Hz), 3.79 (1H, ddd, = 1.6,

pressure. The residue was purified by column chrography
(silica gel, hexane/EtOAc =5 3) to give65 (8.1 mg, 7.2 pmol,
79%) as a colorless oil.

65 [a]o”® =16 € 0.41, CHC)); IR (neat)v 3056, 3024, 2960,
2918, 2847, 2724, 1953, 1914, 1727, 1667, 1632416612,
1488, 1460, 1403, 1389, 1358, 1333, 1277, 11606,10012,
959, 896, 857, 811 cth *H NMR (400 MHz, CDCJ, measured
at 50 °C)5 1.89 (1H, ddd)] = 4.6, 8.7, 13.7 Hz), 2.14-2.39 (5H,
m), 2.54 (1H, ddd,J = 4.2, 7.5, 16.2 Hz), 2.62 (1H, brddi=
3.7,10.4, 14.1 Hz), 2.70 (1H, brddb= 3.3, 10.4, 13.3 Hz), 2.98
(1H, brddd,J = 4.2, 10.4, 14.1 Hz), 3.15 (1H, dt= 4.2, 9.9 Hz),
3.23-3.33 (3H, m), 3.51 (1H, di,= 3.1, 9.1 Hz), 3.54-3.68 (6H,
m), 3.88-3.99 (3H, m), 4.06 (1H, brtél= 2.3, 9.2 Hz), 4.19-4.31
(2H, m), 4.43 (1H, dJ = 11.6 Hz), 4.57 (1H, d] = 12.5 Hz),
4.67 (1H, dJ=12.5 Hz), 4.73 (1H, dl = 11.6 Hz), 4.74 (1H, d,
J =11.6 Hz), 4.77 (1H, d] = 11.3 Hz), 4.87 (1H, d] = 11.6
Hz), 4.95 (1H, dJ = 11.3 Hz), 5.65 (1H, brgl = 9.5 Hz), 5.69-

6.1, 8.6 Hz), 3.93 (1H, td] = 3.0, 8.6 Hz), 4.01 (1H, ddd,=
2.6, 5.1, 15.0 Hz), 4.16 (1H,1= 2.6, 9.0 Hz), 4.25 (1H, dd,=
6.1, 15.7 Hz), 4.37 (1H, dd,= 2.5, 11.4 Hz), 4.43 (1H, d,=
11.7 Hz), 4.54 (1H, d) = 12.4 Hz), 4.64 (1H, d] = 12.4 Hz),
4.735 (1H, dJ = 11.4 Hz), 4.740 (1H, d,= 11.7 Hz), 4.75 (1H,
d,J=11.7 Hz), 4.91 (1H, d] = 11.4 Hz), 5.01 (1H, d] = 11.4
Hz), 5.57 (1H, m), 5.82 (6H, m), 6.53 (1H, dds 2.6, 12.4 Hz),
7.21 (2H, d,J = 8.6 Hz), 7.29 (1H, ddd] = 1.3, 8.0, 16.0 Hz),
7.41 (9H, m), 7.59 (1H, s), 7.71 (12H, M NMR (100 MHz,
CDCl;, measured at 50 °G)27.6 (CH), 31.7 (CH), 32.5 (CH),
33.2 (CH), 34.6 (CH), 68.0 (CH), 69.9 (CH), 71.8 (CH), 73.5
(CH,), 74.6 (CH), 74.7 (CH), 75.4 (CH), 75.8 (CH), 78.2 (CH),
79.3 (CH), 80.4 (CH), 80.5 (CH), 82.2 (CH), 83.5 (CH}, B
(CH), 85.4 (CH), 86.1 (CH), 88.3 (CH), 121.4 (C), 124CH),
125.8 (CH), 125.86 (CH x 2), 125.91 (CH), 126.0 (CH6.08
(CH), 126.10 (CH), 126.2 (CH), 126.39 (CH), 126.43 (CH),
126.9 (CH), 127.0 (CH), 127.3 (CH), 127.7 (CH), 127(C51),



127.77 (CH), 127.8 (CH), 127.85 (CH), 127.91 (CH x128.1
(CH), 128.15 (CH), 128.18 (CH), 128.6 (CH), 129.4 (CR)x
131.45 (CH), 131.46 (CH x 2), 133.1 (C x 2), 133.}, ({33.38
(C), 133.40 (C x 2), 135.8 (C), 135.9 (C), 136.0, (T38.35
(CH), 138.37 (C), 148.0 (CH), 202.9 (C); FD-HRMS (nzajcd
for CsgHg7BrO,0[M] *: 1122.3918, found: 1122.3904.

7.1.50. Isomerization of 11epi-65.

To a solution of 1¥pi-65 (3.0 mg, 2.7 umol) in CiCl, (0.5
mL) was added DBU (2 drops) at 24 °C, and the mixtuas
stirred for 7 h. Then, the reaction was quenched &ishmol/L

23
(C); FD-HRMS (m/z) calcd for §H,3"*BrO,[M] *: 702.2040,
found: 702.2042.

7.1.52.
(5aS,6aR,7aS,8aR,102,1185,13R,14S,167,182R,19e5,218R,22a
R,23R,23a5)-23-((4-bromobenzyl)oxy)-13-(hydroxymethyl)-
5,5a,6a,7,7a,8a,9,11a,13,14,15,18,18a,19a,21a,322G2-
octadecahydro2H-

oxepino[2"",3"":5",6™]pyrano[2",3":5",  6"]pyrano[2",3":
6',7"loxepino[2',3":7,8]oxocino[3,2bJoxonin-14-ol (3). To a
solution of67 (1.4 mg, 2.0 pmol) in C}Cl,-Et;SiH (0.2 mL: 0.1

ag. HCI, and the mixture was extracted with EtOAc sdveramL) was added TMSOTf (3.0 pL, 0.017 mmol) at 0 °Qj the

times. The combined organic layers were washed withebr

mixture was stirred for 15 min. Then, the reactieas quenched

dried over anhydrous MgSQfiltered, and concentrated under with saturated ag. NaHGQand the mixture was extracted with

reduced pressure. The
chromatography (silica gel, hexane/EtOAc =553) to give a 3:1
mixture of 65 and 11epi-65 (1.6 mg, 1.4 pumol, 53%) as a
colorless oil.

7.1.51. (5,5aS,6aR,87,11S,12R,134a5,147,16aR)-2-
(((2R,3R,4S,4aS,9aS)-4-((4-Bromobenzyl)oxy)-3-hydroxy-
3,4,4a,6,9,9a-hexahydr@H-pyrano[3,2-bJoxepin-2-
yl)methyl)-11-hydroxy-12-(hydroxymethyl)-
3,5a,6a,7,10,11,12,13a,16,16a-decahydid-
oxepino[2',3":7,8]oxocino[3,2bJoxonin-3-one  (67). To a
solution of65 (2.3 mg, 2.1 ummol) in Ci€l,-H,O (1.0 mL: 0.5

residue was purified by columi&tOAc several times. The combined organic layers weghed

with brine, dried over anhydrous Mgg{O filtered, and
concentrated under reduced pressure. The residupusified by
column chromatography (silica gel, hexane/EtOAc = 1.8 —
0.5) to give3 (1.0 mg, 1.5 pmol, 73% ) as a colorless solid.

3: mp 168-169 °C:df]p>* =22 € 0.050, CHCJ); IR (KBr) v 3418,
3024, 2953, 2925, 2879, 2858, 2823, 1724, 16602,16345,
1386, 1294, 1262, 1135, 1086, 1072, 1051, 1015, B6d, 687,
670 cm®; "H NMR (400 MHz, GDg) & 1.67 (1H, ) = 11.6 Hz),
1.95 (1H, brd)) = 13.5 Hz), 2.15 (1H, ddd,= 2.5, 6.3, 13.1 Hz),
2.17-2.27 (2H, m), 2.32 (1H, td,= 4.7, 11.6 Hz), 2.52 (1H, ddd,
J=1.0, 2.4, 6.6 Hz), 2.56 (1H, dd,= 3.7, 7.5 Hz), 2.64 (1H,

mL) was added DDQ (6.2 mg, 0.027 mmol) at 17 °C, aed thddd,J = 4.3, 10.9, 13.8 Hz), 2.72 (1H, brddbi= 3.2, 9.4, 13.5

mixture was stirred for 1 h. Then, the reaction wasnghed with
saturated ag. NaHG@nd saturated aq. b&O;, and the mixture

Hz), 2.83-2.94 (2H, m), 3.00-3.08 (2H, m), 3.11 (1H] & 9.2
Hz), 3.22-3.26 (1H, m), 3.27 (1H,4= 9.2 Hz), 3.37 (1H, brtd]

was extracted with C}I, several times. The combined organic = 2.8, 8.4 Hz), 3.48-3.57 (3H, m), 3.61-3.69 (1H, BY,0-3.75

layers were washed with brine, dried over anhydrousS®lg
filtered, and concentrated under reduced pressitre. residue
was purified by column chromatography
hexane/EtOAc = 3» 2) to give66, which was used immediately
in the next reaction.

To a solution of the abové6 in EtOH (0.2 mL) was added 1.0
mol/L ag. HCI (0.1 mL) at 17 °C, and the mixture vgtisred for

2 h. Then, the reaction was quenched with saturaieNaHCQ,
and the mixture was extracted with EtOAc several tinfdse
combined organic layers were washed with brine, ddedr

(2H, m), 3.80 (1H, brd) = 6.9 Hz), 3.91 (1H, br{] = 8.4 Hz),
4.00-4.07 (2H, m), 4.81 (1H, d,= 12.7 Hz), 4.88 (1H, d] =

(silica gel, 12.7 Hz), 5.44-5.56 (2H, m), 5.63 (1H, dii= 5.6, 10.8 Hz),

5.71-5.77 (2H, m), 5.87-6.03 (3H, m), 7.17 (2H, mB67(2H, d,
J = 8.4 Hz);®*C NMR (125 MHz, CDCJ, measured at 50 °G)
31.9 (CH), 32.5 (CH), 32.9 (CH), 34.7 (CH), 37.0 (CH), 63.9
(CH,), 68.4 (CH), 71.8 (CH), 73.3 (CH), 74.2 (CH), 76.9 (CH),
78.1 (CH), 80.7 (CH), 81.0 (CH), 82.3 (CH), 82.4 (CHJ,(B
(CH), 85.0 (CH), 86.1 (CH), 87.4 (CH), 121.2 (C), 1263),
126.7 (CH), 127.6 (CH), 128.6 (CH), 129.3 (CHx2), 13TH),

anhydrous MgS® filtered, and concentrated under reduced130.9 (CH), 131.2 (CH), 131.3 (CHx2), 136.2 (CH), 13&H),

pressure. The residue was purified by column chrography
(silica gel, hexane/EtOAc =4 0.5— 0.2) to give67 (1.4 mg,
1.9 umol, 93% fron®5) as a colorless oil.

67: [a]o™ —23 € 0.12, CHCY); IR (neat)v 3429, 3024, 2956,
2918, 2854, 1741, 1724, 1664, 1597, 1486, 14686,14405,
1380, 1359, 1331, 1284, 1126, 1088, 1013, 943, 813, 845,
802, 781, 739, 700 cth *H NMR (400 MHz, CDCJ, measured
at 50 °C) 1.80-1.86 (1H, m), 1.86-1.94 (1H, m), 2.15 (1H, brd,
=14.2 Hz), 2.21-2.31 (3H, m), 2.40 (1H, brddd; 2.0, 6.1, 13.8
Hz), 2.53 (1H, dddJ = 4.0, 8.1, 16.2 Hz), 2.69 (1H, ddbF 4.1,
9.4, 13.8 Hz), 2.81 (1H, brddd = 3.6, 10.1, 13.8 Hz), 2.91 (1H,
brddd,J = 4.0, 9.7, 13.8 Hz), 3.11-3.19 (2H, m), 3.26 (1H, %,
8.5 Hz), 3.31 (1H, tJ = 8.5 Hz), 3.33 (1H, t) = 8.5 Hz), 3.41

138.5 (C); FD-HRMS (m/z) calcd for s6Hs °BrOy [M]™:
686.2090, found: 686.2117; Crystal data: Crystaleevabtained
by recrystallizing from EtOAc/benzene. ;,85:0,Br, M =
809.79, colorless needle, 0.50 x 0.02 x 0.0 nmonoclinic P2
(No. 4),a = 16.716(12) Ab = 5.985(4) A,c = 19.98(2) A=
100.006(13)°V = 1968(3) R, puacdZ = 2) = 1.366 g cii. A
total 744 unique data @.x = 55°) were measured at T = 150 K
by Rigaku Mercury 70 apparatus (MaxKadiation,A = 0.71070
A). Numerical absorption correction was appligd=(11.056 crm
Y. The structure was solved by the direct metho&2804) and
refined by the full-matrix least-squares methoddfSome non-
hydrogen atoms were refined anisotropically, whike st were
refined isotropically. Hydrogen atoms were includedt not

(1H, dt,J = 2.0, 8.5 Hz), 3.61-3.80 (4H, m), 3.89-4.06 (3H, m),refined. The finalwR value is 0.2301 (all data) for 5928

4.11 (1H, td,J = 2.9, 8.9 Hz), 4.22 (1H, dd,= 5.7, 15.8 Hz),
4.26-4.32 (1H, m), 4.69 (1H, d,= 12.0 Hz), 4.89 (1H, d] =
12.0 Hz), 5.70-5.89 (7H, m), 6.46 (1H, dd; 2.9, 13.3 Hz), 7.22
(2H, d,J = 8.4 Hz), 7.46 (2H, dJ = 8.4 Hz);*C NMR (125
MHz, CDCk, measured at 50 °G)31.5 (CH), 32.5 (CH), 34.4
(CH,), 36.2 (CH), 63.8 (CH), 65.5 (CH), 67.9 (CH), 71.7
(CH), 73.7 (CH), 74.2 (CH), 74.5 (CH), 76.1 (CH), 80.7 (CH),
83.0 (CH), 83.7 (CH), 85.2 (CH), 85.3 (CH), 87.2 (CHJ,8
(CH), 121.5 (C), 126.3 (CH), 126.97 (CH), 127.03 (CH}7.9
(CH), 128.2 (CH), 128.8 (CH), 129.3 (CHx2), 130.9 (Ct§1.2
(CH), 131.6 (CHx2), 137.6 (CH), 138.2 (C), 146.1 (CB)3.5

reflections and 480 parameters. CCDC 1517386.
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